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Tarallo AMC. Influéncia do tabagismo e da terapia anti-hipertensiva sobre o
metabolismo 6sseo: uma avaliacdo clinica e molecular [tese]. Sdo José dos Campos
(SP): Universidade Estadual Paulista (Unesp), Instituto de Ciéncia e Tecnologia,;
2019.

RESUMO

Fatores locais e sistémicos podem interferir no processo de osseointegracao porém
a susceptibilidade genética a falha do implante osseointegrado permanece
desconhecida. Portanto, € de grande interesse realizar uma analise epidemioldgica
para avaliacdo da expressdo génica de alguns marcadores moleculares da
inflamacéo e do metabolismo ésseo e correlaciona-los com tabagismo e terapia anti-
hipertensdo na populacdo submetida a cirurgia de implante dentario, atendida no
Instituto de Ciéncia e Tecnologia de Sdo José dos Campos em 2017 e 2018. Foram
obtidas 39 amostras 0sseas durante a cirurgia de implante, utilizando-se sugador
cirdrgico com coletor par osso de 32 pacientes. As reacfes em cadeia do polimerase
em tempo real (RT-PCR) foram executadas para avaliar os genes: fosfatase alcalina
(ALP), apolipoproteina, beta Actina, proteina morfogenética Il, sialoproteina 0ssea,
colageno tipo |, interleucina 6, integrina (1, fator estimulador de colénias de
macrofagos (M-CSF), osteocalcina, osteonectina, osteopontina, osterix,
prostaglandina E2 sintase (PGEZ2), fator de transcricdo relacionado ao Runx 2
(RUNX2) e fator de crescimento transformador beta (TFG-B). Os dados clinicos
foram tabulados para caracterizacdo demografica. A analise estatistica utilizando o
teste de Mann-Whitney foi realizada com 5% de significancia. Como resultados, 17
pacientes foram incluidos no grupo controle, 6 pacientes apresentavam terapia anti-
hipertensiva, 3 pacientes fumavam cigarros e 3 pacientes utilizavam terapia anti-
hipertensiva e fumavam cigarros e 3 pacientes fumaram cigarros durante pelo
menos 10 anos e pararam pelo menos 5 anos atras. A analise dos dados
demonstrou reducdo dos genes no grupo da terapia anti-hipertensiva, com diferenca
significativa para RUNX2 e interleucina 6, quando comparado ao grupo controle. No
grupo de pacientes fumantes, a transcricdo da integrina foi significativamente maior.
Os marcadores de diferenciacdo 6ssea foram mais expressos no grupo controle,
mas sem diferenca significativa quando comparados ao grupo fumante.

Palavras-chave: Osseointegracdo. Tabagismo. Marcadores moleculares. Terapia
anti-hipertensiva. Ex-fumantes.



Tarallo AMC. Influence of smoking and hypertensive therapy on bone metabolism: a
clinical and molecular evaluation [doctorate thesis]. S&o José dos Campos (SP): Séo
Paulo State University (Unesp), Institute of Science and Technology; 2019.

ABSTRACT

Local and systemic factors may interfere in the osseointegration process but genetic
susceptibility to osseointegrated implant failure remains unknown. The objective of
this research was to perform an epidemiological analysis in which a convenience
sample was used to evaluate the gene expression of some molecular markers of
inflammation and bone metabolism and to correlate them with smoking and anti-
hypertensive therapy in the population underwent dental implant surgery, attended at
the S&o José dos Campos Institute of Science and Technology in 2017 and 2018.
Thirty-nine bone samples were obtained during implant surgery, using surgical
suction with collector from thirty-two patients. Real time Polymerase chain reactions
(RT-PCR) were performed for evaluate the genes: alkaline phosphatase (ALP),
apolipoprotein, beta actin, bone morphogenetic protein Il (BMPII), bone sialoprotein
(BSP), type I Collagen, interleukin 6, integrin 1, macrophage colony stimulating
factor (M-CSF), osteocalcin, osteonectin, osteopontin, osterix, prostaglandin E2
synthase (PGEZ2), runt-related transcription factor 2 (RUNX2) and transforming
growth factor beta (TFG-B). Clinical data were tabulated for demographic
characterization. Statistical analysis using Mann-Whitney tests was performed at 5%
of significance. As results, 17 patients were include in control group, 6 patients under
antihypertensive therapy, 3 patients smoke cigarettes and 3 patients under
antihypertensive therapy and smoke cigarettes and three patients smoked cigarettes
during at least for 10 years and stop at least 5 fives ago. The follow up of prosthetic
rehabilitation and implant success will be explored in another research. Data analysis
demonstrated downregulation of the genes in the hypertensive group, with significant
difference for RUNX2 and Interleukin 6, when compared to the control group. In the
group of smoking patients, the integrin transcript was significantly higher. Bone
differentiation markers were more expressed in the control group, but without
significant difference when compared to the smoker group.

Keywords: Osseointegration. Smoking. Molecular marker. Antihypertensive therapy.
Former smokers.



1 INTRODUCAO

Com o advento da implantodontia, a utilizacdo dos implantes osseointegrados
como parte do planejamento nas reabilitacdes orais possibilitou a realizagcdo de uma
reabilitacdo mais satisfatoria aos pacientes. Sua eficacia como método terapéutico,
associada a protocolos cirargicos e protéticos apropriados, vem sendo constatada
na literatura demonstrando indices de sucesso satisfatérios, apresentando, em
média 94,4% de taxa de sucesso, podendo variar de 76,0% a 98,7% (Mavrogenis,
2009).

A osseointegragdo, que pode ser definida como uma conexao direta estrutural
e funcional entre o tecido 6sseo vivo e a superficie de um implante submetido a
carga funcional, foi observada em 1956 pela primeira vez, quando Per-Ingvar
Branemark (ortopedista sueco) percebeu em um estudo da circulagdo sanguinea de
coelhos, que as camaras de titanio que ele usava em seus experimentos ficavam
presas as tibias dos animais. Mais tarde, com longo e minucioso trabalho de
pesquisa, o autor demonstrou como o tecido ésseo aceitava e incorporava pecas de

titinio sem reacdes adversas (Branemark et al., 1977).

Alguns fatores locais e sistémicos podem influenciar na osseointegracao,
assim faz-se necessério identifica-los para que o profissional clinico possa estar
atento a um planejamento mais adequado com menores riscos de falhas, evitando

complicacbes e morbidades ao paciente (Hartmann et al., 2017).

O tabagismo apresenta forte associagdo tanto com a severidade da doenca
periodontal quanto com a perda Ossea peri-implantar. Em um cigarro estédo
presentes mais de 4.000 toxinas. Estas incluem mondxido de carbono, substancias
cancerigenas (nitrosaminas) e substancias psicoativas como a nicotina, que é
considerada a substancia farmacologicamente mais ativa e passivel de ser

absorvida pela mucosa oral (Chen, 2016).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mavrogenis%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=19516081

Constata-se na literatura resultados desfavoraveis dos implantes em
pacientes fumantes sendo estes atribuidos as alteracfes do sistema imunoldgico e
da cicatrizacdo. Observa-se que o tabaco proporciona efeitos citotoxicos na funcéo
dos fibroblastos (adeséo e proliferacdo), interfere na quimiotaxia e na fagocitose dos
neutrofilos, e influencia negativamente os linfocitos na produgcéo de imunoglobulina.
Além disso, relatou-se que o fumo aumenta os niveis de carboxihemoglobina,
fibrinogénio e hemoglobina, o que resulta em uma alteracdo na integridade e no
remodelamento do tecido conjuntivo e, assim, prejudica a cicatrizacdo e a resposta

do hospedeiro diante de uma agressao (Esposito et al., 1998).

