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1. Cancer de esdfago e de lingua: epidemiologia e subtipos.

As neoplasias malignas tém sido apontadas como uma das principais causas de
mortalidade no mundo ocidental moderno (WCRF, 1997; WHO, 1998). S&o doencas
cronico-degenerativas, multifatoriais que envolvem alteracfes genéticas progressivas,
expressas por alteracBes celulares metabdlicas e morfoldgicas. Cada tipo de neoplasia
possui caracteristicas clinicas e biolégicas peculiares que devem ser investigadas para
aprimorar seu diagnostico, tratamento e prognostico (Robbins, 2005).

O cancer de esdfago destaca-se pela incidéncia crescente nas Ultimas décadas,
apresentando-se como a terceira neoplasia maligna do trato gastrointestinal mais prevalente
do mundo (Stoner et al., 2001; Pack et al, 1999; Engel et al., 2003). No Brasil, o cancer de
esdfago esta entre os dez de maior incidéncia e o sexto em mortalidade de acordo com
dados obtidos dos Registros de Base Populacional de 2008 (INCA, 2008). Além disso,
apresenta desenvolvimento rapido e, na maioria dos casos, 0 prognostico € ruim com
sobrevida média abaixo de cinco anos (Enzinger & Mayer, 2003;.Kollarova et al, 2007).

A incidéncia do carcinoma epidermoide do es6fago em humanos é influenciada por
fatores ambientais locais, predisposicdo genética e estilo de vida, sendo mais freqliente em
algumas areas da Franca, China, Ird, Africa do Sul e América do Sul (Craddock, 1992; Day
& Varghese, 1994). As areas de alto risco estdo localizadas ao longo do chamado “cinturdo
do céncer do es6fago” que vai do Ird as republicas do sudoeste da antiga URSS, oeste e
noroeste da China. Alguns paises da América do Sul, sudoeste da Africa e da Europa
também apresentam alta incidéncia deste tipo de cancer (Tomatis et al., 1990; Craddock,
1992; Day & Varghese, 1994). Predomina nos homens e sua incidéncia aumenta com a

idade, sendo o pico de frequéncia entre os 50-70 anos (Kollarova et al, 2007). No Rio
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Grande do Sul a incidéncia de cancer do es6fago esta em torno de 14,3/100.000 casos para
0s homens e 4,2/100.000 e para as mulheres (Barros et al., 2000).

Cerca de 90% das neoplasias do es6fago inclui os carcinomas epidermoides que
provém de seu epitélio de revestimento e cerca de 7% dos casos inclui 0s carcinomas que
podem originar-se de glandulas da submucosa do esdfago e, mais comumente, do epitélio
cilindrico do chamado eséfago de Barrett (Pera et al., 1993; Cameron et al., 1995).
Entretanto nos EUA, ambos possuem taxas semelhantes de incidéncia, a qual é mais
freqliente em homens sendo que 0s negros possuem um risco maior do que os brancos de

até quatro vezes (Blot et al.,1991).

Estudos epidemioldgicos tém mostrado que os principais fatores de risco para o
desenvolvimento do cancer de es6fago sdao o uso de alcool, o tabagismo, deficiéncia de
micronutrientes, consumo de bebidas quentes (em especial de chas) e o baixo nivel
socioecondmico, sendo a predisposi¢do genética pouco definida (Victora et al., 1987;

Craddok, 1992; Blot et al., 1999).

O papilomavirus humano (HPV) é freqlentemente encontrado nos carcinomas
epidermoides de regides com alta incidéncia, enquanto o consumo de vegetais verdes e de
frutas parece exercer papel protetor (Li et al., 1993; Tampi et al., 2005; Farhadi et al.,
2005). Supde-se que os fatores ambientais e nutricionais possam aumentar o risco desta
neoplasia, enquanto as deficiéncias nutricionais possam atuar como promotoras ou
potencializadoras de cancerigenos ambientais. Por exemplo, compostos N-nitrosos
presentes na dieta e no tabaco podem ser os responsaveis pelo amplo espectro de mutacdes
de ponto do gene supressor de tumores TP53, que estdo presentes em mais de 50% dos

canceres de esofago (Putz et al, 2002). As mutacOes no pl6 e a perda de alelos (perda da
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heterogeneidade) envolvendo outros cromossomos também sdo prevalentes nessas
neoplasias, de acordo com o conceito de que a aquisicdo escalonada e acumulo de
alteracGes genéticas levam a formacdo do cancer (Putz et al, 2002).

No processo de inflamagdo crbnica relacionada ao uso do mate em temperaturas
elevadas, ocorre a formagdo de nitrosaminas e radicais livres endogenos que podem ser
responsaveis pela alta freqliéncia de mutacdes de transicdo G>A e C>T no gene TP53
observado em carcinomas epidermoides de pacientes do sul do Brasil. A prevaléncia de
transicdo G>A destes casos foi mais alta do que as relatadas nos bancos de dados mundiais
(IARC, Lion-Franga) (Putz et al, 2002).

Acredita-se que a chave precursora para 0 surgimento dos adenocarcinomas de
esdfago € o desenvolvimento do eso6fago de Barrett (EB), caracterizado pelo crescimento
anormal de células do tipo colunar no es6fago (Murphy et al., 2005). A condicdo para a
ocorréncia desta metaplasia glandular € a doenca do refluxo gastroesofagico (DRGE). Esta
€ uma afecgdo cronica bastante comum na populagdo mundial (Farhadi et al., 2002),
caracterizada pelo refluxo do conteddo gastroduodenal para o es6fago, o que leva a
formacdo de esofagite que, se néo tratadas, evolui para o esofago de Barret. Apesar do EB
ser determinante no desenvolvimento do adenocarcinoma de esdfago, a esofagite,
desempenha papel importante no processo de carcinogénese (Farhadi et al., 2002). Estudos
experimentais e epidemioldgicos evidenciam que o influxo de neutrofilos nas vias aéreas,
no intestino e no canal urinario, pode levar ao aparecimento de neoplasias de pulmé&o, célon
e bexiga, respectivamente. Os neutrofilos sdo conhecidos como a maior fonte de espécies
reativas de oxigénio (ROS) (Knaapen et al., 2006). As ROS induzem danos no DNA,

através de reacOes de oxidacdo, depurinacdo, metilacdo, desaminacdo (Knaapen et al.,
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2006) e quebras no DNA (Baik et al., 1996). Além disso, 0 excesso de ROS é prejudicial a
integridade dos tecidos afetados, mantendo a inflamacéo (Farhadi et al., 2002).

Para as esofagites, cita-se a reacdo de oxidagdo, como processo de dano ao DNA
provocado pelas ROS, em conseqliéncia ao RGE. De acordo com Farhadi et al. (2002), o
processo de formagéo de bases oxidadas no DNA resulta em altera¢des no funcionamento e
divisdo das células. Estudos experimentais em animais evidenciam que o processo de
oxidacdo do DNA evolui com o aumento do grau de esofagite, sendo severo no EB e no
duodeno, de acordo com o aumento dos niveis de ROS nestes estagios (Olyaee et al., 1995
e Farhadi et al., 2002).

