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Proteinas relacionadas a hipoxia sdo superexpressas no Carcinoma
epidermoide da cabeca e pescoco de pacientes fumantes: Uma analise
imunohistoquimica

RESUMO

O Carcinoma epidermoide (CE) da cabeca e pescoco é 0 sexto cancer mais comum e na
maioria dos casos é causado pelo fumo. A hipoxia intratumoral é uma caracteristica
inerente do CE e induz a expressao de determinadas proteinas. No entanto, ainda ndo esta
bem estabelecido se ha diferenca no comportamento biolégico do CE entre individuos
fumantes e ndo fumantes em relacdo a hipoxia. Portanto, este estudo investigou a
expressao das proteinas relacionadas a hipoxia no CE de pacientes fumantes e nédo
fumantes através de analise imunohistoquimica. Foram selecionadas 45 amostras de CE
e 14 de epitélio oral normal (grupo controle) para a realizacdo de imunohistoquimica das
proteinas HIF1A, NOTCH1, ADAM12 e HBEGF. As areas neoplasicas e epiteliais foram
aleatoriamente fotografadas, mensuradas e analisadas estatisticamente. Observou-se
diferenca estatistica (p < 0.05) na imunoexpressao das proteinas estudadas entre 0s grupos
CE (n = 45) e controle (n = 14). Classificando o grupo de CE (n = 45) em pacientes
fumantes (n = 37) e ndo fumantes (n = 8), observou-se que a imunoexpressao das
proteinas HIF1A, NOTCH1 e ADAM12 foi estatisticamente maior em fumantes do que
em ndo fumantes (p < 0.05), enquanto que a imunoexpressédo de HBEGF néo apresentou
diferenga estatisticamente significante entre fumantes e ndo fumantes (p > 0.05). A
imunoexpressdao de HIF1A, NOTCH1, ADAM12 e HBEGF foi maior em fumantes
quando comparada com o grupo controle (p < 0.05), no entanto entre o grupo de nédo
fumantes e o grupo controle nédo foi estatisticamente significante (p > 0.05). Correlacdes
relevantes foram observadas entre a imunoexpressdo de HIF1A e o fumo (p = 0.04), entre
a imunoexpressdo de ADAM12 e metastases em linfonodos (p = 0.03), bem como entre
a imunoexpressdo de NOTCH1 e ADAM12 (p = 0.001). Portanto, conclui-se que as
proteinas HIF1A, NOTCH1 e ADAM12 integram conjuntamente a via de sinalizacao
ativada pela hipoxia intratumoral, bem como sofrem influéncia adicional de forma direta
ou indireta do fumo resultando em aumento de expressdo, por esta razdo a
imunoexpressdo de HIFLA, NOTCH1 e ADAM12 foi maior em fumantes do que em néo
fumantes. Enquanto que, a similaridade de imunoexpressdo de HBEGF entre fumante e
ndo fumantes sugere que esta proteina € induzida somente pela hipdxia intratumoral, e
que o fumo ndo exerce influéncia sobre sua expressao.

Palavras-chave: Carcinoma epidermoide; NOTCH1; ADAM12; HIF1A; HBEGF



Hypoxia-related proteins are upregulated in Head and Neck Squamous
Cell Carcinoma of smokers patients: A Immunohistochemical analysis

ABSTRACT

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer and
in most cases is caused by smoking habit. Intratumoral hypoxia is a HNSCC inherent
characteristic and induces hypoxia-related proteins immunoexpression. However, it is not
yet established if there are differences of HNSCC biological behavior between smokers
and non-smokers regarding hypoxia. Therefore, we investigated this proteins
immunoexpression in HNSCC of smokers and non-smokers. Forty-five HNSCC (n = 45)
and 14 normal oral epitheliums (control group) samples were selected for
immunohistochemistry of HIFLA, NOTCH1, ADAM12 and HBEGF proteins. Neoplastic
and epithelial areas were randomly photographed, measured and statistically analyzed. A
difference of hypoxia-related proteins between HNSCC (n=45) and control group (n=14)
was observed (p < 0.05). Classifying HNSCC in smokers (n=37) and non-smokers (n=8),
HIF1A, NOTCH1 and ADAM12 immunoexpression were different between both groups
(p < 0.05), also there was no difference of HBEGF immunoexpression between them (p
>0.05). Hypoxia-related proteins immunoexpression were different between smokers and
control group (p < 0.05) while between non-smokers and control group were not different
(p > 0.05). Relevant correlations were found between HIF1A and smoking habit (p =
0.04), also between ADAM12 and lymph nodes metastasis (p = 0.03). NOTCH1 and
ADAM12 were strong associated (p = 0.001). Thus, HIF1A, NOTCH1 and ADAM12
were upregulated in HNSCC of smokers. Therefore, HIFIA, NOTCH1 and ADAM12
together compound a singling pathway induce by IH also by smoke, for this reason were
upregulated in HNSCC of smokers, while HBEGF similar immunoexpression between
smokers and non-smokers suggests a single IH influence.

Keywords: Squamous cell carcinoma; NOTCH1; ADAM12; HIF1A; HBEGF
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Introducéo

O Carcinoma epidermoide (CE) da cabeca e pescogo € o sexto tipo de cAncer mais
comum mundialmente e na maioria dos casos é causado pelo fumo [1]. O CE exibe células
epiteliais neoplasicas, solitarias ou aglomeradas invadindo o tecido conjuntivo adjacente.
Igualmente & maioria dos canceres, o0 CE é capaz de induzir a angiogénese para
suplementacdo nutricional préopria, e deste modo proporcionando-lhe crescimento
tumoral. No entanto, a angiogénese tumoral é deficiente, portanto forma vasos
sanguineos qualitativa e quantitativamente deficientes, ocasionando déficit de aporte
sanguineo resultando em reduzida disponibilidade de oxigénio (O2), fendBmeno molecular
denominado de hipdxia intratumoral (HI). A HI induz a proliferacéo celular neoplasica e
o0 crescimento tumoral atraves de uma cascata de eventos moleculares [2].

Durante os estagios iniciais de desenvolvimento tumoral, a HI é decorrente do
déficit de aporte sanguineo devido as anormalidades estruturais e funcionais dos vasos
sanguineos (quadro de hipdxia aguda) e em estagios avangados, também é decorrente do
déficit de aporte sanguineo, porém ocasionado pelo aumento das distancias dos vasos
sanguineos devido ao crescimento tumoral (quadro de hipoxia cronica). A hipdxia
intratumoral também pode ser provocada pela reducéo do transporte de Oz realizado pela
hemoglobina (quadro de hipdxia anémica) [3].

A inalacdo de mondxido de carbono (CO) pode provocar um quadro de hipoxia
anémica, também denominado de hipdxia toxica, devido a sua ligagdo com a hemoglobina
na corrente circulatoria, decorrente da atracdo duzentas vezes mais forte entre mondxido
de carbono-hemoglobina do que entre oxigénio-hemoglobina, e deste modo impedindo o
transporte de O realizado pela hemoglobina [3]. O fumo é a principal fonte n&o-
ambiental de CO, um gas incolor, inodoro e toxico [3].

A HI induz a expressdo do fator induzido por hipdxia, subunidade alfa (HIF1A)

[4]. O Fator induzido por hipoxia (HIF1) é um complexo proteico heterodimérico
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pertencente a familia de fatores de transcrigdo helix-loop-helix. O HIF1 possui duas
subunidades, o HIF1A (hypoxia inducible factor 1, alpha subunit) e o HIF1B (Aryl
hydrocarbon nuclear receptor translocator ou ARNT). A unidade HIF1B ¢é
constitutivamente expressa e a unidade HIF1A é regulada pela tensdo de oxigénio. Em
um ambiente de normdxia, 0 HIF1A é rapidamente degradado (meia-vida menor que 5°)
pela proteina von Hippel-Lindau (VHL). Para ocorrer a degradagdo do HIF1A sdo
necessarias moléculas de O e ferro.Portanto em um ambiente de hipdxia (reduzida
disponibilidade de O2) o HIF1A néo sofre degradacdo e deste modo é ativado e expresso
[5, 6].