A hipertenséo arterial € um importante fator de risco para a morte prematura
em todo o mundo, principalmente por causar complicacdes cardiovasculares.
Individuos hipertensos apresentam metabolismo anormal de célcio resultando em
concentracfes inferiores desse mineral, de vitamina D, magnésio e altas
concentracbes de horménio da paratireoide (PTH), prejudicando a qualidade e a

densidade do tecido 6sseo (Tibazarwa, Damasceno, 2014).

Foi constatado importante avaliar a qualidade do tecido 6sseo em pacientes
hipertensos, em uso de terapia anti-hipertensiva, visando prever a capacidade de
formacdo Ossea em situacfes como a osseointegracdo apos a instalacdo de

implantes (Mulinari-Santos et al., 2018).

A gquantificacao relativa da expressdo de mRNA pela transcricao reversa em
real tempo da reacdo em cadeia de polimerase (RT-gPCR) transformou-se em um
importante método de escolha para estudos da expressdo de genes em varios
organismos (Thellin et al., 2009). Estudos como o de Slotte et al. (2012) que
propuseram uma metodologia como ferramenta de diagndstico ndo-invasiva para o
monitoramento de genes especificos da reparacao 6ssea e avaliacdo do tecido peri-
implante, complementando as avaliagcdes clinicas e Hartmann et al. (2017)
conduziram estudo molecular avaliando marcadores 6sseos no processo de perda
de préteses por afrouxamento asséptico, ambos utilizaram a RT-PCR como método
para analise da expressao génica.

A susceptibilidade genética a falha do implante osseointegrado permanece
desconhecida. Portanto, julgamos de grande interesse realizar uma analise

epidemiolégica na qual uma amostra de conveniéncia serviu para avaliar a
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expressdo génica de alguns marcadores moleculares da inflamagédo e do
metabolismo ésseo em pacientes que receberam implantes dentarios. Objetivou-se
também correlacionar a expressdo génica com o tabagismo e a terapia anti-
hipertensiva na populacdo atendida no Instituto de Ciéncia e Tecnologia de Sao

José dos Campos em 2017 e 2018.
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2 ARTIGO

2.1 Artigo — do Prado RF, Tarallo AMC, Vasconcellos LMR, Silva AM, Nogueira
Junior L, Saavedra GSFA, Nishioka RS, Borges ALS. Correlagcfes dos achados
clinicos e moleculares em pacientes submetidos a cirurgia de implante
dentério / Clinical and Molecular findings correlations in patients under dental

implant surgery*

RESUMO

Fatores locais e sistémicos podem interferir no processo de osseointegracdo porém
a susceptibilidade genética a falha do implante osseointegrado permanece
desconhecida. Portanto, é de grande interesse realizar uma analise epidemiol6gica
para avaliacdo da expressdo génica de alguns marcadores moleculares da
inflamacéo e do metabolismo 6sseo e correlaciona-los com tabagismo e terapia anti-
hipertensiva na populacdo submetida a cirurgia de implante dentéario, atendida no
Instituto de Ciéncia e Tecnologia de Sdo José dos Campos em 2017 e 2018. Foram
obtidas 39 amostras 0sseas durante a cirurgia de implante, utilizando-se sugador
cirirgico com coletor para osso de 32 pacientes. As reacfes em cadeia do
polimerase em tempo real (RT-PCR) foram executadas para avaliar os genes:
fosfatase alcalina (ALP), apolipoproteina, beta Actina, proteina morfogenética II,
sialoproteina 6ssea, colageno tipo |, interleucina 6, integrina 31, fator estimulador de
colénias de macrofagos (M-CSF), osteocalcina, osteonectina, osteopontina, osterix,
prostaglandina E2 sintase (PGEZ2), fator de transcricdo relacionado ao Runx 2
(RUNX2) e fator de crescimento transformador beta (TFG-B). Os dados clinicos
foram tabulados para caracterizacdo demografica. A analise estatistica utilizando o
teste de Mann-Whitney foi realizada com 5% de significancia. Como resultados, 17
pacientes foram incluidos no grupo controle, 6 pacientes utilizavam terapia anti-
hipertensiva, 3 pacientes fumavam cigarros e 3 pacientes com terapia anti-
hipertensiva e fumavam cigarros e 3 pacientes fumaram cigarros durante pelo
menos 10 anos e pararam pelo menos 5 anos atras. A analise dos dados
demonstrou reducdo dos genes no grupo da terapia anti-hipertensiva, com diferenca
significativa para RUNX2 e interleucina 6, quando comparado ao grupo controle. No
grupo de pacientes fumantes, a transcricao da integrina foi significativamente maior.
Os marcadores de diferenciagdo 0ssea foram mais expressos no grupo controle,
mas sem diferenga significativa quando comparados ao grupo fumante. Apesar de
todos os resultados significativos aqui apresentados, assumimos que as repeticoes
em outras populacbes sdo obrigatérias para melhor elucidar o papel desses genes
na influéncia da suscetibilidade individual a perda do implante dentario. No futuro, a

* Artigo elaborado de acordo com as normas do Periédico Clinical Oral Implants Research (Online ISSN:1600-0501). Submetido em:
10/09/2019.



terapéutica individual poderia ser desenvolvida, aumentando as taxas de sucesso do
implante.

Palavras-chave: Osseointegracdo. Tabagismo. Marcadores moleculares. Terapia
anti-hipertensiva. Ex-fumantes.

ABSTRACT

To perform an epidemiological analysis in which a convenience sample was used to
evaluate the gene expression of some molecular markers of inflammation and bone
metabolism and to correlate them with smoking and hypertension in the population
underwent dental implant surgery, attended at the S&o José dos Campos Institute of
Science and Technology in 2017 and 2018. METHODS: 39 bone samples were
obtained during implant surgery, using surgical suction with collector from 32
patients. Real time Polymerase chain reactions (RT-PCR) were performed for
evaluate the genes: alkaline phosphatase (ALP), apolipoprotein, beta actin, bone
morphogenetic protein Il (BMPII), bone sialoprotein (BSP), type | Collagen,
interleukin 6, integrin B1, macrophage colony stimulating factor (M-CSF), osteocalcin,
osteonectin, osteopontin, osterix, prostaglandin E2 synthase (PGE2), runt-related
transcription factor 2 (RUNX2) and transforming growth factor beta (TFG-g). Clinical
data were tabulated for demographic characterization. Statistical analysis using
Mann-Whitney tests was performed at 5% of significance. As results, 17 patients
were include in control group, six patients presented hypertension, three patients
smoke cigarettes and three patients presented hypertension and smoke cigarettes
and three patients smoked cigarettes during at least for 10 years and stop at least 5
fives ago. The follow up of prosthetic rehabilitation and implant success will be
explored in another research. Data analysis demonstrated downregulation of the
genes in the hypertensive group, with significant difference for RUNX2 and
Interleukin 6, when compared to the control group. In the group of smoking patients,
the integrin transcript was significantly higher. Bone differentiation markers were
more expressed in the control group, but without significant difference when
compared to the smoker group. Despite all significant results presented herein, we
assume that replications in other populations are mandatory to better elucidate the
role of this genes in influencing individual susceptibility to dental implant loss. In the
future, individual therapeutics could be developed, increasing the implant success
rates.

Keywords: Osseointegration. Smoking. Molecular marker. Antihypertensive therapy.
Former smokers.

Introduction
Although dental implants have a high success rate, failures occur, despite
adequate clinical conditions. The percentage of implant loss of around 2.5 and 6.5%

is relevant due to the greater number of dental implant treatment.* Observation of
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multiple implant loss in certain groups of individuals (clustering phenomenon)
suggests that host response may influence implant failure>®. The challenge for the
future in the treatment with osseointegrated implants will be the professional ability to
detect and classify risk®.

