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RESUMO

SECRETOMA DE MEIOS CONDICIONADOS POR CELULAS-TRONCO
MESENQUIMAIS DERIVADAS DE TECIDO ADIPOSO EM CANINOS E FELINOS
PRODUZIDOS EM DIFERENTES AMBIENTES DE CULTIVO. Botucatu, 2018.
Dissertacdo de mestrado em Biotecnologia Animal — Faculdade de Medicina Veterinaria e

Zootecnia, Campus Botucatu, Universidade Estadual Paulista "Julio de Mesquita Filho" —
UNESP.

As células-tronco mesenquimais (MSCs) exercem seus efeitos terapéuticos
predominantemente pela sua atividade paracrina. Como o secretoma desempenha um papel
direto nas atividades bioldgicas das MSCs, a andlise de seus componentes proteicos ¢ um
passo fundamental para identificar os principais responsaveis no controle e regulacao dos
muitos processos bioldgicos desenvolvidos por essas células. O secretoma de MSCs pode ser
modificado e melhorado de forma in vitro para estimular efeitos celulares especificos
desejados para aplicagdes terapéuticas, ¢ uma maneira de modifica-lo ¢ por meio de
modificagdes nas condigdes de cultura. No presente estudo, objetivou-se descrever o
secretoma de células-tronco mesenquimais derivadas de tecido adiposo (AD-MSCs) de gatos
e caes submetidos a diferentes condigdes de cultivo, identificamos e comparamos os efeitos
exercidos por diferentes modificagdes de cultivo. Para a produgdo de meio condicionado, as
células foram descongeladas e cultivadas com meio DMEM/F12 com 20% de FBS,
suplementado com antibiodticos e antimicoticos em uma incubadora com umidade controlada
a 37,5 °C, e 5% de CO;. Apos atingir pelo menos 70% de confluéncia, as garrafas foram
lavadas trés vezes com solucao salina balanceada Hanks (HBSS) e foram cultivadas em
quatro condicionamentos distintos. O meio condicionado foi colhido apds 4 dias,
centrifugado por 10 min/300 g, filtrado em um filtro 0,22 um e congelado a -80 °C. Foram
realizadas a extracdo e concentracao proteica de todas as amostras e deplecdo de albumina
das amostras cultivadas em presenga de FBS. A digestdo em solugdo foi realizada para
preparar as amostras para a analise por espectrometria de massa. Como resultado, os perfis
protedmicos produzidos nas condigdes de cultura mais estressantes, tiveram uma maior
expressao proteica, além de conter a maioria das proteinas determinadas como relevantes.
Esse grupo, condicionado pela auséncia de FBS e hipdxia 5% O., apresentou um perfil

protedmico voltado a matriz extracelular (ECM) e a modulacdo da resposta imune,



Xi

demonstrando a capacidade das MSCs em modular o ambiente de acordo com as
circunstancias apresentadas e tornando-o mais adequado para a proliferacao e fungao celular.
Levando em conta que o uso do secretoma como terapia livre de células abre uma nova
possibilidade terapéutica para diferentes doengas, ¢ essencial continuar investigando as
diferentes modificagdes de cultivo que podem ser feitas na produgdo do meio condicionado

para direcionar sua utilizacao a diferentes alvos terapéuticos e diagnoésticos.

Palavras chave: MSC, secretoma, meio condicionado, protedmica, matriz extracelular.
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ABSTRACT

SECRETOME OF CONDITIONED MEDIUM BY MESENQUIMIAL STEM CELLS
DERIVED FROM ADIPOSE TISSUE IN CANINE AND FELINE SPECIES
PRODUCED IN DIFFERENT CULTURE ENVIRONMENTS. Botucatu, 2018.
Dissertacdo de mestrado em Biotecnologia Animal — Faculdade de Medicina Veterinaria e

Zootecnia, Campus Botucatu, Universidade Estadual Paulista "Julio de Mesquita Filho" —

UNESP.

It is now known that mesenchymal stem cells (MSCs) exert their therapeutic effects
predominantly through their paracrine activity. Since the secretome plays a direct role in the
biological activities of MSCs, the analysis of their protein components is a fundamental step
in identifying the main responsible for the control and regulation of the many biological
processes developed by these cells. The MSCs secretome can be modified and improved in
vitro to stimulate specific cellular effects desired for therapeutic applications, and one way
of modifying it is through modifications in the culture conditions. In the present study, in
addition to describing for the first time the secretome of mesenchymal stem cells derived
from adipose tissue (AD-MSCs) in feline species, we identified and compared the effects
exerted by different culture modifications, such as the use of serum-free medium and hypoxia
in the protein production by AD-MSCs in canines and felines. For the conditioned media
production, the cells were thawed and cultured with DMEM/F12 medium with 20% fetal
bovine serum (FBS), supplemented with antibiotics and antimycotics in controlled incubator
ay 37.5 °C with 5% COa.. After reaching at least 70% confluency, the flasks were washed
three times with Hanks balanced salt solution (HBSS) and were grown in four different
conditions. Conditioned media were collected after 4 days, centrifuged for 10 min/300 g,
filtered on a 0.22 um filter and frozen at -80 °C. Protein extraction and concentration of all
samples and albumin depletion of samples cultured with FBS were performed. Digestion in
solution also was performed to prepare the samples for mass spectrometry analysis. The
proteomic profiles produced under the most stressful culture conditions had a greater protein
range, besides containing within it the majority of proteins determined as relevant. This
group, conditioned by serum-free medium and 5% hypoxia, presented an extracellular matrix

(ECM) and immunomodulation-oriented profile, demonstrating MSCs ability in modulate
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their environment according to the circumstances and making it more suitable for cell
maintenance and function. The secretome as free cell therapy opens new therapeutic
possibilities, being essential to continue research of different modifications that can be made
in the conditioned medium production to direct its use for different therapeutic and diagnostic

targets.

Key words: MSCs, secretome, conditioned medium, proteomic, extracellular matrix.



CAPITULO 1



1. INTRODUCAO E JUSTIFICATIVA

Devido as suas propriedades tUnicas, as células-tronco representam ferramentas
promissoras para aplicagdes clinicas ¢ medicina regenerativa (KLIMANSKAYA et al.,
2008). As células estromais mesenquimais (MSCs) sdo células estromais indiferenciadas
caracterizadas pela sua extensa capacidade proliferativa e potencial de se diferenciar em
varias linhagens mesenquimais. Os precursores multipotentes do estroma da medula dssea
foram as primeiras células-tronco adultas a serem identificadas (TILL ¢ MCCULLOCH,
1964; FRIEDENSTEIN et al., 1970). Entretanto, o tecido adiposo possui claras vantagens
sobre outras fontes de MSCs, devido a facilidade com que o tecido pode ser obtido, bem
como a facilidade de isolar as células-tronco a partir dele (CASTEILLA et al., 2005;
OEDAYRAIJSINGH-VARMA et al., 2006).

Inicialmente os efeitos terapéuticos das MSCs transplantadas foram relacionados com
a migracao das células para os locais da lesdo, integracao no tecido danificado e diferenciagao
em células especializadas. No entanto, foi observado que apenas uma pequena proporc¢ao de
células, realmente se insere e sobrevive no tecido danificado do hospedeiro. Isto tornou
evidente que as MSCs transplantadas nao necessariamente t€ém que estar proximas ao tecido
danificado para exercer seus efeitos regenerativos, ja que esses efeitos podem ser exercidos
por sinais troficos secretados (LAI et al., 2012). Como o secretoma desempenha um papel
direto nas atividades biologicas das MSCs, a andlise de seus componentes proteicos ¢
fundamental para identificar os principais responsaveis pelo controle e regulagdo dos
diversos processos biologicos desenvolvidos por essas células. O secretoma de MSCs suporta
de forma autdcrina e pardcrina processos regenerativos no tecido danificado, induzindo a
angiogénese, protegendo as células da morte celular e modulando o sistema imunologico

(SKALNIKOVA, 2013).

Por sua curta vida dentro do corpo, a aplicagdo de MSCs nao permite a produgdo de
proteinas dentro do organismo como na aplicacdo direta do meio condicionado produzido in
vitro em condi¢oes controladas. Utilizando o meio condicionado de forma clinica, outras
vantagens sobre o uso das MSCs sdo conhecidas, como a auséncia de incompatibilidade

imunologica, tumorigenicidade, formacao de émbolos e transmissdo de infegdes, além de



permitir a sua utilizacdo com uma dosagem precisa, de uma maneira analoga a agentes
farmacéuticos convencionais (EIRO et al., 2014; BERMUDEZ et al., 2015; BERMUDEZ et
al., 2016). Além disso, o produto biologico produzido in vitro pelas MSCs pode ser
modificado e melhorado para estimular secreg¢des celulares especificas desejadas para
aplicagoes terapéuticas. Uma maneira de modifica-lo ¢ por modificagcdes nas condigdes de
cultivo. Uma variedade de estimulos e condi¢des de cultivo celulares tem sido estudadas,
incluindo cultura de células sob condi¢des hipoxicas ou privagdo de soro, estimulos pro-
inflamatorios, crescimento tridimensional, e engenharia de microparticulas (VIZOSO et al.,

2017; SKALNIKOVA, 2013).

O perfil paracrino do meio condicionado por MSCs em pacientes veterinarios € seu
uso clinico tem sido pouco estudado (HARMAN et al., 2017) e, no nosso conhecimento,
apenas um estudo tem caracterizado o secretoma de AD-MSCs caninas sobe condigdes
padrdes de cultivo (VILLATORO et al., 2019). Uns dos objetivos deste estudo foi determinar
o secretoma das AD-MSCs caninas e felinas quando mantidas sob diferentes condi¢des de
cultivo como a auséncia de soro fetal e 5% hipoxia, e discutir os achados considerando suas
aplicagdes terapéuticas. As variagdes secretomicas € o papel das proteinas segregadas em
cada um dos diferentes condicionamentos de cultivo, ajudardo a definir novas estratégias

diagnosticas e terapéuticas valiosas para tratar uma ampla gama de doengas.



2. REVISAO DE LITERATURA

Células-tronco

As MSCs foram oficialmente nomeadas ha mais de 25 anos (CAPLAN, 1991) para
representar uma classe de células da medula 6ssea e periésteo humanas e mamiferas
(NAKAHARA et al., 1990) que poderiam ser isoladas e expandidas em cultura mantendo
sua capacidade in vitro de ser induzidas a formar uma variedade de fendtipos e tecidos

mesodérmicos (CAPLAN, 2017).

As células-tronco podem ser definidas como células com capacidade de proliferagao
e autorrenovacao, além da capacidade de responder a estimulos externos e dar origem a
diferentes linhagens celulares mais especializadas (PEREIRA, 2008). Quando as células-
tronco se dividem, possuem a capacidade de gerar mais células-tronco, uma propriedade
conhecida como autorrenovacgao, e a capacidade de produzir progénies mais diferenciadas

(MORRISON e KIMBLE, 2006).

De acordo com a origem tecidual, as células-tronco podem ser classificadas em
células-tronco embrionarias e adultas. O primeiro tipo ¢ derivado da massa celular interna do
blastocisto, sendo totipotentes ou capazes de se transformar em qualquer tipo celular, e por
sua vez em um organismo inteiro (MAIA et al., 2017). O segundo tipo inclui as células-
tronco hematopoiéticas e mesenquimais, podendo ser isoladas de tecidos de origem
mesodermal, tais como musculo (ZHENG et al., 2007), medula 6ssea, tecido adiposo (DE
UGARTE et al., 2003), sangue periférico (VILLARON et al., 2004), matriz do cordao
umbilical (HOYNOWSKI et al., 2007), liquido amnidtico (LOVATI et al., 2011), pele
(ORCIANI e PRIMIO, 2013) pulmao (HUA et al., 2009), membrana sinovial (DE BARI et
al., 2001) polpa dentaria (GRONTHOS et al., 2000), mucosa nasal olfatéria (DELORME et
al., 2010), tecido do couro cabeludo (SHIH et al., 2005), periosteo (DE BARI et al., 2001),

entre outras fontes.

As células-tronco desempenham um papel fundamental na autorrenovagao de tecidos
adultos ao longo da vida. Alguns tecidos sdo caracterizados pela continua perda de células,

incluindo o sistema hematopoiético, intestino e pele, sendo as células-tronco adultas



responsaveis pela reposicdo celular e consequente homeostasia tecidual (HUMPHREYS e
BONVENTRE, 2008). Além da reposi¢ao de células que sofrem apoptose, as células-tronco
adultas podem proporcionar a recuperacgao de lesdes nao fisioldgicas decorrentes de acidentes

ou agentes patogénicos (NARDI, 2007).

O fato das MSCs serem chamadas de células-tronco estava sendo usado para inferir
que apos realizado o transplante celular, os pacientes receberiam beneficios médicos diretos,
porque imaginavam que essas células-tronco iriam se diferenciar em células produtoras de
tecido regenerativo (CAPLAN, 2017). No entanto, atualmente ¢ conhecido que apenas uma
pequena propor¢ao de MSCs transplantadas realmente se integra e sobrevive nos tecidos do
hospedeiro. Assim, o mecanismo predominante pelo qual as MSCs participam do reparo

tecidual parece estar relacionado com sua atividade paracrina (BAGLIO et al., 2012).

CAPLAN (2017) sugeriu a modificagdo da denominacao de MSCs para células de
sinalizagdo medicinal (Medicinal Signaling Cells), por refletir mais precisamente a agao
terapéutica das células pela migracao (homing) aos locais de lesdo e secrecdo de fatores
bioativos (DA SILVA MEIRELLES et al., 2009) com efeitos imunomoduladores e tréficos
(CAPLAN e DENNIS, 2006) e acao terapéutica e medicinal (CAPLAN e CORREA, 2011).
Na verdade, sdo as células-tronco residentes especificas do tecido lesionado que constroem
o novo tecido, estimuladas pelos fatores bioativos secretados pelas MSCs fornecidas por via
exodgena (LE BLANC e MOUGIAKAKOS, 2012; CAPLAN, 2015). Esta intrigante hipotese
abre novas perspetivas terapéuticas destinadas ao desenvolvimento de estratégias livres de
células com base no uso do secretoma de MSCs como uma alternativa segura e

potencialmente mais vantajosa que abordagens com terapia celular.

