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LISTA DE ABRVIATURAS

2D - bidimensional

3D - tridimensional

AsAP - ascorbic acid 2-phosphate

a-TCP - alpha-tricalcium phosphate, alfa-trifosfato de calcio

B-TCP - beta-tricalcium phosphate, beta-trifosfato de calcio

BD Biosciences - Becton, Dickinson and Company

BMPs - bone morphogenetic proteins, proteinas morfogenéticas do osso
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fibroblastos
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CTH - célula-tronco hematopoiética
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DMEM - Dulbecco’s modified Eagle’s medium
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HLA - human leucocyte antigen, antigeno leucocitario humano
IGF-1 - insulin growth factor-1, fator de crescimento da insulina-1

ISCT - International Society for Cellular Therapy, Sociedade Internacional para
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MEC - matriz extracelular
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OD - optical density, densidade ética
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PE - phycoerythrin, ficoeritrina

PPAR-y - peroxisome proliferator-activated receptor-gamma
TAF7L - TATA binding protein (TBP) associated factor 7

TFIID -transcription factor Il D

TGF-B - transforming growth factor-beta, fator transformador de crescimento-

beta

VEGF - vascular endothelial growth factor, fator de crescimento endotelial
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RESUMO

A engenharia de tecidos tem despontado como uma estratégia promissora a
regeneracao de tecidos danificados, especialmente quando da associagao de
células-troncoa biomateriais. As caracteristicas das células-tronco adiposo-
derivadas (CTAD), membro da familia das células-tronco mesenquimais,
tornam estas células uma ferramenta com grande potencial para este
propdsito. Por outro lado, biomateriais podem ser utilizados como substitutos
artificiais da matriz extracelular, propiciando uma matriz de suporte para as
células cultivadas in vitro.O objetivo deste trabalho foi investigar os parametros
de aderéncia e de proliferagdo de CTAD humanas, caninas e murinas
associadas a matrizes de biomateriais a base de colageno, fosfato de calcio
eopen-cell poly (L-lactic acid) (OPLA) (BD Biosciences). Tecido adiposo foi
obtido a partir de pacientes submetidos a lipoaspiracéo eletiva, cies sadios e
camundongos da linhagem C57BL/6, respectivamente. O tecido adiposo foi
submetido a digestdo com colagenase e as CTADisoladas foram cultivadas e
caracterizadas quanto a morfologia, taxa de proliferacdo e diferenciacéo e
imunofendtipo. As células-tronco foram associadas as matrizes, em cultivos
tridimensionais (3D), entre as passagens 4 e 7. As matrizes foram divididas em
dois grupos: pré-incubadas em meio de cultivo suplementado com 10% de soro
fetal bovino (pre-coating, PC),ou secas (dry, D). Duas concentracdes celulares
foram utilizadas: 10* e 5x10* células/matriz, e cultivos celulares convencionais
(2D) foram realizados para comparar o indice de proliferagdo nas condigdes 2D
x 3D. A taxa de aderéncia aos biomateriais foi avaliada pela contagem de
células ndo aderidas apoés incubacao de 3 horas. O indice de proliferacao das
CTAD, nas condi¢des 2D e 3D, foi avaliado apds 3 dias de incubacgao através
do teste MTT. Os resultados mostram que as CTAD das trés espécies
apresentam as caracteristicas tipicas das células-tronco da linhagem
mesenquimal e aderem preferencialmente aos biomateriais ndao submetidos a
pré-incubagao (D), naconcentragéo de 5x10* células/peca. As CTAD humanas
apresentaram indice de proliferagdo mais elevado na condi¢cdo 2D do que na
condicao 3D, enquanto as CTAD caninas e murinas tiveram comportamento

oposto. Juntos, estes resultados indicam a possibilidade da associacdo de



CTAD de diferentes espécies a biomateriais e a sua utilizacdo em aplicacdes

clinicas.

Palavras-chave: CTAD, biomateriais, colageno, OPLA, fosfato de calcio.



ABSTRACT

Tissue engineering has emerged as a promising strategy for regeneration of
damaged tissues, especially when stem cells are associated to biomaterials.
The characteristics of adipose-derived stem cells (ADSC), which are a type of
mesenchymal stem cells, makethem a tool with great therapeutic potential.
Different types of biomaterials can be used as artificial substitutes of the
extracellular matrix, providing a support matrix for in vitro cell culture. The
present study aimed to isolate and characterize human, canine and murine
ADSC, and toinvestigate the patterns of adhesion and proliferation of these
cells after association with collagen-based biomaterials, open-cell poly (L-lactic
acid) (OPLA) and calcium phosphate (BD Biosciences). Adipose tissue was
obtained from patients undergoing elective liposuction, healthy dogs, and
C57BL/6 mice, respectively. The tissue was digested with collagenase and the
isolated ADSC were cultured and characterized for morphology,
immunophenotype and proliferation and differentiation potential. Cells were
associated to biomaterials scaffolds, for tridimensional (3D) cultivation, between
passages 4 and 7. The biomaterials were divided into two groups: one was
previously pre-incubated with culture medium supplemented with 10% of fetal
bovine serum (pre-coating, PC), and the other was not (dry, D). Two cell
concentrations were used, 10* and 5x10* cells/scaffold, and conventional cell
cultures (2D) were performed to compare the rate of proliferation in 3D x 2D
systems. The rate of adhesion was assessed by counting the non-adhered cells
after 3-hour incubation with the scaffolds. The proliferation index of ADSC
cultivated under 2D conditions was measured after 3-day incubation by the MTT
assay. The results show that ADSC from the three species present features
characteristic of mesenchymal stem cells, and adhere more to scaffolds not
submitted to pre-incubation (D),at the concentration of 5x10* cells/scaffold.
Human ADSC showed higher proliferation index in 2D condition than in the 3D
condition, contrary to canine and murine ADSC. Together, these results indicate
that association of ADSCfrom different species to biomaterials is feasible and

may be exploited for clinical applications.

Keywords: ADSC, biomaterials, collagen, OPLA, calcium phosphate.
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1. INTRODUGAO

1.1. Células-tronco (CT)

Operacionalmente, as células-tronco (CT) sdo caracterizadas como
células capazes de se multiplicar por longos periodos, mantendo-se
indiferenciadas, e capazes ainda de diferenciacdo, especializando-se,no
minimo, em um tecido particular (Nardi e Meirelles, 2006; Csaki et al, 2007).

