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RESUMO

O carcinoma espinocelular (CEC) do labio geralmente surge apés a queilite actinica (QA),
a principal lesdo precursora. A superexposicao aos raios solares ultravioleta tipos A e B
causa mutacdes no DNA que levam a alteracBes em proteinas de reparo do DNA,
principalmente aquelas do complexo Mismatch Repair (MMR). Essa familia de proteinas
esta relacionada ao reparo poés replicacional do DNA, corrigindo as bases nitrogenadas
incorporadas incorretamente ao genoma por meio dos seus dois principais heterodimeros
(MutSa: MSH2 ¢ MSH6; MutLa: PMS2 e MLH1). Nesse contexto, este projeto teve
como objetivo analisar a imunoexpressdo dessas proteinas do complexo MMR na
carcinogénese do vermelhdo do labio. Foi realizado um estudo transversal analitico com
biopsias do Instituto do Céancer do Ceara (ICC), em que foram selecionados epitélios
sadios de labio oriundos de pelveglossectomias (15 casos), QA (30 casos) e CEC de labio
(45 casos), as quais foram submetidas a imuno-histoquimica para MSH2, MSH6, PMS2,
MLH1 e Kki-67. Varidveis clinico-prognosticas como sexo, idade, naturalidade,
procedéncia, entrada no servi¢o (publica ou privada), profissdo, histérico de fumo ou
etilismo, estadiamento TNM, recidiva e protocolo terapéutico também foram avaliadas.
Os grupos foram comparados por meio dos testes Mann-Whitney ou Kruskal-
Wallis/Dunn entre grupos de estudo e entre os dados clinico-progndsticos. O CEC e a QA
apresentaram aumento significativo na imunoexpressdo para MutSa (p<0,001), MSH6
(p<0,001) e MLH1 (p=0,040) e na razdo MSH2/MSH6 (p<0,001). A razdo MSH2/MSHS6,
na QA, foi maior que a razdo PMS2/MLH1 (p=0,028). As QA com displasia de alto risco
(p=0,024) e os CEC com invasdo vascular (p=0,035) apresentaram menor
imunoexpressao para MSH6. Tumores T3/T4 apresentaram maior razdo MutSa (p=0,028)
e MutLa (p=0,014) e, nos pacientes com metastase nodal, a razdo MutLa foi
significantemente maior que a razdo MSH2/MSH®6 (p=0,046). Este estudo demonstrou
que o processo de carcinogénese do labio (CEC) esta relacionado a alteracbes na

imunoexpressao das proteinas MUTSa e MUTLa.

Palavras-chave (DeCS): Labio; Neoplasias bucais; Proteinas MutS; Proteinas MutL.



ABSTRACT

Squamous cell carcinoma (SCC) of the lip usually appears after actinic cheilitis (AC), the
main precursor lesion. Overexposure to type A and B ultraviolet sun rays causes DNA
mutations that lead to alterations in DNA repair proteins, especially those of the Mismatch
Repair (MMR) complex. This family of proteins is related to post-replicational DNA
repair, correcting nitrogenous bases incorrectly incorporated into the genome through its
two main heterodimers (MutSa: MSH2 and MSH6; MutLa: PMS2 and MLH]1). In this
context, this project aimed to analyze the immunoexpression of these MMR complex
proteins in the carcinogenesis of lip vermilion. An analytical cross-sectional study was
carried out with biopsies from the Ceara Cancer Institute (ICC), in which healthy lip
epithelia from pelveglossectomies (15 cases), QA (30 cases) and CEC of the lip (45 cases)
were selected. were subjected to immunohistochemistry for MSH2, MSH6, PMS2,
MLH1 and ki-67. Clinical-prognostic variables such as sex, age, place of birth, origin,
entry into the service (public or private), occupation, history of smoking or alcohol
consumption, TNM staging, recurrence and therapeutic protocol were also evaluated. The
groups were compared using the Mann-Whitney or Kruskal-Wallis/Dunn tests between
study groups and between clinical and prognostic data. SCC and QA showed a significant
increase in immunoexpression for MutSa (p<0.001), MSH6 (p<0.001) and MLHI
(p=0.040) and in the MSH2/MSHS6 ratio (p<0.001). The MSH2/MSHS6 ratio in QA was
greater than the PMS2/MLH1 ratio (p=0.028). AK with high-risk dysplasia (p=0.024) and
SCC with vascular invasion (p=0.035) had lower immunoexpression for MSH6. T3/T4
tumors had higher MutSa (p=0.028) and MutLa (p=0.014) ratios and, in patients with
nodal metastasis, the MutLa ratio was significantly higher than the MSH2/MSH6 ratio
(p=0.046). This study demonstrated that the process of lip carcinogenesis (CEC) is related

to alterations in the immunoexpression of MUTSa and MUTLa proteins.

Keywords (DeCS): Lip; Mounth neoplasms; MutS proteins;
MutL proteins.
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1. INTRODUCAO
1.1.  Queilite Actinica

A queilite actinica (QA) trata-se de uma alteracdo crénica, sendo uma
desordem potencialmente maligna resultante da exposicédo solar frequente e prolongada,
que afeta, principalmente, o labio inferior de pessoas idosas, do sexo masculino e de pele
clara (TRAGER et al., 2020). A prevaléncia global de QA foi relatada entre 0,45% e 2,4%
(DANCYGER et al., 2018). No Nordeste do Brasil, aproximadamente, 15% da populagéo
mora em areas rurais e 84% da populacdo acima de 15 anos é composta por pessoas de
pele clara, algumas areas dessa regido séo altamente afetadas pela radiagdo UV, com uma
média de 6 no indice UV da Organizacdo Mundial da Satde (OMS) (WHO et al.,2012).
E mais comum em meia-idade ou em pacientes mais velhos com exposicdo solar
acumulada e ocorre mais frequentemente no labio inferior por se tratar de um sitio
anatdbmico que esta mais diretamente exposto a luz solar (CAVALCANTE; ANBINDER,;
CARVALHO, 2008).

No entanto, a radiacdo UV ndo é o Unico fator de risco para carcinogénese
labial (PINERA-MARQUES et al., 2010). Exposicao a agentes genotoxicos endégenos e
exogenos, como Radiacdo UV, causa interrupcdo do ciclo celular e danos aos sistemas de
reparo do DNA. O MMR desempenha um papel fundamental na manutencéo da funcao
celular normal (IKEHATA; ONO, 2011).

Os casos de QA podem se manifestar com a aparéncia clinica de leucoplasias,
porém também foram relatados casos de QA com uma textura aspera, cuja palpacao pode
ser util em delinear e diagnosticar lesfes. As caracteristicas histopatoldgicas cléssicas da
QA consistem em hiperceratose, espessamento epitelial e graus variaveis de displasia
epitelial, caracteristicas histoldgicas da QA demonstram espectro de doenca, variando de
leve até severa (SHAH, DOHERTY, & ROSEN, 2010).

