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RESUMO 

As células-tronco de origem mesenquimal provenientes do tecido endometrial 

(CTMsE) e seu meio condicionado (MC) apresentam propriedades 

terapêuticas, e são alternativas promissoras para estudos na medicina 

veterinária. Estudos envolvendo CTMsE e seu MC ainda são considerados 

escassos na espécie bovina até o presente momento. Desta forma, o objetivo 

deste trabalho foi avaliar o potencial de diferenciação, perfil imunofenotípico, 

estabilidade cromossômica, eficiência de clonicidade, resposta à 

criopreservação das CTMsE de bovinos coletadas em duas fases do ciclo 

estral. Adicionalmente, avaliar o secretoma, produção de citocinas e de 

prostaglandina E2 (PGE2) das CTMsE estimuladas ou não com 

lipopolissacarídeo (LPS) bacteriano. Para tanto, foi colhido o útero de fêmeas 

hígidas (Fase II n=6/ Fase III n=6) para o isolamento das CTMsE por digestão 

enzimática. CTMsE em primeira passagem foram avaliadas quanto ao número 

de cromossomos e as em segunda passagem foi conduzido o ensaio de 

clonicidade. As CTMsE em terceira passagem (P3) foram submetidas a 

diferenciação nas linhagens adipogênica, condrogênica e osteogênica e 

caracterizadas em relação ao perfil imunofenotípico por citometria de fluxo (CF) 

(vimentina, CD29, CD44, MHC-II, CD34) e imunocitoquímica (vimentina e 

CD44). Adicionalmente, as CTMsE em P3 foram criopreservadas utilizando-se 

dois meios de criopreservação e avaliadas por CF antes e após a 

criopreservação. Para avaliação da produção de citocinas, PGE2 e análise do 

secretoma, o MC das CTMsE foi colhido após 2, 6, 12 e 24 horas de desafio 

(grupo tratado - GT) ou não (grupo controle - GC) com LPS bacteriano. As 

proteínas identificadas foram classificadas de acordo com os processos 

biológicos, função molecular, componente celular e classe proteica. De acordo 

com os resultados foi observado uma população celular homogênea, com 
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morfologia fibroblastóide e aderente ao plástico. Na análise por CF as CTMsE 

expressaram elevada marcação para CD29, CD44 e vimentina, baixa 

marcação para CD34 e ausência de expressão para o marcador MHC-II. Ainda, 

apresentaram estabilidade cromossômica, alta eficiência de clonicidade e 

diferenças (P>0.05) na produção de citocinas e PGE2 após desafio ou não com 

LPS. Diferenças não foram observadas (P>0.05) entre os meios ou fase após o 

descongelamento. Foram identificados 397 grupos de proteínas no GT e 302 

no GC. Houve um enriquecimento positivo para proteínas relacionadas à 

resposta antibacteriana, ativação dos macrófagos, atividade de hidrolase e 

enzimas inibitórias no GT, e moléculas de atividade estrutural e filamentos 

intermediários no GC. Pode-se concluir que as CTMsE de bovinos apresentam 

nas condições experimentais clonicidade, multipotencialidade, estabilidade 

cromossômica e satisfatória resposta à criopreservação, o que corrobora para 

o estabelecimento de bancos de células para uso terapêutico ou novos estudos 

in vitro. Adicionalmente, tais células respondem ao LPS na concentração 

utilizada, por meio da produção de citocinas, podendo este modelo ser utilizado 

para avaliação da resposta inflamatória. Ainda, a secreção de proteínas 

principalmente relacionadas ao remodelamento, resposta imune e angiogênese 

fazem destas células e de seus meios, promissores para futura aplicação na 

terapia celular. 

Palavras-chave: bovinos, caracterização, CTMsE, LPS, útero  
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ABSTRACT 

Mesenchymal stem cells from the endometrial tissue (MSCsE) and their 

conditioned medium (CM) have important therapeutic properties and are 

alternatives for studies in veterinary medicine. Studies involving MSCsE and its 

CM are still considered scarce in the bovine species until now. Thus, the aim of 

this study was to evaluate evaluate the potential of differentiation, 

immunophenotypic profile, chromosomal stability, clonicity efficiency and 

cryopreservation response of MSCsE from bovines collected in two phases of 

the estrous cycle. Additionally, to evaluate the secretoma production of cytokine 

and prostaglandin E2 (PGE2) of MSCsE stimulated or not with bacterial 

lipopolysaccharide (LPS). For this, the uterus of healthy females (Phase II n = 6 

/ Phase III n = 6) was collected for isolation of MSCsE by enzymatic digestion. 

MSCsE in first passage were evaluated for the number of chromosomes and 

the second passage was conducted the clonicity assay. The MSCsE in third 

passage (P3) were differentiated into the adipogenic, chondrogenic and 

osteogenic lineages and characterized by the immunophenotypic profile by flow 

cytometry (FC) (vimentin, CD29, CD44, MHC-II, CD34) and 

immunocytochemistry (vimentin, CD44). Additionally, MSCsE in P3 were 

cryopreserved using two cryopreservation medium: and evaluated by FC before 

and after cryopreservation. For evaluation of cytokine, PGE2 production and 

analysis of the secretome, CM was collected after 2, 6, 12 and 24 hours of 

challenge (treated group - TG) or not (control group - CG) with LPS. The 

identified proteins were classified according to the biological processes, 

molecular function, cellular component and protein class. According to the 

results, was observed a homogeneous cell population, with a fibroblastoid 
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morphology and adherent to the plastic. In FC analysis, the MSCsE expressed 

high labeling for CD29, CD44 and vimentin, low labeling for CD34 and absence 

of expression for the MHC-II marker. Still, they presented chromosomal stability, 

high efficiency of clonicity and differences (P<0.05) in the production of 

cytokines and PGE2 after stimulus or not with LPS. Differences were not 

observed (P>0.05) between the medium or phase after thawing. 397 groups of 

proteins were identified in GT and 302 in CG. There was a positive enrichment 

for proteins related to antibacterial response, macrophages activation, 

hydrolase activity and inhibitory enzymes in TG, and structural activity 

molecules and intermediate filaments in CG. It is possible to conclude that 

bovine MSCsE present in the experimental conditions clonicity, multipotentiality, 

chromosomal stability and satisfactory cryopreservation response, which 

corroborates for the establishment of cell banks for therapeutic use or new in 

vitro studies. Additionally, these cells respond to LPS at the concentration used, 

by the production of cytokines, and this model can be used to evaluate the 

inflammatory response. 

Key words: bovines, characterization, LPS, MSCsE, uterus  
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2  
1. INTRODUÇÃO  

 
A terapia com células-tronco (CT) apresenta-se como uma prática 

crescente na medicina veterinária. O interesse nestas células dá-se devido as 
suas propriedades pró-regenerativas e imunomoduladoras (PAUL; ANISIMOV, 
2013). Desta forma, tais células e também o meio em que elas são cultivadas 
tem apontado como uma alternativa promissora para a terapia, com possível uso 
em diversas enfermidades, incluindo as que atingem o sistema reprodutivo.  

Os bovinos são considerados modelos experimentais e apresentam 
várias vantagens para serem utilizados em estudos clínicos com células-tronco 
de origem mesenquimal (CTMs) e extrapolação dos resultados na medicina 
humana (BOSNAKOVSKI et al., 2004). Dentre estas a facilidade de obtenção de 
tecido para isolamento, cultivo, expansão e caracterização in vitro. 
Adicionalmente, a quantidade amostral obtida em tais estudos permite o estudo 
in vitro da formação de bancos de células para utilização futura. 

Em bovinos, há descrição do isolamento e cultivo de CTMs de 
diversas fontes tais como do cordão umbilical (XIONG et al., 2014), sangue do 
cordão umbilical (RAOUFI et al., 2011), fluido amninótico (ROSSI et al., 2014), 
derme (SUN et al., 2014), medula óssea (BOSNAKOVSKI et al., 2004), tecido 
adiposo (LU et al.,2014), glândula mamária (CHOUDHARY, 2014) e tecido 
endometrial (DONOFRIO et al., 2008). 

O tecido endometrial é um tecido altamente regenerativo, composto 
de uma porção luminal, células epiteliais, estromais, endoteliais, fibras 
musculares e leucócitos. As CTMs endometriais (CTMsE) são células dinâmicas 
com a capacidade de crescimento e diferenciação durante o ciclo estral e 
gestação (DONOFRIO et al., 2008). Tais células, presentes no endométrio adulto 
de humanos e camundongos, normalmente se diferenciam em células 
endometriais estromais sob influência de fatores de crescimento e esteroides 
ovarianos (GARGETT et al., 2008). 

As CTMs apresentaram resultados favoráveis em aplicações em 
degeneração endometrial em humanos (MENG et al., 2007), endometriose 
(MAMBELLI et al., 2013) e fibrose (ALVARENGA et al., 2016) em equinos. Sabe-
se que em humanos, as CTMsE foram capazes de reconstruir um endométrio 
funcional em modelos de xenoenxerto de endometriose em ratos (MASUDA et 
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al., 2007), e foram descritas em estudos com modelos de doenças metabólicas 
(SANTAMARIA et al., 2011), cardíacas (BOCKERIA et al., 2013), e neurológicas 
(WOLLF et al., 2011) evidenciando seu potencial uso em terapias diversas. 
Entretanto, apesar dos bovinos serem utilizados como modelo experimental de 
afecções tanto in vivo quanto in vitro, há escassez de estudos referentes a 
biologia básica das CTMsE. 
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2. JUSTIFICATIVA 
 
Estudos envolvendo a terapia celular vem surgindo, com o intuito de 

aumentar o conhecimento sobre o uso de CTMs de diversas fontes. Os bovinos 
podem ser utilizados como modelo experimental e a utilização do tecido 
endometrial para isolamento e obtenção de células estromais progenitoras 
mostra-se cada vez mais promissora para aplicação clínica e estudos in vitro. 
Entretanto, apesar dos grandes avanços na medicina humana, pouco é 
conhecido sobre o comportamento dessas células na espécie bovina, no que diz 
respeito à caracterização, composição do secretoma, atividade 
imunomoduladora e resistência a criopreservação. Tais conhecimentos são 
importantes para a aplicação terapêutica especialmente em enfermidades 
reprodutivas. 
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3. REVISÃO DE LITERATURA 
 
3.1. Células -tronco  
 
As CTs podem ser definidas como células indiferenciadas com 

capacidade proliferativa e de autorenovação (WAGERS; WEISSMAN, 2004). 
Ademais, são capazes de responder a estímulos externos e dar origem a 
diferentes linhagens celulares mais especializadas (PEREIRA, 2008). Também 
são responsáveis pelo crescimento, reparação e homeostase de diversos 
tecidos, por mecanismos intrínsecos (fatores de transcrição) e extrínsecos 
(fatores de crescimento, interação entre as células e influências externas) (DU; 
TAYLOR, 2010). 

As CTs podem ser classificadas de acordo com a origem tecidual ou 
quanto ao potencial de diferenciação, conforme demonstrado na Figura 1.  

 

 
FIGURA 1: Classificação das células-tronco com relação à origem e potencial de 
diferenciação. Fonte: arquivo pessoal 

 
Quanto a origem tecidual, as CTs podem ser classificadas em células 

embrionárias ou adultas. A primeira é derivada da massa celular interna e tem a 
habilidade de produzir as três camadas embrionárias germinativas. Já as adultas 
encontram-se presentes em diversos tecidos e tem a capacidade de diferenciar 
em pelo menos uma linhagem (Revisado por Rostamzadeh et al., 2015) e 
compreendem as células de origem hematopoiéticas, mesenquimais, 
epidermais, neuronais, dentre outras (AGOSTINI et al., 2013). 
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Quanto ao potencial de diferenciação, as CTs podem ser totipotentes, 

pluripotentes ou multipotentes. As células totipotentes referem-se às células do 
zigoto e pode dar origem a um indivíduo completo, incluindo seus anexos fetais. 
As pluripotentes correspondem às células de origem da massa celular interna do 
blastocisto e podem dar origem a quase todos os tecidos (exceto os extra-
embrionários). As multipotentes são células com a capacidade de auto-
renovação e podem gerar células comumente com a mesma origem 
embriológica, como as provenientes da medula óssea (FRIEL et al., 2005).  

 
3.1.1 Células-tronco mesenquimais/progenitoras provenientes 

do endométrio  
 
As CTMs são células estromais multipotentes que possuem a 

capacidade de auto-renovação e são responsáveis pela manutenção tecidual 
(GARGETT et al., 2016). Neste grupo de células estão incluídas as CTMs do 
tecido endometrial (CTMsE).  

Em geral, as CTMsE apresentam-se como uma fonte de CTMs 
multipotentes adultas e com capacidade regenerativa (GHOBADI et al., 2015). 
Segundo a literatura as CTMs já foram isoladas de endométrio de mulheres 
(GARGETT et al., 2009, 2016), camundongos (CHAN; GARGETT, 2006), suínos 
(MIERNIK; KARASINSKI, 2012), bovinos (ŁUPICKA et al., 2015) e ovinos 
(LETOUZEY et al., 2015). Adicionalmente, estas células são capazes de se 
diferenciarem em diversas linhagens celulares sob estímulos específicos. Frente 
a estas características, acrescidas da fácil obtenção (PAL, 2015), essa fonte é 
considerada como uma nova e promissora alternativa para biologia reprodutiva 
e medicina regenerativa (GHOBADI et al., 2015). Atributos estes que tem 
despertado grande interesse para novas pesquisas tanto na medicina humana 
quanto veterinária.  

A origem das CTs, particularmente no tecido endometrial ainda não é 
completamente elucidada. Todavia, acredita-se que possam estar relacionadas 
a três possibilidades: 1 – podem representar o epitélio fetal e CTMs as quais 
permanecem no endométrio adulto e se replicam; 2 – podem representar CTs 
provenientes de uma fonte hematogênica (tal como as da medula óssea) que 
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migram para o endométrio periodicamente ou frente a uma injúria ou 3 – uma 
combinação de ambos os fatores (Revisado por Morelli et al., 2012). 

Diversos estudos em humanos suportam a segunda teoria de que a 
medula óssea daria origem às CTs presentes no estroma, epitélio e endotélio 
endometrial, confirmados por marcadores específicos dos doadores machos, 
encontrados no tecido endometrial de receptoras ratas (GARGETT et al., 2016). 
Recentemente, Łupicka et al. (2015) também comprovaram esta teoria em 
bovinos ao evidenciarem marcação positiva para o C-kit (marcador de célula 
hematopoética) no endotélio dos vasos linfáticos e sanguíneos no miométrio e 
principalmente estroma uterino. Essa marcação e também a expressão gênica 
foi observada tanto em animais jovens quanto idosos, o que sugere que a 
migração de CTs de origem medular ao útero não é idade dependente e ocorre 
durante toda a vida.  

Em humanos, há evidências que as CTMsE podem ser responsáveis 
pela alta capacidade de regeneração do endométrio durante as fases 
reprodutivas (Revisado por Gargett et al.,2009) e uma população de células 
progenitoras/tronco presentes na porção basal do endométrio é capaz de dar 
origem a um tecido endometrial funcional, com a presença de glândulas, vasos 
e estroma (MASUDA et al., 2010). Neste contexto, em bovinos, o tecido 
endometrial também tem sido estudado como fonte de CTMs uma vez que é 
altamente regenerativo e contém células indiferenciadas, com alta plasticidade, 
capacidade de crescimento e diferenciação durante o ciclo estral e gestação 
(DONOFRIO et al., 2008, ŁUPICKA et al., 2015).  

A aplicação terapêutica desta nova fonte de CTMs, ou seja, as 
CTMSE, já foi descrita em humanos em modelos de doenças cardíacas 
(BOCKERIA et al., 2013), neurológicas (WOLLF et al., 2011) e metabólicas 
(SANTAMARIA et al., 2011), e são propostas como alternativa no tratamento de 
regeneração endometrial (MENG et al., 2007). Até o presente momento, os 
estudos com CTMsE de bovinos estão ainda no início e portanto a aplicação 
clínica desta fonte ainda não foi relatada nesta espécie.  
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3.2 Isolamento de CTMsE 
 
O útero é composto de três porções: o perimétrio, o miométrio e o 

endométrio. O endométrio apresenta uma parte funcional que se modifica com o 
estro ou gestação e uma parte basal, que permanece intacta nesses eventos e 
é responsável pela restauração da parte funcional (MARUYAMA et al., 2010; 
PRIEDKALNS; LEISER, 2006).  

Em bovinos, a principal localização de CTMsE foi observada no 
estroma endometrial, apesar de também ter sido identificada em populações 
epiteliais e miometriais (ŁUPICKA et al., 2015).  

Em animais domésticos, tais como os bovinos e suínos, as CTMsE 
podem ser colhidas do útero oriundo de abatedouro (MIERNIK; KARASINSKI, 
2012; DONOFRIO et al., 2008, CABEZAS et al. 2014, ŁUPICKA et al., 2015) ou, 
como em ovinos, após histerectomia (LETOUZEY et al., 2015). Em humanos, a 
coleta pode ser realizada por histerectomia, biópsias ou curetagem (MASUDA et 
al., 2010).  

Após colheita em abatedouro, para realização do isolamento celular, 
o útero pode ser dissecado longitudinalmente e feita a separação do tecido 
endometrial, do tecido miometrial. Após obtenção do tecido endometrial, o 
isolamento celular é feito por digestões enzimáticas com colagenase, DNAse, 
tripsina, dispase, usadas isoladamente (MIERNIK; KARASINSKI, 2012) ou em 
conjunto (DONOFRIO et al., 2008, CABEZAS et al. 2014, ŁUPICKA et al., 2015). 
Tal isolamento pode ser realizado com um ou dois processos de digestão, sendo 
que duas digestões visam uma melhor separação da fração epitelial da estromal 
(FORTIER et al. 1988).  

Em cultivo celular, as CTMsE de bovinos crescem em monocamadas 
e apresentam morfologia fibroblastóide, além de boa aderência ao plástico, 
capacidade de diferenciação e de formação de colônias (DONOFRIO et al., 
2008, CABEZAS et al. 2014). Tais características de cultivo celular também são 
compartilhadas com outras espécies tais como humanos (DIMITROV et a., 2008, 
MASUDA et al., 2010; GAAFAR et al., 2014) e suínos (SUBBARAO et al., 2015). 

