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Gutierrez LS. Papel imunomodulador das beta-defensinas na resposta inflamatoéria
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RESUMO

A periodontite € uma doencga inflamatoria cronica, induzida por bactérias, que causa a
destruicado dos tecidos de suporte dentario. Os peptideos antimicrobianos (PAMs) s&o
importantes componentes da reposta imune inata e um dos principais mecanismos de
defesa do sulco gengival, exibindo uma atividade antimicrobiana contra um amplo
espectro de bactérias Gram-negativas e positivas, fungos e virus, além regularem
eventos inflamatdrios iniciais e aumentarem a imunidade adaptativa. As defensinas,
beta (HBD) e alfa-defensinas, sdo os PAMs predominantes em humanos. Estudos
prévios mostraram que ha uma diferengca na regulagao destes peptideos em sitios
com saude e doenga periodontal. Assim, os objetivos deste estudo foram: (1) avaliar
o efeito do tratamento periodontal ndo-cirurgico (TPNC) sobre os niveis de HBD-1, 2
e 3 no fluido crevicular gengival (FCG) de pacientes sistemicamente saudaveis com
periodontite, (2) investigar o impacto do estimulo com HBD-2 em células epiteliais na
expressao de IL-8, CCL20 e seus receptores CXCR1, CXCR2 e CCR6. Para o estudo
clinico, 22 pacientes com boas condi¢gdes de saude geral, portadores de periodontite
estagio Ill ou IV, grau B foram selecionados. Esses pacientes apresentavam pelo
menos 4 sitios com profundidade de sondagem (PS) = 4 mm, sangramento a
sondagem (SS) e nivel clinico de insergao (NCI) =2 4 mm em diferentes quadrantes.
Os seguintes parametros clinicos foram avaliados: indice de placa visivel (IPV), indice
de sangramento gengival (ISG), PS, SS e NCI. Apés uma semana do exame clinico,
foi realizada coleta de FCG de dois sitios periodontalmente saudaveis, dois com perda
de inser¢cdo moderada (PS = 4-5 mm, SS e NC| =4 mm) e dois com perda de insergéo
avangada (PS =26 mm, SS e NCI = 6 mm). Em seguida, o tratamento periodontal ndo-
cirargico foi realizado, por um unico operador, por meio raspagem e alisamento
radicular (RAR). Um més apds o término do TPNC, foram realizadas novas coletas do
FCG dos sitios selecionados e reavaliacdo dos parametros clinicos. A quantificagcao
dos niveis das HBDs no FCG foi realizada pela técnica ELISA sanduiche. Para o
estudo in vitro, queratinécitos foram estimulados com duas diferentes doses de HBD-
2 e, entao, os niveis dos mediadores inflamatorios e seus receptores foram detectados
quanto a expressao génica pela técnica RT-gPCR em tempo real e a quantificagéo
proteica foi determinada pelo ensaio de ELISA sanduiche. Os dados de ambos os
estudos foram tabulados e analises estatisticas apropriadas foram realizadas. No
estudo clinico, os niveis de HBD-1 foram significativamente maiores no FCG apos
tratamento periodontal em comparacéo com os valores de baseline. Para as HBD-2 e
3 nao foram detectadas diferencas nos niveis pré e pos-tratamento. Nos experimentos
in vitro, o estimulo com HBD-2 aumentou significativamente a express&o génica de IL-
8, CCL20 e seus receptores CXCR1, CXCR2 e CCR6 em queratinocitos. Estes
resultados confirmam que as HBDs podem ter um efeito imunomodulador na
etiopatogénese da periodontite.

Palavras-chave: Periodontite crénica. Imunidade inata. Peptideos catidnicos
antimicrobianos. Raspagem dentaria. Queratinécitos.
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ABSTRACT

Periodontitis is a chronic inflammatory disease, caused by bacteria, which causes the
destruction of tooth-supporting tissues. Antimicrobial peptides (AMPs) are important
components of the innate immune response and one of the main defense mechanisms
of the gingival sulcus, exhibiting antimicrobial activity against a broad spectrum of
Gram-negative and positive bacteria, fungi and viruses, in addition to regular early
inflammatory events and increase adaptive immunity. The defensins, beta (HBD) and
alpha-defensins, are the predominant AMPs in humans. Previous studies have shown
that there is a difference in the regulation of these peptides in healthy and periodontal
disease sites. Thus, the objectives of this study were: (1) to evaluate the effect of non-
surgical periodontal treatment (NCPT) on the levels of HBD-1, 2 and 3 in the gingival
crevicular fluid (FCG) of systemically healthy patients with periodontitis, (2) investigate
the impact of stimulation with HBD-2 in epithelial cells on the expression of IL-8, CCL20
and their receptors CXCR1, CXCR2 and CCRG6. For the clinical study, 22 patients with
good general health were selected, with stage Il or IV periodontitis, grade B. These
patients presented at least 4 sites with probing depth (PD) 24 mm, bleeding on probing
(BOP) and clinical attachment level (CAL) =4 mm in different quadrants. The following
clinical parameters were evaluated: visible plaque index (Pl), gingival bleeding index
(BI), PD, BOP and CAL. One week after the clinical examination, GCF was collected
from two periodontally healthy sites, two with moderate attachment loss (PD = 4-5 mm,
PD and CAL = 4 mm) and two with advanced attachment loss (PD = 6 mm, BOP and
CAL = 6 mm). Next, non-surgical periodontal treatment was performed, by a single
operator, using scaling and root planing (SRP). One month after the end of the NCPT,
new GCF collections were carried out from selected sites and clinical parameters were
reassessed. Quantification of HBD levels in the GCF was performed using the
sandwich ELISA technique. For the in vitro study, keratinocytes were stimulated with
two different doses of HBD-2 and then the levels of inflammatory mediators and their
receptors were detected in terms of gene expression using the real-time RT-gPCR
technique and protein quantification was determined by the sandwich ELISA assay.
Data from both studies were tabulated and the analyzes obtained were performed. In
the clinical study, HBD-1 levels were significantly higher in GCF after periodontal
treatment compared to baseline values. For HBD-2 and 3, differences in pre- and post-
treatment levels were not blocked. In in vitro experiments, stimulation with HBD-2
significantly increased the gene expression of IL-8, CCL20 and their receptors CXCR1,
CXCR2 and CCRG6 in keratinocytes. These results confirm that HBDs may have an
immunomodulatory effect on the etiopathogenesis of periodontitis.

Keywords: Chronic periodontitis. Immunity, innate. Antimicrobial cationic peptides.
Dental scaling. Keratinocytes.
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1 INTRODUGAO

A doenga periodontal € caracterizada de forma classica pela destruigao
progressiva dos tecidos moles e duros do complexo periodontal, mediada por uma
interacdo entre comunidades microbianas disbidticas e respostas imunoldgicas nos
tecidos periodontais. Para que haja o seu desenvolvimento, além da presenca
microbiana, é necessaria uma sucessao de eventos do sistema imune inato e
adquirido do individuo, sendo os peptideos antimicrobianos (PAMs) um dos principais
mecanismos de defesa no sulco gengival'S.

O epitélio oral, além de atuar como uma barreira fisica contra microrganismos
patogénicos, contribui ao sistema imune inato com a produgdo dos PAMs. Como o
epitélio oral representa uma via de contato direto com o meio externo, ele esta
constantemente colonizado por microrganismos (como o lumen intestinal e a pele),
desde a primeira infancia. Porém, das centenas de espécies microbianas presentes,
um numero relativamente pequeno € implicado como causador das patologias mais
comuns da cavidade bucal: carie e doencas periodontais. Devido a esta constante
colonizagdo por microrganismos com suas toxinas e produtos do metabolismo, a
imunidade inata na mucosa oral esta sempre em estado de ativagao e deve diferenciar
as espécies 'nocivas' (associadas a patologias) de espécies comensais (n&o
associadas a patologias) para evitar uma superativagdo da resposta imune que
causaria danos ao proprio hospedeiro®. Além do efeito antimicrobiano direto, os PAMs
apresentam um importante efeito imunomodulador. Eles sdo quimioatraentes para
células fagocitarias, induzem mediadores inflamatorios e degranulagao de mastdcitos,
auxiliam o reconhecimento de produtos bacterianos (LPS e acido nucleico) pelos
receptores do tipo Toll, regulam eventos inflamatorios iniciais e aumentam a
imunidade adaptativa®. Dessa forma, os PAMs s&o importantes para a manutengéo
do balango entre saude e doenga no complexo ambiente da cavidade bucal. A Figura
1 resume os principais efeitos biologicos dos PAMs que justificam sua potente
atividade antibacteriana.



13

Figura 1- Principais mecanismos de ag&o antibacteriana dos PAMs
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Fonte: De Lima et al.

As defensinas, beta (HBDs) e alfa-defensinas (HNPs), e a catelicidina LL-37
sdo os peptideos predominantes em humanos'®''. Dentre as HBDs existentes, a
regulagédo das HBD-1, 2 e 3 tem sido bastante investigada na cavidade bucal, tanto a
nivel proteico como a expressdo génica.’. As hBDs foram identificadas nas
membranas celulares de todas as células epiteliais”®. Nos tecidos periodontais, as
hBDs 1, 2 e 3 estédo expressas principalmente em queratindcitos®'!, sendo estes
peptideos ja identificados no fluido crevicular gengival (FCG) e na saliva®. Nenhuma
hBD foi localizada no tecido conjuntivo ou no epitélio juncional®'?. As hBD-1 e 2
apresentam uma expressdo concentrada nas camadas superficiais espinhosa e
granulosa do epitélio’-'2, enquanto niveis proteicos de HBD-3 foram localizados
principalmente na camada basal do epitélio gengival'®. A HBD-3 também foi detectada
em células de Langerhans e de Merkel®.

Nos tecidos gengivais clinicamente saudaveis, as hBDs 2 e 3 estdo presentes
em um nivel de expressao continuo'15, diferentemente de outros tecidos epiteliais
em que as mesmas sdo expressas somente na presenca de infecgéo ou inflamagao'®
8. E possivel que isso acontega principalmente devido & interacdo constante do
epitélio bucal com microrganismos comensais, bem como por condi¢gdes
imunoinflamatoria’®. Na presenga de inflamag&o, o padrdo de expressdo destes

peptideos no tecido gengival é semelhante; porém, a expressédo de hBD-2 se estende
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sobre a camada basal e a de hBD-3, sobre as camadas superficiais'>'3. Além disso,
ocorrem alteracdes nos niveis proteicos destes peptideos. No entanto, os resultados
encontrados na literatura sdo bastante divergentes'#529-23_ Os diversos mecanismos
envolvidos na inducdo das HBDs podem ser uma explicagdo para essa variagao em
suas concentragoes.

Foi demonstrado que mediadores inflamatérios apresentam a capacidade de
induzir a expressao das hBDs'®. Outro fator indutivo demonstrado ¢ a interago entre
as HBDs e patogenos ou produtos de patogenos'. Estudos in vitro mostraram que
Aggregatibacter actinomycetemcomitans, Fusobacterium nucleatum, Eikenella
corrodens, Porphyromonas gingivalis e Prevotella intermedia foram capazes de
estimular a expressao das hBDs'%24. Além disso, foi observado que o nivel de indugao
se relaciona com o tipo do microrganismo e com o tipo da HBD, e que esta indugéo é
variavel conforme as cepas utilizadas'®. Uma vez liberadas no tecido, cada defensina
exerce uma fungao especifica e sua atuagéo ocorre em conjunto com uma complexa
cadeia de eventos decorrentes dos processos imunoinflamatorios em resposta a
infecgao tecidual®®. Desse modo, esses mecanismos de atuagédo podem ser divididos
em dois principais: atividade antimicrobiana direta e atividade imunomodulatoria.

Durante a atividade antimicrobiana direta ocorre formacao de poros através da
ligagdo a membrana bacteriana resultando no extravasamento do conteudo celular.
Esta ligacao é auxiliada pela atracdo entre as HBDs, que apresentam caracteristicas
catibnicas (+), e as membranas celulares bacterianas, que apresentam caracteristicas
aniénicas (-)?°. Existem trés modelos principais para a formagdo de poros
transmembranares mediados pela defensina: modelos ripas de barril (barril-stave),
poro toroidal e carpete. O modelo barril-stave, que serve como protétipo para a
formagdo de poros transmembrana mediados pela defensina, foi o primeiro
mecanismo proposto para permeabilizacdo. Nesse modelo, as defensinas servem
como aduelas que se inserem verticalmente na bicamada fosfolipidica, produzindo
estruturas semelhantes a barris. O segundo modelo, de poro toroidal representa a
insercdo de defensinas na membrana, causando uma curvatura consistente da
monocamada fosfolipidica da por¢ao superior para a porcao inferior. No modelo de
carpete, a ruptura da membrana induzida por peptideos é semelhante a agao do tipo
detergente?’. Os modelos de destruicdo da membrana, apesar de consolidados, n&o

explicam o mecanismo completo utilizado pelas defensinas para a morte bacteriana,
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0 que torna provavel a existéncia de outros mecanismos envolvidos. Recentemente,
foi descoberto que, em um ambiente acido, como ocorre em uma inflamacéao, as
ligagbes dissulfeto caracteristicas das defensinas sofrem rompimento, tornando-as
suscetiveis a degradacao por proteases. Este processo libera novos fragmentos
peptidicos antimicrobianos que melhoram o repertério antimicrobiano e podem,
portanto, ser uma caracteristica evolutiva que permite ao hospedeiro montar uma
resposta eficaz de amplo espectro contra patégenos invasores com recursos
minimos?’.

