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RESUMO

Alteracdes genéticas e epigenéticas estdo asss@adiesenvolvimento e comportamento do
cancer. A metilacdo do DNA foi associada a divetgmss de neoplasias malignas a partir da
alteracdo da expressdo de diversos genes, enseoetenepl6epknza. Modificagbes no
padrdo da expressdo desse gene podem gerar ateragdchecagem do ciclo celular,
determinando ou potencializando os eventos reladiasm ao cancer. Outro fator atualmente
relacionado a modificagdes no padrao de expressdgedepl6epknea € a infecgdo pelos
virus HPV. Esse presente estudo correlacionou esagegnéticos, epigenéticos e ambientais
em amostras de pacientes portadores de Leucopasa (LB). Foram analisadas possiveis
diferencas relacionadas ao status de metilacaemepd6cpknza, 0 polimorfismo genético do
DNMT3B (C46359T), a infeccdo pelos HPV 16/18 e @ressdo tecidual das proteinas
DNMT1, DNMT3B e P16 nas lesdes de LB (n= 48) e enostras de mucosa bucal normal
(MB) (n = 24), utilizadas como grupo de comparackspécimes parafinados foram
submetidos a cortes histolégicos e processos deacéet do DNA para avaliacbes
morfoldgicas, reacdes de imuno-histoquimica e memgfe PCR-FRLP e PCR-MSP. Os
resultados deste trabalho mostraram que a presEn¢#V 16/18 e a metilacdo do gene
pP16coknea foram associados a LB (p = 0.001). Também foi gd@do um aumento
significativo da expresséo da proteina DNMT1 nggruB (p = 0.001) comparado ao grupo
controle. Entretanto, nem a infeccdo pelo HPV 16M@&m o polimorfismo DNMT3B
(C46359T) associaram-se ao status de metilacaermEpd6eprnza. Da mesma forma, néo foi
observada associagao entre infeccao pelo HPV X polimorfismo DNMT3B (C46359T)
com a expressao tecidual das proteinas DNMT1, DNBA€3P16. Os nosso resultados
sugerem que a infeccado pelo HPV 16/18, a metilalghgenepl6epknoa € @ expressao da

proteina DNMT1 podem estar associadas a géneségnizacao das lesdes de LB.

Palavras-chavd:.eucoplasia bucal. Carcinogenése bucal. Polimodigianético. Metilacao.

Imunoistoquimica. Gengl6. DNMT3B. HPV. Les&o cancerizaveis



ABSTRACT

Genetic and epigenetic alterations are associai#td twe development and behavior of
cancer. DNA methylation was associated with sevigqads of malignancies by altering the
expression of several genes, including gebt@&pknoa. Changes in the expression pattern of
this gene may cause changes in cell cycle checlkeatablishing or empowering the events
related to cancer. Another factor currently linkedchanges in the pattern of gene expression
P16coknea IS infection by the HPV virus. The present studyrelated genetic events,
epigenetic and environmental samples from patiertts oral leukoplakia (OL). We analyzed
possible differences related to the gepScpknea Methylation status of, to DNMT3B
(C46359T) polymorphism, to infection with HPV 16/B8d tissue expression of proteins
DNMT1, DNMT3B and P16 in the lesions of OL (n = 48)d samples of normal oral mucosa
(OM) (n = 24), used as a comparison group. Paraffecimens were subjected to histological
and DNA extraction procedures for morphological,momohistochemical reactions and
reactions FRLP-PCR and MSP-PCR. These results shtivet the presence of HPV 16/18
and pl6cpknza Methylation of the gene were associated with OL=(19.001). Was also
realized a significant increase in DNMT1 proteirpession in the OL group (p = 0.001)
compared to OM. However, neither HPV 16/18, or DNBBT(C46359T) polymorphism were
associated with gen&l6cpknea Methylation status of. Likewise, no associatiors whserved
between HPV 16/18 and DNMT3B (C46359T) polymorphisith the tissue expression of
proteins DNMT1, DNMT3B and P16. Our study suggebket infection with HPV 16/18,
methylation of the genpl6cpknza @and DNMTL protein expression may be associated wit

the genesis and malignant lesions of OL.

Key-words: Oral leukoplakia. Oral carcinogenesien&ic polymorphism. Methylation.

Immunohistochemistrypl16 gene. DNMT3B. HPV. Premalignat lesiosn.
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1 INTRODUGCAO

1.1 Leucoplasia bucal

As primeiras descricdes para o termo leucoplasialasam uma lesédo cuja definicdo ou
descricéo clinica era de uma area esbranquicada asbmucosas da cavidade bucal e que
nao poderia ser removida por raspagem (1,2). Awate; a Organizacdo Mundial da
Saude (OMS) define a leucoplasia bucal (LB) commsea principal lesdo cancerizavel
da boca, apresentado-se como uma placa ou manaheabméo destacavel e que nao

poderia ser diagnosticada como nenhuma outra eegdexifica (2-5).

As leucoplasias podem se apresentar sob variosctaspelinicos de coloracdes
diferenciadas com componentes leucoplasicos (egbigadas), eritoplasicos
(avermelhadas) e leucoeritoplasicos (esbraquicadasermelhadas) (1,4,6). Também
podem ser classificadas em homogéneas ou nao-hosaxsf@). As leucoplasias
homogéneas sdo aquelas que exibem uma superti@imeate branca, de textura lisa ou
verrucosa (7,8). As leucoplasias ndo homogéneassamiam componentes brancos e

eritematosos, podendo apresentar também supartididares ou verrucosas (7,9).

Acredita-se que a LB se origina de reacfes inelpeesido epitélio em resposta a varios
estimulos endégenos e exdgenos (10-12), podendasseciada a uma ampla gama de
agentes fisicos, quimicos e bioldgicos, tais coatbagdo ultravioleta, alcool, fumo, ma

higiene bucal e infec¢des virdticas, além de ajfeea genéticas individuais (4,13,14).

As alteracdes genéticas associadas ao surgimeptogeessao das leucoplasias sédo de
extrema importancia e atualmente tém sido muitadesias. Ja sdo conhecidos alguns
genes que, quando alterados, atuam de forma efatipaocesso de carcinogénese. Dentre
eles encontram-se genes supressores de tumor aoiprogenes que podem atuar nas
diversas fases da carcinogénese como a iniciagétmogao e progressao (15). Geralmente
as primeiras alteracdes genéticas presentes nenaggnese sdo mutacdes e delecoes,

sendo também encontradas alteracdes epigenétitasmetilacdes (16,17).
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Histologicamente as leucoplasias sdo denominagasdeiratoses e classificadas de acordo
com o grau de acometimento celular. Sdo classdgkadmo hiperceratose na auséncia de

atipia celular ou como atipia discreta, moderadagoave na presenca de alteracoes
celulares (18). Dentre as alteracdes celularesnadid®s na LB, estdo o hipercromatismo

nuclear, inversdo e perda de polarizacdo das sélldacamada basal, pleomorfismos,

alteracao de estratificacao e alteracdo na propargéleo/citoplasma (19). Estes variados
graus de displasia epitelial juntamente com estud@sicos-epidemiolégicos foram

capazes de indicar a natureza cancerizavel dasgiasias (4,13,20).

Diversos estudos tém enfatizado o potencial degmakcao da leucoplasia bucal (4,19).
Tal fato foi inicialmente sugerido com base em selacdo direta com carcinomas de
cavidade bucal, nas caracteristicas clinicas d@gs$ee na alta frequéncia de epitélios com
graus de atipia celulares variados. Entretanto, difieuldade estaria em se identificar
quais lesdes teriam um risco potencial de se wamsir em cancer, ja que a avaliacdo dos
parametros citados e sua reproducdo nao puderatizgareom absoluta confiabilidade a
evolucao das lesdes (5,20-22). Um exemplo imparténetrado em um estudo o qual 7%
das biépsias de LB apresentavam carcinomas em algarie da lesdo que ndo seria
selecionada para a biopsia (23).

Marcadores biolégicos tém sido utilizados para rdetear quais leucoplasias bucais
apresentam uma maior probabilidade de transformag@digna. Atualmente sao
conhecidas vaérias alteracdes genéticas associad@sapas iniciais da progressao do
cancer, dentre estas incluem a expressdo aumentadeninuida de oncogenes e genes
supressores tumorais, tais cofBGFR, TP53, Rb, p65, COX-2, p16, CCND1, e PTEN
(24,25).

Estas alteracGes foram associadas com etapagsatisiisn progressao a carcinoma oral (26-
28). Particularmente, alteracbes no gene suprégswmral TP53 representam um evento
importante em estagios iniciais da progresséo,assqque mutacdes no ggrks, um
inibidor da quinase ciclina-dependente (proteinguledora do ciclo celular), séo

consideradas alteracfes tardias durante a progressaral (27,29-33)
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Pesquisas realizadas no campo da biologia molemflatem a grande importancia de se
estabelecer de forma precoce o diagndstico de deméeplasicas, consequentemente,

promovendo melhorias para o tratamento e progrmdts pacientes (30,34).
1.2 GGI’IQ)].GCDKNzA

O gene supressor de tummBepknza, também conhecido comblK4A, CDK41 ou MTSL,

localizado na regido 9p21, é composto por trés £xom quais codificam uma proteina de
15,6 kDa com 158 aminoacidos (33). O gene cod#igaroteina conhecida como P16,
pertencente a uma familia de inibidores de cinatggzendentes de ciclinas (CDC)

responsaveis pelo controle do ciclo celular (33,@5pura 1)

No ciclo celular normal, a P16 possui habilidadegbimica de se ligar ao complexo
ciclina D-CDK4 ou 6, inibindo a fosforilagdo da pRiroteina do retinoblastoma). Com
Isso, tem-se a finalizacdo dos processos do “pdatehecagem” G1-S do ciclo celular
(36,37).

