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RESUMO

O uso de células tronco mesenquimais (CTMs) tem sido vastamente investigado para o
tratamento de doencas musculoesqueléticas em equinos, principalmente, devido as injurias
sofridas durante a atividade fisica intensa. E conhecido também que para o sucesso do
procedimento, é necessaria uma grande quantidade de CTMSs viaveis, o que pode ser obtido
através de um banco de células. Portanto, a criopreservacdo € um tema de grande interesse na
area da terapia celular, pois pode manter a viabilidade de um material biolégico por longos
periodos de tempo. No entanto, o uso de agentes crioprotetores (CPAS) permeaveis, como o
DMSO, nos processos de criopreservacdo (congelacdo lenta ou vitrificacdo) pode causar
injarias, devido sua toxicidade, o que pode ser minimizado, quando usados em baixas
concentracdes ou associados a ACPs ndo permedaveis, como 0s agucares ou os polimeros
sintéticos. Portanto, o objetivo principal deste estudo foi avaliar a viabilidade, capacidade
proliferativa e de diferenciacdo (linhagens osteogénica, condrogénica e adipogénica) das
CTMs equinas oriundas do tecido adiposo apds a congelacdo na presenca de diferentes
solugcdes compostas por ACPs, permeavel (DMSO) e ndo permeaveis [(Trealose (T) e
SuperCool X-1000 (X-1000)]. A combinagdo desses ACPs, resultou em sete diferentes
solugdes de congelacdo (SC): DMSO; T; X-1000; DMSO+T; DMSO+X-1000; T+X-1000 e
DMSO+T+X-1000. Inicialmente, as CTMs equinas frescas (controle) ou congeladas nas
diferentes SC foram avaliadas quanto a viabilidade. Posteriormente, a unidade formadora de
colénia (CFU - proliferacdo) e a capacidade de diferenciacdo celular nas linhagens acima
mencionadas foram avaliadas, somente nas células frescas ou que apresentaram viabilidade
superior a 40%, ap6s congelacdo/descongelacdo. Os dados mostraram que a viabilidade pos
congelagdo das CTMs equinas em todas as SC, reduziu significativamente em relagcdo ao
controle (100%). No entanto, a viabilidade das CTMs congeladas na presenca apenas do
DMSO (80.3 + 0.6) foi superior (P<0.05) a observada nas demais SC. Para a CFU, nao houve
diferenga (P>0.05) entre as celulas frescas e as congeladas. Independente do tratamento, as
CTMs apresentaram potencial de diferenciacdo nas trés linhagens. Porém, apesar da redugédo
significativa na capacidade de diferenciagdo osteogénica, ndo houve diferenga (P>0.05) entre
as SC testadas e o controle. Por outro lado, células congeladas em DMSO+X-1000 reduziram
(P<0.05) seu potencial de diferenciacdo na linhagem condrogénica em relacdo ao controle,
porém, foi semelhante as demais SC (P>0.05). No tocante a diferenciacdo adipogénica, ndo
houve diferenca entre os tratamentos (P>0.05). Em conclusdo, esse estudo confirmou o

sucesso da congelacdo de CTMs na presenca do DMSO e evidenciou o potencial de utilizacdo



do polimero sintético Super Cool X-1000 na congelacdo de células tronco, abrindo novas
perspectivas para investigacdo do uso desse polimero e 0 DMSO em diferentes concentragdes
e combinacdes.

Palavras—chave: Células-tronco mesenquimais. DMSO. Trealose. Polimero SuperCool X-
1000. Equino.



ABSTRACT

The mesenchymal stem cells (MSCs) have been widely investigated for the treatment of
musculoskeletal diseases in horses mainly due to the injuries suffered during the intensive
physical activity. Likewise, it is well known that for the success of the procedure is necessary
a great quantity of viable MSCs, which can be obtained through a cell banking. Therefore, the
cryopreservation is a theme of high interest in the cellular therapy area once it can maintain
the viability of biological material for long periods of time. However, the use of permeable
cryoprotectant agents (CPAS), such as DMSO can cause injuries due to its toxicity, which can
be minimized when used in low concentrations or association with non-permeable
cryoprotectants, such as sugars or the synthetic polymers. Therefore, the goal of this study
was to evaluate the viability, proliferative capacity and the differentiation of the equine MSCs
originated from the adipose tissue after freezing in the presence of different solutions
comprised by permeable (DMSQO) and non- permeable [(Trehalose (T), and SuperCool X-
1000 (X-1000)] CPAs. The combination of these CPAs resulted in seven different freezing
solutions (FS): DMSO; T; X-1000; DMSO+T; DMSO+X-1000; T+X-1000, and
DMSO+T+X-1000. Firstly, fresh or frozen/thawed equine MSCs in the different FS were
evaluated concerning viability. After that, the colony forming unit (CFU - proliferation) and
the cellular differentiation capacity in the abovementioned lineages were evaluated only in
fresh cells or that showed viability superior to 40% after frozen/thawing. The data
demonstrated that the viability after freezing of the equine MSCs reduced significantly
(100%) to the control. Nonetheless, the viability of the frozen MSCs in the presence only of
DMSO (80.3 + 0.6) was superior (P<0.05) to the others FS. Regarding CFU, no difference
(P>0.05) was observed between fresh and frozen cells. Independently of the treatment, the
MSCs demonstrated differentiation potential in the three lineages. Nevertheless, despite the
significate reduction in the osteogenic differentiation capacity, no differences (P>0.05) among
the tested FS and the control. By the other hand, frozen cells in DMSO+X solution reduced
(P<0.05) the differentiation potential for the chondrogenic lineages to the control, but
similarly to the other FS (P>0.05). Concerning the adipogenic differentiation, no difference
was observed between the treatments (P>0.05). In conclusion, this study confirmed the
success of the freezing of MSCs in the presence of DMSO, and emphasized the potential
utilization of the synthetic polymer Super Cool X-1000 in the freezing of stem cells, opening
new perspectives for the investigation of X-1000 and DMSO in different concentrations and

combinations.



Keywords: Mesenchymal stem cells, DMSO, Trehalose, SuperCool X-1000 Polymer,

Equine.
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differentiation chondrogenic (E) and osteogenic (J). *Differs from
Control. Different lowercase letters indicate significant difference
among FS (P <0.05). T = Trehalose; X = SuperCool X-
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1 INTRODUCAO

Desde o inicio do século XXI, a medicina regenerativa, e em particular as terapias
com celulas tronco (CT), vém se destacando pela inerente habilidade das CT se multiplicarem
e se diferenciarem em qualquer tipo celular funcional, tornando possivel a recuperacdo de
tecidos lesionados (SCHWARZ et al., 2011; YOUNG et al., 2015). As CT podem ser obtidas
a partir de varios tipos de tecido, como, medula éssea (ALVES et al., 2009), cordao umbilical
(MOHANTY et al., 2016), sangue periférico (KOERNER et al., 2006) e tecido adiposo (DE
MATTOS CARVALHO et al., 2011; MAMBELLLI et al., 2009). Dentre as fontes de CT, as
células tronco mesenquimais (CTMSs) provenientes de tecido adiposo, vém recebendo
crescente interesse por apresentarem resultados excelentes no tocante as taxas de proliferagéo,
bem como um melhor potencial de diferenciacdo quando comparadas as outras fontes, tanto
em humanos quanto em animais (STEWART et al., 2011).

Em equinos, a terapia com CT € uma ferramenta promissora no tratamento das
doencas musculo esqueléticas, que estdo diretamente relacionadas ao esforco fisico excessivo
e repetitivo, resultando em alta morbidade nos cavalos atletas e limitado nimero de animais
que retornam as atividades esportivas ap6s o acometimento (MAMBELLI et al., 2009; DE
SCHAUWER et al., 2014). Estudos demonstraram a eficiéncia da administragdo de CT nas
lesBes tendineas de equinos, com reducdo do infiltrado inflamatorio e melhor organizacdo das
fibras colagenas (DE MATTOS CARVALHO et al., 2013). Porém a administracdo das CT
nessas lesdes depende de um grande nimero de células no local de aplicacdo (DURGAM et
al., 2017), o que pode ser obtido a partir do armazenamento em um banco de células.

Todavia, os protocolos de criopreservacdo das CT utilizam agentes crioprotetores
(ACPs) permeaveis capazes de garantir a maxima eficiéncia das CT quando da sua utilizacdo
terapéutica. Dentre os ACPs, merece destaque o dimetilsulfoxido (DMSO), amplamente
utilizado para criopreservacdo de CT (MAIA et al.,, 2017; SOLOCINSKI et al., 2017).
Entretanto, o DMSO pode apresentar efeito toxico, reduzindo a viabilidade e a capacidade
regenerativa das células, ou ainda, pode causar rea¢fes adversas no paciente que recebe as CT
apos a descongelagdo. Desta forma, admitimos a necessidade de identificar ACP(s) com
toxicidade nula ou minima que possa(m) ser utilizado(s) sozinho(s) ou associado(s) ao
DMSO, de modo a reduzir a toxicidade deste Gltimo. E conhecido que, aclcares como a
trealose (MOTTA et al., 2010; RAO et al., 2015), e até mesmo polimeros sintéticos como o
SuperCool X — 1000 (BADRZADEH et al., 2010; HASHIMOTO et al., 2010; TING et al.,
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2012; MARCO-JIMENEZ et al., 2014), tém sido utilizados como ACPs ndo permeéveis, com
0 intuito de reduzir as injurias causadas pelo processo de criopreservacao.