Os critérios estabelecidos pela Organizacdo Mundial da Saude (OMS),
conforme as consideracGes de Barnes et al. (2005), é que, para cada espécime, a gradacao
de displasia epitelial é baseada na observacao da extensdo do epitélio acometido pelas
alteracGes, considerando auséncia de displasia epitelial; displasia epitelial leve, quando
apenas o terco inferior do epitélio apresentava atipias celulares; displasia epitelial

moderada, quando até o terco médio do epitélio continha atipias; displasia epitelial severa.
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quando as alteracBes sdo de mais de dois tercos do epitélio; é caracterizado como
Carcinoma in situ o espécime que apresenta atipia em toda a espessura do epitélio e CCE
invasivo, quando houve &reas de rompimento na membrana basal, este espectro
histologico corresponde a um potencial cada vez mais perigoso, ja que se trata de uma
lesdo cancerizavel por consequéncia da exposi¢do prolongada e continua a radiacéo solar,
especificamente, a radiacdo ultravioleta, afetando preferencialmente o labio inferior
(PRISCILLA SUASSUNA CARNEIRO; DE CASTRO BARRETO, 2013).

QA cronica e os carcinomas espinocelular da pele provenientes de queratoses
actinicas tém melhor progndstico, com probabilidade de 0,5% a 3% de metastatizar. Esse
fato leva a supor que, talvez, da mesma forma que na pele, o tumor que se origina de QA
pode ter melhor prognostico (ABREU et al., 2007).

1.2. Cancer de boca e CEC do vermelhao do labio

O cancer de boca € uma neoplasia maligna que surge no labio ou na cavidade
oral e ¢ tradicionalmente definido como carcinoma espinocelular (CEC), pois tem origem
histoldgica nas células escamosas e perfazem um total de 90% dos tumores malignos em
boca (RIVERA, 2015).

Em todo o mundo, 300.000 casos de cancer de boca ocorrem anualmente,
sendo responsaveis por quase 130.000 mortes todos os anos, e a mortalidade anual é de
cerca de 145.000 ébitos (RIVERA, 2015). O cancer de boca é um problema de grande
relevancia para a saude publica mundial, ele estd localizado entre os 10 primeiros do
ranking de incidéncia de cancer (BRAY et al., 2018). No Brasil, a incidéncia do cancer
bucal é considerada uma das mais altas do mundo (WARNAKULASURIYA, 2009).

O Instituto Nacional de Céancer (INCA) estimou, em 2020, que o nimero de
casos novos de cancer da cavidade oral esperados para o Brasil, para cada ano do triénio
2020-2022, sera de 11.180 casos em homens e de 4.010 em mulheres; na regido Sudeste
do Brasil, com o maior numero de casos reportados, o numero estimado € de 7.780 novos
casos (RUIZ, 2019).

A relagdo entre 0 CEC do vermelhdo do labio e a exposicéo solar foi descrita,
em 1923, por Ayres. O tempo estimado para o desenvolvimento do cancer de labio é de
20 a 30 anos, porém, em alguns pacientes, é menor (SHAH; DOHERTY; ROSEN, 2010).
O perfil do paciente de risco para o desenvolvimento de cancer de labio é: idade superior
a 50 anos, pele clara, fumante, com antecedente de exposi¢éo solar (AUGUSTO et al.,
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2014). Setenta por cento dos individuos afetados trabalham ao ar livre e estdo

normalmente associados a queilose actinica (NEVILLE, 2016).
Evidéncias clinicas e epidemioldgicas apontam a radiacdo como causa do CEC do
vermelhdo do labio. Inicia-se como um processo crénico e a exposi¢ao continua a luz
solar favorece o desenvolvimento da QA, que se transforma em carcinoma de células
escamosas (CARVALHO, 2001), pois ocorre em presenca de elastose solar e de
alterac@es histoldgicas sugestivas de QA no vermelhdo adjacente ao tumor, em quase
todos os casos, havendo uma relagéo significativa entre essas condiges.

A apresentacdo clinica de CEC do vermelh&o do labio €, geralmente, de um
crescimento com superficie crostrosa com invasdo varidvel no subjacente musculo
(relacionado ao tamanho do tumor priméario). O carcinoma tipico do vermelhdo € uma
ulceracdo endurecida, rigida, exsudativa e com crosta, normalmente, menor que 1 cm em
seu didmetro mé&ximo, quando descoberta. O tumor é caracterizado por um crescimento
lento, e a maioria dos pacientes toma conhecimento do problema em um periodo de 12 a
16 meses, antes de ser feito o diagndstico final. As metastases ocorrem tardiamente, no
momento do diagnostico, menos de 2% dos pacientes possuem nodos linféaticos
envolvidos, comumente na regido submentionana (NEVILLE, 2016).

O labio adjacente, geralmente, mostra caracteristicas do sol, danos actinicos
como mudanca de cor, afinamento da mucosa e &reas associadas da leucoplasia
(PINERA-MARQUES et al., 2010).

Microscopicamente, sdo caraterizados pela proliferacdo de células epiteliais
dispostas em ninhos, trabéculas, cordBes ou faixas. Sdo classificados como bem,
moderadamente, pouco diferenciados e indiferenciados (NEVILLE ,2016). Quanto a
severidade das displasias, ela esta correlacionada com a progressdo para a malignidade
(WARNAKULASURIYA, 2009). A Organiza¢do Mundial da Saiude (OMS), em 2005,
estabeleceu critérios morfolégicos (Quadro 1) para a interpretacdo histopatoldgica das
displasias epiteliais, classificando-as em leve, moderada e severa (Quadro 2) (BARNES
et al., 2005).
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Quadro 1. Critérios arquiteturais e citologicos de acordo com a OMS (BARNES et al.,
2005) para o diagnostico de displasia epitelial.

Alterag0es arquiteturais

Alteracdes celulares

Estratificacdo epitelial irregular

Anisonucleose

Hiperplasia da camada basal

Pleomorfismo nuclear

Projec0es epiteliais em gota

Anisocitose

NUmero aumentado de figuras de mitose

Pleomorfismo celular

Mitoses superficiais

Aumento da proporcao nucleo/citoplasma

Disceratose

Mitoses atipicas

Pérolas de queratina

Hipercromatismo nuclear

Aumento do nimero/tamanho dos
nucléolos

Quadro 2. Critérios preconizados pela OMS (BARNES et al., 2005) para classificar o

grau de displasia epitelial.

Grau de displasia epitelial

Critérios

Leve

Alteracdes arquiteturais limitadas ao
terco inferior do epitélio e poucas atipias
citoldgicas

Moderada

AlteracGes na arquitetura epitelial até o
terco médio do epitélio e atipias
citologicas em quantidade moderada

Severa

AlteracBes arquiteturais em mais de dois
tercos do epitélio e quantidades
significativas de atipias celulares

A maioria das lesdes de QA e CEC de labio tem como fator etiolégico a luz UV como
sua principal causa e ela pode levar a iniciagdo da carcinogénese.