O Comité de Células-Tronco Mesenquimais e Tecidual da Sociedade Internacional
para Terapia Celular estabeleceu em 2006 os critérios minimos de identificacao para MSCs
os quais sao: cé¢lulas aderentes ao plastico quando mantidas em condi¢des de cultura padrao;
expressao de moléculas de superficie CD105, CD73 e CD90 e auséncia de expressao de
CD45, CD34, CD14 ou CD11b, CD79a ou CD19 e HLA-DR, e capacidade de diferenciagao
em osteoblastos, adipdcitos e condroblastos in vitro (DOMINICI et al., 2006). Embora as
MSCs estejam presentes em multiplos tecidos, sua quantidade total no corpo ¢ escassa.

Protocolos de terapia celular geralmente requerem centenas de milhdes de MSCs por



tratamento; portanto, a expansdo celular in vitro, varias semanas antes do implante, ¢
necessaria. A idade do paciente e as caracteristicas clinicas influenciam as condigdes ideais
de cultura para a producdo em escala clinica das MSCs (SOTIROPOULOU et al., 2006;
DUGGAL e BRINCHMANN, 2011).

Viarios estudos revelaram que o tempo de implantacdo de MSCs ¢ geralmente curto
para ter um impacto efetivo (MULLER-EHMSEN et al., 2002; TOMA et al., 2009;
CHIMENTI et al., 2010). De fato, foi relatado que menos de 1% das MSCs sobrevivem por
mais de uma semana apds a administracao sistémica (PAREKKADAN e MILWID, 2010;
EGGENHOFER et al., 2012), sugerindo que os principais efeitos das MSCs sao

provavelmente mediados por mecanismos paracrinos (MAGUIRE, 2013).

Células-tronco mesenquimais derivadas de tecido adiposo

A populagao total de células isoladas do tecido adiposo ¢ heterogénea e contém uma
combinacgdo fisioldgica de fibroblastos, células e progenitores endoteliais, pericitos,
macrofagos, pré-adipocitos, linfocitos B e T, e células musculares lisas. O total da populacao

de células-tronco ¢ estimado em 1 a 3% do total de células nucleadas (DAHLGREN, 2009b).

As MSCs derivadas de tecido adiposo se encontram nos diferentes depositos de tecido
adiposo branco e marrom presentes no corpo (RADA et al., 2009). Quando comparadas com
outras populagdes e fontes de células-tronco, as MSCs derivadas de tecido adiposo podem
ser facilmente isoladas além de proporcionar rendimentos mais elevados apds o
processamento do tecido (SALGADO et al., 2010). O procedimento cirtrgico simples, o
acesso facil ao tecido adiposo e a simplicidade do isolamento celular tornam essa fonte
atraente para pesquisas e aplicagdes biomédicas (SCHAFFLER e BUCHLER, 2007) quando

comparadas, por exemplo, com as células-tronco derivadas de medula 6ssea.

Semelhante a outras populagdes de células-tronco, inicialmente acreditou-se que o
principal potencial das MSCs derivadas de tecido adiposo, para abordagens na medicina
regenerativa, estava intimamente relacionado a sua capacidade de diferenciacdo. Embora isso
seja verdade, ha uma crescente descricao dos efeitos troficos das MSCs derivadas de tecido

adiposo na protegdo, sobrevivéncia e diferenciacdo de uma variedade de células e tecidos



endogenos. Além disso, elas também demonstraram possuir um carater imunomodulador.
Este efeito estd intimamente relacionado com seu secretoma e seus fatores soluveis.
Moléculas como fator de crescimento de hepatdcitos (HGF), fatores estimulantes de colonias
de granuldcitos e macrdofagos, interleucinas (ILs) 6, 7, 8 e 11, fator de necrose tumoral o
(TNF-a), fator de crescimento endotelial vascular (VEGF), fator neurotrofico derivado do
cérebro (BDNF), fator de crescimento nervoso (NGF) e adipocinas foram identificados

dentro do secretoma das MSCs derivadas de tecido adiposo (SALGADO et al., 2010).

Mecanismos de acdo das células-tronco mesenquimais

O potencial terapéutico das células-tronco mesenquimais pode ser atribuido a trés
mecanismos-chave de acdo O primeiro mecanismo ¢ chamado de homing, uma importante
caracteristica distintiva das MSCs em comparag¢dao com a maioria dos outros tipos celulares,
pela qual as células-tronco administradas sistemicamente migram para o foco da lesdo aguda
devido a sinaliza¢des quimicas (VIZOSO et al., 2017), sendo esta caracteristica a base para
que as células-tronco possam atingir os sitios alterados apos a administragcdo intravenosa,
intra-lesional ou peri-lesional (BAGLIO et al., 2012). As citocinas liberadas nos sitios de
inflamacao ou lesdo promovem a sinalizagdo quimica para orientar a migragao das células

implantadas (DAHLGREN, 2009a).

Nas alteragdes, pode-se observar um aumento da populacdo de MSCs circulantes,
sugerindo a existéncia de um reservatorio de células mesenquimais que sao mobilizadas em
resposta a lesdo, para atingir o local danificado e auxiliar na reparagao tecidual (ALM et al.,
2010; DENG et al., 2011). Hipotetiza-se que a migracao para os tecidos alvo ocorre por um
processo semelhante ao da migragao de leucocitos. A quimiotaxia ¢ mediada por receptores
da superficie celular, como os receptores de quimiocinas. Embora o mecanismo exato da
interacdo do endotélio com a célula-tronco no local alvo ndo esteja bem estabelecido,
integrinas e selectinas medeiam essas interacoes (RUSTER et al., 2006; DOCHEVA et al.,
2007). O motivo pelo qual as MSCs se alojam especificamente em locais que tem
caracteristicas de tecidos lesados e cancerigenos, ainda ¢ incerto, mas a inflamagdo ¢
provavelmente o denominador responsavel pela migracdo. A alta concentracdo de
quimiocinas inflamatérias liberadas apds o dano tecidual pode realmente controlar a

migracao de MSCs, que expressam receptores para varios fatores de crescimento, incluindo



o fator de crescimento derivado de plaquetas (PDGF), fator de crescimento insulinico tipo
1(IGF-1), e receptores de quimiocinas, como CCR2, CCR3, CCR4 e CCL5 (PONTE et al.,
2007).

Os mecanismos precisos que direcionam o homing das MSCs representam um assunto
atraente para investigacao, devido as suas implicagdes nas aplicagdes terapéuticas dessas
células, tanto como efetores da reparagdao quanto vetores de sinais especificos (BAGLIO et
al., 2012). O segundo mecanismo de acdo das MSCs ¢ a diferenciagdo em multiplos tipos
celulares, enxertando-se localmente e induzindo a restauracdo da funcdo tecidual, seja
aumentado ou substituindo os tecidos danificados (DEANS e MOSELEY, 2000; JIANG et
al., 2006). O terceiro mecanismo principal ¢ a secrecao de fatores bioativos, que podem afetar

potencialmente os processos fisiologicos locais e sist€émicos (GNECCHI et al., 2008).

Secretoma de células-tronco mesenquimais como nova estratégia terapéutica

Nos ultimos anos, tem surgido o estudo de um tipo diferente de regulacao bioldgica
envolvendo a comunicagdo entre as células por substancias secretadas (VIZOSO et al., 2017).
O secretoma ¢ referido como o conjunto rico € complexo de moléculas secretadas pelas
células constitutivamente, ou por sinais de ativacao de maneira regulada (MAKRIDAKIS et
al., 2013; BRION et al., 1992). Na secrecdo regulada, as proteinas sao armazenadas em
vesiculas secretoras e sua liberagdo ¢ estimulada por um sinal especifico. O tratamento
celular in vitro induzido por este sinal, aumenta a quantidade de proteinas e citocinas
particulares segregadas no meio de cultura (LEE et al., 2010; WANG et al., 2006; KILROY
et al., 2007).

As proteinas secretadas sao moléculas principais da comunicagdo intercelular e
participam da maioria dos processos fisiologicos, como sinalizagdao celular, crescimento,
divisdo, diferenciacao, invasdo, metastase, adesao e ligacao celular, angiogénese e apoptose
(MUSTAFA et al., 2011; MAKRIDAKIS et al., 2013). Até o momento, uma variedade de
citocinas, citocinas quimiotaticas (quimiocinas), fatores angiogénicos, fatores de
crescimento, proteinas de ligacao a fatores de crescimento, proteinas da matriz extracelular
e enzimas de remodelacdo da matriz com agdes pro-inflamatdrias, anti-inflamatorias e

pleiotropicas, foram identificadas em secretomas de MSCs (SKALNIKOVA et al., 2011).



Tem havido um crescente esfor¢o nos ultimos anos para analisar o secretoma de
células-tronco por abordagens protedOmicas, marcagdo e caracterizagdo das moléculas
secretadas pelas células-tronco a fim de obter informacdes sobre os mecanismos
imunomodulatorios / anti-inflamatorios e processos neoangiogénicos, além da sobrevivéncia,

diferenciagdo e recrutamento celular (FARINA et al., 2011., ROCHE et al., 2013).

O secretoma de células e tecidos individuais ¢ especifico, € mudam em resposta as
flutuagdes nos estados fisioldgicos ou nas alteragdes. Os fatores soltiveis e microvesiculas
podem ser capazes de desencadear de forma independente a regeneragdo e reparo, bem como
a mediacdo da organogénese de o6rgaos produzidos com engenharia de tecidos ex vivo

(JUSTEWICZ et al., 2012; MAGUIRE, 2013).

Em mamiferos, as proteinas segregadas tipicas incluem proteinas do soro como a
albumina, as imunoglobulinas e proteinas da matriz extracelular como colagenos,
proteoglicanos, fibronectina e lamininas (LODISH et al., 1999). As proteinas pouco
abundantes, mas altamente bioativas segregadas, desempenham um papel fundamental na

regulacao da renovagao e diferenciagdo celular (SKALNIKOVA et al., 2011).

Componentes do secretoma

O secretoma de MSCs contém muitas moléculas de sinalizagdao celular, incluindo
fatores de crescimento e citocinas que modulam os comportamentos celulares, como
proliferacao, diferenciacao e producdo de matriz extracelular, ou fornecem efeitos pré e anti-
inflamatorios. Estudos recentes forneceram evidéncias de que as MSCs também secretam
pequenas vesiculas extracelulares ligadas @ membrana que contém biomoléculas, incluindo
fatores de crescimento, citocinas e varias formas de RNA capazes de desencadear uma
variedade de respostas em todo o organismo (RANI et al., 2015). Notavelmente, foi
recentemente relatado que as vesiculas extracelulares sozinhas podem fornecer beneficio

terapéutico semelhante ou melhorado as suas contrapartes celulares (SHAO et al., 2017).
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2.1.1. Citocinas e fatores de crescimento

As MSCs secretam uma ampla variedade de citocinas de sinalizagdo celular e fatores
de crescimento. Essas moléculas bioativas podem estimular as populacdes de células
endogenas a respostas que podem contribuir para a cura em uma variedade de tecidos
(PHELPS et al., 2018). Algumas das biomoléculas mais importantes do ponto de vista
fisiologico secretadas pelas MSCs incluem HGF, que tem sido relatado como envolvido na
imunomodulacdo, migragdo celular, desenvolvimento, cicatrizacdo de feridas e anti-
apoptose; fator de crescimento transformante [ (TGF- [) potencializado em
imunomodulagdo, crescimento, proliferagao e diferenciacao celular e cicatrizagao de feridas;
VEGF, desempenhando um papel importante na angiogénese mas também na
imunomodulacdo e sobrevivéncia celular; e moléculas como o gene estimulado pelo fator de
necrose tumoral 6 (ETG6), a prostaglandina E2 (PGE2) e as galectinas 1 € 9, que sao todas
relatadas como tendo um grande papel na imunomodulacao (MADRIGAL et al., 2014; BAI
et al., 2016).

2.1.2. Vesiculas Extracelulares

Vesiculas extracelulares ¢ um termo genérico para diferentes tipos de vesiculas
secretadas por MSCs. Os exossomos, com diametros entre 30 a 200 nm, sdo formados pelo
brotamento interno de corpos multivesiculares, que se fundem com a membrana plasmatica
para serem liberados no ambiente extracelular. As microvesiculas, também referidas como
ectossomos, sdo maiores com didmetros entre 50 a 1000 nm e brotam diretamente da
membrana plasmatica. Os corpos apoptoticos variam de tamanho entre 500 a 2000 nm e
abrangem fragmentos de células mortas ou moribundas. As exploracdes do valor terapéutico
estdo atualmente focadas principalmente em exossomos e microvesiculas. Cada tipo de
vesicula ¢ caracterizada por sua origem, tamanho e marcadores de identificagdo Unicos

(PHELPS et al., 2018).

