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Fernandes D. Estudo ex vivo e in vitro da modulagdo da imunidade inata e adaptativa por
queratindcitos displdasicos em leucoplasia oral e leucoplasia verrucosa proliferativa [tese de
doutorado]. Araraquara: Faculdade de Odontologia da UNESP; 2020.

RESUMO

O carcinoma espinocelular (CEC) representa mais de 95% de todas as neoplasias malignas que
acometem a cavidade oral e muitas vezes estes tumores sdo precedidos por alteracdes clinicas
que apresentam um evidente potencial de transforma¢do maligna, as quais sdo chamadas de
desordens potencialmente malignas orais (DPMOs). Dentre estas, a leucoplasia oral (LO)
possui taxa de transformac¢ao maligna que varia de 0,2% até 17,5%; contudo, uma outra DPMO
conhecida como leucoplasia verrucosa proliferativa (LVP) apresenta um comportamento
persistente e progressivo para malignidade, com taxa de transformag¢ao maligna maior que 70%.
Diferente da LO, fator de risco como tabaco, dlcool e noz de areca ndo parecem estar associados
com o desenvolvimento da LVP. Adicionalmente, a LVP frequentemente apresenta resposta
inadequada a todas as modalidades de tratamento, sofre rapida disseminacdo pelos sitios orais
e muitas vezes demonstra recorréncia. Estudos recentes sugerem que o infiltrado inflamatério
associado as lesoes leucopldsicas de paciente com LVP pode estar relacionado a etiologia e/ou
comportamento clinico agressivo desta DPMO. Assim, foi realizada uma andlise comparativa
entre amostras de LO e LVP que consistiu em: (1) avaliar a porcentagem e identificar os
subtipos de linfécitos T auxiliares e estado de ativacdo de linfécitos T citotoxicos, (2) avaliar a
densidade e estado de ativacdo das células dendriticas, e (3) determinar o efeito de produtos
soliveis de células displdsicas na modulagdo da imunidade inata e/ou adaptativa e se tal
modulagdo confere uma vantagem para a progressao do tumor. Para alcangar estes objetivos, a
expressao imuno-histoquimica de marcadores linfécitos T e B, para células dendriticas (CD) de
Langerhans, CD submucosas imaturas e maturas, CD plasmocitéides, foram utilizados.
Adicionalmente, ensaios com cultura de células foram realizados para acessar o potencial
modelador de fatores soliveis produzidos por culturas celulares derivadas de PVL sobre células
mononucleares do sangue periférico (PBMCs). Estes ensaios incluiram a avaliacdo das taxas
de apoptose e imunofenotipagem dos PBMCs ap6s contato com meios de cultura condicionados
de diferentes culturas celulares, incluindo queratindcitos normais (HOK), displédsicos (DOK e
DOK-PVL) e tumorais (SCC-25). Os resultados da anélise imuno-histoquimica mostraram uma
reducdo global de células T e B acompanhada de uma inibicao da ativacdo de células Th17 e
consequente inducdo de uma resposta imune mediada por células Treg na LVP, parece
favorecer o comportamento mais agressivo desta DPMO em relacdo a LO. Adicionalmente, CD
de Langerhans, maturas e plasmocitéides estdo reduzidas nos compartimentos epitelial e
subepiteliais na LO e LVP em relag¢do ao controle. Por outro lado, CD imaturas encontram-se
aumentadas nos compartimentos epitelial e subepiteliais destas duas DPMOs. Juntos, estes
achados favorecem uma apresentacdo inadequada dos antigenos pré-tumorais facilitando a
tolerancia imunoldgica. Os experimentos com cultura de células revelaram ainda, que os
produtos soldveis de queratindcitos displdsicos tem capacidade de alterar o fendtipo dos
PBMC s favorecendo a transformagdo maligna de DPMOs. Assim, os resultados deste estudo
indicam que os produtos soliveis dos queratindcitos derivados de LVP sdo capazes de modular
de forma distinta a resposta imunoldgica desta DPMO em relacdo a LO, sendo esta modulagao
acompanhada do ganho de vantagens que favorecem o processo de tumorigénese.

Palavras-chave: Leucoplasia. Sistema imunitdrio. Neoplasias bucais. Técnicas de cultura de
células.



Fernandes D. Ex vivo and in vitro study of the modulation of innate and adaptive immunity by
dysplastic keratinocytes in oral leukoplakia and proliferative verrucous leukoplakia [tese de
doutorado]. Araraquara: Faculdade de Odontologia da UNESP; 2020

ABSTRACT

Oral squamous cell carcinoma (SCC) represents more than 95% of all malignant neoplasms that
affect the oral cavity and these tumors are often preceded by clinical changes that have an
evident potential for malignant transformation, which are called potentially malignant oral
disorders (OPMDs). Among these, oral leukoplakia (OL) has a malignant transformation rate
that varies from 0.2% to 17.5%; however, another OPMD known as proliferative verrucous
leukoplakia (PVL) has a persistent and progressive behavior for malignancy, with a malignant
transformation rate greater than 70%. Unlike OL, a risk factor such as tobacco, alcohol and
areca nut does not seem to be associated with the development of PVL. Additionally, PVL often
presents an inadequate response to all treatment modalities, suffers rapid dissemination through
oral sites and often shows recurrence. Recent studies suggest that the inflammatory infiltrate
associated with leukoplastic lesions in a patient with PVL may be related to the etiology and /
or aggressive clinical behavior of this OPMD. Thus, a comparative analysis was performed
between OL and PVL samples that consisted of: (1) evaluating the percentage and identify
subtypes of auxiliary T lymphocytes and activation status of cytotoxic T lymphocytes, (2)
evaluating the density and activation status of dendritic cells, and (3) determine the effect of
soluble products of dysplastic cells on the modulation of innate and / or adaptive immunity and
whether such modulation confers an advantage for progression of the tumor. To achieve these
goals, immunohistochemical expression of markers for Langerhans dendritic cells (DC),
immature and mature submucous DC, plasmacytoid DC, T and B lymphocytes were used. In
addition, cell culture assays were performed to access the potential modeling of soluble factors
produced by PVL-derived cell cultures on peripheral blood mononuclear cells (PBMCs). These
trials included the assessment of apoptosis and immunophenotyping rates of PBMCs after
contact with conditioned culture media from different cell cultures, including normal
keratinocytes (HOK), dysplastic (DOK and DOK-PVL) and tumor (SCC-25). The results of the
immunohistochemical analysis showed a global reduction in T and B cells accompanied by an
inhibition of Thl17 cell activation and the consequent induction of an immune response
mediated by Treg cells in PVL, seems to favor the more aggressive behavior of this OPMD in
relation to OL. In addition, Langerhans DC, matures and plasmacytoids are reduced in the
epithelial and subepithelial compartments in the OL and PVL in relation to the control. In
contrast, immature DCs are increased in the epithelial and subepithelial compartments of these
two OPMD. Together, these findings favor an inadequate presentation of pre-tumor antigens,
facilitating immunological tolerance. The experiments with cell culture also revealed that the
soluble products from dysplastic keratinocytes may to change the PBMCs phenotype favoring
the malignant transformation of OPMD. Thus, the results of this study indicate that soluble
product from PVL-derived keratinocytes are capable of differently modulating the immune
response of this DPMO in relation to OL, and this modulation is accompanied by the gain of
advantages that favor the tumorigenesis process.

Keywords: Leukoplakia. Immune System. Mouth Neoplasms. Cell Culture Techniques.
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1 INTRODUCAO

O carcinoma espinocelular (CEC), também denominado de carcinoma de células
escamosas ou carcinoma epidermdide, representa mais de 95% de todas as neoplasias malignas
que acometem a cavidade oral' Apesar dos recentes avancos no entendimento e nos protocolos
de tratamento em diferentes tipos de tumores malignos, a taxa de sobrevida de 5 anos para
pacientes com CEC oral permanece entre 50 e 60%'-. Portanto, prevenir e diagnosticar a doenga
nos estdgios iniciais, é indispensavel para um melhor prognéstico. Partindo deste principio, um
melhor entendimento das desordens potencialmente malignas da mucosa oral (DPMOs)
representa uma estratégia interessante para elucidar mecanismos moleculares relacionados com
a carcinogénese oral. As DPMOs sdo apresentagdes clinicas que possuem maior potencial para
se transformar em uma neoplasia maligna, quando comparadas com a mucosa clinicamente
normal. Neste contexto, sdo consideradas como as principais DPMOs a leucoplasia,
eritroplasias, liquen plano, queilite actinica; além de outras como a fibrose submucosa,

xeroderma pigmentoso e anemia de Fanconi®#.

A leucoplasia oral (LO) € a principal entre as DPMOs, com uma taxa de incidéncia igual
a 3,4% e taxa de transformacdo maligna que varia de 0,2% até 17,5%*>. Segunda a Organizagao
Mundial da Saide (OMS), a LO € definida como "uma placa branca de risco questiondvel
definida apds a exclusdo de outras doengas ou distirbios conhecidos que mimetizam este
aspecto, mas que ndo carregam nenhum risco conhecido para o cancer". Portanto, LO ¢é
considerado atualmente um termo clinico usado temporariamente como hipétese diagndstica
que implica na exclusdo de outras lesdes de aspecto similar. A LO é mais frequente entre
homens caucasianos acima de 40 anos, e sua prevaléncia aumenta com o avango da idade’. A
etiopatogenia da LO abrange duas grandes categorias, incluindo: LO de etiologia desconhecida
ou idiopética e LO associada ao uso do tabaco®. As LOs podem exibir caracteristicas clinicas
similares entre si, mas apresentam um considerdvel grau de heterogeneidade microscopica.
Segundo a OMS (2005), a OL pode se apresentar microscopicamente com aspectos que variam
de uma hiperqueratose sem ou com variados graus de displasia (leve, moderada ou severa) até
um carcinoma in situ; sendo assim, a realizacdo de uma bidpsia € mandatéria para o
estabelecimento do diagndstico definitivo. Atualmente estes achados microscépicos sao
utilizados para predizer o risco de transformacdo maligna deste grupo de lesdes. No entanto,
nao hd métodos objetivos ainda disponiveis para tipificar lesdes displdsicas e permitir resultados

consistentes e reprodutiveis, uma vez que nem todas as lesdes orais com displasia progridem
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para uma neoplasia maligna’®. Além disto, a utilidade desta subdivisdo de displasia tem sido
questionada devido a grande variabilidade inter e intra observador no que diz respeito a
avaliacdo de presenca/auséncia e grau de displasia'®. A maioria das OLs convencionais
permanecem benignas ao longo do tempo, caracterizando-se por acantose ou hiperceratose com
um pequeno grupo de lesdes progredindo para displasias de alto grau ou carcinoma francamente
invasivo*#. Assim, um dos maiores desafios entre os casos de OLs € o dilema de tentar prever

quais lesoes irdo de fato progredir para uma neoplasia maligna, em particular o CEC oral.

Interessantemente, existe uma variante menos conhecida entre as leucoplasias que
apresenta um comportamento Unico de persistente progressdo para malignidade, conhecida
como leucoplasia verrucosa proliferativa (LVP). O termo LVP foi definido pela primeira vez
por Hansen e colaboradores em 1985, que descreveram uma desordem agressiva de etiologia
desconhecida e tendéncia a se tornar multifocal ao longo do tempo!'. A LVP € caracterizada
por placas brancas difusas e mdaltiplas, com prevaléncia quatro vezes maior no género feminino,
sendo frequentemente diagnosticada a partir da sexta década de vida em individuos usualmente
ndo fumantes e apresentando alta taxa de recorréncia e malignizagado, a qual pode variar de 40
a 70%"'>'3. Devemos destacar que o perfil epidemiolégico da OL convencional se aproxima do
observado no CEC oral, sendo associado ao uso do tabaco e apresentando maior incidéncia
entre os homens. Em contrapartida na LVP isso parece ndo ocorrer, demonstrando um possivel
padrdo bioldgico distinto entre LO e LVP. Esta apresentagdo clinica distinta associada ao
comportamento bioldgico agressivo permitem que a LVP seja classificada como uma entidade
distinta da LO convencional, sendo descrita pela OMS como a DPMO com maior risco de
progressdo para o CEC oral. Contudo, o diagnéstico definitivo da LVP deve ser realizado de
forma retrospectiva com base na observacdo temporal das lesdes, devido a inexisténcia de
caracteristicas clinicas e microscépicas especificas da doenca nas fases iniciais. Assim, um
particular desafio tem sido encontrado para realizar um diagndstico diferencial e precoce entre

os casos de LO convencional e LVP.

