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Resumo

FERRUA, Camila Perellé. Isolamento e caracterizacdo das SHEDs e DPSCs
e 0 seu potencial na modulacéo do estresse oxidativo in vitro. 2015. 173
paginas. Dissertacdo de Mestrado em Odontologia — Programa de POs
Graduacao em Odontologia. Universidade Federal de Pelotas, Pelotas, 2015.

O isolamento de células tronco da polpa de dentes permanentes (DPSCs)
necessita de técnicas padronizadas, a fim de obter uma uniformidade nas
culturas celulares obtidas. Haja vista o potencial terapéutico dessas células na
area da saude, bem como a escassez de estudos que abordem a capacidade
de modulacédo do estresse oxidativo via mecanismos intracelulares de células
tronco, essa dissertacdo teve por objetivo identificar através de duas revisdes
sistematicas, como o isolamento de DPSCs vem sendo conduzido; e como vem
sendo realizada a manipulacdo dos dentes para o isolamento de DPSCs.
Subsequentemente, foi proposta uma andlise in vitro, em torno da capacidade
das DPSCs e das células tronco da polpa de dentes deciduos exfoliados
(SHEDs) em modular altos niveis de estresse oxidativo (EO). Os resultados
obtidos apontam para uma inconsistencia dos dados no que tange as revisdes
sistematicas. Ambas as revisdbes sugerem uma lacuna na literatura,
evidenciada através da falta de padronizacdo das técnicas de isolamento
executadas e o procesamento do dente anterior ao isolamento das células
tronco. Em detrimento aos resultados obtidos no ensaio in vitro, pode-se
salientar que embora se saiba da necessidade de aprofundar os
conhecimentos nessa area, as DPSCs e as SHEDs possuem capacidade de
adaptacdo a um insulto com H,0O,, podendo ser, futuramente, interessantes
para aplicacdo em terapias celulares.

Palavras-chave: revisdo sistematica; DPSCs; SHEDs; estresse oxidativo.



Abstract

FERRUA, Camila Perell6. Isolation and characterization of SHEDs and
DPSCs and their potential in modulating oxidative stress in vitro. 2015.
173 pages. Dissertacdo de Mestrado em Odontologia — Programa de Pos
Graduacao em Odontologia. Universidade Federal de Pelotas, Pelotas, 2015.

The isolation of dental pulp stem cells (DPSCs) needs standard techniques in
order to obtain uniformity in cell cultures. Considering the therapeutic potential
of these cells in health, as well as the scarcity of studies addressing oxidative
stress modulation capacity, via intracellular mechanisms, of stem cells: this
dissertation aimed to identify through two systematic reviews, how has DPSCs
isolation been conducted; and how has teeth manipulation for DPSCs
isoltation been performed. Subsequently, it was proposed an in vitro analysis,
twords DPSCs and stem cells from human exfoliated deciduous teeth (SHEDS)
capacity to modulat high levels of oxidative stress. Results point to an
inconsistency of data regarding the systematic reviews. Both reviews suggest a
gap in the literature, evidenced by the lack of standardization of the executed
isolation techniques and tooth processing prior to stem cell isolation. In relation
to the results obtained in the in vitro assay, it can be showed that although more
knowledge is necessary in this area, DPSCs and SHEDs have the capacity to
adapt to an insult with H,O,, which can be in the future interesting for cell
therapy applications.

Key-words: systematic review; DPSCs: SHEDs; oxidative stress.
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1 Introducéo

Atualmente, as células tronco tém sido utilizadas nos estudos
envolvendo terapia celular, engenharia tecidual e biologia molecular. Estas
células tém diferentes aplicacdes que permitem a constante evolu¢do na area
da saude. (D’AQUINO et al., 2008).

Tais propriedades tem possibilitado utilizar as mesmas na regeneracéo
tecidual (LANGER e VACANTI et al., 1993), no reparo de cicatriz em calvaria
de ratos (SEO et al., 2008), nos processos inflamatérios (CHANG et al.,2005),
no tratamento ortopédico (KHAN et al., 2012) e nas doencas autoimunes
(MIGUEL DE et al., 2012).

Nesse contexto, ceélulas tronco adultas sdo consideradas uma
abordagem viavel visando a transicdo para a pratica clinica (NEDEL et al.,
2009). Atualmente, células tronco adultas tém sido obtidas do tecido pulpar de
dentes deciduos (MIURA et al., 2003) e permanentes (GRONTHOS et al.,
2000), devido ao fato de serem facilmente captadas via motivos ortodonticos,
periodontais, carie e exfoliacdo natural de deciduos. Assim, todos esses
aspectos corroboram para o conhecimento de que, em curto prazo, a
odontologia é a area da saude com maior possibilidade de aplicacdes da
engenharia tecidual (CHEN et al., 2012) e terapia celular (VALKO et al., 2007).

Com intuito de impedir o desequilibrio entre a producdo de espécies
reativas de oxigénio e nitrogénio, em relacdo a capacidade de remocao dessas
por parte do sistema antioxidante, coibindo a formagcdo de um ambiente com
altos niveis de Estresse Oxidativo (EO) (HALLIWELL et al., 2004; MONAGHAN
et al.,, 2009), tornou-se imprescindivel a busca por métodos capazes de
neutralizar de forma eficaz o EO.

Dessa forma, uma nova alternativa proposta para combater o EO € o uso de
células tronco mesenquimais (mesenchymal stem cells - MSCs). O transplante
de MSCs tem se comprovado como uma estratégia terapéutica em individuos
com doencas relacionadas a EO, como o infarto agudo do miocérdio, a
isquemia cerebral e a diabetes (VALLE-PRIETO et al., 2010). A literatura tem
mostrado que essas células possuem atividade antioxidante e adaptacdo a um

ambiente de estresse muito melhor do que se comparadas a outros tipos
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celulares (CAPLAN, et al. 2013; VALLE-PRIETO et al.,, 2010; ZHAO, et al.
2012).

No que tange as MSCs, como as células tronco de polpa dental, existe
um aspecto decisivo para o desenvolvimento desses estudos, o qual consiste
no fato de que essas células estdo presentes em pequenas quantidades, o que
torna indubitavel a necessidade de seu crescimento in vitro para gerar
guantidade suficiente a fim de proporcionar avancgos praticos na area da saude
(CAPLAN et al., 2009). Desse modo, é imprescindivel a necessidade de
aprofundar o conhecimento a cerca das células tronco e do seu microambiente
(nicho) no intuito de recria-lo in vitro. Evidenciando a necessidade de promover
métodos de isolamento adequados, a fim de na tentativa de mimetizar, in vitro,

0 nhicho das células tronco.



2 Projeto de pesquisa

2.1 Antecedentes e Justificativa

Os Radicais Livres (RLs) sdo atomos ou compostos que contém um ou mais
elétrons desemparelhados em suas orbitas externas (FINKEL e HOLBROOK et
al., 2000). Os RLs podem existir sob a forma de espécies reativas de nitrogénio
(ERNSs), de carbono, de cloro, de enxofre, de oxigénio (EROs), entre outras
(VASCONCELOS et al., 2007). Contudo, as formas mais comuns de RLs sdo
as EROs [superoxido (02)], peroxido de hidrogénio (H20,) e radical hidroxil
(OH-) e as ERNs [6xido nitrico (-NO), peroxido nitrico (ONOO-), nitrato (NO3-) e
nitrito (NO»-)] (FANG., 2004) (Figura 1).
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Figura 1: Formacao de diferentes tipos de EROs e ERNs (Obtido de Fang,

2004).

A producédo de RLs, EROs ou ERNSs, acontece durante o funcionamento celular

normal (VALKO et al.,, 2007), sobretudo, nas mitocéndrias, membranas
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celulares e no citoplasma (BARBOSA et al., 2010). O processo que acontece a
nivel biomolecular é que durante a producdo de energia celular, no interior da
mitocéndria ocorre a reducdo de moléculas de oxigénio (O,) em agua (FANG et
al., 2004).

A reacao de fosforilacdo oxidativa ocorre no interior das mitocéndrias,
com a finalidade de produzir adenosina trifosfato (ATP), reduzindo O, e
consequentemente formando agua. No entanto, durante a fosforilacdo
oxidativa, muitos elétrons escapam e reduzem o O, ao O, principalmente nos
sitios do complexo | e da coenzima Q (OHARA., 2006) (Figura 2).

JJJJ"‘ Cu, Zn-SOD i “JJJJaa‘ i

HS

H*

Figura 2: Cadeia transportadora de elétrons e produgcdo de EROs, modelo esquematico da
formacdo de EROs na mitocondria (Obtido de OHARA., 2006).

A cadeia respiratéria mitocondrial € composta por quatro complexos
enzimaticos multipolipeptidicos e pode normalmente liberar em quantidades
pequenas O, e H,0O, através da auto-oxidacdo de uma ou mais espécies de
flavina reduzida, complexo ferro-enxofre e ubiquinona gerados por succinato,
dinucledtido-nicotinamida-adenina-reduzido (NADH) e outras ubiquinonas que
reduzem desidrogenases. A cadeia respiratéria € passivel de sofrer com um
ciclo vicioso que envolve lesbes no DNA mitocondrial. Lesdes do genoma
mitocondrial podem causar mutacdes ou dele¢cdes dos produtos genéticos
mitocondriais, levando a um aumento na formacédo de RLs. Essa situacdo
proporciona um disturbio no fluxo de elétrons na cadeia respiratéria e provoca
um escape de elétrons, resultando em um aumento ainda maior na geracao de


http://www.medicinageriatrica.com.br/tag/cadeia-respiratoria-celular/
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RLs, tornando cada vez mais dificil o controle dessas espécies pelos
mecanismos do corpo humano (NELSON e COX, 2010).

Embora a maioria das EROs pareca ser gerada através de producgéo
endogena, fontes exdgenas como a radiacdo ultravioleta, oz6nio, poluentes
(BALABAN et al., 2005), metais pesados, tabagismo e ingestdo de alcool
(BARBOSA et al., 2010) podem também ser responséveis por desencadear o
processo de formagéo de RLs (BALABAN et al., 2005; BARBOSA et al., 2010).

As EROs podem desempenhar no organismo um papel bastante
relevante, atuando como mensageiros secundarios, participando de vias de
sinalizacao celular (HADDAD et al., 2002; HADDAD et al., 2002.2; RIBEIRO et
al., 2005) e influenciando diretamente fatores de transcricdo génica (HADDAD
et al., 2002; RIBEIRO et al., 2005). E importante salientar que esses
mensageiros secundarios representam cerca de 10% de todas EROs
produzidas em células animais em condi¢cdes normais, geralmente através de
enzimas especificas como a nicotinamida-adenina-dinucleotido-fosfato
(NADPH) (DROGE et al., 2002). As 90% restantes sdo geradas como um
subproduto de processos metabdlicos (BALABAN et al. 2005). No entanto
dependendo de sua intensidade relativa as EROs sdo capazes de gerar danos
aos tecidos (envelhecimento tecidual) (MONAGHAN et al., 2009; UCELLI et al.,
2008), tendo sido relacionada com diversos tipos de patologias, como por
exemplo osteoporose (SUN et al., 2013) e diabetes (CRUJEIRAS et al., 2013).
Dessa forma, constata-se que a manutencéo do equilibrio entre a producao de
RLs e as defesas antioxidantes é uma condicdo essencial para o
comportamento normal do organismo (VALKO et al., 2007).

O desequilibrio entre a producdo de EROs ou ERNs em relacdo a
capacidade de remocdo dessas por parte do sistema antioxidante pode ser
definido como Estresse Oxidativo (EO) (HALLIWELL et al., 2004; MONAGHAN
et al., 2009). Portanto, a quantidade dessas espécies ndo € decisiva, uma vez
que a relagao entre a producéo e a remocao de RLs aconteca de forma efetiva
(MONAGHAN et al., 2009). Considerando-se que as mitocondrias sdo as
principais produtoras de EROs, e que também sofrem com os efeitos dessa
capacidade destrutiva, observa-se a formacéo de um ciclo vicioso em que esta

organela produz espécies reativas e sdo afetadas por elas, produzindo cada
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vez mais material oxidativo (FINKEL e HOLBROOK, 2000; NELSON e COX.,
2010). O descontrole do EO afeta significativamente moléculas bioldgicas
essenciais como 0 DNA, as proteinas e os lipidios levando a sua modificacéo e
frequentemente a inutilizac&o, inibindo sua funcado normal (VALKO et al., 2007,
RIDNOUR et al., 2005).

Os tipos de danos oxidativos causados pelas EROs a biomoléculas
podem ser divididos em 3 categorias principais: lipoperoxidagdo, dano oxidativo
ao acido desoxirribonucléico (DNA) e oxidacdo de proteinas. A
lipoperoxidacao trata-se de um processo no qual ocorre a oxidacdo das
cadeias de 4cidos graxos polinssaturadas. Ocorre a abstracdo de atomos de
hidrogénio de um acido graxo poliinsaturado, que leva a formacdo de um dieno
conjugado por rearranjo molecular. Esta molécula pode sofrer o ataque de O,
formando um radical peroxil (ROO-). Este radical pode continuar o ciclo de
lipoperoxidacéo através da abstracdo de atomos de hidrogénio de cadeias
poliinsaturadas préximas, transformando-se em um peroxido lipidico (LOOH).
Este reinicia o processo, gerando uma reacdo oxidativa em cadeia. Esses
radicais sdo danosos, uma vez que podem fragmentar proteinas, formando
grupos carbonilas. Na presenca de calor ou de ions metalicos, os peréxidos
aminoacidicos podem formar novos radicais organicos, gerando reacdes
ciclicas. Além disso, podem atacar grupos tidlicos de outras proteinas, e sua
degradacdo € considerada bastante dificil, por ndo serem substratos para
enzimas antioxidantes, como a catalase (CAT), a superéxido desmutase (SOD)
e a glutationa peroxidase (GPx) (NELSON e COX., 2010) (Figura 3).

As proteinas sofrem danos através de EROs e moléculas originadas de
processos de oxidacdo que atacam diretamente a sua estrutura. Ligacles
peptidicas podem ser atacadas na abstracdo de hidrogénio pelo radical hidroxil
(-OH). O -OH demanda uma atencao especial, haja vista que exerce efeitos
nocivos as proteinas. Inicialmente, o ataque de -OH pode gerar outros radicais
capazes de combinar com o O,, formando radicais alcoxilas (LO-) e ROO-, os
quais podem fazer a abstracdo de —H e formar peroxidos nas cadeias de
proteinas (HALLIWELL & GUTTERIDGE, 2007).
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Figura 3: Formacéo de EROs e inicio e propagacéo da peroxidacgéo lipidica (Obtido de CHEN
etal.,, 2012).

Os RLs estéo envolvidos em mutacdes, carcinogénse, envelhecimento e
morte celular, através de alteracdes quimicas e quebras de ligacdes nas bases
nitrogenadas e na ribose do DNA. A ERO mais danosa ao DNA é o —OH, tendo
em vista que é capaz de adicionar ligacdes duplas em bases heterociclicas de
DNA, além de abstrair hidrogénio da base nitrogenada timina e de cada um dos
carbonos da desoxirribose. A abstracdo de atomos de hidrogénio feita pela -OH
leva a formacdo de radicais de carbono, que na presenca de oxigénio sao
convertidos a radicais peroxil de acucares. Além disso, algumas proteinas
nucleares podem ser atacadas pelo radical -OH, e realizar liga¢cdes cruzadas
com o DNA, ocasionando falhas no reparo celular, replicacédo, transcricdo e
descondensamento da cromatina (DIZDAROGLU et al., 2002).

A concentracdo de RLs é controlada, por um sistema antioxidante, o
qual é composto por duas vias, enzimatica e ndo enzimatica, ambas capazes
de neutralizar as EROs (SHAMI et al., 2004; VALKO et al., 2007), impedir que
possiveis danos oxidativos se amplifiguem e culminem em danos sistémicos
irreparaveis (SHAMI et al., 2004; BARBOSA et al., 2010). O sistema enzimatico
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encontra-se espalhado por todo o organismo, no meio intra e extracelular
(VALKO et al., 2007), incluindo enzimas como a CAT, SOD e a GPx (VALKO et
al., 2007; ZHOU et al., 2013).

A CAT € uma enzima intracelular responsavel por decompor o H,O,,
produto gerado pelo metabolismo celular quando exposto ao O, atmosférico,
que em excesso é prejudicial, pois origina a EROs. Uma das fontes de H,O, é
a beta-oxidacdo de acidos-graxos, necessaria para a producdo de alguns
metabdlitos essenciais. Dessa forma, a CAT transforma o H,O, em uma
substancia in6cua, o decompondo em agua e O, (HALLIWEL et al., 2004),
prevenindo a formacdo de bolhas de diéxido de carbono (CO;) na corrente
sanguinea (JIN et al., 2001).

Além da CAT, a GPx também é uma enzima com fungéo de eliminacéo
de H,0O,. A GPx esta relacionada a funcéo antioxidante da glutationa na forma
reduzida (GSH) com atividade peroxidasica. Para a manutencdo do ambiente
redutor intracelular a razdo entre glutationa reduzida e oxidada (GSH/GSSG)
deve ser mantida em niveis muito altos. Para evitar a deplecdo da GSH e
aumento da GSSG, a glutationa redutase (GR) reduz a GSSG a custa de
NADPH, regenerando a GSH e mantendo desta forma o estado redox
intracelular (HALLIWEL et al., 2004).

Por fim, ndo menos relevante, a SOD, que tem por funcédo proteger o
citocromo ¢ ao reduzir o O,-, diminuindo a presenca de RLs (NELSON e COX,
2013). O mecanismo de reacdo se inicia com a reducdo da SOD pelo O,-,
resultando na formagéo de O,. A enzima reduzida reage novamente com outro
O,-, formando o H,O, como produto, que subsequentemente sofre dismutacéo,
dando origem a moléculas de agua e O, (ALBERTS, et al., 2010; JOHANSEN
et al., 2005; NELSON e COX, 2013).

Um evento que indica a atuacdo do sistema antioxidante enzimatico no
corpo humano é quando uma célula é desprovida de O, em estado de hipdxia,
por exemplo, em um acidente vascular ou em um ataque cardiaco. Existe um
desequilibrio entre a chegada de elétrons a partir da oxidagdo de combustiveis
celulares na matriz mitocondrial e a transferéncia de elétrons para o oxigénio
molecular, levando a uma maior formacdo de EROs. No entanto, o organismo
humano possui linhas de defesa enzimaticas contra as EROs. Em condi¢des

hipéxicas, o fator de hipoxia induzivel (HIF-1) é sintetizado em grande
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quantidade e age como um fator de transcricdo, aumentando a sintese do
transportador de glicose, de enzimas glicoliticas, da piruvato-desidrogenase
(PDH), da protease que degrada a subunidade da COX4-1 e COX4-2 da
citocromo-oxidase. Dessa forma, essas mudancas opdem-se a formacao de
EROs, por diminuirem o suprimento das formas reduzidas de NADH e de
dinucleotideo de flavina-adenina (FAD) além de efetivar a citocromo-oxidase.
Sumariza-se assim que o HIF-1 é capaz de regular a expressdo génica para
reduzir a formacédo de EROs (NELSON e COX, 2013).

O sistema ndo enzimatico, por sua vez, € constituido por substancias de
origem endogena e da dieta. Alimentos de uma dieta que inclui especialmente,
o0 consumo de frutas e vegetais, em que estejam presentes o acido ascorbico
(vitamina C), alfa-tocoferol (vitamina E), GPX, alguns flavondides e
carotendides. Uma dieta a base de alimentos com propriedades antioxidantes
pode estar associada a diminuicdo do risco de desenvolvimento de doencas
relacionadas ao acumulo de RLs e instalagdo de EO (VALKO et al., 2007;
ZHOU et al., 2013).

Um recente estudo sugere que uma dieta suplementada com alfa-
tocoferol, &cido ascoérbico e selénio é capaz de otimizar a resposta antioxidante
humana, melhorando os resultados, ainda que de forma modesta, dos testes
de funcdo hepatica. Entretanto, observou-se que o combate aos RLs é
bastante distinto entre os participantes da pesquisa. Individuos obesos,
criancas e adolescentes nao responderam satisfatoriamente a incorporagao de
suplementos na dieta e apesar das correlagbes significativas entre EO e
inflamacdo, ndo houve reducdo nos marcadores de inflamacdo sistémica
(MURER et al., 2014). Pessoas obesas requerem um cuidado especial, uma
vez que a inflamagdo promovida pela disfungdo do tecido adiposo, induzida
pela obesidade, tende a gerar um ambiente de EO, que tem sido associado ao
desenvolvimento de tumores, como o de mama e diabetes mellitus, do tipo Il
(CRUJEIRAS, et al. 2013).

A fim de desenvolver novas alternativas de tratamento para algumas
doencas que afetam e sdo comuns a populagcdo mundial, células tronco
mesenquimais (MSCs) sdo comumente estudadas com intuito de desenvolver
avangos em areas como a terapia celular, engenharia tecidual e biologia

molecular. As MSCs possuem facil acessibilidade e disponibilidade, alta
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plasticidade e capacidade de auto-renovacdo (D’AQUINO et al., 2009), e
gracas as suas caracteristicas vantajosas podem ser associadas a resultados
positivos em tratamentos ortopédicos (KHAN et al., 2012), doencas auto-
imunes (DE MIGUEL et al., 2012) e processos inflamatorios (CHANG et al.,
2005). Além disso, MSCs desempenham uma funcdo moduladora e supressiva
sobre a resposta imune do hospedeiro, apontando para a prevencédo de
rejeicdo em casos de transplantes (UCCELLI et al., 2008).

Embora seja consenso na literatura que as MSCs sdo bastante
vantajosas, a sua utilizacdo ainda deve ser analisada com cautela acerca da
possibilidade da geracdo de danos como o desenvolvimento de tumores
(DJOUAD et al, 2003). As MSCs ainda podem ser acometidas por
aneuploidias, devido ao processo de senescéncia celular e reducdo dos
teléomeros, devido ao excesso de EROs (ESTRADA et al., 2013; RICHTER e
VON ZGLINICKI 2007). Sabe-se que doencas como a osteoporose, podem
estar relacionadas ao EO, de modo que resultem em altera¢cdes na capacidade
proliferativa e de diferenciacdo celular e seja responsavel pela apoptose de
células regenerativas, como MSCs e ostedcitos, levando a diminuicdo da
densidade 6ssea (ALMEIDA et al., 2013).

E sabido que o corpo humano possui excelente maquinaria, sendo
capaz de regular EROs produzidas de modo controlado. Entretanto, sabe-se
gue esse mecanismo de defesa natural nem sempre consegue desempenhar
sua funcédo de forma eficaz (VALKO et al.,, 2007). Uma vez que o EO pode
causar danos celulares (envelhecimento) (MONAGHAN et al., 2009) e
desencadear varios tipos de canceres, diabetes, cirrose, doencas
cardiovasculares e desordens do foro neurologico (FINKEL e HOLBROOK,
2000; VALKO et al., 2007), tornou-se imprescindivel a busca por métodos
capazes de neutralizar de forma eficaz o EO.

Dessa forma, uma nova alternativa proposta para combater o EO € o
uso de MSCs. O transplante de MSCs tem se comprovado como uma
estratégia terapéutica em individuos com doencgas relacionadas a EO, como o
infarto agudo do miocardio, a isquemia cerebral e a diabetes (VALLE-PRIETO
et al., 2010). A literatura tem mostrado que essas células possuem atividade
antioxidante e adaptacdo a um ambiente de estresse muito mais elevadas se
comparadas a outros tipos celulares (CAPLAN, et al. 2013; VALLE-PRIETO et
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al.,, 2010; ZHAO, et al. 2012). Estas ceélulas apresentam altos niveis
intracelulares de GSx (glutationa total), expressam nivel elevado de metionina
sulfoxido redutase A, uma enzima crucial para o reparo de proteinas oxidadas
e para a recuperacdo de residuos de metionina, que atuam como agentes
eliminadores de oxidantes. Tem sido demonstrado que as MSCs expressam
enzimas requeridas para o reparo do DNA. Assim as MSCs possuem a
maquinaria enzimatica e nao-enzimética basica para detoxificar espécies
reativas e para corrigir danos promovidos pelo EO do proteoma e genoma,
garantindo o manejo eficiente do EO (VALLE-PRIETO et al., 2010).

Zhou e colaboradores em ensaio com modelo animal demonstrou que
com as MSCs é possivel melhorar a condicdo de saude de ratos com leséo
renal aguda induzida por cisplatina. Isso se mostrou possivel, pela capacidade
das MSCs em resistir ao EO, reduzindo a formacdo de alguns produtos
nocivos, como 8-hidroxi-2’-desoxiguanosina (8-OHdG), malondialdeido (MDA)
e GSH. Como resultado observou-se aumento na proliferagcdo de células
renais, reducdo na quantidade de apoptose dessas células e reparo dos
tecidos comprometidos pela ocorréncia da lesdo renal aguda (ZHOU et al.,
2013). Outro estudo afirma que a capacidade das MSCs em combater o EO in
vitro e in vivo, pode ocorrer ainda por meio de atividade paracrina (LIU et al.,
2012).

As células tronco mesenquimais oriundas de tecido adiposo (ADSCs)
tem se mostrado aliadas daquelas pessoas preocupadas com aspectos
estéticos, haja vista que essas células tém, através de fatores antioxidantes,
reduzido & morte de fibroblastos, atuando como um mecanismo anti-
envelhecimento da pele humana. Nesse estudo Kim e colaboradores, em 2008,
constataram que as ADSCs possuem um efeito dérmico protetor, devido sua
alta capacidade antioxidante, perceptivel através da deteccdo de suas varias
proteinas antioxidantes, bem como do aumento da atividade da SOD e da GPx
(KIM et al., 2008).

As MSCs tem mostrado a capacidade de reduzir a morte por apoptose e
o EO em animais propensos a hipertensdo e a acidente vascular cerebral
(AVC), em consequéncia do potencial neuroprotetor desempenhado pelas
MSCs. Evidenciou-se 0 aumento da expressao do gene Bcl-2, anti-apoptotico,

prevenindo a morte neural por apoptose, bem como a reducdo da peroxidagao
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lipidica em animais submetidos ao tratamento com MSCs, de apenas 30 dias.
Esse tratamento, ndo muito complexo, consistiu em inserir MSCs diluidas em
um tampao fosfato salino (PBS), na cisterna magna através da membrana
atlanto occiptal em ratos com propensdo espontanea a hipertensio (CALIO et
al., 2014).

Uma pesquisa recente utilizando células tronco da polpa de dentes
permanentes (DPSCs) investigou o efeito de um sistema de entrega de uma
isoenzima da SOD (SOD 1), conjugada a um peptideo de penetracéo celular de
baixo peso molecular. O objetivo desse conjugado foi reduzir a senescéncia
celular induzida por H,O, e o EO apds penetrar nas DPSCs. E como
resultados, esse estudo sugere que o conjugado desenvolvido é eficaz para
atenuar a senescéncia celular e tem capacidade de reverter a diferenciacdo de
osteoblastos oriundos de DPSCs, através da inibicdo do EO (CHOI et al.,
2012). Assim, pode-se propor que exista um potencial de estudos a ser melhor
desenvolvido associando as DPSCs e as células tronco da polpa de dentes
deciduos exfoliados (SHEDSs), e a possibilidade dessas em combaterem o EO.
As DPSCs e SHEDs sao células que vém sendo isoladas desde o inicio dos
anos 2000 (GRONTHOS et al., 2000; MIURA et al., 2003). Dentes deciduos e
permanentes podem ser facilmente obtidos por motivos ortoddnticos,
periodontais, céarie e exfoliacdo natural de deciduos. Esses aspectos
corroboram para o conhecimento de que, em curto prazo, a odontologia sera a
area da saude com maior possibilidade de aplicacdes em engenharia tecidual
(CHEN et al., 2012). Suscitando, assim, a hipétese de que possa ser também
uma grande contribuinte no desenvolvimento de terapias de doencas causadas
ou intensificadas pela presenca de EO.

Um aspecto decisivo para a realizacdo de estudos laboratoriais e
clinicos com SHEDs e DPSCs é que essas células estdo presentes em
pequenas quantidades, o que torna indubitavel a necessidade do crescimento
in vitro para gerar quantidade suficiente de células a fim de proporcionar
avancgos préticos na area da saude (CAPLAN et al., 2009). Dessa forma, torna-
se imprescindivel tentar recriar in vitro, da melhor forma possivel, os nichos
onde naturalmente as MSCs indiferenciadas estdo inseridas e, além disso,
determinar o método de isolamento mais adequado para esses tipos celulares.

7

O conhecimento sobre nichos € deveras relevante, haja vista que sao
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microambientes responsaveis por determinar o destino, a migracdo e o
envelhecimento celular (SCHOFIELD et al., 1978). Estes nichos séo altamente
especializados e requererem uma organizacdo especifica para balancear e
controlar a capacidade de autorenovacao e proliferacdo celular (HARADA et
al.,2004).

Como supracitado, a investigacédo do potencial de MSCs para combater
o EO ainda é pouco estudada. Portanto, salienta-se e justifica-se assim a
execucao desse projeto, uma vez que ainda sdo necessarias mais pesquisas
para compreender como esse mecanismo funciona, como por exemplo,
esclarecer aspectos sobre a capacidade de tolerancia de DPSCs e SHEDs a
um ambiente de EO, bem como a possibilidade dessas células reverterem esse

ambiente danoso.

2.2 Proposicao

2.2.1 Objetivo geral
Isolar e caracterizar as SHEDs e DPSCs e avaliar o seu potencial de modular o

estresse oxidativo in vitro.

2.2.2 Objetivos especificos

- Realizar uma revisdo de literatura sistematica com intuito de analisar os
aspectos relevantes das técnicas mais prevalentes para realizacdo do
isolamento das SHEDs e DPSCs;

- Isolar as SHEDSs e os fibroblastos pulpares;

- Caracterizar as SHEDs e as DPSCs através da técnica de citometria de fluxo;
- Caracterizar as SHEDs e as DPSCs através da diferenciacao osteogénica,
condrogénica e adipogénica;

- Avaliar os danos oxidativos as SHEDs, as DPSCs e aos fibroblastos pulpares
atraves da determinacao de substancias reativas ao TBARS;

- Avaliar a capacidade antioxidante das diferentes linhagens celulares através
da determinacéo da atividade da CAT,;

- Avaliar a capacidade antioxidante das diferentes linhagens celulares através

da determinacao da atividade da SOD;
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- Avaliar a capacidade antioxidante das diferentes linhagens celulares através

da determinacéo da atividade da GPx;

2.4 Materiais e métodos

2.4.1 Revisao Sistematica
2.4.1.1 Estratégias de Busca

A revisdo sistematica sera realizada buscando artigos nas seguintes
bases de dados: Pubmed, Isi, Scopus e Scielo. A proposta consiste em buscar
artigos que atendam um unico critério de inclusdo: estudos que foram utilizadas
células tronco de polpa dental de origem humana. As palavras chaves para
buscas nas bases de dados serdo as siglas referentes as células tronco da

polpa de dentes permanentes — DPSCs, e as de dentes deciduos — SHEDs.

2.4.1.2 Selecéao de Artigos

Haja vista que o primeiro relato de isolamento de DPSCs na literatura
tenha sido no ano 2000 (GRONTHOS et al., 2000) e de SHEDs no ano 2003
(MIURA et al.,, 2003) havera a limitacdo de buscas referente ao ano de
publicacdo dos artigos. Serdo incorporados na revisdo artigos publicados a
partir de 2000 até o presente momento. Artigos que ndo sejam escritos na
lingua inglesa serdo descartados, bem como, aqueles que sejam revisdes de
literatura.

Dois revisores independentes fardo a primeira selecdo de titulos
encontrados nas pesquisas. Em caso de discordancia, os revisores discutirdo e
entrardo em um consenso. Se houver alguma davida, o artigo devera ser lido

na integra a fim de sana-la.

2.4.1.3 Coleta de Dados
Para identificar mais facilmente as variaveis encontradas nos artigos,
serdo tabeladas algumas informacdes pertinentes, tais como:
- Autor e ano de publicacao;
- Tipo celular;
- Tipo de dente;
- Idade na extracao;
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- Sexo;

- Armazenamento e forma de transporte;

- Tempo de armazenamento;

- Limpeza da superficie;

- Método de secc¢éao do dente;

- Método de remocéao do tecido pulpar do interior da camara;
- Técnicas de isolamento:

Explante, Mecanico e Enzimético, Mecanico, Enzimatico (Tipos de Enzima,
Quantidade de Enzima, Filtragem);

- Meios de cultivo;

- Suplementacéo do meio de cultivo;

- Componentes e Quantidade;

- Observacoes;

2.4.2 Ensaio in vitro
2.4.2.1 Descongelamento de DPSCs

As DPSCs foram previamente isoladas e congeladas durante a
realizacdo do Trabalho de Conclusdo de Curso de Camila Perellé Ferrda, em
2013/1, intitulado “Levantamento e analise de dados referentes ao isolamento e
cultivo de células tronco de tecido pulpar/ Isolamento de células tronco da
polpa de dentes permanentes”.

Para a execucéo das demais metodologias, criotubos seréo retirados do
interior do botijao de nitrogénio liquido e colocados em banho-maria, até que o
conteudo tome a forma liquida. Em seguida, no interior da capela de fluxo
laminar as células seréo transferidas ao interior de uma garrafa de cultivo, onde
sera acrescido o meio de cultivo meio de eagle modificado por Dulbecco
(DMEM)/ Ham F12 suplementado com 15% de soro fetal bovino (SFB -
Hyclone), 1% de antibiético - Penicilina, Estreptomicina e Glutamina (Gibco), e
1% de aminoéacidos ndo essenciais (AANE) (Gibco) e entdo armazenada em
estufa de CO,. Passadas 24 horas, tendo havido adesao celular na parede de
fundo da garrafa, sera feita a troca do meio de cultivo.

Quando a garrafa de cultivo atingir 80% de confluéncia sera realizado o
repique celular. Inicialmente o meio de cultivo serd removido do interior da

garrafa, as células serdo lavadas com 2 mL de PBS em concentracéo de 1%.



28

Serdo adicionados 2 mL de 0,25% Tripsina-EDTA para a adesao celular e
realizado o acompanhamento no microscépio invertido. A acdo enzimatica sera
inativada acrescentando 2 mL de meio de cultivo e realizando a ressuspencéo
do meio para desagregar completamente as células. Em sequéncia, sera
adicionado 8 mL de meio, o liquido total sera ressuspendido e feita a primeira
passagem celular, na razdo de 1:2. As garrafas serdo, entédo, levadas para a
incubacdo em estufa sob temperatura de 37°C, em atmosfera imida e com 5%
de CO,. Nas passagens seguintes passagens, o processo de repique sera

realizado em razao de 1:3.

2.4.2.2 Isolamento de SHEDs

Serdo coletados primeiros molares higidos, recém extraidos por alunos
das disciplinas de Odontopediatria | e 1| da FO-UFPel (Aprovado no Comité de
Etica em Pesquisa da FO-UFPel, sob o nimero de protocolo 38/2013).
Imediatamente apds a exodontia, os dentes serdo apanhados pela coroa e
limpos com uma gaze estéril embebida em clorexidina 0,2%. Se a coroa estiver
higida serdo feitas duas canaletas com ponta diamantada estéril, nimero 4138
(KG Sorensen), e caneta de alta rotagcdo sob irrigacdo constante de agua
milique estéril. Cada canaleta dever4 medir aproximadamente 2 mm, sendo
uma na face oclusal e outra em uma das faces proximais em direcdo ao longo
eixo do dente (CONDE et al., 2011).

Subsequentemente, os dentes serdo armazenados em falcons de 50 mL
contendo 15 mL de DMEM acrescido de antibidtico (Cultilab), enriquecido com
10% de SFB e colocados no interior de uma caixa de isopor com gelo para
serem transportados ao laboratorio. No laboratério os dentes seréo retirados,
com auxilio de uma pinga estéril, do interior dos falcons e colocados sobre
algumas gazes. Se a coroa estiver parcialmente reabsorvida e o tecido pulpar
exposto ndo se faz necesséria a criacdo de canaletas. O tecido pulpar deve ser
imediatamente removido da camara com auxilio de curetas de dentina estéreis.
Uma vez que o processo de rizolise ndo tenha atingido a por¢ao coronaria, um
cinzel sera apoiado sobre a canaleta proximal e com auxilio de um martelo,
uma linha de fratura sera realizada no dente. Rapidamente, as partes dos

dentes serdo aproximadas e levadas ao interior da capela de fluxo laminar.
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A polpa sera removida da camara pulpar com curetas de dentina
estéreis e colocada sobre uma placa de petri plastica, onde havera 0,5 mL de
meio DMEM/ Ham F12, suplementado com 15% de SFB (Hyclone), 1% de
antibioticos (Penicilina, Estreptomicina e Glutamina) (Gibco) e 1% de AANE
(Gibco). Na placa de petri sob o meio especifico para células tronco, usando
curetas de dentina e lamina de bisturi nimero 15, a polpa sera fragmentada em
explantes. Em uma placa de 6 pogos, serdo feitas ranhuras no fundo de cada
poco com uma lamina de bisturi numero 15. Os explantes serdo transferidos
para as placas, de modo a obter-se um explante por ranhura. Seréo
adicionados 2 mL de meio DMEM a cada pogo e as placas incubadas em
estufa, por 14 dias, sob temperatura de 37°C, em atmosfera imida e com 5%
de COa,.