A maioria das células evidentemente secretam grandes quantidades de micro e nano-
vesiculas tanto in vivo para os fluidos corporais quanto in vitro para o meio de cultura de
células (BAGLIO et al., 2012). As vesiculas extracelulares sdo particulas ligadas a membrana
fosfolipidica secretadas pelas células, e contém materiais biologicos incluindo DNA, RNA,

lipidios bioativos e proteinas. Os componentes internos sao especificos da fonte celular (isto
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¢, do individuo, bem como do tecido particular do qual as MSCs foram derivadas) e do estado
fisiologico das células (PHELPS et al., 2018). As vesiculas extracelulares podem ser
direcionadas para células locais ou transportadas pelos fluidos biologicos para células em
tecidos distantes. Apos a ligagdo com as células receptoras, podem permanecer estavelmente
associadas com a membrana plasmatica, dissociar-se, fundir-se diretamente com a membrana
ou ser internalizadas por vias endociticas (RAPOSO e STOORVOGEL, 2013). A
composi¢do bioquimica, a biogénese complexa dessas vesiculas e, em particular, seu papel
fisiologico foram apenas parcialmente decifrados. No entanto, essas vesiculas tém
caracteristicas notaveis, incluindo a capacidade de transferir proteinas e material genético
funcional como o RNA e miRNA para outras células, pelo qual tem potencial como
mediadores de comunicacao celular (RATAJCZAK et al., 2006; VALADI et al., 2007;
SKOG et al., 2008; PEGTEL et al., 2010).

Os exossomos sao pequenas vesiculas membranosas que sdo liberadas no espaco
extracelular a partir de corpos multivesiculares pela maioria dos tipos celulares (SIMPSON
et al., 2009). Sao liberados da maioria das células constitutivamente, mas apos a ativagao,
sua liberacao ¢ significativamente aumentada. Foram inicialmente implicados na maturagao
dos reticuldcitos e posteriormente demonstraram ter um papel importante na resposta imune
(SKOG et al., 2008). Baglio et al. (2012) descreveram a biogénese dos exossomos,
envolvendo a formagdo de vesiculas intraluminais por brotamento interno da membrana
limitante de corpos multivesiculares, e esses corpos multivesiculares, se fundem com a
membrana plasmatica para liberar as vesiculas intraluminais como exossomos. Os mesmos
autores indicam que tanto os exossomos quanto outros tipos de microvesiculas, podem operar
de varias maneiras, uma vez que podem ser considerados vetores complexos que podem
conter basicamente todas as moléculas bioldgicas conhecidas e, provavelmente, os solutos

que estao presentes nas c€lulas parentais.

A quantidade e o conteudo dos exossomos variam consistentemente com base nas
condi¢des microambientais e, particularmente, quando as células sdo submetidas a fatores

estressantes (PAROLINI et al., 2009; HEDLUND et al., 2011; LV et al., 2012).
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Modificacoes das condigoes de cultivo das células-tronco mesenquimais

Ha evidéncias sugerindo que a modificacdo do meio de cultura das MSCs pode
melhorar o efeito terapéutico de seu secretoma. Uma variedade de estimulos e condi¢des
celulares adicionais tem sido estudadas, incluindo: cultura de células sob condi¢des hipdxicas
ou privacao de soro, o que aumenta a producao de fatores de crescimento angiogénicos e
moléculas anti-inflamatdrias; estimulos pré-inflamatérios (como estimulacao com TNF-a,
lipopolissacarideos ou co-cultura com linfocitos T) que induzem maior secrecao de fatores
relacionados com o sistema imunoldgico; crescimento tridimensional, que aumenta a
producdo de fatores antitumorais e anti-inflamatérios; e engenharia de microparticulas

(VIZOSO et al., 2017, SKALNIKOVA, 2013).

2.1.3. Hipoéxia

As concentragdes adequadas de oxigénio (O2) podem aumentar as propriedades e o
crescimento das MSCs, e o efeito trofico do seu secretoma. Em uma variedade de tecidos, a
redugdo da tensdo de oxigénio ativa o fator induzivel por hipdxia o (HIF-1a), levando a
expressao de fatores angiogénicos, como o VEGF (AHLUWALIA e TARNAWSKI, 2012;
HAWKINS et al., 2013; YOUN et al., 2011). Foi demonstrado que a cultura de células em
condi¢des de hipdxia tem efeitos benéficos sobre as MSCs (MADRIGAL et al., 2014). De
fato, sabe-se que a maioria dos fatores de crescimento sdo secretados em maiores
quantidades, em vdrias células-tronco, sob condi¢des de hipoxia (PAWITAN, 2014). Além
disso, a hipoxia permite manter um fenotipo indiferenciado de MSCs para autorrenovagao,
em vista das areas com baixa oxigenacao do corpo, mal perfundidas pelo sistema circulatério
nas quais estao as MSCs (HAWKINS et al., 2013; HAQUE et al., 2013). Outros estudos
também tém demonstrado que uma tensdo de 3% de O na cultura de células tem efeitos
positivos na sobrevivéncia in vitro e na autorrenovacao de MSCs derivadas de medula 6ssea,
mantendo seu estado indiferenciado (PATTAPPA et al., 2013; D’IPPOLITO et al., 2006).
Uma tensdo de 2% de O; preserva a indiferenciacdo e aumenta a proliferagdo e o potencial
angiogénico das MSCs derivadas de tecido adiposo (YAMAMOTO et al., 2013; LIU et al.,
2013). Foi recentemente relatado que as células-tronco da polpa dentaria humana cultivadas
sob hipdxia sdo menores em tamanho e exibem nicleos maiores do que aquelas cultivadas

em ambiente normoxico. Por outro lado, a cultura em 5% O aumenta significativamente sua
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taxa de migracao e proliferacdo, mas também a expressao de marcadores de células-tronco e
fator neurotrofico derivado do cérebro BDNF, NGF, SOX2 ¢ fator de crescimento endotelial
vascular (VEGF) (AHMED et al.,, 2016). Assim, pelo contrario, varios estudos tém
demonstrado a influéncia negativa da baixa concentracdo de O> no ambiente nas MSCs,
induzindo a senescéncia precoce (ESTRADA et al., 2012), maior tempo de duplicagdo e

danos no DNA (FEHRER et al., 2007).

Mecanismos de acdo do secretomas

2.1.4. Imunomodulacdo e atividade anti-inflamatéria

Uma das propriedades funcionais mais bem descritas das MSCs in vivo € seu potente
efeito no sistema imunolégico. E bem conhecido que as MSCs tém a capacidade de suprimir
a resposta imune (JIANG et al., 2005; CORCIONE et al., 2006; CASIRAGHI et al., 2008;
JARVINEN et al., 2008; SHENG et al., 2008), no entanto, também tem sido demonstrado
que podem funcionar como células apresentadoras de antigenos (CHAN et al., 2006; STAGG
et al., 2006).

As MSCs afetam a proliferagdo, ativacdo e fung¢do das células imunes. Tem se
mostrado em estudos pré-clinicos um efeito supressor na imunidade inata e adaptativa
(KEATING, 2012; FIERABRACCI et al., 2016). As MSCs normalmente expressam o
complexo principal de histocompatibilidade-I (MHC-I), mas carecem de expressao de
complexo principal de histocompatibilidade-II (MHC-II), CD40, CD80 e CD86 na superficie
celular e, ndo sdo reconhecidas pelas células T e frequentemente ndo induzem uma resposta
imunologica pelo transplante (RYAN et al., 2005). Além de ser caracterizadas pela sua baixa
expressao do MHC-II e moléculas co-estimuladoras, interferem em diversas vias da resposta
imunologica interacoes célula-a-célula e a secrecao de fatores soliveis, incluindo membros
da familia do TGF-B, IL-6 e IL-10, as metaloproteinases de matriz extracelular (MMPs),
oxido nitrico e indoleamina 2,3 deoxygenase (IDO) (BAGLIO et al., 2012). Além disso, as
MSCs atuam em trés etapas da resposta imune, no reconhecimento e apresentacdo do
antigeno; ativagao, proliferagdo e diferenciacao de células T; e o estagio efetor das células T

(LIANG et al., 2014).
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Esta bem estabelecido que o efeito anti-inflamatorio do meio condicionado por MSCs
¢, pelo menos em parte, mediado por moléculas imunorreguladoras soluveis. Entre as
citocinas anti-inflamatérias presentes em ele estdo o fator de necrose tumoral 1 (TNF-B1),
IL-13, proteina de ligacdo IL-18 (IL18BP), fator neurotrofico ciliar (CNTF), fator de
neurotrofina 3 (NT-3), IL-10, IL-12p70, IL-17E, IL-27 ou antagonista do receptor de IL-1
(IL1RA) (BERMUDE-Z et al., 2016; ZAGOURA et al., 2012). Também foi encontrado que
o meio condicionado por MSCs contem citocinas pro-inflamatérias, tais como IL-1b
(ZAGOURA et al., 2012), IL-6, IL-8 e IL-9 (CANTINIEAUX et al., 2013; MIRABELLA et
al., 2011; LEE et al., 2011).

O equilibrio entre essas citocinas anti-inflamatérias e pro-inflamatorias pode
determinar o efeito final. No entanto, ¢ também notével que as MSCs inibem as citocinas
pro-inflamatorias, como o interferon-y e o TNF-a, enquanto aumentam a liberagao de IL-10

anti-inflamatoéria (CAPLAN, 2007; YI e SONG, 2012).

2.1.5. Atividade Anti-apoptotica

As MSCs previnem a morte celular por meio da restauragdo do microambiente local,
produzindo proteinas inibidoras da apoptose e diminuindo a expressao de proteinas anti-
apoptoticas (LI et al., 2015). Deste modo, foi relatado que as MSCs diminuem a expressao
dos fatores pro-apoptoticos Bax e de caspase-3 clivada, mas aumentam os niveis de Bcl-2
anti-apoptoéticos, enquanto a expressao de fatores pro-angiogénicos, como fator basico de
crescimento fibroblastico (bFGF), o VEGF e o CXCL12 foram aumentados em coragdes

tratados com MSCs (TANG et al., 2005).

2.1.6. Cicatrizacdo de Feridas e Reparo de Tecidos

Um papel benéfico na cicatrizagdo de feridas e reparacao de tecidos foi observado por
parte das MSCs no local da lesao (TOMA et al., 2002). Dados de modelos animais indicam
que os efeitos autocrinos ou pardcrinos das MSCs, em vez de seu enxerto direto e
diferenciagao tecidual, podem desempenhar um papel fundamental na cicatrizacao de feridas

(SALGADO et al., 2010; STASTNA e VAN EYK, 2012; DRAGO et al., 2013).

Varios estudos relataram a presenca de fatores de crescimento no meio condicionado

por MSCs que contribuem para a regeneracgao de tecidos de 6rgaos danificados, com especial
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énfase na proliferagio (BERMUDEZ et al., 2015; BHANG et al., 2014; PARK et al., 2010;
LEE et al., 2011). Também vale ressaltar que o secretoma de MSCs possui efeitos anti-

fibréticos e angiogénicos que podem reduzir a formagao de cicatrizes (CARGNONI et al.,

2012; PREDA et al., 2014).

2.1.7. Efeitos Neuroprotetores e Neurotroficos

Na ultima década, numerosos estudos surgiram apoiando os efeitos neuroprotetores e
neurotroficos do secretoma de MSCs (RATAJCZAK et al., 2016; CASEIRO et al., 2016;
LUARTE et al., 2016). Varios estudos relataram efeitos benéficos de abordagens baseadas
em MSCs em modelos de lesdo nervosa. Estes efeitos incluem a modulacao do ambiente
inflamatério no local, vascularizagdo aumentada do local de regeneragdo, aumento da
espessura das bainhas de mielina, modulacdo do estidgio de degeneracdo, regeneragao
acelerada das fibras e aumento do seu numero, reducao de cicatrizes fibroticas e melhoria na

organizacao das fibras (CASEIRO et al., 2016).

2.1.8. Regulacdo da angiogénese

A angiogénese ¢ definida como o processo pelo qual a nova vasculatura brota de vasos
sanguineos pré-existentes. A angiogé€nese normal ¢ importante durante o processo de
cicatrizagdo de feridas (VIZOSO et al., 2017). Varios estudos tem demonstrado o efeito do
secretoma das MSCs em etapas fundamentais da angiogénese. Por exemplo, diferentes
populagdes de MSCs induzem proliferagdao e migragao de células endoteliais promovendo a
formagdo de vasos, bem como previnem a apoptose de células endoteliais in vitro

(BURLACU et al., 2013).

O papel das MSCs na angiogénese ¢ de grande interesse dado o amplo espectro de
doengas clinicas relacionadas ao crescimento insuficiente ou anormal de vasos, incluindo
doengas aterosclerdticas e distirbios de cicatrizagdo. O transplante bem-sucedido de MSCs
para promover a angiogénese foi demonstrado em diferentes modelos animais de isquemia
cerebral / acidente vascular cerebral, infarto do miocardio, bexiga neurogénica, doenca
arterial periférica e incontinéncia urinaria por estresse (HSIEH et al., 2013; LIU et al., 2013;

SHARMA et al., 2013).
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Esses dados indicam que varios fatores presentes no meio condicionado por MSCs
podem representar um coquetel equilibrado que atua em conjunto para promover a
angiogénese. Além disso, tem se demonstrado que a secrecdo destes fatores prd e
antiangiogénicos pode ser modificada dependendo das quimiocinas e condi¢des hipoxicas

(VIZOSO et al., 2017).

2.1.9. Efeito Antimicrobiano

Varios estudos in vivo mostraram efeitos benéficos do tratamento com MSC na sepse
induzida por bactérias, sugerindo propriedades imunomoduladoras das MSCs mediadas pela
atividade aumentada de fagocitos (GUPTA et al., 2007; GONZALEZ-REY et al., 2009; MEI
et al., 2010). Em experimentos in vitro, a resposta imune das células hospedeiras nao ¢
envolvida no processo, pelo que as substancias presentes no meio condicionado devem ser
responsaveis pelo efeito antibacteriano, como as quimiocinas CXCL10, CXCLS8, CXCLI,
CXCL6, CCL20 e CCLS, que sao conhecidas por terem efeitos antibacterianos, o que leva a
considerar que uma sinaliza¢do paracrina pode estar implicada no potencial antibacteriano

do meio condicionado (YANG et al., 2003; EGESTEN et al., 2007; COLLIN et al., 2008).