As CT foram descritas inicialmente a partir das células progenitoras do
sangue. Friedenstein e colaboradores, na década de 1960, identificaram a
partir da medula Ossea de cobaias o que designaram como unidades
formadoras de coldnias de fibroblastos (CFU-F) (referido por Chen et al, 2008).
Na década de 1980, estas células passaram a ser enfatizadas como
responsaveis pelo sistema estromal que dava suporte as células-tronco
hematopoiéticas (Owen, 1985). Caplan, em 1991, sugeriu que estas células
fossem denominadas como células-tronco mesenquimais (revisado por
Meirelles e Nardi, 2009).

Atualmente, admite-se que reservas de CT sdo encontradas virtualmente
em todos os tecidos adultos (Meirelles et al, 2006). Além daquelas descritas na
medula éssea — células-tronco hematopoéticas (CTH), mesenquimais (CTM) e
endoteliais (CTE) — as CT também sao encontradas em tecidos como a pele, a
mucosa intestinal, o epitélio olfativo, o cérebro, o figado, a gordura, a cérnea, a
retina, a polpa dentaria, os pulmdes, musculos esqueléticos e musculos
cardiacos (Nardi, 2005; Payushina et al, 2006; Krampera et al, 2006; Meirelles
et al, 2008, 2009).

1.1.1. Células-tronco mesenquimais (CTM)

As CTM compreendem uma classe muito heterogénea de células. Sao
células-tronco multipotenciais que, assim como as identificadas inicialmente por
Friedenstein e colaboradores (referido por Chen et al, 2008; Afanasyev et al,

2009), sao responsaveis pelo suporte a hematopoese e capazes de
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diferenciagdo em diversas linhagens celulares — a saber, condrdcitos,
ostedcitos, adipécitos e tendcitos. A partir da ultima década elas passaram a
ser descritas em varios outros tecidos além da medula 6ssea (Meirelles et al,
2006; Orbay et al, 2012).

A partir de 2006, a Sociedade Internacional para Terapia Celular prop0s
um conjunto de critérios para definir as CTM humanas: (1) capacidade de
adesdo ao plastico, quando cultivadas; (2) a necessidade da maioria (= 95%)
da populagao ser positiva para os marcadores de superficie CD105, CD73 e
CD90 e negativa (= 2% positiva) para CD45, CD34, CD14/CD11b,
CD790/CD19 e HLA classe Il; e (3) a capacidade, sob condi¢des adequadas in
vitro, de diferenciarem osteoblastos, adipdcitos e condrécitos (Horwitz et al,
2005; Dominici et al, 2006).

Atualmente s&o descritos varios métodos visando o isolamento das CTM
obtidas a partir de diversos tecidos (Eslaminejad et al, 2009). Varios estudos
indicam haver diferengas com relagdo as caracteristicas dos marcadores de
superficie (Meirelles e Nardi, 2009).Tais diferencas podem ser parcialmente
explicadas pela variagdo nos métodos de cultura e/ou pelo estagio de
diferenciacdo das células (Meirelles et al, 2006). Embora ndo existam
marcadores especificos para as CTM, a analise de um conjunto de anticorpos
preferencialmente expressos nestas células, quando expandidas em cultura,

permite determinar seu perfil imunofenotipico (Boxall e Jones, 2012).

Portanto, nem todos os estudos concordam com relac&o aos critérios de
identificagado especifica das CTM. Um dos critérios adotados por varios grupos
de pesquisa eque melhor descreve as CTM baseia-se na sua capacidade de
diferenciacgéao in vitroem tecidos ésseo, adiposo e cartilaginoso (Pratheesh et al,
2011).

1.1.2. Células-tronco adiposo-derivadas (CTAD)

No decorrer dos ultimos 10 anos foi dada especial atengcdo a dois
distintos modelos experimentais in vitro utilizando proliferacdo e diferenciagao

de adipécitos e secrecdo de adipocinas: o estudo dos pré-adipécitos, ja
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comprometidos com a linhagem adipocitica; e,a investigacdo de CT
multipotentes, que demonstram potencial de diferenciacdo adipogénica,
osteogénica e de células musculares (revisado em Moreno-Navarrete e
Fernandez-Real, 2012). Esta populagcao de CTM vem recebendo recentemente

particular atencéo.

Sao CT isoladas a partir de tecido adiposo (células-tronco adiposo-
derivadas, CTAD), um tecido altamente complexo, formado basicamente por
adipécitos maduros (aproximadamente um tergo do compartimento estromal),
pré-adipécitos, fibroblastos, células T-reguladoras (Treg), macrofagos, células
de musculo liso vascular e células endoteliais, além de ser povoado por
mondcitos/macréfagos e linfocitos (Zuk et al, 2001; Rodriguez et al, 2005;
Bunnell et al, 2008; Hernandez, 2008; Arrigoni et al, 2009; Golipoor et al, 2010).
Mais especificamente, tem sido aceito que as CTAD correspondam a células
multipotentes obtidas a partir da fragdo vascular-estromal do tecido adiposo
(Colleoni et al, 2009; Meirelles e Nardi, 2009; Sorrell et al, 2011).

A capacidade de diferenciacdo em varias linhagens demonstrada pelas
CTAD ocorre pela concorréncia de diversos eventos, tais como a coordenagao
de uma complexa rede de fatores de transcricao (PPAR-y, C/EBP-a e TAF7L) e
a participacao de cofatores em varias vias de sinalizacao celular. A contribuicao
de fatores epigenéticos, a participagcdo de microRNAs e a cronobiologia
também demonstram ser mecanismos que desempenham importantes funcées
na regulacao da adipogénese (Romao et al, 2011; revisado em Moreno-
Navarrete e Fernandez-Real, 2012; Zhou et al, 2013).