Becker et al. revealed statistically significant influences of the tobacco
smoking on long-term implant survival rate, demonstrating that 57.14% of smokers
lost at least one of the implants in the study, comparing with 16.9% of non-smokers
who lost at least one of the implants®. The pooled analysis indicated a significant
increased risk of implant failure in smokers in the study of Chambrone et al. 2014°.

Many papers have reported molecular patterns of bone in cases of implant
loss, however, after it happened #°°. We propose to evaluate the bone previously to
the implant placement, since the condition of tobacco smoke increase risk of implant
failure*. We decide to find a molecular pattern in these patients which may justify
this risk.

The development of polymerase chain reaction (PCR) has generated vast
benefits in genetic analysis for the study of gene expression. PCR plays an important
role in various fields of dentistry. For example, genetic analysis using PCR for
identification of susceptibility to periodontitis will help to determine the type and
frequency of treatment. Studies based on PCR analyzing various immune and
inflammatory markers are useful in understanding the pathogenesis of periodontitis™*.
Besides that, samples from oral tumors, subgingival plaque, saliva, blood, gingival
tissue, and buccal mucosa scraping were tested using PCR technique to identify
microorganisms, genetic polymorphisms, and quantify mRNA expression. Other
important application of PCR was its use as a diagnostic tool in peri-implantitis, either
previously to implant surgery, detecting bacteria, identifying risk of periimplantitis
development™.

Genetic susceptibility to osseointegrated implant failure remains unknown®?.
So we design this research to perform an epidemiological analysis in which a
convenience sample served to evaluate the gene expression of some molecular
markers of inflammation and bone metabolism in patients receiving dental implants.
We also aimed to correlate gene expression with smoking and hypertension in the

population attended at the Sado José dos Campos Institute of Science and
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Technology in 2017 and 2018. We aimed the definition of some potential genetic
targets related to implant loss, and increase the implant success rates in the future.

Methods

The research protocol was approved by the Human Research Ethics
Committee (n. 2.538.469). Patients were selected according to the inclusion and
exclusion criteria below. To sign the informed consent was prerequisite to
participation.

Inclusion criteria were accept informed consent; show up at the ICT prosthesis
clinic and require 1 to 4 implants; age between 18 and 70 years old; agree to CT
scan; be eligible for implant reception and to accept rehabilitation planning.

Exclusion or non-inclusion criteria were patient's wish to be excluded from
research; presence of contraindication for dental implant rehabilitation surgery; bone
grafting in the last 12 months; history of Head and Neck Chemotherapy and / or
radiotherapy in the last 5 years and severe discrepancies of maxillo-mandibular
space.

A complete anamnesis collecting data related to current systemic health was
detailed in institutional records. Family and medical history, use of medications and
addictions and habits were meticulously explored and tabulated.

The team of implant dentists used their expertise to carry out rehabilitation
planning. Complete treatment began with implant surgery, and continued with healing
time of approximately 4 months, implant exposure, prosthetic molding and finally
prosthetic rehabilitation. Each case had its individuality preserved, regarding surgical
maneuvers and materials used, which were determined by each implant dentist of
the team.

As soon as the patient agreed with the rehabilitation planning, each patient
was submitted to Cone beam computed tomography (CBCT) using i-CAT scanner
(Imaging Sciences, Hatfield, PA, USA) with the following acquisition parameters:
120 kVp, 10 mA, reconstructed voxel size of 0.25 mm, and a field of view (FOV) of
8 x 16 cm. CBCT images were taken for evaluation of implant placement.

Bone sample collection was performed during implant surgery. Chlorhexidine
antisepsis was executed, the patient was anesthetized with local anesthetic
technique; the incision and a full thickness flap release were performed. As soon as

the implant recipient bed was prepared, a surgical bone collector suction system was
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used and the perforation was performed under constant irrigation with sterile
pyrogen-free saline.

At the end of the perforation, the bone collector was uncoupled from the
suction system and a sterile spatula 7 was used for sample collection, which was
immediately placed in a free RNase and DNase microcentrifuge tube containing 1mL
of TRIzol™ Reagent (ThermoFisher Scientific California, USA). After sample
collection, they were stored at —80°C. The sequence of treatment was conducted
underneath expertise of implant dentist. The follow up of prosthetic rehabilitation and
implant success will be explored opportunely in another research.

Posteriorly, RNA extraction was performed as follow. Samples were incubated
for 5 minutes in ultrasound to lyse, homogenize tissues and permit complete
dissociation of the nucleoproteins complex. 0.2 mL of chloroform per 1 mL of
TRIzol™ Reagent used for lysis was added, than incubated for 2 minutes. Samples
were centrifuged for 15 minutes at 4°C (12,000 x g). The aqueous phase containing
the RNA was transferred to a new tube and 0.5 mL of isopropanol was added to the
agueous phase. Samples were incubated at room temperature for 10 min. and
centrifuged for 10 minutes at 4°C (12,000 x g). The pellet at the bottom of the tube
was washed after discard supernatant. Ethanol at 75% (1mL) was used to wash the
RNA pellet which was centrifuged for 5 minutes at 4°C (7500 x g). Once more
supernatant was discarded and RNA pellet dry and resuspended in 20uL of DPEC
water.

RNA quantities and purities were obtained using spectrophotometer Nanodrop
2000 (Thermo Fisher Scientific Inc. — Wilmington, DE 19810, USA).

To perform cDNA synthesis, using SuperScript™ Ill First-Strand Synthesis
SuperMix Invitrogen Life Technologies Corporation California, USA), the following
solutions were combined in a 0.2mL, thin-walled PCR tube on ice: 400ng of total
RNA, 1uL of 50 ng/uL random hexamers, 1 uL of annealing buffer and
RNase/DNase-free water to complete 8 uL. Tubes were incubate in a thermal cycler
at 65°C for 5 minutes, then immediately place on ice for 1 minute. Still on ice, the
reagents: 2X First-Strand Reaction Mix (10 uL) and SuperScript™ IlI/RNaseOUT™
Enzyme Mix (2 pL) were added, mixed and incubated during 5 minutes at 25°C,
followed by 50 minutes at 50°C. Reactions terminated at 85°C for 5 min. and tubes
containing samples were stored at —20°C.

16



RT-PCR were performed with system Step one Plus 7000 Real Time PCR
Systems (Applied Biosystems California, USA), using Platinum SYBR Green gPCR
Super Mix-UDG (Invitrogen Life Technologies Corporation California, USA) and
specific primers. Previously validated primers sequences may be consulted
elsewhere 134,

Reactions were prepared in 96 well plates, each well containing 12.5 L of
Platinum® SYBR® Green qPCR SuperMix-UDG, 0,5 uL of forward primer (10 uM),
0,6 uL of reverse primer (10 uM), 0,5 uL of ROX dye (2,5uM), 9 uL of
RNase/DNase-free water and 2 pL of cDNA template.

RT-PCR were performed as follow: cycle at 50°C for 2 minutes hold (UDG
incubation), one cycle at 95°C for 2 minutes hold, 40 cycles at 95°C, during 15
seconds and 60°C during 30 seconds and finally the melting curve analysis. The RT-
PCR reactions were performed in duplicate.

After the RT-PCR reactions, the Ct values were used for relative
quantification. The Comparative CT Method (AACT Method)™ was performed to
compare gene expression among the patients. A young male health donor was
considered the calibrator. Three genes were tested to choose the normalizer gene:
Beta Actin, Type | Collagen and Bone Morphogenetic Protein using NormFinder
software (MOMA — Department of Molecular Medicine Aarhus University Hospital
Denmark).