CDK inhibitors
P el bk

COye .
(ohors p21 P27 pS7 Cyclin DK"""/b/,
-\“Y\\b 21 Ors
ot 16 v 27
Y y

Figura 1: Proteina P16 e o ciclo celular.
Fonte: Adaptadode Robbins, 1994 (38).
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No ciclo de divisédo celular, a super-expressao & iRibe a progressao pela fase G1 do
ciclo celular, através da sua ligacdo ao complekiK4€ ou 6/ciclina D. Desse modo,

ocorre o0 bloqueio da atividade quinase da enzig$39,40).

A perda funcional do P16 resulta na proliferagdalaeanormal pela perda da funcao de
checagem do ciclo celular, o que permite que agdaseprogridam, irrestritamente, para a
fase S (26,35,41,42). A inativacdo ou hipoexpresdésse gene pode gerar uma
proliferacdo aberrante e potencializa o processwtal, resultando em rompimento do
controle do ciclo celular, com conseqgliente deseimmehto de tumor, o que esta
associado aos fendmenos carcinogénicos (26,41).

A perda da expressao do P16 esta associada a wagmEnismos, incluindo mutacdes e
delecbes homozigoticas dentro da regido codificaldegene e metilacbes (40). A
hipermetilacéo da regido promotora do gene resualtam silenciamento do gene mediado

epigeneticamente, com consequente repressdo owagéd génica (43,44).

A inativacdo do genpl6cpknea @lém de estar associada a diversos tipos de caneste
achado também tem sido frequentemente reportadasé®s cancerizaveis, sugerindo um

papel precoce importante desse gene no desenvalwirde cancer (26,27,32).

1.3 Metilag&o

As alteracdes epigenéticas sdo modificacdes carvaxtas pela alteracdo na estrutura da
cromatina, porém nao afetam a sequéncia dos nid#est e sdo herdaveis no genoma
durante a divisao celular (45,46). Como néo altesssequéncia do DNA, estas alteracdes

sao reversiveis (28).

A adicdo do radical metil (CH3) em regibes espeaffi do DNA contendo,
predominantemente, citosinas denomina-se metilac&ssa modificacdo epigenética é

responsavel pelo controle da atividade génica 87,4
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Em 1948, foi descoberta a “quinta base” do DNA;radiilcitosina (49). A 5-metilcitosina
€ uma citosina metilada, na qual ocorreu a adigdond grupamento metil a estrutura da
base. Porém, nem toda citosina presente no genodeager metilada. Para que ocorra o
processo de metilacdo € necessario que a citosiega ena sequéncia 5- CG - 3,
conhecido como dinucleotideo CpG (28,43,45,50). disucleotideos CpG estédo
distribuidos heterogeneamente no genoma, sendateados principalmente em regiées

de DNA altamente repetitivo e heterocromatina (28,5

O processo de metilacdo € catalisado por uma fardédi enzimas denominadas DNA-
metiltransferases (DNMT). Para as DNMT transferiram grupamento metil para o
carbono 5 do anel da citosina, € preciso um doddometil, 0 S-adenosilmetionina
(AdoMet) (51-53). A DNMT catalisa a transferéncia ohetil do AdoMet para o DNA

resultando em um DNA metilado e em uma S-adenasitieisteina (AdoHcy), produto do
AdoMet sem o metil (47,54). (Figura 2)

NH
H
Citosina
O
-— DNMT
NH;
CHs
5-metilcitosina '
O

Figura 2: Esquema demonstrando o mecanismo de metilacBiNdo
Fonte: Adaptadode FAZZARI, 2004 (55).



20

1.4 DNA-Metiltransferases

As DNA metiltransferases (DNMTs) sdo um grupo deireas responsaveis pelos eventos
de metilagdo do DNA Atualmente s&o descritos trBAMetiltrasferases identificados
em mamiferos, DNMT1, DNMT2, DNMT3, com suas resp@astisoformas. (56,57).

Os estudos sobre as funcbes das DNMTs apontam quUeNMT1l seria uma
metiltransferase de manutencéo, responsavel pdiagde do DNA a partir de uma fita
molde em células somaticas (58,59). A metilagdmdputencdo € responsavel pela copia
dos padrbes de metilacdo do DNA durante a divighdar, tendo preferéncia por DNA
hemimetilado. Assim, quando uma nova sequéncia €g&rada pela replicacdo do DNA,
um sitio hemimetilado é formado se o CpG da fiteepial estiver metilado, servindo
como substrato para a DNMT1 (57,60-62). (Figura 3)

Metilacdo de Manutencao

’

ATTCGAGGCTACT
TAAG_?TCCGATGA

T

ATTCGAGGCTACT = T

TAAGCTCCGATGA

TAAGCTCCGATGA
ATTCGAGGCTACT

Figura 3: Representacéo esquematica demonstrando o mecatesmetilacdo de manutengdo do DNA.
Fonte: Construgéo pessoal.

A DNMT2 possui um dominio catalitico sem atividaate humano e, consequentemente,

nao apresenta capacidade de metilacao (63).

Os fenbmenos de metilacdo de regides génicas néiladas é denominado metilacde
novo. A metilacdo de novo € o processo pelo qual ocorre a metilacdo de itéd®s
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anteriormente ndo metiladas. Este processo é sadalipelas DNMT3A e DNMT3B, as
quais sdo responsaveis pela adicdo do radical @Gdciosinas do DNA nao-metilado
(64-68). (Figura 4)

Metilacdo De Novo
T
ATTCGAGGCTACT
TAAG_?TCCGATGA
ATTCGAGGCTACT ——
- Sintese de DNA
TAAGCTCCGATGA
2= DNMT3b
TAAGCTCCGATGA
ATT&E_GAGGCTACT

Figura 4: Representacdo esquematica demonstrando o mecastasmetilacaale novo do DNA.
Fonte: Construgéo pessoal.

1.5 Polimorfismo DNMT3B (C46359T)

Polimorfismos genéticos sdo alteragcfes na sequdaddNA que ocorrem em mais de 1%
da populagao, que pode causar ou ndo alteracbespnessao do gene acometido (69).
Neste contexto varios estudos tém demonstrado calel@ T do polimorfismo do gene
DNMT3B (C46359T) esta associado aos processosrecé/0-72).

O gene DNMT3B esta localizado no cromossomo hun2duil.2. E composto por 23
éexons e 22 introns, abrangendo cerca de 47 kb dd @omico. Esse gene exerce um
importante papel no mecanismo da metilagginovo e, também, pode estar envolvido nos
eventos relacionados com a carcinogénese (63,73)faumento na expressao do gene
pode levar a uma modificacdo no padrdo de metilggiiando fendbmenos metilatorios

aberrantes, favorecendo o desenvolvimento de disé¢nsos de cancer (63,73,75,76).
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O gene DNMT3B possui 13 polimorfismos descritos sua regido promotora e
aproximadamente 345 polimorfismos em toda sequé(trg. O polimorfismo de
nucleotideo Unico de transicdo C para T (C46359 yayidao promotora -149bp- em
relacdo ao sitio inicial de transcricdo, conferinm aumento de 30% na atividade
promotora (70,72). Foi postulado que a variantegula o gene DNMT3B, podendo levar
a um aumento de sua expressao e, com isso, resultama predisposi¢céo para metilacoes
de novo aberrantes em ilhas CpG de genes supressoresnie & genes de reparo
(71,78,79). A relacdo entre as variantes polimasfido gene DNMT3B (C46359T) ainda

nao foi estudada em lesdes cancerizaveis.

1.6 Metilacéo e expressao génica

Estudos moleculares demonstram que o maior numeraitdsinas na regiao CpG

intensifica a metilacdo, podendo gerar um estaddige-expressdo ou silenciamento
génico (80). A CpG metilada pode reprimir a traiggm diretamente pela inibicdo de

fatores de transcricdo ligados ao DNA, e tambédiretamente, recrutando proteinas que
ativam a enzima histona deacetilase, responsavepgesuir complexos repressores do
DNA metilado (48,50,52,58,81). Embora as modifies;dlerivadas da metilacdo da
citosina sejam pouco frequentes, elas podem ocasmutacoes (52,68).

O mecanismo preciso pelo qual a metilacdo repritmarscricdo ndo € bem estabelecido.
Algumas teorias sugerem que a metilacao interferggacao de fatores de transcricdo em
sequéncias regulatérias do DNA; outra teoria relamia ao silenciamento génico através
da metilacdo € a modificagdo da estrutura da cinengtuie bloqueia o acesso dos fatores
de transcricdo; outra hipotese seria atraves dedafle de ligacdo do DNA metilado a

proteinas que suprimem a expressao génica (45,88,54,80,82).

O mecanismo de metilagdo pode estar envolvido tamtcausa como na consequéncia do
processo carcinogénico (43). Além disso, a frega@éme metilagcbes ou mutacdes
genéticas variam entre os genes. Essas variac@ismpeesultar em diferentes tipos

tumorais e consequentemente no diagnéstico e pstignd (47,68,83). Além da
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hipermetilacdo, a hipometilagdo também pode estdacionada aos processos de

carcinogénese, através de alteragdes nos mecaridegneapressao génica (26).