Em relagdo a pele, a neoplasia no labio tem maior probabilidade de

desenvolver metastase, com taxas variando de 3% a 20%, todavia é de melhor progndstico

quando comparado ao cancer intraoral (ABREU et al., 2007).
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1.3. Proteinas do reparo do DNA: complexo Mismatch Repair (MMR)

As consequéncias bioldgicas dos danos aos tecidos, geralmente, dependem da
natureza quimica da lesdo, que, na maioria das vezes, afeta a fidelidade da replicacéo do
DNA, causando mutacgOes e danos ao DNA, que podem ocorrer em quase qualquer ponto
do tempo de vida da célula, ndo apenas durante a replicacdo. Na verdade, o DNA pode
sofrer danos todo o tempo por fatores externos, como luz UV, produtos quimicos e Raios
X, sem falar nas reacBes quimicas espontaneas que acontecem mesmo sem agressdes
ambientais, felizmente, as células ttm mecanismos de reparo para detectar e corrigir
muitos tipos de danos ao DNA (MATHEWS; HURT; CABARCAS, 2014).

Para lidar com tais danos, todos os organismos desenvolveram uma complexa
rede de mecanismos de reparo de DNA: reversdo direta, reparo por excisdo de bases,
reparo por excisdao 23 de nucleotideos, reparo de bases mal pareadas e reparo por
recombinacdo (MORITA et al., 2010).

Os mecanismos de reparo de danos no DNA sdo responsaveis pela
manutencdo da integridade do genoma (LI, 2008). MutacGes germinativas de genes de
reparacao de danos no DNA, bem como 0s genes epigenéticos com perda de funcao,
resultam na incorporacdo aprimorada de mutagdes e, consequentemente, na instabilidade
gendmica. O sistema de reparo Mismatch Repair (MMR) é responsavel pela deteccéo e
correcdo de erros criados durante a replicacdo do DNA, evitando a incorporagdo de
mutacOes na divisdo celular. Este caminho elimina severamente a danificacdo genética
das células instaveis e desempenha um papel importante na prevencdo da mutagénese em
curto prazo e tumorigéneses em longo prazo (STARK et al., 2015).

As proteinas do reparo de DNA Mismatch (MMR) sdo encontradas em
diversos mecanismos importantes de funcdes celulares. A principal fungdo dessas
proteinas esta relacionada ao reparo p6s replicacional do DNA, corrigindo as bases
incorporadas incorretamente ao genoma devido ao erro de replicacdo. A perda das
funcGes das proteinas MMR ¢é, geralmente, aumentada por causa das mutacOes
espontaneas em organismos, que vao desde bactérias a humanos (ULRICH et al., 2011;
VINICIUS; OLIVEIRA, 2010).

Varios erros sdo corrigidos pela revisdo, mas alguns poucos escapam. Reparo
de mal pareamento acontece logo ap6s o novo DNA ter sido feito e sua fungéo € remover

e substituir as bases mal pareadas (aquelas que ndo foram corrigidas durante a revisdo).
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O reparo do mal pareamento também pode detectar e corrigir pequenas
insercdes e delecdes, que ocorrem quando as polimerases "deslizam" perdendo seu local
de insercéo na fita molde (HSIEH et al., 2008).

O reconhecimento de incompatibilidades no sistema MMR ¢é realizado por
heterodimeros das proteinas hMs (homélogo de MutSa). O sistema DNA MMR é
composto por trés componentes relacionados: MutS o, MutSB, MutLa. Subunidades de
proteinas distintas: MutSo (hnMSH2 -hMSH6), em que sua funcdo é a de reconhecer
incompatibilidades de base e sdo necessarias na iniciagdo da via MMR; Mut Sp (hMsh2-
hMsh3), em que sua funcdo é a de reconhecer exclusdo de nucleotideos e a
incompatibilidade mediada por MutSa, esse heterodimero é estudado com menos énfase
no mecanismo, ja que ele, normalmente, é expresso em niveis relativamente baixos em
todas as células, enquanto MutSa esta presente em niveis elevados (Li GM, 2007) (LYER
et al., 2006).

a) Mismatch Repair, MMR ' S
SN ST Y Y I P
' ‘ | {
hMueSa .I»\hn. 0 ‘|-‘,, DNA . ll)\ A

PUONA BRI POymerIng Ligase

Figura 1. Esquematica de mecanismos de identificacdo e reparo dos erros em material

genético durante checagem através das proteinas MutSa (complexo MSH2-MSH6) e
MutLo (MLH1-PMS2) (JENSEN et al., 2011).

MutSa reconhece a base incompativel e se liga a fita de DNA danificada,
recrutando, por meio desta, o MutLo (hMIh1: hPms2 heterodimero). Com a troca de ADP
por ATP, o complexo MutSa desliza ao longo da fita de DNA, induzido por hPms2 em
ambos os lados da incompatibilidade. Isso permite a entrada da exonuclease, Exol, na
extremidade 3' da fita danificada, em que remove 150 bases, incluindo a
incompatibilidade, apds a qual a proteina de replicacdo A (RPA) é recrutada, a polimerase
de DNA 6 liga-se em associacdo com seu antigeno nuclear de proliferagdo celular
(PCNA), fator de processabilidade, que é carregado no DNA processado pelo fator de

replicagdo C (RFC), uma nova fita de DNA é subsequentemente sintetizada, logo apos o
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DNA ligase | se une as extremidades (JENSEN et al., 2011) (Figura 1).

O sistema MMR foi amplamente estudado na ultima decada devido a sua
associacao com varias doengas e condi¢es, incluindo o cancer colorretal hereditario ndo
poliposo (HNPCC) (RUEDA, 2013). Mais recentemente, o0 numero de canceres tem sido
associado a defeitos no mecanismo de MMR, incluindo colon, endométrio e cancer de
prostata, colorretal (LI et al., 2013), carcinoma urotelial e renal (EHSANI; OSUNKOYA,
2014), gastrico, endometrial, ovariano, de glandulas salivares e tem sido descrita sua
associa¢ao com o desenvolvimento e o prognostico de tumores de cabeca e pescoco (DE
OLIVEIRA FILHO et al., 2021) e no CEC de boca (SARMENTO et al., 2013; DECKER
et al., 2020), assim também como em algumas lesbes potencialmente malignas, como a
leucoplasia.

Estudos anteriores sugeriram a perda de expressao de proteinas relacionadas
a MMR, especialmente hMLH1, durante o processo de carcinogénese oral. (CALDEIRA
et al.,, 2011). AlteracBes na imunoexpressao das proteinas hMLH1 e hMSH2 s&o
frequentemente detectadas em lesdes potencialmente malignas. O processo de maltiplas
etapas da carcinogénese oral depende do acumulo de alteragcdes genéticas, levando a
instabilidade genémica, transformacéo celular e progressao tumoral (MASCOLO et al.,
2012).

Os estudos encontrados na literatura que associam a imunoexpressao das
proteinas hMLH1 e hMSH2 com aspectos histoldgicos tém sido correlacionados com
dados clinicos e epidemiolédgicos (ULRICH et al., 2011).

