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RESUMO

MACIEL, A. P. Transcriptoma e caracterizacdo do perfil proteémico de células-
tronco mesenquimais do tecido adiposo de mini-horses (Equus ferus caballus).
Botucatu, 2019. p.62 dissertacdo (Mestrado) — Faculdade de Medicina
Veterinaria e Zootecnia, Campus Botucatu, Universidade Estadual Paulista
(Unesp).

As células-tronco mesenquimais extraidas da medula 6ssea ou tecido adiposo
sao utilizadas em abordagens terapéuticas, em vista das suas propriedades
anti-inflamatérias, imunomoduladoras e regenerativas. Estas células sao
consideradas uma nova alternativa para o tratamento de enfermidades em
diversas espécies, incluindo as dos equinos. Dessa forma, com o intuito de
investigar a possivel utilizagdo das células estromais de mini-horses em
tratamentos de cavalos, nesse estudo foi realizada a colheita, isolamento,
expansao, caracterizacdo imunofenotipica e diferenciacdo em duas linhagens
mesenquimais: osteogénica e adipogénica de células estromais de mini-horses
(Equus ferus caballus), objetivando a formac&o de um banco celular. Foi ainda
realizada a andlise transcricional comparativa dessas células, com as células
estromais oriundas de cavalos (Equus caballus), produzidas e caracterizadas
nas mesmas condi¢cdes. Os parametros analisados foram o perfil de genes
relacionados a angiogénese, regulacdo negativa da proliferacdo de células T,
regulacdo negativa da ativacédo de células T, proliferacdo negativa de linfécitos
reguladores, regulacdo negativa da proliferacdo de células mononucleares,
regulacdo negativa da adesado célula-célula de leucécitos, regulacdo negativa
da proliferacdo de leucécitos, regulacdo negativa da adesado célula-leucdcito,
regulacdo negativa da ativacdo de linfocitos. Também foram pesquisados 0s
principais genes up e down regulados comparando mini-horses aos cavalos.
Para formacéo do banco celular foram realizadas avaliagdes que comprovaram
as caracteristicas de células estromais nas células obtidas dos mini-horses, a
avaliacdo imunofenotipica por citometria de fluxo demonstrou expresséo alta
dos marcadores CD90 (99,83 £ 0,28) e esperada do CD105 (38,66 + 18,47) e
expressao baixa dos marcadores CD34 (3,55 + 1,14) e MHC 1l (4,21 + 2,03). O

potencial de diferenciacdo em linhagens adipogénicas in vitro foi observado



apos o 14° dia através da visualizacdo da deposi¢do de goticulas lipidicas no
citoplasma, e a linhagem osteogénica foi identificada apds o 21° dia pela
coloracdo positiva da matriz de calcio extracelular. Ao final da avaliacao
transcricional, observamos um perfil de expressédo génica diferente entre os
grupos, sugerindo que as diferengas entre os animais estudados se expande a
mutacdo do gene Aggrecan que determina o nanismo. Apesar disso, 0S
resultados indicam que as células estromais de mini-horse podem ser utilizadas
como uma alternativa para o tratamento de lesées equinas com a vantagem de

apresentarem uma maior expressao de genes relacionados a imunomodulacgéo.

Palavras-chave: Cultivo celular, Diferenciacdo, Equinos, Gene, Terapia

celular.



ABSTRACT

MACIEL, A. P. Transcriptome and protein profile characterization of
mesenchymal stem cells from adipose tissue of mini horses (Equus ferus
caballus). Botucatu, 2019. 62p. Thesis dissertation (Master degree) — School of
Veterinary Medicine and Animal Science, Botucatu Campus, Sédo Paulo State

University (Unesp).

Mesenchymal stem cells extracted from bone marrow or adipose tissue are
used in therapeutic approaches in view of their anti-inflammatory,
immunomodulatory and regenerative properties. These cells are considered a
new alternative for the treatment of diseases in several species. In order to
investigate the possible use of mini-horses stromal cells in horse treatments, in
this study was performed the collection, isolation, expansion,
immunophenotypic characterization and differentiation in two mesenchymal
lines were performed: osteogenic and adipogenic stromal cell mini-horses
(Equus ferus caballus), aiming the formation of a cellular bank. We also
performed the comparative transcriptional analysis of these cells, with stromal
cells from horses (Equus caballus), produced and characterized under the
same conditions. The parameters analyzed were the profile of genes related to
angiogenesis, negative regulation of T cell proliferation, negative regulation of T
cell activation, negative proliferation of regulatory lymphocytes, negative
regulation of mononuclear cell proliferation, negative regulation of cell-cell
adhesion leukocytes, negative regulation of leukocyte proliferation, negative
regulation of cell-leukocyte adhesion, negative regulation of lymphocyte
activation. We also searched the top 10 genes up and down regulated
comparing mini-horses to horses. For cell bank formation tests were performed
that demonstrated the characteristics of stromal cells in the cells obtained from
the mini-horses, the immunophenotypic evaluation by flow cytometry showed
high CD90 (99.83 + 0.28) and expected CD105 ( 38.66 + 18.47) and low
expression of the CD34 (3.55 + 1.14) and MHC Il (4.21 + 2.03) markers. The

potential for differentiation in in vitro adipogenic lines was observed after day 14



by visualization of the deposition of lipid droplets in the cytoplasm, and the
osteogenic lineage was identified after 21 ° day by the positive staining of the
extracellular calcium matrix. At the end of the transcriptional evaluation, we
observed a different gene expression profile between the groups, suggesting
that the differences between the studied animals expands the Aggrecan gene
mutation that determines the dwarfism. However, the results strongly indicate
that ASCs from mini-horses can be used as an alternative to treat horse’s
diseases, with the vantages of presenting a higher expression of

immunomodulatory genes.

Key words: Cell culture, Cell therapy, Differentiation, Equines, Gene.
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1. INTRODUCAO

Os mini-horses (Equus ferus caballus) sdo integrantes do grupo de
equideos que englobam os cavalos (Equus caballus) e, os asininos ou
jumentos (Equus asinus) (LESCHONSKI; SERRA; MENANDRO, 2008), que
recentemente vem ganhando notoriedade em exposicdes e haras devido a sua
inclusdo no mercado pet. Sua conformacgdo, semelhante a um cavalo em
miniatura ocorre por alteracdo genética, devido a espécie ser oriunda do
cruzamento de equinos de diferentes ragas, resultando em fémeas com altura
maxima de 0,98 m e machos 0,93 m, que mesmo apresentando um pequeno
porte, sdo considerados como uma raca de tripla aptiddo, com a vantagem, que
qgquando comparados a equinos de porte regular, necessitam de menores
espacos e, consequentemente menores custos de criacdo, sem perder a
resisténcia e rusticidade. Tais atribuicbes auxiliam na representatividade da
raca, com significativo crescimento no Brasil (Associacdo Brasileira dos
Criadores de Mini Horse, 2006).

A participacdo dos equideos na economia nacional € representada através
do complexo do agronegécio dos cavalos, a qual passou por um grande
crescimento nos Ultimos anos, voltado especialmente para o publico urbano,
tanto no lazer como no esporte. Este crescimento tem resultado em maiores
cuidados e gastos, que incluem despesas com medicamentos, ferragens,
cosmeéticos e acessorios (MAPA, 2016). Perante isso, as pesquisas com
equideos no Brasil, assim como nos demais paises, seguem relacionadas as
perspectivas da industria, abrangendo a producdo, manejo, melhoramento
genético, reproducdo, clinica e cirurgia (ALMEIDA; SILVA, 2010),
possibilitando o crescimento de diferentes areas. Dentre estas, um grande
avanco no segmento biomédico, que abrange a biologia celular e a medicina
regenerativa, estimulando o conhecimento sobre as células-tronco
(VERFAILLIE; PERA; LANSDORP, 2002).

