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Stroparo JLO. Testes de viabilidade e influéncia de biomaterial xenogénico sobre
celulas-tronco mesenquimais do ligamento periodontal [Tese de Doutorado].
Universidade Positivo; 2023.

RESUMO

As células-tronco mesenquimais (CTMs) tém um elevado potencial proliferativo e
podem se diferenciar conforme o estimulo que recebem, inclusive mediante a presencga
de um biomaterial. Desta forma, esta tese é composta de dois estudos. O primeiro foi
uma revisdo sistematizada da literatura com a finalidade de apresentar as CTMs
presentes na cavidade bucal, incluindo locais doadores com base na origem celular,
protocolos de coleta e manuseio, e principais resultados obtidos nos trabalhos incluidos.
Foram acessadas as bases de dados eletronicas PubMed, LILACS, BBO, SciELO e
Google Académico, entre 2017 e 2021, e restricdo aos idiomas inglés, portugués e
espanhol. Os descritores e termos livres utilizados foram: polpa dental, dente deciduo,
ligamento periodontal, osso alveolar, almofada de Bichat e células-tronco
mesenguimais. Foram incluidos estudos in vivo com humanos, casos clinicos, séries de
casos e estudos in vitro; estudos com animais, revisdes de qualquer tipo, opinides
pessoais e cartas aos editores foram excluidos. A partir de um total de 1.458 estudos,
foram aplicadas as etapas de remocao das duplicatas, leitura dos titulos e resumos, e
leitura na integra dos textos selecionados, o que resultou em 28 que permaneceram. Os
resultados indicaram que as CTMs podem ser obtidas de varios locais da cavidade
bucal, sendo que em 19 estudos as mais frequentes foram derivadas da polpa dentaria.
Quanto aos métodos de cultivo, a digestdo enzimatica e o explante foram citados em 16
e dez estudos, respectivamente. A revisdo permitiu concluir que as CTMs da cavidade
bucal tém origens variadas e sdo comumente cultivadas por digestdo enzimaética e
explante. O objetivo do segundo estudo, experimental in vitro, foi avaliar a influéncia de

biomateriais xenogénicos sobre CTMs do ligamento periodontal. Os ensaios foram
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realizados em placas de 24 pocos, em triplicatas com os seguintes grupos: Grupo C
(controle) - somente CTMs; Grupo BP - Bonefill Porous®, Grupo BO - Bios-Oss®,
avaliados nos tempos de um a sete dias. Foram feitas as analises de citometria de fluxo,
ensaio de viabilidade celular (AlamarBlue®), ensaio de morfologia celular (cristal
violeta), microscopia eletrnica de varredura e imunocitoquimica. Os resultados foram
semelhantes em todos os grupos avaliados, sendo que esses biomateriais apresentaram
resultados positivos quando associados as CTMs, sendo mais significativos no grupo
BP. Pode-se observar que os materiais testados sdo candidatos as futuras terapias
regenerativas. Concluiu-se que as CTMs, quando associadas a biomateriais, apresentam
bons resultados, mantendo a viabilidade e proliferacdo celular, sendo boas candidatas a
testes futuros em animais e em humanos para terapias reconstrutivas, com o intuito de
melhorar o tempo de cicatrizacdo e qualidade 0ssea.

Palavras-chave: Biomaterial xenogénico; células-tronco, células-tronco mesenquimais;

ligamento periodontal.



Stroparo JLO. Tests of viability and influence of xenogenic biomaterial on
mesenchymal stem cells of the periodontal ligament [Doctoral Thesis]. Universidade
Positivo; 2023.

ABSTRACT

Mesenchymal stem cells (MSCs) have a high proliferative potential and can
differentiate depending on the stimulus they receive, including through the presence of a
biomaterial. Therefore, this thesis is composed of two studies. The first was a systematic
review of the literature with the purpose of presenting the MSCs present in the oral
cavity, including donor sites based on cellular origin, collection and handling protocols,
and main results obtained in the included studies. The electronic databases PubMed,
LILACS, BBO, SciELO and Google Scholar were accessed, between 2017 and 2021,
and restricted to English, Portuguese and Spanish languages. The descriptors and free
terms used were: dental pulp, deciduous tooth, periodontal ligament, alveolar bone,
Bichat pad and mesenchymal stem cells. In vivo studies with humans, clinical cases,
case series and in vitro studies were included; animal studies, reviews of any kind,
personal opinions and letters to the editors were excluded. From a total of 1,458 studies,
the steps of removing duplicates, reading titles and abstracts, and full reading of the
selected texts were applied, which resulted in 28 that remained. The results indicated
that MSCs can be obtained from various locations in the oral cavity, and in 19 studies
the most frequent were derived from dental pulp. Regarding cultivation methods,
enzymatic digestion and explantation were mentioned in 16 and ten studies,
respectively. The review concluded that MSCs from the oral cavity have varied origins
and are commonly cultured by enzymatic digestion and explantation. The objective of
the second study, experimental in vitro, was to evaluate the influence of xenogenic
biomaterials on MSCs of the periodontal ligament. The assays were performed in 24-

well plates, in triplicates with the following groups: Group C (control) - MSCs only;



Group BP - Bonefill Porous®, Group BO - Bios-Oss®, evaluated over periods of one to
seven days. Flow cytometry, cell viability assay (AlamarBlue®), cell morphology assay
(crystal violet), scanning electron microscopy and immunocytochemistry were
performed. The results were similar in all groups evaluated, with these biomaterials
showing positive results when associated with MSCs, being more significant in the BP
group. It can be seen that the materials tested are candidates for future regenerative
therapies. It was concluded that MSCs, when associated with biomaterials, present good
results, maintaining cell viability and proliferation, being good candidates for future
tests in animals and humans for future reconstructive therapies, with the aim of

improving healing time and bone quality.

Keywords: Xenogenic Biomaterial; Stem cells, Mesenchymal Stem Cells; Periodontal

Ligament.
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ABSTRACT
This systematized review included oral cavity mesenchymal stem cells (MSCs) donor sites, based on cell
origin, collection and handling protocols, as well as the main outcomes of the studies reviewed. The
following electronic databases: PubMed, LILACS, BBO, SciELO, and Google Scholar were accessed.
The period (last five years: 2017-2021) and languages (English, Portuguese and Spanish) were restricted.
The descriptors and free terms used were: dental pulp, deciduous tooth, periodontal ligament, alveolar
bone, Bichat’s pad and mesenchymal stem cells. In vivo studies with humans, clinical cases, case series
and in vitro studies were included; studies with animals, reviews of any kind, personal opinions and
letters to editors, were excluded. After removing duplicates, the texts were selected by reading the titles
and abstracts. After reading the texts selected by this process in their entirety, those that covered the
theme were kept. Of the 1458 studies found, 28 met the inclusion criteria. The results indicated that

1 Manuscrito publicado no periddico REUNI.



MSCs can be obtained from several sites in the oral cavity, and in 19 studies the most frequent type were
dental pulp stem cells (DPSCs). Regarding culture methods, enzymatic digestion and explant were cited
in 16 and ten studies, respectively. Furthermore, MSCs can be used in several areas, with emphasis on
regenerative therapies. In conclusion, the oral cavity MSCs have varied origins, especially DPSCs, and
are most commonly cultured by enzymatic digestion and explant methods. The results presented appear to
be promising, since research with biomaterials may help in future regenerative therapies.

Keywords: Mouth; Mesenchymal Stem Cells; Review.

RESUMO

Esta revisdo sistematizada incluiu os locais doadores de células-tronco mesenquimais (MSCs) da
cavidade oral, com base na origem celular, protocolos de coleta e manuseio, bem como os principais
resultados dos estudos revisados. Foram acessadas as seguintes bases de dados eletrénicas: PubMed,
LILACS, BBO, SciELO e Google Académico. O periodo (Ultimos cinco anos: 2017-2021) e os idiomas
(inglés, portugués e espanhol) foram restritos. Os descritores e termos livres utilizados foram: polpa
dental, dente deciduo, ligamento periodontal, osso alveolar, almofada de Bichat e células-tronco
mesenquimais. Foram incluidos estudos in vivo com humanos, casos clinicos, séries de casos e estudos in
vitro; estudos com animais, revisGes de qualquer tipo, opiniGes pessoais e cartas aos editores foram
excluidos. Ap6s a remocéo das duplicatas, os textos foram selecionados por meio da leitura dos titulos e
resumos. Apds a leitura na integra dos textos selecionados por esse processo, foram mantidos aqueles que
abordavam o tema. Dos 1.458 estudos encontrados, 28 preencheram os critérios de inclusdo. Os
resultados indicaram que as MSCs podem ser obtidas em varios locais da cavidade oral, sendo que em 19
estudos o tipo mais frequente foram as células-tronco da polpa dentaria (DPSCs). Com relacdo aos
métodos de cultivo, a digestdo enzimatica e o explante foram citados em 16 e dez estudos,
respectivamente. Além disso, as MSCs podem ser utilizadas em diversas areas, com destaque para as
terapias regenerativas. Em conclusdo, as MSCs da cavidade oral tém origens variadas, especialmente
DPSCs, e sdo mais comumente cultivadas por métodos de digestdo enzimatica e explante. Os resultados
apresentados parecem ser promissores, pois pesquisas com biomateriais podem auxiliar em futuras
terapias regenerativas.