Metilacbes vém sendo associadas ao desenvolvingent@nceres através da inativacao
transcricional de genes supressores de tumor paimeente aqueles relacionados com o
controle do ciclo celular (81,82,84). O padréo dailacao ja foi associado a uma grande
variedade de carcinomas incluindo o carcinoma tdéastescamosas de cabeca e pescoco
(46,82,83).

1.7 Papiloma virus humano

Os papilomavirus humanos constituem um grupo deusabNA da familia
Papillomaviridae epiteliotropicos capazes de induzir lesbes de glele mucosa, associado

a etiologia de diversas neoplasias benignas e naali§85,86).

Atualmente sdo conhecidos mais de 200 subtiposediies de HPV sendo que mais de 80
ja foram identificados e classificados em HPV de al baixo risco, de acordo com sua
associacdo a lesdes malignas ou benignos e corhosnalogia na sequéncia de DNA

(85,87,88).

Em boca, pelo menos 25 tipos de HPV ja foram ifleatios e classificados em baixo
risco (HPV: 1, 2, 3, 4, 7, 10, 11, 13, 32, 40, 55, 69, 72) e alto risco (HPV: 16, 18, 31,
33, 35, 45, 52, 58, 59, 73) (89-91).

Varios trabalhos na literatura relataram associagiimfeccéo pelos HPV com neoplasias
malignas. Os virus HPV de alto risco (principalneent subtipo 16 e o 18) tém sido
identificados como fatores etiologicos dos cancdeesérvix uterino, anogenitais e mais

recentemente associados ao CCECP (87-90,92).

Os virus HPV infectam os ceratindcitos na camadallmo epitélio estratificado escamoso

e se replicam exclusivamente no nucleo das cétidasospedeiro. Apesar do mecanismo



24

da expressao génica e replicacao viral ndo serempletamente elucidados, sabe-se que a
expressao inicial de proteinas do virus ocorre stag®s iniciais de diferenciacdo dos
ceratindcitos. Seis proteinas ndo estruturais E21F4, E5, E6 e E7) e duas proteinas do
capsideo (L1 e L2) sao inicialmente transcritasnfieccdo e a interacdo entre algumas
destas proteinas e as células do hospedeiro sfons@seis pela proliferacdo dos
ceratinécitos (93,94). (Figura 5)

L2

L1

Figura 5: Representacéo esquematica do genoma do HPV.
Fonte: Mufioz, et al, 2006 (95).

Os genes virais E6 e E7 codificam proteinas comesnm nome responsaveis pelo
potencial oncogénico do virus. Tais proteinas foetee associadas aos HPVs de alto risco
formam complexos com algumas proteinas celular@ssipalmente as responsaveis pela
supresséo tumoral, o que pode gerar uma inativdgdocomponentes controladores do
ciclo celular, com consequentes transtornos nocienesto celular e nos processos de
reparacdo do DNA, promovendo instabilidade gengtisaimulo de mutacdes e
desenvolvimento de neoplasias (35,86,96,97). Estumlmpontam que a presenca das
oncoproteinas E6 e E7 podem ser capazes de desregexpressdo de varios genes
relacionados com o controle do ciclo-celular, comp®3 e pl6cpknea. Além disso, foi

demonstrado que estas proteinas podem contribufordea relevante para progressao
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maligna através de indugcdo de anormalidades deossntmo levando a instabilidade
gendmica que pode gerar aneuploidia (10,86,87,38%91

Atualmente, tem-se relacionado a presenca dos HP¥ 118 com alteracdes epigenéticas
associadas a carcinogénese bucal. Diversos estpdosam um possivel associacéo entre
a presenca do HPV e transtornos funcionais e gesétiio genepl6cpknea, O que
estabelece uma outra via potencial para a ocomédos fendbmenos neoplasicos
(10,35,86,91,96).

1.8 Carcinogénese

A transformacdo de um tecido normal em maligno é pracesso multifatorial
caracterizado por alteracbes genéticas, epigersétcdenotipicas que culminam na
indiferenciacdo e imortalizacdo celular (10,11). icio (génese) do processo de
cancerizagcdo envolve a ativacdo de vias de sigalizanetabolicas que favorecem o
crescimento celular e as caracteristicas de sa@reld célula (50,98,99).

A literatura retrata a carcinogénese como sendopronesso de multiplas etapas que
culminam na diferenciacdo celular anormal em unidte@eoplasico autbnomo. Estas

etapas podem ser divididas em iniciacdo, promggé@gressao e manifestacao (10,17).

Classicamente a cancerizacao era dividida em ta@m® iniciacado era caracterizada por
lesBes irreversiveis no DNA (mutacdo) induzida pelaosicdo a agentes quimicos, fisicos
ou biolégicos; a promoc¢éo era entendida por umgss lento, reversivel, e associada a
proliferacé@o focal de células iniciadas (100,1@3.agentes promotores eram capazes de
alterar os sinais moleculares envolvidos no coatda proliferacéo celular (16,17,101).
Consecutivamente, a progressao era caracterizagidiologicamente e biologicamente,
por crescimento autbnomo. A etapa de manifestagdestabelece quando as células
adquirem capacidade de invadir e se disseminar @aras tecidos (16). Assim, todos
estes fatores atuam para o favorecimento do delsamento neoplasico e devem ser

considerados para a estimativa de risco para amogénese (10,45,98).
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Atualmente, estudos moleculares para rastreamenfoodsiveis genes que podem estar
envolvidos no processo de carcinogénese vém sehdo d& varias investigacoes
(12,27,28,100). Neste contexto, as alteractes egigas tém ganhado destaque no campo
da etiopatogénese das doencas neoplasicas (48mEeas epigenéticos estdo associados
a alteracOes de expressao génica sem, no entanddjoar a sequéncia dos nucleotideos
do DNA. Por néo alterar a sequéncia do DNA, essadififtacdes podem ser reversiveis
(28,45,47,50,82). Essas caracteristicas fazem ddestéeanismos, alvos atrativos para a

melhor compreenséo dos eventos neoplasicos.

Agentes ambientais, tais como exposicado a radialtéavioleta e a poluentes industriais
(50,102), além de fatores relacionados ao estilwid@, como dieta, habito tabagista e
etilista representam fatores de risco importantesgpdem influenciar nos mecanismos da
carcinogénese (28). Infeccdes virais, enfatizandamloma Virus Humano (HPV), tém
sido associadas a etiopatogénese e risco parasdigos de cancer (43,81). O HPV, virus
associado ao cancer ceérvix uterino, foi associadwém ao cancer pulmonar e ao cancer

de cabeca e pescoco (84,86).

Classicamente, a etiopatogénese do cancer estéionelda a alteracbes genéticas
progressivas, associadas a ruptura dos mecanisenemalizacdo celular relacionados a
carcinogénese (82,103,104).

Vérios estudos tém demonstrado a importancia de gdbcpknea para 0s eventos
relacionados a carcinogénese. Modificacbes no padmdexpresséo protéica desde gene
podem gerar alteracbes na checagem do ciclo celodem consequente instabilidade
cromossomica e mitoses aberrante, determinandoten@alizando os eventos da génese
do cancer (43;101;105). Entretanto, pouco se sabspeito dos mecanismos moleculares
envolvidos no processo de modulacdo da expressacagdopl6eprnea. Atualmente, esta
lacuna na literatura é alvo de varios estudos immlados com a génese e progressao do

cancer.
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2 OBJETIVOS

» linvestigar possiveis associacfes entre a metildoagengl6cpknza, O polimorfismo
do gene DNMT3B (C46359T) e a infec¢do pelo HPV /bt 48 em lesbes de LB.
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3 PRODUTOS

3.1 Increased pl6cpknea Methylation, presence of HPV 16/18 and DNMTL protein
imunolocalization in Bucal Leukoplakia, sera submetido para publicacdo no periddico
Histopathology

O presente produto revela a possivel associac@e anmhetilacdo do genE6epknea € a
infeccdo pelo HPV 16 e/ou 18 na génese e malighweda leucoplasia bucal.
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Abstract:

Since evidence suggest a possible role of metbglat development of neoplasias,
an increasing number of studies using methylatralyses have been published. However
epigenetics unbalance seems to be important incarainogenesis, little is known about
the interaction among epigenetics and the othdectms involved in oral carcinogenesis.

The purpose of the present study was initialljnt@stigate the association between
pP16coknea Methylation and OL. In addition, we tested if HRYI8 ordnmt3b (C46359T)
polymorphism could altepl6cpknea mMethylation status. Finally, we also evaluated
DNMT1, DNMT3B and P16 proteins expression. In orttetest these hypotheses, a case-
control study with 72 lesions was performed.

OL was associated with the presence of HPV 16 cand8 and pl6cpknea
methylation. However, neither HPV16/18 nainmt3b (C46359T) polymorphism
influencedpl6cpknza Methylation. Additionally, HPV16/18 ardhmt3b (C46359T) had no
impact on the immunohistochemical expression of DNIVDNMT3B, and P16CDKN2A.

In addition, we found increased expression of DNMTOL.

In conclusion, OL is associated with pl6CDKN2A genethylation and DNMT1

expression. Howevepl6cpknoa Methylation status is not associated with HPV 86/1

infection ordnmt3b (C46359T) polymorphism.