As ceélulas-tronco mesenquimais vém sendo muito estudadas tanto

visando melhoria na qualidade de vida do animal, quanto ao procurar possiveis



tratamentos para enfermidades de dificil ou nenhum tratamento. Por serem de
facil obtencdo e manipulacdo in vitro, pouco imunogénicas, possuirem
habilidade de integracdo ao tecido hospedeiro, entre outros critérios, as células
mesenquimais sao consideradas grandes candidatas para aplicacdo em terapia
celular (PITTENGER et al, 1999). Na espécie equina, tem-se relatos do uso
terapéutico das células tronco mesenquimais principalmente oriundas da
medula 6ssea (GUEST; SMITH; ALLEN, 2008) e tecido adiposo, apesar de ja
ter sido evidenciado o isolamento das células originarias do sangue
(KOERNER et al, 2006), geleia de Wharton (ROMANOQV; SVINTSITSKAYA,
SMIRNOV, 2003) e de outros tecidos placentarios (VERFAILLIE, 2002).

Considerando a auséncia de publicacbes relacionadas ao cultivo de
células estromais em mini-horses, e por estes estarem ganhando notoriedade
no meio equino, o presente trabalho visa a coleta, isolamento e cultivo de
células-tronco mesenquimais de mini-horses, utilizando como fonte o tecido
adiposo, para comparacdo de suas caracteristicas in vitro e de seu
transcriptoma com as células-tronco de equinos produzidas utilizando o mesmo

protocolo.

1.1 Objetivo Geral

- Avaliar o isolamento de células-tronco mesenquimais, também
chamadas de células estromais mesenquimais (MSCs), obtidas do tecido
adiposo de mini-horses (Equus Ferus caballus), realizando a expanséo in vitro,

caracterizacéo e diferenciacdo, bem como o transcriptoma.

1.2 Objetivo Especifico
- Comparar o transcriptoma das células estromais mesenquimais do tecido

adiposo de cavalos (Equus caballus) e mini-horses (Equus ferus caballus).



2. REVISAO DE LITERATURA

2.1. CELULA-TRONCOS

As células-tronco séo células ndo especializadas (BYDLOWSKI; DEBES;
MASSELLI, 2009), precursoras, com a capacidade de autorrenovacao e
diferenciacdo, que podem formar diferentes tipos teciduais (WATT; HOGAN,
2000). Sua definicdo é baseada em alguns principios, como a capacidade de:
1) autorrenovacédo, ou seja, a possibilidade de originar uma célula-filha com
caracteristicas idénticas as de sua progenitora; 2) diferenciagdo de uma Unica
célula em multilinhagem; 3) reconstituicao, pela producéo de células funcionais
in vivo em um determinado tecido (WEISSMAN, 2000). Devido a sua origem e
capacidade de diferenciacdo, podem ainda ser agrupadas como células-tronco
embrionérias (pluripotentes) e células-tronco de adultos (somaticas, multi ou
unipotentes) (ZAGO; COVAS, 2004).

Células totipotentes ou embriondrias sdo as primeiras células originadas
na fertilizacéo, ou seja, das primeiras divisdées dos odcitos apds a fusdo com o
espermatozoide. Esse tipo celular pode originar qualquer tipo de célula e
tecido. As linhagens multipotentes ou pluripotentes, ddo origem a quase todos
os tecidos, com excecdo da placenta e os anexos embrionarios. Ja as
oligopotentes e unipotentes, sdo respectivamente aquelas que conseguem se
diferenciar em poucos tecidos e as que produzem apenas um tipo celular,
porém devido a sua capacidade de autorrenovacao sao consideradas células-
tronco (MARQUES 2006).

Apesar do grande potencial oferecido pelo uso das células pluripotentes,
essas células ndo sdo utilizadas clinicamente, devido ao risco de formacéo de
teratomas (SAITO; MINAMIHASHI; UGAI, 2006). Contudo, as células-tronco
mesenquimais (CTMs), obtidas de tecidos adultos, devido a sua capacidade
como precursoras multipotentes de tecidos conectivos, como o musculo, e por

possuirem capacidade de autorrenovacdo e diferenciacdo, tem se mostrado



relevantes na medicina regenerativa em diversas espécies, incluindo a espécie
equina, sendo as células de eleicdo para o tratamento de lesGes tendineas de
equinos (TAYLOR; SMITH; CLEGG, 2007).

2.2. CELULAS-TRONCO MESENQUIMAIS OU CELULASESTROMAIS
MESENQUIMAIS (CTMs)

Ha mais de quatro décadas Friedenstein et al. (1968), observou células
isoladas da medula 6ssea, as quais, foram descritas como uma populacéo de
células-tronco, multipotentes, de formato fusiforme, chamadas de unidade
formadora de colénia de fibroblastos (CFU-F). Estas células-tronco adultas
foram classificadas como multipotentes, por serem indiferenciadas, e
apresentarem a capacidade de renovacao e producéo de tipos especializados
de tecidos mesenquimais (SLACK, 2000), tendo recebido posteriormente o
nome de células -tronco mesenquimais (Caplan et al., 1991) Sua possibilidade
de isolamento e manipulagcdo representa um avango Promissor nNo reparo
tecidual e regeneracdo da engenharia dos sistemas, Orgdos e tecidos
(BRUDER et al, 1998).

As fungBes primordiais dessas células, quando em um organismo, séo a
manutencgao e reparacgdo de tecidos. As CTMs podem ser obtidas de diferentes
tecidos, como a cornea e retina (SLACK, 2000), musculo esquelético e derme
(YOUNG et al, 2001), hematopoiético (CABRITA et al, 2003), corddo umbilical
(DIMITRIOU et al, 2004), liquido amnittico (DE COPPI et al, 2007), sangue
menstrual (ALCAYAGA et al, 2015), medula 6ssea (CAMPAGNOLI et al, 2001)
polpa dental (MADAN; KRAMER, 2005) e tecido adiposo (ZUK; ZHU; MIZUNO,
2001).

O tecido adiposo (ZUK; ZHU; MIZUNO, 2001), em comparacdo com a
medula 6ssea, possui maior facilidade de colheita, maior indice de proliferacao
in vitro e cerca de 2% do total obtido de cada amostra sdo de CTMs, enquanto
na medula Ossea esse valor decresce para aproximadamente 0,002%
(DAHLGREN, 2009).



O tecido adiposo é classificado em dois tipos, 0 marrom e o branco. Em
humanos adultos o tecido adiposo marrom € considerado escasso, enquanto
gue os depositos de tecido adiposo do tipo branco estéao distribuidos por todo o
corpo, envolvendo 6rgdos e estruturas internas, sendo subdividido em tecido
adiposo subcutaneo e visceral. Possuem adipécitos e outros tipos celulares,
como leucdcitos, macrofagos e células-tronco (FRUHBECK et al, 2001).
Usualmente, para aquisicdo de células provenientes desse tecido, € colhida
uma amostra da regido supragluteal ou base da cauda, o tecido adiposo
subcutaneo (MAIA et al, 2009), o qual € utilizado para o processo de
isolamento de células nucleadas, feito pela digestdo com colagenase, seguido
por uma série de centrifugacdes, com o intuito de separar células especificas
(ZUK; ZHU; MIZUNO, 2001). Por incluirem diversos progenitores celulares, as
células obtidas do tecido adiposo sdo consideradas uma populacdo
heterogénea (GOODSHIP, 2004), composta por células endoteliais, epiteliais,
fibroblastos, mastécitos, pré-adipocitos e CTMs (ZUK; ZHU; MIZUNO, 2001).

Esta mistura de células é chamada de fracao estromal do tecido.