Esta intrincada rede associativa de elementos resulta num tecido muito
complexo. Esta heterogeneidade do tecido adiposo se manifesta em diferengas
observadas nos padrées de comportamento celular. Guilak (2006) relatou que
CTAD de uma mesma populacdo podem exibir diferentes estagios de
diferenciacdo entre si. Isso poderia ser apontado como uma das causas das
diferencas observadas entre elas quanto a proliferacdo e a capacidade de
diferenciacdo (referido por Chen et al, 2008).Outro estudo comparou as
diferengas de células de tecido adiposo, visando sua utilizagdo em engenharia

de tecidos, isoladas a partir de omento e de tecido subcutédneo
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(Marappagoundar et al, 2010). Além da diferenga observada na proporg¢ao de
células hematopoiéticas entre os dois tecidos, também o perfil de expressao de

marcadores de superficie indicava diferengas entre eles.

As CTAD exibem propriedades — aderéncia ao plastico, expressao
imunofenotipica especifica e capacidade de diferenciacdo — que as
correlacionam com as CTM (Zuk, 2010; Witkowska-Zimny e Walenko, 2011).
Todavia, enquanto as CTAD humanas e murinas ja estdo relativamente bem
descritas, a biologia destas células em outras espécies ainda é pouco
conhecida (Zuk et al, 2002; Strem et al, 2005). Justamente as duvidas
subjacentes a sua biologia, por vezes, limitam o seu emprego e sua difusao

para outras aplicagdes (Taylor et al, 2007; Spencer et al, 2012).

1.1.3. Aplicagées das CTAD

As caracteristicas descritas anteriormente tornam as CTAD células muito
interessantes em varias frentes de investigagdo, notadamente na area da
medicina regenerativa (Caplan, 2009; Pawitan, 2009). Varios estudos tém
demonstrado sua aplicagdo como uma estratégia alternativa ao tratamento de
patologias como a miocardiopatia isquémica, doenga vascular periférica,
acidente vascular cerebral isquémico, necrose tubular aguda, retinopatia
diabética, lesdes e transplante de isquemia espinhal traumatica (Giordano et al,
2007; Daley e Scadden, 2008).

Na medicina veterinaria, as CTAD tém sido empregadas no tratamento
de lesbes ligamentares e tendinosas e patologias articulares em cavalos e
outras espécies (Black et al, 2007, 2008). Condi¢des ortopédicas em cavalos e
cées sao tratadas com sucesso com CTAD autologas (Dahlgren, 2006). CTAD
cultivadas sobre uma matriz de fibrina demonstraram ser eficientes no reparo
de defeitos osteocondrais de céndilos femorais de coelhos (Nathan et al, 2003).
Por representarem uma fonte alternativade CT adultas autélogas, as CTAD
apresentam um valioso potencial clinico para a terapia celular e a engenharia
de tecidos (Tapp et al, 2009; Raabe et al, 2011; Russo e Parola, 2011).
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Dentre as vantagens de sua utilizagdo e a difusdo de seu emprego,
destacam-se: a facilidade com que sao obtidas; a coleta baseada em
procedimentos minimamente invasivos; e a quantidade abundantemente
disponivel (Strem et al, 2005).

1.2. Engenharia de tecidos

Para alcancar padrbes de vida cada vez mais longevos e com mais
conforto, o homem tem langcado méao de varias estratégias para o auxilio no
reparo e substituicdo de orgaos e tecidos acometidos por traumas ou
patogenias. Neste contexto, a introducdo de biomateriais aparece como uma
real opcao (Chan e Mooney, 2008), ao lado de alternativas como autoenxertos
(Akhyari et al, 2011), aloenxertos (Hu et al, 2007; Wang et al, 2012) e
xenoenxertos (Zhang et al, 2010). Como resultado da afluéncia multidisciplinar
dessas tecnologias, a engenharia de tecidos desponta como uma promissora
abordagem da medicina regenerativa. Trata-se de uma estratégia que combina
o cultivo celular convencional bidimensional (2D) e a utilizacdo de biomateriais.
Pela possibilidade de as células assim mantidas em cultura proliferarem sobre
uma estrutura tridimensional, estes cultivos sdo denominados tridimensionais
(3D).

Neste cenario, uma énfase particular esta sendo dada aos processos
bioquimicos subjacentes a fungédo celular. Mecanismos relacionados a
expansao (Pei et al, 2011), diferenciacdo (Endres et al, 2003; Cherubino e
Marra, 2009), sinalizagdo e comunicagao celular (Chan e Mooney, 2008;
Dormer et al, 2010)sdao alguns dos aspectos envolvidos na sinergia desta
abordagem. A interagdo entre os varios componentes que participam deste
processo também desempenha um papel importante: um exemplo é
capacidade que as proteinas exibem de modificar a resposta celular na

interface biomaterial-célula (Nuffer et al, 2010; Tour et al, 2011).

1.2.1. Biomateriais e Cultivos Tridimensionais
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Biomateriais, de modo geral, sdo artefatos utilizados em sistemas
biolégicos para aumentar, tratar, ou substituir, total ou parcialmente, 6érgaos ou
tecidos. Uma gama muito grande de materiais se presta para esses propositos
e muitos deles ja sao utilizados corriqueiramente na pratica clinica (revisado
por Helsen e Missirlis, 2010). Em uma revisdo genérica sobre a utilizagdo de
biomateriais,Hench (2006) cita aplicacbes que vao desde implantes(proteses,
cateteres, shunt) a sistemas de liberacdo controlada (por ex., liberagcao
progressiva de farmacos ou imobilizagdo de enzimas). Aconotagdo de
biomaterial aqui utilizada, todavia, é aquela assumida pela engenharia de

tecidos.

Uma grande variedade de biomateriais é utilizada, fundamentalmente,
como substitutos artificiais da matriz extracelular(MEC).A vantagem dos
cultivos tridimensionais, em relagdo aos sistemas convencionais de cultura de
células, € de os biomateriais fornecerem um substrato adesivo que serve como
uma matriz de suporte fisico para culturas de células in vitro (Willerth e
Sakiyama-Elbert, 2008; Wu et al, 2011). Além disso, os biomateriais servem
como uma plataforma para o transporte e transplante de células, especialmente

em intervengdes baseadas na terapia celular (Orsi et al, 2007).