A atividade direta das defensinas na regulagéo da resposta imune antibacteriana
nao € o unico papel essencial das mesmas na regulagdo da homeostase imunologica
do hospedeiro?®2°. Especificamente, elas também modulam a resposta imune inata e
adaptativa®®. Dentre as atividades imunomodulatérias, as HBDs apresentam atividade
anti-inflamatéria, sendo a HBD-3 a defensina que mais se destaca por apresentar
potentes propriedades na resposta imune da doenga periodontal como: (1) redugao
de mediadores inflamatorios (TNF-a, IL-6, e MMP-9) em um modelo de periodontite
em camundongos®’; (2) reducgéo da diferenciagio de osteoclastos e da perda dssea
em modelo de periodontite induzida em ratos®; (3) promogao da ades3o e proliferagéo
de fibroblastos em superficies radiculares acometidas pela periodontite®!; e (4)
promogéao da proliferagdo e migragao de queratindcitos pela ativagao de IL-8, IL-18 e
IL-203'. Porém, assim como o potencial antimicrobiano das HBDs é variavel de acordo
com sua conformacgdo estrutural®?, a atividade imunomodulatéria das defensinas
também é variavel, exibindo propriedades como: (1) ativagdo e quimiotaxia para
células de defesa (HBD-1, 2 e 3 )333% (2) indugéo da osteoclastogénese via RANKL
(HBD-1)%; (3) ativagédo e degranulagdo de mastécitos (HBD-2)%; e (4) inibigdo da
autofagia em macrofagos (HBD-2 e 3)%738, Entretanto, o envolvimento das defensinas
na regulagao imunolégica é complexo e o seu papel vai muito além de simplesmente
atuar como imunomoduladores através de um receptor singular ou sinalizag&o linear
dentro do sistema imunoldgico. Sugere-se que as defensinas exercam seus efeitos
principalmente interagindo ou ativando varios receptores extracelulares e
intracelulares?’. Foi demonstrado que a HBD-2 é quimioatraente para células T e
células dendriticas, através do receptor CCR6%33%°. As HBDs também regularam
positivamente a expressdo génica de citocinas e quimiocinas proé-inflamatérias

essenciais para a imunidade adaptativa em queratindcitos*°. Além disso, foi observado
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em outro estudo, que HBD-2 é um quimioatraente especifico para neutréfilos humanos
tratados com fator de necrose tumoral (TNF); A via da proteina G-PLC esta envolvida
nessa migragdo de neutrofilos*!. Também foi verificado um aumento da secregdo de
IL-18 por queratindcitos estimulados com HBDs e LL-37 2. Estes achados indicam
que as defensinas podem regular a resposta imune adquirida e a expressao de
marcadores inflamatorios*?.

Como ja dito anteriormente, a regulacdo das HBDs pode sofrer alteragdes em
resposta as condigdes de saude ou doencga nos tecidos periodontais. Estudos clinicos
prévios indicam uma possivel associagdo entre a expressao destes peptideos
antimicrobianos e condi¢des clinicas do periodonto. Na avaliagdo de bidpsias
gengivais, foi verificada uma menor expressao de mRNAs de hBD-1, hBD-2 e hBD-3
no tecido gengival de pacientes com periodontite do que nas bidpsias de tecido
gengival de pacientes periodontalmente saudaveis'?'4. Lu Q. et al.’> compararam os
niveis de expressao de hBD-1 e hBD-2 em tecido epitelial de bolsas periodontais e
tecidos gengivais clinicamente saudaveis adjacentes do mesmo individuo. Foi
observado que ambas as defensinas estavam expressas em um nivel mais elevado
no epitélio da bolsa do que no epitélio gengival saudavel adjacente. Por outro lado,
Vardar-Sengul et al.?' observaram diferengas na expressio de hBD-1 e 2 no tecido
gengival de pacientes com diferentes tipos de doenga periodontal: gengivite,
periodontite agressiva e periodontite crénica. A expressao de hBD-1 e 2 foi menor nos
tecidos gengivais de pacientes com gengivite do que nos tecidos de pacientes
periodontalmente saudaveis. Em pacientes com periodontite agressiva, uma menor
expressao de hBD-1 e uma maior expressao hBD-2 foi detectada em comparagao
com os controles saudaveis. No entanto, pacientes com periodontite crénica
apresentaram niveis mais elevados de hBD-1 em comparagdo com pacientes
saudaveis?!. Brancatisano et al.?°, por sua vez, identificaram uma expressao
significativamente maior de hBD-2 no tecido gengival de individuos periodontalmente
saudaveis em comparacado com tecidos clinicamente saudaveis de pacientes com
periodontite crénica.

Estudos prévios também avaliaram os niveis proteicos das HBDs no FCG.
Costa et al.*® observaram niveis mais elevados de HBD-1 no FCG de individuos
periodontalmente saudaveis quando comparados a individuos com periodontite
cronica, sugerindo um potencial papel protetor do HBD-1 na suscetibilidade a
periodontite crénica. Foi demonstrado que a HBD-3 esta presente em niveis
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facilmente detectaveis na maioria dos individuos saudaveis, mas € drasticamente
reduzida no FCG de individuos com periodontite, além de estar inversamente
correlacionada com a severidade da doenca e o grau de colonizagdo de espécies
bacterianas com elevado potencial periodontopatogénico?®. Em relagdo a HBD-2,
niveis significativamente mais elevados deste peptideo foram encontrados no FCG de
individuos com periodontite em comparacdo com individuos sem doenca periodontal.
Porém, os niveis séricos de HBD-2 foram menores nos pacientes com periodontite*+
Por outro lado, Pereira et al.*® verificaram maiores niveis de HBD-2 e HBD-3 no FCG
de pacientes com periodontite do que nos pacientes periodontalmente saudaveis.

A terapia periodontal n&o-cirurgica por meio de raspagem e alisamento
radicular (RAR) é o tratamento padrdo ouro para a maioria dos pacientes com
periodontite e tem como objetivo principal controlar a infecgdo microbiana periodontal,
removendo biofilme bacteriano, calculos e toxinas das superficies radiculares
periodontalmente envolvidas*®. Alguns estudos avaliaram uma possivel alteragdo nos
niveis dos PAMs apds tratamento periodontal ndo-cirtrgico. Tlrkoglu et al.? avaliaram
os niveis de LL-37 no GCF de pacientes com periodontite crbnica fumantes e n&o
fumantes antes e apods tratamento periodontal nao-cirurgico. Diminuigcdes
significativas na quantidade total de LL-37 foram observadas na primeira semana, um
e trés meses apods o tratamento periodontal n&o cirurgico em pacientes ndo fumantes
com periodontite crénica. Contudo, em pacientes fumantes, o tratamento periodontal
ndo-cirdrgico ndo foi eficaz na redugdo dos niveis de LL-37. Madruga et al.#’
observaram uma reducdo nos niveis de LL-37 e IL-6, embora de forma nao
significativa, 4 a 6 semanas ap0s o tratamento periodontal ndo-cirurgico, tanto no
grupo de pacientes com periodontite estagio I-ll como no grupo de pacientes com
estagio Ill-1V. Entretanto, para IL-4 e IL-10, os niveis permaneceram inalterados apos
a RAR. Dolinska et al.*® verificaram os niveis de HNP 1-3 no FCG de pacientes com
periodontite crénica antes e apds tratamento periodontal. Neste estudo, os pacientes
foram submetidos ao procedimento de RAR associado ao uso de antibioticoterapia
sistémica (Amoxicilina + metronidazol). Um aumento significativo nos niveis de HNP
1-3 foi observado 3 e 6 meses apos o término do tratamento periodontal.

Ha uma hipotese de que uma combinagao especifica de PAMs pode ser
essencial para manter a saude bucal e que qualquer alteragdo nessa combinagao
pode resultar em um desequilibrio na resposta imune inata*®. Esse desequilibrio pode

desempenhar um papel crucial nos mecanismos, ainda nao totalmente
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compreendidos que estdo envolvidos no inicio e no desenvolvimento das doencgas
periodontais®0-%3,

Uma compreensao mais aprofundada da regulagdo dos PAMs nos tecidos
periodontais €, portanto, de grande importancia e pode abrir caminho para o
desenvolvimento de novas abordagens preventivas, diagnosticas e terapéuticas para
as doencgas periodontais. Sendo assim, o presente estudo teve como objetivo avaliar
o efeito do tratamento periodontal n&o-cirurgico nos niveis de HBD-1, 2 e 3 no FCG
de pacientes com periodontite, além de avaliar o possivel mecanismo imunoregulador
da HBD-2 sobre marcadores importantes no processo inflamatoério na doenca

periodontal.



19

2 PROPOSICAO

Este projeto foi dividido em duas publicagdes.

2.1 Publicagao 1

Avaliar o efeito do tratamento periodontal ndo-cirurgico sobre os niveis das
HBD-1, 2 e 3 no FCG de pacientes sistemicamente saudaveis portadores de
periodontite. A hipotese nula do estudo é que os niveis das HBDs no FCG seriam

semelhantes antes e apds tratamento periodontal.

2.2 Publicagao 2

Avaliar o efeito modulador do HBD-2 na inducédo da resposta inflamatéria em
queratinocitos, incluindo a expressao de IL-8 e CCL20 e seus receptores CXCR1,
CXCR2 e CCRG6. A hipodtese nula do estudo € que a HBD-2 nao teria efeito regulador

sobre a expressao de IL-8 e CCL20 e seus respectivos receptores por queratindcitos.
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3 PUBLICAGOES

Os resultados deste estudo foram apresentados na forma de dois artigos
cientificos, informados a seguir.

3.1 Publicagao 1*

Non-surgical periodontal treatment affects the gingival crevicular fluid levels of
HBD-1 but not of HBD2 and 3 in periodontitis patients

Lorena S. Gutierrez'!, Fernando Afonso de Oliveira', Daniela Leal Zandim-
Barcelos'

1-Department of Diagnosis and Surgery, School of Dentistry at Araraquara, UNESP,
Araraquara, 14.801-385, Brazil.

*Correspondence: daniela.zandim-barcelos@unesp.br

Abstract

Objectives: This prospective study aimed to evaluate the effect of non-surgical
periodontal treatment on HBD-1, 2, and 3 levels in the gingival crevicular fluid (GCF)
of patients with periodontitis. Materials and Methods: Twenty-two patients systemically
health and periodontitis stage Ill or IV, grade B were included in this study. These
patients had a minimum of 15 teeth and at least 4 sites with probing depth (PD) 24
mm, bleeding on probing (BOP), and clinical attachment level (CAL) 24 mm in different
quadrants. Initially, the following clinical parameters were evaluated: visible plaque
index (PI), gingival bleeding index (Gl), PD, BOP and CAL. One day after the clinical
examination, GCF was collected from the two healthy sites (no gingival inflammation,
PD < 3 mm, no BOP) and four sites with clinical signs of periodontitis, two sites with
moderate insertion loss (PD= 4-5 and CAL=Z 4 mm mm and BOP) and two sites with
moderate insertion loss (PD and CAL= 6 mm and BOP). One month after completion
of non-surgical periodontal treatment (NSPT), GCF collection and periodontal
parameters were assessed. HBDs levels were analyzed by ELISA. Results: Higher
levels of HBD-1 were observed in healthy sites than in diseased sites at baseline and

a significant Increase in HBD-1 levels was observed in both sites after periodontal

* Este artigo segue as normas de publicagdo do periodico Clinical Oral Investigations, para o qual
pretende-se submeté-lo.
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treatment. Conclusions: The non- surgical periodontal treatment had a significant
impact on the HBD-1 levels in the GCF of patients with periodontitis.Clinical Relevance:
Keywords: Cationic antimicrobial peptides. beta-Defensins. Periodontitis. Dental

Scaling.

