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Resumo

As células-tronco mesenquimais (CTMSs) tornaram-se um grande interesse para a ciéncia por
serem capazes de estimular a regeneracao tecidual, apresentarem habilidade de se expandir e
diferenciar em cultura e, consequentemente, apresentarem diversas possibilidades
terapéuticas, bem como para a engenharia de tecidos. Muitos dos tecidos dentéarios também
apresentam nichos de CTMs. O facil acesso a polpa dos dentes deciduos, em virtude da
esfoliacdo dental, a torna uma fonte muito atraente para a terapéutica e a engenharia de
tecidos. Todos os avancos advindos das terapias baseadas em células-tronco tornam a
preservacao das fontes celulares, por longos periodos de tempo, um assunto de suma
importancia. Para que isso possa ocorrer, métodos de armazenamento devem ser adotados,
tanto para as culturas celulares ja estabelecidas, quanto para os tecidos inteiros. Uma das
formas mais comuns de manutencdo de culturas e de tecidos é a criopreservacdo em
nitrogénio liquido. Contudo, existem poucas evidéncias no sentido de estabelecer um
protocolo eficaz para o congelamento do dente deciduo intacto. Dessa forma, esse trabalho
objetivou isolar, cultivar e caracterizar, para parametros apresentados para CTMs, as células
pulpares apos a criopreservacdo de dentes deciduos intactos por 7 dias. Para isso, vinte e seis
dentes deciduos foram alocados em 2 grupos experimentais, sendo: grupo 1, células pulpares
de dentes deciduos criopreservados intactos (grupo Crio) e grupo 2, células pulpares de dentes
deciduos isoladas imediatamente apds a exodontia (grupo fresco - controle). As células
pulpares de ambos os grupos foram isoladas, cultivadas, analisadas por citometria de fluxo
(CD14, CD29, CD34, CD45, CD73, CD90 e HLA-DR), submetidas aos protocolos de
diferenciacdo osteogénica, adipogénica e condrogénica, e aos ensaios de proliferacdo celular
(WST-8). A morfologia celular de ambos os grupos foi avaliada por microscopia confocal. Os
resultados demonstraram uma taxa de cultivo de 30% para o grupo Crio e 61% para 0 grupo
Fresco. N&o houve diferenca estatistica entre os grupos para os marcadores de superficie
analisados. As células de ambos os grupos foram capazes de se diferenciar em células das 3
linhagens testadas. Para o ensaio de proliferacdo, ndo houve diferenca estatistica entre os
grupos ao longo dos tempos testados (p>0,05), embora a média de dias entre o isolamento e a
quinta passagem foi menor para o grupo controle (p=0,035). As células do grupo Crio
mostraram morfologia alterada. Assim, conclui-se ser possivel obter células-tronco da polpa
de dentes deciduos congelados pelo protocolo sugerido, sem alteracdes imunofenotipicas. No
entanto, esse protocolo demonstrou baixas taxas de sucesso de isolamento, menor capacidade
de diferenciacdo e de proliferacdo, além de alteracdo da morfologia celular.

Palavras-chave: células-tronco, polpa dentéria, dente deciduo, criopreservagédo
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Abstract

Mesenchymal stem cells (MSC) became of great value for science for being capable of
stimulating tissue regeneration and showing ability to proliferate and differentiate when
cultured properly. Dental tissues also present MSC niches as well. Mesenchymal stem cells
from the pulp of deciduous teeth are considered an easy access source during a specific period
of time in the patients life, when teeth are undergoing exfoliation; therefore, very attractive
for cell based therapeutics and tissue engineering. All advances seen in cell based therapies
for the last years depend on cell or tissue preservation for long periods of time. Thus, storage
methods must be adopted for cultures of cells and whole tissues. The most common technique
to preserve cell cultures and tissues is cryopreservation with liquid nitrogen. However, fragile
evidence concerns the cryopreservation of intact deciduous teeth. This research aimed to
isolate, cultivate and characterize the dental pulp cells of intact cryopreserved deciduous teeth
and compare to the dental pulp cells of non-cryopreserved deciduous teeth. Thirteen pairs of
deciduous teeth were donated from patients in orthodontic treatment and were randomly
allocated in two different groups. The first group was made of cryopreserved intact deciduous
teeth (Cryo group), and in second group pulp cells were isolated from fresh teeth (Fresh
group). The cells of both groups were isolated, cultivated and characterized for mesenchymal
stem cell parameters, and then compared for isolation and proliferation rates, surface markers
expression (CD14, CD29, CD34, CD45, CD73, CD90 and HLA-DR), differentiation ability
and morphology. The culture rate was 30% for the cryopreserved group and 61% for the
fresh. There were no statistical differences between the groups for the surface markers tested.
Cells in both groups were capable of differentiating in the 3 mesenchymal lineages. For the
proliferation assay, there was no statistical difference between groups throughout the time
tested although the mean time between isolation and the fifth passage was lower for the
control group (p=0,035). Cells from Cryo group showed altered morphology. The present
study showed that Dental Pulp Stem Cells can be obtained from cryopreserved intact
deciduous teeth without changes in the immunophenotypical profile, however low success
rates for isolation, differentiation ability and morphological alterations were observed.

Keywords: stem cells, deciduous teeth, dental pulp, cryopreservation
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1. INTRODUCAO

Quanto a origem, as células-tronco podem ser classificadas como embrionérias e
adultas. O uso da primeira ainda é polémico, visto que envolve questdes éticas e religiosas. O
trabalho com células-tronco adultas, especialmente as de origem mesenquimal, amenizou essa
dificuldade para determinados ensaios clinicos e uso em pesquisa. Até algum tempo atras, as
células-tronco mesenquimais (CTMSs) usadas como referéncia eram isoladas da medula 6ssea
(GIORDANO et al., 2011). Sua obtencdo, porém, é associada a dor e morbidade para o
paciente, um dos motivos pelo qual se buscou células-tronco em outros 6rgaos e tecidos. A
busca e identificacgdo de CTMs em praticamente todos os tecidos do corpo humano
(MEIRELLES; CHAGASTELLES; NARDI, 2006), tornou-se importante para que esses
aspectos negativos sejam contornados. As CTMs ja provaram ser capazes de estimular a
regeneracdo tecidual, expandir em cultura e consequentemente, apresentar diversas

possibilidades de terapéutica e para a engenharia de tecidos.