Apesar da utilização de métodos de separação das células estromais 
das epiteliais, é comum que o cultivo apresente contaminação com células 
epiteliais, que pode ser controlada com a troca de meio com 18 horas após 
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plaqueamento do cultivo primário (FORTIER et al., 1988), e também da 
tripsinização diferenciada (ANAND et al., 2012). Concomitantemente, o cultivo 
tende a se purificar com a realizações das passagens e ficar mais homogêneo 
(DIMITROV et al., 2008). 

Em humanos, acredita-se que o cultivo de toda a população de células 
endometriais, ou seja, sem purificação em células estromais ou epiteliais, seja 
um pré-requisito para o cultivo e ativação da fração de side population (com 
propriedades de CT adultas). Também, que não apenas o contato entre as 
células, mas a produção de algum fator secretado pela população mista auxilia 
no processo de crescimento (MASUDA et al., 2010), evidenciando que uma 
pequena quantidade de células epiteliais no cultivo, assim como pode ser 
observado no cultivo de bovinos, não é prejudicial ao crescimento e isolamento 
celular. 

 
3.3 Caracterização do cultivo celular de CTMsE 
 
A Sociedade Internacional de Terapia Celular estabeleceu critérios 

mínimos para a caracterização das CTMs humanas os quais incluem: aderência 
ao plástico e morfologia fibroblastóide em cultivo, expressão dos receptores de 
superfície celular CD105, CD73 e CD90 (≥ 95% positivos) e ausência de 
expressão (≤ 2% positivos) dos marcadores CD14 ou CD11b, CD34, CD45, 
CD79α e MHC-II, além da demonstração in vitro para diferenciação osteogênica, 
adipogênica e condrogênica (DOMINICI et al., 2006).  

Assim como em humanos, não há descrito um painel específico para 
a caracterização das CTMsE de bovinos. Desta forma, faz-se necessário que a 
identificação desse tipo celular no tecido endometrial seja de acordo com as 
propriedades funcionais de CTs que incluem características relacionadas a 
clonicidade, potencial de proliferação, capacidade de diferenciação em uma ou 
mais linhagens (GARGETT, 2007) e também a expressão de marcadores de 
superfície de origem mesenquimal (DIMITROV et al., 2008). 
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3.3.1 Caracterização de antígenos de superfície e 

intracelulares de CTMsE 
 
Distintos antígenos tanto de superfície quanto intracelulares já foram 

descritos na literatura para a caracterização de CTMsE por citometria de fluxo e 
por reação em cadeia da polimerase (PCR). Entretanto, ainda há falta de um 
painel de marcadores específicos para melhor caracterização desta população 
celular.  

Conforme pode ser evidenciado no Quadro 1, os marcadores 
descritos na literatura para as CTMsE podem ser utilizados para a separação 
das porções celulares por sorting (LETOUZEY et al., 2015), como também para 
caracterização das linhagens de origem mesenquimal (MORAES et al., 2016a, 
MIERNIK; KARASINSKI, 2012) ou hematopoiéticas (CABEZAS et al., 2014, 
MIERNIK; KARASINSKI, 2012) ou ainda para a detecção de células com 
pluripotência (CABEZAS et al., 2014, ŁUPICKA et al., 2015). 

 
QUADRO 1: Painel de marcadores de superfície e intracelular já descritos em cultivos de CTMsE 
em diferentes espécies por citometria de fluxo ou PCR. (continua) 
MARCADOR 

(CD) 
ESPÉCIE TÉCNICA MARCAÇÃO 

(+ OU-) 
 

AUTORES 

CD34 Suínos 
 
Bovinos 

PCR 
Citometria 
PCR 
Citometria 

- 
- 
- 
- 

MIERNIK e KARASINSKI, 2012 
SUBBARAO et al., 2015 
CABEZAS et al., 2014 
MORAES et al., 2016a 

CD45 Suínos PCR 
Citometria 

- 
- 

MIERNIK e KARASINSKI, 2012 
SUBBARAO et al., 2015 

CD9 Suínos  Citometria - SUBBARAO et al., 2015 
OCT-4 
      

Suínos 
 
Bovinos 

PCR 
 
PCR 
Citometria/RT-
PCR 

- 
+ 
+ 
+ 

MIERNIK e KARASINSKI, 2012 
SUBBARAO et al., 2015 
CABEZAS et al., 2014 
ŁUPICKA et al., 2015 
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QUADRO 1: Painel de marcadores de superfície e intracelular já descritos em cultivos de CTMsE 
em diferentes espécies por citometria de fluxo ou PCR. (conclusão). 

MARCADOR 
(CD) 

ESPÉCIE TÉCNICA MARCAÇÃO 
(+ OU-) 

 

AUTORES 

CD44 Suínos 
 
Bovinos 

PCR 
Citometria 
Citometria  

+ 
+ 
+ 

MIERNIK e KARASINSKI, 2012 
SUBBARAO et al., 2015 
MORAES et al., 2016 a 

CD144 Suínos RT-PCR + MIERNIK e KARASINSKI, 2012 
CD105 Suínos 

Ovinos 
RT-PCR 
Citometria 

+ 
- 

MIERNIK e KARASINSKI, 2012 
LETOUZEY et al., 2015 

CD271 Ovinos Citometria + LETOUZEY et al., 2015 
PDGFRB Ovinos Citometria - LETOUZEY et al., 2015 
CD90 Ovinos 

Suínos 
Citometria 
Citometria  

- 
+ 

LETOUZEY et al., 2015 
SUBBARAO et al., 2015 

CD146 Ovinos Citometria - LETOUZEY et al., 2015 
CD73 Ovinos Citometria - LETOUZEY et al., 2015 
SOX-2 Bovinos 

 
Suínos 

PCR 
Citometria 
PCR 

+ 
+ 
+ 

CABEZAS et al., 2014 
ŁUPICKA et al., 2015 
SUBBARAO et al., 2015 

NANOG Bovinos 
 
Suínos 

PCR 
Citometria/PCR 
PCR 

- 
+ 
+ 

CABEZAS et al., 2014 
ŁUPICKA et al., 2015 
SUBBARAO et al., 2015 

CD29 Suínos 
 
Bovinos 

RT-PCR 
Citometria 
Citometria  

+ 
+ 
+ 

MIERNIK e KARASINSKI, 2012 
SUBBARAO et al., 2015 
MORAES et al., 2016a  

VIMENTINA Bovinos Citometria + MORAES et al., 2016a 
SOX-2 Bovinos 

 
Suínos 

PCR 
Citometria 
PCR 

+ 
+ 
+ 

CABEZAS et al., 2014 
ŁUPICKA et al., 2015 
SUBBARAO et al., 2015 

NANOG Bovinos 
 
Suínos 

PCR 
Citometria/PCR 
PCR 

- 
+ 
+ 

CABEZAS et al., 2014 
ŁUPICKA et al., 2015 
SUBBARAO et al., 2015 
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3.3.2 Identificação do potencial de diferenciação de CTMsE 
 
A diferenciação das CTMsE pode ser alcançada mediante a utilização 

de agentes indutores no cultivo celular (DIMITROV et al., 2008), sendo a 
diferenciação um dos critérios mínimos para a caracterização da linhagem 
celular. A possibilidade de diferenciação nas tri-linhagens já foi descrita para 
bovinos (ŁUPICKA et al., 2015), ovinos (LETOUZEY et al., 2015), humanos 
(GARGETT et al., 2009) e equinos (RINK et al., 2017). Adicionalmente, em 
suínos foi possível a diferenciação na linhagem adipogênica e osteogênica 
(SUBBARAO et al., 2015, MIERNIK; KARASINSKI, 2012). A resposta positiva à 
diferenciação nas tri-linhagens observada em CTMsE de bovinos mostra a alta 
plasticidade dessas células e a presença de CT indiferenciadas no útero 
(ŁUPICKA et al., 2015). 

Após a exposição aos agentes indutores para diferenciação 
adipogênica, osteogênica ou condrogênica, pode ser realizada a coloração das 
células com oil red, alizarim red ou von kossa e alcian blue, respectivamente 
para avaliação da resposta à diferenciação. Em células induzidas à diferenciação 
adipogênica, osteogênica ou condrogênica pode-se observar a resposta 
mediante a identificação da presença de gotículas de lipídeos, depósitos de 
cálcio e mineralização da matrix extracelular (SUBBARAO et al., 2015) e 
coloração para identificação de glicoproteínas e glicosaminoglicanos, 
respectivamente (ŁUPICKA et al., 2015) além da alteração morfológica das 
células (DONOFRIO et al., 2008). 

A resposta positiva à diferenciação também pode ser avaliada pela 
expressão de genes ou proteínas específicas como as de ligação de ácidos 
graxos, da lipoproteína lipase ou proteína ligadora dos adipócitos para a 
diferenciação adipogênica; do gene da osteonectina, biglican ou Runx2 (Runt 
relacionado ao fator de transcrição 2) para a diferenciação osteogênica 
(SUBBARAO et al., 2015) e dos genes do colágeno (colágenos tipo I, II ou X) 
para a diferenciação condrogênica (MERETOJA et al., 2013). 
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3.3.3 Capacidade de auto-renovação 
 
Outra característica importante para a avaliação de CTMs é a 

capacidade de auto-renovação que pode ser avaliada pelo ensaio de unidades 
formadoras de colônias fibroblásticas (UFC-F). 

Tal ensaio consiste no plaqueamento de um número reduzido de 
células (30-105 células/ cm2) e após determinado tempo, que pode variar de 5 a 
30 dias, (CABEZAS et al., 2014; MORAES et al., 2016a) procede-se com a 
coloração das colônias com cristal violeta a 1% em metanol e contagem das 
colônias coradas (MENSING et al., 2011). A eficiência de clonicidade é feita de 
acordo com a seguinte fórmula: (número de colônias/ número de células 
plaqueadas) x 100 (CABEZAS et al., 2014).  

A clonicidade das CTMsE já foi avaliada e comprovada em bovinos 
(MORAES, et al., 2016a), ovinos (LETOUZEY et al., 2015), humanos (CHAN et 
al., 2004) e suínos (MIERNIK; KARASINSKI, 2012). 

 
3.4 Avaliação cromossômica de CTMsE 
 
A avaliação cromossômica é útil para o monitoramento da 

estabilidade genética de CTMs ao longo dos cultivos e também para a decisão 
da utilização das células futuramente (STULTZ et al., 2016) antes ou após a 
criopreservação.  

Células que ficam muito tempo em cultivo podem ter as taxas de 
viabilidade reduzidas, e isso pode ser atribuído à instabilidade cromossômica e 
encurtamento do telômero, que culmina com a perda funcional de genes 
relacionados ao desenvolvimento celular (CUNHA et al., 2014). 

A análise do cariótipo já foi realizada em CTMsE de bovinos, que tais 
células são cromossomicamente estáveis antes e após a criopreservação e, 
portanto, neste contexto seguras para a aplicação terapêutica (MORAES et al., 
2016a). 
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3.5 Criopreservação de CTMsE  
 
A criopreservação consiste na manutenção de CTMs à baixas 

temperaturas (-196ºC), levando a uma diminuição da atividade metabólica 
celular. As células criopreservadas podem ser utilizadas na medicina 
regenerativa, terapia celular ou para a formação de bancos de células 
(MARQUEZ-CURTIS et al., 2015). Apesar dos avanços já alcançados, pouco é 
conhecido sobre a criopreservação de CTMsE. Desta forma, o desafio do 
processo de criopreservação continua sendo a manutenção das características 
funcionais e morfológicas observadas nas células a fresco após o seu 
descongelamento. 

Idealiza-se que as células deveriam ser criopreservadas mediante a 
redução gradativa da temperatura objetivando minimizar a formação de cristais 
de gelo intracelulares, uma vez que com a redução da temperatura a taxas 
ideais, há a formação de cristais de gelo extracelular que mudam a osmolaridade 
do meio e levam à desidratação equilibrada da célula (Revisado por Marquez-
Curtis et al., 2015). O meio em que as células são criopreservadas é composto 
usualmente de um crioprotetor e aditivos, visando a redução dos danos 
causados as células durante o processo de criopreservação (Maia et al., 2017).  
O crioprotetor mais utilizado é o dimetilsulfóxido (DMSO), entretanto apresenta 
toxicidade em altas concentrações e pode ser nocivo às CTMs (FREIMARK et 
al., 2011; Revisado por Marquez-Curtis et al., 2015).  O soro fetal bovino (SFB), 
também é utilizado nos meios de criopreservação, e participa da estabilização 
da membrana celular, ajuste osmótico, proteção contra os radicais livres de 
oxigênio (Revisado por Marquez-Curtis et al., 2015) e do processo de 
recristalização durante o descongelamento (RENZI et al., 2012).  

Meios de criopreservação alternativos, com baixa concentração de 
SFB já foram descritos para criopreservação de CTMs de equinos. Os autores 
observaram que o MC (com 20% de SFB) não afetou as características 
biológicas das CTMs após criopreservação (MAIA et al., 2017), confirmando a 
importância da composição do meio de criopreservação para o crescimento 
celular após descongelamento e plaqueamento (RENZI et al., 2012).  

 
 



17  
3.6 Meio condicionado de CTMs e Proteômica 
 
O meio condicionado (MC) refere-se ao meio em que as CTMs foram 

cultivadas em condições normais ou em situação de desafios (baixa tensão de 
oxigênio, privação de SFB). Estudos tem focado na aplicação clínica do MC 
devido a presença de fatores solúveis (fatores de crescimentos, inibidores de 
proteases) e/ou vesículas extracelulares em sua composição que foram 
secretados pelas células que apresentam propriedades terapêuticas.  

As CTMs liberam fatores autócrino e parácrinos, conhecido como 
secretoma (SKALNIKOVA, 2013), o qual é considerado por alguns autores como 
o mais importante auxiliador dos efeitos reparativos direcionados às CTMs 
(PAUL; ANISIMOV, 2013). Tais fatores bioativos são liberados na forma solúvel 
ou em vesículas extracelulares, os quais participam da modulação da resposta 
imune mediada pelas CTMs, (LAVOIE; ROSU-MYLES, 2013) auxiliando na 
reparação tecidual (MAUMUS et al., 2013).  

As proteínas estão envolvidas em diversos processos nos organismos 
vivos e possui um complexo mecanismo estrutural, de interações, dinâmica em 
concentração, degradação e/ou modificações que participam diretamente nos 
sistemas biológicos (MALMSTROM et al., 2007). As proteínas apresentam 
diversas características que não são previsíveis a partir de sequências gênicas 
ou níveis de transcrição, como por exemplo, as mudanças pós-transdução, as 
interações proteínas-proteínas e localizações subcelulares que afetam a função 
e atividade das proteínas (SUNG -MIN et al., 2010).  

A proteômica pode ser definida como a técnica que avalia a proteína 
e seus sistemas de funções biológicos, considerando sua identificação, 
caracterização e quantificação em distintas amostras biológicas como órgãos, 
tecidos, fluidos biológicos, células (MALMSTROM et al., 2007) e o MC. 

O proteoma pode ser definido como o conjunto de proteínas 
expressas em uma célula, tecido ou fluidos em determinado momento (HEIN et 
al., 2013), caracterizado em termos de quantidade, modificações pós-
transducionais, interações e renovação. Esta análise permite a detecção de 
proteínas que sofrem modificações pós-tranducionais, tais como a maturação 
proteolítica, glicosilação ou fosforilação, todos esses processos que não podem 
ser observados em estudos genômicos. Isto é particularmente relevante, uma 
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vez que as vias de sinalização e de fosforilação de fatores de transcrição estão 
provavelmente envolvidas na auto-renovação e capacidade regenerativa das 
CTMs (ROCHE et al., 2006). 

Para a identificação das proteínas presentes no secretoma, pode-se 
utilizar técnicas imunobiólogicas tais como ensaio imunoenzimático (ELISA), 
Western bloting ou RT-PCR (SKALNIKOVA, 2013) os quais identificam proteínas 
específicas e com funções biológicas conhecidas. A variação existente entre os 
resultados do secretoma de CTMS com estas técnicas é derivado da 
sensibilidade dos ensaios, meio de cultivo utilizado e origem das CTMs (LAVOIE; 
ROSU-MYLES, 2013). 

Adicionalmente, as proteínas podem também ser analisadas de uma 
maneira mais global utilizando a espectrometria de massas acoplada a 
cromatografia líquida utilizando, por exemplo, a estratégia shotgun. Dessa forma, 
as amostras podem ser previamente digeridas e os peptídeos identificados e 
analisados qualitativamente e/ou quantitativamente (PALOMARES, 2014, 
SKALNIKOVA, 2013).  

Nos últimos anos, na maioria das abordagens em proteômica clínica, 
a espectrometria de massa (MS) tem sido utilizada também para quantificar as 
proteínas presentes em amostras biológicas que estejam sob investigação. 
Recentemente a MS foi submetida a vários avanços técnicos em termos de 
sensibilidade e precisão, ampliando o número de diferentes abordagens que 
podem ser adotadas em estudos de proteômica (CAMERINIA & MAURIB, 2015). 

O conhecimento da composição do secretoma de CTMs de diversas 
fontes é importante para o direcionamento das terapias com CTMs ou com seu 
MC e para avaliação do estudo do perfil proteico global, dos processos de 
proliferação, diferenciação, maturação e dos fatores parácrinos e autócrinos 
(STASTNA et al., 2009; BAIL, et al., 2012). O benefício da utilização do MC 
terapeuticamente já foi demonstrado em modelo experimental de esclerose 
múltipla, mostrando-se ser eficiente na recuperação dos modelos animais (BAIL, 
et al., 2012) e até apresentou efeitos similares ao tratamento com a própria CTM 
(SHIMOJIMA, et al., 2016). Também, o uso do MC apresentou efeitos positivos 
sobre a modulação de genes relacionados a inflamação em modelo experimental 
de inflamação uterina em éguas (LANGE-CONSIGLIO et al. 2015), além de 
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melhorar a taxa de proliferação de células endometriais em cultivo (CORRADETI 
et al., 2014). 