Introduction

Periodontitis is a multifactorial inflammatory disease characterized by the
progressive destruction of tooth supporting tissues [1-3]. It is primarily caused by
dental plaque biofilm; however, a succession of events from the individua’s innate
and acquired immune systems are necessary for its development. The antimicrobial
peptides (AMPs) are important components of the innate immune system and
represent one of the main defense mechanisms in the gingival sulcus [4-8] .

AMPs have an antimicrobial activity against a broad spectrum Gram-positive
and Gram-negative bacteria, fungus and viruses. In addition to the direct antimicrobial
effect, these peptides have an important immunomodulatory effect. They enhance
the adaptive immune system by chemotaxis of monocytes, T-lymphocytes, dendritic
cells and mast cells to the infection site, induce inflammatory mediators and mast cell
degranulation, help the recognition of bacterial products (LPS and nucleic acid) by
Toll-like receptors, regulate initial inflammatory events [9]. Therefore, AMPs are
important for maintaining the balance between health and disease in the complex
environment of the oral cavity [10].

Beta-defensins are small cationic AMPs mainly produced by epithelial cells. The
local dysregulation of these peptides may be involved in the initiation and progression
of periodontal diseases [11-14].

Previous studies have evaluated the protein levels of HBDs in GCF. Costa et al.

[15] observed higher levels of HBD-1 in the GCF of periodontally healthy individuals
when compared to individuals with chronic periodontitis, suggesting a potential
protective role of HBD-1 in susceptibility to chronic periodontitis. It has been
demonstrated that HBD-3 is present at easily detectable levels in most healthy
individuals, but is drastically reduced in the GCF of individuals with periodontitis, in
addition to being inversely correlated with the severity of the disease and the degree
of colonization of bacterial species with high periodontopathogenic potential [16].
Regarding HBD-2, significantly higher levels of this peptide were found in the GCF of
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individuals with periodontitis compared to periodontally healthy individuals. However,
serum HBD-2 levels were lower in patients with periodontitis [17]. On the other hand,
Pereira et al. [18] found higher levels of HBD-2 and HBD-3 in the GCF of patients with
periodontitis than in periodontally healthy patients.

Many authors have also observed variation in gene expression of HBDs. In an
evaluation of gingival biopsies, it was found that there was a lower expression of hBD-
1, hBD-2 and hBD-3 mRNAs in the gingival tissue of patients with periodontitis than
in the gingival tissue biopsies of periodontally healthy patients [19-20]. Lu Q. et al.
[20] compared the expression levels of hBD-1 and hBD-2 in bursa tissues and
adjacent clinically healthy tissues from the same individual. They observed that both
defensins were expressed at a higher level in the pocket epithelium than in the
adjacent healthy gingival epithelium. On the other hand, Vardar-Sengul et al.?'
observed differences in the expression of hBD-1 and 2 in the gingival tissue of
patients with different types of periodontal disease: gingivitis, aggressive periodontitis
and chronic periodontitis. The expression of hBD-1 and 2 was lower in the gingival
tissues of patients with gingivitis than in the tissues of periodontally healthy patients.
In patients with aggressive periodontitis, lower hBD-1 expression and higher hBD-2
expression were detected compared to healthy controls. However, patients with
chronic periodontitis had higher levels of hBD-1 compared to healthy patients [21].
Brancatisano et al. [16] in turn, identified a significantly higher expression of hBD-2 in
the gingival tissue of periodontally healthy individuals compared to clinically healthy
tissues of patients with chronic periodontitis.

Since bacterial infection is the essential etiological factor for periodontal
disease, its elimination through periodontal treatment can affect the regulation of
AMPs. Some previous studies evaluated the effect of non-surgical periodontal
treatment on LL-37 and HNP 1-3 levels in the GCF of patients with periodontitis [22-
24]. Contradictory results were observed. Lower levels of LL-37 [22, 25] and higher
levels of HNP 1-3[26] were verified in the GCF after periodontal treatment. For HBDs,
a significant reduction in salivary HBD-2 levels was observed after periodontal
treatment [25]. The study of Ebrahem [27] showed that, in the group of patients with
periodontitis, the frequencies of hBD-1 and hBD-3 mRNA expression increased from
30% to 80% and from 35% to 85%, respectively, after periodontal treatment. For hBD-

2, there was a decrease from 85% to 45%In healthy control subjects, who did not
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receive treatment, expression frequencies were 95%, 40% and 95% for hBD-1, 2 and
3, demonstrating a difference compared to periodontitis patients at baseline.

Taking into consideration the controverses in the literature regarding the role of
AMPs on the pathogenesis of periodontal disease and the scarce number of studies
evaluating the effect of periodontal treatment on AMPs levels, we proposed the present
study. Prevention and treatment of periodontal disease may depend on the
antibacterial, immunomodulatory and anti- inflammatory properties of AMPs.
Considering the multifunctional23immune-regulatory activities of HBDs, the aim of the
present study was to investigate the effect of non-surgical periodontal treatment on
HBDs levels in the GCF of patients with periodontitis. In addition, we evaluated the
differential levels of HBD-1, 2 and 3 in health and diseased sites of these patients.

Materials and Methods

Study design

The protocol of this prospective study was approved by the Ethics Committee on
Human Research of the School of Dentistry at Araraquara — UNESP (protocol number
96972718.2.0000.5416) and was conducted in accordance with the 1975 Declaration
of Helsinki, revised in 2013.

A total of twenty-two patients of both genders with periodontitis stage Il or IV
were enrolled in this study. The participants were recruited from September 2018 to
June 2021 at the Periodontology Clinic, School of Dentistry at Araraquara — UNESP.
Written informed consent was obtained from all subjects.

The diagnosis of periodontitis was performed according to the 2017 World
Workshop on the Classification of Periodontal and Peri-implant Diseases and
Conditions [28] . The inclusion criteria for patients with periodontitis were presence of
at least 15 natural teeth and a minimum of four teeth in different quadrants with probing
depth (PD) =2 4 mm, bleeding on probing (BOP) and clinical attachment level (CAL) 2
4 mm, with the exception of third molars. Individuals with a history of systemic diseases
or immunological disorders, currently using hormone replacement therapy, as well as
pregnant and lactating women were excluded. Individuals that received periodontal
treatment within the last 6 months or with a history of systemic antibiotics and anti-

inflammatory drugs within the last 3 months were also excluded.
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Sample calculation

Considering that in two previous works found in the literature [5,26], that
evaluated the levels of antimicrobial peptides before and after periodontal treatment,
the mean and standard deviation values of the data (only median and percentiles), it
was not possible to perform the sample calculation “a priori” considering the level of
antimicrobial peptide in the FCG as the primary variable of the study. Therefore, the
sample size calculation was performed using clinical parameters. Therefore, to perform
the sample calculation, a difference of 1.0 mm in the clinical level of insertion and an
estimated standard deviation of 1.0 mm were considered clinically relevant. Using a
power of 80% to detect this difference, with a significance level of 5%, 16 subjects will
be needed for the research. Considering the possibility of withdrawals, or the need to
exclude a patient, 20 patients will be selected to carry out this study.

Clinical examination

Full-mouth clinical periodontal parameters, including visible plaque index (PI)
[29], gingival bleeding index (Gl) [30], PD, BOP and CAL were assessed by a single
trained and calibrated examiner. The Pl and Gl were registered as absence or
presence of plaque and gingival bleeding at four sites per tooth (mesial, distal, buccal
and lingual) [31], while the PD and CAL were assessed in six sites per tooth (mesio-
buccal, mid-buccal, disto- buccal, mesio- lingual, mid-lingual, and disto-lingual),
excluding third molars. Measurements were performed with a manual UNC periodontal
probe (Hu-Friedy, Chicago, IL). To calibrate the examiner, two full-mouth examinations
were carried out on 5 volunteer patients, with an interval of 48 hours between exams.
The calibration was accepted after the percentage of agreement between
measurements for the PS and NCI parameters was greater than 90%.

All clinical parameters and periodontal treatment were performed by a single
operator (LSG). Initially, a full-mouth scaling with dental ultrasound was performed on
all teeth with supragingival calculus. Non-surgical periodontal therapy was performed,
in sessions divided between hemiarches, depending on the complexity, always starting
with the deepest sites. The patient was first anesthetized locally and then scaling and
root planing was performed on the sites with periodontal disease. At the end of the
scaling and root planning procedure, the teeth were polished with a rubber dam and
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prophylactic paste. Patients received oral hygiene instructions, which were reinforced
at each session of periodontal treatment. After finishing treatment, patients returned

monthly for monitoring and bacterial plaque control for 3 months.

Gingival Crevicular Fluid (GCF) Sampling

GCF samples were collected from six sites of each patient, including two healthy
sites (no gingival inflammation, PD < 3 mm, no BOP or clinical attachment loss) and
four diseased sites: two sites with moderate clinical attachment loss (PD = 4-5 mm,
BOP, CAL =4 mm) and two with severe clinical attachment loss (PD =6 mm, BOP and
CAL = 6 mm). Sampling sites were selected preferably from non-adjacent teeth.
Diseased sites were selected according to the greatest probing depth in each
quadrant. A single examiner performed the GCF sampling one week after the
periodontal examination.

Before sampling, teeth were isolated with cotton rolls, supragingival plaque was
removed with a sterile curette, and the surfaces were gently air-dried. GCF was
sampled by inserting strips of absorbent paper (Periopaper®, Oraflow Inc., New York,
USA) into the gingival sulcus or periodontal pocket for 30 seconds. Paper strips
contaminated with blood and saliva were rejected. The volume of GCF absorbed in
each strip was determined by an electronic device (Periotron 8000 - Periopaper,
ProFlow, Inc., Amityville, NY, USA), which was calibrated based on a previously
described protocol®? (Periotron 8000 calibration by polynomial regression). At the end
of collection, the samples were inserted separately into a dry sterile polypropylene
microcentrifuge tube and stored at -80°C until analysis. Periotron 8000 readings were

converted to real volume (uL) by reference to a standard curve.

Quantification of HBDs

First, the absorbed GCF was eluted from the paper strip of each tube by adding
150 uL of 1x Phosphate-Buffered Saline (PBS) to each tube. The tubes were left on
ice in a horizontal shaker for 30 minutes and then centrifuged at 4°C, 13,000 g for 10
minutes. The GCF levels of HBD-1, 2 and 3 were measured (pg/mL) using sandwich

ELISAs kits according to the manufacturer’s guidelines (Peprotech, Rocky Hill, NJ,
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EUA). The absorbance was measured at 450 nm using a plate reader (VersaMax,
Molecular Devices, San Jose, CA, USA). The detection range of HBD-1 was from 7.8
to 500 pg/mL, HBD-2 from 15.62 to 1,000 pg/mL and HBD-3 was from 63 to 4,000
pg/mL. Results are expressed as total amount of peptide/time of sampling in pg/30

seconds.

Statistical analysis

The statistical analysis was performed using GraphPad Prism 7 (San Diego,
CA, USA) and differences were considered significant with a P value <0.05. The
normality of data distribution was analyzed using the D’Agostino and Pearson test. For
clinical parameters, the paired t test was used to compare parameters with normal
distribution and the Wilcoxon test was used to compare parameters with non-normal
distribution. As AMPs levels were not normally distributed, the Wilcoxon test was used

to detect differences in the levels of each peptide before and after treatment.