O cancer oral é o cancer que mais freqiientemente afeta a regido cervicofacial sendo
comum em todo mundo, principalmente, em paises em desenvolvimento, como India,
Vietnan e Brasil, representando 25% de todos os tipos de cancer (Magrath and Litivak,
1993). No Brasil, o cancer oral ocupa a sétima posicdo entre os de maior incidéncia,
estando em torno de 19,72/100.00 casos para 0s homens e 6,26/100.00 para as mulheres no
estado de S&o Paulo de acordo com dados obtidos dos Registros de Base Populacional de
2008 (INCA, 2008).

O céancer de lingua representa 30% dos tipos de cancer oral, sendo o carcinoma de
células escamosas (SCC) o tipo histolégico mais freqliente da neoplasia da lingua
(Davidson et al., 1987; Funk et al., 2002), afetando principalmente homens na sexta década
de vida (Liewellyn et al., 2001). O prognostico de pacientes com SCC da lingua é ruim com
sobrevida de 5 anos inferior a 50% (Ferrari et al., 2009). Este progndstico pode ser
atribuido a varios fatores, como por exemplo, por ser uma doenca freqlientemente
assintomaética até atingir estagio avancado e por afetar principalmente idosos (Zhen et al.,

2004).
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O desenvolvimento do cancer de lingua envolve a soma de varios fatores ambientais,
genéticos e estilo de vida, responsaveis pela progressiva transformacdo maligna e
disseminacdo metastatica (Vogelstein, 1990).

Estudos demonstram que a deficiéncia em zinco, méa higiene bucal e o consumo de
alcool e tabaco, sdo os principais fatores de risco para o desenvolvimento do cancer de
lingua (Boffetta et al., 1992; Mashberg et al., 1993; Friedlander et al., 1998; Lopes et al.,
2002; Fong et al., 2005).

Assim como no esofago, a proteina P53 apresenta-se mutada em aproximadamente
50-60% dos casos de cancer de lingua (Linden et al., 1994; Forastiere et al., 2001), sendo
0s compostos N-nitrosos presentes no cigarro e no alcool, os responsaveis pela alta taxa de
mutacdes no gene supressor de tumor TP53.

A infeccdo secundaria pelo papiloma virus humano (HPV) e pelo virus da Herpes
Simplex (HSV-1) sdo também considerados fatores de risco para 0 SSC da lingua, porém,
h& controversias quanto ao HPV (Friedlander et al., 1998; Lopes et al., 2002). Herrero et
al., 2003 e Sugerman & Shilliote, 1997, relatam que o HPV é capaz de aumentar 0 risco
para o desenvolvimento do cancer de lingua de 3 a 5 vezes, porém, Dahlgren et al., 2004,
afirmam que a presenga do HPV influenciou positivamente a sobrevida dos pacientes.

As alteracdes histologicas observadas no epitélio da lingua e do esdfago durante o
processo da carcinogénese, inclui alteracdes ndo proliferativas, como hiperceratose e
inflamacdo e, alteracdes proliferativas, como hiperplasia, displasia, metaplasia, papiloma e,
finalmente, o carcinoma (Bertran et al., 1996; Whiteley et al., 1996).

O aumento de hiperceratose no tecido epitelial da lingua e do es6fago esta relacionado
com um nivel de protecdo quando o epitélio esta exposto a agressdes de curto prazo, sendo

ainda considerada, juntamente com a hiperplasia, a alteracdo histolégica mais comumente
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observada no inicio do processo da carcinogénese (Ribeiro et al, 2005, Carrard et al., 2009;

Al-Damouk, 1993).

2. Fatores de risco para o desenvolvimento do cancer de eséfago e de lingua.
2.1- Alcool e cigarro

O consumo crénico de etanol esta relacionado diretamente com o desenvolvimento de
tumores no trato digestivo superior, tais como, cavidade oral, faringe, laringe, es6fago e
préstata, sendo que, cerca de 25% a 80% dessas neoplasias podem ser atribuidas ao
consumo cronico de etanol (Brown, 2005).

Além desses 6rgdos, o consumo excessivo de alcool leva ao desenvolvimento de
neoplasias do figado, intestino grosso, mama e péncreas (Brown, 2005; Boffeta and
Hashibe, 2006). Vérios estudos epidemioldgicos, revisados em Poschl and Seitz, 2004,
mostram forte correlacdo entre a ocorréncia dessas neoplasias e a ingestdo de alcool,
sugerindo que o etanol é um fator de risco importante para o desenvolvimento dessas
doencas. Estudos realizados na Frangca demonstraram aumento de 4.6 e 10.9 na incidéncia
de cancer de esdfago em pacientes que fumam 35 ou mais cigarros ou que bebem 3 ou mais
doses de alcool por dia (aproximadamente 25 gr), respectivamente. Esses fatores, quando
associados, tiveram seus efeitos potencializados, apresentando risco final multiplicado
(Kollarova et al, 2007).

A maioria das neoplasias do esdfago e da lingua sdo frequientemente atribuidas ao uso
do alcool e do fumo, visto que, apresentam quantidades significativas de substancias
mutagénicas e/ou cancerigenas, em especial, de nitrosaninas (Lu et al., 1991; Yang et al.,

1992; Boffeta et al., 1992; Mashberg et al., 1993; Straif et al., 2000; Du et al., 2000).
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A ingestdo de alcool leva a deficiéncias nutricionais, tais como, alteracbes no
metabolismo lipidico, protéico, de carboidratos, de vitaminas, principalmente vitamina A e
do complexo B, e micronutrientes, como o zinco (Bunout, 1999). Essas deficiéncias
contribuem para a carcinogénese, uma vez que 0 consumo excessivo de etanol promove
hipometilacdo do DNA, inclusive de genes supressores de tumor, aumentando a
necessidade de ingestdo de doadores de metil, cuja absorcdo fica comprometida ap6s o
consumo de alcool (Stickel et al., 2002; Pdschl and Seitz, 2004). N&o obstante, o aldeido
causa destruicdo do folato na célula, o que inibe a transmetilacdo de genes envolvidos na
carcinogénese (Pdschl and Seitz, 2004).