1.1. Células- tronco mesenquimais

Durante muito tempo ndo existia consenso na literatura para a caracterizacdo das
células-tronco mesenquimal. A ampla variacdo de fontes de células, sua preparagéo e cultivo,
provoca grandes questionamentos nos pesquisadores no momento de comparar os resultados,
especialmente quando a terapia celular estava envolvida. Atualmente, para que as células
isoladas e cultivadas de qualquer tecido humano sejam consideradas CTMs, algumas
caracteristicas durante o cultivo in vitro devem ser observadas. Segundo Dominici e
colaboradores (2006), representando a posicdo da Sociedade Internacional para Terapia
Celular, a CTM humana deve apresentar 3 caracteristicas basicas: manter-se aderente ao
plastico dos dispositivos de cultura em condi¢Ges normais de cultivo; expressar marcadores de
superficie especificos mesenquimais (CD73, CD90 e CD105,) e ndo expressar outros como
CD14, CD34, CD45, e HLA-DR (marcadores para progenitores hematopoeéticos) e apresentar
a capacidade de diferenciagdo osteogénica, adipogénica e condrogénica quando cultivada em
condicBes especificas in vitro.
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1.1.1. Células-tronco mesenquimais de tecidos dentarios

Muitos dos tecidos dentarios também apresentam nichos de CTMs. Gronthos e
colaboradores (2000) demostraram ser possivel isolar CTMs da polpa dos dentes
permanentes, nesse caso, terceiros molares. Desde entdo, muitos outros trabalhos também
usaram dentes terceiros molares (GRONTHOS et al., 2002; HOSSEINI et al., 2010) e seus
tecidos adjacentes para o isolamento e caracterizacdo de CTMs, como por exemplo do
ligamento periodontal (SEO et al., 2004, JO et al., 2007), foliculo dentario (MORSCZECK et
al., 2005; MORSCZECK et al., 2009; JO et al., 2007), papila apical (SONOYAMA et al.,
2008) e inclusive de polpa de dente supranumerario (HUANG et al., 2008).

1.1.2. Células-tronco mesenquimais da polpa de dentes deciduos

H& dez anos, uma nova fonte de células-tronco foi descoberta na polpa de dentes
deciduos (MIURA et al., 2003). O facil acesso a essa fonte durante o periodo de esfoliacdo
dental, torna-a muito atraente tanto para a pesquisa, quanto para a terapéutica e engenharia
tecidual. Os estudos nessa area mostram que as CT de dentes deciduos apresentam grande
capacidade de proliferacdo e expansdao em cultura (MIURA et al., 2003; KERKIS et al., 2006;
HUANG; GRONTHOS; SHI, 2009; KERKIS; CAPLAN, 2012). Ainda, as CT de dentes
deciduos mostraram habilidade de se diferenciarem em uma maior variedade de tipos
celulares (NAKAMURA et al., 2009; KOYAMA et al., 2009; GOVINDASAMY et al., 2010;
HUANG; GRONTHOS; SHI, 2009; WANG et al., 2012), quando comparadas as CT de
dentes permanentes.

Artigos publicados recentemente indicam que o fato das células-tronco de dentes
deciduos apresentarem origem em crista neural confere, além de uma marcacdo positiva para
marcadores neurogénicos como 3 IlI tubulina, habilidade das células em diferenciarem -se
em linhagens neurais. Segundo Baghaban Eslaminejad e colaboradores (2010), embora as CT
de dentes permanentes ndo tenham exibido marcadores neurais como S Il tubulina e Tau,
esses epitopos apareceram em mais de 90% nas células das culturas de dentes deciduos. No
estudo de Zhang e colaboradores (2006), ap6s o uso de meio indutor para diferenciacdo
neurogénica, as células de dentes deciduos apresentaram diferencas morfologicas expressivas
guando comparadas aos controles, formando prolongamentos extensos com bracos

secundarios, caracteristicas tipicas de neurbnios. A tendéncia a diferenciacdo neurogénica,
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além da osteo/odontogénica, adipogénica e condrogénica, j& bem consagrada na literatura
(ZHENG et al., 2009; KERKIS; CAPLAN, 2012; JO et al., 2007; WANG et al., 2012; ZHU
et al., 2012), confere aos dentes deciduos uma caracteristica particular. Se a capacidade de
diferenciacdo neurogénica for confirmada por mais estudos que envolvam, por exemplo,
testes eletrofisiologicos, as células de dentes deciduos podem representar uma grande
perspectiva no tratamento das doencas degenerativas do sistema nervoso, tais como Doenca
de Parkinson e Doenca de Alzheimer, por exemplo (BYDLOWSKI et al., 2009).

1.2. Criopreservacao

A agua € o componente principal do organismo humano e as células ndo vivem em sua
auséncia. De fato, todo o metabolismo celular é interrompido a medida que a agua, em sua
forma liquida, se converte em gelo. Quando se estuda a criopreservacao de células humanas é
importante perceber que a formagéo de cristais de gelo determina a remocdo da agua do
citoplasma, levando a um desequilibrio osmdtico e a desidratagdo (JANZ, 2010). Para
prevenir a formacdo de gelo intracelular no momento do congelamento e reduzir o estresse
osmotico pela reposicdo da agua durante o descongelamento, crioprotetores devem ser
adicionados ao meio de cultura durante esses processos (JANZ, 2010; MORRIS; ACTON,
2012).