Deste modo, a HI induz diretamente a ativacdo de HIF1A, o qual se ligara a
subunidade HIF1B formando o HIF1. Em seguida, o HIF1 transloca-se para o nucleo,
resultando na expressdo de genes responsivos a hipdxia e responsaveis pela angiogénese,
invasividade e metéstases no CE [7, 8]. A expressdo de HIF1A aumenta os niveis de
Jagged2 (JAG2), uma proteina pertencente a familia de ligantes de NOTCH1 [Notch
homolog 1, translocation-associated (Drosophila)]. Este evento molecular desencadeara
a sinalizacdo de NOTCHL1 através da ligacdo JAG2-NOTCH1. O NOTCHL1 é uma
proteina transmembrana responsavel por processos fisioldgicos, como por exemplo a
proliferacdo e apoptose celular, a superexpressdo desta proteina é associada a progressao
e metéstases no CE [9, 10]. A expressdo de NOTCH1 recruta metaloproteinases (MMPs)
e o complexo y-secretase [4].

O complexo y-secretase cliva o dominio intracelular do NOTCH1 (DICN). Em
seguida, o DICN é liberado no citoplasma e transloca-se para o nucleo celular, onde liga-
se ao fator de transcricdo CSL (CBF1, Suppressor of Hairless, Lag-1), esta ligacdo
aumenta os niveis da proteina ADAM12 (A disintegrin and metalloproteinase domain 12)

[4, 11, 12].
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ADAM12 ¢é uma metaloproteinase zinco dependente, membro da familia
adamalysin. Nas células humanas, ADAM12 apresenta duas isoformas, a parte longa
transmembrana (ADAM-12L), a qual possui multiplas estruturas transmembrana e a parte
secretada (ADAM-12S), desprovida de dominio citoplasmatico e transmembrana [13,
14].

A principal atividade de ADAM12 é a clivagem de substratos da matriz
extracelular (ECM), como por exemplo o coldgeno tipo 1V, fibronectina e gelatina. Por
esta razdo, a superexpressdo de ADAMI12 tem sido associada a formacgdo de
invadopddios, estruturas celulares ricas em actina que possibilitam a invasdo celular
neoplésica [4, 15, 16]. Ademais, a expressdo de ADAM12 possui papel importante na
clivagem do ectodominio de diversos fatores de crescimento, como por exemplo o
HBEGF (Heparin binding EGF like growth factor) [17-19].

O HBEGF é uma proteina transmembrana pertencente a familia dos fatores de
crescimento epidérmico. O HBEGF possui duas isoformas, a forma ancorada a membrana
(pr6-HB-EGF), a qual é clivada por ADAM12, e a forma soluvel (s-HBEGF), a qual é
liberada apds a clivagem do pré-HBEGF. Esta clivagem também libera um fragmento
terminal de HBEGF (HBEGF-CTF), o qual transloca-se do plasma para o ndcleo.
Curiosamente, o dominio pro-HBEGF também transloca-se para o nucleo ap6s o processo
de clivagem por ADAM12. Em tumores malignos, a expressao de HBEGF é associada a
proliferagdo tumoral e metastases [20, 21].

Em sintese, esta solidamente estabelecido que o fumo induz o surgimento do CE
bem como a hipoxia é uma das suas principais caracteristicas. A HI desencadeia a
expressao de determinadas proteinas relacionadas a proliferacdo e crescimento tumoral,
e a metastases através de uma complexa via de sinalizagdo descrita acima. No entanto,

ainda e desconhecido se ha diferenga no comportamento biologico do CE entre individuos
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fumantes e ndo fumantes em relacéo a hipoxia. Portanto, esta investigacao é pioneira na
analise da expressao das proteinas relacionadas a hipdxia no CE de pacientes fumantes e
ndo fumantes e possiveis correlagdes das proteinas estudadas com as varidveis
clinicopatoldgicas (fumo, consumo de alcool, estagios clinicos, metastase em linfonodos,

recidiva e morte).

Materiais e Métodos

Este estudo foi aprovado pelo Comité de Etica em Pesquisa em Seres Humanos
do Instituto de Ciéncias da Saude da Universidade Federal do Para (N° do parecer:
877.291) e pelo Comité de Etica em Pesquisa em Seres Humanos do Hospital Ophir
Loyola (N° do parecer: 904.248). Foram selecionadas as 45 amostras disponiveis de CE
no hospital referéncia em tratamento oncolégico da rede de satde publica no estado do

Para, Hospital Ophir Loyola, Belém, Para, Brasil

Técnica imunohistoquimica

Para a imunohistoquimica (técnica da imunoperoxidase) foram utilizados os
seguintes anticorpos primarios: Anti-HIF1A (Rabbit Anti-HIF1LA Monoclonal Antibody,
clone EP1215Y. Millipore, Temecula, CA, USA); Anti-NOTCH1 (Rabbit Anti-NOTCH1
Intracellular Polyclonal Antibody, #07-1231. Millipore, Temecula, CA, USA.); Anti-
ADAM12 (Goat Anti-ADAMZ12 polyclonal antibody ab28747, , Abcam, Paisley, UK) e
Anti-HBEGF (Goat Anti-HBEGF Polyclonal Antibody, , R&D Systems, Minneapolis,
MN, USA). Os 45 blocos de parafina de CE e 14 de epitélio oral normal (grupo controle)
foram seccionados continuamente em 4 um de espessura, e posteriormente colhidos em

laminas tratadas com organosilano (3-aminopropil-triethosilano, Sigma® Chemical. Co.
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St. Louis, MO, USA). As seccbes foram desparafinizadas em xilol e hidratadas em
sequéncia decrescente de solucBes de etanol. O bloqueio da peroxidase enddgena foi
realizada pela imers&o das 1dminas em solucdo de perdxido de hidrogénio (H202) a 3% e
alcool metilico, na proporcdo 1:1 durante 20 minutos. Posteriormente, a recuperacdo
antigénica foi realizada em tampdo de citrato (pH 6,0) em camara de pressdo Pascal
(Dako, Carpinteria, CA, EUA) por 30 segundos. Apés esta etapa, foi efetuada a
eliminacdo de anticorpos inespecificos com albumina de soro bovino a 1% (BSA, Sigma-
Aldrich, St. Louis, MO) e solugéo salina tamponada com fosfato (PBS) por uma hora. Em
seguida, as laminas foram incubadas com Anti-HIF1A em diluicdo de 1:100, Anti-
NOTCH1 em diluicdo de 1:600, Anti-ADAM12 em diluigdo de 1:133 e com Anti-
HBEGF em diluicdo de 1:15. Ap0s esta etapa, o anticorpo secundario foi incubado por
30 minutos (EnVision Plus, Dako®, Carpinteria, CA, USA). A diaminobenzidina
(Dako®, Carpinteria, CA, USA) foi utilizada como cromédgeno, e logo apds, as laminas
foram contracoradas com hematoxilina de Mayer (Sigma-Aldrich, St. Louis, MO) e

montados em Permount (Fisher Scientific, Fair Lawn, NJ, EUA).

Quantificacdo das proteinas relacionadas a hipdxia

Cinco imagens de campo claro (5 areas randomicamente selecionadas de cada
amostra) foram adquiridas em microscopio AxioScope.Al, equipado com camera CCD
AxioCam HRc (Carl Zeiss, Oberkochen, Alemanha) e objetiva de 40x. O Plug-in Color
deconvolution e o software de dominio puablico ImageJ foram utilizados para verificar a
imunoexpressdo das proteinas, respectivamente segmentando e quantificando em fracéo
de area marcada (%), as areas pigmentadas por diaminobenzidina. O padrdo de
imunomarcacao foi classificado da seguinte forma: quanto a localizag¢do: nuclear e/ou

citoplasmatica, quanto a intensidade fraca (< 50%) e forte (> 50%) e quanto a distribuicéo
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em uniforme e pontual [21-23]. O software BioEstat 5.0 (BioEstat, Belém, Brasil) foi

utilizado para realizacéo de testes estatisticos.