Alguns requerimentos minimos sao essenciais para o sucesso dos
protocolos, como a manutengcdo de propriedades bioquimicas, quimicas e
fisicas do tecido nativo a ser reparado. A biocompatibilidade, vascularizacao e
quimiotaxia sdo caracteristicas vitais. Além disso, a estrutura do biomaterial
deve mimetizar a interacdo existente entre receptores de superficie celular e

moléculas da MEC.

Além destas observagodes, algumas caracteristicas fisicas das matrizes
parecem contribuir para a otimizacdo de metodologias, comoas propriedades
morfoldgicas adequadas (arquitetura dos poros, tamanho e interconectividade)
(Machado et al, 2011).

Alguns materiais comumente utilizados incluem ceramicas de fosfato de
calcio, polimeros (alfa-hidroxi acidos) e colageno. Hee e colaboradores (2006)
examinaram o efeito de dois biomateriais tridimensionais disponiveis

comercialmente (beta-trifosfato de calcio ou beta-TCP eopen-cell polylactic acid
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ou OPLA) quanto ao potencial de diferenciacdo osteogénica de fibroblastos
dermais humanos. Os resultados sugerem que as matrizes beta-TCP,as quais
foram associados os fibroblastos, sdo melhor adaptadas para aplicacbes em

engenharia de tecidos 6sseos.

1.2.2. Biomateriais BD Biosciences

Contribuindo para a oferta de uma variedade maior destes materiais no
mercado, a BD Biosciences produziu alguns biomateriais. Entre outros, citam-
se aqueles utilizados nos experimentos do presente estudo: matrizes a base de

fosfato de calcio, colageno e OPLA.

As matrizes de fosfato de calcio sdo bioceramicas naturais a base de
fosfato de calcio. Entre outras caracteristicas fisicas, citam-se: tamanho dos
poros entre 200 e 400um; capacidade de hidratagcdo de 30uL (por pecga); e
volume de 0,0580m3 (estruturas cilindricas, 5 mm de didmetro e 3 mm de
altura) (descricdo do proprio fabricante, BD Bioscience). Sdo recomendados
para estudos in vitro e in vivoque envolvem o metabolismo ésseo. Todavia,
cristais de fosfato de calcio, sob diversas formas,presentes na cartilagem estéo

associados a diversas formas de osteoartrite (Ea et al, 2005; 2008).

As matrizes a base de colageno sao classificadas como polimeros
naturais e sdo obtidos a partir de pele bovina. Compdem-se de uma mistura
rica de componentes da matriz cartilaginosa. Segundo informagdes do
fabricante, algumas das suas caracteristicas fisicas sao: tamanho dos poros
entre 100 e 200um; capacidade de hidratagao de 25uL (por pecga); e volume de
0,054cm® (cilindro de 4,2-5,2mm de diadmetro e 3,9-4,5mm de altura).

O OPLA pertence a classe dos polimeros sintéticos. A sua sintese se da
a partir do D,D-L,L polylactic acid.Apresenta, dentre outras, caracteristicas
fisicas tais como: tamanho dos poros entre 100 e 200um; capacidade de
hidratacdo de 30uL (por peca); e volume de 0,054cm?® (cilindro de 4,2-5,2mm
de didmetro e 3,9-4,5mm de altura).
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Apesar da interacdo destes biomateriais com células-tronco
mesenquimais ter sido explorada em alguns estudos (revisado por Szpalski et
al, 2012), uma comparagdo mais detalhada da capacidade de aderéncia e
proliferacdo de CTAD no conjunto de biomateriais ainda nao foi realizada. E
principalmente importante comparar células animais com células humanas,
considerando a possibilidade de uso de modelos animais para doencgas

humanas.
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2. OBJETIVOS

Visando contribuir para o melhor entendimento sobre a biologia
das CTAD e seu comportamento em associacao com biomateriais, o presente
trabalho teve como objetivo principal explorar a padronizagéo e caracterizagéo
de cultivos tridimensionais (3D) dessas células obtidas a partir de caes,

camundongos e humanos. Os objetivos podem ser detalhados como segue:

Objetivo 1 - Padronizagcao do isolamento de CTAD apartir das trés

especies.

Objetivo 2 - Caracterizagdo das CTAD quanto a cinética do cultivo
celular (proliferacdo), morfologia e capacidade de diferenciacao celular

(adipogénica, condrogénica e osteogénica).

Objetivo 3 - Avaliagao da interagao das CTAD destas trés espécies com
os biomateriais OPLA, fosfato de calcio e colageno, determinando-se a taxa de

aderéncia e de proliferagdo das células quando associadas aos biomateriais.
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Abstract- Due to ease of collection and in vitro expansion,
abundance and plasticity, adipose-derived stem cells (ADSC)
represent an attractive option for cell therapy amd tissue
engineering. A variety of biodegradable scaffolds are used as

es for the

ial e m . Among them
are biomaterials consisting of biomolecules such as collagen and
poly (L-lactic acid) (OPLA), and bioceramics such as calcium
phosphate. As an advantage compared to conventional two-
dimensional (2D) cell culture, scaffolds provide an adhesive
substrate that also serves as a physical support matrix for cell
culture in vitro. The present work aimed to investigate the
patterns of adherence and proliferation of human, canine and
murine ADSC on these three types of biomaterials. Adipose
tissue was obtained from patients undergoing elective
liposuction, adult CS7BL/6 mice and canine healthy domors.
ADSC were isolated with use of collagenase, cultured and
characterized. Cells between passages 4 and 7 were associated
with 3D scaffolds of calcium phosphate, collagen and OPLA (BD
Biosciences), dry or pre-coated with medium with 10% fetal calf
serum. Different cell concentrations were used: 10* and 5x10*
cells/scaffold. Cell adherence was evaluated by counting nomn-
adhered cells stained with Giemsa. The proliferation of ADSC in
2D and 3D conditions after 3-day incubation was determined
using the MTT test. The cells adhered best to dry scaffolds, and
the concentration of 5x10* cells/scaffold was the most adequate
for adherence and proliferation. Human ADSC proliferated
meore rapidly on 2D than in 3D conditions, confrary to murine
and canine cells. These results show that cultivation of ADSC
from different species in degradable biomaterials is feasible and
may be exploited for the therapeutic use of these compounds.

Keywords- Adipose-derived stem cell, proliferation, calcium
phosphate, collagen, poly (L-lactic acid).