Producdao de meio condicionado por células-tronco mesenquimais

A andlise protedmica da secrecao celular envolve varios passos basicos: isolamento
e caracterizagdo celular, cultura celular em meio de cultura contendo FBS que ¢ geralmente
seguido por uma extensa lavagem celular e cultura em meio livre de soro. A presencga de soro
no meio de cultura de células influencia dramaticamente a separagao e a detecao das proteinas
secretadas pelas MSCs em quantidades menores (SKALNIKOVA, 2013). Assim, os fatores
troficos secretados pelas MSCs em pequenas quantidades podem ser mascarados sob as
proteinas séricas altamente abundantes se o meio contendo soro for usado. A omissao de FBS
ndo s6 diminui substancialmente a complexidade da amostra, mas também aumenta a

reprodutibilidade (PLANQUE et al., 2009).

BROWN et al (2012) descreve um processamento da preparacio do meio
condicionado, onde relata que a maioria dos estudos do secretoma de células de mamifero
sdo realizados in vitro cultivando primeiro as células de interesse em meio suplementado

com soro até¢ um 80 ou 100% de confluéncia para obter um numero suficiente de células. As
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células sao entdo cuidadosamente lavadas com solucao salina tamponada com fosfato estéril
(até seis vezes) para remover as proteinas do FBS, antes de serem incubadas em meio isento
de soro. O meio condicionado contendo proteinas segregadas pelas células ¢ coletado,
centrifugado a 300G para remover as c¢lulas flutuantes e os restos celulares brutos, para
depois passar por um filtro de 0,22 pm para remover pequenos detritos. O meio condicionado
¢ entdo concentrado até 200 vezes usando dispositivos de filtracdo por centrifugagao
(geralmente com um corte de massa molecular de 3 kDa). Outros métodos para concentragao
de proteinas utilizados s@o o vacuo de velocidade (speed vacuum), e precipitacao de proteinas
pelo acido tricloroacético, embora este tltimo possa levar a maiores perdas de proteinas e
problemas com a re-solubilizacao de proteinas (DOWELL et al., 2009). As amostras de meio
condicionado podem ser armazenadas a -80 °C antes de mais andlises (STASTNA e VAN
EYK, 2012). A concentragdo de proteina normalmente contem de 50 a 100 pg de proteina
total, e ¢ fracionada por SDS-PAGE. Em geral, dependendo da técnica protedmica e do
espectrometro de massa, descobriu-se que a maioria das células de mamiferos libera de 100
a 600 proteinas ou mais, incluindo proteinas classica e nao classicamente secretadas

(BROWN et al., 2012).

Virias proteinas intracelulares do secretoma cultivado in vitro sdo consistentemente
libertadas por culturas celulares de mamiferos no meio condicionado. Embora essas proteinas
intracelulares possam ser liberadas devido a morte celular, existem evidéncias de que
algumas dessas proteinas sdo secretadas por vias ndo classicas, como por meio de vesiculas

e exossomos, € podem ter funcdes extracelulares (NICKEL, 2010).

Talvez o maior desafio nos estudos secretomicos esteja na discriminagao de proteinas
que sao verdadeiramente secretadas daquelas que sdo liberadas como resultado de estresse
nao-fisioldgicos de lesdo mecanica. Para minimizar esses problemas, algumas técnicas tém
sido propostas, como o sistema de cultura de fibra oca, que permite culturas celulares de alta

densidade com minima lise celular (WU et al., 2009).

A analise protedomica do secretoma de MSCs foi recentemente possibilitada
principalmente devido ao extenso desenvolvimento em técnicas de separacao de proteinas,
MS, métodos imunoldgicos e bioinformatica, juntamente com isolamento, expansao e

diferenciagdo de MSCs. Desde 2003, quando a primeira analise protedmica do secretoma de
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MSCs derivado da medula 6ssea humana foi realizada (POTIAN et al., 2003), mais de 30
estudos adicionais foram publicados, mostrando o crescente interesse no secretoma de MSCs

(SKALNIKOVA, 2013).

Vantagens do uso do meio condicionado sobre as células-tronco mesenquimais

Alguns dos desafios relacionados ao transplante de MSCs sdo a rejeicao
imunomediada, instabilidade genética induzida por senescéncia ou perda de funcao e
sobrevivéncia celular limitada (LIM et al., 2011). Além dessas questdes, 0 maior problema
no uso de MSCs para aplicacdes clinicas ¢ a possibilidade de transformagdao maligna. A
producdo de uma quantidade suficiente de MSCs para uso clinico requer uma expansao in
vitro consistente, que pode levar a transformacao espontanea das células (RUBIO et al.,
2008). A luz dessas observagdes, a escolha de trasladar o potencial das MSCs para a clinica

deve ser considerada com cautela.

O uso de terapias livres de células, como o meio condicionado por MSCs em medicina
regenerativa, oferece vantagens importantes sobre as terapias baseadas em células-tronco
incluindo consideragdes de seguranca associadas ao transplante de populagdes de células
vivas e proliferativas como compatibilidade imunoldgica, tumorigenicidade, formagao de
€émbolos e transmissdo de infegdes; o secretoma de MSCs pode ser avaliado quanto a
seguranca, dosagem e poténcia de uma maneira analoga a agentes farmacéuticos
convencionais; o0 armazenamento pode ser feito sem o requerimento de agentes crioprotetores
potencialmente toxicos por um longo periodo sem perda da poténcia do produto (EIRO et al.,
2014; BERMUDEZ et al., 2015; BERMUDEZ et al., 2016); o uso de secretoma de MSCs, ¢
mais econdmico € mais pratico para aplicagdo clinica, uma vez que evita procedimentos de
coleta de células (OSUGI et al., 2012); a produgdo em massa ¢ possivel usando linhagens
celulares sob condigdes laboratoriais controladas, fornecendo uma fonte conveniente de
fatores bioativos; o tempo e custo de expansao e manutengao de células-tronco cultivadas
podem ser reduzidos e podem estar imediatamente disponiveis para o tratamento; € o produto
biologico obtido para aplicagdes terapéuticas pode ser modificado para os efeitos celulares

especificos desejados (VIZOSO et al., 2017).
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Atualmente, sabe-se que o meio condicionado por MSCs melhora significativamente
varios biomarcadores fisiopatologicos em diferentes afegdes e, em geral, pode ser tao eficaz
quanto o transplante das MSCs correspondentes em distintos modelos animais (VIZOSO et
al.,2017; IONESCU et al., 2012; TIMMERS et al., 2007, CHANG et al., 2013; ZHOU et al.,
2013; EIRO et al., 2014).
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HIPOTESE

- A hipoxia e a falta de soro fetal bovino no cultivo celular in vitro modificam de

forma distinta o secretoma produzido por AD-MSCs em caninos e felinos.

OBJETIVOS

- Identificar os efeitos da hipoxia e auséncia de soro fetal bovino sobre o secretoma

de células-tronco mesenquimais derivadas de tecido adiposo de caes e gatos.
- Analisar as principais diferencas ontologicas entre os distintos perfis protedmicos.

- Determinar as proteinas de maior relevancia, analisar suas funcdes moleculares,
processos biologicos e localizagdes sub-celulares, e estudar suas interagdes especificas fora

do meio condicionado.

- Identificar o método de cultivo celular ideal para produzir o melhor meio

condicionado em quantidade e importancia proteica.
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Culture conditions modifies the secretome of mesenchymal

stromal cells derived from adipose tissue in cats
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ABSTRACT

It is known that mesenchymal stromal cells (MSCs) exert therapeutic effects
predominantly through their homing capacity and paracrine activity. As the secretome plays
a direct role in the biological activities of MSCs, and the analysis of its proteic components
is fundamental to identify the responsible actors of different biological processes. In the
present study, besides describing for the first time the secretome of mesenchymal stromal
cells derived from adipose tissue (AD-MSCs) in the feline species Felis catus in standard
culture conditions, we identified and compared the effects exerted by different culture
conditions, such as the use of serum-free medium and hypoxia, on AD-MSCs protein
expression. Each type of culture environment influenced the MSCs in a unique way,
modifying the secretome and producing distinct proteomic profiles. Secretomes cultured with
serum-free medium had more than twice identified proteins when compared with secretomes
cultured with FBS. 5% hypoxic conditions didn’t cause any increase in protein amount and
affected only a small fraction of the proteome. Most relevant proteins were related to ECM,
having the capacity to modulate their environment, influencing cell signaling pathways and

functions and also providing a more suitable environment for cell proliferation and
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maintenance. Secretome as cell-free therapy, opens new therapeutic possibilities, being
essential to continue investigating about diverse modifications that can be made in the

conditioned media production to direct its use for different therapeutic and diagnostic targets.

Key words: MSCs, secretome, conditioned medium, serum-free, proteomic.

INTRODUCTION

Mesenchymal stromal cells, currently called medicinal signaling cells (MSCs) [1]
play a key role in self-renewal of adult tissues throughout life [2]. It was initially thought that
the therapeutic effects of transplanted MSCs were mediated by migration to the sites of
injury, integration into damaged tissue, and differentiation into specialized cells, however,
only a small proportion of MSCs actually graft and survive in the host damaged tissue. MSCs
exert their therapeutic effects predominantly through their homing capacity and their
paracrine activity [3,4]. MSCs conditioned medium and its proteomic profile, have become
targets of intensive study in search for identification of proteins that regulates many

biological processes and that are being used in regenerative medicine [5].

Because of its short lifetime inside the body, MSCs therapy does not allow a wide
production of proteins within the organism, as it does in the direct application of conditioned
medium, in vitro produced under controlled conditions. By using the conditioned medium in
a clinical way, other advantages over the use of MSCs are known, such as the absence of
immunological incompatibility, tumorigenicity, plunging, transmission of infections, as well
as allowing their use with a precise dosage and being available for clinical application in an

analogous way to conventional pharmaceutical agents [6,7].

MSCs biological product can be modified and improved in vitro by using specific
stimuli which may increase particular proteins and cytokines expression in the culture
medium, stimulating specific cellular effects desired for therapeutic applications [8—10]. A
variety of stimuli and cell culture conditions have been studied, including cell culture under
hypoxic conditions or serum deprivation, which increase the production of angiogenic

growth factors and anti-inflammatory molecules, pro-inflammatory stimuli that induce
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secretion of factors related to the immune system, three-dimensional cell growth which
increases the production of antitumor and anti-inflammatory factors, and microparticle

engineering [5,11].

In domestic animals therapy, adipose tissue is the most attractive source for isolation
of MSCs, because of its easy tissue access, cell isolation simplicity, and higher yields after
tissue processing when compared, for example, with MSCs derived from bone marrow [12].
Also, there has been a growing description of the trophic effects of MSCs derived from
adipose tissue (AD-MSCs) on the protection, survival and differentiation of a variety of cells
and tissues, effects closely related to their secretome and their soluble factors [13]. Although
it is well known that the cell secretome is a valuable source for the discovery of biological
products, therapeutic targets and biomarkers in various diseases, the paracrine profile of the
conditioned medium by MSCs in veterinary patients and its clinical use have been very little
studied [14][15]. In this research, besides describing feline AD-MSCs secretome in standard
culture conditions, we also analyzed protein expression variations caused by specific culture

conditions, and project these findings for its use in therapeutic applications.
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MATERIALS AND METHODS

Animals and inclusion criteria

Samples were collected from 5 female feline donors, healthy and with less than 2 years of
age. Each donor was clinically evaluated and underwent blood count and biochemical exams.
Each feline AD-MSCs sample was tested by PCR for Babesia spp., Chlamydophila felis,
F1V, Felv, Mycoplasma spp., and Toxoplasma gondii. The conditioned media were tested for
bacterial and mycological culture. Thus, within the inclusion criteria of this study, only cell
and conditioned media samples with negative results for all tests mentioned, were used.
Experimental protocol number 0074/2018 was approved by the ethics and animal welfare

committee and all procedures were carried out under its regulations.
AD-MSCs bank assembly

Adipose tissue (subcutaneous or intra-abdominal) was collected during the elective
ovariohysterectomy of each donor and was taken to the laboratory for processing. The tissue
was washed three times with Hank's balance salt solution (HBSS) containing 1% penicillin,
1.2% amphotericin (all from Gibco®, NY, USA) and 0.04% amikacin (TEUTO, GO, Brazil),
and was cut into fragments smaller than 1 mm3. The tissue was digested in HBSS with 0.04%
collagenase from Clostridium histolyticum (Sigma-Aldrich®, MO, USA), and was placed in
a water bath at 37.5 °C for 30 min, under constant agitation. Samples were passed through
70 um syringe driven filters (FALCON®, NC, USA) and centrifuged at 340 g for 10 min 3
times. Pellet obtained after the third centrifugation was resuspended and cultured with
Dulbecco's modified Eagle medium and F-12 nutrient mixture (DMEM / F-12 — Gibco®, NY,
USA) containing 20% FBS (Gibco®, Brazil), 1% penicillin, 1.2% amphotericin, and 0.04%
amikacin, in duplicate using 25 cm2 flasks (SARSTEDT®, Niimbrecht, Germany)
maintained at 37.5 °C with 5% CO2. The culture medium was changed every 48 h until cells
achieved 80% confluence, in order to carry out the first cell passage to 75 cm2 flasks,
maintaining the same culture conditions. Cells were frozen to form part of the MSCs bank
when the second passage achieved 80% confluence. Cell counting and viability was

performed in a Neubauer chamber with Tripan Blue (Gibco®, NY, USA) and they were
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frozen in cryotubes with 3x106 cells, using cryopreservation medium composed of 90% FBS
and 10% dimethyl sulphoxide (DMSO - Sigma-Aldrich®, MO, USA). The cryotubes were
frozen at -80 °C, placed in a commercial freezing container (Mr. Frosty, NALGENE®, MA,
USA) for the first 24 h.