Considerando a importancia da criopreservacdo de CT para a medicina
regenerativa na espécie equina, a revisdo de literatura a seguir abordara os seguintes topicos:
células tronco; ceélulas tronco mesenquimais — CTMs (origem e uso em equinos),
criopreservacao de CTMs (principais estratégias); agentes crioprotetores, com destaque para o

DMSO, trealose, bem como, novas perspectivas para o uso do SuperCool X-1000.
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2 REVISAO DE LITERATURA

2.1 CELULAS TRONCO

O conceito de CT foi originado no final do século XIX, baseado na teoria de como
alguns tecidos (pele, sangue, entre outros) seriam capazes de se auto renovarem durante a vida
de um organismo (BIANCO et al., 2008). Experimentos pioneiros na década de 60 realizados
por Till et al. (1964), demonstraram a presenca de coldnias de células hematopoiéticas no
baco de camundongos, e constataram que eram originadas de um Unico tipo celular, no caso,
as CT.

As CT sdo células indiferenciadas que apresentam capacidade de auto renovacéo,
gerando células-filhas idénticas as células mae e, quando submetidas as condicdes fisiologicas
ou experimentais, podem se diferenciar em diversos tipos celulares com funcdes
especializadas, (BYDLOWSKI et al., 2009).

Os primeiros estudos eram focados em CT obtidas de medula 6ssea. Mais tarde,
nas décadas de 70 e 80, em estudos conduzidos por Friedenstein et al. (1974), foi encontrado
um outro tipo celular com caracteristicas poligonais e capacidade de formar coldnias,
demonstrando que na medula déssea existiam células diferentes das ja conhecidas células
hematopoiéticas (para revisdo, ver Marquez-Curtis, 2015). O estudo de Caplan e
colaboradores (1991), demonstrou a presenca de células tronco mesenquimais a partir de
medula dssea, peridsteo e tecido conjuntivo muscular, estimulando novas pesquisas em
diferentes fontes como tecido adiposo (ZUK et al., 2001), tenddes (BI et al., 2007), cordéo
umbilical (PETSA et al., 2009), dentre outros. Portanto, de acordo com sua origem, as CT
podem ser classificadas como: 1) células tronco embrionarias, se obtidas ainda na fase do
desenvolvimento embrionario (blastocisto), e 2) células tronco adultas somaticas ou
progenitoras, se obtidas a partir do organismo completamente formado, mesmo que ainda seja
na fase fetal (VITA et al., 2012). As CT também podem ser classificadas de acordo com seu
potencial de diferenciacdo em: 1) totipotentes; 2) pluripotentes; 3) multipotentes e 4)
unipotentes ou oligopotentes. As células totipotentes estdo presentes nos dias iniciais do
desenvolvimento embrionario e podem se diferenciar em todos os tipos de células e tecidos
funcionais do organismo, incluindo os anexos fetais. J& as pluripotentes sdo encontradas a
partir do estadio embrionario de blastocisto, e também se diferenciam em diversos tipos
celulares, exceto em anexos fetais. Dentre as multipotentes, encontramos as células tronco

mesenquimais, podem ser obtidas a partir de tecido adulto ja formado. Inicialmente essas
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células tronco mesenquimais eram reconhecidas por se diferenciarem nos tipos celulares de
origem mesodermal, porém, atualmente é notdério seu potencial em se diferenciar nas
linhagens celulares de outros folhetos embrionarios, além de apresentarem a capacidade de
retornarem a ser pluripotentes apds inducdo (iPS). As uni ou oligopotentes sdo células ja com
certo grau de diferenciacdo e sua multipotencialidade é destinada a uma linhagem celular
especifica, como por exemplo, as células tronco hematopoiéticas (CTHs) (SHIPANI et al.,
2009; FAITA et al., 2016).

Dentre os diferentes tipos de CT, as CTMs se destacam devido a sua alta
disponibilidade em organismos ja formados, além do seu potencial de diferenciacdo se
estender além da origem mesodermal (ZHANG et al., 2012). Desta forma, este tipo celular
tem sido foco de estudo da maioria dos investigadores na area, independente da fonte
utilizada. Portanto, as CTMs também foram escolhidas como tema do presente estudo, sendo

por isso, descrita com maiores detalhes, a seguir.

2.1.1 Células tronco mesenquimais

O termo células tronco mesenquimais foi idealizado por Caplan e colaboradores
(1991), por demonstrar que as células tronco da medula 6ssea, eram capazes de se diferenciar
em células da origem mesodermal embrionaria, como osteoblastos e condrécitos. Essas
células apresentavam caracteristicas distintas das células hematopoiéticas desta mesma fonte,
com répida aderéncia a placa do cultivo, morfologia fibroblastdide, plasticidade, auto
renovacao e diferenciacdo em distintas linhagens celulares (FAITA et al., 2016).

De acordo com a revisdo de Stewart e colaboradores (2011) as CTMs estdo
distribuidas por todo o organismo, mantidas num estado indiferenciado, funcionando como
um apoio intrinseco ao sistema regulatério de regeneracdo tecidual, migrando quando
solicitadas, para recuperar tecidos danificados. Desta forma, para a obtencdo das CTMs dos
diversos sitios disponiveis, diferentes origens foram utilizadas, como sangue periférico
(SPASS et al., 2013), tecido ovariano (HANNA et al., 2014) e corddo umbilical (FUJII et al.,
2017). Porém, durante muitos anos, a principal fonte de CTMs foi a medula 6ssea, no entanto,
a obtencdo desse tecido é um procedimento invasivo e doloroso, alem de apresentar um baixo
rendimento (0,001-0,01%) de células obtidas (MARQUEZ-CURTIS et al., 2015). Por outro
lado, as CTMs derivadas de tecido adiposo (CTM-TA) sdo consideradas uma alternativa
extremamente atraente, em grande parte, devido a facilidade de coleta de tecido, alto
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rendimento celular inicial e alta capacidade proliferativa in vitro (VIDAL et al., 2007;
MAMBELLLI et al., 2009).

Estima-se que o tecido adiposo disponibilize até 500 vezes mais CTMs do que a
medula 6ssea. Embora os detalhes especificos ainda ndo tenham sido determinados é provavel
que o nicho de CTMs oriundas do de tecido adiposo seja perivascular, como em outros
tecidos (GIMBLE et al., 2007). Zuk et al. (2001) foram os primeiros a obter CTMs do
lipoaspirado humano sugerindo que esta poderia ser uma fonte alternativa a medula 6ssea.
Desde entdo, inumeras pesquisas desenvolveram CTMs a partir de lipoaspirado humano
(KATZ et al., 2005), tecido adiposo canino (MARTINELLO et al., 2010) e murino
(FUJIMURA et al., 2005).

Além disso, distintas abordagens para a sua caracterizacdo também foram
estabelecidas, originando, assim, muita controvérsia a respeito do seu reconhecimento como
células tronco mesenquimais (KERN et al., 2006). Portanto, com o intuito de introduzir uma
padronizacdo e estabelecer um critério minimo que defina as CTMs, independentemente da
fonte, Dominici et al. (2006) propuseram um padrao de classificacdo de CTMs, as quais, apos
o isolamento e cultivo devem apresentar, as seguintes caracteristicas:1) Aderéncia ao plastico
sob condi¢Oes padronizadas de cultivo; 2) Alta taxa de multiplicacdo celular; 3) Expressédo
dos marcadores de superficie celular (CD29, CD44, CD90 e CD105) e a ndo expressdo dos
marcadores da linhagem hematopoiética, (CD14, CD11b, CD19, CD34, CD 45, CD79 ou
CD19, CD 86, MHC I e MHC II); 4) Multipotencialidade, isto €, capacidade de se diferenciar
nas linhagens celulares osteogénica, adipogénica e condrogénica.

Embora a aderéncia ao plastico seja uma propriedade inespecifica, atua como
coadjuvante na classificagdo das CTMs através da exclusdo de outros tipos celulares que
podem estar presentes durante o isolamento das mesmas, como por exemplo, as células da
linhagem hematopoiética (STEWART et al., 2011). A alta capacidade proliferativa também é
outra caracteristica de destaque conferida as CTMs, pois, persiste ao longo de varias
passagens in vitro, cuja caracteristica ndo é observada em outra categoria de células.

A expressdo dos marcadores de superficie celular pode ser avaliada por
imunohistoquimica ou citometria de fluxo (FACS; SMITH et al., 2014). Estas técnicas sdo
bem estabelecidas para CTMs humanas, porém, na medicina veterinaria, ainda existe uma
dificuldade para a estimativa da expressdo desses marcadores, devido ao baixo nimero de
anticorpos monoclonais espécie especificos disponiveis e, devido alguns desses anticorpos
ndo apresentam reacdo cruzada entre as espécies (DE MATTOS CARVALHO et al., 2013;

SMITH et al., 2014), dificultando, portanto, a marcacdo desses anticorpos.
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A capacidade de se diferenciar em diversos tipos celulares é outra caracteristica
marcante das CTMs, sendo utilizada para sua definicdo principalmente, o potencial de
diferenciacdo em osteoblastos, condrocitos e adipdcitos (BURK et al., 2013). Essa aptidao
pode ser encontrada nas CTMs equinas (eCTMs) obtidas de diversas fontes como, medula
6ssea (ARNHOLD et al., 2007), tecido adiposo (VIDAL et al., 2007), sangue periférico
(KOERNER et al., 2006), sangue do corddo umbilical (GIOVANNINI et al., 2008), dentre
outras. A identificacdo deste potencial é realizada através do cultivo celular em meios
especificos para a diferenciacdo osteogénica, condrogénica e adipogénica, sendo as células
fixadas ap6s o periodo de cultivo e coradas para o0 seu reconhecimento, de acordo com 0s
métodos e/ou técnicas para a respectiva indicacdo (YOUNG et al., 2015).