O etanol, ainda pode apresentar efeito co-carcinogénico, pois seu consumo abusivo
pode reduzir os niveis de substancias antioxidantes, como as glutationas (redutases e
transferases), o-tocoferol e B-caroteno, seja pela perda de estoques teciduais, por inibicdo
de sintese ou por destruicdo através da geracdo de radicais livres (Kock et al., 2004; Valko
et al., 2006), além de alterar a funcdo de enzimas hepaticas antioxidantes, como a
glutationa-S-transferase em decorréncia da formacéo de adutos acetaldeido-enzima (Sultana
et al., 2005). Seu consumo também aumenta a expressdo da enzima CYP2E1 em varios
6rgdos, em especial no figado (Kushida et al., 2005; Tsutsumi et al., 1993; Stickel et al.,
2002; Poschl and Seitz, 2004; McKillop and Schrum, 2005). Essa enzima, pertence a
familia do citocromo P450, que é responsavel pela biotransformacdo do etanol a
acetaldeido e de varios outros pré-cancerigenos, tais como, as aflatoxinas, nitrosaminas,
hidrocarbonetos policiclicos, em suas formas reativas (Tsutsumi et al., 1993; Stickel et al.,
2002; Poschl and Seitz, 2004; Yu and Yuan, 2004; Brooks and Theruvathu, 2005). Estas

substéncias estdo presentes no ar, séo produzidas no preparo de carnes e no cozimento dos
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alimentos, no uso de cigarros e consumo de bebidas alcoolicas (Tsutsumi et al., 1993;
Stickel et al., 2002; Karim et al., 2003; Poschl and Seitz, 2004; McKillop and Schrum,
2005; Marrero, 2005; Kushida et al., 2005).

Como o etanol altera 0 metabolismo das nitrosaminas em animais experimentais e no
homem (Pinto, 2000), aumentando suas concentracdes no eséfago e diminuindo no figado,
verifica-se aumento no numero de tumores esofagicos frente administracdo concomitante
de etanol e nitrosaminas. Muft et al. (1989) observou que a administracdo simultanea de
etanol e do cancerigeno N-nitrosomethylbenzylamine (NMBZA) em ratos Sprague-Dawley
inibiu a ocorréncia de tumores esofagicos durante a fase de iniciagdo, mas promoveu o
desenvolvimento destes tumores quando administrado na pds-iniciacdo. Entretanto, ratos
F344 machos que receberam etanol na agua de beber durante a fase de iniciacdo,
apresentaram maior indice de tumores esofagicos induzidos pela DEN (Aze et al., 1993),
ndo observando diferencas estatisticas na incidéncia e multiplicidades destes tumores
quando o etanol era administrado no pos-iniciagdo do cancerigeno NMBA (Morimura et al,
2001).

O efeito da ingestdo cronica do etanol também tem sido alvo de estudo para o cancer
de lingua. Ratos Wistar machos que receberam etanol 36% na agua de beber apresentaram
aumento no tamanho da camada e dos nucleos das células basais (Born et al, 1996) e Al-
Damouk (1993) observou aumento na espessura de hiperceratose na parte dorsal da lingua
de hamsters Sirios machos ap6s tratamento com etanol 10% ad libitum. Sofritti et al. (2002)
verificaram que a administracdo de etanol (10%) na &agua de beber induziu o
desenvolvimento de tumores na lingua e na boca de ratos Spraque—Dawley machos/fémeas.
Outros estudos demonstram que a ingestdo de etanol 40% ad libitum aumentou a

proliferacdo celular na camada epitelial intermediéria da lingua de camundongos CF1
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fémeas, assim como aumentou a keratinizacao do epitélio (Maito et al, 2003; Carrard et al.,
2004), sendo que, a exposicdo tdpica ao etanol ndo ocasionou diferencas significativas na
proliferacdo celular do epitélio da lingua (Maito et al., 2003).

Entre os vérios cancerigenos presentes na fumaca do tabaco, os hidrocarbonetos
aromaticos policiclicos, as aminas aromaticas e as nitrosaminas apresentam-se como 0S
componentes mais importantes para o desenvolvimento de neoplasias em humanos, dentre
eles, o cancer do trato digestivo superior (Hoffmann et al.,1990; Denissenko et al., 1996;
Hecht, 2002). A exposicao as nitrosaminas pode se dar através da dieta, do tabaco e da
sintese enddgena que ocorre no estdbmago pela reacdo do nitrito com aminas secundarias
(Magee, 1989). As nitrosaminas, tais como a 4(metilnitrosamina)-1-(3-piridil)-1-butanona
(NNK) e a N"-nitrosonornicotina (NNN) tem sido associadas ao desenvolvimento do cancer
oral, de es6fago, pulmé&o e pancreas em fumantes (Hoffman et al., 1990; Hecht et al., 1990;
Hecht, 1998, 1999).

O consumo de cigarros destaca-se como um dos principais fatores de risco associados
ao desenvolvimento de neoplasias do es6fago (Vaughan et al., 1995; Gammon et al., 1997).
Entretanto, ha poucos estudos que avalia a importancia da inalacdo da fumaca (fumantes
passivos) e do tipo de tabaco.

Launoy et al. (2000) demonstraram que a melhor relagéo entre o risco para o cancer
de esbfago e o cigarro, depende do tipo de tabaco e do padrdo morfologico da neoplasia,
sendo consistentes com estudos que revelam que o cigarro escuro apresenta maior risco
para o desenvolvimento dessa doenca (De Stephani et al., 1993). O nivel de exposi¢do ao
cigarro e o risco para o desenvolvimento de carcinoma de células escamosas depende da
intensidade e duracdo do contato com a fumaca do cigarro (Doll et al., 1994; Castellsague

et al., 1999; Lagergren et al., 2000). Lagergren et al. (2000) observou que pessoas que
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fumam mais de 20 cigarros ao dia por mais de 35 anos desenvolvem mais carcinomas de
células escamosas do que adenocarcinoma de eséfago, concluindo, portanto, que o fumo
estd mais associado com o desenvolvimento do SCC.

O rato é a espécie mais suscetivel ao desenvolvimento de neoplasias de esdfago
induzido por nitrosaminas que, induz tumores preferencialmente ou exclusivamente neste
6rgdo, independente do meio de administracdo (Lijinsk, 1992). A ativacdo metabdlica das
nitrosaminas é catalisada pelo citocromo P450 (CYP), e o produto formado é extremamente
instavel podendo reagir com o DNA, induzindo mutacfes (Magee, 1989), sendo que no
figado, a CYP2EL é a enzima mais importante envolvida nesta ativacdo (Yang et al., 1991).
O esofago de ratos ndo expressa a enzima CYP2EL, mas em contrapartida, expressa a
CYP2A3 responsavel em grande parte pelo metabolismo das nitrosaminas (Pinto et al.,
2001, 2003).

O consumo do cigarro € considerado um dos principais fatores envolvidos da
tumorigénese da cavidade oral (Chen et al., 2002), entretanto, sdo poucos os estudos
experimentais que avaliam os efeitos da exposicdo a fumaga do cigarro sobre a
carcinogénese do esofago e da lingua.

Izzotti et al, (1998) expds fémeas BD6 ao etanol 5% e a fumaca do cigarro (Lhora por
dia por oito meses), verificando que a exposi¢édo ao tabaco induziu a formacdo de adutos de
DNA no pulmédo e no coracdo mas ndo no esdfago. Porém, a combinacdo do etanol,
resultou na formacao destes adutos no eséfago.

Estudo realizado por Ribeiro et al (2008) demonstraram que ratos Wistar machos
expostos & fumacga do cigarro durante 75 dias, apresentaram na mucosa da lingua, focos da

enzima Glutationa S-transferase (GSTs), enzima esta, detectada nos tecidos quando
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expostos a agentes carcinogénicos, assim como superexpressdo das proteinas bcl-2 e bax

envolvidas no processo apoptético (Assis et al 2005).