 
3.7 Imunomodulação pelas CTMs 

 
As CTMs exercem um grande papel de imunomodulação em 

diferentes tipos de células tais como em neutrófilos, monócitos, basófilos, células 
T e B. Embora tal processo ainda não seja completamente elucidado, sabe-se 
que tais efeitos se dão pela interação de contato entre células e também da 
secreção de fatores biologicamente ativos, fatores de crescimento, e citocinas 
(KYURKCHIEV et al., 2014).  

As citocinas são pequenas proteínas secretada por diversas células, 
com efeito na comunicação e interação entre as células. Podem ser produzidas 
por linfócitos (linfocinas), monócitos (monicinas) e leucócitos (interleucinas- 
apresentando atividade em outro linfócito) e apresentarem atividade 
quimiotáticas (quimiocinas), na própria célula secretora (atividade autócrina), em 
células adjacentes (atividade parácrina) ou em células distantes (atividade 
endócrina) (ZHANG & AN, 2007). A definição das citocinas como pro ou anti-
inflamatória ainda é controversa, uma vez que acredita-se que não exista uma 
única citocinas que esteja exclusivamente em uma única categoria 
(KYURKCHIEV et al., 2014). Elas podem ser ativadas por diversas outras 
citocinas e terem funções similares (ZHANG & AN, 2007). 

Hoje é de conhecimento que os diferentes efeitos terapêuticos das 
CTMs são dependentes do microambiente em que estão, demonstrando que 
essas células não são espontaneamente imunossupressoras, necessitando de 
um estímulo para desencadear sua resposta que envolve uma complexa 
interação de diversos fatores (ABUMAREE et al., 2012). 

Para exercerem seu papel, as CTMs podem ser ativadas por citocinas 
pro-inflamatórias (tais como TNF-α e INF-γ) ou pela ligação aos Toll-like 
Receptors (TLR) 3 ou 4, de produtos endógenos ou de patógenos (BERNARDO 
& FIBBE, 2013; ZACHAR et al., 2016). Após estímulo, as CTMs podem adquirir 
um fenótipo anti-inflamatório ou pro-inflamatório, e interagir com as células do 
sistema imune inato e adaptativo, produzindo moléculas imunossupressoras 
(Figura 2) (BERNARDO & FIBBE, 2013).  
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FIGURA 2: Modelo de ativação das MSCs por citocinas pro 
inflamatórias ou por TLRs. Ativação dos perfis anti-inflamatório (CTM 
2) ou pró-inflamatórios (CTM 1). Adaptado de Bernardo & Fibbe, 2013. 
INF-γ: interferon γ; TNF-α: fator de necrose tumoral α; TNF-β: fator de 
necrose tumoral β; CTM: célula tronco mesenquimal; TLR: toll-like 
receptor; NO: óxido nítrico; IDO: indoleamina 2,3 dioxygenase; LPS: 
lipopolissacarídeo bacteriano; CYCL9; CXCL10; MIP-1α: proteína 
inflamatória de macrófago 1α; MIP-1β: proteína inflamatória de 
macrófago 1β. 

 
Os fatores solúveis tais como prostaglandina E2 (PGE2), IL-10 e fator 

estimulador de colônias de macrófagos (M-CFS) são alguns dos responsáveis 
pelos efeitos immunomodulatórios das CTMs, agindo na inibição da proliferação 
de linfócitos, diferenciação de monócitos em macrófagos e nas células 
dendritica. Tal secreção é iniciada após estímulo das células com fatores pró-
inflamatório, ou lipopolissacarídeo bacteriano (ABUMAREE et al., 2012). A 
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PGE2, é uma molécula imunossupressora, secretada após estímulo e exerce sua 
função mediando a supressão de linfócitos T, NK e macrófagos pelas CTMs 
(ABUMAREE et al., 2012). Aparentemente é o primeiro mediador responsável 
pela inibição da proliferação de células de defesa pelas CTMs (CARRADE & 
BORJESSON, 2013).   

Frente a uma injúria tecidual, há a mobilização de células imunes, 
fibroblastos, células endoteliais e fatores biológico (citocinas, quimiocinas e 
fatores pró-inflamatórios) que entram em ação para a reparação e alcance da 
homeostase tecidual (SHI et al., 2012). Neste cenário, as CTMs são capazes de 
migrar ao sítio da lesão, se diferenciar em múltiplos tipos celulares, secretar 
citocinas e participar do processo de reparação e regeneração tecidual (CHEN 
et al., 2009). 
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4. OBJETIVOS 
 
4.1 Objetivo Geral 
 
Isolar, cultivar, caracterizar e comparar amostras de células-tronco de 

origem mesenquimal obtidas a partir do tecido endometrial de vacas com corpos 
lúteos nas fases II e III do ciclo estral. Também, comparar dois meios de 
criopreservação de células-tronco de origem mesenquimal do tecido endometrial 
(CTMsE) de bovinos com a finalidade do futuro desenvolvimento de bancos de 
células para estudo in vitro e aplicação terapêutica. Adicionalmente, estudar a 
produção de citocinas e o secretoma das células estromais estimuladas ou não 
com lipopolissacarídeo bacteriano (LPS).  

 
4.2 Objetivos Específicos 
 
- Avaliar e comparar o padrão de isolamento e cultivo de células-

tronco de origem mesenquimal do tecido endometrial de bovinos (úteros com 
ovários com corpo lúteo nas fases II e III). 

 
- Avaliar e comparar a caracterização, capacidade de formação de 

colônias fibroblásticas, expressão de marcadores de superfície celular e 
intracelular (utilizando as técnicas de citometria de fluxo, imunocitoquímica e 
PCR), análise do cariótipo e potencial de diferenciação nas linhagens 
mesodermais das células-tronco de origem mesenquimal do tecido endometrial 
de bovinos (úteros com ovários com corpo lúteo nas fases II e III). 

 
- Avaliar e comparar os efeitos da criopreservação com os diferentes 

meios de criopreservação sobre a viabilidade de células-tronco de origem 
mesenquimal do tecido endometrial de bovinos (úteros com ovários com corpo 
lúteo nas fases II e III) utilizando os marcadores iodeto de propídio e anexina 
após o descongelamento. Adicionalmente, determinar se o meio condicionado 
proporciona melhor viabilidade, reduz as taxas de apoptose e necrose, em 
comparação com o meio contendo alta proporção de SFB. 



24  
- Avaliar a produção de citocinas e de prostaglandina E2 pelas células-

tronco de origem mesenquimal do tecido endometrial de bovinos quando 
estimuladas pelo LPS bacteriano. 

 
- Avaliar o secretoma das células estromais de origem mesenquimal 

estimuladas ou não com LPS bacteriano por espectrometria de massas acoplada 
a cromatografia liquida (nanoLC/MS/MS).  
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5. HIPÓTESES  
 
- As células-tronco de origem mesenquimal do tecido endometrial de 

bovinos (úteros com ovários com corpo lúteo nas fases II e III) apresentam perfil 
imunofenotípico, análise de cariótipo e potencial de diferenciação semelhantes 
porém com clonicidade distinta. 

 
- As células-tronco de origem mesenquimal do tecido endometrial de 

bovinos (úteros com ovários com corpo lúteo nas fases II e III) apresentam taxas 
de viabilidade pós criopreservação satisfatórias e o meio de criopreservação 
contendo o meio condicionado confere melhor viabilidade e menor taxa de 
apoptose e necrose do que o meio contendo alta proporção de SFB, 
independente da fase luteal (II e III). 

 
- As células-tronco de origem mesenquimal do tecido endometrial de 

bovinos apresentam a capacidade de produção de citocinas e prostaglandina E2 
in vitro sobre estímulo do LPS bacteriano. 

 
- A composição proteica da secretoma das células-tronco de origem 

mesenquimal do tecido endometrial de bovinos (úteros com ovários com corpo 
lúteo nas fases II e III) estimuladas com LPS bacteriano é distinta daquelas não 
estimuladas, com a presença de proteínas com atividades antimicrobianas e 
imunomoduladoras.  
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Abstract 
 
Endometrial mesenchymal stem/progenitor cells (eMSCs) are multipotent cells known to 
modulate the immune system, and have clinical application for human and animal health. 
This makes these bovines cells attractive for dual use as cellular therapy and experimental 
model. The aim of this study was to isolate, evaluate the differentiation potential, 
immunophenotypic and immunocytochemistry characteristics, chromosomal stability, 
cloning efficiency and cryopreservation response of bovine eMSCs collected in two 
phases of the estrous cycle. For this, cells were isolated and submitted to differentiation 
for adipogenic and osteogenic lineage. The cells were then characterized by flow 
cytometer (FC) (vimentin, CD29, CD44, MHC-II, CD34) and immunocytochemistry 
(vimentin, pan-cytokeratin, CD44) and submitted to cytogenetic and cloning efficiency 
assay. The cells were also cryopreserved using two different medium of cryopreservation 
and analyzed by FC for viability, necrosis, late-apoptosis+necrosis and initial apoptosis 
rates before and after cryopreservation. We obtained homogeneous cell populations 
which have fibroblastic morphology and adherence to plastic. These cells expressed high 
levels of markers CD29, CD44 and vimentin, low expression levels for CD34 and no 
MHC-II. The cells were chromosomally stable (2n=60) with high cloning efficiency and 
no difference (P>0.05) between medium of cryopreservation or phase was observed after 
thawing. We showed the presence and differentiation potential of bovine eMSCs, with 
chromosomal stability and great response to cryopreservation with both medium, which 
has implications for build biobanks or development of new therapeutic approaches to 
combat uterine diseases or to study. 

 
 



41  
1. Introduction  
Mesenchymal stem/progenitor cells (MSCs) are multipotent cells which have 

attracted great interest in the fields of human and animal medicine because of their unique 
immunomodulatory properties. Many studies have described the feasibility of these cells 
as therapeutics because of their antiapoptotic and self-renewal properties. Specifically, 
these cells are known to down-regulate immune responses by promoting regulatory T cells 
and inhibit cytotoxic T cell proliferation (Stenger et al, 2015). 

Bovines are a suitable experimental model, and have several advantages for 
use in clinical studies on application of MSCs for human medicine (Bosnakovski et al., 
2004). The cells can readily be obtained from endometrial tissue, and expanded in vitro. In 
addition, it is possible to acquire large tissue samples for biobanking cells with good 
viability for future use in regenerative medicine. 

The endometrial tissue is a highly regenerative tissue and contains 
endometrial stromal cells which are dynamic, and have the capacity for growth and 
differentiation during the estrous cycle and pregnancy in cows (Donofrio et al., 2008). The 
presence of endometrial MSCs (eMSCs) have been described in other mammals such as 
human (Garget et al., 2015), pig (Miernik and Karasinski, 2012), ovine (Letouzey et al., 
2015) and mouse (Chan and Gargett, 2006). 

MSCs cells are a viable alternative in the treatment of endometrial 
degeneration in humans (Meng t al., 2007), endometrosis (Mambelli et al., 2013) and 
fibrosis (Alvarenga et al., 2016) in mares. In humans, eMSCs or menstrual blood MSCs 
were used in cardiac (Bockeria et al., 2013), neurological (Wollf et al., 2011) and models 
of metabolic diseases (Santamaria et al., 2011) showing their great application. In non-
primate animals which do not undergo menstruation, eMSCs participate in endometrial 
remodeling after each estrus event, and also in the regeneration of endometrial stroma 
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during the postpartum period (Letouzey et al., 2015). Thus these cells may have a direct 
application in treatment of reproductive pathologies that require an endometrial remodeling 
such as endometritis and fibrosis. Only a few studies describe in detail the presence of these 
cells in bovines, and even fewer give an in–depth characterization of these cells, which 
would be of great interest in clinical treatments.  

To our knowledge there is no study on chromosomal stability or potential of 
cryopreservation of bovine eMSCs with reinforce the possibility of the creation of biobanks 
for future therapeutic use. So, the purpose of this study was to isolate, culture and 
characterize MSCs obtained from the bovine endometrium using the techniques of flow 
cytometry, immunocytochemistry, cloning efficiency and cytogenetics. In addition, we 
evaluated the response to cryopreservation using two medium of cryopreservation. These 
cells were collected and compared at two phases of the estrous cycle, and our findings can 
contribute for a better knowledge of biological properties and therapeutic potential of 
bovine MSCs. 

 
2. Material and Methods  
The study was performed according to the ethical guidelines recommended 

by the National Council for Control of Animal Experimentation and the College of 
Animal Experimentation, and it was approved by the institution’s Animal Care and 
Experimentation Ethics Committee (Protocol Number 152/2014). 

 
2.1. Selection of endometrial material  
The uteri and ovaries of non-pregnant cows (n = 12) were selected at a local 

slaughterhouse immediately after slaughter and kept on ice until processing in the 
laboratory. The physiological statuses of the tracts were determined by observation of 
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uterine and ovarian structures, particularly the corpus luteum (CL) according to 
methodology described by Ireland et al. (1980) and Chapwanya et al. (2013). All the 
animals selected were estrous cycling (Phase II; n = 6/ Phase III; n = 6), with no evidence 
of uterine disease. 

 
2.2 Processing, isolation and culture of MSCs  
The uterine horn ipsilateral to the CL corresponding to each phase was 

sectioned and kept in 70% alcohol solution for 2 minutes (Chapwanya et al., 2013). 
Subsequently, the endometrial tissue was separated from myometrial tissue with the aid 
of a sterile scissors, and washed with wash solution composed of HBSS solution (50 mL) 
supplemented with penicillin (100 IU/mL), streptomycin (100 μg/mL), amphotericin B 
(3μg /mL) (Thermo Fisher Scientific®, USA) and amikacin (22μg / mL) (Teuto®, BRA). 

The endometrial tissue was cut into small pieces and submitted to digestion 
performed in two steps (Fortier et al. 1988 with modifications). The first digestion was 
done using 0.3% trypsin (Sigma®, USA) in solution of 10 mL of HBSS (Thermo Fisher 
Scientific®, USA) for 3 hours at 22°C under agitation. Subsequently, the tissue was 
washed with wash solution and filtered in 40 µm filter (Becton Dickinson and 
Company®, USA). The second digestion was done with a solution composed 0.5 mg/mL 
of trypsin, 0.5 mg/mL of collagenase, 1 mg/mL of bovine serum albumin and 0.1 mg/mL 
DNase I (Sigma®, USA) in HBSS (Thermo Fisher Scientific®, USA) for 1.5 hours/37°C.  
After filtration in filter 40 µm, the material was resuspended in HBSS medium with 10% 
fetal bovine serum (FBS) (Thermo Fisher Scientific®, USA) and centrifuged (Hermle 
centrifuged Z200A, GER) twice at 100 x g/10 minutes. 

After viability assay with Tripan blue solution 0,4% (Gibco®, USA), the 
material was plated (1.25 x 105 cell/ 24-well plate) and cultured in medium comprising 



44  
DMEM high glucose/F12 (1:1), 20% FBS, penicillin (100IU/mL), streptomycin (100 μg 
/mL), amphotericin B (3μg/mL) (Thermo Fisher Scientific®, USA) and amikacin 
(11μg/mL) (Teuto®, BRA) at 37.5°C in humid atmosphere containing 95% air and 5% 
CO2. The first change of medium occurred 18 hours after to remove the epithelial cells 
(Fortier et al., 1988) and additionally the differential trypsinization (Anand et al., 2012) 
with 0.125% of trypsin at 0.05% (Sigma®, USA) was performed to aid in the purification 
of samples on subsequent passages. 

 
2.3 Immunophenotypic analysis  
Immunophenotypic analyses were performed on cells in the third passage 

(Phase II; n=5/ Phase III; n=5).  
For the analysis, the following antibodies were used: mouse anti-vimentin 

(clone V9, MCA862, AbD Serotec-Rad®, UK), mouse anti–CD29:Alexa fluor 647 (clone 
TS2/16, 303007, BioLegend®, USA), mouse anti-bovine CD44:FITC (clone IL-A118, 
MCA2433F, AbD Serotec®, UK), mouse anti-horse MHC–II:FITC (clone CVS20, 
MCA1085F, AbD Serotec®, UK) and rabbit anti CD-34:FITC (polyclonal, orb247244, 
Biorbyt®, USA). For the antibodie mouse anti-vimentin cells were previously fixed and 
permeabilized with Cytofix/Cytoperm™ (Becton Dickinson and Company®, USA) and 
incubation with the secondary goat-anti mouse:FITC (ab7064, abcam®, USA). The 
acquisition was made by Flow LSR Fortessa equipment (BD Biosciences, USA) and the 
analysis was done using the BD FACSDiva™ software (BD Biosciences, USA). During 
the analysis were accounted for 10,000 events.  
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2.4 Immunocytochemistry characterization 
Immunocytochemistry analysis was done in third passage (Phase II; n=3 / 

Phase; III n=3) on 24 well-plates (Sarstedt®, USA) according to methodology already 
described by our group (Maia et al., 2013). The antibodies tested were mouse-anti CD44 
(1:100, clone BAG40A, WS0507B-100, VMRD®, USA), mouse anti-vimentin (1:200, 
clone V9, M0725, Dako®, UK) and mouse anti-pan-cytokeratin (1:100, clone AE1/AE3, 
M3515, Dako®, USA) with reactivity proven for the species for the last two (Souza et 
al., 2014). After detection and revelation, the evaluation of the reaction was performed in 
an inverted light microscope, with a digitizer (LeicaVR Microsystems®, GERM). 
 

2.5 Assays for differentiation 
The differentiation assay was done for adipogenic and osteogenic (Phase II; 

n=6 / Phase III; n=6) lineages with cells in third passage. For this, cells were plated in 6-
wells (5200 cells/cm2) or 24 wells (25000 cells/cm2) plates for adipogenic and osteogenic 
differentiation, respectively. After 60% confluence, the differentiation medium was 
added to the subcultures in triplicate, according to manufacturer's recommendations 
(Thermo Fisher Scientific®, USA) added by 5% rabbit serum (Maia et al., 2013) or 20% 
FBS (Toupadakis et al. 2015) at adipogenic and osteogenic medium, respectively. 

The confirmation of the osteogenic and adipogenic differentiation was 
performed, respectively, after 14 and 8 days by demonstrating the deposition of calcium 
matrix using the histological staining method Alizarin red pH 4.2 (Sigma1) and the 
presence of intracytoplasmic fat droplets using the dye Oil red 0.5% in alcohol isopropyl 
(Sigma®). 
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2.6 Cytogenetic analysis 
Cytogenetic analysis was performed on samples (Phase II; n=6 / Phase III; 

n=6) at first passage using the synchronization technique of cellular cycle by the method 
of methotrexate / thymidine / Colchicine (0.0016%) (Maia et al., 2013).  