Results
Demographics and periodontal parameters

A total of 22 patients with periodontitis stage Ill or IV, 11 male (50%) and 11
(50%) female were evaluated. The mean age of patients was 50.73 + 10.10 years. The
full-mouth clinical parameters evaluated in the present study are described in table 1

and the clinical parameters of the sampling sites in table 2.
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Table 1. Full-mouth clinical periodontal parameters at baseline and post non-surgical

periodontal treatment. Data with normal distribution are expressed as mean +SD;

data with non-normal distribution are expressed as median and 95% ClI

Clinical parameters Initial Post-tratment
Pl (%) 43,95+15,62" 9,77+5,06%
Gl (%) 32,72+20,50% 6,74+5,68%
BOP (%) 54,25 (38,48-54,00)* 10,48 (7,28-13,32)*
PD (mm) 3,43 (3,20-3,58)* 2,80 (2,77-3,09)*

PD < 3 mm (%)

67,5 (52,75-78,05)*

84,50 (62,75-85,03)*

PD 4-5 mm (%)

17,50 (14,19-24,50)*

13,50 (9,78-14,70)*

PD 2 6 mm (%)

7,00 (6,1-11,81)*

3,00 (2,17-7,46)*

CAL (mm)

3,75 (3,60-4,54)

3,42 (3,24-4,13)

CAL < 3 mm (%)

20,50 (14,77-27,83)

29,50 (20,66-34,92)

CAL 4-5 mm (%)

42,00 (31,50-45,48)

45,50 (32,71-48,56)

CAL 2 6 mm (%)

28,00 (22,23-40,38)

18,50 (13,50-31,75)

*Significant difference between groups, unpaired t-test

#Significant difference between groups, Wilcoxon test

Pl — Plaque index; Gl — Gingival index; BOP — Bleeding on probing; PD — Probing
depth; CAL —Clinical attachment level.
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Table 2. Clinical periodontal parameters of sampling sites. Data are expressed as
median and 95% ClI

Health Moderate clinical Severe clinical

attachment loss attachment loss
pa?lalll:::tael rs Baseline |1 month | Baseline |1 month |Baseline 1 month

PD 3 3 5 4 7 45
(mm) | (2,5-2,9) | (2,3-2,8) | (4,5-5,0)° | (3,2-4,1)° | (6,7-7,4)° | (3,9-5,5)°

HBD-1 CAL 3 3 5 45 8 55
(mm) (2,5-2,9) | (2,4-2,9) |(4,9-6,2)" | (3,7-5,1)" |(7,1-8,7)" (5-7,0)*

PD 3 3 5 3 7 5
(mm) | (2,5-2,9) | (2,3-2,8) | (4,5-4,9)° | (2,8-3,6)° | (6,7-7,8)° |(4,1-5,9)°

HBD-2 CAL 3 3 5 3 7,5 5,5
(mm) (2,9-2,5) | (2,3-2,8) | (4,7-5,8)" | (3,2-4,4)" |(7,2-9,5)" (5,0-7,5)*

PD 3 3 5 3 7 5
(mm) | (2,5-2,9) | (3,6-2,8) | (4,5-4,9)° |(2,8-3,6)° (6,7-7,8)° | (4,1-5,9)°

HBD-3 CAL 3 3 5 3 7,5 5,5
(mm) (2,5,2-9) | (2,3-2,8) | (4,7-5,8)" | (3,2-4,4)* | (7,2-9,5)* | (5,0-7,5)*

Paired t test;

$ Statistically significant in PD, between the same sites, at different periods

# Statistically significant in CAL, between the same sites, at different periods
PD — Probing depth; CAL — Clinical attachment level; PT: Post-treatment.

HBDs quantification

Figure 1 shows the levels of each HBD in the GCF of health and diseased sites
(moderate and severe clinical attachment loss) at different time points. Higher levels
of HBD-1 were observed in healthy sites than in diseased sites at baseline, but the
difference was statistically significant in comparison with the advanced periodontitis
group. A significant increase in HBD-1 levels was also observed in health and diseased
sites after periodontal treatment (Figure 1A).

The GCF levels of HBD-2 were significantly higher in healthy sites than in
diseased sites at baseline. In addition, the diseased sited showed higher levels of
HBD-2 after treatment, equaling to the control group, although still without significant
difference with their respective initial values. (Figure 1B).

HBD-3 levels were similar in all groups before and after treatment, demonstrating

no significant difference between groups, although the group with advanced insertion
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loss presented lower mean values than the other groups, suggesting a tendency
towards reduction of this peptide. (Figure 1C).



Figures

Figure 1- Distribution of HBDs at sites selected for GCF sampling.

hBD1 protein (pg/mL)

1000

800 .

600+

400+ .

200+

HBD-2 protein (pg/30s)

hBD-3 protein (pg/mL)

400

300

200

30

H:healthy sites; ILM: sites with moderate insertion loss; ILA: sites with advanced

insertion loss

# p<0.05: Statistically significant difference between different groups- Kruskal Wallis

test.

p<0.05: Statistically significant difference between baseline and post- treatment levels

- Wilcoxon test;



31

Discussion

Our results demonstrated a significant increase in GCF HBD-1 levels after non-
surgical periodontal treatment, both for healthy and diseased sites of patients with
periodontitis. This up-regulation was also observed, for HBD-2, without statistically
significance. On the other hand, a tendency towards reduction in GCF HBD3 levels
was verified. Therefore, the null hypothesis of the present study was partially rejected.

Greer et al. [33] proposed that, through its antimicrobial action, the peptide within
periodontal tissue may control the accumulation of commensal bacteria and biofilm
formation at some level, thereby contributing to periodontal homeostasis. Recent
studies have demonstrated that HBD-2 can directly neutralize lipopolysaccharide
(LPS) and inhibit the release of inflammatory cytokines such as TNF-a, inducing an
anti-inflammatory effect [34]. Lower expression of hBD-2 may impair the host’'s LPS
neutralization capacity and therefore lead to exaggerated host response and
periodontal rupture. Furthermore, in vitro studies have shown that periodontal
pathogens such as A. actinomycetemcomitans, P. gingivalis, F. nucleatum, and P.
intermedia [33], or their components, such as gingipain, upregulate hBD-2 expression.
Increased hBD-2 expression in gingival tissues may help the host to eliminate
periodontal pathogens. The role of HBD-2 is not limited to its antimicrobial action. It
also contributes to neutrophil recruitment and links innate and adaptive immune
responses by activating local dendritic cells [35].

Non-surgical periodontal therapy is the gold standard treatment for most patients
with periodontitis and its main objective is to control periodontal microbial infection by
removing bacterial biofilm, calculus and lesions from the periodontally involved root
surfaces, through scaling and root planning (SRP) [36]. Our study is the first to evaluate
the effect of non-surgical periodontal treatment on HBDs 1, 2 and 3 levels and we were
able to observe a significant difference in HBD-1 GCF levels pre- and post-treatment,
both in healthy sites and in sites with moderate and advanced insertion loss. However,
some studies have evaluated a possible change in other PAMs levels after non-
surgical periodontal treatment. Turkoglu et al. [5] evaluated LL-37 levels in the GCF of
patients with chronic periodontitis and non-smokers before and after non-surgical
periodontal treatment. Significant decreases in the total amount of LL-37 were
observed in the first week, one and three months after non-surgical periodontal

treatment in non-smoking patients with chronic periodontitis. However, in smoking
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patients, non-surgical periodontal treatment was not effective in reducing LL-37 levels.
Madruga et al. [37] observed a reduction in LL-37 and IL-6 levels, although not
significantly, 4 to 6 weeks after non-surgical periodontal treatment, both in the group
of patients with stage I-Il periodontitis and as in the group of patients with stage IllI-IV.
However, for IL-4 and IL-10, the levels found are unchanged after RAR. Dolinska et al.
[38] verified the levels of HNP 1-3 in the GCF of patients with chronic periodontitis
before and after periodontal treatment. In this study, patients underwent the RAR
procedure associated with the use of systemic antibiotic therapy (Amoxicillin +
metronidazole). A significant increase in HNP 1-3 levels was obtained 3 and 6 months
after the end of periodontal treatment.

Costa LCM et al. [15] observed higher levels of HBD-1 in the GCF of
periodontally healthy individuals when compared to individuals with chronic
periodontitis, suggesting a potential protective role of HBD-1 in susceptibility to chronic
periodontitis. They also showed that non-surgical periodontal therapy increases HBD-
1 expression in individuals with periodontitis, in healthy and diseased sites, reaching
levels similar to healthy sites in healthy patients. Similarly, our study also demonstrated
a significant difference in HBD-1 levels in GCF between healthy sites and sites with
advanced periodontitis, in the same individual. Furthermore, there was also an
increase in these levels in healthy sites and with moderate and advanced insertion loss
after non-surgical periodontal treatment.

Previous studies evaluated the HBD-2 levels and expression in relation to
periodontal status [20,21,25,39-41]. In the study by Pereira et al. [22] , HBD-2 levels in
saliva and GCF of individuals periodontally healthy and individuals with periodontitis,
in the Brazilian population, were examined. Their data showed that HBD-2 levels in
saliva and GCF were higher in periodontitis patients compared to healthy individuals
and decreased after periodontal treatment. Similarly, Yong et al. [41] found that in the
Chinese population, HBD-2 levels in GCF were higher in patients with periodontitis and
gingivitis compared with those in healthy controls. Similar to the higher levels of HBD-
2 in periodontitis, higher levels of HBD-2 have been reported in patients with
aggressive periodontitis compared to healthy controls [21,41]. On the contrary, our
results showed lower HBD-2 levels in diseased sites compared to healthy sites.

Higher levels of HBD-3 were identified in the GCF of patients with periodontitis
when compared to periodontally healthy patients [18]. On the other hand, it has been
demonstrated that HBD-3 is present at easily detectable levels in most healthy



33

individuals but is drastically reduced in the GCF of individuals with periodontitis, in
addition to being inversely correlated with the severity of the disease and the degree
of colonization of bacterial species with high periodontopathogenic potentia [16].

Thus, our finding of decreased levels of both HBD-2 and HBD-3 for the diseased
samples and higher HBD-2 and HBD-3 levels in the healthy samples was unexpected.
However, while pro-inflammatory mediators are known to induce the expression of
defensins, and are most often associated with diseased tissues, are also present in
healthy tissues growth factors which have also been shown to induce expression [42].
Additional factors that may impact the expression of beta-defensins in healthy gingival
tissue samples (and could also explain the variable basal expression seen among
subjects) include the possibility of variable gene copy numbers as recently reported for
specific defensins [43]. Another possible explanation would be the degradation of the
defensins in disease is possible. For example, HBD-2 and HBD-3 were recently shown
to be degraded and inactivated by the cysteine proteases cathepsins B, L, and S [44].
This study suggested that during infection, enhanced expression of cathepsins may
increase degradation of HBD-2 and HBD-3, with resulting bacterial colonization and
infection [45]. This would support the finding of decreased expression in periodontal
diseased tissues. Alternatively, the expression profiles in healthy and diseased tissues
may actually reflect down-regulation of the defenses during disease. The contradictory
results between studies can also be due to the relatively small number of participants
in most studies (about ten samples per group) [25,46], differences in the populations
studied and underlying genetic differences, differences in microbial profiles, or different
techniques used [47,48]. These findings may reflect variation in the regulation of HBDs
levels from patient to patient, however, factors such as medication use or smoking
were excluded from the study, so this cannot be a justification for the different levels of
AMPs measured and should be examined in future studies.

There was no evidence that any systemic factor influenced the results.
Furthermore, there was no evidence of any relationship between HBDs levels and
other demographic characteristics, including age and sex. Future studies should
include a larger number of subjects, so that such factors can be better evaluated. The
results of increased (or decreased) measurement levels of AMPs in the present study
do not necessarily correlate with the functional activity of the peptide.

In view of the improvement in clinical parameters and change in pre and post-

treatment HBD-1 levels, it can be concluded that non-surgical periodontal treatment
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had a positive impact on the regulation of HBD-1 in the GCF of patients with
periodontitis, increasing significantly its levels both in sites health or previosly
diseased.
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Abstract

Periodontitis is a chronic inflammatory disease caused by bacteria that affects dental
supporting tissues. Its development is based on a succession of events from the
individual's innate and acquired immune system, with antimicrobial peptides being one
of the main defense mechanisms in the gingival sulcus. Previous studies have
demonstrated that periodontopathogenic bacteria, such as Porphyromonas gingivalis,
positively regulate the expression of human beta-defensin-2 (hBD-2) mRNA through
specific receptors on gingival epithelial cells. The objective of this study was to
investigate the modulatory effect of HBD-2 on the gene expression of the pro-
inflammatory molecules hBD-2, IL-8 and CCL20, as well as their receptors CXCR1,
CXCR2 and CCRG, respectively. Epithelial cells were incubated with HBD-2 at two
concentrations (2.5 and 5.0 ug/ml) for 24 hours and gene expression of the pro-
inflammatory molecules and their receptors was evaluated using real-time PCR, and
protein profiles were measuredby ELISA and immunofluorescence technique. HBD-2
stimulation upregulated inflammatory markers in epithelial cells. The increased
expression was significant and dose-dependent for IL-8, CXCR1, CXCR2, CCR6 and
CCL20. Significant expression of hBD-2 occurred at the highest stimulus dose (5.0
pug/ml). These results were confirmed in protein levels for IL-8 and CCL20 and by
immunofluorescence for CCR6 and CXCR1. The immunomodulatory action of HBD-2
on these inflammatory markers in oral epithelial cells can be concluded.

Keywords: Periodontitis, Epithelial Cells, beta-Defensins, immune response,
inflammation.

1. Introdution
Periodontitis, a complex and persistent inflammatory condition that affects the

structural support of teeth, is linked to an imbalance in the oral microbiota [1,2].