Assay for cellular differentiation into mesodermal lineage

For osteogenic/adipogenic differentiation second passage AD-MSCs were seeded in six-well
plates with maintenance medium. After 48 h incubation, the medium was replaced with
STEMPRO (Thermo Fisher Scientific®, MA, USA) osteogenic or adipogenic differentiation
medium supplemented with 20% FBS according to the manufacturer's recommendations.
Differentiation medium was changed every 2 to 3 days and confirmation of osteogenic and
adipogenic differentiation were confirmed according to Maia et al. [16], respectively, by the
observation of calcified extracellular matrix deposits using 2% Alizarin red staining, pH 4.2,
and the presence of intracytoplasmic lipids droplets using 0.5% Oil Red O (both from Sigma-
Aldrich®, MO, USA).

Immunophenotypic analysis

Immunophenotypic analysis was performed according to the method described by Maia et
al. [16] with modifications. Characterization was performed using a LSRFortessa flow
cytometer (Becton Dickinson and Company®, NC, USA) with monoclonal antibodies CD44
(AbD Serotec®, CA, USA), CD90 (eBioscience ®, MA, USA), CD105 (Biorbyt ®, CA, USA),
CD34 (AbD Serotec ®, CA, USA) and MHC class II (AbD Serotec®, CA, USA). During the
analyses, 10.000 events were recorded. The results were presented as the mean and standard

error of the mean.
Conditioned media production and preparation

Samples were used in third passage to ensure a homogenous cell culture, maintain a similar
state of indifferentiation, and to avoid interference outside the culture conditions. A cryotube
from each cell sample was thawed and cultured in 4 - 75 ¢cm? flasks in order to use one of

them for each group (Table 1). Cell cultures were performed with an initial mean of 4x10°
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MSCs, viability of 52.4%, and cell concentration of 5,300 cells/ cm?. Cell cultures were
performed at 37.5 °C with 5% CO; with DMEM/F-12 medium with 20% FBS changed every
48 h. When cells achieved 80% confluence, the culture media were removed and the flasks
were washed 3 times with HBSS for the complete removal of FBS and phenol red from

culture medium.

Cells were cultured in different environmental conditions, taking into account oxygen

concentration (O2), and FBS presence or absence (Table 1).

Table 1. Characterization of each study group, indicating the variations in cell culture
conditions.

Study group Culture conditions characterization

Normoxia with FBS: Control group, cultured with 9 ml of DMEM / F-

N+FBS |5 hedium, 20% FBS. at 37.5 °C with 5% CO2 in air.

Hypoxia with FBS: Cultured with 9 ml of DMEM / F12 medium, 20%

H+FBS  ppg at37.5 °C with 5% CO2, 5% 02 and 90% N,

N - FBS Normoxia without FBS: Cultured with 9 ml of DMEM / F12 medium
without FBS at 37.5 °C with 5% CO2 in air.

H - FBS Hypoxia without FBS: Cultured with 9 ml of DMEM / F12 medium

without FBS at 37.5 °C with 5% CO2, 5% O2 and 90% N2.

Cells were maintained under the described conditions for the next 4 days and then the
conditioned media were collected, centrifuged at 900 g for 10 min, filtered through a 0.22

um filtration unit (KASVI®, PR, Brazil), and stored at -80 °C until its next processing.

Conditioned media were thawed, and a 20 mL pool, containing the same volume of each
sample, was prepared for each study group (n=5). To extract the proteins contained into the
extracellular vesicles, the pools were placed in ice bath and sonicated (BRANSON®, NH,
USA) in 10 intervals of 30 s separated by 1 min between each.

Samples were concentrated using Amicon centrifugal filters (Sigma-Aldrich®, MO, USA)
with a 3kDa molecular weight cut-off, centrifuged at 7,500 g for 40 min. The reduced

volumes were collected and centrifuged a second time at 10,000 g for 60 min because of the
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low protein concentration obtained. Concentrated samples were placed in 1.5 mL Protein
LoBind microtubes (Eppendorf®, Germany) and frozen at -80 °C. Total protein measurement
was performed on a NanoDrop 2000 equipment, confirmed by SDS PAGE 1D
electrophoresis using the protocol established by Laemmli [17] with gel at 12% concentration
stained with silver dye. In samples cultured with the presence of FBS, albumin depletion was

performed using the protocol established by Colantonio et al. [18].
Proteomic Strategies

Digestion in solution of cellular secretomes was performed in triplicate using the protocols
and procedures previously described by Codognoto et al. [19]. For the MS, the samples were
thawed, diluted in 0.1% formic acid in a relation of 0.66 ng protein/uL, homogenized in a
tube shaker and centrifuged at 1,100 g for 5 min. Next, aliquots of 10 - 15 puL resulting from
the peptides digestion were deposited in screw neck total recovery vials with cap (Waters
Corporation®, MA, USA) where another 4.5 pL aliquot was separated by a C18 column RP-
nano UPLC (Waters Corporation®, MA, USA) coupled to a Q-Tof mass spectrometer
(Waters Corporation®, MA, USA) with nanoelectrospray source at a flow rate of 0.600
puL/min. A gradient of 2-90% acetonitrile in 0.1% formic acid was maintained for 45 min.
The nanoelectrospray voltage was maintained at 3.5 kV, a cone voltage of 30 V and a source
temperature of 100 pC. The instrument was operated in top three mode in which a mass
spectrum is acquired followed by MS/MS of the three most intense peaks detected. After
MS/MS fragmentation, the ion was maintained in the exclusion lane for 60 seconds and for
the analysis of endogenous cleavage peptides, a real exclusion time was used. The spectra
were acquired using MassLynx software v.4.1 (Waters Corporation®, MA, USA) and the raw
data files were converted to a peak list format (.mgf, mascot generic format). The relative
quantification of each protein in the mixture was determined by the exponentially modified
protein abundance index (emPAI) obtained by Mascot Distiller software. Search parameters
included trypsin as protease, with a maximum of 1 lost cleavage; carbamidomethylation of
cysteine as fixed modification and oxidation of methionine as a variable modification, and a
tolerance of 0.1 Da for both ions precursors and fragments, and molecular weight

monoisotope.
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Data analysis

Distribution of the variables in the statistical analysis of the cell culture after 4 days of
conditioning was evaluated by graphical analysis (Histogram and QQ Plot) and normality
tests (Shapiro-Wilk). Friedman’s test and Dunn’s test were used to compare the variables
between the groups. Analyses were conducted in GraphPad Prism 5.0 software (GraphPad,

2007), and statistical differences were considered when P <0.05.

Mascot Software (Matrix Science Inc®, MA, USA) was used to search for MS / MS ions with
Felis catus taxonomy order from the NCBI database. The Mascot results were submitted to
the Protein Pilot Software 4.0 program (AB Sciex®, MA, USA) to perform the data set
analysis to validate MS / MS base peptides and protein identification. By the Venn diagram
web tool facilitated by Bioinformatics & Systems Biology, the protein intersections between
the secretomes were analyzed. The protein identification results were entered in the
UniprotKB (www.uniprot.org.br) and Phanter (www.pantherdb.org) databases, to analyze
them by their gene ontology (GO) taking into account their molecular function, biological
process and cellular component. The protein interactions networks within each secretome

were performed with String 11.0 online software (www.string-db.org).

For data normalization, the proteins that were not found in at least half of the samples of the
evaluated groups were excluded, and made the variables more comparable in order to obtain
better results. Sum of the protein abundance emPAI value of each sample was divided by the
total protein count and the final result was used for the statistical analysis [20]. The
MetaboAnalyst R software [21] was used to perform a non-hierarchical clustering analysis,
to confirm the groups division considering the emPAI values of each protein. The
multivariate analysis of the proteomic data was performed with the same software, using
principal component analysis (PCA) to describe the group variations and the partial least
squares - discriminant analysis (PLS-DA) was used to indicate the importance of proteins in
each group classification, indicating its value and importance in the VIP projection score,
where important proteins were considered with a value of a > 1 [22]. Heat map was used to

compare the proteins and their expression in the groups.
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The proteins that were determined as the most significant in the global analysis were
characterized individually by determining their molecular function, biological process and
subcellular localization, as well as being analyzed by the Panther Classification System,
String 11.0 and Kyoto Encyclopedia of Genes and Genomes (KEGG) software, in order to
determine its functions, interactions and participation in biological pathways, but in an
independent way, in order to know its functioning not only in relation to other secretome
proteins, but also in processes and pathways in which they are physiologically and

pathologically involved.

RESULTS

MSC lineage confirmation

Only samples that presented high expression of CD 44 (90% or higher) and low expression
of CD 34 and MHC II (below 10%) and positive differentiation for adipogenic and osteogenic
lineage were used. The expression of CD 90 and CD 105 was variable among donors in a

range between 30 and 50%.

Cell expansion and viability

Cell cultures maintained for 4 days to produce the conditioned media did not show statistical
difference in unattached cells and cell viability, but cell confluence and number of resulting

living cells were influenced by culture conditions (Table 2).

Table 2. Statistical analysis from feline MSCs samples including cellular confluence,
subjective measurement of unattached cells, number of living cells and cell viability after 96
hours of conditioned culture.

Group Confluence Unattached cells Number of cells ~ Viability
N + FBS 100%* 2.2 2.35x1062 64.1%
H + FBS 93%3° 2.4 2.01x1062 60.3%
N - FBS 56%% 3 0.62x106° 72.7%
H - FBS 54%?° 3 0.67x1063 68.9%

Different letters (a, b, ¢) indicates statistical difference (p<0.05).

After protein concentration, it was obtained a volume reduction between 96.1 and 98.9 %.
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MS and data analysis

Proteomics identified 93 proteins for Felis catus species (Table S1), of which 25 proteins
were found in the N+FBS group, 20 in the H+FBS group, 57 in the N-FBS group, 56 in the
H-FBS group and 5 were expressed in all groups evaluated.(Figure 1).

H+ FB

N - FBS

Figure 1. Venn diagram of proteins identified in conditioned media from feline AD-MSCs,

showing the amount of proteins found in each group, and the amount shared between them.

The GO results of the secretomes are described by molecular function, biological process
and cellular component (Figure S1 - S3). The protein interactions networks show the

difference between the protein connections in the different secretomes (Figure S4).

PCA analysis confirmed the groups division according to the variables present in each one
of them. The sum of the principal components was 89.4%, which confirm the accuracy of the
division of the groups. Dendrogram shows the same separation tendency between the groups

and between their replicates (Figure 2).
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Figure 2. Statistical group division according to presented variables. A) 3D score plot of the
principal component analysis (PCA). PC1, PC2 and PC3 indicate the variations between
groups (73.7% + 10.1% + 5.6% = 89.4%) and confirm their division. Note the distance
measure of clusters. B) Clustering results shown as dendrogram, confirming the PCA results

and the division of the groups.

The PLS-DA analysis determined 15 proteins as relevant, which are alpha 2-HS glycoprotein
(AHSG), biglycan (BGN), cystatin (CST3), matrix metallopeptidase 2 (MMP2), c-type lectin
domain family 3 member B (CLEC3B), actin gamma 1 (ACTG1), phosphoglycerate mutase
(PGAM1), TIMP metallopeptidase inhibitor 2 (TIMP2), profilin (PFN1), secreted protein
acidic and cysteine rich (SPARC), triosephosphate isomerase (TPI1), nucleophosmin 1
(NPM1), decorin (DCN), cathepsin B (CTSB), and 1 uncharacterized protein (Figure 3). 7 of
the most relevant proteins were identified in higher concentration in the H-FBS group, 6 in

the N-FBS group, and 2 in the N + FBS group.
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Figure 3. PLS-DA discrimination analysis indicates the importance of proteins in each group
classification, with their value projected in the Variable Importance in Projection (VIP) score
plot. The VIP score limit was established as > 1 (a > 1), where samples were within the range
of 1.4 to 1.9. The colored boxes indicate the corresponding relative protein concentrations in

each study group.

The most relevant proteins also were described by gene, molecular function, biological
process and subcellular localization (Table S2). Heat map shows a general perspective about
each protein abundance in each one of the groups and their replicates (Figure S5), evidencing

a main division within it, caused by the FBS variable.
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DISCUSSION

Characterization of cellular secretome in vivo is a difficult procedure. Then, a common
approach is the analysis of the media conditioned by cell culture. This in vitro model assumes
that protein secretion will be drive by different stimulus to with cells will be subjected during
culture [23]. It was already described that serum starvation stop cell proliferation and increase
cell death [24,25]. In the present experiment, after 4 days in culture with serum-free media,
AD-MSCs presented a reduced growth rate, with low confluence index and fewer living cells
in culture. However, there was no difference in cell viability, indicating that although the
groups cultured with serum-free medium had fewer cells, those that were present, were

viable.

Clearly protein profiles underwent a division within the groups caused by the variable of
FBS, being that secretomes cultured with serum-free medium had more than twice identified
proteins when compared with secretomes cultured with FBS [23]. This difference in
identified proteins between profiles could be caused by a true increase proteins amount
because of different environmental pre-conditions, but also by the presence of highly
abundant proteins in the FBS, which often mask less abundant proteins secreted by the MSCs,

hiding their identification by MS [26-28].

In hypoxic states, the cell quickly enters in a metabolic crisis state, which requires a change
in the cellular metabolic strategy to facilitate its entry into an adaptive state that supports cell
survival [29]. One of the relevant factors of MSCs for therapeutic development is their anti-
inflammatory and immune modulating properties, and it has been shown that hypoxia
benefits the production and secretion of a greater number of trophic factors, increasing
angiogenic effects and the immunomodulation activity [30—34]. As MSCs tend to be found
in hypoxic areas of the body [35,36], in vitro hypoxia also reinforces the regenerative
potential and survival of MSC and retains their undifferentiated phenotype, which allows
self-renewal without differentiation [33]. In the present study, the oxidative stress do not
seems to affect cell proliferation since hypoxia caused no changes in cell growth or viability.
Also no increase in protein abundance was evidenced, agreeing with the fact that 5% O»
hypoxic conditions in AD-MSCs culture affect only a small fraction of the proteome, and

does not seem to greatly affect protein secretion [37,38]. As AD-MCSs secretome have been
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very little studied in veterinary patients, investigating the different proteomic profiles that
can be produced, and focusing its study and production for clinical use, encourage the
scientific community to continue investigating the secretomic variations caused by the

different oxygen tensions in addition to other forms of AD-MCSs culture conditions.