Ainda precisa ser esclarecido o mecanismo pelo qual o crioprotetor penetra através de
um tecido duro, como a dentina e o esmalte, para alcancar as celulas pulpares. Artigos na
literatura mostram que as células-tronco sobrevivem as baixas temperaturas da
criopreservacao, desde que dispersas em crioprotetores (PAPACCIO et al., 2008; ZHANG et
al., 2006; SEO et al., 2005). Por exemplo, as células isoladas de tecidos periodontais que
foram cultivadas com sucesso apds 6 meses de criopreservacdo (SEO et al., 2005). Todavia,
pouco se sabe sobre os métodos e alternativas para a estabilizacdo das células da polpa
dentéria durante o processo de criopreservacdo dos dentes deciduos intactos, medida
necessaria para que essas possam ser congeladas e descongeladas apenas quando necessario
para terapéutica ou pesquisa e objetivo principal dos bancos de dentes. A maior parte do
conhecimento gerado até o momento diz respeito ao uso das células isoladas e cultivadas
imediatamente ap0s a extracdo dentaria (GRONTHOS et al., 2000; HUANG; GRONTHOS;
SHI, 2009; TZIAFAS; KODONA, 2010; BERNARDI et al.,, 2011) especialmente em

pesquisa. A possibilidade de se isolar e cultivar as células pulpares alguns dias, ou até mesmo
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meses apds a exodontia, significa um grande avanco para a ciéncia.

1.2.1. Criopreservacio e tecidos humanos inteiros

Todos os avancos advindos das terapias baseadas em células-tronco e da engenharia
tecidual, tornam a preservacao das fontes de células um assunto de suma importancia. Células
sO6 devem ser cultivadas quando necessario, considerando-se o grande custo financeiro e de
tempo que o0 seu isolamento e cultivo demanda. Ainda, o cultivo de linhagens celulares
indefinidamente aumenta o risco de contaminacdo das culturas, diferenciacdo espontanea
(KERKIS; CAPLAN, 2012) e de aparecimento de anormalidades cromossoémicas (LIZIER et
al., 2012). Para a aplicacdo terapéutica, as amostras precisam ser mantidas congeladas por
longos periodos de tempo, 0 que requer a manutencdo da viabilidade e proliferacdo celular
das linhagens. Para que isso possa ocorrer, métodos de armazenamento devem ser adotados,
tanto para as culturas celulares ja estabelecidas, quanto para os tecidos inteiros. Uma das
formas mais comuns de manutencdo de culturas e de tecidos na engenharia tecidual é a
criopreservacdo em nitrogénio liquido (SEDGLEY; BOTERO, 2012). Ha anos células
hematopoéticas criopreservadas sdo utilizadas em tratamentos de doengas graves,
especialmente em leucemias. Esses relatos mostram que as células do sangue do cordéo

umbilical permanecem congeladas e viaveis por 15 anos (BROXMEYER et al., 2003).

Alguns estudos mostram a obten¢édo de células-tronco de tecidos humanos congelados
em seu estado sOlido e o efeito que a criopreservagdo exerce sobre as caracteristicas
imunofenotipicas, proliferativas e de diferenciacdo das células-tronco dos tecidos dentarios.
Seo e colaboradores (2004) isolaram e caracterizaram as células-tronco de ligamento
periodontal humano congelado e essas mostraram-se capazes de se diferenciar em cemento e
ligamento, com uma taxa de sucesso de cultivo de 40%. Ding e colaboradores (2010)
mostraram que a criopreservacdo nao afetou as propriedades morfologicas e fenotipicas das
células-tronco da papila apical de terceiros molares humanos, quando congeladas por 6 meses.
Essas células ainda mantiveram seu potencial de diferenciacdo adipogénica e odontogénica.
Perry e colaboradores (2008) estudaram dois grupos de células obtidas a partir de dentes
permanentes: células de dente fresco congeladas apds o estabelecimento da cultura e células
cultivadas apds a criopreservacdo do dente intacto. Os autores relataram que todas as
linhagens celulares congeladas permaneceram viaveis. Por outro lado, 7 de 10 dentes
permanentes congelados intactos iniciaram cultura. Contudo, um ano apds, 0 mesmo grupo

(WOODS et al., 2009) publicou os seguintes resultados com relacdo as novas amostras

15



descongeladas: de 10 dentes intactos descongelados cujas células foram cultivadas por 28
dias, 3 ndo apresentaram nenhuma célula aderida no fundo da placa de cultivo; 5
apresentaram células aderidas, mas demonstraram um crescimento limitado e, mesmo depois
dos 28 dias de cultivo, ndo estabeleceram culturas proliferativas e 2 apresentaram células que
aderiram imediatamente ao frasco e cresceram com as taxas de proliferacdo caracteristicas das
culturas frescas atingindo confluéncia em 15 dias. Ou seja, uma taxa de cultivo para dentes
congelados intactos de 20%. Esses autores, por fim, concluiram que a criopreservacdo de
dentes permanentes intactos, para fins de posterior isolamento de células-tronco, ndo é uma
técnica confiavel e reproduzivel. Ainda, para uma segunda amostra constituida de tecido
pulpar digerido e ndo cultivado, os mesmos autores concluiram que, ainda que tenham sido
estabelecidas culturas, as células ndo proliferaram na mesma taxa que as células das culturas
de dentes frescos e que no minimo o dobro do tempo foi necessario para que se obtivesse 0
mesmo numero de celulas.

Ao contrario dos dados encontrados por Woods e colaboradores, e ainda que com o
uso de protocolos diferentes de congelamento, em 2010 Lee e colaboradores obtiveram uma
taxa de sucesso de 73% no estabelecimento de cultura de células-tronco pulpares de dentes
permanentes congelados intactos.

Apenas em 2012, o primeiro estudo sobre o efeito da criopreservacao sobre as células
pulpares de dentes deciduos foi publicado (MA et al., 2012). Para esses autores, a
criopreservacdo do tecido pulpar de dentes deciduos humanos esfoliados ndo afetou as
caracteristicas bioldgicas, imunoldgicas e terapéuticas dessas celulas.

