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Resumo 

Introdução: O câncer de cabeça e pescoço (CCP) é o quinto tipo de câncer mais 

comum no Brasil e baixa taxa de sobrevivência. O tratamento apresenta resultados 

pouco favoráveis devido à resistência tumoral. Possivelmente por uma pequena 

subpopulação de células, denominadas células-tronco tumorais (CTTs) que apresentam 

capacidade de autorenovação e iniciação tumoral, identificadas por meio de 

biomarcadores de superfície, tais como CD44, CD117, CD133 e ALDH. Além disso, 

tem sido evidenciada a alta expressão de genes da progressão tumoral como o Receptor 

do Fator de Crescimento Epidérmico (EGFR) e o Receptor Tirosina Kinase (TrkB) que 

ativam a cascata de sinalização por meio do gene Kirsten Ras Oncogene Homólogo 

(KRAS). Objetivos: Identificar e separar as células tronco tumorais por meio de 

biomarcadores moleculares; avaliar  o potencial tumorigênico das CTTs bem como a 

eficácia do tratamento e analisar a expressão dos genes CD44, TrkB, EGFR e KRAS em 

CTTs de CCP. Materiais e Métodos: Para a identificação e separação das CTTs foi 

utilizado equipamento FACSAria Fusion. Após a separação, as células foram testadas 

paras os ensaios de migração, invasão e formação de esferas. Também foram 

submetidas ao tratamento com 0.37 mg/mL de 5-fluorouracil, 2.0 mg/mL de cisplatina, 

0,06mg/ml de cetuximabe e 0,05mg/ml de paclitaxel por 24h, e analisada a viabilidade 

celular por meio do ensaio de MTS. A expressão gênica de CD44, TrkB, EGFR e KRAS 

foi avaliada pelo método de PCR quantitativo, utilizando-se as não-CTTs como controle 

relativo da reação. Resultados: CTTs foram identificadas e separadas por meio dos 

biomarcadores CD44, CD117 e CD133 em combinação e do ALDH1 isolado. A 

avaliação do potencial tumorigênico das CTTs separadas por meio dos biomarcadores 

mostrou maior migração, potencial de invasão e formação de esferas quando 
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comparadas as não-CTTs (p<0,0001, p=0,0324 e p=0,0013). A eficácia dos tratamentos 

avaliados não apresentou diferenças estatísticas entre CTTs e não-CTTs. A 

subpopulação de CTTs apresentaram alta expressão gênica de CD44 (RQ=102,775) e 

baixa expressão de EGFR (RQ=0,741) na linhagem celular de câncer oral-HN13 e baixa 

expressão de CD44 (RQ=0,658), alta expressão de EGFR (RQ=7,559) e KRAS 

(RQ=1,482) e não houve expressão de TRKB na linhagem celular de câncer de laringe-

HEP2. Nos tumores primários os genes EGFR (média de RQ=7,081) e KRAS (média de 

RQ=1,568) foram encontrados altamente expressos nas CTTs, porém, não houve 

diferença estatística entre as duas subpopulações (p=0,5625 e p=0,5296, 

respectivamente). Conclusão: As marcações com CD44/CD117/CD133 em combinação 

e ALDH isolado são eficientes para separar subpopulações de CTTs em CPP. As CTTs 

apresentam potencial tumorigênico mais agressivo e relativamente mais resistente aos 

tratamentos estudados. Em linhagem de câncer oral o gene EGFR foi encontrado 

subexpresso e o gene CD44 superexpresso, entretanto, em linhagem celular de câncer 

de laringe foi encontrado o inverso além da superexpressão do KRAS e expressa tardia 

do gene TrkB. O que corrobora com os achados em tumores primários expressando 

altamente os genes EGFR e KRAS nas CTTs. Este estudo contribui na compreensão dos 

mecanismos de proliferação celular, resistência e recidiva ao tratamento do CCP por 

meio da caracterização das CTTs.  

 

Palavras Chave: Células Tronco Tumorais, Câncer de Cabeça e Pescoço, Proliferação 

Celular. 
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Abstract 

Introduction: Head and neck cancer (HNC) is the fifth most common cancer and 

presents low survival rate. The treatment has showed unfavorable results due to the 

tumor resistance. This is due a small subpopulation of cells, called tumor stem cells 

(CSCs) that have self-innovation and tumor initiation capabilities, identified by surface 

biomarkers such as CD44, CD117, CD133 and ALDH. In addition, the high expression 

of tumor progression genes such as Epidermal Growth Factor Receptor (EGFR) and 

tyrosine kinase receptor (TrkB) that activate the signaling cascade through the 

homologous Kirsten Ras Oncogene (KRAS) gene has been evidenced in cancer 

development and treatment. Objectives: To identify and separate tumor stem cells by 

molecular biomarkers; To evaluate the tumorigenic potential of CSCs as well as the 

efficacy of HNC treatment in CSCs and to analyze the expression of CD44, TrkB, 

EGFR and KRAS genes in HNC CSCs. Materials and Methods: For identification and 

separation of CSCs, FACSAria Fusion equipment was used. After separation, the cells 

were tested for migration, invasion and colony formation assays. Cells were treated with 

0.37mg/mL of 5-fluorouracil, 2.0 mg/mL of cisplatin, 0.06 mg/mL of Cetuximab and 

0.05 mg/mL of Paclitaxel for 24h and the cell viability assay was analyzed by MTS. 

The gene expression of the CD44, TrkB, EGFR and KRAS genes was used the 

quantitative PCR method, using non-CSCs as relative reaction control. Results: CSCs 

were identified and separated by the CD44, CD117 and CD133 biomarkers in 

combination and ALDH1 alone. The evaluation of tumorigenic potential of CSCs 

showed higher migration, invasion potential and colony formation when compared to 

non-CSCs (p <0.0001, p = 0.0324 and p = 0.0013). The efficacy of the evaluated 

treatments did not show statistical differences between CSCs and non-CSCs. The 
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subpopulation of CSCs showed high CD44 gene expression (RQ = 102.775) and low 

EGFR gene expression (RQ = 0.741) in the oral cancer cell line and low CD44 gene 

expression (RQ = 0.658), high EGFR gene expression ( RQ = 7.559) and KRAS (RQ = 

1.482) and there was no expression of the TrkB gene in the laryngeal cancer cell line. In 

primary tumors, EGFR (mean RQ = 7.081) and KRAS (mean RQ = 1.568) genes were 

found to be highly expressed in CSCs, but there was no statistical difference between 

the two subpopulations (p = 0.5625 and p = 0.5296, respectively). Conclusion: 

CD44/CD117/CD133 labeling in combination and ALDH alone are efficient for 

separating subpopulations of CSCs in HNC. CSCs present a more aggressive 

tumorigenic potential and relatively more resistant to the studied treatments. In oral 

cancer lineage the EGFR gene was found underexpressed and CD44 gene 

overexpressed, however, in laryngeal cancer cell line the opposite was found in addition 

to KRAS overexpression and did not express the TrkB gene. The results corroborate 

withfindings in primary tumors expressing highly the EGFR and KRAS genes in CSCs. 

The present  study contributes to the understanding of the mechanisms of cell 

proliferation, resistance and recidive to HNC treatment through the characterization of 

CSCs. 

 

Key words: Cancer Stem Cell, Head and Neck Cancer, Cell Proliferation.
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1. Introdução 

O câncer de cabeça e pescoço (CCP) compreende um grupo heterogêneo de 

tumores que englobam o lábio e cavidade oral (2,0%), hipofaringe (0.4%), orofaringe 

(0.5%), nasofaringe (0.7%), e laringe (1.0%) (1). É o sexto tipo de câncer mais frequente 

no mundo(1, 2) com incidência global de 830 mil novos casos diagnosticados anualmente 

e mais de 430 mil mortes por ano(1). No Brasil, é o quinto tipo de câncer mais comum e, 

para o ano de 2019, foi estimado 11.200 casos novos em homens e 3.500 em mulheres 

com câncer de cavidade oral e 6.390 homens e 1.280 mulheres com câncer de laringe(3).  

O planejamento terapêutico baseia-se principalmente em parâmetros clínicos e 

histopatológicos, os quais consistem no local do tumor primário e no sistema de 

estadiamento TNM, ou seja, no tamanho do tumor, na presença de metástase em 

linfonodos cervicais e de metástase a distância. As opções de tratamento para esta 

doença são cirurgia, radioterapia e quimioterapia, que podem ser utilizados de forma 

isolada ou combinada, dependendo do grau e do tipo tumoral(3-6). 

Estudos mostram que, apesar do bom planejamento terapêutico, os resultados 

podem ser insatisfatórios e apresentarem recidiva loco-regional, metástase e 

desenvolvimento de segundo tumor primário, com baixa taxa de sobrevida global e 

também quimioresistência(1, 7-11). Por muito tempo, o tratamento do câncer baseou-se na 

premissa de que as células cancerosas são homogêneas, mas distintas das células 

normais. Porém, recentemente, os pesquisadores têm determinado, por meio das bases 

celulares, moleculares e dos significados clínicos, que as células tumorais são 

heterogêneas. Assim, algumas destas células, se assemelham às células normais, 

apresentando a capacidade de autorenovação e diferenciação, chamadas de células 

tronco tumorais (CTTs)(2, 12-15). 
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Uma das razões pelas quais a terapêutica do câncer, com frequência, não é bem 

sucedida reside na existência das CTTs, pois são células cancerosas quiescentes e 

resistentes a apoptose, as quais não são sensíveis à quimioterapia convencional, com 

capacidade ilimitada de auto renovação, iniciação, diferenciação e tumorigênese(16, 17). A 

biologia e a patogênese das CTTs em CCP não foram bem caracterizadas, portanto, 

estudos com CTTs podem oferecer novos caminhos sobre o crescimento do tumor 

primário e progressão metastática, bem como podem levar a terapias mais eficazes para 

reduzir o potencial metastático em CCP(2, 12, 16-19). 

CTTs são geralmente reconhecidas pela presença ou ausência de marcadores de 

superfície, moléculas envolvidas no metabolismo ou vias de sinalizações específicas.  

Os principais biomarcadores para identificação de CTTs são CD44, CD133, CD117 e 

ALDH(2, 10, 12, 14, 20-23). Além da identificação de CTTs por meio de biomarcadores, há a 

necessidade de estudos de outros biomarcadores envolvidos na progressão tumoral, tais 

como EGFR e KRAS
(24-26). 

Como as CTTs estão relacionadas com a progressão do tumor, alguns dos 

principais genes envolvidos nesse processo é o Receptor do Fator de Crescimento 

Epidérmico (EGFR), um receptor transmembrana da tirosina quinase da família ErbB 

que faz ligação com Fator de Crescimento Epidérmico (EGF)(25) e o receptor de 

tropomiosina kinase B (TrkB) que faz ligação com o fator neurotrófico derivado do 

cérebro (BDNF) (27, 28). Estas ligações levam à autofosforilação e a ativação de múltiplas 

vias de sinalização para o núcleo da célula por meio de proteínas efetoras, como as 

PI3K/Akt, Ras/Raf/MEK/ERK como representado na Figura 1(24, 26, 28-30). A ativação da 

cascata de sinalização EGFR-Ras/Raf/MEK/ERK é uma via responsável pelo 
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desenvolvimento do câncer e é considerada uma via fundamental para a ação de 

quimioterápicos(20, 21, 31, 32).  

Um importante gene nessa via de sinalização é o Kirsten Ras Oncogene 

Homólogo (KRAS) da família de genes RAS de mamífero, o qual codifica uma proteína 

que é membro da superfamília de aproximadamente 150 pequenas GTPases(29, 33, 34).  

A proteína KRAS existe na forma ativa (KRAS-ATP) e inativa (KRAS-ADP), 

ambas são rigorosamente controlados pelos fatores de troca de nucleótidos de guanina 

(GEFs) e proteínas de ativação da GTPase (GAP). KRAS é uma proteína intracelular 

chave que ativa múltiplas vias, incluindo as vias RAF/MEK e PI3K. A Figura 1 mostra 

como essa via de sinalização funciona e influencia no câncer(29).  
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Figura 1: Cascata de proteínas Ras/Raf/MEK/ERK é ativada por meio da 
autofosforilação acionada pelo receptor EGFR quando ligado ao EGF (Adaptado de 
Leite et al., 2014(26)) ou pelo receptor TrkB quando ligado ao BNDF(28). Proteínas Ras 
funcionam como interruptores que se ligam e desligam (guanosina difosfato 
(GDP)/guanosina trifosfato (GTP) – binários), onde o ciclo PIB/GTP é regulado de 
fatores de troca de nucleotídeos guanina (RasGEFs) que promovem a formação da 
forma ativa RAS-GTP, e as proteínas GTPase de ativação (GAPs) estimulam a hidrólise 
GTP e formação da forma inativa RAS-PIB. Em células quiescentes normais ela se 
apresenta na forma inativa RAS-PIB até receber estímulos extracelulares que causam a 
formação transitória da forma ativa quando ligada RAS-GTP. Tanto o tipo selvagem e 
mutante, quando ativados, RAS-GTP liga-se a um espectro de vias efetoras para o 
núcleo. Proteínas Ras mutantes não sofrem ação sobre a proteínas GAPs tornando as 
proteínas RAS-GTP continuamente ativas, o que leva ao estímulo-independente, 
persistente ativação de efetores do núcleo, incluindo RAF → ativada por proteína 

mitógeno quinase quinase (MEK) → ERK e fosfatidilinositol 3-quinase (PI3K) → AKT 

→ alvo da rapamicina em mamíferos (mTOR) para promover a proliferação celular, 
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sobrevivência e metástases (Adaptado de Fernandes e Colaboradores(16) com Samatar e 
colaboradores(27)). 

 

Ao ocorrer alterações nas proteínas EGF, e EGFR, há transmissão de sinais 

para os núcleos sinalizando células cancerosas a proliferar, sobreviver, diferenciar, 

aderir, migrar, regular a angiogênese e formar a metástase(26, 31), e KRAS é uma dessas 

moléculas de sinalização que contribuem para o desenvolvimento e progressão do 

câncer(29, 30). 