Ainda, a classificacdo proposta pela OMS enfatiza os critérios microscépicos para
definir o estdgio clinico das DPMOs, no entanto, pouca importincia tem sido dada a
caracterizacdo das células do sistema imune nestas desordens®. Neste contexto, a utilizacdo de
técnicas de biologia molecular em estudos com LO e LVP poderiam melhorar acentuadamente
a deteccdo de alteracdes que sdo invisiveis ao microscopio, melhorando a eficdcia na

identificacdo dos pacientes com maior risco de transformacdo maligna't. Assim, o
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entendimento mais aprofundado da natureza molecular e do comportamento destas DPMOs €
fundamental para que seja possivel o desenvolvimento de potenciais ferramentas diagndsticas
e prognosticas em casos de LO e LVP. Além disto, a LVP frequentemente apresenta resposta
inadequada a todas as modalidades de tratamento e muitas vezes sofre recorréncia. Entdo, o
melhor entendimento dos mecanismos moleculares relacionados a LVP, incluindo os
mecanismos relacionados a imunidade inata e adaptativa, podem auxiliar no desenvolvimento

de medidas terapéuticas mais eficazes.

No modelo atual de oncogénese, o cancer surge a partir de uma sequéncia de alteracdes
celulares resultantes de fatores intrinsecos e extrinsecos; sendo bem estabelecido e aceito que
existem seis alteracdes fundamentais na fisiologia celular que determinam o inicio da
oncogénese’. Segundo este conceito as células tumorais caracteristicamente fornecem seus
préprios sinais de crescimento, ignoram os sinais inibidores do crescimento, evitam a morte
celular (evasdao da apoptose), replicam-se de forma ilimitada, sustentam a angiogénese e
invadem os tecidos através da membrana basal e da parede dos capilares (invasdo tecidual e
metéstase). Além disso, como recentemente proposto, evitar a vigilancia imunolégica pode ser
a sétima caracteristica do cancer'®!’. Este conceito mostrou que apesar das evidéncias a favor
do papel fundamental do sistema imunoldgico no combate a formacdo do cancer
(“imunovigilancia”), as células e fatores que compdem este sistema podem agir selecionando
ou editando os tumores emergentes'8. Neste contexto, surgiu o conceito da “imunoedicao” que
€ composto por trés fases conhecidas como os trés “Es” da imunoedi¢do: (I) eliminagdo, (II)
equilibrio e (III) escape!®!8. Recentemente e baseado no conceito da imunoedi¢do, foi
reconhecido também que as células tumorais t€ém a interessante capacidade de utilizar a
presenca do infiltrado inflamatdrio tumoral em seu favor. Processo chamado de cooptacdo e

subversao do sistema imunolégico'*%.

O conceito de imunovigilancia tumoral presume que o sistema imunoldgico pode
reconhecer precursores de cancer e, na maioria dos casos, destruir esses precursores antes de se
tornarem clinicamente aparentes. Se a imunovigilancia tem um papel importante na supressao
de tumores, entdo seria de esperar que pacientes com lesdes potencialmente malignas
apresentassem respostas imunoldgicas vigorosas. H4, de fato, vdrias linhas de evidéncia que
indicam que este pode ser o caso. Por exemplo, pacientes com gamopatia monoclonal, que é
uma lesdo potencialmente maligna, mostram uma vigorosa resposta inflamatéria mediada por

linfécitos T (LT) contra linfocitos B (LB) pré-malignas autélogas, enquanto tais respostas nao
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sdo encontradas em pacientes com mieloma multiplo, que é uma condi¢ao maligna?'. Contudo,
outros estudos t€m demonstrado que a resposta imune associada ao tumor nao € exclusivamente
antitumoral e a evasdo da resposta imune adaptativa pelos tumores pode ocorrer por meio de
dois possiveis mecanismos: 1) deplecdo de células T, inibindo a detecc@o de células tumorais;
e 2) inducdo de imunotolerancia®>>. Em suporte ao primeiro mecanismo, o aumento da
producdo de Fas ligante por células tumorais pode induzir apoptose de células da resposta
imune? e, de fato, linfocitos T expostos a lesdes de HNSCC metastaticas sdo mais susceptiveis
a apoptose?’. Contudo, a falta de eficiéncia de abordagens terapéuticas de CECs de cabeca e
pescoco em modelos pré-clinicos utilizando a estimulacdo da resposta imune por citocinas e da
transferéncia (transplante) de células T citotdxicas juntamente com as evidéncias que
demonstram que as células T presentes no microambiente tumoral se tornam suprimidas ou
inativadas sugerem a possibilidade do segundo mecanismo (imunotolerincia) também estar
envolvido®?. Diante do exposto, um estudo detalhado da resposta imune nas DPMOs, pode

contribuir para elucidagdo de tais eventos na fase inicial da oncogénese.

Os estudos que avaliam a participacdo da imunidade inata e adaptativa em DPMOs sdo
escassos e ndo incluem amostras de LVP. Um estudo preliminar realizado por Bondad-Palmario
(1995) avaliou superficialmente o fenétipo e a distribuicdo de células da imunidade em
amostras de LO, revelando que a diminui¢do da razdo entre linfécitos T auxiliares/citotoxicos
(CD4/CD8), aumento das células natural killer (NK) CD57+ e expressdo do receptor HLA-DR
por queratindcitos ocorreram simultaneamente em casos de OL com displasia severa®.
Posteriormente, Gannot e colaboradores (2002) mostraram que a intensidade de células
inflamatdrias € maior em LOs com displasia moderada e severa (170 £ 27 e 176 +. 30 células
por 0,04mm?, respectivamente) quando comparadas com LO sem ou com grau leve de displasia
(102 £ 15 e 82 + 24 células por 0,04mm?, respectivamente). A caracterizacdo superficial desta
populacdo de células inflamatdrias, mostrou que linfocitos B foram significantemente mais

proeminentes em casos de LO com displasia moderada e severa®'.

Outro estudo mostrou que células de Langerhans (CLs) e LTCD8+ sdo mais abundantes
em OLs com displasia em comparacdo com LOs sem células displédsicas*. Em CECs orais o
nimero de CLs e LT sdo aumentados em comparagao com os casos de LOs?2. Estes resultados
suportam os resultados apresentados por Syafriadi e colaboradores (2005), que encontraram
uma correlagdo significante entre o ndimero aumentado de células LTCD8+ e o grau de

severidade da displasia®*. Deve-se destacar que moléculas CD8 ndo sdo expressas
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exclusivamente em LT, uma vez que células NK e células dendriticas (CD) plasmocitdides
expressam moléculas CD8a***°. Consequentemente, € possivel que algumas das células CD8+
registradas nestes estudos possam ser em parte células NK ou CD plasmocitéides.
Posteriormente, um estudo realizado por Ohman e colaboradores (2015) revelou que pacientes
com LO que evoluiram para CEC oral apresentavam uma reducao significativa no niimero de
LTCD3+ em comparagdo com os casos que niao desenvolveram um CEC?*. Estes estudos
suportam a hipétese da imunovigilancia, mas uma caracterizacao detalhada dos subtipos de LT

se faz necesséria para uma exploracdo adequada desta hipotese.

Um estudo recente investigou o padrao de expressdo do genes da IL-1f3, IL-6, IL-8,
TNF-a e COX-2 em casos de LOs, sugerindo que estes fatores da inflamacdo aparentemente
ndo contribuem para a progressdo destas lesdes*’. Segundo os resultados deste estudo, houve
apenas uma reducio na expressao da citocina proinflamatéria IL-1f3 em amostras de LO quando

comparadas ao tecido gengival normal.

Woodford e colaboradores (2014) mostraram mudangas dindmicas na resposta
imunolégica de DPMOs, revelando um aumento proeminente da IL-17 nestas lesoes e redugao
desta mesma citocina em CECs?®®. O estudo demonstrou ainda que um declinio na produgdo de
IL-23 e o aumento na produgdo TGF-f por células de CEC sdo os provaveis contribuintes na
polarizacdo de Th17 para Treg no ambiente tumoral. Contudo, nenhuma diferenga na producio
de IL-2, IL-6 e IFN-y foi observada nos grupos estudados®. Resultados semelhantes foram
observados em um estudo que mostrou uma reducao gradual na expressao sorologica de IL.-17
de pacientes sauddveis, pacientes com LO para casos de CEC oral*. Em contraste, a
concentracdo de TNF-a, IL-6 e IL-8 no soro e saliva de pacientes com LO foi apontada como

significantemente aumentada em relacdo ao grupo de pacientes saudaveis®.

Outro estudo recente, avaliou a relacdo entre o perfil de LT e a polarizagdo de
macréfagos (M1/M2) em amostras de LO e encontraram uma correlagdo positiva entre o
nimero de LTCD4+ e macréfagos CD163+. Curiosamente, os LTCD4+ revelaram um perfil
Th1l (CXCR3+ e CCR5+), principal subtipo celular produtor de IFN, enquanto o fenétipo Th2
foi escasso nestas lesdes. Estes resultados demonstram que embora o CD163 tenha sido
considerado um marcador de macréfagos M2 em muitos tumores sélidos, os macréfagos
CD163+ nas LOs parecem possuir um fenétipo M1 caracterizado pela expressao de produtos
génicos induzidos por IFN*'#2. Como revelado pela dupla marcacdo que demonstrou que os

macréfagos CD163+ coexpressavam STATI ativo (pSTATI).
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A maioria dos estudos indica que DPMOs provavelmente representam um estado de
equilibrio entre ativacdo do sistema imune e a proliferacdo de células displdsicas, como
originalmente sugerido por Dunn'®!8. Contudo, um estudo molecular mais profundo sobre as
células imunes e citocinas relacionadas com LO e LVP representa uma estratégia de pesquisa
interessante para a elucidagcdo da etiologia destas DPMOs. Assim, os resultados deste estudo
podem indicar potenciais novas ferramentas para prever de forma mais confidvel quais as lesdes

que sofrerdo transformac¢do maligna.
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2 PROPOSICAO
2.1 Objetivo Geral

Comparar o perfil da resposta imune inata e adaptativa entre casos de LO e LVP; além

de avaliar o impacto desta interacao no processo de transformagao maligna.
2.2 Objetivos Especificos

Comparar a porcentagem e estado de ativagcao dos subtipos de linfocitos T auxiliares e

citotéxicos em lesdes leucoplésicas de LO e LVP.

Avaliar comparativamente a densidade e estado de ativacdo das CDs por meio da
expressao imuno-histoquimica de marcadores que caracterizam CDs imatura, maturas e

plasmocitdides em lesdes leucopldsicas de LO e LVP.

Determinar os efeitos promovidos pelos produtos soltiveis oriundos de células normais,
displésicas e neopldsicas na apoptose de PBMCs e modulacdo de linfécitos T auxiliares

(Th1, Th2, Th17 e Treg) por meio de andlise in vitro.
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ABSTRACT

Background: The oral leukoplakia (OL) has a malignant transformation rate ranging from 0.2%
to 17.5%, whereas proliferative verrucous leukoplakia (PVL) presents persistent and
progressive malignant behavior, with a malignant transformation rate greater than 70%. We
aimed to characterize and compare the lymphocyte profile in the inflammatory infiltrate

associated with PVL and OL lesions, as well as the NF-xB expression.

Methods: The profile of T- cells (CD3, CD4, and CDS8) and B-cells (CD20, CD138) were
analyzed by immunohistochemistry, while cytokine and chemokine profiles were assessed
using a bead-based multiplex assay to identify differences in immune signaling pathways

between OL and PVL.

Results: An overall reduction of T-cells and B-cells in OL and PVL groups, compared to the
control group. Moreover, the cytokines and chemokines profiles of the T cells are different

between these oral potentially malignant disorders (OPMDs).

Conclusion: There is a general suppression of T cells in the OPMDs. Moreover, the cytokines
profiles observed in PVL probably favors the polarization of CD4+ T cells to Tregs when
compared to OL. Also, the cytotoxic activity of T cells is reduced in OL and PVL. The process
of carcinogenesis in PVL may be mediated by TNF-a-induced activation of the NF-zB

signaling pathway.

KEYWORDS: Oral leukoplakia; Proliferative verrucous leukoplakia; Oral cancer; Immune

system; Lymphocytes.
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INTRODUCTION

In the oral oncogenesis, the oral squamous cell carcinoma may arise from histologically normal
oral mucosa or from oral potentially malignant disorders (OPMDs), which include oral
leukoplakia (OL) that presents a malignant transformation rate ranging from 0.2% to 17.5%.'3
Lower T-cell, monocytic, and myeloid dendritic cells immune infiltration as associated with
oral cancer development in OPMDs.* Also, the development of epithelial abnormalities from
oral dysplasia to carcinoma is accompanied by an increased number of CD163+ cells and

immunoexpression of PD-L1 and decreased number of CD3+ and CD8+ cells.>¢

Another interesting and rare OPMDs is the proliferative verrucous leukoplakia (PVL), which
presents persistent and progressive malignant behavior, with a malignant transformation rate
greater than 70%.'" Until now, there was no study which investigated the influence of
inflammatory cells in the PVL. Thereby, we aimed to characterize and compare the lymphocyte
profiles and their cytokines and chemokines involved in the inflammatory infiltrate of PVL and

OL lesions.