O fendtipo osteogénico pode ser identificado através da analise da matriz
mineralizada identificada pela coloracdo de Von Kossa ou a coloracdo com vermelho de
alizarina, ou ainda, através da avaliacdo da atividade da fosfatase alcalina (STEWART et al.,
2011; YOUNG et al., 2015). A diferenciacdo condrogénica requer um sistema de cultivo
diferenciado, o qual faz uso de pellets celulares, que precisam ser preservados, formando
assim clusters (aglomerados) de células cartilaginosas, denominadas condrocitos. Conforme
descrito por Young et al., (2015), o fenotipo condrogénico pode ser analisado de varias
formas: pela secrecédo e a deposicdo de proteina de colageno tipo Il (teste de Elisa), avaliacdo
das glicosaminoglicanas sulfatadas (alcian blue ou azul de toluidina) ou agrecano (Western
blot). Para a diferenciacdo adipogénica, as células sdo cultivadas e avaliadas pela presenca de
vacuolos intracelulares de lipideos, os quais podem ser corados pelo OIL RED O e ainda, por
regulacdo do fator de transcricdo especifico de adipécitos, o PPARy (STEWART et al., 2011).

A partir do momento que a caracterizagdo das CTMs se tornou um procedimento
padrdo no isolamento e cultivo das CTs, os pesquisadores voltaram suas atences as
comparagOes entre os diferentes tipos de tecidos dos quais as células pudessem ser obtidas e,
gue mantivessem as mesmas caracteristicas morfofuncionais. As tentativas tém sido com o
intuito de criar um panorama capaz de identificar as eCTMs, no decorrer de todo o periodo de
cultivo, ja que a expressdo desses marcadores pode ser alterada de acordo com as passagens
(GIMBLE et al., 2007; BURK et al., 2013). Segundo alguns autores, o marcador CD44
(cluster designation), embora presente nas CTMs, nédo ¢ especifico, mas sua presenca tem sido
utilizada para confirmacdo desta populacdo celular (SMITH et al., 2014). A presenca do
marcador CD90 caracteriza positivamente as eCTMs, independentemente da fonte utilizada
(RANERA et al., 2011). Por outro lado, é esperado que a expressdo dos marcadores MHC |
seja baixa e dos marcadores CD86 e MHC 11 seja ausente (CARRADE et al., 2012).
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O grande nimero de pesquisas clinicas envolvendo as eCTMs, serviu como um
divisor de &guas para o desenvolvimento da medicina veterinaria de ponta no tratamento de
lesbes ortopédicas em equinos, 0s quais exercem papel importante como modelo para as
aplicacdes clinicas em humanos (BURK et al., 2013).

As eCTMs passaram entdo a ser isoladas e preparadas em laboratério e
posteriormente transferidas para o uso clinico em terapias regenerativas (FRISBIE et al.,
2010). Inicialmente as células eram expandidas a partir do tecido adiposo do proprio paciente,
produzindo assim células autologas. Posteriormente, trabalhos foram realizados a partir de um
cavalo doador, produzindo células alégenas (CARRADE et al., 2012). Porém, ambos 0s
procedimentos resultam em um longo periodo de tempo desde o processamento até a sua
aplicacdo, dificultando o uso da terapia com CT em pacientes lesionados. Desta forma,
estudos envolvendo a criopreservacdo e armazenamento para disponibilidade imediata dessas

células para o uso terapéutico tém sido absolutamente necessarios (MERCATI et al., 2014).

2.2 CRIOPRESERVACAO DE CELULAS TRONCO

O processo de criopreservacdo tem como um dos principios, reduzir o
metabolismo celular através da reducdo da temperatura, permitindo que células e/ou tecidos
possam ser conservados por periodos indeterminados, quando armazenados em nitrogénio
liquido (-196°C) ou temperatura criogénica (GAO e CRITSER, 2000). O processo de
criopreservacao, envolve as seguintes etapas: 1) exposicdo ao(s) agente(s) crioprotetor(es)
permeaveis e ndo permeaveis, presentes na solucdo de congelagdo; 2) reducdo da temperatura
de forma gradual (congelacdo lenta) ou subita (vitrificagdo); 3) armazenamento ou
crioestocagem, permitindo a preservacdo do material em temperatura ultrabaixa por periodos
indefinidos; 4) descongelagéo ou aquecimento, etapa na qual ocorre o resgate do material
criopreservado e retomada do metabolismo celular; e 5) diluicdo ou remocdo do agente
crioprotetor (ACP). A remocdo do ACP é uma etapa crucial para a viabilidade de qualquer
material bioldgico, & temperatura fisiolégica ou mesmo ambiente, ocorre a intensificacdo dos
seus efeitos toxicos, devido a producdo de metabolitos secundarios indesejaveis, (FAHY,
2010).

Para a criopreservacao de CTMs a congelagéo lenta é o método mais amplamente
utilizado, que permite reduzir o estresse térmico durante a etapa de resfriamento (KIM et al.,
2015; YOUNG et al., 2015; GINANI et al., 2012) e devido a baixa concentracdo de ACP,

utilizada (DUAN et al., 2017). Entretanto, a concentracdo de ACPs penetrantes ainda continua
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sendo uma preocupacgéo nos protocolos de congelacdo CTs, pois a toxicidade desses agentes
interfere na viabilidade celular (RODRIGUES et al., 2008). Apesar disso, a utilizacdo de

ACPs penetrantes em um protocolo de congelacao é absolutamente necessaria.
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2.2.1 Papel dos agentes crioprotetores

Os ACPs sdo aditivos utilizados na solugdo de criopreservacdo (congelacdo ou
vitrificacdo) para proteger as células contra as crioinjurias. Dependendo da classe do agente,
0s ACPs, protegem as células através de diferentes maneiras, ou seja, reduzindo a formacéao
de gelo extra e intracelular, evitando a excessiva concentracdo de solutos, bem como,
minimizando a desidratacdo celular a um grau toleravel (ELLIOTT et al., 2017).

Os ACPs podem ser classificadas como permeaveis (intracelulares) ou néo
permeéaveis (extracelulares) em funcdo da sua capacidade de atravessar a membrana celular
(DUAN et al., 2017). Os ACPs permeaveis, tais como o dimetilsulféxido (DMSO), glicerol,
etilenoglicol, propilenoglicol (1,2 propanodiol), metanol, etanol, propanol e formamida, sdo
solventes organicos de baixo peso molecular (32,04g/mol a 92,09g/mol). Embora o uso de
ACP seja fundamental em um protocolo de criopreservacdo, especialmente 0s permeaveis,
apresentam toxicidade celular, a qual varia com o tipo, concentragdo, tempo e temperatura de
exposicdo do material bioldgico (DUAN et al., 2017).

Dentre os ACPs intracelulares, o DMSO é o mais utilizado para criopreservacao
de CTMs. O DMSO ¢é um composto polar higroscépico, desenvolvido originalmente como
solvente quimico, e que teve sua propriedade crioprotetora descrita primeiramente em 1959
por Lovelock e Bishop (LOVELOCK e BISHOP, 1959). Esse crioprotetor age reduzindo o
dano celular causado pelos efeitos da concentracdo de sais no meio de congelacdo, e possuli
uma estrutura que Ihe permite fazer ligacdes (ponte de hidrogénio) com moléculas de dgua. O
resultado dessa afinidade com a dgua é a reducdo da formacéo de cristais de gelo ou reducédo
do tamanho desses cristais e, finalmente, reducdo da concentracdo de solutos nos meios extra
e intracelulares (POLLOCK et al., 2015), os quais podem causar injdrias devido ao chogue
osmotico (MERYMAN, 2007). Porém, como mencionado anteriormente, 0 DMSO apresenta
toxicidade celular, devendo, portanto, ser utilizado da maneira mais apropriada possivel, para
evitar danos celulares

Os ACPs ndo permedveis conferem apenas protecdo extracelular, devido ao seu
alto peso molecular e a auséncia de moléculas que possam servir de carreadoras intracelulares
(MOTTA et al., 2014). Esses agentes interagem com a bicamada lipoproteica da membrana
celular, estabilizando-a e evitando seu rompimento durante a congelacdo (ELLIOTT et al.,
2017). Dentre as substdncias consideradas ACPs ndo permeaveis incluem a
polivinilpirrolidona, os alcoois de aclcar, (manitol e sorbitol), o polimero de amido de
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hidroxietileno (HES) e os agucares como a, trealose, sacarose, lactose e glucose (MARQUEZ-
CURTIS et al., 2015).

Dentre os acucares, a trealose merece destaque por ser um dissacarideo nao
redutor, comumente encontrado em leveduras como a Saccharomyces cereviseae, que tem a
propriedade de conferir resisténcia ao estresse da desidratacdo (MOTTA et al., 2014). Além
das leveduras outros organismos como crustdceos, nematodeos e peixes apresentam uma
grande capacidade de sobreviver e manter suas caracteristicas fisiologicas, a baixas e elevadas
temperaturas, evitando a desidratacdo extrema, devido a sintese e acumulo da trealose (NTAI
et al., 2018). Esse aclcar age interagindo com os fosfolipideos e proteinas da membrana,
mantendo a estabilidade durante os processos de congelacdo/descongelagdo (BUCHANAN et
al., 2004). Além disso, trealose tem a capacidade de formar uma matriz vitrea, se ligando as
pontes de hidrogénio, reduzindo assim, novas ligacGes agua-agua, e favorecendo a ligacdo
agua-acucar. Esse processo contribui para a inibicdo da formacdo de gelo e ainda reduz o
tamanho dos ja formados (SOLOCINSKI et al., 2017). Porém devido seu alto peso molecular
(342,29 g/mol), a trealose ndo ultrapassa a membrana celular, sendo necessario entdo sua
associacdo a ACPs permeaveis como o DMSO, para garantir a efetividade da criopreservacao,
como nos protocolos de congelagdo de CTMs de medula 6ssea (LIU et al., 2011), CTMs de
tecido adiposo equino (Renzi et al., 2012) e CTMs de murinos (GURRUCHAGA et al.,
2015).