As terapias anti-EGFR interrompem a cascata de sinalização de disparo de 

câncer, no entanto, se o gene KRAS estiver mutado, a proteína KRAS estará bloqueada 

em conformação ativa, inibindo que a sinalização seja desligada(35), independentemente 

de o EGFR estar terapeuticamente bloqueado(31). 

Assim, EGFR tem sido extensivamente estudado como alvo terapêutico bem 

como biomarcador de prognóstico, pois apresenta superexpressão na maioria dos casos 

de CCP, e os níveis aumentados de EGFR está associado com mau prognóstico da 

doença e diminuição da sobrevivência(24, 36). A resistência à inibição de EGFR pode ser 

relacionada com anormalidades no receptor redundante ou em moléculas de sinalização 

do núcleo da célula(36).  

A superexpressão de KRAS tem sido associada com os tipos mais agressivos de 

câncer (37-39). Entretanto, poucos estudos têm avaliado a associação do KRAS com a 

diminuição da sobrevivência e a resistência à quimioterápicos no CCP(40).  

O entendimento da função da ligação entre o EGF/EGFR e as vias de 

sinalização que desencadeiam a carcinogênese do CCP tem propiciado o 

desenvolvimento de terapias com mecanismo de ação no EGFR e suas vias de 

sinalização, tanto no domínio extracelular e intracelular, bem como na fase de transição 
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da sinalização(30, 40). A expressão do EGF e de seu receptor tem sido correlacionada com 

pior prognóstico e como responsável pela regulação pós-traducional levando ao 

aumento na expressão de genes relacionados à presença de CTTs(20-22, 32, 41, 42).  

Estas drogas incluem anticorpos monoclonais (MAbs), que bloqueiam a 

ligação do EGF com seu principal receptor EGFR, inibidores de tirosina-quinase 

(tirfostinas) que podem interferir com as vias de sinalização intracelulares, e o EGF 

conjugado com toxinas específicas que atuam como inibidores potentes da síntese de 

proteínas citoplasmáticas das células cancerosas(43). A resposta à terapia de inibidores 

de EGFR que depende de mutação no gene KRAS está bem estabelecida em câncer 

colorretal(7, 44), porém em CCP ainda há controversas na literatura. Assim é necessário 

estudar biomarcadores, tais como EGFR e KRAS, com a finalidade de detecção, 

diagnóstico, prognóstico e resposta ao tratamento(8, 12, 30, 42). 

O Cetuximab (Erbitux® Merck) é um anticorpo monoclonal IgG1 que inibe a 

ligação de proteínas como o EGF com o EGFR(45) e estimula a citotoxicidade mediada 

por células dependentes de anticorpos(46). Além disso, aumenta a efetividade de outros 

quimioterapêuticos(47, 48). Porém, EGFR é superexpresso na maioria dos pacientes com 

câncer que recebem como tratamento quimioterápico o Cetuximab apresentando 

resistência intrínseca(49). Fato este que pode ser explicado devido a presença de células 

tronco tumorais nestes tumores(20, 21, 32, 38, 42). 

O Paclitaxel é considerado um quimioterápico com múltiplos alvos, dentre 

eles, um agente inibidor de antimicrotúbulo, o qual é importante na divisão celular e em 

outras funções da célula. Este principal mecanismo de ação inibe a dinâmica dos 

microtúbulos, por meio da montagem da microtubulina que estabiliza os polímeros 

contra a despolimerização. Assim, os microtúbulos passam a ser uma estrutura sem 
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função biomolecular, o que altera profundamente a mitose e causa a morte celular(50, 51). 

Portanto, a angiogênese, um exemplo de via de sinalização que pode se basear nos 

processos afetados pelo Paclitaxel é o EGFR, no qual os sinais são transmitidos a partir 

da superfície da célula para o núcleo por meio de uma variedade de proteínas efetoras, 

tais como a KRAS. 

A cisplatina, cis-Diaminodicloroplatina (II), reage com o DNA para produzir 

ligações cruzadas, é um dos medicamentos anticancerígenos mais eficazes e é 

amplamente utilizado no tratamento do CCP(52). O 5-fluorouracil é um antimetabólito 

antineoplásico como objetivo de terapia direcionada em criar um estado sem timina 

disponível para ser incorporada ao DNA, isso seria tóxico para dividir rapidamente as 

células cancerígenas(53). Assim, ambos os medicamentos prejudicam a replicação e a 

transcrição do DNA, no entanto, a eficácia é frequentemente limitada devido ao 

desenvolvimento de resistência e dos efeitos tóxicos ao organismo(52, 53). A cisplatina 

pode induzir a ativação de Ras e suas efetoras Raf/MEK/ERK e PI3K/Akt sugerindo 

que este medicamento anticâncer ativa a via do sinal de sobrevivência que podem 

desempenhar um papel considerável na resistência à cisplatina no CEC(52). 

Assim, o entendimento do mecanismo de ação da cisplatina, 5-fluorouracil, 

Cetuximabe, Paclitaxel e de drogas combinadas, adicionada com a compreensão das 

alterações genéticas e moleculares do CCP em CTTs poderão permitir a identificação de 

pacientes mais adequados para tratamentos específicos e mais eficazes. Esta abordagem 

contribuirá para o progresso no tratamento do câncer dos padrões atuais, para terapias 

individualizadas, fornecendo melhores benefícios ao paciente e novas informações 

sobre estimativa de prognóstico e decisão de tratamentos. 
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1.1 Objetivos 

1. Identificar e separar as células tronco tumorais por meio de biomarcadores 

moleculares CD44, CD133, CD117 em combinação ou ALDH isolado; 

2. Avaliar o potencial tumorigênico das células tronco tumorais, bem como a 

eficácia do Cetuximabe, Paclitaxel, Cisplatina e 5-Florouracil utilizados em 

diferentes tempo de exposição;  

3. Analisar a expressão dos genes CD44, TrkB, EGFR e KRAS relacionados à 

proliferação celular em células tronco tumorais de câncer de cabeça e pescoço. 
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2. ARTIGOS CIENTÍFICOS 

Os resultados estão apresentados em forma de artigos.  No total estão 

apresentados três artigos, um publicado e dois a serem submetidos. 
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phenotype and Cetuximab and Paclitaxel treatment response in head and neck cancer 

cell lines 

Autores: Ana Livia Silva Galbiatti-Dias, Glaucia Maria Mendonça Fernandes, 

Marcia Maria Urbanin Castanhole-Nunes, Luiza Fernandes Hidalgo, Carlos Henrique 

Viesi Nascimento Filho, Rosa Sayoko Kawasaki-Oyama, Leticia Antunes Muniz 

Ferreira, Patricia Matos Biselli-Chicote, Érika Cristina Pavarino, Eny Maria Goloni-

Bertollo 

Periódico: American Journal of Cancer Research, ISSN: 2156-6976, Impact Factor 

2017: 3.998. Publicado em 15 de Agosto de 2018. 

 

Artigo 2 

Título: Anti-EGFR Treatment Effects on Laryngeal Cancer Stem Cells 

Autores: Glaucia Maria de Mendonça Fernandes, Ana Lívia Silva Galbiatti-Dias, 

Vilson Serafim Junior, Leticia Antunes Muniz Ferreira, Rosa Sayoko Kwasaki Oyama, 

José Victor Maniglia, Erika Cristina Pavarino, Eny Maria Goloni Bertollo 

Periódico: American Journal of Cancer Research, a ser submetido 
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Abstract: Recent evidence suggests that cancer stem cells (CSCs), a small population of cancer cells that are highly 
tumourigenic, capable of self-renewal and have the ability to differentiate into cells that constitute the tumor, are the 
“drivers” of local recurrence and metastatic spread and may be associated with resistant to conventional therapy. 
The objectives of the study are to identify and characterize two head and neck cancer cell lines with regard CD44high/ 
CD133high/CD117high profile (CSCs) and CD44low/CD133low/CD117low profile (Non-CSCs); to investigate the influence of 
chemotherapy treatment in CSCs and compare with Non-CSCs; to evaluate CD44 and EGFR gene expression in 
CSCs. Fluorescent-activated cell sorting (FACS) using specific cell surface marker combination (CD44, CD117 and 
CD133) was performed to isolate CSCs of Non-CSCs from cell lines. The Wound Healing assay was performed to 
confirm the presence of CSCs. After, the CSCs subpopulation and Non-CSCs were cultured and exposed for 24 h to 
Cetuximab and Paclitaxel treatment, separately. Cell proliferation was determined by MTS assay. CD44 and EGFR 
gene expression was quantified by quantitative real time PCR (qPCR) using TaqMan® Assay in both subpopulations. 
CSCs subpopulation untreated were considered as relative expression control. We firstly characterized CSCs in 
HN13 and HEP-2 cell lines with CD44, CD133 and CD117 biomarkers. We treated CSCs and Non-CSCs subpopula- 
tions with Cetuximab and Paclitaxel treatment and found that CSCs subpopulations demonstrated more resistance 
to Paclitaxel chemoterapy, when compared with Non-CSCs subpopulations of oral cancer cell line. These CSCs sub- 
populations presented up-regulation of CD44 gene and down-regulation of EGFR gene in oral cancer cell line, and 
down-regulation of CD44 gene and up-regulation of EGFR gene in laryngeal cancer cell line when compared with 
Non-CSCs subpopulations. We conclude that the combination of CD44, CD133 and CD117 biomarkers have stem 
cell properties in both cell lines. CSCs has ability to resist to Paclitaxel treatment in oral cancer cell line. CSCs pres- 
ent high expression of CD44 gene and down expression of EGFR gene in oral cancer cell line. CSCs in laryngeal cell 
line present down expression of CD44 gene and high expression of EGFR gene when compared with cells without 
characteristics of cancer stem cells. 
 
Keywords: Cancer stem cells, chemotherapy, head and neck neoplasias, gene, expression, CD44, EGFR, cell line 

 
Introduction 
 
Head and neck cancer (HNC) is an aggressive 
disease that accounts for more than 500,000 
cases each year worldwide [1]. The high preva- 
lence of the disease is due to high rates of 
recurrence and metastasis. Furthermore the 
rate of success in treatment still remains low 

[2-4]. The treatment options for HNC depend of 
tumoral stage and can be surgery, radiotherapy 
and/or chemoterapy [5]. Treatment for HNC in 
early stage (stage I and II) generally involves 
single-modality therapy: Surgery or radiothera- 
py. However, patients with HNC locally advanced 
(stage III and IV A/B) are treated with chemora- 
diotherapy with or without chemotherapy [3, 7]. 
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Chemotherapy treatment has improved in the 
last years but the supportive care for patients in 
treatment has increased because still there are 
many collateral effects as mucositis, skin 
desquamation, depression, fatigue, nausea, vo- 
miting and others. Furthermore some patients 
have no answer for chemotherapy treatment 
compared to other patients with the same 
tumoral stage and the overall survival rate 
remains low [2, 8-10]. The fact can be associ- 
ated with the presence of cancer stem cell 
(CSC) in tumor [11, 12]. 

CSC are defined as a small subpopulation of 
cells located within the tumor mass with high 
capacity of tumorigenic potential, self-renewal 
properties and slow growth cycle which is re- 
sponsible to resistance to therapies that firstly 
target cancer cells that present faster growth 
[13-15]. The identification of CSC can provide 
interesting data regarding new therapeutic 
approaches in HNC and they may be identified 
through molecular biomarkers as CD44, CD117 
and CD133 [16-18]. 

In the current study, the aim was to identify and 
separate cancer stem cells through CD44, 
CD133 and CD117 biomarkers in two sub- 
populations of head and neck cancer cell lines 
(HN13 and HEP-2 cell lines): CD44high/ 
CD133high/CD117high (CSCs) and CD44low/ 
CD133low/CD117low (Non-CSCs), to verify if th- 
ese biomarkers have stem cell properties; to 
compare effectiveness of Cetuximab and 
Paclitaxel treatment in CSCs and Non-CSCs 
subpopulations of HN13 and HEP-2 cell lines, 
and to evaluate CD44 and EGFR gene expres- 
sion in the CSCs subpopulations. 

Material and methods 
 
Cell line and culture conditions 
 

HN13 (squamous cell carcinoma of oral cancer 
cell line) and HEP-2 (laryngeal cancer cell line) 
cells were cultured in D-MEN (Sigma-Aldrich, 
St. Louis, MO) supplemented with 10% (v/v) 
heat-inactivated fetal bovine serum (FBS), 1 
mM L-glutamine, 100 units/mL penicillin, and 
100 lg/mL streptomycin (all reagents were 
from Invitrogen, Grand Island, NY). 

Flow cytometry (Indetification and isolation of 
CSCs) 
 

The trypsinized cells were resuspended, incu- 
bated with monoclonal antibodies for 30 min 

at 4°C, washed twice with phosphate buffer- 
ed saline (PBS). The antibodies utilized were 
CD44-phycoerythrin (PE), CD117-fluorescein 
isothiocyanate (FITC) and CD133-allophyco- 
cyanin (APC). Fluorescent-activated cell sorting 
(FACS) of live cells was used to separate sub- 
populations of HN13 and HEP-2 subpopulation 
of cells using specific cell surface biomark- 
ers combinations (CD44/PE, CD117/FITC and 
CD133/APC) with BD FACSAria Fusion equipa- 
ment (BD Biosciences). 
 
The subpopulation of sorted cell lines were 
classified based on the expressions of CD44/ 
CD117/CD133 in combination as: CD44high/ 
CD133high/CD117high: presence of CSCs and 
CD44low/CD133low/CD117low profile (Non-CSCs). 
CSCs and Non-CSCs were resuspended in D-
MEN for further experiments. 
 
Wound healing assay 
 
For confirmation of presence of CSCs, the CSCs 
and Non-CSCs subpopulations cells were plat- 
ed at a density of 2 × 106 cells/wells and cul- 
tured until they reached confluence. A 
diamet- ric scratch was created using a pipette 
tip and washed with PBS 3 times. The cells were 
photo- graphed in microscope (OLYMPUS - 
CKX61/40 
× objective lens) in three pre-marked spots as 
0 h. Images were then acquired at 24 h in the 
same spots for comparison. 