Andlise estatistica

Os testes de Mann-Whitney e o Teste T de Student foram aplicados para comparar
a expressdo de cada proteina entre o grupo de CE (n=45) e o grupo controle (n=14). Assim
como, para comparar a expressao de cada proteina entre fumantes (n=37) e ndo fumantes
(n=8). O teste ANOVA um critério foi aplicado para comparar a expressdo de cada
proteina entre fumantes (n=37), ndo fumantes (n=8) e grupo controle (n=14). A regressao
logistica multipla foi aplicada para verificar possiveis correlacdes entre a expressdo das
proteinas e variaveis clinicopatoldgicas. A matriz de correlacdo foi aplicada para verificar

a possivel correlacdo entre a expressdo das proteinas.

Resultados

Dados clinicopatoldgicos

De acordo com a Tabela 1, 91, 9% de pacientes fumantes eram homens e 8,10%
eram mulheres com idade média de 64.13 anos, variando entre 33 a 92 anos e 64,86%
apresentavam historico de consumo de alcool. Trinta e quatro pacientes ndo fumantes
eram homens (62,5%) com idade média de 67,12 anos, variando entre 54 a 84 anos e
apenas um paciente ndo fumante apresentava historico de consumo de alcool. Vinte e trés
(62,16%) pacientes fumantes eram leucodermas, 6 (16,22%) eram melanodermas e 8
(21,62%) feodermas, enquanto que 3 (37,5%) pacientes ndo fumantes eram leucodermas,
2 (25%) melanodermas e 2 (25%) feodermas. Treze (35,1%) pacientes fumantes estavam
em estagios clinicos iniciais (Estagios I e 11) e 24 (64.9%) em estagios clinicos avancados

(Estagios Il e V). Enquanto que, 75% dos pacientes ndo fumantes estavam em estagios
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clinicos avancados e apenas 25% estavam em estagios iniciais. Treze pacientes fumantes
(35,13%) e cinco ndo fumantes (62,5%) apresentaram metéastases em linfonodos na
anamnese e 21,62% dos pacientes fumantes apresentaram tumores bem diferenciados
(grau 1), 45.94% moderadamente diferenciados (grau IlI) e 13,51% pobremente
diferenciado (grau Il1). Enquanto que, 37,5% dos pacientes ndo fumantes apresentaram
tumores em grau I, 25% em grau 11 e 25% em grau I1l. Seis pacientes fumantes e um néo
fumante apresentaram recidiva ap6s o tratamento inicial em um periodo médio de 5.1
meses e 75.67% dos pacientes fumantes e 75% dos ndo fumantes estavam vivos em uma

média de periodo de tratamento de aproximadamente 6 meses.

As amostras de CE expressaram as proteinas relacionadas a hipdxia

As proteinas relacionadas a hipoxia foram expressas em todas as amostras de CE
(n=45) e também no grupo controle (n=14). Observou-se diferenca estatistica (p < 0.05)
de imunoexpressdo das proteinas citadas entre as amostras de CE (n=45) e o grupo
controle (Grafico 1).

As amostras de CE de fumantes apresentaram maior expressdo de HIF1A, NOTCH1 e
ADAM12

Classificando as 45 amostras de CE em fumantes (n=37) e ndo fumantes (n=8), a
imunoexpressao das proteinas HIFLA, NOTCH1 e ADAM12 foi maior em fumantes do
que em ndo fumantes (p < 0.05). A porcentagem de imunoexpressao de HBEGF foi
discretamente maior em fumantes, porém nédo ocorreu diferenga estatistica entre fumantes
e ndo fumantes (p > 0.05). O grupo de fumantes apresentou maior expressdo de todas as
proteinas quando comparado ao grupo controle (p < 0.05), enquanto que o0 grupo de

fumantes e grupo controle ndo apresentaram diferenga estatistica (p > 0.05) (Grafico 2).
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Padrdo de imunomarcacéo de HIF1A, NOTCH1, ADAM12 e HBEGF

A imunomarcacdo de HIF1A nas células neoplésicas de pacientes fumantes foi
fraca (47,96%), uniforme, nuclear e citoplasmatica (Figura 1. 1A). As células neoplésicas
de pacientes ndao fumantes apresentaram imunomarcacdo de HIF1A similar a
imunomarcacdo de pacientes fumantes, porém a porcentagem de expressdo foi menor
(37%) (Figura 1. 1B). No grupo controle, as células epiteliais exibiram imunomarcagéo
de HIF1A fraca (35%), uniforme, nuclear e citoplasmatica (Figura 1. 1C).

A imunomarcacdo de NOTCHL1 nas células neoplésicas de fumantes foi forte
(64.16%), uniforme, citoplasmética e nuclear (Figura 1. 2A), igualmente nas células
neoplésicas de ndo fumantes, porém com media de marcacdo de 52,77% (Figura 2. 2B).
No grupo controle, a imunomarcagdo de NOTCH1 nas células epiteliais foi fraca (49%),
uniforme e predominantemente citoplasmatica (Figura 1. 2C).

ADAM12 exibiu imunomarcacdo forte (59,44%), uniforme e predominantemente
citoplasmatica nas células neoplésicas de pacientes fumantes (Figura 1. 3A), em nao
fumantes foi fraca (31,75%), uniforme e predominantemente citoplasmatica (Figura 1.
3B) e no grupo controle foi fraca (39%), uniforme e predominantemente citoplasmatica
(Figura 1. 3C).

As células neoplésicas de pacientes fumantes apresentaram imunomarcacao de
HBEGF forte (64,68%), uniforme, nuclear e citoplasmatica (Figura 1. 4A), em pacientes
ndo fumantes foi forte (61,54%), uniforme, nuclear e citoplasmatica (Figura 1. 4B) e nas
células epiteliais do grupo controle foi forte (51%), uniforme e citoplasmatica (Figura 1.

4C).

Correlagdes da imunoexpresséo de HIFLA, NOTCH1, ADAM12 e HBEGF
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A imunoexpressdo de HIF1A foi associada ao fumo (p = 0.04) e a imunoexpressao
de ADAM12 foi correlacionada a metéstase em linfonodos (p = 0.03). A imunoexpressao
de ambas as proteinas ndo apresentou correlacdo com qualquer outra variavel analisada
(p > 0.05). A imunoexpressédo de NOTCH1 e HBEGF nédo foram associadas a nenhuma
variavel analisada (p > 0.05) (Tabela 2). Observou-se forte associacdo entre a
imunoexpressdo de ADAM12 e NOTCH1 (p = 0.001), nenhuma outra associagdo da

imunoexpressao entre proteinas foi observada (p > 0.05) (Tabela 3).

Discussao

A HI é a principal caracteristica patoldgica do CE. A HI é um evento molecular
intermitente que induz a expressdo de proteinas associadas a angiogénese, proliferacdo e
crescimento tumoral. Ademais, a HI pode resultar em resisténcia a radioterapia e
quimioterapia, além de potencializar metéstase em linfonodos, resultando em um
progndstico ruim [5, 24, 25]. O fumo € o principal fator indutor do CE [26, 27]. No
entanto, ainda e desconhecido se ha diferenca no comportamento patoldgico do CE entre
individuos fumantes e ndo fumantes.

Foram analisadas no CE de pacientes fumantes e ndo fumantes a expresséo das
proteinas HIF1A, NOTCH1, ADAM12 e HBEGF, através de teste imunohistoquimico.
As 45 amostras de CE exibiram maior expressdao das proteinas relacionadas a hipoxia
quando comparadas com o grupo controle, bem como em um modelo descrito sobre a
formacgédo de invadopddios através da expressdo de HIF1A, NOTCH1, ADAMI12 e
HBEGF [4].

Curiosamente, ao classificar as 45 amostras de CE em pacientes fumantes e ndo
fumantes os resultados sdo modificados. Estatisticamente, somente o grupo de fumantes

exibiu maior expressao das proteinas relacionadas a hipoxia quando comparado ao grupo
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controle, enquanto que o grupo de ndo fumantes e o controle exibiram expressao similar
das proteinas citadas.