Além dos aclcares, 0S 0rganismos Vivos usam outros recursos para sobreviverem
a temperaturas abaixo de zero na natureza, como nos oceanos polares (FULLER et al., 2004).
DeVries et al. (1970) ja pesquisavam sobre a vida de peixes que vivem nessas regides, e
identificaram a existéncia de glicoproteinas “anticongelantes” (GPACS) capazes de interferir
na histerese térmica, isto é, agirem no ponto de nucleacdo do gelo em crescimento. Desta
forma, essas proteinas, inibem a ligacdo de outras moléculas na superficie do gelo, impedindo
assim a formacao de espiculas, o que pode causar grandes danos celulares durante o processo
de congelacdo (PELTIER et al., 2010). Ndo e surpresa, no entanto, que a partir desse
conhecimento pesquisadores sugeriram a utilizagdo dessas proteinas como um aditivo nas
solugbes de criopreservacdo (CARPENTER et al., 1992). Contudo, o uso dessas
glicoproteinas ndo é tdo acessivel, ja que a aquisicdo das mesmas, depende de uma grande
quantidade de fontes primarias para sua extracdo (FULLER et al., 2004; PELTIER et al.,
2010). Com finalidade de superar esse desafio, alguns estudos tém sido realizados visando o0
desenvolvimento de GPACs sintéticas (DELLER et al., 2013), como é o caso dos polimeros
sintéticos (MARCO-JIMENEZ et al., 2014).
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Um estudo realizado por Wowk et al. (2000) na tentativa de identificar uma
substancia com baixo peso molecular e alta solubilidade em meio aquoso, mostrou que 0
copolimero do alcool polivinilico (PVA), ou seja, 0 SuperCool X-1000, poderia ser uma boa
alternativa. Em camundongos, BADRZADEH et al. (2010), utilizando o SuperCool X-1000
na concentracdo de 1%, obtiveram 72% de sobrevivéncia embrionéria, apos a
congelacdo/descongelagdo. Em primatas ndo humanos, 87% dos foliculos secundérios
apresentaram-se normais apos a congelacao na presenca do SuperCool X-1000 utilizando uma
concentracdo de 0,2%, associado a 25% de etilenoglicol (TING et al., 2013). Recentemente,
em no nosso laboratério, Vizcarra (2017) demonstrou que o desenvolvimento folicular apos 7
dias de cultivo in vitro foi similar entre foliculos frescos e vitrificados na presenca de 0,2% do
polimero SuperCool X-1000, associado a 10% de etilenoglicol e a 10% DMSO. Embora,
ainda ndo tenha sido utilizado para a congelacédo de CT, acreditamos que esse polimero possa

ser uma alternativa viavel para a criopreservacao desse tipo celular.

2.3 CONGELACAO DE CTMs

A intensa pesquisa direcionada para elucidar as caracteristicas das CTMs, 0s
mecanismos pelos quais desempenham sua acdo terapéutica, além do grande numero de
aplicacdes in vivo como promissora ferramenta para regeneracao tecidual, suscita por parte da
comunidade meédico-veterinaria um suprimento constante de CTMs viaveis e funcionais
(MARQUEZ-CURTIZ et al., 2015). Seguindo o modelo das suas precursoras, ou seja, as
células hematopoiéticas, as CTMs tém sido armazenadas por tempo indeterminado e
descongeladas para uso posterior (SILVA et al., 2017).

Em um estudo realizado por Ginani et al. (2012), CTMs de tecido adiposo de
camundongos foram criopreservadas na presenca de 10% de DMSO. As células foram
descongeladas apos 30 dias e, apos 72 horas de cultivo in vitro, 100% das CTMs estavam
viaveis.

Em humanos, Ray et al. (2016), congelaram CTMs na presenca de
polivinilpirrolidona (PVP) e obtiveram 56% de viabilidade celular, ndo demonstrando
diferenca significativa com as CTMs congeladas na presenca de 10% de DMSO, cuja solugéo
foi utilizada como controle. Em outro estudo também em humanos, associando DMSO e
trealose, 92% das células foram negativas para apoptose, avaliadas pelo iodeto de propidio e
anexina (DE ROSA et al., 2009).
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Utilizando diferentes concentragdes do DMSO (2, 5, 7 e 10%) Renzi et al. (2012),
avaliaram a viabilidade de CTMs oriundas da medula dssea e tecido adiposo de bovinos,
ovinos, roedores e equinos. De um modo geral, a viabilidade das CTMs foi estimada em 90%
na solucdo contendo 10% de DMSO. Porém, um fato interessante é que, em equinos, as
CTMs oriundas do tecido adiposo, congeladas na presenca de 10% de DMSO, apresentaram
maior viabilidade (84%) que as oriundas da medula déssea (33%). Essa mesma concentracdo
de DMSO foi empregada para a congelacdo de CTMs de corddo umbilical de equinos, com
60% de viabilidade celular apos a descongelacdo (MAIA et al., 2017).

E importante destacar, que o principal objetivo da criopreservacio é a implantaco
de bancos de células para posterior aplicagdo clinica. Assim, pesquisadores tém apresentado
resultados positivos na aplicacdo das CTMs pos criopreservacdo, como no uso de lebes
tendineas graves (MUTTINI et al., 2012) e, recentemente, Marifias-Pardo et al. (2018),
administraram CTMs em equinos com osteoartrites, previamente congeladas, em 10% de
DMSO. Como resultado, os animais cessaram a claudicacdo apds a segunda aplicacdo das
CTMs, ndo apresentando nenhum efeito colateral. Seu efeito terapéutico tem ido além das
lesbes do sistema locomotor, no trabalho de Zucca e colaboradores (2016), células
mesenquimais do fluido amnidtico foram utilizadas para reduzir a inflamacédo pulmonar em
equinos.

Como pode ser observado na descri¢do dos trabalhos acima, o DMSO é o ACP
mais amplamente utilizado para a criopreservacdo de CTMs, servindo até mesmo como
controle para protocolos inovadores. Contudo, apesar de conferir uma boa protecdo durante a
criopreservacao, sua toxicidade em altas concentragcdes pode levar a uma reducéo significativa
do nimero de células vidveis na descongelacdo, prejudicando assim a eficiéncia terapéutica
das CTMs. Além disso, caso ndo seja removido adequadamente para aplicacdo, pode causar
nauseas, dores de cabeca e mal-estar nos individuos que receberem o transplante celular (DE
ROSA et al., 2009).
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3 JUSTIFICATIVA

Conforme evidenciado, o cavalo atleta, ou seja, o animal que participa de
competicdes envolvendo atividades fisicas, sofre naturalmente de injdrias no sistema
locomotor (FRISBIE; SMITH, 2010), trazendo prejuizos e constantes preocupagfes para 0
proprietario e médico veterinario, respectivamente. Felizmente, estudos tém mostrado que a
terapia com as CT tem sido utilizada com sucesso como uma alternativa bastante eficaz no
tratamento dessas lesfes, a qual tem sido realizado utilizando CTMs-TA expandidas em
cultivo in vitro (CARVALHO et al., 2013).

No entanto, para maximizar a aplicacéo das terapias celulares utilizando CTMs, é
necessario a disponibilidade de uma adequada quantidade de células, as quais podem ser
adquiridas em bancos de células-tronco criopreservadas. E conhecido que durante o
procedimento de congelagio/descongelagdo, as CT mantenham boa viabilidade, alta atividade
metabdlica, capacidade de expansdo e, por conseguinte, eficacia no tratamento das lesdes. Por
outro lado, sabe-se que esses procedimentos podem causar injdrias celulares, as quais podem
ser causadas por varios fatores, dentre eles, a toxicidade dos ACPs permeaveis, como 0
DMSO por exemplo, presentes na solugdo de congelacao.

Apesar de toxicos, a adicdo de ACPs permeaveis € indispensavel na solucdo de
congelacdo, pois reduzem o ponto de congelagdo da solugdo, minimizando outro importante
fator responsavel pelas crioinjarias, que é a formacdo de cristais de gelo intracelulares. Neste
sentido, varios estudos no campo da criobiologia tém buscado alternativas para o uso de
ACPs, seja pela substituicio de alguns agentes permedaveis pelos ndo permeaveis (PESSOA et
al., 2016); seja pela associacdo de ACPs permedveis e nao permeaveis (MAIA et al, 2017).