Within the analyzed secretomic profiles, most proteins that compound felines AD-MSCs
secretome have not been yet characterized in the UniProt database for the Felis catus species.
Most of them were described and named in this study (Table S2), nevertheless, there are still

some proteins that need to be described.

The GO analyses confirmed differences between groups cultivated with and without FBS.
The predominant molecular functions in all groups were binding and catalytic activity.
Moreover, most relevant proteins were found only in serum-free groups. One molecular
function in groups conditioned with FBS was transport, including AQP7 as the predominant
protein responsible of water channels activity, glycerol and membrane transport. On the other
hand, the groups conditioned with serum-free medium presented molecular functions as
transcriptional regulatory activity and structural molecular activity where ACTGI, a
structural constituent of the cytoskeleton, was found as a relevant protein. The predominant
biological process of the groups conditioned with FBS was the metabolic process. In serum-
free groups, the predominant biological process was the cellular process, and they also
presented biological processes as immune system process, composed of an uncharacterized
protein (PRDX1) responsible for cellular catabolic process, homeostasis, response to
oxidative stress, activation of leukocytes, erythrocyte homeostasis, reactive oxygen
metabolic process and activation of natural killer cells. The same serum-free groups also
present a higher percentage in response to stimulus function, which were found relevant
proteins such as MMP2 responding to hypoxia, and TIMP2 responding to hormones and
cytokines. The presence of proteins with those biological processes indicate that feline AD-
MSCs secretome produced in serum starvation may also have higher immunomodulation

properties when compared to the ones cultured in presence of FBS.

By confirming the groups division according to the presented variables, we can say that
proteins that were produced in each type of conditioned media and their concentration

(emPAI value) classify each group separately, confirming that each type of culture
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environment influences the MSCs in a unique way, modifying the secretome and producing

distinct proteomic profiles.

Most relevant proteins were related to the extracellular matrix (ECM), cell adhesion, cell
migration and morphogenesis. In the body, MSCs are in constant contact with the ECM,
which serves not only as a structural support, but as a reservoir of many biochemical and
mechanical signals that are transduced for interactions, influencing cell signaling pathways
and functions [39,40]. In the cell niche, cell-ECM interactions influence and modulate MSCs
self-renewal and differentiation [41-—43]. In vitro, MSCs interact with the plastic culture
surface and produce ECM and cell adhesion proteins, that surround cells and create niche-
like areas to provide a more suitable environment for cell proliferation and maintenance
[40,44] [45]. One of those proteins is SPARC, a Ca® binding glycoprotein that influences
bone formation, maintenance and repair, through the regulation of the procollagen processing
and assembly in the bone matrix, and the regulation of osteoblasts and osteoclasts
mineralization, differentiation and activity [46] [47]. In non-mineralized tissues, SPARC, as
well as DCN, has been implicated as a significant contributor to fibrotic diseases, in addition
to regulating the activity of growth factors that are important for vascular homeostasis
[48][49]. Normally, the expression of SPARC is closely aligned with the one of fibrillar
collagens, as collagen I, III and V, involving SPARC in the assembly of the ECM [47,50].

Other abundant proteins identified in the groups cultured with serum-free medium, were
DCN and BGN, members of the small leucine-rich proteoglycans family and JAK-STAT
negative regulators. Due to its extensive links repertoire to the ECM components, growth
factors and cell surface receptors, DCN and BGN can be considered "the guardians and
orchestrators of the matrix" [51,52]. One of DCN main characteristics is its antifibrotic
capacity, which is why it has become a target of approach to treat different diseases. It also
inhibits the expression of proinflammatory cytokines and increases the expression of anti-
inflammatory cytokines to improve the MSCs functions [53]. BGN acts in the regulation of
the inflammatory response reaction, takes place in the innate immune system acting on the
links between the innate and adaptive immune systems, and as an endogenous ligand of the
of innate immunity receptors in macrophages [54—56]. The JAK-STAT pathway plays a

major role in cytokine receptor signaling during immune response and also can promote cell
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differentiation. The presence of DCN and BGN, associated with the high abundance of ECM
proteins may indicate that under serum-free culture conditions, AD-MSC produce high
amounts of proteins that are relevant for immunomodulation and tissue regeneration. In fact,
future studies related to the intricate interactions between BGN and innate immunity
receptors, would reveal significant perspectives for the development of new drugs for the

treatment of inflammatory diseases [51].

ACTGI, a non-characterized protein in felines, is part of the cellular cytoskeleton,
participates in signal transduction regulation, protein transport and signal compartmentation,
and can undergo reorganization in response to its microenvironment [58]. Once the actin is
within the nucleus, it can be found in filamentous forms [59,60], contributing to physiological
events to control the MSCs differentiation [61]. The formation of intranuclear actin filaments
coincides with osteogenic gene expression, resulting in an onset and acceleration of the
MSCs entry into the osteogenic lineage [58]. It has been suggested that a greater cytoskeletal
structure due to the increase of actin stress fibers will increase the differentiation towards an
osteoblastic lineage and prevent the adipogenic differentiation [42,62]. On the other hand,
intranuclear actin can directly affects the nuclear stiffness and structure [63] modulating gene
expression and transcription [61,64,65] by increasing RNA polymerase and regulating
heterochromatin location [66]. Actin is critical for cell division and mobility, and it has also
been shown that its dynamic polymerization regulates the density of incoming signals [67,68]
and refines specific aspects of signal transduction [69]. These results support the hypothesis
that serum starvation induce feline AD-MSC to produce proteins important for cell

proliferation and tissue regeneration.

On the contrary, those same proteins were less abundant in cultures with FBS. In these same
groups, more abundant proteins were AHSG and an uncharacterized protein (AQP7),
responsible of water channels activity, glycerol and membrane transport. The main
physiological function of AHSG is bone remodeling and the inhibition of unwanted ectopic
calcification [70]. AHSG blocks osteogenic signaling pathways by binding to TGF-3 and
BMPs related to TGF-f, inhibiting angiosteosis and osteogenic differentiation of MSCs [71].
AHSG can stabilize matrix metalloproteinases and prevent their degradation by autolysis

[72]. It is also associated with brain development and immune function, acting as an anti-
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inflammatory mediator that participates in the apoptosis inhibition of vascular smooth muscle
cells and increasing the immune response [73]. The expression level of AHSG can
significantly alter the TGF-B signaling in tumor cells, and promotes the progression and
tumorigenesis of different types of cancer affecting molecular determinants of tumor

progression including proliferation, migration and invasion [74,75] [76].

Among the differences between serum-free medium groups, the group cultured under
hypoxia conditions presented even more ECM proteins and actin filament binding proteins,
components of the cytoskeleton. In addition, we must remember that this group presented the
greatest expression of the most important proteins in proteic profiles. The group cultured
under normoxic conditions, presented more binding proteins with intracellular functions such
as ATP binding, cell division, DNA repair (SMC1A) , nucleosomal DNA binding
LOC101085738) , positive regulation of intracellular protein transport (ICE1), apoptotic
process and cell division (BIRC6). These results indicate that the group cultured with serum-
free serum in hypoxic conditions, has a greater capacity to regulate biochemical and
mechanical signals, influencing cell signaling pathways and functions for more suitable

environment for cell proliferation and maintenance.

The heat map confirms the division of the groups mainly by the variable of the FBS, being
the groups cultured with FBS similar between them, and differentiating from the groups
cultivated with serum-free medium. It becomes clear how FBS causes AD-MSCs to produce

completely different proteomic profiles, sharing only 5 proteins between all groups.
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CONCLUSION

Proteomics identified 93 proteins for Felis catus species, of which 25 proteins were found in
the N+FBS group, 20 in the H+FBS group, 57 in the N-FBS group, 56 in the H-FBS group
and only 5 were expressed in all groups evaluated. Clearly protein profiles underwent a
division caused by the variable of FBS, being that secretomes cultured with serum-free
medium had more than twice identified proteins when compared with secretomes cultured
with FBS. Since 5% O: hypoxic conditions didn’t cause any increase in protein amount and
affected only a small fraction of the proteome, it urges us to continue investigating the
secretomic variations caused by different oxygen tensions in addition to other forms of MCSs
culture conditions in domestic animals, with the aim of projecting the results for their clinical

use.

The PSA analysis and the dendrogram confirm that each type of culture environment
influences the MSCs in a unique way, modifying the secretome and producing distinct
proteomic profiles. The PLS-DA analysis determined 15 proteins as relevant, which are
AHSG, BGN, CST3, MMP2, CLEC3B, ACTG1, PGAMI1, TIMP2, PFN1, SPARC, TPIl,
NPMI1, DCN, CTSB and AQP7. Most relevant proteins were related to ECM, that serves not
only as a structural support, but as a reservoir of many biochemical and mechanical signals,
influencing cell signaling pathways and functions and providing a more suitable environment
for cell proliferation and maintenance. The presence of DCN and BGN, associated with the
high abundance of ECM proteins may indicate that under serum-free culture conditions, AD-
MSCs produce high amounts of relevant proteins for immunomodulation and tissue
regeneration. Most relevant proteins were greatest expressed on serum-free and hypoxic
conditions group, the same group that presented more ECM proteins. These characteristics
make this group ideal for use as cell-free therapy because of its unique capacities of
regulating ECM, immunomodulation, tissue regeneration, cell proliferation and

maintenance.



52

REFERENCES

10

11

12

13

14

15

16

Caplan Al. Mesenchymal Stem Cells: Time to Change the Name! Stem Cells Transl
Med 2017;6:1445-1451.

Humphreys BD, Bonventre J V. Mesenchymal Stem Cells in Acute Kidney Injury.
Annu Rev Med 2008;59:311-325.

Lai RC, Tan SS, Teh BJ, et al. Proteolytic Potential of the MSC Exosome Proteome:
Implications for an Exosome-Mediated Delivery of Therapeutic Proteasome. Int J
Proteomics 2012;2012:14.

Baglio SR, Pegtel DM, Baldini N. Mesenchymal stem cell secreted vesicles provide
novel opportunities in (stem) cell-free therapy. Front Physiol 2012;3:359.

Kupcova Skalnikova H. Proteomic techniques for characterisation of mesenchymal
stem cell secretome. Biochimie 2013;95:2196-2211.

Eir6 N, Sendon-Lago J, Seoane S, et al. Potential therapeutic effect of the secretome
from human uterine cervical stem cells against both cancer and stromal cells
compared with adipose tissue stem cells. Oncotarget 2014;5:10692—10708.
Bermudez MA, Sendon-Lago J, Seoane S, et al. Anti-inflammatory effect of
conditioned medium from human uterine cervical stem cells in uveitis. Exp Eye Res
2016;149:84-92.

Lee MJ, Kim J, Kim MY, et al. Proteomic Analysis of Tumor Necrosis Factor-o-
Induced Secretome of Human Adipose Tissue-Derived Mesenchymal Stem Cells. J
Proteome Res 2010;9:1754-1762.

Wang M, Crisostomo PR, Herring C, et al. Human progenitor cells from bone
marrow or adipose tissue produce VEGF, HGF, and IGF-I in response to TNF by a
p38 MAPK-dependent mechanism. Am J Physiol Integr Comp Physiol
2006;291:R880—R884.

Kilroy GE, Foster SJ, Wu X, et al. Cytokine profile of human adipose-derived stem
cells: Expression of angiogenic, hematopoietic, and pro-inflammatory factors. J Cell
Physiol 2007;212:702—709.

Vizoso FJ, Eiro N, Cid S, et al. Mesenchymal Stem Cell Secretome: Toward Cell-
Free Therapeutic Strategies in Regenerative Medicine. Int J Mol Sci 2017;18:1852.
Schéffler A, Biichler C. Concise Review: Adipose Tissue-Derived Stromal Cells-
Basic and Clinical Implications for Novel Cell-Based Therapies. Stem Cells
2007;25:818-827.

Salgado AJBOG, Reis RLG, Sousa NJC, et al. Adipose tissue derived stem cells
secretome: soluble factors and their roles in regenerative medicine. Curr Stem Cell
Res Ther 2010;5:103-110.

Brown KJ, Formolo CA, Seol H, et al. Advances in the proteomic investigation of
the cell secretome. Expert Rev Proteomics 2012;9:337-345.

Harman RM, Yang S, He MK, et al. Antimicrobial peptides secreted by equine
mesenchymal stromal cells inhibit the growth of bacteria commonly found in skin
wounds. Stem Cell Res Ther 2017;8:157.

Maia L, Landim-Alvarenga FC, Da Mota LSLS, et al. Imnmunophenotypic,
immunocytochemistry, ultrastructural, and cytogenetic characterization of
mesenchymal stem cells from equine bone marrow. Microsc Res Tech 2013;76:618—



17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

53

624.

Laemmli UK. Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature 1970;227:680—685.

Colantonio DA, Dunkinson C, Bovenkamp DE, et al. Effective removal of albumin
from serum. Proteomics 2005;5:3831-3835.

Codognoto VM, Yamada PH, Schmith RA, et al. Functional insights into the role of
seminal plasma proteins on sperm motility of buffalo. Anim Reprod Sci
2018;195:251-258.

Cabrera T, Ramires-Neto C, Belaz KRA, et al. Influence of spermatozoal lipidomic
profile on the cryoresistance of frozen spermatozoa from stallions. Theriogenology
2018;108:161-166.

Chong J, Soufan O, Li C, et al. MetaboAnalyst 4.0: towards more transparent and
integrative metabolomics analysis. Nucleic Acids Res 2018;46:W486—W494.