2.2- Sal biliar e Deficiéncia de zinco.

Estudos epidemioldgicos e experimentais indicam que a deficiéncia de zinco esta
relacionada com o aumento no risco de desenvolvimento do cancer de esbfago, lingua e
célon (Prassad et al., 2002; Fong et al., 1998,1999,2006; Doer et al., 1997) e que a
obesidade e a irritacdo crbnica pelos acidos biliares sdo considerados os fatores de maior
risco para o desenvolvimento do cancer de colon, do trato digestivo superior e do chamado
Es6fago de Barret (EB) (Ozata et al., 2002; Oh et al., 2006)

O zinco é um importante componente de varias proteinas, como por exemplo, a
proteina p53, envolvida no reparo de danos do DNA, a qual também se apresenta mutada
na metade dos tumores humanos (HO et al., 2002). A concentracdo de zinco no corpo
humano é de 2g a 4g, entretanto, muitas vezes, uma suplementacdo regular faz-se
necessaria. Uma ingestdo insuficiente de zinco pode prejudicar a defesa antioxidante e
comprometer os mecanismos de reparo do DNA, além de que, sua deficiéncia pode levar a
hipometilacdo do DNA por reduzir a absor¢do de grupos metil.

Pacientes com cancer oral, geralmente apresentam deficiéncia em zinco (Doerr et al.,
1997; Kleier et al., 1998) e baixa funcdo do gene supressor de tumor p53 (Greenblatt et al.,
1994). A deficiéncia de zinco por si s causa uma condi¢do pré-cancerosa na lingua, no
esdfago e no estdmago de ratos por causar aumento na taxa de proliferacdo celular,
superexpressdo da enzima ciclooxigenase-2 (Cox-2) e hiperplasia, além de hiperceratose e

paraceratose (Follis 1996; Swenerton and Hurley 1968; Fong et al. 1996, 2005).
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Estudos experimentais demonstram que o tratamento com dieta deficiente em zinco
aumentou a taxa de proliferacdo celular e a incidéncia de tumores esofagicos em
camundongos C57BL/6 tratados com N-nitrosomethylbenzylamine (NMBA) (Fong et al.
1999) e acelerou a carcinogenese de es6fago e de estomago de ratos Sprague-Dawley
machos e de camundongos machos p53” causada por uma tnica dose de (NMBA) (Fong et
al 1997; 2003).

Ratos machos Sprague-Dawley alimentados com dieta contendo 3ppm de zinco
apresentaram aumento de proliferacdo celular na mucosa esofagica apés 5 semanas de
tratamento (Liu et al, 2005) e 20% (vinte por cento) dos camundongos p53” desenvolveram
tumores e metaplasia glandular semelhantes ao EB apds 3 semanas de tratamento com dieta
deficiente em zinco e com uma Unica dose de NMBA (Fong et al 2003).

Estudo conduzido por Fong et al (2005) demonstrou que, a dieta deficiente em zinco e
a administragdo da 4-nitroguinoline 1-oxide (NQO) em ratos Sprague-Dawley machos,
ocasionou hiperplasia, aumento de proliferacdo celular e da expressdo Cox-2 no epitélio da
lingua, assim como, alta incidéncia de SCC na lingua e esdfago de camundongos C57BL/6
p53*" (Fong et al 2006).

O aumento de hiperceratose e paraceratose no epitélio do eséfago, lingua e de outras
partes da cavidade oral de roedores € a alteracdo histoldgica mais comumente observada em
modelos experimentais de deficiéncia de zinco. Joseph et al. (1981) observou aumento de
paraceratose no epitélio lingual de coelhos machos New Zealand, assim como, ratos
Sprague-Dawley machos apresentaram aumento de hipercertose na face dorsal da lingua,
sendo mais proeminente entre as papilas (Orback et al., 2007). A dieta deficiente em zinco

também aumentou a taxa de hiperceratose e/ou paraceratose no eséfago de camundongos
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machos C57BL/6 (Guy et al., 2007) e no esdfago de ratos machos Sprague- Dawley
iniciados com a NMBA (Fong et al., 2001).

Por outro lado, a reposicdo do zinco reverte rapidamente a proliferacdo celular,
estimula apoptose e reduz a expressdo da COX-2 no epitélio esofagico e da lingua de ratos,
inibindo, portanto, a tumorigénese (Fong et al. 2001, 2005; Liu et al., 2005).

A bile é um componente do refluxo gastroduodenal (Kauer et al., 1997) e os acidos
biliares primarios, como o 4&cido glicocdlico, taurocélico, quenodeoxicolico e
glicodeoxicolico, estdo predominantemente presentes no esdfago de pacientes que
apresentam doenca do refluxo gastroesofagico (GERD) (Theisen et al., 2000). A forma
mais toxica dos acidos biliares (AB) sdo os acidos nao-conjugados, como por exemplo, 0
acido deoxicolico (DOC), presente no refluxo de pacientes com EB (Nehra et al., 1999).

Os AB séo foco de diversos estudos in vivo e in vitro que demonstram sua agao sobre
celulas epiteliais de 6rgéos, tais como colon e eséfago (Weisburg et al., 1983; Suterland et
al., 1994; Stamp, 2002)

O desenvolvimento de tumores, pode ser ocasionado pelo fato dos sais biliares
selecionar as células resistentes a apoptose e por estimular a atividade da cicloxigenase 2
(COX-2), a qual por sua vez, estimula a invasdo de células malignas (Glinghammar et al.,
2002; Jurek et al., 2005; Zhang et al. 1998). Os AB ainda séo capazes de promover
aumento de proliferacdo celular pela indugcdo da expressdo de proto-oncogenes, Como o c-
fos e c-jun (Velazquez et al., 1996), sendo o &cido deoxicolico (DOC) capaz de reduzir a
transcricdo do fator NF-kB e da enzima ADP ribose envolvidas no reparo oxidativo do
DNA (Payne et al., 1998).

Estudo realizado por Rosignoli et al. (2008) demonstrou que o tratamento de

colonécitos humanos com DOC e CDCA (acido quenodeoxicolico), podem agir como
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promotor e iniciador da carcinogénese. Os AB secundarios possuem propriedades
detergentes que lesam a membrana plasmatica das células epiteliais do célon levando a
morte celular (Narisawa et al., 1974; Reddy et al., 1976; Deschner et al., 1981). A
consequente proliferacdo celular compensatoria pode aumentar a susceptibilidade das
células a mutagénicos e, consequientemente, ao cancer (De Kok et al., 2000).