Palavras-chave: Boca; Células Tronco Mesenquimais; Revisdo.

INTRODUCTION

A new treatment possibility has been tested in recent years, namely stem cell
therapy. These cells have fundamental characteristics for tissue regeneration, since they
are angiogenic, myogenic, adipogenic, chondrogenic, and osteogenic (Shen et al.,
2011).

Didactically, stem cells can be classified according to their differentiation
potential into i) totipotent: stemming from the zygote (a very incipient embryonic phase,
before the differentiation of the ectoderm, mesoderm and endoderm basic tissues); ii)
pluripotent: embryonic stem cells that give origin to the ectoderm, mesoderm and
endoderm; iii) multipotent: having differentiation, although it is limited, giving rise to
specialized cells of different human body tissues (for example, mesenchymal stem cells,

or MSCs, present in already formed, or “adult”, tissues); and iv) omnipotent: having the



ability to differentiate into only one type of tissue (Amini et al., 2012; Carvalho et al.,
2012). MSCs have a high proliferative potential, and can differentiate into nerve cells,
adipocytes, chondrocytes, odontoblasts and osteoblasts, depending on the stimulus
received (Amini et al., 2012)

The oral cavity is a promising source of MSCs, since it contains several types of
tissues that have stem cells (Estrela et al., 2011; Le&o, 2012; Buduru.et al., 2019).
Different kinds of tissue may contain several types of MSCs, which include: dental pulp
stem cells (DPSCs), found in the pulp of permanent teeth (Gronthos et al., 2000; Ledo,
2012; Khoshhal et al., 2017); stem cells from human exfoliated deciduous teeth
(SHEDs), found in the pulp of deciduous teeth (Miura et al., 2003; Ledo, 2012;
Khoshhal et al., 2017); periodontal ligament stem cells (PDLSC) (Seo et al., 2004;
Ledo, 2012; Khoshhal et al., 2017); precursor cells from human dental follicles (DFCs)
(Morsczeck et al., 2005; Ledo, 2012); human oral keratinocyte progenitor/stem cells
(hOKSCs) (Izumi et al., 2007; Ledo, 2012); alveolar bone marrow mesenchymal stem
cells (ABMMSC) (Jo et al., 2007; Ledo, 2012; Pettersson et al., 2017); stem cells from
apical papilla (SCAPs) (Sonoyama et al., 2006; Ledo, 2012); supernumerary teeth
derived stem cells (SNTSCs) (Huang et al., 2008; Ledo, 2012); human tooth germ
dental pulp stem cells (hnTG-DPSCs)( Takeda et al., 2008; Ledo, 2012); human natal
dental pulp stem cells (hnNDPSCs) (Karadz et al., 2010; Ledo, 2012); human oral
mucosa stem cells (hOMSCs) (Marynka-Kalmani et al., 2010; Ledo, 2012); gingival
mesenchymal stem cells (GMSCs) (Tang et al., 2011; Ledo, 2012); buccal fat pad stem
cells (BFPSCs), or Bichat’s fat pad stem cells (Genova et al., 2021).

Since the acquisition of MSCs from the oral cavity may represent the future of
bone regeneration and reconstruction, due to the shorter acquisition time and the higher
quality of the material obtained, and to date there is no similar design, this systematized
review sought to evaluate the origin of these cells, their culture methods and the main

results found in researches on this subject.

MATERIALS AND METHODS

The following electronic databases were accessed: PubMed, LILACS, BBO
(Bibliografia Brasileira em Odontologia - Brazilian Bibliography in Dentistry), SCiELO,

and Google Scholar. We applied filters to the databases to restrict the time period (to the



last five years: date from 2017/01/01 to 2021/09/22) and languages (English, Portuguese
and Spanish). The time restriction intended to avoid exploding results.

The following descriptors indexed on the Medical Subject Headings (MeSH)
and free terms, in respective languages, were used: dental pulp/polpa dentéria//pulpa
dental; deciduous tooth/dente deciduo/diente primério; periodontal ligament/ligamento
periodontal; alveolar bone/osso alveolar/hueso alveolar; buccal fat pad/bola de Bichat;
mesenchymal stem cells/células-tronco mesenquimais/células madre mesenquimatosas.
These terms were then combined using the Boolean Operators “AND” and “OR”, in
order to have a combination of technique and specialty together in the results (Table 1).

TABLE 1: Search strategies according to the different electronic databases.

Base Search (09/22/2021)

PubMed

"dental pulp"[All Fields] OR "deciduous tooth"[All Fields] OR
"periodontal ligament"[All Fields] OR "buccal fat pad"[All Fields]
OR ™Malveolar bone"[All Fields] AND "mesenchymal stem
cells"[All Fields]

LILACS, BBO and SciELO

“polpa dentaria” OR “pulpa dental” OR “dente deciduo” OR
“diente primario” OR “ligamento periodontal” OR “bola de
Bichat” OR “osso alveolar” OR “hueso alveolar” AND “células-
tronco mesenquimais” OR “células madre mesenquimatosas”

Google Scholar

(“polpa dentaria”) OR (“pulpa dental” ) OR (“dente deciduo”) OR
(“diente primario”) OR (“ligamento periodontal”) OR ( “bola de
Bichat”) AND (“células-tronco mesenquimais”) OR (“células

madre mesenquimatosas”)

Source: Authors

The inclusion criteria were adopted: in vivo studies with humans, clinical cases,
case series and in vitro studies; the exclusion criteria were: studies with animals,
reviews of any kind, personal opinions and letters to editors.

The first stage consisted of searching for and identifying the studies. Duplicates
were then removed electronically and manually by one investigator (MCLG). The next
step was reading the titles and excluding those outside the scope. The same procedure
was then applied to the abstracts. In the eligibility stage, the texts were read in their
entirety, and only those that specifically covered all the subjects of interest were kept in
the study. These procedures were performed by two independent investigators (MCLG
and JLOS; Kappa = 0,91). A third researcher (JCZ) was consulted to reach a consensus

in case of any doubt. The flowchart of the search stages is shown in Figure 1



Figure 1. Search flowchart
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4 — Did not meet the inclusion
criteria

The systematization adopted followed a previous method published by Stroparo et al.

(2020).

RESULTS

Of the 1458 articles identified in the databases, 28 (Ahmed et al., 2016; Jang et
al., 2016; Telles et al., 2016; Bakkar et al., 2017; Khoshhal et al., 2017; Khurana et al.,
2017; Pettersson et al., 2017; Tsai et al., 2017; Wang et al., 2018; Nakajima et al.,
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2019; Naz et al., 2019; Shivakumar et al., 2019; Werle et al., 2019; Winning et al., 2019; D'Esposito et al., 2020; Sabbagh et al., 2020;
Tanikawa et al., 2020; Trivedi et al., 2020; Zanette et al., 2020; Fageeh, 2021; Genova et al., 2021; Heymovski et al., 2021; Lisboa et al., 2021;
Mercado-Rubio et al., 2021; Qu et al., 2021; Stroparo et al., 2021; Vendramini et al., 2021; Wu et al., 2021) met the inclusion criteria. The

characteristics of those studies are described in Table 2.

TABLE 2: Summary of the main aspects of the studies included in the systematic review (n = 28).

Author/Year Study  MSC origin Culture Objective Main results
design method
Ahmed etal.,, Invitro DPSCs Enzymatic ~ To assess the effects of 20%, 5% and 3% DPSCs cultures at 5% O, showed better morphology,
2016 digestion oxygen on DPSCs higher migration capacity, higher rates of stem cell
markers and higher proliferation than cultures at 20% and
3% O..

Bakkar etal., Invitro DPSCs; Enzymatic  To report on and simplify tooth pulp The techniques described maximized the number of cells
2017 PDLSCs; digestion removal following reduced trauma from all sources of a single tooth addressed in the study,
SCAPs — exodontia, initially using a drill with generating time and cost savings.

froma single abundant irrigation making a furrow until
tooth. the pulp is exposed, and splitting the
tooth with a chisel and hammer removing
the entire portion of the pulp and detailed
performance of cell culture of the
described cell lineages.
D'Esposito et  Invitro ADSCs Enzymatic  To assess ADSC association in high Hyperglycemia caused impairment by decreasing the
al., 2020 digestion glucose concentrations found in diabetic growth and osteogenic differentiation potential of ADSCs,

patients with platelet-rich plasma (PRP)

but PRP increased the growth of these cells without
impairing osteogenic differentiation. However, platelet
aggregates may partially compensate for the detrimental
effect of high glycemia.




Fageeh, 2021

Genova et
al., 2021

Heymovski
et al., 2021

Jang et al.,
2016

Khoshhal et
al., 2017

In vitro

In vitro

In vitro

In vitro

In vitro

DPSCs from
healthy teeth
and DPSCs
from teeth
affected by
periodontitis
DPSCs;
ADSCs

SHEDs

DPSCs.

PDLSCs;
DPSCs;
SHEDs

Explant
method

Enzymatic
digestion

Explant
method

Three
methods
were used:
the explant
method,
enzymatic
digestion a
combination
of methods
Enzymatic
digestion

To assess and compare MSC markers,
chondrogenic and osteogenic
differentiation potential, proliferation of
DPSCs from healthy teeth and teeth
affected by periodontitis, submitted to
exodontia.

To assess and compare the osteoinductive
potential of DPSCs and ADSCs taken
from 12 patients.