Statistical analysis

Sample normality was tested using the Shapiro-Wilk normality test. According
to the results, the Mann Whitney test was applied to each gene, comparing groups of
patients at significant level of 0.05. The software GraphPad Prism 6 ® was used to
perform statistical analysis and to create comparative graphs. Two groups were
compared in each statistical test: Control group x Hypertensive group; Control group
x Smoker group; Control group x Smoker and Hypertensive group; and Control
Smoker x ex-Smoker group

This work followed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement: guidelines for reporting.

STROBE Statement—Checklist of items that should be included in reports of cross-
sectional studies
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Item Page number
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly 1
used term in the title or the abstract
(b) Provide in the abstract an informative and 3
balanced summary of what was done and what was
found

Introduction

Background/rationale 2 Explain the scientific background and rationale for 4
the investigation being reported

Objectives 3 State specific objectives, including any prespecified 5
hypotheses

Methods

Study design 4 Present key elements of study design early in the 6
paper

Setting 5 Describe the setting, locations, and relevant dates, 6
including periods of recruitment, exposure, follow-
up, and data collection

Participants 6 (a) Give the eligibility criteria, and the sources and 6
methods of selection of participants

Variables 7 Clearly define all outcomes, exposures, predictors, 6
potential confounders, and effect modifiers. Give
diagnostic criteria, if applicable

Data sources/  8* For each variable of interest, give sources of data Exposed and non

measurement and details of methods of assessment exposed8
(measurement). Describe  comparability  of
assessment methods if there is more than one
group

Bias 9 Describe any efforts to address potential sources of 7
bias

Study size 10  Explain how the study size was arrived at 6

Quantitative 11  Explain how quantitative variables were handled in 12

variables the analyses. If applicable, describe which groupings
were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those 9

used to control for confounding
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(b) Describe any methods used to examine 9
subgroups and interactions
(c) Explain how missing data were addressed 9
(d) If applicable, describe analytical methods taking No aplicable
account of sampling strategy
(e) Describe any sensitivity analyses Not apply
Results
Participants 13*  (a) Report numbers of individuals at each stage of 9and 10
study—eg numbers potentially eligible, examined
for eligibility, confirmed eligible, included in the
study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 9 and 10
(c) Consider use of a flow diagram Not apply
Descriptive data 14* (a) Give characteristics of study participants (eg Table1
demographic, clinical, social) and information on
exposures and potential confounders
(b) Indicate number of participants with missing Not apply
data for each variable of interest
Outcome data 15* Report numbers of outcome events or summary Exposed and no
measures exposed 10
Main results 16 (a) Give unadjusted estimates and, if applicable, Not applied
confounder-adjusted estimates and their precision
(eg, 95% confidence interval). Make clear which
confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous Not applied
variables were categorized
(c) If relevant, consider translating estimates of Not applied
relative risk into absolute risk for a meaningful time
period
Other analyses 17 Report other analyses done—eg analyses of 9
subgroups and interactions, and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study 10 and 11 and figures
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objectives

Limitations 19  Discuss limitations of the study, taking into account 13
sources of potential bias or imprecision. Discuss

both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results 15-18
considering objectives, limitations, multiplicity of
analyses, results from similar studies, and other

relevant evidence

Generalisability 21  Discuss the generalisability (external validity) of the 18
study results

Other information

Funding 22  Give the source of funding and the role of the 1
funders for the present study and, if applicable, for
the original study on which the present article is
based

*Give information separately for exposed and unexposed groups.

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

Results

Clinical Analysis

We collected samples from 40 patients, however, molecular analysis
determine the exclusion of 8 patients. Among the last 32 patients, 10 were male and
22 were female. Mean age was 50 years with standard deviation of 15.8 (ranging 19
to 78). Five patients presented two or more implants and each implant was used as a
different sample. 7.7% of surgeries were performed in anterior region and 38.5% in
posterior region of maxilla. 5.1% of implants were placed in anterior and 48.7% in
posterior mandible. Table 1 presents demographic aspects of patients and the group
to which they belong. The follow up of oral rehabilitation success will be explored

elsewhere.
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Record Region
49288 posterior maxilla

Group Drug(s)

Potassium Losartan 50mg/
Hydrochlorothiazide 25mg

Hypertensive

41376 f 59 | posterior maxilla Hypertensive Losartan 50mg
47139 | m | 64 | posterior maxilla Hypertensive P g Pemee
57124 posterior maxilla Hypertensive Nifedipine 20mg
56282 | m | 54 | posterior maxilla Hypertensive enalapril maleate 10mg
56206 f 55 | posterior mandible Hypertensive

—

46735 - anterior mandible

52969 f posterior mandible
52969 f 62 | posterior mandible | Hypertensive and Smoker Captopril 25mg

Hypertensive and Smoker Nifedipine 10mg

Hypertensive and Smoker Captopril 25mg

Captopril 25mg

52969 ‘ f ‘ 38 ‘posterior mandible‘ Hypertensive and Smoker

56696 f 45 | posterior maxilla | Hypertensive and Smoker | Losartan 50mg /Atenolol 25mg
45119 m 67 | posterior maxilla Ex-Smoker

58353 f 64 | posterior mandible Ex-Smoker

50713 posterior mandible
59713 m posterior mandible
56860 m 27 | anterior maxilla Smoker

41519 f 41 | posterior maxilla Smoker

58234 f 35 | posterior maxilla Smoker

48590 f 45 | posterior maxilla Control

48756 f 63 | posterior maxilla Control

55208 f 19 | anterior mandible Control

24032 m 41 | posterior mandible Control

27492 m 22 | anterior maxilla Control

50792 f 54 | posterior maxilla Control

44640 f 67 | posterior mandible Control

55418 f 31 | posterior maxilla Control

59001 f 50 | anterior maxilla Control

58255 m 42 | posterior mandible Control

56112 f 71 | posterior mandible Control

56112 f 71 | posterior mandible Control

58316 f 52 | posterior mandible Control

58316 f 52 | posterior maxilla Control

58132 m 27 | posterior mandible Control

36678 f 38 | posterior mandible Control

56944 f 35 | posterior mandible Control

14498 f 69 | posterior mandible Control




14498 f 69 | posterior mandible Control
14498 f 69 | posterior mandible Control
58150 f 53 | posterior mandible Control

According mainly relevant clinical condition, five groups of patients were
formed. Control group demonstrated none relevant clinical condition; hypertensive
group was formed by patients under anti-hypertensive drug therapy; smoker group
containing patients that assumed to smoke cigarettes daily and hypertensive smoker
group with patients summing the blood hypertension under therapy and smoking.
The last group Ex-smoker group was composed of patients that stopped smoking at
least 5 years ago.

Molecular Analysis

During surgery, despite meticulous care in irrigation to avoid bone warming,
the authors assume that RNA integrity was influenced, since best quality obtained
during sample collection, evaluated using 260/280 ratio, was 1.88. Less quality
sample were also added, since we consider that housekeeping in each sample will
normalize the result and we did not find another way to obtain higher quality samples
from human bone applying our method design with our objectives.

Collagen | was selected as preferred housekeeping gene using NormFinder
software. After use Ct values to relative quantification, groups of patients were
compared using non parametric Mann-Whitney test. Results are summarized in
Table 2 and figures 1 to 7.