Drug sensitivity and MTS assay 
 

CSCs and Non-CSCs subpopulations were plat- 
ed at a density of 2 × 106 cells/well in six well 
plates. Cetuximab (CT), Paclitxel (P) chemother- 
apeutic agents at 0.06 mg/ml and 0.05 mg/ml 
concentrations, respectively, were added in the 
CSCs and Non-CSCs subpopulations [19, 20]. 
The cultures were incubated at 37°C for 24 h. 
The proliferation of cell lines were measured at 
OD 490 nm using the CellTiter 96® AQueous 
One Solution Cell Proliferation Assay (MTS, 
Promega, Madison, WI, USA). The experiments 
were repeated two times. The results were 
expressed as percentage relative to the control 
cells. The chemotherapeutics evaluated are 
widely utilized in patients with oral cancer, so 
they were included in the study. 
 
Real-time quantitative RT-PCR 
 

RNA isolation was performed using Trizol (Invi- 
trogen) according to manufacturers’ manuals. 
The concentration of RNA utilized was 2 ug 
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Figure 1. Cell Migration of CSCs and Non-CSCs subpopulations of HN13 cell 
line seeded in 6-well plates and cultured for 24 h. A. CSCs subpopulations 
of HN13: A diametric scratch using a pipette tip was made at 0 h; B. CSCs 
subpopulations of HN13 after 24 h; C. Non-CSCs subpopulations of HN13: 
A diametric scratch using a pipette tip was made at 0 h; D. Non-CSCs sub- 
populations of HN13 after 24 h. 
 
 

Figure 2. Cell Migration of CSCs and Non-CSCs subpopulations of HEP-2 cell 
line seeded in 6-well plates and cultured for 24 h. A. CSCs subpopulations 
of HEP-2: A diametric scratch using a pipette tip was made at 0 h; B. CSCs 
subpopulations of HEP-2 after 24 h; C. Non-CSCs subpopulations of HEP-2: 
A diametric scratch using a pipette tip was made at 0 h; D. Non-CSCs sub- 
populations of HEP-2 after 24 h. 

(qRT-PCR) with StepOnePlusTM 

Equipament (Applied Biosys- 
tems). 

A polymerase chain reaction 
(PCR) was realized with 10 μL 
of Taqman Universal PCR Ma- 
ster Mix (Applied Biosystems), 
80 nmol/L of primer, 2 nmol/L 
probe and 2 μL of cDNA. The 
cycling conditions were: 95°C 
for initial denaturation by 20 s, 
40 cycles of 95°C for denatur- 
ation by 0,3 seconds, 60°C for 
annealing by 1 min and 72°C 
for extension by 30 seconds. 
TaqMan® Gene Expression As- 
say was pre-optimized PCR 
primer and probe sets for qRT- 
PCR formulated at 20 × con- 
centration. Specific primers 
were utilized for 
quantification of genes 
evaluated through TaqMan® 

Custom Array Plate. Two 
reference genes (b-actin and 
Glyceraldehyde-3-phosp- hate 
dehydrogenase-GAPDH) and 2 
target genes (CD44 and EGFR) 
were utilized. All reac- tions 
were realized in duplicate to 
better PCR specificity. Gene 
expression was normalized 
with β-actin and GAPDH genes. 
Gene expression of CD44 and 
EGFR genes were compared in 
CSCs and Non-CSCs and it was 
calculated by delta thresh- old 
cycle (Ct) method accord- ing 
to mathematical following 
formula: Expression level of 
target gene = 2-(Delta Ct) × 
1,000 Delta Ct = Ct of target 
gene - (Mean Ct of β-actin and 
GAPDH genes). 
 
Results 
 
Identification and isolation of 
CSCs and Non-CSCs subpopu- 
lations in cell lines 

(Picodrop Equipament). For cDNA synthesis, 1 
ug RNA was used with primers by High capacity 
cDNA kit (Applied Biosystem®) according ma- 
nufacturer’s protocol. Genetic expression in all 
samples was evaluated by quantitative RT-PCR 

The subpopulation of sorted HN13 cell line 
with CD44high/CD133high/CD117high (CSCs) was 
detected in 0.7% and isolated of Non-CSCs. 
The expression of CD44, CD117 and CD133 
were 0.1%, 0.4% and 0.2%, respectively. 
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Figure 3. Cell proliferation of CSCs and Non-CSCs subpopulations of HN13 and HEP-2 cell lines treated with che- 
motherapies after 24 hours. A. CSCs and Non-CSCs subpopulations of HN13 and HEP-2 cell lines treated with 
Cetuximab. B. CSCs and Non-CSCs subpopulations of HN13 and HEP-2 cell lines treated with Paclitaxel chemo- 
therapeutic. 

 
The subpopulation of sorted HEP2 cell line with 
CD44high/CD133high/CD117high (CSCs) was dete- 
cted in 0.8% and isolated of Non-CSCs. The 
expression of CD44, CD117 and CD133 were 
0.3%, 0.4% and 0.1%, respectively. 

Confirmation of presence of CSCs 

After sorting, CSCs and Non-CSCs subpopula- 
tions were then collected and cultured sepa- 
rately under the same conditions, as described 
above. As shown in Figures 1 and 2, CSCs dem- 
onstrated increased invasive capacity as com- 
pared with Non-CSCs subpopulations after 24 
hours in both cell lines. In CSC HN13 the migra- 
tion was 92% and in Non-CSC HN13 was 53%. 
In CSC HEP-2 the migration was 94% and in 
Non-CSC HEP-2 was 13%. 

Drug sensitivity of CSCs after treatment 

Both CSCs and Non-CSCs subpopulations of 
cell lines were treated with Cetuximab and 
Paclitaxel agents, and then cell proliferation 
was assessed using MTS assay. As shown in 
Figure 3, CSCs subpopulation cells demon- 
strated more cell proliferation when compared 
with Non-CSCs subpopulation in HN13 and 
HEP-2 cell lines. 

Expression of genes related to stem cell and 
cancer drug resistance in Non-CSCs and CSCs 

subpopulations 

To exanimate the difference in the expression 
of genes related to stem cell and cancer drug 

resistance between Non-CSCs and CSCs sub- 
populations cells, we used delta threshold 
cycle (Ct) method according to mathematical 
following formula: Expression level of target 
gene = 2-(Delta Ct) × 1,000 Delta Ct = Ct of 
target gene - (Mean Ct of β-actin and GAPDH 
genes). Regarding to HN13 cell line, we found 
that CD44 gene presented up-regulation (rate 
< 2.0) in CSCs when compared with Non-CSCs 
and, EGFR gene presented down-regulation 
(rate > 2.0) in CSCs when compared with Non- 
CSCs. For HEP-2 cell line the results showed 
that CD44 gene presented down-regulation 
(rate < 2.0) in CSCs when compared with Non- 
CSCs and, EGFR gene presented up-regulation 
(rate > 2.0) in CSCs when compared with Non- 
CSCs (Table 1). 

Discussion 

We firstly characterized CSCs in two head and 
neck cell lines with CD44, CD133 and CD117 
biomarkers. So we treated CSCs and Non-CSCs 
subpopulations with Cetuximab and Paclitaxel 
chemoterapies and found that CSCs subpopu- 
lations demonstrated more resistance to Pacli- 
taxel, as compared with Non-CSCs subpopula- 
tions in HN13 cell line. These HN13 CSCs sub- 
populations presented up-regulation of CD44 
gene and down-regulation of EGFR gene when 
compared with Non-CSCs subpopulations while 
HEP-2 CSCs presented down-regulation of 
CD44 gene and up-regulation of EGFR gene 
when compared with Non-CSCs subpopula- 
tions. 
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Table 1. CD44 and EGFR gene expression in CSCs HN13 and CSCs HEP-2 cell lines 
Gene symbol Gene description GenBank  Fold change  

   CSCs 
HN13 

Non-CSCs 
HN13 

CSCs 
HEP-2 

Non-CSCs 
HEP-2 

CD44 The protein encoded by this gene is a cell- 
surface glycoprotein involved in cell-cell 
interactions, cell adhesion and migration. 

NM_000610.3 102.775859 1 (REF) 0.65892 1 (REF) 

EGFR EGFR and its ligands are cell signaling mol- 
ecules involved in diverse cellular functions, 
including cell proliferation, differentiation, mo- 
tility, and survival, and in tissue development 

NM_001346897.1 0.741344907 1 (REF) 7.55986 1 (REF) 

 
 
Regarding to characterization, the culture con- 
dition was capable of expanding CD44high/ 
CD133high/CD117high cells from HN13 and HEP-2 
cell lines. CD44 biomarker is a cell sur- face 
hyaluronan receptor protein involved in cell 
adhesion, cell-cell interactions and cell pro- 
liferation besides being receptor for hyaluronic 
acid [21, 22]. CD44 was firstly identified in 
head and neck cancer in 2007 by Prince and 
collaborators and found that positive CD44 
cells initiated tumor growth with high tumori- 
genic potential and differentiation capacity 
when compared with negative CD44 cells con- 
firming that positive CD44 population of hu- 
man head and neck cancer has properties of 
cancer stem cells and head and neck cancer 
contain a subpopulation of CSC, which was 
confirmed in our study in HNC cell lines [16]. 
 
CD133 biomarker is a cell-surface glycoprotein 
comprising five trans-membrane domains 
associated with cell membrane topology orga- 
nization. It is often expressed on adult stem 
cells with function of maintaining stem cell 
properties by suppressing differentiation [23, 
24]. CD133 also has been identified human 
tongue, laryngeal and bucal cancer cell lines 
with ability of tumorigenic, power of cell prolif- 
eration and differentiation when compared to 
CD133-subpopulations, now we confirmed the 
identification of CD133+ cells in oral cancer 
cell line [25-28]. 
 
CD117 biomarker is a transmembrane receptor 
for MGF (mast cell growth factor, also known as 
stem cell factor) with cellular function not 
entirely known, however studies show that 
CD117 promotes the proliferation, survival, and 
metastasis of tumor cells and has been regard- 
ed as a cancer stem cell biomarker, but is not 
yet evaluated in oral cancer. We found CD117 
high in oral cancer cell line, however more stud- 

 
ies is needed to evaluate the importance of this 
biomarker is cancer stem cells development 
[30-32]. 

Regarding to treatment of CSCs and Non-CSCs 
subpopulations with Cetuximab and Paclitaxel 
we found more resistance to Paclitaxel che- 
moterapy. As compared with Non-CSC subpop- 
ulations in both cell lines suggesting that 
CD44high/CD133high/CD117high cells should be 
considered as targets in future therapies with 
Paclitaxel. 

This is the first study that isolates cancer stem 
cells of head and neck cancer cell lines through 
of CD44/CD133/CD117 biomarkers in combi- 
nation and evaluated the cancer treatment 
with Cetuximabe and Paclitaxel chemothera- 
pies to single-modality treatment. Literature 
studies already evaluated these biomarkers 
alone and found that CD44high/CD133high/ 
CD117high cells besides presenting stem cell 
properties also has ability to resist chemother- 
apeutic agents in cancer treatment, including 
head and neck cancer. Furthermore CSCs often 
have enhanced telomerase and DNA repair 
activities, as well as, membrane bound ATP- 
binding cassette transporters (ABC “drug” 
transporters) whose normal functions  are to 
exclude xenobiotics, as chemotherapies [33-
36]. 
 
Cetuximab is a monoclonal antibody binding 
the epidermal growth factor receptor (EGFR) on 
both normal and tumor cells. It is a functional 
antagonist of the EGF and TGF ligands and is 
thus inhibitors of the EGFR-dependent signal- 
ing pathways leading to inhibition of cancer cell 
division in the G1 phase and metastatic spread 
because of the lack of transcription factors 
[37]. In our study we found the Cetuximab is not 
effective in CSCs subpopulation of head and 



Cancer stem cells and treatment in head and neck cancer cell lines 

Am J Cancer Res 2018;8(8):1633-
1641 

                                                                                                               Artigo Científico I  19  

 

neck cancer cell lines. There is a suggestion of 
pathways activated in head and neck cells by 
EGFR increase the migratory potential of cells 
and interfere with their sensitivity to single- 
modality treatment with cetuximab, as our 
study [38, 39]. 
 
Paclitaxel chemotherapy is a mitotic inhibitor 
used in cancer chemotherapy that interferes 
with the normal function of microtubule growth. 
It binds to the β subunit of tubulin, that is 
the “building block” of mictotubules, and the 
bind- ing of paclitaxel locks these building 
blocks. The resulting microtubule/paclitaxel 
complex affects cell function leading to mitotic 
arrest, prevention of cell division, and 
eventually apop- tosis [40]. In our study the 
Paclitaxel is not effective in CSCs 
subpopulation of oral cancer cell line. Studies 
show that mesenchymal stem cells have been 
shown to be highly resistant to the cytotoxic 
effects of Paclitaxel and other 
chemotherapeutic agents due to regulation of 
the cell cycle [41, 42]. 

Besides that we found high expression of CD44 
gene in HN13 CSCs and down expression of 
CD44 gene in HEP-2 CSCs suggesting that the 
exact influence of CD44 gene expression in 
resistant to chemotherapy is not entirely clear. 
The mechanistic origins can be associated with 
DNA repair, resistance to apoptosis, low mito- 
tic rate, and increased tolerance of DNA dam- 
age [48, 49] According literature data the high 
expression of CD44 has been identified in 
treatment resistant in cancer with CSCs prop- 
erties, including head and neck cancer, as our 
study [34, 43-47]. The high expression of CD44 
gene in CSCs and resistance treatment can be 
explained due to association of this gene with 
cell-cell interactions, cell adhesion and migra- 
tion that is increased in CSCs. 

We also found down expression of CD44 in 
laryngeal cancer cell line, reports confirmed 
that levels of CD44 expression are linked to 
stem cell properties [50, 51]. The HEP-2 cell 
line presented decreased rate of population 
expansion with cancer stem cell characteristics 
which may justify this finding. However several 
signalling pathways can be associated with 
CSCs survival and therapies that target such 
pathways might be therapeutically effective 
[52]. 