2.4.2.3 Isolamento de fibroblastos pulpares

Seréo coletados terceiros molares higidos, recém extraidos por alunos
estagiarios do Centro de Especialidades Odontologicas de Cirurgia da
Faculdade de Odontologia da Universidade Federal de Pelotas (FO-UFPel)
(Aprovado no Comité de Etica em Pesquisa da FO-UFPel, sob o nimero de
protocolo 38/2013). Imediatamente apés a exodontia, 0s dentes serdo
apanhados pela coroa e limpos com uma gaze estéril embebida em clorexidina
0,2%. Em seguida, serdo feitas duas canaletas com ponta diamantada estéril,
namero 4138 (KG Sorensen), e caneta de alta rotacdo sob irrigacdo constante
de &gua milique estéril. Cada canaleta devera medir aproximadamente 2 mm,
sendo uma na face oclusal e outra em uma das faces proximais em direcao ao
longo eixo do dente (CONDE et al. 2011). Subsequentemente, os dentes seréo
armazenados em falcons de 50 mL contendo 15 mL de DMEM acrescido de
antibiético (Cultilab), enriquecido com 10% de SFB (Gibco) e colocados no
interior de uma caixa de isopor com gelo para serem transportados ao
laboratério. No laborat6rio os dentes serdo retirados, com auxilio de uma pinga
estéril, do interior dos falcons e colocados sobre algumas gazes. Um cinzel
sera apoiado sobre a canaleta proximal e com auxilio de um martelo, uma linha
de fratura seréa realizada no dente. Rapidamente, as partes dos dentes seréo
aproximadas e levadas ao interior da capela de fluxo laminar. A polpa sera

removida da camara pulpar com curetas de dentina estéreis e colocada sobre
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uma placa de petri plastica, onde havera 0,5 mL de meio DMEM, suplementado
com 10% de SFB (Gibco). Na placa de petri sob o meio DMEM, usando curetas
de dentina e lamina de bisturi nimero 15, a polpa serad fragmentada em
explantes. Em uma placa de 6 pocos, serao feitas ranhuras no fundo de cada
poco com uma lamina de bisturi numero 15. Os explantes serdo transferidos
para as placas, de modo a obter-se um explante por ranhura. Ser&o
adicionados 2 mL de meio DMEM a cada poco e as placas incubadas em
estufa, por 14 dias, sob temperatura de 37°C, em atmosfera iUmida e com 5%
de COa,.

2.4.2.4 Manutencéo Celular

ApoOs duas semanas, as placas com SHEDs e fibroblastos isolados
serdo analisadas em um microscoépio invertido TS100 TS100-F da Nikon, onde
se observara a migracao celular oriunda dos explantes. Um acompanhamento
da morfologia e do crescimento celular sera realizado através de repetidas
analises microscopicas. No momento em que houver cerca de 80% de
confluéncia celular, os explantes serdo retirados dos po¢os com uma pinca e
transferidos para garrafas de cultivo de 25 cm? de superficie. Em seguida, as
células aderidas nas placas serdo lavadas com 2 mL de PBS na concentracao
de 1%. Adicionar-se-4 2 mL de solucao 0,25% Tripsina-EDTA (Cultilab) para
que as ceélulas possam desaderir do poco, com acompanhamento por
microscopia Optica. Quando o agregado celular estiver em pequenos grumos,
inativar-se-4 a acdo da tripsina adicionando-se 2 mL de meio de cultivo e
ressuspendendo o meio para desagregar completamente as células. Em
seguida, a suspensao celular seréa transferida para uma garrafa de cultura (P0).
Colocar-se-a 1 mL de meio de cultivo no poc¢o, que serd ressuspendido e
transferido para a garrafa, repetindo duas vezes essa etapa e totalizando 6 mL
de meio em PO, garantindo a completa remocao das células presentes no poco.
A garrafa sera transferida para a encubacdo em estufa, sob temperatura de
37°C, em atmosfera umida e com 5% de CO.,.

Quando PO atingir cerca de 80% de confluéncia, sera realizado o repique
celular. Inicialmente o meio de cultivo sera removido do interior da garrafa, as
células serdo lavadas com 2 mL de PBS em concentracdo de 1%. Serdo

adicionados 2 mL de 0,25% Tripsina-EDTA para a adesao celular e sera
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realizado o acompanhamento no microscopio invertido. A acdo enzimatica sera
inativada acrescentando 2 mL de meio de cultivo, e entdo sera realizada a
ressuspencdo do meio para desagregar completamente as células. Em
sequéncia, adiciona-se 8 mL de meio, o liquido total sera ressuspendido e feita
a primeira passagem celular, na razdo de 1:2. As garrafas serdo, entao,
levadas para a incubagéo em estufa sob temperatura de 37°C, em atmosfera
umida e com 5% de CO,. Nas seguintes passagens, 0 processo de repique

sera realizado em razao de 1:3.

2.4.2.5 Caracterizagédo de DPSCs e SHEDs
2.4.2.5.1 Citometria de Fluxo

A analise de citometria de fluxo seréa realizada em culturas de DPSCs e
SHEDSs, nas passagens 5 e 7. Uma quantidade de 10° células ser&o incubadas
com 0s seguinte anticorpos conjugados contra aglomerados humanos de
diferenciacdo (CDs) e moléculas de superficie celular: CD29 / PE, CD34 / PE,
CD44 | FITC, CD45 / FITC, CD90 / FITC, CD117 / PE, CD133 / PE, CD184 /
PE e leucocitos humanos antigeno de histocompatibilidade principal de classe
Il da superficie celular complexa receptor (HLA-DR) / FITC (Pharmingen-BD
Biosciences, San Diego, CA), CD146 e / FITC e estromal marcador de
superficie celular 1 (STRO-1) / FITC (Santacruz, Santa Cruz, CA). O isotipo da
imunoglobulina G de ratos controles conjugados com PE e FITC seréo
utilizados para determinar a positividade das amostras. Todas as incubacgdes
serdo realizadas durante 30 min a 4°C, e as células lavadas com PBS apéds
cada incubacéo.

Apenas as células vivas serdo analisadas por exclusdo de células
mortas que forem positivo para o 7-Amino-Actinomicina D (7-AAD) (Invitrogen,
Carlsbad, CA) em uma concentracéo definitiva de 1 mg / mL. As células vivas
serdo avaliadas por dois marcadores de superficie celular simultaneamente,
utilizando anticorpos monoclonais contra os antigenos listados anteriormente. A
aquisicdo de dados sera realizada através do citdmetro de fluxo FACSCalibur
(BD Biosciences), e 10.000 eventos serdo analisados utilizando o software
CELLQuest (BD Biosciences) (BERNARDI et al., 2011).
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2.4.6.2 Diferenciacdo Osteogénica, Adipogénica e Condrogénica de
DPSCs e SHEDs

Para avaliar a capacidade das células para se diferenciarem em outros
tipos celulares, serdo plaqueadas 10* células/cm? em placas de 12 pocos.
Quando as culturas atingirem 70% de confluéncia, 0 meio de crescimento sera
substituido por um meio especifico de inducdo, e as células deverdo ser
mantidas nos meios especificos de diferenciacdo de 2 a 4 semanas. Para cada
tipo de célula a ser diferenciada, um controlo negativo que consiste em as
mesmas células mantidas em meio de cultura convencional.

Para a diferenciacdo osteogénica, o meio utilizado serdA DMEM / HEPES
suplementado com 10% de SFB; 10% b-glicerofosfato, 10 mmol/L; acido
ascorbico 2-fosfato, 5 mg/ml; e 0,1% de dexametasona, 10> mol/L.

Para a diferenciacdo adipogénica, o meio foi de Iscove (Gibco)
suplementado com plasma humano a 20%, 10 " mol/L de dexametasona, 2,5
mg/ml de insulina bovina, 5 mmol/L de indometacina, 5 mmol/L de
rosiglitazona, 10 Ul/ml de heparina de sodio.

Para a diferenciacdo condrogénica o meio utilizado sera DMEM/HEPES,
suplementado com 50 nmol/L ascorbico acido 2-fosfato, 6,25 mg/ml de insulina
de bovino, e 10 mg/mL de fator de transformacao de crescimento-beta 1 (TGF-
B1) (Millipore, Toquio, Japdo). ApOs o periodo de diferenciacdo, as culturas
serdo lavadas com agua desionizada e fixadas em paraformaldeido a 4% de 20
min a 1h. As células que sofrerem diferenciacdo osteogénica serdo coradas
com Alizarin Red, as que sofrerem diferenciacdo adipogénica com Red Oil, e
por fim, células que sofrerem diferenciacdo condrogénica serdo coradas com

Alcian Blue.

2.4.2.6 Ensaio de Viabilidade Celular

A viabilidade celular das DPSCs, SHEDs e fibroblastos serdo
determinadas em dois momentos, no processo de caracterizacdo das SHEDs e
DPSCs e na avaliacdo dose resposta dos trés tipos celulares mediante a
induc&o de um ambiente de EO. A viabilidade celular sera analisada através de
um ensaio colorimétrico de MTT (brometo de 3-[4,5-dimetil-tiazol-2-il]-2,5-
difeniltetrazélio), onde este composto solluvel é reduzido a cristais insollveis de
formazan (NEDEL et al., 2012).
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Para o processo de caracterizacdo celular o ensaio sera realizado no
momento em que as SHEDs e DPSCs estiverem em P3, P4, P5 e P6
(BERNARDI et al., 2011). Para o ensaio de avaliacdo do EO serdo utilizadas
DPSCs, SHEDs e fibroblastos pulpares em P3 e P10, no intuito de avaliar a
perda ou o ganho na modulagdo do EO com o aumento das passagens
celulares.

Para ambos os ensaios serdo semeadas placas de 96 pocos para cada
passagem celular, onde serdo realizadas 5 repeti¢cdes, com densidade celular
de 10° células/poco. Para tanto quando as células atingirem cerca de 80% de
confluéncia, o meio de cultivo celular sera descartado e as células lavadas com
3 mL de PBS em concentragdo de 1%. Serdo adicionados 3 mL de Tripsina-
EDTA a 0,25% para a desadesao celular e acompanhamento em microscépio
invertido. Inativa-se a acdo enzimatica acrescentando 3 mL de meio de cultivo.
Dos 6 mL totais serdo removidos 1 mL para a realizagao da contagem celular,
a qual sera efetuada utilizando-se o microscépio invertido e a camara de
Neubauer.

Para o ensaio de caracterizacdo das SHEDs e DPSCs as células serao
avaliadas apo6s 1, 3, 5 e 7 dias de cultivo. Para o ensaio de EO o meio de
cultivo deveréa ser suplementado com H,0O, (Sigma) e mantido em contato com
as DPSCs, SHEDs e fibroblastos pulpares por diferentes periodos de tempo e
concentracdes, a fim de estabelecer o tempo e a concentracéo letal de H,O,.
Devido a escassez de artigos na literatura que tenham estimulado EO em
células tronco pulpares, a concentracdo de H,O; sera determinada através de
uma curva dose-resposta. Quanto ao tempo de estimulacdo do insulto, as
células serdo mantidas em contato com H,O, por no maximo 18 h (VALLE-
PRIETO et al., 2010), tempo intermediario experimental de 10 e minimo de 2 h
(BORODKINA et al., 2014; VINOTH et al., 2014).

Entdo aos experimentos, tanto de caracterizacdo como de estresse
oxidativo, serdo adicionados aos 200 pL de meio de cultivo preexistentes, 20
ML de MTT (5 mg de MTT/mL de meio de cultivo) por pogos, o qual seré
mantido em contato com as células por 4 h. Em seguida, o liquido contido nos
pocos sera desprezado, adiciona-se 200 yL de DMSO e coloca-se as placas

em um shaker por 5 min a 150 rpm. Realiza-se entédo a leitura da absorbancia
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em espectofotbmetro (Thermo Plate TP-Reader) em um comprimento de onda
de 450 nm.

2.4.2.7 Avaliacdo do Dano Oxidativo e da Atividade das Enzimas
Antioxidantes
2.4.7.1 Determinagéo de Substancias Reativas ao TBARS

Sera realizada pelo método de Esterbauer e Cheeseman. As amostras
reagirdo com 10% de acido tricloroacético e 0,67% de acido tiobarbittrico e em
seguida serédo aquecidas em banho seco por 1 hora. A curva de calibracédo
sera realizada utlizando 1,1,3,3-tetrametoxipropano, seguindo o mesmo
tratamento das amostras. A absorbancia de TBARS sera determinada em 535
nm. Os resultados serdo calculados em nmol de TBARS/mg de proteina
(ESTERBAUER e CHEESEMAN, 1990).

2.4.7.2 Determinacgéo da Atividade da CAT

Sera determinada de acordo com o método descrito por Aebi (1984),
baseado na decomposicdo da H,O,, acompanhada a 240 nm, a temperatura
ambiente. Os resultados serdo expressos em unidades de atividade de
catalase (sendo uma unidade definida como a quantidade de enzima que
decompde 1 umol de H202/min/mg de proteina (AEBI et al., 1984).

2.4.7.3 Determinagao da Atividade da SOD

O método utilizado serd realizado conforme descrito por Misra and
Fridovich (1972). O método baseia-se na inibicdo de superéxido dismutase
dependente da auto-oxidacdo de adrenalina em um comprimento de onda de
480 nm. Uma unidade de atividade de superoxido dismutase é definida como a
quantidade necessaria para reduzir a velocidade da reacdo em 50%. Os
resultados serdo expressos em U/mg de proteina (MISRA e FRIDOVICH,
1972).

A concentracdo de proteina serd determinada pelo método de Lowry
utilizando albumina bovina como padréo. O principio do método de Lowry
baseia-se numa mistura contendo molibdato tungstato e acido fosfoérico,

(reagente Folin-Ciocalteau), que sofre uma reducdo quando reage com
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proteinas, na presenca do catalisador cobre (ll), e produz um composto com
absorcdo maxima em 750 nm (LOWRY et al., 1951).

24.7.4 Determinacao da atividade da GPX1

Para quantificar a atividade de GPX1, 1 mL da solucao de lise tampé&o
de GPX1 (50 mM Tris-HCI, 5 mM EDTA, e 1 mM de DTT, pH 7,5) sera utilizada
para extrair proteinas a partir de 1 x 10° de células. A atividade GPX1 sera
medida utilizando kit de ensaio dos peroxidos glutationa (Calbiochem). Este
método permitird a quantificagdo da atividade da GPX1 através de
espectofotbmetro em um intervalo de 50 - 344 nmol/(min mL) (NADPH

oxidado).

2.4.8 Reacéo em Cadeia da Polimerase em Tempo Real (QPCR)

O 4&cido ribonucléico (RNA) total dos diferentes tipos celulares sera
extraido utilizando reagente TRIzol (Invitrogen, Carlsbad, CA), seguindo as
indicacdes do fabricante. O DNA gendmico sera degradado utilizando DNAase
I (Invitrogen). O RNA sera quantificado espectrofotometricamente a 260 nm.
Para reacdo de transcricdo reversa, 1 mg do RNA total, 200 U M-MLV de
transcriptase reversa (Promega, Madison, WI), e 300 pmol de oligo(dT) primer
serdo utilizados para 25 ml de mistura da reacdo total. A reacdo sera
conduzida seguindo as instru¢des do fabricante da enzima. O PCR em tempo
real sera realizado usando 2 pL de reacdo de TR, 0,5 mM de cada um dos
primers especificos (Tabela 1), e DNA-LightCycler SYBR Green | Kit (Roche,
Indianapolis, IN), em um termociclador PCR em tempo real no termociclador
7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, EUA).
(Applied Biosystems, Foster City, CA, EUA). O nivel de expressao de cada uma
das enzimas sera padronizado contra GAPDH e a comparacao entre as células
pelo método comparativo Ct (SCHIMITTGEN, et al., 2008).



Amplicons
Gene Sentido (5’ - 3’) Anti sentido (3’ -5) Temp(°C) Tamanho(bp)
hSOD1 GGT CCT CACTTT CAT CTT TGT CAG 83 96
AAT CCT CTAT CAGTCACATT
hsoOD2 TGA CAA GTT TAA GAA TAA GGC CTG 85 148
GGA GAA GC TTGTTCC
hCAT TTA ATC CAT TCG GGC GGT GAG TGT 87 210
ATC TCA CC CAG GAT AG
hGPX1 CGC CAC CGC GCT GCA GCA CTG CAA 93 238
TAT GAC CG CTG CCA AGC AG
GAPDH CAG CCT CAA GAT CAT GAG TCC TTC 85 100

CAT CAG CA

CAC GAT AC
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Tabela 1: Primers especificos para Reacdo em Cadeia da Polimerase em Tempo Real

(Adaptada de VALLE-PRIETO et al., 2010).

2.4.9 Anéalise de Dados

A avaliacado dos dados sera realizada utilizando a Andlise de Variancia

(ANOVA) de duas vias seguido pelo teste de Tukey para comparagdes

multiplas, com nivel de significancia de p<0,05. Para a elaboracao dos graficos

sera utilizado o Programa GraphPad Prism, versdo 4.00 para Windows
(GraphPad Software, San Diego, USA).



37

2.5 Orgcamento

1,1,3,3- Tetrametoxipropano, Sigma Aldrich, 100 ml 142,00
Acido Tricloroacético, Synth, 250 g 163,39
Albulmina Bovina Liofilizada, Sigma Aldrich, 1 g 248,00
Alcian Blue, Sigma Aldrich, 250 ml 284,00
Alizarin Red, Sigma Aldrich, 25 g 296,00
Catalase, Sigma Aldrich, 1 g 125,00
Dexametasona, Sigma Aldrich, 25 mg 152,00
DMEM, Cultilab, 500 ml 149,00
DMEM/ Ham F12, 500 ml 182,00
DMSO, Synth, 1000 mi 53,38
Epinefrina, Sigma Aldrich, 5 g 389,00
Falcon 15 ml, 100 unidades 42,00
Falcon de 50 ml, 50 unidades 35,00
Insulina bovina, Sigma Aldrich 534,00
Materiais para Citometria de Fluxo 6.000,00
Materiais para qPCR 1.491,21
MTT, Sigma Aldrich, 250 mg 164,00
PBS, Gibco, 500 ml 310,00
Ponta diamantada KG Sorense, 4138 8,86
Reagente Folin Ciocalteu, Sigma Aldrich, 100ml| 225,00
Red Oil, Sigma Aldrich, 25¢g 107,00
Soro Fetal Bovino, Gibco, 500 ml 294,00
Sulfato de Cobre, Synth 100 g 25,57
TGF-beta 1, Sigma Aldrich, 5UG 649,00
Tripsina/EDTA, Cultilab, 500ml 329,00

Total 14.912,42
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2.6 Cronograma

Mes

Mar
Atividade - | Set/ | Out | Nov | Dez | Jan | Fev | Mar | Abr/ [ Mai | Jun | Jun | Ago | Set/ | Out | Nov | Dez | Jan | Fev
Ago| 14 | M4 |14 |14 | N5 | M5 | M5 | 15 | M5 |15 | M5 | M5 | 15 | M5 | 15 | /15 | 16 | /16

/14

Atualizac&o
bibliografica
Aquisicdo de
F materiais e X X
1| equipamentos
Realizacdo de
experimento- X
piloto
Execucédo do
: X X X X X
projeto
Coleta de
dados
referentes a
revisdo de
literatura
Tabulacéo dos
dados
e analise
estatistica
Apresentacado
de resultados
finais em
congresso
Redacao de
F artigos
3 cientificos
Defesa




3 Relatorio do trabalho de campo

Venho por meio do relatério do trabalho de campo da referida
dissertacdo, justificar as alteracdes presentes entre o projeto de qualificacao
proposto e os artigos produzidos ao fim desse processo. Inicialmente, no
que tange a proposta de realizacdo de uma revisdo sistematica, o objetivo
consistia em analisar 0os aspectos relevantes das técnicas mais prevalentes
para realizacdo do isolamento das SHEDs e DPSCs. No entanto, destaca-
se que devido ao volume de dados obtidos ao fim da analise dos mesmos,
bem como frente a dificuldade de discusséo devido a grande quantidade de
dados coletados e no intuito de ndo subjugar as informacgfes obtidas,
considerando os dados, uns mais relevantes em detrimento & outros, fez-se
necessaria a redacdo de um segundo artigo de revisdo sistematica. Assim,
ficou estabelecido o artigo 1 referente a forma como as técnicas de
isolamento de DPSCs vem sendo conduzidas ao longo dos ultimos 15 anos,
desde que foram isoladas pela primeira vez. Ndo menos relevante, o artigo
2, constituiu-se dos aspectos em relagdo ao manejo da estrutura dental
previamente ao processo de isolamento celular, propriamente dito.

No que diz respeito a proposta referente ao ensaio laboratorial, que
consistiu em isolar, caracterizar e verificar o potencial de modulacdo do
estresse oxidativo, de fibroblastos pulpares, DPSCs e SHEDSs, vale destacar
gque a mesma foi ligeiramente alterada. Primeiramente, destaca-se que
algumas modificacbes em relagdo ao proposto foram geradas em
consequéncia da necessidade de atecipar a data de defesa da dissertacao
em torno de 4 meses, com intuito de que fosse possivel a inscricdo da
candidata, num processo seletivo de doutorado em outra instituicdo. Sendo
assim, inicialmente fora proposta a verificagdo da atividade das enzimas
SOD, CAT, GPX e determinacdo quantitativa das substancias reativas ao
TBARS. J& foi realizada a aquisicdo de todos o0s reagentes necessarios
para efetuar as técnicas supracitadas, e até o presente momento realizou-
se os testes iniciais da atividade da enzima SOD. E importante salientar que
as amostras referentes as DPSCs, as SHEDs e aos fibroblastos pulpares
insultadas com peroéxidos de hidrogénio (H,0) ja encontram-se congeladas

aguardando para serem realizadas as avaliacdes das enzimas CAT, GPX e
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a determinacdo quantitativa das substancias reativas ao TBARS. No que diz
respeito a realizacdo da expressao génica, 0 NOSSO grupo de pesquisas
detém verba destinada & aquisicdo desses kits, contudo os mesmos ainda
nao foram realizados em detrimento a necessidade de antecipacdo da
defesa.

E imprescindivel mencionar que algumas adaptacbes metodoldgicas,
fizeram-se necessarias, haja vista os cortes no orcamento do Estado
destinados a pesquisa no Brasil. O processo de caracterizacao das células
tronco obtidas nesse estudo fora proposto, no entanto, vale destacar que as
adaptacdes sofridas consistem na realizacdo de parte das técnicas de
caracterizacdo, anteriormente propostas. Primeiramente, foram realizados
ensaio de viabilidade celular a fim de analisar a taxa de proliferacdo dessas
células, no intuito de averiguar se os niveis de proliferacdo celular séo
compativeis com 0s que j4 se tem pré-estabelecido na literatura. Além
disso, verificou-se a capacidade de diferenciacdo celular em tecido
osteogénico e os resultados parecem animadores, contudo os demais
ensaios de diferenciacdo propostos foram, momentaneamente, suspensos.
O grupo revela que tem realizado contatos com outras universidades, a fim
de alicercar parcerias futuras para a realizagéo desses ensaios.

Nesse contexto de corta de verbas, aliado ao fato de que a literatura nédo
vem realizando, repetidamente, o processo de caracterizacdo para cada
elemento dental fonte de células tronco, bem como devido ao fato de que
membros do nosso grupo de pesquisa realizaram curso pratico de
isolamento de DPSCs e SHEDs no Instituto Butantan, onde as células
obtidas pela metodologia, que repetimos na Universidade Federal de
Pelotas, sdo comprovadamente células tronco propriamente ditas, via
ensaio com citometria de fluxo, justifica-se a realizacdo de somente dois
testes para a caracterizacdo celular — ensaio de viabilidade celular e

diferenciacéo osteogénica.
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Abstract

Currently stem cells have been used as a potential tool for improving the
treatment of various diseases. In this context, dental pulp stem cells (DPSCs)
have been considered a promising alternative, however there is a gap in the
literature towards its isolation. Thus, this study aimed to obtain the profile of
DPSCs isolation protocols and analyze the possible risk factors that could
change the native behavior of these cells. The electronic search was conducted
without initial date restriction up to and including (April 2014) in PubMed,
Scopus, Scielo and ISI Web of Knowledge databases 222 articles were
included and the information analysis was performed concerning the following
items: author’'s name, year of publication, DPSCs isolation technique [explant,
enzymatic, mechanic technique (particularities of each technique, such as size
of the explant, contact time and enzyme concentration used, cell filtration, tissue
fragmentation method)], culture medium, medium supplementation
(components and concentration), as well as relevant observations. In general, it
was observed that the enzymatic cell isolation technique is the most used
technique to isolate DPSC, and collagenase type | and dispase the most used
enzymes in the concentrations of 3 mg / ml + 4 mg/ml, respectively. When the
filtering step was performed 40 uM was the preferably pore size is. The a-MEM,
penicillin, streptomycin, L-glutamine and SFB are the most recomende for
DPSCs cultivation. In conclusion over the past 15 years many studies have
been conducted using DPSCs, however this is the first systematic review
regarding the isolation of DPSCs. The isolation of DPSCs showed great
variability, hampering the development of standard protocols to achieve DPSCs
in vitro with similar characteristics from those in vivo, and possibly influencing
the results of the same evaluated outcomes. Finally, based in the results from
the systematic review we proposed a standard protocol for DPSC isolation.

Keywords: Dental pulp stem cell; Isolation; Dental pulp; Stem cells.
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Introduction

Currently mesenchymal stem cells (MSCs) are commonly investigated for their
potential to develop areas such as cell therapy, tissue engineering and
molecular biology, optimizing new treatment alternatives for diseases that affect
and are common worldwide (Uccelli, Moretta et al. 2008). MSCs can be related
to positive results in orthopedics treatments (Khan, Longo et al. 2012),
autoimmune diseases (Uccelli, Moretta et al. 2008, De Miguel, Fuentes-Julian
et al. 2012), inflammatory process (Chang, Zhang et al. 2005). In addition, their
benefits have been noted in diseases related to oxidative stress, as acute
myocardial infarction, ischemic stroke and diabetes, through enzymatic pathway
(Valle-Prieto and Conget 2010) and by paracrine activity (Liu, McTaggart et al.
2012).

In 2000, Gronthos and colleagues identified MSCs in the pulp of permanent
teeth: the dental pulp stem cells (DPSCs) (Gronthos, Mankani et al. 2000). This
discovery provided a new source of stem cells, since DPSCs can be obtained
by a minimally invasive process (Liu, Yu et al. 2015), from tooth extracted due
to orthodontic reasons, periodontal disease or caries (Chen, Sun et al. 2012).
Furthermore, DPSCs have high proliferative capacity, holding the potential of
self-renewal and differentiation into multiple cell lineages (Gronthos, Mankani et
al. 2000).

In this context, several studies have credited the use of DPSCs as an
appropriate cell model for various applications in different areas of health. It is
known that through the use of recombinant transforming growth factor 83 (TGF-
B3) DPSCs can differentiate into a chondrogenic lineage, in similarity to tissue
in vivo (Rizk and Rabie 2013). Due to their high osteogenic potential, DPSCs
have shown the capacity to form bone around dental implants (Ilto, Yamada et
al. 2011), bone resorption (D'Aquino, Schirra et al. 2007), and resections
resulting from surgery to remove tumors (Yelick and Vacanti 2006). Another
important aspect suggests that DPSCs can inhibit the proliferation of T cells,
which modulate the immune response from recently transplanted patients
(Pierdomenico, Bonsi et al. 2005).

Since DPSCs knowledge advanced more rapidly towards the final goal, clinical

application, some concerns, such as stem cell isolation, seem to be relegated to
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the background of basic science. Despite the use of DPSCs in the last 15 years
and there promising future, there is a gap in the literature towards their isolation.
Frequently authors report inconsistent methodologies with mislaid information,
hampering the search for standard protocols to achieve in vitro DPSCs isolation
with similar characteristics from those in vivo, and therefore possibly influencing
the results of the same evaluated outcomes. Thus, the aim of this study was to
systematically review the literature in order to identify the profile of DPSCs
isolation protocols and analyze the possible risk factors that could change the

native behavior of these cells.

Methods
- Review questions
In the literature, how has the isolation of DPSCs been conducted?

Is there a standardized protocol in the literature for DPSCs isolation?

- Inclusion and exclusion criteria

The inclusion criteria for article assessment were: description of stem cell
isolation from human dental pulp of permanent teeth. Exclusion criteria were:
literature reviews, cells from non human source, stem cells from other sources
than the pulp, isolation technique not described, human cells but not stem,
SHEDSs, congress summary, patents, book section, hypothesis articles, editorial,
letters to the editor, news, protocols, withdrawn, interview, articles which are not
written in the English language and articles that were not fully available and/or
after e-mails sent to the authors there was no reply. Articles could be excluded

through more than one exclusion criterion.

- Search strategy

The electronic search was conducted without initial date restriction up to and
including (April 2014) in PubMed, Scopus, Scielo and ISI Web of Knowledge
databases in order to identify studies that demonstrate the methodology used
for DPSCs isolation. An initial search was conducted using the following MeSH
terms: “(dental pulp stem cell [MeSH])”; “(dental pulp [MeSH])” AND “(stem cell
[MeSH])”; “(“dental pulp stem cell”’ [MeSH]’)". No language and date restrictions

were applied in the searches.



45

All references were managed in the EndNote X7 software (Thomson Reuters,
New York, NY, US). Initially, duplicate references were excluded. Titles,
abstracts and studies methodologies were screened based on the inclusion and
exclusion criteria by two reviewers independently (CPF and EGZC). Lists were
compared and in case of disagreement, a consensus was reached by
discussion. When a consensus was not achieved, a third reviewer decided if the
article should be included (FN). This systematic review followed the PRISMA

statements (Moher, Liberati et al. 2009) with some adjustments (Figure 1).

I Pubmed Scielo Isi  Scopus |

( 3126 )

1539 Duplicates
283 Reviews

240 Animals

141 No pulp

139 Other issues
131  Isolation technique not described
118 Human, pulp, not stem
96 SHEDs

69 Language

50 Congress sumary
50 Patents

32 Not found

24 Book section

13 Hypothesis

9 Editorial

6 Letter to the editor

2 News

1 Protocol

1 Withdrawn

1 Interview

(222 )

Figure 1 — Flowchart with the studies selection process for inclusion in the
systematic review (Exclusion reasons: a study could have fulfiled more than

one criterion).

- Data extraction and quality assessment

After screening, the following data was collected from the articles: author’s
name, year of publication, DPSCs isolation technique [explant, enzymatic,
mechanic technique (particularities of each technique, such as size of the
explant, contact time and enzyme concentration used, cell filtration, tissue

fragmentation method)], culture medium, medium supplementation
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(components and concentration), as well as relevant observations. Authors
were contacted in order to clarify any queries on the study methodology or
result. Data were extracted and tabulated independently by two reviewers (CPF
and LCdaR) to be submitted to a descriptive analysis. Cases of disagreement
were discussed until a consensus was reached. When a consensus was not

obtained, a third reviewer participated in the discussion (FN).

- Assessment of risk of bias in included studies

Risk of bias was evaluated according to the articles description of the following
parameters for study quality assessment: (a) size of explant fragment in the
explant technique, (b) culture medium, (c) cell filtration in the enzymatic
technique, (d) serum, (e) medium supplementation, except for serum and (f)
enzyme used in enzymatic technique and (g) instrument used for mechanical
dissociation in the association technique. If the authors reported the
parameters, the article had a “Y” (yes) on that specific parameter; if it had the
parameter, if the information was not described, the article received a “N” (no).
These data were tabulated and it was established that the presence of "Y" in
studies of up to 33.3% represents high risk of bias, if the amount studies
represented by "Y" is above 33.3% and even 66.6 % represents average risk,

whereas above 66.6% is low risk of bias.

- Impact factor analysis

The impact factor analysis, of the included articles, was performed searching
each journal for its impact factor in the year that the corresponding study was
published. Then these values were categorized as follows: From 0 to 1, 1.01 to
2,201t03,3.01t04,4.01t05,5.01t06,6.01to 7,7.01t0 8, 8.01t09, 9.01 to
10, more than 10. Subsequently, a relation between the impact factor and the
presence or absence of the following items was established - a) size of explant
fragment, (b) culture medium, (c) cell filtration, (d) serum, (e) medium
supplementation, except for serum and (f) enzyme used in the enzymatic
technique and (g) instrument used for mechanical dissociation in the mechanic

technique.
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Results

- Descriptive Analysis

Electronic search revealed 3,126 articles. From those 1,539 were duplicated
and therefore, removed. A total of 1,587 articles were included for title, abstract
and methodology screening. Figure 1 shows flow-chart of the study selection.
From those 222 were included for full text analysis. Tooth donor profile is
predominantly males (55.9%) with an average age ranging from 17.5 years to
30.6 years.

From the studies included in this review, 100% described the enzyme type. The
second item most frequently mentioned by the authors was the culture medium
used in DPSCs culture in vitro, (95% of the studies). However, the size of
explant fragments in the explant technique and cell filtration in the enzymatic
and/or mechanical technique were the most neglected ones, with 45.5% and

52.3% of articles respectively not informing this procedure (Table 1).

Yes No
N % N %
Size of explant fragments 12 54.5% 10 45.5%
Enzyme type 200  100% 0 0%

Enzyme concentration (enzymatic technique) 116  90.6% 12 9.4%

Enzyme concentration (association technique) 67 89.3% 8 10.7%

Culture medium 212 95% 10 5.0%

Cell filtration 106 47.75% 116 52.25%

Serum 195 87.8% 27 12.2%
Supplementation (serum excluded) 179 90.% 20 10%

Table 1. Distribution according to the presence or absence of important aspects of DPSCs

isolation.

There are three main techniques that have been described in the literature to
isolate DPSCs: explant, enzymatic and mechanical, or in some cases the
association between the two mentioned methodologies. Among the 222
selected articles for this systematic review, more than 50% conducted the
enzymatic technique, followed by an association between the enzymatic and
mechanical technique, representing 33.5%. The isolation techniques less

preconized were the explant and mechanical methodologies (Table 2).
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N %
Enzymatic 126 56.3%
Association (enzyme + mechanical) 75 33.5%
Explant 22 9.82%
Mechanical 1 0.5%
Total 224 100.0%

Table 2. Distribution according to the technique used for DPSCs isolation.

In regard to the enzymatic technique for DPSCs isolation, the literature revealed
twenty different combinations of enzymes. Table 3 shows that collagenase type
| associated with dispase is the most frequently used, representing more than
54% of the total. The second most frequent type employed is the enzyme
collagenase type | alone, which represents 17.2%. Ten different enzyme

combinations represent less than 5% of the selected articles (Table 3).

N %

Collagenase type | and dispase* 111 54.4%
Collagenase type | 35 17.2%
Collagenase and dispase* 14 6.9%
Collagenase* 9 4.4%
Collagenase type | and dispase type I 8 3.9%
Trypsin 5 2.5%
Collagenase type | and collagenase type I 4 2.0%
Collagenase type IA 2 1.0%
Collagenase type I 2 1.0%

Dispase type | 1 1.0%
Collagenase type A 1 1.0%
Collagenase type IA and dispase* 1 1.0%
Collagenase type Il and dispase type | 1 1.0%
Collagenase and dispase type II* 1 1.0%
Collagenase/DNAse 1 1.0%
Collagenase type | and DNAse 1 1.0%
Trypsin and collagenase 1 1.0%
Collagenase Blend type H 1 1.0%
Collagenase type |, colLagenase type I, termolisina 1 1.0%
Not described types of enzymes used 3 1.5%

Total 203 100.0%

* The type of collagenase and/or dispase was not described.