Dentre os ACPs ndo permeaveis destaca-se a trealose, que é um dissacarideo de
alto peso molecular, atoxico e que atua especialmente na estabilizacdo das membranas
celulares, protegendo a face externa da membrana da célula (ZHANG et al., 2017). Da mesma
forma, os polimeros sintéticos investigados recentemente tém sido utilizados como excelentes
ACPs ndo permeéveis (TING et al., 2013), inibindo a formacdo de cristais de gelo. Dentro
desse grupo de polimeros, podemos destacar o polivinil alcool (SuperCool X-1000) ou
simplesmente X-1000, o qual tem sido utilizado com sucesso para a vitrificacdo de tecido
ovariano de primatas ndo humanos (TIAN et al., 2015). Recentemente, em nosso laboratorio,
0 X-1000 foi utilizado na solugéo de vitrificagdo de tecido ovariano de cabras (VIZCARRA,
2017) e vacas (HAMED, 2018), garantindo uma alta percentagem de foliculos pré-antrais

caprinos (41%) e bovinos (80%) morfologicamente normais, respectivamente.
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Embora, sejam necessarios para garantir o sucesso da criopreservacdo celular,
antes da aplicacdo clinica, as CT previamente congeladas devem ser submetidas a remocao
dos ACPs, com a finalidade de n&o causar efeitos toxicos adicionais as células nessa fase do
processo, ou mesmo as células e tecidos do paciente. Ressalte se que esse procedimento é
realizado a temperatura de 37°C, através de vérias lavagens das células. Dessa forma, durante
a remocdo do ACP, muitas células sdo perdidas, o que pode influenciar negativamente a
eficacia do tratamento. Portanto nos acreditamos que o protocolo de criopreservacdo de CT
necessita ser aperfeicoado, sobretudo no que concerne a composicdo da solucdo de
congelacdo. Desta forma, avaliamos diferentes solugfes de congelacdo compostas pela
associacdo ou ndo, de ACP intracelular (DMSO) e extracelular (Trealose e SuperCool X-
1000).
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4 HIPOTESE CIENTIFICA

A utilizacdo de ACPs permeaveis (DMSO) e ndo permeaveis (Trealose e
SuperCool X-1000), associados ou ndo entre si mantém a viabilidade, bem como as

caracteristicas padrées das CTMs ap0s os procedimentos de congelacdo e descongelagéo.



31

5 OBJETIVOS

5.1 GERAL
Congelar células tronco mesenquimais oriundas do tecido adiposo equino usando
diferentes solugdes de congelacdo compostas por ACPs, permeaveis (DMSO) e ndo

permeéveis (Trealose e SuperCool X-1000).

5.2 ESPECIFICOS

a) ldentificar as caracteristicas das CTMs frescas, oriundas de tecido adiposo equino,
quanto a sua a morfologia e presenca dos marcadores de superficie, positivos
(CD90, CD44) e negativos (CD86, MHC | e MHC II);

b) Awvaliar a viabilidade e capacidade de proliferacdo das CTMs antes (frescas) e,
apos congelacdo lenta, na presenca do DMSO, da trealose e do X-1000 sozinhos
ou associados entre si;

c) Verificar o potencial de diferenciacdo nas linhagens osteogénica, adipogénica e

condrogénica das CTMs equinas antes e ap6s a congelagdo.
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Abstract

The regenerative therapies with stem cells (SC) has been increased by the cryopreservation,
permitting cell storage for extended periods. However, the permeating cryoprotectant agents
(CPAs) such as dimethylsulfoxide (DMSO) can cause severe adverse effects. Therefore, this
study evaluated equine mesenchymal stem cells derived from adipose tissue (eAT-MSCs) in
fresh (Control) or after slow freezing (SF) in different freezing solutions (FS). The FS
comprise DMSO and non-permeating CPAs [Trehalose (T) and the SuperCool X-1000 (X)] in
association or not, totalizing seven different FS: (DMSO; T; X; DMSO+T; DMSO+X; T+X,
and DMSO+T+X). Before and after cryopreservation were evaluated, viability, colony
forming unit (CFU), and cellular differentiation capacity. After freezing-thawing, the viability
of the eAT-MSCs reduced (P< 0.05) in all treatments compared to the control. However, the
viability of frozen eAT-MSCs in DMSO (80.3 £ 0.6) was superior (P<0.05) to the other FS.
Regarding CFU, no difference (P>0.05) was observed between fresh and frozen cells. After
freezing-thawing, the eAT-MSCs showed osteogenic, chondrogenic, and adipogenic lineages
differentiation potential. Nonetheless, despite the significative reduction in the osteogenic
differentiation capacity between fresh and frozen cells, no differences (P > 0.05) were
observed among FS. Furthermore, the number of chondrogenic differentiation cells frozen in
DMSO+X solution reduced (P<0.05) comparing to the control, without differ (P>0.05) to the
other FS. The adipogenic differentiation did not differ (P>0.05) among treatments. In
conclusion, although these findings confirm the success of DMSO to cryopreserve eAT-

MSCs, the Super Cool X-1000 could be a promise to reduce the DMSO concentration in a FS.
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Introduction

The skeletal muscle diseases have produced a significant loss for the equine industry,
emerging as the main orthopedic problems at this species. For example, a high rate (to 75%)
of the caregiver in the affected animals (Pessoa et al., 2016). This problem is mainly caused
due to the low capacity of regeneration of the cartilage and tendinous tissue in horses
(Khodadi et al., 2012). In this scenario, among the promising therapeutic tools used for the
treatment of the muscle-skeletal diseases, is notably the use of stem cells (SC), mainly the
mesenchymal (MSCs), which consists in multipotent cells that can be obtained from several
tissues of adult animals and develop an essential role in the tissue regeneration, and
immunomodulation. Recently, previous studies demonstrated in vivo the beneficial utilization
of MSCs in several diseases, such as cervical osteoarthritis in humans (Jo et al., 2014), and
the tendinous lesion in equines (Durgam et al., 2017).

Give the importance and necessity of the utilization of animal models, the equine is
considered as an attractive option for the research of the orthopedic affections, once the horse
demonstrates proportional similarities in size, weight to carry, and types of articulations with
the human being (Ranera et al., 2011). Additionally, the cellular therapy in equines (Hackett
et al., 2012) has been great application’s potential in the veterinarian clinical practice, due to
the fast development of studies towards MSCs (Sharma et al., 2014). Hence, the American
food and drug agency concluded that the horse is the most appropriated animal model to test
the clinical effects of MSCs, mainly considering articular lesions (Ranera et al., 2011,
Mitchell et al., 2015).

In this context, the equine adipose tissue-derived mesenchymal stem cells (eAT-
MSCs) have been the core source of cell acquisition in horses, owing to several factors, such
as: availability, minimal invasive harvesting procedure, massive quantity of obtained cells,

besides the capacity and efficiency of these cells to differentiate in several lineages (Frisbie et
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al., 2010). However, so that MSCs have a disseminated utilization is critical to the creation of
cryopreserved cell banking, which will be cryostored in a vast amount, available to the
therapeutical application. The implantation of SC banking is feasible when considered some
critical aspects such as viability, proliferative capacity, and cellular differentiation capacity,
which should be maintained after the procedures of freezing/thawing. Therefore, these factors
have been the focus of scientific interest of several investigators (Renzi et al., 2012, Ginani et
al., 2012, Mambelli et al., 2009), when it comes to cryopreservation protocols of stem cells.

For the cryopreservation of the biological material, is imperative the utilization of
cryoprotectant agents (CPAs), which can be classified into two types: penetrating and non-
penetrating. This CPAs help to minimize the cryoinjuries induced during the different phases
of the cryopreservation process (Castro et al., 2011). Among the penetrating CPAs available,
the DMSO is the most used mainly for the cryopreservation of stem cells (Souza et al., 2014).
However, depending on the concentration and temperature, as the physiological, the DMSO
offers severe risks to the cells due to its toxicity (Elliott et al., 2017). Previous studies have
shown that 10% of DMSO is the most used concentration for the freezing of MSCs
(Gurruchaga et al., 2015, Chabot et al., 2017). Hence, to avoid cell damages and other
complications after thawing, it is necessary the removal of the DMSO, through many washes,
followed by centrifugation of SC, which leads to a considerable reduction in the number of
available cells for the application (Mitchell et al., 2015). In this regard, with the goal to
minimize the toxicity, as well as the loss of MSCs, the strategies as the association of DMSO
with non-penetrating CPAs, or even the substitution of penetrating by non-penetrating CPAS
have been investigated (Shu et al., 2010).

Among the non-penetrating CPAs, the disaccharides, for instance, the trehalose has
been used with success for the freezing of MSCs of the umbilical cord (Motta et al., 2014),

and human peripheral blood (Chen et al., 2016, Martinetti et al., 2017). The trehalose is a non-
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toxic molecule able to avoid the osmotic shock, protecting the cellular membrane of protein
denaturation and destabilization induced during freezing (Solocinski et al., 2017).
Additionally, another promising alternative is the synthetic polymers, for instance the alcohol
polivinilic copolymer or SuperCool X-1000, produced towards analogous substances of
antifreeze glycoprotein’s (Deller et al., 2014; Wowk et al., 2000), which protect fishes of the
low-temperature regions (-2° C) or extremophilic microorganisms (Caruso et al., 2017). These
polymers decreased the freezing point, and support in the reduction of the ice crystals
formation (Deller et al., 2014). Therefore, aiming to reduce the toxicity caused by DMSO, as
well as the loss of MSCs during the penetration CPAs remove process, this study has the goal
to evaluate the efficiency of in vitro freeze eAT-MSCs in different freezing solutions
comprised by the association or not of penetrating (DMSO), and non-penetrating CPAS

(Trehalose and SuperCool X-1000).

Materials and Methods

The present study was approved and performed under the guidance of the Animal use
ethics committee of the Faculty of Animal Science and Food Engineering, University of S&o

Paulo - FZEA/USP (#6083170317).

Reagents and antibodies

All the reagents and media used during the experiments were acquired from Gibco
(Gibco®, Invitrogen, USA) unless otherwise stated. The pH of the medium was equilibrated
for 7.4, and the osmolality was adjusted for 280 mOsm/kg. For the immunophenotyping, it
was used the following primary antibodies: mouse monoclonal CD90 (SC — 6071, Santa Cruz,

Dallas, USA), mouse monoclonal CD44 (MCAL1082GA, AbDSerotek, Raleigh, NC, USA),
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mouse MHC (Major Histocompatibility Complex) class I monomorphic (MCA1086GA,
AbDSerotek, Raleigh, NC, USA), mouse monoclonal CD86 (NB100-77815, BD Pharmigen,
Sdo Paulo, Brazil) e mouse MHC Class Il Monomorphic (MCA1085GA, AbDSerotek,
Raleigh, NC, USA). For the secondary antibodies, it was used the Alexa Fluor® 488 rabbit
anti-goat 1gG (11078, Serotek, Raleigh, NC, USA) and the polyclonal goat anti-mouse

immunoglobulins/FITC (F-0479, Dako, Bath, UK).