Regarding to EGFR gene expression, our study 
found that the HN13 CSCs showed down 
expression of EGFR and HEP-2 CSCs showed 
high expression of EGFR. The EGFR is found in 
surface of cells to which epidermal growth fac- 
tor (EGF) binds. When EGF attaches to EGFR, it 
activates tyrosine kinase activity, triggering 
reactions that cause the cells to grow and mul- 
tiply this way activates a wide variety of intra- 
cellular cascades and induces the regulation 
of target genes, leading to a specific cellular 
response [53, 54]. 
 
The blocking EGFR signaling has provided less 
therapeutic benefit and this may be related 
to the presence of sub-populations of CSCs 
and heterogeneity of tumours [55, 56]. 
Literature data confirm that head and neck 
patient tumors express EGFR (~98%), however 
only approxi- mately 15-20% of patients 
respond positively and benefit from treatment 
[57, 58]. Our results suggest that 80-85% of 
patients may present tumor with CSCs and, 
consequently, alterations in EGFR expression, 
what can contribute to treatment resistance 
but the mechanisms are still unclear and need 
to be further studied in another cell lines and 
primary tumor. 
 
In conclusion, our results show that the com- 
bination of CD44, CD133 and CD117 biomark- 
ers have stem cell properties and ability to 
resist Paclitaxel chemoterapy. CSCs present 
high expression of CD44 gene and down 
expression of EGFR gene in oral cancer cell 
line. CSCs in laryngeal cell line presents down 
expression of CD44 gene and high expression 
of EGFR gene when compared with cells with- 
out characteristics of cancer stem cells. 
 
Acknowledgements 
 
Fundação de Amparo à Pesquisa do Estado de 
São Paulo (FAPESP) (Nº 2015/04403-8) (Nº 
2014/15009-6), National Council for Scientific 
and Technological Development (CNPq), Capes 
(Coordination for the Improvement of Higher 
Level) and FAMERP/FUNFARME. 
 
Disclosure of conflict of interest 
 
None. 
 
Address correspondence to: Eny Maria Goloni- 
Bertollo, Genetics and Molecular Biology Research 



Cancer stem cells and treatment in head and neck cancer cell lines 

Am J Cancer Res 2018;8(8):1633-
1641 

                                                                                                               Artigo Científico I  20  

 

Unit (UPGEM), São José do Rio Preto Medical School 
(FAMERP), SP, Brazil. E-mail: analiviagalbiattidias@ 
gmail.com; eny.bertollo@famerp.br 

References 
 

[1] Epidemiology and risk factors for head and 
neck câncer. UptoDate. 2015, Topic 3390 
http://www.uptodate.com/contents/epidemi- 
ology-and-risk-factors-for-head-and-neck-can- 
cer; Stenson KM., Brockstein BE., Ross ME.; 
2015 [Acessed 01 March 2018. 

[2] Galbiatti AL, Padovani-Junior JA, Maníglia JV, 
Rodrigues CD, Pavarino ÉC, Goloni-Bertollo 
EM. Head and neck cancer: causes, preven- 
tion and treatment. Braz J Otorhinolaryngol 
2013; 79: 239-47. 

[3] Gyawali B, Shimokata T, Honda K, Ando Y. Che- 
motherapy in locally advanced head and neck 
squamous cell carcinoma. Cancer Treat Rev 
2016; 44: 10-6. 

[4] Han G, Xu C, Yu D. Mechanisms correlated with 
chemotherapy resistance in tongue cancers. J 
Cancer Res Ther 2018; 14: 1-5. 

[5] National Comprehensive Cancer Network. 
NCCN clinical practice guidelines in oncology: 
head and neck cancers. https://www.nccn. 
org/professionals/physician_gls/default.aspx 
Vol. 2, 2008. [Acessed in 28 Fev 2018]. 

[6] Gyawali B, Shimokata T, Honda K, Ando Y. Che- 
motherapy in locally advanced head and neck 
squamous cell carcinoma. Cancer Treat Rev 
2016; 44: 10-6. 

[7] Sharma N, Annigeri RG. Translational research 
in oral cancer: a challenging key step in moving 
from bench to bedside. J Cancer Res Ther 
2018; 14: 255-259. 

[8] Mason H, DeRubeis MB, Burke N, Shannon M, 
Karsies D, Wolf G, Eisbruch A, Worden F. Symp- 
tom management during and after treatment 
with concurrent chemoradiotherapyfor oropha- 
ryngeal cancer: a review of the literature and 
areas for future research. World J Clin Oncol 
2016; 7: 220-6. 

[9] Vidal L, Ben Aharon I, Limon D, Cohen E, Pop- 
ovtzer A. Role of induction chemotherapy prior 
to chemoradiation in head and neck squa- 
mous cellcancer-systematic review and meta- 
analysis. Cancer J 2017; 23: 79-83. 

[10] Oral Complications of Chemotherapy and 
Head/Neck Radiation (PDQ®)-Health Profes- 
sional Version. https://www.cancer.gov/about- 
cancer/treatment/side-effects/mouth-throat/ 
oral-complications-hp-pdq. 2018. [Acessed in 
28 Fev 2018]. 

[11] Tinhofer I, Saki M, Niehr F, Keilholz U, Budach 
V. Cancer stem cell characteristics of circulat- 
ing tumor cells. Int J Radiat Biol 2014; 12: 1-6. 

[12] Almeida LO, Guimarães DM, Squarize CH, Cas- 
tilho RM. Profiling the behavior of distinct 
pop- ulations of head and neck cancer stem 
cells. Cancers (Basel) 2016; 8. 

[13] Dalerba P, Cho RW, Clarke MF. Cancer stem 
cells: models and concepts. Annu Rev Med 
2007; 58: 267-284. 

[14] Méry B, Guy JB, Espenel S, Wozny AS, Simonet 
S, Vallard A, Alphonse G, Ardail D, Rodriguez- 
Lafrasse C, Magné N. Targeting head and neck 
tumoral stem cells: from biological aspects to 
therapeutic perspectives. World J Stem Cells 
2016; 8: 13-21. 

[15] Takeishi S, Nakayama KI. To wake up cancer 
stem cells, or to let them sleep, that is the 
question. Cancer Sci 2016; 107: 875-81. 

[16] Prince ME, Sivanandan R, Kaczorowski A, Wolf 
GT, Kaplan MJ, Dalerba P, Weissman IL, Clarke 
MF, Ailles LE. Identification of a 
subpopulation of cells with cancer stem 
cell properties in head and neck squamous 
cell carcinoma. Proc Natl Acad Sci U S A 
2007; 104: 973-978. 

[17] Mărgăritescu C, Pirici D, Simionescu C, Stepan 
A. The utility of CD44, CD117 and CD133 in 
identification of cancer stem cells (CSC) in 
oral squamous cell carcinomas (OSCC). Rom J 
Mor- phol Embryol 2011; 52 Suppl: 985-93. 

[18] Baillie R, Tan ST, Itinteang T. Cancer stem cells 
in oral cavity squamous cell carcinoma: a re- 
view. Front Oncol 2017; 7: 112. 

[19] Tekade RK, D’Emanuele A, Elhissi A, Agrawal 
A, Jain A, Arafat BT, Jain NK. Extraction and RP- 
HPLC determination of taxol in rat plasma, cell 
culture and quality control samples. J Biomed 
Res 2013; 27: 394-405. 

[20] Ahn J, Fujisawa T, Husain SR, Puri RK. Identifi- 
cation and characterization of cancer stem 
cells in human head and neck squamous cell 
carcinoma. BMC Cancer 2014; 14: 173. 

[21] Simple M, Suresh A, Das D, Kuriakose MA. 
Cancer stem cells and field cancerization 
of oral squamous cell carcinoma. Oral 
Oncol 2015; 51: 643-51 

[22] RefSeq-PUBMED- CD44 gene. https://www. 
ncbi.nlm.nih.gov/gene/960; 2018. [Acessed 
in 28 Fev 2018]. 

[23] Silva Galbiatti-Dias AL, Pavarino ÉC, Kawasaki- 
Oyama RS, Maniglia JV, Maniglia EJ, Goloni 
Bertollo EM. Cancer stem cells in head and 
neck cancer: a mini review. Cell Mol Biol (Noisy- 
le-grand) 2015; 61: 39-43. 

[24] RefSeq-PUBMED- CD133 gene. https://www. 
ncbi.nlm.nih.gov/gene/8842; 2018. [Acessed 
in 28 Fev 2018]. 

[25] Zhang Q, Shi S, Yen Y, Brown J, Ta JQ, Le AD. A 
subpopulation of CD133+ cancer stem-like 
cells characterized in human oral squamous 
cell carcinoma confer resistance to chemo- 
therapy. Cancer Lett 2010; 289: 151-60. 



Cancer stem cells and treatment in head and neck cancer cell lines 

Am J Cancer Res 2018;8(8):1633-
1641 

                                                                                                               Artigo Científico I  21  

 

[26] Wei X, Wang J, He J, Ma B, Chen J. Biological 
characteristics of CD133(+) cancer stem 
cells derived from human laryngeal 
carcinoma cell line. Int J Clin Exp Med 2014; 
7: 2453-62. 

[27] Mannelli G, Magnelli L, Deganello A, Busoni M, 
Meccariello G, Parrinello G, Gallo O. Detection 
of putative stem cell markers, CD44/CD133, 
in primary and lymph nodemetastases in head 
and neck squamous cell carcinomas. A pre- 
liminaryimmunohistochemical and in vitro 
study. Clin Otolaryngol 2015; 40: 312-20. 

[28] Yu CC, Hu FW, Yu CH, Chou MY. Targeting 
CD133 in the enhancement of chemosensitiv- 
ity in oral squamous cell carcinoma-derived 
side population cancer stem cells. Head Neck 
2016; 38 Suppl 1: E231-8. 

[29] RefSeq-PUBMED- CD117 gene. https://www. 
ncbi.nlm.nih.gov/gene/3815 ; 2018. [Acessed 
in 28 Fev 2018]. 

[30] Cao L, Shao M, Schilder J, Guise T, Mohammad 
KS, Matei D. Tissue transglutaminase links 
TGF-β, epithelial to mesenchymal 
transition and a stem cell phenotype in 
ovarian cancer. Oncogene 2012; 31: 2521-
2534. 

[31] Tang YL, Fan YL, Jiang J, Li KD, Zheng M, Chen 
W, Ma XR, Geng N, Chen QM, Chen Y, Liang XH. 
C-kit induces epithelial-mesenchymal transi- 
tion and contributes to salivary adenoid cys- 
tic cancer progression. Oncotarget 2014; 5: 
1491-501. 

[32] Li W, Xu H, Qian C. c-kit-positive adipose tissue- 
derived mesenchymal stem cells promote the 
growth and angiogenesis of breast cancer. 
Biomed Res Int 2017; 7407168. 

[33] Bertolini G, Roz L, Perego P, Tortoreto M, Fonta- 
nella E, Gatti L, Pratesi G, Fabbri A, Andriani F, 
Tinelli S, Roz E, Caserini R, Lo Vullo S, Camerini 
T, Mariani L, Delia D, Calabrò E, Pastorino U, 
Sozzi G. Highly tumorigenic lung cancer 
CD133+ cells display stem-like features and 
are spared by cisplatin treatment. Proc Natl 
Acad Sci U S A 2009; 106: 16281-16286. 

[34] Okamoto A, Chikamatsu K, Sakakura K, Hatsu- 
shika K, Takahashi G, Masuyama K. Expansion 
and characterization of cancer stem-like cells 
in squamous cell carcinoma of the head and 
neck. Oral Oncol 2009; 45: 633-639. 

[35] Han R, Huangfu H, Gao W, Zhang C, Jin Y, Li Z, 
Wang B. Neoplasms stem cells play an impor- 
tant role in resistance of laryngeal squamous 
cancer to chemoradiotherapy. Lin Chung Er Bi 
Yan Hou Tou Jing Wai Ke Za Zhi 2014; 28: 400- 
5. 

[36] Moro M, Bertolini G, Pastorino U, Roz L, Sozzi 
G. Combination treatment with all-trans reti- 
noic acid prevents cisplatin-induced enrich- 
ment of CD133+ tumor-initiating cells and 
reveals heterogeneity of cancer stem cell com- 

partment in lung cancer. J Thorac Oncol 2015; 10: 
1027-36. 

[37] Mechanism of action - Cetuximab. https:// 
www.drugbank.ca/drugs/DB00002., 2018. 
[Acessed in 01 March 2018]. 

[38] Holz C, Niehr F, Boyko M, Hristozova T, Distel L, 
Budach V, Tinhofer I. Epithelial-mesenchymal- 
transition induced by EGFR activation inter- 
feres with cell migration and response to irra- 
diation and cetuximab in head and neck 
cancer cells. Radiother Oncol 2011; 101: 158- 
164. 

[39] Braig F, Kriegs M, Voigtlaender M, Habel B, 
Grob T, Biskup K, Blanchard V, Sack M, Thal- 
hammer A, Ben Batalla I, Braren I, Laban S, 
Danielczyk A, Goletz S, Jakubowicz E, Märkl B, 
Trepel M, Knecht R, Riecken K, Fehse B, Loges 
S, Bokemeyer C, Binder M. Cetuximab resis- 
tance in head and neck cancer is mediated by 
EGFR-K521 polymorphism. Cancer Res 2017; 
77: 1188-1199. 

[40] Mechanism of action - Paclitaxel. https://www. 
drugbank.ca/drugs/DB01229. 2018. [Acess- 
ed in 01 March 2018]. 

[41] Polioudaki H, Kastrinaki MC, Papadaki HA, 
Theodoropoulos PA. Microtubule-interacting 
drugs induce moderate and reversible damage 
to human bone marrow mesenchymal stem 
cells. Cell Prolif 2009; 42: 434-47. 

[42] Moitra K, Lou H, Dean M. Multidrug efflux 
pumps and cancer stem cells: insights into 
multidrug resistance and therapeutic develop- 
ment. Clin Pharmacol Ther 2011; 89: 491- 
502. 