Além disso, a expressdo de HIFLA, NOTCH1 e ADAM12 foi estatisticamente
mais elevada em pacientes fumantes do que em ndo fumantes. Enquanto que, a expressao
de HBEGF ndo apresentou diferenca estatistica entre os grupos de fumantes e néo
fumantes, embora tenha se apresentado discretamente mais elevada em fumantes. Deste
modo, supdem-se que o fumo exerce relevante influéncia na expressdo de HIF1A,
NOTCH1 e ADAM12 [26, 28-30].

De acordo com evidéncias recentes [31], o padrdo genético de células neoplésicas
do CE de pacientes fumantes e ndo fumantes é similar e supostamente ambos pacientes
apresentam o mesmo comportamento patoldgico de células neoplésicas. No entanto, os
resultados do presente estudo revelaram que as células neoplasicas (CE) de pacientes
fumantes exibiram maior expressao das proteinas HIF1LA, NOTCH1 e ADAM12, assim
como a expresséo de HIF1A foi fortemente correlacionada com o fumo e a expresséo de
ADAM12 estreitamente associada a metéastase em linfonodos.

De fato, segundo evidéncias [4, 8, 9, 32], estas proteinas estdo fortemente
relacionadas a progressao tumoral e metastases no CE. Portanto, possivelmente as células
neoplédsicas do CE de pacientes fumantes apresentam comportamento patoldgico
diferente das células neopléasicas de pacientes fumantes.

A exposicdo ao tabaco (fumo) provoca mutagdes genéticas no DNA das
mitocondrias (mtDNA) [33]. A mitocOndria é uma organela citoplasmatica, que possui
carga genética propria e é responsavel pela producdo de energia através da respiragdo
celular. Na respiracdo celular, ocorre a conversdo de glicose em piruvato (glicélise),
através da adicdo de Oz na molecula de glicose, e atraves da glicdlise ocorre liberagdo de

energia (ATP) paraa célula. As mutagdes do mtDNA ocorrem durante ou apos a transigéo
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do estagio pré-maligno para o estagio maligno. Ademais, estas mutagdes aumentam a
dependéncia de glicolise, mesmo em periodos de disponibilidade satisfatoria de oxigénio,
portanto as mutagcdes no DNA mitocondrial induzem as mitocondrias a realizarem mais
glicolise e consequentemente produzem mais moléculas de piruvato [1, 6, 26, 34].

A dependéncia metabolica de glicolise é denominada de Efeito Warburg ou
glicolise aerdbica. Evidéncias [1, 6, 26, 34] reportam que altos niveis de piruvato (produto
do Efeito Warburg) induzem diretamente a expressdo do fator induzido por hipoxia,
subunidade alfa (HIF1A). Portanto, supbe-se que as células neoplésicas do CE de
pacientes fumantes apresentariam maior nimero de mutacdes no mtDNA do que no CE
de pacientes ndo fumantes, e deste modo, células neopléasicas de pacientes fumantes
exibiriam maior expressdo da proteina HIF1A. De fato, a analise estatistica revelou forte
correlagdo entre a expressao de HIF1A e o fumo, sem qualquer influéncia de outras
variaveis analisadas. A estatistica também revelou maior expressdo de HIF1A em células
neoplésicas (CE) de fumantes do que em ndo fumantes, sugerindo que a maior expressao
de HIF1A no grupo de fumantes € induzida pela HI inerente e também pelo fumo.

Embora a expresséo de NOTCH1 e ADAM12 n&o tenham sido correlacionadas
estatisticamente com o fumo, ambas as proteinas foram superexpressas no grupo de
fumantes. Portanto, provavelmente o fumo influencia indiretamente a superexpressao de
NOTCH1 e ADAM12 através da expressao elevada de HIF1A, que ird aumentar 0s niveis
do ligante de NOTCH1 (JAG2), por conseguinte ativando a sinalizacdo de NOTCH1
através da ligagdo NOTCH1-JAG2 e por fim induzindo o aumento da expressdo de
ADAM12 [24, 35, 36].

Provavelmente, a inalacdo de monoxido de carbono (CO) também exerce grande
influéncia na expressao elevada de HIFLA, NOTCH1 e ADAM12 nas células neoplésicas

de pacientes fumantes. O fumo € a maior fonte de CO, quando inalado adentra a corrente
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circulatoria, e liga-se a hemoglobina, devido & uma atragdo 200 vezes mais forte a
hemoglobina do que ao Oz [3].

Este evento molecular forma a molécula de carboxihemoglobina (COHb)
impedindo o transporte de O realizado pela hemoglobina, provocando reduzida
disponibilidade de O, caracterizando um quadro de hipdxia tdxica [37]. Portanto,
possivelmente ocorre maior nivel de hipdxia nas células neoplésicas (CE) de pacientes
fumantes devido a hipoxia téxica provocada pelo fumo, somada a HI inerente do CE,
resultando na expressédo elevada de HIF1A, NOTCH1 e ADAM12.

A expressdo de NOTCH1 em fumantes e em ndo fumantes apresentou-se intensa
(>50%) e ndo foi correlacionada com nenhuma proteina estudada, enquanto que outros
estudosRavindran and Devaraj [38] evidenciaram correlacdo entre variaveis
clinicopatoldgicas e um padrdo de imunomarcacdo de NOTCH1 de intensidade fraca O
padrdo de imunomarcacdo de NOTCHL1 nas células neoplasicas de pacientes fumantes e
ndo fumantes localizou-se no nucleo e citoplasma, porque NOTCH1 é uma proteina
transmembrana clivada por y-secretase, provocando a translocacdo de seu DICN do
citoplasma para o nucleo [4]. Ademais, aimunoexpressdo de NOTCH1 e ADAM12 foram
fortemente correlacionadas entre si, provavelmente porque de acordo com evidéncias
cientificas a expressdo de NOTCH1 aumenta a expressdo de ADAM12 [4, 9, 12, 39].

A expressdo de ADAM12 foi associada a metastase em linfonodos e localizou-se
predominantemente no citoplasma das celulas neoplasicas (CE) de fumantes e nao
fumantes, este padrdo de imunomarcagdo tem sido correlacionado com altas taxas de
migracao e invasdo neoplasicas [32]. Portanto, os pacientes fumantes apresentardo maior
probabilidade de migracgéo e invasdo neoplasica porque apresentaram superexpressao de

ADAM12 comparado aos ndo fumantes.
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A imunomarcacdo de HIF1A localizou-se no nucleo e citoplasma nas celulas
neoplésicas de fumantes e ndo fumantes, bem como em outros dados cientificos [40],
embora determinadas evidéncias relatam a presenca de HIFLA somente no nucleo
associada ao progndstico ruim do cancer [41, 42]. Porém, quando o HIF1A ¢ ativado
ocorre uma répida acumulacdo localizada no citoplasma e e somente em seguida, a
proteina transloca-se para o nucleo [43].

A expressdo de HIF1A foi maior nas células neoplasicas (CE) de pacientes
fumantes do que em ndo fumantes, embora ambos 0s grupos apresentaram fraca
imunomarcacao (<50%) de HIF1A, provavelmente porque segundo evidéncias [44], a
superexpressdo de HIF1A é associada a estagios clinicos iniciais do cancer, e de fato,
tanto as amostras de CE de pacientes fumantes quanto as de ndo fumantes apresentavam-
se em estégios clinicos avancados. Evidéncias sugerem que, a superexpressao de HIF1A
também é correlacionada com varidveis clinicopatoldgicas [42, 45-47], no entanto no
presente estudo a expressdo de HIF1A foi correlacionada somente ao fumo.

Igualmente & proteina HIF1A, a superexpressdo de HBEGF localizada no nucleo
de células neoplésicas (CE) é associada a estagios clinicos avancados [20, 21, 48].
Conforme acima citado, a maioria dos pacientes fumantes e ndo fumantes analisados
apresentavam estagios clinicos avancados do CE e ambos 0s grupos apresentaram
superexpressdo de HBEGF (>50%), além disto a expressdo de HBEGF ndo foi
correlacionada com fumo, provavelmente por estes resultados ndo foi encontrada
diferenga estatistica entre fumantes e ndo fumantes, embora as células neoplasicas (CE)
de pacientes fumantes apresentaram maior expressao de HBEGF do que as de néo
fumantes.