Animals

Four healthy mixed-breeding mares with age varying between 5 to 13 years were
submitted to harvesting of the adipose tissue for further isolation of the eAT-MSCs. The
animals were previously evaluated for the presence of physiological alterations, and submitted
to hematologic evaluation for the confirmation of healthiness, and for the exclusion of the
compulsory notification pathologies following World Organization for Animal Health — OIE,

(i.e., equine infectious anemia virus or glanders.

Adipose tissue harvest

The protocol of harvesting of adipose tissue was performed as described by Vidal and
coauthors (2007). Briefly, the animals were firstly sedated with detomidine hydrochloride (2.2
mg/kg of the body weight administrated intravenously, and then, an area of 10 cm? in the base
of the tail under the dorsal gluteus muscle was trichotomized and prepared aseptically by an
application of a local anesthetic (2% lidocaine without vasoconstrictor), in which 2 grams of
adipose tissue were harvested. Therefore, the samples of adipose tissue were washed in a
phosphate buffer saline (PBS) solution added with 1% of penicillin, 1% of streptomycin, and
1% of amphotericin B (wash solution). After that, the sample was transported to the

laboratory at 4 °C, and then, submitted to an additional four washes using the same solution.
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Isolation and in vitro culture of mesenchymal stem cells
After wash, the samples of adipose tissue were fragmented with stainless steel,
transferred for tubes containing a solution of PBS added with 75 Ul/ml of collagenase type I
(Gibco®, Invitrogen, USA), 1% of penicillin, 1% streptomycin, 1% amphotericin B for
enzymatic digestion, and were incubated at 38.3 °C, in an atmosphere of 5% CO2 for 1.5
hours, and homogenized at each 10 min. Soon after, the samples of each animal were
centrifuged at 1700 rpm for 5 min, and the supernatant was discharged and the pellet was
resuspended and cultured in vitro in 3 mL of culture medium composed by minimum essential
medium alpha medium (a-MEM) (Gibco®, Invitrogen, USA), supplemented with 10% of
fetal bovine serum (SFB, Gibco®, Invitrogen, USA), 1% of glutamine (Gibco®, Invitrogen,
USA), 1% of non-essential amino acids (Gibco®, Invitrogen, USA), 1 % of penicillin, 1%
streptomycin (Gibco®, Invitrogen, USA), and 1% of amphotericin B (Gibco®, Invitrogen,
USA) namely a-MEM+. The resulting cellular samples were plated in cell culture flasks (25
mm), and incubated in a 38.3 °C for 14 days, corresponding to the primary culture, or PO.
During the primary culture, the partial replacement of the medium (1 mL) was
performed at every 2-3 days in the first week and a full replacement of the medium (3 mL)
from the second week. In each medium replacement, the cells were checked by its
morphology, capacity of adherence in culture flasks, and capacity of multiplication. Since the
confluence of 90% was obtained, the cells were trypsinized and re-plated (a procedure called
first passage or P1. For the trypsinization, the medium a-MEM+ was removed, and three mL
of TrypleTM Express Enzyme (ThermoFisher Scientific, USA) was added to the flasks,
incubated for 5 min, and then it was evaluated to an optical microscope to confirm the cell

unattachment. Then, two mL of a-MEM+ were added into the flask for inactivation of trypsin
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and follow up cell plating. The process of cell expansion was performed until the second

passage or P2,

Immunophenotypic characterization

To confirm and characterize immunophenotypically the eAT-MSCs, some aliquots of
5x105 cells in P2, fresh or non-frozen were suspended in 200 pul of PBS, added with 0.1% of
bovine serum albumin (BSA), and submitted to an unspecific block solution (PBS and 1% of
BSA) for 1 h in a room temperature. After blockage, the cells were incubated for 1 hour in a
dark chamber at room temperature for evaluation of superficial markers, which were positive
for mesenchymal stem cells™ goat anti-CD90 (1:100), and mouse anti-CD44 (1:100)], and the
negative superficial markers for hematopoietic stem cells [primary antibodies, mouse anti-
CD86 (1:100), mouse anti-MHC class | (1:100), and mouse anti-MHC class 1l (1:100)].
Additionally, at the same temperature mentioned above, the incubation of secondary
antibodies was performed with each of the primary antibodies [anti-goat Alexia 488 (1:300),
and anti-mouse Dako FITC (1:300)] for 1 hour. Finally, the cells were fixed in
paraformaldehyde at 2% for 10 min and then submitted to a cytometry flow analysis (FACS
ARIA, BD). As a negative control, aliquots of both superficial cell markers (positive and
negative) were submitted only to a solution with PBS and secondary antibodies (Pess6a et al.,

2016).

Experimental design

The eAT-MSCs at P2 of each animal was divided into eight aliquots of 1x106
cellss/mL Then, an aliquot of fresh or non-frozen cells was used as a control group and
immediately submitted to endpoint evaluations such as viability, colony forming unit (CFU),

and cellular differentiation. The other aliquots (n = 7) were destined to slow freezing with
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different freezing solutions (FS), comprised by a-MEM+ added of penetrating (DMSO) or
non-penetrating CPAs (Trehalose and SuperCool X-1000), with or without association, as

represented at Table 1.

Table 1. Composition of the seven different freezing solutions to cryopreserve eAT-MSCs.

Simplified S|

Freezing solutions composition °
nomenclature

o-MEM" + 10% DMSO DMsO  ree
o-MEM" + 60 mM Trehalose T zing
o-MEM" + 1% SuperCool X—1000 X ’
o-MEM" + 10% DMSO + 60 mM Trehalose pDmMso+T St
a-MEM* + 10% DMSO + 1% SuperCool X—1000 DMSO+X  29%
oa-MEM" + 60 mM Trehalose + 1% SuperCool X—1000 T+X and
o-MEM" + 10% DMSO + 60 mM Trehalose + 1% SuperCool X— tha
DMSO+T+X in

1000 w
g of

mesenchymal stem cells

The slow freezing protocol used was adapted from Mambelli and co-authors (2009).
The aliquots of eAT-MSCs were collected in cryotubes of 2 mL and exposed to different FS
in room temperature for 20 min. After the exposure, the cryotubes containing eAT-MSCs
were put in a Mrs. Frosty (Ref. 5100-0001 - Nalgene®, Brazil), and maintained in an ultra-
freezer for 24 hours, which permitted a gradual reduction of the temperature of 1°C/min until
reach -80 °C. After that, the cryotubes were transferred to a liquid nitrogen tank (LN2) and

stored for five days.
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For thawing, the cryotubes of each FS were removed from LN2, maintained at room
temperature for 1 min, and then, plunged in a water bath for 3 min at 37 °C. For CPAs
removal, the cells were transferred for a falcon tube of 15 mL, containing one mL of a-
MEM-+, and then, centrifuged at 1600 rpm for 5 min. The supernatant was discharged, and
one mL of a-MEM+ was added to a pellet and homogenized. Thus, the aliquots were
evaluated immediately for cellular viability. Only the cells originated from freezing
treatments having viability rates of 40% were submitted to evaluation of CFU and cellular

differentiation.

Cell Viability

The cellular viability of the eAT-MSCs was evaluated using the vital dye Trypan blue
(Sigma-Aldrich, MO, USA). Therefore, ten ul of the dye was added to a fraction of 10 pl of
the suspension containing fresh cells or from each freezing treatment. Afterward, ten pl of the
cell suspension were led to a Neubauer chamber for counting the number of living cells. This
methodology was performed as previously described by Renzi et al. (2012), which the cells

were considered viable or non-viable hen labeled or not by the Trypan blue dye, respectively.

Colony forming unit (CFU)

To evaluate the capacity of the colony formation of the eAT-MSCs before and after
freezing, aliquots of 2 mL containing 1x10* cells/mL in P2 were cultured in triplicate in 6
well plates for 13 days, with a full refresh of the medium performed at every three days. After
the culture, the medium was removed, and the cells were washed twice in PBS for 5 min for
each wash and fixed in paraformaldehyde at 4% during 30 min. After, the cells were

submitted to three consecutive washes in PBS aiming to remove the fixative and stained with
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Giemsa 0.1% for 15 min at room temperature After staining, the counting of the number of

colonies with more than 50 cells was performed (Vidal et al., 2007).

Differentiation analysis

Fresh (control) and frozen e-AT-MSCs that demonstrated cell viability superior to
40% were submitted to in vitro culture for evaluation of the differentiation potential of the
lineages adipogenic, osteogenic, and chondrogenic, using commercial differentiation Kits
(Gibco®-Life Technologies, USA), which were specific for each lineage, in accordance with
the manufacture protocol. For higher security, it was used a negative control that was
comprised of cell culture only with the presence of a-MEM+.

For evaluation of the differentiation of osteogenic and adipogenic cells, 1 x 105
cells/fmL eAT-MSCs were cultured in 12 well plates containing one mL of a-MEM+ until
reach the confluence of 60%, for then, the addition of the specific media differentiation. In the
case of adipogenic differentiation, it was used the StemPro® Adipogenesis Differentiation Kit
(Gibco-Life Technologies, USA), added of 1% of penicillin, 1% streptomycin, in which the
cells remained in culture for more 14 days. After this period, the cells were washed in PBS,
fixed in paraformaldehyde 4%, stained with Oil Red O for 5 min, and evaluated for optical
microscopy for the presence of intracytoplasmic lepidic vesicles. The determination of the
potential adipose intensity of differentiation was performed by a scoring system in the Oil
Red O staining, as described in Table 2 (Burk, 2013, Fulber, 2016).