Gingival inflammation is initiated by the formation of bacterial biofilm; however,

* Este artigo segue as normas de publicagédo do periddico International Journal of Molecular Sciences,
para o qual pretende-se submeté-lo.
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dysbiotic ecological changes in the microbiome are necessary for the initiation and
progression of periodontitis. The pathophysiology of the disease has been
characterized in its main molecular pathways and, ultimately, leads to the activation of
host-derived proteinases that allow the loss of fibers from the marginal periodontal
ligament, resulting in apical migration of the junctional epithelium and allowing the
apical dissemination of the bacterial biofilm along the root surface [3].

The gingival epithelium is the first barrier encountered by the subgingival
bacterial biofilm. This barrier function is attributed to the distinctive architectural
integrity and antimicrobial peptides production, such as beta-defensins (HBDs), as well
as chemokines and cytokines. HBDs are very small cationic peptides that serve a vital
function within the mouth by acting as an initial defense mechanism. They have a broad
spectrum antimicrobial activity against both gram-negative and gram-positive bacteria,
which is achieved through their capacity to form openings in the bacterial membranes.

Protein complexes that act as transcription factors, including nuclear factor
kappa light chain enhancer of activated B cells (NF-kB) and activator protein 1 (AP-1)
play an essential role in hBD-2 expression induction by pathogenic factors such as
LPS bacterial (lipopolysaccharide) or fungal infections [4,5]. They act by binding to the
HBD-2 promoter, necessary for the induction of the gene for this protein. The role of
mitogen-activated protein kinase (MAPK) pathways has also recently been
emphasized [6]. Stimulation of Toll-like receptors (TLRs), especially TLR2 and TLR4,
in cells specific for pathogen-associated molecular patterns (PAMP) is also crucial for
the activation of hBD-2 expression during the course of infection. Furthermore, HBD-2
has the ability to strongly bind to the complement component C1q. Interestingly, this
protein does not significantly affect the alternative activation pathway, but can inhibit
the classical complement activation pathway, and may be involved in the protection
against the uncontrolled activation of the innate immune response [7].

In addition to the importance of HBDs, it has been reported that some
chemokines, like CC-chemokine ligand 20 (CCL20), are involved in leukocyte
migration and are expressed in tissues with periodontal diseases. CCL20 also
possesses antimicrobial properties, [8] and some studies have demonstrated that
HBD-2 induces CCL20 transcription in human oral epithelial cells [9,10]. Therefore,
CCL20 and HBD-2 serve as comparable mediators, not only exhibiting antimicrobial
effects but also potentially bridging the gap between innate and adaptive immune
responses by engaging with chemokine receptor 6 (CCRG6), thus triggering the
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activation of immature dendritic cells [11, 12] . CCL20 plays a crucial role in attracting
cells expressing CCRG6, including Th17 cells, which are associated with bone
resorption in periodontal lesions and thus contribute to the development of periodontal
disease [13,14].

In addition to CCL20, for different cell types, AMPs such as HBD-2 also have
been shown to induce IL-8 expression [15,16,17], one of the earliest key mechanisms
in the etiopathogenesis of periodontal inflammation, which in turn highlights the
important role of IL-8 during the initial inflammatory response [18]. Eberhard et al.®
demonstrated that HBD-2 protein expression was increased on day 3, while IL-8
expression was elevated on day 5 in gingival biopsies. It can be speculated that an
increase in HBD-2 concentration triggers IL-8 expression in the gingival epithelium. A
better understanding of HBD-2 role during host-bacteria interactions is a prerequisite
for future new antimicrobial treatment strategies.

It has been shown that keratinocytes constitutively expressed hBD-2 [20],
however, studies in patients demonstrated that HBD-2 levels in gingival crevicular fluid
were significantly elevated and positively correlated with most clinical parameters in
individuals with periodontitis [21, 22, 23]. The increased expression of hBD-2 in
inflamed tissues suggests that HBD-2 may contribute to the defense of epithelial
surfaces that are constantly exposed to microbes. Furthermore, copy number variation
in the hBD-2 gene has been associated with the severity of periodontal disease,
suggesting that variation in gene expression may alter disease susceptibility [22].
Taken together, all of these studies support the value of HBD-2 as a marker of
periodontal disease.

Considering that the levels of HBDs are generally altered in response to
infection or disease states and that a strong correlation exists between periodontal
disease pathogenesis and the immune status of the host, the present study
investigated the modulatory effect of HBD-2 on inflammatory response induction in
human oral epithelial cells (TIGKs), more specifically on IL-8 and CCL20, and their
receptors CXCR1, CXCR2 and CCRG6, expression. It was hypothesized that HBD-2
induces the up-regulation of these inflammatory markers from human oral epithelial

cells.
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2. Materials and methods

2.1 Cells culture condition

Epithelial cells hnTERT TIGKs CRL-3397 were obtained from ATCC, certified as
mycoplasma-free and was used to culture. The cells were cultured in KBM™Gold ™
Basal Medium with KGM™Gold™SingleQuots™Supplement pack, containing:
hydrocortisone, transferrin, epinephrine, GA-1000, BPE, hEGF, insulin, from Lonza
Bioscience and cultivated in a humidified incubator at 37°C with 5% COz, as indicated
by the suppliers. Mycoplasma contamination was regularly checked. Cells were
cultured (1 x 10° cells/well) on 6-well culture plates and grown until 70-80%
confluence. The medium was changed every other day. The periodontopathogenic
bacteria Filifactor alocis (F.a.) (ATCC 25586), Aggregatibacter
actinomycetemcomitans (A.a.) (ATCC 43718), Porphyromonas gingivalis (P.g.) (ATCC
33277) and Treponema denticola (T.d.) (ATCC 35405) were used in different
concentrations (optical density, O.D.660 = 0.050 and 0.100) to simulate in vitro
microbial infection. Bacterial strains were pre-cultivated on Schaedler agar plates
(Oxoid, Basingstoke, UK) in an anaerobic atmosphere for 48 h. Subsequently, bacteria
were suspended in phosphate-buffered saline (O.D.sso = 1, corresponding to 1.2 x 10°
bacterial cells/ml) and submitted twice to ultrasonication (160 W for 15 min) resulting
in a total killing. The cells were also stimulated with Recombinant Human BD-2 (50 pg
- Peprotech- Catalog number: 300-49) at concentrations of 2.5 and 5 ug/ml, for a period
of 24 h, consistent with previous in vitro studies [9,24,25]. In addition, cells were pre-
incubated with anti-human toll-like receptor (TLR2) monoclonal antibody (10 ug/ml,
eBioscience,San Diego, CA, USA) a specific inhibitor of TLR-2 signaling, being this
stimulation always performed one hour before the stimulus with bacteria. Untreated

cells served as control.

2.2 PCR experiment

After treatments, cells were collected for RNA extraction, reverse transcription
for cDNA production and gene expression analysis by qPCR. RNA isolation was
performed using RNeasy Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’'s instructions. To determine the RNA concentration, the
spectrophotometer NanoDrop ND-2000 (Thermo Fischer Scientific, Waltham, MA,
USA) was used. Five hundred ng of total RNA was reverse transcribed using iScrip
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Select cDNA Synthesis Kit (Bio-Rad Laboratories, Munich, Germany) according to
manufacturer’s protocol. Gene expression analysis of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), beta-defensin-2 (hBD-2), chemokine ligand 20 (CCL20),
chemokine receptor 6 (CCR6), chemokine ligand 8 (CXCL8) and chemokine receptor
(CXCR1 and CXCRZ2) was performed by real-time PCR using the PCR thermal cycler
CFX96 (Bio-Rad Laboratories), SYBR green PCR master mix (QuantiFast SYBR
Green PCR Kit, Qiagen), and specific primers (QuantiTect Primer Assay, Qiagen). One
Ml of cDNA was mixed with 12.5 ul master mix, 2.5 pl primer, and 9 pl nuclease-free
water. The mix was heated at 95 °C for 5 min, followed by 40 cycles of denaturation at
95 °C for 10 s, and a combined annealing/extension step at 60 °C for 30 s. Data were

analyzed by comparative threshold cycle method.

2.3 ELISA experiment

The protein levels of IL-8 (DuoSet, R&D Systems, Minneapolis, MN, USA),
HBD-2 (Human BD-2 Standard ABTS ELISA Development Kit, Catalog # 900-K172,
PeproTech, Cranbury, NJ, USA) and CCL20 (Human CCL20/MIP-3 alpha DuoSet
ELISA, Catalog # DY360, R&D Systems) in the cell supernatants were measured using
commercially available ELISA kits according to the manufacturer’s instructions. The
optical density was determined using a microplate reader (BioTek Instruments,
Winooski, VT, USA) set to 450 nm. The readings at 450 nm were subtracted from the
readings at 540 nm for optical correction as per manufacturer’'s recommendation. Cell
numbers were checked and there was no significant difference between groups.

2.4 Statistical Analysis

The statistical analysis was performed using the software GraphPad Prism
(version 9.2.0, GraphPad Software, San Diego, CA, USA). For data analysis, mean
values and standard errors of the mean (SEM) were calculated. Data were checked
for normal distribution and, subsequently, analyzed with the f-test (parametric) or
Mann-Whitney-U test (non-parametric). For multiple comparisons, ANOVA or the
Kruskall Wallis test was applied, depending on normal distribution. The significance

level was set at p < 0.05 for all experiments.
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3. Results

3.1. Regulation of hBD-2 by different periodontophatogens and involvement of
TLR2 in the actions of F. alocis

First, we evaluated the regulation of hBD-2 expression by periodontopathogenic
bacteria such as F. alocis, A. actinomycetemcomitans, P. gingivalis, and T. denticola
in human gingival keratinocytes. These bacteria used at two different concentrations
induced an upregulation of hBD-2 gene expression, which was significant (p<0.05) for
F. alocis, P. gingivalis, and T. denticola (Figure 1a). Furthermore, the stimulatory effect
of F. alocis (ODeeo = 0.050) on hBD-2 expression was also investigated at protein level.
As detected by ELISA, F. alocis increased significantly (p<0.05) and time-dependently
the hBD-2 protein level in the cell supernatants at 24 h and 48 h, as shown in Figure
1b. We next sought to identify the mechanism underlying the stimulatory effect of F.
alocis on hBD-2 expression in the keratinocytes. To this end, cells were pre-incubated
with a specific inhibitor for TLR2 signaling and, subsequently, exposed to F. alocis
(ODeso = 0.050). F. alocis-stimulated cells without pre-incubation with the TLR2
inhibitor served as control. Pre-incubation of the cells with the TLR2 inhibitor resulted
in a significant (p<0.05) downregulation of hBD-2 expression in F. alocis-treated cells
at 24 h (Figure 1c).
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Figure 1 - (a) Regulation of hBD-2 gene expression by different concentrations of F.
alocis, A. actinomycetemcomitans, P. gingivalis, and T. denticola (O.D.es0: 0.05, 0.10)
in human gingival keratinocytes at 24 h. Cells not exposed to the bacteria served as
control. (b) hBD-2 protein levels in the supernatants of keratinocytes exposed or not
to F. alocis (O.D.seo: 0.05) for 24 h and 48 h. (c) hBD-2 expression after stimulation
with F. alocis (O.D.sso: 0.050) in keratinocytes pre-incubated or not with a specific
inhibitor against TLR2 signaling at 24 h. Data shown are representative of three
independent experiments. * Significant difference between groups (p<0.05).

3.2 Effect of hBD-2 on the expression of CXCL8 and its receptors CXCR1 and
CXCR2

Next, we investigated whether hBD-2 (2.5 and 5.0 pyg/ml) could modulate the
expression of the pro-inflammatory cytokine CXCL8 and its receptors CXCR1 and
CXCR2 in gingival keratinocytes. As shown by real-time PCR, hBD-2 significantly
(p<0.05) increased the expression of CXCL8, CXCR1, and CXCR2 in a dose-
dependent manner at 24 h (Figure 2a-c). The stimulatory effect of hBD-2 on CXCL8
expression was also observed at protein level in the supernatants of the keratinocytes.
hBD-2-treated keratinocytes showed significantly (p<0.05) and dose-dependently
elevated levels of CXCLS8 protein in the supernatants at 24 h (Figure 2d).
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Figure 2 - Modulation of CXCL8 (a), CXCR1 (b), and CXCR2 (c) gene expressions by
different concentrations of hBD-2 (2.5 and 5.0 pug/ml) in human gingival keratinocytes
at 24 h. Cells not exposed to hBD-2 served as control. (d) CXCL8 protein levels in the
supernatants of keratinocytes exposed or not to hBD-2 (2.5 and 5.0 ug/ml) for 24 h,
analyzed by ELISA. Data shown are representative of three independent experiments.
* Significant difference between groups (p<0.05).