Table 3. Distribution according to the type of enzymes used for DPSCs isolation with the

enzymatic technique or in the association of the enzymatic and mechanical techniques.
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In the most used combination of enzymes (collagenase type | and dispase) for
DPSC isolation with the enzymatic technique or the association of the
enzymatic and mechanical techniques, the standard concentration used was,
respectively, 3 mg/mL and 4 mg/mL. However, more than seven different
concentrations are mentioned for this combination of enzymes and 0.5% of the

studies did not describe the quantity used (Table 4).

N % Group % Total

Collagenase type | and dispase

3 mg/mL + 4 mg/mL 100 90.1% 49.0%
4 mg/mL + 2 mg/mL 3 2.7% 1.5%
0,3 mg/mL + 0,4 mg/mL 2 1.8% 1.0%
2 mg/mL + 4 mg/mL 1 0.9% 1.0%
3 mg/mL + 5 mg/mL 1 0.9% 1.0%
1 mg/mL + 2,4 mg/mL 1 0.9% 1.0%
3 mg/mL + 2,4 mg/mL 1 0.9% 1.0%
0,3% + 0,4% 1 0.9% 1.0%
Used (not described both) 1 0.9% 1.0%
Subtotal 110  100.0% 54.4%
Collagenase type |
3mg/mL 24 68.6% 11.8%
1mg/mL 3 8.6% 1.5%
2mg/mL 2 5.7% 1.0%
0.1% 1 2.9% 0.5%
1% 1 2.9% 0.5%
Used (not described both) 4 11.4% 2.0%
Subtotal 35 100.0% 17.2%

Collagenase and dispase

3mg/mL + 4mg/mL 2 14.3% 1.00%

0,2mg/mL + 2mg/mL 1 7.1% 1.00%

1mg/mL + 3mg/mL 1 7.1% 1.00%
1 7.1% 1.00%
1 7.1% 1.00%
8

57.1% 3.9%

2mg/mL + 1mg/mL
Collagenase not described + 2mg/mL
Used (not described both)

Subtotal 14 100.0% 6.9%
Collagenase

2mg/mL 4 44.4% 1.96%

0.1% 1 11.1% 0.5%

0.2% 1 11.1% 0.5%

0,5mg/mL 1 11.1% 0.5%

625 U/mL 1 11.1% 0.5%

Used (not described) 1 11.1% 0.5%

Subtotal 9 100.0% 4.4%

Collagenase type | and dispase type Il
3mg/mL + 4mg/mL 4 50.0% 2.00%
3mg/mL + 2,4mg/mL 3 37.5% 1.5%




0,3% + 0,1% 12.5% 0.5%
Subtotal 8  100.0% 3.9%
Trypsin
0.05% 2 40.0% 1.0%
3 mL of 0.25% 2 40.0% 1.0%
0.2% 1 20.0% 0.5%
Subtotal 5 100.0% 2.5%
Collagenase type | and collagenase type Il
Used (not described both) 4 100.0% 2.0%
Subtotal 100.0% 2.0%
Collagenase type IA
3mg/mL 100.0% 2.0%
Subtotal 100.0% 2.0%
Collagenase type Il
0.075% 50.0% 0.5%
0.2% 50.0% 0.5%
Subtotal 100.0% 1.0%
Dispase type |
Used (not described) 100.0% 0.5%
Subtotal 100.0% 0.5%
Collagenase type A
2mg/mL 100.0% 0.5%
Subtotal 100.0% 0.5%
Collagenase type IA and dispase
3mg/mL + 4mg/mL 100.0% 0.5%
Subtotal 100.0% 0.5%
Collagenase type Il and dispase type |
5mg/mL + 2,5mg/mL 100.0% 0.5%
Subtotal 100.0% 0.5%
Collagenase and dispase type Il
Used (not described both) 1 100.0% 0.5%
Subtotal 1 100.0% 0.5%
Collagenase/DNAse
4mg/mL + 0,5mg/mL 1 100.0% 0.5%
Subtotal 1 100.0% 0.5%
Collagenase type | and DNAse
1mg/mL + 25ug/mL 100.0% 0.5%
Subtotal 100.0% 0.5%
Collagenase Blend type H
0,5mg/mL 1 100.0% 0.5%
Subtotal 1 100.0% 0.5%
Collagenase type |, colLagenase type Il, termolisina
Used (not described any) 1 100.0% 0.5%
Subtotal 1 100.0% 0.5%
Trypsin and collagenase
Used (not described both) 1 100.0% 0.5%
Subtotal 1 100.0% 0.5%
Total 201 100.0%

50
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Table 4. Distribution according to the combination and concentration of enzymes used for
DPSCs isolation with the enzymatic technique or in the association of the enzymatic and

mechanical techniques.

When considering DPSCs isolation using the explant technique, an important
variable is the size of tissue fragments. Although studies bring up five different
sizes, all articles reported sectioning the tissue in small dimensions. Thus,
18.2% stated that fragments were small without mentioning, however, the
precise dimension, and 45.5% do not mention the size of the fragments (Table
5).

%
18.2%
13.6%
9.1%
4.6%
4.6%
60 mm 4.6%
Not described the size of fragments 10  45.5%
Total 22 100.0%

Small fragments
1-2 mm?
1 mms3
0.5-1 mm

1x1x2 mms3

P R RPN W NZ

Table 5. Distribution according to the size of fragments used in the explant technique.

When the mechanical technique is chosen, either alone or in combination with
the enzymatic technique, it is commonly observed the presence of a filtering cell
step. Data suggest that 47.8% of authors mention the implementation of this
step. Within this group, 69.8% used a 70 pm filter, 10.4% used 100 um filter and
10.4% used 40 pm filter. Furthermore 9.4% of the studies that mention the

filtration technique did not describe the pore size used (Table 6).

N %
70 ym 74 69.8%
100 pm 11 10.4%
40 pm 11 10.4%
Not described the size 10 9.4%
Total 106  100.0%

Table 6. Distribution according to the pore size of filters used in the mechanical and in the

combination with the enzymatic technique.
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Data showed that 95.5% of all studies described the medium used for DPSCs
culture (Table 1). Nineteen different types of medium for DPSCs culture in vitro,
were described. The most commonly used medium was a-MEM (52.3%),
followed by DMEM (21.1%) (Table 7).

N %

a-MEM 114 52.3%

DMEM 46 21,1%
DMEM/F12 9 4.1%
DMEM-KO 7 3.2%
Low glucose DMEM 7 3.2%
MEM 7 3.2%
MSCM 5 2.3%
Mega Cell 5 2.3%
MCM 3 1.4%
A-DMEM 2 0.9%
DMEM/Ham’sF12 2 0.9%
EBM2 2 0.9%
MCDB-201 2 0.9%
MEM-Earle 2 0.9%
BME 1 0.5%
High-glucose DMEM 1 0.5%
Low glucose DMEM and MCDB-201 1 0.5%
NH stem cell expansion 1 0.5%
Phenol red free L-DMEM 1 0.5%

Total 218 100.0%

Table 7. Distribution according to the types of medium used for culturing DPSCs. Abbreviations:

a-MEM - a-minimum essential medium; DMEM - Dulbecco’s modified Eagle’s medium; DMEM/F12 - Dulbecco’s
modified Eagle’s medium/F12; DMEM-KO - Dulbecco’s modified Eagle’s medium — knock-out; MEM - Minimum
Essential Medium; MSCM - Mesenchymal Stem Cell Medium; MCM - Mesencult Complete Medium; A-DMEM -
Advanced Dulbecco’s modified Eagle’S medium; DMEM/Ham’sF12 - Dulbecco’s modified Eagle’s medium/Ham’s F12;
EBM2 - Endothelial cell basal medium 2; MEM-Earle - Minimum Essential Medium-Earle; BME - Basal Medium Eagle;
NH stem cell expansion — Nonhematopoietic stem cell expansion.

The supplementation of DPSCs in vitro is also an important issue. In the total
studies reviewed 90.0% mentioned the use of supplementation, disregarding
serum (Table 1). In relation to serum, the results showed that the use of bovine
serum is the most common, followed by calf and human serum, respectively
74.4%, 23.1% and 2.0% of total selected papers. The vast majority of studies
supplement the culture medium with two, three or four components, other than

serum. The most cited ones are penicillin and streptomycin accounting for more
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than 50.0% of all compounds used for supplementation. Besides these, 32

different types of supplements were cited (Table 8).

N %
Penicilin 157  26.0%
Streptomicin 151  25.0%
L -glutamine 61 10.1%
L-ascorbic acid 40 6.6%
2P-ascorbic acid 28 4.5%
Glutamine 18 3.0%
Amphotericin 16 2.6%
AA 14 2.3%
Dexamethasone 13 2.1%
Fungizone 12 2.0%
Gentamicin 11 1.8%
PDGF 9 1.5%
Glutamax 9 1.5%
EGF 9 1.5%
Antibiotics 7 1.2%
Insulin 7 1.2%
Selenium 7 1.2%
Transferrin 7 1.2%
hPDGF BB 3 0.5%
LA-BSA 3 0.5%
Glucose 3 0.5%
BFGF 2 0.3%
BSA 2 0.3%
hLIF 2 0.3%
Clarithromycin 2 0.3%
CDLC 2 0.3%
Kanamycin 2 0.3%
Vitamin C 2 0.3%
IGF 1 0.2%
R-ME 1 0.2%
Ciprofloxacin 1 0.2%
Sodium pyruvate 1 0.2%
Hepes 1 0.2%
Mesenchymal cell growth supplement 1 0.2%
Total 605 100.0%

Table 8. Distribution according to the supplementation used in DPSCs culture medium

preparation. Abbreviations: AA - antibiotic antimycotic solution; PDGF - platelet-derived growth factor; EGF -
epidermal growth factor; hPDGF BB — human recombinant platelet-derived growth factor; LA-BSA - linoleic acid-bovine
serum albumin; bFGF - basic fibroblast growth factor; BSA — bovine serum albumin; hLIF — human leukemia inhibitor
factor; CDLC - Chemically Defined Lipid Concentrate; IGF - insulin-like growth factor; R-ME - R-mercaptoethanol.
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N %
FBS 148  74.4%
FCS 46 23.1%
HS 4 2.0%
FCS and FBS 1 0.5%
Total 200 100.0%

Table 9. Distribution according to the serum used in DPSCs culture medium preparation.

Abbreviations: FBS — Fetal bovine serum; FCS — Fetal Calf Serum; HS — Human Serum.

- Risk of Bias

From 222 studies included in this review, only 9.3% presented the description of
the instrument with that mechanical dissociation was performed, in the
association technique, representing a high risk of bias. When analyzing the risk
of bias over the filtering and fragment size of explant, both showed medium risk
of bias, these items were mentioned respectively in 47.8% and 54.6% of all
studies. All studies showed the type of enzyme used, indicating a low risk of
bias for this variable. In the association technique and the enzymatic technique,
the enzyme concentration was described in 89.3% and 90.6% of the studies,
respectively. The medium culture (95.1%), serum (87.8%) and the medium

supplementation (90.0%) were considered at low risk of bias (Graph 1).

100%
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Type of enzymes - Concentration of Mechanical Concentration of Filtering Fragments size Medium culture Serum Medium
enzymatic enzymes - enzymatic instrument - enzymes - association suplementation
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technique
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Graph 1. Risk of bias considering aspects reported in the material and method section.

- Standard protocol for DPSCs isolation

Based on the frequency in each step of DPSCs isolation obtained in this
systematic review we developed a standardized protocol (Figure 2). However it
is important to highlight that this protocol is based on frequency analysis and
not in effectiveness of DPSCs isolation.
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Dental Pulp Tissue

Enzymatic Technique

Collagenase type | and dispase

Concentration: 3 mg/mL+ 4
mg/mL

Cell filtration: 70 um

a-MEM + penicillin +
streptomycin + L-glutamine + SFB

DPSCs Isolation

Figure 2 — Flowchart with the most commonly used protocol for DPSCs isolation.

- Impact factor

Of the 222 studies included in this review 153 were published in journal with
impact factor lower than 5 and 23 articles were published in journal with impact
factor higher than 5. The variable type of enzyme, used in the enzymatic
technique and association technique for cell isolation, was present in 100% of
the articles regardless of the journal's impact factor where the studies were
published. Most of the considered variables were present in a higher relative
frequency in the group with impact factor higher than 5. Thus including the
enzyme concentration in the enzymatic technique, filtering, fragment size,
serum and medium supplementation. In the group published in journal with
impact factor lower than 5, higher relative frequency was observed in the
variables enzyme concentration in the association techniqgue and medium

culture.
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Discussion

Gronthos and collaborators in 2000 innovated the field by isolating for the fist time
stem cell from the dental pulp of permanent teeth, and therefore provided the basis
for DPSCs isolation. Over the past 15 years many studies have been conducted
using DPSCs. The promising results obtained, indicate that more efforts will be made
for the use of these cells towards clinical applications and basics biology
development. However this is the first systematic review regarding the isolation of
DPSCs, and based on the frequency in each step of DPSCs isolation we developed
a standardized protocol (Figure 2). However it is important to highlight that this
protocol is based on frequency analysis and not in effectiveness of DPSCs isolation.
Within the years, the isolation of DPSCs has evolved, and currently, DPSCs can be
isolated using two main techniques: explant (Kerkis, Kerkis et al. 2006, Karamzadeh,
Eslaminejad et al. 2012, Lizier, Kerkis et al. 2012) and enzymatic (Kerkis, Kerkis et
al. 2006, Karamzadeh, Eslaminejad et al. 2012). Moreover, the association between
the enzymatic technique and the use of mechanical devices to intensify cell
dissociation and the extracellular matrix, has also been used (Patil, Kumar et al.
2014).

Our findings revealed that 56.3% of all included studies chose the enzymatic
technique, and 33.5% associated this methodology with the mechanical cell
dissociation step. The enzymatic technique consists of removing DPSCs from the
pulp by using enzymes, such as collagenase, dispase (Kerkis, Kerkis et al. 2006) and
trypsin (Asgary, Nazarian et al. 2014), to dissociate cells from each other and from its
extracellular matrix, in order to obtain an heterogeneous singularized cell
suspension. However this process can inevitably damage the cell or induce its death
(Huang, Sonoyama et al. 2006). In this regard, all articles described the enzyme
used for DPSCs dissociation. Within the 222 studies included, only five families of
enzymes were mentioned: collagenase, dispase, trypsin, thermolysin and DNAase.
Considering these families of enzymes, different subtypes could be found, and
therefore, 20 different combinations were noted in the articles. The most mentioned
combination of enzymes (54.4% of total studies) was collagenase type Il/dispase,
while the second most common was collagenase type | alone (17.2%). It was also
observed that in some cases there was no specification to the subtype of enzyme
used, such as the association between collagenase and dispase, collagenase and

trypsin and collagenase alone, representing respectively 6.9%, 2.5% and 4.4% of
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total studies using the enzymatic technique. Since the dental pulp is a connective
tissue and its extracellular matrix contains collagen as a major component (Lukinmaa
and Waltimo 1992), the high percentage of authors that used collagenase and
dispase in the enzymatic technique, two proteolytic enzymes that degraded collagen,
is highly comprehensive (Koga, Muneta et al. 2008) (Rodbell 1964).

Regarding the concentration of enzymes, the group of authors that used collagenase
type | in association with dispase, showed that there is no standardized quantity of
each enzyme to promote cell disaggregation. Indeed, up to eight different
concentrations of collagenase type l/dispase were mentioned. This high variability in
concentrations is also observed with collagenase, collagenase type | and
collagenase/dispase (Table 4). This lack of standardization in the enzyme and
concentration could compromise DPSCs survival and function and hamper the
initiation of stem cell isolation for various laboratories. Based on the results obtained
from this systematic review we propose the use of collagenase type I/dispase in the
concentration of 3 mg/mL and 4 mg/mL respectively.

In a sequence of temporal events, it is common that after enzymatic disaggregation,
the dissociated pulp tissue is filtered through a falcon cell strain (Pisciotta, Carnevale
et al. 2015). We observed that the filters pores used were 40, 70 and 100 pm,
(10.4%, 69.8%, and 10.4% respectively, in relation to the total of 106 studies that
used cell filtration). This process of filtration is used in order to remove any cell clump
(Francis, Sachs et al. 2010), and therefore can be adapted according to the cell type
used. For DPSCs, however, this systematic review suggests the use of 70 um filters.
The explant technique, based on the outgrowth of cell from small tissue fragments,
as well as the enzymatic technique, is able to isolate cells with the capacity to
differentiate in multiple lineages (Hilkens, Gervois et al. 2013). This technique is
cheaper than the enzymatic technique (Huang, Shagramanova et al. 2006) and
allows the isolation of a relatively pure (not homogeneous) population of pulp stem
cells (Kerkis, Kerkis et al. 2006). However only 9.9% of the authors chose to use this
technique. It is speculated that this small number is related to the long time needed
to conduct this method, since cells need up to 1-2 weeks to migrate from pulp tissue.
Lizier and collaborators developed a cell culture method that preserves DPSCs
viability for longer periods, minimizing DPSCs slow rate proliferation (Lizier, Kerkis et
al. 2012). This methodology is based on the explant technique and consists in

transferring tissue fragments to a different plate every time the desired cell density is
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achieved. It allows the de novo cell migration to a new plate, enabling the
achievement of large amount of pulp stem cells (Lizier, Kerkis et al. 2012).

A particular aspect of the explant technique is the size of tissue fragments. According
to our data fragment dimension are not standardized. It was observed that 45.5% of
the articles did not bring this information; 18.2% mentioned that tissue fragments
were small, however did not specify the dimension used; 13.6% cite a single
dimension; 18.2% two dimension and only 4.6% the three dimension used. The
literature seems scarce in this sense and little is discussed about the relevance of the
explant size in order to obtain success in isolating dental pulp stem cells with this
technique technique. Recently, a study compared explants of bone tissue with two
size fragments: up to 2 mm and 2 to 5 mm. It was observed that the size of the
explants is not a factor capable of influencing osteoblast outgrowth (Verdugo, Saez-
Roson et al. 2011), though this observation should be viewed with caution, since cell
from different sources could behave differently. One important aspect when
considering the size of the explant fragments is that it should not be excessively
small at a point that it can compromise the explant attachment to the bottom of the
culture plate, unfeasible the cell outgrowth. And on the other hand it should not be
excessively large in order to compromise the diffusion of metabolites a nutrients
between the surrounding medium and the explant, as well as dificulting the cell
outgrowth.

Subsequently, after establishing the type of technique used for DSPCs isolation, it is
necessary to establish the adequate culture medium and its supplements, which will
enable the culture, in vitro, of the isolated cells (Pal, Hanwate et al. 2009). Our data
showed that nearly 95.0% of the articles described the culture medium used in
DPSCs cultivation in vitro (Table 1), indicating a very low risk of bias (Figure 1) and
therefore highlighting its relevance. A total of 212 articles cited the medium used for
DPSCs cultivation, with a variability of 19 different types. Of these, a-MEM, DMEM
and DMEM/F12 were the most recommended types, representing respectively
52.3%, 21.1% and 4.1% of the total items included (Table 6). Pat et al. reported that
a-MEM and DMEM/F12, can be used to isolate and successfully expand DPSCs and
other mesenchymal stem cells (Pal, Hanwate et al. 2009). Recently the rate
proliferation and the gene expression pattern of pulp stem cells from deciduous teeth
was evaluated when a-MEM and DMEM/F12. It was observed that a-MEM and
DMEM/F12 were the most suitable medium for dental pulp stem cell from deciduous
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teeth isolation and long-term expansion (Lizier, Kerkis et al. 2012). The low-glucose
DMEM was used in 3.2% of the articles evaluated, however the literature has not
been shown effective for isolation, but efficient to support long-term expansion of
dental pulp stem cell culture after cryopreservation (Lizier, Kerkis et al. 2012).

It is well known that the culture medium is not placed in contact with the cells alone, a
series of components help to create an environment suitable for maintaining cell
viability in vitro, aiming to re-create, as an ultimate goal, the stem cell niche where
these cells maintain there undifferentiating state (Schofield 1978).

Supplementation components for cell culture medium are present in 90.0% of the
included studies. Specifically in relation to serum 87.8% of the articles cited its use.
Schukanen et al. aimed to approach DPSCs behavior when exposed in vitro to the
cell culture medium supplemented with different concentrations of fetal calf serum
(FCS) (2% and 10%) and association between insulin, transferrin and sodium
selenite (ITS). The result shows that the ITS supplement promoted increased of
DPSCs proliferative activity, reducing the time of cell duplication and not altering the
cellular phenotype. It was also found that reducing the FCS volume of 10% to 2% the
properties of DPSCs was compromised (diameter and viability cellular) and it was
suggested that as the serum concentration can be reduced to 2% but the medium
should be enriched by ITS and growth factor supplementation (Suchanek, Soukup et
al. 2009). From the 222 articles evaluated, the ITS association was not identified, and
If we observe in an isolated or in combination way with other supplements, insulin
and transferrin, each one represent just 1.2% of the total. Sodium selenite is not
mentioned as a supplement for any author. The supplements that were reported
more often were two antibiotics: penicillin, present in 26.0% of studies and
streptomycin 25.0%. Another supplementation component cited was L-ascorbic acid,
present in 6.6% of all studies. However, the literature suggests that the use of 100
MM of ascorbic acid, 10% of FCS as supplementation for a-MEM medium culture it
provides a means of cultivation considered ideal for cell DPSCs growth (Suchanek,
Soukup et al. 2009).

Regarding the particularities towards serum supplement, we can analyze that the
serum of animal origin is the most recommended in the literature, representing 98.0%
of the total. The fetal bovine serum (FBS) and the FCS represent were the most cited
ones in this review, respectively, 74.4% and 23.1%. It is believed that this may be

due to the fact that its use for DPSCs cultivation is already widespread in the
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literature (Gronthos, Mankani et al. 2000, Abdullah, Abdullah et al. 2014). However,
serum from animal origin can present disadvantages such as the risk of infections
and immunological reactions. Thus, it motivated the Ferro’s group to investigate a
replacement element. Thus, the literature has investigated human serum, present in
2.0% off all studies, at low concentrations as a valid substitute in medium with high
concentration of FBS and therefore be useful for clinical applications of adult stem
cells (Ferro, Spelat et al. 2012). Moreover, the human serum has shown to induce
high rate of cell proliferation and enhances the osteogenic differentiation of DPSCs in
vitro (Bressan, Ferroni et al. 2012). However, more studies are needed addressing
different aspects of the impact of human serum in cell behavior, considering that this
serum has not been frequently used, corresponding for 2.0% of all studies.

Having been checked the risk of bias of several variables of interest as well as the
impact factor of the journals, in the year when the studies were published, in
association will these variables, was possible to realize an analysis of the quality of
the included studies. Succinctly, is highlighted that studies showed, in general, low
risk of bias for most variables of interest. Nevertheless, given the high variability of
different factors impact, the data collected suggests that the presence of description
of the variables is founded on a relationship of dependency the relevance of variable
and not determined by the impact factor of the journals.

Based on the frequency in each step of DPSCs isolation obtained in our systematic
review we developed a standardized protocol (Figure 2). However it is important to
highlight that this protocol is based on frequency analysis and not in effectiveness of
DPSCs isolation.

Conclusion

In conclusion over the past 15 years many studies have been conducted using
DPSCs, however this is the first systematic review regarding the isolation of DPSCs.
The isolation of DPSCs showed great variability, hampering the development of
standard protocols to achieve DPSCs in vitro with similar characteristics from those in
vivo, and possibly influencing the results of the same evaluated outcomes. Finally,
based in the results from the systematic review we proposed a standard protocol for
DPSC isolation.
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic ) Culture Medium .
Explant : = Mechanical Components Concentration
Types Concentration Time Filtering
FBS (Gibco™, Invitrogen, USA) 20%
collaenase ype | (Worthing | 70 4m strainer (80 o VEM (BioWhitaker™ L-ascorbic acid 2-phosphate (Stem Cell Technologies, Canada) 100uM
Abdullah 2014 10-40y , 3mg/mL Overnight ! -
Biochern, USA) FalconTM, USA) USA) L-glutamine (Gibco ", Invitrogen, Japan) 2mM
penicillin 100 U/mL
streptomycin 100 pg/mlL
penicillin (Invitrogen) 10000 pg/mL
Il type | (Gibco, Grand Minced in small in (Invi
Abu Kasim 2012 2035y collagenase type | (Gibco, Gran 3mg/nl Ormin inced in sma 055 DMEM-KO streptomycm(lr.wnrogen) 10000 pg/mL
Island, NY, USA) framents Glutamax (Invitrogen) 1%1X
FBS 10%
Agha-Hosseini &8 collagenase (Sigma C-5138, Fragmented in
2010 Y St.Louis, MO, USA) small pieces
collagenase type Il (Worthington ) ) FBS 10%
, , X i Dissected into
Ahmed 2011 20-9y hiochemical corporation, 0.2% 30min : EBM2 (Lonza, USA) thiGF-1 (Lonza, USA)
small pieces
Lakwood, USA) thEGF (Lonza, USA)
. Inactivated FCS (FBS, NCS, fetal clone II; Hyclone, Logan, UT) 10%
collagenasetype (Imitroger, - MEM (Invitrogen Life cllin Schering, Pointe-Claire, QC, Canad 200U/mL
Akkouch 2014 18-25y Life Technologies, Burlington, 3mg/mL 60 min .g peni |n( ¢ ennlg, Om, a alr?’Q , Canad) m
N, Canadd Technologies) streptomicin (Schering, Pointe-Claire, QC, Canada) 200 pg/ml
' amphotericin B (Sigma-Aldrich) 25 yg/ml
! SFB (Gemini, Bio-Products, Inc.) 10%
collagenase type | (Sigma : =
Adich) 3mg/mL L-glutamine (Gemini Bio-Products, Inc.) 2mM
70 um (Falcon, BD . icacid-2- ini Bio- )
Al-Habib 2013 16-24y 30-60 min km Minced a- MEM (Gibco Invitrogen) Lascorb|calc|.d ,2 phospatlel(Glem|n| e 0 ST
Labware) penicillin-G (Gemini Bio-Products, Inc.) 100 U/mL
dispase (Sigma Aldrich) 4mg/mL streptomycin (Gemini Bio-Products, Inc.) 100 pg/mL
fungizone (Gemini Bio-Products, Inc.) 0.25pg/mL
collagenase type | 3mg/mL FBS 15%
Alongi 2010 142y ) 30-60min| 70um cell strainer Minced - MEM L-glutamine 2mM
dispase 4mg/mL —
L-ascorbic acid-2-phosphate 100 uM
i i I 0/
it £ ‘ Minced in small FCS (Invitrogen) 10%
Armifian 2009 1821y 2mg/mL 90min fragments (<Lmm | Low glucose DMEM .
Islands, NY) 3 antibiotics
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic . Culture Medium :
Explant : = Mechanical Components Concentration
Types Concentration Time Filtering
collagenase type | 3mg/mL . F,CS 206
L-ascorhic acid 2-phosphate 100uM
Arthur 2008 1935y 60min 70 um strainer - MEM L-glutamine 2mM
dispase 4mg/mL penicillin 100U/mL
streptomycin 100 ug/mlL
collagenase 0.1% FBS (Invitrogen, Carlshad, CA) 15%
Asgary 2014 trypsin 0.05% Wi OVEM peniFiIIin (Invi.trogen, Carlsbad, CA) 100U/mL
EDTA 0.5mmol/L Fungizone (Invitrogen, Carlsbad, CA) 0.25g/mlL
PBS 0.1mol/L streptomycin (Invitrogen, Carlshad, CA) 100U/mL
ITS (Sigma) 1X
LA-BSA (Sigma) 1X
dexamethasone (Sigma) 10°M
Male ascorhic acid 2-phosphate (Sigma) 10°M
penicillin 100U
Low glucose DMEM (60%) streptomycin (PAA) 1000V
Atari 2011 14-60y collagenase type | (Sigma) 3mg/mL 60 min Insulinsyringe | (Sigma) and MCDB-201 FBS (Sigma) %
(40%) (Sigma) hPDGFBB (R&D Systems) 10ng/mlL
EGF (R&D Systems) 10ng/mL
Female hLIF (Chemicon) 1000U/mL
Chemically Defined Lipid Concentrate (Gibco)
BSA (Sigma) 0.8mg/ml
R-ME (Sigma) 55uM
ITS (Sigma) 1X
LA-BSA (Sigma) 1X
Male dexamethasone (Sigma) 10°M
ascorhic acid 2-phosphate (Sigma) 10°M
Low glucose DMEM (60%) penicilin 100U
Atari 2012 (a) 18-27y collagenase type | (Sigma) 3mg/mL 60min Insulin syringe | and MCDB-201 (40%) or streptomycin (PAA) 1000V
DMEM (Biochrom) FBS (Sigma) %
Female hPDGFBB (R&D Systems) 10ng/mL
EGF (R&D Systems) 10ng/mL
bFGF 2ng/mL
FBS (Hyclone) 10%
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic : Culture Medium :
Explant : = Mechanical Components Quantity
Types Concentration | Time Filtering
s 1X
LA-BSA (Sigma) 1X
dexamethasone (Sigma) 10°M
Ao syl G i 4
Male collagenase type | (Sigma) 3mg/ml ascorbic acid2 phggphate (Sigma) M
penicilin 100V
Low glucose DMEM [60%] streptomycin (PAA) 1000U
(Sigma) and MCDB-201 FBS (Sigma) %
Atari 2012 (b) 14-60y 60 min Insulin syringe (40%) (Sigma) hPDGFBB (R&D Systems) 10ng/ml
EGF (R&D Systems) 10ng/ml
hLIF (Chemicon) 1000 U/ml
Chemically Defined Lipid Concentrate (Gibco)
Female dipase (Sigma) 4mg/ml BSA (Sigma) 0.8 mg/mL
R-ME (Sigma) 55uM
DMEM (Biochrom) i 2ng/ml
FBS (Hyclone) 10%
collagenase type | (Sigma, St.
. Img/ml
Louis, MO, USA 70um cell strainer (BD Biosciences
Attar 2014 Bmin | " "|  Minced
dispase type Il {Sigma, St. Louis, San Jose, CA, USA)
4mg/mL
MO, USA)
1 | 0/
collgenase type | (GbcofBRL _ FBS(Lonza,Velmers, Be|g|um). 15%
Cauhe, Germany) Img/ml L-ascorhic acid phosphate (Biochrom AG, Berlin, Germany) 100mM
' | 70umecell strainer (BD Biosciences, a- MEM (Gibco/Invitrogen, L-glutamine (Biochrom AG, Berlin, Germany) 2mM
Bakopoulou2011 |  16-18y 60 min , — ;
, o Heidelberg Germany) Karlsruhe, Germany) penicillin (Biochrom AG, Berlin, Germany) 100U/ml
dispase (Roche Diagnostics smglnl S eoman Eod o AG Bl G gL
GmbH, Mannheim, Germany) g strep o.m‘ycm( iochrom ,Ierm, ermany) mg/m
amphotericin B (Promo Cell, Heidelberg, Germany) 0.25mg/mL
collagenase type | (Worthington Imgl. FCS (Equitech-Bio Inc., Kerville, TX, USA) 15%
| Biochem, Freehold, NJ, USA) . - MEM 6o BRL, Grand L-ascorbm. acid 2I-pho.sphate (WAKQ, Tokyo, Japan) 100uM
Batouli 2003 19-9y , . . 60 min Lglutamine (Biofluids Inc., Rockville, MD, USA) 2mM
dispase (Boehringer Mannheim Island, NY, USA) ————— ,
. 4mg/ml penicillin (Biofluids Inc., Rockville, MD, USA) 100U/mL
GmbH, Mannheim, Germany) —— ,
streptomycin (Biofluids Inc., Rockville, MD, USA) 100 pg/mL
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic Culture Medium
/ : Explant y. : — Mechanical Components Concentration
Types Concentration Time Filtering
Vale glucose (Lonza, Basel, Switzerland) 3mM
collagenase type A (Sigma) 3mg/mL Minced nto HEPES (Lonza, Basel, Switzerland) 5mM
Bonnamain 2013 |  15-20y 60min | 70um cell strainer (Falcon) sl s DMEM/Ham'sF12 (1/1,v/v) streptomycin (Lonza, Basel,Switzerland) 5ug/ml
Female icilli i
dispase (Gl il 'pem'allln (Lonza, BaseI,SW|tzerI§nd) 5Ul/mL
heat-inactivated FCS (Lonza, Basel,Switzerland) 10%
penicillin 100 U/mL
sltref*tp;omyu'n 0% ILOOfrr;gé mL/ ] 70 mm Falcon strainers NH stem cell expansion
Bressan 2012 16-66y c”arl rom\t/cm | - m; ] ang ™ 6omin (Becton & Dickinson, Franklin (Miltenyi Biotec, Bergish
© aggnase ype me/m Lakes, NJ) Gladbach, Germany)
dispase 4mg/mL
PBS 4mLof 1mol
collagenase type Il (Sigma- FBS 10%
) ] i 0.075% ) ) , =
Cai 2011 18-28y Aldrich, St. Louis, MO, USA) 30min Filtered (no described) DMEM/F12(1:1) penicillin 100 U/mL
PBS streptomycin 100 pug/mlL
penicillin 100 U/mL FBS (Invitrogen SRL, San Giuliano Milanese, Milan, Italy) 2.5%
streptomycin 100 g/ 2P-ascorbicacid (Inwtrogenslle, S)an Giuliano Milanese, Milan, 100 ymolL.
aly
70 um cell strainers (Falcon; . . - ' '
. PBS 4ml . . L-glutamine (Invitrogen SRL, San Giuliano Milanese, Milan, ltaly) 2mmol/L
Carinci 2008 60min Becton & Dickinson, o- MEM
i i Sunnyvale, CA
darithromycin 500 g/ Y ) penicillin (Invitrogen SRL, San Giuliano Milanese, Milan, Italy) 100 U/mL
collagenase type | 3mg/mL
- streptomycin (Invitrogen SRL, San Giuliano Milanese, Milan, Italy) 100 pg/mlL
dispase 4mg/mL
FBS (Gibco, UK) 10%
trypsin penicillin (Gibco, UK) 1%(1001U/ml)
Carvalho 2012 Cut a- MEM streptomycin (Gibco, UK) 1% (2.5 pg/mL)
e ampho'tenc'ln B'(GIbCO, UK) 2.5pg/mlL
ascorbic acid (Sigma, USA) 50pg/mlL
Mean of 265 ! i FBS (Hyclone) 20%
eanor s colagenase type | Initoger, 3mg/mL L-ascorhic acid-2-phosphate (Sigma, St. Louis, MO, USA) 100 uM
! Carba, G, LSH 40 pm cell strainer (Falcon BD, MEM (Hyclone, L
) um cell strainer (Falcon BD, a- yclone, Logan,
Chen 2013 60 icillin (Si
o ™0 Eranklin Lakes, N, USA) T, USA) penicilin Sigma) 100U/ml
Mean of 23.4 ' )
dispase (Invitrogen) 4mg/mL oo
y streptomycin (Invitrogen) 100 pg/mlL
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic : Culture Medium :
Explant - : = Mechanical Components Concentration
Types Concentration Time Filtering
collagenase type | (Sigma 3mgin FBS (Hyclone) 20%
ich St. Loui . i 1 L
Chen 2012 19-3y .Aldr|ch.St OUIS‘,MO’ USA), 30-60 min 70um cell strainer Minced a- MEM SR i
dispase (Sigma Aldrich St. Louis, o .
4mg/mL penicillin-G (Roche, Basel, Switzerland) 100U/mL
MO, USA)
Mean of 55y, FBS (Hyclone) 20%
614y .
collagenase type | (Invitrogen,
Male 3mg/ml T
Mean of 265y, 6 Carlsbad, CA, USA) penicillin (Sigma) 100U/mL
T4y . |40pm cell strainer (Falcon BD, - MEM (Hyclone, Logan,
Chen 2011 60 min ,
Franklin Lakes, NJ, USA) UT, USA) oo
Mean of 234y, b1 streptomycin (Invitrogen) 100 ug/mlL
By Female dispase (Invitrogen) dmg/ml
Mean of 27.7y, 8 . . )
2y L-ascorbic acid-2-phosphate (Sigma, St. Louis, MO, USA) 100uM
0 0/
Choi 02 collage.nase typ? | (Gibco) 1mg/ml &omin MEM FBS (Hy‘clone) 10%
dispase (Gibco) 24mg/mL AA (Gibco) 1%
collagenaLsektype | (:V\;Erthmgton, 3mginl
Chun 2011 (a) . aewoo, ) 100 um nylon mesh o- MEM (Invitrogen) FBS (Invitrogen) 10%
dispase (Invitrogen, Grand
4mg/ml
Island, NY)
it 0,
collagenz?se type amginl | G ' FBS (In\.nFr(‘)gen) IQA
Chun 2011 (b) (Worthington) 30min 100 um nylon mesh sl ieces - MEM (Invitrogen) penicillin 100 units/mL
dispase (Invitrogen) 4mg/mL streptomycin 100 ug/mL
FCS (PAA, Dartmouth, MA, USA) W%
E ill,N 1 L
Vale collagenase Sevepharms, GF (PeproTech, RockyHﬂI, 1, USA), Ong/m
, PDGF (PepraTech, Rocky Hill, NJ, USA) 10ng/mL
Prague, Czech Republic) icacd (S, St o, MO, LA
Crielova 0z | O T0min o MER nirogen Tsfor‘lcac; (.tlgma, C Tu:,d o usz)\ %
-8y Carlsbad, CA, USA) g”am'”e.(“v' TOpeR, LATSha ) -
streptomycin (Invitrogen, Carlsbad, CA, USA)
Female dispase (Invitrogen, Carlshad, penicillin (Invitrogen, Carlshad, CA, USA)
CA, USA) gentamycin (Invitrogen, Carlsbad, CA, USA)
dexamethasone (Sigma, St Louis, MO, USA)
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic Culture Medium
u : Explant y. : — Mechanical Components Concentration
Types Concentration Time Filtering
collagenase type | (BD
. ‘ollagenase type 3mg/mL FBS (Invitrogen, Carlsbad, CA, USA) 10%
Collart-Dutilleul Biosciences, Bedford, MA) . )
15-18y : = 60min 70 um Falcon strainers o-MEM = :
2014 dispase (BD Biosciences, P penicillin (Invitrogen, Carlshad, CA, USA) 100 U/mL
Bedford, MA) streptomycin (Invitrogen, Carlsbad, CA, USA) 100 pg/mL
1 fl - 0,
. collagénase type. | (Sigma 3mg/mL | 70umstrainer (Carrgtwohill F,B.S ('GIbC'O BRL, Grand Island, NY) 15%
Cui 2014 Aldrich, St Louis, MO) 60min Co, Cork Ireland) DMEM penicillin (Gibco-BRL, Grand Island, NY) 100 U/mL
dispase (Sigma Aldrich) 4mg/mL T streptomycin (Gibco-BRL, Grand Island, NY) 100 mg/mL
. J 0,
i 2013 I tPBS I(Sigma, St GO | OH SUeiner (8D Flcon, San DMEM : FnBS (fsl't;m iiLL Geranjlrlfn? m) Us 10015; L
ui i N
col agenasle ype | (Sigma, S Jose, CA, USA) penicillin ( | co. , Grand Island, NY, USA) m
Louis, MO, USA) streptomycin (Gibco-BRL, Grand Island, NY) 100 U/mL
- 0,
pigoy  [Meanof 1832 05-1mm DMEM (Gibeo) FBS (Hyclone) 20%
16-25y antiobiotics
MEM penicillin (Invitrogen, Milan, Italy) 100 U/mL
enicillin (Invitrogen, Milan,
Male penicilin Initrog 100U/mL
Italy)
dispase (Roche, Monza, Italy) 4mg/mlL 70 um strainer (Falcon, Becton streptomycin (Invitrogen, Milan, Italy) 100 pg/mL
D'Alimonte 2013 | Meanof 17y streptomycin (Invitrogen, Milan, 60min | Dickinson, Franklin Lakes, NJ, MEM
100 pg/mL
Italy) USA)
Female collagenase type | (Sigma) 3mg/mL
clarithromycin (Menarini, clarithromycin (Menarini, Florence, Italy) 500 ug/mL
500 pg/mL
Florence, Italy)
a-MEM (Sigma, Mylan, Italy)
penicillin (Invitrogen, Milan, penicillin (Invitrogen, Milan, Italy) 100 U/mL
100U/mL
Male taly)
collagenase type | (Sigma) 3Img/mlL 70 um strainer (Falcon, Becton - MEM (Sigma, Mylan
D'Alimonte 2011 | Meanof 17y streptomycin (Invitrogen, Milan, 60min | Dickinson, Franklin Lakes, NJ, gma, Wylan clarithromycin (Menarini, Florence, Italy) 500 ug/mL
100 pug/mL Italy)
Italy) UsA)
dispase (Roche, Monza, Italy) 4mg/mlL
Female clarithromycin (Menarini, streptomycin (Invitrogen, Milan, Italy) 100 pg/mL
500 g/mL
Florence, Italy)
D'Aquino 2009 Male 70 um strainer ReaI|z§d e | S (Fambrex, CIELEE FBS (Invitrogen, San Giuliano Milanese, Italy) 20%
Female described) City, IA, USA)
collagenase type | 3mg/mL FBS (Invitrogen, San Giuliano Milanese, Italy) 10%
Male i - icaci i iuli i
dlls);;asse 4;ng/r|nL 70ymstrainer (Falcon, Becton el S i 2PLas|ctirb|c.aC|d|(Irl1;/|troger1s, Sa(r;lG:'qun'(\J/l!\I/IllanesT{ Iltaly) 1;)0;'1\;/I
D'Aquino 2007 — mo Dickinson, Franklin Lakes, NJ, 8 o ' Ll .arlm'ne (n.V| roOge, an' “.J 1ano - lanese, taly U
penicillin 100U/mL UsA) Italy) penicillin (Invitrogen, San Giuliano Milanese, ltaly) 100U/mL
Female i i
cIar|thromyF|n 06mL {500 g/ml) streptomycin (Invitrogen, San Giuliano Milanese, Italy) 100 pg/mL
streptomycin 100 pg/mL
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic . Culture Medium .
Explant : : = Mechanical Components Concentration
Types Concentration Time Filtering
T 0,
collagenase type | 3mg/mL FBS.(Inv!trogerll) L
2P-ascorbic acid (Invitrogen) 100pM
de Rosa 2011 245y ! 60min a-MEM L-glutamine (Invitrogen) 2mM
dispase 4mg/mL F—
penicillin (Invitrogen) 100U/mL
PBS streptomycin (Invitrogen) 100 pg/mlL
FBS (Gibco ™ 20
colagenase type | (Gibco ™) 3mg/ml ( ) '
Realized (not
de Souza 2010 915y , 60min DMEM (Gibco ™ 100 mg/mL
described) (G ) streptomycin (Gibco ™) e
i ibco ™ 4mg/mL
dispase (Gibco ™) g/ penicillin (Gibco ™) 100units/ml
' MEM Earle’s (FGO325; heat-inactivated FBS (Invtrogen/Gibco, Grand Island NY, USA) 15%
Demircan 2011 20 Male colagenase type | Sigma Biochrom, Holliston, MA, icillin (Invitrogen/Gib 1001U/mL
y Aldrich, St Louis, MO USA) iochrom, Holliston, MA, penici |n.( nvi r.ogen i .CO) m
USA) streptomycin (Invitrogen/Gibco) 100mg/mL
) MSCM medium (Lonza
. Cut into small )
Diomede 2013 1825y . Walkersville Inc.,
pieces .
Walkersville, MD, USA)
0,
collagenase type | (Gibco 3mg/l = F:sz v— 1%
! Invitrogen, Carlsbad, CA) : , 70 um (BD Biosciences, B |cac.|.-.-p osphate
Dissanayaka 2012 18-25y 60min ) a- MEM penicillin-G 100U/mL
Franklin Lakes, NJ) Fa— gL
dispase (Gibco Invitrogen) 4mg/mL - - S rclep omyan LAl
fungizone (Gemini Bio-Products, Woodland, CA) 0.25 pg/mL
! FBS (Gemini Bio-Products, Woodland, CA) 15%
collagenase type | (Gibco 3mg/nL
Invitrogen, Carlsbad, CA) 6 L-ascorbic acid-2-phosphate (Gemini Bio-Products, Woodland, CA)
Dissanayaka 2011 a- MEM — —
Amg/n penicillin-G (Gemini Bio-Products, Woodland, CA) 100U/mL
dispase (Gibco-Invitrogen) streptomycin (Gemini Bio-Products, Woodland, CA) 100 pg/mlL
fungizone (Gemini Bio-Products, Woodland, CA) 0.25pg/ml
FBS (Gemini Bio-Products) 20%
collagenase type | (Sigma) 3mg/mL L-glutamine (Gemini Bio-Products) 2mmol/L
70 II'strainer (Bect . icacid-2-
Diouad 2010 1626y 60min {m ce 's Iralner( ecton 2-MEM Lascorb|cac.|q 2 phospha‘te.(G.em|n| Bio-Products) 100 ymol/L
Dickinson) penicillin-G (Gemini Bio-Products) 100U/ml
dispase (Sigma) 4mg/mL streptomycin (Gemini Bio-Products) 100 pg/ml
fungizone (Gemini Bio-Products) 0.25pg/ml