Todavia, até o momento, ainda ndo existe informacdo sobre o efeito da
criopreservacdo dos dentes deciduos congelados intactos sobre as caracteristicas

imunofenotipicas, proliferativas e de diferenciacdo das células pulpares.
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2. OBJETIVOS

Objetivo Geral

Isolar e cultivar células provenientes da polpa de dentes deciduos higidos humanos
criopreservados intactos e caracteriza-las para parametros apresentados por células-

tronco mesenquimais.

Objetivos Especificos

Estabelecer uma metodologia de congelamento e descongelamento, isolamento e

cultivo de células pulpares de dentes deciduos humanos criopreservados intactos;

Avaliar, in vitro, a capacidade de proliferacdo celular das células provenientes da

polpa de dentes deciduos humanos criopreservados intactos;

Analisar, in vitro, a capacidade de diferenciacdo celular em linhagens adipogénicas,

osteogénicas e condrogénicas dessas células;

Avaliar a expressdo de marcadores de superficie de células-tronco mesenquimais nas

células pulpares provenientes de dentes deciduos criopreservados intactos;

Analisar caracteristicas morfoldgicas apresentadas pelas células pulpares provenientes
de dentes deciduos criopreservados intactos;

Comparar 0s parametros obtidos pelas células pulpares de dentes deciduos

criopreservados intactos com células pulpares de dentes deciduos néo

criopreservados.
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3. ARTIGO

-A ser submetido ao periodico internacional “Journal of Endodontics”-
Qualis Al

Effects of cryopreservation on the characteristics of dental pulp stem cells
of deciduous teeth

Abstract

The aim of this study was to isolate and cultivate cells from cryopreserved intact sound
deciduous human teeth and evaluate the effect of cryopreservation on the parameters of dental
pulp stem cells. Method: Twenty six deciduous teeth were collected and allocated in two
groups: immediate pulp isolation and culture (Fresh group) and cryopreservation (Cryo
group). The teeth were cryopreserved using dimethyl-sulfoxide and fetal bovine serum
medium (1:9) for seven days and recovered in culture medium with 20% FBS for two weeks.
Success rate of isolation, growth curves, morphology, stem cell-specific markers (CD14,
CD29, CD34, CD45, CD73, CD90 and HLA-DR) and differentiation capacity were evaluated
and compared. Results: Isolation success rate was 30% for the cryopreserved group and 61%
for the fresh group. There were no statistical differences between the groups for the tested
surface markers. Cells in both groups were capable of differentiating in three mesenchymal
lineages. There was no statistical difference in proliferative potential between the groups
throughout the testing time but the mean time between isolation and the fifth passage was
shorter in the fresh group (p=0,035). The morphology of the cells was considered altered in
the cryopreserved group. Conclusion: Dental pulp stem cells were obtained from
cryopreserved intact deciduous teeth using the tested protocol without changes in the
immunophenotypical characteristics; however, low success rates for isolation, differentiation

ability and morphological alterations were observed.

Keywords: stem cells, deciduous teeth, dental pulp, cryopreservation
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Introduction

Mesenchymal stem cells (MSCs) have been identified and isolated from almost every
postnatal tissue in the human organism (1). Since the first time MSCs were isolated from
dental pulp (DPSCs) (2), a number of studies have proved them to be reliable as a postnatal
source for research in regenerative medicine because they exhibit abilities of proliferation and
differentiation into a variety of other cell types (3-10). Stem cells from deciduous dental pulp
(DTSCs) were also isolated, cultivated and characterized as MSCs and show greater
capability to proliferate and differentiate when compared to DPSCs (3-7). A great number of
technical and cost/benefit issues become relevant when the culture of DPSCs is considered.
For instance, to cultivate cell lineages indefinitely is as expensive and time consuming, as
risky for contaminations and spontaneous differentiation (10). However, most of the
knowledge generated so far concerns the use of cells isolated and cultivated immediately after
tooth extraction. Considering that the process for storing human tissue is unlikely to happen
immediately after tooth extraction, research and therapeutic procedures require cell/tissue
storage (11).

In the literature, it has been shown that stem cells normally survive in low
temperatures as long as they are dispersed in cryoprotectants (12-15). Some researchers have
studied cells which have been isolated and cultivated from dental pulp of permanent teeth
after cryopreservation (12, 16, 17). Yet, cells isolated from primary human pulp tissue have
been successfully cultivated after the cryopreservation of the intact pulp for two years (18).
Nevertheless, little is known about methods and alternatives for stabilization of the dental
pulp cells during cryopreservation of the intact deciduous tooth for future clinical
applications.

The aim of this study was to cryopreserve intact sound deciduous human teeth, isolate
and cultivate cells from the pulp after thawing, evaluate them for mesenchymal stem cells
parameters and compare them with stem cells which have been isolated, cultivated and
characterized from the pulp of non-cryopreserved intact sound deciduous.
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Materials and method

Ethics statement

Procedures with human patients were conducted in accordance with the Declaration of
Helsinki and approved by the Federal University of Rio Grande do Sul (UFRGS) Ethics
Committee (Protocol n. 20865). Prior to the extractions, parents filled out a questionnaire
regarding general health information on the patients and were fully informed about the
clinical procedures. Parents or legal guardians also signed a term of consent and donation of
biological tissues (deciduous teeth), approved by the UFRGS Ethics Committee. A graduate
student, not related to this research, planned the extractions as part of an orthodontic treatment

programmed for each patient.

Human subjects

Thirteen patients, aged 7 to 13, with two paired healthy primary teeth in process of root
resorption were selected for this study. All the teeth extractions were made under local
anesthesia. Samples were collected according to the following criteria: a) patient: no systemic
illnesses, no use of chronic medications, presence of two sound deciduous teeth in the process
of resorption and indicated for extraction; and b) teeth: deciduous teeth with no carious
lesions or restorations, no sectioning during extraction, absence of anchylosis verified through
clinical and radiographic examinations, no reported trauma, no clinical or radiographic signs

of pulpal disease, presence of at least 1/3 of physiologic root resorption (8).