[43] Locke M, Heywood M, Fawell S, Mackenzie IC. 
Retention of intrinsic stem cell hierarchies in 
carcinoma-derived cell lines. Cancer Res 
2005; 65: 8944-8950. 

[44] La Fleur L, Johansson AC, Roberg K. A CD- 
44high/EGFRlow subpopulation within head 
and neck cancer cell lines shows anepithelial- 
mesenchymal transition phenotype and resis- 
tance to treatment. PLoS One 2012; 7: 
e44071. 

[45] Fitzgerald TL, McCubrey JA. Pancreatic cancer 
stem cells: association with cell surface mark- 
ers, prognosis, resistance, metastasis and 
treatment. Adv Biol Regul 2014; 56: 45-50. 

[46] Cheng CC, Chou KF, Wu CW, Su NW, Peng CL, 
Su YW, Chang J, Ho AS, Lin HC, Chen CG, Yang 
BL, Chang YC, Chiang YW, Lim KH, Chang YF. 
EGFR-mediated interleukin enhancer-binding 
factor 3 contributes to formation and survival 
of cancer stem-like tumorspheres as a thera- 
peutic target against EGFR-positive non-small 
cell lung cancer. Lung Cancer 2018; 116: 80- 
89. 

[47] Zhou J, Hu Q, Zhang X, Zheng J, Xie B, Xu Z, 
Zhang W. Sensitivity to chemotherapeutics of 



22 

 

 
 

____________________________________________________Artigos Científicos I 

NSCLC cells with acquired resistance to EGFR- TKIs is mediated by T790M mutation or epithe- lial-
mesenchymal transition. Oncol Rep 2018; 39: 1783-1792. 

[48] Bao S, Wu Q, McLendon RE, Hao Y, Shi Q, Hjelmeland AB, Dewhirst MW, Bigner DD, Rich JN. Glioma 
stem cells promote radioresistance by preferential activation of the DNA damage response. Nature 
2006; 444: 756-760. 

[49] Richard V, Nair MG, Santhosh Kumar TR, Pillai MR. Side population cells as prototype of che- 
moresistant, tumor-initiating cells. Biomed Res Int 2013; 517237. 

[50] Biddle A, Liang X, Gammon L, Fazil B, Harper LJ, Emich H, Costea DE, Mackenzie IC. Cancer stem 
cells in squamous cell carcinoma switch between two distinct phenotypes that are pref- erentially 
migratory or proliferative. Cancer Res 2011; 71: 5317-26. 

[51] Kidwai F, Costea DE, Hutchison I, Mackenzie I. The effects of CD44 down-regulation on stem cell 
properties of head and neck cancer cell lines. J Oral Pathol Med 2013; 42: 682-90. 

[52] Wang SJ, Bourguignon LY. Hyaluronan and the interaction between CD44 and epidermal growth 
factor receptor in oncogenic signaling and chemotherapy resistance in head and neck cancer. Arch 
Otolaryngol Head Neck Surg 2006; 132: 771-8. 

[53] Aichler M, Motschmann M, Jütting U, Luber B, Becker K, Ott K, Lordick F, Langer R, Feith M, Siewert 
JR, Walch A. Epidermal growth factor receptor (EGFR) is an independent adverse prognostic factor 
in esophageal adenocarcino- ma patients treated with cisplatin-based neo- adjuvant chemotherapy. 
Oncotarget 2014; 5: 6620-32. 

[54] Fogli S, Polini B, Re MD, Petrini I, Passaro A, Crucitta S, Rofi E, Danesi R. EGFR-TKIs in non- small-
cell lung cancer: focus on clinical phar- macology and mechanisms of resistance. 
Pharmacogenomics 2018; 19: 727-740. 

[55] Echarri MJ, Lopez-Martin A, Hitt R. Targeted therapy in locally advanced and recurrent/ 
metastatic head and neck squamous cell car- cinoma (LA-R/M HNSCC). Cancers (Basel) 2016; 8. 

[56] Boesch M, Sopper S, Zeimet AG, Reimer D, Gastl G, Ludewig B, Wolf D. Heterogeneity of cancer 
stem cells: rationale for targeting the stem cell niche. Biochim Biophys Acta 2016; 1866: 276-289. 

[57] Bardelli A, Siena S. Molecular mechanisms of resistance to cetuximab and panitumumab in 
colorectal cancer. J Clin Oncol 2010; 28: 1254- 1261. 

[58] Bardelli A, Janne PA. The road to resistance: EGFR mutation and cetuximab. Nat Med 2012; 18: 
199-200. 

 

 
 

  
 

 

 
 
 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 

 

 
 

__________________________________________________Artigos Científicos II 

Artigo 2 

Título: Anti-EGFR Treatment Effects on Laryngeal Cancer Stem Cells 

Autores: Glaucia Maria de Mendonça Fernandes, Ana Lívia Silva Galbiatti-Dias, 

Vilson Serafim Junior, Leticia Antunes Muniz Ferreira, Rosa Sayoko Kwasaki Oyama, 

José Victor Maniglia, Erika Cristina Pavarino, Eny Maria Goloni Bertollo 

Periódico: American Journal of Cancer Research, a ser submetido 



25 

 

 
 

__________________________________________________Artigos Científicos II 

Original Article 
Title: Anti-EGFR Treatment Effects on Laryngeal Cancer Stem Cells  
Glaucia Maria de Mendonça Fernandes, Ana Lívia Silva Galbiatti-Dias, Vilson Serafim 
Junior, Leticia Antunes Muniz Ferreira, Patricia Matos Biselli-Chicote, Rosa Sayoko 
Kawasaki-Oyama, Erika Cristina Pavarino, Eny Maria Goloni-Bertollo. 
 

Genetics and Molecular Biology Research Unit (UPGEM), São José do Rio Preto 

Medical School (FAMERP), SP, Brazil. 

 

 
Address correspondence to: Eny Maria Goloni-Bertollo, Genetics and Molecular 
Biology Research Unit (UPGEM), São José do Rio Preto Medical School (FAMERP), 
SP, Brazil. E-mail: eny.goloni@famerp.br; fernandes_glaucia@hotmail.com. 
 
 
Running title: Treatment Effects on Laryngeal Cancer Stem Cells 



26 

 

 
 

__________________________________________________Artigos Científicos II 

 
Abstract 

Laryngeal cancer (LC) is one of the common head and neck neoplasms and is 
characterized by resistance to conventional therapy and poor prognosis. This may result 
from the presence of cancer stem cells (CSCs), which form a small population in tumors 
and possess metastatic potential, high invasive capacity, self-renewal, and 
differentiation. This study aimed to evaluate the effectiveness of 5-fluorouracil and 
cisplatin individually as well as the combination of cetuximab and paclitaxel in a CSC 
subpopulation separated with CD44, CD117, and CD133 biomarkers. In addition, TrkB 
and KRAS expression was evaluated in this subpopulation. The CD44, CD133, and 
CD117 biomarkers were used to analyze the identification and separation of both 
subpopulations using FACSAria Fusion. Subpopulations that possessed or lacked these 
biomarkers were classified as laryngeal cancer stem cells (LCSCs) or laryngeal cancer 
non-stem cells (non-LCSCs), respectively. Matrigel invasion and colony forming assays 
were performed to confirm LCSCs presence. Then, the LCSCs and non-LCSCs 
subpopulations were cultured and exposed to 5-fluorouracil, cisplatin, or both 
cetuximab and paclitaxel for 24 h. Cell proliferation was determined by MTS assay. 
KRAS and TrkB gene expression levels were quantified by quantitative real time PCR 
using TaqMan® Assay in both subpopulations. The non-LCSC subpopulation was 
considered as the control for relative expression. We found that the CSC subpopulation 
demonstrated greater resistance to cetuximab and paclitaxel combination chemotherapy 
when compared with the non-CSC subpopulation of the LC cell line. These CSC 
subpopulations presented up-regulation of the KRAS gene and no TrkB gene expression 
in the LC cell line when compared with the non-CSC subpopulation. In conclusion, the 
combination of CD44, CD133, and CD117 biomarkers exhibited stem cell properties in 
an LC cell line, LCSCs were capable of resisting treatment, and LCSCs presented high 
KRAS gene expression.  
Keywords: Cancer stem cells, chemotherapy, head and neck neoplasms, gene 
expression, cell line. 

 
Introduction 

Laryngeal Cancer (LC) is one of the most common head and neck neoplasms, 
representing 2% of all malignant neoplasms (3). Estimates show that by 2020, 9,491 
new cases and 5,202 deaths may occur due to this disease (54). Chemotherapy treatment 
with docetaxel, bleomycin, hydroxyurea, pembrolizaumab, nivolumab, methotrexate, 
cetuximab (55), and paclitaxel (56) can be used. Despite advances in drug therapy, 
individuals with LC show low survival due to the locoregional recurrence and 
metastasis onset (2).  

A small group of cells known as cancer stem cells (CSCs) may be responsible 
for tumor maintenance and dissemination. These cells possess self-renewal and 
differentiation potential and also play an important role in tumor initiation and 
progression (12). These features can be associated with poor prognosis (57) and provide 
resistance to tumors, leading to ineffective treatments (13, 58, 59). CSCs can be 
identified by cell surface biomarkers such as CD44, CD117, and CD133 (12, 60, 61), 
and studies show that CSCs present high expression of these biomarkers (9, 12, 62).  

Many genes related to the cell proliferation pathway are also involved in tumor 
progression and poor prognosis. Studies have shown that overexpression of genes such 
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as tropomyosin-related kinase B (TrkB) (63), rat sarcoma (RAS), and epidermal growth 

factor receptor (EGFR) are overexpressed in different tumor types (27, 63-67). Both 
EGFR and TrkB are cell surface receptors that are activated by binding to epidermal 
growth factors (EGF) and brain-derived neurotrophic factor (BDNF), respectively. 
These tyrosine kinase receptors are responsible for activating some downstream 
intracellular signals, such as the Ras‑Raf‑MEK‑ERK pathway (28, 64).  

The RAS oncogene family has three isoforms: Harvey (HRAS), neuroblastoma 
(NRAS), and Kirsten (KRAS) (65). They encode small GTPase proteins, which have 
essential roles in cell proliferation, growth, survival, migration, and epithelial-
mesenchymal transition (EMT), as well as important roles in tumor relapse and 
chemotherapeutic resistance (27, 67). About 30% of tumors display mutations in RAS 
genes. KRAS mutations are associated with benefits from anti-EGFR antibody therapy, 
consequently improving progression‐free survival and overall survival (65). 
Nevertheless, mutated KRAS can regulate the GDP–GTP process and activate 
Ras‑Raf‑MEK‑ERK downstream effectors independent of EGFR and TrkB receptor 
activation, leading to chemotherapy resistance (29, 65).  

This study aimed to evaluate the effectiveness of 5-fluorouracil and Cisplatin 
individually as well as the combination of cetuximab and paclitaxel in CSC 
subpopulations separated using CD44, CD117, and CD133 biomarkers. In addition, 
TrkB and KRAS expression was evaluated in these subpopulations. 

 
Materials and Methods 
Sample 

A HEP2 cell line originally established and described as coming from laryngeal 
squamous cell carcinoma with HeLa cell contamination (American  Type Culture 
Collection / ATCC, Rockville, Maryland, USA). HEP2 Authentication was performed 
using the AmpFLSTR Identifiler PCR Amplification kit (life Technoligies) and our cell 
line show 100% identify compare to ATCC database. The cell was cultured in 
Dulbecco's Modified Eagle Medium (DMEM; Sigma-Aldrich, St. Louis, MO, USA) 
supplemented with 10% fetal bovine serum (FBS; Gibco™, Carlsbad, CA, USA), 1% 

L-glutamine (Gibco™), and 1% penicillin/streptomycin/amphotericin B (Gibco™) in a 

humidified 5% CO2 atmosphere at 37 °C.. 
 

Cell Sorting 
Two HEP2 cell subpopulations were identified using the combination of three 

antibodies: CD44, phycoerythrin (PE; BD Biosciences, San Jose, CA, USA); CD117, 
fluorescein isothiocyanate (FITC; BD Biosciences); and CD133, allophyllocyanine 
(APC; Miltenyi Biotec, Bergisch Gladbach, Germany), and sorted by fluorescence-
activated cell sorting (FACS) using FACSAria Fusion equipment (BD Biosciences) and 
FACSDiva Software Version 6.1.3 for analysis. Positively labeled cells 
(CD44+/CD117+/CD133+) were classified as laryngeal cancer stem cells (LCSCs), and 
negatively labeled cells (CD44−/CD117−/CD133−) were considered laryngeal cancer 
non-stem cells (non-LCSCs). Both cell subpopulations were cultured in DMEM to 
obtain sufficient cells for subsequent analysis. 

 
Invasion Assay 

Quantitative analysis of invasive potential was performed using Matrigel 
invasion chambers with 8 µm PET membranes in 24-well plates (Corning® BioCoat™, 
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Corning Inc., Corning, NY, USA). Cells were seeded in the upper compartment of the 
transwell chamber at a density of 2×104 cells per insert in 100 µL serum-free DMEM. 
Well bottoms were filled with 750 μL DMEM supplemented with 10% FBS, which acts 

as a chemoattractant. Cells were incubated for 24 h at 37 °C. Cells that invaded the 
lower membrane surface were fixed with 4% paraformaldehyde for 20 min and stained 
with 5% Giemsa for 10 min. Four fields were photographed from each insert at 100× 
magnification using an Olympus BX53 Microscope (Olympus Life Science, Waltham, 
MA, USA), and the cells were counted.  

 
Spehre-forming Assay 

Clonogenic characteristics were evaluated by observing the cells’ capacity to 

generate tumor spheres. LCSC and non-LCSC cells were cultured in low-adherence 6-
well plates (Ultra-low Attachment Plates, Corning) in triplicate. Then, 1×104 cells/well 
were cultured in DMEM without FBS and supplemented with 10 ng/mL EGF, 10 
ng/mL fibroblast growth factor, and 1% antibiotic/antimycotic solution. Cells were 
incubated at 37 °C in a humidified atmosphere of 5% CO2 for 5 days (120 h). The 
formed colonies were counted and photographed. 