 
2.7 Fibroblastic colony-forming unit assay (CFU-F) for determination of 

cloning efficiency (CE) 
CFU-F assay (Phase II; n= 5/ Phase III; n= 5) was made with cells on second 

passage according to Messing et al. (2011) with modifications. For this, cells were seeded 
(105 cells/cm2) in 6- wells plates, in triplicate. The exchange of medium was done with 
72 hours and at the 5ºday cultures were fixed and stained with crystal-violet in 100% 
methanol. Colonies with more than 20 cells were accounted and the CE was done using 
the formula = (counted colonies/ cells seeded) x 100.  

 
2.8 Cryopreservation   
 The bovine eMSCs from both phases were cryopreserved at a final 

concentration of 1x106 cell/cryotube with the following medium of cryopreservation: 
Medium 1 (MI): 90% FBS (Thermo Fisher Scientific®, USA) + dimethyl sulfoxide 
(DMSO) (Sigma®, USA), 10μL/mL penicillin/streptomycin, 3μg/mL amphotericin B; 
Medium 2 (MII): 90% conditioned medium (DMEM high glucose/F12 (1:1), 20% FBS, 
penicillin (100IU/mL), streptomycin (100 μg/mL), amphotericin B (3μg/mL) (Thermo 
Fisher Scientific®, USA) and amikacin (11μg/mL) (Teuto®, BRA)) + 10% DMSO 
(Sigma®, USA).  

Samples were cryopreserved at a controlled cryogenic container (Mr. Frosty, 
Nalgene, 5100-001), maintained on a -80ºC freezer (Thermo Fisher Scientific®, USA) 
for 24 hours and conserved on liquid nitrogen for 1 month. After this period, cells were 
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thawed and samples cryopreserved with MI and MII (Phase II and Phase III n= 5) were 
evaluated by FC. 

The FC analyses was done before and after cryopreservation using annexin V 
APC (AN, Becton Dickinson® and Company, USA) and propidium iodide (PI, Sigma®, 
USA) for viability (PI- AN-), necrosis (PI+AN-), late-apoptosis +necrosis (PI+ AN+) and 
initial apoptosis (PI-AN+) (Ranera et al., 2012).  

 
2.8 Data analysis 
Data from differentiation assays and immunocytochemistry were presented 

descriptively and compared qualitatively during the phases (II and III). The other 
variables with normal distribution were analyzed by t-test or submitted to the non-
parametric Mann-Whitney rank sum test at the SigmaPlot software (version 11.0, 2008), 
adopting P<0.05 as significant. The results were presented as mean and standard error of 
the mean (SEM). 

 
3. Results and Discussion 

 
At the present study we observed results very interesting and promising in 

bovine eMSCs independent of the phase of estrous cycle studied. These findings mainly 
include the high expression of stem/progenitor cells markers (CD29 and C44), low 
immunogenicity (no expression of MHC-II), chromosomal stability (2n=60) excellent 
clonicity, differentiation potential on mesodermal lineages, as well as excellent resistance 
to cryopreservation demonstrated by the good post thaw viability. These are important 
and desirable characteristics for the establishment of cells biobank with progenitor cells 
lines standardized for future use in cell therapy and/or further use for in vitro studies. 
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Here, the bovine eMSCs at the two estrous cycle phases (II and III) were 

adherent to plastic and had fibroblastoid morphology within six hours of culture. 
Immunophenotypic profile by FC of bovine eMSCs revealed high expression for CD29, 
CD44 and vimentin, low expression for CD34 and no expression for MHC-II, with no 
difference (P>0.05) between phases (Figure 1). We emphasize that the threshold used for 
negative expression was greater than 3%. Qualitative immunocytochemistry analysis of 
bovine eMSCs revealed positive staining for CD44, vimentin and pan-cytokeratin (Figure 
2) with the same pattern of staining at both phases. 

Unlike human, which counts with a panel of specific surface markers 
(Dominici et al., 2006), specific surface markers for bovine eMSCs are not well-known 
and much less established. The significant marking in both immunophenotypic and 
immunocytochemistry evaluation for CD44 and vimentin seen in our study were previously 
described in amniotic fluid-derived MSCs (Rossi et al., 2014). The CD44 and CD29 
expression was reported in porcine eMSC (Miernik & Karasinski, 2012), bovine umbilical 
cord (Xiong et al., 2014) and human eMSCs (Gargett et al., 2009; Verdi et al.2014). The 
absence of marking for MHC-II here maybe due to low immunogenicity of the endometrial 
cells, with is of great interest for therapeutic use. 

Differentiation assays of adipogenic and osteogenesis lineages of bovine 
eMSCs were confirmed in all samples with excellent response after staining (Figure 3). 
We reinforce the results of Łupicka et al. (2015a,b) which showed that uterine stromal 
cells differentiated to adipogenic, chondrogenic and osteogenic lineage upon specific 
condition, confirming the wide plasticity of these source. We reached great response to 
differentiation once Donofrio et al (2008) demonstrated the osteogenic potential of 
endometrial stromal cells and Cabezas et al. (2014) the osteogenic and chondrogenic 
potential of endometrial putative mesenchymal progenitor cells from late luteal phase. It 
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could be inferred that when bovine eMSCs are exposed to inducing agents, they have 
differing sensitivity and hence fail to differentiate in a too early luteal phase.  

According to karyotype analysis based on 100% of metaphases, we showed 
by the first time, until our knowledge, that these bovine eMSCs have normal chromosome 
number (2n=60) (Figure 4B) and chromosomal stability also after cryopreservation (data 
not show). This shows that neither isolation technique nor culture or cryopreservation 
altered the genetic makeup of these cells. Additionally, CE revealed great capacity of 
clonicity from bovine eMSCs and the formation of delimitated colonies (Figure 4A) 
without difference (P=0.750) between phases. This CE rate is excellent and comparable 
to samples from umbilical cords or adipose tissue (Lu et al., 2014; Xiong et al., 2014). 
Therefore, creating cell biobanks for future use is quite feasible once eMSCs are stable 
and suitable for therapeutic use. 

The cryopreservation using DMSO as a protective solution in combination 
with a progressive reduction of temperature is efficient in the preservation of good 
viability rates for bovine cells from amniotic fluid and umbilical cord, once enables the 
culture after thawed (Cunha et al., 2014). To our knowledge, this is the first report 
showing the possibility of cryopreservation of bovine eMSCs using two medium of 
cryopreservation at a controlled temperature rate, allowing the formation of cell biobank. 
Before cryopreservation cells from phase III presented a better viability rate (P=0.01) and 
lower proportion of cells on initial apoptosis (P=0.04). A decrease (P=0.03) on the 
viability rate after cryopreservation was detected on Phase III using both medium, 
comparing to fresh samples, and at both phases late apoptosis + necrosis increased 
(P>0,05) on cells cryopreserved with MI and MII comparing to fresh samples. No 
difference (P>0.05) was detected in any of the variables after cryopreservation comparing 
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the phases and medium used. Data before and after cryopreservation are presented at 
Table 1.  

 
4. Conclusion  
 
At the present work we showed for the first time at bovine eMSCs, until our 

knowledge, the chromosomal stability and potential of cryopreservation with two different 
mediums. We verified that bovine eMSCs derived from estral uteri adhere to plastic, have 
fibroblastoid morphology, good clonicity, differentiation potential and immunophenotypic 
progenitor/stem cells characteristics beside good viability rates after thawing at the two 
studied phases and with the two medium used. Thus bovine eMSCs can be used in further 
studies allowing the formation of biobanks and may have greater potential to impact 
clinical outcome because they are stable. Depending on the objective (therapeutic use, in 
vitro studies, formation of cell biobank), cells from both phases could be used, supposing 
be preferable work with fresh cells from phase III and with cryopreserved cells from phase 
II according to a possibly better answer and resistance to cryopreservation from this last 
one. Additionally, both medium used at the present work were suitable to maintain the 
quality of cells and we highlight the M2 with is commonly discarded and could be used for 
this propose. Pre-clinical studies of MSCs are still warranted to further establish the most 
ideal source of MSCs and eMSCs mechanism of action, particularly in potentiating tissue 
repair. 
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Figures  

 
Figure 1: Immunophenotypic analysis for the markers CD44, CD29, vimentin, CD34, and 
MHC-II from samples of bovine eMSCs from Phase II (A, C, E, G, I) and Phase III (B, 
D, F, H, J). Representative histograms of marker CD44 from phase II (A) and III (B).  
Representative histograms of marker CD29 from phase II (C) and III (D). Representative 
histograms of marker vimentin from phase II (E) and III (F). Representative histograms 
of marker CD34 from phase II (G) and III (H). Representative histograms of marker 
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MCH-II from phase II (I) and III (J). Representative histograms of isotype control IgG 
from phase II (K) and III (M). Representative histograms of secondary control from phase 
II (L) and III (N). Data is presented as mean and SEM. There were no differences between 
groups (p>0.05).  
 

 
Figure 2: Immunohistochemistry of bovine eMSCs for characterization of the markers 
CD44 (A), vimentin (B) and cytokeratin (C). The positive staining is shown in brown. 
Negative control (D) by omission of the primary antibody. Nucleus stained with 
hematoxylin. Bar = 50 µm (A.B.C), 100 µm (D). 
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Figure 3: Differentiation assay for adipogenic and osteogenic lineages of bovine eMSCs. 
Adipogenic differentiation: Note in (A) the presence of intracytoplasmic lipids droplets 
stained with Oil red (arrow) and (B) control of differentiation. Osteogenic differentiation: 
Note in large calcium deposit stained with Alizarim Red (2%) (arrow) (C) and (D) control 
of differentiation. Bar: 100 µm (A, C) 200 µm (B, D). 

 
Figure 4. (A) Clonicity efficiency of bovine eMSCs. Note a formation of a colony well 
defined. (B) Karyotype analysis of bovine eMSCs (2n=60). 
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Table1: Data before and after cryopreservation analysis on flow cytometry using anexin V an propidium iodide (PI) from samples of bovine 
endometrial mesenchymal stem/progenitor cells from Phase II and Phase III. Data is presented as mean and SEM.  

Variables Phase II Phase III Phase II Phase III 
Before cryopreservation After cryopreservation 

   Medium 1 Medium 2 Medium 1 Medium 2 
Viability (PI- AN-) 85.08±3.88* 93.76±1.09*a 81.72±2.32 78.22%±2.5 76.08%±6.48b 67.18%±7.39b 

Necrosis (PI+AN-) 2.12±0.78 3.00±1.12 3.92%±0.79 5.68%±2.51 2.6%±0.57 1.62%±0.15 
Late-apoptosis + 

necrosis (PI+ AN+) 
4.54±1.01a 1.72±0.58a 11.18%±2.27b 13.28%±0.99b 13.02% ±3.36b 21%±4.77b 

Initial apoptosis 
(PI-AN+) 

3.78±0.87* 1.48±0.72* 3.14% ±1.09 2.86% ±0.67 8.26% ±3.09 10.14%±3.553 

AN: anexin V; PI: propidium iodide. Different letters between the same phase and medium in the same raw shows statistical difference (P<0.05) before and 
after cryopreservation. Asterisks represents statistical difference (P<0.05) between phases before cryopreservation.   
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Abstract 
The use of the conditioned medium (CM) for diseases treatment is based on its 

enrichment with biomolecules with therapeutic properties and themselves have a 
beneficial effect. Secretome of bovine endometrial mesenchymal progenitor/stem cells 
(eMSCs) using a proteomics approach is until now, unknown. This work aimed to 
evaluate the secretome of bovine eMSCs-CM challenge or not with lipopolysaccharide 
(LPS). For this, eMSCs characterized were challenged (TG) or not (CG). The CM was 
collected 12 hours after stimulation and submitted to mass spectrometry analysis. The 
classification of identified proteins was done by PANTHER according to biological 
processes, molecular function, cellular component and protein class. 397 protein 
groups were identified on TG and 302 on CG. We observed positive enrichment for 
antibacterial response proteins, macrophage activation function, receptor-mediated 
endocytosis, hydrolase activity, inhibitory enzyme in TG, and for activity structural 
molecule and intermediate filament cytoskeleton in the CG. Our experimental model 
shows that eMSCs respond to LPS in the concentration used and is efficient to study 
immune-inflammatory response, besides of the secretion of proteins mainly related to 
tissue remodeling, immune response and angiogenesis which is an interesting feature 
for use in cell therapy. 
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Keywords: endometrial mesenchymal progenitor/stem cells, secretome, nanoLC-
MS/MS 

Introduction 
 
In cattle, endometrial compartment is the main source of mesenchymal 

progenitor/stem cells (MSCs) of endometrial origin (eMSCs) with the presence of a 
small population of undifferentiated cells with high plasticity (Lupicka et al., 2015). 
Bovine eMSCs have been studied because of their biological properties including the 
paracrine and immunomodulatory effects, which make them promising for use in cell 
therapy. 

Besides the use of MSCs in therapies, the conditioned medium (CM) presents 
role in the microenvironment regenerative and by itself is sufficient to exert a 
therapeutic effect in accelerating the regeneration process (Lavoie & Rosu-Myles, 
2013) and tissue repair (Ashiba et al., 2015). MSCs secrete bioactive molecules 
(cytokines and growth factors) (Ashiba et al., 2015) released as soluble factors or 
through extracellular vesicles that together are responsible for the paracrine (Lavoie & 
Rosu -Myles, 2013) and autocrine effects related to the regenerative process, 
angiogenesis and modulation of immune systems (Skalnikova, 2013). 

MSCs are sensitive to culture medium and protein profile may change in 
response to microenvironments to which they are subjected. The use of different 
immunological conditions evaluates the therapeutic potential of MSC-derived 
molecules and make the study of soluble secreted factors important for the 
understanding its therapeutic effect (Lavoie & Rosu-Myles, 2013). The use of an 
experimental in vitro model of inflammation using bacterial lipopolysaccharide (LPS) 
(Lange-Consiglio et al., 2015) makes possible to evaluate the response of bovine 
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eMSCs facing one stress that can bring great economic losses in cattle such as uterine 
diseases.  

Knowledge of the composition of bovine eMSCs-CM forward to this stimulus 
is of great importance to the therapeutic approach and understanding of the 
composition for use of CM or cells in treating reproductive disease and others.  

The aim of this study was to evaluate the secretome of characterized bovine 
eMSCs challenged or not with bacterial LPS by proteomic analysis (nanoLC-MS/MS) 
using a shotgun strategy. To the best of our knowledge, this is the first report 
describing the secretome of bovine eMSCs - CM using proteomic analysis.   

 
Material and methods 
The study was performed according to the ethical guidelines and it was 

approved by the institution’s Animal Care and Experimentation Ethics Committee 
(Protocol Number 152/2014). 

 
Isolation and culture of bovine eMSCs 
Samples from bovine endometrial tissue (n=3) on Phase II of estral cycle 

(Ireland et al., 1980; Chapwanya et al., 2013) were properly isolated according to 
methodology from Fortier et al. (1988) with modifications. For this, samples were 
submitted to a first digestion with 0.3% trypsin (Sigma ®, USA) in 10 ml of HBSS 
(Thermo Fisher Scientific®, USA) for 3 hours at 22°C under agitation and filtered 
with 40 uM filter (Becton Dickinson® and Company, USA). A second digestion was 
done with 50 mg of trypsin, 50 mg of collagenase, 100 mg of bovine serum albumin 
and 10 mg DNase I (Sigma ®, USA) in 100 mL of HBSS (Thermo Fisher Scientific®, 
USA) for 1.5 hours at 37°C. After new filtration, the material was washed with HBSS 
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medium plus 10% fetal bovine serum (FBS) (Thermo Fisher Scientific®, USA) and 
centrifuged (Hermle centrifuged Z200A, GER) twice at 100 x g for 10 minutes and 
then samples were plated and cultured with medium composed by DMEM high 
glucose/F12 (1:1), 20% FBS, penicillin (100IU/ml), streptomycin (100μg/ml), 
amphotericin B (3μg/mL) (Thermo Fisher Scientific®, USA) and amikacin (11μg/mL) 
(Teuto®, BRA) at 37.5°C in humid atmosphere containing  95% air and 5% CO2.  The 
medium was exchanged within 18 hours and then every 2-3 days until reach 
confluence and realization of the subcultures until 3th passage in which the assays were 
done.   

 
Immunophenotypic characterization  
The immunophenotypic characterization (n=2) was performed by flow 

cytometry at a LSR Fortessa (BD®, BR) equipment using the antibodies mouse anti–
CD29: Alexa fluor 647 (TS2/16, BioLegend®, USA), mouse anti-bovine CD44:FITC 
(IL-A118, AbD Serotec®, UK), mouse anti-horse MHC–II:FITC (CVS20, AbD 
Serotec®, UK), rabbit anti CD-34:FITC (polyclonal, Biorbyt®, USA) and mouse anti-
vimentin (v9, AbD Serotec®, UK) with the use of the secondary goat-anti mouse 
(abcam®, USA) for this last one. All antibodies used have proved reactivity for bovine. 
During the analysis were accounted for 10,000 events and were considered positive 
markers with expression greater than 2%. Data from immunophenotypic 
characterization is presented as mean and standard error of the mean. 

 
Immunocytochemistry characterization 
The immunocytochemistry characterization was done (n=3) according 

methodology described by Maia et al. (2013) for the antibodies vimentin (1: 200, V9, 
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AbD Serotec®, UK), pan-cytokeratin (1: 100, C11, abcam®, USA) and CD44 (1: 100, 
BAG40A, VMRD®, USA).   

 
Assays for differentiation 
It was done the assay for differentiation on the osteogenic (n=3) and adipogenic 

(n=3) lineage. After confluence, the differentiation medium for adipogenic or 
osteogenic was added to the subcultures in triplicate, according to manufacturer's 
recommendations (StemPro, Thermo Fisher Scientific®, USA) with modifications by 
the supplementation of 5% rabbit serum (Maia et al., 2013) or 20% FBS, respectively. 