Em relacdo a carcinogénese do vermelhdo do labio, estudos que tenham
comparado a expressao de proteinas da via MMR com base em amostras de labio sadio,
QA e CEC de labio ainda ndo foram publicados. Apesar dos mecanismos de
carcinogénese intraoral e do vermelh&o do labio serem diferentes, é provavel que essa via

exerca importante papel no desenvolvimento do carcinoma do vermelhdo de labio.
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2. JUSTIFICATIVA

O complexo MMR é responsdvel pela substituicdo da base de
incompatibilidade e pela excluséo de insercdo incompativel, geradas durante a replicacéo
do DNA. O MMR também reconhece danos no DNA formados por compostos quimicos,
como agentes alquilantes e sua inativacdo pode ter consequéncias negativas nas células,
como uma tendéncia aumentada de mutacdes em genes associados a manutencdo e
replicacdo do genoma (PEREIRA et al., 2017).

A maior expressdo ou a menor expressao das proteinas MMR causam altos
niveis de instabilidade nas regides de microssatélites (MSI) dos genes de reparo do DNA,
que alteram a habilidade de esses genes repararem erros normalmente produzidos durante
a replicacdo do DNA, o0 que esta associado a carcinogénese.

O papel das proteinas MMR em CEC de labio ainda ndo é totalmente
conhecido, visto que a radiacdo UV exerce um fator importante na iniciacdo e progressao
tumoral, quando a funcdo desse reparo € pequena ou inexistente, a possibilidade de
ocorrerem mutacGes aumenta consideravelmente, facilitando o aparecimento de lesfes
pré-cancerigenas (SIMIS T, 2006).

A absorcdo de luz ultravioleta no tegumento promove alteragfes quimicas em
substancias foto labeis presentes na pele do labio. A exposicao solar intensa e prolongada
é considerada fator de risco decisivo para o surgimento do cancer de vermelhao do labio
(SALLES, 2007). A capacidade de reparacdo do DNA do trabalhador exposto a radiagdo
UVB é fator importante na prevencao do cancer vermelhao do labio.

Os poucos estudos envolvendo mecanismos de reparo do DNA em CEC, no
vermelhdo de labio, motivou-nos a investigar o papel dessas proteinas no processo de
carcinogénese. O nosso estudo podera ajudar a se ter uma melhor compreensdo sobre o

papel desempenhado pelo sistema MMR na patogénese de CEC de labio e QA.
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1. HIPOTESES
3.1 Hipotese Nula
A imunossupressao das proteinas de reparo do DNA MMR ndo estd associada a

carcinogénese do vermelhdo do labio.

3.2 Hipdtese Alternativa
A imunossupressao das proteinas de reparo do DNA MMR esté associada a carcinogénese

do vermelhao do labio.
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1. OBJETIVOS
4.1. Objetivo Geral

Avaliar o papel da imunoexpressdo das proteinas de reparo do DNA MMR na
carcinogénese do vermelhdo do labio.

4.2. Objetivos Especificos

+ Caracterizar a imunoexpressdo das proteinas MutSa, MutLa e ki-67 em vermelhdo do
labio, QA e carcinoma do vermelhéo do labio.

« Avaliar a influéncia de caracteristicas clinico-patolégicas em fatores na
imunoexpressao para MutS o, MutLa e ki-67 nos carcinomas do vermelh&o do labio
e QA.
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CAPITULO 1

Esta dissertacdo esta baseada no Artigo 46, do Regimento Interno do Programa de Pés-
Graduagdo em Odontologia, da Universidade Federal do Ceard, que regulamenta o
formato alternativo para trabalhos de concluséo de mestrado e doutorado (dissertages e

teses) e permite a insercdo de artigos cientificos de autoria do candidato.

Este projeto foi submetido e aprovado pelo Comité de Etica do Hospital Haroldo Juagaba
(Instituto do Céncer do Ceard), protocolado com nimero de registro de 2.191.839 (Anexo
). Serdo respeitados todos 0s aspectos éticos expressos na Resolugdo n° 466 de 2012, do
Conselho Nacional de Saude/ Ministério da Saude, que traz as Diretrizes e Normas
Regulamentadoras de pesquisas com seres humanos e em conformidade com a norma do
CONEP (Comissdo Nacional de Etica em Pesquisa).

Dessa forma, a presente dissertacdo € composta por um artigo cientifico

redigido de acordo com a revista cientifica escolhida.

Capitulo 1

“Imunoexpressdo das proteinas Mismatch Repair em Carcinoma Espinocelular de labio:
um papel na carcinogénese de labio? Um estudo observacional retrospectivo guiado por
STROBE” (Mismatch repair proteins immunostaining in lip squamous cell carcinoma: a

role in carcinogenesis in lip?.

Este artigo seguiu as normas de publicacdo do periddico:
Journal of Oral Pathology and Medicine

Qualis CAPES Referéncia A2

ISSN: 0904-2512
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ABSTRACT

Introduction: Squamous cell carcinoma of the lip (LSCC) is strongly associated with
malignant transformation of Actinic Cheilitis (AC). Such solar radiation alters the
functions of Mismatch Repair (MMR) complex proteins, we aimed to evaluate the MMR
complex proteins in lip carcinogenesis.

Materials and Methods: Healthy lip epithelia (HLE) (n=15), AC (n=30), and lip SCC
(n=45) were selected and subjected to immunohistochemistry for MutSo (MSH2/MSH6)
MutLo (MLH1/PMS2) to asses percentual of nuclear positive cells. Clinical-prognostic
variables of the primary tumor and histological gradation (SCC and AC) were evaluated.
Mann-Whitney, Kruskal-Wallis/Dunn, and Spearman correlation tests were used
(p<0.05, SPSS 20.0).

Results: LSCC and AC showed significantly increased immunostaining for MSH2
(p<0.001), MSH6 (p<0.001) and MLH1 (p=0.040) and the MSH2/MSH6 ratio
(p<0.001). The MSH2/MSH6 ratio in AC was higher than the PMS2/MLH1 ratio
(p=0.028). AC with high-risk dysplasia (p=0.024) and LSCC with vascular invasion
(p=0.035) showed lower immunostaining for MSH6. T3/T4 tumors showed higher
MSH2/MSH6 (p=0.028) and PMS2/MLH1 (p=0.014) ratio and in patients with nodal
metastasis the PMS2/MLH1 ratio was significantly higher than the MSH2/MSH6 ratio
(p=0.046).

Conclusion: Increased MMR expression in lip cancer and the imbalance of MutSa and

MutLa is associated with the progression and prognosis of lip SCC.

Keywords (MeSH): Lip; Mouth Neoplasms; MutS Proteins; MutL Proteins.
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Introduction

The malignant transformation from Actinic cheilitis (AC) to lip squamous cell
carcinoma (LSCC) is quite slow, with time range from 1 to 30 years, perhaps due to the
difficulty in definitively diagnosing AC lesions,>?3. LSCC is estimated to be responsible
for 12% of all head and neck cancers®, and its carcinogenesis is related UV radiation 1>
because it remains the main cause of interruption of the cell cycle and damage to DNA
repair systems’.