For the osteogenic differentiation, the cells were cultured in StemPro® Osteogenesis
Differentiation Kit (Gibco-Life Technologies, USA), with 1% of penicillin, 1% streptomycin,
for 21 days. After this period, the cells were washed and fixed, as described previously, and
stained with Alizarin Red for 15 min for the evaluation of the formation of calcium matrix. To

quantification, the differentiation area and stained by the Alizarin Red labeling was calculated
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using the Image J program (Loci, University of Wisconsin, Madison), as previously described
by Fulber 2016.

In contrast with the earlier analysis, the chondrogenic differentiation was performed in
a cell pellet, which was obtained after centrifugation of 1 x 105 cells/mL eAT-MSCs, and
cultured in tubes of 15 mL with 0.5 mL of a-MEM+ for four days. From that moment, the
addition of the medium StemPro Chondrogenesis Differentiation Kit (Gibco-Life
Technologies, USA), with 1% of penicillin, 1% streptomycin, and then, the cells were
cultured for more 21 days. After the culture period, the medium was discharged, and the
performed chondrogenic pellet was fixed for 30 min in paraformaldehyde 4%, dehydrated in
ethanol, clarified in xylene, and included in paraffin. Serial sections (5 wm) of the pellet were
cut and stained with Alcian Blue for identification of proteoglycans. The quantification of the
intensity of the chondrogenic differentiation was performed by the determination of an index
between the total area of the image and the differentiated area (um?), as described by Burk
2013, as demonstrated by the following formula:

Index = differentiated area/ total area of the image.

Statistical analysis

The data were analyzed by the software Sigma Plot 11.0 (Systat Software Inc, San
Jose, California, USA). Firstly, it was applied the Shapiro-Wilk to determine the normal
distribution of the data. The osteogenic and chondrogenic differentiation that did not have a
normal distribution were ranked and submitted to ANOVA or Student’ t-test. The viability
and the number of CFU were compared among the treatments by ANOVA followed by
posthoc Student-Newman-Keuls test. The data were demonstrated as the mean + standard

error of the mean, and the results were considered significant when P < 0.05.
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Results

Morphological analyses of eAT-MSCs

The primary culture obtained after processing of adipose tissue was comprised by a
heterogeneous cellular population, which demonstrated adherent cells to the plastic surface of
culture flasks, with a fusiform aspect, whereas the non-adherent cells presented a round
shaped format (Figure 1). After 48 hours of plating, it was observed a predominance of
adherent cells with fusiform or fibroblastoid morphology; characteristic described as a pattern

for mesenchymal stem cells (Vidal, 2006).

Figure 1. The representation of the primary culture of eAT-MSCs. (A) Adherent cells in the
first 48 hours of culture; (B) The 80-90% of confluence after 14 days of culture. The black
arrow indicates an adherent cell with a fusiform format and the red arrow indicates a non-

adherent cell with a round shaped form. Scale bar = 100 pum.

Immunophenotypic assay
The profile analysis of the superficial markers by flow cytometry of the fresh cells in
P2 demonstrated the expression of the consistent immunophenotypic characteristic of MSCs

(Figure 2). The results indicated that the cells expressed high levels of cellular markers, i.e.,
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CD90 and CD44, which are present in MSCs. In contrast, the cells did not express the

common cell markers of SCs from hematopoietic sources, such as the CD86, MHC I, and

A ) . B
Fresh eAT-MSCs > 8
o )
100 4 by
T

7 CDo0 CDh44
g
2 60 T T T T T
B FSC-A 1T FSC-A  wms
7
40
& 3 S 3
% o~ v &
= N Y ~

20 4 ]

] D86 |
T 1 i T MHCI MHCII
0 : . ‘ . ‘ L
CDY0 CD44 CD86 MHC-I MHC-II RS e e
FSC-p @ FSC-4  @m2 FSC-4  1ETIZE

Figure 2. Immunophenotypic analysis of fresh eAT-MSCs, showed the reactivity, (A, B) with
high positive expression of mesenchymal stem cells markers (CD90 and CD44) but almost no

expression for hematopoietic markes (CD86, MHC-1 and MHC-11)

Viability of eAT-MSCs post - cryopreservation

The viability of frozen eAT-MSCs in all the treatments demonstrated a significant
reduction when compared to fresh cells (Figure 3). However, the percentage of viable frozen
eAT-MSCs in the presence only of DMSO was significantly superior (80.3 £ 0.6) to the
observed in the other treatments. Frozen cells only in the presence of X-1000 (0.7 £ 0.4) or
Trehalose (15.0 £ 1.7) demonstrated the lowest rates of viability post freezing (P < 0.05).
Nevertheless, when the DMSO was associated with X-1000 (DMSO + X), the rate of cell
viability was superior to 40% (47.0 £ 3.5), demonstrating then a beneficial effect of X-1000
when associated with DMSO. Moreover, the cell viability was similar (P > 0.05) between the

combinations of DMSO + X-1000 and DMSO + Trehalose + X-1000 (42.8 = 1.5). On the
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contrary, it was verified that the association of DMSO + Trehalose (23.9 £+ 1.2) or X-1000 +

Trehalose (24.5 * 2.2) did not favor the post-freezing cellular viability.
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Figure 3. Mean (£ SEM) percentages of cell viability of eAT-MSCs before and after freezing.
* Differs from Control. Different lowercase letters indicate significant difference among FS

(P <0.05). T = Trehalose and X = SuperCool X-1000.

CFU assay

After freezing, the eAT-MSCs from the freeing solutions that demonstrated cellular viability
superior of 40% (DMSO, DMSO+X-1000 e DMSO+Trehalose+X-1000) were capable of
multiple and form colonies similarly to the observed in the control group and did not differ (P

> 0.05) among the groups (Figure 4).
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Figure 4. Colony-forming unit of the eAT-MSCs. Mean (+ SEM) percentages of CFU from
the control and post-freezing groups of treatments with viability above 40% (A).
Representative images of colony formation in the control group (B), and in different freezing
solutions (C, D, and E). Staining: Giemsa; Scale bar = 100 um. T = Trehalose; X = SuperCool

X-1000.
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Differentiation analysis post-cryopreservation

Fresh and frozen eAT-MSCs had morphological alterations by the chondrogenic,
osteogenic, and adipogenic differentiation. The chondrogenic differentiation was confirmed
by the presence of proteoglycans, stained by Alcian Blue in the histological sections of the
cellular pellets (Figure 5; A, B, C, D). The data demonstrate that in the presence of only
DMSO or the association of DMSO + Trehalose + X-1000, the eAT-MSCs had a
chondrogenic differentiation potential similar (P > 0.05) to the control. On the other hand, the
differentiation potential of the frozen cells in DMSO + X-1000 was inferior (P < 0.05) to
control. However, no significant difference was observed between the different freezing
treatments (P > 0.05).

Concerning the osteogenic differentiation, the confirmation was detected by the
deposition of Calcium phosphate in the extracellular matrix stained by the Alizarin Red (Fig.
5; F, G, H, I). It was observed a reduction (P < 0.05) in the osteogenic potential intensity in
the frozen eAT-MSCs in all treatments when compared to the control. However, among the

different tested FS, no differences (P > 0.05) were observed (Figure 5 J).



50

DMSO+X DMSO+T+X s |
, 2 S— ;

0.2 -

*a

0.1 -

‘Q
g
o N
ol
E8
E
=)
Q

Index of condrogenic differentiation

Control DMSO DMSO+X DMSO+T+X

14
5x10 ‘

Control  DMSO DMSO+X DMSO+T+X

-
#

(=%
e

1
]

w
o

-
)

*a I

Osteogenic

Area of osteogenic differentiation

0

Control DMSO DMSO+X DMSO+T+X

2§
g
g0
=3

L

3: 4

Figure 5. Representative image of the differentiation potential of eAT-MSCs after culture of
post-freezing groups of treatments with viability above 40%. Differentiation chondrogenic (A,
B, C, and D), with the presence of proteoglycans. Differentiation osteogenic (F, G, H, and 1),
with the formation of a rich bone matrix. Differentiation adipogenic (K, L, M, and N), with
the presence of fat droplets. Mean (x SEM) percentages of differentiation chondrogenic (E)
and osteogenic (J). *Differs from Control. Different lowercase letters indicate significant

difference among FS (P <0.05). T = Trehalose; X = SuperCool X-1000.

The alteration of cell morphology confirmed the adipogenic lineage from fusiform to
polygonal and by the presence of intracytoplasmic lepidic vesicles stained by Oil Red O (Fig.
5; K, L, M, and N). The frozen cells in all the treatments did not differ in the differentiation

capability of the adipocytes about the control (Table 2).
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Table 2. Semi-quantitative scoring system used in the evaluation eAT-MSCs after adipogenic

differentiation.

Values (%) and references aspects

Score % of differentiated cells  Size and arrangement of
lipids droplets

0 0-5 No droplets

1 >5-50 Isolated and small

2 >50-80 Medium sized

3 >80 - 100 Predominantly large

Values (%) and references found

Treatments Average score Size and arrangement of
lipids droplets

Control 2 Medium sized

DMSO 2 Medium sized

DMSO+X 1,5 Isolated and small

DMSO+T+X 2,5 Medium sized

T — Trehalose and X — X-1000

Discussion

In the present study, we investigate the effect of the cryopreserved eAT-MSCs in the

presence of different freezing solutions, which were comprised by penetrating and non-

penetrating CPAs, with or without association, on the viability, maintenance of the colony

formation capacity, and the in vitro differentiation potential.