Concluindo, as proteinas HIF1A, NOTCH1 e ADAM12 integram conjuntamente

a via de sinalizacdo da hipdxia intratumoral e sofrem influéncia adicional de forma direta
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e indireta do fumo. A auséncia de diferenca estatistica na expressdo de HBEGF entre
fumantes e ndo fumantes sugere que o HBEGF sofra influencia somente da hipoxia
intratumoral sem interferéncia do fumo. A hipoxia intratumoral é uma caracteristica
marcante do CE e é fortemente correlacionado a progressdo, invasao e metéstase tumoral,
além de acarretar resisténcia a quimioterapia e radioterapia levando a um progndstico
ruim. Por conseguinte, a expressdo das proteinas relacionadas a hipoxia intratumoral
caracterizam um quadro de prognoéstico ruim. Portanto, a maior expressdo de HIF1A,
NOTCH1 e ADAM12 em fumantes representa maior probabilidade destes individuos
apresentarem altas taxas de progressdo, invasdo e metastase tumoral, além de maior
resisténcia a quimioterapia e radioterapia, e deste modo um pior prognostico em

comparacao a individuos ndo fumantes.
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Tabelas

Tabela 1. Dados clinicopatolgicos.
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Variaveis Fumantes  N&o Fumantes
No. (%) No. (%0)

Total de casos 37 (82.22%) 8 (17.77%)
Idade (anos)

Média 64.13 67.12

Variagdo 33-92 54-84
Género

Masculino 34 (91.89%) 5 (62.5%)

Femenino 3 (8.10%) 3 (37.5%)
Raca

Melanoderma 6 (16.21%) 2 (25%)

Leucoderma 23 (62.16%) 3 (37.5%)

Feoderma 7 (18.91%) 3 (37.5%)
Consumo de alcool

Sim 24 (64.86%) 1 (12.5%)

N&o 13 (35.13%) 7 (87.5%)
Estagio Clinico

Estéagio I-11 13 (35.13%) 2 (25%)

Estagio I1I-1V 24 (64.86%) 6 (75%)
Metéstase em linfonodo (N)

NO 24 (64.86%) 5 (62.5%)

N+ 13 (35.13%) 2 (25%)
Grau histol6gico

| 8 (21.62%) 3 (37.5%)

I 17 (45.94%) 2 (25%)

1l 5 (13.51%) 2 (25%)
Recidiva

Sim 6 (16.21%) 1 (12.5%)

N3o 31 (83.78%) 7 (87.5%)
Morte

Sim 9 (24.32%) 2 (25%)

N3o 28 (75.67%) 6 (75%)




Tabela 2.

A correlacdo da expressao de HIF1IA, NOTCH1, ADAM12 e HBEGF com as variaveis clinicopatoldgicas.
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Variaveis HIF1A NOTCH1 ADAM12 HBEGF

OR (IC 95%) (P OR (I1C 95%) (P OR (IC 95%) (P OR (1C 95%) (9))
Fumo 10.43 (1.01-107.90) 0.04* 1.78 (0.22-14.27) 0.58 226214.62 (0.00-0) 0.67 1.2 (0.16-9.35) 0.85
Consumo de 0.68 (0.17-2.74) 0.59 1.77 (0.29-10.69) 0.53 3.54 (0.34-36.94) 0.28 1.08 (0.2-5.86) 0.92
alcool
Estagios Clinicos 0.54 (0.13-2.21) 0.39 1.55 (0.32-7.65) 0.58 5.4 (0.52-55.76) 0.15 0.55 (0.09-3.45) 0.53
I\_/Ietéstase em 1.64 (0.39-6.88) 0.49 0.44 (0.09-2.21) 0.32 0.08 (0.01-0.86) 0.03* 2.31 (0.37-14.55) 0.36
ggf:?gﬁ/io 1.1 (0.17-7.31) 0.91 26557.81(0.00-0) 0.86 2.54 (0.09-69.75) 0.58 0.44 (0.06-3.48) 0.43
Morte 1.49(0.31-7.26) 0.62 3.01 (0.29-31.10) 0.35 24221.18 (0.00-00) 0.76 0.63 (0.11-3.58) 0.6

*p < 0.05, determinado por Regresséo logistica multipla. OR: Odds ratio. IC: Intervalo de confianga.



Tabela 3. A correlagéo entre a expressao das proteinas relacionadas a hipdxia.

Variaveis HIF1A (p) NOTCH1 (p) ADAM12 (p) HBEGF (p)
HIF1A - - - -
NOTCH1 0.18 - - -
ADAM12 0.74 0.001* - -
HBEGF 0.06 0.54 0.28 -

*p < 0.05, determinado pela Matriz de correlacéo.
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Figuras

Figura 1. Padrdo de imunomarcacdo das proteinas relacionadas a hipdxia no CE de
fumantes e ndo fumantes e no epitélio oral normal (grupo controle). Imagens da linha A
apresentam a imunomarcacdo de HIF1A, NOTCH1, ADAM12 e HBEGF no CE de
fumantes (Setas apontam a localizacdo da imunomarcacgdo de cada proteina). Imagens da
linha B apresentam a imunomarcacao de HIF1A, NOTCH1, ADAM12 e HBEGF no CE
de ndo fumantes (Setas apontam a localiza¢cdo da imunomarcacdo de cada proteina).
Imagens da linha C apresentam a imunomarcacdo de HIF1A, NOTCH1, ADAM12 e
HBEGF no grupo controle (Setas apontam a localizagdo da imunomarcacéo de cada
proteina).
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Gréficos

Gréfico 1. Diferenca estatistica de imunoexpressao das proteinas relacionadas a hipdxia
entre os grupos Carcinoma epidermoide (n=45) e controle (n=14), determinada pelo Teste
T de Student e Mann-Whitney.
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Gréfico 2. Diferenca estatistica de imunoexpressao das proteinas relacionadas a hipoxia
entre os grupos fumantes (CE, n=37), ndo fumantes (CE, n=8) e controle (n=14),
determinada por ANOVA um critério.
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Anexo |
Manuscrito (versao na lingua inglesa)

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common
cancer worldwide and in most cases is caused by smoking habit [1]. HNSCC exhibit an
invasion of solitary and/or clustered epithelial cells in the adjacent connective tissue.
Equally to most cancer, HNSCC is capable to induce angiogenesis for its own nutrition
supply and consequently tumor growth. However, this angiogenesis results in the
formation of a deficient and abnormal bloodstream, thereby decreasing blood supply, as
well oxygen availability. The low oxygen availability in HNSCC is known as
intratumoral hypoxia (IH). IH induces neoplastic proliferation and tumoral growth
through series of molecular events [2].

During early stages of tumor development, IH is caused by a deficient blood
supply due to structural and functional abnormalities of blood vessels (acute hypoxia),
whereas in advanced stages also occurs a poor blood supply, however due to an increase
in blood flow distances caused by tumoral growth (chronic hypoxia). Also, a reduced
oxygen transportation by hemoglobin (anemic hypoxia) may cause IH. Carbon monoxide
(CO) may induce an anemic hypoxic phase in tumor microenvironment, through a bind
to hemoglobin, due its strong affinity. This event will prevent the transport of oxygen
(Oy) carried by hemoglobin. Tobacco smoke is the major indoor source of CO, a colorless,
odorless and toxic gas [3].

The IH induces the hypoxia inducible factor 1, alpha subunit (HIF1A). Hypoxia-
inducible factor 1 (HIF1) is a heterodimeric protein complex member of the basic helix—
loop—helix transcription factor family. HIF1 protein is compound by two subunits, HIF1A
and HIF1B (Aryl hydrocarbon nuclear receptor translocator or ARNT). The HIF1B is

constitutively expressed and HIF1A is regulated by oxygen tension. In normoxic
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microenvironment, HIF1A suffer a rapidly proteasomal degradation (half-life of less than
5 min) by its selective inhibitor, the von Hippel-Lindau protein (VHL). The HIF1A
proteasomal degradation requires oxygen and iron, therefore in a hypoxic
microenvironment (low oxygen available) HIF1A is activated [4, 5].