METHODS

Samples

This study was conducted in full accordance with ethical principles, including the World
Medical Association (Declaration of Helsinki) and after approval by local ethics committee.
All participants agreed to participate in the study and provided written informed consent.
Biopsies samples from patients diagnosed clinically and pathologically with OL (n=23) and
PVL (n=15) were obtained. The diagnostic criteria for OL and PVL was based on the WHO
Classification of Head and Neck Tumours.® In addition, samples from patients with oral
squamous cell carcinoma (OSCC, n=12) and inflammatory fibrous hyperplasia (IFH n=14)
were included as neoplastic and non-neoplastic groups when necessary. After the sample
collection, the fragmented tissue was divided into two parts. One half was fixed in 10% formalin
and prepared for histopathological and immunohistochemical analyses. The other half was

immediately frozen and stored at —80°C.
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Histopathological

We evaluated the intensity of the inflammatory infiltrate using hematoxylin and eosin-stained
tissue sections. Five representative fields were photographed with Olympus DP25 camera
(Olympus, Center Valley, PA, USA) attached to Nikon Eclipse E600 microscope (Nikon,
Tokyo, Japan) utilizing 200x magnification. The inflammatory cells were counted using the
Image J software (version 1.52, NIH, Bethesda, MD, USA), and we determined the mean cell
count for each sample. The dysplasia was grouped by low-grade and high-grade following the
last criteria of WHO.! These analyses were made by two independent calibrated examiners

(kappa = 0.87) and supervised by a third examiner.

Immunohistochemistry

Briefly, consecutive serial sections were obtained and submitted to the antigen were retrieval.
Then the slides were incubated separately with primary antibodies against CD3, CD8, CD20,
CD138 (#GAS503, #IR649, #GA604, #1S642 respectively, Dako, Carpinteria, CA, USA) and
CD4 (CD4-368-L-CE, Leica Biosystems, Wetzlar, HE, Germany), followed by the LSAB
method (#K0675, Dako, Carpinteria, CA, USA) and the reactions were developed by incubating
the sections with 0.6mg/ml 3,3’diaminobenzidine tetrahydrochloride (DAB, Sigma-Aldrich,
Saint Louis, MO, USA). Five representative fields were photographed from the intraepithelial
and the subepithelial areas separately with an Olympus DP25 camera (Olympus, Center Valley,
PA, USA) attached to Nikon Eclipse E600 microscope (Nikon, Tokyo, Japan) utilizing 20x
objective. The positive cells were counted by two independents calibrated (kappa = 0.84)

examiners using the Image J software (version 1.52, NIH, Bethesda, MD, USA).

Cytokines and Chemokines Assays

Total proteins were extracted from the frozen tissue samples using a detergent-based extraction
buffer T-PER — Tissue Protein Extraction Reagent (Pierce, Rockford, IL, USA) containing a
protease inhibitor cocktail (Complete Protease Inhibitor Cocktail Tablets; Roche Diagnostics,
Indianapolis, IN, USA). A cytokines/chemokines panel to assess CD4+ cell subsets (#EPX180-
12165-901, ThermoFisher Scientific, Waltham, MA, USA), and the activation status of CD8+
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cells #HCDS8MAG-15K, Merck Millipore Corporation, Billerica, MA, USA) was performed.
A total of 26 cytokines/chemokines, including GM-CSF, IFN-v, IL-1§, IL-2, IL-4, IL-5, IL-6,
IL-9,1IL-10,IL-12p70,IL-13,IL-17A,1L-18, IL-21, IL-22,IL-23, IL-27, TNF-a, Granzyme A,
Granzyme B, Perforin, MIP-1a, MIP-1f, sCD137, sFas, and sFasL, were tested using the
xMAP MAGPIX instrument (Merck Millipore Corporation, Billerica, MA, USA).

Statistical analyses

Differences between the groups were tested by Mann—Whitney U test or Student T-test and by
Kruskal-Wallis followed by Dunn’s test with a correction or one-way ANOVA followed by
Tukey’s test. Only the results with P <0.05 were considered statistically significant. All the
statistical analyses were performed using GraphPad Prism Software version 7 (GraphPad, La

Jolla, CA, USA).

RESULTS

Chronic lymphoplasmacytic infiltrate was more often in PVL than OL

The epidemiological profile of the patients included in this study revealed that most patients in
the OL group were male (n = 13; 56.5%) and smokers (13 patients; 56.5%), with a mean age of
55 years (range 30 to 79 years). The vast majority of OL patients revealed lesions with a total
size of less than 3 cm (n=20; 86.9%). All OL patients required a single biopsy and most of them
were histopathologically classified as low-grade (n=15, 65.2%). Analyzing the clinical-
pathological characteristics of the PVL group, we observed that most patients were female (n=9;
60.0%), with a mean age of 64.6 years (range 41 to 79 years) and were smokers (10 patients;
66.6%). All patients in the PVL group had lesions at multiple oral sites with a total lesion size
greater than 3 cm. Some PVL patients (n=7, 46.6%) presented lichenoid characteristics
associated with dysplastic lesions. All PVL patients presented multifocal lesions during the
disease development. The mean number of biopsies of the PVL patients was equal to 2.3, and
the majority was histopathologically classified as high-grade (n=26, 74.2%). The frequency of
subepithelial inflammatory cells was higher in PVL than OL (p = 0.0197), usually containing
chronic lymphoplasmacytic infiltrate (Figure 1A). The OL group with high-grade dysplasia
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shows an increase in the number of inflammatory cells infiltrated. Unlikely, there is a high

density of inflammatory cells regardless of the dysplasia grade in the PVL samples (Figure 1B).
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Figure 1. Number of the inflammatory infiltrate associated with PVL and OL. A. Mean number

of immune cells counted per field in paraffined tissue samples of PVL and OL. B. * p < 0.05.

Number of lymphocytes is lower in OL and PVL

There was an overall reduction of the lymphocytes population on the OL and PVL groups when
compared to the non-neoplastic group (IFH). T cells constitute the majority of the infiltrating
lymphocytes observed in OL and PVL, being found under the epithelial basal layer. On the
other hand, B cells were observed deeply in the connective tissue. When these cells were found
in the intraepithelial area, they were more present in the basal layer and the spinous layer. In
this area, there was no difference between the groups for the CD3+CD4+ cells. However, we
found a reduction of CD3+CD4+ cells in the subepithelial area of PVL and OL. CD3 and CDS8
positive cells were found reduced in both intraepithelial and subepithelial areas for both
OPMDs. Figure 2 shows the statistical difference observed between the groups for the T cells
markers. Similarly, the CD20+ and CD138+ cells were reduced only in the subepithelial area

of PVL and OL (Figure 3).
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Figure 2. Number of T cells associated with IFH (non-neoplastic group), OL and PVL identified

by immunhistochemistry. Mean number of CD3+, CD4+ and CD8+ cells counted in the

epithelial and subepithelial area per field. * p < 0.05, ** p <0.01 and *** p < 0.001.
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Figure 3. Number of B cells associated with IFH (non-neoplastic group), OL and PVL identified
by immunhistochemistry. Mean number of CD20+ and CD138+ cells counted in the epithelial

and subepithelial area per field. *** p < 0.001.
Cytokines and chemokines profiles in OPMDs and OSCC

The multiplex assay did not reveal any statistical difference in the levels of IFN-y, IL-10, IL-
12p70, IL-13, IL-17A, IL-23, IL-27, Granzyme A, Perforin, MIP-1a, and sFasL between the
groups. Nonetheless, the levels of 1L-4, IL-18, and IL-21 are decreased in PVL than OSCC.
There is also a decrease in the levels of GM-CSF, IL-6, IL-1f3, and sCD137 in PVL and OL
compared to OSCC. The levels of granzyme B and IL-9 are reduced in both OPMDs and control
compared to the OSCC. We found an increase in the levels of IL-2 and TNF of PVL comparing
to the non-neoplastic group, whereas the sSFAS levels are reduced. Moreover, the levels of IL-
5 are increased in PVL when compared to OL and the control group (Figure 4). Based on these
results we included the analysis by immunofluorescence of the nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-«B) activation which may be involved in the TNF
pathway. We observed that the tissue levels of NF-»B are increased in malignant lesions from
PVL patients when compared with lesions from the same patients without malignant

transformation (Figure 5).
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Figure 4. Cytokines and chemokines profile in OPMDs and OSCC using the multiplex assay
with frozen tissue samples. Levels of 1L-4, IL-18, IL-21, GM-CSF, IL-6, IL-1f3, sCD137,
granzyme B and IL-9, IL-2, TNF, sFAS and IL-5 between IFH (non-neoplastic group), OL,
PVL and OSCC. * p <0.05, ** p < 0.01, *** p <0.001 and **** p < 0.0001.
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Figure 5. NF-«B tissue expression in non-neoplastic and neoplastic samples of PVL by
immunofluorescence. A. Immunofluorescence pattern of anti-Phospho-NF-«B p65 antibody
(red labeling). DNA was identified using Hoechst 33342 (blue labeling) in 200x magnification.
B. Percentage of positive cells per field between non-neoplastic and neoplastic samples of PVL.

*p <0.05.



29

DISCUSSION

To the best of our knowledge, our study was the first to compare the lymphocytic infiltrate
profiles in OL and PVL. Despite the difference in the overall inflammatory cell density
observed in hematoxylin and eosin staining between PVL and OL, we could not find a
difference between them when we analyzed the inflammatory cells subtypes by
immunohistochemistry. Our results showed a decrease in the number of T-cells, as well as B-
cells in the inflammatory, infiltrate associated with PVL and OL when compared with a non-
neoplastic lesion. In a previous study, OL lesions with records of malignant transformation had
a reduced number of CD3+ T-cells when compared with patients without malignant
transformation.” Similarly, high stromal and parenchymal CD8+ T-cell density in OSCC is
associated with improved overall survival and disease-specific survival.® Another study showed
that Langerhans cells (LC) and CD8+ T-cells are more abundant in dysplastic OL compared to
non-dysplastic OL. In OSCCs the number of LCs and T-cells is increased when compared to
cases of OLs.”® It was already demonstrated that the intensity of B-cells is higher in OL with
moderate and severe dysplasia when compared with OL without or with mild dysplasia.® In our
study, we did not find any relationship between malignant transformation and the frequency of
lymphocytes in OL and PVL. Notwithstanding, we show that the intensity of the inflammatory
infiltrate is higher in OL with high-grade than low-grade dysplasia. These results may explain
why dysplasia levels are not always efficient in predicting the malignant transformation in OL.
Differently, the intensity of the inflammatory infiltrate in PVL is independent of the dysplasia
grade, once it shows a higher density of immune cells infiltrated even in mild dysplasia.
Nonetheless, the T-cells subsets characterization in OPMDs have been underexplored until

now.

Based on the theory of “immunoediting”,'® we think that the factors produced by the epithelial
cells in PVL have a higher capability of recruiting and subverting the inflammatory cells in its
favor. Considering this, we analyzed the chemokine and cytokine profile related to cytotoxic
and helper T-cells in OL and PVL comparing with non-neoplastic lesions and OSCC. In this
analysis, we found that the concentrations of IL-4, IL-18, IL-21, GM-CSF, IL-6, IL-1f3,
sCD137, granzyme B, and IL-9 are higher in OSCC. Specifically, the concentrations of IL-4,
IL-18, and IL-21 are decreased in PVL when compared with OSCC. The high levels of 1L.-4
have been associated with several tumors including colon, breast, and lung cancer.'!"'* However,

this interleukin may also present an antitumoral effect, being its true effect dependent on the
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microenvironment.'> I[L-18 is mediated through induction of interferon-y (IFN-y) secretion
from T helper (Th1) cells. IL-18 in combination with IL-12 can activate CD8+ cells, to produce
IFN-vy and, therefore, may contribute to tumor immunity. The biological activity of IL-18 is not
limited to these cells, but it also plays a role in the development of Th17 cell responses. IL.-18
synergistically with IL-23 can induce IL-17 secretion from Th17 cells.'® Thus, IL-21 can
provide a signal required by naive CD8+ T cells to differentiate in response to Ag and
costimulation, and the resulting effector cells represent a unique effector phenotype with highly
effective cytolytic activity, but insufficient capacity to secrete IFN-gamma. In addition to its
costimulatory functions on Th1 cytokines, IL.-18 helps activate NK cells to express Fas ligand.
These may explain the reduced concentration of IFN-vy, and Fasl observed in the PVL group
compared to the other groups. However, we did not find sufficient evidence of difference in the
levels of IFN-y between the groups. We also found reduced levels of sFAS and IL-21 in PVL,
and this fact may be related to a reduction of the CD8+ cells and/or deficiency in the activity of
these cells. In fact, we found a reduction in the levels of Granzyme B, which is secreted by the
CD8+ cells and promotes caspase activation cascade inside the target cells. Moreover, increased
production of Fas ligand by tumor cells may induce apoptosis of immune cells, and indeed in
vitro T cells exposed to metastatic HNSCC cell lines are more susceptible to apoptosis.'®!” On
the contrary, the addition of sFas perpetuates the proliferation of stimulated T cells in culture.'®
It may be related to our results since we found an increased number of inflammatory cells even

in low-grade dysplasia of PVL.