3.3 Effects of hBD-2 on the expression of CCL20 and its receptor CCR6

We then examined the effect of hBD-2 (2.5 and 5.0 pg/ml) on the expression of CCL20
and its receptor CCR6 in gingival keratinocytes. hBD-2 caused a significant (p<0.05)
and dose-dependent upregulation of the CCL20 and CCR6 gene expressions at 24 h
(Figure 3a-b).

The stimulatory effect of hBD-2 on CCL20 expression was evaluated at the protein
level by ELISA. Keratinocytes stimulated with hBD-2 showed a significant increase
(p<0.05) in CCL20 protein levels in the supernatants at 24 h. The effect of hBD-2 was
also dose-dependent (Figure 3c). Exposure of keratinocytes to hBD-2 (5.0 ug/ml) also
resulted in a pronounced CCRG6 protein synthesis at 24 h, as determined by

immunofluorescence microscopy (Figure 3d).
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Figure 3- Modulation of CCL20 (a) and CCR6 (b) gene expressions by different
concentrations of hBD-2 (2.5 and 5.0 yg/ml) in human gingival keratinocytes at 24 h.
Cells not exposed to hBD-2 served as control. (c) CCL20 protein levels in the
supernatants of keratinocytes exposed or not to hBD-2 (2.5 and 5.0 ug/ml) for 24 h,
analyzed by ELISA. Data shown are representative of three independent experiments.
* significant difference between groups (p<0.05). (d) CCR6 protein synthesis in
keratinocytes in the presence or absence of hBD-2 (2.5 and 5.0 ug/ml) for 24 h, as
analyzed by immunofluorescence. Representative images from three independent
experiments are shown.

3.4. Effect of hBD2 on its own expression
We further studied if hBD-2 can regulate its own expression in gingival keratinocytes.
Interestingly, hBD-2 was autostimulatory and could significantly (p<0.05) increase its

gene expression by approximately 50 % at 24 h (data not shown).

3.5. Effects of different periodontophatogens on CXCL8 and CCL20 expressions
Finally, we also studied the direct effect of different periodontopathogens on the
CXCL8 and CCL20 expressions in gingival keratinocytes. Exposure of cells with F.
alocis, A. actinomycetemcomitans, P. gingivalis, and T. denticola resulted in
significantly (p<0.05) enhanced expression levels of CXCL8 and CCL20 at 24 h (Figure
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4a-b). Moreover, the stimulatory effect of F. alocis (ODeso = 0.050) on CXCL8 and
CCL20 expressions was evaluated at the protein level by ELISA. F. alocis increased
significantly (p<0.05) and time-dependently the CXCL8 and CCL20 protein levels in

the cell supernatants at 24 h and 48 h, as shown in Figure 4c-d.
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Figure 4- Modulation of CXCL8 (a) and CCL20 (b) gene expressions by different
concentrations of of F. alocis (O.D.sso: 0.05, 0.10) in human gingival keratinocytes at
24 h. Cells not exposed to the bacteria served as control. CXCL8 (c) and CCL20 (d)
protein levels in the supernatants of keratinocytes exposed or not to F. alocis (O.D.eso:
0.05) for 24 h and 48 h. Data shown are representative of three independent
experiments. * Significant difference between groups (p<0.05).

4. Discussion

HBD-2 is an antimicrobial peptide widely investigated in the oral cavity tissues.
Previous studies have reported an increased expression of this peptide in gingival
tissues of patients with periodontal involvement [26,27,28] and in vitro experiments
have also shown upregulated expression patterns of hBD-2 in gingival cells exposed
to commensal and pathogenic oral bacteria [29-32]. These findings could be explained
by the fact that HBD-2 is part of the group of antimicrobial peptides which, in addition
to having a high microbicidal effect against a wide range of microorganisms, they also
have immunomodulatory functions that link innate and adaptive immunity [33-,38].
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Our hypothesis in this study was that HBD-2 has an immunomodulatory
function, contributing to innate immunity, stimulating the expression of IL-8, CCL20,
hBD-2 and their receptors CXCR1, CXCR2 and CCRG6 respectively, in human oral
epithelial cells.

Firstly, we have demonstrated upregulated expression of hBD-2 by
keratinocytes when stimulated with classical periodontophatogens (A.a., P.g., T.d.)
and also with F.a. To our best understanding, this is the first study to evaluate the
expression of hBD-2 in keratinocytes stimulated with F.a., an emergent Gram-positive
anaerobic rod associated to periodontitis [1,39,40,41]. In addition, we also

demonstrated that hBD-2 expression is at least partially dependent of Toll-like
receptors (TLRs). Our results are therefore in line with other studies that have also
shown that HBD-2 uses TLR-2 signaling pathways, among others, for its effects.
Kumar A. et al.*?, demonstrate that expression of the antimicrobial peptide hBD-2 is
regulated by TLR2-dependent pathways. This result was also observed by Chung et
al.*3, who reported the apparent interaction of NODs, PARs and TLRs in the induction
of CCL20, hBD-2 and IL-8 in response to various bacteria.

In the oral cavity, several studies have demonstrated that, in addition to being
expressed by keratinocytes [20], hBD-2 level s markedly increased in the presence of
periodontitis [21-23,26-28]. It was also observed that the expression of hBD-2 [9,10,15-
17], together with several cytokines, proteins, transcription factors and binding to
enhancers, such as IFN-B, NF-kB, AP-1 and CCAAT 25 [39,40], is involved in the
production of IL-8 and CCL20.

Our data revealed a significant upregulation of IL-8, CCL20 and their receptors
CXCR1, CXCR2 and CCRG6 expression by keratinocytes stimulated with HBD-2,
suggesting that HBD-2 may be associated with modulation of these inflammatory
markers in the immune response to bacterial stimulus. CCL20 is a bifunctional peptide
with innate and adaptive immune properties that is regulated by inflammatory
mediators, expressed by the epithelium, and shares structural and functional
properties with HBD-2, including signaling to adaptive immune cells through the highly
selective CCR6 receptor [44]. A previous study reported similar findings for CCL20
expression after HOECs cells stimulation with HBD-2 [10] In the oral cavity, a similar
expression pattern for hBD-2 and CCL20 in GCF was observed during the
development of an experimentally induced gingivitis [45]. In addition, during

inflammatory responses, CCL20 also exhibited antimicrobial function and was
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regulated by oral bacteria [12,30,31]. Vongsa R.A. et al. evaluated the potential of
HBD-2 to stimulate intestinal epithelial migration. They verified that HBD-2 was
equipotent to CCL20, through involvement with CCRG6, in stimulating migration of
intestinal epithelial cells. It has been shown that stimulation of these ligands with CCR6
leads to calcium mobilization and increases active RhoA, phosphorylated myosin light
chain, and F-actin accumulation. Together, these data indicate that the canonical
wound healing regulatory pathway, along with calcium mobilization, regulates CCR6-
directed epithelial cell migration. These findings expand the mechanistic role for
chemokines and HBD-2 in mucosal inflammation to include immunocyte trafficking and
killing of microorganisms with the concomitant activation of restitutive migration and
barrier repair [46]. Hosokawa Y. et al.#” observed marked levels of CCR6 expression
in lymphocytes that infiltrated inflamed gingival tissue. Furthermore, CCR6-expressing
cells infiltrated diseased periodontal tissue, and the proportion of CCR6-positive CD4+
T cells was significantly higher in diseased periodontal tissue than in peripheral blood
in the same patient.

In addition to the modulatory activity of HBD-2 in CCL20, our study also showed
an increased IL-8 and its receptors CXCR1 and CXCR2 expression after stimulation
of epithelial cells with HBD-2. IL-8 is a member of the chemokine family, small proteins
that control diverse tissue functions including cell recruitment and activation under
homeostatic and inflammatory conditions. IL-8 acts on the CXCR1 and CXCR2
receptors, which contribute to its biological effects. These CXCR1 and CXCR2
receptors are expressed by many cells, including epithelial cells, endothelial cells,
fibroblasts, and neurons [48]. A large body of experimental data suggests that IL-8 and
the receptors CXCR1 and CXCR2 contribute not only to pathogen clearance, but also
significantly to disease-associated processes, including tissue injury, fibrosis,
angiogenesis, among others [49]. Eberhard et al'®. observed that hBD-2 expression
increased on day 3, while IL-8 expression was elevated on day 5 in gingival biopsies
from patients who underwent the development of experimental gingivitis [19]. It can be
speculated that the increased concentration of HBD-2 triggers the expression of IL-8
in the gingival epithelium.

The increased production of IL-8, CCL20 and their receptors by epithelial cells
after stimulation with HBD-2 suggests that these inflammatory markers can be
increased in saliva, sulcus fluid, gingiva and serum during periodontal inflammation.

Clinical studies of experimental gingivitis and periodontitis, as well as periodontal
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therapy, i.e. intervention, should further clarify the role of HBD-2 within the
periodontium on a local level, as well as its potential effects systemically for the whole
organism.

In summary, within its limitations, this in vitro study demonstrated that HBD-2 is
capable of increasing the expression of inflammatory markers by epithelial cells.
Furthermore, our study revealed that TIGKs epithelial cells constitutively express hBD-
2, which is exacerbated in the presence of important periodontopathogenic bacteria,
demonstrating the relevance of this peptide in the inflammatory process of periodontal
disease.
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4 CONCLUSAO

Baseado nos limites do presente estudo, pode-se concluir que o tratamento
periodontal n&o-cirurgico teve impacto positivo sobre a regulagdo de HBD-1 no FCG
de pacientes com periodontite, aumentando significativamente os seus niveis tanto
nos sitios sem doenga periodontal como nos sitios com sinais clinicos da doenca.
Além disso, a HBD-2 aumentou a expressao de marcadores importantes no processo
inflamatdrio, incluindo IL-8, CCL20 e seus receptores CXCR1, CXCR2 e CCRG, pelas
células epiteliais. Estes resultados sugerem que as defensinas podem ter um papel

imunomodulador na resposta inflamatoéria nos tecidos periodontais.
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APENDICE A - METODOLOGIA

1 ESTUDO IN VIVO

Este protocolo experimental foi aprovado pelo Comité de Etica em Pesquisa em
Seres Humanos (CEP) da Faculdade de Odontologia de Araraquara - UNESP (CAAE:
96972718.2.0000.5416) e foi realizado de acordo com as diretrizes da Comisséo
Nacional de Etica em Pesquisa (CONEP).
Antes da realizacao de qualquer procedimento, os pacientes foram esclarecidos sobre
os objetivos do estudo e os procedimentos que serdo realizados, e tiveram que ler e

assinar o Termo de Consentimento Livre e Esclarecido.

1.1 Populagao do estudo

Vinte e dois pacientes com periodontite, apresentando perda de insergao
moderada a avangada, foram selecionados para este estudo. Estes pacientes foram
recrutados na Clinica de Periodontia da Faculdade de Odontologia de Araraquara —
UNESP. O diagnostico de periodontite foi realizado de acordo com os critérios
estabelecidos pelo Workshop Mundial de 2017, sobre a Classificacdo de Doencas e
Condigbes Periodontais e Peri- implantes'. Os critérios de inclusdo foram: possuir
mais de 18 anos para ambos 0s sexos, presenca de ao menos 15 dentes na cavidade
oral (excluindo os terceiros molares) e presenca de pelo menos 4 dentes com
profundidade de sondagem (PS) = 4 mm, sangramento a sondagem (SS) e nivel
clinico de insercdo (NCI) 2 4 mm. Foram excluidos do estudo fumantes ou ex-
fumantes, pacientes que fazem uso crbénico de alcool, mulheres em fase de
menopausa, gestantes ou lactantes, diabéticos, pacientes com hipertireoidismo ou
hipotireoidismo n&o controlado, pacientes com coagulopatias, usuarios de drogas
ilicitas, pacientes que receberam tratamento radioterapico na regido de cabeca ou
pescoco, pacientes em tratamento quimioterapico, pacientes que receberam
tratamento periodontal e(ou) uso de antibidticos 3 meses antes da pesquisa, uso
crénico de anti-inflamatorios e imunossupressores, uso de solugdes para bochecho
contendo agente antimicrobianos nos ultimos 2 meses antes da sele¢do para o estudo
e presenca de limitacao fisica que impeca ou dificulte a realizacdo dos procedimentos

de higiene oral.
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1.2 Calculo da amostra

O tamanho da amostra foi calculado utilizando software estatistico (GPower 3.1
Statistical Power Analysis for Windows, Dusseldorf, Alemanha). Considerando valores
meédios de expressao e desvio padrao de outras moléculas, avaliados pré e pos-
tratamento periodontal ndo cirurgico, em um unico estudo anterior disponivel na
literatura’, obteve-se tamanho de efeito de 1,30. Com base nesse tamanho de efeito,
um nivel de significadncia de 0,05 e um poder de estudo de 0,80, determinou-se ser
necessario um tamanho de amostra de 8 individuos para esse estudo. Considerando
a possibilidade de desisténcias, ou necessidade de exclusao de algum paciente, foram
selecionados 22 pacientes para a realizagdo desse estudo.