Table2- Statistical analysis of the compared groups of patients

Mann Whitney test Group Group P value
GENE
ALP Control X Hypertensive p=0,5053
ALP Control X Smoker p=0,2038
ALP Control X Hypertensive and Smoker p=0,1590
ALP Smoker X Ex-Smoker p=0,5052
Apolipoprotein Control X Hypertensive p=>0,9999
Apolipoprotein Control X Smoker p=0,3363
Apolipoprotein Control X Hypertensive and Smoker p=>0,9999
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Apolipoprotein Smoker Ex-Smoker p=0,6923
Beta-actin Control Hypertensive p=0,6435
Beta-actin Control Smoker p=0,0578
Beta-actin Control Hypertensive and Smoker p=0,5592
Beta-actin Smoker Ex-Smoker p=0,4715
BMPII Control Hypertensive p=0,9241
BMPII Control Smoker p=0,3303
BMPII Control Hypertensive and Smoker p=0,5621
BMPII Smoker Ex-Smoker p=0,1352
BSP Control Hypertensive p=0,3278
BSP Control Smoker p=0,5484
BSP Control Hypertensive and Smoker p=0,8975
BSP Smoker Ex-Smoker p=0,3317
Interleukin 6 Control Hypertensive p=0,0332*
Interleukin 6 Control Smoker p=0,7194
Interleukin 6 Control Hypertensive and Smoker p=0,4239
Interleukin 6 Smoker Ex-Smoker p=0,0283*
Integrin B1 Control Hypertensive p=0,6748
Integrin B1 Control Smoker p=0,0109*
Integrin B1 Control Hypertensive and Smoker p=0,1230
Integrin B1 Smoker Ex-Smoker p=0,4103
MCSF Control Hypertensive p=0,5760
MCSF Control Smoker p=0,3596
MCSF Control Hypertensive and Smoker p=0,3299
MCSF Smoker Ex-Smoker p=0,7193
Osteocalcin Control Hypertensive p=0,1592
Osteocalcin Control Smoker p=0,9635
Osteocalcin Control Hypertensive and Smoker p=0,7734
Osteocalcin Smoker Ex-Smoker p=0,0806
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Osteonectin Control Hypertensive p=0,1470
Osteonectin Control Smoker p=0,7483
Osteonectin Control Hypertensive and Smoker p=0,4785
Osteonectin Smoker Ex-Smoker p=0,9820
Osteopontin Control Hypertensive p=0,5472
Osteopontin Control Smoker p=0,4680
Osteopontin Control Hypertensive and Smoker p=0,3608
Osteopontin Smoker Ex-Smoker p=0,0806
Osterix Control Hypertensive p=>0,9999
Osterix Control Smoker p=>0,9999
Osterix Control Hypertensive and Smoker p=>0,9999
Osterix Smoker Ex-Smoker p=>0,9999
PGE2 Synthase Control Hypertensive p=0,2466
PGE2 Synthase Control Smoker p=0,2622
PGE2 Synthase Control Hypertensive and Smoker p=0,0647
PGE2 Synthase Smoker Ex-Smoker p=0,8315
RUNX2 Control Hypertensive p=0,0236*
RUNX2 Control Smoker p=0,5635
RUNX2 Control Hypertensive and Smoker p=0,5674
RUNX2 Smoker Ex-Smoker p=0,2171
TFG-B Control Hypertensive p=0,4268
TFG-B Control Smoker p=0,1412
TFG-B Control Hypertensive and Smoker p=0,5212
TFG-B Smoker Ex-Smoker p=0,0992

Figure 1 Comparisons between Control and Hypertensive
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Legend: graphics comparing the expression of each interest gene in control group and hypertensive
group. Without exceptions, all genes were under expressed in group of hypertensive patients.
Significant differences were verified in Interleukin 6 and RUNX 2 transcripts. P values may be

observed in table 2



Figure 2 - Comparisons between Control and Smoker group
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Legend: presents the transcripts that were demonstrated overexpressed in control group when
compared to Smoker group. None of these comparisons present significant differences

Figure 3 - cluster of genes presenting higher expression in Smoker group
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Figure 4 and 5 - Results of comparisons between Control group and

Hypertensive and Smoker group
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Legend: Genes presenting higher expression in control group were placed in figure 4 and genes
presenting higher expression in Hypertensive and Smoker group were put together in figure 5.
However, statistical analysis did not present significant differences between the groups.

Figure 6 and 7- Comparisons between Smoker group and Ex-Smoker group
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Legend: demonstrated that most of genes were upregulated in Ex-smoker group when compared to
Smoker group
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Legend: Only alkaline phosphatase and TGF- were upregulated in Smoker group

Table 2, presents the p values of comparisons; significant difference was only
verified in the comparison of interleukin 6, which was higher in Ex-smoker group.
Despite the fact that there were no significant differences, it’s interesting to note that
the group of genes involved in bone differentiation (BMP II, Osteocalcin, Osteopontin,
Osterix, RUNX 2 and Bone Sialoprotein) which were downregulated in Smoker group
comparing to control group and became upregulated in Ex-Smoker group comparing
to Smoker group. The same behavior was demonstrated in expression of Interleukin

6, higher in Control and Ex-smoker groups, when compared to Smoker group.

Discussion

For a cell exert properly its function, it demands several molecules usually

descendant from protein synthesis process. Protein synthesis is ruled by nuclear
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control, from the genes (genomic DNA), which are transcribed into mRNA; protein
translation occurs in the cytoplasm®®. The present study aimed to analyze whether
smoking or pharmacological control of hypertension would be factors that could
modify, in the alveolar bone, the mRNA expression of some inflammatory proteins
and bone metabolism markers. We sought to understand why smokers lose more
implants then nonsmokers. So we choose real time PCR as a tool to quantify genic
expression and then we compared the groups.

The high prevalence of patients under therapy to high blood pressure in this
study motivated the inclusion of this group in the comparisons. The data was very
interesting, since, in the group Hypertensive, the transcripts were downregulated,
occurring significant differences in Interleukin 6 and RUNX2 expression; booth were
also downregulated in Smoker group.

We also explore the genic expression in ex-smokers, to observe its behavior
after interrupt the addiction, and in a group of smokers and hypertensive patients.
However, the group containing smokers presenting under treatment to hypertension
did not expressed the genes of osterix, osteocalcin, apolipoprotein and PGE2 and no
significant differences were observed when this group was compared to control
group.

Early failure arises before implant load and late failure occurs after the implant
receive occlusal loading’. Early failures have been related to smoking, aging, and
systemic diseases. Late failures have been related to peri-implantitis and occlusal
trauma®®. The criteria for evaluation of implant failure are commonly based on clinical
and radiographic alterations. We did not examine implant failure, but we started our
reasoning thing about conditions in which patient may present a disadvantage in its

implant outcome, for example, smoking. The first goal of this study was to detect a
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genetic component from an observational data; however, this study has the limitation
of a small sample size, mainly our test group: the Smoker group. Previous papers
presenting small sample size have been found in high quality literature®® and
encouraged us to continue the publication process avoiding to delay the
dissemination of results.

The epidemiological gold standard for prevalence studies is the probability or
random sample. Herein we decide to perform a convenience sample, generally made
up of samples of patients from hospital treatment services, despite the fact that it has
several limitations, the most important of which is their lack of representativeness
which means that results from such studies cannot be generalized to the whole
population. However this method is much more cost-efficient than using a random
sample®.

Smoking may be a primary predictor for implant failure.?* Although smoking
was associated with implant failure in most of individual studies®? and in the overall
meta-analysis, the detrimental effect of smoking was not confirmed when only
prospective data were assessed”.

Important advances about implant loss and genetic pathways have been
described by a Brazilian research group. They mainly aim of the papers was to
respond why some patients present dental implant failure without a clear clinical
motive. Allele C of polymorphism rs2009658 of the Lymphotoxin alpha gene was
associated with dental implant loss, as well as the presence of teeth and a greater
number of placed implants. Their power of the sample, obtained when rejecting hy,
was of 93.8%, and sample matched by age, gender, and smoking®; vitamin D
receptor gene may be a genetic risk marker for dental implant loss in patients who

lost two or more dental implants’; there was a significant difference, in the presence
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of the alleles presenting polymorphisms in the MMP-8 gene and MMP-1%, between
the control group and early implant loss group?; and the +33C allele for interleukin 4
gene was associated with susceptibility to dental implant loss®*. An explanation to all
these polymorphisms influence implant loss is that the intronic polymorphism,
interfering on exons splicing, may alter the primary protein structure and
consequently its function®.