75

Isolation techniques Medium supplementation
Authorandyear | Age Gender Enzymatic : Culture Medium :
Explant : = Mechanical Components Concentration
Types Concentration | Time Filtering
MEM (Gibco, Taastrup, . .
FBS (PAA Laboratories, Linz, Austria) 10%
Denmark)
. , o 100 um strainer (BD _ o .
Dolatshahi-Pirouz dispase Il {Roche Diagnostics _ . _ MEM(Gibco, Taastrup, | penicillin (DuraScan Medical Products AS, Odense,
0 Ay arhein. G 24U/mL 30min | Biosciences, Discovery Denmar) Denmatk 25.0001U/mL
annheim, Germany) e Bedfor, W) enmark)
collagenase type | (Worthington streptomycin (DuraScan Medical Products AS, Odense,
. 3mg/ml 25mg/ml
Biochem, Freehold, NJ) Denmark)
coIIagenase W?e I Fgne 04mg/ml Minced into small
Aldrich St. Louis, MO, USA) ecesand e
Dualli 2011 | | W0mn|  Dpmeelistaner | P
dispase | (Boehringer 02mgnL than Iminsizein
Mannheim, Indianapolis IN, USA) o fresh HBBS
Minced into
small fragments FBS (Invitrogen, USA) 20%
inmedium 70um cell strainer (8D | Minced into small ,
o ) . o , 0-MEM(Invitrogen,
Ebrahimi 2011 collagenase (Roche, Mannheim, 30-60min|  Biosciences, Bedford, |  fragmentsin o
1mg/ml _ Carlshad, CA, USA) penicillin 100U/mL
Germany) MA,USA) medium
dispase (Roche, Mannhein, Imgin streptom.y?m 100 ug/mL.
Germany) amphotericin B 5ng/mL
Il I(Si
“ agenzztyze) (S Img/mL Minced into small FBS 10%
Egbuniwe 2011 e 30min pieces -2 mmby |  DMEM (Pharmakine) =
. ‘ , penicillin 251,000 U/mL
dispase (Sigma Aldrich) 4mg/ml 3-4mm .
streptomycin 25mg/mL
MSCM medium (Lonza
Hleutério2013 | 2035y Small pieces Verviers Company,
Belgium)
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic . Culture Medium .
Explant : - = Mechanical Components Concentration
Types Concentration Time Filtering
collagenase type | (Sigma, St 3mgL
Louis, MO, USA] :
Elaminejad 203 | 2025y | Male dispase (S'g'S;St Louis M0, 1yt | 30min
FBS (Gibco) 15%
DMEM 3ImlL
collagenase type | (Sigma, ,
6 Germya: )( 6 3mg/mL FBS (Sigma, Germany) 15%
Eslaminejad 2010 . . Y ) DMEM (Sigma, —
20-25y dispase (Sigma, Germany) 4mg/mL 30min penicillin (Sigma, Germany) 1001U/mL
@ DMEM (Gibco, Germany) 3ml Germany)
.l 0, Sermany m streptomycin (Sigma, Germany) 100 ug/mlL
FBS (Gibco, Germany) 15%
ollagenase type | (Sigma,
collag ngs ] )( igma 3mgfnL
Eslaminejad 2010 : e.rmany ,
) 20-25y dispase (Sigma, Germany) 4mg/ml 45min
DMEM (Gibco, Germany) 3Iml
FBS (Gibco, Germany) 15%
collagenase type | (Sigma,
3mg/mL
Germany)
Eslaminejad 2009 |  20-25y dispase (Sigma, Germany) 4mg/mlL 30min
DMEM (Gibco, Germany) 3ml
FBS (Gibco, Germany) 15%
FBS
collagenase
) HS
Eubanks 2014 15-22y 60 min a-MEM 15%
dispase Il HS (FN coating on the bottom of the flask)
1 inn: 1 1 0/
g3 | 1630 T:Tpsmsomttlon.l 3 10/X T | omin | ZOmest/ kel CUt'Itr:opleC;S a-MEM - -
6 Y © age.nase ype mem strainer “{l cu'rve glutamine 2mM
dispase 4mg/ml miCroscissors
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic . Culture Medium .
Explant : - = Mechanical Components Concentration
Types Concentration Time Filtering
FBS 10%
Feng 2014 13-23y collagenase type | 3mg/mL 60min |70 um cell strainer (BD Falcon) DMEM penicillin 100U/mL
streptomycin 100 mg/mL
FBS 10%
Feng 2013 (a) 13-23y collagenase type | 3mg/mL 60min {70 um cell strainer (BD Falcon) DMEM penicillin 100 U/mL
streptomycin 100 mg/mL
. FBS (Gibco, USA) 10%
Feng203(b) | 4550y collsenase ype | (Sigma, Germany) | 3 me/ml §0min cut DMEM penicilin (Gibco, USA) 100U/mL
dispase (Sigma Germany) 4mg/mL streptomycin (Gibco, USA) 100U/mL
Foudah 2014 DMEM FBS 10%
Gabanyi 2013 collagenase type IA (Sigma Aldrich, 3mg/mL a-MEM (Sigma Aldrich, , FCS (Cu!tilab, Brazil) , 10%
Brazil) Brazil) ciprofloxacin (Bayer, Brazil)
Gandia 2008 1821y collagenase type | (Gibco, Grand L %0 min Minced into Low glucose DVEM FCS (Irlw?trc?gen) 1%
Island, NY) small fragments antibiotics
collagenase type | (Worthington 3mgfml
Biochem, Freehold, NJ, USA)
Gay 2014
dispase (Worthington Biochem, smgl
Freehold, NJ, USA)
) FBS (Gibco Limited, Uxbridge, United Kingdom 10%
collagenase type | (Gibco, Limited, 70pm BD Flcon straner penicilliﬁ-G (Gibco Limited Uxiridge UnitedgKingtiom) 100 U/mL
Giorgini 2011 18-20y . o 3mg/mL 60 min (Becton & Dickinson, o-MEM = R
Uxbridge, Unit, Kingdom) Sunnyvale, CA, USA) streptomycin (Gibco Limited, Uxbridge, United Kingdom) 100 pg/mL
Y fungizone (Gibco Limited, Uxbridge, United Kingdom) 0.25yg/ml
penicillin (Invitrogen) 0.5%
Govindasamy 2011 24-35y collagenase type | (Gibco, Grand 3mgfml Omin Mincedinto | DMEM-KO (Invitrogen, streptomycin (Irlwitrogen) 10.000 pg/mL
Island, NY, USA) small fragments | Carlsbad, CA, USA) glutamax (Invitrogen) 1% 1X
FBS 10%
penicillin (Invitrogen) 0.5%
Govindasamy 2010 W3y collagenase type | (Gibco, Grand 3mg/l Orin Minced into a-MEM (Invitrogen, streptomycin (Ihvitrogen) 10.000 pg/mlL
(a) Island, NY) small fragments Carlsbad, CA) glutamax (Invitrogen) 1% 1X
FBS 10%
DME?;S;SS?”;:))E%’ FBS (Hyclone, Logan, UT) 10%
Govindasamy 2010 collagenase type | (Gibco, Grand ) Mincedinto | DMEM-F12 (Invitrogen, )
(o 14-25y sland, NY, USA) 3mg/mL 40min small fragments Carlsb:(ad, CA)g glutamax-1 (Invitrogen) 200mM
Low glucose DMEM penicillin (Invitrogen)
(Invitrogen, Carlshad, CA) streptomycin (Invitrogen)
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic . Culture Medium .
Explant : = Mechanical Components Concentration
Types Concentration Time Filtering
penicillin 100 U/mL FCS (Invitrogen, San Giuliano Milanese, Milan, Italy) 20%
strelptomyC}n 100g/m 70 um Falcon strainers (Becton a-MEM (Invitrogen, San | 2p-ascorbicacid (Invitrogen, San Giuliano Milanese, Milan, Italy) 100 uM
Graziano 2008 2145y dlaritromycin 06mL 500pg/mL | gomin | & Dickinson, Franklin Lakes, Giuliano Milanese, Milan,
PBS 4ml N) Italy) L-glutamine (Invitrogen, San Giuliano Milanese, Milan, Italy) 2mM
collagenase type | 3mg/mL penicillin (Invitrogen, San Giuliano Milanese, Milan, Italy) 100U/mL
dispase 4mg/mlL streptomycin (Invitrogen, San Giuliano Milanese, Milan, Italy) 100 mg/mL
penicillin 100 U/mL FCS (Invitrogen, San Giuliano Milanese, Milan, Italy) 20%
stre.ptomyc‘ln Ol 70 um Falcon strainers (Becton a-MEM (Invitrogen, San | 2P-ascorbicacid (Invitrogen, San Giuliano Milanese, Milan, Italy) 100uM
Graziano 2007 25-45y SOl Wi B 60min | &Dickinson, Franklin Lakes, Giuliano Milanese, Milan, : : = : :
PBS 4ml ) taly) L-glutamine (Invitrogen, San Giuliano Milanese, Milan, Italy) 2mM
collagenase type | 3mg/mL penicillin (Invitrogen, San Giuliano Milanese, Milan, Italy) 100 U/mL
dispase 4mg/mL streptomycin (Invitrogen, San Giuliano Milanese, Milan, Italy) 100 mg/mL
. FCS (Equitech-Bio, Kerrville, TX) 20%
coIIagfenase type | (Worthington 3mg/n
Biochem, Freehold, NJ) o )
Gronthos 2000 19-29y 60min 70 um strainers (Falcon) a-MEM (Gibco-BRL) L-ascorbic acid -phosphosphate (Wako Pure Chemicals Osaka) 100uM
L-glutamine (Biofluids, Rockville, MD) 2mM
dispase (Boehringer Mannheim) 4mg/mL penicillin (Biofluids, Rockville, MD) 100 U/mL
streptomycin (Biofluids, Rockville, MD) 100 uM
collagenase type | (Sigma, St.
g Louis K/Ipo u(sf) L i . .
Han 2010 — Minced a-MEM (Sigma)
dispase (Sigma) 4mg/mlL
trypsin 3mLof 0.25% 15min
collagenase type I (Sigma, St.
g Louis KApo U(SAg) 3memb | b min , .
Han 2008 — Minced a-MEM (Sigma)
dispase (Sigma) 4mg/mlL
trypsin 3mLof 0.25% 15min
heat-inactivated FCS (PAA, Dartmouth, NH) 2%
e EGF (PeproTech, Rocky HiI'I,NJ) 10ng/mL
e PI?GF (PeproTech, R(?cky H|II,NJ.) 10ng/mL
L-ascorbic acid (Sigma-Aldrich, St. Louis, MO) 0.2mM
Haveleck 2013 70min a-MEM (Invitrogen) glutamine (Invitrogen) 2%
penicillin (Invitrogen) 100 U/mL
dispase (Invitrogen, Carlsbad, streptomycin (Invitrogen) 100 U/mL
CA) dexamethasone (Sigma) 50 nmol/L
ITS (Sigma) 10pl/mL
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Isolation techniques Medium supplementation
Author and year e Gender Enzymatic Culture Medium
: Ae Explant u - : o Mechanical Components Concentration
Types Concentration Time Filtering
collagenase t.ype | (Sigma, St. 3mg/n ‘ | - MEM (nitrogen, FBS (G|bco-BRL., .Gr.and Island, NY) .
He 2014 182y Louis, MO) 30min Minced Carsbad, A penicillin-G 100 units/mL
dispase (Sigma) 4mg/ml ' streptomycin (Invitrogen) 100mg/mL
glutamine (Invitrogen) 0.292 mg/mL
collagenase type | (Sigma) 3mg/mlL | penicillin G (Sigma) 100 units/mL
70mm cell strainer e
e 2013 e 30-60 (Becton/Dckinsan Cutintosmall | o-MEM (Invitrogen, streptomycin (Sigma) 100 mg/mL
} min , ' pieces Carlsbad, CA, USA) ascorbicacid (Sigma) 50 mg/ml
dispese (Sgma) smg/nL Franklin Lakes, NJ, USA)
P 8 & FBS (Gibco-BRL,, Life Technologies Inc, Gaithersburg, MD, USA)
FCS (Gibco-BRL, USA) 20%
collagenase type | 3mg/mL oum stainer (Falcon™ ——
He 2008 1929y 60min umsramer'( aloon™ -y inced 0-MEM (Gibco-BRL, USA) L-glutamine (Gibco-BRL, USA) 2mmol/L
. VWR International, USA) penicillin (Gibco-BRL, USA) 100U/mL
dispase 4mg/mL —
streptomycin (Gibco-BRL, USA) 100U/mL
collfagenase tyPe i 3mg/mlL Minced into L-glutamine 2mM
Aldrich, St. Louis, Mo., USA) .
i Siama Aldrich. St Loui 70um cell strainer ~ [fragments of 1-2
iee] |g|{/|na USrAI\CI e 4mg/mL mm’ penicillin (Invitrogen, (Carlsbad, Calif., USA) 100U/mL
Hilkens 2013 | 1520y 2l 0-VEM
Minced into streptomycin (Invitriogen, Carlshad, Calif., USA) 100 pg/ml
fragments of
=2 mm’ FBS (Biochrom, Berlin Germany) 10%
FBS (HyClone; Thermo-Scientific, South Logan, UT) 10%
Hirata 200 collagenése type | (Walko Pure 3mg/nl & DMEM (Invitrogen, penicillinl(lnvitliogen) 100U/ml
Chemicals, Osaka Japan) Eugene, OR) streptomycin (Invitrogen) 100 yg/ml
amphotericin (Invitrogen) 0.25 pg/mL
collagenase type I (Sigma, 3mg/mL FCS (PAN Biotech, Aidenbach, Germany) 20%
Hoss 2013 Steinheim, Germany) 60min 70pum strainer (BD, a-MEM (Gibco, Karlsruhe, L-ascorbic-acid-2-phosphate (Sigma) 100m
dispase (Sigma, Steinhei, Germany) Germany) o
4mg/mlL Gentamycin (Gibco 50 pug/mL
Germany) g/ ycin (Gibco) wg/
collagenase type | (Sigma 3mg/mL FBS (Kibbutz Beit Haemek, Israel) 10%
ich, Si . Loui DMEM (Kibbutz Beit icillin- i i
Huang 201012 1422y A.Idr|ch,S.|gma, St Foms,.MO) rmin Tommstrainer ( penicillin-Gm (Kibbutz Beit Haemek, Israel) 100 U/mL
dispase (Sigma Aldrich, Sigma, Haemek, Israel) o .
St Lous, MO) 4mg/ml streptomycin (Kibbutz Beit Haemek, Israel) 100pg/ mL
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic , Culture Medium .
Explant - : = Mechanical Components Concentration
Types Concentration Time Filtering
: FBS (Gemini Bio-Products, Woodland, CA) 15-20%
collagenase type | (Sigma 5 —
. ) 3mg/ml L-glutamine (Gemini Bio-Products) 2mM
Alic,t. ouis, MO) 70 um cell strainer (Falcon; BD a- MEM (Gibco L-ascorbic acid-2-phospate (Gemini Bio-Product 100 M
Huang 2010 (b) 16-24y 30-60min - ) ' Minced ' il a,u, Pospa e( Iem|n| i) £
, i , Labware, Franklin Lakes, NJ) Invitrogen, Carlshad, CA) penicillin-G (Gemini Bio-Products) 100U/mL
dispase (Sigma-Aldrich, St. ; —
Lovis, VO) 4mg/mL streptomycin (Gemini Bio-Products) 100 mg/mL
' fungizone (GeminiBio-Products) 0.25mg/mL
0/
collagenase type | (Invitrogen) 3mg/mL . — FBS (Hyclong) . 206
| 40 pm cell strainer (Falcon, a-MEM (Hyclone, Logan, L-ascorhic acid-2-phosphate (Sigma, St Louis, MO) 100 umol /L
Huang 2009 iy 60 min ) ————
) ) BD, Franklin Lakes, NJ) uT) penicillin (Invitrogen) 100U/mL
dispase (Invitrogen) 4mg/ml ——
streptomycin (Invitrogen) 100 pg/mlL
0/
collagenase type | (Invitrogen) 3mg/mL ) — i (Hyclgne) , 2
Huang 2008 20y Vale & 40 um cell strainer (Falcon, BD, a- MEM (Hyclone, Logan, | L-ascoric acid-2-phosphate (Sigma, St Louis, MO, USA) 100puM
i ) Franklin Lakes, NJ, USA) UT, USA) penicillin (Sigma) 100 units/mL
dispase (Invitrogen) 4mg/ml T
streptomycin (Invitrogen) 100 pg/mL
0/
o collagenase type | (Wako Pure ) DMEM (Invitrogen, FCS (!—IyCIor?s, Logan, UT) 106
Ishkitiev 2012 , 3mg/mL 60 min penicillin (Meiji, Tokyo, Japan) 100U/mlL
Chemicals, Osaka, Japan) Eugene, OR) —
kanamycin (Meiji) 100 mg/mlL
0/
., collagenase type | (Wako Pure . DMEM (Invitrogen, FCS (.Hyclorre., Logan, UT), 106
Ishkitiev 2010 , 3mg/mL 60min penicillin (Meiji, Tokyo, Japan) 100U/mlL
Chemicals, Osaka, Japan) Eugene, OR) ——
kanamycin (Meiji) 100 mg/mlL
Minced by using FBS 10%
Jeon 2011 16-18y collagenase type | Tmg/mL 30min | 100pum nylon cell strainer | a sterilized A-DMEM penicillin 1%
scalpel streptomycin 1%
collagenase type | (Worthing, 3mg/mL FCS (Equitech-Bio, Inc., Kerrville, TX) 10%
o o Biochem, Freehold, NJ) . A0 umstainer (Falcon, BD - MEM(Gibco, BRL, ascorb|c|atc|d ?—phoBs.p:atfj (V\FiAKIE),'Jok’\\%Japan) 1;)011,\1\]/|
i - i
b dispase (Boehringer, Mannheim, Labware, Franklin Lakes, NJ) Grand Island, NY) g amme ( .|o u_l 5 00 V,I D) m
Germany) 4mg/ml penicillin (Biofluids, Rockville,MD) 100U/mL
streptomycin (Biofluids, Rockville, MD) 100 pg/mlL
FBS (Gibco, BRL) 20%
collagenase type | (Sigma) 3mg/mL L-ascorbic acid 2-phosphate (Sigma) 100uM
Kadar 2009 18-26y 60 min 70um strainer (Falcon) a- MEM (Gibco, BRL) L-glutamine (Gibco, BRL) 2mM
dispase Roche) Amg/nl pen|C||||nl(G|blco, BRL) 100 units/mL
streptomycin (Gibco, BRL) 100 mg/mlL
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic . Culture Medium .
Explant : : = Mechanical Components Concentration
Types Concentration Time Filtering
FBS (Himedia, Mumbai, India) 10%
ollagenase (Sigma Aldrich, St. Minced into . ine (Himedi i, Indi
nafi 2014 | 1840y Pl R L amg/ml | G0min e DVENHKO Lgutaine {Himeda, Munta, e Ll
Louis) small pieces penicillin (Himedia, Mumbai, India) 50U/mL
streptomycin (Himedia, Mumbai, India) 50U/mL
Kanafi 2013 (a) 5-40y collagenase 2mg/mL 60min Mmcedl into
small pieces
FBS (Hyclone, Victoria, Australia) 10%
DMEM-KO (Invitrogen, g i i
Kanafi 2013 (b) 5-40y collagenase 2mg/mL 60min Minced (Invitrog Lglutﬁa.m!ne (Inyltrogen) S
Carlsbad, CA, USA) penicillin (Invitrogen) 50U/mL
streptomycin (Invitrogen) 50U/mL
i 1 1 0/
Vinced into FBS (LHylcli)nei Vlctloni, Australia) 51013/'
Kanafi 2013 (c) 5-40y collagenase 2mg/mL 60min small pieces 1l 'alm{ne ( ”Y' rogen) il
wsing penicillin (Invitrogen) 50U/mL
streptomycin (Invitrogen) 50U/mL
FBS (Hyclone, Logan, UT, USA) 10%
collagenase (Sigma Aldrich, St. DMEM-KO (Gibco Grand 4 ine (Gi
Kanafi 2013(0) | 1830y gerai (3 05 mgfmL ( ugutaine (o H0m
Louis, MO, USA) Island, NY, USA) penicillin (Gibco) 100U/mL
streptomycin (Gibco) 100 U/mL
. FBS (Invitrogen, Gibco, Grand Island, NY, USA) 15%
Krao2011 | 1725 collagenase type | (Sina 1% MEMEarle Biochrom) cillin (Invitrogen, Gib 1001U/mL
Y Aldrich, St Louis, MO, USA) ' penicili (nvitrogen, Gibeo) m
streptomycin (Invitrogen, Gibco) 100 pg/mlL
ascorhic acid 2-phosphate 02mM
collsgenase (Sevapharma, 70um cell strainer (BD d th 50nM
, Prague, Czech Republic) ) i u, ) Realized (not | a-MEM (Gibco, Paisley, .examle asonle 1
Karbanova 2011 17-3y T0min | Biosciences, Heidelberg, i L-glutamine (Gibco, Paisley, UK) 2mM
Germany) descrbed) ) iiln (Gibco, Paisley, UK) 100U/mL
dispase (Gibco) 2mg/mL Y pend |n. l ,CO’ a|sley, m
streptomycin (Gibco, Paisley, UK) 100 pg/mL
dexamethasone (Sigma) 50nM
collagenase (Sevapharma, 02mgfnL ascorbic acid 2-phosphate (Sigma) 0.2mM
Prague, Czech Republic) ' L-glutamine (Gibco) 2mM
Realized (not icillin (Gi
Karbanova 2010 17-3y 70min | 70 um cell strainer (BD Falcon) ¢ |ze. Ino a-MEM (Gibco) pen|C||||n'(G|b'co) 100Y/mL
described) streptomycin (Gibco) 100pg/mL
i 1 1 0,
dispase (Gbeo, Pisley, UK 2mgjmL FCS (PAA Laboratories, Linz, Austria) 2%
EGF (PeproTech, London, UK) 10 ng/mL
PDGF-BB (PeproTech) 10ng/mL
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic ; Culture Medium :
Explant : : = Mechanical Components Concentration
Types Concentration Time Filtering
ov-glcose VEM (viogen, heat-inactivated FBS (Hyclone, Logan, UT, USA) 15%
Carlhad, CA, USA yrlone,ZogaM, =L :
collagenase type I low-glucose DMEM
Kawanabe 2012 18-27y (Worthington, Lakewood, NJ, 5mg/ml 60min (Invitrogen,Carlshad, CA, penicillin (Invitrogen) 100U/mL
USA) USA)
dispase | (Roche, Penzberg, o
25mg/mL streptomycin (Invitrogen) 100 ug/mL.
Germany)
1 | i 0
collagenase type | (Invitrogen, il | e MEM lonzaGoup AG FBS I(B.|o.techlebH, A|denba?h, Germany) 10%
Kellner 2014 1230y Darmstadt, Germany) 60 min Basel, Switzertand) penicillin (Biochrom AG, Berlin, Germany) 100U/mL
dispase (Invitrogen) 2mg/ml ' streptomycin (Biochrom AG, Berlin, Germany) 100 pg/ml
| Veanof 13425 col.lagenase type I (Inwtrogen) Img/ml | 100 pm cell stramfer(Falcon, Minced by using PMEM)/F 0 (.1.1) (Gl|bco L-alanyl-l-glutamine (FSIutaMAX I; Life Technologies) 1%
Khanna-Jain 2012 dispase (Invitrogen, Paisley, 60min  |BD Labware, Franklin lakes, N, Life Technologies, Paisley, allogenic humam serum 20%
years, 21-26y 4mg/ml scalpels
Scotland, UK) USA) UK) AA 1%
1 1 o 0,
(in 003 collagenase type | Worthington, Imgh &min 70 um strainer (BD Falcon, 0-MEM (Hyclone, South FBS (Hy.clone) 10%
USA) USA) Logan,UT) AA (Gibco) 1%
i 0,
collagenase type | (Gibco, Grand _ — 155 [Gibo . 1
Male Img/ml 70um strainer (BD ascorbic acid 2-phospate (Fluka Chemie GmbH, Buchs,
_ Island, NY, USA) o _ , , 100 mol/L
Kim 2011 18and 19y 60min - |Biosciences, Franklin Lakes NJ, a-MEM (Gibco) Switzerland)
USA icillin (Gi 100U/mL
Female dispase (Gibco) 4mg/ml | pen|C||I|nv(G|blco) Wyjm
streptomycin (Gibco) 100 pg/ml
ascorbicacid 2-phosphate 100uM
collagenase type | Img/mL L-glutamine 2mM
Kiraly 2011 19-35y 60min 70 pm strainer Minced a-MEM penicillin 100U/mL
. streptomycin 100 ug/mL.
dispase type |l 4mg/ml
e g FCS 10%
ascorhicacid 2-phosphate 100pM
collagenase type | Img/ml -glutamine 2mM
Kiraly 2009 19-55y 60 min 70pm strainer Minced a-MEM penicillin 100U/mL
. streptomycin 100 pg/ml
dispase type |l dmg/ml
e 4 FCS 10%
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic \ Culture Medium .
Explant : = Mechanical Components Concentration
Types Concentration Time Filtering
MEM (Gibco, Taastrup, Denmark) FBS 10%
i MEM (Gibco, Taastrup,
Kolind 2014 colagenase type  (Worthington |, ) 100 strainer ( : pendillin 25,000 1U/mL
Biochem, Freehold, NJ) Denmark)
dispase Il (Roche Diagnostics,
spasell{ ) 14GA%eS 24U/mL streptomycin 25mg/mL
Mannheim, Germany)
collagenase type | 3mg/mL ) , DMEM (Invitrogen Life 8 (EqUIteCh,'[?p’ Incf Kerrile, TX) 10%
Koyama 2009 14-35y 60 min 70 um strainer ) penicillin (Gibco) 100U/mL
' Technologies, New York) —
dispase 4mg/mL streptomycin (Gibco) 100 mg/mL
Ay Male MEM (Gibco, Taastrup, Denmark) FBS (PAA Laboratories, Linz, Austria) 10%
[ type | (Worthingt 100yumstriner (80 MEM (Gibco, Taastru
Kraft 2010 coBlag;naserpeh ¥y T\” :Jnsg/-\;)n 3mg/mlL 30min Biosciences - Discovery Denmlark) P streptomycin (DuraScan Medical Products, Odense, Denmark) 25mg/ml
2y Female 1ochem, Freenoid, & Labware, Bedford, MA, USA)
dispase Il (Roche Diagnostics,
Eaell ) 12gMost 2.4U/mL penicillin (DuraScan Medical Products, Odense, Denmark) 25.0001U/mL
Mannheim, Germany)
penicillin 100U/mL FBS (Invitrogen Celbio Italy, San Giuliano Milanese, Milan, Italy) 2.5%
. 2P-ascorbic acid (Invitrogen Celhio Italy, San Giuliano Milanese,
strptomycin 100 pg/mlL ! 100 um
Milan, Italy)
) i . penicillin (Invitrogen Celbio Italy, San Giuliano Milanese, Milanese,
70 um Falcon strainers (Becton
Laino 2006 1937y darithromycin S L P | a-MEM Milan, Italy) 100U/t
& Dickinson, Sunnyvale, CA) - - - — -
L-glutamine (Invitrogen Celbio Italy, San Giuliano, Milanese
PBS 4ml i , 2mM
Milanese, Milan, Italy)
collagenase type | 3mg/mL streptomycin (Invitrogen Celbio ltaly, San Giuliano Milanese,
- ; , 100 pg/mL
dispase 4mg/mL Milanese, Milan, ltaly)
icillin (Invitrogen, Milan, ) )
peniclin{ Ttv;;;)gen n 100U/ FBS (Invitrogen, Mian, taly) 2%
streptomycin (Invitrogen, Milan, . ) )
Sty I(tal ) : 100 pg/mlL 2P-ascorbic acid (Invitrogen, Milan, Italy) 100 um
" - - y - | 70um Falcon strainers (Becton
Laino 2005 30-45y claritromycin (Invitrogen, Milan, 60min L a-MEM
500 pg/mlL & Dickinson, Sunnyvale, CA) o i
Italy) penicillin (Invitrogen, Milan, Italy) 100U/mL
PBS 4mL0.1mol
L . . .
collage'nase type | 3me/m streptomycin (Invitrogen, Milan, Italy) 100 pg/mL
dispase 4mg/mL