Guy et al.(2007), desenvolveram um modelo experimental animal para o estudo de
esofagite e EB através de dieta deficiente em zinco e suplementada com DOC em
camundongos C57BL/6. Neste estudo, dos animais que receberam a dieta DOC+Zinco’,
63% apresentaram modificacBes gastroesofagicas semelhantes ao EB, e 100% apresentaram
hiperproliferacdo de células basais, hiperqueratinizacdo, hipertrofia papilar, aumento de
infiltracdo de células inflamatorias e de angiogénese, assim como, metaplasia entre 69 e
152 dias de tratamento. Segundo Guy et al. (2007), este modelo mimetiza a ingestdo de
uma dieta deficiente em micronutrientes, deficiéncia esta, presente nas dietas hipercaloricas
a qual contribui para o desenvolvimento do refluxo gastroesofagico. Em consequiéncia, este,
pode levar ao desenvolvimento de lesdes tipo EB, podendo ser potencializadas com a

suplementag&o do acido biliar deoxicolico.
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4. Objetivos

No presente estudo, utilizamos uma dieta que mimetiza a ingestdo inadequada de
zinco, suplementando-a com um componente associado ao refluxo gastroesofagico e a dieta
hipercalérica, o acido biliar deoxicélico (DCA), que pode criar uma condigdo pré-
cancerigena no trato digestivo. Desta forma, o objetivo deste trabalho foi verificar a
influéncia da exposicdo a fumaca do cigarro e ao etanol sobre as alteracfes epiteliais do

esdfago e da lingua induzidas pela dieta modificada.
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Abstract

Upper aero digestive tract (UADT) cancer is an important cause of morbidity and
mortality worldwide. Chronic alcohol intake and dietary deficiency zinc, tobacco smoking,
and gastroesophageal reflux disease are the major risk factors to the UADT cancer. In the
present study, we utilized a diet that mimic inadequate zinc intake (Zn") diet and
supplemented it with unconjugated bile deoxycholic acid (DCA), a component associated
with gastroesophageal reflux disease and high fat diets. The aim of this study was to assess
the additional influence of exposure to cigarette smoke and ethanol intake on the epithelial
alterations of the esophagus and tongue induced by Zn'+DCA diet. Male C57BL/6 mice
animals were allocated into six groups: Groups 1 to 3 were fed modified diet (Zn+ 0.2%
DCA) and groups 4 to 6 were fed control diet. After 5-weeks, groups 2 and 5 intake ethanol
10% ad libitum and groups 3 and 6 were exposed to cigarette smoke for 15 weeks. All
animals were euthanized at the end of week 20 and tongue and esophagus were collected
for histological analysis and immunohistochemical analysis of cell proliferation using Ki-
67 marker and cyclooxygenase 2 expression (COX-2). The Zn'+DCA diet treatment trend
to increased cell proliferation indexes and the incidence of hyperkeratosis in the tongue and
esophagus but not in COX-2 expression. No additional effect of 15-week treatment with
ethanol or cigarette smoke was observed. These findings indicate that dietary zinc
deficiency supplemented with deoxycolic acid appears to be an important factor of
epithelial aggression and that deleterious effect of ethanol and cigarette smoke could be

detected in a long-term exposure.

Key words: Deoxycholic acid, zinc deficiency, tobacco exposure, ethanol intake, cell

proliferation and mice tongue and esophagus
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Introduction

Upper aero-digestive tract (UADT) cancer, including esophageal and tongue tumors,
is an important cause of morbidity and mortality worldwide (Parkin, 2000). Chronic
alcohol intake and dietary deficiency zinc, tobacco smoking, and gastroesophageal reflux
disease are the major risk factors to the esophageal ant tongue cancer (Morimura et al,
2001; Straiff et al, 2000; Fong et al, 2006; Prassad et al, 2002; Stamp et al, 2002; Guy et al,
2007; Farhadi et al, 2002; Brown 2005) .

Zinc is an essential component of over 1,000 proteins, including metalloproteinases,
DNA-binding proteins with zinc fingers, copper/zinc superoxide dismutase, and several
proteins involved in DNA damage repair such as p53 (Ho et al., 2002). Studies have shown
that zinc deficiency creates a precancerous condition in the tongue, esophagus, forestomach
and colon by causing unrestrained cell proliferation, inflammation, ulceration,
overexpression of the enzyme cyclooxygenase-2, hyperplasia, hyperkeratosis and
parakeratosis (Swenerton and Hurley 1968; Follis 1996; Fong et al. 1996, 2005, Dani et al,
2007).

Deoxycholic acid (DCA) is a secondary bile acid present in the gastroduodenal reflux
and implicated in various cancer of the digestive tract (Theisen et al, 2000; Nehra et al.,
1999; Jenkins et al, 2008). It is a mutagenic and clastogenic agent that can reduce the
transcription of the enzyme ADP ribose and activate the procarcinogenic signaling
molecule NF-jB (Payne et al., 1998; Jenkins et al., 2004, 2007). Male AKR/J mice
receiving supplemented diet with 0.2% DCA, during or after azoxymethane (AOM)
administration, developed more aberrant crypt foci (ACF) that respective control group
(Flyn et al., 2007). Also, male Nos2 knockout mice fed a diet supplemented with 0.2%

DOC for eight months developed colitis, associated with increased oxidative DNA damage,
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increased angiogenesis and colonic cell proliferation (Bersnstein et al., 2007). Guy et al.
(2007) showed that dietary zinc deficiency diet supplemented with 0.2% DCA led to
inflammation, basal cell proliferation, papillary hypertrophy and hyperkeratosis of
esophageal epithelium in male C57BL/6 mice.

It is also well established by epidemiological and experimental studies that tobacco
smoking and consumption of alcoholic beverages contribute to the development of tongue
and esophagus cancer (Blot et al., 1992; Straiff et al, 2000; Sofritti et al, 2002; Carrard et
al., 2004; Brown, 2005). Both tobacco smoking and alcoholic beverages contain significant
amounts of mutagenic and/or carcinogenic substances, especially nitrosaminas (Lu et al,
1991; Hecht et al, 1998; StraifF et al, 2000). The tobacco smoking and alcohol intake may
cause DNA hypomethylation, changes in the expression of c-myc, c-jun and c-fos, and
reduction in the levels of antioxidants among others (Muller and Gebel 1994; Muller 1995;
Stickel et al., 2002; Pdschl and Seitz, 2004; Kock, et al., 2004; Valko et al, 2006).

In the present study, we utilized a diet that mimic inadequate zinc intake (Zn") diet
and supplemented it with a component associated with gastroesophageal reflux disease and
high fat diets, unconjugated bile deoxycholic acid (DCA), that could creates an aggressive
condition to the tongue and esophagus mucosa from male C57BL/6 mice. The aim of this
study was to assess the additional influence of exposure to cigarette smoke and ethanol

intake on the epithelial alterations of the esophagus and tongue induced by Zn'+DCA diet.
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Material and Methods
Animals and treatments

The protocols used were consistent with Ethical Principles for Animal Research
adopted by the Brazilian College of Animal Experimentation (COBEA) and approved by
the Institute of Biosciences/lUNESP Ethical Committee for Animal Research (CEEA).
Seventy-five 3 weeks-old male C57BL/6 mice were obtained from CEMIB-UNICAMP
(Campinas, SP, Brazil). The animals were kept in polypropylene cages covered with
metallic grids in a room maintained at 22 + 2 °C, 55 + 10% humidity under a 12-hr light-
dark cycle with free access to food and tap water for a 2-week acclimation period.