In addition, the PVL group showed higher concentrations of IL-2, IL-5, and TNF-a than the
non-neoplastic group. Some studies show that IL-2 regulates survival, proliferation, and
differentiation of activated T cells and NK cells through the transcription factor STATS.
Interestingly, IL-2 presents a paradoxical activity stimulating or suppressing the effector
lymphocyte responses, specifically in CD4+ Foxp3+ regulatory T cells (Tregs). This subtype
of T cells may be induced at the periphery by TGF-[3 and antigens resulting in inducible Tregs.
Indeed, TGF-f may induce both forkhead box P3 (Foxp3) and retinoic acid receptor-related
orphan nuclear receptor gamma t (RORYt), essential transcriptional factors to Tregs and Th17
cells, respectively.'” However, in the absence of IL-6, the RORYt is suppressed, favoring the
Treg polarization. In this context, the polarization of Th17 cells also occurs in the presence of
IL-21, and these cells are responsible for the production, not only of IL-17A and IL-17F but
also of IL-21, IL-22 and granulocyte-macrophage colony-stimulator factor (GM-CSF).?° These
subtypes of T cells produce IL-10 and TGF-f3 that suppress the function of other effector T cells
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and antigen-presenting cells inducing peripheral tolerance.>! Moreover, it was already reported
that the frequency of Tregs is higher in the peripheral blood of patients with several types of
cancer, including HNSCC.? A study with OL showed that there is a gradual increase in Foxp3+
in parallel with the progression of dysplasia.?*> Another study observed a higher level of TGF-
1 in OSCC samples when compared with OL, suggesting that this cytokine plays a role in the
acquisition of a malignant phenotype in the early stages of oral carcinogenesis. Our data suggest
that in the PVL group, there is a shift in the balance of Th17 to Tregs since we observed a
reduction of IL-6, IL-21, and GM-CSF. Besides this, we have an increase in IL-2, which is
important for Tregs survival and homeostasis. Differently, Woodford et al.>* showed dynamic
changes in the immune response of OPMDs, revealing a noticeable increase of IL-17 in these
lesions and a reduction of this same cytokine in OSCC. The study also demonstrated that I1L.-23
is a critical mediator derived from OPMDs and promotes the Th17 phenotype. Moreover, a
decline in IL-23 production and an increase in TGF-f3 production by OSCC cells are likely
contributors to polarization from Th17 to Treg in the tumor microenvironment. However, no
differences in IL-2, IL.-6, and IFN-y production were observed in the groups studied.?* Similar
results were observed in a study that showed a gradual decrease in IL-17 serological levels in
healthy patients and OL patients when compared with OSCC patients.”> In contrast, the
concentration of TNF-a., IL-6, and IL-8 in serum and saliva of patients with OL was reported

to be significantly increased than the healthy patient’s group.?

IL-5, together with IL-10, IL-4, IL.-13, and IL-6, are produced by the subset Th2 cells, while
IL-2, TNF, and IFN are produced by Th1.”” However, the function of IL-5 depends on its origin
and in the microenvironment context. Recently this interleukin has been reported as major
factor in eosinophil differentiation and proliferation .?® In addition, studies have reported high
levels of IL-5 in small-cell lung carcinoma, but its role in cancer biology remains a
controversy.” Our results showed lower levels of IL-4 and IL-6, and high levels of IL-2 and
TNF-alfa in PVL, favoring the Th1 phenotype cells. Thus, we hypothesize that high levels of
IL-5 in PVL may be produced by other cells, and it may be favoring the tumor transformation.
In agreement with these findings, we identified low levels of IL-9, an interleukin mainly
secreted by Th2 and Th9 cells, in PVL when compared to OSCC. Differently from the IL-5, we
believe that the IL-9 may not contribute to the malignant transformation of PVL and OL.

A recent study investigated the pattern of IL-1p, IL-6, IL-8, TNF-a, and COX-2 gene

expression in cases of OL, suggesting that these inflammation factors do not contribute to
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pathogeneses of these lesions.*® According to this study, there was only a reduction in IL-1f3
proinflammatory cytokine expression in OL samples when compared to normal gingival tissue.
We found a reduction of IL-1f3 in OL and PVL when compared to OSCC and the PVL group
revealed the higher TNF-a concentration. The TNF-a has a dual role in the regulation of the
inflammatory process associated with the tumor development through the activation of the
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-»B) or the c-Jun N-terminal
kinase (JNK). The NF-xB may be activated by TNF-a to promote tumor cell proliferation and
to inhibit the apoptosis, besides favoring the tumor angiogenesis, invasion, and potential

metastasis.

CONCLUSION

In conclusion, we showed that there is a general suppression of T cells in the OPMDs.
Therefore, depletion of the immune response observed in the OPMDs probably contributes to
the malignant transformation of these lesions. Moreover, the cytokines and chemokines profile
observed in PVL probably favors the activation of Tregs when compared to OL. We also
showed that the activation of the NF-»B pathway might mediate the process of carcinogenesis
in PVL, and we suggest that high levels of TNF-a probably activate it. Also, the cytotoxic
activity of T cells is reduced in OPMDs. Further studies are necessary to confirm the role of
these immune cells and its factor in the pathogenesis of PVL, since these may be possible

therapeutic targets.
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ABSTRACT

Objectives: This study aimed to evaluate the density and state of activation of the dendritic cells
(DCs) in oral leukoplakia (OL) and proliferative verrucous leukoplakia (PVL) by
immunohistochemical analysis. Methods: We analyzed the paraffined tissue samples of PVL
(n=35), OL (n=23), and inflammatory fibrous hyperplasia (n=14) as a control group. The
immunomarkers for conventional Langenhars cells (CDla, CD207 and S100), submucosal
mature DCs (CD83 and CD208), submucosal immature DCs (CD209 and factor XIlIIa) and
plasmacytoid DCs (CD123). A quantitative analysis of positive cells in the epithelial and the
subepithelial areas were determined. Results: The frequency of CD1a and CD207 is reduced in
the subepithelial area of PVL and OL compared with the control. S100 is reduced in the
intraepithelial area of PVL and OL, as well as the CD207 in OL in the same area. CD208 is
reduced in OL and PVL in both areas. Factor CD209 in the intraepithelial area and factor XIlIIa
in the subepithelial area are both increased in PVL. However, OL presents an increase in CD209
and a decrease of CDI123 in the subepithelial area. Conclusions: There is general
immunosuppression of the different types of DCs in both OL and PVL. A reduction of LCs and
mature submucosal DCs occurred, while an increase of immature submucosal DCs in both
OPMDs was observed. These findings indicate that the immune response is altered in OL and

PVL, and it may influence its pathogenesis.

KEYWORDS: Oral leukoplakia; Proliferative verrucous leukoplakia; Oral cancer; Immune

system; Dendritic cells.
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INTRODUCTION

Potentially malignant disorders of the oral cavity (OPMD) are a group of mucosal lesions
associated with an increased risk of malignant transformation. Oral leukoplakia (OL) is one of
the major OPMDs, being the mean worldwide malignant transformation rate equal to 3.5%
(Warnakulasuriya & Ariyawardana, 2016). Another OPMD, rarer, is the proliferative verrucous
leukoplakia (PVL) which have a high rate of malignant transformation (63,9%) combined with
a high rate of recurrence and resistance to all treatment modalities. (Hansen et al., 1985;
Zakrzewska et al., 1996; Silverman & Gorsky, 1997). Differently from OL, PVL is not related
to tobacco, it is more common in elderly women, and until now its etiology was not found

(Gouvéaet al., 2013).

Dendritic cells (DCs) are immune cells, with high phagocytic activity as immature cells and
high cytokine-producing capacity as mature cells (Banchereau & Steinman, 1998). A
relationship between DCs and prognosis in patients affected by different cancers has been
previously reported (Bennaceur et al., 1998; Upadhyay et al., 2012). Moreover, DCs are
potentially good candidates for use in therapeutic cancer vaccines (Palucka et al., 2011; Zhang
et al., 2016). Langerhans cells (LCs) may be considered immature DCs when express CD1a
(Bennaceur et al., 2008; Austyn, 1993; Gondak et al., 2012), a protein that is responsible for
presenting antigens to T lymphocytes (Gondak et al., 2012; Coventry & Heinzel, 2004).

Few studies have explored the role of the dendritic cells in OPMDs; moreover, none of them
included PVL samples. Langerhans cells (LC) and CD8+ T-cells are more abundant in
dysplastic OL compared to non-dysplastic OL (Ohman et al., 2012). In OSCCs, the number of
LCs and T-cells is increased when compared to cases of Ols (Ohman et al., 2012; Shimizu et
al., 2019). Therefore, this study aimed to evaluate the density and state of maturation of the
dendritic cells (DCs) in oral leukoplakia (OL) and proliferative verrucous leukoplakia (PVL)

by immunohistochemical analysis, in order to understand the more aggressive behavior of PVL.

MATERIALS AND METHODS
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Samples

This study was conducted in full accordance with ethical principles, including the World
Medical Association (Declaration of Helsinki) and after approval by the local ethics committee.
All participants agreed to participate in the study and provided written informed consent.
Biopsies samples from patients diagnosed clinically and pathologically diagnosed with OL
(n=23) and PVL (n=35) were obtained. The diagnose criteria for OL and PVL was based on the
2017 WHO Classification of Head and Neck Tumours (El-Naggar et al., 2017). In addition,
samples from patients with inflammatory fibrous hyperplasia (IFH n=14) were included as a

non-neoplastic group (control).

Histopathological and Immunohistochemical analyses

We evaluated the dysplasia grade using hematoxylin and eosin stained tissue sections. The
dysplasia was grouped in the binary system by low-grade and high-grade (Kujan et al., 2006).
To the immunohistochemical analysis, we obtained consecutive (serial) cuts of 3-pum in the
paraffined tissue block. Briefly, after deparaffinization and rehydration in ethanol solutions, the
antigens were retrieved. Afterward, we blocked endogenous peroxidase activity with 0.1%
H202 for 5 min at room temperature. The slides were incubated separately with primary
antibodies against, CDla (#010, Dako, Carpinteria, CA, USA), S100, CD83, CD123, Factor
XIITIA (Polyclonal, #1H4B, #BR4MS, #E980.1, respectively, Leica Biosystems, Wetzlar, HE,
Germany), CD207 (#12D6, Monosan, Uden, Netherlands), CD208 (#1010E.101, Dendritics,
Lyon, France), CD209 (#EPR5588, Epitomics, CA, USA) followed by the LSAB method
(#K0675, Dako, Carpinteria, CA, USA) and the reactions were developed by incubating the
sections with 0.6mg/ml 3,3’diaminobenzidine tetrahydrochloride (DAB, Sigma-Aldrich, Saint
Louis, MO, USA). The slides were counterstained with Carazzi's Hematoxylin. Negative
controls were obtained by omitting primary antibodies. Five representative fields were
photographed from the intraepithelial and the subepithelial areas separately with an Olympus
DP25 camera (Olympus, Center Valley, PA, USA) attached to Nikon Eclipse E600 microscope
(Nikon, Tokyo, Japan) utilizing 200x magnification. The positive cells were counted by three
independent calibrated examiners (kappa = 0.85) using the Image J software (version 1.52, NIH,
Bethesda, MD, USA). All the immunohistochemical staining patterns for the primary

antibodies were presented in Supplementary Figure 1.

Statistical analyses



40

Descriptive statistics were used to evaluate data from patient population and
immunohistochemical results. To evaluate the normality distribution of the data was used
Shapiro-Wilk test and the following the descriptive aspects: asymmetry and kurtosis. The
presence of outliers was checked. To verify the homoscedasticity was utilized Box’s Test of
Equality of Covariance Matrices and the Levene’s Test of Equality Variances. Thus the
Multivariate Analysis of Variance with two independent factors was performed (MANOVA
TWO-WAY). The post-test of Tukey was chosen to evaluate the differences between the
groups. The effect factor was calculated when the p-value was statistically significant.
Additionally, it was performed a correlation study and a simple linear regression with the
markers for OL and PVL. A p-value < 0.05 was regarded to be statistically significant.
Statistical analysis was performed by IBM SPSS Statistics 20.0.