Cryopreservation of Intact Deciduous Human Teeth and Pulp Cell Isolation and Culture

Within 6 hours after the extraction, the teeth were taken to the laboratory in a 4°C 15mL
falcon tube with 2 mL of culture medium DMEM/HEPES (Dulbecco’s modified Eagle
medium — Sigma- Aldrich, St. Louis, MO) supplemented by 10% fetal bovine serum (FBS)
(Sigma- Aldrich, St. Louis, MO), 100U/mL penicillin, 100mg/mL streptomycin and
0.45mg/mL gentamicin (Gibco, Grand Island, NY). In a laminar flow hood under sterile
conditions, the teeth were removed from the flask, crown facing down and placed in gauze
moistened in 0.12% chlorhexidine solution for disinfection. The teeth were randomly
allocated into two groups: control (fresh — isolated immediately) and test (cryo -
cryopreserved for 7 days). The protocols for cryopreservation and thawing used in this study
were adapted from Woods and colleagues (2009) (17). A previous pilot study was carried out

to establish the parameters (data not shown).
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Intact teeth selected for the cryopreserved group were dropped into 2mL vials containing 1.5
mL dimethylsulfoxide (DMSO, Sigma- Aldrich, St. Louis, MO) and FBS in a concentration
of 1:9. The vials were placed into a 4°C refrigerator for 1 hour for the cryoprotectant to
penetrate into the soft tissue through the resorbed area. After this first period of cooling, the
vials were subjected to a dump-freeze method consisting of the suspension of vials into an
isopropanol bath (Mr. Frosty —Nalgene ™ Cryo 1°C Freezing Container) with a -1°C /min
cooling rate in a -80°C mechanical freezer (VIP ™ Series Ultra-Low Temperature Freezer,
Sanyo Scientific, Bensenville, IL) for 24 hours. The following day, the vials were transferred
to a -196°C liquid nitrogen tank, where they remained for seven days. After the freezing
period, the vials were recovered from the liquid nitrogen and plunged for less than 1 minute in
a 37°C water bath. The partially frozen teeth were removed from the tube and washed with
cold culture medium supplemented with 20% FBS (DMEM/HEPES, 20% FBS, 2%
antibiotics - 200U/mL penicillin, 200mg/mL streptomycin and 0.90mg/mL gentamicin) until
the pulp tissue showed elasticity on probing.

The pulp tissue was separated from the mineralized portion of the teeth, placed in a 0.2% type
I collagenase solution (Gibco, Grand Island, NY) for 60 minutes in a 37°C bath and
centrifuged (4°C, 800G/10 min.). The supernatant was discarded and the remaining pellet was
re-suspended and seeded onto a 12 well plate with culture medium supplemented with 20%
FBS. The first medium change occurred after 2 days and every 3 to 4 days after that. During
the first two weeks, the culture medium used was supplemented by 20% FBS, 200U/mL
penicillin, 200mg/mL streptomycin and 0.90mg/mL gentamicin and then replaced by a
culture medium supplemented by 10% FBS. The passages were performed when the cultures
reached 90% confluence using a 0.5% trypsin- EDTA (Sigma —Aldrich, St Louis, MO)
solution. In each passage the cells were stained with trypan blue, counted in hemacytometer
and the number of cells was registered. Cell suspensions were seeded onto new plates,
respecting the proportion of 5,000cells/cm?. All the tests were carried out with the cells in the
fifth passage (P5). During this whole period, the cells were incubated in a 37°C, 5% CO,
environment. Teeth for fresh group went through the same isolation and cultivation protocols

as the teeth from the cryopreserved group.

Flow cytometric analysis for dental pulp stem cells
For the cytometry analysis, a total of 10° cells were incubated with the following types of

conjugated antibodies for cells in the fresh group (n= 5) and cryopreserved (n=3):
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CD14/FITC, CD29/PE, CD34/PE, CD45/FITC, CD73/PE, CD90/FITC and HLA-DR/FITC,
according to the International Society of Cellular therapy (Dominici, 2006). Unstained cells
and mice IgG isotype controls conjugated with PE and FITC were used as controls. Only
living cells were analyzed in all the samples by excluding dead cells that were positive for
7AAD (7-Amino Actinomicina D - Invitrogen). Two cell surface markers were evaluated
simultaneously using the monoclonal antibodies against antigens, as described previously.
Data was acquired using the FACS — Aria flow cytometer (BD Bioscience) and 10,000 events
were analyzed using FACSDiva 6.1.3 version sofware (BD Bioscience).

Proliferation assay

A water-soluble tetrazolium monosodium salt cell counting kit 8 (WST -8, Sigma—Aldrich, St.
Louis, MO) was used for colorimetric cell viability and proliferation assays. A total of 2.5 x
10° cells/well of each cryopreserved (n=3) and fresh samples (n=5) were seeded onto 3 wells
of a 24 well plate and incubated with 1mL culture medium. Tests were performed according
to the manufacturer’ s instructions. The cells were incubated for 6 hours and the culture
medium was replaced by 190 . L of culture medium to which 10 n L of WST-8 reagent
solution was added. It was then incubated again for another 2 hours (day 0). After the
incubation period, the 200 . L was transferred to a 96 well plate in order to read the level of
absorbance with a wavelength of 450nm/690nm. The same analysis was performed on day 1,
3, 5 and 7 after seeding (Figure 1). Three wells filled with culture medium added with WST-8
without cells were used as the internal control.

Proliferation was also evaluated using the mean time between the isolation and the fifth

passage for samples of both groups.

In vitro multipotent assay

To confirm the multi-lineage differentiation ability of the cells, 10* cells were seeded onto 12
well plates and were cultivated in culture medium until confluence reached 70%. The medium
was then replaced by a differentiation-inducing medium and the cells were maintained in
these conditions for 28 days (n=8). For each experiment, a negative control consisting of the

same cells cultured in a conventional culture medium was used.