Independente da fonte e espécie estudada, como cées (OLIVEIRA et al,
2010), coelhos (EURIDES et al, 2010), gatos (MULLER et al, 2009), humanos
(NISHIKAWA; GOLDSTEIN; NIERRAS, 2009) ovinos (MRUGALA et al, 2008),
ratos (BAKSHI et al, 2006) ou equinos (RICHARDSON et al, 2007). A
International Society for Cellular Therapy, determina trés requisitos basicos
para que uma populacdo de células seja classificada como CTMs (HORWITZ
et al, 2005).

Primeiramente, as células devem ser isoladas de uma populacdo de
células mononucleares ou estromais com base a sua aderéncia seletiva, em
cultura, a superficie do plastico. Segundo deve ocorrer expressdo de CD73,
CD90 e CD105, e que CD34, CD45, CD14, ou CD11b, CD79, ou CD19, MHC Il
e HLA-DR néo sejam expressos em mais de 5% das células em cultura. E, as
células devem ter a capacidade de diferenciagdo in vitro em 0sso, gordura e
cartilagem (HORWITZ et al, 2005).



Contudo, a expressao positiva de marcadores pode ser resumida com a
utilizacdo do CD105 e CD90, desde que marcadores hematopoiéticos ndo
sejam expressos, e sejam comprovados longos periodos de aderéncia celular
ao plastico em cultura e a realizacdo de diferenciacdo em no minimo duas
linhagens distintas (HORWITZ et al.,2005).

A interacdo entre as CTMs e as demais células do organismo, se da pela
alta expressao de moléculas bioativas, por elas produzidas, como a liberacéo
de fatores de crescimento e citocinas (HUSS, 2000), que devido as suas
atividades autécrinas e paracrinas, além de exercerem acdo antiapoptotica,
reparacdo enddégena e acdo pro-angiogénica, contribuem para os efeitos

terapéuticos observados com a utilizacdo das células (GNECCHI et al, 2008).

Outra caracteristica importante é a capacidade de homing, descrito como
a capacidade das CTMs serem atraidas para a rede vascular de um tecido e
migrarem pelo endotélio para determinados 6rgaos e tecidos em resposta a
producéo de fatores de quimiotaxia (KARP; LENG, 2009).

2.3. ATIVIDADE IMUNOMODULADORA DAS CTMs

Os mecanismos de respostas ao dano tecidual envolvem a interacéo de
diferentes tipos celulares, humorais e elementos do tecido conjuntivo, a fim de
limitar a invasdo tecidual e proporcionar o reestabelecimento de sua
integridade (EMING; KRIEG; DAVIDSON, 2007).

Diversos trabalhos ja demonstraram que as CTMs tem a habilidade de
exercer efeitos regulatérios e supressivos sobre a resposta imunolégica inata e
adaptativa (COULSON-THOMAS et al., 2016). As CTMs tém a capacidade de
formar nichos em espacos perivasculares e respondem a citocinas liberadas
durante o processo inflamatorio, sendo ativadas principalmente por IFNy, IFNa
e IL-1B (LEE; SONG, 2018). Acredita-se que citocinas atraiam as CTMs para
as éareas lesadas, resultando na migracdo para esses locais com o intuito de
estimular a reparacéo e a cicatrizacao tecidual (GLENN; WHARTENBY, 2014).



A acdo regulatdria das CTMs se da sobre macréfagos (SONG; XIE; LU,
2015), neutrdfilos (KHAN et al, 2015), células dendriticas (MOHAMMADPOUR
et al., 2015) e linfocitos “natural killers” (QU et al., 2015), modulando desta
forma a primeira linha de defesa do organismo. Além disso, as CTMs também
regulam os linfécitos T e B, ou seja, 0 sistema imune adaptativo. As CTMs
inicialmente promovem a ativacdo de linfocitos T reguladores (GHANNAM et
al., 2010) e inibem a proliferacao de linfécitos B, diferenciacdo de plasmaocitos e

portanto a producéo de anticorpos (ROSADO et al., 2015).

A inibicdo da proliferagdo de células do sistema imune promovida pelas
CTMs, ocorre por paralisacdo da fase do ciclo celular GO/G1 (ZAPPIA et al,
2005), mas sem inducdo de apoptose (FRANQUESA et al, 2012). Por
possuirem capacidade de modulacdo da ativacéo e proliferacdo das células T
reguladoras (KRAMPERA et al, 2003), as CTMs modulam efeitos
imunorreguladores, desempenhando um papel fundamental na transicdo da

imunidade inata a adaptativa (LO et al, 1999).

2.4. EQUINOS E MINI-HORSE

As CTMs tem despertado interesse para o tratamento de enfermidades de
equinos, devido a apresentacao de resultados eficazes em injarias (VIDAL et
al., 2007), como les@es tendineas (FORTIER; TREVIS, 2011), recuperacao de
cartlagem (FORTIER; SMITH, 2007) e endometrite crbnica regenerativa
(PAVAO, 2013), recentemente tem-se pesquisado a utilizacdo do meio
condicionado, oriundo dessas células como alternativa de tratamentos
(LANGE-CONSIGLIO et al, 2013).

A utilizacdo de mini-horses tem sido evidenciada na pesquisa como
alternativa ao uso de cavalos (MAZzZO, 2018), a American Mini- Horse
Association (AMHA), comparou os custos da criacdo do que eles chamaram de
equinos em “tamanho completo”, em relacdo aos mesmos itens para mini-
horses, revelando que inicialmente apesar do tempo de vida util ser o mesmo
para ambos, o preco para aquisicdo dos mini-horses é significativamente

inferior, e 0s custos com alimentacdo dos equinos € em meédia 6 vezes maior,



além dos custos com tratador e treinador que podem ser duplicados, também
foi observado que a area com capacidade para comportar 3 mini-horses

equivale ao espaco necessario para um cavalo.

O tamanho dessa espécie ocorre devido ao nanismo, uma malformacao
congénita, cuja transmissdo na maioria dos casos ocorre de forma hereditaria
(THOMPSON, 2007), autossbmica recessiva (OSINGA, 2000). No estudo
realizado por Eberth (2003), foi observado que as formas mais frequentes do
aparecimento de nanismo em mini-horses, sdo por consequéncia de mutacdes
no gene Aggrecan (ACAN), pois este se apresenta de quatro formas, (D1, D2,
D3 e D4), porém, a forma D1 em combinacdo com qualquer outro alelo mutante

tem caracteristica letal.
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Abstract

Background

Although mini-horses (Equus ferus caballus) are most similar to horses
(Equus caballus), differences still exist in their epigenetic landscape
and transcribed genes, to be studied. The objective of this study was to
investigated whether adipose-derived stromal cells (ASCs) from horses
can be replaced by ASCs from mini-horses to be used in the treatment
of equine diseases. Thus, the Equine and Mini-horse ASCs gene
expression was compared using transcriptomics analyses, with an
emphasis on angiogenesis and the immunomodulatory activities.
Methods

ASCs of Mini-horses were collected, expanded in vitro and
characterized, as well as evaluated in comparison with ASCs from
horses for phenotype, and transcriptome analysis.

Results

ASCs from mini-horses, were highly proliferative and fit the minimal
criteria of multipotent stromal cells, been positively label and for CD90
and CD105, and with negative expression of CD34 and MHC II.
Moreover, they present capacity of differentiation into adipogenic and
osteogenic lineages. In the functional analysis of the transcriptome
20.777 genes were identified, but only 237(1,14%) presented a
significant difference between the mini-horse ASCs in relation to the
equine ASCs. Genes up regulated in the mini horse were related to
negative regulation of several immune cell. On the other hand, down
regulated genes were related to angiogenesis and negative regulation
of cell growth and motility.

Conclusion

Findings suggest that the differences in the transcriptome of ASCs
from mini-horses and horses is very small suggesting that ASCs from
mini-horses can be used for horse cell therapy.