 
Treatments and MTS Assay 

Cell viability was determined by colorimetrically by MTS assay using the Cell 
Titer 96 Aqueous One Solution Cell Proliferation Assay (Promega, Madison, WI, 
USA), as described by the manufacturer. A total of 5×103 cells were seeded into 96-well 
plates and treated with 0.37 mg/mL 5-fluorouracil, 2.0 mg/mL cisplatin, and 0.06 
mg/mL cetuximab combined with 0.05 mg/mL paclitaxel. After 24 h of treatment, cell 
viability was determined by absorbance analysis on an ELISA plate reader (Multiskan 
FC; Thermo Scientific – Uniscience, São Paulo, Brazil) at 490 nm. 

 
Gene Expression 

RNA was extracted from 1×106 cells by cell lysis with 750 μL Trizol® 

(Invitrogen, Carlsbad, CA, USA), according to the manufacturer's instructions. The 
RNA concentration was estimated using the Qubit™ RNA HS Assay Kit with the 

Qubit® 2.0 Fluorometer (Life Technologies, Carlsbad, CA, USA). Total RNA (1 μg) 

was reverse transcribed into cDNA using the High-Capacity cDNA Reverse 
Transcription Kit (Applied Biosystems™, Foster City, CA, USA). For real-time PCR, 
TaqMan™ (Applied Biosystems™) probes for the TrkB (HS00178811_m1) and KRAS 
(HS00364284_g1)genes were used in custom microplates using the TaqMan™ 

Universal Master Mix (Thermo Fisher Scientific, Waltham, MA, USA) and the CFX96 
Touch™ Deep Well Real-Time PCR Detection System (BioRad, Hercules, CA, USA). 
The comparative expression level of each condition was calculated as 2−ΔΔCt (ΔΔCt1 

method), The Ct values of the samples and controls were normalized by the amount of 
β-actin and GAPDH. 

 
Statistical Analysis 

Results were expressed independently as the mean ± standard deviation and 
compared by one-way variance analysis with the Bonferroni correlation. Analyses were 
performed using the GraphPad PRISM 6 software. Significance was set at p<0.05.  
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Results 
CD44

+
/CD133

+
/CD117

+ 
subpopulation has cancer stem cell properties 

Cells from a HEP2 cell line were sorted using the set of CD44, CD133, and 
CD117 biomarkers. LCSCs were representative in 0.8% cells, whereas non-LCSCs 
were representative in 4.8% cells (Figure1). The invasive potential of the LCSC and 
non-LCSC subpopulations were evaluated in vitro. Figure 2 shows increased invasive 
capacity of the LCSCs when compared with the non-LCSC subpopulation after 24 h. 
The results were found to be statistically significant and showed that LCSCs have a 
higher invasive potential than non-LCSCs (p=0.0022).  
 
 

The colony-forming assay was conducted for the LCSC and non-LCSC 
subpopulations of the HEP2 cell line. Clone formation was quantified, and LCSCs 
presented more colonies than Non-LCSCs (p=0.0117), as shown in Figure 3.  
 
 
LCSCs are treatment-resistant 

The results showed no statistical differences between LCSCs and Non-LCSCs 
when treated with 5-fluorouracil, but statistically significant differences were found 
with cisplatin (p=0.0024) as well as cetuximab combined with paclitaxel (p=0.0069) 
(Figure 4). LCSCs had higher viability than non-LCSCs. Furthermore, cetuximab and 
paclitaxel combination treatment was observed to have a greater influence on 
subpopulation elimination than did 5-fluorouracil and cisplatin treatments (Figure 5).  

  
 
 
LCSC subpopulation presents high KRAS gene expression  

The KRAS gene presented up-regulation (RQ=1,48205) in LCSCs compared 
with non-LCSCs (RQ=1). The TrkB gene showed no expression in both subpopulations 
of the Hep2 cell line. 

Discussion 
In our previous study, we showed that CD44+/CD133+/CD117+ cells, classified 

as LCSC and obtained from a HEP2 cell line, presented 81% more migration capacity 
than CD44−/CD133−/CD117− cells, designated as non-LCSCs (42). In this current 
study, invasion and colony-forming assays were also performed to confirm CSC 
presence. The results of these assays demonstrated increased tumorigenic potential in 
the LCSC subpopulation of the HEP2 cell line.  

 
To evaluate the effect of anticancer drug therapy in LCSCs and non-LCSCs, 

these cells were treated with 5-fluorouracil and cisplatin individually or with the 
combination of cetuximab and paclitaxel. These drugs were chosen because they are the 
most commonly used to treat head and neck cancer patients. Cisplatin reacts with DNA 
to produce crosslinks, and 5-fluorouracil is an antineoplastic antimetabolite; both drugs 
impair DNA replication and transcription (52, 53). Cetuximab is a monoclonal antibody 
that functions by blocking EGF from binding to EGFR (66), therefore interrupting the 
cascade that activates KRAS (63). Paclitaxel is a chemotherapeutic that inhibits mitotic 
spindle fiber dynamics (15). 
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We found that 5-fluorouracil was ineffective at eliminating either subpopulation. 
The LCSC subpopulation demonstrated greater resistance to cisplatin and the 
combination of cetuximab and paclitaxel compared with the non-LCSC subpopulation 
of the HEP2 cell line. Moreover, the cetuximab and paclitaxel combination treatment 
was most effective in both subpopulations compared to other treatments, especially in 
the non-LCSC subpopulation. In previous study, our research group demonstrated that 
individual cetuximab and paclitaxel treatments showed no statistically significant 
differences between LCSCs and non-LCSCs from the HEP2 cell line (42).  

Our results align with those of other studies performed in CSCs from head and 
neck cancers, which showed resistance to 5-fluorouracil, cisplatin, and cetuximab when 
used individually (14, 21, 32, 68). Grau and collaborators (32) observed cisplatin and 
cetuximab resistance in CSCs from head and neck carcinoma squamous cell (HNCSC) 
lines that had high expression of the CD44 biomarker. It has also been shown that CSCs 
from HNCSC cell lines, which used Aldehyde dehydrogenases (ALDH) as a biomarker, 
were resistant to 5-fluorouracil, cisplatin, and etoposide (68). Others studies in HNCSC 
cell lines that were conducted with FACS to isolate CSCs using both CD44 and ALDH 
biomarkers also showed resistance to docetaxel, cetuximab, and PI3K inhibitor 
(ZSTK474 and PX-866) in these subpopulations in addition to radiation, photon 
irradiation (2 Gy/min), and carbon ion irradiation (75MeV/n) resistance (14, 21). On the 
other hand, CSCs from HNCSC cell lines sorted with CD44

high/EGFR
low presented 

sensitivity to cisplatin, cetuximab, gefitinib, and radiation compared to 
CD44

high/EGFR
high (22).  

To our knowledge, there are no studies on combination therapy in LCSC. 
Herein, we hypothesized that the combined action of cetuximab and paclitaxel drugs 
may contribute to eliminating LCSCs, consequently reducing tumor aggressiveness and 
recurrence. However, further studies with combination therapy are required to better 
understand chemotherapy response in LCSCs. 

This is the first study that has evaluated TrkB and KRAS gene expression in CSC 
and non-CSC subpopulations of head and neck cancer. Considering the role of these 
two genes in cell proliferation, we expected that both would be overexpressed in the 
HEP2 cell line, especially in the CSC subpopulation; however, the TrkB gene was not 
expressed. A recent review demonstrated that TrkB and its ligand brain-derived 

neurotrophic factor (BNDF) are expressed in 30–50% of human HNCSC (69-71). One 
limitation in our study is that only one cell line was assessed; hence, results may not be 
representative. Therefore, studies with a larger sample size are needed, as TrkB 

activation has been associated with cell migration, invasion, EMT, cisplatin resistance, 
and poor prognosis in vivo (69, 70, 72-74). Indeed, some studies in HNC have shown 
that TrkB inhibition can suppress tumor growth, cell proliferation, and migration as well 
as sensitize cells to cisplatin (23, 69, 75-77). 

In this current study, KRAS presented high expression, which may be explained 
by EGFR-mediated signaling that is responsible for phosphorylating and activating 
KRAS, as shown in Figure 6. In our previous study, we observed EGFR overexpression 
in LCSCs from the HEP2 cell line (42); therefore, we suggested that this CSC 
subpopulation may contribute via EGFR-signaling to promote tumor cell growth, 
chemotherapy resistance, invasion, and migration, resulting in head and neck cancer 
progression.  
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Our results, although limited, suggest for the first time that the combined action 
of cetuximab and paclitaxel drugs may be more efficient at eliminating LCSCs than 
isolated therapies and provide evidence that higher KRAS expression in LCSCs could 
then contribute to aggressive tumor behavior and poor prognosis in LC. Thus, 
understanding of the molecular mechanisms that control CSC proliferation may 
contribute to better strategies for treating head and neck cancer. 
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Figure 1: Cell sorting grafics with CD44, CD 117 and CD 133 in FACSAria Fusion 
using FACSDiva Software. Cells in quadrants above 103 (P2, P3 and P4) were 
considered positive for the marker, and cells in quadrants below 103 (P5, P6 and P7) 
were considered negative for the markers. Then the positive cells for FITC-CD117 (P2) 
were selected from these cells, those that were positive for the marker PE-CD44 (P3) 
were selected and then those positive for the APC-CD133 (P4) were selected. Therefore 
forming the triple cell group positive for the three tumor stem cell biomarkers. The 
negative cells for FITC-CD117 (P5) were selected from these cells, those that were 
negative for the marker PE-CD44 (P6) were selected and then those negative for the 
APC-CD133 (P7) were selected. Therefore forming the triple cell group negative for the 
three tumor stem cell biomarkers. 
 
Figure 2: Cell invasion assay of LCSC and non-LCSC subpopulations of the Hep2 cell 
line. Cells were seeded in matrigel inserts and cultured for 24 h. A. LCSC 
subpopulation; B. non-LCSC subpopulation. Grayscale pictures are shown at 400× 
magnification.  

 

Figure 3: Sphere forming LCSC and non-LCSC subpopulations of the Hep2 cell line. 
The cells were seeded in ultra-low attachment surface 6-well plates and cultured for five 
days (120 h). A. Non-LCSC and C. LCSC subpopulations at 0 h; B. non-LCSC 
subpopulation after five days; and D. spheres formed in the Hep2 LCSC subpopulation 
after five days. Grayscale pictures are shown at 40× magnification. 

 

Figure4: Cell viability after 24 h in HEP2.  A. LCSC and non-LCSC subpopulations 
treated with 5-fluorouracil, cisplatin, and the combination of cetuximab and paclitaxel. 
Comparison of responses to 5-fluorouracil, cisplatin, and the combination of cetuximab 
and paclitaxel in Hep2Hep2 LCSC and non-LCSC subpopulations. Data and p-values 
are shown for B. LCSCs and C. non-LCSCs. *p≤0,05; ** p≤0,001; ***p≤0,0001. 

 

Figure 5: Graph showing the relative values of the differential expression of the KRAS. 
 
Figure 6: Summarized molecular mechanisms of the signaling pathway involving the 
EGFR, TrkB and KRAS genes; adapted from Fernandes et al. 2019 (29). 1) 
Phosphorylation resulting from BDNF/TrkB binding can also activate KRAS; however, 
TrkB gene expression was late. This suggests that only EGFR is activating the KRAS 
gene. 2) Phosphorylation resulting from EGFR/EGF binding activates KRAS, which 
leads to cell proliferation. The results of our present and previous studies showed high 
KRAS and EGFR expression (42). 3) Only cetuximab (42) binds with EGFR, which 
blocks EGFR/EGF binding; we suggest that this isolated treatment does not inhibit 
KRAS inactivation. 
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Abstract 48 

Head and neck cancer (HNC) is the sixth most common cancer worldwide, and patients 49 

with this disease have low survival rates. The poor survival rate can be due to the 50 

presence of cancer stem cells (CSCs), a small cell population with metastatic potential, 51 

high capacity of invasion, and self-renewal ability. CSCs can be identified by 52 

biomarkers CD44, CD117, CD133, and ALDH. Epidermal growth factor receptor 53 

(EGFR) can activate cell proliferation pathways by Kirsten sarcoma rat (KRAS) and is 54 

used as an HNC marker because it is frequently overexpressed in this cancer. We 55 

identified and characterized two subpopulations, CSCs and non-CSCs, in six HNC 56 

primary tumors; compared the effectiveness of Cetuximab and Paclitaxel treatments; 57 

and evaluated EGFR and KRAS gene expression. The collected tumor cells were sorted 58 

as CD44+/CD133+/CD117+ or ALDH+, considered as HNC stem cells (HNCSCs), and 59 

as CD44-/CD133-/CD117- or ALDH-, considered non-HNCSCs. Migration, invasion, 60 

and colony forming assays were used to evaluate cell aggressiveness. The 61 

subpopulations were treated with Cetuximab, Paclitaxel, or a combination of both drugs 62 

and tested for cell viability. Real-time quantitative PCR was performed to evaluate 63 

EGFR and KRAS gene expression. Compared with non-HNCSCs, HNCSCs presented 64 

more colonies and appeared to be more sensitive to the drug combination. The EGFR 65 

and KRAS genes were upregulated in CSCs compared with non-HNCSCs, thus 66 

explaining the drug resistance. Overall, the drug combination seems to be more 67 

beneficial for the elimination of HNCSCs, which show EGFR and the KRAS gene 68 

upregulation, than for non-HNCSCs. 69 

70 
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Introduction 71 

Head and Neck Cancer (HNC) comprises a wide range of tumors in the lips, oral 72 

cavity (2.0%), hypopharynx (0.4%), oropharynx (0.5%), nasopharynx (0.7%), and 73 

larynx (1.0%), and is the sixth most common cancer worldwide [1]. The risk factors 74 

associated with HNC include smoking, alcohol consumption, human papillomavirus and 75 