During experimental period, the mice were fed control diet or zinc-deficient diet
supplemented with 0.2% deoxycholic acid (DCA, Sigma-Aldrich Co., St. Louis Mo, USA)
(Guy et al., 2007). The Zn"+DCA diet was nutritionally complete and identical to control
diet except for the concentration of elemental zinc (Table 1). Mice were randomly allocated
to into six groups: Groups 1 to 3 were fed Zn'+DCA diet and groups 4 to 6 were fed
control. After 5-weeks, groups 2 and 5 intake ethanol 10% ad libitum and groups 3 and 6
were exposed to cigarette smoke for 15 weeks. Ethanol 10% was offered to the mice into
bottles as the sole source of drinking fluid (Morimura et al., 2001). All animals were
euthanized at the end of week 20 (Figure 1).

Clinical examinations were performed daily, and detailed physical examinations were
accomplished weekly. Food, water and ethanol consumption were recorded twice per week
and the animals were weighed individually once a week throughout the experimental
period. The mice were fasted overnight and sacrificed after a single i.p. dose of 30 mg/kg

body weight of sodium pentobarbital anesthesia.
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Exposure to Cigarette Smoke

The mice were exposed to cigarette smoke in a chamber (100x80x75 c¢cm) connected
to a smoking device based on a model described by Wang et al. (1999). Smoke was drawn
from filtered commercial cigarettes (composition per unit: 0.7 mg nicotine, 10 mg tar, and
10 mg carbon monoxide) with a vacuum pump and was exhausted into the smoking
chamber. During the first week, the mice were acclimated to the smoke as follows: At 2
different times each afternoon, smoke was administered, first from 5 cigarettes over a 30-
minute period and then, via a gradual increase, from 10 cigarettes over a 30-minute period.
Subsequently, 10 cigarettes were used in each of 4 smoking trials administered daily for 30
minutes, (2 trials in the morning and 2 in the afternoon). Mice were exposed whole body to

the sidestream cigarette smoke five days a week for 15 weeks.

Tissue processing, histology and immunohistochemical procedures

At sacrifice, tongue and esophagus was excised and fixed in 10% phosphate-buffered
formalin during 24 h for paraffin embedding. Samples of tongue and esophagus proximal
and distal were routinely processed and paraffin blocks were cut into 5-um-thick sections
and stained with hematoxylin-eosin (HE) for histological analysis and for
immunohistochemical analysis of cell proliferation using Ki-67 marker (Imunotech
Marceille France) or cyclooxigenase 2 (COX-2, Biogen, USA) expression .

Ki-67 and COX-2 antigens were detected using avidin-biotin peroxidase complex
(ABC) method (Hsu et al, 1981). Briefly, deparaffinized 5-um-thick tissue sections on
poly-L-lysine coated slides were treated with 3% H,0, in phosphate-buffered saline for 15
min and nonfat milk for 60 min. Tongue and esophagus sections were overnight incubated

at 4°C with polyclonal rabbit anti-Ki-67 or COX-2 at a 1:200 dilution. Then, the slides were
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successively incubated with biotinylated secondary antibody horse anti-rabbit (Vector
Laboratories, Inc., Burlingame, CA, USA) at a 1:200 dilution for 60 min and avidin-biotin-
horseradish peroxidase solution (Vector Laboratories, Inc., Burlingame, CA, USA) at
dilution 1:1:50 dilution for 45 min at room temperature. Chromogen color development
was accomplished with 3,3"-diaminobenzidine tetrahydrochroride (DAB, Sigma-Aldrich
Co., St. Louis Mo, USA) as the substrate to demonstrate the sites of peroxidase binding.

The slides were counterstained with Harris’s hematoxylin.

Histological and immunohistochemical analysis

Non-proliferative or proliferative lesions in the tongue and esophagus were classified
according to previously criteria published (Bertran et al., 1996; Whiteley et al., 1996). A
histological grading score was established by evaluating degrees of hyperkeratosis,
hyperplasia, dysplasia and inflammation on a scale of 0 to 3 for presence or absence each of
these categories (with 0 being no significant change, 1 being a small detectable change, 2
being a moderate change and 3 a very change) (Guy et al., 2007).

The KI-67-labeling indexes, expressed as a percentage, were calculated by dividing
the number of basal epithelial Ki-67-positive cells (S phase) by the total number of basal
cells scored in the each tissue sample (500 cells for distal and proximal esophagus and

dorsal tongue mucosa).

Statistical analysis.
The body weight, body weight-gain, food, water and ethanol intake, relative liver
weight, cell proliferation, histological grading score and were analyzed by ANOVA test or

the Kruskal-Wallis test. The incidence of different types of esophageal and tongue lesions
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were examined using y2 test or the Fischer exact test. Significance was set at P< 0.05.
Statistical analysis was performed using the Jandel Sigma Stat Software (Jandel

Corporation, San Rafael, CA, USA).
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Results
General findings

In general, all experimental procedures used in this study, like treatment with ethanol
10%, cigarette smoke and Zn+DCA diet was well accepted by the mice. Three animals
were found dead during the course of the experiment: one mouse from G2 group (Zn’
+DCA diet plus ethanol 10%), one mouse from G3 group (Zn+DCA diet plus cigarette
smoke) and one mouse from G4 group (control diet). A complete necropsy was not
performed due to advanced postmortem changes.

The values of mean body weight for each experimental group throughout the
experiment are shown in Figure 2. The body-weight gain was significantly lower in the G3
group (Zn+DCA diet plus cigarette smoke-exposed) when compared to the untreated
control group (G4) (G3 vs. G4, P < 0.001). At week 20, the relative liver weights were
higher in the Zn"+DCA diet-treated groups (G1, G2 and G3) when compared with the
control diet groups (G4, G5 and G6) (P< 0.001) (Table 2). In ethanol-treated groups (G2
and G5), food consumption was significantly reduced (P < 0.001, Table 2) in both groups
fed Zn"+DCA or control diet. No significant alteration on ethanol intake was observed
between the ethanol-treated groups (G2 and G5, 9.40 ml/mice/day and 9.26ml/mice/day

respectively).

Histopathology analysis
All organs examined were free of pathological lesions, detectable at macroscopic
inspection immediately after the mice were killed. At week 20, hyperkeratosis with

nucleolar reactivity areas in esophagus epithelium, but not in tongue, were more
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pronounced in Zn+DCA diet-treated groups (G1, G2 and G3), without additional effect of
chronic treatment with ethanol or cigarette smoke (Figure 2 and Figure 3).