Checa A, Bedia C, Jaumot J. Lipidomic data analysis: Tutorial, practical guidelines
and applications. Anal Chim Acta 2015;885:1-16.

Nonnis S, Maffioli E, Zanotti L, et al. Effect of fetal bovine serum in culture media
on MS analysis of mesenchymal stromal cells secretome. EuPA Open Proteomics
2016;10:28-30.

COOPER S. Reappraisal of serum starvation, the restriction point, GO, and G1 phase
arrest points. FASEB J 2003;17:333-340.

Shin J-S, Hong S-W, Lee S-LO, et al. Serum starvation induces G1 arrest through
suppression of Skp2-CDK?2 and CDK4 in SK-OV-3 cells. Int J Oncol 2008;32:435—
439.

Finoulst I, Vink P, Rovers E, et al. Identification of low abundant secreted proteins
and peptides from primary culture supernatants of human T-cells. J Proteomics
2011;75:23-33.

Colzani M, Waridel P, Laurent J, et al. Metabolic Labeling and Protein Linearization
Technology Allow the Study of Proteins Secreted by Cultured Cells in Serum-
Containing Media. J Proteome Res 2009;8:4779—4788.

Pellitteri-Hahn MC, Warren MC, Didier DN, et al. Improved Mass Spectrometric
Proteomic Profiling of the Secretome of Rat Vascular Endothelial Cells. J Proteome
Res 2006;5:2861-2864.

Taylor CT. Mitochondria and cellular oxygen sensing in the HIF pathway. Biochem
J2008;409:19-26.

Efimenko A, Starostina E, Kalinina N, et al. Angiogenic properties of aged adipose
derived mesenchymal stem cells after hypoxic conditioning. J Transl Med
2011;9:10.

Roemeling-van Rhijn M, Mensah FKF, Korevaar SS, et al. Effects of Hypoxia on the
Immunomodulatory Properties of Adipose Tissue-Derived Mesenchymal Stem cells.
Front Immunol 2013;4:203.

Huang W-H, Chen H-L, Huang P-H, et al. Hypoxic mesenchymal stem cells engraft
and ameliorate limb ischaemia in allogeneic recipients. Cardiovasc Res
2014;101:266-276.

Madrigal M, Rao KS, Riordan NH. A review of therapeutic effects of mesenchymal
stem cell secretions and induction of secretory modification by different culture
methods. J Transl Med 2014;12:260.

Pawitan JA. Prospect of Stem Cell Conditioned Medium in Regenerative Medicine.



35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50
51

52
53

54

54

Biomed Res Int 2014;2014:1-14.

Hawkins KE, Sharp T V, McKay TR. The role of hypoxia in stem cell potency and
differentiation. Regen Med 2013;8:771-782.

Haque N, Rahman MT, Abu Kasim NH, et al. Hypoxic Culture Conditions as a
Solution for Mesenchymal Stem Cell Based Regenerative Therapy. Sci World J
2013;2013:1-12.

Kalinina N, Kharlampieva D, Loguinova M, et al. Characterization of secretomes
provides evidence for adipose-derived mesenchymal stromal cells subtypes. Stem
Cell Res Ther 2015;6:221.

Riis S, Stensballe A, Emmersen J, et al. Mass spectrometry analysis of adipose-
derived stem cells reveals a significant effect of hypoxia on pathways regulating
extracellular matrix. Stem Cell Res Ther 2016;7:52.

Ragelle H, Naba A, Larson BL, et al. Comprehensive proteomic characterization of
stem cell-derived extracellular matrices. Biomaterials 2017;128:147-159.

Hynes RO. The Extracellular Matrix: Not Just Pretty Fibrils. Science (80- )
2009;326:1216-1219.

Lane SW, Williams DA, Watt FM. Modulating the stem cell niche for tissue
regeneration. Nat Biotechnol 2014;32:795-803.

Engler AJ, Sen S, Sweeney HL, et al. Matrix Elasticity Directs Stem Cell Lineage
Specification. Cell 2006;126:677—689.

Watt FM, Huck WTS. Role of the extracellular matrix in regulating stem cell fate.
Nat Rev Mol Cell Biol 2013;14:467-473.

Sainio A, Jarveldinen H. Extracellular matrix macromolecules: potential tools and
targets in cancer gene therapy. Mol Cell Ther 2014;2:14.

Amable PR, Teixeira MVT, Carias RBV, et al. Protein synthesis and secretion in
human mesenchymal cells derived from bone marrow, adipose tissue and Wharton’s
jelly. Stem Cell Res Ther 2014;5:53.

Brekken RA, Sage EH. SPARC, a matricellular protein: at the crossroads of cell-
matrix communication. Matrix Biol 2001;19:816-827.

Rosset EM, Bradshaw AD. SPARC/osteonectin in mineralized tissue. Matrix Biol
2016;52-54:78-87.

Eyre DR, Paz MA, Gallop PM. Cross-Linking in Collagen and Elastin. Annu Rev
Biochem 1984;53:717-748.

Raines EW, Lane TF, Iruela-Arispe ML, et al. The extracellular glycoprotein
SPARC interacts with platelet-derived growth factor (PDGF)-AB and -BB and
inhibits the binding of PDGF to its receptors. Proc Natl Acad Sci 1992;89:1281—
1285.

Bradshaw AD. The Extracellular Matrix. Encycl. Cell Biol., 2015:694-703.
Nastase M V, Young MF, Schaefer L. Biglycan: a multivalent proteoglycan
providing structure and signals. J Histochem Cytochem 2012;60:963-975.

Neill T, Schaefer L, Iozzo R V. Decorin. Am J Pathol 2012;181:380-387.

Liu D, Kong F, Yuan Y, et al. Decorin-Modified Umbilical Cord Mesenchymal
Stem Cells (MSCs) Attenuate Radiation-Induced Lung Injuries via Regulating
Inflammation, Fibrotic Factors, and Immune Responses. Int J Radiat Oncol
2018;101:945-956.

Schaefer L, Babelova A, Kiss E, et al. The matrix component biglycan is
proinflammatory and signals through Toll-like receptors 4 and 2 in macrophages. J



55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

55

Clin Invest 2005;115:2223-2233.

Moreth K, Brodbeck R, Babelova A, et al. The proteoglycan biglycan regulates
expression of the B cell chemoattractant CXCL13 and aggravates murine lupus
nephritis. J Clin Invest 2010;120:4251-4272.

Popovic Z V., Wang S, Papatriantafyllou M, et al. The Proteoglycan Biglycan
Enhances Antigen-Specific T Cell Activation Potentially via MyD88 and TRIF
Pathways and Triggers Autoimmune Perimyocarditis. J Immunol 2011;187:6217—
6226.

Brandan E, Cabello-Verrugio C, Vial C. Novel regulatory mechanisms for the
proteoglycans decorin and biglycan during muscle formation and muscular
dystrophy. Matrix Biol 2008;27:700-708.

Sen B, Xie Z, Uzer G, et al. Intranuclear Actin Regulates Osteogenesis. Stem Cells
2015;33:3065-3076.

Belin BJ, Cimini BA, Blackburn EH, et al. Visualization of actin filaments and
monomers in somatic cell nuclei. Mol Biol Cell 2013;24:982-994.

Baarlink C, Wang H, Grosse R. Nuclear Actin Network Assembly by Formins
Regulates the SRF Coactivator MAL. Science (80-) 2013;340:864-867.

Sen B, Uzer G, Samsonraj RM, et al. Intranuclear Actin Structure Modulates
Mesenchymal Stem Cell Differentiation. Stem Cells 2017;35:1624—1635.
McBeath R, Pirone DM, Nelson CM, et al. Cell shape, cytoskeletal tension, and
RhoA regulate stem cell lineage commitment. Dev Cell 2004;6:483—495.

Friedl P, Wolf K, Lammerding J. Nuclear mechanics during cell migration. Curr
Opin Cell Biol 2011;23:55-64.

Kapoor P, Chen M, Winkler DD, et al. Evidence for monomeric actin function in
INO8O0 chromatin remodeling. Nat Struct Mol Biol 2013;20:426—432.

Vartiainen MK, Guettler S, Larijani B, et al. Nuclear Actin Regulates Dynamic
Subcellular Localization and Activity of the SRF Cofactor MAL. Science (80-)
2007;316:1749-1752.

Ramdas NM, Shivashankar GV. Cytoskeletal Control of Nuclear Morphology and
Chromatin Organization. J] Mol Biol 2015;427:695-706.

Sen B, Guilluy C, Xie Z, et al. Mechanically Induced Focal Adhesion Assembly
Amplifies Anti-Adipogenic Pathways in Mesenchymal Stem Cells. Stem Cells
2011;29:1829-1836.

Sen B, Xie Z, Case N, et al. Mechanical signal influence on mesenchymal stem cell
fate is enhanced by incorporation of refractory periods into the loading regimen. J
Biomech 2011;44:593-599.

Salaita K, Nair PM, Petit RS, et al. Restriction of Receptor Movement Alters
Cellular Response: Physical Force Sensing by EphA2. Science (80-)
2010;327:1380-1385.

Osawa M, Umetsu K, Ohki T, et al. Molecular evidence for human alpha 2-HS
glycoprotein (AHSG) polymorphism. Hum Genet 1997;99:18-21.

Swallow CJ, Partridge EA, Macmillan JC, et al. a2HS-glycoprotein, an Antagonist
of Transforming Growth Factor B In vive , Inhibits Intestinal Tumor Progression.
Cancer Res 2004;64:6402-6409.

Ray S, Lukyanov P, Ochieng J. Members of the cystatin superfamily interact with
MMP-9 and protect it from autolytic degradation without affecting its gelatinolytic
activities. Biochim Biophys Acta - Proteins Proteomics 2003;1652:91-102.



73

74

75

76

56

Osawa M, Umetsu K, Sato M, et al. Structure of the gene encoding human alpha 2-
HS glycoprotein (AHSG). Gene 1997;196:121-125.

Guillory B, Sakwe AM, Saria M, et al. Lack of fetuin-A (alpha2-HS-glycoprotein)
reduces mammary tumor incidence and prolongs tumor latency via the transforming
growth factor-beta signaling pathway in a mouse model of breast cancer. Am J
Pathol 2010;177:2635-2644.

Kundranda MN, Henderson M, Carter KJ, et al. The serum glycoprotein fetuin-A
promotes Lewis lung carcinoma tumorigenesis via adhesive-dependent and
adhesive-independent mechanisms. Cancer Res 2005;65:499-506.

Thompson PD, Sakwe A, Koumangoye R, et al. Alpha-2 Heremans Schmid
Glycoprotein (AHSG) modulates signaling pathways in head and neck squamous
cell carcinoma cell line SQ20B. Exp Cell Res 2014;321:123-132.



SUPPLEMENTAL DATA

57

Table S1. Feline secretomes protein profiles, indicating the presence of each protein in the

different groups.
NCBI acession number Protein name Gene N + FBS H+FBS N - FBS H-FBS
* ADA2I12UC68 Actin gamma 1 ACTG1 X X
* AOA212U7M8 Actinin alpha 1 ACTN1 X
* AOA2I12U3E4 Actinin alpha 4 ACTN4 X
* AOA212U740 Alpha 2-HS glycoprotein AHSG X X
* M3X557 Alpha fetoprotein AFP X
* M3WH75 Apolipoprotein H APOH X X
* M3WB04 ATP binding cassette subfamily A member 12 ABCA12 X
* AOA212UUX1 Baculoviral IAP repeat containing 6 BIRC6 X
M3W1F4 Biglycan BGN X X
* M3XFW7 C-type lectin domain family 3 member B CLEC3B X X
AO0A2I12UKC2 Calcium-transporting ATPase ATP2C1 X
* AOA2I12UP24 Carnitine O-acetyltransferase CRAT X X X X
* M3WLUO Cathepsin B CTSB X X
* M3WHM7 Centrosomal protein 85 CEP85 X
* AOA2I12U8D2 Centrosomal protein 162 CEP162 X
* M3WYKO Chromosome 9 open reading frame 84 C90RF84 X
* M3W2F5 Collagen type | alpha 1 chain COL1A1 X X
* ADA2I12USZ8 Collagen type | alpha 2 chain COL1A2 X X
D5MTH1 Cystatin CST3 X X
M3X0W2 Decorin DCN X X
M3W165 DNA-directed RNA polymerase subunit beta POLR2B X X
* M3WRY2 Extracellular matrix protein 1 ECM1 X
* AOA2I2UL23 Fibrillin 1 FBN1 X
AOA2I12UMT4 Fibromodulin FMOD X X
* ADA2I12U011 Fibronectin 1 FN1 X X
M3Wz15 Fibulin-1 FBLN1 X
* ADA2I12V3V8 Filamin A FLNA X
AOA2I12UV13 Fructose-bisphosphate aldolase ALDOA X X
M3W9D5 Galectin LGALS1 X X
M3W3s8 Glucose-6-phosphate isomerase GPI X X
* M3WFT4 Heat shock protein family A (Hsp70) member 5 HSPAS X
* M3X7U8 Hemicentin 2 HMCN2 X
M3W1E3 Hexosyltransferase B3GALT4 X X
* M3X5v4 Human immunodeficiency virus type | enhancer binding protein 2 HIVEP2 X X
* M3VU96 Inter-alpha-trypsin inhibitor heavy chain 2 ITIH2 X X
* M3WN60 Inter-alpha-trypsin inhibitor heavy chain 3 ITIH3 X X
* AOA212UC10 Interactor of little elongation complex ELL subunit 1 ICE1 X
A0A212UZ37 L-lactate dehydrogenase LDHA X X
* AOA2I12U4R6 Lamin A/C LMNA X X
* M3WJH8 Leucine zipper protein 1 LUZP1 X X X
* M3WO0X1 Lumican LUM X
AOA2K5TIVI Malate dehydrogenase MDH1 X
* M3XCS9 Maestro heat like repeat family member 5 MROH5 X X
* M3vu49 Matrix metalloproteinase MMP13 X
* M3w4z9 Matrix metallopeptidase 2 MMP2 X X
M3WA04 Metallothionein LOC101081428 X
* M3X673 Nucleophosmin 1 NPM1 X X
* AOA2I12UL25 Peroxiredoxin 6 PRDX6 X X
* M3WKJ9 Phosphoglycerate mutase PGAM1 X X
* ADA2I2U105 Phosphoglucomutase 2 like 1 PGM2L1 X
* M3X7U2 Potassium calcium-activated channel subfamily N member 2 KCNN2 X X
* AOA212V3B3 Pre-mRNA processing factor 6 PRPF6 X X
* M3W6K9 Procollagen C-endopeptidase enhancer PCOLCE X
M3WEL8 Profilin PFN1 X X
M3W668 Protein disulfide-isomerase PDIA3 X X
* M3XB35 Protein phosphatase, Mg2+/Mn2+ dependent 1N (putative) PPM1N X
* M3WZWO0 Rho GTPase activating protein 24 ARHGAP24 X
* M3W550 Secreted protein acidic and cysteine rich SPARC X X
* AOA2I2UEM6 SEL1L family member 3 SEL1L3 X
* M3WG24 Serpin family H member 1 SERPINH1 X X
AO0A212U7Y0 Serum albumin ALB X X X X
* M3WLLS Serpin family C member 1 SERPINC1 X X
* AOA212UMH2 SIN3 transcription regulator family member B SIN3B X
* M3WKU9 Solute carrier family 25 member 19 SLC25A19 X
* M3W469 Solute carrier family 35 member D1 SLC35D1 X
M3WIJP4 Structural maintenance of chromosomes protein SMC1A X