RESULTS

Our analysis was performed using paraffin blocks from 23 patients with the previous diagnosis
of conventional OL and 35 paraffin blocks obtained at different times of the clinical follow-up
of 15 patients diagnosed with PVL. The 35 paraffin blocks belonging to the PVL group were
obtained over an average follow-up period of 88 months, with an average of 2 biopsies per
individual. In this analysis, only samples that presented microscopical aspects ranging from
hyperkeratosis without or with varying degrees of dysplasia (mild, moderate, or severe) were
included. The epidemiological profile of the patients included in this study revealed that the
majority of individuals in the OL group were male (n = 13; 56.5%), smokers (13 patients;
56.5%), with a mean age of 55 years ( 30 to 79 years). In addition, all individuals in the OL
group had a single lesion with the vast majority showing a lesion with a total size of less than
3 cm (n = 20; 86.9%). All patients with OL underwent a single biopsy, and most of them were
classified histopathologically as low grade (n = 15, 65.2%). Analyzing the clinical-pathological
characteristics of the PVL group, we observed that most patients were female (n = 9; 60.0%),
smokers (10 patients; 66.6%), and with a mean age of 64.6 years (41 to 79 years old). All
patients in the PVL group had lesions in multiple oral sites with a total lesion size greater than
3 cm. All individuals classified as PVL had lesions that spread and affected new sites in the
oral cavity. The average number of biopsies of patients with PVL was 2.3, with a total of 35
paraffinized samples. The majority of PVL samples were classified histopathologically as high

grade (n = 26, 74.2%). The malignant transformation rate in our population was 13.0% for OL
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and 46.6% for PVL. The recurrence rate found was 0% and 73.3%, for OL and PVL,

respectively. All the clinicopathological data from the participants are presented in Table 1.

Table 1. Clinicopathological features of the OL and PVL cases included in this study.

Clinicopathological features OL (n=23) PVL (n=15)
n (%) n (%)

Average age (years) 55.0 64.6
Gender

Male 13 (56.5) 6 (40.0)

Female 10 (43.5) 9 (60.0)
Ethnicity

White 18 (78.2) 15 (100)

Nonwhite 5(21.8) 0 (0.0)
Tobacco

No 10 (43.5) 5(33.3)

Yes 13 (56.5) 10 (66.7)
Alcohol

No 20 (86.9) 13 (86.6)

Yes 3(13.1) 2 (13.4)
Size of lesions

Less than 3 cm 20 (86.9) 0(0.0)

More than 3 cm 3(13.1) 15 (100)
Spreading

No 23 (100.0) 0 (0.0)

Yes 0 (0.0) 15 (100)
Dysplasia grade

Low grade 15 (65.2) 9 (25.8)

High grade 8 (34.8) 26 (74.2)
Malignant transformation

No 20 (87.0) 8(53.4)

Yes 3(13.0) 7 (46.6)
Recurrence

No 23 (100) 4 (26.7)

Yes 0 (0.0) 11(73.3)

We found that the subpopulations of immature LCs analyzed by CD1a+, CD207+, and S100+

presented a homogenous tissue distribution in the epithelial and subepithelial areas. For these

markers, there is an overall reduction in OL and PVL compared with the non-neoplastic group.

In the epithelial area, a significant reduction of CD207+ and S100+ cells in the OL group
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compared with the non-neoplastic group (both markers, p=0.01) was observed. Regarding the
PVL group, we found a reduction of S100+ in the same area compared with the non-neoplastic
group (p=0.004). In the subepithelial area, we found a similar reduction, comparing the non-
neoplastic group with OL and PVL, for the marker CD1a+ (OL, p=0.004; PVL=0.001) as for
CD207+ (OL, p=0.01; PVL, p=0.04). The average, the standard deviation and statistical
differences for CD1a, CD207, and S100 are presented in Figure 1.
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Figure 1. Average of LCs positive cells for CD1a+, CD207+ and S100+ in the intraepithelial

area (A) and subepithelial area (B) for the control (inflammatory non-neoplastic tissue), OL and

PVL groups; * p=0.01 and ** p=0.001.

In contrast, the mature DCs, CD83+, and CD208+ cells, were more present in the subepithelial
area as round-shaped cells. The CD208+ cells were more frequent in the non-neoplastic group
than the other groups in both areas, epithelial (OL, p=0.007; PVL, p=0.0009) and subepithelial
(OL, p=0.003; PVL, p=0.001). There was no statistical difference for the CD83 marker. The
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average, the standard deviation and statistical differences for CD83+ and CD208+ count are

presented in Figure 2.
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Figure 2. Average of submucosal (mature) DCs CD83+ and CD208+ in the intraepithelial area
(A) and subepithelial area (B) for the control (inflammatory non-neoplastic tissue), OL and

PVL groups; ** p=0.001 and *** p = 0.0001.

Analyzing the markers for immature submucosal DCs, the CD209+ and factor Xllla
subpopulations show a pattern of tissue expression with evident abundance in the DPMO
comparing with the pattern of mature DCs (CD83+ and CD208+). We found that factor XIIla+
cells were more frequent in the epithelial area of PVL when compared with the non-neoplastic
group (p=0.01). Furthermore, the CD209+ cells were found in a higher number in the

subepithelial area of OL and PVL (both, p<0.0001) compared with the non-neoplastic group
(Figure 3).
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Figure 3. Average of submucosal (immature) DCs CD209+ and factor XlIlla+ in the

intraepithelial area (A) and subepithelial area (B) for the control (inflammatory non-neoplastic

tissue), OL and PVL groups; * p=0.01.

Regarding the plasmacytoid DC, the CD123+ cells were more frequently found in the control
group than the DPMOs. We found a reduction in the CD123+ cells count in the subepithelial

area of OL compared with the non-neoplastic (p=0.01) and are presented in Figure 4.
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Figure 4. Average of plasmacytoid DCs (pDCs) CD123+ in the intraepithelial area (A) and
subepithelial area (B) for the control (inflammatory non-neoplastic tissue), OL and PVL groups;

*p=0.01.

Despite these findings, we did not find any correlation between the number of different DCs
subpopulations with the malignant transformation. Also, in the simple regression analysis, we
found that the markers for immature LCs in OL and PVL (CD1a and CD207) have a dependent
relationship in our population. Similar results were observed for mature DCs (CD83 and
CD208) and submucosal DCs markers (CD209 and factor XIIIa) in both conditions. All the

data from the simple linear regression are presented in Table 2.



Table 2. Summary of simple linear regression of dendritic cells biomarkers from OL and PVL

Group Y X p-value R” p-value  p-value Equation CI (95%) CI (95%)
(a) (b) log Y=a+b.log X (a) (b)

OL CDla CD207 <0.0001 0.7888  <0.0001 <0.0001 log Y =0.41 + 0.80 log X 0.21-0.61 0.62-0.99

CD207 CDla <0.0001 0.7888 0.1385 <0.0001 log Y =-0.21 + 0.98 log X -0.50-0.07 0.76 —1.21

CD83 CD208 <0.0001 0.6825 <0.0001 <0.0001 log Y =0.46 + 1.04 log X 0.35-0.57 0.72-1.37

CD208 CD83 <0.0001 0.7124  0.0016 <0.0001 log Y =-0.28 + 0.74 log X (-0.45) - (-0.12) 0.53-0.94

CD209 XlIlla <0.0001 0.7531 0.0014 <0.0001 log Y =-0.16+ 0.66 log X (-0.26) — (-0.06) 0.56 -0.76

Xllla CD209 <0.0001 0.7531 <0.0001 <0.0001 logY=0.37+1.14log X 0.27-0.47 0.96 —1.31

PVL CDla CD207 <0.0001 0.9484 <0.0001 <0.0001 log Y =0.26 +0.93 log X 0.17-0.36 0.85-1.01

CD207 CDla <0.0001 0.9484 <0.0001 <0.0001 log Y =-0.21 +1.01 log X (-0.33) - (-0.10) 0.93-1.10

CD83 CD208 <0.0001 0.4946 <0.0001 <0.0001 log Y =0.43 +1.00 log X 0.30-0.55 0.65-1.36

CD208 CD83  <0.0001 0.4946 0.0544 <0.0001 log Y =-0.12 + 0.50 log X -0.26 —0.00 0.33-0.68

CD209 Xllla <0.0001 0.6788 0.0182 <0.0001 log Y =-0.21+ 0.69 log X (-0.40) — (-0.04) 0.52-0.85

Xllla CD209 <0.0001 0.6788  <0.0001 <0.0001 log Y =0.50 + 0.99 log X 0.34-0.65 0.76 -1.23

OL: leucoplakia; PVL: proliferative verrucous leucoplakia; Y: dependent variable; X: independent variable; R?: adjusted determination coefficient; (a): linear coefficient; (b):

angular coefficient; CI: confidence interval. P-value <0.05 was considered as statistical significance.

46
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DISCUSSION

The immune system plays an important role in tumor progression since it commands a complex
signaling network to induce immune tolerance. Thus, there are multiple mechanisms by which
head and neck squamous cell carcinoma (HNSCC) may suppress the immune system (Young,
2006). Several studies have addressed the importance of DCs for the prognosis in patients
affected by different cancers (Bennaceur et al., 2008; Upadhyay et al.,2012; Jardim et al., 2018;
Kindt et al., 2016). The DCs are antigen-presenting cells to CD4+ and CD8+ T cells in the
lymph nodes and since the DCs act at the interface of the innate and adaptive immune systems,
they may be used as targets in cancer immunotherapy (Datta et al., 2015). Overall, the
distribution of DC subtypes indicated that ineffective DC response to tumor is a failure of DC
function rather than recruitment. The dendritic cell suppression may be explained by a change
in the cytokine balance within the tumor that shifts the immune system from an effective to an
ineffective response. Until now, most studies have addressed the function of DCs in already
established tumor diseases, but few studies explored the role of these leucocytes in the OPMDs.
Therefore, our study is the first to investigate the presence of the different subpopulations of

DCs in OL and PVL samples.

Our study revealed a general decrease of mature DCs in OL and PVL patients as well as an
increase in the number of immature DCs compared with the inflammatory non-neoplastic
lesion. Nonetheless, the results found in the current literature about the DC density and its
correlation with dysplasic lesions are controversial. Of note, the majority of studies that
investigate the role of DCs in the oral dysplasic and neoplastic lesions use normal tissue without
inflammation as a control group. Some of these studies shown that depletion of CD1a+ cells in
the tumor stroma is a strong independent prognostic factor for OSCC, predicting higher
recurrence rates and lower survival outcomes independent of tobacco, alcohol, and human
papilloma virus status (Jardim et al., 2018; Kindt et al., 2016). Interestingly, a reduction in the
S100+ LCs count in dysplastic lesions may suggest the partial loss of immunosurveillance
ability favoring the malignant transformation process (Wang et al., 2017). It was found an
increase in CD83+ cells in OL larger lesions (>10mm) and with epithelial dysplasia, but could
not find any relantionship with CD1a+ count (Souto et al., 2018). Indeed, some groups reported
a significant relationship between high-grade dysplasia and decrease of CDla+ LC density
(Upadhyay et al., 2012; Souto et al., 2018), whereas others have observed an increase of CD1a

in dysplastic tissue (Bondad-Palmario, 1995). We did not find any association between any
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marker with the dysplasia grade in PVL samples. Following our results, a previous study could
not find any difference in the CD1a+ frequency when compared OL samples with and without

dysplasia (Ohman et al., 2015).

In addition, we found a depletion of CD208+ cell, a marker for mature DCs, in the OL and PVL
group when compared with the control group. Thus, we show that CD208 may be a marker of
immune suppression in OL and PVL independent of the dysplasia grade. In a previous study
with OSCC samples found that the number of CD208+ cells is higher in the tumor stroma and
the tumor nest when compared with the non-neoplastic tissue (Ni et al., 2014). Also, they found
that only the number of CD208+ in the tumor stroma was associated with lymph node positivity
in OSCC patients, despite this, it did not correlate with the patient’s survival time (Ni et al.,
2014). O’Donnel et al. in 2007 found that a high numbers of CD207+ cells are not correlated

with better prognosis, while the CD209+ DCs are associated with poor survival.

Also, some authors found that the number of mature CD83+ DCs was decreased in OSCC
compared with dysplastic lesions, and the numbers of CD303+ pDC were significantly
increased in the OSCC group compared with the dysplastic group (Pellicioli et al., 2017).
Interestingly, our results show an reduction in the number of CD123+ pDCs in OL. However,
this imbalance of pDCs does not occur in PVL. Although we did not find any correlation with
the clinicopathological features, this distinct results found between OL and PVL suggests a

different role of this DC subtype in the pathogenesis of these DPMOs.