The number of cells in the stratum overlying the basal layer in area of hyperkeratosis
in esophagus and tongue showed a trend to increase in the treated-groups (G1 to G3 higher
than G5 and G6) than in the non-treated group (G4) that usually showed the stratum with 2
or 3 cells in the esophagus and with 4 or 5 cells in the tongue (Figure 2A and Figure 3A). In
contrast, the overlying stratum in the treated-groups (G1 to G3 groups > G5 and G6 groups)
had averaging 5 to 7 cells in thickness in esophagus and averaging 7 cells in tongue (Figure
2B-F and Figure 3B-F). The Zn'+DCA diet-treated groups (G1 to G3) showed higher
incidence and degree of hyperkeratosis in the esophagus (P = 0.064) and tongue (P= 0,145)
when compared with fed control diet groups (G4 to G6), but it was not statistically
significant (Figure 4 A and B).

Intense and diffuse liver steatosis was observed in the Zn"+DCA diet-treated groups
but more pronounced in the G2 group with ethanol intake (data not shown). This finding
has been described in the liver from Zinc-deficient rats and mice (Dieck et al., 2003, 2005;

Kang et al., 2009).

Cell proliferation analysis and Ciclooxygenase-2 expression

The values of Ki- 67-labeling indexes (Ki-67 L1%) date in the esophageal and tongue
mucosa are shown in the Figure 5 A and B . Ki-67-positive basal cells are easily detected in
the esophagus and tongue sections (Figure 6 and Figure 7). Cell proliferation indexes
showed a trend to increase in the tongue and esophageal epithelium from Zn"+DCA diet-
treated groups (G1 to G3 groups) when compared to the control diet groups (G4 to G6

groups). The 15-week ethanol intake or cigarette smoke exposure did not alter cell
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proliferation indexes in tongue or esophageal epithelium when compared to respective
control groups (G2 and G3 groups vs. G1 group and G5 and G6 group vs. G4 group).

The COX-2 expression was detected in the tongue and esophagus sections by
immunohistochemistry (Figure 8). In general, in the Zn'+DCA diet-treated group (G1)
exhibited a moderate Cox-2 staining in the esophageal epithelium, especially in the basal
cell layer, when compared with the others groups (G2 to G6 groups ) that showed weaker
staining this marker. In the tongue, the COX-2 expression was mainly observed in the
papillae and it was slightly more intense in the Zinc+DCA group (G1) and Zinc
+DCA/ethanol group (G2) when compared with the respective control group (G4 and G5,
respectively). Cigarette smoke exposure did not alter the Cox-2 expression in the tongue
and esophageal epithelium when compared to respective control groups (G3 vs G1 group

and G6 group vs G4 group).
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Discussion

The present study was undertaken to investigate the additional influence of exposure
to cigarette smoke and ethanol 10% intake on the epithelial changes of the esophagus and
tongue induced by dietary deficiency zinc and supplemented with 0.2% deoxycolic acid in
male C57BL/6 mice. The findings this study suggest that the Zn+DCA diet for 20-weeks
trend to increase cell proliferation indexes, incidence of hyperkeratosis and COX-2
expression mainly in the esophageal epithelium. Also, a 15-week cigarette smoke or
ethanol intake period did not exert pronounced additional effects on cell proliferation or
histology from both tongue and esophageal mucosa. These findings indicate that dietary
zinc deficiency supplemented with deoxycolic acid appears to be an important factor of
esophageal aggression and that deleterious effect of ethanol and cigarette smoke could be
detected in a long-term exposure such as 12 months (Maito et al., 2003)

Zinc is an important nutrient that is required as a cofactor for the activity of many
proteins (Sandstaead 1994). Zinc deficiency creates a precancerous condition in the tongue,
esophagus and forestomach by increasing cell proliferation, hyperplasia and hyperkeratosis
(Follis et al., 1996; Fong et al, 2000, 2005; Liu, 2005). Uncontrolled cell proliferation is an
important event observed during experimental and human carcinogenesis induced by
genotoxic and non-genotoxic agents (Cohen and Ellwein, 1990; 1991; Butterworth et al,
1995) and it can be observed at early stages of carcinogenesis in the upper gastrointestinal
tract (Eastwood, 1992).

Dietary zinc deficiency increased the cell proliferation in esophagus epithelium of
male  Spraque-Dawley rats and male C57BL/6 mice treated with N-
nitrosomethylbenzylamine (NMBA) (Fong et al, 1999; Liu et al., 2005). Also, zinc

deficiency led to hyperplasia and increase in cell proliferation in the tongue epithelium of
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male Sprague-Dawley rats and male C57BL/6p+/+ mice initiated with 4-nitroquinoline 1-
oxide (NQO) (Fong et al., 2005). Beside, COX-2 overexpression accompanies hyperplasia
in the tongue and esophagus of zinc-deficient male Sprague-Dawley rats. (Fong et al.,
2005)

Bile acids are normal constituents of gastro-intestinal tract and the concentration of
this, in particular unconjugated bile acids, may cause oxidative stress and DNA damage,
(Bernstein et al., 2005; Guy et al ., 2007). They are implicated in development of gastro-
intestinal cancers by modulating cell signaling pathways, increasing cell proliferation and
apoptosis resistance and overexpression of the enzyme cyclooxygenase-2 in long-term
exposure (Zhang et al. 1998; Glinghammar et al., 2002; Bernstein et al., 2005; Jurek et al.,
2005).

Dietary zinc deficiency associated with 0.2% DCA led to increase in cell proliferation
of basal cells, hyperkeratosis and Barrett's esophagus like lesions in male C57BL/6 mice
(Guy et al., 2007). Here, in the same conditions, dietary zinc deficiency in association with
0.2% DCA mild increased cell proliferation indexes in the esophagus epithelium in male
C57BL/6 mice but without the development of esophagitis and Barrett's esophagus like
lesions as previously described (Guy et al., 2007). In addition, mice fed Zn'+DCA diet
showed a trend to increase the incidence and degree of hyperkeratosis in both tongue and
esophageal epithelium as well as a thickened stratum overlying the basal layer. Our
findings provide that zinc deficiency plus DCA treatment could be associated to a increase
in cell proliferation, suggesting that this may lead to Barrett's esophagus like lesions in a
long-term exposure.