For the osteogenic differentiation, the medium used was DMEM/HEPES supplemented with
10% FBS; 0.1% dexamethasone, 10 mol/L; 10% b- glycerophosphate, 10nmol/L and
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ascorbic acid 2-phosphate, 5mg/mL. For the chondrogenic differentiation medium,
DMEM/HEPES was supplemented with 6.25mg/mL bovine insuline (Sigma- Aldrich, St.
Louis, MO), 50nmol/L ascorbic acid 2-phosphate and 10ng/mL transforming growth factor —
beta 1 (TGF-bl) (Millipore, Tokyo, Japan). The adipogenic induction medium consisted of
Iscove’s Modified Dulbecco’ s Medium (Sigma-Aldrich, St. Louis, MO) supplemented with

10% FBS, 1 1 L/mL bovine insulin, 5 M/L rosiglitazone, 107 M/L dexamethasone, 5 x M/L

indomethacin and 1mL/10mL.

After the period of induction, the cells were washed with deionized water and fixed in 4%
paraformaldehyde for 20 minutes (chondrogenic and osteogenic) to 1 hour (adipogenic).
Alizarin red was used to stain calcium depositions in osteogenic differentiation. Oil-Red-O
was used to stain lipid vacuoles in adipogenic differentiation and Alcian blue to stain

extracellular matrix in chondrogenic differentiation.

Morphology under confocal microscopy

The morphology of the cells from the fresh (n=1) and cryopreserved (n=2) groups was
observed by confocal microscopy. The cells were plated at a density of 10* cells per well in
plates of 6 wells. After 14 days of incubation, the MSCs were washed with PBS 1x, fixed
with 4% paraformaldehyde for 30 minutes and permeabilized with Triton X-100 0.1% for 10
minutes. They were then stained with 50ug/mL rhodamine conjugated phalloidin for 40
minutes in order to show the actin cytoskeleton of the cell. Following phalloidin staining, the
samples were washed with PBS 1x and stained with 0.5 pg/ml of DAPI for 1 minute.
Photographs representing the different samples were obtained at 10x magnification using a
SV1000 Olympus confocal microscope. From these images, 3x digital zoom were obtained

for better observation of the cells (Figure 3).

Statistical Analysis

For the flow cytometry analysis, the means for each surface marker were submitted to Two
way ANOVA for the comparison between the groups.

For the WST-8 assay, the data was submitted to statistical analysis using Repeated-measure
ANOVA followed by Mann-Whitney’s test for the comparison between the groups and
Wilcoxon’s test for the comparison within the groups. When comparing the mean time

between isolation and the fifth passage Student’s t test was used.

23



The significance determination level adopted was 5% and the statistical analysis was
conducted using the Statistical Package for Social Sciences version 20.0 (SPSS Inc., Chicago,
IL, USA, 2011).
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Results

Sample and Establishment of cultures

The full description of the sample is presented in Table 1. In this study, a cell culture was
considered a successful outcome when adherent isolated or grouped cells were seen at the
base of the well, within 30 days after isolation and reached confluence for the passage.
Therefore, the isolation of the cells was considered successful in 4 of the 13 cultures (30%) of
the cryo group. One culture was contaminated by fungus after the first passage (missing data),
the other 3 were used in a series of experiments. In this group, the average time from day one
to the first passage was 33.5+7.9 days. For the control group, 8 out of 13 cultures (61%) were
considered successful and the average time for the first passage was 27.1+15.9 days. Despite

the presence of cells, one culture never reached 90% confluence during P2 and was discarded.

Flow cytometry

Cells from samples of both groups were evaluated by flow cytometry (fresh n=5; cryo, n=3).
More than 94% of the cells in each culture for both tested groups were positive for CD29, CD
73 and CD90 and more than 99 % were negative for hematopoietic and endothelial markers,
such as CD14, CD34, CD45 and HLA-DR. (Figure 1). No statistical difference (p >0.05) was
observed between the groups for the tested surface markers.

Proliferation Assay

No statistical difference was found for the WST-8 proliferation assay between the groups
tested in the 7 day testing period, even when the samples were paired (n=2). When the
analysis was made within the group, the averages for day 5 and 7 were significantly higher
when compared to day 1 (p<0.001) but no difference was seen when compared to day 0 and 3
(p>0.05) for the cryo group. For the fresh group, significant difference was observed when the
averages were compared from day 5 and 7 to day 3, 1 and O (p<0.05). When the average time
between isolation and fifth passage was calculated and analyzed for both groups, the mean for
fresh group (n=5) was 49.3 + 16.5 days and cryo group (n=3) was 87.6 + 21.2 days, showing
significant statistical difference (p=0.035).

In the fifth passage the average number of cells was 7.335.910 cells/culture for the fresh
group and 1.506.717 cells/ culture for the cryo group.
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In vitro multipotent assay

Dental pulp stem cell cultures from the cryopreserved group grown in the presence of an
osteo-inductive medium for twenty-eight days, showed the ability to form Alizarin red
positive condensed nodules of calcium. These deposits were sparsely scattered over the cells
as shown in figure 2. Cultures from the fresh group, which were also positive for Alizarin red,
produced wide sheets of calcified deposits over the whole adherent layer in 21 days of
induction (Figure 2).

The potential to differentiate into adipocytes was also seen in the cell cultures of both groups
submitted to the inductive medium, although for the cryopreserved group, the oil red positive
lipid clusters were very tiny and sparsely grouped after 28 days. The fresh group showed
better results regarding the number and size of the oil red positive lipid clusters in 21 days.
For chondrogenic differentiation, twenty eight days were necessary for the cells of both
groups to show positive results, such as the formation of an Alcian blue stained extracellular
matrix. Negative control consisting of the same cell cultures in a conventional culture medium

was used for all tested well, and none of them showed differentiation (Figure 2).

Morphology under confocal microscopy

When observed under confocal microscopy, cells with a rounded shape cytoplasm were seen
in the cultures of the cryo group. Cells in the fresh group showed spindle shaped cytoplasm.
(Figure 3).
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Discussion

The present research a protocol for cryopreservation of intact deciduous human teeth
was tested and the characteristics of dental pulp stem cells were evaluated. The results
showed that mesenchymal stem cells could be obtained from intact cryopreserved deciduous
teeth with a success rate of 30%, whereas cells isolated from the fresh teeth showed a success
rate of 61%. This data is in accordance with a similar study, which showed a 20% isolation
success rate for cryopreserved permanent teeth (17).