The confirmation of the osteogenic differentiation was done on the 14th day 
demonstrated by the presence and deposition of calcium matrix and of the adipogenic 
differentiation was done on 8th day demonstrated by the presence of intracytoplasmic 
fat droplets at the histological staining method with Alizarin red pH 4.2 (Sigma®, 
USA) and Oil red 0.5% (Sigma®, USA), respectively. 
 

Challenge of bovine eMSCs with LPS 
For the evaluation of the protein profile on secretome, bovine eMSCs were 

plated on 24 wells (2cm2) at a density of 1000 cells/cm2 and cultured with complete 
maintenance medium composed by DMEM high glucose/F12 (1:1), 20% FBS, 
penicillin (100IU/mL), streptomycin (100μg/mL), amphotericin B (3μg/mL) (Thermo 
Fisher Scientific®, USA) and amikacin (11μg/mL) (Teuto®, BRA). After 
approximately 60-70% confluency cells were grown in maintenance medium without 
FBS for 24 hours.  

After 24 hours, cells were either treated with control medium (maintenance 
medium without FBS) (n = 3, control group- CG) or were challenged with LPS (n = 3, 
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treated group- TG) and therefore cultured with medium composed of DMEM high 
glucose (Invitrogen Gibco ®, USA) plus 1μg/mL LPS (E. coli serotype 0111: B4, 
Sigma). 

After 12 hours of cultivation, the conditioned medium was collected, filtered 
through 22 µm filter and subjected to centrifugation at 2000 x g for 5 min to remove 
cellular debris. After centrifugation, the conditioned medium was put in cryotubes and 
stored at -86°C until completion of secretome analysis. 

 
Secretome analysis by mass spectrometry coupled to liquid 

chromatography (nanoLC- MS/MS)  
For proteomics analysis of CM it was used three biological replicates in both 

groups (treated vs. control) as pool. For digestion, the samples were initially denatured 
in 8 M urea solution (Sigma 51459), followed by reduction with 50 mM dithiothreitol 
(32°C/60 minutes, Sigma 9779), alkylation with Iodocetamida 150 mM (25°C/30 
minutes in the dark) and digestion with trypsin Sequence grade (35ºC, 16 hours, 
Promega V511A). After digestion it was performed clean-up with C18 reversed phase 
and Strong Cationic-Exchange columns (C18, SCX, PolyLC). The samples (two 
technical replicates) were analyzed in a nanoAcquity liquid chromatographer (Waters) 
coupled to a LTQ-Orbitrap Velos (Thermo Scientific) mass spectrometer.   

 
Data analysis 
Thermo Proteome Discover (v.1.4.1.14) was used to search with SequestHT 

search engine against Mammalia-SwissProt+Bos taurus-TREMBL protein database 
(v. april 2016). The search parameters used were: Enzyme: Trypsin; Missed Cleavage: 
2; Precursor and Fragment Mass Tolerances: 10 ppm and 0.6 Da, respectively; 
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Variable and Static: Oxidation methionine and Carbamidomethyl cysteine, 
respectively. 

Gene Ontology protein classification analysis according biological process 
(BP), molecular function (MF), cellular component (CC) and protein class (PC) was 
performed using PANTHER (Protein ANalysis THrough Evolutionary Relationships) 
Classification System (http://pantherdb.org/). 

 
Results and Discussion 
Bovine eMSCs were isolated from uterus on Phase II of estral cycle, cultured, 

characterized by immunophenotyping, immunocytochemistry and for potential of 
differentiation and submitted or not to the challenge with LPS for secretome analysis 
using a proteomic approach. 

Bovine eMSCs showed adherence to plastic within six hours of culture and 
fibroblastoid morfology at all passages (Figure 1). Immunophenotypic evaluation by 
FC reveled high expression for the following markers: vimentin (94.35 ± 2,19), CD29 
(99.85± 0.07) and CD44 (96.9 ± 2,40). On the other hand, low expression was 
observed for CD34 (4.25± 1,06) and OCT-4 markers (5.45± 1,91). Absence of 
expression was detected for MHC-II marker (1.05± 0,78) (Figure 2), which 
corroborates with other studies done in bovine MSCs (Xiong et al., 2014). We carried 
out staining methods to evaluate osteogenic and adipogenic potential of the eMSCs. 
Positive staining for osteogenic and adipogenic lineages was confirmed, which is in 
accordance with other study using the same stem cell source (Lupicka et al., 2015). 
Moreover, in qualitative analysis of immunocytochemistry, other authors also found a 
positive staining for the markers CD44 in bovine endometrial putative mesenchymal 
cells (Cabezas et al., 2014) and for vimentin in human eMSCs (Kato 2012). Some 
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epithelial cells were positively marked for pan cytokeratin, which showed no negative 
influence on cell culture.   

A proteomic analysis was performed in order to get some qualitative 
information and better knowledge in terms of the protein content of the secretome of 
eMSCs. A shotgun approach was carried out and the LC-MS/MS results evidenced a 
total of 397 proteins groups on TG and 302 on CG, being 242 commons between 
groups, as can be observed on Figure 3. A greater number of proteins related to 
immune system and tissue remodeling was observed in the TG, besides of the presence 
of proteins related to angiogenic, antioxidant and protective activity (Table 1a). 

Our in vitro experimental model showed that the cells respond positively and 
by a protective way to the exposure to LPS in the concentration used. It can be inferred, 
for instance, from the presence of heat shock protein, which is a protein that protect 
cells or tissues from stress (Frier & Locke, 2007) by stabilization and repair of proteins 
(Fan et al., 2012). This response is characterized by a defense mechanism via secretion 
of important proteins related to tissue restoration, and for the protection of tissue 
injury, supporting the assertion that CM alone or together with MSCs can be a great 
efficient alternative to assist in repair of lesions (Ashiba et al., 2015).  

MSCs are sensitive to culture medium and may change their proteomic profile 
in response to the microenvironments in which they are subjected (Lavoie &-Rosu 
Myles, 2013). This was observed by our group as the samples challenged with LPS 
responded differently regarding the protein expression, as mentioned above. It is 
noteworthy that in the CM of CG were also found proteins with activities related to 
immune response and tissue remodeling, although in lower number on TG (Table 1). 
The presence of such proteins in the CM of CG, even without stimulation, is quite 
interesting and promising to demonstrate the great potential and possibility of using 
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this medium for therapeutic use. In humans, the CM of MSCs from dental pulp was 
efficient in the experimental treatment of multiple sclerosis and even showed similar 
effects of treatment with their own MSCs (Shimojima, et al., 2016). An interesting 
protein related to antioxidant activity (peroxiredoxin-6, Table 1C) was found at TG, 
showing the presence of this important function. The antioxidant capacity of CM was 
evidenced by Duarte et al. (2016) on the restoration and reduction of damage of retinal 
functions at a diabetes animal model. 

Recently, Lange-Consiglio et al. (2015) showed in an experimental equine 
uterine inflammation model that horse amniotic MSCs-CM was able to significantly 
reduce expression of MMP-1 and MMP-13 and had a role in the modulation of 
inflammatory genes. In the present work, anti-inflammatory protein (granulins, Table 
1) was also found at TG, which confirm such property. In addition, in vitro use of the 
CM in conjunction with endometrial cells resulted in improvement of the proliferation 
rate, showing the relevance of soluble factors produced by MSCs and its potential to 
increase cell replacement (Corradeti et al., 2014). Such studies support using CM as a 
great alternative for the treatment of uterine diseases related to low fertility and 
pregnancy rates due to restoration of damaged tissue. 

To better characterize the CM proteome, we performed some classification on 
the identified proteins using Gene Ontology tools (http://geneontology.org/). The 
Panther GO analysis evidenced positive enrichment (PE) for BP in macrophage 
activation function (GO: 0042116, fold enrichment, FE = 7.87) and receptor-mediated 
endocytosis (GO: 0006898, FE = 5.23) in TG. Regarding FM, it was seen PE for 
hydrolase activity (GO: 0016787; FE = 1.87) and inhibitory enzyme (GO: 0004857; 
FE = 5.15) in the TG, and activity structural molecule (GO: 0005198; FE = 2.73) in 
the CG. For CC, enrichments were verified in both groups to extracellular matrix (GO: 
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0031012) and extracellular region (GO: 0005576), as well as intermediate filament 
cytoskeleton (GO: 0045111) in the CG. Interestingly, with respect to PC we evidenced 
PE in antibacterial response proteins (PC00051; FE = 5.87) in the TG. 

The secretome of characterized bovine eMSCs challenged or not with LPS 
revealed that cells secrete different proteins both in terms of numbers and also 
function. Our results, especially based on protein enrichment to macrophage activation 
and identification of large number of proteins related to immune response on TG, allow 
us to infer that our in vitro model of stimulation with bacterial LPS of bovine eMSCs 
is effective to study immune and inflammatory response. Additionally, we believe that 
eMSCs and its CM are quite promising for therapeutic applications, since we observed 
proteins with functions related to immune response, antimicrobial, anti-inflammatory 
and tissue remodeling even in unstimulated cells secretome. 
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Figure 1: Characterization of bovine eMSCs. Bovine eMSCs on first passage 
presenting fiblobastoid morfology and adherence to plastic (A). Differentiation assay 
into osteogenic lineage of bovine eMSCs in third passage (B). Note calcium deposit 
stained with Alizarim (arrow). Differentiation assay into adipogenic lineage of bovine 
eMSCs in third passage (C). Note the intracytoplasmic lipids droplets stained with Oil 
red (arrow). Immunohistochemistry of bovine eMSCs for CD44 (D), vimentin (E) e 
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pancytokeratin (F). Positive staining is observed in brown. Nucleus stained with 
hematoxylin. Size: 100 µm (A, D, F), 200 µm (B, C, E).  
 

 
Figure 2: Representative histogram for the markers analyzed by flow cytometry on 
bovine eMSCs: vimentin (A), CD29 (B), CD44 (C), CD34 (D), OCT-4 (E) and MHC-
II (F). 
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Figure 3: Venn Diagram of proteins identified with at least one 
peptide sequence (False discovery rate≤1%) on studied groups. TG: 
treated group; CG: control group. 
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Table 1: Protein identified in the secretome of conditioned medium of bovine eMSCs treated or not with LPS.   
Biological Functions Swiss-Prot accession Protein name Gene name Group 
Immune response  Q1JPB0 

A2I7M9 
A5D7R6 
F1MVS9 
F1MNV5 
Q3SYR0 

A0A0A0MP92 
G3N3P6 
F1MI18 
P05089 
Q2KIF2 

A7YWB6 
A5PJE3 
E1B726 

 

Leukocyte elastase inhibitor 
Serpin A3-2 

ITIH2 protein 
Uncharacterized protein 

Kininogen-1 
Thyroxine-binding globulin 

Serpin A3-7 
Cystatin 

Uncharacterized protein 
Arginase-1 

Leucine-rich alpha-2-glycoprotein 1 
Transforming growth factor-beta-induced protein 

ig-h3 
Fibrinogen alpha chain 

Plasminogen 

SERPINB1 
SERPINA3-2 

ITIH2 
MASP1 
KNG1 

SERPINA7 
SERPINA3-7 

N/A 
N/A 

ARG1 
LRG1 
TGFBI 
FGA 
PLG 

Control 
Control 
Control 
Control 
Control 
Control 
Control 
Treated 
Treated 
Treated 
Treated 
Treated 
Treated 
Treated 

Antimicrobian / 
antifungal activity 

 P03973 
P59665 
P06702 
P81644 

 

Antileukoproteinase 
Neutrophil defensin 1  

Protein S100-A9 
Apolipoprotein A-II 

SLPI 
DEFA1  
S100A9 
APOA2 

Control 
Control 
Control 
Treated 

Anti-inflammatory 
activity 

 A5A6M2 
P2879 

 
Annexin A1  
Granulins 

ANXA1 
GRN 

Control 
Treated 

Biological Functions  Swiss-Prot accession Protein name Gene name Group 
Tissue remodeling  P03973 

A5A6M2 
Antileukoproteinase 

Annexin A1 
SLPI 

ANXA1 
Control 
Control 
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E2DI12 
P28799 
P50757 
E1B726 
F1N2Y2 
P05089 
A5PJE3 

Syndecan-1 (Fragment) 
Granulins  

72 kDa type IV collagenase 
Plasminogen  

Uncharacterized protein 
Arginase-1 

Fibrinogen alpha chain 

SDC1 
GRN 

MMP2 
PLG 

COL5A2 
ARG1 
FGA 

Control 
Treated 
Treated 
Treated 
Treated 
Treated 
Treated 

      
Angiogenic activity  P80929 

Q2KIF2 
P50757 

Angiogenin-2 
Leucine-rich alpha-2-glycoprotein 1 

72 kDa type IV collagenase 
ANG2 
LRG1 
MMP2 

Treated 
Treated 
Treated 

      
Protective activity  E9RHW1 

 
Heat shock 27kDa protein 1 HSPB1 Treated 

Antioxidant   P86215 
 

Peroxiredoxin-6 PRDX6 Treated 
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CAPÍTULO 3 
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Manuscrito nas normas, a ser submetido no periódico “Cytokine” 
Link para as normas: https://www.elsevier.com/journals/cytokine/1043-

4666/guide-for-authors 
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Abstract 
Bovine endometrial mesenchymal stem cells (eMSCs) is a new studied source of 

progenitor cells that could be used at therapeutic approaches mainly due its 
immunomodulatory effect. The present work aimed to evaluate gene expression, 
cytokines and prostaglandin E2 (PGE2) production after challenge with bacterial 
lipopolysaccharide (LPS). For this, bovine eMSCs already characterized were cultured 
until third passage and after reach confluence; were divided into studied groups and 
cultured with control medium (C) or with 1μg/mL LPS (T) diluted in medium. Conditioned 
medium (CM) was collected after 2, 6, 12 and 24 hours of exposition, filtered and 
centrifuged for cytokine analysis (INF-α, INF-γ, IL-13, IL-1α, IL-F5, IL-21, MIP-1β and 
TNF-α). The CM collected at 2 and 24 hours was also used for PGE2 analysis. In addition, 
cells on third passage were analyzed for vimentin CD44, IL-1α and prostaglandin-
endoperoxide synthase 2 (PTGS2/COX-2) expression. Results showed that eMSCs 
produce all analyzed cytokines, with higher (P<0.05) production of TNF-α on T group. 
Additionally, PGE2 analysis revealed higher (P<0.05) production after 24 hours of 
stimulus and cells also expressed all studied genes. Based on our results, we can infer 
that this source of MSCs are able to respond to a challenge with LPS, producing 
cytokines related to immunomodulatory effect and also PGE2, corroborating for tissue 
repair in case of damage that can be caused during inflammatory processes such as 
endometritis.  

 
 
 
 
 
Keywords: cow, cytokine, immunomodulation, LPS, PGE2 
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Abbreviation:  
CM: conditioned medium 
eMSCs: endometrial mesenchymal stem cells 
FBS: fetal bovine serum 
INF: interferon  
IL: interleukin 
LPS: lipopolysaccharide 
MSCs: Mesenchymal stem cells 
TNF- α: tumoral necrosis factor-α 
 
1. Introduction 
Mesenchymal stem cells (MSCs) have immunomodulatory effects demonstrated 

by interaction between cells, secretion of soluble factors such as growth factors, 
cytokines and chemokines or by interaction of both [1]. The effect of MSCs depends 
upon the microenvironment at damaged tissues and on engagement of toll-like receptors 
expressed by MSCs, determining their pro or anti-inflammatory action [2] and also 
inflammation repair or persistence [3]. 

The secretion of cytokines, immunosuppressive and growth factor are part of a 
complex network that helps amplify response against a stimulus [4]. MSCs can release 
these molecules crucial for immunoregulation (such as prostaglandin E2 (PGE2), 

interleukin 10 (IL-10), transforming growth factor-β) and tissue repair spontaneously or 
after induction by cytokine (mainly interferon γ (INF- γ), tumoral necrosis factor-α (TNF- 
α), IL-1α) or lipopolysaccharide (LPS) [3]. In addition, the conditioned medium (CM), 
have important proteins related to immune-inflammatory and angiogenic properties 
beside proteins that participates at tissue remodeling [5], which makes its therapeutic 
use promising.  

Cattle is a good model to study uterine infections effects on endocrine and immune 
functions, once diseases are well characterized, tissue is easily collected and there is 
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similarity of uterine bacteria among mammals [6]. Uterine infections have a negative 
effect on reproduction once affects ovarian activity and may contribute to uterine 
diseases and fertility problems [7]. The Escherichia coli bacteria is the most important 
pathogen that leads to this affection, responsible for endotoxin (LPS) production [8] that 
activates innate immune response [6]. At this context, the understanding of how cells 
respond to an infection or damage is of great importance to preventing and treating 
endometrial diseases [9]. 

The knowledge of the soluble factors produced by MSCs on CM upon stimulus are 
of great value for knowledge of MSCs biology and therapeutic application. This study 
aimed to evaluate cytokines and prostaglandin E2 production by endometrial MSCs 
(eMSCs) under challenge or not with LPS. Additionally evaluate the expression of genes 
of characterization and inflammation on eMSCs. This work begins from the hypothesis 
that spontaneous production of cytokines in norm conditions of culture is low, thus 
requiring stimulating conditions, as a stimulus by LPS for eMSCs performing their 
immunomodulatory activity. 

 
2. Material and Methods 

 
This study was approved and performed according to ethical guidelines of the 

Institution’s Animal Care and Experimentation Ethics Committee (Protocol Number 
152/2014).  

 
2.1 Endometrial mesenchymal stem cells isolation, characterization and 

culture 
 
The isolation, culture and characterization of eMSCs were done, as previously 

described [10]. After isolation, eMSCs were cultured until third passage, for cytokine and 
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PGE2 analysis on CM, and quantitative reverse transcriptase–polymerase chain reaction 
(qRT-PCR) on cells. A timeline is presented on Figure 1. 

 
Figure 1: Timeline. Endometrial mesenchymal stem cells were collected and characterized. Cells 
on third passage were submitted to quantitative reverse transcriptase–polymerase chain reaction 
(qRT-PCR) and to stimulus (TG) or not (CG) with bacterial lipopolysaccharide (LPS). Conditioned 
medium (CM) was collected after 2, 6, 12 and 24 for cytokine and PGE2 analysis.  