Therefore, intratumoral hypoxia directly induces HIF1A activation, which will
bind to HIF1B forming HIF1, followed by its translocation to cell nucleus resulting in
hypoxic target genes expression responsible for angiogenesis, invasiveness and
metastasis in HNSCC [6, 7].

The HIF1A expression increases Jagged 2 (JAG2) levels, a protein member of the
NOTCH ligand family. This molecular event will trigger NOTCHL singling via JAG2-
NOTCHL1 bind. NOTCH1 is a transmembrane protein responsible for physiological
processes, for example proliferation and apoptosis, also is associated to progression and
metastasis in HNSCC [8, 9]. NOTCHL1 signaling recruits metalloproteases (MMPs) and
y-secretase complex [10].

The y-secretase complex cleaves the NOTCH1 intracellular domain (NICD),
which is released in cytoplasm and translocate to cell nucleus. At cell nucleus, NICD
binds to CSL (CBF1, Suppressor of Hairless, Lag-1), a transcription factor increasing
ADAM12 levels [10-12]. Emerging evidences reported NOTCH1 and ADAM12
activation by ROS and RNS (reactive nitrogen species) through Nuclear factor-kB (NF-
kB) signaling, a transcription factor linked to cell survival and proliferation [13-15].

ADAM12 is a metalloprotease zinc dependent member of adamalysin family. In
humans’ cells, ADAMI12 exhibits two isoforms, ADAM12-L the long transmembrane
form, which has a multiple transmembrane domain structure and ADAM12-S a secreted
form lacking the transmembrane and cytoplasmic domains [16, 17].

The most relevant activity of ADAM12 is the cleavage of extracellular matrix

substrates including collagen 1V, fibronectin and gelatin, in fact ADAM12
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overexpression has been associated to invadopodia formation, cellular actin-rich
structures that aid neoplastic cells invasion [10, 18, 19]. Also, ADAM12 plays a
significant role in several growth factors and its receptors cleavage, as the cleavage of
HBEGF [20-22].

HBEGF is a transmembrane protein which belongs to epidermal growth factors
(EGF) family. This transmembrane protein has two isoforms, an anchored membrane
form (proHBEGF) that is cleaved by ADAM12, and the soluble ectodomain form
(SHBEGF) released via ADAM12 cleavage. SHBEGF binds to its ligand, the epidermal
growth factor receptor (EGFR) activating molecular events like invadopodia formation
[10, 23, 24].

Moreover, this cleavage yields a carboxy-terminal fragment of HBEGF (HBEGF-
CTF), which translocated from plasma membrane to nucleus. Interestingly, after shedding
stimuli proHBEGF also translocate to nucleus. In malignant tumors, HBEGF expression
Is associated to tumoral proliferation and metastasis [25, 26].

Briefly, it is well-known that smoking habit induces HNSCC development also
that hypoxia is a common feature in HNSCC microenvironment. The IH triggers proteins
related to neoplastic proliferation, tumoral growth and metastasis through a complex
signaling here described. However, it is unclear if there are differences in HNSCC
biological behavior regarding hypoxia when comparing smokers and non-smokers
patients. Therefore, the aim of this pioneer investigation is to analyze the
immunoexpression of hypoxia-related proteins and their possible correlations with

clinicopathological variables in HNSCC of smokers and non-smokers patients.

Materials and Methods
This study was approved by the Research Ethics Committees of Ophir Loyola

Hospital (Approval number: 904.248) and by Health Sciences Institute of Federal



40
University of Para (Approval number: 877.291). Forty-five available cases of HNSCC
were selected at the Ophir Loyola Hospital, Belém Par4, Brazil.
Immunohistochemistry analysis
For immunohistochemistry (imunoperoxidase technique) the following primary
antibodies were used: Anti-HIF1A (Rabbit Anti-HIFLA Monoclonal Antibody, clone
EP1215Y. Millipore, Temecula, CA, USA); Anti-NOTCH1 (Rabbit Anti-NOTCH1
Intracellular Polyclonal Antibody, #07-1231. Millipore, Temecula, CA, USA.); Anti-
ADAM12 (Goat Anti-ADAM12 polyclonal antibody ab28747, 0,5mg/ml, Abcam,
Paisley, UK) and Anti-HBEGF (Goat Anti-HBEGF Polyclonal Antibody, R&D Systems,
Minneapolis, MN, USA). The 45 paraffin-embedded specimens of HNSCC and thel4
normal oral epithelium (control group) were cut on 4.0um sections and then mounted over
organosilane treated slides (Sigma® Chemical. Co. St. Louis, MO, USA). The slides were
dewaxed in xylene and rehydrated through a graded series of ethanol solutions.
Endogenous peroxidase activity was blocked using 3% hydrogen peroxide in methanol
(1:1) for 20 minutes. Antigen retrieval was performed by heating the slides in citrate
buffer (pH 6.0) at Pascal pressure chamber (Dako, Carpinteria, CA, EUA) for 30 seconds.
For reduce nonspecific immunostaining, 1% bovine serum albumin (BSA, Sigma-
Aldrich, St. Louis, MO) and phosphate buffered saline (PBS) were applied for 1 hour.
Then, the primary antibodies were incubated for 1 hour at followed dilutions: 1:100 of
anti-HIF1A,; 1:600 of anti-NOTCH1; 1:133 of anti-ADAM12 and 1:15 of anti-HBEGF.
EnVision Plus (EnVision Plus, Dako®, Carpinteria, CA, USA) was used as secondary
antibody followed by diaminobenzidine (Dako®, Carpinteria, CA, USA) staining and
Mayers hematoxylin (Sigma-Aldrich, St. Louis, MO) counterstaining. Next, slides were
mounted in Permount (Fisher Scientific, Fair Lawn, NJ, EUA).

Evaluation of proteins immunolabeling
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The brightfield images were photographed from 5 randomly selected areas of each

slide using AxioScope A1 microscope equipped with CCD AxioCam HRc camera (Carl
Zeiss, Oberkochen, Germany) and 40x objective. The Plug-in Color deconvolution and
software ImageJ were respectively used for segmentation and quantification of proteins
immunoexpression (%). Based on evidences [26-28], immunolabeling was categorized
into 3 patterns: localization (nuclear and/or cytoplasmic), intensity [low (< 50%) and high
(> 50%)] and distribution (uniform or punctate). Software BioEstat 5.0 (BioEstat, Belém,

Brazil) was used for statistical analysis.

Statistical analysis

Mann-Whitney and Student t test were applied to compare each protein
immunoexpression between HNSCC (n=45) and control group (n=14). Also, Mann-
Whitney and T test were applied to compare each protein immunoexpression between
smokers (n=37) and non-smokers (n=8). One-way Anova was applied to compare each
protein immunoexpression between smokers, non-smokers and control group.
Multivariate logistic regression was applied to verify correlations between proteins
immunoexpression and clinicopathological data. Matrix correlation test was applied to

verify correlations between proteins immunoexpression.

Results
Clinicopathological data

According to Table 1, 91.9% of smokers were male and 8.1% were female, with
mean age was 64.13 years and 64.86% had a history of alcohol consumption. Thirty-four
non-smokers were male (62.5%) with an average age of 67.12, ranging from 54 to 84
years and one non-smokers had alcohol consumption. Twenty-three smokers (62.16%)

were leucodermic, 6 (16.21%) melanodermic and 8 (21.62%) feodermic, while 3 non-
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smokers (37.5%) were leucodermic, 2 (25%) melanodermic and 2 (25%) feodermic. A
total of 13 smokers (35.13%) were at initial clinical stages (Stages | and Il) and 24
(64.86%) at advanced clinical stages (Stages Ill and 1V). Seventy-five percent of non-
smokers were at advanced clinical stages and few were at initial clinical stages (25%).
Thirteen smokers (35.13%) and five non-smokers (62.5%) had lymph nodes metastasis
at anamnesis and 21.62% of smokers presented tumors well-differentiated (Grade 1),
45.94% moderately differentiated (Grade I1) and 13.51% poorly differentiated (Grade
I11). While, 37.5% of non-smokers were well-differentiated, 25% moderately
differentiated and 25% poorly differentiated. Six smokers and one non-smoker had tumor
recurrence after initial treatment within a periodical rate of 5.1 months and 75.67% of
smokers and 75% of non-smokers were alive at the end of treatment, within an average

treatment period of 6.99 months.