It was already demonstrated that the density of DCs might be influenced by the smoking habit,
being found a decrease of CDla+ and CD83+ DCs density in smoker patients with oral
leukoplakia (Souto et al., 2018). Since the majority of our patients were smokers, including the
PVL populatiton (which usually are non smokers), our results are in agreement with these
findings. Thus, the controversy about the density of DCs in oral epithelial dysplasia found in
the literature may be related to the differences of each population, including the habits, as well
as the high variability inter- and intra-observer related to the establishment of the dysplasia
grade. Furthermore, our study is first to investigate a wide range of DCs subtypes
simultaneously in OL and PVL, showing that there is a dependent relationship of all the DCs

cell markers in our population.

We concluded that there is a general immunosuppression of the different types of DCs in both

OL and PVL compared to the inflammaotory non-neoplastic lesion. We found a reduction in
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the number of LCs and mature submucosal DCs, as well as an increase of immature submucosal
DCs in both OPMDs. Also, we found that the participation of pDCs in PVL seems to be distinct
from the observed in OL. However, , overall, the subpopulations of DCs are not different
enough to justify the more aggressive behavior observed in PVL when compared to OL. More

studies are necessary to elucidated if the DCs may promote or inhibit the tumor progression in

the OL and PVL.
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SUPPLEMENTARY

Figure 1S. Representative immunostaining pattern of the markers for the different
subpopulations of DCs in a PVL sample. A. Hematoxilin and eosin staining (100x original
magnification); B. CD1a+ staining pattern (200x original magnification); C. CD207+ staining
pattern (200x original magnification); D. S100+ staining pattern (200x original magnification);
E. CD83+ staining pattern (200x original magnification); F. CD208+ staining pattern (200x
original magnification); G. CD209+ staining pattern (200x original magnification); H. Factor.
XIIIa+ staining pattern (200x original magnification); I. CD123+ staining pattern (200x original

magnification.
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ABSTRACT

We aimed to investigate whether the soluble products of dysplastic keratinocytes from
proliferativew verrucous leukoplakia (PVL) and other dysplastic cell lines were able to
modulate the PBMCs to a phenotype that favours the carcinogenesis and influence the apoptosis
of PBMCs. Conditioned medium of PVL and HOK (human oral keratinocytes) primary cell
culture, and cell lines as DOK (dysplastic oral keratinocytes) and SCC25 (oral squamous cell
carcinoma) cell lines were obtained and used to cultivate PBMCs. The immunophenotypic
characterization of the different T helper lymphocytes and the apoptosis index was assessed
through flow cytometry. Therefore, we conclude that the soluble factors produced by PVL
keratinocytes may inhibit the activation of Th17 cells in vitro and the apoptosis of PBMCs in

Vitro.

KEYWORDS: Oral cancer; Oral leukoplakia; Proliferative verrucous leukoplakia; Immune

system.
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INTRODUCTION

The immune system has a vital role in the development, establishment, and progression of
squamous cell carcinoma (SCC). Immune evasion of cancer cells leads to the progression of
SCC. Improved understanding of tumor-immune system interactions has provided promising
therapeutic options that are based on the rescue and enhancement of the anti-tumoral response.
It has been shown that different cancer cell lines secrete soluble factors, as chemokines and
cytokines, to modulate the immune response in order to subvert it and promote tumor

progression.!

Potentially malignant disorders of the oral cavity (OPMD) are a group of mucosal lesions
associated with an increased risk of malignant transformation. Oral leukoplakia (OL) is one of
the major OPMDs, being the worldwide average of malignant transformation rate equal to
3.5%.* Another OPMD is the proliferative verrucous leukoplakia (PVL), a rare and aggressive
multifocal form of oral leukoplakia that presents high rates of recurrence, with a malignant
transformation rate greater than 70% and unknown etiology.® The role of inflammation and the
development of SCC in OPMD has been investigated, indicating that OPMD probably represent
a state of balance between activation of the immune system and the proliferation of dysplastic
cells.*® Nevertheless, the role of secreted inflammatory factors that are produced by dysplastic
keratinocytes modulating the immune response has not been determined. A consistent
molecular study on the immune cells and cytokines related to OL and PVL represents an
interesting research strategy to elucidate the etiology of these OPMDs. Thus, the results of this
study offer potentially promising goals for the establishment of new tools that can reliably

predict which lesions will undergo malignant transformation.

This study aimed to investigate if the soluble products of dysplastic and neoplastic keratinocytes
may to influence the apoptosis index of perypheral blood mononuclear cells (PBMCs) and
polarization of the T-helper cells in order to favour the carcinogenesis. To the best our
knowlodge, this is the first study that compared the ability to modulate T-help cells from soluble
factors of dysplastic keratinocytes derived from OL and PVL.
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MATERIALS AND METHODS

Primary cell culture and cell lines

This study was conducted in full accordance with ethical principles, including the World
Medical Association (Declaration of Helsinki) and after approval by the local ethics committee.
All participants agreed to participate in the study and provided written informed consent. Since
there is no cell line derived from PVL described in the literature, we decided to cultivate the
dysplastic oral keratinocyte from proliferative verrucous leukoplakia (DOK-PVL) primary cells
in vitro. The donor patient had a previous diagnosis of PVL following the WHO description’
with more than 5 years of follow-up. The cells were derived from a white lesion located on the
lower alveolar ridge of a 76-year-old man, and the degree of dysplasia was described as
mild/moderate. In order to obtain primary cultures of the normal oral mucosa (human oral
keratinocytes - HOK) as a control group, fragments of gingival tissue were also collected from

health volunteer patients who underwent crown lengthening surgery.

Briefly, fragments of tissue measuring approximately 1.5 to 2.0 cm were divided into two parts,
one of which was subjected to routine histopathological examination to confirm the
histopathological degree and the other fragment was immediately conserved in EpiLife culture
medium with 60M of calcium, supplemented with EDGS (ThermoFisher Scientific, USA),
Gentamicin 50 mg/mL and Fungizone 250 pg/mL. Subsequently, in a 12-well plate, 2 mL of
EpiLife medium was added per well, and the fragment was washed for 5 min. The fragment
was transferred to another well of the plate containing 2 mL of wash solution (PBS +
Gentamicin 50 mg/mL + Fungizone 250 ug/mL) and washed for 5 min; this step being was
performed twice. The fragment was transferred to another well on the plate containing 2mL of
0.05% trypsin-EDTA, keeping the fragment in the solution for 8 hours at room temperature.
Subsequently, the fragment was transferred to another well containing 2 mL of trypsin inhibitor
(# R-007-100, ThermoFisher Scientific, USA) and washed for 5 min. After washing, the
fragment was mechanically fragmented for 5 min in EpiLife medium and subsequently
centrifuged at 4000xg for 2 min. The precipitate was resuspended in 6 mL of EpiLife medium
supplemented with EDGS and Gentamicin / Fungizone and transferred to a 25 cm? flask. After
24 hours, cell adhesion was observed and was waited 48 hours before the first change of the
culture medium. The HOK and DOK-PVL cultures were later used in the production of

conditioned medium, as described below.
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Additionally, the dysplastic keratinocyte cell line (DOK; CVCL-1180) from human tongue was
obtained commercially (#94122104, ECACC - European Collection of Authenticated Cell
Cultures, London, UK). This cell line originated from a white lesion in a 57-year-old man, and
the degree of dysplasia was described as mild/moderate. The cell line SCC-25 (CRL-1628)
came from OSCC of a human tongue and was purchased from the American Type Culture
Collection (ATCC, USA). Appropriate culture medium for each cell line was used following
the manufacturer's guidelines, supplemented with 10% fetal bovine serum (FBS; Cultilab Ltda,
Brazil) and antibiotics (Invitrogen, USA). All cell lines were kept at 37°C in an atmosphere

containing 5% CO, and 95% humidity.

Peripheral Blood Mononuclear Cells (PBMCs)

In order to obtain PBMC:s, peripheral blood from four healthy donors was collected. The blood
was diluted in PBS pH 7.2 in a 1:1 ratio and transferred to conical tubes containing Ficoll-
Hypaque (GE Healthcare). After centrifugation, at 400xg for 30 minutes at 18°C, the PBMCs
layer obtained between the Ficoll-Hypaque mixture and the plasma was removed, deposited in
new conical tubes and washed with twice its volume of PBS. After the supernatant was
discarded, the PBMCs was resuspended in RPMI 1640 culture medium (Invitrogen, USA)
supplemented with L-Glutamine, 10% fetal bovine serum (FBS; Cultilab Ltda, Brazil), 10mM
HEPES  (4-(2-hydroxyethyl)-1-piperazineethanesulfonic  acid) and 200U/mL  of
Penicillin/Streptomycin (Invitrogen, USA).

Conditioned Medium (CM)

The CM of the cell cultures HOK, DOK, DOK-PVL, and SCC-25 were prepared to determine
whether soluble factors in these cells have different effects on PBMCs in terms of the
modulation of the Th phenotype and apoptosis. Briefly, 1x10° cells from each of the four cell
lines were cultivated on 100 mm? plates and maintained in culture until they reached
approximately 80% confluence. Subsequently, a process of adaptation of cell cultures to the
culture medium RPMI 1640 (without antibiotics) was carried out employing progressive
changes of the culture medium in concentrations of 25%, 50%, and 75% every 12h. At the end
of the adaptation process, 4 mL of RPMI 1640 culture medium were added to each plate, which
were collected after 24h and immediately aliquoted and kept in a -20C freezer until use. For
carrying out the experiments, the PBMCs were grown in the proportion of 1:1 (vol:vol) of CM

and non-conditioned culture medium RPMI 1640, with the proportion of 0:1 being used as a
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control. PBMCs were kept in culture for different experimental periods, according to the assay

being perfomed as described below.

Apoptosis in PBMCs

To access the rates of cell death due to apoptosis, 3x10° PBMCs were cultured in 12-well plates
in the presence of CM from the HOK, DOK, DOK-PVL, and SCC-25 cell cultures or RPMI
1640 non-conditioned culture medium, in the times of 24 and 48h. Then, the cells were
transferred to sterile tubes and centrifuged for 4 min at 400xg. The precipitated cells were
resuspended in 100 L of binding buffer (10 mM HEPES pH 7.4, 140 mM NaCl and 2.5 mM
CaCl,) containing 5 L of annexin-V PE and 5 uL of 7-AAD ( BD Pharmingen, USA). The
mixture was gently stirred and incubated for 15 min in the dark at room temperature. After
incubation, 400 ul of binding buffer was added, and the percentage of positive cells was
determined by reading 10,000 events on a FACSVerse flow cytometer (BD Biosciences, USA),
followed by analyzing the data in the FlowJo software (version 10.0.7, Tree Star). Dot plot type
graphs were used for quantification, and positive cells for apoptosis or doubly positive

appendix-V and 7-AAD (late apoptosis) were considered positive for apoptosis.

Helper T cells (Th) immunophenotyping by flow cytometry

Immunophenotyping of Th cells (Th1, Th2, Th17 and Treg) via flow cytometry was performed
using two commercially available kits (#560751 and #560762; BD Biosciences, USA). The
phenotyping kits used provided a cocktail of primary antibodies for the detection of human
CD4, IFN-y (for Thl), IL-4 (for Th2), IL-17A (for Th17), and FoxP3 (Treg), which allowed to
identify and characterize the nature of these Th cells by flow cytometric analysis. Briefly,
PBMCs were grown in RPMI 1640 or CM produced by different cell cultures (HOK, DOK,
DOK-PVL, and SCC-25), both supplemented with 10% FBS, for a period of 96h in a CO, oven
with 5% humidity at 37°C. Additionally, an experimental group composed under the same
conditions described above was cultured in the presence of the mitogen phorbol myristate
acetate (PMA; 25 ng/mL) and ionomycin (1 pg/mL). Monensin (10 pug/mL) was added for 4
hours before the end of the culture to ensure the retention of cytokines inside the cell. After
incubation, approximately 3x10°® PBMCs were collected and centrifuged at 500xg for 5 min.
The cells were then washed using a saline solution containing 1% FBS and 0.01% sodium azide
(solution called stain buffer), centrifuged and then the PBMCs were fixed according to the

guidelines of each kit used. Then, the cells were incubated for 30 minutes, at room temperature,
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with each of the cocktails. After incubation, the cells were washed with stain buffer and
centrifuged at 500xg for 5 minutes. Negative controls, calibration, and compensation of the
flow cytometer were performed in the most appropriate way for each assay. A total of 30,000
events were acquired within the CD4 positive population on an LSR Fortessa flow cytometer
(BD biosciences), and the data were analyzed using FACSDiva software (version 8.0.1, BD

biosciences).