During the period of cultivation, 4 cultures were lost due to bacterial/fungal
contamination in the first 2 weeks after isolation, despite using antibiotics in the culture
medium and following a rigorous antiseptic protocol. One explanation may be the fact that
deciduous teeth, unlike permanent teeth, carry more bacterial colonization in the resorbed
areas of the roots (19).

Recently, the identification of 2 different deciduous teeth stem cell populations — Stem
cell from Human Exfoliated Deciduous teeth (SHED) (3) and Immature Dental Pulp Stem
Cell (IDPSCs) (10, 20)- showed important differences in the harvesting of deciduous teeth
stem cells (DTSCs) in relation to the quantity of FBS added to the basal culture medium,
enzymatic digestion, addition of growth factors and antibiotics or other changes to the stem
cell isolation and cultivation protocols (10). These factors may contribute to the selection of
certain type of stem cell population within the original culture. A previous pilot study
performed by the group (data not shown) showed no cell retrieval when 10% FBS was used
for cultivation in the first 2 weeks after thawing. This constitutes the reason why this research
used such a high concentration of FBS (20%), even though it is widely known that the less
FBS used in harvesting, the better for cell-based therapies.

There is not just one specific surface marker capable of characterizing mesenchymal
stem cells (21, 22). Therefore, a panel of surface antigen markers, either to include or exclude
our the cells as MSCs, was used in this research to assure that the heterogeneous population
of MSCs was not confused with other adherent spindle shaped cell type. The cells in both
groups met all the criteria established for MSCs. These results showed cryopreservation had
no effect on the immunophenotypical expression of the surface antigen markers tested. This
corroborates with the studies of Lee and colleagues (2010) (23).

When the results of the proliferation assays were analyzed, no statistical difference
was found between the groups, even when the samples were paired. However, when the

average time between isolation and the fifth passage was calculated for both groups, the mean
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for the cryopreserved group was almost 44% higher when compared to the fresh group. A few
conclusions may be drawn considering the data above. Firstly, the low success rates in
cultivation reduced the sample size and that might explain the absence of statistical
differences in the proliferation assay. Secondly, 7 days may not be enough time to show
proliferation differences between the groups. Data on the fresh group showing significant
difference only after the fifth day corroborates the fact that cells might take a few days to
settle after seeding. And thirdly and most importantly, growth throughout the period of
culture for the cryo group was longer when compared to the fresh group suggesting a lower
proliferation rate. The latter is in accordance with Gioventu and colleagues (2012) (24).

The cells from both groups possessed the ability to differentiate into the tested
phenotypes, although their differentiation capacity varied between the groups. During the
time of induction pulp stem cells from the cryo group showed less differentiation products
over a longer induction time, especially when adipogenesis was considered. A similar result
was also reported by Miura and colleagues (2003) (3), which found that after 5 weeks of
induction, only 5% of the cultured SHED possessed the potential to develop into fat cells.

During cultivation, the cultures in the cryo group showed different morphology
patterns; consequently, their morphology was evaluated by staining the nucleus and
cytoskeleton. Under confocal microscopy, cells with a rounded shape cytoplasm became
evident in cultures of cryo group, confirming the findings of the inverted microscopy used
during the time of cultivation. These results suggest senescence of the cells in the cryo group
and are in accordance with Gioventu and colleagues (2012) (24) who also found defective
morphology in the pulp cells retrieved from intact cryopreserved deciduous teeth.

Such low success rates must not be considered reliable when cell based therapies are
involved. On the other hand, some modifications in the protocols, such as the use of a
magnetic field freezer to cryopreserve intact teeth (23) or a laser piercing technique (24) to
produce microchannels in enamel and dentin, are found in the literature and show better
isolation rates.

The initial idea of creating a tooth bank for the cryopreservation of dental pulp stem
cells for research would result in the postponement of any type of manipulation of the recent
extracted tooth for until a more suitable time, in accordance with the patients, physician’s or
reseacher’s needs. If any additional procedure is to be adopted before freezing, the storage
technique becomes more difficult, if not impossible, for the clinicians, at the time of the tooth
extraction. Another complicating factor for tooth banking is the small amount of cells

retrieved from the intact cryopreserved teeth in a longer period of time.
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This research concludes that the cryopreservation of intact deciduous teeth for the purpose of
tooth banking is still not reliable and the techniques found in the literature which, in fact, raise

isolation success rates also increase the steps for the process of freezing.
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Table 1. Dental sample characteristics

Sample | Age Tooth Root Resorption Level Success Contamination Group
18 9 54 TR yes no Fresh
55 TR yes no Cryo

2 10 51 TR no no Fresh
61 TR no no Cryo

3N 9 63 TR yes yes Fresh
65 TR yes yes Cryo

4 2 11 63 2/3 no no Fresh
53 2/3 no no Cryo

5N 8 51 1/3 yes no Fresh
61 1/3 yes no Cryo

6 % 9 53 1/3 yes no Fresh
63 1/3 no no Cryo

72 8 73 1/3 yes no Fresh
74 1/3 no no Cryo

8 2 9 84 2/3 no no Fresh
83 2/3 no no Cryo

94 9 52 2/3 no no Fresh
51 2/3 no no Cryo

10 & 9 62 2/3 no no Fresh
61 1/3 no no Cryo

115 9 84 TR yes yes Fresh
55 TR no no Cryo

12 % 9 54 TR yes no Fresh
64 TR yes no Cryo

13 % 10 63 1/3 yes no Fresh
53 2/3 no no Cryo

TR: root totally resorbed; 1/3: 1/3 remaining root; 2/3: 2/3 remaining root
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CD90 CD29 CD73 CD14 CD34 HLADR CD45
Cryopreserved 98,23 = 1,87 97,67 = 1,30 | 97,47 = 1,84 | 0,20 + 0,22 [ 0,00 = 0,00|0,20 = 0,16 0,07 = 0,09
Fresh 94,33 = 7,68 95,03 £ 3,84 | 94,52 + 4,77 | 1,08 =2,03{0,00 = 0,00/0,07 = 0,07|0,00 = 0,00
D