To analyze the influence of platelet-rich
fibrin (PRF) on viability, cytotoxicity and
proliferation of SHEDs in contact with
biomaterial of bovine origin.

To assess three different methods of MSC
culture for use in regenerative endodontic
therapies.

To culture MSCs from different sources
and evaluate their potential for
regenerative periodontal therapies.

Proliferation of cells from teeth with periodontitis was a
little lower, but without statistical difference between the
groups in the other tests performed, suggesting that teeth
affected by periodontitis can be used, due to their ease of
collection, given that they are already mobile.

The ADSC isolation success rate was higher than that of
DPSCs. Osteogenic differentiation was similar in both
groups, with ADSCs appearing to slightly outperform
DPSCs regarding proliferation and differentiation
markers.

The SHEDs associated with the bovine biomaterial were
more Vviable, proliferative and with lower cytotoxicity
when associated with PRF.

There were significant morphological differences in the
culture media. The explant method generated
homogeneous cells with fibroblastic shapes and other
analyses showed they were suitable for adipogenesis;
enzymatic digestion generated more heterogeneous cells,
but predominantly fibroblasts, while other analyses
showed higher osteogenic capacity; the combined method
exhibited cells with the two previous patterns, and other
analyses showed higher chondrogenic potential.

No statistical differences in viability, colony formation, or
stem cell markers were found in the groups studied, but
PDLSCs showed  slightly  greater  osteogenic
differentiation than the other groups, this being an
essential factor for future regenerative therapies.




Khurana et
al., 2017

Lisboa et al.,
2021

Mercado-
Rubio et al.,
2021
Nakajima et
al., 2019

Naz et al.,
2019
Pettersson et
al., 2017

Quetal.,
2021

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

In vitro

PDLSCs;
DPSCs

ADSCs

DFSC;
PDLSCs;
DPSCs
DPSCs;
SHEDs

DPSCs;
SHEDs
ABMMSCs;
DPSCs;
PDLSCs;
SCAPs from
the same
donors.
ABMMSCs;
DPSCs;
PDLSC;
DFPCs

Explant
method

Enzymatic
digestion

Explant
method

Enzymatic
digestion

Explant
method
Enzymatic
digestion

Enzymatic
digestion

To compare PDLSCs and DPSCs
isolation,  proliferation and  assess
proliferation and viability of cells on a
PRF scaffold.

To characterize cells and verify if
autologous PPP is efficient in maintaining
cell viability.

To evaluate and compare the adipogenic
capacity of MSCs from different oral
sites.

To evaluate the success rate of DPSCs
and SHEDs isolation, related to tooth
condition and patient characteristics.

To isolate DPSCs and SHED:s.

To assess and compare Wwhether
ABMMSCs had the same potential for
regenerative therapies as other oral cavity
cell types.

To evaluate morphology,
immunophenotyping, proliferation and
differentiation capacity, focusing on the
osteogenic capacity of the cells evaluated
for future regenerative therapies.

No statistical difference was found between cell
proliferation and viability in both groups, and the PRP
membrane exhibited no cytotoxic effects on the culture.
However, cells were seen adhering to the edges of the
PRF membrane.

Characterization showed them to be MSCs, and the PPP
proved to be efficient as a transport medium.

The three groups differed in their adipogenic capacity
decreasing in the following order: DFSCs, PLSCs and
DPSCs.

There was no significant difference in the success of
isolation in both groups. However, regarding the amount
of pulp tissue, in SHEDs those with only a slight
progression of root resorption were more suitable for
collection.

Both exhibited low proliferative potential, but DPSCs
exhibited 99.4% viability and SHEDs, 94.2%.

Regarding stem cell markers, there was no statistical
difference between all groups. However, ABMMSCs can
be easily expanded and differentiated into osteoblasts. It
was found that they have less osteogenic capacity when
compared to the other cell types and are easy to collect.

No difference was observed in the morphology and
immunophenotyping of the four groups of cells. As for the
proliferation rate, DFPCs were significantly faster,
followed by ABMMSCs, DPSCs and PDLSCs. All groups
showed adipogenic, chondrogenic and osteogenic




Sabbagh et
al., 2020

Shivakumar
et al., 2019

Stroparo et
al., 2021

Tanikawa et
al., 2020

Telles et al.,
2016

In vitro

In vitro

In vitro

In vivo

In vitro

DPSCs;
SHEDs

DPSCs;
SCAPs;
DFPCs from
the same
donors

SHEDs

SHEDs

DPSCs

Enzymatic
digestion

Enzymatic
digestion

Explant
method

N.R.

N.R.

To evaluate the differentiation and the
osteogenic and odontogenic potential of
the cell groups addressed.

To assess whether MSCs of buccal origin
can differentiate into pancreatic cells.

To assess the influence of bovine
xenogeneic biomaterials on SHEDs.

To assess the use of SHEDs associated
with a hydroxyapatite-collagen sponge
for reconstruction of bone defects in cleft
lip and palate patients.

To isolate and assess DPSC proliferation
and differentiation.

differentiation, but ABMMSCs and PDLSCs, showed
greater osteogenic potential, suggesting that they are ideal
for bone tissue reconstruction therapies.

Both groups showed stem cells markers, and no
significant  differences were observed regarding
morphology and viability. The DPSCs markers showed
higher levels of osteogenic and odontogenic
differentiation, suggesting that they are closer to
odontoblasts than SHEDs.

All groups had stem cell markers showing similar abilities
to differentiate into cells of pancreatic lineages, although
DFPCs were superior.

Bovine xenogenic biomaterials positively influenced
SHED:s.

Therapy with the SHEDs association generated
satisfactory bone regeneration and reduced morbidity
when compared to conventional autogenous grafting
methods.

The markers showed that the cells obtained were MSCS,
which showed significant proliferation and successfully
differentiated into adipogenic, chondrogenic and
osteogenic lineages.




Trivedi et al.,
2020

Tsai et al.,
2017

Vendramini
et al., 2021

Wang et al.,
2018

Werle et al.,
2018

In vitro

In vitro

In vitro

In vitro

In vitro

DPSCs

SHEDs

DPSCs

DPSCs;
SHEDs

SHEDs

Enzymatic
digestion

N.R.

Enzymatic

digestion

Explant
method

Enzymatic
digestion

To test the influence of DPSCs on a
hydroxyapatite-collagen scaffold in order
to assess proliferation and osteogenic
differentiation.

To isolate pulp from 161 deciduous teeth
and observe which tooth and/or pulp
characteristics were most favorable for
successful MSCs sisolation.

To investigate the influence of dental
pulp collection methods, including
exodontia and total removal of the pulp,
and the pulpotomy technique using dentin
curettage.

To assess culture and compare passage 4
with the effects that cells undergo over
long periods of vitroexpansion up to
passage 20.

To assess the effects that
generates in SHEDs cultures.

hypoxia

The material can serve for bone regeneration when
associated with MSCs, because it was not cytotoxic and
had good biocompatibility, besides having potentiated
proliferation and osteogenic differentiation in the tests
performed.

The tests showed that teeth without caries are 4.74 times
more likely to produce satisfactory MSCs than carious
teeth. Teeth without pulpitis are 9.11 times more likely to
produce satisfactory MSCs cultures than teeth with
pulpitis. Cells that were successfully isolated showed
differentiation into chondrogenic, adipogenic and
osteogenic lineages.

Both samples showed stem cell markers and normal
fibroblast morphology, and both groups and isolated cells
showed differentiation into chondrogenic, adipogenic and
osteogenic lineages, suggesting that pulpotomy may be a
viable technique for collecting MSCs.

At passage 20, the cells had altered morphology,
decreased proliferative capacity, and their differentiation
potential was diminished. At both passages, SHEDs had a
higher proliferation rate and a better osteogenic
differentiation capacity than DPSCs.

The isolated cells showed differentiation into
chondrogenic, adipogenic and osteogenic lineages,
however, tests showed that increased pluripotency

markers and increased proliferation occurred in SHED
cultures that underwent 3% O, hypoxia.
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Winning et Invitro DPSCs; Explant
al., 2019 SHEDs; method

PDLSCs;

from the

same donor
Wu et al., Invitro PDLSCs Explant
2021 method
Zanetteetal., Invitro SHEDs Enzymatic
2018 digestion

To assess and compare the osteogenic

PDLSCs showed significantly higher osteogenic potential

differentiation capacity of MSCs from than the other cell types.

various oral sites of a single donor.

To assess how a LED can affect the

proliferation and osteogenic
differentiation of the cell groups
analyzed.

To isolate SHEDs and evaluate their
proliferation and osteogenic

differentiation.

LED irradiation promoted higher proliferation and
osteogenic differentiation, and expression of osteogenic
proteins, and higher energy levels promoted more
osteogenesis.

SHEDs showed proliferation and markers compatible with
MSCs, and showed osteogenic differentiation in the tests
performed.