Statistical analyses

Descriptive statistics were used to evaluate data. To evaluate the normality distribution of the
data was used Shapiro-Wilk test and the following the descriptive aspects: asymmetry and
kurtosis. The presence of outliers was checked. The Box’s Test of Equality of Covariance
Matrices and the Levene’s Test of Equality Variances were used to verify the homoscedasticity.
Thus, the Analysis of Variance with one independent factor was performed (ANOVA ONE-
WAY). The post-test of Tukey was chosen to evaluate the differences between the groups. The
effect factor was calculated when p-value was statistically significant. A p-value of < 0.05 was
regarded to be statistically significant. Statistical analysis was performed using the IBM SPSS
Statistics 20.0.

RESULTS

The epithelial origin of the isolated cells of PVL-DOK and HOK was confirmed by
immunofluorescence with antibody to human cytokeratin AE1/AE3 (#ab27988, Abcam) and it

is presented in Figures 1 and 2, respectively.
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Figure 1. Representative image of primary keratinocytes isolated from a leukoplastic lesion in
a patient with LVP (DOK-PVL3). At 7 days of cultivation in Epilife medium supplemented
with EDGS, the formation of small islands of polygonal cells (A) was observed, with 14 days
the expansion of colonies made up of cells of variable morphology (B) is observed and after 30
days the cells reached complete confluence (C). Immunofluorescence for human cytokeratin

AEI1/AE3 confirmed the epithelial origin of the primary culture DOK-PVL (D).
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Figure 2. Representative image of primary keratinocytes isolated from normal oral mucosa
(HOK). After 30 days, the cells showed complete confluence (A) and immunofluorescence for

human cytokeratin AE1/AE3 confirmed the epithelial origin of the primary culture (B).

Apoptosis cell death rates were investigated by double staining with annexin V-PE and 7AAD
with subsequent detection by flow cytometry. The results revealed that the soluble products
contained in the CM derived from the primary culture DOK-PVL, and the cell line SCC-25
were able to significantly inhibit the apoptosis of PBMCs, versus the CM produced by the
primary cultures HOK (Figure 3). PBMCs in the presence of CM derived from DOK-PVL or
SCC-25 within 24h had an approximately 5-fold reduction in apoptosis rates compared to HOK
(p = 0.04 and p = 0.03, respectively). In addition, a significant reduction was observed for
PBMC s in the presence of SCC-25 CM over 48h, which revealed an approximately 3-fold
reduction in the number of PBMCs in apoptosis (p = 0.01) (Figure 4).
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Figure 3. Graphs representative of the inhibitory potential of apoptosis promoted by CMs

derived from all cell cultures. CTRs: Controls; ONE: non-marked PBMCs.
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Figure 4. Apoptosis index by annexin V and 7-AAD labeling. Exposure of PBMCs to soluble

products derived from cell cultures promoted the inhibition of apoptosis. * p <0.05.
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The modulation of the Th phenotype was accessed through the exposure of PBMCs to the
different CMs derived from HOK, DOK, DOK-PVL, and SCC-25. The unconditioned RPMI
medium was used as a reference sample. Performing a general assessment of the relative
quantity of PBMCs expressing the explored markers, it can be observed that T CD4+ FoxP3+

cells are predominant in all tested CM groups.

Statistical analysis of the data showed that in the absence of chemical stimulators, the CD4+
IL-17A+ population (for Th17) was significantly reduced in the CM groups derived from DOK-
PVL and SCC-25 versus the reference sample (p =0.01), presenting a two and 3-fold reduction
in the Th17 population for DOK-PVL and SCC-25, respectively (Figure SA). Additionally, we
observed that even in the presence of chemical stimulators, the CD4+ IL-17A+ population
continued to be reduced, showing a 1.5-fold reduction in this T cells population in the DOK,

DOK-PVL and SCC-25 groups in relation to the reference sample (p = 0.001) (Figures 5B).
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Figure 5. Modulation of the Th1, Th2, Th17 and Treg phenotype by contact with CM derived
from HOK, DOK, DOK-PVL and SCC-25. Relative quantity of CD4+ IFN-y+, CD4+ IL-4+,
CD4+ IL-17A+ and CD4+ FoxP3+ cells in the absence (A) and presence (B) of 25 ng/mL PMA
and 1 pg/mL of ionomycin. ** p <0.01, *** p <0.001.

DISCUSSION

Our study was the first to investigate the influence of the conditioned medium of dysplastic oral
keratinocytes from OL and PVL in the PBMCs apoptosis index and the immunomodulation of

T helper cells. After the activation, initial T helper cells may differentiate under the influence
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of the microenvironment into many subsets. According to cell function, CD4+ T cells may be
divided into Th1, Th2, Th17, Tregs and other T helper subtypes. The interactions bewteen all
the subsets cells are necessary to coordinate the inflammatory process. In this context, it was
already demonstrated that the expression of anti-inflammatory or pro-inflammatory cytokines

are regulated explicitly during development from dyplastic lesions to OSCC."°

Overall, we found that the CM derived from dysplastic keratinocytes inhibits the apoptosis
index of PBMCs and is capable of modulating the T helper phenotype by creating an imbalance
of Th17/Threg in the PVL and OSCC. However, when these PBMCs are simultaneously
stimulated with PMA (25 ng/mL) and ionomycin (1 pg/mL), there is an overall increase in
CD4+ IFN-y+ cells (for Th1). Accompanied by this, we noticed an increase in the amount of
CD4+ FoxP3+ cells (for Treg) in dysplastic and neoplastic keratinocytes. Tregs and Th17 cells,
two subtypes of CD4+ T cells, play opposite roles in immune regulation, even though they
share a common differentiation pathway, being the main producers of TGFf and IL17,
respectively.!! Alterations in this complex cytokine network may lead to immune functions,

uncontrolled cell growth, chronic inflammation, and carcinogenesis.'?

In this context, the Treg/Th17 imbalance has been observed in colon cancer, bladder carcinoma,
breast cancer and oral cancer.!*'> Our results show that the exposure to secreted products from
PVL primary cells used in this study consistently and significantly inhibited the proportion of
cells polarized to the Th17 phenotype. Controversal results have been shown in the literature
about the role of Th17 in the carcinogenesis. Some studies show that higher expression of IL-
17 is associated with worse prognosis of OSCC.% 17 However, a reduction in the prevalence
of Th17 cells has been related to the development of metastasis in HNSCC.!® In contrast, it was
demonstrated that an increase of Treg cells is associated with worse prognosis in HNSCC. 1*-2!
The prevalence of Tregs is also correlated with the stage of HNSCC, as there is a higher
prevalence of circulating Treg cells in patients with late-stage laryngeal tumors, in comparison
with patients with earlier stages and patients with oropharyngeal tumors.?> Moreover, an in vitro
study using the co-culture of immune and liver cancer cells shown that immune cells induce
tumor cells to produce soluble factors capable of favoring the immunosuppressive response led
by an increase of the Treg population in the tumor microenvironment.? It is important to note
that the proportion of Treg/Thl7 in tumor microenviroment may influence the tumor
progression. Studying the imbalance between these T-cell subsets might help understand the

tumor progression.
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In addition to the Treg/Th17 imbalance, the tumor microenvironment has a complex network
of immune cells, including T-cells subsets such as Thl and Th2 cells. Th2 cytokines (IL-4,
perhaps IL-5, and IL-10) are classified as anti-inflammatory ones, and are often related to pro-
tumoral activities. In contrast, most Th1 cytokines, represented by IFN-vy, are classified as pro-
inflammatory cytokines, and are associated with, in general, a good prognosis.'? However, Th2
cells secrete IL4, ILS5, IL6, IL10, and IL13, which mediate the anti-inflammatory humoral
response and immune-suppression by inhibiting Th1 cytokine production.!? Serum levels of IL-
17A, TGF-B1, IL-4, and IL-10 were significantly higher in OSCC patients. At the same time,
IL-2 and IFN-y were relatively low in OSCC patients when compared to controls.** An
interesting aspect observed in this analysis is related to the IL-4 expression induced by the
DOK-PVL CM. The CD4+ IL-4+ population (for Th2) was reduced in the absence of non-
antigen-dependent chemical stimulators (PMA and ionomycin) for the DOK-PVL group. In
contrast, the presence of inducing agents, these levels increased substantially. Interestingly, it
is known that the topical application of PMA causes intense local inflammation that facilitates
the growth of pre-malignant lesions on the skin after the subsequent exposure to carcinogenic
agents, through the activation of immunostimulatory mechanisms.? This finding suggests that
the CM derived from DOK-PVL has a low capacity to promote the differentiation of naive
CD4+ T cells in cells producing cytokines with a Th2 profile (IL-4), however, the presence of

intense local inflammation may favor plasticity for a pro-tumorigenic Th2 profile.

Our study is the first to cultivate primary cell culture derived from PVL, such a rare and peculiar
disease, and to investigate the influence of the soluble secreted factors on the modulation of
CD4+ cells. We used primary cells from PVL and HOK, one OSCC cell lines, and a dyplastic
epithelial cell line derived from the human oral mucosa, which needs to be considered given
the heterogeneity that is peculiar to HNSCC. The controversies found in the literature must be
critically analyzed. A large number of experimental variables may influence the conflicting
information. In this context, some of the essential variables in cytokine biology include the
species surveyed, as well as, distinguish whether the study is carried out in vivo, ex vivo, or in
vitro. The most recent research has proven that much of that earlier work is highly simplistic or
inaccurate. Thereby, we conclude that the soluble factors produced by PVL keratinocytes may
inhibit apoptosis of PBMCs and promote a Treg/Th17 imbalance favouring the malignant

transformation of PVL.
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4 CONCLUSAO

Por meio desse trabalho chegamos entdo as seguintes conclusdes:

A presenca de infiltrado inflamatério moderado/intenso, displasia de alto risco, altas
taxas de recidivas e taxas elevadas de transformacdo maligna sao fortemente correlacionadas

com o diagnéstico de LVP;

Reducdo de CD de Langerhans, maturas e plasmocitdides nos compartimentos epitelial
e subepitelias na LO e LVP em relacdo ao controle, sugere uma apresentaciao inadequada de

antigenos pré-tumorais pelas CDs;

Aumento de CD imaturas nos compartimentos epitelial e subepitelias na LO e LVP em
relacdo ao controle, pode favorecer a tolerdncia imunoldgica em relagdo as células pré-

tumorais;

Reducdo global de células T e a atividade citotoxica das células T € reduzida em LO e

LVP;

O processo de carcinogénese na LVP passa pela ativagao da via NF-«B e provavelmente

esta via € ativada por altos niveis de TNF-a;

O perfil de citocinas e quimiocinas observado em lesdes leucopldsicas de LVP

provavelmente favorecem a ativacdo dos Tregs quando comparados a LO;

Os fatores soliveis produzidos por queratindcitos de LVP sdo capazes de inibir a

apoptose de PBMCs em um modelo in vitro;

Fatores soldveis produzidos por queratindcitos de LVP sdo capazes de inibir a ativacao
de células Th17 em um modelo in vitro, provavelmente promovendo uma resposta imune

mediada por Treg.



10.

11.

12.

13.

14.
15.

73

REFERENCIAS®

. Scully C, Bagan J. Oral squamous cell carcinoma: overview of current understanding

of aetiopathogenesis and clinical implications. Oral Dis. 2009; 15(6): 388-99.

Sklenicka S, Gardiner S, Dierks EJ, Potter BE, Bell RB. Survival analysis and risk
factors for recurrence in oral squamous cell carcinoma: does surgical salvage affect
outcome? J Oral Maxillofac Surg. 2010; 68(6): 1270-5.

van der Waal I. Potentially malignant disorders of the oral and oropharyngeal mucosa;
terminology, classification and present concepts of management. Oral Oncol. 2009;
45(4-5): 317-23.

van der Waal I. Potentially malignant disorders of the oral and oropharyngeal mucosa;
present concepts of management. Oral Oncol. 2010; 46(6): 423-5.

Petti S. Pooled estimate of world leukoplakia prevalence: a systematic review. Oral
Oncol. 2003; 39(8):770-80.

Takta T, Slootweg PJ. Tumours of the oral cavity and mobile tongue. In: El-Naggar AK,
Chan JKC, Grandis JR, Takata T, Slootweg PJ, editors. World health organization
classification of head and neck tumours. 4th ed. Lyon: IARC Press; 2017. p. 109-111.

Ribeiro AS, Salles PR, da Silva TA, Mesquita RA. A review of the nonsurgical
treatment of oral leukoplakia. Int J Dent. 2010; 2010: 186018.

Ax¢€ll T, Pindborg JJ, Smith CJ, van der Waal I. Oral white lesions with special reference
to precancerous and tobacco- related lesions: conclusions of an international symposium
held in Uppsala, Sweden, May 18-21 1994. International Collaborative Group on Oral
White Lesions. J Oral Pathol Med. 1996; 25(2): 49-54.