84

Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic . Culture Medium :
Explant : = Mechanical Components Concentration
Types Concentration Time Filtering
i 1 0,
Lee 2014 1839y collsgerise 3mg/ml 60min |  70mmstrainer (BD) DMEM FBS (Atlanta Biologica 10%
dispase 4mg/mL antibiotics 1%
28 Male collagenase type I (Sigma, St. a- MEM (Gibco- FBS (Gibco-Invitrogen 15%
! G (Sig 4mg/mL | 70um strainer (BD Bioscience, , , (G JEL IR i
Lee 2012 Louis, Mo., USA) 60 min ) Minced Invitrogen, Carlsbad, L-ascorbic acid-2-phosphate (Sigma) 100 uM
25y Female : : San Jose, Calif., USA) ) . -
dispase (Sigma) 2mg/mL Calif., USA) AA (Gibco-Invitrogen) 1%
H H N 0,
Lee 2011 3] collagenase type | (Worthington, 3mg/ml 60min 70 um stra.mer(BD Falcon, a-MEM (Hyclone, South . FBS (Hyclone) 10%
Lakewood, NJ) Franklin Lakes, NJ) Logan, UT) AA (Gibco, Grand Island, NY) 1%
Lee 2011 (b) 18-22y 60 mm DMEM FBS 10%
0,
collagenase type | (Gibco tmg/m a-EM (Hyclone, Road L-glutami sEBS (HZIC(:o'nE)St Louis, MO 215/;/1
Lee 2011(c) S0min Minced Lo ayn o bi . ydazrm;e( Lgrtna 5 - /’Ald.'iwsst,L ; MO 10(;n M
dispase (Gibco) 24mg/mL gan, ascorbic acid 2-phosphate (Sigma-Aldrich, St. Louis, MO) W
AA 1%
collagenase type | (Worthington FCS (Equitech-Bio Inc, Kerville, TX, USA) 10%
. 3mg/mL
Biochem, Freehold, NJ, USA) )
40y traner {Falcon, BD a- MEM (Gibco-BRL, Grand bicacid 2-phosphate (WAKO, Tokyo, 100 pmol L
Lee 2011(d) 18-35y 60min | Labware, Frankin Lakes, NJ, ' R e | L0 ) §mo
Ush) Island, NY, USA) tami p—
dispase (Boehringer, Mannheim, smg/n glutamine mmo
Germany) : streptomycin (Biofluids, Rockville, MD, USA) 100 ug/mL
penicillin ( Biofluids, Rockville, MD, USA) 100U/mL
1 i 0,
Lee 2010(a) collager?ase (Sigma) 4mg/mL Smin a-MEM (Invitrogen) FBS (Inv'ltrogen) 10%
DNAse | in DMEM/F12 0.5mg/mL AA (Invitrogen) 1% (1000 U/mL)
Male penicillin (Gibco,USA) 100 U/mL DMEM (Gihco, USA) FBS (Gibco, Australia) 10%
70 um cell strainer (Becton & .
lee2010(b) | 17-38y gomin | OH™ ( 0-MEM (Gibco, USA)
Female PBS (Gibco,USA) 4ml Dickinson, Sunnyvale, CA) o-MEM (group SF, AA (Gibco, USA) %
Ultraculture, Lonza, USA)
collagenase pre | (Sigma, St. smg/mL .
Lee 2010(c) 18-30y Louis, MO) Minced
dispase (Sigma) 2mg/mlL
0,
collagenase type | (Worthington 3mg/n 3 e hFBSh T g 1;(? OM
Biochen, Freehold, NI g ‘ - ascorbic acid 2-p o'sp a'e( igma-Aldrich) il
Lee 2008 60 min a-MEM L-glutamine (Sigma) 2mM
dispase (Gibeo] g pen|C||||n‘(G|bf:o) 100 units/mL
streptomycin (Gibco) 100 pg/mL
collagenase type | 3Img/mlL a- MEM (Gibco BRL, Life FBS (Gihco, ERL) 10%
Li 2011 19-22y Male . 40-60 min Minced Technologies B.V., Breda, penicillin (Gibco, ERL) 100U/mL
dispase 4mg/mlL -—
Netherlands) streptomycin (Gibco, ERL) 100 U/mL
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic : Culture Medium :
Explant ; = Mechanical Components Concentration
Types Concentration | Time Filtering
5y Male e ImgfL | | Low gluc?se DMEM (Gibco ___ F?S(HyCIone, L9gan, UT) 10%
01t & 70 um strainer (Pharmingen; Invitrogen, Life penicillin (Biological Technologies, Beit Haemek, Israel) 100U/mL
i BD, San Jose, CA) Technologies, Carlsbad, | streptomycin (Biological Technologies, Beit Haemek, Israel) 100U/mL
18y Female dispase 4mg/ml S
CA) L-glutamine (Gibco, Grand Island, NY) 2mmol/L
) FBS (Invitrogen) 10%
collagenase type | (Invitrogen, — - -
i 3mg/mL L-ascorbic acid phosphate (Sigma-Aldrich, MO, USA) 100pM
Pisley, Scotnd, DVEMF-12(1) Lglutamine (GIutalAX ; Invi 100
lindroos 2008 | 2131y e gutamine (GltaAKY Invirogen) £
(Invitrogen) penicillin (Invitrogen) 100U/mL
dispase (Invitrogen) 4mg/mL streptomicin (Invitrogen) 0.1mg/mL
amphotericin B (Invitrogen) 0.25ug/ml
FCS (Equitech-Bio Inc. Kerrville, TX, USA), 20%
Il type | 3 L . icacid 2-
o collagenase type mg/m -MEM(Gibeo BRL, Grand LLasTotrbm.aad ; p:o.sdphlate (:Valliol,”Tok’\\;c;szzn) 1;)0;;;/1
sand, N, USA) -g u.a‘m‘|ne(.|o 9' s Inc., Roc Yl e, MD, USA) m
) penicillin (Biofluids Inc., Rockville, MD, USA) 100U/mL
dispase 4mg/mL — -
streptomycin (Biofluids Inc., Rockville, MD, USA) 100 pg/mL
collagenase type | (Sigma- 3mg/nl FBS {Hyclone, Logan, UT) 15%
Luo 2014 (a) 18-25y Aldrich) 30min Minced a- MEM penicilin G (Invitrogen) 100U/mL
dispase (Sigma-Aldrich) 4mg/ml streptomycin (Invitrogen) 100mg/ml
FBS (Hyclone) 15%
collagenase type | (Sigma) 3mg/mL 70um cell strainer L-glutamine (Invitrogen) 2mmol/L
Luo 2014 (b) 45-60min| (Becton/Dickinson, Franklin Minced a- MEM penicilin G (Sigma) 100U/mL
Lakes, NJ, USA in (Si
dlpase (S e ) streptgmyqn (Sllgma) 100 mg/mL
ascorbicacid (Sigma) 50mg/ml
1 0,
E?IIEaTger;aseltypecl(Ir\gt;ogci\n 3mg/mL 70um cell strainer DMEM (Gibco, Life F_B.S”. 1001?; L
Ma 2012 18-28y fe Technology, Carlstad, CA) 60min | (Carrigtwohill Co, Cork, Minced Technologies, Grand tpentlu |n‘ o ;nL
dispase (Sigma, St Louis, MO) 4mg/ml Ireland) Island, NY) 2 olmyc.m mgm
ascorbic acid 50 mg/mL
1 1 -Ri 1 0,
co[laliaginas.et\l/peL | IEWorthdmlitJon 03% 0um el srainer (80 P L IFEiS(qut;ch B||c‘>,TKerrV|IIT(, T)i, UJSA) 215,(\,/|
Makino 2013 : PIRIBIER, e USR5 60min | Biosciences, San Jose, CA, i al amlne.(lalcaal esqlue, [ e l
dispase Il (Sanko Junyaku, Tokyo, Carlshad, CA, USA) penicillin (Nacalai Tesque) 100U/mL
0.4% USA) , ;
Japan) streptomycin (Nalacai Tesque) 100 pg/ml
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic . Culture Medium .
Explant : : = Mechanical Components Concentration
Types Concentration Time Filtering
collagenase type | 3mg/mL FBS 10%
d|s;.)z?s? 4mg/mL . 704m Falcon triners 8D, MegaCel(Sigma, Milan, 2P-ascorb|Faud (Ir'1V|trogen, San.G|'uI|ano MIanese, Mllan, ltaly) 100mM
Mangano 2011 penicillin 100 U/mL 60 min . L-glutamine (Invitrogen, San Giuliano Milanese, Milan, ltaly) 2 mM
Franklin Lakes, NJ, USA) Italy) —— —— -
. penicillin (Invitrogen, San Giuliano Milanese, Milan, Italy) 100 U/mL
streptomycin 100 mg/mL —— — - -
streptomycin (Invitrogen, San Giuliano Milanese, Milan, ltaly) 100 mg/mL
[ type | (Invitrogen,
[0 ag'enlase yp'e (Invi ro'gen 3mgnL s 0%
San Giuliano Milanese, Milan,
dispase (Invitrogen, San o . i )
- i : 4mg/mL 2P-ascorbic acid (Invitrogen, San Giuliano Milanese, Milan, Italy) 100mM
Giuliano Milanese, Milan, Italy)
PBS (Invitrogen, San Giuliano, ) 70pum Falcon strainers (BD, MegaCell (Sigma, Milan,
Mangano 2010 (, : , 60min : , ( BaCel (S L-glutamine (Invitrogen, San Giuliano Milanese, Milan, ltaly) 2mM
Milanese, Milan, ltaly) Franklin Lakes, NJ, USA) Italy)
penicilin (Invitrogen, San e . i ,
o ) 100U/mL penicillin (Invitrogen, San Giuliano Milanese, Milan, Italy) 100U/mL
Giuliano Milanese, Milan, Italy)
streptomycin (Invitrogen, San o . i i
100 mg/mL streptomycin (Invitrogen, San Giuliano Milanese, Milan, Ital 100 mg/mL
Giuliano Milanese, Milan, Italy) ¥ plomycin nvitrg eno l W ¢/
FBS 15%
collagenase type | penicillin 100U/mL
Manikandhan 2010 15-30min 70 um cell strainer DMEM/Ham'sF12 streptomycin 100 pg/mL.
L- glutamine 2mM
collagenase type Il ———
non essencial amino acids 2mM
FBS 10%
Marchionni 2009 | Mean of 35y collagenase type | 1mg/mlL 30min Minced DMEM pen|C||||nl Aol
streptomycin 100 pg/mL
amphotericin B 0.25 pg/mL
0 i 0/
a-MEM (Gibco-Invitrogen LFCSI (;chhrorr(miiG, Blerl!:, Germcany) 210/,;'
Martens 2012 1824y 1mm? Corp.,Paisley, Scotland, -gu.a.m.me(. Ll rTW rogen Corp) m
) penicillin (Gibco-Invitrogen Corp.) 100U/mL
streptomycin (Gibco-Invitrogen Corp.) 100 pg/mL
collagenase type | (Gibco BRL
Martin2013 | Meanof 22.5y Life Technologies, Karlsruhe, 2mg/mL 360 min DMEM (Sigma-Aldrich) FBS (Sigma-Aldrich) 10%
Germany)
Min 2011 025y Realized ot - MEM (Gibco) FES(Hyclone) 0%
described) antibiotics
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Isolation techniques Medium supplementation
Author and year e Gender Enzymatic Culture Medium
f Ae Explant y. : = Mechanical Components Concentration
Types Concentration Time Filtering
FCS (PAA, USA) 2%
E 1 L
Male collagenase type | (Sevapharma, 3mg/nL PDZFF(F:WOT:C: LLJJSSA/\A) 1g”€;mL
Czech Republic) & (Peprotech, U] ng/m
L-ascorbic acid (Sigma, USA)
i 0 0,
Moky2010 | 1827y o MEM (Gibco, UK) Eluninel Sbeotth Zt
penicillin (Gibco, UK)
streptomycin (Gibco, UK)
Female dispase (Gibco, UK) 4mg/mL gentamyecin (Gibco, UK)
dexamethasone (Sigma, USA)
ITS (Sigma) 10pl/mL
f 1 0/
collagensszt'ydpe ! EJ(Z)bco d, 3Img/mL 70 um BD Falcon strainer ‘F[';I?'(Gleb(cg'ttdl)ud) 10;?; ]
Mori 2011 r (:bn i’j Uebrid 60 min (Becton & Dickinson, a-MEM (Gibco Ltd.) femta |n-' é;o Lta ” /mL
ispase (Gibco Ltd., Uxbridge, Amg/ml Sunmyvale, CA| strep! f)mycm(. ibco Ltd.) 1g/m
UK) fungizone (Gibco Ltd.) 0.25 pg/mL
DMEM (Sigma Aldrich, St.
Murakami 2013 18-29y Realized (not described) Minced ( Ig, ! human serum 10%
Louis, MQ)
) FBS (Invtrogen Corp) 10%
EBM2 (Cambrex B
Murakami 2012 18-29y Realized (not described) 40 um BD Falcon strainer Minced ) (Cam re‘x ° IGF(Cambrex Bio Science) 10ng/mL
Science, Walkersville, MD) —
EGF (Cambrex Bio Science) 5ng/mlL
FCS (PAA, Dartmouth, MA) 2%
Male collagenase (Sevapharma, Praha, 257 (Pigzge:h’ ROTCkthIII’ il ig ngjmt
Czech Republic) ; v 'diS'epm ::2 O g/
Muthna20l0 | 12-23y T0min a- MEM (Invitrogen) Zd500MDIC acIC 1gma, 20, DUl
glutamine (Invitrogen) 2%
dispase (Invitrogen, Carlshad, strept.ornYGn (throgen)
Female o) penicillin (Invitrogen)
gentamycin (Invitrogen)
FBS (Lonza) 10%
Nadeem 2013 1x1x2 mm? 0-MEM (Lonza) penicillin (Gibco) 100 U/mL
streptomycin (Gibco)
mesenchymal cell growth supplement (Lonza Inc, 20%
collagenase type | 3mg/mlL . 70mm cell strainers. (Falcon; DVEM (6ibco, Rockille Wallfgrslvillet MD)
Nakamura 2009 60min | BD Labware, Franklin Lakes, D) penicillin (Gibco) 100U/mL
] in (Gi
Al il ) streptom‘y'cm (G|l?co) 100 pg/ml
amphotericin B (Gibco) 0.25 pg/mL
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Isolation techniques Medium supplementation
Author and year e | Gender Enzymatic Culture Medium
i e Explant i ; = Mechanical Components Concentration
Types Concentration Filtering
collagenase type | 3mg/mL FBS {Gibco, USA 106
Nam2l | 1925y enaseyp : Qmin | Toumstrainer Minced | o:MEM(Gibco, UsA) penicllin (Gibco, USA 100U/l
dispase 4mg/ml streptomycin (Gibco, USA) 100 pug/mL
FBS (Gibco BRL) 10%
collagenase type | 3mg/mL , ' —
. |70mm cell strainer (Falcon, BD a-MEM (Gibco BRL, penicillin (Gibco BRL) 100 U/mL
Navabazam 2013 | 15-32y 60min ) =
dispase sl Labware, Franklin Lakes, NJ) Carlshad, CA) streptomycin (Gibco BRL) 100U/mL
P i amphotericin B (Biochrom AG) 100 mg/mL
FBS (Equitech-Bio, Kerrville, TX) 10%
L-ascorhic acid 2-phosphate (Wako Pure Chemicals, Osaka) 100 pm
Nawi 2013 collagenase type | 60min Minced DMEM (Gibco BRL)
L-glutamine (Biofluids, Rockville, MD) 2mM
penicillin (Biofluids, Rockville, MD) 100 U/mL
streptomycin (Biofluids, Rockville, MD) 100 mg/mL
FBS (Sigma) 2%
et 1835, Realize.d (not a-MEM (Sigma Aldrich, penicillirT (Pha.rmacia &UpJohr'l SpA, Italy) 100 1U/mL
described) Germany) streptomycin (Bristol-Myers Squibb SpA, Italy) 1001U/mL
L-glutamine (Cambrex Bioscience Inch., Baltimore) 2mM
collagenase type | (Sigma, 3mglL FCS (PAA, Colbe, Germany) 2%
Newss 100 Steinheim, Germany) Smin 70um strainer (BD, a-MEM (Gibeo, Karlsruhe, | L-ascorbic-acid-2-phosphate (Sigma, Steinheim, Germany) 100pM
dispase (Sigma, Steinheim, Heidelberg, German German
pase (g 4mg/mL E d f gentamycine (Gibco, Karlsruhe, Germany) 50 pg/ml
Germany)
collagenase type | (Gibco, 3mghl FBS (Gihco) 2%
i 70 um strainer (BD Falcon, icilli
Niu 2014 1825y . Ga|therlsburg, MD, USA) Domin W s. ainer (BD Falc Minced - MEM(Gibc) penicillin 100U/mL
dispase (Gibco, Gaithershurg, smgL Franklin Lakes, NJ, USA) S 0gnl
MD, Ush) 8 pomy Hg
, i Minced-05 | Mesencult(Stem Cell
Oancea 2013 | 1217y collagenase IA solution 3mg/mL 120min ;
mm Technology)
. FBS (Cancera International Inc, Ontario, Canada) 15%
collagensase type | (Invitrogen, 3mgllL T S ———T- T
Carshad, ) g ' | ' - MEM(Sgma Cherical -ascorbic aci -‘p osp ate ( |gmla emical Company) mmo
Okamoto2009 | 22-26y 60min 70 um cell strainer Minced ) L-glutamine (Sigma Chemical Company) 2mmol/L
Company, St Louis, MO) —
i . penicillin (Meiji Seika, Tokyo, Japan) 100 U/mL
dispase (Invitrogen) 4mg/mL =1
streptomycin (Meiji Seika) 100 mg/mL
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Isolation techniques Medium supplementation
Authorandyear [  Age Gender Enzymatic . Culture Medium .
Explant : : = Mechanical Components Concentration
Types Concentration Time Filtering
FBS (Gibco) 10%
Osathanon 2014 colagenasetype | (Gioco Minced DMEM (Gibco) : glu?a'w‘mee(ibm) 1$$/LL
Carlsbad, CA, USA) penidlin(Gico) il
streptomycin (Gibco) 100 pug/mL
amphotericin B (Gibco) 5pg/ml
FBS (Gibco) 10%
L-glutamine (Gibco) 2mM
Osathanon 2011 collagenase type | (Gibco, USA) Minced DMEM (Gibco) penicillin (Gibco) 100U/mL
streptomycin (Gibco) 100 pg/mL
amphotericin B (Gibco) 5ug/mL
FBS (Invitrogen, Carlshad, CA, USA) 10%
collagenase type | 3mg/mL 70 um Falcon strainers (Becton -ascorbic acid 2- i
. g yp g/ . 1 K ( egaCell Sama, S, Lois, L-ascorbic acid 2‘phosph.ate (Invitrogen, Carlshad, CA, USA) 100uM
Paino 2010 60min | &Dickinson, Sunnyvale, CA, O, US| L-glutamine (Invitrogen, Carlsbad, CA, USA) 2mM
, USA) ’ penicillin (Invitrogen, Carlsbad, CA, USA) 100U/mlL
dispase 4mg/mL ——
streptomycin (Invitrogen, Carlshad, CA, USA) 100 pg/mL
1 0/
collagenase type | 3mg/mL | 100pm Falcon Cell Strainers , FBS ('S|gn.13, L 0%
Palumbo 2013 60 min i, USA) a-MEM (Sigma, USA) penicillin (Sigma, USA) 100U/mL
dispase 4mg/ml ' streptomycin (Sigma, USA) 100 yg/mL
FBS (Invitrogen) 10%
3 -MEM Invitrogen, . glu.tamme (Wako, Tokyo, Japan) 2mmol/L
Pang 2013 16-22y 1mm Carsbad, CA ascorbic acid-2-phosphate (Wako, Tokyo, Japan) 100 umol/L
' penicillin (Biofluids, Rockville, MD) 100U/mL
streptomycin (Biofluids, Rockville, MD) 100 pg/mL
FCS (Invitrogen, San Giuliano Milanese, Milan, Italy) 20%
collagenase type | 3mg/mL . —— — -
70um Falcon strainers 2P-ascorbic acid (Invitrogen, San Giuliano Milanese, Milan, Italy) 100mM
Papaccio 2006 | 21-45y dispase 4mg/mL 60min | (Becton & Dickinson, Franklin a-MEM L-glutamine (Invitrogen, San Giuliano Milanese, Milan, Italy) 2mM
penicillin 100U/mL Lakes, NJ) penicillin (Invitrogen, San Giuliano Milanese, Milan, Italy) 100U/mL
streptomycin 100 pug/mL streptomycin (Invitrogen, San Giuliano Milanese, Milan, Italy) 100 pug/mL
i 0/
collgenase type | (Worthington |, bicadd 2-ph ;cts (G\}\t/)clf Bg:) cals USA, VA, USA 10010 0 I
Biochemical Corp., NI, USA) 6 | doymstrainer (8D Falcon™, o MEM(Gbco BRI Lfe | —22orDicadd Zphosphate Wako Chemicals USA, VA, USA Hmo
Park 2013 1835y 60 min , glutamine (Sigma-Aldrich, MO, USA) 2mmol/L
, , , BD Labware, CA, USA) Technologies, NY, USA) p— ,
dispase (Boehringer Mannheim, p—— penicillin (Sigma-Aldrich) 100U/mL
QC, Canada) streptomycin (Sigma-Aldrich) 100 pg/mL
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Isolation techniques Medium supplementation
Author and year e Gender Enzymatic Culture Medium
J % Explant J : = Mechanical Components Concentration
Types Concentration | Time Filtering
| 1 i 0
collagenase type | (Sigma, 00 vlon el ADMEM (Gibco, Life | tFBS.(S|gr:.a Checrrr\]maI.Colrrépany, St'L:tuLS’MO,'\;J;AJSA 4103
Patil 2014 16-18y Male Chemical Company, St.Louis, 1mg/ml 30min ustrai\:mr Minced Technologies, Grand B ?Te((sllgmach ermcal ; ompany,st .Loulls,Mo ’USA)) i 000r|nU 0
MO —— penici |n. |gma emlcé ompany, .ou|s,l | . b
streptomycin (Sigma Chemical Company, St.Louis,MO,USA) | 10.000 pg/mL (1%)
1 0/
, , _ - MEM (6ibco, FB (Gibeo) 10%
Pereira 2012 (a) 17-83y collagenase type | (Gibco) Img/mL 60 min _ penicillin (Gibco) 100U/ml
Gaithersburg, MD) -
streptomycin (Gibco) 100 mg/mL
2 VEM (Gbco FBS (Gibco, Grand Island, NY, USA) 10%
Pereira 2012 (b) 17-43y collagenase type | (Gibco) 3mg/mL 60 min Gathershurg M,D) penicillin (Gibco, Rockville, MD, USA) 100 U/mL
' streptomycin (Gibco, Rockville, MD, USA) 100 mg/mL
collagenase type | with
thermolysin as the neutral
; (Vy.tl e Indi ’ i Mesencult complete amphotericin B (JR Scientific, Woodland, CA) 0.5 ug/ml
Pery2008 | 1830y protease 'ame' nAenepors, 4min medium (StemCell
) . Technologies) — —
collagenase type Il with penicillin-G {JR Scientific, Woodland, CA) 1001U/mlL
thermolysin as the neutral streptomycin (R Scientific, Woodland, CA) 100 g/ml
, FBS (Sigma Aldrich) 20%
o Realized (not . . — o ,
Picchi 2013 descbed] 0-MEM (Sigma Aldrich) penicillin (Pharmacia & Upjohn SpA, Milano, Italy) 1001U/mL
L-glutamine (Cambrex Bioscience, Inc., Baltimore, MD) 2mM
Vale inactivated FBS (Sigma) 25%
Realized (not , icillin (Si 2 L
Pierdomenic2005| Mean of 40y _ ( MEM (Sigma) pena |nI(S|nga) WU/m
Femile described) streptomycin (Sigma) 200 pg/ml
amphotericin B (Sigma) 25 pg/ml
0,
. collagenase type | 2mg/ml _ Minced- 0.5 FBS S
Ponnaiyan2012 | 18-22y 60 min o DMEM penicillin G 100U/ml
dispase 4mg/ml streptomycin 100 pg/ml
i 0
collgenase tye | (Sgma,t. | /i » F?(Eu'rdoc?ne, Msltlaer"Itamo USA 1§<?/UM
o Louis, MO, USA) b | 100pm falcon cell a-MEM (Sigma, St. Louis, o |c.aC| (.|gma, .o.ws, UA K
Riccio 2010 18-35y 60min , L-glutamine (Sigma, St. Louis, MO, USA) 2mM
: . . strainers MO, USA) — ,
dispase (Sigma, St. Louis, MO, Amgin penicillin (Sigma, St. Louis, MO, USA) 100U/mL
USA) streptomycin (Sigma, St. Louis, MO, USA) 100 pg/mL
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic Culture Medium
U ’ Explant i : — Mechanical Components Concentration
Types Concentration | Time Filtering
0,
Rk 083 ) ol B5min Minced-2mm | - NEW i L
dispase Antibiotics
0,
sk 2083 ligors B5min Minced2mm | - NEW i >
dispase Antibiotics
0,
Rodriguez-Lozano collagenase type | (Sigma gl i - F.C.S”. 10;%0 L
01 Aldic, t.Louis, MO, US) : pencin 0
streptomycin 100 pg/mL
Rodriguez-Lozano | Meanof 29y, | Male collag.enasetype'l(&gma Smnl i
012 -4y Female Aldrich, St. Louis, MO)
| 1 0,
U208 collagenase type | (Sigma) 4mg/ml o N irogen FBS (In\{ltrogen) 10%
DNAse | 0.5mg/ml A (Invitrogen) 1000 U/mL (1%)
Sainn | 183y Collsgenase tpe| LU L A DVEM FGs 10%
dispase 4mg/ml
FBS (Lonza, Milan, Italy) 10%
collagenase type | 3mg/mL 70 um Falcon strainers 2P-ascorbicacid (Invitrogen, San Giuliano Milanese, Milan, Italy) 100mM
Schiraldi 2012 A-45y 60min (Becton & DMEM L-glutamine (Invitrogen, San Giuliano Milanese, Milan, Italy) 2mM
Dickinson, Milan, Ital icillin Invi iuliano Mi '
e il ) pen|c||||n.(|nwtr‘ogen, San G|u!|ar10 M||alnese, M||a'n, Italy) 100U/mL
streptomycin (Invitrogen, San Giuliano Milanese, Milan, Italy) 100 pg/mL
FCS (PAA, Dartmouth, NH, USA) %
freemens i
Prague, Czech Republic) (Iepr.o eF, il l,’ WA LA
L-ascorbic acid (Sigma, St Louis, MO, USA)
Seifrtova 2013 T0min o-MEM (Invitrogen) glutamine (Invitrogen) b
streptomycin (Invitrogen)
dispase (Invitrogen, Carlsbad, penicillin (Invitrogen)
CA, USA) gentamycin (Invitrogen)
dexamethasone (Sigma) 50nmol/L
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic : Culture Medium :
Explant : : = Mechanical Components Concentration
Types Concentration | Time Filtering
FCS (PAA, Dartmouth, NH, USA) 2%
T
Prague, Czech Republic) (.eprlo eF' oy l,’ I, Ll
L-ascorbic acid (Sigma, St Louis, MO, USA)
Seifrtova 2012 70min - MEM(Invitrogen) glutamine (Invitrogen) W
streptomycin (Invitrogen)
dispase (Invitrogen, Carlshad, penicillin (Invitrogen)
CA, USA) gentamycin (Invitrogen)
dexamethasone (Sigma) 50nmol/L
f - i 0
coialje.n;sztt\ipe‘l(sl\;%ma 3mgh FBtS(In;ntrog?n) 10010/0/ L
rich, St Louis, MO) | | i lucose DV streptomycin mg/m
Se0 2013 20-8y _ . 10min Minced ,
dispase (Stem cell Technologies, (Invitrogen,Carlshad, CA) .
5mg/mL penicillin 100U/mL
Vancouver, BC, Canada)
collagenase type | (Sigma amgh FBS (Gibco/vitrogen, Carlshad, CA,USA) 20%
i i DMEM (Gibeo-Invitrogen, ibco-Invi
Shafiei 014 125y ‘ Aldr?ch, St Loul|s, M) . We0min (Gibco-Invitrogen glutéMﬁl\X(GFbco |nvl|trogen, Carlshad, CA,USA) 4mM
dispase (Sigma-Aldrich, St. Louis, gL Carlshad, CA,USA) penicillin (Gibco-Invitrogen, Carlshad, CA, USA) 100U/mL
MO) streptomycin (Gibco-/Invitrogen, Carlshad, CA,USA) 100 ug/mL.
collagenase (filtered; CLSI™;
Worthington Biochemical 2mg penicillin 1001V
Shekar 2012 Corporation) 60min Minced o-MEM serum free
i |
dispase (neutral protease, grade 1me sreptomyci 10yl
II: Roche)
4 200 collage.nase typel
dispase
collagenase type | (Sigma) Img/mL FCS (Sigma) 20%
' ' 70 1m Falcon strainers -ascorbic acid (Si
d|spl)a.s§ (Slgma) 4mg/mlL | ‘u | | e MEMSgma Aldrich, P ascorb|?aud (S|gma) 100uMm
Sollazzo 2011 20-25y penicillin (Sigma) 100U/mL 60min | (Sigma Aldrich, Inc, St e, tlouis, Mo, USA L-glutamine (Sigma) 2mM
streptomycin (Sigma) 100 ug/mL Louis, Mo, USA) e penicillin (Sigma) 100U/ml
claritromycin (Sigma) 500 ug/mL streptomycin (Sigma) 100 ug/mL
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic Culture Medium
i J Explant y. = Mechanical Components Concentration
Types Concentration Time Filtering
collagenase type | (Worthington : F.BS (Slgma-AIdnch) : 2l
i 3mg/mL L-ascorhic acid 2-phosphate (Sigma-Aldrich) 100 uM
Biochem, Freehold, NJ) ) ' —
Son 2006 60min a-MEM (Gibco) L-glutamine (Sigma) 2mM
icillin (Gi 1 L
dispase (Gibco) 4mg/mL pend |n'(G|b.co) i
streptomycin (Gibco) 100 g/mlL
FCS 10%
penicillin 100 U/mL
Spath 2010 2-35y 1-2mm? trypsin (Invitrogen) 0.2% 5min DMEM streptomycin 100 pg/mL
L-glutamine 2mM
B-mercaptoethanol 0.1mM
F 1
collagenase type | 3Img/mL T CSC R 1(3%
Stevens 2008 60 min 70 um pore size strainer DMEM STEp })rnyun( r.m fOgen, 1By on.0|se, Ee] :
) penicillin (Invitrogen, Cergy Pontoise, France) 1%
dispase 4mg/mL — — - -
vitamin C L-ascorbic acid 2-phosphate (Sigma Aldrich Inc, USA) 100 uM
FCS (SAFC) 20%
collagenase type | (Worthington
g, el § 3Img/mL L-ascorbic acid 2-phosphate (Wako Chemical, Tokyo) 100um
Biochem, Freehold, NJ)
70 pm strainer (Falcon; BD o-MEM (SAFC, Lenexa, )
Stokowski 2007 18-40y 60 min ) l ( ( 4 L-glutamine (SAFC, Lenexa, KS) 2mM
Labware, Franklin Lakes, NJ) KS)
dispase (Boehringer Mannheim, g penicillin (SAFC, Lenexa, KS) 100 U/mL
Mannheim, Germany) & i
streptomycin (SAFC, Lenexa, KS) 100 ug/mL
FBS (Biochrom AG., Berlin, Germany) 10%
el T T H 0,
Realized (not 0-MEM (Gibco, tpeTu”m'(GIZ‘cl?’ In:”tr:gen Cocrp., Pall5|’er’ UIBK 1‘;
Struys 2013 16-19y ) Invitrogen Corp., TP 9mycm(. L ’TV' fogen o, ‘a|sey, ) _
described) paisley, K] fungizone (Gibco, Invitrogen Corp., Paisley, UK) 0.2%
' L-glutamine (Gibco, Invitrogen Corp., Paisley, UK) 2mM
ascorbicacid (Gibco, Invitrogen Corp., Paisley, UK) 50 pg/ml
FBS (Biochrom AG., Berlin, Germany) 10%
penicillin (Gibco, Invitrogen Corp., Paisley, UK) 1%
BME (Gibco, Invit in (Gi i ., Pai 9
Struys 2011 L2 (Gi col nvitrogen streptf)mycm(IGlbco,Irthrogen Corp,P.alsIey, UK) 1%
Corp., Paisley, UK) fungizone (Gibco, Invitrogen Corp., Paisley, UK) 0.2%
L-glutamine (Gibco, Invitrogen Corp., Paisley, UK) 2mM
ascorbic acid (Gibco, Invitrogen Corp., Paisley, UK) 50 pg/mL
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic . Culture Medium .
Explant : = Mechanical Components Concentration
Types Concentration Time Filtering
FCS (PAA, USA) 2%
collagenase (Sevapharma, Czech SR U gl
By Male Republi PDGF (PeproTech, USA) 10ng/mlL
L-ascorbic acid (Sigma, USA) 0.2mM
Suchanek 2013 70min a-MEM (Gibco, UK) glutamine (Gibco, UK) PA/]
penicillin (Gibco, USA) 100U/mL
2y Female disase (Gibeo, U streptomycin (G|t'>co, USA) 100 pg/mlL
dexamethasone (Sigma, USA) 50nM
ITS (Sigma, USA) 10 pl/mL
FCS (PAA, USA) %
EGF (PeproTech, USA) 10ng/mlL
Male collagenase (Sevapharma, CR) PDGF (PeproTech, USA) 10ng/mL
L-ascorbic acid (Sigma, USA)
Suchanek 2009 12-3y 70min a-MEM (Gibco, UK) glutamine (Gibco, UK) 2%
penicillin (Gibco, USA) 100U/mL
Female dispase (Gibco, Scotland) streptomyan (G|k.>co, WA 100yg/mt
dexamethasone (Sigma, USA) 50nM
ITS (Sigma, USA) 10pl/mL
0,
collagenase (Sevapharma, CR) EGFFCPS (PAAT\’ UhSALiSA T 2/; ]
Suchanek 2007 | 1523y i 0-MEM (Gibco, UK) [ T3, Ll
. , PDGF (PeproTech, USA) 10ng/mlL
dispase (Gibco, Scotland) -
dexamethasone (Sigma, USA) 50nM
FCS (Gibco™, Grand Island, NY, USA) 10%
collagenase type | (Gibco™, ) . . . .
8 1pe (6 3mg/mlL 70um cell strainer (BD ! ascorhic acid 2-phosphate (Sigma-Aldrich®, St. Louis, MO, USA) 10mM
Grand Island, NY, USA) . : a-MEM (Gibco™, Grand
Suh 2014 19-40y 60min | Falcon™, Franklin Lakes, NJ,
UsA) Island, NY, USA) glutamine (Gibco™, Grand Island, NY, USA) 2mM
dispase (Boehringer, Mannheim, Amg/nl penicillin (Gibco™, Grand Island, NY, USA) 100U/mL
Germany) streptomycin (Gibco™, Grand Island, NY, USA) 100 mg/mL
FBS (Invitrogen, Grand Island, NY, USA) 10%
i 2008 Realized (not a-MEM (BioWhittaker, L-glutamine (Sigma, St. Louis, MO, USA) 2mM
described) Walkersville,MD, USA) penicillin (Sigma, St. Louis, MO, USA) 1001U/mL
streptomycin (Sigma, St. Louis, MO, USA) 100 pg/ml
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic : Culture Medium .
Explant : : = Mechanical Components Concentration
Types Concentration Time Filtering
collagenase type | (Invitrogen, . .
14y Male gCarIsba\:ipCA( s : 3mg/mlL FBS (Biocell, Rancho Dominguez, CA, USA) 10%
) Y 70 um strainer (BD, Franklin DMEM (Sigma-Aldrich, St.
Suzyki 2011 !
, ) Lakes, NJ, USA) Louis, MO, USA)
dispase (Invitrogen, Carlshad, .
2y Female 4mg/ml AA (Invitrogen) 1%
CA, USA)
collagenase type I (Sigma, St il FBS (Sigma) 15%
. Louis, MO) . [70um cell strainer (Falcon, BD| DMEM/F12 (Gibco BRL, glutamine (GlutaMAX | - Invitrogen, Carlshad, CA) 2mM
Tamaki 2013 16-28y - - 60 min ) Minced ——
dispase (Sanko Pure Chemical P Labware, Franklin Lakes, NJ) Carlshad, CA) penicillin (Gibco BRL) 100 U/mL
Ltd., Tokyo, Japan) streptomycin (Gibco BRL) 100 pg/mL
0,
collagenase type | (Sigma 8 (.Hyclone, taly) 1%
Aldrih,taly 3mg/mL L-glutamine (Hyclone, Italy) 2mM
' 70 um cell strainer (Falcon, - icacid-2-
Tammaro 2014 182y 30min : ( Minced a-MEM (Hyclone, Italy) Lascorbic a_dfj 2 phospate (Hyclone, taly) 100
Italy) penicillin G (Hyclone, Italy) 100U/mL
dispase (Sigma-Aldrich, Italy) 4mg/mlL streptomycin (Hyclone, Italy) 100pg/mL
fungizone (Hyclone, Italy) 0.25 pg/mL
FBS (Hyclone) 10%
ascorbicacid 100uM
Tandon 2010 trypsin (Invitrogen) 0.05% 10-20min Minced DMEM-F12 (Invirtogen) L-Glutamax 2mM
penicillin 100U/mL
streptomycin 100 pg/mL
il T i 0/
collagerllas.et type | (Gibeo, 3mg/ml ZF:SS (Glb;.O, In:t?gen) 101(;)/0M
., - nY' rogen).  |70um Falcon strainers (Becton , ascor |c.aC| (Sigm) £
Tirino 2012 dispase (Gibco, Invitrogen) 4mg/mlL 60 min & Dickinson) Mega Cell (Sigma) L-glutamine (Lonza) 2mM
— penicillin (Lonza) 100U/mL
gentamicin (Sigma) -
streptomycin (Lonza) 100 pg/mL
1 0,
collagenase type | (Sigma) 1mg/mL DVEM (Sgma, Munich F?i.(SIgGmla).k 112/0
Tomic 2011 60 min Minced Gergmar; | ' t pe:m er ( ; n|| a')k 10/0
DNAzse 2 gl y strep omcm( alenika) b
gentamicin (Panfarma) 1%
1 i 0y
collagenase pre | (Sigma, t 3mg/mlL 70 um cell strainer ) . .FF%S.(Inwtroglen) L5
Louis, MO) ) o |Minced-2x2x1|  a-MEM (Invitrogen, penicillin-G (Invitrogen) 100 U/mL
Tom-Kun 2011 30-60min | (Becton/Dickinson, Franklin o Carlbad, CA)
dispase (Sigma, St Louis, MO) 4mg/ml Lakes, NJ) ' streptomycin (Invitrogen) 100 ug/mL