The biological consequences of DNA damage depend on the nature of the injury, which
most often affects the fidelity of DNA replication, causing mutations, to cope with this
damage, all organisms have developed a complex network of DNA Repair® mechanisms.
DNA Repair Mismatch (MMR) proteins are found in several important mechanisms of
cellular functions and their main function is related to post-replicational DNA repair,
correcting the bases incorrectly incorporated into the genome by replication error®®,
The recognition of the incompatible MMR system is carried out by heterodimers of the
MSH proteins (MutS homologue). The MSH2/MSH6 (MutSa) heterodimer recognizes
base incompatibilities. In contrast, the heterodimer MSH2/MSH3 (MutSp) recognizes
nucleotide deletion and incompatibility mediated by MutSa after initial recognition,
MutSa binds to the damaged DNA strand, recruiting MutLo (MLH1/PMS2)3910-11,
Recent studies have shown that immunostaining of MMR complex proteins is associated
with oral carcinogenesis and the prognosis of head and neck tumors*>!, These proteins
appear to be promising prognostic indicators. Since UV directly impacts the function of
these proteins, they are likely to play an essential role in the process of carcinogenesis

of the lip. Therefore, the present study aimed to evaluate the immunostaining of the



29

MMR complex in lip carcinogenesis and its influence on the clinical and pathological
variables of LSCC.
Materials e methods
Ethical considerations

This research was approved by the Research Ethics Committee of the Haroldo
Juacaba Hospital / Ceard Cancer Institute, under the registration protocol number
2.191.839. Observing the norms that regulate research in human beings, of the National
Health Council in accordance with resolution 466/12. our study was conducted using the
scientific methodology known as the STROBE initiative.
Sample Calculation and Study Groups

Considering that Sanguasin et al.}* observed that gene alterations in MSH2
increases by 10.67 (p=0.030) times the incidence of locoregional recurrence of oral SCC
(total incidence of 50%), it is estimated necessary to evaluate, adopting a ratio of three
cases for each control, 45 SCC of the lip and 15 lip epithelia without microscopic
alterations to obtain a sample that represents with 80% power and 95% confidence the
null hypothesis of this research (Kesley's method). To include the AC, a proportion of
two cases for each control was used, thus totaling 45 lip SCC, 30 AC, and 15 healthy
epithelia of the vermilion of the lower lip.
Data collection

The samples collected for the present study were collected from patients
diagnosed and treated at the Haroldo Juacaba Hospital / Ceara Cancer Institute (HHJ /
ICC) who underwent surgery to resection lip vermilion carcinoma and who did not
undergo neoadjuvant treatment.

Tissues from healthy lip epithelia from pelveglossectomies (control group) and

tissues from AC and LSCC from the Pathology Laboratory of ICC were selected
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After revision of the slides, samples of vermilion epithelium of the lip free of
tumor margins from head and neck surgical resections were included in the control
group. Those with a revised histological diagnosis of AC were included in the AC group.
Those cases with a revised histological diagnosis of SCC were included in the LSCC
group.

Clinicopathological data were collected from the patients’ medical records,
excluding patients with incomplete records (>30% of the sociodemographic and clinical-
prognostic information). After evaluating the paraffin blocks, the blocks that did not
present enough material to perform the Tissue MicroArray (TMA) technique were

excluded.

Rescuing the histological, formalin-fixed, and paraffin-embedded specimens
were selected, and the demographic and clinical data retrieved from the medical records
of the selected patients were analyzed. Histological slides of the excisional biopsies were

evaluated, and were identified for the fabrication of TMA blocks.

Histological grading of LSCC and actinic cheilitis
The classification of ACs and lip SCCs were performed by an experienced
pathologist (>10 years of oral pathology), who exhibited an intra-examiner calibration

coefficient kappa = 0.859.

The ACs had their epithelial dysplasia classified using a binary system of
low/high risk of malignant transformation Warnakulasuriya et al**. The LSCC samples
were classified using Bryne's binary model that classifies SCC into high and low-grade
Dissanayake et al'®. The presence of perineural and vascular invasion was also

considered.
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MicroArray Tissue and Immunohistochemistry

All microscopic slides were analyzed, and areas of tumors with highly cellular
LSCC sections, areas of AC showing epithelium and connective tissue with solar
elastosis, and control areas showing epithelium and connective tissue were identified.
Two representative circumferential areas of 2 mm diameter each (3.14 mm?) from each
sample were selected for the Microarray tissue technique. Paraffin blocks were punched
from each demarcated area with a Tissue Microarrayer (Quick-Ray UNITMA®,
Seongname-si, South Korea) and then transferred to a paraffin receptor block containing
70 circular wells of the same diameter (2 mm). Then, the paraffin receptor blocks

containing the oral ulcers were cut into 3 um thick sections placed on silanized slides.

For immunohistochemical processing, samples were deparaffinized, rehydrated,
and subjected to antigen retrieval in tris-EDTA buffer (pH 9.0). To inactivate endogenous
peroxidases, samples were incubated in phosphate-buffered saline (PBS) with 3% H20-
for 30 minutes, washed in PBS and incubated for one hour with primary antibodies against
MSH2 (Dako®, FE11), MSH6 (Dako®, EP49), PMS2 (Dako®, EP51), MLH1 (Dako®,
ES05) and ki-67 (Dako®, MIB-1).

Samples were washed in PBS, incubated in Envision Plus HRP Anti-lIgG-
rabbit/mouse for 30 minutes (ready-to-use; monoclonal; Dako® K4065), washed again
in PBS, and diaminobenzidine chromogen (Dako® K3469) was applied to the samples
for 5 minutes. Harris hematoxylin was used as the counterstain (10 s), after which the
specimens were dehydrated in ethanol and xylene and covered with a permanent
mounting medium (Enthelam®, City, Country). Colorectal carcinoma sections were used
as a positive control, and the negative control and the positive control were treated in

parallel with antibody diluent instead of the primary antibody.
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Immunohistochemical evaluation
For evaluation of MSH2, MSH6, PMS, MLH1, and ki-67, ten fields per histological
section were photographed at 400x magnification. The images were exported to ImageJ®
software and counted to determine the percentage of immunostained positive cells. Brown
nuclear staining of epithelial cells (control group and QA group) and cancer cells (LSCC
group) was considered a positive immunoreaction®?,
Statistical Analysis

Data were tabulated in Microsoft Excel and exported to the Statistical Package for
the Social Science (SPSS) software in which the analyses were performed adopting a 95%
confidence level.

The mean and standard deviation of the percentages of immunostaining for
each of the MMR complex proteins studied, as well as the MSH2/MSH6 and
PMS2/MLH1 ratio, were calculated. Data were compared using Mann-Whitney and
Kruskal-Wallis/Dunn tests (between-group analysis) and Wilcoxon and Spearman

correlation (intragroup analysis)

Results

Sociodemographic and clinicopathological profile of removed lip lesions

Most patients were male, aged up to 65 years, born and coming from the
countryside of the state, who were admitted through the public health service and were
farmers or retired/pensioners. There was no significant difference between the groups

regarding clinical characteristics (Table 1).

Microscopically, the lip samples showed mostly orthoceratinized stratified

sidewalk epithelial tissue with well-defined basal, spinous, and granular layers,
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occasional exocytosis, and spongiosis supported by a chorion of fibrovascular

connective tissue (Figure 1).