Note: Adipose-derived stem cells (ADSCs), adipose tissue MSCs taken from the buccal fat pad (BFP), i.e. Bichat’s fat pad; alveolar bone marrow mesenchymal stem
cell (ABMMSCs); Mesenchymal stem cells (MSCs); dental pulp stem cells (DPSCs); Platelet-rich Fibrin (PRF); red light-emitting diode (LED); Not Reported (N.R.);
Stem cells from apical papilla (SCAPs); Platelet-rich plasma (PRP); periodontal ligament stem cells (PDLSCs); Dental follicle stem cells (DFSCs); stem cells from

human exfoliated deciduous teeth (SHEDS).
Source: Authors
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Twenty-seven of the studies used the in vitro analysis method, Ahmed et al.,
2016; Jang et al., 2016; Telles et al., 2016; Bakkar et al., 2017; Khoshhal et al., 2017,
Khurana et al., 2017; Pettersson et al., 2017; Tsai et al., 2017; Wang et al., 2018; Werle
et al., 2018; Zanette et al., 2018; Nakajima et al., 2019; Naz et al., 2019; Shivakumar et
al., 2019; Winning et al., 2019; D'Esposito et al., 2020; Sabbagh et al., 2020; Trivedi et
al., 2020; Fageeh, 2021; Genova et al., 2021; Heymovski et al., 2021; Lisboa et al.,
2021; Mercado-Rubio et al., 2021; Qu et al., 2021; Stroparo et al., 2021; Vendramini et
al., 2021; Wu et al., 2021) and only one was in vivo (Tanikawa et al., 2020).

With regard to the origin of the MSCs, DPSCs were addressed in 19
studies. (Ahmed et al., 2016; Jang et al., 2016; Telles et al., 2016; Bakkar et al., 2017,
Khoshhal et al., 2017; Khurana et al., 2017; Pettersson et al., 2017; Wang et al., 2018;
Nakajima et al., 2019; Naz et al., 2019; Shivakumar et al., 2019; Winning et al., 2019;
Sabbagh et al., 2020; Trivedi et al., 2020; Fageeh, 2021; Genova et al., 2021; Mercado-
Rubio et al., 2021; Qu et al., 2021; Vendramini et al., 2021). SHEDs were covered by
12 studies (Khoshhal et al., 2017; Tsai et al., 2017; Wang et al., 2018; Werle et al.,
2018; Zanette et al., 2018 Nakajima et al., 2019; Naz et al., 2019; Winning et al., 2019;
Sabbagh et al., 2020; Shivakumar et al., 2019; Stroparo et al., 2021). PDLSCs in nine
studies, (Bakkar et al., 2017; Khurana et al., 2017; Khoshhal et al., 2017; Pettersson et
al., 2017; Winning et al., 2019; Heymovski et al., 2021; Mercado-Rubio et al., 2021;
Quetal., 2021; Qu et al., 2021; Wu et al., 2021), ADSCs in three studies (D'Esposito et
al., 2020; Genova et al., 2021; Lisboa et al., 2021;) and ABMMSCs in two studies
(Pettersson et al., 2017; Qu et al., 2021).

The results also revealed cells with two other types of origin, such as DFPCs
which were addressed in three studies (Shivakumar et al., 2019; Mercado-Rubio et al.,
2021; Qu et al., 2021;) and SCAPs which were included in three studies (Bakkar et al.,
2017; Pettersson et al., 2017; Shivakumar et al., 2019).

As for the culture method, 16 studies used enzymatic digestion (Ahmed et al.,
2016; Jang et al., 2016; Bakkar et al., 2017; Khoshhal et al., 2017; Pettersson et al.,
2017; Werle et al., 2018; Zanette et al., 2018; Nakajima et al., 2019; Shivakumar et al.,
2019; D'Esposito et al., 2020; Sabbagh et al., 2020; Trivedi et al., 2020; Genova et al.,
2021;; Lisboa et al., 2021; Qu et al., 2021; Vendramini et al., 2021) while ten used the
explant method (Jang et al., 2016; Khurana et al., 2017; Wang et al., 2018; Mercado-
Rubio et al., 2021; Naz et al., 2019; Winning et al., 2019; Fageeh, 2021; Heymovski et
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al., 2021; Stroparo et al., 2021; Wu et al., 2021). One study used both methods (Jang et
al., 2016) as well as a third culture method. Three studies did not report on the culture
method (Telles et al., 2016; Tsai et al., 2017; Tanikawa et al., 2020).

Among the main results found, the objective of the majority was to evaluate the
MSC proliferation and differentiation capacity, mainly their osteoinductive capacity
(Telles et al., 2016; Khoshhal et al., 2017; Pettersson et al., 2017; Naz et al., 2019;
Winning et al., 2019; Sabbagh et al., 2020, Fageeh, 2021; Genova et al., 2021; Qu et
al., 2021) and one study stimulated differentiation in pancreatic cells (Shivakumar et al.,
2019). Four studies evaluated MSCs association with biomaterials (Tanikawa et al.,
2020; Trivedi et al., 2020; Heymovski et al., 2021; Stroparo et al., 2021). Studies
involving the same donor found that different culture methods can show disparate
differentiation results, (Jang et al., 2016), and that different tooth conditions and root
and pulp characteristics can interfere with culture, (Tsai et al., 2017; Nakajima et al.,
2019), as can the collection method (Vendramini et al., 2021).

In two studies was assessed how MSCs respond to hypoxia-related oxygen
concentrations (Ahmed et al., 2016; Werle et al., 2018). In one study, techniques were
demonstrated on how to optimize culture and maximize it in relation to different sources
(Bakkar et al., 2017), while another showed how platelet aggregates such as platelet-
rich plasma (PRP) can compensate for the detrimental effect that glycemia has on
culture, (D'Esposito et al., 2020), as well as evidencing that PRP can also be used as a
scaffold in stem cell culture (Khurana et al., 2017). According to Heymovski et al.
(2021) platelet-rich fibrin (PRF) appeared to activate the metabolism of stem cells in
culture, indicating that this association can bring an effective benefit in clinical
outcomes, and Lisboa et al. 2021 showed that platelet-poor plasma (PPP) was efficient
as an MSC transport medium.

Finally, also dealing with possible detrimental effects, one article assessed the
behavior of cells in teeth affected by periodontitis, with results suggesting good quality
for collection (Fageeh, 2021).

DISCUSSION

This systematized review aimed to investigate and to describe the oral cavity

MSCs donor sites, collection and handling protocols, and the main outcomes of the
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studies included. The results here presented, indicated that there is a wide variety of
sites, however some collection methods are still being tested.

Starting the discussion by donor sites, Vendramini et al. (2021), showed that in
addition to exodontia, it is possible to obtain DPSCs through the pulpotomy technique.
Some authors have noted which factors are most favorable for MSCs isolation. In this
context, Tsai et al. (2017), assessed the characteristics of teeth required for SHEDs
isolation from 161 deciduous teeth, showing that healthy teeth are more likely to
produce cultures than impaired teeth. Nakajima et al. (2019), also assessed the
conditions of permanent and deciduous teeth, and patients, with regard to DPSCs and
SHEDs, and concluded that the more pulp tissue obtained, the better and more adequate
collection will be. In turn, Bakkar et al. (2017), extracted DPSCs, PDLSCs and SCAPs
from a single permanent tooth, and showed that with simplified and more atraumatic
techniques, it is possible to maximize the number of cells extracted, and thus reduce
costs.

As for collection predisposition, Pettersson et al. (2017) highlighted the ease of
obtaining ABMMSCs through minor surgical procedures, while these same authors and
Qu et al. (2021) demonstrated no difference in morphology and differentiation lineages
of these cells when compared to other sources from the oral cavity, making them a
relevant alternative source for collection.

The potential factors that may compromise culture, including systemic factors,
was investigated by Fageeh (2021), who assessed DPSCs from healthy teeth compared
to teeth affected by periodontitis. The results found by that author indicated that
proliferation was satisfactory, being an excellent source of collection, given that the
teeth affected by periodontitis were already mobile. On the other hand, D'Esposito et al.
(2020) evaluated how MSCs behave in patients with high blood glucose levels,
associated with the use of platelet aggregates such as PRP. In this case, good results
were achieved, as the platelet aggregates partially compensated for the detrimental
effect of high blood glucose. PRP membranes were used by Khurana et al. (2017),
associated with PDLSCs and DPSCs. Those authors found that, in addition to being
non-cytotoxic for the cells, PRP membranes proved to be good in terms of proliferation
and viability. These results corroborate the findings of D'Esposito et al. (2020)
regarding the advantageous use of platelet aggregates.

Still with regard to proliferation, authors also assessed how hypoxia may be

associated with MSC culture, since according to Ahmed et al. (2016), 5% O2 levels
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generate cells with better morphology and greater proliferation. Notwithstanding, Werle
et al. (2019) found good cultures in 3% O2 levels. With other methods, Naz et al.
(2019) isolated DPSCs and SHEDs, but the cells investigated showed low proliferation,
although the cells did have excellent viability levels. A different result was obtained by
Wu et al. (2021) who, using low energy red light-emitting diode (LED) irradiation,
found greater proliferation and osteogenic differentiation, as well as expression of
osteogenic proteins, whereby higher energy levels promote greater quantities of
osteogenesis.

Reports by Telles et al. (2016), Zanette et al. (2020) considered that, regardless
of the origin of the cells, it is extremely important to perform differentiations in
adipogenic, chondrogenic and osteogenic lineages, in order to confirm that they are
MSCs. Wang et al. (2018) provided evidence that prolonged culture affects and
decreases cell proliferation and differentiation, and Shivakumar et al. (2019) were able
to induce cells to differentiate into pancreatic cells, this being relevant for the treatment
of diseases such as diabetes.