Epstein-Barr virus infections [2, 3]. HNC patients at all stages of the disease have a low  76 

five-year survival rate, and the prognosis for patients with recurrent or metastatic 77 

disease is poor [1, 2].  78 

The standard treatment for HNC depends on the site of the primary tumor and 79 

the stage of the disease. HNC in an early stage (I/II) is usually treated with surgery or 80 

radiotherapy, while locally advanced disease (stage III/IV) requires the combination of 81 

radiotherapy, surgery, and chemotherapy with the anti-mitotic agent Paclitaxel [4]. One 82 

strategy aimed at improving the efficacy of the treatment is to add molecular target 83 

agents, such as Cetuximab, to standard chemotherapy. Cetuximab is a chimeric 84 

monoclonal antibody against the epidermal growth factor receptor (EGFR) that can be 85 

safely combined with Paclitaxel in HNC treatment [5-9]. Despite the advances in drug 86 

therapy, HNC patients still present a low survival rate and high metastatic rates [10]. 87 

One hypothesis that could explain the low survival is the presence of a small group of 88 

cells named cancer stem cells (CSCs) that are present in many solid tumors, including 89 

HNC. CSCs have metastatic potential, high capacity of invasion [11, 12], and the 90 

abilities of self-renewal and differentiation, as well as having a substantial function in 91 

the initiation and progression of the tumor. These features, which may provide tumor 92 

resistance leading to treatment ineffectiveness [13], are all associated with poor 93 

prognosis [14]. CSCs have been identified to express the biomarkers CD44, CD117, 94 
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CD133, and ALDH, which have also been found to be overexpressed in tumors with 95 

CSCs [15-18]. 96 

CSCs are thought to arise from progenitor cells or normal stem cells showing 97 

aberrant behavior of key regulatory genes, specifically, proto-oncogenes and tumor 98 

suppressors [19]. Important proto-oncogenes that play a key role in HNC tumorigenesis 99 

are EGFR and Akt [20]. EGFR is a member of the ErbB family of receptor tyrosine 100 

kinases and has several known growth factor ligands that activate many downstream 101 

effectors involved in the Rat Sarcoma/raf1/mitogen-activated protein kinase pathway 102 

(RAS/raf1/MAPK pathway) [12, 14, 20]. This activation leads to the expression of other 103 

proteins responsible for coordination of cell growth, promotion of tumor initiation, and 104 

disease progression [20]. EGFR is highly expressed in many cancers of epithelial origin, 105 

including head and neck squamous cell carcinoma (HNSCC), and is correlated with an 106 

increased risk of local relapse, adverse overall survival, and poor clinical outcome [2, 3, 107 

20].  108 

RAS is a family of proto-oncogenes encoding proteins that are members of the 109 

small GTPases superfamily, which has essential roles in several signaling pathways 110 

controlling cell growth. Kirsten rat sarcoma virus (KRAS) is the most important gene of 111 

the family [21] because mutations in this proto-oncogene are related to independent 112 

activation of pathways associated with growth and cell survival, and contribute to tumor 113 

maintenance [21, 23]. 114 

Thus, the aims of this study were: to identify and characterize two HNC cell 115 

subpopulations, namely, Head and Neck Cancer Stem Cells (HNCSCs) and Head and 116 

Neck Cancer non Stem Cells (non-HNCSCs) in six primary tumors of HNC patients; to 117 
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compare the effectiveness of Cetuximab and Paclitaxel treatment; and to evaluate EGFR 118 

and KRAS expression in both subpopulations. 119 

Results 120 

HNCSC subpopulation has cancer stem cell properties 121 

The primary tumors cells were identified and sorted with CD44, CD133, and 122 

CD117, or ALDH biomarkers (Figure 1). Our results showed that the 123 

CD44
+/CD133

+/CD117
+, or ALDH

+ HNC cell population, designated as HNCSCs, had a 124 

higher potential for migration, invasion, and colony formation compared with the CD44
- 125 

/ CD133
- / CD117

-, or ALDH
- population, the so-called non-HNCSCs. Thus, by 126 

migration, invasion, and colony formation assays we have confirmed that the 127 

subpopulation of HNCSCs had higher tumorigenic potential and formed spheres, a 128 

unique characteristic of non-HNCSCs. The cell migration and invasion capacity of 129 

HNCSC and non-HNCSC subpopulations of the primary tumor were evaluated in vitro. 130 

After 24 h, HNCSCs demonstrated an increased migration and invasive potential 131 

compared with non-HNCSC subpopulations as shown in Figure 2 (p<0.0001 and 132 

p=0.0324, respectively). 133 

The colony formation assay of the primary tumors showed more tumorspheres in 134 

HNCSCs than in non-HNCSC subpopulations (p=0.0013), as depicted in Figure 2. 135 

 136 

HNCSCs are treatment resistant 137 

Both HNCSCs and non-HNCSC subpopulations of primary tumors were treated 138 

with Cetuximab, Paclitaxel, and a combination of both drugs (CP). The viability of  the 139 

two populations did not show statistical differences (p>0.05) (Figure 3). However, 140 

HNCSCs seemed to be more sensitive to the treatment with CP. Moreover, when 141 
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comparing the treatments in each subpopulation, only Cetuximab was not effective in 142 

both subpopulations; although the drug could potentiate the effects of Paclitaxel 143 

chemotherapy (Figure 4). 144 

 145 

HNCSC subpopulations presented overexpression of EGFR and KRAS genes  146 

EGFR and KRAS genes presented were up-regulated (mean RQ=7.081 and 147 

1.568, respectively) in HNCSCs compared with non-HNCSCs, with no significant 148 

differences between the two subpopulations (p=0.5625 and p=0.5296, respectively). The 149 

differential quantitative gene expression and statistical analysis are shown in Figure 5.  150 

Discussion 151 

We found that HNC cells with biomarking of CD44, CD133, and CD117, or 152 

ALDH showed more migration potential and invasion, and formed more and larger 153 

colonies than non-HNCSCs demonstrating the growth tumorigenic potential of the 154 

HNCSC subpopulation. The results showed that these biomarkers were effective in 155 

sorting the CSC subpopulation from the non-CSCs one. Furthermore, the migration 156 

potential, invasion, and formation of larger colonies are related to the higher 157 

aggressiveness of the HNCSCs compared with the non-HNCSCs. In a previous study 158 

from our research group using HN13 and HEP2 cell lines, the HNCSC subpopulation 159 

demonstrated a migration capacity 81% higher than that of the non-HNCSC 160 

subpopulation lines[24]. 161 

The literature reports the use of CD44, CD133, CD117, and ALDH genes to 162 

separate and characterize tumor stem cells. The CD44 biomarker is an integral 163 

membrane glycoprotein as well as a receptor for hyaluronic acid  [25]. Proto-oncogene 164 
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CD117 (c-kit) is a member of the tyrosine kinase receptor family that interacts with 165 

stem cell factors [26, 27]. CD133 (prominin-1) is a transmembrane glycoprotein [28] 166 

while ALDH is an intracellular cytosolic isoenzyme that converts acetaldehyde into 167 

acetate. High activity of the biomarkers has been considered as a reliable marker for 168 

CSCs. These biomarkers are involved in embryogenesis, hematopoietic stem, and 169 

progenitor cells as well as carcinogenesis, and their expression is correlated with tumor 170 

progression, differentiation suppression, resistance to radio and chemotherapy, self-171 

renewal, relapse, and metastasis. [29-31].  172 

We have found no statistical difference between HNCSCs and non-HNCSC 173 

subpopulations in primary tumors treated with Cetuximab, Paclitaxel, or CP. Moreover, 174 

CP resulted in the most effective treatment for the HNCSC subpopulation. Cetuximab 175 

seems to potentiate the effects of Paclitaxel in the HNCSC subpopulation. Paclitaxel 176 

chemotherapy inhibits the fibers of the mitotic spindle and consequently interrupts cell 177 

proliferation [32]. Cetuximab binds to EGFR and inhibits the cascade of cell 178 

proliferation slowing down the disease progression and increasing the survival rate of 179 

cancer patients. KRAS is a gene encoding an intracellular signaling protein indirectly 180 

activated by EGFR, resulting in an  exacerbated cellular proliferation. However, if there 181 

are changes in this cascade, such as the high expression of the KRAS gene, the signaling 182 

may not depend on the EGFR receptor activation and therefore, there is no benefit in 183 

administering Cetuximab [21, 33].  184 

Literature reports are inconclusive regarding HNCSCs treatment with 185 

Cetuximab. Studies showed that cells with CSC features are more sensitive to 186 

Cetuximab in hypoxic conditions [12] or when they depict the CD44
high/EGFR

low 187 

phenotype in flow cytometry [34]. However, other contributions demonstrated that cells 188 
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with CSCs features and CD44 overexpression were resistant to the Cetuximab treatment 189 

[35]. Furthermore, CSC sorted using ALDH and CD44 as biomarkers were resistant to 190 

Cetuximab and Docetaxel (similar to Paclitaxel chemotherapy) [36]. The CSC 191 

subpopulation sorted using Side Population through Hoechst exclusion, CD44
High, and 192 

ALDH
High did not show reduced proliferation when treated with Cetuximab [37].  193 

Studies on the combination of Cetuximab with other chemotherapeutic agents 194 

such as Paclitaxel, Docetaxel, Cisplatin, and/or 5-Fluorouracil are still being performed 195 

to select the best treatment approaches [8, 9, 37-40]. Head and neck squamous cell 196 

carcinoma patients with recurrence or metastasis after platinum-based 197 

chemoradiotherapy were treated with CP and presented tolerance and a positive 198 

response to the treatment [8, 9]. Another randomized study in HNC patients found that 199 

the combination of Cetuximab with Paclitaxel and Cisplatin; or Cetuximab with 200 

Docetaxel, Cisplatin and 5-Fluorouracil increased the progression-free survival by 20% 201 

in two years compared with that of the control [39].  202 

 In the present study, we demonstrated the high expression of EGFR and KRAS 203 

genes, confirmed by tumor proliferation, progression migration, and invasion assays, in 204 

HNCSCs compared with that in non-HNCSCs. This is, to our knowledge, the first 205 

research evaluating the influence the KRAS gene in subpopulations of stem and non-206 

stem tumor cells in head and neck primary tumor. 207 

Literature showed that the EGFR gene can activate KRAS, one of the genes 208 

responsible for cell growth and tumor recurrence. The EGFR gene expression is 209 

controversial. Some studies showed EGFR [12, 41] and p-EGFR downregulation [35, 210 

41]; however, others demonstrated EGFR [42, 43] and p-EGFR overexpression. In a 211 

previous work we reported the down-regulation of the CD44 gene and the up-212 
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expression of the EGFR gene in laryngeal CSCs cell line; and the up-regulation of the 213 

CD44 gene and the down-expression of the EGFR gene in an oral CSCs cell line [24]. 214 

The KRAS gene expression was not evaluated in HNCSCs. Thus, we decided to evaluate 215 

the expression of EGFR and KRAS genes in primary tumors and its real 216 

representativeness.  217 

Our results reinforce the relation between the KRAS pathway activated by EGFR 218 

phosphorylation and a significant role in cell proliferation, tumor progression, and 219 

resistance to chemotherapy in HNC. It is known that gene expression is extremely 220 

variable among the tumor subsets of HNC. Therefore, it does not mean that this genes is 221 

unrelated to CSCs in HNC and more studies are needed on other tumor sites. 222 

Limitations of our study were the small sample size and the difficulties maintaining the 223 

tumor stem cells in primary tumors due to their extreme fragility. 224 

We concluded that cells with the triple biomarking CD44, CD133, and CD117, 225 

or ALDH only biomarkers form more colonies, an exclusive characteristic of CSCs, and 226 

show more aggressive cellular features. The CP seems to be more beneficial in the 227 

elimination of both cellular subpopulations of HNC cells. EGFR and KRAS genes 228 

overexpress in HNCSCs. The relation between the combination of the Cetuximab with 229 

Paclitaxel and the high expression of the genes may contribute to elucidate tumor 230 

resistance and progression processes. However, more studies are necessary to 231 

understand the role of these genes in the chemoresistance of CSCs. 232 

Materials and Methods 233 

Sample 234 
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HNC tissues were collected from patients who underwent surgical resection at 235 

the Service of Otorhinolaryngology and Head and Neck Surgery of the Medical School 236 

of São José do Rio Preto-FAMERP. All patients signed consent letters and the study 237 

was approved by the Institutional Research Ethics Committee of the Medical School 238 

São José do Rio Preto-FAMERP, SP, Brazil (903.775). Exclusion criteria was patients 239 

that have been initiate chemo or radiotherapy treatment. Table 1 presents the clinical 240 

features and surgical staging from the patients’ six primary tumors included in the 241 

study. Data were retrospectively obtained from medical records. 242 

All samples were cultured in Dulbecco's Modified Eagle Medium, (DMEM, 243 

Sigma-Aldrich Co.) supplemented with 20% Ham’s Nutrient Mixture F12, (HAMF12, 244 

Sigma-Aldrich Co.), 10% fetal bovine serum (FBS, Gibco™), 1% L-glutamine 245 

(Gibco™), 1% of penicillin, streptomycin, and anfotericin B (Gibco™) in 5% CO2 at 246 

37 °C. 247 

Cell sorting 248 

Identification and separation of CSCs were performed using the Cell Sorting BD 249 

FACSAria Fusion flow cytometer (BD Biosciences) and specific antibodies for 250 

labeling, following manufacturers’ recommendations. Cells that were positively marked 251 

with the three antibodies together CD44-phycoerythrin (PE) (BD Biosciences), CD117-252 

fluorescein isothiocyanate (FITC) (BD Biosciences), and CD133-allophycocyanin 253 

(APC) (Miltenyi Biotec) or only for ALDH-aldehyde dehydrogenase-bright 254 

(ALDEFLUOR™ - STEMCELL Technologies) were classified as HNCSCs 255 

(CD44+/CD133+/CD117+, or only ALDH+). Cells that were negative for labeling with 256 

the three antibodies together CD44/PE, CD133/APC, and CD117/FITC, or ALDH/FITC 257 

alone were considered non-HNCSCs (CD44-/CD133-/CD117-, or only ALDH-).  258 
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Migration and invasion assay 259 