Instead, neither IL-1°, IL-2, IL-6°, 1L10° nor MMP-9%® polymorphisms were
associated with susceptibility to dental implant failure in the studied population.
Genetic predisposition may influence the osseointegration process failure through the
accumulated effect of multiple polymorphisms?>.

Herein, our design considered clinic conditions that impair implant outcome,
and screening genes that may be related to these conditions. Since clinical
attachment loss, gingival index and plaque index did not differ in control group when
comparing to implant failure group and the authors considered that the difference
between groups in the periodontal pocket depth did not present significant clinical
relevance’, we did not evaluate periodontal status in the present study. However,
there is a clear relationship between the peri-implantitis and implant failure*. No
significant difference among patients was observed for age when analyzing implant
loss®, so age was not target in our comparisons.

According our methods, the convenience sample was reduced due to
exclusion of patients from which we obtained poor total RNA quality. Despite that, the
PCR presents limitations such as the high cost of the accurate technique. Also, the
level of expertise required to process samples and to carry out data analysis is very
important. The specificity of PCR product could be altered by nonspecific binding of

13,14

primers to the similar sequences. Our primers were tested previously and
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presented high quality in efficiency curve analysis, in order to avoid these nonspecific
bindings. We expected to use Beta actin as a housekeeping gene, instead, it
presented borderline significance (p=0.0578) comparing control group and smoker
group. The last was upregulated. So, type | Collagen was selected using Normfinder,
a respected tool to find optimal normalization gene among a set of candidates.
Despite the difficulties, the motivation to continue to apply traditional and new
approaches of genetic analysis to the effort toward a better understanding of dental
implant failure mechanisms is clear*?.

The comparison between control group e Hypertensive and Smoker group
presented at a borderline significance (P=0.0647) for prostaglandin E2 synthase. The
last demonstrated its expression downregulated. Instead, smokers presented higher
expression of this inflammatory cytokine. This data was expected, since cytokines
have a physiologic role in bone metabolism. However, high levels of them may lead
to increased bone loss, resulting in a less favorable outcome or implant failure®.
Conversely, IL-6 was downregulated in Smoker group and significantly upregulated
in Ex-Smokers, comparing to Smokers. Major anti-inflammatory cytokines include
interleukin (IL)-1 receptor antagonist, IL-4, IL-6, IL-10, IL-11, and IL-13%. It seems
reasonable to consider the hypothesis that smoking delay anti-inflammatory pathway
in a reversible way, in case of stopping smoking.

The comparison between Smoker group e Ex-Smoker group presented at a
borderline significance (P= 0.0992) for TGF-B1. The Ilast demonstrated
downregulated. Since control group expressed less TGF- (1, it sounds like a
restorative expression pattern. Bone formation involves several steps from
recruitment of osteoblast precursor cells to calcification of the extracellular matrix,

and a variety of cytokines, growth factors, and other macromolecules take part in
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these events'®. Transforming growth factor-betal (TGF-81) is a pleiotropic and
ubiquitous cytokine involved in bone development and bone remodeling®’.
Osteocytes directly remodel their perilacunar/canalicular matrix controlling bone
quality through TGF-8 signaling®.

The opposite effect occurred in BMP I, Osteocalcin, Osteopontin, Osterix,
RUNX 2 and Bone Sialoprotein, which were downregulated in smoker group,
comparing to control group, and upregulated when patient stop smoking (borderline
significance to osteocalcin and osteopontin, p= 0.0806 for booth markers). The
expression of these various proteins, characterize the bone phenotype, are induced
during osteoblastic differentiation in a stepwise fashion, suggestive of multiple
regulatory factors®.

The transcript B1 Integrin was significantly higher in Smoker group, comparing
to control group. It is an important genic pattern since integrins are extremely
important in osteoclast function. Osteoclasts attach to the bone matrix by means of
integrins during bone resorption. Blocking [1 Integrin resulted in inhibition of
resorption®°. Hypertensive and smoker group presented higher level of B1 Integrin,
comparing to control group, however without statistical significance.

The last resorptive evidence was the upregulation of M-CSF in smoker group
comparing to control group; in hypertensive and smoker group comparing to control
group and in Ex-smoker group comparing to smoker group. Osteoclast formation
involves interaction between stromal cells and preosteoclasts that are derived from
monocytes lineages. M-CSF stimulates bone resorption only when it is dependent on
generation of new osteoclasts. M-CSF does not appear to have any effect on the
activity of mature osteoclasts. The mechanism of action might be direct on osteoclast

precursors or indirect on accessory cells influencing osteoclast generation®.
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RUNX 2 was significantly downregulated in hypertensive group comparing to
control group. We believe this find is extremely important based on Kim et al.
conclusion that the downregulation of RUNX-2, BMP-Il, peroxisome proliferator—
activated receptor gamma-2 (PPARg-2) and upregulation of RANKL/OPG ratio were
correlated with early peri-implant marginal bone loss®. The authors isolated and
cultured human alveolar mesenchymal stromal cells derived from bone chips
obtained by low-speed drilling during implant placement to make this conclusion.

The most frequent antihypertensive in the present study was losartan which is
prescribed particularly in the population over 60 years with more than half having
hypertension. Despite therapy herein, the hypertensive patients demonstrated
downregulation of genes which is not in accordance with literature; losartan
increased the osseointegration in a tibia model of spontaneously hypertensive rats
(Mulinari-Santos et al. 2018) and prevented systemic bone loss in hypertensive
patients, thereby also supporting the quality of the alveolar bone before implants are
placed (Fabris et al. 2017).

Despite all significant results presented herein, we assume that replications in
other populations are mandatory to better elucidate the role of this genes in
influencing individual susceptibility to dental implant loss. In the future, individual

therapeutics could be developed, increasing the implant success rates.
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3 CONSIDERACOES GERAIS

3.1 Considerac6es metodoldgicas

Um dos métodos mais utilizados para estudos da expressdo génica € a
quantificacdo relativa da expressdo de mRNA pela transcricdo reversa quantitativa
em tempo real da reacdo em cadeia de polimerase (RT-gPCR) (Thellin et al., 2009).
Sendo que para a sua realizacdo € necessaria uma seérie de parametros
experimentais incluindo: a) a determinacdo de um numero adequado de repeticdes
bioldgicas; b) o rigoroso controle de qualidade nas etapas de extracdo de RNA da
amostra e transcricao reversa; e c) a selecéo e validacdo adequadas de genes de
referéncia que serdo utilizados como controles para normalizar os dados na anélise
de quantificacédo relativa (Taylor, Mrkusich, 2014).

Com o intuito de padronizar o delineamento dos ensaios de gPCR e RT-gPCR
e reduzir o numero de resultados inconsistentes devido ao delineamento
experimental inadequado, foram propostas diretrizes na informacdo minima para
publicacdo de experimentos quantitativos de PCR em tempo real (MIQE Guidelines:
Minimum Information for Publication of Quantitative Real-Time PCR Experiments) em 2009
(Stephen et al. 2009). O atual estado de implementacdo das normas MIQE foi
recentemente revisto (Bustin et al., 2013; Taylor, Mrkusich 2014). Especificamente,
as diretrizes apontam que o uso de um Unico gene de referéncia ndo validado para a
normalizacdo dos resultados de RT-gPCR geralmente ndo € aceitavel (Kozera,
Rapacz, 2013). O delineamento ideal exigiria entre trés e cinco bons genes de
referéncia (Taylor et al., 2010). Para isso, recomenda-se testar a estabilidade de
aproximadamente 6-10 genes de referéncia de candidatos em cada uma das
condi¢cbes experimentais avaliadas, utilizando softwares apropriados como geNorm
e NormFinder (Taylor, Mrkusich, 2014).