*

M3WZzZ66
AOA212UPH5
AOA2I2UEY5
AOA212UFV7
AOA212U4F9
M3WVws8
* M3WF45
M3wWJ37
M3X9A1
* M3WH86
M3WPp64
M3WVVée
M3X9L6
AOA212U007
M3XET9
M3vVM1
AOA2I12V3INO
M3wW2vo
M3X335
AOA212UZES
AOA212U5T7
AOA212U057
M3VzZD0
* M3VWO05
AOA212UAS4
AOA212U8W9
* M3WR26

*

*

*

*

*

*

Feline proteins named in this study are marked with a symbol (*).

Sulfite oxidase

Superoxide dismutase [Cu-Zn]
Teashirt zinc finger homeobox 1
Tenascin C

TIMP metallopeptidase inhibitor 1
TIMP metallopeptidase inhibitor 2
Thrombospondin 1

Transgelin

Triosephosphate isomerase
Tropomyosin 2

Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Valosin containing protein
Versican

Vimentin

Zinc fingers and homeoboxes 2

SUOX

SoD1

TSHZ1

TNC

TIMP1

TIMP2

THBS1

TAGLN

TPI1

TPM2
LOC101085453
AQP7
RAB11FIP5
LOC101098159
EEF2

RPLP1

APOE
LOC101085738
PRDX1

TPM3

PCLO

vcp

VCAN

ViM

ZHX2

xX X X X

=<

X X X X X X

>
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Table S2. Most significant proteins in an overall analyzes of feline samples, characterized by their ID number, gene, group with
greater protein expression, molecular function, biological process and subcellular localization.

NCBI acession

UniProt acession

Most expressed

Protein name Gene Molecular function Biological process Subcellular location
number number group
Alpha 2-HS glycoprotein A0A212U740 AOA337SD37 AHSG N+FBS Cysteine-type endopeptidase inhibitor activity; Negative regulation of biomineral tissue development Extracellular region or secreted
endopeptidase inhibitor activity
Biglycan M3W1F4 AO0A212UTN2 BGN H+FBS Extracellular matrix binding; glycosaminoglycan Cytokine-mediated signaling pathway, negative regulation of JAK-STAT cascade; negative Extracellular region or secreted
binding; protein kinase inhibitor activity regulation of protein kinase activity; peptide cross-linking via chondroitin 4-sulfate
glycosaminoglycan
Cystatin D5MTH1 D5MTH1 CST3 H+FBS peptidase inhibitor activity, identical protein Response to oxidative stress, negative regulation of elastin catabolic process, positive regulation  Extracellular space
binding, endopeptidase inhibitor activity, cysteine-  of cell population proliferation, supramolecular fiber organization, regulation of programmed cell
type endopeptidase inhibitor activity, protease death, negative regulation of cell death, positive regulation of DNA replication, negative
binding, amyloid-beta binding regulation of proteolysis, defense response, negative regulation of peptidase activity
Matrix metallopeptidase 2 M3W4z9 M3wW4z9 MMP2 H-FBS Metalloendopeptidase activity; zinc ion binding - Extracellular matrix
Uncharacterized protein M3WVV6 M3WVV6 AQP7 N+FBS Channel activity Glycerol transport; renal water absorption Membrane
C-type lectin domain M3XFW7 M3XFW7 CLEC3B H-FBS Calcium ion binding; heparin binding; kringle Bone mineralization; cellular response to transforming growth factor beta stimulus Extracellular space; nucleus (granular
family 3 member B domain binding component); cytoplasm
Actin gamma 1 AO0A2I12UC68 M3We6I12 ACTG1 H-FBS ATP binding; identical protein binding; kinesin Cell motility; cellular response to cytochalasin B; cellular response to interferon-gamma; negative ~ Cytoskeleton ; cytosol; extracellular
binding; nitric-oxide synthase binding; profilin regulation of protein binding; regulation of norepinephrine uptake; regulation of protein exosome; Nucleus (NuA4 histone
binding; protein kinase binding; structural localization to plasma membrane; regulation of transmembrane transporter activity; sarcomere acetyltransferase complex); plasma
constituent of cytoskeleton; structural constituentof ~ organization; synaptic vesicle endocytosis membrane; calyx of Held; cytoplasmic
postsynaptic actin cytoskeleton; Tat protein ribonucleoprotein granule; dense body;
binding; ubiquitin protein ligase binding focal adhesion; glutamatergic synapse;
myelin sheath; myofibril; phagocytic vesicle;
Schaffer collateral - CA1 synapse
Phosphoglycerate mutase M3WKJ9 AO0A337S2Y5 PGAM1 H+FBS Catalytic activity, protein Gluconeogenesis, glycolytic process, regulation of glycolytic process, neutrophil degranulation, Cytosol
binding, bisphosphoglycerate mutase respiratory burst, canonical glycolysis, regulation of pentose-phosphate shunt
activity, phosphoglycerate mutase
activity, hydrolase activity
TIMP metallopeptidase M3wvwg AOA337SHQ6 TIMP2 H-FBS Metalloendopeptidase inhibitor activity; protease Negative regulation of catalytic activity; negative regulation of membrane protein ectodomain Secreted
inhibitor 2 binding proteolysis; response to cytokine; response to hormone
Profilin M3WEL8 M3WELS8 PFN1 H-FBS Actin binding; actin monomer binding; adenyl- Actin cytoskeleton organization; modification of postsynaptic actin cytoskeleton; negative Nucleus; cell cortex; cytoplasm;
nucleotide exchange factor activity; regulation of actin filament polymerization; negative regulation of stress fiber assembly; neural glutamatergic synapse
phosphatidylinositol-4,5-bisphosphate binding; tube closure; positive regulation of actin filament bundle assembly; positive regulation of actin
proline-rich region binding; Rho GTPase binding,  filament polymerization; positive regulation of ATPase activity; positive regulation of epithelial cell
RNA binding migration; positive regulation of ruffle assembly; protein stabilization; regulation of actin filament
polymerization; regulation of transcription by RNA polymerase II; synapse maturation
Secreted protein acidic M3W550 M3W550 SPARC H-FBS Calcium ion binding; collagen binding; Anatomical structure development; bone development; cellular response to growth factor Collagen-containing extracellular matrix;
and cysteine rich extracellular matrix binding stimulus; negative regulation of angiogenesis; negative regulation of endothelial cell proliferation; extracellular space; nuclear matrix; cell
pigmentation; positive regulation of endothelial cell migration; regulation of cell morphogenesis surface; platelet alpha granule membrane
Triosephosphate M3X9A1 M3X9A1 TP H+FBS Triose-phosphate isomerase activity; ubiquitin Gluconeogenesis; glyceraldehyde-3-phosphate biosynthetic process; glycerol catabolic process; ~ Cytosol
isomerase protein ligase binding glycolytic process; multicellular organism development
Nucleophosmin 1 M3X673 M3X673 NPM1 H+FBS Activating transcription factor binding; core Cell aging; centrosome cycle; DNA repair; negative regulation of apoptotic process; negative Cytoskeleton (spindle pole centrosome);
promoter binding; histone binding; NF-kappaB regulation of cell proliferation; negative regulation of centrosome duplication; negative regulation  Nucleus (nucleolus, nucleoplasm);
binding; protein heterodimerization activity; protein  of protein kinase activity by regulation of protein phosphorylation; nucleocytoplasmic transport; cytoplasm; protein-DNA complex;
homodimerization activity; protein kinase binding; nucleosome assembly; positive regulation of cell cycle G2/M phase transition; positive regulation  ribonucleoprotein complex
protein kinase inhibitor activity; ribosomal large of cell proliferation; positive regulation of NF-kappaB transcription factor activity; positive
subunit binding; ribosomal small subunit binding; regulation of transcription by RNA polymerase II; positive regulation of translation; protein
RNA binding; Tat protein binding; transcription complex oligomerization; protein localization; regulation of centriole replication; regulation of elF2
coactivator activity; unfolded protein binding alpha phosphorylation by dsRNA; regulation of endodeoxyribonuclease activity; regulation of
endoribonuclease activity; regulation of MRNA stability involved in cellular response to UV
Decorin M3X0W2 M3X0W2 DCN H+FBS Collagen binding; extracellular matrix binding; Cytokine-mediated signaling pathway; negative regulation of angiogenesis; negative regulation Extracellular matrix
glycosaminoglycan binding; protein kinase of endothelial cell migration; negative regulation of JAK-STAT cascade; negative regulation of
inhibitor activity protein kinase activity; negative regulation of vascular endothelial growth factor signaling
pathway; peptide cross-linking via chondroitin 4-sulfate glycosaminoglycan; positive regulation of
macroautophagy; positive regulation of mitochondrial depolarization; positive regulation of
mitochondrial fission; positive regulation of phosphatidylinositol 3-kinase signaling; positive
regulation of transcription by RNA polymerase I
Cathepsin B M3WLUO M3WLUO CTSB H-FBS Cysteine-type endopeptidase activity Proteolysis involved in cellular protein catabolic process; regulation of catalytic activity Extracellular space; lysosome
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Figure S1. Gene ontology by molecular function of proteins identified in each group of feline samples (A) N+FBS, (B) H+FBS,

(C) N-FBS and (D) H-FBS.
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Figure S2. Gene ontology by biological process of proteins identified in each group of feline samples (A) N+FBS, (B) H+FBS,

(C) N-FBS and (D) H-FBS.
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Figure S3. Gene ontology by cellular component of proteins identified in each group of feline samples (A) N+FBS, (B) H+FBS,

(C) N-FBS and (D) H-FBS.
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Figure S4. Proteins interaction network from each feline secretome (A) N +FBS, (B) H+FBS, (C) N-FBS and (D) H-FBS.
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Figure SS. Heat map of feline conditioned medium samples, comparing the protein

abundance in each replicate and group of study.
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CONSIDERACOES FINAIS

Dificuldades encontradas durante a pesquisa
Determinacgao de proteina total

Na realiza¢do da comparagdo de extragdes proteicas, inicialmente se queria a obtengdo de medigdes
de proteina total que fossem corelacionadas com os resultados dos géis 1-D. Ao realizar as medigoes
de proteina total pelo método A280, estava-se super-estimando os valores de proteina total, pelo que
se achava que as amostras tinham mais proteina da que realmente tinham, e ao de realizar a coloragéo
dos géis 1-D, ndo aparecia nenhuma banda, embora o marcador molecular aparecia. Isto ocasionou
um atraso no desenvolvimento da pesquisa, porque estavam se realizando processamentos complexos
e demorados com amostras que inicialmente ndo tinham a quantidade proteica necessaria para iniciar
o processamento. Depois de varias tentativas para realizar as extragOes proteicas € sem enxergar uma
coeréncia entre as medi¢des de proteina total e a auséncia da colocagdo dos géis, se soube que os
resultados ndo estavam sendo confiaveis. Quando as medigdes de proteina total foram realizadas pelo
método Bradford, se obteve o valore real de proteina total e se enxergou o problema da baixa

quantidade de proteina que apresentavam as amostras.

Concentragdo proteica

Depois de solucionar o problema da super-stimagao de proteina total, foi dificil determinar o método
de concentragdo proteica e o volume de amostra que deviam ser utilizados para obter a quantidade de
proteina total necessaria para a analise por espectrometria de massa. Varios volumes de amostras
foram liofilizados e ressuspendidos em varios volumes diferentes, mas nenhum conseguiu chegar nos
valores de proteina total necessario. Foi utilizando os tubos de concentragio AMICON que se

atingiram os valores desejados.

Diferencas entre espécies

Ao ter varias dificuldades no desenvolvimento do projeto, varios pilotos foram realizados com
amostras de uma Unica espécie. Foi nas amostras felinas que se determinou o volume e método de
concentra¢do ideal para obter a quantidade de proteina total desejada. Ao realizar o mesmo
processamento nas amostras caninas, ndo se conseguiu chegar na quantidade de proteina desejada,
pelo que pela falta de amostra e de tempo, a solucdo foi filtrar uma terceira vez nos tubos AMICON

as amostras que nado tinham no valor de proteina total necessario.