1 InTRODUCTION

Mesenchymal stem cells (MSCs) can be defined by their
ability to self-renew, to differentiate into ome or more
specialized cell types. to adhere to plastic and by a specific
panel of surface markers [1]. Cultured MSCs exhibit great
plasticity, suggesting a great potential to treat different
diseases (reviewed in Beyer Nardi and da Silva Meirelles,

2006) [2]. More recently. MSCs were also found to secrete
various bioactive molecules with  anti-apoptotic,
immunomodulatory.  angiogenic. and  chemoattractant
properties., which explain their potential as tools to create
local regenerative environments, with a paracrine mechanism
of action [3].

Initially described as adherent cells derived from the
stromal compartment of bone marrow. MSCs are now known
to reside in virtually all post-natal organs and tissues [2]. The
main source of MSCs is still the bone marrow, in a procedure
that can be painful for patients and may yield low quantities
of MSCs. In practical terms. an ideal source of autologous
stem cells should be easily accessible. resulting in minimal
discomfort for the patient. and capable of providing a
substantial amount of cells. The adipose tissue may represent
such a source

The stromal-vascular fraction of adipose tissue contains
around 500-fold more MSC-like stem cells than bone marrow
mononuclear cells plated at the same cell density [4]. Stem
cells in adipose tissue, called adipose-derived stem cells
(ADSC), exhibit great plasticity and can differentiate into
multiple cell types in  vitro. including osteoblasts.
chondrocytes, adipocytes and smooth muscle cells [5.6].
Differentiation in ectoderm and endoderm cell types such as
neurons and hepatocytes is still controversial [7.8]. The
growth of ADSC in combination with different biomaterials
has been described, and the results show a great potential of
these cells for tissue engineering [9.10]. Important
applications of ADSC have also been described in preclinical
and clinical trials, as an alternative to promote the
regeneration of periodontal tissue [11], the reconstruction of
novel maxillary [12]. to help control graft-versus-host disease
associated with allogeneic hematopoietic transplantation [13],
in the regeneration of radiotherapy-damaged tissue [14] and in
cardiovascular repair [15].

Synthetic implants and tissue grafts are finding increased
application in reconstructive surgery [16], and the
investigation of combinations of new biomaterials with cells
and biological molecules is of great importance for the
advancement of tissue engineering.
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A variety of biomaterials are under study, and adequats
morphological properties  (pore architecture, size and
mterconnectivity) have heen described [17]. Some minimum
requirements are essential to the maintenance of the
biochemical. chemical and physical propertics of the native
tssue (0 e repaired. Biocowpatibility, vascularizalion and

PT—, n
coemat

I -

; ics. Lhe structure of 4
biomaterial should mimic the interaction between cell surfac
receptors and extracellular matrix molecules. This interaction
15 essenfial m regulabng celinlar fimehons such as adhesion.
sirvival,  proliferation. migration and  differentiation.
Furthermore. the biomarerial must be non-immunogenic and
[ree ol prious Involved n disease wansussion.

Many classes of Dbiomaterials have been used for
applications related to bone and cartilage tissue engineering.
Some materials commonly used include calcium phosphate
ceramics, polymers (alpha-hydroxy acids) and cnllngen TTes
ef ul, 2008 [17] exammned the effect of twe
available tl].rc»-dmmmwual biomaterials  (beta-1C1  and
OPLA) regarding the potential for osteogenic differentiation
of human dermal fibroblasts. The results suggest that beta-
TCP scaffolds (nltra  porouns  calcium  phosphate-based
ceramics) with culmured fibroblasts are bemer suited for
applications 1n bone tissuc cngineenng.

Tissue enginecring processes aitn (o develop a functional
replacement of damaged tissue without the intrinsic
shortcomings of autografts, allografts and biomaterials. This
can be achieved by the combination of a triad formad by the
biomaterial, tissue-forming cells and molecules such as
orowth factors. cvitokines. compounds of the extracellular
matrix (ECM) and others mvolved in cell diffcrentiation and
expansion [18]. A range of wolecules are described n ibese
studies. Some groups describe factors that have important
roles as FGF-1 (fibroblast growth factor), TGE-8
(transforming zrowth factor). bone morphogenctic profeins
(BMPs), VEGF (vascular endothelial prowth factor)., IGF-1 (
msulm growth factor type 1). Such molecules are directly
involved in tissue formation [19-21]

Various glycoproteins, glycosaminoglycans (GAGs) and
other extracellnlar matrix proteins. inchuding collagen. have
alsa demonstrated regulatory effects on the growth of blood
vessels. Therefore, a possible way to cnhance the angiogenic
response 1o exogenous biomaterials could be to introducs
more of a growth factor in implantation [20]. Studies have
also shown that heparin (GAG) covalently immobilized
within gel conjuzared to hvaluronic acid can mimic
chemically and functionally protenglycans normally present in
the extracellular matrix and produce an angiogenic responss
m vivo [20].

The repair of lesions in articular cartilage is a major

c

concern in surgery. due to the low

presented by this tissue. Therefare. strategies haser

AL Clarac

capacity for healing

tl on tissne

enginsering  biomaterials.  cell  supplementation  and
biologically acri'.'e molecules have been widely studiad in this
context [22]. This approach requires a switable source of
chondrogenic czlls, easilv accessible and immunocomparibla.
Some studics use the biocnginecring of tissucs through the
weconstiuclion  of [unctional cartilage by the m vino
distribution  of Lhe
charactetistics of this new cartilage differ according to the
biomaterial, and recent studies have determined the
appropriate scaftold for such reconstrucnion [23].

In this study, we investigated the best conditions for the
association of human. murine and canine adipose-derived
stewr cells with Unee different (ypes of Llowterials. 3D
collagen. caleum phosphate and poly (L-lactic acid) (OPLA).