Keywords

Adipose-derived stromal cells, Cell therapy, Differentiation, Equine,
Gene, Stem cell.
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Background

Since they were first isolated, from bone marrow, by Friedenstein et al. [1]
in 1968, mesenchymal stem cells (MSCs) have become a subject of
experimental studies. Besides being isolated from the bone marrow, cells with
characteristics similar to bone marrow (BM-MSCs) have been found in most
mammalian tissues examined [2,3]. The adipose tissue, is extremely rich in
MSCs being considered the most abundant source [4], with the advantage of
been also easer to collect [5]. The most popular method for separating MSCs
relies on isolation of stromal cells from various tissues, with or without protease
treatment. When in culture, fibroblast-like cells adhering to the culture plate
surface are selected and non-adherent floating cells are removed. Due to the
heterogeneity of the population, MSCs isolated by this method are suggested to
be termed Mesenchymal Stromal Cells, not Mesenchymal Stem Cells, although
both have the same acronym, MSC. However, when adipose tissue is used

these cells may also be referred to as adipose-derived stromal cells (ASCs) [6].

Heterogeneous populations of MSCs are fibroblast shaped cells present in
perivascular location of most tissues. These cells secrete a wide variety of
growth factors cytokines and adhesion molecules by which they interact with the
immune cells in inflamed and damaged tissues leading to tissues regeneration
via positive paracrine effects [7]. MSCs can modulate functions of activated T
cells [8,9], B cells [10], NK cells [11], dendritic cells (DCs) [9], and macrophages
[12], creating an environment suitable to immune response modulation. Another
important characteristic is that MSCs are poorly recognized by the host immune
system been able to escape the immune system recognition mechanisms which

facilitate their use in cell therapies [13].

The MSCs present various forms of applications [14,15] in cell therapy
[16]. When administered, those cells have the ability to migrate to the niches in
perivascular spaces attracted by cytokines secreted by the inflammatory cells
such as IFNy, IFNa e IL-1 [7]. It is believed that those cytokines attract MSCs
to the injured areas, resulting in migration to these sites in order to stimulate

repair and tissue healing [17,18]
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MSCs therapeutic use was described in several species to treat degenerative
diseases [19,20]. In equines its use has been associated mainly with tendinous
lesions [21]. However, due to their unique immunomodulatory properties,
combined with their other tissue regeneration properties make it possible to use
them also in other diseases. Several studies revealed that MSCs isolated from
different sources are not exactly the same and the highly heterogeneous
populations of cells are dramatically affected by various extrinsic and intrinsic

factors such as species, tissue of origin, animal age, and others [22].

Although mini-horses (Equus ferus caballus) are most similar to horses (Equus
caballus), differences still exist in their epigenetic landscape and transcribed
genes to be studied. In the present study, we investigated whether ASCs from
horses can be replaced by ASCs from mini-horses to be used in the treatment
of equine diseases. Thus, we compare systematically the expression of genes
related to angiogenesis and the immunomodulatory activities of these cells

using transcriptomics analyses.

Methods

Ethics statement

All stages of this experiment were approved by the Ethics Committee on
Animal Use of S&o Paulo State University (UNESP) — Botucatu (Protocol
030/2019-CEUA) and conducted in accordance with the Ethical Principles in

Animal

Experimentation.

Animals and ASCs characterization

Ten adult male mini-horses, clinically healthy and aged between 2,5 -7
years old, were selected for adipose tissue harvest. The tissue was isolated,
cultured and in the second passage (P2) a sample of cells was used for
characterization by surface marker expression (immunophenotype) and

evaluation for differentiation potential into two mesenchymal lineages:
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adipogenic and osteogenic. Another sample was used for the transcriptome

analysis.

Isolation, expansion and cryopreservation of mesenchymal stem cell by

adipose tissue of mini-horses

Collection of adipose tissue was performed with the animals in station,
following the anesthetic protocol used by Bravo et al. [23], the incision of
approximately 4 cm was performed in the region of the paraxial caudodorsal
gluteal region (tail base) and the adipose tissue layer was isolated between the
skin and the musculature. The samples were individually stored in HBSS
solution  (ThermoFisher  Scientific), plus 1%  penicillin/streptomycin
(ThermoFisher Scientific) and 1,2% amphotericin B (ThermoFisher Scientific).

The sample was washed 4 times, first with alcohol and then with
HBSS/amphotericin/penicillin. After the washes, samples were transferred to a
Petri dish and mechanically fractioned using two scalpel blades n° 24. Then,
the samples were added of (0.04%) type 1 collagenase (Sigma) at 37,5°C for
30 min. Subsequently, the solution was filtered through a 70-micrometer filter,
and centrifuged thrice at 340g for 10 min. The supernatant was discarded and
samples were cultured with culture medium containing DMEM low glucose/F12
(ThermoFisher Scientific) plus 1% penicillin/estreptomicin  and 1,2%
anphotericim B in 25cm? culture flasks, for 5 days, without manipulation in a
humidified atmosphere containing 95% air and 5% CO2 at 37,5°C. After this
time, the culture medium was changed every 48 hours until a cellular
confluence of = 90%.

When a confluence of = 90% was reached the trypsinization was
accomplished. For this, 3 mL of heated Tryple® was added per flasks, kept at
37,5°C for 4 minutes and centrifuged at 940xG for 10 minutes. Posteriorly, the
cell pellet was ressuspended in culture medium, and cultured into two 75-cm?2
flaks in the same conditions as described above. The cryopreservation protocol
used was similar to that performed by Mitchell et al [24], using 90% FBS and
10% DMSO. The samples were reconstituted using the protocol previously
described by Chaytor et al [25]. Just after thawing, the viability test was
estimated with Trypan Blue (ThermoFisher Scientific). .
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Immunophenotypic characterization and differentiation potential

Immunophenotypic analysis was performed at the end of secondary culture
according to the technique described previously by Maia et al., 2015 [25], using
a Fortessa LSR Cytometer (Becton Dickinson and Company, USA) and
monoclonal mouse anti-rat CD90 (clone OX7, 1. 100, Caltag Laboratories,
USA), mouse monoclonal CD105 (clone SN6, 10:100, abcam), mouse anti-
human CD34 (clone 581/ CD34, 1:50, Becton Dickinson and Company, USA)
antibodies labeled with fluorescein isothiocynate (FITC) and mouse anti-horse
MHC de classe Il (clone CVS20, 1:100 AbD Serotec, UK). During analysis,
10,000 events were recorded.

For osteogenic and adipogenic assay the protocol described by Maia et al,
[26] was used. After reaching confluence in the secondary culture, ASCs were
trypsinized and seeded at a density of 2 x 105 ASCs/well, in six-well plates
(Sarstedt, USA). After six days, the maintenance medium was removed and
media for osteogenic or adipogenic differentiation Stem- Pro (ThermoFisher)
were added to the subcultures, in duplicate, according to the manufacturer’s
recommendation with modifications. The media were changed every 3 days
and confirmation of osteogenic and adipogenic differentiation was obtained,
respectively, by demonstrating the deposition of a calcium-containing matrix
using the histological method of staining with 2% Alizarin red, pH 4.2 and the
presence of intracytoplasmic lipid droplets by staining with 0.5% oil red O
(Sigma-Aldrich Corp).

Equine ASCs

The horses stem cells were isolated, cultivated and characterized under

the same conditions and provided by the cell bank of the laboratory.

RNA isolation, quality control and library preparation sequencing

Total RNA was extracted from three samples of ASCs mini-horses and

ASCs horses cryopreserved using the TRIzol® reagent protocol according to
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the manufacturer’s instructions (TermoFisher Scientifc, Waltham, USA). RNA
concentrations were quantifed in each sample using a QubitTM 2.0 fuorometer
(TermoFisher Scientifc, Waltham, USA). The levels of RNA degradation were
assessed by a 1% agarose gel. cDNA libraries were constructed with 200ng of
total RNA using the SureSelect Strand Specifc RNA Library Prep Kit (Agilent
Technologies, Santa Clara, USA) following the manufacturer’s instructions.
Library products were then sequenced using an lllumina Nextseq platform

(lumina, San Diego, USA) on a single-end 150bp run.