AC specimens exhibited atrophic stratified sidewalk epithelial tissue with
four to six layers of squamous cells, disorganization of the basal and spinous layers,
significant nuclear hyperchromatism cellular pleomorphism, and were paraceratinized.
The supporting connective tissue showed solar elastosis throughout the lesions and
occasional mononuclear inflammatory cells. Most actinic cheilitis had low-risk dysplasia

(n=19), and 11 had high-risk dysplasia.

The LSCC samples showed proliferation of islands and strands of cells of
epidermoid origin, organized, sometimes in nests, exhibiting intense cellular and nuclear
pleomorphism, keratin pearls, typical and atypical mitosis figures, and intense mixed
inflammatory infiltrate. Of the LSCCs evaluated, 29 were low-grade, and 17 were high-
grade. Vascular (n=5) or perineural (n=12) invasion was observed in the minority of

patients.

Immunostaining profile for MutSa and MutLa in lip lesions

The immunostainning for MSH2 and MSH6 showed immuno-positive
epithelial cells in the standard lip samples, usually located in the basal and parabasal
layers. In AC, the number of cells exhibiting positivity was arranged in the basal,
paranasal, and spinous layers, increasing significantly. In the LSCC samples, most of the

cells in the tumor islands and nests exhibited positivity for MLH1 (Figure 1).

There was a loss of MSH2 expression in AC compared to the lip without
microscopic changes. It was possible to observe a significant increase in the
immunostaining of this immunomarker in LSCC samples compared to the lip tissue

without microscopic changes and the AC (p<0.001). Besides, an increase in MSH6
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immunostaining could also be analyzed in the ACs and the LSCC compared
to the lip tissue without microscopic changes (p<0.001). In the lip without microscopic
changes, the immunostaining for MSH6 was significantly lower than the immunostaining
of MSH2 (p=0.043). In the AC occurred that higher immunostaining of MSH6 compared
to MSH2 (p=0.005). In the LSCC lip, there was no significant difference in the
immunostaining of the two markers (p=0.296). The MSH2/MSHG6 ratio was significantly
lower in AC and LSCC than in lip samples without microscopic changes (p<0.001) (Table

2).

Immunostaining for MLH1 and PMS2 demonstrated occasional immuno-
positive epithelial cells in the basal and parabasal layer in the standard lip samples. In
actinic cheilitis, the number of cells exhibiting positivity for this marker increased
significantly, reaching the spinous layer. In the LSCC samples, almost all cells in the

islands and tumor nests exhibited positivity for PMS2 (Figure 1) (Table 2).

A significant increase in MLH1 expression can be observed in the AC and
LSCC samples compared to lip tissue without microscopic changes (p=0.040). There was
no significant difference between the ratio of PMS2/MLH1 immunostaining in the three

study groups. (Table 2).

The immunostaining for ki-67 was significantly higher in the samples of AC
and LSCC compared to the lip without microscopic changes (p=0.004) (Table 2).
Influence of clinicopathological characteristics of SCC of the lip on the
immunostaining of MMR complex proteins

For LSCC, the presence of vascular invasion was associated with a reduction

in the number of MSH6-immunopositive cells (p=0.035). Immunostaining of MSH2,

MSH6, PMS2, and MLH1 and their ratios did not differ between markers or low and high



35

grades. Perineural invasion showed no association with MMR complex proteins (Table

2).

Patients with nodal metastasis showed higher PMS2/MLH1 ratio (p=0.046)
and T3/T4 tumors showed higher MSH2/MSH6 ratio (p=0.028) and PMS2/MLHL1 ratio
(p=0.014) than T1/T2 tumors. Sex, age, presence of distant metastasis or recurrence were

not associated with the immunostaining of MMR complex proteins (Table 3)

MMR complex proteins correlate in SCC of the lip

In the health lip without microscopic changes, there were no significant
correlations between the proteins of the MMR complex. In AC, the immunostaining of
MSH®6 was directly correlated to the immunostaining of MSH2 (p=0.038). In LSCC all
proteins were directly correlated with each other (p<0.05). Immunostaining of ki-67 did
not correlate with the MMR complex proteins in any of the three tissues (p>0.05) (Table

4).

Discussion

Alterations in the MMR system has been described in the pathogenesis of
numerous tumors. Recent studies have shown that low expression in MMR components
has been linked to several types of cancers such as colorectal cancer, urothelial, renal
and lung carcinomas have already been identified 31171819 |n addition to salivary
glands and its association with the development and prognosis of head and neck tumors

and in the oral SCC 1213,

The MutSa. complex has its primary function, the post-replicational repair of
DNA, correcting the bases incorrectly incorporated into the genome due to replication

error®, The main function of h(MSH2 is to recognize pairing errors®, and the inefficiency
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of this heterodimer is essential in the development of potentially malignant lesions of oral
epithelium. Sarmento et al. 2! immunohistochemically analyzed forty cases of AC of the
lower lip, demonstrating that h(MLH1 and hMSH2 were less expressed in more dysplastic
lesions. These results are similar to described by Oliveira et al. > who showed greater
expression of h(MLH1 in mild dysplasia, while Souza et al. 2% found a lower expression
of hMSH?2 in lip cancer than in AC. Pimenta et al.?* found a reduction in hMSH2 protein
expression in oral lichen planus than normal oral mucosa epithelial tissue, raising the
potential risk of this lesion malignancy. Alves et al.?® demonstrated the downregulation
of hMSH2 in the oral mucosa of smokers compared to patients who had never smoked.
An experimental model of skin cancer, Meira et al. %, induced by UVB radiation in rats,
demonstrated that the overexpression of MSH2 reflects an interaction between the repair
processes of nitrogenous bases incompatibility generating a genetic instability and
subsequent carcinogenesis.

MSH6 alterations within the MutSa complex are also important in
carcinogenesis®*1’. Jessri etal. 1° described a loss of h(MSHG expression in oral dysplasia
and SCC compared to normal epithelial tissue. However, in the lip lesions of this study,
MSH6 was shown to be increased because, in the repair attempt, the overexpression of
MSH®6 could almost completely disrupt the mechanisms that prevent recombination
between divergent DNA sequences by interacting with the DNA polymerase PCNA
processing clamp!®?’. Importantly, cooverexpression of MSH2 and MSH6 in a PCNA
interaction-dependent manner! also has several genome instability phenotypes, including
increased mutation rate, increased sensitivity to DNA replication inhibitor, and DNA
damaging agents, genome instability phenotypes that could be important in promoting

cancer progression?®
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The expression of MSH6 was remarkably similar to that of MLH1. There was
an increased expression in actinic cheilitis and lip SCC compared to the lip without
microscopic changes with no modification in the expression of MSH2. More than 80% of
all colorectal cancers show loss of MLH1 protein is associated with microsatellite
instability in urothelial carcinoma®®. On the other hand, shows a low expression of MMR
proteins, especially MLH1 and MSH2, is associated with oral carcinogenesis®-®-2°,
Although we have observed that cheilitis with high-grade dysplasia and LSCCs with
lymphovascular invasion have a loss of MSH6 expression, the process has differed in lip
carcinogenesis. Apparently, an imbalance of MutLa proteins could be given by a
compensatory mechanism for poor functional performance in the repair attempt /1%2°,

Since malignant cells remain in a continuous division, they are permanently
challenged to active DNA repair. Because of this, the performance of the MMR complex
proves to be limited once these corrections can keep up with the rate of bipartition errors
or the corrections are deficient, resulting in microsatellite instability due to failure to
repair incorrect insertion/deletion pairs®2,

The present study also showed that in LSCC, the vascular invasion was
associated with a reduction in the number of MSH6-immunopositive cells and staging
with an imbalance in both MutSe and MutLa complexes. A study evaluating
microsatellite instability in gastric cancer tumors with nodal metastasis also showed loss
of MMR protein expression'?, suggesting that MMR deficiency is also associated with
oral carcinogenesis progression and greater aggressiveness in tumors®. These findings
seem to be independent of sex and age, resembling what was described by Wagner et al®.