 
2.2  Quantitative reverse transcriptase–polymerase chain reaction 
 
For qRT-PCR, 1x106 eMSCs (n=12) from luteal phase [12, 13] were cultured on six 

wells plates, until confluence when were then trypsinized, resuspended at 300 µL of lysis 
solution (Qiagen, USA) and stored in 1.5 ml sterile tubes at -80°C. 

Total RNA extraction from cells was performed using Rneasy® Mini Kit (Qiagen, 
USA), according to manufacturer's recommendations. After purification, RNA samples 
were eluted in 40 μL RNAse-free water. Total RNA concentration was measured at a 
spectrophotometer using NanoDrop ND® 1000 (Thermo Scientific®, USA), and stored 
at -80°C until analysis.  
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After quantification, total RNA was incubated with DNAse I (1 U/µg; Invitrogen®, 
BRA) and then reverse transcribed with Oligo-dT primers and Omniscript RT Kit 
(Qiagen®, USA) for obtain complementary DNA (cDNA). The reagents were incubated 
at 37 ºC for 60 min and then at 93 ºC for 3 min for enzyme inactivation. Relative real time 
RT-PCR analysis was performed in 96-well plates with an ABI 7500 thermocycler using 
Power Sybr Green PCR Master Mix (Applied Biosystems, BRA), cDNA, and primers. 

Cycling conditions were: 95°C/10 minutes (1 cycle), denaturing at 95°C/10 
seconds, and annealing for 1 minute (40 cycles). Housekeeping genes cyclophilin A and 
glyceraldehyde-3-phosphate dehydrogenase (GADPH) as internal positive control for 
the qRT-PCR. The target gene expression was thus normalized to expression of the 
housekeeping gene GAPDH. Vimentin, CD44, IL-1α and prostaglandin-endoperoxide 
synthase 2 (PTGS2/COX-2) mRNA were evaluated on cells and sequence primers and 
product size are demonstrated on Table 1.  

Samples were run in duplicate, and relative expression values for each gene were 
calculated using ΔΔCt method with efficiency correction and one control sample as 
calibrator [14].  
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Table 1: Sequence of primers, annelling temperature and amplification product sizes of 
genes used to evaluate bovine eMSCs. 
Gene Primer sequence Anneling 

temperature 
Product 
size (bp) 

Reference 

Vimentin F: GATGTTTCCAAGCCTGACCTC 
R: GGCGTTCCAGAGACTCGTTAG 

60 253 [15]  

CD44 F: GACCCTCAATCTTCCTCTTCAC 
R: TTTCCTACCAGGTGCCAATC 

60 94 NM_174013.3 

PTGS2 F: AAGCCTAGCACTTTCGGTGGAGAA 
R: TCCAGAGTGGGAAGAGCTTGCATT 

60 168 [16]  

IL-1α F: GATGCCTGAGACACCCAA 
R: GAAAGTCAGTGATCGAGGG 

60 173 [17]  

GADPH F: GGCGTGAACCACGAGAAGTATAA 
R: CCCTCCACGATGCCAAAGT 

54 119 [18]  

F: forward, R: reverse 
 
2.3 Stimulation of eMSCs with LPS 
 
For cytokine assay and PGE2 analysis, eMSCs (1000 cells/ cm2/24 wells plates) 

were cultured in medium composed of DMEM high glucose/F12 (1:2), 20% fetal bovine 
serum (FBS), 100IU/mL penicillin, 100μg/mL streptomycin, 3μg/mL amphotericin B; 
Thermo Fisher Scientific®, (USA), 11μg/mL amikacin Teuto®, (BRA), until 60% 
confluence. After it, cells were maintained with FBS free medium for 24 hours.   

After 24 hours, control (CG; n=10, medium FBS free) and LPS-stimulated cells 
(TG; n=10, 1μg/mL [11] (E. coli, serotype 0111:B4, Sigma) were cultured. The medium 
was collected after 2, 6, 12 and 24 hours of stimulus, filtered through 22 µm filter and 
centrifuged at 2000 x g for 5 minutes. It was stored at -80°C until analysis. 
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2.4 Quantification of Cytokines  
 
Samples (n=10) of CM collected after 2, 6, 12 and 24 hours of exposition or not to 

LPS were used to evaluate cytokines production. Samples were analyzed by 
Quantibody® Bovine Cytokine Array 1 kit (QAB-CYT-1, Raybiotech®, EUA), valid for 
bovine species, according to manufacturer's specifications. This array evaluated INF-α, 
INF-γ, IL-13, IL-1α, IL-F5, IL-21, MIP-1β and TNF-α concentration.   

The slides were scanned by using a microarray scanner (Innopsys, model 
InnoScan 710) and images were analyzed using Mapix 7.0 software (Innopsys). 

Each sample was evaluated in quadruplicate, and their data were normalized 
according to intra-slides positive controls. Results were achieved by eliminating the 
background and are presented as median with interquartile rage. Sample concentration 
(pg/mL) was calculated based on linear regression of standard curves. 

 
2.5 Prostaglandin E2 concentration 
 
The concentration of PGE2 was evaluated on CM cell-free previously collect 2 and 

24 hours after stimulation or not with LPS. Analysis were done using PGE2 ELISA kit 
(Enzo®, USA), according to the manufacturer's recommendations. Samples were 
analyzed in duplicate and results are demonstrated in pg/mL.  

 
2.6 Data analysis 
 
Data were analyzed using GraphPad Prima software, version 6.01. Cytokine and 

PGE2 analyses preceded the normality test (Shapiro Wilk), and groups were compared 
and analyzed using non-parametric Wilcoxon test. Moments were analyzed using non-
parametric Kruskal-Wallis test (cytokine) or Mann Whitney test (PGE2). For all analysis 
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P < 0.05 was considered to represent significant difference. For gene expression, data 
are demonstrated descriptively.  

 
3. Results 
 
3.1 Challenge eMSCs with LPS 
 
Cells challenged with LPS at the concentration used allowed realization of the 

completed assay. Morfology cells modification was not observed at any moment. 
Additionally, cells grew well without FBS and with no detachment for 24 hours  

 
3.2 Quantitative reverse transcriptase–polymerase chain reaction 

 
Cells reveled expression for all genes studied (Figure 2) at all samples analyzed. 
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Figure 2: Ratio of genes/GAPDH mRNA 
abundance measured by quantitative reverse 
transcriptase–polymerase chain reaction analysis 
in bovine endometrial mesenchymal stem cells. 
Results are presented as mediam with 
interquartile range. IL-1α: interleukin 1α, GAPDH: 
glyceraldehyde-3-phosphate dehydrogenase, 
PTGS2: prostaglandin-endoperoxide synthase 2. 

 
3.3 Quantification of Cytokines  
 
Quantification of cytokine reveled production of all cytokines independently of LPS 

exposure. When groups (Control x Treated) were compared, difference (P=0.02) for 
cytokine TNF-α on moment 6 hours was observed, with greater concentration on treated 
group samples. When moments from the same group were compared, difference on 
group control for cytokine IL1-α (Moment 2 hours versus 6 hours P=0,03; and 6 hours 
versus 12 hours P=0,01) was observed (Figure 3 and 4). 
 

 

Genes
CD44 Vimentin Il1- PTGS20

1

2

3

4
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Figure 3: Cytokine concentration of IFN-α (a), INF-γ (b), IL-13 (c) and  IL-1α (d) on culture medium of bovine endometrial mesenchymal stem cells 
challenged or not with LPS, after 2, 6, 12 and 24 hours of exposition. Asterisk (* at IL-1α) represents differences (P< 0.05) between moments. C: 
control, T: treated. Results are presented as mediam with interquartile rage.  
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Figure 4: Cytokine concentration of IL-1F5 (a), IL-21 (b), MIP-1β (c) and TNF-α (d) on culture medium of bovine endometrial mesenchymal stem 
cells challenged or not with LPS, after 2, 6, 12 and 24 hours of exposition. Asterisk (* at TNF-α) represents differences (P< 0.05) between groups 
(control x treated). C: control, T: treated. Results are presented as mediam with interquartile rage.  
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3.3 Prostaglandin E2 concentration 
 
It was observed difference on PGE2 concentration both at moment (2 and 24 

hours) and groups (control and treated). There was significant difference (P=0.008) 
between groups on 24 hours and between moments (Moment 2 hours x 24 hours; P= 
0.056) for treated group.  Results are presented at Figure 5. 

 

 
Figure 5: Prostaglandin Ex2 concentration 
on bovine endometrial mesenchymal stem 
cells challenged or not with LPS culture 
medium after 2 and 24 hours of exposition. 
Comparison was done between moments 
and groups. C: control, T: treated. Results 
are presented as median with interquartile 
range. Asterisk (*) represents differences 
(P< 0.05) between groups and different 
letters represents difference (P< 0.05) 
between moments. 

 
4. Discussion 
It is evident the increasing advancement in the use of MSCs-based therapies 

and more recently with the CM cell-free for treatment of various conditions and for use 
at in vitro assays. At the present study, production of important biological molecules 
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by MSCs related to regulation of immune system was observed. At a proteomic level, 
proteins related to regulate immune system, tissue remodeling and angiogenesis was 
already described for bovine eMSCs stimulated or not with LPS [5]. 

The use of LPS on endometrial cells can be considered to create models of 
clinical or subclinical endometritis [19], and to test treatments effect [8]. It is known 
that MSCs are sensitive to culture media and protein profiles may change in response 
to microenvironments to which they are subjected [20], responding by different 
mechanisms to defend the organism [5]. It means that MSCs not only have an 
immunosuppressive effect, but may also secrete cytokines with anti-inflammatory 
immunosuppressive factors [1], which is desirable once not always 
immunosuppression effects are favorable [3]. This was observed at our samples in 
which cells were not exposed to a stimulus, cytokines with anti-inflammatory functions 
such as IL-13 and IL-1F5 and with pro- inflammatory function such as IFN-γ, IL-1α, 
IL-21 and TNF-α were found in detectable concentrations. Cytokine production even 
without a pro-inflammatory factor or stimulus could be inferred to a stress that cells 
can suffer in the absence of FBS on culture medium, providing the secretion of more 
biologically active factors. We also emphasize that eMSCs are able to produce 
substances with immunomodulatory properties after stimulus, and it may the also test 
at in vivo assays, to verify if cells act in the same way. 

Higher concentration of TNF-α, a pro-inflammatory cytokine, at treated group 
confirmed the response to a LPS stimulus, once it is known that LPS recognition by 
endometrial cells induces pro-inflammatory production of pro-inflammatory cytokines 
(such as TNF-α) that induces secretion of proteins with injured tissues remodeling 
function [21], aiming to minimize organ damage [22]. This high concentration of TNF-
α was also observed by Perrini et al. [23] on equine endometrial cells after 3 hours of 
stimulation with LPS and on bovine endometrial MSCs under no stimulus [24]. Non-
detection of differences between groups on another studied cytokines could be 
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associated with its half-life, sampling time [7] or concentration of LPS which can be 
deleterious for endometrial cells in vitro, once this effects cannot be modulated as 
occurs in vivo [23]. Therefore we also can infer that at our experimental conditions, 
the more appropriate period to study the effect of some therapy using this endometritis 
model could be at the first six hours, when we observed differences on secretion of 
cytokines between groups. The difference between concentration at samples (high 
standard deviation) for the same cytokine bring us important information about the 
difference in the capacity of different samples  

Pure populations of stromal cells are able to produce PGE2 after stimulus with 
LPS, by MSCs pro-inflammatory profile activation through a receptor complex TLR-
CD14 connection present on cells and LPS [2, 11]. When occurs this activation, MSCs 
are able to secrete pro-inflammatory factors including NO, IDO and PGE2 [2]. At the 
present work, higher concentrations of PGE2 after LPS stimulus on eMSCs was 
evidenced after 24 hours. Our results are in accordance with other studies about 
bovine endometrial cells, that also revealed PGE2 production in cells exposure to LPS 
after 1 [8] or 24 hours [11]. Once PGE2 appears to be the first molecule responsible 
for the inhibition of lymphocytes proliferation [25] and its immunoregulation by MSCs 
is done with another immunosuppressive molecule [3], the presence of PGE2 on an 
inflammatory microenvironment means to be favorable to control inflammation, 
preventing an extensive damage on tissue and its repair [2]. With these results, we 
reinforce that in a pro-inflammatory microenvironment as occurs in cases of 
endometritis, endometrial cells are able to secrete immunomodulatory molecules to 
mediate inflammatory cells suppression by MSCs. 

Gene expression of MSCs marker CD44 and vimentin was also detected in 
equine [26], porcine [27] and human [28] endometrial MSCs and are in accordance 
with the immunophenotypic profile and immunocytochemistry of bovine eMSCs with 
high levels and positive marking [10]. IL-1α was also found on cytokine analysis, 
mainly in not stimulated cells. Also, the expression of PTGS2 on these cells was 
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expected once it participates of PGE2 synthesis, detected on supernatant of bovine 
eMSCs even without experience a challenge. On cells exposure to LPS, this PTGS2 
have high expression modulated by PGE2 production [8]. 

 
5. Conclusions 
Based on these and on our results, we can infer that as bovine eMSCs are able 

to respond to a stimulus, such which occur in cases of uterine disorders as 
endometritis, with a production of immunomodulatory substances detected in the 
conditioned medium, aiming tissue preservation, repair and immunomodulation. 
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7. CONSIDERAÇÕES GERAIS 
 

De acordo com os objetivos propostos, e nas condições 
experimentais podemos concluir que: 

  
- As CTMsE de bovinos nas fases II e III do ciclo estral foram 

isoladas e cultivadas com sucesso, sem diferença entre as mesmas; 
  
- As CTMsE de bovinos nas fases II e III do ciclo estral 

apresentaram baixa imunogenicidade (ausência de expressão de MHC-II), 
elevada expressão de marcadores de superfície comumente preditos para 
CTMs (CD44, CD29), ampla capacidade de formação de colônias 
fibroblásticas, estabilidade cromossômica em cultivo e habilidade para 
diferenciar em linhagens mesodermais (multipotencialidade) independente da 
fase estudada;   

 
- As CTMsE de bovinos nas fases II e III do ciclo estral apresentam 

taxas de viabilidade satisfatórias após a criopreservação independente do 
meio utilizado. Adicionalmente, a ausência de diferenças entre os meios de 
criopreservação nos permite inferir que o meio condicionado, com menor 
concentração de SFB (imunogênico) na composição possa ser uma boa 
alternativa à criopreservação deste tipo celular; 

 
- A avaliação do secretoma das CTMsE de bovinos por análise 

proteômica através do seu meio condicionado permitiu a identificação nos 
grupos expostos ou não ao LPS bacteriano de proteínas de interesse e com 
amplo potencial terapêutico.  

 
- As CTMsE de bovinos produzem maior quantidade de citocinas e 

prostaglandina E2 após estímulo com LPS bacteriano. 
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Abstract

Endometrial mesenchymal stem/progenitor cells (eMSCs) are multipotent cells known to modulate the immune system and
have clinical application for human and animal health. This makes these bovines cells attractive for dual use as cellular therapy
and experimental model. The aim of this study was to isolate, evaluate the differentiation potential, immunophenotypic and
immunocytochemistry characteristics, chromosomal stability, cloning efficiency, and cryopreservation response of bovine
eMSCs collected in two phases of the estrous cycle. For this, cells were isolated and submitted to differentiation for adipogenic
and osteogenic lineage. The cells were then characterized by flow cytometer (FC) (vimentin, CD29, CD44, MHC-II, CD34)
and immunocytochemistry (vimentin, pan-cytokeratin, CD44) and submitted to cytogenetic and cloning efficiency assay. The
cells were also cryopreserved using two different medium of cryopreservation and analyzed by FC for viability, necrosis, late-
apoptosisþ necrosis, and initial apoptosis rates before and after cryopreservation.We obtained homogeneous cell populations
which have fibroblastic morphology and adherence to plastic. These cells expressed high levels of markers CD29, CD44, and
vimentin, low expression levels for CD34 and no MHC-II. The cells were chromosomally stable (2n¼ 60) with high cloning
efficiency and no difference (P> 0.05) between medium of cryopreservation or phase was observed after thawing. We showed
the presence and differentiation potential of bovine eMSCs, with chromosomal stability and great response to
cryopreservation with both medium, which has implications for build biobanks or development of new therapeutic
approaches to combat uterine diseases or to study.

Keywords: characterization; cow; cryopreservation; endometrium; progenitor cells

Introduction

Mesenchymal stem/progenitor cells (MSCs) are multipotent
cells which have attracted great interest in the fields of
human and animal medicine because of their unique
immunomodulatory properties. Many studies have
described the feasibility of these cells as therapeutics because
of their antiapoptotic and self-renewal properties. Specifi-
cally, these cells are known to downregulate immune
responses by promoting regulatory T cells and inhibit
cytotoxic T cell proliferation (Stenger et al., 2015).

Bovines are a suitable experimental model and have
several advantages for use in clinical studies on application
ofMSCs for humanmedicine (Bosnakovski et al., 2004). The
cells can readily be obtained from endometrial tissue and
expanded in vitro. In addition, it is possible to acquire large
tissue samples for biobanking cells with good viability for
future use in regenerative medicine.

The endometrial tissue is a highly regenerative tissue and
contains endometrial stromal cells, which are dynamic, and
have the capacity for growth and differentiation during the
estrous cycle and pregnancy in cows (Donofrio et al., 2008).

�Corresponding author: e-mail: carolnmoraes@hotmail.com
Abbreviations: AN, annexin V; CE, cloning efficiency; CD, cluster of differentiation; CFU-F, fibroblastic colony-forming unit assay; CL, corpus luteum;
DMEM, Dulbecco’s Modified Eagle’s Medium; eMSCs, endometrial mesenchymal stem/progenitor cells; FBS, fetal bovine serum; FC, flow cytometer;
FITC, fluorescein isothiocyanate; HBSS, Hank’s balanced salt solution; MHC, major histocompatibility complex; MSCs, mesenchymal stem/progenitor
cells; PI, propidium iodide; SEM, standard error of the mean
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The presence of endometrial MSCs (eMSCs) has been
described in other mammals such as human (Garget et al.,
2015), pig (Miernik and Karasinski, 2012), ovine (Letouzey
et al., 2015), and mouse (Chan and Gargett, 2006).