Jang et al. (2016) made an interesting report related to culture methods when
assessing DPSCs. Those authors used three methods, namely explant, enzymatic
digestion, and combined explant and enzymatic digestion, in order to investigate which
would be the best for regenerative therapies. The results indicated that culture using the
explant method generated cells with more adipogenic potential, while enzymatic
digestion generated cells with more osteogenic capacity, and the two culture methods
used jointly generated cells with more chondrogenic potential

With regard to adipogenic capacity, according to Mercado-Rubio et al. (2021)
DFSCs have more capacity than PDLSCs and DPSCs. In comparative studies
concerning osteogenesis, Genova et al. (2021) assessed and compared DPSCs and
ADSCs, and the cells showed similar results, while Sabbagh et al. (2020) showed that
DPSCs had higher levels of osteogenic and odontogenic differentiation, suggesting that
they are closer to odontoblasts than SHEDs. For Khoshhal et al., (2017) comparing
PDLSCs, DPSCs and SHEDs, analyzing the potential of these cells for future
regenerative therapies, results indicated that PDLSCs showed slightly higher osteogenic
differentiation than the other groups. A similar result was found by Winning et al.,
(2019) who assessed DPSCs, SHEDs and PDLSCs from the same donor. They
identified that PDLSCs showed significantly higher osteogenic potential than the other

cell types assessed, this being an essential factor for future regenerative therapies. Qu et
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al. (2021) investigated ABMMSCs, DPSCs, PDLSCs and DFPCs, and obtained similar
results between all the cell types, although ABMMSCs and PDLSCs showed greater
osteogenic potential, suggesting that they are ideal for bone tissue reconstruction
therapies.

With regard to associations, Trivedi et al. (2020) associated DPSCs with a
hydroxyapatite scaffold in an in vitro study, showing that association of MSCs with
non-cytotoxic biomaterials can induce osteogenic proliferation and differentiation,
which is desired in reconstructive therapies. Stroparo et al. (2021) analyzed association
of bovine xenogenic biomaterial with SHEDs, which had a positive influence on both
the culture medium and SHED:s.

Heymovski et al. (2021) also evaluated SHEDs associated with biomaterials,
however, platelet aggregates such as PRF were also associated. PRF was associated in
one group, which showed better results regarding proliferation and cytotoxicity. Still in
relation to platelet aggregates, Lisboa et al. (2021) demonstrated that PPP was found to
be efficient as an MSC transport medium. Finally, Tanikawa et al. (2020) associated
SHEDs with hydroxyapatite-collagen in an in vivo study, demonstrating that
reconstructive therapy using MSCs presented satisfactory bone regeneration with
reduced morbidity when compared to conventional techniques, this being the main

objective of such regenerative therapies.

CONCLUSION

This review showed that DPSCs, SHEDs, PDLSCs, ADSCs and ABMMSCs,
were the most cited in the studies, while enzymatic digestion and explant stood out
among culture methods; also, manipulation of material during culture can interfere with
the results. In sum, oral cavity MSCs are potentially useful in order to assist in future

regenerative therapies.
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Manuscrito 2

INFLUENCIA DE BIOMATERIAL XENOGENICO SOBRE CELULAS-

TRONCO MESENQUIMAIS ORIUNDAS DO LIGAMENTO PERIODONTAL

INFLUENCE OF XENOGENIC BIOMATERIAL ON MESENCHYMAL

PERIODONTAL LIGAMENT STEM CELLS

RESUMO

As células-tronco mesenquimais (CTMs) tém um elevado potencial proliferativo e
podem se diferenciar conforme o estimulo que recebem como, por exemplo, mediante
um biomaterial. O objetivo deste estudo foi avaliar, in vitro, a influéncia de biomateriais
xenogeénicos sobre células-tronco do ligamento periodontal. Os ensaios foram realizados
em placas de 24 pocos em triplicatas com os seguintes grupos: controle (C), apenas
CTMs; Bonefill Porous® (BP); e Bios-Oss® (BO). As avaliagdes foram feitas nos
tempos de um a sete dias. As seguintes analises foram conduzidas: citometria de fluxo,
ensaio de viabilidade célular (AlamarBlue®), ensaio de morfologia celular (cristal
violeta), microscopia eletronica de varredura (MEV) e imunocitoquimica (microscopia
confocal). O grupo BP teve melhores resultados quando comparado aos grupos BO e C.
Os niveis de absorbancia para BP foram mais altos nos testes de viabilidade e
proliferacdo, e nos testes de MEV e imunocitoquimica apresentou maior namero de
células e maior intensidade dos marcadores de superficie contudo o BO também
apresentou bons resultados Tais achados indicam que os biomateriais testados, quando

associados as CTMs, sdo possiveis candidatos para terapias regenerativas.
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Palavras-chave: Biomaterial ~ xenogénico; Células-tronco,  Células-tronco

mesenquimais; Ligamento periodontal.

ABSTRACT

Mesenchymal stem cells (MSCs) have a high proliferative potential and can
differentiate depending on the stimulus they receive, for example, through a biomaterial.
The objective of this study was to evaluate, in vitro, the influence of xenogenic
biomaterials on periodontal ligament stem cells. The assays were performed in 24-well
plates in triplicates with the following groups: control (C), MSCs only; Bonefill
Porous® (BP); and Bios-Oss® (BO). Assessments were carried out over a period of one
to seven days. The following analyzes were conducted: flow cytometry, cell viability
assay (AlamarBlue®), cell morphology assay (crystal violet), scanning electron
microscopy (SEM) and immunocytochemistry (confocal microscopy). The BP group
had better results when compared to the BO and C groups. The absorbance levels for BP
were higher in the viability and proliferation tests, and in the SEM and
immunocytochemistry tests it showed a greater number of cells and greater intensity of
surface markers. These findings indicate that the tested biomaterials, when associated

with MSCs, are possible candidates for regenerative therapies.

Keywords: Xenogenic biomaterial, Stem cells, Mesenchymal stem cells; Periodontal

ligament.

Introducéo
As perdas traumaticas de dentes ou de tecido 6sseo decorrentes de acidentes, ou

outras intercorréncias, precisam ser tratadas. Isso faz como que o profissional da area da
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salde busque novas terapias reconstrutivas, tais como 0s enxertos para recuperagdo das
areas lesadas [1-3]. Dentre as terapias para essa finalidade esta o enxerto 6sseo autlogo
[4], em que os cirurgibes coletam o0sso de um segundo sitio cirdrgico. Esta é a técnica
considerada de referéncia para a regeneracdo dssea [2, 5]. No entanto, ha desvantagens
associados aos enxertos autdlogos, pois ndo ha previsibilidade na taxa de absorcdo, além
do desconforto da area doadora, gerado principalmente pela extensdo do trauma e tempo
do procedimento cirargico [1, 4, 6, 7]. Assim, sd0o necessarias pesquisas que avaliem
possiveis substitutos para os enxertos autlogos [6, 7]. Os substitutos 6sseos mais
comuns sdo 0s xenogenos, os alogenos e os aloplasticos, sendo de fundamental
importancia a diminui¢do do tempo de cicatrizacdo e melhoria da qualidade 6ssea do
local enxertado [1, 3, 4, 8, 9].

Um enxerto 0sseo precisa de certas caracteristicas osteogénicas e pode
representar uma matriz que servira de arcabouco, com sinais quimicos osteoindutivos,
nutrientes e suprimentos sanguineos que levardo ao crescimento celular [6, 9, 10]. Um
fator fundamental para o sucesso do enxerto é a vascularizacdo da area enxertada.
Espera-se que as manobras cirdrgicas preservem o suprimento sanguineo com respeito a
anatomia local, uma vez que com a vascularizacdo adequada, a osteointegracdo ocorre
de forma mais rapida e eficiente, para que ao final obtenha-se um osso de maior
qualidade em tempo reduzido. Almeja-se, ainda, uma maior migracdo de osteoblastos
para a regido e uma inducdo éssea por estimulo as células-tronco, 0 que aumenta a
deposicdo mineral no local [6, 11].

Nos ultimos anos uma nova possibilidade de tratamento tem sido testada: a
terapia com células-tronco. Essas células possuem caracteristicas fundamentais para a
regeneracdo 0ssea, pois sdo angiogénicas, adipogénicas, miogénicas, condrogénicas e

osteogénicas [12]. Ha quatro tipos mais conhecidos de células-tronco: as totipotentes,
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que sdo oriundas dos zigotos (fase embrionéria inicial antes da diferenciacéo dos tecidos
basicos — ectoderme, mesoderme e endoderme); as pluripotentes, que sdo as células-
tronco embriondrias que ddo origem a ectoderme, mesoderme e endoderme; as
unipotentes, que tém capacidade de se diferenciar apenas em um tipo de tecido; e as
multipotentes, que possuem diferenciagdo mais limitada, dando origem as células
especializadas dos diferentes tecidos do corpo humano (um exemplo sdo as células-
tronco mesenquimais, as CTMs, presentes em tecidos ja formados) [6, 13].

Dentre as CTMs, as periodontal ligament stem cells (PDLSCs), oriundas do
ligamento periodontal, tém grande potencial regenerativo, pois podem se diferenciar em
células de linhagens condrogénica, cardiomiogénica, neurogénica e osteogénica,
caracteristicas necessarias para a formacdo do ligamento periodontal e dos tecidos de
suporte, ou seja, 0sso alveolar, cemento, nervos e vasos sanguineos [14].