Key words: DNMT3B,; polymorphism;pl6cpknza; Methylation; head and neck cancer,

oral premalignant lesions.
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Introduction

Oral squamous cell carcinoma (OSCC) is a disessscated with major morbidity
and mortality and represents a major worldwide joubalth problem in many countrigs
* OSCC can be preceded by a group of lesions dewaen potentially malignant
disorders” © Form these, Oral Leukoplakia (OL) is the cladsical lesion associated with
malignant transformation "

It was demonstrated that high risk HPV infectisrsirongly associated with OSCC
1912 On the contrary of cervical cancer, where HPV hasn established as a primary
cause, in oral cavity tobacco is the primary caasd high risk HPV seems to be an
important cofactor for oral carcinogenésis®

The development of OSCC in humans has been vieaged disease involving
progressive genetic alteratidhid’. Recently, evidence make epigenetic an importatep
for this puzzle'® ?2#* The DNA methylation is the addition of methyl ieal to specific
regions of DNA containing, predominantly, cytosinacleotides. It is catalyzed by a
family of enzymes denominated DNA methyltransferdBNMTs)”. DNMT1 is a
maintenance enzyme, and both DNMT3A and DNMT3B m@gponsible for de novo
methylation, which is the establishment of a newthylation pattern®® %" It was
postulated that the variant T dhmt3b (C46359T) genetic polymorphism might promote
increased protein expression, resulting in a ppadigion to aberrant de novo methylation
2830 Moreover, it was demonstrated that DNMT3B expimsss relevant topl6coknea
inactivation in oesophageal canéér’? Additionally, recent studies suggest that highri
HPV infection has an important role in epigenetegulation and could induce the

methylation ofp16cpknza gene® 3 213
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Taken these facts, the purpose of the preseny stad initially to investigate the
association betwegnl6cpknoa Mmethylation and OL. In addition, we tested if HRYIS or
dmt3b (C46359T) polymorphism could alf#6-pkn2a Methylation status. Finally, we also

evaluated DNMT1, DNMT3B and P16 proteins expression

Samples and Methods

Tissue Specimens and Patients

The current study was based on a case-control eBigta and tissue samples of
72 patients were obtained from the Department aitiSey at the Universidade Estadual
of Montes Claros, Minas Gerais, Brazil. The samplese divided in 2 groups: control
group (C) was composed from normal oral mucosads®btained during surgery of oral
mucocele (n= 24 samples; group male-to-female dafio}; group mean age= 32.83 years;
SD 15.78 years; range, 15- 74 years). The studypgwas composed OL lesions (n= 48
samples; group male-to-female ratio = 1.5:1; grougan age=53.90; SD 12.45 years;
range, 33- 93 years). The study was approved byated Ethics Committee (process

number 1133/08).

Morphological Classification

For the purposes of morphological analysis, samplese fixed in formalin,
embedded in paraffin, serially sectioned at 5 umdl, @were stained with hematoxylin and
eosin and evaluated under a conventional light esmwpe. The samples were classified

according to International Classification of Disesai$or Oncology (ICD-10th revision) and
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World Health Organization (WHO) criterf4, and the morphological analysis was carried
out by the same oral pathologist without prior kfenige of the demographic or clinical

characteristics related to the samples.

DNA isolation and Bisulfite Conversion of DNA for Methylation-specific PCR (MSP)

DNA was isolated from ten 10-um-thick tissue sedidrom each tissue block of
the specimens using the DNeasy Tissue Kit (QiaGéatsworth, CA, USA) according to
the manufacturer's protocol. ThE6cpkn2a gENE Methylation profile was evaluated by
methylation-specific (MSP) PCR. DNA samples wersulphite-treated for 3 hours, and
MSP-PCR was performed as previously describednd posteriorly modified®. The
pPl6coknea promoter was defined by two distinct PCR reactiaas methylated or
unmethylated based on fragment sizes of 150 andbfS1respectively. All samples that

presented even one of allele methylated were ceresicas methylated (Figurel).

Dnmt3b Genotypes

Dnmt3b (C46359T) polymorphism was assessed by RFLP (TaAbl&®olymerase
chain reaction for DNMT3B was performed in a totalume of 25 pL containing
approximately 100ng genomic DNA as template, 0.5ofteach primer (20 pmol/uL), 2.5
pL dNTP-mix (25 mM of each, AMRESCO, Ohio, CA, USAR5 uL 10X PCR buffer,
1.25 pL magnesium chloride (50 mM), and 2.5 unft®latinum Tagq DNA polymerase
(Invitrogen Life Technologies, Carlsbad, CA, USA).

The 230-bp PCR product from the DNMT3B gene wasestigd with Binl

restriction endonuclease (Sigma-Aldrich, St. LoM€), USA), that recognize a restriction
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site (C/ICTAGG) in T allele; wild-type C allele laxkhe BInl restriction site. Thus, the
wild-type C allele has only one band (230-bp), whihe polymorphic T allele has two
bands (172 and 58-bp). For that, 10 puL amplifiedADMas digested with 2.5 U of Binl
for 16 h at 37°C. PCR and restriction reactionsewperformed into a termocycler
(Eppendorf AG, Hamburg, Germany) (Figure 1). DNAencing was realized to confirm

the DNMT3B genotyping by PCR-RFLP.

HPV identification

HPV-DNA sequences were first PCR amplified by LW ahen by HPV-16 and
HPV-18. Beta globin gene primers were used as t@nnal control. All primers sequences
were described by Katiyar et HI(Table 1). Polymerase chain reaction was perforimed
total volume of 25 pL containing approximately 18§ genomic DNA as a template, 0.5
puL of each primer (20 pmol/pL), 2.5 pL dNTP-mix (88M of each, AMRESCO, Ohio,
CA, USA), 2.5 pL 10X PCR buffer, 1.25 pL magnesiantoride (50 mM), and 2.5 units
of Platinum Tag DNA polymerase (Invitrogen Life Teologies, Carlsbad, CA, USA)

(Figure 1).

Electrophoresis

The PCR products were verified on a 6.5% polyaonda gel that was

electrophoresed at a constant voltage of 120V faburs and stained with silver nitrate.

Electrophoresis results were estimated againsOebpdadder.



35

Immunohistochemical analyses

Paraffin sections (3 um) were mounted on glassduedi overnight at 37°C. All
sections were then deparaffinised in xylene, retegléhrough a series of alcohol washes
and washed in phosphate-buffered saline. The secti@re incubated with anti-DNMT1,
anti-DNMT3B (diluted 1:250, IMGENEX, CA, USA) or #fP16 clone JC8 (1:500,
SANTA CRUZ, USA) monoclonal antibodies at 4°C f& 1. Endogenous peroxidase was
blocked by incubating the sections with 0.03%®kin ethanol for 30 minutes. For antigen
retrieval, sections were heated in a steam coakes imin at 125°C in Tris-EDTA buffer
(ImM Tris base, 1 mM EDTA solution, 0.05% Tween gH,9.0). Signals were developed
with 3’3-diaminobenzidine-tetrahydrocloride for Sirmand counter-stained with Harris
hematoxylin for 30 sec. Normal mucosa was usedaa#tiye control, and the primary
antibody was replaced with phosphate buffered sdtina negative control. After staining,
tissue sections were scored according to the pexgerof positive cells among the total

cells.

Satistical analysis

The statistical significance of differences betweease and control group
distributions for clinicopathological features, imgation and genotype status was
determined using Fisher or chi-squared tests. $hecation between categorical variables
(HPV infection, methylation and genotype status) anmunostaining was evaluated by
the mann whitney test. The Pearson correlation west used to evaluate correlations
among DNMT3B polymorphism or HPV positivitgl6cpknza Methylation, and expression

of P16, DNMT1 and DNMT3B. In order to test the asation between categorical
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variables p16cpkn2a Methylation statatus, HPV-16 or 18 infection amdit3b (C46359T)
polymorphism) chi square or Fisher's exact testeewsed. Binary logistic regression
models were fitted to assess the association battireevariables and the risk of advanced
histological staging. The associations were expassy odd ratios (ORs) with the
corresponding 95% Cls.

All analyses were assessed using SPSS 17.0 (SRSSChicago, USA) and

statistical significance was set at p<0.05.

Results

The immunoexpression of P16, DNMT1, DNMT3B, togethéth an illustrative
sample positive for HPV16 or 18, or a MSP reactmmmethylatedp16cpknza iS Shown in
the figure 1.

OL lesions presented mop&6¢cpknza Methylation and HPV16 and/or HPV 18 than
control. However, no association was found betwdamt3b (C46359T) polymorphism
and OL (Table 2). Thel6cpknoa Methylation was not influenced by the presence of
HPV16 and/or HPV 18 (p=0.380) or dmt3b (C46359Tlypmwrphism (p=0.15) (data not
shown).