1.3 Delineamento do estudo e obtencao das amostras

Trata-se de um estudo clinico prospectivo longitudinal. Apds a selegdo dos
pacientes, baseado nos critérios de inclusdo e exclusao descritos anteriormente, os
pacientes passaram por uma fase de preparo para remocao de fatores retentivos de
placa como calculos supragengivais, restauragdes sem polimento ou com
sobrecontorno. Ainda nesta fase, todos os pacientes receberam instru¢des de higiene
oral (IHO) padronizadas, recomendando-se a utilizagado da técnica de Bass ou Bass
modificada, o uso de escovas macias e de fio dental. Posteriormente, os seguintes
parametros clinicos foram avaliados por um unico examinador calibrado: indice de
Placa Visivel (IPV)?, indice Sangramento Gengival (ISG)3, Profundidade de Sondagem
(PS), Sangramento a Sondagem (SS) e Nivel Clinico de Insergdo (NCI). Os
parametros IPV e ISG foram avaliados em quatro sitios por dente (mesial, vestibular,
distal e lingual), sendo registrados como presengca ou auséncia. Os demais
parametros foram avaliados em seis sitios por dente (mesio-vestibular, vestibular,
disto-vestibular, mesio-lingual, lingual, disto- lingual). Para realizar a calibragdo do
examinador, foram efetuadas duas sondagens de boca inteira em 5 pacientes
voluntarios, com um intervalo de 48 horas entre os exames. A calibracio foi aceita,
sendo que a percentagem de concordancia entre as mensuragdes para os parametros
PS e NCI foi maior que 90%.

Um dia apds o exame clinico inicial, foi realizada a coleta de amostras do FCG.
Foram obtidas amostras de FCG de pelo menos 6 sitios, se possivel ndo adjacentes,
sendo dois sitios com saude e quatro sitios apresentando sinais clinicos de
periodontite, incluindo, 2 sitios com perda de inser¢do moderada, PS = 4-5mm, SS e
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NCI =4 mm e de 2 sitios com perda de inser¢do avancada, PS 26 mm, SS e NCl =26
mm. A coleta de FCG foi realizada utilizando tiras de papel absorvente (Periopaper ®,
Oraflow Inc., Nova lorque, EUA), ilustrado na figura 1.

Antes da coleta do FCG, a placa supragengival do dente selecionado era
removida com gaze estéril e o mesmo era isolado com roletes de algod&o e
gentilmente seco com jato de ar. Em seguida, a tira de papel era inserida na bolsa
periodontal de forma cuidadosa e removida ap6s 30 segundos. As tiras de papel que
se mostraram visualmente contaminadas com saliva e/ou sangue eram descartadas.
O volume de FCG coletado foi mensurado imediatamente apds a coleta, por meio de
aparelho especifico (Periotron 8000 - Oraflow Inc., Nova lorque, EUA), que foi
calibrado com base no protocolo descrito anteriormente* (calibragao do Periotron 8000
por regressao polinomial) (Figura 2, tabela 1). As amostras de cada sitio selecionado
foram armazenadas em um tubo eppendorf estéril e seco previamente codificado e,
em seguida, congeladas a -80°C, para posterior analise imunologica.

ApOs realizagdo da coleta inicial de FCG (baseline), foi realizado o tratamento
periodontal n&o-cirdrgico por meio da raspagem e alisamento radicular (RAR), sob
anestesia local com utilizagao de instrumentos manuais e ultra-sénicos, por hemi-arco
(a depender da complexidade do caso), comegando pelos sitios com maior
profundidade de sondagem. Durante o tratamento periodontal era feita a orientagao
de higiene oral adequada e, se necessario, reforgo nessa orientagdo durante as outras
consultas. O tratamento periodontal foi realizado por um especialista. Uma nova coleta
de FCG dos dentes selecionados foi realizada apés um més do término do tratamento
periodontal ndo-cirurgico'. Os parametros clinicos também foram reavaliados 1 més

apos término do tratamento (Figura 3).
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Figura 1- Coleta do FCG com utilizag&o de tiras de papel absorvente

A)Periotron 8000®; B) Filtro de papel antes da coleta; C) Filtro de papel em posigdo
durante a coleta; D) Mensuragao do volume coletado de FCG.

Fonte: Kahena Soldati® P-119, 2020.

Tabela 1 - Valores de referéncia utilizados para construgcédo da curva padrao

Volume (ul) Leitura Periotron
0.00 0
0.25 55
0.50 82
0.75 101
1.00 118
1.25 138

Fonte: Adaptado de Kahena Soldati® P10, 2020.
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Figura 2 - Curva padrao do Periotron (r = 0.9999 - Regressao Polinomial de 4a
ordem)

1004

Score

509

[} T T 1

0.0 0.5 1.0 1.5
Volume (ul)

Fonte: Kahena Soldati® -1, 2020.

Figura 3- Fluxograma representando o delineamento do estudo clinico

Dias -7 0 30
Exame clinico Coleta FCG Coleta FCG - 30 dias apds
inicial; IHO; (baseline); término tratamento;
Adequac¢do meio Tratamento Reavaliagdo parametros
bucal periodontal clinicos

Fonte: Elaborag&o propria.

1.4 Quantificagao das beta-defensinas — ELISA

Amostras de proteina total foram extraidas do fluido crevicular gengival
coletado por meio do periopaper, conforte descrito anteriormente, utilizando 1x
Phosphate-Buffered Saline (PBS) (Thermo Fisher). 150 yL do PBS foram adicionados
ao eppendorf, contendo o periopaper, e foi seguido o seguinte protocolo de diluicdo
das amostras: 1) os eppendorfs, ja contendo o PBS 1x, foram agitados em um mixer
dentro da geladeira por 30 minutos; 2) centrifugacéo dos eppedorfs a 13.000 rotagdes
por minuto (RPM) a 4°C por10 minutos; 3) Remocgéo do periopaper do eppendorf,
deixando apenas o volume das amostras ja diluidas; 4). eppendorfs passaram por
vortex, por 30 segundos, e o conteudo dividido em dois eppendorfs (de acordo com o
volume pré-estabelecido para cada defensina a ser avaliada) e armazenados a -80°C.
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Os niveis de HBD-1, 2 e 3 no FCG foram medidos utilizando o ensaio ELISA
sanduiche, de acordo com as diretrizes do fabricante (Peprotech, Rocky Hill, NJ,
EUA). A absorbéancia foi medida por um espectrofotdbmetro no comprimento de onda
de 450 nm (VersaMax, Molecular Devices, San Jose, CA, USA). Os niveis de PAMs
(HBD-1, HBD-2 e HBD-3) em cada amostra foram determinados utilizando os valores
de concentragcdo dos padrdes incluidos no conteudo do kit. A faixa de deteccéo de
HBD-1 foi de 7,8 a 500 pg/mL, HBD-2 de 15, 62 a 1.000 pg/mL e HBD-3 foi de 63 a
4.000 pg/mL. A quantidade de proteina em cada amostra foi extrapolada com base na
curva padrao e as concentragdes sao relatadas em pg/30 segundos.

1.5 Analise estatistica

A analise estatistica foi realizada pelo GraphPad Prism 7 (San Diego, CA, EUA).
Os dados numéricos de todos os pacientes, referentes aos parametros clinicos e
imunologicos (quantificagdo niveis peptideos antimicrobianos) foram organizados em
tabelas e foi realizado a analise estatistica especifica para cada um, possibilitando a
avaliacao criteriosa dos resultados de antes e apds o tratamento periodontal nao-
cirargico. Foi aplicado teste normalidade para verificar distribuigdo dos dados de
acordo com teorema da distribuigcdo central. O nivel de significancia adotado foi de
95% (p<0,05).
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2 ESTUDO IN VITRO

A seguir, descrevemos a metodologia seguida para os experimentos in vitro,
que avaliou o efeito do estimulo das células epiteliais (TIGKs) com HBD-2. Esse efeito
modulatério do estimulo com HBD-2 foi avaliado a partir da expressao dos marcadores
inflamatdrios 1L-8, CCL20 e seus receptores CCR6, CXCR1 e CXCR2. Além disso,
inicialmente, avaliamos a expressdo dessas mesmas moléculas e da propria hBD-2,
perante ao estimulo das células epiteliais (TIGKs) com as bactérias: F. alocis (F.a.), A.

actinomycetemcomitans (A.a.), P. gingivalis (P.g.) and T. denticola (T.d.).

2.1 Condigoes de cultura das células

As células epiteliais hTERT TIGKs CRL-3397 foram obtidas da ATCC,
certificadas como isentas de micoplasma e foram utilizadas para cultura. As células
foram cultivadas em KBM™ Gold™ Basal Medium com KGM™ Gold™ SingleQuots™
Supplement, contendo: hidrocortisona, transferrina, epinefrina, GA-1000, BPE, HEGF,
insulina, da Lonza Bioscience e cultivadas numa incubadora humidificada a 37 °C com
5% de CO2, conforme indicado pelos fornecedores. A contaminagao por micoplasma
foi verificada regularmente. As células foram cultivadas (1 x 105 células/pogo) em
placas de cultura de 6 pocos e cultivadas até 70-80% de confluéncia. O meio foi
mudado de dois em dois dias e 24 horas antes da estimulacdo. As bactérias
periodontopatogénicas Filifactor alocis (Fa.) (ATCC 25586), Aggregatibacter
actinomycetemcomitans (A.a.) (ATCC 43718), Porphyromonas gingivalis (P.g.) (ATCC
33277) e Treponema denticola (T.d.) (ATCC 35405) foram utilizadas em diferentes
concentragbes (densidade dtica, D.0.660 = 0,050 e 0,100) para simular a infegéo
microbiana in vitro. As células foram estimuladas com HBD-2 (50 ug - Peprotech-
Numero de catalogo: 300-49) em concentragdes de 2,5 e 5 ug/mL, por um periodo de
24 horas, para ambas as concentragdes, consistente com estudos anteriores in vitro®”
Além disso, as células foram pré-incubadas com anticorpo monoclonal anti-receptor
toll-like humano (TLR2) (10 ug/ml, eBioscience, San Diego, CA, EUA), um inibidor
especifico da sinalizagdo de TLR-2, sendo esta estimulagdo realizada sempre uma

hora antes do estimulo com bactérias. As células nao tratadas serviram de controle.
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2.2 Real-Time qPCR

Logo apos o estimulo, foram realizadas coleta, extragdo de RNA, realizagao de
cDNA e PCRs dos experimentos. O isolamento do RNA foi realizado utilizando o
RNeasy Mini Kit (Qiagen, Hilden, Alemanha) de acordo com as instrugbes do
fabricante. Para determinar a concentragcdo de RNA, foi utilizado o espectrofotdmetro
NanoDrop ND-2000 (Thermo Fischer Scientific, Waltham, MA, EUA). Quinhentos ng
de RNA total foram transcritos reversamente usando o kit de sintese de cDNA iScrip
Select (Bio-Rad Laboratories, Munique, Alemanha) de acordo com o protocolo do
fabricante. Analise da expressao génica de gliceraldeido-3-fosfato desidrogenase
(GAPDH), beta-defensina-2 (hBD-2), ligante de quimiocina 20 (CCL20), receptor de
quimiocina 6 (CCRG6), ligante de quimiocina 8 (CXCL8) e receptor de quimiocina
(CXCR1 e CXCR?2) foi realizado por PCR em tempo real usando o termociclador de
PCR CFX96 (Bio-Rad Laboratories), master mix de PCR verde SYBR (QuantiFast
SYBR Green PCR Kit, Qiagen) e primers especificos (QuantiTect Primer Assay,
Qiagen). Um pL de cDNA foi misturado com 12,5 yL de master mix, 2,5 yL de primer
e 9 uL de agua livre de nuclease. A mistura foi aquecida a 95°C durante 5 min, seguida
por 40 ciclos de desnaturacdo a 95°C durante 10 s, e uma etapa combinada de
recozimento/extensdo a 60°C durante 30 s. Os dados foram analisados pelo método

do ciclo de limiar comparativo.