As PDLSCs tém origem dentaria, sendo células multipotentes pés-natais
semelhantes as células da medula Gssea, com uma caracteristica interessante de reparar
defeitos Gsseos alogénicos sem haver rejeicdo imunologica [14, 15]. Porém, tém como

desvantagem serem obtidas em pequenas quantidades [15].

Os biomateriais xenogénicos tém apresentado desempenho positivo para a
reconstrucdo 0ssea, visto que possuem componentes estruturais semelhantes aos do 0sso
humano, com uma taxa de formacdo dssea previsivel, condicdo que permite deposicao
de 0sso maduro sobre eles [1-3, 5]. Esses biomateriais passam por processamentos que
removem toda a estrutura organica e celular, restando apenas a por¢do mineral do 0sso,
impedindo qualquer reacdo imunoldgica, pois sua morfologia é semelhante ao do corpo

humano, nao apresentando nenhuma toxicidade [1].

Sabe-se que as CTMs tém um elevado potencial proliferativo e podem se

diferenciar conforme o estimulo que recebem [6]. Desta forma, a presenca de um
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biomaterial, por exemplo, pode influencia-las [16, 17]. Mediante o exposto, e dada a
escassez de estudos nesse tema, o objetivo do presente trabalho foi avaliar, in vitro, a

influéncia de biomateriais xenogénicos sobre PDLSCs.

Materiais e métodos

Este trabalho foi aprovado pelo Comité de Etica institucional (CAAE:
45671021.3.0000.0093). As CTMs aqui utilizadas sdo provenientes do ligamento
periodontal de um dente (terceiro molar superior direito) com indicagcdo da remocao
cirurgica, de paciente atendido em uma Universidade privada de Curitiba, PR, Brasil. O
processamento do ligamento periodontal e o isolamento das CTMs foi feito no Centro
de Processamento Celular Curityba Biotech, conforme protocolo de Hendijani et al.

[18].

Procedimentos laboratoriais

O dente foi colocado em um tubo Falcon (BD Biosciences- Franklin Lakes, NJ
USA) contendo 15 mL de meio para transporte (1% de antifungico a 250 pg/mL
[anfotericina B], 1% antibiotico [penicilina 100 Ul/mL e estreptomicina 100 mg/mL -
Gibco, Waltham, EUA]) e 0 meio de cultivo (DMEM, baixa glicose com L-glutamina e
piruvato sélido - Gibco, Waltham, EUA). O tubo entdo foi levado imediatamente ao
CPC para o processamento da amostra. Dentro de cabine de seguranca bioldgica tipo Il
(Telstar Bio Il Advance, FACScalibur, BD, Franklin Lakes, EUA), instalada em sala
limpa ISO 7, o ligamento periodontal foi removido do dente com o auxilio de uma
lamina de bisturi namero 23 (Solidor, Jiangsu China). Ap6s a remoc¢do do ligamento
periodontal, o tecido foi fracionado para realizacdo do isolamento das CTMs pela

técnica do explante. O tecido foi fragmentado em pedagcos de 1 mm?, que foram
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dispostos no fundo de uma garrafa de 25 cm® (BD Biosciences, Nova Jersey, EUA),
mantendo uma distancia aproximada de 3 mm entre eles. Subsequentemente, o material
foi levado a incubadora a 37 °C, 5% de CO2 e 95% de ar saturado umidificado
(Panasonic, Kadoma, Osaka, Japao), até que os explantes tivessem aderéncia ao fundo
da garrafa. ApOs esta etapa, foi adicionado 5 mL de meio de cultivo padréo
suplementado a garrafa, com cuidado para que os fragmentos ndo se desprendessem do
fundo. As células foram mantidas na incubadora a 37° C (£ 2 °C), 5% de CO2 e 95% de
ar saturado umidificado, e 0 meio foi aspirado e trocado e/ou apenas suplementado a
cada 3 a 4 dias. As celulas foram observadas em microscopio invertido (AE 31
Trinuclear, MOTIC, Hong Kong, China), até que atingissem uma confluéncia de 70% e
as passagens foram realizadas até a obtencdo das células necessarias para realizacdo dos

experimentos e testes.

Desenho de estudo

Os ensaios foram realizados em placas de 24 pogos, em triplicatas. As células
foram levadas até a terceira passagem, e ap0s atingirem confluéncia de 70%, foram
lavadas com PBS a 37 °C, desaderidas quimicamente sob acdo de tripsina-EDTA e
contadas em Camara de Neubauer. Foram plaqueadas 7.000 células por poco, de acordo
cOm 0S grupos:
1) Controle (C): contendo somente CTMs;
2) Bonefill Porous® (BP): granulagio média de 0,60-1,50 mm (Bionnovation
Biomedical, Bauru, Brasil) contendo CTMs e 3 mg de biomaterial dentro de inserto com
3 um de porosidade (EasyStrainer, GreinerBio-One, Kremsmiinster, Austria);
3) Bios-Oss® (BO): granulagdo média 0,25-1,0 mm (Geistlich Pharma, Suica) contendo

CTMs e 3 mg de biomaterial dentro de inserto com 3 um de porosidade (EasyStrainer).
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Todos os grupos foram avaliados nos tempos de um a sete dias.

Citometria de fluxo

Para a confirmacdo de que as células cultivadas pertenciam a linhagem de
CTMs, estas passaram pela citometria de fluxo (FACScalibur, BD, Franklin Lakes,
EUA), ap6s a hibridizacdo com marcadores de superficie especificos. Os critérios
estabelecidos consideraram resultados positivos acima de 90%, e negativos 0s
resultados abaixo de 10%. Quanto a viabilidade, empregou-se o kit de deteccdo de
células em apoptose e necrose (APC Annexin V Apoptosis Detection Kit with 7-AAD,
BioLegend, San Diego, EUA). Quanto a imunofenotipagem, foram considerados os
fatores de positividade os marcadores CD105, CD73 e CD90, e de negatividade para
CD45, CD34, CD14 ou CD11b, CD79a ou CD19 e HLA-DR, conforme protocolo de
Dominici [19]. Ceélulas da quinta passagem foram avaliadas, sendo 100.000 células por
tubo de citometria, e cada amostra foi passada uma vez pelo citbmetro.

Foram empregados os anticorpos primarios especificos: mouse anti-human
CD105 (Invitrogen, Carlsbad, EUA), mouse anti-human CD73, CD90, CD45, CD34,
CD11b, CD19 e HLA-DR (ABD Serotec, Raleigh, EUA). O anticorpo is6topo
correspondente foi utilizado como controle negativo, e como anticorpo secundério foi
utilizado o anticorpo goat anti-mouse 1gG (H/L — FITC, ABD Serotec, Raleigh, EUA).

Os dados obtidos foram analisados no software FlowJo (TreeStar, Ashland, EUA).

Ensaio de viabilidade celular - AlamarBlue®

Apos 24 h que o biomaterial foi acondicionado na porcdo superior do inserto

(ensaio a distancia) com 3 um de porosidade (EasyStrainer) o meio de cultura foi
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trocado e uma proporgdo de 10% AlamarBlue® (Invitrogen, Eugene, Oregon, USA) foi
adicionado ao meio.

Segundo recomendagdes do fabricante, a placa foi deixada na incubadora com
protecdo da luz a 37°C sob 5% de CO.. Apl6s 24 h deu-se o inicio as leituras no
espectrofotometro (Infinite M200-Tecan, Mannedorf, Suica), no qual a fluorescéncia foi

lida no comprimento de onda de 580 nm. Foram lidos os tempos de um a sete dias.

Ensaio de morfologia celular - Cristal violeta

Ao final de cada tempo experimental as células foram fixadas com
paraformaldeido 2% (Electron Microscopy Sciences, Harwell, Oxford, EUA) por 1 h e
lavadas com PBS. Adicionou-se 100 uL de cristal violeta, sob agitacdo por 20 min,
novamente lavou-se com PBS duas vezes e as células coradas foram levadas ao

microscopio invertido, no qual foram obtidas as imagens no aumento de 200x.

Microscopia eletronica de varredura (MEV)

Para analise morfoldgica e ultraestrutural das células, foram fixadas em solugéo
de Karnovsky (glutaraldeido 2%, paraformaldeido 4%, CaCl, 1 mM em tampéo
cacodilato 0,1 M) por 1 h. Apoés fixacdo, as células foram lavadas com tampao
cacodilato de sodio 0,1 M pH 7,4 e desidratadas com etanol (30, 50, 70, 90 e duas vezes
a 100%), por 10 min em cada concentracdo. ApoOs desidratacdo, as laminulas foram
submetidas ao ponto critico (CPD 010 Critical Point Dryer 030 Balzers, Liechtenstein) e
metalizacdo com ouro (SCD 030 Bal-Tec, Balzers, Liechtenstein), em seguida foram
analisadas no microscopio eletronico de varredura (Tescan Veja 3 LMU, Brno,

Republica Tcheca).
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Imunocitoquimica - Microscopia confocal

De acordo com o desenho experimental, as células foram fixadas em solucéo de
paraformaldeido 2% (Ladd Research Industries, Burlington, EUA) em PBS por 30 min
a temperatura ambiente. A seguir, as células foram lavadas com PBS. Os radicais
(aldeidos) foram bloqueados com glicina (0,1% em PBS, Merck, Darmstadt, Alemanha)
por 2 min. As amostras foram novamente lavadas com solugdo de PBS e 0,01% de
saponina (Sigma Aldrich, San Luis, Missouri, EUA) por 30 min.