For the migration analysis, confluent cells grown in 2 ml of culture medium 260 

supplemented with 10% FBS within the well of a 6-well plate were “wounded” by 261 

scraping off an area using a plastic pipette tip. After the procedure, plates were 262 

incubated at 37 °C for 24 h in a CO2 incubator. Images were obtained with an inverted 263 

microscope at the beginning of the experiment and after 24 h. Six fields per well were 264 

photographed in triplicate at 40x magnification. Subsequently, the quantitative analysis 265 

was performed by measuring the invaded area at the beginning of the experiment and 266 

after 24 h using the ImageJ application. The percentage of the invaded area was 267 

calculated for each well and results subjected to statistical analysis. 268 

The transwell invasion assay was carried out performed in duplicates in a 269 

Corning® BioCoat™ Matrigel® Invasion Chamber (Discovery Labware, Inc ©Corning 270 

Inc.). A total of 2x104 cells were placed in a serum-free medium in the upper chamber, 271 

while medium containing 10% FBS was added as a chemoattractant to the lower 272 

chamber. Invading cells were fixed with 4% paraformaldehyde for 2 min followed by 273 

methanol for 20 min, and stained with 0.5% crystal violet. Four fields were randomly 274 

selected and photographed under a light microscope (Olympus Microscope BX53, 275 

Olympus Life Science) at 100x magnification. The cells that invaded the inserts were 276 

counted and results  statistically analyzed. 277 

Colony forming assay 278 

Cells were placed seeded into 6-well ultra-low plates (Ultra-Low Attachment 279 

Multiple Well Plate, Corning® Costar®) at a density of 2x104 cells/well in 2 ml culture 280 

medium supplemented with 10% of FBS and incubated for 5 days. The colonies formed 281 
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were counted and photo documented in an inverted microscope at 40x magnification. 282 

The procedure was performed in triplicates. 283 

Cell viability assay 284 

Cell viability was determined using the MTS cell proliferation kit (CellTiter 96® 285 

AQueous One Solution Cell Proliferation Assay) after treating the cells with 0.06 mg/ml 286 

of Cetuximab, 0.05 mg/ml of Paclitaxel, or Cetuximab combined with Paclitaxel (CP), 287 

and untreated cells as a control. The therapeutic agent concentrations were chosen based 288 

in clinical treatments. Thus, 5x103 cells were resuspended in 100 μl of DMEM with no 289 

supplementation and were placed into 96-well plates. Twenty microliters of MTS were 290 

added after 24h and absorbance measured with an ELISA plate reader (Multiskan FC, 291 

Thermo Scientific – Uniscience) at 490 nm filter. 292 

Gene expression 293 

Total RNA was extracted from 1x106 cells using TRIzol reagent (Life 294 

Technologies) according to the manufacturer’s instructions. RNA quantification was 295 

performed with the Qubit™ RNA HS Assay Kit in a Qubit® 2.0 Fluorometer (Life 296 

Technologies’). Complementary DNA (cDNA) for all samples was synthesized in a 20 297 

μl reaction tube containing 2-5 μg of total RNA, using the High Capacity cDNA 298 

Reverse Transcription Kit (Life Technologies). The RNA concentration was 1 μg/μL. 299 

Quantification of the EGFR and KRAS gene expression was carried out in duplicates 300 

using the TaqMan Universal Master Mix and probes (Life Technologies). Two 301 

endogenous controls, Beta Actin (MUC1) and GAPDH (FAM dye and MGB probe) 302 

were included. The relative expression of EGFR and KRAS was calculated through the 303 

 method.  304 

Statistical analysis 305 
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The Kolmogorov–Smirnov test was used to assess normality. Independent t-test 306 

and ANOVA Bonferroni post hoc tests were used to calculate the significance between 307 

both groups. All data were evaluated with the GraphPad Prism 6 software (GraphPad 308 

Software Inc., San Diego, CA, USA). A significance level of 5% was used. 309 
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Table 1: Clinical features and surgical staging characterization of the group 320 
of patients with head and neck cancer. 321 

Sample Age Gender 
Smoking 

Habit 
Exposure/Time 

Alcoholic 
Habit 

Exposure/Time 
Primary 

Site 
Staging 
(TNM*) 

Labeling 

HNC-1 72 Male Yes ≥1 pack/≥ 15 years Yes ≥400ml/≥35anos Oral Cavity T2N0M0 CD44/CD117/CD133 
HNC-2 57 Male Yes ≥1 pack/≥ 15 years Yes ≥400ml/≥35anos Pharynx T1N0M0 CD44/CD117/CD133 
HNC-3 44 Male Yes ≥1 pack/≥ 15 years Yes ≥400ml/≥35anos Oral Cavity T4N0M0 CD44/CD117/CD133 
HNC-4 68 Male Yes ≥1 pack/≥ 15 years No Never Larynx T1N0M0 CD44/CD117/CD133 
HNC-5 48 Female No Never No Never Oral Cavity T2N0M0 CD44/CD117/CD133 
HNC-6 71 Male Yes ≥1 pack/≥ 15 years No Never Larynx T3N0M0 ALDH 

TNM* = T: size tumor; N: lymph nodes affected; M: presence of metatasis 322 
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 323 
 324 

Figure 1: Graph example of cell sorting with triple positively marked with 325 
the three antibodies together were classified as HNCSCs 326 
(CD44+/CD133+/CD117+,). Cells that were negative for labeling with the three 327 
antibodies were considered non-HNCSCs (CD44-/CD133-/CD117-). 328 
 329 
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 330 
Figure 2: Graph comparing the HNCSC and non-HNCSC subpopulations. 331 

It shows statistical analysis data (ANOVA) for꞉ A) migration performed; B) 332 
invasion and C) colony formation tests performed in triplicate. Image samples of 333 
primary tumors comparing the HNCSC and non-HNCSC subpopulations. For the 334 
tests꞉ D) cell migration 0h and after 24h in 40x magnification; E) cell invasion after 335 
24h in 200x magnification and F) colony forming after 120h in 40x magnification. 336 

 337 
 338 
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 339 
Figure 3: Cell viability of HNCSCs and Non-HNCSCs subpopulations of 340 

primary tumors treated with A) Cetuximab (p>0.05), B) Paclitaxel (p>0.05) and C) 341 
Cetuximab plus Paclitaxel combination (p>0.05), after 24 hours.  342 

 343 
 344 

 345 
Figure 4: Comparison of responses to Cetuximab, Paclitacel, Cetuximab 346 

plus Paclitaxel combination and controls regarding to untreated cell in HNCSCs 347 
and Non-HNCSCs subpopulations of primary tumors. A) Data and p values of the 348 
comparisons between treatments for the LCSC are presented. B) The data and p 349 
values of the comparisons between treatments for the non-LCSC are presented. 350 
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 351 
Figure 5: Graph showing the relative values of the differential expression 352 

and the values of the Wilcoxon Signed Rank Test and One sample t test, 353 
respectively, of the EGFR and KRAS genes, respectively. 354 
 355 

Supplementary Material 356 

 357 

Figure Suplementary 1: Cell viability of HNCSCs and Non-HNCSCs 358 
subpopulations of primary tumors separated by tumor site, treated with A) 359 

357
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Cetuximab, B) Paclitaxel and C) Cetuximab plus Paclitaxel combination, after 24 360 
hours. 361 
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4. CONCLUSÕES 

1. Os biomarcadores moleculares CD44, CD133 e CD117 em combinação e 

o ALDH isolado são eficientes em identificar e separar células  tronco tumorais  em 

câncer de cabeça e pescoço; 

2. As células tronco tumorais identificadas e separadas por meio dos 

biomarcadores CD44, CD133 e CD117 em combinação e o ALDH isolado mostram 

maior potencial tumorigênico evidenciado pelo aumento da migração e invasão celular e 

pela formação de colônias. As células tronco tumorais da linhagem celular HEP2 é 

resistente ao tratamento com 5-fluorouracil, entretanto é sensível ao tratamento com a 

cisplatina. Nos tumores primários bem como nas linhagens celulares HEP2 e HN13 de 

câncer de cabeça e pescoço, as células tronco tumorais mostram habilidade de resistir ao 

Paclitaxel e Cetuximab. Enquanto que a combinação do Cetuximab com o Paclitaxel é 

mais eficaz em eliminar a subpopulação células tronco tumorais que os outros 

tratamentos na linhagem celular HEP2 e nos tumores primários. 

3. As células tronco tumorais apresentam alta expressão do gene CD44 e 

subexpressão do EGFR na linhagem celular HN13. A HEP2 apresenta subexpressão 

CD44, superexpressão do EGFR e KRAS e não expressa o gene TrkB. Nos tumores 

primários de câncer de cabeça e pescoço, os genes EGFR e KRAS estão superexpressos.  

Sabe-se que no Brasil, ainda há poucos estudos relacionados com células-

tronco tumorais em câncer de cabeça e pescoço bem como relacionados à resposta de 

tratamento com os quimioterápicos, o que reforça a importância deste estudo.  Os 

ensaios moleculares in vitro realizados nesta pesquisa mostram a importância da 

identificação das CTTs na escolha de tratamento da doença, tal como na identificação 

farmacogenética de quimioterápicos por meio da detecção de biomarcadores 
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relacionados às CTTs. Assim, os pacientes estarão melhor caracterizados e tratados de 

maneira uniforme e sistematicamente avaliados para resposta à quimioterapia. Dessa 

forma, contribui-se para identificação de subgrupos de pacientes que são predispostos a 

melhores respostas clínicas a drogas específicas e combinadas, com menor toxicidade, 

proporcionando novos protocolos de tratamento. 
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                                                                                                                           Anexo II 

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO 
(Conselho Nacional de Saúde, resolução 466/12) 

Título da Pesquisa: Identificação de células tronco tumorais em câncer de 
cabeça e pescoço: Expressão gênica, quantificação de proteínas e  
resposta a quimioterapia 
 
Pesquisadora Responsável: Profa. Dra. Ana Lívia Silva Galbiatti 
 
Eu .................................................................................................. RG ................................. 
nascido(a) em ....../...../....... e domiciliado(a) à 
............................................................................................................., município de 
........................... .................................................... usuário (a) (ou responsável legal pelo 
usuário) .............................................................. ....................................................., declaro que 
consinto em participar como voluntário (a) do projeto de pesquisa “Identificação de células 
tronco tumorais em câncer de cabeça e pescoço: Expressão gênica, quantificação de 
proteínas e  resposta a quimioterapia.” e que também fui satisfatoriamente esclarecido(a) 
que:  
 

A) Os objetivos do estudo são:  investigar a presença de células-tronco tumorais em amostras de 
câncer de cabeça e pescoço, após cultivo celular; a eficácia dos quimioterápicos utilizados no 
tratamento do câncer de cabeça e pescoço na eliminação das células tronco tumorais em 
diferentes condições de tempo de exposição;  analisar quantitativamente a expressão de RNAm 
de genes relacionados a presença das células tronco tumorais  e verificar a associação da 
expressão dos RNAm com o nível de agressividade do tumor.  
B) Durante a cirurgia, o médico irá remover o tumor e um pedaço dele não será usado para 
diagnóstico e poderá ser congelado e armazenado no laboratório para posteriormente ser 
utilizado para estudo genético/molecular compondo um banco de amostras biológicas, podendo 
ser utilizado em futuros estudos após aprovação de um novo projeto pelo Comitê de Ética em 
Pesquisa - CEP. A obtenção deste fragmento não implicará em riscos adicionais na sua cirurgia 
e não resultará em aumento no tempo de operação ou na extensão da cirurgia;  
C) O material será identificado no laboratório por código formado por números e letras e, 
portanto, minha privacidade e identidade serão preservadas; 
D) Todas as informações obtidas por meio da história clínica e os resultados serão mantidos em 
sigilo e que, estes só serão utilizados para divulgação em reuniões e revistas científicas; 
E) Se eu concordar em participar desta pesquisa e se eu concordar com a retirada e uso do 
material, do modo descrito acima, não terei quaisquer benefícios ou direitos financeiros sobre os 
eventuais resultados decorrentes da pesquisa. Se eu não concordar, ou decidir retirar meu 
consentimento em qualquer momento, minha decisão não influenciará, de modo algum, o meu 
tratamento; 
F) Esse estudo é importante porque pode colaborar para o conhecimento científico dos 
mecanismos envolvidos no desenvolvimento do tumor e auxiliar na identificação de marcadores 
para as células-tronco tumorais; 
G) Os resultados serão divulgados após a conclusão do estudo em forma de artigos científicos 
ou trabalhos apresentados em congressos. 
Declaro que, após ter convenientemente esclarecido pelo pesquisador, consinto em participar 
livre e espontaneamente deste estudo sem que tenha sido submetido a qualquer tipo de pressão. 
Assim, consinto em participar do projeto de pesquisa em questão. 
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                                                                                                                           Anexo II 

RG do prontuário médico: 
Data: ......../......../.............         Assinatura:................................................... 
  
 

Declaração de responsabilidade: Expliquei a natureza, objetivos, riscos e benefícios deste 
estudo. Coloquei-me a disposição para perguntas e respondi a todas. Obtive o consentimento de 
maneira livre e me coloquei à disposição para esclarecimento de qualquer dúvida sobre o estudo 
pelo endereço abaixo indicado. 
 
 

Pesquisador responsável: 
Data: ......../......../.............        Assinatura:.................................................. 
 
Profa. Dra. Ana Lívia Silva Galbiatti – Unidade de Pesquisa em Genética e Biologia 
Molecular- UPGEM 
Av. Brigadeiro Faria Lima, no. 5416 
São José do Rio Preto, SP - CEP 15090-000 Fone: (17) 3201-5906 e-mail: 
analivia_sg@yahoo.com.br 
 
Em caso de dúvidas contatar a secretaria do Comitê de Ética em Pesquisa da Faculdade de Medicina de São José do 
Rio Preto, telefone: (0xx17)3201-5700, ramal 5813 
 