HNSCC expressed hypoxia-related proteins
Hypoxia-related proteins were expressed in all HNSCC (n=45) and control
samples. Also, there is a difference (p < 0.05) of above-mentioned proteins

immunoexpression between HNSCC and control group (Graph 1).

HIF1A, NOTCH1 and ADAM12 are upregulated in HNSCC smokers samples
Classifying HNSCC (n=45) in smokers (n=37) and non-smokers groups (n=8),
the HIFLA, NOTCH1 and ADAM12 showed higher immunoexpression (p < 0.05) in
smokers compared to non-smokers. Despite, HBEGF immunoexpression was discreet
higher in smokers, there is no statistical difference between smokers and non-smokers (p
> 0.05). All hypoxia-related proteins exhibit higher immunoexpression (p < 0.05) in
smokers compared to control group, while non-smokers and control group has similar

proteins immunoexpression (Graph 2).
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HIF1A, NOTCH1, ADAM12 and HBEGF immunolabeling pattern
Smokers exhibita low (47.96%), uniform, nuclear and cytoplasmic HIF1A
immunolabeling in neoplastic cells (Figure 1. 1A). Non-smokers showed a similar HIF1A
staining pattern with smokers, however with a staining average of 37% (Figure 1. 1B).
Control group revealed a low (35%), uniform, nuclear and cytoplasmic staining in
epithelial cells (Figure 1. 1C).

NOTCH1 immunolabeling was nuclear, cytoplasmic, high (64.16%) and uniform
in smokers’ neoplastic cells (Figure 1. 2A) and nuclear, cytoplasmic, high (52.77%) and
uniform in non-smokers (Figure 2. 2B) also in control group (epithelial cells) was low
(49%), uniform and predominantly cytoplasmic (Figure 1. 2C)

ADAM12 immunolabeling was high (59.44%), uniform and cytoplasmic in
neoplastic cells of smokers (Figure 1. 3A). Non-smokers showed a low (31.75%), uniform
and cytoplasmic immunostaining pattern (Figure 1. 3B). Control group exhibited a low
(39%), uniform and predominantly cytoplasmic immunolabeling in epithelial cells
(Figure 1. 3C).

HBEGF immunolabeling was cytoplasmic and nuclear, high (64.68%) and
uniform in neoplastic cells of smokers (Figure 1. 4A). A nuclear, cytoplasmic, high
(61.54%) and uniform immunostaining was observed in non-smokers neoplastic cells
(Figure 1. 4B). Control group showed a high (51%), cytoplasmic and uniform

immunolabeling in epithelial cells (Figure 1. 4C).

HIF1A, NOTCH1, ADAM12 and HBEGF immunoexpression correlations
HIF1A immunoexpression revealed a relevant correlation with smoking habit (p
=0.04), also the immunoexpression of ADAM12 is associated to lymph nodes metastasis

(p =0.03). HIF1A and ADAM12 immunoexpressions does not showed any correlation to
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others variables, as well as NOTCH1 and HBEGF immunoexpressions (p > 0.05) (Table
2). There is an association between NOTCH1 and ADAM12 immunoexpression (p =

0.001), however there is no correlation between the other proteins (p > 0.05) (Table 3).

Discussion

Tumoral hypoxia is a common intermittent molecular event in HNSCC
microenvironment. The tumoral hypoxia microenvironment induces the overexpression
of certain proteins related to proliferation, angiogenesis and tumoral growth. Also,
tumoral hypoxia may cause radiotherapy and chemotherapy resistance and lymph-node
metastasis, leading to a poor prognosis [4, 13, 29]. Smoking habit is the major etiology
of HNSCC [30, 31]. Although, is unknown if there is a difference in HNSCC pathological
behavior between smokers and non-smokers.

For this reason, we analyzed the immunoexpression of HIFLA, NOTCH1,
ADAM12 and HBEGF, hypoxia-related proteins in HNSCC of smokers and non-
smokers. The forty-five HNSCC samples revealed higher hypoxia-related proteins
immunoexpression compared to control group, agreeing with a recently described
proposed model for invadopodia formation through above-mentioned proteins
immunoexpression [10].

Surprisingly, our results change when the forty-five HNSCC samples are
classified in smokers and non-smokers. Smokers exhibit a higher immunoexpression of
HIF1A, NOTCH1 and ADAM12 and despite an absent statistical difference of HBEGF
immunoexpression between smokers and non-smokers, there is a discreet higher
immunoexpression in smokers. Therefore, supposes that smoking habit plays a crucial
role over HIF1LA, NOTCH1 and ADAM12 immunoexpression in HNSCC [30, 32-34].

A similar genetic pattern between smokers and non-smokers HNSCC neoplastic

cells was found [35] and supposedly there is a similar HNSCC behavior in both groups.
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However, our data revealed higher immunoexpression of HIF1A, NOTCH1 and
ADAM12 in HNSCC neoplastic cells of smokers, a strong correlation between HIF1A
immunoexpression and smoking habit also between ADAM12 immunoexpression and
lymph nodes metastasis These hypoxia-related proteins contribute to an increased
HNSCC progression and metastasis [7, 8, 10, 36] and possibly resulting in a singular
tumor behavior in smokers and non-smokers patients.

Tobacco smoke exposure cause genetic mutations in mitochondrial DNA
(mtDNA) [37]. Mitochondria is a cytoplasmic organelle with own genetic load
responsible for energy production through cellular respiration. In cellular respiration,
occurs a glucose conversion into pyruvate (glycolysis) adding Oz in the glucose molecule,
thus releasing energy (ATP) to cell. The mitochondrial DNA mutations occur during or
after the transition of premalignant to malignant stage. Furthermore, mtDNA mutations
cause increased glycolysis dependence, even in available oxygen episode leading to a
mitochondrial respiration impairment, so mtDNA induce more glycolysis by
mitochondria, therefore producing more pyruvate [1, 5, 30, 38].

The glycolytic dependence is known as Warburg effect or aerobic glycolysis [6,
7]. Evidences [1, 5, 30, 38] report that high levels of pyruvate (Warburg effect product)
directly induce the hypoxia inducible factor 1, alpha subunit (HIF1A). Therefore,
supposes that neoplastic cells of smokers have more mtDNA mutations than neoplastic
cells of non-smokers, thus neoplastic cells of smokers exhibit higher HIFLA expression.
Indeed, our statistical analysis revealed strong correlation between HIF1A
immunoexpression and smoking habit, without any influence of other variables analyzed.
Also, was statistically observed higher HIFLA immunoexpression in neoplastic cells of
smokers than in non-smokers, suggesting that smoking habit added to IH induces HIF1A

higher immunoexpression in smokers.
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Despite NOTCH1 and ADAM12 immunoexpression do not show a directly
statistical correlation with smoking habit, both immunoexpression proteins are
statistically higher in HNSCC samples of smokers. Therefore, it is reasonable to suggest
tobacco smoke indirectly influence NOTCH1 and ADAM12 overexpression via HIF1A
singling [10].

Probably, carbon monoxide inhalation also plays a relevant role in HIF1A,
NOTCH1 and ADAM12 upregulation in HNSCC of smokers. Tobacco smoke is the
major indoor source of carbon monoxide (CO), a colorless, odorless and toxic gas. In
bloodstream, carbon monoxide binds to hemoglobin, due to its affinity 200 times greater
than with oxygen [3].

This molecular event forms a carboxyhemoglobin molecule (COHb), which
hinders oxygen transportation causing a low oxygen availability resulting in a toxic
hypoxia [39]. Therefore, possibly occurs an increased hypoxia in neoplastic cells of
smokers, due to an inherent intratumoral hypoxia added to a toxic hypoxia caused by
smoking habit, resulting in HIFLA, NOTCH1 and ADAM12 upregulation.