Figure 1. (A-C) Root resorption levels considered for tooth samples. (A) Root totally resorbed. (B) 1/3
remaining root. (C) 2/3 remaining root. (D) Cytometric evaluation. Representation of the percentage
values by means and standard deviation obtained by analyzing the percentage expression of the

markers of all sam

ples.
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Figure 2. Multipotent assay. (A-D) Control group. (A) Pulp cell culture without induction medium for
negative control. (B) Osteogenic differentiation showing wide calcium sheets stained with Alizarin
red. (C) Chondrogenic differentiation visualized by Alcian blue staining of the glycosaminoglicans
deposits. (D) Adipogenic differentiation showed by Oil red staining of lipid vacuoles. (E-H) Test
(cryo) group. (E) Pulp cell culture without induction medium for negative control. (F) Osteogenic
differentiation showing sparsely scattered calcium deposits stained with Alizarin red. (G)
Chondrogenic differentiation visualized by Alcian blue staining of the glycosaminoglicans small
deposits. (H) Adipogenic differentiation shown by Qil red staining of rare lipid vacuoles (yellow
arrows).
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10x zoom 3x

10x zoom 3x

Figure 3. Morphology assay. (A-C) Fresh group. (A and B) Confocal microscopy. (C) Inverted
microscopy. (D-F) Cryo group. (D and E) Confocal microscopy. (F) Inverted microscopy.
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4. CONSIDERACOES FINAIS

A partir da metodologia utilizada nesse estudo, foi possivel isolar, cultivar, caracterizar
imunofenotipicamente e diferenciar as células pulpares de dentes deciduos criopreservados.
Apesar de preencherem os critérios estabelecidos por Dominici e colaboradores (2006) para
que essas células possam ser classificadas como células-tronco mesenquimais, 0 sucesso no
cultivo foi observado em apenas 30% das culturas, o que demonstra a dificuldade no
estabelecimento das culturas priméarias das células pulpares dos dentes deciduos
criopreservados. Padrdes anormais de morfologia, proliferacdo e potencial de diferenciacao
celular também foram encontrados nas células pulpares desse grupo.

Assim, pode-se sugerir que o fato de os dentes deciduos serem congelados intactos, sem
que a polpa seja removida previamente, pode influenciar na capacidade de proliferacdo e
potencial de diferenciacdo das células pulpares. Sabe-se que as diferencas, particularmente
associadas a cada laboratorio e seus protocolos, podem influenciar a viabilidade e o
comportamento de uma cultura. Lee e colaboradores (2010) obtiveram uma taxa de 70% de
cultivo das células de dentes permanentes de ratos congelados intactos sob a acdo de um
freezer magnético.

A comparacdo de metodos e protocolos de congelamento de tecidos entre os estudos é
dificil de ser realizada, especialmente em se tratando de tecidos dentais. A idéia inicial da
criacdo de um banco de dentes seria o adiamento de qualquer tipo de manipulacdo do dente
recém extraido, para um momento mais adequado, conforme necessidade da realizacdo da
pesquisa. Se para ocorrer o congelamento adequado do tecido, procedimentos adicionais
precisam ser adotados, aumenta-se a dificuldade da técnica para a maioria dos dentistas
clinicos e laboratérios de pesquisa. Outra dificuldade encontrada para o armazenamento em
bancos de dentes, seria a quantidade de células recuperadas dos dentes criopreservados
intactos e o tempo que as culturas celulares demoram para ser estabelecidas e atingirem o
numero suficiente de células necessarias para, por exemplo, justificar o seu uso em terapias
celulares. O presente estudo mostrou que as células pulpares dos dentes deciduos
criopreservados possuem lenta proliferagéo.

Dessa forma, o congelamento de dentes deciduos intactos para o estoque em banco de
dentes com finalidade terapéutica ainda ndo constitui uma alternativa funcional e segura.

Maiores conhecimentos relacionados a otimizacdo de protocolos de criopreservacdo seriam
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necessarios para poder justificar que no futuro os pacientes pudessem vir a se beneficiar de
terapias celulares a partir de seus préprios dentes criopreservados.

Esse estudo conclui que é possivel isolar, cultivar e caracterizar, para parametros de
células-tronco mesenquimais, as células pulpares de dentes deciduos higidos que tenham sido
congelados intactos, sem nenhuma manipulacdo de seu tecido pulpar ou de seus tecidos duros
previamente ao congelamento. O congelamento dos dentes intactos seria uma forma préatica
de manutencdo dessa fonte de células. Mas a padronizacdo da metodologia de congelamento e
descongelamento, isolamento e cultivo para as células dos dentes criopreservados é bastante
complicada, visto que a viabilidade das células cai muito ap6s o descongelamento do dente e
as linhagens proliferam mais lentamente, comparado com a proliferacdo da linhagem celular
ndo congelada. Esse achado deve-se, provavelmente, porque o congelamento parece
desencadear a senescéncia celular, cuja hipOtese pode ser explicada pelas alteracdes
morfoldgicas encontradas. O numero de células também é menor nas culturas de dentes
criopreservados que nas culturas de dentes frescos, o que dificulta a realizagdo de muitos
ensaios. O estudo também mostrou que existe potencial de diferenciacdo nas células dos
dentes criopreservados mas esse potencial € menor, e por isso € dificil imaginar o uso dessas
células em terapias celulares. As células dos dentes congelados intactos mostram resultados
pouco satisfatorios quando comparados as células onde o isolamento ocorreu logo apds a
exodontia, em todos os aspectos avaliados. Dessa forma, considerando os resultados obtidos
somados ao conhecimento adquirido até 0 momento através desse trabalho, o presente estudo
desencoraja 0 banqueamento de dentes intactos para fins terapéuticos uma vez que 0s

resultados ainda néo séo previsiveis.
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