MSCs are a viable alternative in the treatment of
endometrial degeneration in humans (Meng et al., 2007),
endometrosis (Mambelli et al., 2013), and fibrosis
(Alvarenga et al., 2016) in mares. In humans, eMSCs or
menstrual blood MSCs were used in cardiac (Bockeria et al.,
2013), neurological (Wollf et al., 2011), and models of
metabolic diseases (Santamaria et al., 2011) showing their
great application. In non-primate animals which do not
undergo menstruation, eMSCs participate in endometrial
remodeling after each estrus event, and also in the
regeneration of endometrial stroma during the postpartum
period (Letouzey et al., 2015). Thus, these cells may have a
direct application in treatment of reproductive pathologies
that require an endometrial remodeling such as endometritis
and fibrosis. Only a few studies describe in detail the
presence of these cells in bovines, and even fewer give an in-
depth characterization of these cells, which would be of great
interest in clinical treatments.

To our knowledge, there is no study on chromosomal
stability or potential of cryopreservation of bovine eMSCs
which reinforce the possibility of the creation of biobanks for
future therapeutic use. So, the purpose of this study was to
isolate, culture, and characterize MSCs obtained from the
bovine endometrium using the techniques of flow
cytometry, immunocytochemistry, cloning efficiency, and
cytogenetics. In addition, we evaluated the response to
cryopreservation using two medium of cryopreservation.
These cells were collected and compared at two phases of the
estrous cycle, and our findings can contribute for a better
knowledge of biological properties and therapeutic potential
of bovine MSCs.

Material and methods

The study was performed according to the ethical guidelines
recommended by the National Council for Control of
Animal Experimentation and the College of Animal
Experimentation, and it was approved by the institution’s
Animal Care and Experimentation Ethics Committee
(Protocol Number 152/2014).

Selection of endometrial material

The uteri and ovaries of non-pregnant cows (n¼ 12) were
selected at a local slaughterhouse immediately after slaughter
and kept on ice until processing in the laboratory. The
physiological statuses of the tracts were determined by
observation of uterine and ovarian structures, particularly
the corpus luteum (CL) according tomethodology described

by Ireland et al. (1980) and Chapwanya et al. (2013). All the
animals selected were estrous cycling (Phase II; n¼ 6/Phase
III; n¼ 6), with no evidence of uterine disease.

Processing, isolation, and culture of MSCs

The uterine horn ipsilateral to the CL corresponding to each
phase was sectioned and kept in 70% alcohol solution for
2min (Chapwanya et al., 2013). Subsequently, the endome-
trial tissue was separated frommyometrial tissue with the aid
of a sterile scissors, and washed with wash solution
composed of HBSS solution (50mL) supplemented with
penicillin (100 IU/mL), streptomycin (100mg/mL), ampho-
tericin B (3mg/mL) (Thermo Fisher Scientific

1

, USA) and
amikacin (22mg/mL) (Teuto

1

, BRA).
The endometrial tissue was cut into small pieces and

submitted to digestion performed in two steps (Fortier et al.,
1988 with modifications). The first digestion was done using
0.3% trypsin (Sigma

1

, USA) in solution of 10mL of HBSS
(Thermo Fisher Scientific

1

) for 3 h at 22�C under agitation.
Subsequently, the tissue was washed with wash solution and
filtered in 40mm filter (Becton Dickinson and Company

1

,
USA). The second digestion was done with a solution
composed of 0.5mg/mL of trypsin, 0.5mg/mL of collage-
nase, 1mg/mL of bovine serum albumin, and 0.1mg/mL of
DNase I (Sigma

1

) in HBSS (Thermo Fisher Scientific
1

) for
1.5 h at 37�C. After filtration in 40mm filter, the material was
resuspended in HBSS medium with 10% fetal bovine serum
(FBS) (Thermo Fisher Scientific

1

) and centrifuged (Hermle
centrifuged Z200A, GER) twice at 100�g/10min.

After viability assay with Tripan blue solution 0.4%
(Gibco

1

, USA), the material was plated (1.25� 105 cell/24-
well plate) and cultured in medium comprising DMEM high
glucose/F12 (1:1), 20% FBS, penicillin (100 IU/mL), strep-
tomycin (100mg/mL), amphotericin B (3mg/mL) (Thermo
Fisher Scientific

1

), and amikacin (11mg/mL) (Teuto
1

) at
37.5�C in humid atmosphere containing 95% air and 5%
CO2. The first change of medium occurred 18 h after to
remove the epithelial cells (Fortier et al., 1988) and
additionally the differential trypsinization (Anand et al.,
2012) with 0.125% of trypsin at 0.05% (Sigma

1

) was
performed to aid in the purification of samples on
subsequent passages.

Immunophenotypic analysis

Immunophenotypic analyses were performed on cells in the
third passage (Phase II; n¼ 5/Phase III; n¼ 5).

For the analysis, the following antibodies were used:
mouse anti-vimentin (clone V9, MCA862, AbD
Serotec-Rad

1

, UK), mouse anti-CD29:Alexa fluor 647 (clone
TS2/16, 303007, BioLegend

1

, USA), mouse anti-bovine
CD44:FITC (clone IL-A118, MCA2433F, AbD Serotec

1

,
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UK), mouse anti-horse MHC-II:FITC (clone CVS20,
MCA1085F, AbD Serotec

1

, UK) and rabbit anti CD-34:
FITC (polyclonal, orb247244, Biorbyt

1

, USA). For the
antibody mouse anti-vimentin cells were previously fixed
and permeabilized with Cytofix/CytopermTM (Becton
Dickinson and Company

1

) and incubated with the second-
ary goat-anti mouse:FITC (ab7064, abcam

1

, USA). The
acquisition was made by Flow LSR Fortessa equipment (BD
Biosciences, USA) and the analysis was done using the BD
FACSDivaTM software (BDBiosciences). During the analysis
were accounted for 10,000 events.

Immunocytochemistry characterization

Immunocytochemistry analysis was done in third passage
(Phase II; n¼ 3/Phase; III n¼ 3) on 24 well-plates (Sarstedt

1

,
USA) according to methodology already described by our
group (Maia et al., 2013). The antibodies tested were mouse-
anti CD44 (1:100, clone BAG40A, WS0507B-100, VMRD

1

,
USA), mouse anti-vimentin (1:200, clone V9,M0725, Dako

1

,
UK), andmouse anti-pan-cytokeratin (1:100, cloneAE1/AE3,
M3515,Dako

1

,USA)with reactivity proven for the species for
the last two (Souza et al., 2014).After detection and revelation,
the evaluation of the reaction was performed in an inverted
light microscope, with a digitizer (LeicaVR Microsystems

1

,
GERM).

Assays for differentiation

The differentiation assay was done for adipogenic and
osteogenic (Phase II; n¼ 6/Phase III; n¼ 6) lineages with
cells in third passage. For this, cells were plated in 6-wells
(5200 cells/cm2) or 24 wells (25000 cells/cm2) plates for
adipogenic and osteogenic differentiation, respectively.
After 60% confluence, the differentiation medium was
added to the subcultures in triplicate, according to
manufacturer’s recommendations (Thermo Fisher Scien-
tific

1

) added by 5% rabbit serum (Maia et al., 2013) or 20%
FBS (Toupadakis et al., 2010) at adipogenic and osteogenic
medium, respectively.

The confirmation of the osteogenic and adipogenic
differentiation was performed, respectively, after 14 and
8 days by demonstrating the deposition of calcium matrix
using the histological staining method Alizarin red pH 4.2
(Sigma

1

) and the presence of intracytoplasmic fat droplets
using the dye Oil red 0.5% in alcohol isopropyl (Sigma

1

).

Cytogenetic analysis

Cytogenetic analysis was performed on samples (Phase II;
n¼ 6/Phase III; n¼ 6) at first passage using the synchroni-
zation technique of cellular cycle by the method of

methotrexate/thymidine/colchicine (0.0016%) (Maia et al.,
2013).

Fibroblastic colony-forming unit assay (CFU-F) for
determination of cloning efficiency (CE)

CFU-F assay (Phase II; n¼ 5/Phase III; n¼ 5) was made
with cells on second passage according to Mensing et al.
(2011) with modifications. For this, cells were seeded ( 105
cells/cm2) in 6-well plates, in triplicate. The exchange of
medium was done with 72 h and at the 5� day cultures were
fixed and stained with crystal-violet in 100% methanol.
Colonies with more than 20 cells were accounted and the CE
was done using the formula¼ (counted colonies/cells
seeded)� 1,000.

Cryopreservation

The bovine eMSCs from both phases were cryopreserved at a
final concentration of 1� 106 cell/cryotube with the
following medium of cryopreservation: Medium 1 (MI):
90% FBS (Thermo Fisher Scientific

1

), 10% dimethyl
sulfoxide (DMSO) (Sigma

1

), penicilin (100UI/mL), strep-
tomycin (100mg/mL), amphotericin B (3mg/mL); Medium
2 (MII): 90% conditioned medium (DMEM high glucose/
F12 (1:1), 20% FBS, penicillin (100 IU/mL), streptomycin
(100mg/mL), amphotericin B (3mg/mL) (Thermo Fisher
Scientific

1

), and amikacin (11mg/mL) (Teuto
1

), 10%DMSO
(Sigma

1

).
Samples were cryopreserved at a controlled cryogenic

container (Mr. Frosty, Nalgene, 5100-001), maintained on a
�80�C freezer (Thermo Fisher Scientific

1

) for 24 h and
conserved on liquid nitrogen for 1 month. After this period,
cells were thawed and samples cryopreserved with MI and
MII (Phase II; n¼ 5 / Phase III; n¼ 5) were evaluated by FC.

The FC analyses were done before and after
cryopreservation using annexin V APC (AN, Becton
Dickinson

1

and Company, USA) and propidium iodide
(PI, Sigma

1

) for viability (PI� AN�), necrosis (PIþ AN�),
late-apoptosisþ necrosis (PIþ ANþ), and initial apoptosis
(PI� ANþ) (Ranera et al., 2012).

Data analysis

Data from differentiation assays and immunocytochemistry
were presented descriptively and compared qualitatively
during the phases (II and III). The other variables with
normal distribution were analyzed by t-test or submitted to
the non-parametric Mann-Whitney rank sum test at the
SigmaPlot software (version 11.0, 2008), adopting P< 0.05 as
significant. The results were presented as mean and standard
error of the mean (SEM).
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Figure 1 Immunophenotypic analysis for themarkers CD44, CD29, vimentin, CD34, andMHC-II from samples of bovine eMSCs from Phase II
(A, C, E, G, I) and Phase III (B, D, F, H, J). Representative histograms of marker CD44 from Phase II (A) and III (B). Representative histograms of marker
CD29 from Phase II (C) and III (D). Representative histograms of marker vimentin from Phase II (E) and III (F). Representative histograms of marker CD34
from Phase II (G) and III (H). Representative histograms of markerMCH-II from Phase II (I) and III (J). Representative histograms of isotype control IgG from
Phase II (K) and III (M). Representative histograms of secondary control from Phase II (L) and III (N). Data are presented as mean and SEM. There were no
differences between groups (P> 0.05).
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Results and discussion

At the present study, we observed results were very
interesting and promising in bovine eMSCs independent
of the phase of estrous cycle studied. These findings mainly
include the high expression of stem/progenitor cells
markers (CD29 and C44), low immunogenicity (no
expression of MHC-II), chromosomal stability (2n¼ 60)
excellent clonicity, differentiation potential on meso-
dermal lineages, as well as excellent resistance to
cryopreservation demonstrated by the good post-thaw
viability. These are important and desirable characteristics
for the establishment of cells biobank with progenitor cells
lines standardized for future use in cell therapy and/or
further use for in vitro studies.

Here, the bovine eMSCs at the two estrous cycle phases (II
and III) were adherent to plastic and had fibroblastoid
morphology within 6 h of culture. Immunophenotypic
profile by FC of bovine eMSCs revealed high expression
for CD29, CD44, and vimentin, low expression for CD34
and no expression forMHC-II, with no difference (P> 0.05)
between phases (Figure 1). We emphasize that the threshold
used for negative expression was greater than 3%. Qualita-
tive immunocytochemistry analysis of bovine eMSCs
revealed positive staining for CD44, vimentin, and pan-
cytokeratin (Figure 2) with the same pattern of staining at
both phases.

Unlike human, which counts with a panel of specific
surface markers (Dominici et al., 2006), specific surface

markers for bovine eMSCs are not well-known and much
less established. The significant marking in both immu-
nophenotypic and immunocytochemistry evaluation for
CD44 and vimentin seen in our study were previously
described in bovine amniotic fluid-derived MSCs (Rossi
et al., 2014). The CD44 and CD29 expression was reported
in porcine eMSC (Miernik and Karasinski, 2012), bovine
umbilical cord (Xiong et al., 2014), and human eMSCs
(Gargett et al., 2009; Verdi et al., 2014). The absence of
marking for MHC-II here was maybe due to low
immunogenicity of the endometrial cells, which is of great
interest for therapeutic use.

Differentiation assays of adipogenic and osteogenic
lineages of bovine eMSCs were confirmed in all samples
with excellent response after staining (Figure 3).We reinforce
the results of Łupicka et al. (2015a,b) which showed that
uterine stromal cells differentiated to adipogenic, chondro-
genic, and osteogenic lineage upon specific condition,
confirming the wide plasticity of these source. We reached
great response to differentiation once Donofrio et al. (2008)
demonstrated theosteogenicpotential of endometrial stromal
cells and Cabezas et al. (2014) the osteogenic and
chondrogenic potential of endometrial putative mesenchy-
mal progenitor cells from late luteal phase. It could be inferred
that when bovine eMSCs are exposed to inducing agents, they
havediffering sensitivity andhence fail to differentiate in a too
early luteal phase.

According to karyotype analysis based on 100% of
metaphases, we showed by the first time, until our

Figure 2 Immunohistochemistry of bovine eMSCs for characterization of the markers CD44 (A), vimentin (B), and cytokeratin (C). The
positive staining is shown in brown. Negative control (D) by omission of the primary antibody. Nucleus stained with hematoxylin. Bar¼ 50mm (A, B, C),
100mm (D).
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knowledge, that these bovine eMSCs have normal chromo-
some number (2n¼ 60) (Figure 4B) and chromosomal
stability also after cryopreservation (data not shown). This
shows that neither isolation technique nor culture or
cryopreservation altered the genetic makeup of these cells.
Additionally, CE revealed great capacity of clonicity from
bovine eMSCs and the formation of delimitated colonies
(Figure 4A) without difference (P¼ 0.750) between phases.
This CE rate is excellent and comparable to samples from
umbilical cords or adipose tissue (Lu et al., 2014; Xiong et al.,
2014). Therefore, creating cell biobanks for future use is
quite feasible once eMSCs are stable and suitable for
therapeutic use.

The cryopreservation using DMSO as a protective
solution in combination with a progressive reduction of
temperature is efficient in the preservation of good

viability rates for bovine cells from amniotic fluid and
umbilical cord, once enables the culture after thawed
(Cunha et al., 2014). To our knowledge, this is the first
report showing the possibility of cryopreservation of
bovine eMSCs using two medium of cryopreservation at a
controlled temperature rate, allowing the formation of cell
biobank. Before cryopreservation cells from phase III
presented a better viability rate (P¼ 0.01) and lower
proportion of cells on initial apoptosis (P¼ 0.04).
A decrease (P¼ 0.03) on the viability rate after
cryopreservation was detected on Phase III using both
medium, comparing to fresh samples, and at both phases
late apoptosisþ necrosis increased (P> 0.05) on cells
cryopreserved with MI and MII comparing to fresh
samples. No difference (P> 0.05) was detected in any of
the variables after cryopreservation comparing the phases

Figure 3 Differentiation assay for adipogenic and osteogenic lineages of bovine eMSCs. Adipogenic differentiation: Note in (A) the presence of
intracytoplasmic lipids droplets stainedwith oil red (arrow) and (B) control of differentiation. Osteogenic differentiation: Note in (C) large calcium deposit
stained with Alizarim red (2%) (arrow) and (D) control of differentiation. Bar: 100mm (A, C) 200mm (B, D).

Figure 4 Fibroblastic colony-formingunit assay and karyotype analysis of bovine eMSCs. Note a formation of a colonywell defined in (A) and the
normal karyotype number of bovine eMSCs (2n¼ 60) in (B).
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and medium used. Data before and after cryopreservation
are presented at Table 1.

Conclusion

At the present work, we showed for the first time at bovine
eMSCs, until our knowledge, the chromosomal stability
and potential of cryopreservation with two different
mediums. We verified that bovine eMSCs derived from
estral uteri adhere to plastic, have fibroblastoid
morphology, good clonicity, differentiation potential and
immunophenotypic progenitor/stem cells characteristics
beside good viability rates after thawing at the two studied
phases and with the two medium used. Thus, bovine eMSCs
can be used in further studies allowing the formation of
biobanks and may have greater potential to impact clinical
outcome because they are stable. Depending on the objective
(therapeutic use, in vitro studies, formation of cell biobank),
cells from both phases could be used, supposing be
preferable work with fresh cells from phase III and with
cryopreserved cells from phase II according to a possibly
better answer and resistance to cryopreservation from this
last one. Additionally, both medium used at the present
work were suitable to maintain the quality of cells and we
highlight theM2 which is commonly discarded and could be
used for this propose. Pre-clinical studies of MSCs are still
warranted to further establish the most ideal source of MSCs
and eMSCs mechanism of action, particularly in potentiat-
ing tissue repair.
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A B S T R A C T

The use of the conditioned medium (CM) for diseases treatment is based on its enrichment with biomolecules
with therapeutic properties and themselves have a beneficial effect. Secretome of bovine endometrial
mesenchymal progenitor/stem cells (eMSCs) using a proteomics approach is until now unknown. This work
aimed to evaluate the secretome of bovine eMSCs-CM challenged or not with lipopolysaccharide (LPS). For this,
eMSCs characterized were challenged (TG) or not (CG). The CM was collected 12 h after stimulation and
submitted to mass spectrometry analysis. The classification of identified proteins was done by PANTHER
according to biological processes, molecular function, cellular component and protein class. 397 protein groups
were identified in TG and 302 in CG. We observed positive enrichment for antibacterial response proteins,
macrophage activation function, receptor-mediated endocytosis, hydrolase activity, inhibitory enzyme in TG,
and for activity structural molecule and intermediate filament cytoskeleton in the CG. Our experimental model
shows that eMSCs respond to LPS in the concentration used and can be used to study immune-inflammatory
response, besides of the secretion of proteins mainly related to tissue remodeling, immune response and
angiogenesis which is an interesting feature for use in cell therapy.