No correlation was found regarding DNMT3B, DNMT1daR16 expression (data
not shown). Neither HPV infection na@mt3b (C46359T) polymorphism influenced the
expression of P16, DNMT1 and DNMT3B (data not shpwiine expression of DNMT1

was higher in OL than control (figure 2).
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Discussion

A large number of studies tried to identify a bgikal marker associated with oral
carcinogenesfs'! 12 18 40-92|n this field, molecular biology has emerged asraportant
toll to identify susceptible groups for diseases®” ** %> For example, it was
demonstrated that loss of heterozygosity couldespansible for a 33 - fold increased risk
of leukoplakia malignant transformatiofi. Recently, epigenetics unbalance has been
emerged as an important cause for carcinogefiesis view of the reversible nature of

epigenetic modifications’” 8

they are attractive targets for therapeutic irdation,
especially for premalignant lesiofts>

In the current study, we demonstrated that Ololesiare associated wipll6cpknoa
methylation. A recent study suggests thicokn2a Mmethylation might be associated with
oral carcinogenesi€. Moreover, evidence suggest tipdBcpknza Methylation may serve
as a useful molecular marker for predicting lo@durrence in carcinoma tongue 51. So
taken these facts, we might speculate gi#pkn2a Methylation is an important for oral
cancerization.

The presence of HPV16 and/or HPV 18 was assocwitbdOL development, but
not with p16cpknza Methylation. However epigenetics unbalance seenhe timportant in
oral carcinogenesis, little is known about theriatdion among epigenetics and the others
cofactors involved in oral carcinogenesis. In tlyetbrere would be no advantage for of
high-risk HPV to downregulate P¥6°. Additionally, the process qfl6conoa aberrant
gene methylation had not begun in E6/E7 immortdlizellS’. On the other hand, studies
using lung SCC samples suggested a possible rdlglfrisk HPV infection in epigenetic

regulation, specifically inp16cpknza Methylatiod™ 33 Taken our previously published

datd" as well as the lack of association among the esfwe of DNMT1, DNMT3B and
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HPV positivity observed in the current study, weuldo speculate thaf*®cPKN2A

methylation and HPV16 and/or HPV 18 infection argortant factors related to the oral
cancerization but, both are independent each other.

The importance of functional genetic polymorphishas been demonstrated in a
vast majority of oral diseas@s>® °%°®! However, the allele T ofinmt3b (C46359T)
polymorphism was not associated with OLp&6cpkn2a Methylation status. No association
was observed amondnmt3b (C46359T) polymorphism and the expression of DNMT1
DMNT3B and P16 proteins. Our study does not suppwat the allele T ofdnmt3b
(C46359T) polymorphism regulates protein expressamnleast in the context of OL
lesions.

An interesting finding observed in the current stuas the increased expression of
DNMT1 protein in OL lesions independently of HPVI® 18 infection ordnmt3b
(C46359T) polymorphism. It was demonstrated thdticion of DNMT1 in a transgenic
mice reduce the tongue cancer progre$éiohese data suggest that the increased

DNMT1 protein expression is associated with OL.

Conclusion

OL is associated with HPV 16/18 infection, DNMT 1peassion ang16cpknea

methylation. Howeverpl6cpknoa Methylation status in OL is not influenced by HPV

16/18 infection odnmt3b (C46359T) polymorphism.
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Figurel: Molecular diagnosis
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Figure 1A- Positive and negative immunostaining samples eflifferent groups.

Figure 1B- - Methylation-specific PCR q§l6¢cpknea gene. ‘M’ (150bp) and ‘U’ (151bp) represent prinsets
specific to methylated and unmethylated DNA, retipely. Samples 1 and 2 contain methylated DNA (M)
indicative of the presenqel6¢cpknoa Mmethylation. Contrariwise, sample 3 showed onlyitp@samplification
for the unmethylated.

Figure 1C- PCR-RFLP for genotyping of DNMT3B (C46359T) polymbism. Lane 1: 100-bp molecular
marker, lanes 2 and 4: CC genotype, lane 3 and gebotype, lane 5 and 6: TT genotype.

Figure-1D: 100-bp molecular marker lane 1 and 3 HPV-16 pasitane 2 and 4: HPV-18 positive (100-bp).
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Figure 2- Expression of DNMT3B, P16 and DNMT1 in OL and natrbucal mucosa.
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Tables

Table |- Primer sequences, PCR product and polymerase araition thermal conditions

Primer sequences PCR References PCR

product (bp) thermal conditions

DNMT3B C46358T  F 5-TGGCTACCAGGTCTCCTTGGCC-3' 230 Own design* 1 x 95°C-5'
, , 35x95°C-1' 68,4°C-1' 729C-1'
R 5-GGTAGCCGGGAACTCCACGG-3 : 1 x 720010
Methylated P16 F 5- TTATTAGAGGGTGGGGCGGATCGC -3 150 Moreira et al., 2009 1x95°C5'
35x95°C-1' 64°C-1'  72°C-I'
R 5'- GACCCCGAACCGCGACCGTA -3' s TAEA
Unmethylated P16 F 5-TTATTAGAGGGTGGGGTGGATTGT-3’ 151 Moreira et al., 2009 1 x 95°C-5'
, , 35x95°C-1' 64°C-1' 72°C-1'
R 5'-CAACCCCAAACCACAACCATAA-3 1 x 799010
F:5-GCMCAGGGWCATAAYAATGG-3' eyene .
L1 consensus primer R 5-CGTCCMAARGGAWACTGATC-3' 2005(51) 35x95°C-1' 58°C-1' 729C-1'
1x72°C-
M=AorC, R=AorG,W=AorT,Y=CorT
F5-AAGGCCAACTAAATGTCA-C-3' . 1 x 95°C-5'
HPV-16 Kgg(y)gr(se;)a' 35x950C-1' 60°C-1' 72°C-1"
R 5-CTGCTTTTATACTAACCGG-3' 1x72C-
F 5-ACCTTAATGAAAAACCACGA-3 . 1x95°C-5'
HPV-18 Kg‘%gr(g)a' 35x95°C-1' 61°C-1' 72°C-1'
R 5-CGTCGTTTAGAGTCGTTC-3' 1x72°C-
F 5-GAAGAGCCAAGGACAGGTAC-3' . 1 x 95°C-5'
Bglobin Kgg{)g’(éelt)a' 35X 95°C-1' 619C-1’ 729C-1"
R 5-CCAACTTCATCCACGTTACACC-3' 1x72°C

* It was designed based on the GenBank referencpiesee (accession n°.NG_007290), using the softwamnhyb”
(http://annhyb.free.fr) and Blast (www.ncbi.nim.rgbv/blast).

Table Il - Molecular features in Bucal Leukoplakia and norimatal mucosa

Leukoplakia Bucal Mucosa  p value

Negative 12 25.0% 19 79.2%
HPV 16 or 18 positive 36 75.0% c 20.8% 0.001
methylated 42 87.5% 2 8.3%
P1Ocornzastatus R 12.5% 22 91.7% 0.001
cC 15 31.3% 13 54.2% '
DNMT3B (C46359T) CTAT 33 68.8% 11 45.8% 0.053

In bold: significanip-value<0.05,* Analyzed by X test.
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4 CONSIDERACOES FINAIS

Estudos apontam que a carcinogénese bucal € uraspmenultifatorial, caracterizado por
alteracdes genéticas, epigenéticas e ambientasdd de forma sinérgica, culminando no
estado celular maligno. Entretanto, as vias palassgestes fatores atuam, ainda ndo séo bem

compreendidas.

Desta forma, o presente estudo buscou investiganflaéncia dos fatores genéticos,
epigenéticos e ambientais em de pacientes poraddee CCECP e LB analisados

separadamente.

Assim o presente trabalho sugere que o polimorfiBINMT3B (C46359T) ou metilagdo do
gene pl6epknea, analisados separadamente, sao fatores relevassesiados a diferentes
parametros clinicos em pacientes portadores de €CEGando categorizados pela idade, e
sugere também, que a metilacdo do gHiiepknoa € a expressao da proteina DNMT1 podem
estar associadas ao desenvolvimento da LB e sarssivpis fatores relacionados a génese e
malignizacdo das LB.

Tendo em vista a complexidade dos processos cgénimos e a necessidade de um maior
entendimento dos mecanismos envolvidos na caromesgée na progressdo neoplasica
maligna de cabeca e pescoco, mais estudos saocsaegsspara melhor compreensao da
etiopatogénese dos eventos neoplasicos malignos.
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Introd ection

Heod and neck squamous cell corcinoma (HNSCC) is the
sinth most common type of cancer and represents: 350,000
cuncer deaths worldwide every vear (1,2). It includes malign
epithelinl neoplasms that arise in the paranasal sinuses,
nasal cavity, oral cavity, pharvnx, and lorynx (3). In Bral,
considering only oral cavity, the estimate for 2004 s 10300
new cases of squamous cell carcinoma according to the
MNational Institule of Cancer (INCA) (4). HNSCOC has been
regurded a5 a disease that generally affects men between the
sixth through the eighth decades of life followng long-term
expasure to smoking ind aleohol ntake (5). However, un
incrense i the incidence of head and neck cancer among
younger patients under the age of 45 vears has been reported
worldwide (6-12). Evidence sugpgests thit carcinogenesis
in young adults have a distinct mechansm of disease and
often is not associated with clussic risk factons for HNSCC
(6-10.12). Dnfferences 1n prognoses were observed m HNSCC
patients according to age (13). Classically, the development aff
cuncer i human has been viewed s o disease related 1o
progressive genetic alterations (14-16). Recently, evidence
miicates that not only genetic factors but also epigenetic
modificutions wre stmilarly relevant in carcinogenesis { 17,18).
In contrast to genetic alterations, epigenetic modifications are
reversible (1920}, This feature makes them attractive largets
for therupeutic intervention (21.22).