Kujan O, Oliver RJ, Khattab A, Roberts SA, Thakker N, Sloan P. Evaluation of a new
binary system of grading oral epithelial dysplasia for prediction of malignant
transformation. Oral Oncol. 2006, 42: 987-93.

Warnakulasuriya KA, Tavassoli M, Johnson NW. Relationship of p53 overexpression
to other cell cycle regulatory proteins in oral squamous cell carcinoma. J Oral Pathol
Med. 1998; 27: 376-81.

Hansen LS, Olson JA, Silverman S Jr. Proliferative verrucous leukoplakia. A long-term
study of thirty patients. Oral Surg Oral Med Oral Pathol. 1985; 60(3): 285-98.

Bagan J, Scully C, Jimenez Y, Martorell M. Proliferative verrucous leukoplakia: a
concise update. Oral Dis. 2010; 16(4): 328-32.

Gouvea AF, Moreira AE, Reis RR, de Almeida OP, Lopes MA. Proliferative verrucous
leukoplakia, squamous cell carcinoma and axillary metastasis. Med Oral Patol Oral Cir
Bucal. 2010; 15(5) :€704-8.

Joseph BK. Oral cancer: prevention and detection. Med Princ Pract. 2002; 11(1): 32-5.
Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000; 100(1): 57-70.

* De acordo com o Guia de Trabalhos Académicos da FOAr, adaptado das Normas Vancouver.
Disponivel no site da Biblioteca: http://www.foar.unesp.br/Home/Biblioteca/guia-de-normalizacao-

atualizado.pdf




16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

74

Dunn GP, Old LJ, Schreiber RD. The three Es of cancer immunoediting. Annu Rev
Immunol. 2004; 22: 329-60.

Smyth MJ, Dunn GP, Schreiber RD. Cancer immunosurveillance and immunoediting:
the roles of immunity in suppressing tumor development and shaping tumor
immunogenicity. Adv Immunol. 2006; 90: 1-50.

Dunn GP, Old LJ, Schreiber RD. The immunobiology of cancer immunosurveillance
and immunoediting. Immunity. 2004; 21(2): 137-48.

Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002; 420(6917): 860-7.

Zitvogel L, Tesniere A, Kroemer G. Cancer despite immunosurveillance:
immunoselection and immunosubversion. Nat Rev Immunol. 2006; 6(10): 715-27.

Dhodapkar MV, Krasovsky J, Osman K, Geller MD. Vigorous premalignancy-specific
effector T cell response in the bone marrow of patients with monoclonal gammopathy.
J Exp Med. 2003; 198(11): 1753-7.

Gasparoto TH, de Souza Malaspina TS, Benevides L, de Melo EJ Jr, Costa MR,
Damante JH et al. Patients with oral squamous cell carcinoma are characterized by
increased frequency of suppressive regulatory T cells in the blood and tumor
microenvironment. Cancer Immunol Immunother. 2010; 59(6): 819-28.

Bluth MJ, Zaba LC, Moussai D, Sudrez-Farifias M, Kaporis H, Fan L et al. Myeloid
dendritic cells from human cutaneous squamous cell carcinoma are poor stimulators of
T-cell proliferation. J Invest Dermatol. 2009; 129(10): 2451-62.

Muller AJ, Sharma MD, Chandler PR, Duhadaway JB, Everhart ME, Johnson BA 3rd
et al. Chronic inflammation that facilitates tumor progression creates local immune
suppression by inducing indoleamine 2,3-dioxygenase. Proc Natl Acad Sci USA. 2008;
105(44): 17073-8.

O'Donnell RK, Mick R, Feldman M, Hino S, Wang Y, Brose MS et al. Distribution of
dendritic cell subtypes in primary oral squamous cell carcinoma is inconsistent with a
functional response. Cancer Lett. 2007; 255(1): 145-52.

Kim R, Emi M, Tanabe K, Arihiro K. Tumor-driven evolution of immunosuppressive
networks during malignant progression. Cancer Res. 2006; 66: 5527-36.

Ku TK, Nguyen DC, Karaman M, Gill P, Hacia JG, Crowe DL. Loss of p53 expression
correlates with metastatic phenotype and transcriptional profile in a new mouse model
of head and neck cancer. Mol Cancer Res. 2007; 5: 351-62.

Whiteside TL, Chikamatsu K, Nagashima S, Okada K. Antitumor effects of cytolytic T
lymphocytes (CTL) and natural killer (NK) cells in head and neck cancer. Anticancer
Res. 1996; 16: 2357-64.

Whiteside TL, Letessier E, Hirabayashi H, Vitolo D, Bryant J, Barnes L et al. Evidence
for local and systemic activation of immune cells by peritumoral injections of
interleukin 2 in patients with advanced squamous cell carcinoma of the head and neck.
Cancer Res. 1993; 53: 5654-62.

Bondad-Palmario GG. Histological and immunochemical studies of oral leukoplakia:
phenotype and distribution of immunocompetent cells. J Philipp Dent Assoc. 1995;
47(1): 3-18.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

75

Gannot G, Gannot I, Vered H, Buchner A, Keisari Y. Increase in immune cell infiltration
with progression of oral epithelium from hyperkeratosis to dysplasia and carcinoma. Br
J Cancer. 2002; 86(9): 1444-8.

Ohman J, Magnusson B, Telemo E, Jontell M, Hasséus B. Langerhans cells and T cells
sense cell dysplasia in oral leukoplakias and oral squamous cell carcinomas--evidence
for immunosurveillance. Scand J Immunol. 2012; 76(1): 39-48.

Syafriadi M, Cheng J, Jen KY, Ida-Yonemochi H, Suzuki M, Saku T. Two-phase
appearance of oral epithelial dysplasia resulting from focal proliferation of parabasal
cells and apoptosis of prickle cells. J Oral Pathol Med. 2005; 34(3): 140-9.

Zancope E, Costa NL, Junqueira-Kipnis AP, Valadares MC, Silva TA, Leles CR et al.
Differential infiltration of CD8+ and NK cells in lip and oral cavity squamous cell
carcinoma. J Oral Pathol Med. 2010; 39(2): 162-7.

Lande R, Gilliet M. Plasmacytoid dendritic cells: key players in the initiation and
regulation of immune responses. Ann N 'Y Acad Sci. 2010; 1183: 89-103.

Ohman J, Mowjood R, Larsson L, Kovacs A, Magnusson B, Kjeller G et al. Presence
of CD3-positive T-cells in oral premalignant leukoplakia indicates prevention of cancer
transformation. Anticancer Res. 2015; 35(1): 311-7.

Wenghoefer M, Pantelis A, Najafi T, Deschner J, Allam JP, Novak N et al. Gene
expression of oncogenes, antimicrobial peptides, and cytokines in the development of
oral leukoplakia. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2010; 110(3):
351-6.

Woodford D, Johnson SD, De Costa AM, Young MR. An Inflammatory Cytokine
Milieu is Prominent in Premalignant Oral Lesions, but Subsides when Lesions Progress
to Squamous Cell Carcinoma. J Clin Cell Immunol. 2014; 5(3): 230.

Ding L, Hu EL, Xu YJ, Huang XF, Zhang DY, Li B et al. Serum IL-17F combined with
VEGF as potential diagnostic biomarkers for oral squamous cell carcinoma. Tumour
Biol. 2015; 36(4): 2523-9.

Kaur J, Jacobs R. Proinflammatory cytokine levels in oral lichen planus, oral
leukoplakia, and oral submucous fibrosis. J Korean Assoc Oral Maxillofac Surg. 2015;
41(4): 171-5.

van Dongen M, Savage ND, Jordanova ES, Briaire-de Bruijn IH, Walburg KV,
Ottenhoff TH et al. Anti-inflammatory M2 type macrophages characterize metastasized
and tyrosine kinase inhibitor-treated gastrointestinal stromal tumors. Int J Cancer. 2010;
127(4): 899-909.

Zhang B, Yao G, Zhang Y, Gao J, Yang B, Rao Z et al. M2-polarized tumor-associated
macrophages are associated with poor prognoses resulting from accelerated
lymphangiogenesis in lung adenocarcinoma. Clinics. 2011; 66(11): 1879-86.



ANEXO A - COMPROVANTE DO CEP

FACULDADE DE
ODONTOLOGIADE  “QREram o™
ARARAQUARA - UNESP

S, -
¥ e Ericn em Pev

COMPROVANTE DE ENVIO DO PROJETO

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: ESTUDO DA IDENTIFICAGAO DE POTENCIAIS BIOMARCADORES PARA
LEUCOPLASIA ORAL E LEUCOPLASIA VERRUCOSA PROLIFERATIVA

Andreia Bufalino

Pesquisador:

Versao:
CAAE: 2
34361814.9.0000.5416
Instituicao Proponente: Faculdade de Odontologia de Araraquara - UNESP
DADOS DO COMPROVANTE
Numero do Comprovante: 065565/2014

Patrocionador Principal: FUNDACAO DE AMPARO A PESQUISA DO ESTADO DE SAO

76



77

FACULDADE DE
ODONTOLOGIA DE %“"“ e
ARARAQUARA - UNESP

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: ESTUDO DA IDENTIFICACAO DE POTENCIAIS BIOMARCADORES PARA
LEUCOPLASIA ORAL E LEUCOPLASIA VERRUCOSA PROLIFERATIVA

Pesquisador: Andreia Bufalino

Area Tematica:

Versdo: 2

CAAE: 34361814.9.0000.5416

Instituicao Proponente: Faculdade de Odontologia de Araraquara - UNESP

Patrocinador Principal: FUNDACAO DE AMPARO A PESQUISA DO ESTADO DE SAO PAULO

DADOS DO PARECER

Numero do Parecer: 822.355
Data da Relatoria: 07/10/2014

Apresentagao do Projeto:

O Projeto de Pesquisa apresenta uma introdugdo que descreve a importancia de identificar biomarcadores
tumorais para leucoplasia oral e leucoplasia verrucosa proliferativa para auxiliar no diagnéstico e tratamento
destas doencas que acometem um grande numero de pessoas.

Objetivo da Pesquisa:
Identificar potenciais biomarcadores tumorais para leucoplasias e leucoplasia verrucosa proliferativa que
possam futuramente serem auxiliares no diagnéstico, prognoéstico e tratamento destas doengas.

Avaliagao dos Riscos e Beneficios:

Os riscos que os pacientes estardo sujeitos, segundo o Pesquisador Responsavel, poderao ocorrer durante
a realizacao da biopsia e dor ap6s a cirurgia.

Em relacao aos beneficios, de acordo com o diagnéstico da bidpsia,os pacientes receberdo o tratamento
adequado.

Comentarios e Consideragoes sobre a Pesquisa:
A Pesquisa ira utilizar material biolégico obtido de pacientes que procuram tratamento de suas

Endereco: HUMAITA 1680

Bairro: CENTRO CEP: 14.801-903

UF: SP Municipio: ARARAQUARA

Telefone: 1633-0164 Fax: 1633-0164 E-mail: cep@foar.unesp.br, mnagle@foar.unesp.br



78

FACULDADE DE
ODONTOLOGIA DE W "
ARARAQUARA - UNESP

Continuagdo do Parecer: 822.355

lesdes na Faculdade de Odontologia de Araraquara - UNESP e, para validagdo por imuno-histoquimica
utilizara amostra de tecidos parafinizados e culturas de linhagens de células para validagdo em culturas,
ambos "in vitro".

Consideragoes sobre os Termos de apresentagao obrigatoria:

O Termo de Consentimento Livre e Esclarecido foi alterado, agora escrito em linguagem para leigo, no
singular referindo-se somente ao Paciente que ira participar ou ndo da pesquisa.Os riscos e beneficios
referentes a biopsia estao claros, bem como todos os cuidados que serdo tomados antes e apoés a cirurgia.

Recomendacoes:
Corrigir algumas palavras digitadas erradas e algumas frases sem concordancia no projto completo.

Conclusoes ou Pendéncias e Lista de Inadequagodes:

As recomendacbes e duvidas relacionadas pelo Parecerista foram atendidas.Sendo assim, aprovo a
realizagdo do Projeto de Pesquisa.

Situagao do Parecer:

Aprovado

Necessita Apreciagao da CONEP:

Nao

Consideragoes Finais a critério do CEP:
Protocolo APROVADO em reunido de 7 de outubro de 2014.

ARARAQUARA, 07 de Outubro de 2014

Assinado por:
Mauricio Meirelles Nagle
(Coordenador)
Endereco: HUMAITA 1680
Bairro: CENTRO CEP: 14.801-903

UF: SP Municipio: ARARAQUARA
Telefone: 1633-0164 Fax: 1633-0164 E-mail: cep@foar.unesp.br, mnagle@foar.unesp.br



N3ao autorizo a reproducdo deste trabalho até 13 de marco de 2022.

(Direitos de publicacao reservado ao autor)

Araraquara, 13 de marco de 2020.

DARCY FERNANDES