52

Initially, the isolated cells from the equine adipose tissue grew in a single layer, and
assumed a fibroblastoid morphology, following the first criteria required to categorize the
MSCs culture (Dominici et al., 2006; Bourin et al., 2013). Thereafter, during the culture, the
cells demonstrated high capacity of adhesion in a plastic, an excellent capacity of
multiplication, and at the end of the passages (P2), this cells expressed cell superficial
markers, which matched with the classification of MSCs (positives: CD90 and CD44, and
negatives for hematopoietic stem cells: CD86, MHC | and MHC II). Additionally, the cells
showed an outstanding differentiation potential on the three induced lineages: osteogenic,
adipogenic, and chondrogenic.

After freezing, all the treatments significantly reduced the viability of the eAT-MSCs
when compared with the control, probably due to the osmotic stress, to the toxicity of the
CPAs, or to the injuries related with the internal procedure of cryopreservation (Meryman et
al., 2007; Ribeiro et al., 2012). Although the DMSO has been known by its toxicity, more
than 80% of the freeze eAT-MSCs in an FS containing only the cryoprotector remained viable
after thawing. These findings are under previous reports in equines, which showed that the
utilization of DMSO in the FS of AT-MSCs had an elevation in the cell viability rate (84 +
3.9%) post-thawing (Renzi et al., 2012). The DMSO has a more widely used penetrating
cryoprotectant of MSCs from the different tissues, such as equine umbilical cord (Maia et al.,
2017), human bone medulla (Kaplan et al., 2017), and adipose tissue of sheep and mouse
(Renzi et al., 2012). This cryoprotectant shows a low molecular weight (78.13 g/mol), that is
why it can quickly pass through the plasmatic membrane, blinds to water molecules in
solution, and then, blocks the hydric efflux of the cytoplasm during the freezing process.
Consequently, the DMSO reduces the massive cellular dehydration, and maintains the

stability of the saline concentrations and the pH, decreasing the formation as well as the size
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of the ice crystals in the extracellular and intracellular media (Sauer-heilborn et al., 2004;
Windrum et al., 2005).

On the other hand of the use of DMSQO, the utilization of isolated Trehalose or X-100
was not capable of promoting a satisfactory cryoprotective effect of eAT-MSCs during the
freezing, once both CPAs reduced the viability post-thawing (15.0 £ 1.7% and 0.7 + 0.4%)
drastically, respectively. This result could be because when used alone, the non-penetrating
CPAs were not capable of avoiding the intracellular ice crystal formation (Elliott et al., 2017).
However, the association of DMSO+X-1000 (47.0 £ 3.5%) or DMSO +Trehalose+X-1000
(42.8 £ 1.5%), guaranteed the viability of the half of cells, confirming the importance of the
combination between penetrating and non-penetrating CPAs (Rodrigues et al., 2008; Motta et
al., 2014; Solocinski et al., 2017). The action of both types of CPAs was complimentary;
while the DMSO controls the reduction of the formation of intracellular ice crystals, the non-
penetrating CPAs help in the maintenance of the stability of cellular membrane and reduces
the osmotic shock (De Rosa et al., 2009; Renzi et al., 2012).

Differently of the penetrating CPAs that interfere in the cryopreservation by
interacting with water, particularly the X-1000, acts in the nucleation point of ice in growth,
inhibiting the blinding of other molecules of water in the flat surface, and avoiding then the
formation of spicules in the ice crystals, which could cause great cell damages during the
process. In this perspective, studies showed that the polymer X-1000 associated to the other
CPAs, such as ethylene glycol and sucrose, or even the DMSO, resulting in a high viability
after the vitrification of mouse embryos (72%: Badrzadeh et al., 2010a), and preantral
follicles of monkeys (80%: Ting et al., 2012), respectively. Additionally, a recent study
demonstrated that the vitrification of enclosed preantral follicles on caprine ovarian tissue in
the presence of X-1000 polymer maintained the follicular morphology after seven days of in

vitro culture, similarly to the observed for new or non-vitrified follicles (Viscarra, 2017).
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By the other side, despite the association of penetrating and non-penetrating CPAs has
been recommended, in the present study the association of DMSO+Trehalose resulted in a
low percentage of viable cells (23.9% + 1.2), which can be attributed an inadequate of the
concentrations of DMSO (10%), in association of trehalose (60 mM). Recent findings
demonstrated elevated rates of cellular viability post-thawing when the DMSO was associated
with the trehalose in concentrations of 100 mM and 300 mM (85% and 75%), respectively in
human hepatic carcinoma cells (Solocinski et al., 2017), and 500 mM (75%) in eAT-MSCs
(Renzi et al., 2012). Based on these findings, we believed that other combinations of the non-
penetrating CPAs (X-1000 and Trehalose) in concentrations more elevated than the tested in
the present study, which will permit a reduction in the concentration of DMSQO, aiming to
avoid the potentially deleterious effects in the use of high concentrations of penetrating CPAs.

Considering the low cellular viability obtained post freezing in the presence of
trehalose (15.0 + 1.7%), X-1000 (0.7 + 0.4%), DMSO+Trehalose (23.9 + 1.2), or
Trehalose+X-1000 (24.5 + 2.2), only the freezing cells in the FS, which resulted in a viability
equal or superior to 40% were destined for the evaluation of the colony formation capacity
and differentiation. The results demonstrated that the FS containing DMSO, DMSO+X-1000,
or DMSO+Trehalose+X-1000, did not show differences in the potential to form colonies with
the control. These findings were in agreement to a study performed with MSCs in an
umbilical cord in equine, which showed that the freezing exerted few or no effect on the
capacity of these cells in adhering and form colonies (Maia et al., 2017).

Generally, the present study showed that frozen cells in the different FS maintained
the differentiation capacity for the adipogenic, osteogenic and chondrogenic lineages, as
demonstrated the qualitative evaluation and indicating that this function was well preserved.
However, the quantitative evaluation reveals that the osteogenic differentiation potential was

inferior to the control group despite did not have differences among the FS (DMSO,
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DMSO+X-1000, and DMSO+Trehalose+X-1000). For the chondrogenic differentiation, only
the DMSO+X-1000 showed a reduction in the differentiation potential to the control, but
similar to the other treatments. Even with the exact mechanism of the pluripotency or
multipotency has not been adequately explained (Naaldijk et al., 2012), it is known that the
cell and tissue exposition to cryogenic temperatures alters many metabolic pathways. Overall,
these modifications were characterized by the reduction in the activity of sodium and
potassium pump, as well the alterations in the plasmatic membrane lepidic phase, and
consequently interfering in the physiological function of enzymes and the precipitation of
substances (Silva et al., 2017). We believe that these alterations could be the cause of the
reduction in the differentiation potential of the eAT-MSCs after the different procedures of
freezing investigated by our study.

Regarding the adipogenic differentiation, the frozen eAT-MSCs in all the treatments
maintained the differentiation potential similar to the control. This finding showed a contrast
to the observed in the osteogenic and chondrogenic differentiation, which did not affect the
differentiation capacity of eAT-MSCs to adipocytes after slow freezing. This fact can be
triggered by the existence of a higher predisposition of SC originated from the adipose tissue
to effectively differentiated in adipocytes. The previous study (Fulber et al. 2016) reported
that the ancestral microenvironment directs the “destination” cell upon differentiation when
observed an elevated potential to chondrogenic differentiation when the SC used were
originated from synovial tissue and not from the other sources. In parallel, the same cells had
a low potential to the adipogenic differentiation. Similarly, Mochizuki et al. (2006) compared
the differentiation capacity of SCs originated from the adipose tissue and the synovial
membrane and also observed a better chondrogenic differentiation capacity of SC from the

synovial origin.
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In conclusion, these findings confirmed the success of the slow freezing of eAT-MSCs in the
presence of DMSO, demonstrated a high rate of cellular viability after the thawing. Moreover,
the eAT-MSCs showed that the association of DMSO with the synthetic polymer X-1000 was
extremely satisfactory concerning proliferation, colony formation capacity and cellular
differentiation. Therefore, considering 1) the toxic effects caused to the cells by DMSO in the
physiological and room temperature; 2) the loss of cells during the wash by the removal of
DMSO before of the administration, and 3) the acceptable results of the association of DMSO
with X-1000, we believe further investigations could be performed aiming to reduce the
DMSO concentration, associated to the high concentrations of X-1000. Under this
perspective, the possible reduction of the concentration of DMSO in the frozen protocols of
SCs would eliminate the wash loss in the post-freezing cells, and consequently, minimizing
the loss and the toxic effects observed during the previously cryopreserved SC

transplantation.
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7 CONCLUSOES

Esse estudo demonstrou o sucesso da congelacdo lenta de eCTMs na presenca do
DMSO, pela alta taxa de viabilidade celular apds a descongelacdo. Além disso, demonstrou
também que, a associacdo do DMSO ao polimero X-1000 foi satisfatoria em relagdo aos

parametros de proliferacdo, capacidade de formacdo de colOnias e diferenciacdo celular.
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8 PERSPECTIVAS

Acreditamos que estudos adicionais possam ser realizados utilizando novas
combinacges entre os ACPs avaliados, com o objetivo de reduzir a concentracdo de DMSO,
associado a concentra¢fes mais altas do X-1000. Sob esta perspectiva, a possivel reducdo da
concentracdo de DMSO nos protocolos de congelacdo de CT quando em associagdo ao X-
1000 podera eliminar a necessidade de lavagem das células pds congelacdo e,
consequentemente, minimizar as perdas e os efeitos tdxicos adversos observados durante o

transplante das CT previamente criopreservadas.
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