The DNA methvlation is the addition of methyl radicals
o specific regions of DNA confainng, predominantly, evto-
sing nucleotides. It s catalyzed by o family of enzymes
denominated DNA methylransferase (DNMTs), including
three cotalvtically active enzymes - DNMTI1. DNMT3 and
DMMT3b. Although these enzvmes act cooperatively w
estublish a pattem of genomic methylation, specific functions
are perfomed by DNMTy. DNMTI is an engyme of mamle-
nance, while DNMT 32 and DNMT3b are responsible for
the establishment of o new methylation poattern, known as
de move methy lation (23.24). In addition 10 an tmportant role
in controlling pene activity, embryonic development, genomic
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vmprimting (25}, methylaton has been assocmted with the
development of concer by transeriptiomal mactivation of tumaor
suppressor genes (17.25). The pattern of methyvlotion hog
been linked to several cancer tvpes, such as lung (17), aral
(26} and head and neck cancer (27). Hypermethylation as
well as hypomethylation can promive the development of
the carcmogenesis (28). Genetic polyvmorphisms of the
DMNMT3b gene were described and it s associated with
susceptibility of o variety of concers {29-34), includng head
and neck squamous cell carcinoma (35-37). Genetic poly-
morphism of DNMT3b was described in the -149 position
(C46359T). It was postulated that the variant T maght repulate
this gene, promoding un incretse i ils expression, md resulting
in 4 predisposition to ebermnt de nove methy lation of wmor
suppressor genes ind epair genes (3840,

The pl6COKN2A i o lumiar suppressor gene thal encodes
1 cvelin-dependent Kinnse inhibitor which plays an important
role in the regulation of the G U/S phase cell evele checkpoint .
The mactivation of this gene wis observed in many tumor
types (41-45). P16 proten can be inactivated by point
mutation, hemoaygous deletion and methylation of the
promoter region ($#6.47). Although increased expression of
DNMT3B gene is associated with P16 mactivation in
esophieeal and himg concer (48.49), their role in HNSCC hos
nil been established. We hypothesized that the poly-
morphism of DNMT3B (C46359T) could promote high
levels of DNMT3B expression mnd induce consequently
pleCDEN2A methylation. Furthermore, we attempted to
verilv whether this possible association i dependent on age
and has impact on patient survival.

Patlents and methods

Patients. The present mnalysis was based on a case-contml
study design. The patients were mecruited from dotashases of the
head and neck surgery services i Montes Clires, Bragil fom
1996 through 2007 (6). The study group included 75 patients
with HNSCOC consisting of o case pmup of 25 patients aged
=45 years (young) and a control group of 50 patients aged
=45 vears (older patients), that were matched for TMN stagimg,
smoking and alcohal mtake. Young and older patients wens
from the same peographical area.

Clinical dara. The mean age was 421 years (8D 3.17 vears;
runge, 3345 years) for voung and 62.2 veoars (5D 8.0 vears;
range, 49-82 years ) for older patients with HNSSC. Physical
description of skin color was nol used becouse, in Braeil, it i
w poor predictor of genomic ancestry (5051]. The study was
approved by the local Ethics Committee (process no. 1085).
Informution on e, sex, tobacco smoking, aleohol drimking,
medical history , fanu ly cancer history | tumor site, TNM climcal
stuging, and survivel wen: obtumed from medical charts.

All patients were staged according to the UICC THM
Clessification of Malignant Tumors { 1997 (52). Lesims of
HNSCOC were classified according o the primary site as
described in the Intemational Classification of Diseoses
(ICD-10) for Oncology. The anatomacal sites reviewed in this
study included: i) 28 (37 3%) mouth and periorel region
(CO0, CO1, CO2, C04, CO5, QD6.0, CO6.2Y; i) 22 (293%)
oropharyny (COSC 10} of the patients; und i) hypopharyna-

laryna 25 (234%) (C12, C13, C32). Lesions locaied in the
aral cavity were considemsd as the anlerior proup and those
located in the oropharyna-hypopharyny-loryny s the posterior
group. Patients with dingnosis of caocinoma i sim or moul tiple
head snd neck cammomas were excluded. All patients were
wsked ghout the occurrence of cuncer in a frst depres relative.
The term cancer was defired wing the WHO defimtion of
‘an meontrilled growth and spread of cells thot may affect
almost any tissue of the body .

Histological gradation. Histological sections of tisgues
were stamned with hematoxyhin-eosn and evaluated under
conventional light microscopy . All patients had histologically
cmfirmed syuamouws cell carcimoma of hewd md neck. Histo-
pathological elass fication of the tumors as moderate, or poorly
diffementioted was based on the World Health Organizstion
criteria (WHO . 1997) (53) and mvasive fromt ares was also
evalunted a8 described elsewhere (54).

ONA fzodation and bismuliite conversion of ONA for metinlation-
specic PCR (MSEP)L DN A was molsted from ten 10-pem-thick
tissie sectons from each tissoe block of HNSCC specimens,
using the DMeasy Tissue Kit (Qiagen. Chatsworth, CA)
wocording (o the munufacturer's protocol. The pf6CIFAN2A
gene methylation profile was evaluated through methylation-
specific PCR (MSF), DNA samples were bissulfite-treated
fior 3 h amd MSP-PCR was perfommed o8 described (55) and
posteriorly modified (56). Pimer sequences, PCR product
and polymerase chain o ton thermal conditions for defining
methylation status am presented in Table 1. The plaCDEN2A
promoter methylation status for methylited or unmethy Lited
reactions was identified by o fragment of 150 and 157 bp
respectively (Fig. 1).

ONMT2R genotyping. DNMT3B (C46359T) polymorphism
s asde shed by RFLP (Table 1), Polvmemse chiin reaction
for DNMT3B was performed in 2 totel volume of 25 ul
contuining ~100 ng penomic DN A a5 templide, 05 ul of ench
primer (20 pmaolipl), 25 pl dNTP-mix (25 mM of each,
Ammesco, Ohio, CA, USA), 2.5 pl 10X PCR buffer, 1.25 pl
magnesium chloride (50 mb), and 2.5 U of Pluinum Tag
DMA polymerase (Invitrogen Life Technologies, Carlsbad,
CA, USA).

The 230-bp PCR product from the DMNMT3B pene was
dige sted with Bln 1 restriction endonuclease (Sigma-Aldrich,
St. Lows, MO, USA), that recognizes a restriction sile
GCTAGGY in T allele: wild-type C allele lacks the Binl
restriction site. The wild-type C allele has only one band
(230-bp), while the polymorphic T allele hos two bands (172
and 58-bp). Thus, 10 gl amplified DNA wis digested with
25U of Binl for 16h ot 37°C. PCR and resiriction reactions
werne performed into a termocycler (Eppendorl AG,
Hamburg, Germany ) (Fig. 1). DNA sequencing was real ized
toeonfirm the DNMT3B genotyping by PCR-RFLP.

Electrophoresis. The PCR products for methy lation and
digested fragments were verified on 6 5% polyacrylomide
pel electrophoresis at 120 'V of constant voltage for 1.5 h
and steined with silver mirate. Electrophoresis results were
estirmufed regarding a 100-bp ladder.
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Table L Prnmer sequences, PCR product and polymemse cham maction thermal condions.

Primer sequences PCR Refs. PCR
product thermal conditions
{bp)
13857 C-5
DNMT3B C46358T FS-TGGCTACCAGGTCTOCTTGGOC-3 230 Own desin® 35095°C-1"68 4°C-1" T2°C-1"
R S-GOGTAGOOGGGAACTCCACGG-3' 1x72°C-10
Methyluled pla ES-TTATTAGAGGGTGGGGCGGATCGC-Y 150 {56) 1x957C-5
FSO5C-1'6T -1 T
RS-GACCOCGA ACCGCGACCGTA-Y 1727 C-1
Unmethvlated pits FS-TTATTAGAGGGTGGGGTGGATTGT-Y 151 (56) 13857 C-58
ISO5C-1' B4 C-1" T2C-1
RE-CAACCCCAAACCACAACCATAA-S 172" C-10r

“Designod based on the GenBank reference sequence (accession no. NG 007X, using the softwam ' Annhyb® (http://annhyb free fr) and

Blast { www.nehinlomonih. govhlast)

1
IM LJIIH LJIM a

Eﬂbpuu_ il 161 b

00 bp st

Fgire 1, {A) Methyltion- spedlic PCR of pl6 gene. ‘M {150 bp) and “U° (151 bp) regresent pramer sets gecilic bo methylsted and mmethy leied DNA,
respectively. Samples 2 and 3 contmin methy lsted DA (M) indicstive of the presence p 46 medhylation. Sample 4 shows the unmedhylaied datinl of pié pene
hecatise of absence of methyladesd reaction (M), Lane 1, 100-bp moleculsr meker, { B) PCR-RFLP for genotyping of DNMT3E (C86359T) polymerphiim,
Lane 1, 100-bp moleculsr marker; lemed 2 el 4, 00 pnotype; lemes 3 md 7, CT genotype; bnes 5 sl 6, TT genatype. (7) Posiive mmmunmstsinng of
DNMTIE, magm fostion L8000, (D) Neistive immunstsbinng of DNMTIB, memilicstion w400,

Immumnoirs tochemical analyses. Paraffm sections (3um) werne
mevinted on glass, and dried ovemight at 37°C. All sectwns
wiere then depamffiniasd in avlene, rehydnted through o senes
of lechol, and washed in phosphate-buffered saline. Anti-
DNM T3 monoclonal antibady (diluted 1:250, IMGENEX,
CA, USA) was used as the primary antthody amd the incubation
tirne: was 18 h w1 4'C. Endogenows pemxidase was blocked by
fncubation with (03% Hi, in ethemol for 30 mm. For antigen
retrieval, sections were heated in o steam oooker fillsd for

5 min at 125°C in Tris-EDTA bufer (1 mM Tris base, | mM
EDTA solutien, 0.05% Tween-20, pH 901, Signals were
developed with 35-diminobenaidine-tetruhydrocloridre
for 5 min and counter-stamed with Harrs hemaosyvin for
30 sec. Mormal mucoss was osed a8 positive control and, for
negative control, the primary antibody was replaced with
phosphate-buffersd saline. After staming, Lissue sectiom wene
scored acconding 1o the percentage of positive cells among
the neoplastic cells.
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Table I1. pf6 methylation ind their association with molecular and climicopathol ogical features incase and contral HNSCC.