RNA-Seq data processing and diferential gene expression analysis

A CLC Workbench version 7.01 platform was used to remove the adapter
and assess the reads quality from the raw reads. The same platform was used
to subject reads to mapping to the reference and NCBI Cab3. Differential
expression analysis was performed with DESeq2 package version 1.24.012.
Genes presenting an adjusted p-value lower than 0.05 were considered as
significantly regulated. Principal component analysis (PCA) data visualization
and plotting were performed in R using the pcaExplorer packagel3. Clustering
analysis was performed using Euclidean distances and complete linkage

method and for gene ontology analysis, was used gProfiler;
Results
Cell adhesion
After five days of isolation from the adipose tissue all to the mini horse
ASCs cultured adhered to the flask (Figure 1a), presenting fibroblastoid

morphology (Figure 1b). After around fifteen days in average 90% cell
confluence was reach (Figure 1c).
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Figure 1. ASCs during cell culture (A) five days of aderenc (B) fibroblastoid
morphology (C) with 290% confluence fifteen days. (Objective 20).

Surface marker expression

Immunophenotypic evaluation at P2 demonstrated mini-horse ASCs with a high
expression of CD90 marker (99.83% 0,28) and a normal expression of CD105
(38,66 + 18,47). Moreover, a low expression of CD34 (3,55 £+ 1,14) and MHC I
(4,21 = 2,03) markers was also observed. CD expression under 5% was

considered negative.

Differentiation into adipogenic and osteogenic lineages

Differentiation potential into adipogenic lineages was observed after 14th days
of culture through visualization of the increase in lipid droplets in the cytoplasm
of ASCs using 0.5% Oil Red staining (Figure 2A and 2B). The osteogenic
lineage was identified after 21th days by positive staining of the extracellular
calcium matrix using 2% Alizarin Red S staining (Figure 2C and 2D).
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Figure 2. Differentiation potential of ASCs from mini-horses into two lineages.
(A) ASCs showing control group for coloring Oil Red. (B) ASCs stained with Oil
Red showing the intracytoplasmatic lipid droplets the adipogenic lineage. (C)
ASCs showing control group for without coloring Alizarin Red (D) ASCs after
osteogenic differentiation stained with Alizarin Red showing matrix calcium
formation. (obj. 20x).
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Transcriptome analysis

The transcriptome analysis was performed in order to evaluate the similarities
and differences between mini-horses and horses ASCs. Transcriptome principal
component analysis (PCA) indicated the presence of two distinct groups based
on founded genes (PC1 + PC2 > 50% - Figure 3).

The sequencing identified a total of 20.777 transcripts (additional file 1) witch
were classified based on abundance. The transcripts were analyzed for
identification according to their statistical significance and biological role (table
2). When using Padj <0.05 we could observe that 237(1,14%) genes presented
a significant difference between the mini-horse ASCs group in relation to the
equine ASCs control group (Figure 4).

Differentially expressed genes were extracted from results of transcriptome
analysis including the top over expressed genes showed on table 1 and the
lower up-regulated genes present on table 2. Among the genes differentially
expressed in the mini horse, angiogenesis, axon guidance, FGF signaling,
inflammation mediated by chemokines and cytokines and integrin signaling

were the most frequent pathways.

Samples PCA

154

10+

group

se
E mini-horse

PC2: 20.24% variance

-10 0 10 20 30
PC1: 55.97% variance

Figure 3. Transcriptome principal component analysis (PCA) indicating the
presence of two distinct groups (PC1 + PC2 > 50%).
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Figure 4: Volcano Plot showing on the left the most down regulated genes and
on the right the most up-regulated ones.

Table 1. Most up-regulated genes, comparing mini-horses ASCs and of horses
ASCs.

Gene Description Log2FoldChang Pvalue Padj
e
ELMOD1 ELMO Domain 0.002240401
Containing 1; GTPase 5.688487817 7.00E-06
activator.
EREG Epiregulin; growth factor 0.000134219 0.014912713

activity and epidermal 5.100271359
growth factor receptor

binding

DPF3 Double PHD Fingers 3;
neuron-specific 4.752497089 2.03E-06 0.000941942
chromatin remodeling in
neuron-specific

chromatin remodeling



EFHD1

CBLN2

ANGPT1

SLC24A2

EMB

KIAA1324
L

EF-Hand Domain Family
Member D1; calcium ion

binding. Involved in a

variety of cellular
processes including
mitosis, synaptic
transmission, and
cytoskeletal
rearrangement.

Cerebellin 2 Precursor.

Encodes a cerebellum-
specific precursor
protein

Angiopoietin 1; Vascular
development and

angiogenesis.

Solute Carrier Family 24
Member 2; Encodes a
calcium/cation transport
protein.  This  family

member is a retinal

cone/brain exchanger.
Embigin; Among its
related pathways are
Transport of glucose
and other sugars, bile
salts and organic acids,
metal ions and amine
compounds and MAPK-

Erk Pathway.

KIAA1324 Like;
Transmembrane protein

important  for cellular

4.492635724

4.477575142

4.449299436

4.194787692

3.683743471

3.599585628

28

3.66E-05

0.006470154

1.14E-06 0.000695819

0.000636935 0.040667897

0.000727824 0.043731062

4.69E-07 0.000370677

3.77E-05 0.006582683



HGF

ND6

PLEKHO1

ICAM1

response to stress.

Hepatocyte Growth
Factor; identical protein
binding and serine-type

endopeptidase activity.

The ND6 protein is a
subunit of NADH
dehydrogenase

(ubiquinone), which is

located in the
mitochondrial inner
membrane

Plays a role in the
regulation of the actin
cytoskeleton. Also
implicated in  PI3K-
regulated muscle
differentiation and the
promotion of apoptosis
induced by tumor

necrosis factor TNF.

Also known as CD54 is
a member of the
immunoglobulin

superfamily involved in

intercellular adhesion

3.471850338

1.846355819

1.846355819

1.846355819

6.17E-06

4.03E-10

1.70E-06

3.69E-07

29

0.002127488

1.08E-06

0.000876633

0.000370677
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Table 2. Most down-regulated genes, comparing mini-horses ASCs and of
horses ASCs.

Gene

Description

Log2FoldChan Pvalue Padj
ge

CADM3

RBPS

CACNA1
G

TBX5

BPIFC

RCAN2

Cell adhesion molecule 3;
synaptic cell adhesion
molecule 3

Retinol Binding Protein 5;
transporter activity and

retinal binding

Calcium  Voltage-Gated
Channel. Involved in a
variety of calcium-
dependent processes,
including muscle
contraction, hormone or
neurotransmitter release,
gene expression, cell
motility, cell division, and
cell death

T-Box Transcription
Factor 5 that is essential

for heart development

BPI  Fold Containing
Family C; lipid binding
and lipopolysaccharide
binding. Associated with
neutrophil granules and

has antimicrobial activity.

Encodes a member of the
regulator of calcineurin
(RCAN) protein family.

May play a role in

-0.814743961 0.000259525 0.02280429

-6.095036707 8.69E-05 0.010630784

-5.266150133 6.97E-05 0.009368516

-4.656783328 0.000756645 0.044615527

-4.057031452 1.50E-05 0.004041358

-3.885646098 0.000518156 0.035308404



DGLUCY

CLSTN3

MEOX2

PDE1A

SLIT2

PCDH7

endothelial cell function

and angiogenesis.

D-Glutamate Cyclase;
related to Metabolism and
D-Glutamine and D-

glutamate metabolism.

Calsyntenin 3. Encoded a
transmembrane calcium
ion binding protein that
mediate  the axonal
transport of certain types

of vesicles.