96

Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic : Culture Medium .
Explant : = Mechanical Components Concentration
Types Concentration Time Filtering
Realized (not MSCM (Cambrex Co,,
Trubiani 2012
ruon destribed) Walkersile, MD, USA)
o Realized (not MSCM (Cambrex Co.,
Trubiani 2010 i )
described) Walkersville, MD, USA)
. Realized (not MSCM (Cambrex Co.,
Trubiani 2007 2%-30y i )
described) Walkersville, MD, USA)
collagenase (Wako, Osaka, , - MEM (Invitrogen,
Uhiyama2009 | 37andd2y | Femdle eerese| 02% 15min (it FBS 15%
Japan) Carlsad, CA, USA)
0 i f 0,
coI||agenTasetytpeCI(Blt;Basm 3mg/mL 70 um cell strainer (Becton ] FE:?(G@:o(?F;L) T 1010%,\/'
Um 2014 0%y | Ml 6, ) 9min | Dickinson, Frankli Lakes, NJ, - MEM (Gibco BRL) B !
dispase (Gibco BRL, Grand L-glutamine (Gibco BRL) 2mM
4mg/mL USA) :
Island, NY, USA) AA (Gibco BRL) 100U/ml
FCS (Lonza) 10%
collagenase type | (Invitrogen 3mg/mL | i 1mg/mL
6 well e ¥ , 70 um pore strainer (BD , gugose(lnwtrogen? mg/m
Vandomme 2014 60 min Bosdences) Minced DMEM (Glutamax) streptomycin solution (Invitrogen) 1%
disase Invitrogr| AmgnL penllullm solutl|on (Inwtrlogen) 100mM
vitamin C (Sigma-Aldrich)
1 0,
Vg | Meancfzry | collagenase type | (PAA, Austria)|  0.1% 8min G.MEM (A, Austria FES [PAA, Austia) 10
Female gentamicin 160 pg/mL
FBS {HyClone, Thermo Scientific, Mordialloc, Vic,, o
collagenase Blend type H (Sigma [ '
Vasndan 014 | 178y genase Blendype i (Sgma) 0 |overnit KO-DMEM Gibco) Australe
Aldrich, St. Louis, MO, USA) glutamax (Gibco) 1X
AA 1X
i i 1 0,
e DVEM (BioWhitzker FBS(B|0Wh|ttakerIC.a|r|r.1br:?<, Walkersville, MD) 2 ng; :
Ventura 2007 Cambrex, Walkersville, pen |n.( |gma) i
fragments WD) streptomycin (Sigma) 100 pg/mL
amphotericin B (Sigma) 25 pg/ml
collagenase Img/mL FBS (HyClone, USA) 10%
Vishwanath 2013 | Less than 25y , 60 min DMEM (Gibeo, Invitrogen) AA (Gibco, Invitrogen Corporation) 5X
dispase 4mg/ml ,
L-glutamine 5mM
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic . Culture Medium .
Explant : = Mechanical Components Concentration
Types Concentration Time Filtering
FCS (Thermo Electron., Melbourne, Australia) 10%
collagenase type | (Worthington 3mg/n L-glutamine (Sigma-Aldrich) 2mM
Biochemical, Lakewood, NJ) ) . L-ascorhate-2-phosphate (Wako Pure Chemical Industries,
. 0-MEM (Sigma Aldrich, St. i 100um
Wada 2009 120 min Louis, MO Richmond, VA)
T str.eptomycm (JRH.B|osaenc?s) 50pg/mlL
o 4mg/ml sodium pyruvate (Sigma-Aldrich) 1mM
Diagnostics, Indianapolis, IN) — —
penicillin G (JRH Biosciences, Lenexa, KS) 50U/mL
. FBS (Hyclone, USA) 10%
ollagenase type | (Sigma, USA 3Img/mlL
Wang 2014 19-28y ol ¥pe 1 (Sig ) g 30min 70 um strainer Minced a-MEM (Hyclone, USA) penicillin (Sigma, USA) 100 U/mL
dispase (Sigma, USA) 4mg/mL streptomycin (Sigma, USA) 100 pg/mL
collagenase type | 3mg/mL FBS (Hyclone) 20%
i DMEM/F12 (Hyclone, icilli i i i i
Wang 2013 2 1425 dispase 4mg/mL 60min ESEE i :n Ui E/JSA) penicillin (Beyotime Institute of Biotechnology, Beijing, China) 100 U/mL
PBS 1X b streptomycin (Beyotime Institute of Biotechnology, Beijing, China) 100 pg/mL
collagenase type | (Sigma,St. 3mgml phenol red free L-DMEM FBS (Hyclone, Logan, UT, USA) 10%
Wang 2013 (b) 12-13y Louis, MO, USA) 60 min Minced - 1mm* (Gibco, Life Technologies, penicillin 100 U/mL
dispase (Sigma) 4mg/mL Grand Island, NY, USA) streptomycin 100pg/mlL
1 f | 0,
CO”ageLn , tKnpcj Iu(zf)ma' N 03mefmL DVEM {Gibe, L icill (FssS (Glb;;l BRr: gtYILUS'A) MO, USA) 10013;) L
Wang 2012 18-20y r ”()(l;I.S, ISt T 60min Technologies, Grand AT e e P m
ispase Il (Sigma, St. Louis, MO, . ) '
; gUS ) 0.1% Island, NY, USA) streptomycin (Sigma-Aldrich, St. Louis, MO, USA) 100 mg/mL
FBS (Gibco-BRL Life Technologies) 20%
collagenase type | (Worthington 3mg/l L-elutamine(Gibco-BRLLife Technologi
Bioche, Freehold, | 4 DMEM (Gibco-BRLLife -glutamine(Gibco-BRL Life Technologies)
|40 um cell strainer (Falcon, BD, Technologies Guangzhou
Wang 2010 15-25 60 min ibco-BRLLI i
8 / Franklin Lakes, NJ) Genewindows Biotech glucose (Gibco-BRL Life Technologies) el
dispase (6ibco-BRL Life Ltd, Guangzhou, China) penicilin-G Sigma, St Louis, MO) 100U/
Technologies, Breda, The 4mg/mlL
Netherlands) streptomycin (Sigma, St Louis, MO) 100 pg/mL
FCS 2%
collagenase type | 3mg/mL L-ascorhic acid 2-phosphate 100 uM
Weszl 2012 18-26y 60 min 70 um strainer o-MEM L-glutamine 2mM
s A pemallm' 100U/mL
streptomycin 100 pg/mL
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Isolation techniques Medium supplementation
Authorandyear |  Age Gender Enzymatic , Culture Medium ,
Explant : : = Mechanical Components Concentration
Types Concentration Time Filtering
collagenase type | (Vitacyte,
Indianapolis, IN) Mesencult Complete
i Medium (StemCell
Woods 2009 1530y collagena.se type‘ll(V|tacyte, 15:30min |u. (
Indianapolis, IN) Technologies, Vancouver
thermolysin (Vitacyte, Canada)
Indianapolis, IN)
i FBS (Gemini Bio-Products, Inc., Woodland, CA) 15%
collagenase type | (Sigma - —
Alic, t.Lovis, MO) 3mg/mL L-glutamine (Gemini Bio-Products, Inc.) 2mM
- T R cell strainer (Falcon, BD o-MEM (Gibco-Invitrogen, | L-ascorbic acid-2-phosphate (Gemini Bio-Products, Inc. 100uM
i ) , , Labware, Franklin Lakes, NJ) Carlshad, CA) penicillin-G (Gemini Bio-Products, Inc.) 100U/mL
dispase (Sigma Aldrich, St. Louis, ; —
Vo) 4mg/mlL streptomycin (Gemini Bio-Products, Inc.) 100mg/mL
fungizone (Gemini Bio-Products, Inc.) 0.25mg/mL
i 0 i 0
collagenase type | (Worthington FBS (Equitech [.i@, .Kerwlle, ) 20%
i i 3mg/mL penicillin 100U/mL
Biochemical, Lakewookd, NJ) : ) i i -
Yu 2009 60 min 70um strainer a-MEM (Gibco Invitrogen) streptomycin sulfate 100mg/mL
dispase Il (Roche Applied
'p ( , p_p 4mg/mL glutamine 2mM
Science, Indianapolis IN)
0
zhai 013 colgenase type (Sgme- |3 Lsqomin|  Toumstoiner ecEM Hycone, " FTS(HV'dO(::)h) 1001%/ L
Aldrich,St Louis, MO, USA) : : Logan,UT,USA) __Stepromyan (rache Me/m
penicillin-G (Roche,Basel, Switzerland) 100U/mL
FBS 10%
collagenase type | 0.3mg/mL glutaMAX 1%
Zhang20il | 16y | Female 40 m cellseve Minced DMEM/F12 ascorbicadd Dgfml
penicillin 1%
dispase 0.4 mg/mL streptomycin 1%
amphotericin 1%
FBS 10%
collagenase type | 0.3mg/ml glutaMAX 1%
Zhang 2010 16y Male 40pm cell sieve Minced DMEM/F12 ascork.>|'ca.C|d S0yg/mt
penicillin 1%
dispase 0.4 mg/mL streptomycin 1%
amphotericin 1%
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Isolation techniques Medium supplementation
Author and year Age Gender Enzymatic : Culture Medium :
Explant : : — Mechanical Components Concentration
Types Concentration Time Filtering
collagenase type | 3mg/ml 0-MEM (Gibco BRL, Life FCS (Gibco BRL) 20%
Zhang 2008 (a) 2y Male Technologies B. V.. Breda,

dispase 4mg/mL The Netherlands) gentamycin (Gibco BRL) 50 ug/mL

a-MEM (Gibco BRL Life FCS (Gibco BRL) 2%

Zhang 2008 (b) 2y Male collagenase type | Img/ml Minced | TechnologiesB.V. Breda,
The Netherlands) gentamycin (Gibco BRL) 50 ug/ml
-MEM (Gibco BRL, Life
Zhang 2006 18-y collagenase type | 3mg/ml 60min 100 pm strainer Minced | Technologies B.V. Breda, FCS (Gibco BRL) 20%
The Netherlands)
Male collagenase type | (Sigma, St 3mginl FBS (Gibco-BRL, Grand Island, NY) 15%
i 70 um strainer (Falcon; BD icillin G (Gibco-
ol | 183y __ Louis WO doin | mstaner(facon DMEM (Gibco-BR) penicilin Gibco- 8 0yjmt
Female dispase (Gibco-BRL, Grand Labware, Franklin Lakes, NJ) e
dmg/ml streptomycin (Gibco-BRL) 100 g/ mL
Island, NY)

Zhao 2006 collagenase 625 U/mL DMEM (Gibco, USA) FBS (Gibco, USA) 10%

i | H 0/

DVEM (e Technologes ' FBS (In'V|tro Technol'og|es, Australia) . 10%

Zhou 2014 18-30y Small fragments Py L, Australe penicillin (Life Technologies Pty Ltd,, Australia) 1%

! streptomycin (Life Technologies Pty Ltd., Australia) 1%
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Abstract:

The aim of this study was to conduct a systematic review of the literature to
obtain the profile of tooth manipulation prior to DPSCs isolation and analyze the
possible risk factors that could change the native behavior of these cells. The
electronic search was conducted without initial date restriction up to and
including (April 2014) in PubMed, Scopus, Scielo and ISI Web of Knowledge
databases 222 articles were included and the information analysis was
performed concerning the following items: author's name, year of publication,
age of donor, sex of donor, tooth storage time between the extraction and
DPSCs isolation, tooth storage methods between the extraction and pulp
processing, tooth surface cleaning method, dental section method, location of
the tooth section and method for removing the pulp from the chamber.. In
general, the tooth type most used was the third molar and donor had average
minimum of 17.5 y and average maximum equal 30.6 y. The dental storage
method was culture medium, and the isolation of DPSCs was performed
inmediately after tooth extraction. Many authors neglect dental surface cleaning,
however when performed, chlorhexidine was the option of choice. Dental
section was carried out predominantly with the fissure bur in the cement-enamel
junction. In conclusion, over the past 15 years many studies have been
conducted using DPSCs. However, it was observed that there is a clear lack of
standardization in tooth manipulation prior to DPSCs isolation. Thus, given the
large number of variables aspects in cell isolation technique and all possible
consequences in the in vitro behavior of cells, it is important to reinforce the

need for standard protocols in order to obtain a more uniform cell culture.

Keywords: Dental pulp stem cell; Manipulation; Dental pulp; Stem cells.
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Introduction

Currently, mesenchymal stem cells (MSCs) have been considered a promising
alternative for the treatment of a large scale of diseases such as diabetes type 1
(Liu, Cao et al. 2013), liver chronic diseases (Kim, Eom et al. 2015), heart
disease (Padda, Sequiera et al. 2015), among others. Although it is recognized
that the advances related to the treatment of these diseases are closely
associated with the growing number of stem cell research, these studies are
mostly developed in animal models, suggesting the need for more research in
order to translate the results obtained in animals for humans (de Souza, Alves
et al. 2013).

In this context, in order to provide more advances in alternative treatments for
human health, it is important to acquire a cell source easily obtainable, with
rapid expansion in vitro and high proliferative rates. Thus, the dental pulp stem
cells (DPSCs) (Gronthos, Mankani et al. 2000) is considered a cell type often
eligible for such purposes.

It Is known that DPSCs are in small quantities in the human dental pulp
(Fischbach and Fischbach 2004), and therefore it is unquestionable the need
for ensuring the best possible way to recreate the cellular microenvironment, in
order to achieve sufficient proliferation rate and cell quantity to be used for in
vitro or in vivo purposes (Caplan 2009). However, it is known that teeth
manipulation and pulp tissue processing for cell isolation is a complex task to be
performed and can be determinant in the success of stem cell isolation (Kerkis
and Caplan 2012).

Although dental pulp stem cells have been highly used in studies implicated in
clinical applications, the literature is quite scarce considering protocols and
discussion of DPSCs isolation techniques and tooth preparation prior to DPSC
isolation. Thus, the aim of this study was to conduct a systematic review of the
literature to obtain the profile of tooth manipulation prior to DPSCs isolation and
analyze the possible risk factors that could change the native behavior of these
cells. To the best of our knowledge this is the first systematic review of the

literature that evaluated tooth manipulation for DPSCs isolation.
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Methods

- Review questions

In the literature, how as tooth manipulation been conducted for DPSCs
isolation?

Is there a standardized protocol for tooth manipulation for DPSC isolation?

- Inclusion and exclusion criteria

The inclusion criteria for article assessment were: description of stem cell
isolation from human dental pulp and permanent teeth. Exclusion criteria were:
literature reviews, book chapters, editorials, letters to the editor, hypothesis
articles, news, patents and abstracts sent to congress, articles which are not
written in the English language and articles that were not fully available and/or

after e-mails sent to the authors there was no reply.

- Search strategy

The electronic search was conducted without initial date restriction up to and
including (April 2014) in PubMed, Scopus, Scielo and ISI Web of Knowledge
databases in order to identify studies that demonstrate the methodology used
for DPSCs isolation. An initial search was conducted using the following MeSH:
“(dental pulp stem cell [MeSH])”; “(dental pulp [MeSH])” AND “(stem cell
[MeSH])”; “(“dental pulp stem cell”’ [MeSH]’)". No language and date restrictions
were applied in any search.

All references were managed in the EndNote X7 software (Thomson Reuters,
New York, NY, US). Initially, duplicate references were excluded. Titles,
abstracts and studies methodologies were screened based on the inclusion and
exclusion criteria by two reviewers independently (CPF and EGZC). Lists were
compared and in case of disagreement, a consensus was reached by
discussion. When a consensus was not achieved, a third reviewer decided if the
article should be included (FN). This systematic review followed the PRISMA

statements (Moher, Liberati et al. 2009) with some adjustments (Figure 1).
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Pubmed Scielo Isi  Scopus

( 3126 )
1539 Duplicates
283 Reviews
240 Animals
141 No pulp
139 Other issues

131  Isolation technique not described

118 Human, pulp, not stem
96 SHEDs
69 Language
50 Congress sumary
50 Patents
32 Not found
24 Book section
13 Hypothesis
9 Editorial
6 Letter to the editor
2 News
1 Protocol
1 Withdrawn
1 Interview
(222 )

Figure 1 — Flowchart with the studies selection process for inclusion in the
systematic review (Exclusion reasons: a study could have fulfiled more than

one criterion).

- Data extraction and quality assessment

After screening, the following data were collected from articles that were
included in the review: author's name, year of publication, age of donor, sex of
donor, tooth storage time between the extraction and DPSCs isolation, tooth
storage methods between the extraction and pulp processing, tooth surface
cleaning method, dental section method, location of the tooth section and
method for removing the pulp from the chamber. Authors were contacted in
order to clarify any queries on the study methodology or result. Data were
extracted and tabulated by two reviewers (CPF and LCdaR) to be submitted to
a descriptive analysis. Cases of disagreement were discussed until a
consensus was reached. When a consensus was not obtained, a third reviewer

participated in the discussion (FN).
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- Assessment of risk of bias in included studies

Risk of bias was evaluated according to the articles description of the following
parameters for study quality assessment: (a) donor age, (b) donor gender, (c)
tooth type, (d) tooth storage methods, (e) tooth storage time, (f) dental surface
cleaning (g) dental section methods and (h) pulp removal methods. If the
authors reported the parameters, the article had a “Y” (yes) on that specific
parameter; if it had the parameter, however it was not specific, the article was
marked with an “U” (unclear); and finally in the information was not described,
the article received a “N” (no). After the evaluation the data were exported into

Review Manager 5.3 for analysis and generate graph.

- Impact factor analysis

The impact factor analysis, of the included articles, was performed searching
each journal for its impact factor in the year that the corresponding study was
published. Then these values were categorized as follows: From 0 to 1, more
than 1 to 2, more than 2 to 3, more than 3 to 4, more than 4 to 5, more than 5 to
6, more than 6 to 7, more than 7 to 8, more than 8 to 9, more than 9 up to 10,
more than 10. Subsequently, a relation between the impact factor and the
presence or absence of the following items was established - a) age of donor,
b) gender of donor c) tooth storage time, between the extraction and DPSCs
isolation, d) tooth storage methods, between the extraction and pulp
processing, e) tooth surface cleaning method, f) dental section method, g)
location of the tooth section and h) method for removing the pulp from the

chamber.

Results

- Descriptive Analysis

Database search revealed 3126 articles. From those 1539 were duplicated and
therefore were removed. A total of 1587 articles were included for title, abstract
and methodology evaluation. Figure 1 shows flow-chart of the study selection.
From those 222 were included for full text analysis. Tooth donor profile is
predominantly males (55.9%) with an average age equal to 17:5 years and

average maximum age equal to 30.6 years.



106

2014
2013
2012
2011
2010
2009
2008
2007
2006

Publication Year

2005
2004 | 0O

2003 : 1
2002 1
2001 | 0O

2000 Fl

10

15

20

25

Number of Articles

30

35

40

45

50

Figure 2 — Distribution of articles included in the systematic review according to the year of publication.
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From the studies included in this review, 84.2% described the tooth type used
for DPSCs isolation. The second item most frequently mentioned by authors
was the donor age, representing 67.6% of total studies. However among the
aspects analyzed, the tooth storage time, between the extraction and DPSCs
isolation, was the most neglected information not being informed in 88.3% of
the articles. Followed by the lack of data on tooth storage method used between
the extraction and the initiation of DPSCs isolation procedure, corresponding for
84.7% (Table 1).

Yes No
N % N %
Tooth type 187 842% 35 15.8%
Donor age 150 67.6% 72 32.4%
Donor gender 35 15.8% 187 84.2%

Tooth storage methods 34 153% 188 84.7%
Tooth storage time 26 11.7% 196 88.3%
Dental surface cleaning 85  38.3% 137 61.7%
Dental section method 84 37.8% 138 62.2%
Dental section site 42 18.9% 180 81.1%
Pulp removal methods 54 243% 168 75.7%

Table 1. Distribution according to the presence or absence of important aspects of DPSCs

isolation.

Therefore, the vast majority of studies mentioned the type of tooth used for
DPSCs isolation (Table 1). In this context, data shows that the third molar is the
most commonly type of teeth used, representing more than 77.0%. However, it
is suggested that this number is even higher, since 9.2% of the total are molars
without type specification - first, second or third molar. The second group of
teeth most commonly used is premolar, representing approximately 10.7%.
Supernumerary and incisors teeth represent 2.6% and the use of canine teeth

was not mentioned in any study (Table 2).

N %
Supernumerary
2 1.0%
Incisor

Incisor (not described the type) 1 0.5%
Left upper central incisor - traumatized 1 0.5%
Left upper lateral incisor - traumatized 1 0.5%
Incisor total 3 1.5%

Premolar
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Premolar (not described the type) 18 9.2%
First premolar 2 1.0%
Lower premolar 1 0.5%
Premolar total 21 10.7%
Molar
Molar (not described the type) 18 9.2%
Third molar
Third molar (not described the type) 88 44.9%
Impacted third molar 57 29.1%
Upper third molar 3 1.5%
Mandibular third molar 1 0.5%
Non-erupted third molar 1 0.5%
Semi-erupted third molar 1 0.5%
Semi-impacted third molar 1 0.5%
Third molar total 152 77.6%
Total 196 100.0%

Table 2. Distribution according to the types of teeth used to isolate DPCSs.

In relation to the storage method used for transportation of the newly extracted
teeth to the site of DPSCs isolation, only 15.3% mention the storage method
used (Table 1). Seven different types of solutions were cited. Furthermore,
5.9% of total studies mention the use of a transportation solution but do not
describe the type used (Table 3). The most common material used is the culture
medium, present in over 44.1% of the studies, followed by HBBS, present in
20.6% of the articles (Table 3). Then, not least, there is the time spent between
the extraction and isolation. However, over 88.0% of the articles do not report
the time spent between these two steps. The majority of authors, 55.6%
recommend the isolation of DPSCs immediately after extraction of dental

elements and over 92.6% opting for isolation within 24 hours (Table 4).

N %
Culture medium 15  44.1%
HBBS 7 20.6%
PBS 4 11.8%
DPBS 2 5.9%
Saline solution 2 5.9%
Freezing medium 1 2.9%
FBS 1 2.9%
Stored (not described) 2 5.9%

Total 34 100.0%
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Table 3. Distribution according to the storage solution used for transportation of the newly
extracted teeth to the site of DPSCs isolation. Abbreviations: Hank's buffered salt solution -
HBBS; phosphate buffered saline —PBS; Dulbecco's phosphate buffered saline — DPBS; Fetal

bovine serum — FBS.

N %
Immediately 15 55.6%
Within 2 h 6 22.2%
Within 24 h 4 14.8%
6t048h 1 3.70%
72 h 1 3.70%
Total 27  100.0%

Table 4. Distribution according to the tooth storage time, between the extraction and DPSCs

isolation.

Around 38% of authors reported executing some method of tooth surface
cleaning before sectioning the dental element for access to the pulp chamber
(Table 1). In all, 13 different types of tooth surface cleaning solutions are
mentioned which are used alone or in combination with each other. 24.1% of
the studies mention realizing the teeth surface cleaning, however did not
describe how it was done. PBS and CHX were the most used solutions, each
present in 14.7% of the studies. However, the CHX is presented in various
ways, by varying the concentration used between 0.2 and 0.3%, as well as the

form of administration, solution or gel (Table 5).

N %

CHX
0,2% 3 2.6%
0,2% solution 1 0.9%
0.3% 3 2.6%
0,3% solution 7 6.0%
0,3% gel 7 6.0%
Not described the type 2 1,69%
Solution 1 0.9%
CHX Total 17 14.7%
PBS 17 14.7%
Professional Hygiene 15 12.9%
DPBS 9 7.8%
Ethanol 9 7.8%
PVP-I 8 6.9%
Physiological solution 4 3.5%
Destilled water 3 2.6%
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Sodium thiosulfate 2 1.7%
Sterile surgical blade 1 0.9%
HBSS 1 0.9%

1 0.9%
Dental scaler 1 0.9%
Not described 28 24.1%

Total 116 100.0%

Dental burs

Table 5. Distribution according to the tooth surface cleaning method. Abbreviations:

clorhexidina - CHX; phosphate buffered saline - PBS; Dulbecco's Phosphate-Buffered Saline -
DPBS; povidone-iodine - PVP-I; Hank's Balanced Salt Solution - HBSS.

After cleaning the tooth surface, the teeth are sectioned so that the pulp
chamber and finally the pulp tissue can be access. However, only 37.8% of the
papers report the section step (Table 1). Among those, the most used tools
described are the fissure bur, forceps and diamond discs, representing 24.7%,
18.3% and 11.8% respectively. Another 19 methods to perform dental section
are mentioned and represent 36.56% of the sample, these data was grouped

since individually each one was unrepresentative (Table 6).

N %
Fissure bur 23 24.7%
Forceps 17 18.3%

Diamond discs 11 11.8%
High speed 8 8.6%
Other 19 methods 34  36.6%

Total 93 100.0%

Table 6. Distribution according to method dental section.

Few studies explain the location where the teeth was sectioned in order to have
access to the pulp chamber and the dental pulp tissue, Almost all studies
(88.1%) chose to perform the dental section at the cementum enamel junction
(CEJ) (Table 7).

N %
CEJ 37 88.1%
Root enamel boundary 4 9.5%
Crown-root border 1 2.4%

Total 42 100.0%
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Table 7. Distribution according to location of the dental section. Abbreviation: Cementum

enamel junction — CEJ.

In relation to the methods used to remove the pulp tissue inside the dental
chamber, 75.7% of the authors do not mention this step in the article (Table 1).
Eight different instruments are cited to remove the pulp tissue. The most
commonly used instrument is the excavator, present in 59.7% of the articles.
The second most used instrument is the forceps, representing 11.7% of the
total studies (Table 6).

- Risk of Bias

Of the 222 studies included, only two variables — age and tooth type, more than
50.0% of article showing low risk of bias. When analyzing the risk of bias over
the variable gender of donor, it is observed that less than 25.0% of the articles
had low risk of bias. The majority of studies, more than 75.0%, no report the
tooth storage time, tooth storage method and method for removing the pulp
from the chamber, representing high risk of bias. About the risk of bias for tooth
surface cleaning method and local dental section, between 25.0 and 50.0% of

studies representing low risk of bias (Graph 1).

Donor age

Donor gender

Taooth type

Tooth storage methods
Tooth storage time
Dental surface cleaning
Dental section methods

Dental section site

Pulp removal methods

25% 50% 75%
B ves qow risky [ Junciear B 116 thigh risky

o
#
=
=
=

Graph 1. Risk of bias considering aspects reported in the material and method section
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- Impact factor

The analysis between the impact factor and the presence or absence of
fundamental aspects in dental manipulation for DPSCs isolation is shown in
table 8. A higher relative frequency is observed in relation to the donors age,
type of tooth, storage medium and storage time in articles published in journals
with impact factor from 0 to 5, in comparison to journals with impact factor
ranging from 5 to higher than 10. On the other hand information’s related to
gender, tooth surface cleaning method, dental section method, location of tooth
section and method for removing the pulp tissue from the chamber had a higher

relative frequency in journal with impact factor ranging from 5 to higher than 10.
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Tooth surface

Method for

pe  Gemer  Toanope  SOE sougewne demng  DFscion  Locslonol - remowg be
Impact (n) % (0;0) (Of) chag/r;ber
Factor (n) )
Y N Y N Y N Y N Y N Y N Y N Y N Y N
0to 1 100 0.0 294 70.6 100 0.0 375 62.5 353 64.7 35.3 64.7 47.1 52.9 11.8 88.2 58.8 41.2
17) (0) ®) 12) 17) 0) (6) (10) 6 @11 (® (11) (8) ) 2 (15 (10 )
Lto2 100 0.0 18.9 81.1 100 0.0 16.2 83.8 2.7 97.3 45.9 54.1 37.8 62.2 18.9 81.1 16.2 83.8
(37) (0) ) (30) (37) 0) (6) (31) - @ @@ (200 14 (23 ) (30) (6) (31)
2to3 100 0.0 10.2 89.8 100 0.0 10.2 89.8 12.2 87.8 26.5 73.5 36.7 63.3 224 77.6 26.5 73.5
(49) ) ®) (44) (49) ) ®) (44) (6) (43 (13) (3¢ (18 (1) (1) (B8 (13  (36)
3t0d 100 0.0 17.4 82.6 100 0.0 15.2 84.8 15.2 84.8 435 56.5 37 63.0 13 87 10.9 89.1
(46) ) 8 (38) (46) ) Q) @) (M @9 (0 (@26 A7) (29 (6) (40) ®) (41)
Atos 4.8 95.2 9.5 90.5 100 0.0 9.5 90.5 0.0 100 28.6 71.4 14.3 85.7 9.5 90.5 19 81
@ (20) @ (19) (21) ) @ 1) © @y (6 (15) ®3) (18) &) (19) 4 17)
5o 6 0.0 100 50 50 100 0.0 0.0 100 16.7 83.3 66.7 33.3 83.3 16.7 50 50 50 50
(0) (6) 3) 3 (6) (0) (0) (6) ) ®) (6) 2 ®) 1) (3) (3) (3) (3)
6to 7 0.0 100 0.0 100 100 0.0 0.0 100 0.0 100 66.7 33.3 50 50 50 50 16.7 83.3
) (6) ) (6) (6) ) ) (6) ) (6) 4 &) 3) 3 3 3 @ ®)
7108 0.0 100 12.5 87.5 62.5 375 12.5 87.5 125 875 37.5 62.5 50 50 12.5 87.5 25 75
V) C) @ () ®) 3 @ 7 ) ) 3 ®) 4 4 @ Q) 2 (6)
8109 0.0 100 50 50 0.0 100 0.0 100 0.0 100 50 50 0.0 100 0.0 100 0.0 100
V) @ @ 1) ) @ ) @ ) ) @ @ ) 2 0) 2 0) 2
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910 10 0.0 100 0.0 100 0.0 100 0.0 100 0.0 100 0.0 100 50 50 50 50 0.0 100
) 2 ) ) ) @ ) @ (0) ) 0) @ ) @ @ @ ) @
Higher
then 0.0 100 0.0 100 0.0 100 0.0 100 0.0 100 33.3 66.7 66.7 33.3 66.7 33.3 33.3 66.7
10 ) 3 ) ®) ) 3 ) 3 ) 3 @ &) 2 @ &) @ @ 2
Not 0.0 100 12 88 0.0 100 28 72 16 84 40 60 36 64 16 84 36 64
found (0) (25) (3) (22) 0) (25) ) (18) @4 (@) @0 (@5 ) (16) 4 (21) ) (16)
Total
lower 88.2 11.8 15.9 84.1 100 0.0 154 84.6 11.8 88.2 36.5 63.5 35.3 64.7 16.5 83.5 224 7.7
then5 (150) (20) (27)  (143) (170) ©) (26) (143) (20) (150) (62) (108) (60) (110) (28) (142) (38 (132
;—;La;r 0.0 100 18.5 81.5 63 37 3.7 96.3 7.4 92.6 51.7 48.3 55.6 44.4 37 64 25.9 74.1
then & ) (27) ®) (22) (17) (10) @ 20 @ (@5 @15 @14 315 @1 @@ a9 Q) (20)

Table 8. Relation of the impact factor of the journals in the years of publications articles with the presence of some variables of interest.
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Discussion

This systematic review demonstrates that DPSCs isolation has been investigated
over the past 14 years, since it was first reported in 2000. In the first five years
following the discovery of DPSCs, only 5 articles were published. The publication
frequency raised in 2006 with 5 publication, and continue to increase in the following
years reaching its peak in 2013. This reflects that while the interest of researchers for
DPSCs was immediate, the low number of publications over the first years was due
to the time required for study development in this area, and therefore enhanced its
number in the past year.

According to Gronthos et. al, DPSCs derived from molar teeth have a greater degree
of cell proliferation in vitro, when compared with bone marrow stem cells (BMSCs),
and this behavior is attributed to differences in the development stage of each organ
(Gronthos, Mankani et al. 2000). Within this context, as Table 2 indicates, the teeth
most commonly used to obtain DPSCs are third molars, which represent over 77% of
choice of all authors (Table 2). The preference for this particularly group of teeth can
be explained since they would be the last ones to complete the development stages
(Gronthos, Mankani et al. 2000). It is know that in adolescents and young adults, the
third molars are the only teeth still developing (Bhat and Kamath 2007). In addition,
third molars raise interest since they are easily accessible and are commonly
indicated for extraction for orthodontic reasons, usually between the ages of 16 and
18 (Kellner, Steindorff et al. 2014). Nevertheless, the literature has suggested that
DPSCs derived from third molars have the same expression profile gene of induced
pluripotent stem cells (IPSCs) (Atari, Barajas et al. 2011). IPSCs are somatic cell
transformed by the integration in the genome of a set of transcriptions factors which
convert their status to a pluripotent state, in similarity to embryonic stem cells,. Thus,
these cells seems interesting because, they are similar the stem cells as embryonic
morphology, proliferation and formation of teratomas, yet they are different with
respect to gene expression and patterns DNA methylation (Okita, Ichisaka et al.
2007). Furthermore, they are an alternative to circumvent ethical concerns about
using cells of embryonic origin and problems related to immune system (Takahashi
and Yamanaka 2006).