Al patients (%) Younger patients (%) Older patients (%)
i methy lution stutus pl 6 methy lation status ple methy lation status
W urinbles Positive Megative Positive Mepative Positive MNepative
Ape
Younger 17 (68) B33
Older 42 (B4) Bi(la)
pvalue 00
Gender
Male 53 (B9.E) 11(68.7) 16 (%4 1) 05 (625} 37 (BB.1) 06{75.0)
Female 06 {10.2) 05{313) 01 (59) 03{375) 05{11.9 02(25.0)
pvalue 0035 0044 0328
Family history of any cancer
Absenl 26 (492} 10(62.5) 05 (29.4) 06{75.0) 24 (57.1) 04 {50.0)
Present 30 (5D.E) 06(375) 12 {706} 02{250) 18 42.9 05 {50.0)
pvalue 0343 0032 0709
Smoking status
Smokers 4779.7) 13(813) 14 (R2.4} 07 (B75) 33(78.6) 06 (75.0)
Mon-smokers 0 (0.0 03 {187} 0 0.0y 01{125) 0 (00 02(25.0)
Ex-smaokers 12203} 0 {0.0) 03 {17 .6} 0 (00) 09214 0 (0.0
pvalue 0001 0169 0002
Aleohol consumption
Drimkers 37627 07 (438) 12 {706} 03{375) 25 (59.5) 04 {50.0)
Mon-drinkers 03 (5.1) 02{124) 0t (59 01{125} 02 (4.8 01125}
Ex-drinkers 19 (322} 07 (43.8) M {23 5) 04 (5000 15357 03(37.5)
pvalue 0318 0289 067
Anatomic siles
Anlerior 19 (32.2% 09 {56:2) M (235} 05 {62.5) 15350 04 {50003
Posterior 19 (32.2% 03 {188) 13 {R1.3} 03 {188} 27 (B7.1) 04129}
pvalue 0.17% 0075 0351
THM climical stage
m 06 {102} 03 {188) 02 {118} 01(12.5) M (95) 02 (250}
111 44 53 (RO.R} 13(81.2) 15 {RB.2} ¥7 (R7.5) 3R 90.5) 06 (750}
pvalue 0349 0958 0.217
Tumaor stee
TUT2 13 {22.0) 017 [(438) M (235} 04 (50.0) 09 21.4) 03 {375}
T3IT4 46 (78.0) 09 {56:2) 13 {765} 04 (50.0) 3786 05 {625}
pvalue 0.081 0186 0329
Locoregional met istasis
Absent 21 (35.6) 06(375) 05 (29.4) 03 (375) 16 (38.1) 03 {375}
Present 38 (60.4) 10 (62.5) 12 (0.6} 05 {62.5) 26 (61.9) 05 (62.5)
pvalie (.588 0.686 0.975
WHO grade
i 17 {288} 02{125) 02 {11.8} 02 {250) 15350 0 {00y
il 18 {30.5) 06(37.5) 09 (529} 03 (375) 09 21.4) 03 {375}
1] 24 407y 08 (50.0) 6 (353} 03 (375) 18 (42.9) 05 (62.5)
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Tahle . Comtinued.
All patients (%) Younger patients (%) Older patients (%)
pd s methylation status plé methylation status pié methylation status

Varnthles Pusitive Megative Positive Mesative Positive Megative
Invasive fromt grade

Score 4-8 05 (85 LU (1143 01 (59) 0 {00 4 (9.5) (0

Score > 54915 16 { 100.0) 16 (%4.1) 08 (100,07 38 @0.5) 08 (100.0)
p-value (1288 0489 0363
DNMT3E penotype

cC 10(16.9) 03 (18.8) 03 (17.6) 2 (350 07 (16.7) 01 (12.5)
CT 41(69.5) 11 (68.8) 11 (64.8) 06 (7500 300714 05 (62.5)
TT 8136 02 (12.5) 03 (17.6) 0 {0 05 (11.9) | 250
p-value 0953 0.440 0615

Allele frequency

C allele S1{E6.4) 14 (875} 14 (82.4) 08 (100,07 37 BE.1) 06 (750}
T allels (1536 02 (12.5) 03 (17.6) 0 {00 05 (11.9) 0 250)
p-value 092 0.296 0310
DMMTIB mmunohistochemistry®

Mean rank of pasitivity R 1) 289 12.81 1014 2531 X44
p-value (133 0.3E4 0368

In bold. significant p-value <0.05. “Analyzed by Knskal-Wallis test, the other analy7es were done msing the 7 test.

Statistical analvsiz. Statistical significance of differences
between case wnd control group distributions for alleles,
genotypes, methyvlation status, mmumohi stochenical analysis
ol clmcopathological featumes was determumed usmyg Fisher
or 3 ledts, The possble association betwesn genotypes und
DNMT3IB immunostaining wos evaluated by Kruskal-Wallis
=

Time to survival was caleulated from date of didgnesis o
time of st fllow-up visit or 1o Gme of death. The records of
each patient wen reviewed, considering the sume parameters
for 0-2500 days. All deaths were caused by locoregional
and/or metnstatic disense. For the purposes of analysis,
patients who died without evidence of recurrence were
excluded. Time survival was displayed by means of the
Kaplan-Meier method for the variables. The results of
Kaplin-Meier were compared by the log-rank test. Varinbles
with p=(.25 sdditiona] to age, ploCDEKN2ZA methylation
status, DNMT3IB genotypes and immunostaining were
included in the Cox proportional haesrds multiven ate model.
Cuateporical variables considersd a8 referents were those
wssoctated with less osk of death m sceordance with the
liternture. ALl smalyses were wssemed wsing SPSS 170 (5P55
Inc., Chicagn) and stutistical significance wis set of p<).05.

Results

Aszociation of plOCDEN2A promoter methylation, DNMT3b
poiymorphism and clinicopathelogical parameters of HNSSC

patients. The frequency distributions of pI6CDEN2A promoler
methylation scoording 10 age, molecular features and climco-
pathologicel parameters are summarized i Toble I No
associalion between pl6CDEN2A methylation and age
wiy observed In young putients we identified a significant
association between ploCDEKN2A methylation with the
presence of family history of cancer and male pender. On
the ather hand, in the older patients, pl6 methylation was
significantly mereased regarding the presence of smokmg
habit . Considerng all patients, p16 methylation was increnssd
in mule amd smoker subpects (Table 1), Differences in pender
hahbits were observed secording to age. In voung patients, no
differences of tobaceo addiction and pemder were observed
{(p=0.072). However, comsidering all patients together or
only older patients, the male pender was associated with
the presence of tohaceo habil when compared with women
{p=0.001} (dats not shown). No relation between DNMTIB
mmrumostaining and pl6CDE N2A methy lation was observed.

Tahle OI presents the distribution of maleculer and clinico-
pathological parameters grouped by age and DNMT3IBE
vartants. No assoctation bet ween chnicopathological para-
melers and the polymorphic variables were observed m
voung patients. The T allele of DNMT3B genotype was
significantly associsted with advanced TNM staging and
tumirr stz m the older patents.: Considerme all samples, the
distribution of allele T was increased in the THTS tumors.
Mo relation between palymaorphic vanants of DNMT3B gene
and pl6CDEN2A promoter methylation was observed.
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Table TN DNMT3E genotype and their association with plé methylation and climeopathological features m case and control
HNSCCs.