Mesenchyme Homeobox
2; DNA-binding
transcription
activity and RNA

factor
polymerase Il proximal
promoter seguence-

specific DNA binding.

Phosphodiesterase 1%
calmodulin binding and
cGMP binding

Glycoproteins, which are
the Robo

family of immunoglobulin

ligands for

receptors

The gene encodes a

protein with an

extracellular domain

containing 7 cadherin
repeats. The gene
product is an integral

-3.855789409

-3.810644411

-3.792132776

-3.770314811

-3.605484152

-1.846355819

31

0.000205364 0.019307133

4.46E-06 0.001763523

0.000764852 0.044902469

0.0008233 0.046900167
1.12E-08 2.51E-05
6.91E-15 9.28E-11
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membrane protein that
function in cell-cell

recognition and adhesion.

TBX20 T-Box Transcription
Factor 20 that is essential -1.846355819 9.28E-11 3.90E-08

for heart development

FIGN ATP-dependent
microtubule severing -1.846355819 1.66E-10 5.59E-07

protein

Since the therapeutically effect of the MSC is related, in great part, to their
unique immunomodulatory properties and angiogenic capacity we decided to
analyze these particular features in the 237 differentially expressed genes.
Among the up regulated genes in the mini-horse, CD80, BMP4, LRRC32,
CEBPB, TGFB1, PRNP, SMAD7 and ARG2 were related to negative regulation
of T cell proliferation, negative regulation of T cell activation, negative
proliferation of regulatory lymphocytes, negative regulation of mononuclear cell
proliferation, negative regulation of cell-cell adhesion leukocytes, negative
regulation of leukocyte proliferation, negative regulation of cell-leukocyte
adhesion, negative regulation of lymphocyte activation. Figure 5 showed the
functions involved in the expression of the up regulated genes, while figure 6
showed the main biological process and figure 7 the molecular function.
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Figure 5. Biological functions involving CD80, BMP4, LRRC32, CEBPB,
TGFB1, PRNP, SMAD7 and ARG2 genes, up regulated in the mini-horse.
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Figure 6. Biological process involving CD80, BMP4, LRRC32, CEBPB, TGFB1,
PRNP, SMAD7 and ARG2 genes up regulated in the mini-horse.
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M binding (GO:0005488)
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M molecular function regulator (GO:0098772)
molecular transducer activity (GO:0060089)
W transcription regulator activity (G0:0140110)

Figure 7. Molecular function involving CD80, BMP4, LRRC32, CEBPB, TGFB1,
PRNP, SMAD7 and ARG2 genes up regulated in the mini-horse.

The genes correlated to angiogenesis were MEOX2, SLIT2, E2F7, TBX20,
C3AR1, FGF1 and COL4ALl. From this group, all presented lower expression in

the mini-horse when compared to the control group (horse). These genes were

also correlated to other biological functions as regulation of cell growth and cell

motility Figure 8.
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COLAAL

FGFI

FBLN.

Figure 8. Venn diagram demonstrating the gene interseptions in different
biological functions considering Padj value < 0.05 and Down-regulated
expression, thus A represents angiogenesis; B:negative regulation of growth

and C: negative regulation of cell motility.

Discussion

This study is the first to use ASCs from mini-horse, and demonstrated in
first step that the use of adipose tissue is a satisfactory and easily obtainable
source of mesenchymal stem cell for both mini-horses and horses, using
general and local sedation anesthetic protocol and keeping the animals in
season. These results corroborate with the results obtained by Bravo et al. [23]
for horses. Isolation, culture, immunophenotypic characterization and the
differentiation potential of the mini-horse samples did not differ from those
previously obtained in our laboratory when working with horse samples [24,25].
Cultivation steps including mechanical and enzymatic digestion with
collagenase and culture period in incubator at 37.5 ° C resulted in the formation
of a plastic-adherent fibroblastoid cells monolayer observed from the 5th post-
isolation day. Those characteristics fit the criteria attributed to mesenchymal

stem cells by Dominici et al [28].

Differences in gene expression is expected in MSCs derived from different

tissues, which may indicate distinct therapeutic potentials. For this reason, the
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investigation of the global gene expression or transcriptome of MSC in vivo and
in vitro becomes necessary in order to better understand their potential to treat
diseases or regenerate tissues. In the present experiment transcriptomics
analysis was used to predict similarities and differences between ASCs from

mini- horses and horses.

Since the earlier studies, the transcriptome analysis of MSC showed
similarities between different species [30], as well as in different populations
[31]. Dessler et al. [32] noted that the transcriptome of human MSCs is relatively
stable from P2 to P5 for cells expanded with the use of FBS, and the genes
significantly up regulated under these conditions were related to biological
processes involved in immune and inflammatory responses. These findings
were also reported by Kim et al.,[33]. However, in our experiment, although all
samples were cultures in the presence of FBS, the 5 more up regulated genes
were related to cell proliferation and not to immunomodulation. One interesting
feature observed is that, 4, from those 5 upregulated genes are preferentially
expressed in the nervous tissues or related to synaptic transmission (ELMOD-1,
DFP3, EFHD1 and CBLNZ2).

Dessler et al. [32] also observed that the expression of some genes were
consistent in human-ASCs from passages 2 to 5. Samples cultures in presence
of FBS present DOCK4, FIBIN, GALNT15, MMP14, RGS16, ADAMTS12,
ANKRD1, BMP4 and samples cultured in presence of pHPL expressed SFRP4,
THBD, PPP2R3A, FST and IL33. Moreover, some genes were common to both
groups studied BCL6, CADM3, CCDC102B, ELMOD1, GUCY1lAl and
GALNTS.

In our study we performed the transcriptome analysis in samples that were
in P2 for mini-horses and in P5 for horses and all the genes listed above were
detected in both groups. Moreover in spite the difference in culture passages,
statistical differences were observed in only 1,14% of the genes. This
observation agrees with Baek et al., [34] who showed that ASCs cultured in
vitro presented a single transcriptome profile, regardless of the cell passage
number (P1 to P5). This profile included CCR1, observed in this study in the
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form of ACKRL1. It was also evidenced the presence of an important aliases for
the BCL6B gene, expressed by osteochondrogenic progenitor preadipocyte

cells from mouse bone marrow [32] in the shape of BCL6 in this study.

Since MSC present uniqgue immune-suppressive, modulatory, regulatory,
abilities, the present experiment focused on the analysis of the expression of
genes related to biological functions involved with the regenerative potential of
the ASCs, like the angiogenic and the immunomodulatory properties.

Biological processes and molecular events like cell migration, angiogenesis,
and tissue remodeling participate in the healing process. Angiogenesis is
considered essential for the regenerative process since the formation of new
blood vessels ensuring the oxygen supply, nutritional and growth factors
delivery. However, in chronic wounds a decrease in angiogenesis normally
delays wound healing. [35] Studies demonstrated that the use of MSCs
promoted wound healing by improving angiogenesis [36], including satisfactory
effects in the treatment of chronic wounds [37] The use of MSCs resulted in a
paracrine effect on angiogenesis resulting in the increase levels of angiogenic
factors such as angiopoietin-1 [37]. This gene AGN-1 is represented in this
study for your aliases the gene ANGPT1, which has greater expression in the

mini- horse group.