Our findings suggest that most studies neglects the report on the patients gender,
accounting for over 84.2% of all studies included in this review. Among the studies

that report the sex of the donor (15.8%), the most prevalent individuals are male,



116

accounting for 55.9% (Table 1). It has been reported that in women’s the final
development of the upper and lower third molar occurs averagely at 22.3 and 21.6
years, respectively. In men, the upper and lower third molar complete their
development at approximately 22.4 and 21.8 years, respectively (Jafari, Mohebbi et
al. 2012). In relation to the donor’s age, our finding shows that 67.6% mentioned this
variable (Table 1), suggesting that literature has a low risk of bias (Figure 1).
Nevertheless, the donors had a minimum and maximum age average of 17.5 and
30.6 years, respectively. It is well known that stem cells are required for continuous
supply of mature and functionally competent cell for normal tissue turnover and
regeneration (Nedel, Andre Dde et al. 2009). Age-related issues could decrease cell
number or function leading, therefore, to tissue deterioration (Hartwig, Nedel et al.
2012). It has been suggested that stem cells from the marrow from younger
individual could have a greater pool size. This would be related to the changes in the
skeletal dynamics from a modeling mode characteristic of the skeletal growth and
consolidation to a remodeling dynamic characteristic of the adult skeleton
(Bellantuono, Aldahmash et al. 2009). The same correlation could be thought for
DPSCs, were the most indicated moment for stem cell isolation would be in the teeth
final development, were stem cell are still in the growth and consolidation dynamics,
rather then in the remodeling phase. In addition, recently, a study on cell growth
showed that cells from individual with less than 22 years have lower doubling time
than DPSCsfrom donors with 22 years or more. However, although the donor's age
plays an important role in cell doubling time, the individual differences of each donor
seems to be more important than age-dependent differences (Kellner, Steindorff et
al. 2014). These results can be associated with stem cells telomere shortening and
increase sings associated with senescence.

Based on the importance of acquiring the maximum cell population for a single tooth,
and therefore obtaining a lower doubling cell time, it is highly recommended that
authors use teeth in their minimal state of development; acquiring, therefore, upper
and lower third molars in the range of 22.3 and 21.6 years, respectively, for females
and 22.4 and 21.8 years, respectively, for mans.

Many times teeth extraction and dental pulp tissue processing occurs in different
locations, thus, the teeth transportation time and conditions, becomes an important
issue (Perry, Zhou et al. 2008, Ducret, Fabre et al. 2015). However, our results

indicate that the literature neglects massively these two aspects (Table 1). Even
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though the need for teeth conditioning, that does not affect cell viability, is evident
(Perry, Zhou et al. 2008), our results show more than 83% of the articles with high
risk of bias for this variable (Figure 1). Among the studies reporting the teeth storage
condition, seven different storage methods were described. The most preconized
ones were: the same culture medium used subsequently the DPSCs, Hank's
balanced salt solution and PBS, representing respectively 44.1%, 20.69% and 11.7%
of total included studies.

In relation to the dental elements storage time, this review shows that over 88.3% of
the studies do not report this information (Table 1). Among the studies that report the
teeth storage time, 92.6% prefer to initiate cell dissociation within 24 hours after the
tooth extraction. It was believed that DPSCs would be viable only when isolated
within 48 hours after dental extraction. On the contrary, Perry et al. in 2008
suggested that DPSCs when maintained in cell culture medium, PBS or Hypo
Thermosol (HTS) can be conserved viable for up to 120 hours (Perry, Zhou et al.
2008).

Another important issue considering teeth processing prior to DPSCs isolation is the
cleaning procedure of the dental surface. Our review showed that nearly 61.7% of all
studies do not mention the process used in dental surface cleaning prior to dental
section in order to access the pulp tissue (Table 1). However, this procedure could
represent a critical step to achieve a lower risk of cell culture contamination, since
more than 700 bacterial species or phylotypes (Aas, Paster et al. 2005),
mycoplasmas (Kim, Kim et al. 2015) and a wide range of fungi, especially Candida
and Streptococcus species (Xu and Dongari-Bagtzoglou 2015), are detected in the
oral cavity. The authors who have chosen to perform this step suggest, mainly the
use of substances such as chlorhexidine, representing almost 15% of the total study.
Chlorxidine has been shown to present an antibacterial and antifungal properties
(Thomas, Thakur et al. 2015), and therfore justifing its use for dental surface cleaning
prior to dental section and DPSCs isolation. Chlorhexidine performs bactericidal
activity in high concentrations and bacteriostatic at low concentrations (Asokan,
Emmadi et al. 2009). This could explain why the 3.5% of the authors opted for
disinfecting the teeth surface with chlorhexidine in a concentration of 0.2%, while
8.6% of the authors used a higer concentration, 0.3% of chlorhexidine. Another
straind of researchers used mechanical tools for dental surface cleaning such as

dental burs, dental scaler and sterile surgical blade, present in 2.6% of the studies.
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There are also those who suggest profissional profilaxy of the oral cavity prior to
tooth extraction, representing 12.9%.

Since Gronthos et al., in 2000, was the pioneer in isolating DPSCs, they provide the
basis for many researchers. In agreement to the methodology mentioned by
Gronthos (Gronthos, Mankani et al. 2000), among the authors who report the section
site of the dental, structure to access the pulp chamber, 88.1% sectioned the tooth
structure around the cementum enamel junction and 24.7% used the dental fissure
burs. However, in order to perform this step of the methodology it is required the
presence of a high speed handpiece coupled to a dental unit in the laboratory
context, which in fact, is unlikely to exist. Thus, performing this step of the
methodology commonly occurs in installations where dental clinical procedures are
performed, hindering the maintenance of a sterile environment to prevent
contamination of the pulp tissue, and consequently the cell culture. Subsequently,
once the pulp chamber has been accessed, the next step is to remove the pulp
tissue. From all the articles included in this review 75.7% of the authors do not
mention this step. According to our findings, the use of excavators is the choice of
approximately 60% of authors who mention any methods of dental pulp tissue
removal.

In recent years, our research group has been performing the isolation of dental pulp
stem cells. Thus, the dental opening methodology proposed consists in realize two
groove, one at the occlusal surface and the other on the proximal surface toward the
long axis of the tooth structure. These groove are performed with a diamond bur
conical trunk (number 4138) on high-speed handpiece, under constant irrigation
milique sterile water. The groove should measure about 2 mm, size considered
sufficient to support a chisel in the proximal groove and and through the impact of a
dental hammer supported at handle of the chisel, promoting the dental structure
fracture line, providing access to the camera and pulp tissue. They are carried out
with the aid of a diamond bur conical trunk (number 4138) on high-speed handpiece,
under constant irrigation Milique sterile water. The channels should measure about 2
mm, size considered sufficient to support a chisel in the proximal groove and through
the impact of a dental hammer supported at handle of the chisel, then, promoting the
dental structure fracture line, providing access to the camera and pulp tissue. The
literature suggests that thermal damage should be avoided, since pulp tissues

undergoing increased intrapulpal temperature of 5.5°C can cause irreversible pulp
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damage (Visuri, Walsh et al. 1996). Thus, our methodology seems advantageous
over the complete section with high-speed handpiece, once performs shallow groove

and with intermittent movements, avoiding impairment of the cell viability.

Figure 3 — Schematic method suggested for dental section and access to the pulp chamber. (A)
Cleaning of the tooth surface (B) Groove performed with a diamond bur truncated conical at low speed
(C) Groove in the occlusal and proximal faces, towards the long axis of the tooth (D) Support of chisel
in the proximal groove and hammered on the chisel (E) Tooth sectioned into two parts with access to

pulp chamber.

After obtaining the dental pulp from the pulp chamber, DPSCs can be isolated using
two main techniques: explant (Kerkis, Kerkis et al. 2006, Karamzadeh, Eslaminejad
et al. 2012, Lizier, Kerkis et al. 2012) and enzymatic (Kerkis, Kerkis et al. 2006,
Karamzadeh, Eslaminejad et al. 2012). It is also recurrent the association between
the enzymatic technique and the use of mechanical devices to intensify cell
dissociation from each other and the extracellular matrix (Patil, Kumar et al. 2014).

The analysis between the impact factor and the presence or absence of fundamental
aspects in dental manipulation for DPSCs isolation shows a higher relative frequency
in relation to the donors age, type of tooth, storage medium and storage time in
articles published in journals with impact factor from 0 to 5. On the other hand
information’s related to gender, tooth surface cleaning method, dental section
method, location of tooth section and method for removing the pulp tissue from the
chamber had a higher relative frequency in journal with impact factor higher than 5.
However this systematic review shows clearly the lack of information in journal,
independent of the impact factor, since a high risk of bias was found in almost all
variables evaluated, with exception to donors age (67.6%) and tooth type (84.2%).
We evaluate that information such as donors age, type of tooth, storage medium,
storage time, tooth surface cleaning method, dental section method, location of tooth

section and method for removing the pulp tissue from the chamber should be
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standardized information present in all original articles, so that future protocols could
be well established.

Based on the frequency in each step of tooth manipulation for DPSCs isolation,
obtained in our systematic review, we developed a standardized protocol (Figure 2).
However it is important to highlight that this protocol is based on frequency analysis

and not in effectiveness of tooth manipulation.

Third molar

Age: average minimum-175y

average maximum-30.6y

Storage medium: culture
medium

Storage time: immediately

Tooth surface cleaning
method: CHX

Method dental section:
fissure bur

Dental local section: CEJ

Figure 4 — Flowchart with the most commonly used protocol for tooth manipulation to conduct to
DPSCs isolation.

Conclusion

Over the past 15 years many studies have been conducted using DPSCs. However,
it was observed that there is a clear lack of standardization in tooth manipulation prior
to DPSCs isolation. Thus, given the large number of variables aspects in cell
isolation technique and all possible consequences in the in vitro behavior of cells, it is
important to reinforce the need for standard protocols in order to obtain a more

uniform cell culture.
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sterile destilled water

Tooth storage
Tooth type Cell type Age Gender Tooth storage methods time g Dental surface cleaning Dental section methods Pulp removal methods
Immerssion in 75% ethanol and soakin
DPSCs 10-40y Within 24h 7 :
in PBS
) Root surface cleaned with PVP-I (Sigma-
Third molar DPSCs 24-35y 2h . .
Aldrich, St. Louis, MO, USA)
Impa'c'ted i mqlar Rinse mouth with CHX before
Semi-impacted third DPSCs 18-28y ) Cow horn forceps Small escavator
extraction
molar
DMEM (Biowhittaker, Gibco, Sigma, USA),
enicillin/streptoycin (Invitrogen Co, )
Third molar DPSCs 20-29y P fstreptoy (, ) d Sterile dental probe
USA) and 10% FBS (JRH biosciences, Inc.,
Lenexa, KS, USA)
Cut around the circumference of the
Third molar DPSCs 18-25y PBS contaning antibitics, on ice teeth using a sterile hand-held high- Endodontic file
speed drill at the CEJ level
Impacted third molar hDPSCs 16-24y Cell culture medium
e T DPSCs-NPs 102y | T|ss.ue fre‘ezmg medium (Triangle
DPSCs-IPs Biomedical Sciences, Durham, NC, USA) or
Third molar DPSCs 1821y
Impacted third molar DPSCs 19-35y Cleaned (not described) Torno (vice)
Third molar DPSCs Disinfected by 70% ethanol Dissected at the crown-root border
DPPSCs Washed using gauze soaked in 70% Hold the tooth with upper incisor , ,
i Male i i ) o i Sterile nerve-puller file 15and
Third molar 18-27y Immediatly ethanol, followed by a wash with forceps. The incision was in JEC by
Female ) ) ) y i forceps
DPMSCs sterile destilled water using a cylindrical turbine bur
DPPSCs Washed using gauze soaked in 70% Hold the tooth with upper incisor ) .
) Male ) i ) o i Sterile nerve-puller file 15and
Third molar 14-60y Immediatly ethanol, followed by a wash with forceps. The incision was in JEC by
Female ) ) i o i forceps
DPMSCs sterile destilled water using a cylindrical turbine bur
Washed using gauze soaked in 70% Hold the tooth with upperincisor ) :
) Male ) i , o i Sterile nerve-puller file 15and
Third molar DPMSCs 14-60y Fermale Immediatly ethanol, followed by a wash with forceps. The incision was in CEJ by forceps

using a cylindrical turbine bur
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Tooth storage
Author and year Tooth type Cell type Age Gender |  Tooth storage methods fine : Dental surface cleaning Dental section methods Pulp removal methods
Molar PPSCs Teeth cut around the root enamel | Polyps were removed with
Attar 2014 oundaryusine dental fisure
Third molar DPSCs oundary using dental fissure bur Curettage
Bakopoulou 2011 | Impacted third molar DPSCs 16-18y Cleaned (not described) Cutaround the CEJ
Batouli 2003 | Impacted third molar DPSCs 19-29y
, Non-erupted third Male
Bonnamain 2013 15-20y
molar Female
Pretreatment for one week with
professional dental hygiene. Before ,
, _ , _ Dentinal excavator or a gracey
Bressan 2012 Molar DPSCs 16-66y extraction dental crown covered with Mechanical fracturing wrete
0.3% CHX gel (Forhans, New York, NY)
for2min
Cai 2011 Impacted third molar hDPSCs 18-28y
- Dentinal excavator or a gracey
Carinci 2008 Molar
Curette
Carvalho 2012 | Upperthird molar hDP-DPSCs Cleaned (not described) Diamond cutter disc
hDPSCs - liquid nitrogen
tored dental pulp t Veanof 65y
Chen 2013 Lorearents o s.sues Endodonticfile
hDPSCs - freshly derived
, Mean of 3.4y
dental pulp tissues
Chen 2012 Third molar DPSCs 19-By a- MEM serum free (Hyclone, 1h
hDPSCs: Mean of 25.5y, 6-74y _
Acircumference groove of 0.5-1.0
freshly derived dental pul mm in depth was cut around the
' , Pup Meanof 265y, 6-74y | Male . . . . -
Chen 2011 tissues cemale (leaned the tooth surface with DPBS | entire tooth using an aseptic high Endodontic file
N2 stored denta o speed handpiece. The tooth was
i L PP | Weanof 34y, 649y split using a chisel.
ligN2-stored intact teeth | Mean of 27.7y, 852y
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Tooth storage
Author and year Tooth type Cell type Age Gender Tooth storage methods time : Dental surface cleaning Dental section methods Pulp removal methods
HBSS (Welgene, Dae-gu, Korea)
Choi 2012 Molar DPSCs with 3% AA (Life Technologies, Dental high-speed unit
Carlshad, CA) at 4°C
Chun 2011 (a) Third molar DPSCs
Chun 2011 (b) DPSCs
Meanof 19y, [ Male , '
Cmielova2013 |Impacted thrird molar|  DPSCs ) Stored (not described) Cleaned (not described)
12-23y Female
Collart-Dutilleul , Tooth surfaces were cleaned using 0,2%
Impacted third molar|  DPSCs 15-18y Cut around the CEJ
2014 CHX
Cui 2014 Third molar hDPSCs
Cui 2013 Third molar hDPSCs
, , Mean of 18+-
Dai 2012 Third molar DPSCs
32,1625y
- Male
D'Alimonte 2013 DPSCs | Meanof 17y
Female
- Male
D'Alimonte 2011 DPSCs | Meanof 17y
Female
Vele Professional oral hygiene one week
D'Aquino 2009 Third molar DPSCs Female before surgery 0,2% CHX after brushing Surgical drill
,twice aday
Mile Professional oral hygiene one week Dentinal excavatoror 2 erace
inal excav.
D'Aquino 2007 DPSCs before surgery 0,3% CHX after brushing Surgical drill .
Female , curette
,twice aday
de Rosa 2011 DPSCs 2-45y
Longitudinal groove and sterilized diamond
de Souza 2010 | Impacted thirdmolar|  DPCp 9-15y Cleaned (not described) discs (KGSorensen, ref.7020, Zenith Dental | Sterile dentinal excavator
ApS, AgersKov, Denmark)
, Immerssion in physiologic solution ,
Demircan 2011 Molar hDP-SC 0y Male Pliers (bone forceps)

containing antibiotics
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Tooth storage
Author and year Tooth type Cell type Age Gender Tooth storage methods time . Dental surface cleaning Dental section methods Pulp removal methods
Cylindrical diamond bur (314, @ 150 014,
Rinsed five times with PBS containin L.8.0mm Intensiv, Grancia, Switzerland)
Diomede 2013 Premolar hDPSCs 18-25y - ) 8 mounted on a high speed handpiece Sterile excavator
penicillin and streptomycin R .
(Bora L; Bien Air, Bienne, Switzerland)
with water spray cooling
Dissanayaka 2012 [  Third molar DPSCs 18-25y Cleaned (not described) Sterile fissure bur at the CEJ
Cut at the CEJ by using a sterile fissure
Dissanayaka 2011 [  Third molar hDPSCs Cleaned (not described) ! y ublljrg Hetissy
Djouad 2010 Third molar DP-MPCs 16-26y
Dolatshahi-PIrouz | . 4 molar DP-MSC 21
2010 /
. Mandibular third HBSS (Gibco BRL, Gaithershurg, MD,
Duailibi 2011 DSCs X
molar USA) pre-warmed 37°C
Cracked using a turbine along the
. PBS solution containing penicillin Disinfected in iodine solution, washed with i ) 8 ) g
Ebrahimi 2011 DPSCs N cervical region and with sterilized Gracey curette
and streptomycin on ice PBS
cowhorn forceps
Horizontal indentations along the
tDPSCs ) . . L
) . Washed with 70% ethanol and then with cervical margin using a low speed )
Egbuniwe 2011 Third molar i ) ) ) ) Sterile forceps
HBSS (Invitrogen) p.H7.4 circular diamond circular diamond saw
e (Agar Scientific Ltd.)
Professional oral hygiene one week before |  Cylindrical diamond rotary cutting
Eleutério 2013 | Premolarteeth DPSCs 20-35y surgery. Cleaned with PBS containing instrument m ounted on a high-speed | Sterile dentinal exacavator
penicillin and streptomycin handpiece with water-spray cooling
. ) Cut around the root-enamel boundary
Eslaminejad 2013 [ Third molar DPSCs 20-25y Male ) i
using dental fissure bur
Eslaminejad 2010 ) Cut around the root-enamel boundary
Third molar 20-25y ) i
(a) using dental fissure bur
Eslaminejad 2010
e Third molar 20-25y
(b)
o ) Cut around the root-enamel boundary
Eslaminejad 2009 |  Third molar 20-25y ) )
using dental fissure bur
Sterile saline solution or a- MEM | Immediately 24 h
Eubanks 2014 DPSCs 15-22y Cut above the CEJ

containing 15% FBS

at4°C
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Tooth storage
Author and year Tooth type Celltype | Age | Gender Tooth storage methods time g Dental surface cleaning Dental section methods Pulp removal methods
Culture medium containing 100 U/mL Desinfected with PVP-I for 5min PBS containing 100
Fang 2013 Third molar DPSCs | 16-30y . 10U/ _ _l, _ | .g
penicillin and 100 mg/mL streptomycin U/mL penicillin and 100 mg/mL streptomycin
Cutting around the CEJ usin
Feng2014 | Impacted third molar |  DPSCs 13-23y Cleaned (not described) i ‘g i 6
sterilised dental fissure bur
Cutting around the CEJ usin
Feng2013(a) |Impactedthirdmolar | DPSCs | 13-23y Cleaned (not described) - I ‘g - i \sing
sterilised dental fissure bur
Feng2013(b) |Impacted thirdmolar| DPSCs | 45-50y Dental pulp tissue was washed three times with PBS
Piezoelectric ultrasonic device
Foudah 2014 Third molar hDPSCs PBS Maximum of 1h (OT7insert) under abundant MOD.31W hand excavator
irrigation with sterile 0.9% NaCl
Gabanyi 2013 Third molar Cleaned (not described)
Gandia 2008 Third molar DPSCs | 18-21y
) DMEM containing 10% FBS, 1% penicilin and
Gay 2014 Third molar DPSCs . 72h
streptomycin
Cut around the CEJ by usin
Giorgini 2011 Third molar DPSCs | 18-20y Cleaned (not described) " . VHsing
sterilized dental fissure bur
1X DMEM-KO, 10% FBS, 2% penicillin,2% _ ,
Govindasamy ) ) ’ ol ’ Root surfaces were cleaned with 100% PVP-I (Sigma
Third molar DPSCs | 24-35y streptomycin, 5% GlutaMax, 100 mg/mL 2h , ,
2011 o Aldrich, St Louis, MO)
ascorbicacid, 1X TS
Govindasamy ) Root surfaces were cleaned with ~ PVP-I (Sigma
Third molar DPSCs | 24-35y 2h ) .
2010(a) Aldrich, St Louis, MO)
Govind
LR DPSCs | 1425y
2010(b)
Petreated for aweek with professional dental
Graziano 2008 SBP-DPSC | 2145y hygiene. Befo're extraction, the dental crown crown Dentinal excavator or gracey
was covered with a 0,3% CHX (Forhans,New York, NY) Curette
for 2min
Petreated foraweek with professional dental
Graziano 2007 SBP-DPSC | 2545y hygiene. Before extraction, the dental crown crown Dentinal excavator or gracey

was covered with a 0,3% CHX (Forhans,New York, NY)
for 2min

Curette




129

Tooth storage
Author and year Tooth type Cell type Age | Gender Tooth storage methods fine 6 Dental surface cleaning Dental section methods Pulp removal methods
Cut around the CEJ by using sterilized
Gronthos 2000 | Impacted third molar DPSCs 19-29y Cleaned (not described) 'y 6
dental fissure bur
) Tooth was washed with PBS containing A solution
Han 2008 Third molar DPSCs _ o
for 3min after washing with 70% ethanol
, Tooth was washed with PBS containing A solution o
Han 2010 Third molar DPSCs , o Severed with pliers
for 3 min after washing with 70% ethanol
Haveleck 2013 * | Impacted third molar DPSCs
He 2014 Third molar hDPSCs 1822y
He2013 | Impacted third molar hDPSCs 18-22y
He2008  |Impacted third molar DPSCs 19-29y
Hilkens 2013 Third molar [?FF:SSCC(EE 15-20y Cleaned (not described) Mechanically fractured with forceps
Cutaround the CEJ by using sterilized
Hirata2010 | Third molar upper Cleaned (not described) , Vg Barbed broach
dental fissure bur
Hoss 2013 | Impacted third molar DPSCs Brushed by using sterilized dental burs
Huang 2010 (a) Third molar DPSCs 14-22y
Huang 2010(h) |Impacted third molar DPSCs 16-24y Cell culture medium, serum-free
Left upper central
angang  |nasorRumated | ay Endodonticfil
Left upper lateral
incisor - traumatized
o Sterile hand-held high-speed drill.
Supernumerary tooth DPBS, on ice (Invitrogen Carlshad, _ , o
Huang 2008 , DPSCs 0y Male Cleaned with DPBS (Invitrogen, Carlsbad, CA, USA) |Cut around the curcumference of the Endodontic file
(amesiodens) CA, USA) L L
teeth with chinsel.
Cut around the CEJ by using sterilized
Ishkitiev 2012 Third molar DPSCs Cleaned (not described) 'y 6 Sterile barbed broach
dental fissure bur
Cutaround the CEJ by using sterilized
Ishkitiev 2010 | Upper third molar DPSCs Cleaned (not described) VEIE

dental fissure bur
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Tooth storage
Author and year Tooth type Cell type Age Gender | Tooth storage methods time : Dental surface cleaning Dental section methods Pulp removal methods
_ _ Cleaning with DPBS containing 1%
Jeon 2011 Impacted third molar DPuSCs 16-18y D-PBS, oniice o o
penicillin (Gibco), streptomycin (Gibco)
Jin2013 Third molar hDPSCs 18-25y
Cut around the CEJ by using
Kadar 2009 Impacted third molar DPSCs 18-26y Cleaned (not described) sterilized dental fissure bur
sterilized dental fissure bur
Kanafi 2014 DPSCs 18-40y
Kanafi 2013 (a) DPSCs 540y
Kanafi 2013 (b) DPSCs 5-40y
Washed 2-3 times with DPBS
Kanafi 2013 (¢ DPSCs 540y gestimes
(Invitrogen, Calif., USA)
Kanafi 2013(d) Third molar DPSCs 18-30y
_ Immerssion in pysiological solution | Cutaround the CEJ by using .
Karaoz 2011 Third molar 17-25y . o N , Sterile excavator
containing antibiotics sterilized dental fissure bur
Karbanova 2011 | Impacted third molar DPSCs 17-23y
Karbanova 2010 | Impacted third molar DPSCs 17-23y
Kawanabe 2012 Premolar DP 18-27y Cut using a dental turbine
Kellner2014 | Impacted third molar DPSCs 12-30y
Mean of 23+2.5
Khanna-Jain 2012 | Impacted third molar DPSCs
years, 21-26y
Kim 2013 Third molar hDPSCs
Cut around the CEJ using b
Kim 2011 Premolar DPSCs 18and 19y Male Cleaned (not described) ) arolu.n ¢ us|‘ng y
sterilized dental disk
Kiraly 2011 Impacted third molar DPSCs 19-35y
Kiraly 2009 Impacted third molar DPSCs 19-55y
Kolind 2014 | Impacted third molar DPSCs
Cut around the CEJ by usin
Koyama2009 | Impacted third molar 14-35y Cleaned (not described) ) » - _ eIl
sterilized dental fissure bur
Kraft 2010 Impacted third molar PDSCimmature 2y Male
PDSC-mature 20y Female
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Author and year Tooth type Cell type Age Gender Tooth storage methods Toot:rs::rage Dental surface cleaning Dental section methods Pulp removal methods
' _ Dentinal excavator or a gracey
Laino 2006 Third molar DPSCs 1937y
curette
Pretreated a week before with
professional dental hygiene. Before
Laino 2005 DPSCs 3045y extraction, the dental crown was Gracey curette
covered with 0.3% CHX gel (Forhans)
for 2min
Lee 2014 DPSCs 18-39y
By Male
Lee 2012 Incisor DPSCs Cleaned with DPBS
5y Female
Lee 2011(a) Third molar hDPSCs
lee2011(b) [Impactedthirdmolar{  hDPSCs 18-22y Forceps
HBBS (Welgene, Dae-gu, Korea) supplemented with ' ,
Lee 2011(c) Molar DPSCs 3500 (6o, 6rand sand, Y] 2t 4C Dental high-speed unit
Lee 2011(d) Third molar DPSCs 18-35y
Lee 2010(a) Molar hDPSCs
Lee 2010(h) Third molar DP-MSCs 17-38y F:/lri:e CHX solution Hercules cutter
Magnetically cryopreserved: Cryopreservedin a
program freezer (ABI, Chiba, Japan) supplied with a Snin
slight magnetic field. Teeth were transported at4*C
and then placed in afreezerat -5°C. .
Lee 2010c) Premolar DPSCs 18-30y — Cleaned with PBS
Then cooled at a rate of -0.5°C/min until -32°C. Then
transferred to a freezer (MDF-11561; Sanyo, Osaka, 84h
Japan) and stored at -152°C.
Non-cryopreserved fresh teeth
Lee 2008 Molar hDPSCs (leaned (not described) Cutaround the CE by usig

sterilized dental fissure bur
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Author and year Tooth type Cell type Age | Gender Tooth storage methods Toot:\i;tzrage Dental surface cleaning Dental section methods Pulp removal methods
Li 2011 hDPSCs | 19-22y | Male
Lin 2011 Third molar DPSCs by bHe Cleaned with PBS Diamond burs Forceps
18y | Female
Lindroos 2008 | Impacted third molar |~ DPSCs 21-31y
Liu 2014 DPSCs
Luo 2014 (a) hDPSCs | 18-25y
Luo 2014 (b) hDPSCs
Ma 2012 Third molar DPSCs 1 128y
CDPSCs
Makino 2013 Supernumerary SNTSCs
Pretreatment for one week with professional
Mangano 2011 Third molar DPSCs dental hygiene. Before extraction dental crown Dentinal excavator or a gracey
covered with 0.3% CHX gel (Forhans, New York, curette
NY) for 2min
Pretreatment for one week with professional
dental hygiene. Before extraction dental crown Dentinal excavator or a gracey
Mangano 2010 DPSCs )
covered with 0.3% CHX gel (Forhans, New York, curette
NY) for 2 min
Manikandhan 2010 DPSCs 6-48h Brooches
Immerssion d in PBS containing AA: 100 U/mL
Marchionni 2009 Molar DP-SCs Mean of peniciIIir?, .100ug/mLs.treptom.ycin., 025 gm Sterile diamond bur
35y amphotericin B. Then, immerssion in a 0,2% CHX
solution.
Martens 2012 Third molar hDPSCs 18-24y Mechanically
DMEM (Sigma-Aldrich, Steinheim, Germany)
Mean of supplemented with 6% AA : 10,000 U/mL Rinsed with PBS (Sigma-Aldrich). Periodontal
Martin 2013 Third molar hDPSCs 205y penicillin (Sigma Aldrich) 10 ng/mL Immediately | tissues over the root surface were removed with | Sterilized diamond bur
streptomycin (Sigma-Aldrich) and 25 mg/mL asterile surgical blade
amphotericin B (Sigma-Aldrich)
Min 2011 Third molar DPCs 20-25y
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Tooth storage
Author and year Tooth type Cell type Age | Gender | Toothstorage methods fime . Dental surface cleaning Dental section methods Pulp removal methods
, Male
Mokry2010 | Impacted thirdmolar | DPSCs 1827y
Female
Cut around CEJ by usin
Mori 2011 Third molar DPSCs (leaned (not described) » 'y ;
sterilized dental fissure bur
Murakami 2013 Third molar DPSCs 18-29y
Murakami 2012 Third molar DPSCs 18-29y
, Male
Muthna2010 | Impacted thirdmolar | DPSCs 12-3y
Female
Nadeem 2013 Third molar DPSCs
Nakamura 2009 DPSCs
Nam 2011 Third molar hDPSCs 19-25y
Navabazam 2013 Third molar DPSCs 1532y
Periodontal and gingival tissues were scrapped off from
Al , _ , i Cutathe CEJ by using hard tissue
, ) the tooth surface using sterile surgical blade. Surface . Barbed roach (Dentslpy,
Nawi 2013 DPSCs HBSS Immediately o cutter (Exact, Diisseldorf,
was cleaned with iodone and 70% ethanol. Then, washed Germany)
, Germany)
with DPBS.
Nesti 2011 Molar DPSCs 1835y Gracey curette
Cut around the CEJ by usin
Neuss 2008 Impacted third molar DPSCs Cleaned (not described) N il
sterilized dental bur
Niu 2014 Third molar hDPSCs 18-25y
Pretreatment for a week with professional dental Dentinal excavator or agracey
QOancea 2013 DPSCs 12-17y ,
hygiene curette
Okamoto 2009 Third molar DPSCs 2-26y
Osathanon 2014 | Impacted thirdmolar | DPSCs
Osathanon 2011 | Impacted thirdmolar | DPSCs
Paino 2010 Molar DPSCs
Palumbo 2013 Third molar hDPSCs
Pang 2013 Third molar DPSCs 16-22y Barbed broach
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Tooth storage
Author and year Tooth type Cell type Age Gender Tooth storage methods time & Dental surface cleaning Dental section methods Pulp removal methods
Pretreatment for a week with professional
dental hygiene. Before extraction, the dental Dentinal excavator or a grace
Papaccio 2006 SBP-DPSCs | 21-45y 8 xact INd] Excavor ora gracey
crown was covered with 0.3% CHX gel curette
(Forhans, NY) for 2 min.
Park 2013 Impactecthirdmolar | hDPSCs 18-35y
, . Rinsed several times with DPBS containing 1%
Patil 2014 Third molar DPSCs 16-18y Male . , Bone forceps
penicillinand 1% streptomycin
Pereira 2012 (a) Molar LAl 17-83y Sterlized dmrnond discs and Sterile dentinal excavator
I-hDPSCs dental surgical elevator
Pereira 2012 (b) DPSCsN 17-43y Sterlized diamond discs (,KG~ Sterile dentinal excavator
DPSCs-| Sorensen, ref. 7020, Barueri, Sao
20mL of one of three
collection/transport solutions: HTS
) I / .p . Washed with sterile PBS, followed by
(BioLife Solutions, Bothell, WA) ) o o .
. ) . immersion in 1% PVP-I for 2 min, immersion
Perry 2008 Third molar DPSCs 18-30y MesenCult basal medium (Stem | Immediately | . o , ,
. in 0.1% sodium thiosulfate in PBS for 1 min,
Cell Technologies, Vancouver, . )
, , and another wash in sterile PBS
Canada). PBS (Sigma Chemical, St.
Louis, MO)
Picchi 2013 Molar Gracey curette
, ) Male ) Immerssion in physiological solution
Pierdomenic 2005 Molar DP-MSCs | Mean of 40y Immediately o e Bone forceps
Female containing antibiotics
Ponnaiyan 2012 | Impacted third molar DPSCs 18-2y
Riccio 2010 Third molar DPSCs 18-35y
Rizk 2013 (a) Premolar DPSCs Bone cutter
Risk 2013 (b) Premolar hDPSCs
, DMEM supplemented with 10 % of
Rodriguez-Lozano , .
003 Impacted third molar DPSCs FCS, 100 U/mL penicillin and 100 24h
ug/mL streptomycin
Rodriguez-Lozano impacted third molar DPSCs Meanof 29y,| Male
2012 21-45y Female
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Tooth storage
Author and year Tooth type Cell type Age | Gender Tooth storage methods fime : Dental surface cleaning Dental section methods Pulp removal methods
Ryu 2009 Molar hDPSCs
Sakai 2012 Third molar DPSCs 18-30y
Schiraldi 2012 Third molar DPSCs 2-45y
Seifrtova 2013 | Impacted third molar DPSCs
Seifrtova 2012 | Impacted third molar DPSCs
, , Cut around CEJ by using
Se0 2013 Impacted third molar DPSCs 20-28y Cleaned (not described) o
sterilized diamond stones
Cut around CEJ by using fi
Shafiei20t4 | Third mola DPSCs | 2025 Heroin bu:’us'"g e
Shekar 2012 IS DPSCs a-l'\/IFM.supplemented'\fﬂ'th Immadiately Washing with DPBS Chisel and mallet Forcepsanda s.poon
Premolar antibiotics: 100 U penicillin, excavator (2mm diameter)
Shi2002 | Impacted third molar DPSCs
Sollazzo 2011 Third molar DPSCs 20-25y Gracey curette
Cut around JEC by usin
Son 2006 Molar hDPSCs Cleaned (not described) N .y 6
sterilized dental fissure bur
Treatment one week before extraction with
, professional dental hygiene. Before extraction, dental Dentinal excavator or a gracey
Spath 2010 Third molar DPSCs 2-35y ,
crowns were covered with a 0.3% CHX gel (Forhans, curette
NY, USA) for 2 min
Stevens 2008 Premolar hDPSCs
Stokowski 2007 | Impacted third molar DPSCs 18-40y Cleaned (not described) Vise
Struys 2013 Third molar DPSCs 16-19y Fractured mechanically Forceps
Struys 2011 Third molar DPSCs Fractured mechanically Forceps
Semi-erupted third
P By | Male
molar . . Extirpation needle or
Suchanek 2013 DPSCs HBSS (Gibco, UK) Immediately Luer's forceps
tweezers
Third molar 2y | Female
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Tooth storage
Author and year Tooth type Cell type Age Gender Tooth storage methods time : Dental surface cleaning Dental section methods Pulp removal methods
Male Extirpation needle or shar,
Suchanek 2009 Third molar DPSCs 12-3y HBSS (Gibco, Scotland) Immediately Luer’s Forceps P , P
Female excavator (Henry Schein, UK)
Impacted third molar '
. ) i Excavator (Henry Schein Inc,,
Suchanek 2007 : DPSCs 15-3y HBSS (Gibco, Scotland) Immediately Skive or luer's Forceps
Third molar UK) and sharp needle
Premolar
Cut around CEJ by usin
Suh 2014 Third molar DPSCs 19.40y t oV Using
sterilized dental fissure bur
Suri 2008 Premolar HDPCs Chisel and mallet Sterile spoon excavator and
Molar tweezers
Suzyki 2011 Third molar DSCs 1y Male
8y Female
Cut around CEJ by usin
Tamai03 | Third molar DPSCs 1628 ! RIS
sterilized dental fissure bur
Tammaro 2014 | Impacted third molar hDPSCs 1822y Forceps
Tandon 2010 Premolar DPSCs 30min Rinse with 0.2% CHX for 60 sec Barbed broach
Treatment with professional dental ,
. . . _ Dentinal excavator or a gracey
Tirino 2012 Third molar DPSCs hygiene. The dental crown is covered

with 0.3% CHX gel for 2min (Forhans)

curette
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Tooth storage
Author and year Tooth type Cell type Age Gender Tooth storage methods time : Dental surface cleaning Dental section methods Pulp removal methods
Tomic 2011 Third molar DP-MSCs
Tom-Kun 2011 hDPSCs Serum-free culture medium Immediately
Cylindrical diamond bur
Pretreatment for a week with (Intensiv, Grancia, Switzerland)

o professional dental hygiene. Rinsed mounted on a high-speed . ,

Trubiani 2012 Premolar o 7 o Sterile dentinal excavator
fourtimes in PBS containing penicillin | handpiece (Bora L; Bien-Air,
and streptomycin. Bienne, Switzerland) with water-
spray cooling
Pretreatment for a week with