All patients (%) Younger putients (%) Older patients (%)

WVartables oC CT T oC cT T oc T T

Age
Young 05 200 17 (6807 03 (124)
Older 0B (16.0) 35¢70,0) OF (1400
p-val ue 08949

Grender
Male 11 (B4.6) 45(B65) 08 (BD0) 05 (1000) 13 (765) 03 (1000) 06(75.0) 32¢914) 05(714)
Female 02(154) O7(135) 02¢200) © (00) (35 0 (0D N2(2540) B E6) 02(286)
p-value 0864 0326 0235

Family history of

any caneer
Absent 05 385 28(538) Oa(E00) O (2A00) OB (47.1) 020667 O4(500) 20(57.1) O04(57.1)
Present 0B 615 24¢462) 04 (4000 04 (800) 09(529) 013335 045000 15(429) 03(429)
pvirl e 0527 (1395 0933

Smoking st ws
Smokers OB (6150 43(82.7) 09(90.0) 05(1000) 13(76.5) 03(1000) 03 (375) 30(857) 0(6(B5T)
Non-smirke s 01 (7.7 02 (38) 0 @ 0 Oy 0 (59 O {00 01125 M 29 0 (0
Ex-smoken 04 308 O070135) (0 00 0301760 0 (00 0401500 4(014) 01(143)
p-val e 0437 (1692 0054

Aleohol comsumption
Drinkers 05 385 30(57.7) 09090.0) 02 (4000 I0(58.8) 0310001 03 (375) 20(57.1) 06(857)
Non-drinkers o a0 o4 37 0 00 0 00 02(118) O (00) 01125 02 3T7) 0 (00
Ex-drinkers 07 (53.8) 184346) 01(000) 03 (600) 05(294) O (00) O4(500) 13(37.1) 01(143)
pvied e 0.165 0367 0425

Analonic Siles
Anterior 06214 204714) 02 (7.1) 02 (400) (6(352) 01 (333) 04 (5000 140400) 01(143)
Posterior 07 (149 32(681) 08 (1700 (B (IB8) 11(68.8) 02 (125) D4(129) 20(677) (6H(194)
p-vitl ue 0418 0976 0330

THM clinical stage
1 0323.1) 05 (96) 01(100) O (00 03(176) O (00 03(335) M (37) 01(143)
mav 10765 470904) 09(900) 05 (1000) 14 (824) 03 (1000) 05(625) 33 (%43) 06(8LT)
p-value (k401 (1448 0043

Tumor spee
TI/T2 07 (53.8) 120231) 01 (10 O (200) 07(41.2) O (O0) 06(75.0) 05(143) 01(143)
T3T4 06 462 40(760) 09(90.0) 04 (80.0) 10(58.8) 03(1000) 02(25.0) 30(85.7) 06(B5T)
pvirl e 0036 0301 0.001

Locoregional

metustasis
Absent 06 46.2) 1R(346) 03 (300 012000 OF(412) O (00 05(62.5) 10(314) 03429
Present 07 (53.8) 340654) 07 (0 04 (8000 10(38.8) 05 (10007 03 (375 2 (686) 04(57.1)

pval e 0577 (1301 0253
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Tahle OI. Contimued.
All putients (%) Younger patients (%) Older patients (%)

Variahles cC cT ™ cC CcT T L cTr T
WHO grude

1 M2I54) 140269 03 (3000 02 (00 02(118) 0O (@0 O (M 12(343) 03 (429
] 07 (538) 1402685 13 (3000 03 (6D OF (41.1) 02 (667) O5¢400) 072000 O (14.32)
Il 4 (308) 2404620 04 (4000 O (00 OB (47.1) 01 (333) 05¢40) 16(457) 03 (429)
p-value 0461 0250 0214

Invasive front
prade

Scom 4-8 M 7708 07 0 0D 0 00 0 (59 0 (00) 01(125) 03 (86) 0 {00)
Scom »8 12 (923) 480923 1001000) 05 (1000 16 (94.1) O3 (1000) (7 (875) 32{914) OF (100.0)
pvalue 0.662 0783 0.656
pl& methylation
stalus

Fositi ve 10 {76.9) 41(76.6) 08 (BR.O) 03 (6OM 11 (647) O3(1000) O7(E75) 30(BST) 08 (714
MNegtive B(3E1) 121 2 (00 02 @00 06(353) 0 (00) 01(125) 05(143) 02 (286)
pvalue 0983 0440 0615

DMNTIE immuno-

histochemistry®

Mean rank of 214 s 3585 145 1191 93 1364 2625 Xnf6
positivity

pvalue 0472 0584 0.084

In baold. zignificant p-value <005, *Anslyzed by Kreskal-Wallis et the other analyzes were done using the §* st

Moreover. neither polymorphic varigbles nor clinicopatho-
logical parameters showed associstion with immunosspression
af DNMT3B.

Molecuiar results and mrvival of SHNSSC patients. The mean
ovenll survival of patients w3021 5 days afler the disgnosis.
Factors which impected in survivel were differently distributed
amomg the groups. In young patients no factor was assoc iated
with death, Considermg both proups together, only TNM
staging mmpacted on survival. However, in older patients, not
only TWM staging but also the absence of pleCDKN2ZA
promuter methylation showed a negative impact on survival
{Table TV ).

Dhiscussion

The determinants of DNMT expression m human tissues
have not been clearly defimed. Recently, the role of apeing
m DMA methylation was reported i Gver cells (57). On the
other hund, methylation of fumor suppressor genes, such s
pl6, has been associated with HNSCC development
(48.58,52). In the present siudy we hypothesized that
DENMTIB C46359T polymomphism may be associated with
DMNMTIB immuno-expression and pl 8CDEN2A methylation.

In addition, we tested if these parameters are related (o the
clinical stage. family history or the prognosis of HNSOC in
young and older patients matched by the THM staging,
smoking and alheohal intake.

We observed that the frequency of pl6 methylation in
young patients wis nol dif ferent from older patients with
HNSCC and we noted that this epigenetic alleration was
present inmost of the samples of both groups (76% ). Teken
together, the dity indicate that pl6 methylation @& o commaon
event in HNSCC development. Our data showed also tha
P16 methylution in young patients was tssociated with family
history of cancer. However, there are some limitations that
should be regurded. The high presence of subpects with family
history of cancer in the young patients group could be o
confounding Tactor. Therefore, a larger scale study is needed
to confirm these data. Although we found association
between plé methylation in voung patients and male gender,
the limited number of patients of female pender indicutes that
the datn must be anulyeed cautiously.

We observed thul pleCDEN2A methylation i older
patients was significantly associated with smoking habit.
Smaoking i &n importent factor associoted with the methy ation
of penes related to concer (539601, T-methylpuinime (m7Gua)
it & bivmarker of methvlating agents present n tobaceo (61).
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Table I'V. Cox regression analyses in the HNSCC patients with o follow-up of 02500 daysy.

All patients Young patient s Cilder patients
95.0% Cl 95.0% (1 950 Ol
W arighles pyalue  OR Lower Upper pvalue OR Lower Upper povalue OR Lower Upper
Ape
=45 years Referent - - - - - - - -
=45 years 0115 1822 0OR64 3844 - - - - - - - -
P16 methylaton
Positive Referent Befernt Referent
Negative 0274 1482 0733 2996 ONBE 0268 005 1217 0001 7832 2796 21.940
DNMT3B
gonotype
CC Referent Refernt Referent
T 0822 1110 0449 2744 0438 1991 0350 11336 0973 0980 0297 3233
T 0871 1086 0362 3318 0327 0286 0023 349 O824 L1168 0297 4595
TMN
Early Referent Refemnt Referent
Late 002% 5022 1175 21470 (OS85 Ma 0011 849 0011 RB449 1622 H015
DNMT3IB immuna- 0753 1141 0501 2597 0583 0666 005 288 0079 2623 08M 769

histoche mistry

In bold, significant p-valme <0.05. The term referent is associaied with cateponrical vanables with a lower risk of developing the disease NA

maot applicable.

Recent reviews observed that age and cigarette smoking
were positively correluted with the urmary m7Gua level (62),
The urmary excretion of m7Gus was shown to be higher in
smokers thun m non-smokers (63). Furthermore, the m7Gun
level in humaen urine decressed after smoking cessation (64
It 15 important to highlght that, in the present siudy, no
pleCDEN2A methylation was observed in non-smokers.
Themfome, our study gives additiomal suppon that both smoking
und apging are important factons ovolved in DNA methyl ation.

In recent vears, several studies have demonstrated that
genetic polymophisms are associsted with susceptibility 1o,
or protection from, cancer development (36.65.66). Until
now. 13 polyvmorphisms were described in the coding
region of gene DNMT3B according NCBI dambase, but
the association between these penetic varmtions amd cencer
prognosis remains unclear. Polymorphisms may alter gene
tmnscription andfor protem synthesis ind funchion. Recently,
un imcreased risk of HNSCC development was demomstrated
with the T allele of DNMT3HE -149 polymomphism m oral
cavity, pharyne and larvo but not in nisopharynx (36). In the
present study we attempted o verify the possible association
between this polymorphism and early HNSCC development.
We did not observe association between DNMTIB poly-
morphie varmnt and age. but in the older patients group we
found association between the higher DNMT3B genotype
{allele T with in sdvanced TNM stagmg . Although this

fimling sugpests that polyvmomphisms might influence cancer
progression, it will take o long fime 0 prove this association.
Here, the mmmunoexpression of DNMT3B pritem was nol
related tr the genetic polyvmorphisms m HNSCC samples
studied . Momeover, this pol ymorphism did not show assocation
with plf methylation, This may be explained by the fact
thut other factors, such as HPY high-risk infection, may
induce pld methylation (47.67). Furthermore, other DNBMT
polymorphisms may be more relevant o this epigenetic
alterstion.

Evidence suggests thot there are di fferences in moleculor
mechenisms between younger ind older HNSCC patients
(6.9). We found that absence of plé methyvlation was
associated with low survival in older patients. Themfore, it
can be speculated thar different epigenetic and genetic path-
winys may affect cancer evolution and prognosis. Although we
are omly just starting to understind the impact of molecular
fimlings in patient prognosis, previous wports have already
sugpgested that HPY mfection hes an impet on the prognosis
aof HNSCC (68.69).

In conclusion, our datn sugmest that while genetic fuctors
are more importantly imvelved with p 16 methylation in
younger mdividuals with HNSCC, environmental fuctors are
more relevant for this epigenstic change i older patients.
Finally, the present study shows that plé methylation status
has mmpact on the prognosis of patients with HNSCC.
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