Para a deteccdo dos microfilamentos de actina, empregou-se o ActinGreen® 488
(Invitrogen, Waltham, EUA), na solucdo de PBS e 0,01% de saponina por 40 min, sob
agitacdo. Posteriormente realizou-se lavagem em PBS, mergulhadas rapidamente em
agua bidestilada e montadas em laminas (Glass Técnica, Sdo Gabriel, Brasil) com meio
de montagem Vectashield com DAPI, para deteccdo do nucleo celular (Vector, Newark,
EUA). Posteriormente as laminas (EMS, Electron Microscopy Science, Washington,
EUA) foram vedadas com esmalte isento de formol, mantidas a 4 graus com restri¢do de
luz até a leitura no microscopio confocal (Radiance 2100 d, Bio Rad Hercules,

Richmond, EUA).

Resultados

Citometria de fluxo

Os resultados de células em apoptose, necrose e viabilidade celular foram,
respectivamente de 0,43%, 5,27% e 94,3%. Quanto a caracterizacdo, 0s marcadores de
superficie confirmaram o fenotipo de CTMs positivos (acima de 90%), para: CD90

(99,9%), CD105 (99,7%) e CD73 (99,9%). Quanto aos marcadores negativos (abaixo de
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10%) foram obtidos os resultados para: CD34 (0,26 %), CD11b (0,72 %), CD45 (0,15

%), CD19 (0,17%) e HLA-DR (0,37 %), confirmando o fen6tipo de CTMs.

Ensaios de viabilidade celular- AlamarBlue®
Na Figura 1 é observado o comportamento dos grupos quanto aos niveis de

absorbancia com evidéncia de viabilidade das CTMs.

AlamarBlue

AAAAAA
uuuuu

aaaaa

Figura 1. Niveis de absorbancias dos grupos C, BP e BO.

Nos ensaios de viabilidade celular houve uma alta significativa dos niveis de
viabilidade e proliferacdo do primeiro dia até o quarto dia de teste, contudo, BP
expressou maiores taxas. Do quinto para o sexto dia, BP e BO tiveram aumento do
crescimento, e C se manteve estavel. Por fim, do sexto para o sétimo dia, BP e BO

mantiveram a viabilidade e proliferacdo estaveis, e C teve queda em seus valores.

Ensaio de morfologia celular - Coloragéo cristal violeta
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Neste ensaio foram observadas as seguintes caracteristicas: corpo alongado,
citoplasma abundante, especialmente células-controles e expostas ao BO, com nicleo
em posicdo central corado, grande e oval. O formato destas lembra fibroblastos, com
extremidades mais finas que o corpo celular. Sdo células aderentes, espraiadas sobre o
substrato. Nao foram observadas alteracdes morfologicas destas células apds exposicao

ao BO, morfologicamente ficaram semelhantes as células do grupo C.

MEV

As celulas-controles, mantidas somente na presenca de meio de cultivo celular,
foram observadas aderidas com manutencdo da inibicdo de contato, e em sub-
confluéncia, morfologia semelhante aos fibroblastos (Figura 2A).

Quanto as celulas expostas ao biomaterial no grupo BO, observou-se que estas
se mantiveram aderidas e espraiadas ao substrato (Figura 2B). Para as expostas em BP,
constatou-se uma maior expansdo do corpo celular (Figura 2C). Contudo, as células
expostas, tanto ao BO quanto ao BP, mantiveram-se aderidas e espraiadas ao substrato,
sendo que as células-controles se mantiveram com morfologia filiforme e alongada,
caracteristicas de células fibroblasticas. Além disso, quando comparados os grupos BO
e BP, estes apresentaram um maior nimero de células no cultivo celular do que o grupo

C.
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Figura 2. Anélise ultraestrutural em MEV de células mesenquimais expostas aos
biomateriais. A) Evidéncia de células do grupo controle mantidas somente em presenca de
meio de cultivo; B) Células expostas ao BO por sete dias; C) Células expostas ao BP por sete

dias. Nota: Magnificacdo de 4000x.

Imunocitoquimica -Microscopia confocal

Foi observado nas Figuras 3A e 3D, que as células do grupo C, quando mantidas
por sete dias somente na presenca de meio de cultivo celular, apresentavam-se aderidas
ao substrato, mantendo inibicdo de contato, e em sub-confluéncia. Ndo foi observado
empilhamento celular e elas se mantiveram justapostas nas areas de confluéncia celular,
com morfologia semelhante a fibroblastos, ou seja, células fusiformes, com ndcleo
central, e citoesqueleto de actina (microfilamentos) que integram todo citoplasma
celular.

Nas Figuras 3B e 3E foram observadas as células expostas ao BO por sete dias.
Notou-se que estas se mantiveram aderidas e espraiadas ao substrato, e quando foram
comparadas as células do grupo C, estavam em maior niamero, com empilhamento
celular evidente na regido central da imagem, onde foi visto o empilhamento dos

nacleos celulares que foram marcados com DAPI (em azul). O mesmo pode ser
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observado para as Figuras 3C e 3F onde fica evidente o maior nimero de células
expostas ao biomaterial BP, com sobreposigéo.

Na Figura 3E foram observadas células expostas ao BO, e na Figura 3F expostas
ao BP. Constatou-se que a correlagdo nlcleo/citoplasma para ambas as células tratadas
se fez maior quando comparadas as células-controles. Esta maior correlagdo pode ser
interpretada pelo maior espraiamento do corpo celular sobre o substrato apds exposicao
aos biomateriais. As células-controles se mantiveram com morfologia de células
filiformes, alongadas, tipicamente fibroblésticas. Ficou evidente, também, uma maior
intensidade de marcacdo para os microfilamentos de actina para ambas, tanto para BO
quanto para BP, formando as caracteristicas fibras de estresse, responsaveis pela adesao
e espraiamento destas ao substrato. Assim, foi observado o maior nimero de células e
maior espraiamento destas ap0s 0s tratamentos com 0s respectivos biomateriais BO e

BP.

Figura 3. Ensaio de Imunocitoquimica. A e D) Células-controles em presenca de meio
de cultivo celular; B e E) Células expostas ao BO por sete dias; C e F) Células expostas
ao BP por sete dias. Nota: Figuras A, B e C com magnificagdo de 400x. Figuras D, E e
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F com magnificacdo de 1200x. Setas: 1 = Células-controle aderidas ao substrato e em
sub-confluéncia. 2 = Células-controle justapostas nas &reas de confluéncia celular. 3 =
Células-controle com morfologia semelhante a fibroblastos (fusiformes). 4 = Células
tratadas com maior nimero de células no cultivo celular. 5 = Empilhamento celular. 6 =
Maior numero de células. 7 = Espraiamento do corpo celular ap6s exposicdo aos

biomateriais.

Discusséo

Este estudo objetivou investigar a influéncia de dois biomateriais xenogénicos
sobre CTMs obtidas a partir do ligamento periodontal, as PDLSCs Os resultados
obtidos mostraram que durante 0s ensaios a combinacdo de biomateriais as CTMs
mantiveram a viabilidade e aumentam a proliferacdo das PDLSCs.

Sabe-se que a cavidade bucal é uma fonte de CTMs com potencial osteogénico,
pois possui varios tecidos que muitas vezes sdo descartados [3, 14, 15, 18, 20]. As
CTMs tém potencial osteogénico que vem sendo mostrado na literatura, principalmente
quanto a reconstrucdes dsseas e, diante dessa nova possibilidade de tratamento, podem
ser observadas algumas caracteristicas fundamentais devido ao seu potencial
osteogénico [20]. Desta forma, na presente pesquisa foram utilizadas PDLSCs [21]. As
PDLSCs tém potencial regenerativo e reparador de tecidos de suporte e inser¢do dos
dentes, por isso tem atraido atencdo dada a capacidade de diferenciacdo em células de
linhagens condrogénicas, cardiomiogénicas, neurogénicas e osteogénicas, necessarias
para a formacdo do ligamento periodontal e dos tecidos de suporte como 0sso alveolar,
cemento, nervos e vasos sanguineos [22, 23]. Além disso, as PDLSCs séo células

multipotentes pds-natais semelhantes as células da medula éssea, e podem se diferenciar
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em fibroblastos do ligamento periodontal, cementoblastos, osteoblastos e, assim, reparar
defeitos 6sseos alogénicos sem ocorrer rejeicdo imunoldgica [14, 15, 22].

Contudo, segundo Chiba et al. [23], € necessaria a realizacao de diferentes testes
como de citotoxicidade, proliferagdo celular e viabilidade, para a avaliacdo dessas
CTMs. Esses testes geram parametros e fornecem respostas que vao complementar os
resultados e diminuir a chance de vieses. De acordo com Chiba et al. [23] e Rampersad
et al. [24], para que o uso dessas células seja otimizado, devem ser realizados testes de
viabilidade com protocolos laboratoriais bem estabelecidos.