1. Introduction

In cattle, the endometrium is the main source of mesenchymal
progenitor/stem cells (eMSCs), a small proportion of which are
undifferentiated with high plasticity (Lupicka et al., 2015). Bovine
eMSCs have been studied because of their biological properties,
including the paracrine and immunomodulatory effects, which make
them promising for use in cell therapy.

Besides the use of MSCs in therapies, the conditioned medium (CM)
has a role in the cellular microenvironment, and can exert a therapeutic
effect by accelerating organ regeneration processes (Lavoie and Rosu-
Myles, 2013) and tissue repair (Ashiba et al., 2015). MSCs secrete
bioactive molecules such as cytokines and growth factors (Ashiba et al.,
2015) which are released as soluble molecules or through extracellular
vesicles that together are responsible for paracrine (Lavoie and Rosu-
Myles, 2013) and autocrine roles related to the regeneration, angiogen-

esis or modulation of immune responses (Skalnikova, 2013).
MSCs are sensitive to culture media and protein profiles may change

in response to microenvironments to which they are subjected. The use
of different immunological conditions evaluates the therapeutic poten-
tial of MSC-derived molecules and make the study of secreted soluble
factors important for the understanding its therapeutic effects (Lavoie
and Rosu-Myles, 2013). The use of an experimental in vitro model of
inflammation using bacterial lipopolysaccharide (LPS) (Lange-Consiglio
et al., 2015) makes it possible to evaluate the response of bovine eMSCs
facing a stressful insult such as uterine disease.

Interaction of bovine eMSCs-CM is important for understanding how
therapeutic approaches can be targeted at the mechanisms by which
CM modulates the endometrium or use of eMSCs to treat reproductive
pathologies.

The aim of this study was to evaluate the secretome of bovine
eMSCs challenged with bacterial LPS by proteomic analysis
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(nanoLC–MS/MS) using a shotgun strategy. To the best of our knowl-
edge, this is the first report describing the secretome of bovine eMSCs-
CM using proteomic analysis.

2. Material and methods

The study was approved and performed according to the ethical
guidelines of the Institution’s Animal Care and Experimentation Ethics
Committee (Protocol Number 152/2014).

2.1. Isolation and culture of bovine eMSCs

Endometrial cells from bovine endometrial tissue (n = 3) in Phase II
of estral cycle (Ireland et al., 1980; Chapawanya et al., 2013) were
isolated as previously described (Fortier et al., 1988) with modifica-
tions. Briefly, samples were digested with 0.3% trypsin (Sigma ®, USA)
in HBSS (Thermo Fisher Scientific®, USA) for 3 h, at 22 °C under
agitation. The samples were then filtered with 40 uM filter (Becton
Dickinson® and Company, USA). For each sample, a second digestion
step was performed with 0.05% mg trypsin, 0.05% collagenase, 0.1%
bovine serum albumin and 0.01 mg DNase I (Sigma ®, USA) in HBSS
(Thermo Fisher Scientific®, USA) for 1.5 h at 37 °C. After filtration, the
digesta was washed with HBSS medium and 10% fetal bovine serum
(FBS) (Thermo Fisher Scientific®, USA) twice and centrifuged at 100 x g
for 10 min. The sediment was plated and cultured at 37.5 °C in humid
atmosphere containing 95% air and 5% CO2. The culture medium
consisted of DMEM high glucose/F12 (1:2), 20% FBS, 100IU/mL
penicillin, 100 μg/mL streptomycin, 3 μg/mL amphotericin B (Thermo
Fisher Scientific®, USA) and 11 μg/mL amikacin (Teuto®, BRA). The
medium was changed within 18 h and every 2–3 days thereafter until
the culture reached 90% confluence, and passaged three times.

2.2. Immunophenotypic characterization

The immunophenotypic characterization (n = 2) was performed by
flow cytometry at a LSR Fortessa equipment (BD®, BR) using the
antibodies anti–CD29 conjugated with Alexa fluor 647 (TS2/16,
BioLegend®, USA), mouse anti-bovine CD-44 conjugated with fluores-
cein isothiocyanate (FITC) (IL-A118, AbD Serotec®, UK), mouse anti-
horse MHC–II conjugated with FITC (CVS20, AbD Serotec®, UK), rabbit
anti CD-34 conjugated with FITC (polyclonal, Biorbyt®, USA) and
mouse anti-vimentin (v9, AbD Serotec®, UK). A secondary goat-anti
mouse conjugated with FITC (abcam®, USA) was used for mouse anti-
vimentin. All these antibodies cross-react with bovine antigens (Moraes
et al., 2016). Fluorescence reactions were analyzed using the BD
FACSDiva™ software and were accounted for 10,000 events. The debris
population were excluded by gating FSC x SSC at FSC 5000 threshold.
Markers with expression levels of≥ 2% were considered positive. Data
from immunophenotypic characterization is presented as mean and
standard error of the mean.

2.3. Immunocytochemistry characterization

Immunocytochemistry (n = 3) was performed as previously de-
scribed (Maia et al., 2013) and the reactions evaluated under an
inverted light microscope (Leica® Microsystems, GER) using the soft-
ware Leica Application Suite (LAS), version 4.3.0. The antibodies
evaluated were vimentin (1: 200, V9, AbD Serotec®, UK), pan-cytoker-
atin (1: 100, C11, abcam®, USA) and CD-44 (1: 100, BAG40A, VMRD®,
USA).

2.4. Assays for differentiation

After attaining 95% confluence, assays for differentiation of adipo-
genic and osteogenic lineages (n = 3) were performed by adding media
(StemPro, Thermo Fisher Scientific®, USA) to the subcultures in

triplicate, and also supplementing 5% rabbit serum (Maia et al.,
2013) or 20% FBS.

Osteogenic differentiation was confirmed on the 14th day when
calcium matrix deposits were noted on Alizarin red stains (Sigma®,
USA). Confirmation of adipogenic differentiation on the 8th day was by
presence of intracytoplasmic fat droplets after staining with 0.5% Oil
red (Sigma®, USA).

2.5. Challenge of bovine eMSCs with LPS

For evaluating the protein profile of the secretome, bovine eMSCs
were plated on 24 wells (2 cm2) at a density of 1000 cells/cm2 and
cultured with complete maintenance medium (DMEM high glucose/F12
(1:2), 20% FBS, 100IU/mL penicillin, 100 μg/mL streptomycin, 3 μg/
mL amphotericin B; Thermo Fisher Scientific®, (USA), 11 μg/mL
amikacin Teuto®, (BRA)). After 60–70% confluence, the cells were
cultured in maintenance medium without FBS for 24 h. The control
(CG; n = 3) and LPS-stimulated (LPS treated, TG; n = 3) were cultured.

After 12 h, the conditioned medium was collected, filtered through
22 μm filter and centrifuged at 2000g for 5 min to remove cellular
debris, and the supernatant stored at −86 °C for secretome analysis.

2.6. Secretome analysis by mass spectrometry and liquid chromatography
(nanoLC–MS/MS)

Three biological replicates in both groups (treated vs. control) were
analyzed. The samples were digested by initially denaturing in 8 M urea
solution (Sigma 51459), followed by reduction with 50 mM dithio-
threitol (32 °C/60 min, Sigma 9779). An alkylation step was then
performed with 150 mM iodocetamida (25 °C/30 min in the dark)
followed by digestion with trypsin sequence grade (35 °C, 16 h,
Promega V511A). After digestion, the samples were clean-up with
C18 reverse phase and strong cationic-exchange columns (C18, SCX,
PolyLC). The samples were then analyzed in a nanoAcquity liquid
chromatographer (Waters) coupled to a LTQ-Orbitrap Velos (Thermo
Scientific) mass spectrometer.

2.7. Data analysis

Thermo Proteome Discover (v.1.4.1.14) was used to search with
SequestHT search engine against Mammalia-SwissProt + Bos taurus-
TREMBL protein database (v. april 2016). The search parameters used
were: Enzyme: Trypsin; Missed Cleavage: 2; Precursor and Fragment
Mass Tolerances: 10 ppm and 0.6 Da, respectively; Variable and Static:
Oxidation methionine and Carbamidomethyl cysteine, respectively.

Gene ontology protein classification analysis according biological
process (BP), molecular function (MF), cellular component (CC) and
protein class (PC) was performed using PANTHER (Protein ANalysis
THrough Evolutionary Relationships) Classification System (http://
pantherdb.org/).

3. Results and discussion

Bovine eMSCs isolated from uteri in Phase II of the estral cycle were
cultured and characterized by immunophenotyping and immunocyto-
chemistry. The cells were also assessed for differentiation potential in
addition to being challenged with LPS for secretome analysis using a
proteomic approach.

The eMSCs adhered to plastic surfaces within six hours of culture,
and showed fibroblastoid morphology after passaging (Fig. 1). Immu-
nophenotypic evaluation by FC revealed high expression for the
markers vimentin (94.35% ± 2.19), CD-29 (99.85% ± 0.07) and
CD-44 (96.9% ± 2.40). Similar to previous studies (Xiong et al.,
2014), there was low expression of the CD-34 (4.25% ± 1.06) marker,
and no expression of the MHC-II marker (1.05% ± 0.78) (Fig. 2). After
evaluating for osteogenic and adipogenic potential, the eMSCs cells

C.N. de Moraes et al. Veterinary Immunology and Immunopathology 187 (2017) 42–47

43

http://pantherdb.org/
http://pantherdb.org/


stained positive, similar to previous finding (Lupicka et al., 2015).
Similarly, other authors reported positive staining for the markers CD-
44 in bovine endometrial putative mesenchymal cells on immunocy-
tochemistry (Cabezas et al., 2014), and for vimentin in human eMSCs
(Kato, 2012) (Fig. 1). Here, some endothelial epithelial cells were
positive for pan cytokeratin, which showed that there were no cell
morphology alterations after culture.

A proteomic analysis was performed in order to find more informa-
tion on the protein content of the secretome of bovine eMSCs. A
shotgun approach was used and the LC–MS/MS detected a total of 397
proteins groups on TG and 302 on CG with 242 commons between the
groups (Fig. 3). Many proteins belonging to the immune system,
angiogenic processes, antioxidant and tissue remodeling pathways were
detected in the TG (Table 1).

Our in vitro experimental model showed that the cells respond
positively and in a protective manner after stimulation with LPS. It can
be inferred, for instance, from the presence of arginase I and heat shock
proteins, that these proteins protect cells or tissues from stress (Frier
and Locke, 2007) by stabilizing and repairing proteins (Fan, 2012). This
response is characteristic of a defense mechanism via the secretion of
crucial proteins for tissue restoration, or protection from tissue injury.
This suggests that CM alone or together with MSCs can be an efficient
alternative to assist in healing (Ashiba et al., 2015).

MSCs are sensitive to culture media and may change their proteomic
profiles in response to the microenvironments in which they are
subjected (Lavoie & -Rosu Myles, 2013). It is noteworthy that in the
CM of CG, there were proteins with antimicrobial or antifungal activity,
and also tissue remodeling (Table 1). The presence of these proteins in

Fig. 1. Characterization of bovine eMSCs. A—Bovine eMSCs after first passage adhere to plastic surfaces and show fibrobastoid morphology. B—eMSCs differentiate into osteogenic
lineage after the third passage. Calcium deposits stained with Alizarim are shown. C—eMSCs differentiate into adipogenic lineage of bovine eMSCs in third passage. Intracytoplasmic
lipids droplets stained with Oil red are shown. Immunohistochemical staining of bovine eMSCs for CD-44 (D), Vimentin (E) and Pancytokeratin (F). Brown staining indicates positive.
Hematoxylin stained cell nuclei. Size: 100 μm (A, D, F), 200 μm (B, C, E). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)
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the CM of CG, even without stimulation, could be promising to
demonstrate the great potential and possibility of using this medium
for use as therapeutics. In humans, the CM of MSCs from dental pulp
was efficient in the experimental treatment of multiple sclerosis and
even showed similar effects of treatment with their own MSCs
(Shimojima et al., 2016).

A protein with antioxidant activity (peroxiredoxin-6, Table 1) was
found in TG. This antioxidant capacity of the CM was previously
reported for restoring or reducing retinal functions in diabetes animal
model (Duarte et al., 2016).

Recently, Lange-Consiglio et al. (2015) showed in an experimental
equine uterine inflammation model that horse amniotic MSCs-CM

significantly reduce the expression of MMP-1 and MMP-13. These
genes modulate inflammatory pathways. Also, in humans, CM of
uterine cervical stem cells showed to have anti-inflammatory and
bactericidal roles (Bermudez et al., 2015) and the eMSCs showed a
potential to be used at pelvic organ prolapse once cells can induce the
immune response and help at the tissue reorganization (Emmerson and
Gargett, 2016). In our study, anti-inflammatory proteins (such as
granulins, Table 1) were found in TG. In addition, in vitro use of the
CM associated with endometrial cells resulted in improvement of the
proliferation rate, showing the relevance of soluble factors produced by
MSCs and its potential to increase cell replacement (Corradetti et al.,
2014). Such studies support using CM as an alternative for treating

Fig. 2. Histograms of the bovine eMSCs cytomarkers analyzed by flow cytometry. A − Vimentin; B − CD34; C − CD29; D − CD44; E − MHC-II; F and G: controls.
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uterine diseases causing low fertility in cattle.
To better characterize the CM proteome, we performed some

classification on the identified proteins using Gene Ontology tools
(http://geneontology.org/). The Panther GO analysis identified positive
enrichment (PE) for BP in macrophage activation function (GO:

0042116, fold enrichment, FE = 7.87) and receptor-mediated endocy-
tosis (GO: 0006898, FE = 5.23) in TG. Regarding MF, there was PE for
hydrolase activity (GO: 0016787; FE = 1.87) and inhibitory enzyme
(GO: 0004857; FE = 5.15) in the TG, and activity structural molecule
(GO: 0005198; FE = 2.73) in the CG. For CC, enrichments were verified

Fig. 3. Venn diagram of the proteins identified in the present study with at least one peptide sequence in the treated (TG) and control (CG) groups. The False discovery rate was ≤1%.

Table 1
Proteins with more than two PCMs differently expressed in the treated (TG) and control (CG) groups. These proteins have mainly tissue repair and immunomodulatory roles.

Biological Functions Swiss-Prot accession Protein name Gene name Group

Immune response Q9UGM3
KRT16
P01857
A5A6M2
P01876
P01834

Deleted in malignant brain tumors 1 protein
Uncharacterized protein
Ig gamma-1 chain C region
Annexin A1
Ig alpha-1 chain C region
Ig kappa chain C region

DMBT1
GP340
KRT16
IGHG1
ANXA1
IGHA1
IGKC

Control
Control
Control
Control
Control
Control

Antimicrobian/antifungal activity P03973
P59665
P06702
P01857
Q3T0Z0
P81644
G3N3P6
F1MI18
F1MNV5
F1MVS9
P31944
A2I7M9
Q1JPB0

Antileukoproteinase
Neutrophil defensin 1
Protein S100-A9
Ig gamma-1 chain C region
Uncharacterized protein (WAP four-disulfide core domain 2)
Apolipoprotein A-II
Cystatin
Uncharacterized protein
Kininogen-1
Uncharacterized protein
Caspase 14
Serpin A3-7
Leukocyte elastase inhibitor (LEI)

SLPI
DEFA1
S100A9
IGHG1
WFDC2
APOA2
N/A
N/A
N/A
KNG1
MASP1
CASP14
SERPINA3-2
SERPINB1

Control
Control
Control
Control
Control
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated

Anti-inflammatory activity A5A6M2
P06702
P28799

Annexin A1
Protein S100-A9
Granulins

ANXA1
S100A9
GRN

Control
Control
Treated

Tissue remodeling A5A6M2
E2DI12
P28799
P50757
E1B726
F1N2Y2
E1B726

Annexin A1
Syndecan-1 (Fragment)
Granulins
72 kDa type IV collagenase
Plasminogen
Uncharacterized protein
Plasminogen

ANXA1
SDC1
GRN
MMP2
PLG
COL5A2
PLG

Control
Control
Treated
Treated
Treated
Treated
Treated

Angiogenic activity P80929
Q2KIF2
P50757

Angiogenin-2
Leucine-rich alpha-2-glycoprotein 1
72 kDa type IV collagenase

ANG2
LRG1
MMP2

Treated
Treated
Treated

Protective activity E9RHW1 Heat shock 27 kDa protein 1 HSPB1 Treated
Antioxidant P86215 Peroxiredoxin-6 PRDX6 Treated
Other functions

Cell/cell adhesion
Adhesion/cell aggregation
Platelet aggregation
Extracellular matrix constituent

A0SXL6
A7YWB6
A5PJE3
P05997
Q61245

Elongation factor 2 (EF-2)
Transforming growth factor-beta-induced protein ig-h3
Fibrinogen alpha chain
Collagen alpha-2(V) chain
Collagen alpha-1(XI) chain

EEF2
TGFBI
FGA
COL5A2
COL11a1

Control
Treated
Treated
Treated
Treated
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in both groups to extracellular matrix (GO: 0031012) and extracellular
region (GO: 0005576), as well as intermediate filament cytoskeleton
(GO: 0045111) in the CG. Interestingly, with respect to PC we
evidenced PE in antibacterial response proteins (PC00051; FE = 5.87)
in the TG.

Here we observed proteins with anti-inflammatory, antibacterial
properties and related to tissue remodeling in both CM which leads us
to believe that these cells respond to many stimuli to defend the
organisms. Thus, eMSCs and CM may have a role in treating reproduc-
tive tract diseases in cattle. Also, our results, especially based on protein
enrichment to macrophage activation and identification of large
number of proteins related to immune response on TG, allow us to
infer that our in vitro model of stimulation with bacterial LPS of bovine
eMSCs is effective to study immune and inflammatory response.
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