COX-2 is overexpressed in a variety of human premalignant and malignant lesions,

including oral and esophageal cancers (Chan et al.,, 1999; Maaser et al., 2003), with
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potential to increase cell proliferation, inhibit apoptosis and, consequently, increase
metastatic potential (Tsujii et al., 1995, 1997). Fong et al (2005, 2006) have demonstrated
an intensive and abundant expression of COX-2 in the tongue and esophagus of male
Sprague-Dawley rats or p53+/+ mice fed a zinc deficient diet and treated with NQO,
respectively. Recently Taccioli et al (2009) also reported that male Sprague-Dawley rats
fed a zinc deficient diet showed an overexpression of COX-2 in the esophagus. In our
study, Zinc/DAC-treated group exhibited a slightly stronger COX-2 immunoreativity,
contrastingwith a weak and diffuse cytoplasmic staining of Cox-2 in the esophagus mucosa
from control groups. Also, COX-2 staining in the Zinc/Doc diet group was observed in
basal layer cell displaying spatial patterns. In the tongue, the Cox-2 expression was
observed mainly in the papillae areas and it was more intense in the Zinc’'+DCA group and
in the Zinc'+DCA group/ethanol when compared with the respective control diet group.
Chronic ethanol intake is associated with increased risk of upper digestive cancer
development (Blot, 1992; Brown, 2005; Boffeta and Hashibe, 2006). Experimental studies
have shown that ethanol intake increase the incidence of esophageal tumors in male Fischer
344 rats initiated with dietilnitrosamine (DEN) or in male Sprague-Dawley rats in the post-
initiation phase induced by N-nitrosomethylbenzylamine (NMBZA) (Muft et al., 1989; Aze
et al. 1993). Tsutsumi et al (2006) also observed squamous polyps and invasive squamous
cell carcinoma in esophagus of male Fischer 344 rats fed liquid diet containing ethanol and
treated with NMBZA. Sofritti et al (2002) reported the development of tongue tumors in
female/male Sprague-Dawley rats that received ethanol 20% ad libitum for 104 weeks.
Homan et al (1997) and Carrard et al (2004) have demonstrated that chronic ethanol intake
increased the cell proliferation in the tongue epithelium of male Wistar rats and of female

CF-1 mice. However, in our study, the ethanol-treated mice groups showed a trend to
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increase of cell proliferation in the tongue and esophageal epithelium when compared to the
respective control groups. In contrast, the ethanol intake increased the hyperkeratosis
degree in the tongue epithelium. Also, no additional effect of ethanol exposure on cell
proliferation in the esophageal and lingual epithelium was observed in mice fed Zinc
+DCA diet. These findings are in agreement with Homan et al. (1997) and Maito et al
(2003) that have reported that effect of alcohol on cell proliferation in the digestive tract of
rodents are caused by continuous ethanol intake and occur throughout life.

Study in vitro has shown that ethanol exposure induced moderately Cox-2 expression
in the rat gastric mucosal cell line cells (Mustonen et al., 2007). Here, we not observed
difference of the ciclooxygenase-2 expression between the ethanol treated-groups and the
respective control groups. In the tongue, the Cox-2 staining was slightly stronger in the
papillae of ethanol treated group than control group, but without significant difference.

Studies have demonstrated that tobacco smoking contribute to the development of
epithelial cancer of upper digestive tract (IARC 1986; Denissenko et al., 1996; Hecht,
2002) because it contains significant amounts of mutagenic and/or carcinogenic substances
(Lu et al., 1991; Yang et al., 1992; Straiff et al., 2000, Hecht, 1998, 2002). However, there
are few experimental studies that evaluating the effect of sub-chronic tobacco smoke on the
epithelium of esophagus and tongue (Izzotti et al, 1998; Port et al., 2004; Ribeiro et al,
2008), especially on the epithelial cell proliferation. In our study, the cigarette smoke
exposure increased slightly the hyperkeratosis in the tongue and esophageal epithelium
without a notable alteration in cell proliferation indexes. The cigarette smoke exposure for
75 days also not induced histological changes in the tongue epithelium of male Wistar rats
(Ribeiro et al., 2008). D’ Agostini et al. (2001) and Assis et al (2005) also found no effect of

cigarette smoke on the proliferative activity of epithelial cells of tongue in male Sprague-
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Dawley and Wistar rats, respectively. In addition, in our study, the cigarette exposure did
not alter the COX-2 expression in the esophagus and in the tongue.

The tongue and esophageal epithelium from rat and mice have a high degree of
keratinization that possibly provides a relative level of protection when the animals are
exposed to short-term period to aggressive agents (Ribeiro et al, 2005; Orback et al., 2007,
Guy et al., 2007; Carrard et al., 2009). In our study, the cigarette exposure induced a mild
hyperkeratosis degree in both esophagus and tongue, such as the ethanol intake increased
the hyperkeratosis degree in tongue mucosa in Zn-/DAC-treated mice. Thus, a expressive
histological change in tongue and esophagus mucosa will be achieved with a chronic
exposure to cigarette smoke or ethanol intake.

In conclusion, the results of the present study indicate that the Zn'+DCA diet, that
mimic a inadequate zinc intake and contains a bile acid (DCA) associated with GERD and
a high fat diet, is associated with increase in cell proliferation and appears to be a important
factor of aggression to the esophagus and tongue epithelium. Our findings have also
indicated that a short-term exposure to cigarette smoke or ethanol intake did not result in
important adverse effects on the tongue and esophageal mucosa. Thus, we suggest that
studies to evaluate the systemic effects of ethanol intake and tobacco smoking should be

long term to avoid misleading conclusions.
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Table 1 - Nutritional profile from AIN-76A purified diet in the groups-diets.

A —Vitamin mix

Vitamin A, 1U/g 4.0
Vitamin D-3 (added), 1U/g 1.0
Vitamin K (as menadione), ppm 0.50
Thiamin hydrochloride, ppm 6.0
Riboflavin, ppm 6.0
Niacin, ppm 6.0
Pantothenic Acid, ppm 15
Folic Acid, ppm 2.0
Pyridoxine, ppm 5.8
Biotin, ppm 0.2
Vitamim B-12, mcg/kg 10
Choline Chloride, ppm 1,000
Ascorbic acid, ppm 0.0

B- Composition of the Mouse Diets (% or ppm)

DOC/Zinc diet  Standard diet
Sucrose 49.9990 49.9990
Casein — Vitamim Free 20.0000 20.0000
Corn Starch 15.0000 15.0000
Powdered Cellulose 5.0000 5.0000
Corn Ol 5.0000 5.0000
Vitamin mix (see table 1A) 1.000 1.000
DI-Methionine 0.3000 0.3000
Choline Bitartrate 0.2000 0.2000
Ethoxyquin (a preservative) 0.0010 0.0010
Protein 18.4 18.4
Calcium 0.52 0.52
Phosphorus 0.56 0.56
Potassium 0.6 0.36
Magnesium 0.05 0.05
Sodium 0.10 0.10
Chlorine 0.16 0.16
Sodium deoxycolate 0.2 0.0
Iron, ppm 35 35
Manganese, ppm 59 59
Copper, ppm 6.0 6.0
lodine, ppm 0.21 0.21
Chromium, ppm 2.0 2.0
Selenium, ppm 0.11 0.11
Zinc, ppm 0.0 36
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Figure 1 — Experimental Design
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Figure 4 —The mean morphology score based on degree of kyperkeratosis in the
esophagus (A) and tongue (B) was determined for each group of mice. G1: Zn
DCA diet. G2: Zn'DCA diet plus ethanol 10%. G3: Zn'DCA plus cigarette
smoke. G4: Control diet. G5: Control diet plus ethanol 10%. G6: Control diet
plus cigarette smoke.
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Figure 5- Data of Ki-labeling (Ki LI%) in esophageal and lingual epithelial
cells (A and B, respectively) of different experimental groups. G1: Zn'DCA
diet. G2: Zn'DCA diet plus ethanol 10%. G3: Zn'DCA plus cigarette smoke.
G4: Control diet. G5: Control diet plus ethanol 10%. G6: Control diet plus
cigarette smoke.
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