NOTCH1 immunoexpression was upregulated in HNSCC samples of smokers
and non-smokers (> 50%) and was not correlated with any studied variables, while other
scientific evidences [40] founded statistical correlation between clinicopathological
variables and NOTCH1 downregulation. Moreover, NOTCHL1 is a transmembrane
protein that is cleaved and its NICD is translocated to nucleus [10] basing its
immunolocalization (cytoplasmic and nuclear) in our data.

ADAM12 immunoexpression was associated with lymph nodes metastasis and
showed a predominantly cytoplasmic immunolabeling in smokers and non-smokers. This
immunolabeling pattern is linked to an increased neoplastic migration and
invasiveness[36]. However, according to our data smokers have a higher possibility of

migration, invasion and metastasis due to its ADAMI12 higher immunoexpression
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compared to non-smokers. Also, there was a strong correlation between NOTCH1 and
ADAM12 immunoexpression. Possibly, this correlation occurs because NOTCH1
signaling increase ADAM12 levels [8, 10, 12, 41].

According to our immunohistochemistry data, HIF1LA was localized in nucleus
and cytoplasm of smokers and non-smokers neoplastic cells, as well others data [42],
meanwhile evidences suggest a nuclear solitary immunolocalization and its association
to a poor prognosis [43, 44]. However, before HIF1A singling, first occurs a rapidly
cytoplasmic accumulation and then occurs its translocation to nucleus [45].

Although there is a statistical difference between smokers and non-smokers
HIF1A immunoexpression, both groups revealed low (<50%) immunoexpression,
probably because HIF1A overexpression is linked with early stages of carcinomas [46]
and in our data, both smokers and non-smokers were in advanced clinical stages. Also,
there were no correlations between HIF1LA immunoexpression variables analyzed, except
with smoking habit agreeing with published associations between HIF1A overexpression
and clinicopathological variables [25, 44, 47-49].

Equally, HBEGF nuclear immunolocalization and overexpression are related to
HNSCC advanced clinical stages [25, 26, 50]. As above-mentioned, most smokers and
non-smokers patients were in advanced clinical stages and both groups exhibit HBEGF
overexpression (> 50%), therefore were not found statistical difference between then,
despite a discreet higher immunoexpression in smokers. Also, there is no correlations
between HBEGF immunoexpression and variables analyzed also no statistical difference
between smokers and non-smokers, despite a discreet higher HBEGF immunoexpression
in smokers neoplastic cells.

In conclusion, HIF1A, NOTCH1 and ADAMZ12 together compound a singling
pathway induce by IH, which suffer smoke influence in a directly and indirectly manner.

The absence of statistical difference of HBEGF immunoexpression between smokers and
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non-smokers, suggests a single IH influence, without smoke influence. Intratumoral
hypoxia is a HNSCC inherent characteristic and is strong correlated to progression,
invasion and tumoral metastasis, also to chemotherapy and radiotherapy resistance
causing a poor prognosis. Thus, hypoxia-related proteins immunoexpression in HNSCC
also are linked to a poor prognosis. Therefore, HIFLA, NOTCH1 and ADAM12 higher
immunoexpression in HNSCC of smokers suggest that smoker show high probability of
progression, invasion and tumoral metastasis, also higher chemotherapy and radiotherapy
resistance leading to a worse prognosis compared to non-smokers.
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Tables
Table 1. Clinicopathological data.

Variable Smokers  Non-smokers No. (%0)
No. (%)

Total cases 37 (82.22%) 8 (17.77%)
Age (Years)

Median 64.13 67.12

Range 33-92 54-84
Gender

Male 34 (91.89%) 5 (62.5%)

Female 3 (8.10%) 3 (37.5%)
Race

Melanodermic 6 (16.21%) 2 (25%)

Leucodermic 23 (62.16%) 3 (37.5%)

Feodermic 7 (18.91%) 3 (37.5%)
Alcohol consumption

Yes 24 (64.86%) 1 (12.5%)

No 13 (35.13%) 7 (87.5%)
TNM clinical stage

Stage I-11 13 (35.13%) 2 (25%)

Stage I1I-1V 24 (64.86%) 6 (75%)
Lymph nodes (N) status

NO 24 (64.86%) 5 (62.5%)

N+ 13 (35.13%) 2 (25%)
Histological grade

| 8 (21.62%) 3 (37.5%)

I 17 (45.94%) 2 (25%)

1 5 (13.51%) 2 (25%)
Recurrence

Yes 6 (16.21%) 1 (12.5%)

No 31 (83.78%) 7 (87.5%)
Death

Yes 9 (24.32%) 2 (25%)

No 28 (75.67%) 6 (75%)
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Table 2. HIF1A, NOTCH1, ADAM12 and HBEGF immunoexpression correlations with clinicopathological variables.

Variable HIF1A NOTCH1 ADAM12 HBEGF

OR (Cl 95%) (p) OR (CI 95%) (p) OR (CI 95%) (p) OR (Cl 95%) (p)
Smoking habit 10.43 (1.01-107.90) 0.04* 1.78 (0.22-14.27) 0.58 226214.62 (0.00-0) 0.67 1.2 (0.16-9.35) 0.85
Alcohol 0.68 (0.17-2.74) 0.59 1.77 (0.29-10.69) 0.53 3.54 (0.34-36.94) 0.28 1.08 (0.2-5.86) 0.92
consumption
TNM Clinical 0.54 (0.13-2.21) 0.39 1.55 (0.32-7.65) 0.58 5.4 (0.52-55.76) 0.15 0.55 (0.09-3.45) 0.53
Stage
Lymph nodes 1.64 (0.39-6.88) 0.49 0.44 (0.09-2.21) 0.32 0.08 (0.01-0.86) 0.03* 2.31 (0.37-14.55) 0.36
metastasis
Recurrence 1.1(0.17-7.31) 0.91 26557.81(0.00-0) 0.86 2.54 (0.09-69.75) 0.58 0.44 (0.06-3.48) 0.43
Death 1.49(0.31-7.26) 0.62 3.01 (0.29-31.10) 0.35 24221.18 (0.00-0) 0.76 0.63 (0.11-3.58) 0.6

*p < 0.05, as determined by Multivariate logistic regression. OR: Odds ratio; Cl: Confidence Interval.



Table 3. Correlations between hypoxia-related proteins.

Variable HIF1A (p) NOTCH1 (p) ADAM12 (p) HBEGF (p)
HIF1A - - - -
NOTCH1 0.18 - - -
ADAM12 0.74 0.001* - -
HBEGF 0.06 0.54 0.28 -

*p < 0.05, as determined by Matrix correlation.
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Figures

Figure 1. Hypoxia-related proteins immunolabeling pattern in HNSCC of smokers and
non-smokers and normal oral epithelium (control group). Line A images exhibit HIF1A,
NOTCH1, ADAM12 and HBEGF immunolabeling in smokers samples (Arrows indicates
immunolabeling localization of each protein). Line B images exhibit HIFLA, NOTCH1,
ADAM12 and HBEGF immunolabeling in non-smokers samples (Arrows indicates
immunolabeling localization of each protein). Line C images exhibit HIFLA, NOTCHL1,
ADAM12 and HBEGF immunolabeling in control group samples (Arrows indicates
immunolabeling localization of each protein).
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Graphs

Graph 1. Statistical difference (Student T test and Mann-Whitney), of hypoxia-related
proteins HNSCC (n=45) and control group (n=14).

Immunolabeling area %

o
'y

D
<

IS
g

X
<

Neoplastic and Epithelial cells
*p<0.05

. @8 HNSCC

o
L

I'_ * I_ Control group

HIF1IA NOTCH1 ADAM12 HBEGF



Immunolabeling area %

oo
g

D
<

S
g

N
<

61

Graph 2. Statistical difference (One-way ANOVA), of hypoxia-related proteins between
smokers (HNSCC, n=37), non-smokers (HNSCC, n=8) and control group (n=14).
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