However, others genes associated with angiogenesis, showed higher
expression in the horse ASCs. Among those the FGF1 member of the
fibroblastic growth factor family, well known as an important angiogenesis
inducer [38]. Also, MEOX2 is a gene related to the vascular system that plays
an important role in vascular differentiation [39] and angiogenic responses [40].
The other genes like SLIT2, TBX20 and C2AR1 are indirectly involved in
angiogenis, but play an important hole in cell migration and developmental
mechanisms. SLIT2 play an important role in cell migration, and is involved in
physiological and pathological processes [41]. TBX20 is a transcription factor
essential for cardiomyocyte proliferation during development. Its absence,
during pregnancy, results in embryonic death [42]. C3AR1 has been shown to
bind complement anaphylatoxin C3a and was reported to be present

predominantly in cortical and hippocampus neurons [43]. Its expression is also
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induced in Intestinal Crypts in Response to Intestinal or Ischemia/Reperfusion
[44]. The genes shared by all studied features correlated to the
immunomodulatory response of ASCs were TGFB1, LRRC32, PRNP, and were
significantly more expressed in the mini-horse. TGFB is significant
multifunctional growth factor controlling cell proliferation and differentiation. It
has an important hole on the immune system acting on T cells, B cells and
myeloid cells [45]. The LRRC32 is a receptor that controls the TGFB trough the
association with the latency-associated peptide (LAP), which is the regulatory
chain of TGFb. By biding to LAP the LRRC32 controls TGFB1 activation on the
surface of activated regulatory T-cells [45]. The PRNP gene codifies the prion
protein PrP, also known as CD230. Expression of the protein is most
predominant in the nervous system but occurs in many other tissues throughout
the body [46]. In the Immune system it is present in hematopoietic stem cells,
mature lymphoid and myeloid compartments. T cell activation is accompanied

by a strong up-regulation of PrP [47].

Another gene differentially expressed (considering -0.824890864
log2FoldChange) in mini- horse group is the LRP6, an activator of beta-catenin,
that causes pro-proliferation, pro-metastasis and anti-apoptosis [48]. Some
polymorphisms were associated to susceptibility to the risk of cancer

development [49].

The results of the present manuscript clearly demonstrated that ASCs
from mini-horses and horses are very similar. However, the small differences in
the transcriptome profile can potentially lead to a some different therapeutically
effect. Whereas horse ASCs seems to have a more evident angiogenic and
proliferative profile, the mini-horse cells seem to present a more evident
immunomodulatory action. This feature, however, needs to be proved trough
proteomic analysis and clinical tests to measure the efficiency of ASCs from

both sub-species for use in cell therapies.
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Conclusion

This study highlights the similarities and the differences in the
transcriptome profile of the ASCs from mini- horses compared with horses. In
summary, our results show that mini- horses ASCs have a similar transcriptome
compared to horses indicating that ASCs from mini-horses can be used as an
alternative to treat horse’s diseases, with the vantages of presenting a higher

expression of immunomodulatory genes.

Abbreviations

ASCs Adipose-derived stromal cells.
MSC Mesenchymal stromal cells.
MSC Mesenchymal stem cells.

BM Bone marrow

References

[1] Friedenstein AJ, Petrakova KV, Kurolesova AL, Frolova GP. Heterotopic of
bone marrow. Analysis of precursor cells for osteogenic and hematopoietic
tissues. Transplantation. 1968;6:230-47.

[2] Rizk M, Aziz J, Shorr R, Allan DS. Cell-based therapy using umbilical cord
blood for novel indications in regenerative therapy and immune modulation: an
updated systematic scoping review of the literature. Biol. Blood Marrow
Transplant. 2017;23:1607-13.

[3] Zagoura D, Trohatou O, Makridakis M, Kollia A, Kokla N, Mokou M, et al.
Functional secretome analysis reveals Annexin-Al as important paracrine factor
derived from fetal mesenchymal stem cells in hepatic regeneration.
EBioMedicine.2019;19, doi 10.1016/j.ebiom.2019.07.009.

[4] Kingham PJ, Kalbermatten DF, Mahay D, Armstrong SJ; Wiberg M, Terenghi
G. Adipose-derived stem cells differentiate into a Schwann cell phenotype and
promote neurite outgrowth in vitro. Experimental Neurology. 2007; 207: 267—74.



40

[5] Pascucci L, Alessandri G, Dall'Aglio C, Mercati F, Coliolo P, Bazzucchi C, et
al.Membrane vesicles mediate pro-angiogenic activity of equine adiposederived
mesenchymal stromal cells. Vet J. 2014;202:361-6.

[6] Toyserkani NM, Jagrgensen MG, Tabatabaeifar S, Harken Jensen C, Sheikh
SP, Sgrensen JA. Concise review: a safety assessment of adipose-derived cell
therapy in clinical trials: a systematic review of reported adverse events. Stem
Cells Transl Med. 2017;6(9):1786—-94

[7] Lee DK, Song SU. Immunomodulatory mechanisms of mesenchymal stem
cells and theirtherapeutic applications. Cellular Immunology. 2018;326:68-76.
[8] Ghannam S, Péne J, Moquet-Torcy G, Jorgensen C, Yssel H. Mesenchymal
stem cells inhibit human Th17 cell differentiation and function and induce a T
regulatory cell phenotype. J Immunol, 2010; 185:302-12.

[9] Mohammadpour H, Pourfathollah AA, Zarif MN, Tahoori MT. TNF-alpha
modulates the immunosuppressive effects of MSCs on dendritic cells and T
cells. Int Immunopharmacol, 2015;28:1009-17.

[10] Rosado MM, Bernardo ME, Scarsella M, Conforti A, Giorda E, Biagini S, et
al.Inhibition of B-cell proliferation and antibody production by mesenchymal
stromal cells is mediated by T cells. Stem Cells Devel, 2015;24:93-103.

[11] Qu M, Cui J, Zhu J, Ma Y, Yuan X, Shi J, et al. Bone marrow-derived
mesenchymal stem cells suppress NK cell recruitment and activation in Polyl:
C-induced liver injury. Biochem Biophys Res Commun, 2015;466: 173-9.

[12] Song X, Xie S, Lu K, Wang C. Mesenchymal stem cells alleviate
experimental asthma by inducing polarization of alveolar macrophages.
Inflammation, 2015;38:485-92.

[13] Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca JD.
Multilineage potential of adult human mesenchymal stem cells. Science,
1999;284:142-7

[14] Ahn SY, Chang YS, Park WS. Mesenchymal stem cells transplantation for
neuroprotection in preterm infants with severe intraventricular hemorrhage.
Korean J Pediatr. 2014;57:251-56.

[15] Mukai T, Mori Y, Shimazu T, Takahashi A, Tsunoda H, Yamaguchi S, et al.
Intravenous injection of umbilical cordderived mesenchymal stromal cells
attenuates reactive gliosis and hypomyelination in a neonatal intraventricular

hemorrhage model. Neuroscience. 2017;355:175-87.



41

[16] Zuk PA, Zhu M, Mizuno H, Huang J, Futrell W, Katz AJ, et al. Multilineage
cells from human adipose tissue: implications for cell-based therapies. Tissue
engineering. 2001, 7:211-28.

[17] Glenn JD, Whaternby KA. Mesenchymal stem cells: emerging mechanisms
of immunomodulation and therapy. World J Stem Cells. 2014; 6: 526-39.

[18] Kolf CM, Cho E, Tuan RS. Mesenchymal stromal cells. Biology of adult
mesenchymal stem cells: regulation of niche, self-renewal and differentiation.
Arthritis Res Ther. 2007 doi:10.1186/ar2116.

[19] Pinheiro LL, de Lima AR, Martins DM, de Oliveira EHC, Souza MPC, de
Carvalho Miranda CMF, et al. Mesenchymal stem cells in dogs with
demyelinating leukoencephalitis as an experimental model of multiple sclerosis.
Heliyon. 2019; doi 10.1016/j.heliyon.2019.e01857.

[20] Boaz A, Amir K, Brian M, WN J, WJ A, Kaitlin C, et al. Feline foamy virus
adversely affects feline mesenchymal stem cell culture and expansion:
implications for animal model development. Stem Cells Dev. 2015;24(7):814—
23.

[21] Geburek F, Lietzau M, Beineke A, Rohn K, Stadler PM. Effect of a single
injection of autologous conditioned serum (ACS) on tendon healing in equine
naturally occurring tendinopathies. Stem Cell Research & Therapy, 2015;
6:126-32.