- professional dental hygiene. Rinsed i i

Trubiani 2010 Premolar DP-MSCs o e . Sterile dentinal excavator
four times in PBS containing penicillin
and streptomycin.

o Rinsed four times in PBS containing

Trubiani 2007 24-30y - .
penicillin and streptomycin
Uchiyama 2009 Third molar DPSCs 37and42y | Female Hammer
Um 2011 Third molar DPSCs 20-24y Male
Third molar
Vandomme 2014 DPSCs Realized (not described) Cleaned (not described)

Premolar
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Tooth storage
Author and year Tooth type Cell type Age Gender Tooth storage methods fime 5 Dental surface cleaning Dental section methods Pulp removal methods
Varga2011  |Impacted third molar hDPSCs eanof27y | Vele Stenleph.y?|o|o,g|csal|ne\./v|th Immadiately Rinsed with PBS (Oxoid, GB) Cutaround CEJ b using uers Excavator
Female gentamicin (Lék, Slovenia) forceps
. Washed with DPBS (Gibco, Grand
Vasandan 2014 | Impacted third molar DPSCs 17-28y .
Island, NY, USA) containing AA
Immerssion in physiological solution
Ventura 2007 Molar DPhMSCs o Bone forceps
containing antibiotics
Small size broach and a blunt
Vishwanath 2013 DPSCs Less than 25y FBS Immediately Cleaned (not described) Sterilized dental bur ,
non cutting forceps
Wada 2009 Premolar DPSCs
Wang 2014 | Impacted third molar hDPSCs 19-28y
Wang 2013 (a) DPSCs 14-25y
Wang 2013 (b) Premolar DPSCs 12-13y
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Tooth storage
Author and year Tooth type Cell type Age Gender Tooth storage methods fime : Dental surface cleaning Dental section methods Pulp removal methods
Wang 2012 First premolar DPSCs 1820y
Wang 2010 Third molar DPSCs 15-25y
. Cut around CEJ by using sterile
Wesz1 2012 | Impacted third molar DPSCs 18-26y ,
dental fissure bur
Washed with sterile saline, exposure
Woods 2009 Third molar DPSCs 15-30y PBS (Sigma Chemical, St. Louis, MO) 2h t0 1% PVP-I for 2 min, 0,1% sodium Curette
thiosulfate in PBS for 1min and
Yan 2010 DPSCs
Y2008 D, i Cleaned with dental soa'Ierto remove | Splitting Fhe teeth ache CE
attached soft tissue sterile dental drill
Zhai 2013 First premolar hDPSCs
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Tooth storage
Author and year Tooth type Cell type Age Gender Tooth storage methods fime : Dental surface cleaning Dental section methods Pulp removal methods
Zhang 2011 Third molar DPSCs 16y Female Vise
Zhang 2010 Third molar DMCs 16y Male
Zhang 2008 (a) | Impacted third molar DPSCs 2y Male
Zhang 2008(b) | Impacted third molar DPSCs 2y Male
0-MEM (Gibco BRL Life
Technologies B.V. Breda, The ,
. _ Cutaround the CE by using a
Zhang2006 | Impacted third molar DPSCs 18-y Netherlands) 0.5 mg/mL of Cleaned (not described) . .
o high-speed dental drill
gentamicin (Gibco BRL), 3mg/ml
amphotericin B (Gibco BRL)
Male
Zhao 2011 Third molar hDPSCs 18-35y
Female
Zhao 2006 Lower premolar hDPSCs
Zhou2014 | Impactec third molar DPCs 1830y
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Abstract:

A number of diseases such as acute myocardial infarction, cerebral ischemia and
diabetes are closely related to environments with high levels of oxidative stress, due
to imbalances between the production of ROS and the ability to neutralize these
species by the antioxidant system. Currently, several studies have been conducted in
order to develop therapeutic improvements in this context. Thus, the aim of this study
was to investigate the tolerance of dental pulp stem cells (DPSCs) and stem cells
from human exfoliated deciduous teeth (SHEDs) when subjected to an oxidative
stress environment. The cell viability analysis of DPSCs, SHEDs and pulp fibroblast
(PF) was conducted after the insult with H,O, for 2, 6 and 12 hours, through the 3-
(4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide (MTT) colorimetric assay.
The results suggest that the cell viability of DPSCs and SHEDs submitted to H,O; is
dose and time dependent. SHEDs P3, seems to have the capacity to adept to a
oxidative stress environment, showing increase in cell viability when summited to 50
UM of H,O, This is follow by the increase of SOD activity. SHEDs P10 and DPSCs P3
and P10 showed lower capacity to increase cell viability when submitted an oxidative
stress environment. To the best of our knowledge this is the first time that DPSCs
and SHEDs are evaluated for their tolerance to an oxidative stress environment.
However it is important to highlight the limitations of this study, since it is a pilot study
and more analysis will be conducted in order to investigate SOD activity in DPSCs P3

and P10 and SHEDs P3, as well as other antioxidant enzymes.

Key words: Dental pulp stem cells; Stem cells from human exfoliated deciduous

teeth; Reactive oxygen species; Oxidative stress.
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1. Introduction

Reactive oxygen species (ROS) and nitrogen are produced naturally during cell
function (Valko, Leibfritz et al. 2007). Although the majority of ROS seems to be
generated by endogenous production, exogenous sources such as ultraviolet
radiation, ozone, pollutants (Balaban, Nemoto et al. 2005), heavy metals (Jaishankar,
Tseten et al. 2014), smoking and alcohol ingestion (Gorlach, Dimova et al. 2015),
may also be responsible by triggering the formation of free radicals (Balaban,
Nemoto et al. 2005).

ROS can perform a variety of important roles, acting as second messengers,
participating in cellular signaling pathways (Haddad 2002, Haddad 2002), and
directly influencing gene transcription factors (Haddad 2002). However, depending
on ROS relative concentration they are able to generate tissue damage (Uccelli,
Moretta et al. 2008, Monaghan, Metcalfe et al. 2009), and have been related to
various types of diseases such as osteoporosis (Sun, Yang et al. 2013) and diabetes
(Crujeiras, Diaz-Lagares et al. 2013). Thus the balance maintenance between
production of free radicals and the antioxidant defenses is a prerequisite for the
organism normal behavior, avoiding therefore pathogenesis processes (Valko,
Leibfritz et al. 2007). The imbalance between free radicals concentration and the
antioxidant system removal capacity is defined as oxidative stress (Halliwell and
Whiteman 2004, Monaghan, Metcalfe et al. 2009).

In order to prevent the formation of an environment with oxidative stress, an
antioxidant system, composed by two pathways, enzymatic and non-enzymatic, are
present and holds the capacity to neutralize ROS (Valko, Leibfritz et al. 2007). This
activity prevents possible oxidative damage amplification that could culminate in
irreparable systemic damage (Valle-Prieto and Conget 2010). The non-enzymatic
system is constituted by endogenous origin and diet components (Valko, Leibfritz et
al. 2007, Zhou, Xu et al. 2013). In turn, the enzyme system is widespread throughout
the organism, in the intra and extracellular medium (Valko, Leibfritz et al. 2007), and
includes enzymes such as catalase (CAT), superoxide dismutase (SOD) and
glutathione peroxidase (GPx) (Valko, Leibfritz et al. 2007, Zhou, Xu et al. 2013).
Thus, due to the formation of an oxidative stress environment and its the possible
negative consequences (Halliwell and Whiteman 2004, Monaghan, Metcalfe et al.
2009) it is necessary to develop new strategies to overcame this issue. In this

context, mesenchymal stem cells have been studied in order to develop new
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approaches in pathologies associated with oxidative stress, such as acute
myocardial infarction, cerebral ischemia and diabetes (Valle-Prieto and Conget
2010). The literature has indicated that stem cells could present a higher antioxidant
activity and better adaptation to an oxidative stress environment when compared to
other cell types (Caplan 2009, Valle-Prieto and Conget 2010).

In this sense stem cells have shown higher levels of total glutathione (GSx) and
methionine sulfoxide reductase A, this last one being a crucial enzyme for the repair
of oxidized protein and for the recovery of methionine residues. In addition it has
been shown that mesenchymal stem cells express enzymes required for DNA repair.
This stem cell, therefore, could present the basic enzymatic and non-enzyme
machinery to detoxify reactive species and to correct proteome and genome damage
caused by oxidative stress, ensuring the efficient management of oxidative stress
(Valle-Prieto and Conget 2010). However, studies about the potential of stem cells to
minimize oxidative stress are still very scarce.

Human dental pulp stem cells from permanent (DPSCs) and exfoliated deciduous
(SHEDSs) teeth are examples of mesenchymal stem cells. These cells can be easily
obtained due to orthodontic, periodontal and dental caries reasons, as well as from
natural exfoliation of deciduous (Chen, Sun et al. 2012), being therefore isolated by
noninvasive methods and able to promote fast proliferation in vitro (de Mendonca
Costa, Bueno et al. 2008). Despite the accessibility of DPSC and SHEDSs, to the best
of our knowledge, the literature has not investigated specifically the behavior of these
cells when subjected to oxidative stress. And if these cells could be applied for
oxidative stress environmental management in order be applied in cell therapy.
Thus, the aim of this study was to investigate the cell viability and SOD rates of

DPSCs and SHEDs when subjected to an oxidative stress environment.

2. Methodology

2.1 Isolation of DPSCs, SHEDs and PF

This study was approved by the Ethics Committee of the Faculty of Dentistry, Federal
University of Pelotas, under the protocol number 38/2013. DPSCs, SHEDs and pulp
fibroblasts (PF) isolation were performed as recommended by Kerkis et al. (Kerkis,
Kerkis et al. 2006). Teeth were obtained from healthy patients that had dental
extraction indication. Deciduous teeth were obtained from patients with an average of

8.6 years, with the minimum of 7 and maximum of 10 years old. For the isolation of
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DPSCs permanent teeth were obtained from patients with an average of 23.18 years,
minimum age of 16 and maximum 32 years. PF were obtained from permanent teeth,
with an average of 24.7 years, being 24 year the minimum age and 25 the maximum.
In all cell types, the great percentages of donors were females.

The surface of freshly extracted teeth was cleaned with 0.2% chlorhexidine solution.
Subsequently, two grooves were held in the tooth surface, one in the occlusal and
another one in the proximal face in the long axis of the tooth, using a diamond bur
trunk-conical (number 4138 - KG Sorensen), in high-speed handpiece under constant
irrigation with Milique sterile water. Teeth were than stored in falcons with cell culture
medium [Dulbecco's Modified Eagle Medium (DMEM) (Cultilab, Campinas, SP, BR)],
and kept in ice for a maximum period of 2 hours prior to cell isolation. Once in the
laboratory in the teeth proximal groove, a chisel was adapted and with a hammer a
rapid impact was provided so that the impact force generated could create a fracture
line in the tooth structure revealing the pulp tissue.

When the dental pulp chamber was accessed, the pulp tissue was removed with
dentin curettes and placed in a petry plate with 200 puL of medium culture. With a
scalpel blade, number 15, the pulp tissue was fragmented into explants of about 2
mm? and transferred to the surface of a 6-well plate, fixed on grooves previously
made with a scalpel blade in the bottom of the well plate in order to increase
adhesion. In each well 2 mL of Dulbecco's Modified Eagle's Medium-Ham's/F12
(DMEM-Ham's/F12) (Gibco/Invitrogen, Carlsbad, Calif., USA) supplemented with
15% fetal bovine serum (FBS) (HyClone, Logan, Utah, USA), 1% antibiotics
(Gibco/Invitrogen, Carlsbad, Calif., USA) and 1% essential amino acids
(Gibco/lnvitrogen, Carlsbad, Calif., USA) for DPSCs and SHEDs, and Dulbecco's
Modified Eagle Medium (DMEM) (Cultilab, Campinas, SP, BR) supplemented with
10% of FBS (Gibco/Invitrogen, Carlsbad, Calif., USA) for PF, was added to allow cell
migration. Then plates were incubated at 37°C in an atmosphere of 95% humidified
air and 5% CO,. Cultured explants were analyzed weekly in an inverted microscopic

(TS100 TS100-F da Nikon) in order to monitor cell migration and density.

2.2 Dose response assay

The dose response assessment of DPSCs, SHEDs, FP and mouse fibroblast cell line
(3T3/NIH) (obtained from the Rio de Janeiro Cell Bank - PABCAM, Federal University
of Rio de Janeiro, RJ, Brazil) was determined by creating an oxidative stress
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environment with hydrogen peroxide (H,O,). Cell viability was analyzed by the
colorimetric MTT assay (3- [4,5-dimethyl-thiazol-2-yl] -2,5-diphenyltetrazolium
bromide), where this soluble compound is reduced to insoluble formazan crystals
(Nedel, Campos et al. 2012). DPSCs and SHEDs in passages 3 (P3) and 10 (P10),
PF and NIH/3T3, were seeded at a density of 2x10* cells/well and 100 pl/well volume
in a 96 well plates. Subsequently, after 24 h of incubation at 37°C in an atmosphere
of 95% humidified air and 5% CO, 100 pL of culture medium and H,O, at a final
concentrations of 50, 100, 250, 500 uM was added. After 2, 6 and 12 hours of
incubation 20 pL of MTT (5 mg MTT/ml of culture medium) was added to the culture
medium of each well and incubated for 3 hours. 200 pL of dimethyl sulfoxide (DMSO)
was added to each well, and the formazan was solubilised on a shaker for 5 min at
100 x g. The absorbance of each well was read on a microplate reader (MR-96A,
Mindray Shenzhen, China) at a wavelength of 450 nm. All observations were
validated by at least two independent experiments and each experiment was

performed in quadruplicate.

2.3 Oxidative Stress Assay

Briefly, cells were seeded at a density of 5.81 x 10° cell per well in a volume of 500
pL in 24-well plate and grown at 37 °C in a humidified atmosphere of 5% CO, and
95% air for 24 h before the oxidative stress assay. The culture medium was removed
and cells were incubated with 500 pyL of culture medium and H,O, in a final
concentration of 100, 250, 500 uM for 24 hours. After incubation the medium was
removed, and 300 pL of phosphate-buffered saline (PBS) (Gibco/lnvitrogen,
Carlsbad, Calif., USA) was added, the cell monolayer was then gently detached and
stored at - 20 ° C. Before the enzymatic activity assessment samples were submitted
3 times to thawing and immediate freezing, in order to promote the disruption of the

cell membrane.

2.3.1 Protein Assay
The full protein concentrations were determined using the method described by
Lowry et al. (Lowry, Rosebrough et al. 1951) with bovine serum albumin as the

standard.
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2.3.2 Superoxide Dismutase Activity

Superoxide dismutase activity was determined using the RANSOD kit (Randox
Labs., USA), which is based on a procedure described by Delmas-Beauvieux et
al (Delmas-Beauvieux, Peuchant et al. 1995). This method employs xanthine and
xanthine oxidase to generate superoxide radicals that react with 2-(4-
iodophenyl)- 3-(4-nitrophenol)-5-phenyltetrazolium chloride (INT) to form a
formazan dye, which can be assayed spectrophotometrically at 492 nm, at 37
°C. The inhibition of the production of the chromogen is proportional to the activity
of SOD present in the sample; one unit of SOD causes 50 % inhibition of the

rate of reduction of INT under the conditions of the assay.

2.4 Data analysis

Cell viability was analyzed by analysis of variance (ANOVA) flowed by Tukey post-
hoc test. The value of P<0.05 was considered significant. Graphic for cell viability and
SOD was developed using GraphPad Prism Program 4.00 version (GraphPad
Software, San Diego, USA).

3. Results and discussion

Science has invested consistently in the development of therapeutic strategies for
oxidative stress-related diseases, such as acute myocardial infarction (Chen, Fang et
al. 2004), diabetes (Lee, Seo et al. 2006, Ezquer, Ezquer et al. 2008) and Alzheimer
(Perry, Cash et al. 2002). In the interest of improving cell therapy for these diseases,
Valle Prieto et. al (2010) reported that bone marrow mesenchymal stem cells are
highly resistant to death induced by oxidative stress, being able to scavenge ROS
and reactive nitrogen species (RNS), and therefore efficiently manage oxidative
stress in vitro (Valle-Prieto and Conget 2010).

In this context, we investigated the behavior of DPSCs and SHEDs comparing them
to dental pulp fibroblast (PF), non stem cells when exposed to an oxidative stress
environment simulated by H,O, at different concentrations (50, 100, 250 and 500 uM)
for 2, 6 and 12 hours. The focus on these specific stem cell types is due to the fact
that the teeth structure are not considered an essential organ (Sharpe and Young
2005). Furthermore teeth can be easily accessed due to frequent therapeutic

indication for teeth extraction, as a consequence of periodontal and caries diseases,
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as well as extractions during orthodontic treatment and the natural exfoliation of
deciduous teeth (Chen, Sun et al. 2012).

In the present study, DPSCs P3 cells showed no statistical differences between
control and the different concentrations (50, 100, 250 and 500 pM) of H,O, tested in
2 hours (P=0.186). However, as the time of exposure increased to 6 hours, the group
treated with 50 uM of H,O, showed the higher cell viability between all groups. The
increase of H,O, to 100 and 250 uM decreased slightly cell viability, however it was
maintained statistically higher than the control group. The only group that showed cell
viability lower then the control group was the one treated with 500 uM of H,0O,
(P=0.000). As the time of exposure continued to rise to 12 hours, DPSCs P3 cell
treated with 50 and 100 uM of H,O, showed cell viability similar to control, with cell
viability decreasing with 250 and 500 pM (P= 0.001)(Figure 1).

SHEDs in the same cell passage (P3) shows different behavior toward oxidative
stress stimulus. In all periods of time tested (2, 6 and 12 hours) cell viably was
always higher in the group insulted with 50 uM of H,O, (P=0.003; P=0.016; P=0.002,
respectively). Cell exposed to 100 uM of H,O,, in all times, showed no statistical
differences with the control group, and the same was observed with the
concentration of 250 uM in 6 hours of oxidative stress insult. 250 puM (in 2 and 12
hours), and 500 pM (in 2, 6 and 12 hours), showed decreased viability when
compared to controls (Figure 3). The results described for DPSCs and SHEDs in P3
shows different behavior of stem cells towards oxidative stress. SHEDs seems to be
able to maintain its higher cell viability with 50 uM within 12 hour of exposure to H,O;
will DPSCs with 12 hours of exposure loses its viability capacity in the same insult
concentration. These findings could be related to the process that permanent and
exfoliated teeth are undergoing when DPSCs and SHEDs are obtained. When
SHEDs are isolated, teeth are in their final process of exfoliation, and therefore cell
have been continually exposed to oxidative stress and pro-inflammatory cytokines in
the process of root resorption. This could partially explain way SHEDs maintain high
viability in long period of exposure to oxidative stress on the contrary to DPSCs from
permanent teeth, which in normal condition are not exposed to reabsorption
environment.

DPSCs in P10 showed no statistical differences with 2 hours of exposure to different
concentrations of H,O, (P=0.502). Within 6 hours of exposure to 50, 100 and 250 uM
of H,O, cell viability was statistically similar to the control group. Lower cell viability
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was observed only when cells were exposed to 500 puM of H,O, (P=0.000). When
time of exposure was increased to 12 hours, cells stimulated with 100 pM started to
show increase in cell viability when compared to the control. With 50 and 250 puM of
H.O- cell viability was shown similar to the control group, and cell viability decreased
with 500 pM of H,O, (P=0.033) (Figure 2). SHEDs P10 showed no statistical
differences between groups when exposed to 2 and 6 hours of H,O, (P=0.232;
P=0.065, respectively). When the exposure increased to 12 hours the concentrations
of 50, 100 and 250 uM of H,O, showed equal viability with the control group and
viability decreased with 500 uM (P=0.000) (Figure 4).

When pulp fibroblasts, cells in there final differentiation process without, therefore,
stemness proprieties, were treated with H,O,, lower cell viability was observed with
500 uM in 2 and 6 hours of exposure. All groups, in there different period of exposure
(2, 6 and 12) presented no statistical differences with the control group (P=0.000;
P=0.000; P=0.575, respectively) (Figure 6).

SOD activity in SHEDs P3 showed a peak tendency of activity when cells were
treated with 50 and 100 puM of H,O, showing a tendency to promote greater
enzymatic activity compared to the control group (Figure 5). When evaluating PF
exposed to different concentration of H,O,, cells showed no tendency to increase
SOD activity and decreased its activity with 500 pM.

It can be speculated that cell viability tends to present more sensitivity to high
concentrations of H,O, then in the increase of exposure time. This could be an
important aspect since in injured tissue an environment of oxidative stress can
persist for long periods of time, and therefore, cells with and without stemness
properties seems to develop this knowledge in order to survive.

Currently two main pathways for ROS function have been related to mesenchymal
stem cell. One pathway concerns the damaging effect of ROS, which are believed to
be the main factor for stem cell aging (De Barros, Dehez et al. 2013). This
observation is based on the consumption that stem cells can be expanded efficiently
under hypoxic conditions in vitro wile retaining multipotency and when H,O; is
introduced in the medium it induces premature senescence of these cells. On the
other hand intracellular ROS have been shown to participate in the regulation of stem
cell fate (Naka, Muraguchi et al. 2008), acting as secondary messengers,
participating in signaling pathways (Haddad 2002, Haddad 2002) and directly
influence transcription factors genes (Haddad 2002). Low concentrations of
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exogenous H,0, induces moderate levels of ROS in stem cells, which have been
associated with quiescent mesenchymal stem cells. The increase of ROS levels can
induce stem cell proliferation (Lyublinskaya, Borisov et al. 2015) and migration
through the activation of extracellular-signal-regulated kinase (ERK) 1/2 and Jun-1/2
pathways (Sart, Song et al. 2015).

According to the possible roles of ROS in cell proliferation, our results indicate that
DPSCs in P3 seems to be stimulated to increase cell proliferation in 6 hours were this
effect is lost when oxidative stress is stimulated for 12 hours. On the contrary DPSCs
P10 seem to need a burst of oxidative stress stimulation when compared to P3, were
the increase of proliferation was observed only with 12 hours with a H;0O,
concentration of 100 uM. In the same sense SHED P3 was stimulated to proliferate
by H,O, in a concentration of 50 uM through 2, 6 and 12 hours of stimulation. This
indicates the potential of this cell for cell therapy application. On the contrary SHEDs
P10 did not show the capacity to be stimuli to proliferate in the different concentration
of H,O, tested. The same was observed for fibroblast cell. The literature has shown
that as stem cells proliferate and advance into higher cell passages, cells begin
naturally to differentiate, since these cells are removed from there niches they are
devoid of the inducing signal for multipotency maintenance (Langer and Vacanti
1993), and therefore we questioned if cells in different cell passages could present
different oxidative stress tolerance. Therefore, the results described above indicates
that SHEDs P3 have more potential of stemness and therefore can be stimulated
with lower concentrations and for lower periods of exposure time. Pulp fibroblasts are
somatic cells completely differentiated when compared to DPSCs and SHEDs and
therefore showed no capacity to proliferate with the increase of oxidative stress in the
environment.

All cell types showed decrease in cell viability when exposed to 500 uM in all period
of time tested. As mentioned above excessive concentration of ROS can lead to
oxidative stress in stem cells, disrupting its adhesion through the down-regulation of
the activated focal adhesion kinase (FAK), Scr, and integrin’s expression (Ren, Wang
et al. 2015). Also it can lead to DNA damaging, reduction of telomere length leading
therefore to cell senescence (Borodkina, Shatrova et al. 2014).
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of 2, 6 and 12 hours.
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To the best of our knowledge this is the first time that DPSCs and SHEDs are

evaluated for their tolerance to an oxidative stress environment. However since this



157

Is a pilot study, it is worth mentioning that further testing towards oxidative stress
management potential of DPSCs and SHEDs will be conducted. SOD activity for
DPSCs P3 and P10 and SHEDs P10 will be conducted. Also, CAT and GPx activities
and TBARS assay for all cell types will be achieved. However, based on the analysis
of the above data, it is expected that higher values for antioxidant enzymatic activity
well be observed in the groups exposed to H,O, and with higher cell viability than
controls. Corroborating with the hypothesis that DPSCs and SHEDS tend to increase
the activity of antioxidant enzymes, thus acting in the management of oxidative stress
and raising the possibility of using these pulp stem cells in cell therapy for the

treatment of oxidative stress-related diseases.

4. Conclusion

We can conclude that, generally, the cell viability of DPSCs and SHEDs submitted to
H.O, is dose and time dependent. SHEDs P3, seems to have the capacity to adept
to a oxidative stress environment, showing increase in cell viability when summited to
50 uM of H,O, This is follow by the increase of SOD activity. SHEDs P10 and DPSCs
P3 and P10 showed lower capacity to increase cell viability when submitted an
oxidative stress environment. To the best of our knowledge this is the first time that
DPSCs and SHEDs are evaluated for their tolerance to an oxidative stress
environment. However it is important to highlight the limitations of this study, since it
is a pilot study and more analysis will be conducted in order to investigate SOD
activity in DPSCs P3 and P10 and SHEDs P3, as well as other antioxidant enzymes.
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7 Considerac0es finais

Observa-se que ao longo dos ultimos 15 anos, muitos estudos tem sido
realizados utilizando DPSCs. Entretanto, € recorrente a falta de padronizacdo das
técnicas utilizadas para a manutencdo dos elementos dentais, bem como das
técnicas de isolamento celular, propriamente ditas. Dada a relevancia e o impacto
que essas variaveis possuem em relacao as caracteristicas das células cultivadas in
vitro, é importante reforcar que os pesquisadores carecem estabelecer protocolos
padrao para promover isolamento de modo uniforme. Num segundo momento, no
gue tange os ensaios laboratoriais, conclui-se que DPSCs e as SHEDs possuem
capacidade de adaptacdo a um insulto com H202, sendo concentracdo-dependente.
E embora se saiba da necessidade de aprofundar os conhecimentos nessa area,
sugere-se que DPSCs na passagem 3 e 10 e SHEDs na passagem 10, futuramente,

podem ser consideradas como uma possivel ferramenta terapéutica.
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Apéndice A — Termo de Consentimento Livre e Esclarecido

Universidade Federal de Pelotas
Faculdade de Odontologia
Autorizacdo para Pesquisa e Execucdo de Tratamento

Projeto: Isolamento e caracterizacdo de células-tronco de tecido pulpar dental.

Responsével: Prof. Flavio Fernando Demarco

NOME DO PACIENTE:

FICHA N.°:

Por este instrumento que atende as exigéncias legais, o (a) senhor (a)

, portador (a) da cédula de identidade
n° , SSP/ , apoés leitura minuciosa da CARTA DE
INFORMACAO AO PACIENTE, devidamente explicada pelo (s) profissional (is) em seus

minimos detalhes, ciente dos servicos e procedimentos aos quais sera submetido, ndo

restando quaisquer duvidas a respeito do lido e do explicado, firma seu CONSETIMENTO
LIVRE E ESCLARECIDO, em concordancia em participar da pesquisa proposta no que lhe é
cabivel, conforme a CARTA DE INFORMACAO AO PACIENTE.

Fica claro que o paciente ou seu representante legal pode, a qualquer momento,
retirar seu CONSENTIMENTO LIVRE E ESCLARECIDO, sem ser prejudicado no
tratamento, e deixar de participar do estudo alvo da pesquisa e ciente que todo trabalho
realizado torna-se informacédo confidencial guardada por for¢a do sigilo profissional (Art. 9°
do Cadigo de Etica odontoldgica).

Por estarem entendidos e conformados, assinam o presente termo.

Pelotas, de de 201 _:

Assinatura do paciente Responsavel pelo estudo
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Apéndice B — Carta de Informacgéo ao Paciente
UNIVERSIDADE FEDERAL DE PELOTAS
FACULDADE DE ODONTOLOGIA

Carta de Informacédo ao Paciente

Este estudo englobaré pacientes que utilizam os servigos do setor de Cirurgia Buco-maxilofacial e Clinica
Infantil da Faculdade de Odontologia, e que por necessidade clinicas e terapéuticas necessitardo remover os
terceiros molares e molares deciduos higidos.

Uma vez indicado a necessidade de remogio do(s) dente(s) (terceiro molar) pelos professores
responsaveis do setor de Cirurgia Buco-maxilofacial e Clinica Infantil da Faculdade de Odontologia, ofs)
mesmo(s) serd(30) removido(s) e armazenado(s) em um meio de cultivo até o seu processamento no laboratério.
As células no interior do dente (tecido pulpar) serio entdo isoladas, cultivadas e caracterizadas por uma série de
etapas laboratoriais. Este trabalho tem por finalidade adquirir estas células para que possamos estudar novas
formas de tratamento que possibilitem curar o tecido no interior do dente, que por algum motivo tenha sofrido
algum dano. E importante, porém ressaltar que o paciente nio terd um beneficio imediatos, pois este projeto visa
resultados a longo prazo em fungio da sua complexidade.

Desta forma, estando informado do estudo que serd realizado, dou pleno consentimento a Faculdade de
Odontologia de Pelotas para que, por intermédio de seus professores, alunos de pés-graduagio e graduagio
devidamente autorizados, utilizem o material biolégico coletado, de acordo com os conhecimentos cientificos e
de forma ética.

Concordo também, que a documentagio relativa ao estudo deverd ser arquivada na Faculdade de
Odontologia e mantida sob a guarda dos autores do projeto de pesquisa, que se comprometem a manter sigilo
dos dados coletados, nio relacionando as células obtidas com qualquer dado dos pacientes, garantir que as
informagdes geradas pelos resultados desse trabalho serdo divulgadas apenas com finalidade cientifica e de ensino,
como na redagio de artigos e confec¢io de aulas, preservando-se, totalmente, o anonimato dos pacientes. Assim
dou aos autores deste projeto de pesquisa, plenos direitos de uso, para fins de ensino e divulgagio, respeitando os
respectivos codigos de ética.

Contato em caso de dividas: Faculdade de Odontologia, rua Gongalves Chaves, 457 CEP: 96015-560 -
Pelotas - RS
Fones: (53) 32256741/ (53) 32224162/ (53) 32226690/ (53) 32224439/ (53) 32224305.

Pelotas, de de 201__.

Documento:

Assinatura do paciente N.°




Apéndice C — Nota da Dissertacéao

Isolamento de células-tronco da polpa dental e andlise da capacidade de
combate ao estresse oxidativo

Dental pulp stem cells isolation and analysis of combat capability to oxidative
stress
A presente dissertacdo de mestrado desenvolveu duas revisdes sistematicas da
literatura, que abordam aspectos fundamentais sobre o método de obtencdo de
células tronco da polpa dental. Além disso, o referido trabalho investigou
laboratorialmente a capacidade de adaptacdo e manejo de células-tronco da polpa
dental quando em contato com um agente facilitador para geracdo de um ambiente
com altos niveis de estresse oxidativo, H,O,. Nesse sentido foi possivel observar
uma inconsisténcia nos dados a respeito do manejo dental previamente ao
isolamento celular propriamente dito, bem como de diversos aspectos que cercam
essa pratica. No que tange o ensaio laboratorial, os resultados parecem
terapeuticamente promissores, revelando que ceélulas-tronco de dentes

permanentes e deciduos, parecem reagir de forma a modular o estresse oxidativo.

Campo da pesquisa:

Candidato: Camila Perell6 Ferrda, Cirurgid-dentista pela Universidade Federal de
Pelotas (2013)

Data da defesa e horario: 09/02/2015, as 10 horas.

Local: Auditério do Programa de Pos-graduacdo em Odontologia da Universidade
Federal de Pelotas. 5° andar da Faculdade de Odontologia de Pelotas. Rua
Goncalves Chaves, 457.

Membros da banca: Prof®. Dr®. Sandra Beatriz Chaves Tarquinio, Prof®. Dr?
Rachel Krolow Santos Silva Bast e Prof®. Dr®. Adriana Fernandes da Silva.
(Suplente)

Orientador: Prof?. Dr?. Fernanda Nedel
Co-orientadores: Prof. Dr. Flavio Fernando Demarco e Prof?. Dr?. Gabriele
Cordenonzi Ghisleni

Informacdo de contato: Camila Perellé Ferria. camila_perello@hotmail.com
Endereco para contato: Rua Gongalves Chaves, 457 — Nucleo de Biologia Celular e
Tecidual.


mailto:camila_perello@hotmail.com

Apéndice D — Sumula do curriculo do candidato

Sumula do curriculo?

Camila Perell6 Ferria, nasceu em 22 de fevereiro de 1989, em Pelotas, Rio Grande
do Sul. Completou o ensino fundamental e médio em Escola privada na mesma
cidade. No ano de 2008 ingressou na Faculdade de Odontologia da Universidade
Federal de Pelotas (UFPel), tendo sido graduada cirugid-dentista em 2013/1.
Durante o periodo de graduacéo foi bolsista de iniciacdo cientifica sob orientacdo do
professor Flavio Fernando Demarco Em 2013/2, foi aluna especial do Programa de
Pos-Graduacdo em Odontologia, pela Universidade Federal de Pelotas. No ano
seguinte ingressou no mestrado do referido programa, como aluna regular, na area
de concentracdo Dentistica, sob orientacdo do Profé. Dr2. Fernanda Nedel.. Durante
o periodo de mestrado foi bolsista da Comissédo de Aperfeicoamento de Pessoal do
Nivel Superior (CAPES) e desenvolvou trabalhos na biologia celular e engenharia

tecidual.

Publicagdes:

ALEVES, ALESSANDRO MENNA ; FERRUA, CAMILA PERELLO ; CARVALHO,
PEDRO HENRIQUE DE AZAMBUJA ; TARQUINIO, SANDRA BEATRIZ CHAVES ;
ETGES, ADRIANA; NEDEL, FERNANDA; LUND, RAFAEL GUERRA. Comparison of
two storage conditions of Candida albicans for DNA extraction and analysis. V.9,
p.1849-1852, july 2015.

SANTANA, BIANCA PALMA : NEDEL, FERNANDA ;PERELLO FERRUA,
CAMILA ; E SILVA, RICARDO MARQUES ; DA SILVA, ADRIANA FERNANDES ;
DEMARCO, FLAVIO FERNANDO ; LENIN VILLARREAL CARRENO, NEFTALI .
Comparing different methods to fix and to dehydrate cells on alginate hydrogel
scaffolds using scanning electron microscopy. Microscopy Research and Technique
V. X, p. h/a-n/a, 2015.
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CENTENO, EDUARDA GZ ;FERRUA, CAMILA P; NEDEL, FERNANDA ;
TARQUINIO, SANDRA BC ; DEMARCO, FLAVIO F . Explant technique for the
isolation of stem cell from the dental pulp of permanent teeth. BMC Proceedings, v.
8, p. P66, 2014.

ROCHA, A.C. ; CARVALHO, R.V. ; CHISINI, L.A. ; FERRUA, C.P.; ZANCHI, C.H. ;
MOURA, S.K. ; TARQUINIO, S.B. ; DEMARCO, F.F. . Influence of HEMA on degree
of conversion and cytotoxicity of a bonding resin. Dental Materials'™, v. 27, p. e18,
2011.
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Anexos

Carta de aprovacdo do Comité de Etica em Pesquisa

MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DE PELOTAS
FACULDADE DE ODONTOLOGIA
COMITE DE ETICA E PESQUISA

PELOTAS, 15 de julho de 2013
PARECER N° 38 /2013

O projeto de pesquisa intitulado “Isolamento e caracteriza¢io de células—
tronco de tecido pulpar dental”. esta constituido de forma adequada, cumprindo, nas
suas plenitudes preceitos éticos estabelecidos por este Comité e pela legislagao vigente,
recebendo, portanto, PARECER APROVADO.

Qri/ c / q/ e
Prof. Dr. Renato Fabricio de Andrade Waldemarin

Coordenador do CEP- FOP/UFPel
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