PRI P an hiominterd

Chondiocytes  on Liomaten

. MATERIALS AND METHODS
A. Isolation and Culiure gf ADSC

Human subcutaneous adiposs rissue samples  were
obtained fromi paticnts undergoing  clective  superwet
liposuction surgery following mfomued patient cousent and
according to the guidelines set by our institution’s Committee
on Human Research. Inguinal adipose tissue was collected
from adult C57BL/6 mice housed under standard conditions
and from healthy male dogs of inknown hreeds. with a mean
weight of 13.5 ko. All animal procedures were performed in
accordance with the Gudelines for the Carc and Use of
Luburatory Amimals prepared by lhe National Academy of
Sciences, and approved by a local Research Ethics
Ca

The samples were washed extensively with phosphare
buffered saline (’BS) and digested with 1 mg/ml of
collagenase type I solution (Sigma Chemical Co. St Louis,
MMO) for 30 min at 37 °C, under gentle agitation. The enzyme
was fmacivated with an equal volume of Dulbeceo’s modified
Eagle’s Medivm (DMEM) (Sizgma) supplementad with 10%
fetal calf serum (FCS. Cultilab. Sao Paulo, Brazil) and
centrifuged at 400 2 for 10 min. The pzllet was resuspended in
NILCD Tysis bufter. incnbated at room temperamrs (RT) for
10 min and centrifuged at 400 g for 10 min The ADSC
fraction was washed with Hank's balanced salt solution
(TTRSS) {Sigma) and centritiugzed at 350 g tor 5 min. The cell
pellet was resuspended in DMEM with HEPES (Sigma) (free
acid. 2.5 g/) supplemented with 10% FCS and cultured in 5%
CO; at 37° C. The medium was changed every 2-3 days. Cells
between passages 4 and 7 were used. and at least 3 cultures
were aalyzed.

B. Dijjerentiaiion of ADSC
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Differentiation was induced by incubation for up to 4 weeks
with culture medium supplemented with specific factors for
adipogenic and osteogenic lineages, as described by da Silva
Meirelles et al. (2006) [2]. Chondrogenic differentiation was
induced for up to 4 weeks with culture medium supplemented
with 6.25 pg/ml insulin (Sigma). 10 ng/ml TGFbetal
(Millipore, Billerica, MA) and 50 nM ascorbic acid 2-
phosphate (AsAP) (Sigma). In order to observe calcium
deposition. osteogenic cultures were washed once with PBS.
fixed with 4% paraformaldehyde in PBS for 15-30 minutes at
RT. and stained for 5 minutes at RT with Alizarin Red S stain
at pH 4.1. Excess staining was removed by several washes
with distilled water. Adipocytes were identified from the
undifferentiated cells by phase-contrast microscopy. To
further confirm their identity, cells were fixed with 4%
paraformaldehyde in PBS for 1 hour at RT, and stained with
il Red O solution for 5 minutes at RT. Chondrogenesis was
confirmed using Alcian Blue at acidic pH. Cultures were
washed once with PBS, fixed with 4% paraformaldehyde in
PBS for 15-30 minutes and stained for 5 minutes at RT. All
procedures had negative control cultures (undifferentiated
cultures). Photomicrographs were taken with a digital camera
(AxioCam MRe. Carl Zeiss. Oberkochen. Germany). using
AxioVision 3.1 software (Carl Zeiss).

C. Immumophenotvping of Human and Murine ADSC

Surface markers of human and murine ADSC were analyzed
by flow cytometry. The cells were trypsinized, centrifuged,
and incubated for 30 minutes at 4°C with phycoerythrin (PE)-
or fluorescein isothiocyanate (FITC)-conjugated antibodies
specific for CD13. CD34, CD44. CD45. CD69, CD73. CD90.
CD105, CD117. and HLA-DR (Pharmingen BD. San Diego.
CA). The cells were analyzed using a FACSCalibur flow
cytometer equipped with 488 nm argon laser (Becton
Dickinson, San Diego, CA) with the CellQuest software. At
least 10.000 events were collected. The WinMDI 2.8 software
was used to build histograms.

D. Adherence and Proliferation of ADSC to Biomaterials

ADSC were associated with collagen, calcium phosphate
and poly (L-lactic acid) (OPLA) scaffolds (BD Biosciences,
Sao Paulo. Brazil). Dry (D) or pre-coated (PC) scaffolds.
prepared by 2 h-incubation with DMEM containing 10% FCS.
were individually placed in wells of a 24-well culture plate.
Cells were suspended in DMEM at concentrations of 2x10” or
10° cells/ml. and 50 pl were placed on each scaffold. After 2 h
incubation in 5% CO2 at 37° C. 200 pl of DMEM were added
to each well and the scaffolds were placed in new wells,
completed with DMEM with 10% FCS. The cells remaining
in the first well were stained with Giemsa and counted, so that

the number of cells adhered to each scaffold was determined.
The scaffolds were maintained in 5% CO2 at 37° C for 3
days, and analyses of cell proliferation were performed using
the MTT test [24]. The data of optical density were obtained
from spectrophotometer reading at a wavelength of 540 nm.
The same number of cells, as determined by the adherence
test, was cultivated in conventional 2D conditions for 3 days.

E. Statistical Analvses

Data are expressed as mean + standard error of the mean
(SEM). Differences among the groups were compared using a
two-way ANOVA followed by the Tukey's test. with the
GraphPad Prism 5.0 software. A P value < 0.05 was
considered statistically significant.

m ResuLts

A. Isolation and Morphologic Characterization of ADSC

The yield of stromal cells collected from human, murine and
canine adipose tissue varied from 2 to 10x10° cells per ml of
tissue. Adipose-derived stem cells of human (hADSC), canine
(cADSC) and murine (mADSC) origin showed the typical
morphology of isolated cells in culture, with a fibroblast-like
morphology maintained for all the passages analyzed (Figure
1).

B. Differentiation of ADSC

All cultures analyzed were able to differentiate in
adipogenic, osteogenic and chondrogenic lineages (Figure 1).
Adipogenic differentiation could be observed without specific
staining in one week, by the development of lipid intracellular
vacuoles. The cells in chondrogenic medium generated
cellular nodules characteristic of chondrogenic differentiation
at all three culture stages. Isolated cells showed high
adipogenic differentiation capacity, with lipidic vacuoles
appearing in the first week of incubation: this propensity is
probably due to the niche they were isolated from.