Parte do método deste trabalho foi semelhante ao de Stroparo et al. [3], no qual
foi realizado o cultivo de CTMs na presenca de biomateriais acondicionados na porcao
superior do inserto (ensaio a distancia) que possui a porosidade de 3 um. Esses autores
utilizaram os testes classicos descritos por Chiba et al. [23] para avaliacdo da
citotoxicidade, viabilidade e proliferacdo célular. J& no presente trabalho os testes
realizados foram com o AlamarBlue®, assim como descrito por Rampersad et al. [24]
para avaliacbes de citotoxicidade, viabilidade e proliferacdo célular. O AlamarBlue®
tem sido amplamente empregado para avaliacdo de viabilidade celular, citotoxidade e
diversas avaliacdes de sistemas bioldgicos e ambientais [24]. Em geral ele é utilizado
para avaliacdo e monitoramento da salde celular, apoptose, funcéo e controle de ciclo
celular, teste de toxicidade, entre outros [24].

Os grupos apresentaram boas respostas durante os testes com AlamarBlue®,
contudo as células do grupo BP proliferaram e tiveram uma maior viabilidade que o
grupo BO no periodo de sete dias, aléem de que o grupo C mostrou menos proliferacéo e
menor viabilidade durante o ensaio, assim como observado por Stroparo et al. [3].
Entretanto, pode-se identificar um efeito interessante, pois as proliferagdes tiveram uma

alta progressdo até o quarto dia do ensaio; ap0s esse periodo elas se mantiveram
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constantes e estaveis até o periodo final nos dois grupos testes (sete dias). Entretanto, o
grupo C teve uma diminuicdo da proliferacdo e viabilidade ap6s o sexto dia do ensaio,
sofrendo declinio nos niveis durante o sétimo dia de ensaio.

Quanto aos testes e a morfologia celular, as células do grupo C foram mantidas
somente na presenca de meio de cultivo celular, estando aderidas, mantendo inibigé&o de
contato, e sub-confluéncia, apresentando morfologia semelhante aos fibroblastos. As
células expostas aos biomateriais BO e BP também se mantiveram aderidas e espraiadas
ao substrato, mas ambas se apresentaram em maior nimero no cultivo celular
comparadas ao grupo C, o que indica que os biomateriais exerceram influéncia positiva
sobre 0 meio de cultivo. Ademais, o grupo BP apresentou melhores resultados quando
associado as CTMs, resultados semelhantes aos descritos por Stroparo et al. [3].

No trabalho de Hosseini et al. [25], os autores salientaram que diferentes tipos
de CTMs, com morfologias diferentes, podem apresentar resultados semelhantes. Esses
autores utilizaram células-tronco de tecido adiposo, medula 0ssea e corddo umbilical, e
obtiveram resultados semelhantes. Tais achados foram discutidos por Stroparo et al. [3],
mas com uso de células de dentes deciduos esfoliados humanos (cells from human
exfoliated deciduous teeth), as SHEDs. No presente trabalho foram utilizadas as
PDLSCs, mas com metodologia similar a descrita por Stroparo et al. [3], podendo ser
observada e confirmada a informacdo de Hosseini et al. [25], a0 mencionar que mesmo
com tipos celulares diferentes podem ser observados resultados semelhantes.

Parameswaran e Verma [26] e Stroparo et al. [3] descreveram em seus ensaios
formacdes vesiculares nodulares osteogénicas na superficie das CTMs, o que se
assemelha aos achados do presente estudo, com presenca de muitas secre¢es nodulares

nos grupos testes, confirmados pela imunocitoquimica.
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Trivedi et al. [27] associaram DPSCs com scaffold de hidroxiapatita in vitro, e
mostraram que a associacdo de CTMs com biomateriais que ndo apresentem
citotoxidade pode induzir a proliferacdo e diferenciacdo osteogénica, o que € desejado
em terapias reconstrutivas, sendo um dos objetivos do presente trabalho. Stroparo et al.
[3] também analisaram a associa¢do de biomaterial xenogénico bovino sobre as SHEDs,
as quais tiveram uma influéncia positiva sobre o meio de cultivo, tais resultados foram
comprovados neste trabalho pelos testes com o AlamarBlue®, em que foram observados
bons niveis de absorbancia quanto a viabilidade e proliferacdo. Hosseini et al. [25],
utilizaram (Bio-Oss®) revestido com polimero, contudo seus resultados também
demonstram um aumento na proliferacdo celular e bons resultados.

Contudo, a metodologia utilizada neste estudo mostrou que as PDLSCs tém
muitas vantagens como, por exemplo, a facilidade de coleta, seja oriunda de dentes do
siso, dentes extranumerarios ou dentes extraidos por razdes ortodonticas, além de que
possui capacidades de diferenciar em osteoblastos, condrécitos, cementoblastos e
adipdcitos in vitro, algo interessante para teste em in vivo com objetivo de regenerar
tecidos [28]. Também foi observado que essas células tém grande capacidade
angiogénica que torna uma populacéo celular atraente para terapias regenerativas [28],
contudo elas apresentam algumas desvantagens pois estdo presentes em pequenas
quantidades necessitando de mais passagens durante o cultivo para se obter um niimero
satisfatorio para as terapias celulares [29].

Quanto a testes clinicos, Tanikawa et al. [20] associaram SHEDs com
hidroxiapatita - colageno em um estudo in vivo, e demonstraram que a terapia
reconstrutiva com uso de CTMs apresentou uma regeneracdo Ossea satisfatoria com
morbidade reduzida quando comparada a técnicas convencionais. Os autores indicaram

que a associacdo das CTMs, elimina a necessidade da segunda intervencdo cirurgica
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para retirada de 0sso autdgeno, principalmente da crista iliaca, o que diminui a
morbidade do paciente e melhora a cicatrizagdo, um dos principais objetivos das
terapias regenerativas, embora esse estudo tenha sido realizado com outro tipo celular,
essas informagdes podem fornecerem uma prévia dos possiveis resultados.

Este estudo mostrou que as PDLSC permaneceram viaveis sem acao citotdxica e
mantiveram sua capacidade proliferativa, com os biomateriais apresentando um
potencial satisfatorio para futuros estudo in vivo e/ou clinicos. Estudos in vivo em
animais podem representar a proxima etapa da pesquisa, podendo elucidar mais
respostas biologicas e fisiologicas. Com mais informacdes e preenchimento de
informacGes legais e preocupacdes eticas, testes iniciais de seguranca e eficacia podem

ser projetados para aplicacao clinica em humanos.

Concluséo
Observou-se que as PDLSC, quando associadas aos biomateriais, apresentam

boa proliferacédo e viabilidade, sendo candidatas promissoras em terapias regenerativas.
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Este parecer fol elaborado baseado nos documentos abaixo relacionados:

_Tho Documernto Arguive Postagem Auitor Siuagio
Informagdes Basicas|PE_INFORMACOES_BASICAS_DO_P | 0507/2021 Acaito
do Projeta ETO 17 1,pdf 12:46:20

Ouros Resposta_PARECER_1pdl 05/07/2021 |JOAD CESAR Aoeilo

124805 |ZIELAK

TCLE / Termos de | TCLE_menor_biomateriais_CEP pdf 05072021 [JOAD CESAR Acwito
Assentimento / 12:45:50 | ZIELAK

Justificativa de

L Aus éncia

TCLE [ Termos de | TAZ_biomateriais_CEP.pdf 05072021 [JOAD CESAR Aceito
Assantimanio / 122229 | ZIELAK

Justificativa de

Auséncia

Projeto Detalhado/ | projeto2_biomateriais_biotech.pdf 05/07/2021 |JOAD CESAR Aceito
Brachura 1201648 | ZIELAK

| Iy estigador

Folha de Rosto folharostobiomatenal pdf 16/04/2021 |JOAD CESAR Aceito

1004923 | ZIELAK

Declaragio de TOm_biomateriais_CEP pdf 1604/2021 |JOAD CESAR Aceita
Manusaia Material 10:38:50  |ZIELAK

Biakagico /

Biorepaositario /

Biobanco

Declaragho de TD blomatenais GEP.pdl 16/04/2021 |JOAD GESAR )
Manuseio Material 10:38:44 | ZIELAK

Biolkdgico |

Biorepositario /

Biohanco

TCLE / Termos de | TCLE_biomateriais_CEP.pdf 1604/2021 [JOAD CESAR Aceito
Assentimento / 1003806 | ZIELAK

Justificativa de
LAus éncig

Declaragio de anuencia_biotech pdf 16/04/2021 |JOAD CESAR Acaito
Insituicho & 10:3741  |ZIELAK
Linfraestrulura

Situagio do Parecer:

Aprovado

Necessita Apreciacdo da CONEP:

Mao

Endarago: Rua Prof PedroVidato Parigol de Souza n® 5300

Balmro: Campo Compido CEP: 81.280-300
UF: PR Municipio: CURITIEA
Talefona: [41)331 7-3260 Fax: 1}3317-3030

E-mail: cep@upeadubr
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Confiruagho do Panecer: 4891 852

CURITIBA, OF de Agosto de 2021

Assinado por:
MNEI RICARDO DE SOUZA,
(Coordenador(a))

Endarago:  Rua Prof PedroVidato Parigol de Souza n® 5300

Balme:  Campo Compida CEP: 81 .280-300
UF: PR Municipio: CURITIEA
Talefona: 4133173260 Fax: (1)3317-3030 E-mail: cep@upadubr
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