Nesse presente estudo, as amostras foram submetidas a reacdo em cadeia
da polimerase em tempo real para o gene endégeno proposto beta-actina e outros 2
genes constitutivos (colageno | e BMP 1l), testados quanto a variacdo em todas as



amostras para selecionar o melhor. O que se manteve mais estavel, colageno |, foi
selecionado (conforme o software NormFinder) e utilizado nas reacbes, para

realizacdo dos célculos da Quantificacdo Relativa.

Figura 8- Escolha do gene enddgeno
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Legenda: Colageno | selecionado como gene constitutivo

Foi utilizado nesse trabalho o software NormFinder que € um algoritmo para
identificar o gene de normalizacdo ideal entre um conjunto de candidatos. Ele
classifica o conjunto de genes de normalizacdo de acordo com sua estabilidade de
expressdo em um determinado conjunto de amostras e de um experimento. O
algoritmo esté enraizado em um modelo matematico de expressao génica e usa um
quadro estatistico solido para estimar ndo apenas a variacao da expressao geral dos
genes de normalizacdo do candidato, mas também a variacdo entre os subgrupos
de amostra do conjunto de amostras exemplo, amostras controles e ndo-controles.
Assim fornece um valor de estabilidade para cada gene, que é uma medida direta
para a variacdo de expressdo estimada, permitindo ao usuario avaliar o erro
sistematico introduzido ao usar o gene para normalizagcdo e como requisito basico
requer um minimo de 3 genes e um minimo de 2 amostras por grupo (Andersen et
al., 2004).

Os dois métodos mais comumente utilizados para analisar dados de
experimentos de PCR quantitativo e em tempo real sdo a quantificacdo absoluta e a

quantificacdo relativa. A quantificacdo absoluta determina o numero da copia da
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entrada, geralmente relacionando o sinal do PCR a uma curva padrdo. A
quantificacdo relativa relaciona o sinal da PCR do transcrito-alvo em um grupo de
tratamento ao de uma outra amostra tal como um controle ndo tratado. Compara
pares de amostras verificando se um gene alvo se tornou mais ou menos abundante
em relacdo ao gene de controle, cuja expressdo é assumida como constante. Esta
aproximagdo é atrativa por causa de sua eficaz matematica e da habilidade de
corrigir para quantidades desiguais de material biolégico entre amostras usando o
gene do controle como um padréo interno. Como desvantagem, no entanto, ela se
baseia em comparacdes pareas de amostras e, portanto, dificulta o manuseio de
designs experimentais mais elaborados, particularmente envolvendo interacoes
entre fatores (Matz et al., 2013).

Apés determinacdo dos padrbes da RT-PCR, os valores de Ct de todas as
reacdes com as amostras foram utilizados nos célculos a seguir (Livak, Schmittgen,
2001). A expressdo de cada gene foi calculada para todas as amostras e foi
subtraido o Ct do gene constitutivo: AC=Cigene)-Cr(constitutivo)

O AC:; subtraido da amostra calibrador resultando em AAC:. AAC=ACi-
ACicaiibrador). ENtd0 a quantificagédo relativa (RQ - Relative Quantification) foi
calculada para cada gene em cada amostra conforme a equacéo: RQ=224"

ApoOs a normalizacdo, varios autores utilizaram abordagens paramétricas,
como ANOVA (Regier, Frey, 2010; Luu, 2005) e modelos lineares mistos (Poletto et
al., 2006; Poletto et al., 2011; Kenkel et al., 2011) aplicados em uma base gene-by-
gene, para alcancar a maxima versatilidade na andlise de designs complicados. O
fluxo de trabalho envolvendo correcdo para eficiéncia de amplificacdo seguido de
normalizacdo multigénica e analise gene-by-gene com testes t, ANOVA ou
modelagem linear representa o consenso atual do processamento de dados de gRT-
PCR (Ling, 2012).

Nesse presente estudo, dados também foram analisados estatisticamente
pelo teste de Mann-Whitney foi realizada com 5% de significancia.

Nessa pesquisa foi utilizado nessa pesquisa 0 SYBR® Green que é um
corante fluorescente comumente usado que liga moléculas de DNA de duas fitas

intercalando entre as bases de DNA e foi usado em PCR em tempo real porque a
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fluorescéncia pode ser medida no final de cada ciclo de amplificagdo. A

fluorescéncia aumenta juntamente com a concentragéo de DNA.

A curva de amplificagcdo segue um padrao de aumento do produto gerado
obedecendo trés fases: exponencial, linear e platd. A medida que os ciclos da
reacao de PCR vao se sucedendo, ocorre o aumento do numero de fluoréforos livres
e consequentemente a fluorescéncia gerada. Quando a fluorescéncia emitida pelo
fluoroforo atinge determinado limiar significativamente acima da fluorescéncia basal
da reacdo e localizado na fase exponencial da mesma. O ciclo em que o limiar é
atingido é denominado CT (Threshold Cycle — n°® de ciclos) e € inversamente
proporcional a concentracdo de produto gerado da reacdo. De modo a garantir que
as técnicas de RT-gPCR alcancem elevados niveis de sensibilidade e
especificidade, € necessario a padronizacdo protocolo com a finalidade de evitar
problemas de execucdo tais como: aparecimento de produtos inespecificos, baixa
eficiéncia na amplificacdo, contaminacdes e impurezas das amostras (Roche

Applied Science, 2006; Applied Biosystems, 2007).

A analise da curva de melting apresenta vantagens como: € um método
simples e robusto, apresenta rapidez na execucdo das analises, aplicavel a ampla
gama de ensaios gendmicos e deteccdo de alteracdes genéticas para fins de
pesquisa e de diagndsticos clinicos, ndo € necesséria a utilizacdo de eletroforese e
de reagentes mutagénicos para a visualizacdo dos fragmentos, elimina a
necessidade da utilizacdo de sondas de primers, reduz a possibilidade de
contaminagdo, devido ao simples processo de preparacdo das amostras ou a
automacao aplicada, ndo requer nenhum processamento de pds-PCR. No entanto
possui como desvantagens: a preferéncia pela utilizacdo de fragmentos pequenos,
estes conduzem a uma flexibilidade reduzida na sintese dos primers, outras
variantes genéticas presentes no fragmento amplificado podem conduzir a erros de
interpretagdo, pois pode alterar o padrdo de curva da mutacdo em analise e
alteracdes genéticas classes 3 e 4 (trocas G/C e A/T) podem ser mais dificeis de
diferenciar (Anstaett et al., 2010; Tricarico et al., 2002).
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3.2 Consideragdes sobre os resultados

O padréo epidemiolégico ouro para estudos de prevaléncia é a probabilidade
ou amostra aleatoria. Neste trabalho, decidimos realizar uma amostra de
conveniéncia, composta de amostras de pacientes de tratamento hospitalar, apesar
do fato de apresentarem varias limitacdes, sendo a mais importante a falta de
representatividade, ou seja, 0s resultados de tais estudos ndo podem ser
generalizados para toda a populagdo. No entanto, esse método é muito mais
eficiente em termos de custo do que usar uma amostra aleatoria.