In previous studies with oral and oropharyngeal SCC samples, the MMR

complex directly influenced the prognosis in specific subpopulations (oral cancer patients
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under 60 years of age and p16+ oropharyngeal tumors)*23, Although there were few
relapse cases in the present study, it can be observed that patients who relived had a lower
mean immunoexpression. Nevertheless, since lip tumors have a good prognosis¥®, the
small sample of recurrent tumors makes more solid conclusions impossible.

Correlations between MMR proteins followed tumor progression, probably
due to DNA mismatches that trigger an MMR system response during malignant
transformation*®?. However, these proteins did not follow ki-67 expression, similar to
what was observed in oropharyngeal tumors®2,

The retrospective nature of this study may limit its level of clinical evidence
and we have two main limitations: the lack of MSI analysis, difficulty to be performed in
paraffin blocks, and the sample size, since due to a good prognosis of LSCC, a much
larger casuistic would be necessary to obtain an association between immunostaining and
recurrence rates. However, this is the first study to address the immunostaining for all
MMR complex proteins in the three stages of LSCC progression and clinical-pathological
features, contributing enormously to the role of this pathway in head and neck tumors.

Thus, we could observe an increased expression of the MMR complex in lip
cancer and that the imbalance of MutSa and MutLa is associated with tumor progression.
There are increased activity and inter-association between these proteins in tumors, but

their loss of expression significantly worsens the prognosis.
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FIGURES

Figure 1: Representative images from photomicrographs; Healthy lip, Q. B = Cheilitis with low dysplasia, Q. A = Cheilitis with
high dysplasia, CPB = Lip squamous cell carcinoma. MSH2; nuclear staining, percentage of staining cells per case: a = 60%, b =
40%, ¢ = 40%, d = 75%. MSHS6; nuclear staining, percentage of staining cells per case: a = 50%, b = 80%, ¢ = 68%, d = 75%.
MLHZ1; nuclear staining, percentage of staining cells per case: a = 40%, b = 60%, ¢ = 60%, d = 60%. PMS2; nuclear staining,
percentage of staining cells per case: a = 50%, b = 75%, ¢ = 75%, d = 75%. Ki67; nuclear staining, percentage of staining cells per

case: a=1%, b = 9%, ¢ = 9%, d = 9%.
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TABLES

Table 1: Sociodemographic profile of patients with SCC of the lip, actinic cheilitis, and lip specimens without

microscopic changes evaluated histologically for immunohistochemical analysis of the PMS2-MLH1 heterodimer.

46

Group
Lip Cheilitis SCC p-Value
Total 15 (100.0%) 30 (100.0%) 45 (100.0%) -
Sex
Female 5 (33.3%) 15 (50.0%) 11 (24.4%) 0.074
Male 10 (66.7%) 15 (50.0%) 34 (75.6%)
Age
Up to 65 7 (46.7%) 14 (46.7%) 24 (53.3%) 0.819
>65 8 (53.3%) 16 (53.3%) 21 (46.7%)
Origin
Countryside 11 (73.3%) 16 (53.3%) 27 (60.0%) 0.564
Metropolitan area 1 (6.7%) 7 (23.3%) 6 (13.3%)
Capital 3 (20.0%) 7 (23.3%) 12 (26.7%)
Living in
Countryside 11 (73.3%) 16 (53.3%) 27 (60.0%) 0.564
Metropolitan area 1 (6.7%) 7 (23.3%) 6 (13.3%)
Capital 3 (20.0%) 7 (23.3%) 12 (26.7%)
Service entrance
Public Health System 15 (100.0%) 27 (93.1%) 37 (92.5%) 0.558
Health Insurance/Private 0 (0.0%) 2 (6.9%) 3 (7.5%)
Profession
Farmer 3 (37.5%) 7 (38.9%) 12 (46.2%) 0.548
Retired/Pensioner 4 (50.0%) 11 (61.1%) 11 (42.3%)
Other professions 1 (12.5%) 0 (0.0%) 3 (11.5%)

*p<0.05, Fisher's exact test or Pearson's chi-square test (n,
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Table 2: Immunostaining profile for MutSe. and MutLo heterodimers in the removed lip lesions and influence of microscopic findings and histological gradation on the immunolabeling profile.

MutSa MutLa Ratio

MSH2 (%)  MSH6 (%) p-Value® PMS2 (%) MLH1 (%) p-Value2  MSH2/MSH6 PMS2/MLH1 p-Value? Ki-67 (%0)
Lip Lesions
Lip (n=15) 63.23+£13.79  51.69+13.87 0.043 47.18+£12.12  44.67+9.34 0.500 1.26+0.32 1.08+0.32 0.593 1.20+0.86
Cheilitis (n=30) 49.45+£19.41* 77.04+8.85* 0.005 57.68+12.25 60.69+13.14* 0.424 0.67+0.24* 0.98+0.24 0.028 9.82+4.65*
SCC (n=45) 75.82+10.84*7 74.27+11.28* 0.296 60.41+£20.46 60.35+12.12* 0.157 1.02+0.13*T 1.05+0.18 0.387 9.10+9.59*
p-Value® <0.001 <0.001 0.106 0.040 <0.001 0.461 0.004
Histological grading of
dysplasias
Low risk (n=19) 53.75+£14.83  80.46x7.74 0.018 55.86+12.69 61.46+13.50 0.241 0.72+0.09 0.95+0.24 0.046 8.82+4.37
High risk (n=11) 36.53+29.30 68.51+4.89* 0.109 64.95+8.13 52.24+0.00 1.000 0.53+0.43 1.26+0.10 0.025 11.80+4.95
p-Value® 0.309 0.024 0.194 0.469 0.732 0.206 0.210
Histological grading of
lip SCC
Low (n=29) 74.42£9.99  74.66+12.39 0.741 58.83+19.72 55.45+15.87 0.094 1.00£0.11 1.09+0.22 0.177 6.54+12.50
High (n=17) 78.12+12.13  73.69+9.79 0.182 63.18+22.32 63.41+21.97 0.722 1.04+0.15 1.00+0.08 0.646 6.75+8.47
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p-Value®

Lymphovascular
invasion (SCC)

No (n=40)

Yes (n=5)

p-Value®
Perineural invasion
(SCC)

No (n=32)

Yes (n=13)

p-Value®

0.247

76.62+10.18

70.70+14.69

0.450

75.93+10.48

75.59+12.03

0.922

0.973

75.81+11.22

65.00+6.57*

0.035

75.69+12.03

70.72+8.63

0.290

0.600

0.498

0.543

0.386

0.432 0.181

62.96+19.24 61.00+17.16

46.13+23.45 45.66+22.15

0.160 0.096

62.69+20.38 60.47+16.27

55.19+20.75 55.00+22.51

0.347 0.509

0.130

0.684

0.212

0.575

0.278

1.00+0.10

1.09+0.23

0.071

1.00+0.11

1.05+0.16

0.481

0.208

1.06+0.19

1.01+0.11

0.603

1.04+0.18

1.07+0.20

0.963

0.131

0.498

0.349

0.767

0.964

6.64+11.68

6.26+8.65

0.957

7.27%12.62

4.79+6.74

0.604

aTest Wilcoxon; bTest Kruskal-Wallis/Dunn, *p<0.05 versus lip, Tp<0.05 versus cheilitis (media +SD).