2.3 Determinagao do nivel proteico - ELISA

Os niveis proteicos de IL-8 (DuoSet, R&D Systems, Minneapolis, MN, EUA),
HBD-2 (Human BD-2 Standard ABTS ELISA Development Kit, Catalogo n.° 900- K172,
PeproTech, Cranbury, NJ, EUA) e CCL20 (Human CCL20/MIP-3 alpha DuoSet ELISA,
Catalogo n.° DY360, R&D Systems) nos sobrenadantes celulares, foram medidos
utilizando kits ELISA disponiveis no mercado, de acordo com as instrugbes do
fabricante. A densidade otica foi determinada utilizando um leitor de microplacas
(BioTek Instruments, Winooski, VT, EUA) regulado para 450 nm. As leituras a 450 nm
foram subtraidas das leituras a 540 nm para corregao otica, de acordo com as
recomendagdes do fabricante. O numero de células foi verificado e n&o se registaram
diferengas significativas entre os grupos.
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2.4 Analise estatistica

A analise estatistica foi realizada com o software GraphPad Prism (versao 9.2.0,
GraphPad Software, San Diego, CA, EUA). Para a analise dos dados, foram
calculados os valores médios e os erros padrdo da média (EPM). Os dados foram
verificados quanto a distribuicdo normal e, posteriormente, analisados com o teste t
(paramétrico) ou o teste Mann-Whitney-U (ndo paramétrico). Para comparagdes
multiplas, foi aplicado ANOVA ou o teste de Kruskall Wallis, dependendo da
distribuicdo normal. O nivel de significancia foi fixado em p < 0,05 para todos os

experimentos.
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APENDICE B - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

UNESP UNIVERSIDADE ESTADUAL PAULISTA
-2
CAMPUS DE ARARAQUARA FACULDADE DE ODONTOLOGIA

Pesquisa: “Efeito do tratamento periodontal ndo-cirirgico nos niveis de peptideos
antimicrobianos no fluido creyicular gengival em pacientes com periodontite

cronica”.Pesquisador responsavel: Dra. Daniela Leal Zandim-Barcelos
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Convidamos vocé, (nome), , (nacionalidade)___,
(profissao) , portador(a) do RG, , CPF , residente a
Rua/Av. , na cidade de , Estadode__

, a participarvoluntariamente da pesquisa intitulada: “Efeito do tratamento periodontal nio-
cirirgico nos niveis depeptideos antimicrobianos no fluido ¢reyicular gengival em pacientes com
periodontite crénica”, soba responsabilidade da Profa. Dra. Daniela Leal Zandim-Barcelgs. Para isso
convidamos vocé a assinar esteTermo de Consentimento Livre e Esclarecido com a finalidade de
autorizar sua participagdo voluntariana pesquisa, considerando que vocé recebeu as explicagdes
necessarias para asua tomada de decisdode livre e espontdnea vontade.

1. A doenga periodontal ¢ uma doenga que ocorre nos dentes, gengiva e osso, podendo levar a uma
inflamagdo da gengiva, sangramento, vermelhiddo, inchago, dor e perda progressiva do osso em
volta dos dentes. O objetivo deste estudo € investigar o efeito do tratamento de raspagem e
alisamento das raizes dos dentes (tratamento periodontal ndo-cirurgico) sobre os niveis de
proteinas com efeitoantibacteriano presentes no fluido do sulco gengival (liquido presente entre a
gengiva e a superficie do dente). Espera-se obter uma redugdo nos niveis dessas proteinas, que sdo
componentes importantes do sistema de defesa do individuo.

2. Ao concordar em participar da pesquisa vocé sera solicitado a comparecer em diversas consultas
odontologicas (em torno de 8 consultas — com duragdo de 2 horas — no periodo de 3 meses) na
Faculdade de Odontologia de Araraquara - UNESP, onde sera preenchida uma ficha com os dados
pessoais e clinicos (anamnese e exame clinico) do(a) participante, serdo fornecidas instrugdes de
higiene oral adequada e sera realizado tratamento odontologico dos dentes e da gengiva (com
materiais odontologicos apropriados esterilizados e equipamentos de protecdo individual). Sera
realizada acoleta de fluido do sulco gengival de pelo menos dois dentes da cavidade bucal antes e
apos a realizagdo do tratamento.

3. Vocé recebeu informagdes de haver riscos minimos, semelhantes aos riscos de um tratamento
periodontal convencional, e ndo causam prejuizo a condigdo bucal do (a) participante. O
tratamento e a coleta de material biologico serdo realizados por um pesquisador (cirurgido-
dentista) que possui conhecimento e habilidade manual para desempenha-los, que ira utilizar

todos os equipamentos de prote¢do individual (mascara, gorro, avental, 6culos e luvas).
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Aproveitamos para informar que seu nome serd mantido em sigilo, assegurando assim a
suaprivacidade.

Estara garantida sua indenizagdo diante de eventuais danos decorrentes da pesquisa.

Vocé tem direito a solicitar ressarcimento, inclusive para seu acompanhante, para participar da
pesquisa, caso julgue necessario.

Gostariamos de informa-lo que sua participagdo ¢ voluntdria nesta pesquisa, e que terd o direito de
fazer parte desta pesquisa ndo ird interferir na continuidade do tratamento na Clinica de Periodontia.
Apébsa conclusdo do tratamento, o(a) participante serd incluido em um programa de manutengio
periodontal.

Gostariamos ainda de solicitar sua autorizag¢do para uso, divulgagio e publicagdo em revistas
cientificas dos dados obtidos nesta pesquisa, respeitando o item 4.

Qualquer duvida ou solicitagdo de esclarecimentos, vocé podera entrar em contato com a Profa. Dra.
Daniela Leal Zandim-Barcelos pelo telefone (16) 3301-6508.

Este documento ¢ emitido em duas vias que serdo ambas assinadas por mim e pelo pesquisador,

ficando uma via com cada um de nés.

Desta forma, confirmo que recebi de maneira clara, todas as informagdes necessdrias ao meu
consentimento e que me foi concedido tempo necessdrio antes da tomada de decisdo de participagido
na presente pesquisa. Assim, informo que irei participar desta pesquisa por livre e espontinea

vontade.

Araraquara, de de 20 .

Assinatura do voluntario

Assinatura do Pesquisador Responsével

Contato: Rua Humaita, 1680/ telefone: 3301-6508

Comité de Etica em Pesquisa da FOAr
Contato: Rua Humaita, 1680/ telefone: 3301-6459



ANEXO A - PARECER CONSUBSTANCIADO DO COMITE DE ETICA EM

PESQUISA (CEP)

UNESP - FACULDADE DE
&P ODONTOLOGIA - CAMPUS ‘G R8ra - ™
= ARARAQUARA

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Efeito do tratamento periodontal nao-cirdrgico nos niveis de peptideos antimicrobianos
no fluido crevicular gengival em pacientes com periodontite crénica

Pesquisador: Daniela Leal Zandim-Barcelos

Area Tematica:

Verséao: 1

CAAE: 96972718.2.0000.5416

Instituicao Proponente: Faculdade de Odontologia de Araraquara - UNESP
Patrocinador Principal: Conselho Nacional de Desenvolvimento e Tecnologia

DADOS DO PARECER

Numero do Parecer: 2.896.370

Apresentacao do Projeto:

Os peptideos antimicrobianos s@o importantes componentes da reposta imune inata e podem apresentar um
papel chave na suscetibilidade ou resisténcia a doengas na cavidade oral. Pesquisas ja realizadas por
nosso grupo de pesquisa mostraram que ha uma diferenga nos niveis de peptideos antimicrobianos em
sitios com salde e doenga periodontal. Assim, o objetivo deste estudo longitudinal é avaliar o efeito do
tratamento periodontal nao-cirargico sobre os niveis de peptideos antimicrobianos no fluido crevicular
gengival (FCG) de pacientes com periodontite crénica (PC). Vinte pacientes com boas condi¢ées de salde
geral, portadores de periodontite crénica, serao incluidos neste estudo. Estes pacientes

deverao apresentar pelo menos 2 sitios com profundidade de sondagem (PS) 5 mm, sangramento a
sondagem (SS) e nivel clinico de insergao (NCI) 4 mm em quadrantes distintos. Inicialmente, os seguintes
parametros clinicos serdo avaliados: ndice de Placa Visivel (IPV), indice de Sangramento Gengival (ISG),
PS, SS e NCI. Ap6s uma semana do exame clinico, sera feita coleta do FCG dos dentes selecionados para
o estudo. Em seguida, um Unico operador ira realizar o tratamento periodontal nao-cirirgico por meio
raspagem e alisamento radicular (RAR). Ap6s uma semana, 1 e 3 meses do término do tratamento
periodontal nao-cirargico, serao realizadas novas coletas do FCG dos dentes previamente
selecionados. Os parametros clinicos serdo reavaliados 1 e 3 meses ap0s tratamento. A
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quantificagdo dos peptideos antimicrobianos no FCG sera feita pela técnica ELISA sanduiche, seguindo as
recomendagdes do fabricante de cada kit. Serdo realizadas analises estatistica apropriadas, de acordo com
distribuicao dos dados, para comparacao dos dados clinicos e imunologicos.

Objetivo da Pesquisa:
Avaliar o efeito do tratamento periodontal nao-cirGrgico sobre os niveis de peptideos antimicrobianos no
fluido crevicular gengival (FCG) de pacientes portadores de periodontite crénica.

Avaliacao dos Riscos e Beneficios:

Riscos: O estudo apresenta riscos minimos, uma vez que os procedimentos de intervengao sao
procedimentos realizados rotineiramente na pratica clinica odontolégica. Todos os procedimentos clinicos
serdo realizados de acordo com protocolos rigidos e seguindo todas as normas de biosseguranca. A coleta
de fluido gengival &€ um procedimentosimple, indolor e ndo invasivo, feito com papel absorvente estéril.
Beneficios: Todos os participantes receberéo tratatamento periodontal de todos os sitios acometidos. Apos
realizagao dos tratamentos, todos os pacientes serdo incluidos em um programa de manutengao regular,
com realizagao de profilaxia profissional mensal nos trés primeiros meses e a cada rés meses até completar
1 ano de acompanhamento.

Comentarios e Consideracoes sobre a Pesquisa:

A pesquisa esta bem delineada e é possivel desenvolvé-la em 3 anos, como proposto. Apenas nao ha
meng¢do quanto a realizagao prévia do tamanho amostral a fim de determinar se um n=20 pacientes é
suficiente para se obter resultados confiaveis.

Consideracoes sobre os Termos de apresentacao obrigatéria:
Os termos obrigatorios foram apresentados.

Conclusdes ou Pendéncias e Lista de Inadequagdes:
No item 1 do TCLE, o objetivo deve ser escrito com termos que um participante leigo possa compreender.

Consideracdes Finais a critério do CEP:

Encaminhe-se ao pesquisador para atender as recomendagdes acima, com as seguintes orientagées da
CONEP:

1) Solicitamos aos pesquisadores que enviem anexa Carta Resposta, na qual sejam apresentadas como
foram atendidas cada uma das pendéncias.
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2) Além disso, cada alteracado deve ser realgada (na cor amarela) nos documentos anexados.

Este parecer fol elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacéo
Informacgdes Basicas|PB_INFORMACOES_BASICAS_DO_P | 24/07/2018 Aceito
do Projeto ROJETO_1143098.pdf 11:18:48
Outros Cartacomite.pdf 24/07/2018 |Daniela Leal Zandim-| Aceito

11:18:27 | Barcelos
Declaragéo de Cartacumprimentonormascomite. pdf 24/07/2018 |Daniela Leal Zandim-| Aceito
Pesquisadores 11:18:11 | Barcelos
Projeto Detalhado / | PROJETOFINAL.pdf 24/07/2018 |Daniela Leal Zandim-| Aceito
Brochura 11:18:03 |Barcelos
Investigador
TCLE / Termos de | TCLE.pdf 24/07/2018 |Daniela Leal Zandim-| Aceito
Assentimento / 10:15:04 |Barcelos
Justificativa de
Auséncia
Orgcamento Orcamento.pdf 12/07/2018 |Daniela Leal Zandim-| Aceito
14:35:
Outros CARTALAB.pdf 12/07/2018 |Daniela Leal Zandim-| Aceito
14:35:42 | Barcelos
Outros CARTACLIN.pdf 12/07/2018 |Daniela Leal Zandim-| Aceito
14:35:26 | Barcelos
Folha de Rosto FOLHAROSTO.pdf 12/07/2018 |Daniela Leal Zandim-| Aceito
14:34:48 |Barcelos
Cronograma CronogramaProjeto.pdf 12/07/2018 |Daniela Leal Zandim-| Aceito
10:46:33 | Barcelos
Situagao do Parecer:
Pendente
Necessita Apreciacao da CONEP:
Nao
ARARAQUARA, 14 de Setembro de 2018
Assinado por:
Andréa Gongalves
(Coordenador)
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Nao autorizo a publicagao deste trabalho pelo prazo de 2 anos apds a data de
defesa

(Direitos de publicagao reservado ao autor)
Araraquara, 27 de margo de 2024.

Lorena Silva Gutierrez
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