[22] Phinney DG, Sensebe L. Mesenchymal stromal cells: misconceptions and
evolving concepts. Cytotherapy. 2013;15:140-5.

[23] Bravo MO, Moraes JM, Dummont CBS, Filgueiras RR, Hashimoto HH,
Godoy RF. Isolation, expansion and characterization of equine adipose tissue
derived stem cells. Ars Veterinaria. 2012;28:066-074.

[24] Mitchell A, Rivas KA, Smith 1l R, Watts AE. Cryopreservation of equine
mesenchymal stem cells in 95 % autologous serum and 5 % DMSO does not
alter post-thaw growth or morphology in vitro compared to fetal bovine serum or
allogeneic serum at 20 or 95 % and DMSO at 10 or 5 %. Stem Cell Res Ther.
2015;6:230-42

[25] Chaytor JL, Tokarew JM, Leclere M, Tam RY, Capiccioti CJ, Guolla L, et al.
Inhibiting ice recrystallization and opmization of cell viability after

cryopreservation. Glycobiology, 2012;22: 123-133.



42

[26] Maia L, Da Cruz Landim-Alvarenga F, Taffarel MO, De Moraes CN,
Machado GF, Melo GD, et al. Feasibility and safety of intrathecal
transplantation of autologous bone marrow mesenchymal stem cells in horses.
BMC Vet Res 2015;11:1-9.

[27] Barberini DJ, Freitas NPP, Magnoni MS, Maia L, Listoni AJ, Heckler MC et
al. Equine mesenchymal stem cells from bone marrow, adipose tissue and
umbilical cord: immunphenotypic characterization and differentiation potential.
Stem Cell Research & Therapy, 2014; 5:2-11.

[28] Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, Krause D.
et al. Minimal criteria for defining multipotent mesenchymal stromal cells. The
International Society for Cellular Therapy position statement. Cytotherapy,
2006; 8: 315-7.

[29] Kasoju N, Wanga H, Zhanga B, George J, Gao S, Triffitt JT, Cui Z, et al.
Transcriptomics of human multipotent mesenchymal stromal cells:
Retrospective analysis and future prospects. Biotechnology Advances 35 2017;
407-418.

[30] Katz AJ, Tholpady A, Tholpady SS, Shang H, Ogle RC. Cell surface and
transcriptional characterization of human adipose-derived adherent stromal
(hADAS) cells. Stem Cells, 2005, 3: 412—-423.

[31] Phinney, DG. A SAGE view of mesenchymal stem cells. Int. J. Stem Cells
2009, 2 (1),1-10.

[32] Dessels C, Ambele MA, Pepper MS. The effect of medium supplementation
and serial passaging on the transcriptome of human adipose-derived stromal
cells expanded in vitro. Stem Cell Research & Therapy, 2019; 10:253-60.

[33] Kim DS, Lee MW, Yoo KH, Lee T-H, Kim HJ, Jang IK, et al. Gene
expression profiles of human adipose tissue-derived mesenchymal stem cells
are modified by cell culture density. PLoS One. 2014;9:e83363.

[34] Baek SJ, Kang SK, Ra JC. In vitro migration capacity of human adipose
tissue-derived mesenchymal stem cells reflects their expression of receptors for
chemokines and growth factors. Exp Mol Med. 2011;43:596—-603.

[35] Lancerotto L, Ragno G, Valeri CR, Orgill DP: Quiescent platelets stimulate
angiogenesis and diabetic wound repair. J Surg Res 2010, 160:169-177.

[36] Rustad KC, Wong VW, Sorkin M, Glotzbach JP, Major MR, Rajadas J,
Longaker MT, Gurtner GC: Enhancement of mesenchymal stem cell angiogenic



43

capacity and stemness by a biomimetic hydrogel scaffold. Biomaterials 2012,
33:80-90.

[37] Rodriguez-Menocal, L Shareef, S Salgado, M Shabbir, A., Van Badiavas E.
Role of whole boné marrow, whole bone marrow cultured cells, and
mesenchymal stem cells in chronic wound healing. Stem Cell Research &
Therapy 2015, 24: 6-24.

[38] Chen L, Tredget EE, Wu PY, Wu Y: Paracrine factors of mesenchymal
stem cells recruit macrophages and endothelial lineage cells and enhance
wound healing. PLoS One 2008, 3:1886.

[39] Otrocka ZK, Mahfouzb RAR, Makarema JA, Shamseddinea Al.
Understanding the biology of angiogenesis: Review of the most important
molecular mechanisms Blood Cells, Molecules, and Diseases. Volume 39,
Issue 2, September—October 2007, Pages 212-220.

[40] Gorski DH, Walsh K. Control of vascular cell differentiation by homeobox
transcription factors. Trends Cardiovasc. 2003; 13:213-20.

[41] Wu Z, Guo H, Chow N, Sallstrom J, Bell RD, Deane R, et al. Role of the
MEOX2 homeobox gene in neurovascular dysfunction in Alzheimer disease.
Nat. Med. 2005; 11:959-65.

[42] Zhou WJ, Geng ZH, Chi S, Zhang W, Niu XF, Lan SJ, et al. Slit-Robo
signaling induces malignant transformation through Hakai-mediated E-cadherin
degradation during colorectal epithelial cell carcinogenesis. Cell Res. 2011,
21:609-26.

[43] Davoust N, Jones J, Stahel PF, Ames RS, Barnum SR. Receptor for the
C3a anaphylatoxin is expressed by neurons and glial cells. Glia 1999;26:201 —
11.

[44] Matsumoto N, Satyam A, Geha M, Lapchak PH , Dalle Lucca JJ , Tsokos G
et al. C3a Enhances the Formation of Intestinal Organoids through C3aR1.
Frontiers in Immunology, 2017; 8: 1046-56.

[45] Letterio JJ, Roberts AB. "Regulation of immune responses by TGF-beta".
Annu. Rev. Immunol.1998, 16: 137-61.

[46] Zomosa-Signoret V, Arnaud JD, Fontes P, Alvarez-Martinez MT, Liautard
JP. "Physiological role of the cellular prion protein®. Vet. Res, 2009, 39:4-9.



44

[47] lsaacs JD, Jackson GS, Altmann DM. "The role of the cellular prion protein
in the immune system"”. Clin. Exp. Immunol, 2006. 146 1: 1-8.

[48] Liu CC, Prior J, Piwnica-Worms D, Bu G: LRP6 overexpression defines a
class of breast cancer subtype and is a target for therapy. Proc Natl Acad Sci U
S A 2010, 107:5136-5141

[49] Ambrosi TH, Scialdone A, Graja A, Gohlke S, Jank A-M, Bocian C, et al.
Adipocyte accumulation in the bone marrow during obesity and aging impairs
stem cell based hematopoietic and bone regeneration. Cell Stem Cell.
2017;20:771-84 €6.



CAPITULO 1lI



46

CONSIDERACOES FINAIS

Em seu conceito inicial, o presente trabalho surgiu como alternativa de
potencializar a obtencdo de CTMs no tratamento de enfermidades equinas,
para isso viabilizando sua obtengao ao utilizar mini-horses como doadores de
tecido adiposo, visto que o0s custos para obtencdo e manutencao desses séo

inferiores quando comparados aos cavalos de porte regular.

Deste modo, inicialmente, esperavamos que as caracteristicas génicas
expressas ao compararmos os animais fossem similares, considerando que o
mini-horse € uma subespécie formada através de uma mutacdo de carater

recessivo no gene Agreccan.

Dados do presente estudo sugerem que apenas com excecdo da
angiogénese, as CTMs dos mini-horses apresentaram maiores expressdes
génicas. Contudo, ainda h& analises a serem realizadas como o pefrfil
protedmico do meio condicionado produzido a partir das CTMs em cultivo, para

potencializar o entendimento sobre as diferencas entre os animais estudados.
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