O artigo de Becker et al. (2015) foi utilizado como uma inspiracao, fornecendo
0s percentuais de 57,14% de fumantes que perderam ao menos um dos implantes
no estudo, contrapondo 16,9% de n&o fumantes que perderam ao menos um dos
implantes. Ja que sabemos que fumantes perdem mais implantes, gostariamos de

mostrar geneticamente o porqué, por meio deste estudo epidemioldgico.

Foram coletadas amostras de 40 pacientes, entretanto apds analise molecular
foi determinada a exclusdo de 8 pacientes pois estes ndo apresentaram o gene
constitutivo (Colageno 1) expressivo. Os 32 pacientes estudados foram divididos em
grupos: a) Controle (17), b) Terapia anti-hipertensiva (6), ¢) Fumantes (3), d)
Fumantes e Terapia anti-hipertensiva e e) Ex-fumantes (3).

A alta prevaléncia de pacientes em terapia anti-hipertensiva neste estudo
motivou a inclusdo desse grupo nas comparacdes. Os dados foram muito
interessantes, uma vez que, no grupo de terapia anti-hipertensiva, as transcricbes
foram reduzidas, ocorrendo diferencas significativas na expresséo de interleucina 6

e RUNX2; também foram reduzidas no grupo fumantes.

Também exploramos a expressao génica em ex-fumantes, para observar seu
comportamento apoOs interromper o0 vicio, € em um grupo de tabagistas e
hipertensos. No entanto, o Ultimo grupo ndo expressou 0S genes de osterix,
osteocalcina, apolipoproteina e PGE2 e néo foram observadas diferencas

significativas quando este grupo foi comparado ao grupo controle.
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A comparacdo entre grupo controle e grupo hipertensivo e fumante
apresentou significancia limitrofe (P = 0.0647) para a prostaglandina E2 sintase. Ja
os fumantes apresentaram maior expressao dessa citocina inflamatéria. Estes dados
foram esperados, uma vez que as citocinas inflamatorias tém um papel fisiolégico no
metabolismo 6sseo. No entanto, altos niveis podem levar ao aumento da perda
0ssea, resultando em um desfecho menos favoravel ou na falha do implante
(Campos et al., 2005). Inversamente, IL-6 foi diminuida no grupo fumante e
significativamente aumentada em ex-fumantes, comparando com fumantes. As
principais citocinas anti-inflamatorias incluem o antagonista do receptor da
interleucina IL-1, IL-4, IL-6, IL-10, IL-11 e IL-1326 (Opal, DePalo, 2000). Parece
razoavel considerar a hipétese de que o tabagismo prejudica a homeostasia, ja que
diminuiu a expresséo desta citocina anti-inflamatoria de forma reversivel, em caso

interrupcéo do vicio fumar.

A comparagdo entre o0 grupo tabagista e o0 ex-fumante apresentou
significancia limitrofe (P = 0,0992) para TGF-1. Ja que o grupo controle expressou
menos TGF-B1, soa como um padrao restaurativo da expressao. A formacdo 6ssea
envolve varias etapas do recrutamento de células precursoras de osteoblastos para
calcificagdo da matriz extracelular, e uma variedade de citocinas, fatores de
crescimento e outras macromoléculas participam desses eventos (Campos et al.,
2005). O fator de crescimento transformador (TGF-B1) € uma citocina pleiotrépica e
onipresente envolvida no desenvolvimento 6sseo e na remodelacdo (Saiganesh et
al., 2019). Os ostedcitos remodelam diretamente sua matriz perilacunar/canalicular

controlando a qualidade 6ssea através da sinalizacdo TGF- (Dole et al., 2017).

O efeito oposto ocorreu em BMP Il, osteocalcina, osteopontina, Osterix,
RUNX 2 e Sialoproteina 6ssea, que foram reduzidos no grupo fumante, comparando
com o grupo controle, e aumentados quando o paciente deixour de fumar
(significancia borderline para osteocalcina e osteopontina, p = 0,0806 para ambos).
A expressao destas varias proteinas caracteriza o fenoétipo 6sseo, € induzida durante
a diferenciacdo osteoblastica em cascata, sugestivo de fatores regulatérios multiplos
(Rodan, Noda, 1991).

A transcricdo da integrina 31 foi significativamente maior no grupo tabagista,

comparando-se ao grupo controle. E um padrdo génico importante, uma vez que as
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integrinas sdo extremamente importantes na fungdo osteoclastica. Osteoclastos se
ligardo a matriz 6ssea por meio de integrinas durante a reabsor¢cdo Ossea. O
bloqueio da integrina 1 resultou na inibicdo da reabsorcdo (Helfrich et al., 1996). O
grupo hipertensivo e fumante apresentou maior nivel de integrina 1, comparando-

se ao grupo controle, porém sem significancia estatistica.

A Ultima evidéncia reabsortiva foi a desregulacdo do M-CSF no grupo de
fumantes quando comparado ao grupo controle; no grupo hipertensivo e tabagista
em comparagao ao grupo controle e no grupo ex-fumante em comparagéo ao grupo
fumante. A formacéo de osteoclastos envolve a interacdo entre células estromais e
pré-osteoclastos que séo derivados das linhagens dos monécitos. O M-CSF estimula
a reabsorcado do osso somente quando é dependente da geracdo de osteoclastos
novos. O M-CSF n&o parece ter nenhum efeito na atividade de osteoclastos
maduros. O mecanismo da acdo pdde ser direto em precursores do osteoclastos ou
indireto em vias de sinalizacdo acessorias que influenciam a geracdo do

osteoclastos (Corboz et al., 1992).

O RUNX 2 foi significativamente reduzido no grupo hipertensivo comparando
com o grupo controle. Acreditamos que esse achado é extremamente importante
com base na conclusdo de Kim et al. de que a desregulacdo de Runx-2, BMP-II,
receptores ativados por proliferadores de peroxissoma tipo gama (pparg-2) e
aumento da razdo RANKL/OPG foram correlacionados com o inicio do perda dssea
marginal peri-implante (Kim et al., 2019). Os autores isolaram e cultivaram células
estromais mesenquimais alveolares humanas derivadas de osso obtidos pela

perfuracdo durante a colocacao do implante para fazer esta concluséao.

Nesse presente estudo, as amostras foram coletadas da regido anterior da
maxila (12,5%), da mandibula (8,34%), posterior de maxila (35,41%) e posterior de
mandibula (43,75%), portanto com predominancia do tipo 6sseo I. Um parametro de
extrema importancia e que também influencia a osseointegragdo e o sucesso do
tratamento com implantes € a andlise 6ssea da area receptora do implante. A
classificacdo de Misch 1990 € a mais encontrada na implantodontia e pode ser
encontrada na literatura como: tipo | — osso cortical denso; tipo Il — cortical denso e
0sso trabeculado grosso; tipo Il — cortical éssea fina e trabeculado fino; tipo IV —

osso trabecular fino. Como para a implantodontia é necessario uma boa estabilidade
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primaria, mas com irrigacdo sanguinea suficiente para que o metabolismo local ndo
seja prejudicado e facilite a cicatrizacdo e consequente osseointegragcdo, o0s tipos
0sseos | e IV desta classificacdo ndo sao bons candidatos a colocacéao de implantes.
O primeiro, por possuir uma cortical muito densa, dificulta a irrigacdo sanguinea,
apesar de ser excelente para a estabilidade priméria. O segundo, apesar da boa
irrigacdo, por ser totalmente de osso trabecular fino, € desvantajoso em relagéo a

estabilidade primaria.

Apesar de todos os resultados significativos aqui apresentados, assumimos
que as repeticdbes em outras populacbes sdo obrigatérias para melhor elucidar o
papel desses genes na influéncia da suscetibilidade individual & perda do implante
dentario. No futuro, a terapéutica individual poderia ser desenvolvida, aumentando

as taxas de sucesso do implante.
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