C. Immunophenotvpe of Human end Murine ADSC

The analyses of surface markers indicated that hADSC are
consistently positive for CD13, CD44, CD73. CD90 and
CD105, and negative for CD45. CD69, CD117 and HLA-DR
(Figure 2A). CD34 expression showed variable results. but no
variation with age. Murine ADSC were negative for CD11b
and CD45. and positive for CD29, CD44 e CD49¢ (Figure
2B). The expression of CD90 was variable among cultures
analyzed.
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Fig. 1 Morphology and differentiation potential of ADSC. Representative
images of (A) human, (D) murine and (C) canine ADSC differentiated o

hondropenic, adipag and penic lineages. D, differentiated cells
stamed with specific stam for each hoeage. ND, Non-differenliated cells.
Magnification: (A) 200x, (B) and (C) 100x.
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D. Adherence and Proliferation of Humaon, Murine and
Canine ADSC on Biomaterials

All ADSC cultures analyzed showed good adherence to the
three types of biomatenal. In average, §1.3% of cell adhered
to scallolds (Figure 3). A wore detailed analysis showed (hal
at cell concentration of 5x10% cells/scaffold, adherence levels
were higher (88%, 87% and 92%. rcspeetively, for human,
canine and murine ADSC) than at 2 ceil conceniration of 10*
(71%, 77% and 82%. respectively).

Adhesion was significantly reduced when comparing the
percentages of adherad cells to biomarerials not previously
trcated (dry) or pre-coated with medium and 10% FCS
(Fieure 3). The only exception is in the association of cADSC
and hADSC at concentration of 10" cells/scaffold with
collagen. The cells had an average adherence rate of 74% and
88% for dry and pre-coated conditions, respectively.

Analysis of the proliferation of ADSC in association with
the biomatcnals, as compared to the samc numbcer of cclls
cultivated in conventional conditions, showed that human
ADSC seeded on scaffolds proliferated significantly less than
in 2D cultures (Figurc 4). This was sccn more markedly in
cullures in  cullures  started with  seeding of 5x10*
cells/scaffold (Figure 1B).

Tor eanine ADSC seeded on calcium phosphate and OPT.A
al 10% cells/scallold, prolileration was significantly higher
than in 2D cultures (Figure 5A). When seeded on collagen, no

differences were obscrved, For enliures

1th oriemnal scedine
vith ongmnal sccding

of 5x10* cells/scalTold, proliferation was siguificantly higher
for cells cultivated on dry OPLA and calcium phosphate
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Fig. 3 Adherence of (A) hmman ADSC, (B) canine ADSC, and (C) munns
ADSC on each of the three biomaterials, in dry and pre-coated (PC) seeding
conditions and at the two orginal cell ‘The {*) on tha eol

4 2 statistically significant {rednction) on the e of
cells adhering 1o biormaterials, helween sanples seeded al the same cell
concentrations.

sualTolds (Figure SB). Murine ADSC prolilerated consistently
more when cultivated with biomaterials, in all the conditions
analyzed. The difference was more markedly seen when
seeding was on dry scaffolds (Figure 6).
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biomaterials, after seeding on dry (D) or pre-coated (PC) conditions, at eall
comeeniraliims af (A) 10 or (B) 5x10° cellviseallold O D, optical density *
P<D.OL.
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1w Concrusion

Many technologies have been tested for the expansion of’
adipose-derived stem cells in combination com biomaterials,
allowing for the expansion, differentiation and organization of
cells into new tissues (reviewed in [24]). Our results show
that, adequately isolated and expanded, ADSC from three
specics arc able fo adhere and proliferate mn association with
collagen, calcium phosphate and poly (L-lactic acid)
scaffoids, which have different compositions.

Although the investigation of biomaterials, stem cells and
their combination is well advanced, many important scientific
and medical issues remain to be better explored (reviewed in
[25]). These nclude the definition of the best conditions for
adherence and proliferation of cells in combination with
biomarerials. In the present work, cell density had an
immportant rolc on adhesion, and the incubation of cclls with
dry scallolds presented also bLetter resulls lhan pre-coating
with medium and fetal calf serum. The ability of murine cells
to intcract with thesc biomaterials is relevant for the
implementation of experimental models based on this species.
The ability of canine cells to interact with biomaterials, on the
other hand, 15 also of grcat intcrest in view of the potential
therapeutic application of lissue engineering o velerinary
medicine. Finally, the positive rasults szen for human cells
may be directly translated into more efficient therapeutic
protocols for different types of diseases.
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4. DISCUSSAO

A otimizacdo de parametros relativos aos procedimentos utilizados nos
experimentos geralmente faz parte da metodologia dos estudos. Assim sendo,
no presente estudoinvestigamos aspectos relacionados ao isolamento,
manutencao e caracterizagcdo de CTAD humanas, caninas e murinas. Entre as
principais propriedades das CTAD, como células da familia das CTM, citam-se:
capacidade de autorrenovagao; potencial de diferenciacdo; secrecao de
mediadores paracrinos e fatores ftréficos; quimiotaxia e capacidade de
migracdo para regides de dano e inflamagéao; potencial de imunomodulagao;

potencial angiogénico (Meirelles e Nardi, 2009).

Neste estudo, estabelecemos culturas de CTAD isoladas a partir de
humanos, caninos e murinos. O rendimento do isolamento dessas células
oscilou entre 2 a 10x10° células/mL de tecido. As células-tronco adiposo-
derivadas de humanos (hCTAD), caninos (cCTAD) e de murinos (mCTAD)
originaram culturas de células com a morfologia tipica das CTM, mantendo o
aspecto fibroblastéide no decorrer de todas as passagens (Figura 1) (Meirelles
e Nardi, 2009). Também uma alta taxa de proliferagdo das CTAD foi
observada, estando em consonancia com a literatura (Payushina et al, 2006;
Yoshimura et al, 2007).

Apds expansao das CTAD, todas as culturas analisadas foram capazes
de diferenciar nas linhagens adipogénica, condrogénica e osteogénica (Figura
1). Apos cultivo por 1 semana em meio indutor adipogénico, a revelagao do
corante Oil Red O demonstrou a presenga de vacuolos intracelulares de lipidio.
As células mantidas em meio indutor condrogénico geraram nddulos celulares
caracteristicos de diferenciagdo condrogénica. Nas culturas mantidas com meio
indutor osteogénico foi possivel observar grande deposi¢cao de matriz de calcio.
As células mantidas em meio normal de cultura (controle) ndo exibiram
nenhuma das morfologias mencionadas. Estes resultados estdo em acordo
com os dados da literatura, demonstrando coeréncia na metodologia utilizada
(Dicker et al, 2005; Dominici et al, 2006; Gaiba et al, 2012).
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Todas as CTAD cultivadas em meio indutor adipogénico exibiram
elevada capacidade adipogénica, com células evidenciando vacuolos lipidicos
ja na primeira semana de cultivo. Possivelmente o nicho destas células seja
uma das explicacbes para esta propensao (Sakaguchi et al, 2005; revisado por
Vater et al, 2011).