Table 3: Influence of clinical features on the immunostaining profile for MutSo. and MutLa heterodimers in vermilion carcinoma of the lip.
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MutSa MutLa Ratio
MSH2 (%)  MSH6 (%) p-Value®  PMS2 (%)  MLH1 (%) p-Value® MSH2/MSH6  PMS2/MLH1  p-Value®  Ki-67 (%)
Sex
Female (n=11) 75.45+8.97 70.75+8.46 0.249 59.36+20.45  55.00+18.92 0.063 1.07+0.11 1.11+0.22 0.500 11.61+22.42
Male (n=34) 75.92+11.44  75.15+11.84 0.346 60.70+20.86  59.56+18.71 0.790 1.00+0.13 1.04+0.17 0.615 6.37+8.76
p-Value® 0.740 0.343 0.792 0.637 0.202 0.554 0.364
Age
Up to 65 (n=24) 51.0848.15 72.07+8.87 0.394 57.55%9.10 64.46+19.92 0.649 0.70+0.10 1.00£0.25 0.722 5.88+7.46
>65 (n=21) 48.90+22.36 80.78+7.22 0.557 57.72+13.61  59.44+11.45 0.215 0.65+0.28 0.97+0.26 0.535 8.83+£15.41
p-Value® 0.447 0.597 0.943 0.937 0.800 0.792 0.491
T
T1/2 (n=30) 74.23+12.89  81.09+12.15 0.345 52.59+24.15  47.00+22.29 0.686 0.91+0.16 1.02+0.13 0.144 8.19+10.77
T3/4 (n=15) 75.10+10.41 70.87+9.05 0.043 55.97+22.02  49.30+23.14 0.068 1.06+0.04 1.36+0.18 0.068 20.57+21.93
p-Value® 0.808 0.167 0.850 0.602 0.028 0.014 0.300
N
NO (n=29) 78.66+4.27 82.26+£11.36 0.917 60.46+£15.18  60.63+12.63 0.465 0.97+0.14 1.03+0.18 0.109 6.82+10.20
N+ (n=16) 70.86+£15.24  72.52+10.71 0.463 49.95+27.40  41.43+24.26 0.075 0.97+0.14 1.24+0.23 0.046 27.43+20.95
p-Value® 0.606 0.153 0.423 0.201 1.000 0.286 0.039
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M
MO (n=47)
M1 (n=3)
p-Value®
Recurrence
No (n=47)
Yes (n=3)

p-Value®

74.07+8.04

67.64+20.63

0.732

76.16+9.89

71.96+21.85

0.956

77.09+14.50

72.28+13.81

0.732

73.87+11.42

78.48+10.58

0.409

0.753

1.000

0.171

0.593

49.04+15.84

54.57+37.63

0.606

61.45+18.84

50.08+37.10

0.661

44.71+21.50

45.61+30.87

0.881

59.91+17.05

45.63+30.88

0.385

0.273

0.109

0.200

0.593

0.98+0.13

0.93+0.20

0.796

1.03+0.12

0.90+0.17

0.188

1.22+0.35

1.16+0.11

0.724

1.05+0.19

1.07+0.10

0.519

0.109

0.109

0.648

0.285

6.76+5.80

7.8948.91

0.885

9.09+9.58

8.74x7.70

0.770

aWilcoxon head; bMan-Whitney head, *p<0.05 (mean +SD).
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Table 4: Correlation between the MMR complex proteins in the removed lesions of the lip.

MSH?2

MSH6

PMS2

MLH1

Ki67

Lip
MSH2
MSH6
PMS2
MLH1
Ki67

Cheilitis
MSH2
MSH6
PMS2
MLH1
Ki67

SCC
MSH2
MSH6
PMS2
MLH1

Ki67

p=0.432 (r=0.357)

p=0.038 (r=0.661)

p<0.001 (r=0.753)

p=0.285 (r=0.600)
p=0.432 (r=0.357)

p=0.803 (r=0.091)
p=0.790 (r=0.091)

p<0.001 (r=0.691)
p=0.002 (r=0.526)

p=0.800 (r=-0.200)
p=0.208 (r=0.600)
p=0.285 (r=0.600)

p=0.265 (r=0.417)
p=0.865 (r=0.067)
p=0.298 (r=0.345)

p<0.001 (r=0.810)
p<0.001 (r=0.689)

p<0.001 (r=0.872)

p=0.397 (r=0.429)
p=0.876 (r=-0.071)
p=0.188 (r=-0.700)
p=0.544 (r=0.314)

p=0.460 (r=0.283)
p=0.574 (r=-0.191)
p=0.593 (r=0.182)
p=0.637 (r=0.183)

p=0.544 (r=0.133)
p=0.697 (p=0.086)
p=0.384 (r=0.206)
p=0.352 (r=0.220)
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Item Page
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 1-2
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3-6
Objectives 3 State specific objectives, including any prespecified hypotheses 5-6
Methods
Study design 4 Present key elements of study design early in the paper 6
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 6
collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 6
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 7
criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe ~ 7-8
measurement comparability of assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 9-10
Study size 10 Explain how the study size was arrived at 6
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were 9-10
chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 10

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) If applicable, describe analytical methods taking account of sampling strategy

(e) Describe any sensitivity analyses
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Results 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 10-11
confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

Descriptive data ~ 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential ~ 10-12

confounders

(b) Indicate number of participants with missing data for each variable of interest
Outcome data 15* Report numbers of outcome events or summary measures 10-13
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 10-13

interval). Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 13-14

Discussion

Key results 18  Summarise key results with reference to study objectives 14-17

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 17
magnitude of any potential bias

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 17
similar studies, and other relevant evidence

Generalisability 21  Discuss the generalisability (external validity) of the study results 16-17

Other information
Funding 22  Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 17-18
which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting.
The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal

Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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CONCLUSAO GERAL

Levando-se em consideracao os aspectos estudados nesta pesquisa, conclui-se que
ha aumento na expressdao do complexo MMR no cancer de labio e que o desbalanceio de
MutSa e MutLo esta associado com a progressdao tumoral. Nos tumores, ha aumento da
atividade e da interassociacdo entre essas proteinas, mas a sua perda de expressdo piora

significativamente o prognostico.
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