A anadlise dos marcadores de superficie das hCTAD, por citometria de
fluxo, indicou a presenga de CD13, CD44, CD73, CD90 e CD105 e a auséncia
de CD45, CD69, CD117 e HLA-DR (Figura 2A). A expressdo do marcador
CD34 mostrou variagédo nos resultados, mas n&o variagdo com a idade. As
CTAD murinas exibiram um perfil imunofenotipico negativo para CD11b e
CD45 e positivo para CD29, CD44 e CD49e (Figura 2B). A expressao de CD90
variou entre as culturas analisadas. O perfil imunofenotipico das CTAD
corresponde aquele descrito em estudos anteriores (Shi et al, 2001; Sharifi et
al, 2012).

A associacdo das CTAD aos biomateriais € uma medida da fungéo de
fatores exercidos pela natureza da interface célula-matriz e as condi¢cbes de
pré-tratamento da superficie com a qual as células interagem (Nuffer et al,
2010; Tour et al, 2011). Curran e colaboradores (2006) sugerem que a
adsorcdo de proteinas na superficie sobre a qual as células sao cultivadas
desempenha um papel importante no potencial de diferenciacdo de CTM
humanas. Além disso, estimulos externos, tal como a mecénica do ambiente,
podem intervir ou até mesmo se sobrepor aos sinais presentes na cultura
(Thorpe et al, 2012).Estas observagdes reportam aspectosrelevantes

constantes nos estudos dos cultivos celulares tridimensionais.

Todas as CTAD demonstraram boa capacidade de adesdao aos
biomateriais testados. Apdés 3 horas de incubagdo, em média, 81,3% das

células permaneciam aderidas amatriz (Figura 3).

Na associagdo das CTAD com os biomateriais, na maior concentragao
avaliada (5x10* células/matriz), a aderéncia foi, em termos gerais, maior (88%,
87% e 92%, respectivamente para hCTAD, cCTAD e mCTAD) do que quando
comparada & menor concentracdo testada, 10* células/matriz (74%, 77% e

82%, respectivamente).
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O potencial de adesao das células aos biomateriais mostrou diferengas
estatisticamente significativas entre o0s grupos cujas matrizes foram
previamente pré-incubadas (PC, pre-coating) ou ndo (D, dry) com meio de
cultura normal suplementado com 10% de SFB (Figura 3). De modo geral, a
pré-incubacdo das matrizesreduz a capacidade de aderéncia das CTAD ao
biomaterial, em relacdo a condicdo de associacdo a seco. Todavia, a
associacdo de cCTAD e hCTAD, na menor concentragdo testada (10*
células/matriz), com o colageno nao mostrou diferengas estatisticamente

quanto a esta condi¢céo de pré-tratamento do biomaterial.

Na avaliagéo da proliferagéo celular, comparamos CTAD associadas aos
biomateriais (3D, tridimensionais) e CTAD cultivadas em condigdes
convencionais de cultura (2D), semeadas na mesma concentragdo. Para
células humanas, em ambas as concentragdes, o indice de proliferacao celular
foi menor quando as hCTAD eram associadas aosbiomateriais (condi¢do 3D)
do que quando cultivadas em condigdes convencionais (2D) (Figura 4). Via de
regra, as diferengas observadas sao estatisticamente significativas, a excegao
das hCTAD na menor concentracéo (10* células/matriz) associadas ao OPLA,
apos pré-incubacéao. Estas diferencas sdo mais evidentes quando as condigdes
de cultivo (2D x 3D) sd3o comparadas na maior concentragdo (5x10*

células/matriz) (Figura 4B).

As CTADcaninas associadas ao OPLA e ao fosfato de calcio
demonstraram maior indice proliferativo do que aquelas cultivadas em sistemas
convencionais (2D). Estas diferengas sdo estatisticamente significativas para
ambas as concentragdes de semeadura inicial (10* e 5x10* células/matriz). As
cCTAD cultivadas sobre matrizes de colageno mostraram um comportamento
oposto: o indice de proliferacao das células na condicido 3D foi menor do que

aquele avaliado na condigao 2D.

A taxa de proliferagdo de CTADmurinas demonstrou ser maior quando
as células sao associadas aos biomateriais (grupos 3D) do que quando
cultivadas de acordo com o sistema convencional (2D). A diferenca é

estatisticamente significativa para ambas as concentragdes. Esta diferenca é
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visivelmente maior quando compara mCTADsemeadas sobre matrizes secas

(D) (3D-dry) e células mantidas em cultivos 2D.

Os resultados do presente estudo contribuem para o aporte de dados a
engenharia de tecidos. Eles mostram que as CTAD das trés espécies
investigadas, quando adequadamente isoladas e expandidas, sdo capazes de
adesdo e de proliferacdo quando associadas a biomateriais a base de
colageno, de fosfato de célcio e de OPLA. Desta forma, podem contribuir como

importante ferramenta para esta nova tecnologia.

Todavia, a aplicagao desta tecnologia dependera fundamentalmente do
estabelecimento de protocolos clinicos adequados. Aspectos relativos a
melhores condi¢cdes de aderéncia e de proliferagdo das células associadas aos
biomateriais ainda deverao ser melhores explorados. De acordo com os dados
apresentados acima, a densidade celular parece desempenhar um papel
importante neste sentido. As condi¢gbes de pré-tratamento das matrizestambém
demonstraram exercer influéncia sobre a associacdo das células com os

biomateriais.

Por fim, as diferencas observadas no comportamento entre as hCTAD,
cCTAD e mCTAD sugerem que novos estudos possam implementar modelos

experimentais, baseados em dados especificos, para diferentes espécies.
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