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CARACTERIZAÇÃO DAS CÉLULAS-TRONCO ORIUNDAS DA GELÉIA DE 

WHARTON DO CORDÃO UMBILICAL DE BOVINOS (Bos indicus) NOS 

TRÊS TRIMESTRES DE GESTAÇÃO 

 

RESUMO - A possibilidade para o isolamento de células mesenquimais 

multipotentes de anexo fetal bovino é uma perspectiva interessante devido 

potencial para utilização destas células em aplicações biotecnológicas. No 

entanto, ainda há pouco conhecimento disponível sobre as características 

destas células progenitoras na espécie bovina. Proliferando a morfologia das 

células, a partir de três fases da gestação, tipicamente apareceu forma de fuso 

do tipo fibroblastos, apresentando o mesmo número e viabilidade. Além disso, 

a capacidade proliferativa das células T em resposta a um estímulo mitogénico 

foi suprimida quando as células da geléia de Wharton foram incluídas na 

cultura. Multilinhagens foram confirmadas pela sua capacidade adipogênica, 

condrogénica e diferenciação neurogênica. O presente estudo demonstrou que 

células tronco mesenquimais colhidas a partir da geléia de Wharton do cordão 

umbilical de bovino em todas as fases da gestação mostraram capacidade 

proliferativa, potencial privilegiado e imunológico.  

 

 

Palavras-chave: Células-tronco, cordão umbilical, imunomodulação, bovina 

 

 

 

 

 

 

 

 

 

 



CHARACTERIZATION OF STEM CELLS DERIVED FROM WHARTON’S 

JELLY OF THE UMBILICAL CORD OF CATTLE (Bos indicus) IN THE 

THREE TRIMESTERS OF PREGNANCY 

 

SUMMARY – The possibility for isolating bovine mesenchymal multipotent 

stromal cells from fetal adnexa is interesting prospect because of the potential 

for these cells to be used for biotechnological applications. However, little 

knowledge is available about the characteristics of these progenitor cells in the 

bovine species. Proliferating cell morphology, from three stages of pregnancy, 

typically appeared fibroblast-like spindle shape, presenting the same viability 

and number. Moreover, the proliferative capacity of T cells in response to a 

mitogen stimulus was suppressed when Wharton‟s jelly mesenchymal stem 

cells were included in the culture. Multilineage properties were confirmed by 

their ability to undergo adipogenic, chondrogenic and neurogenic differentiation. 

The study demonstrated that Wharton‟s jelly mesenchymal stem cells harvested 

from bovine umbilical all pregnancy stages showed proliferative capacity, 

privileged and stem ness potential. 

 

Key words: Stem cells, umbilical cord, immunomodulation, bovine 
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CAPITULO I 

 

 

1 CONSIDERAÇÕES GERAIS 

 

 

1.1 INTRODUÇÃO 

 

 

Com o crescente estudo dentro da área científica, é possível notar a 

longevidade dos animais devido a melhoras na qualidade de vida dos 

mesmos. Pesquisadores e cientistas buscam a todo o momento encontrar 

respostas para doenças que ainda não possuem uma terapia específica 

levando a perda total ou parcial de funcionamento dos órgãos e tecidos 

devido ao próprio envelhecimento ou patologia. 

Mezey (2016) afirma que a descoberta, a caracterização e utilização de 

células estaminais multipotentes têm permitido o tratamento de doenças que 

anteriormente eram fatais. 

Concomitantemente, o interesse pelas células-tronco vem aumentando 

rapidamente na Medicina Veterinária, fato que pode ser notado devido ao 

grande número de publicações e pesquisas que vem sendo realizadas nos 

últimos anos. 

Após Pinto Filho et al. (2013), Maia et al. (2013) destacarem que 

apesar das células-tronco ainda exigem muitos estudos, elas vem 

demonstrando resultados satisfatórios com a utilização do sangue presente 

nos cordões umbilicais devido à presença de células mesenquimais que são 

fontes para terapia celular, possuindo alta plasticidade, imunomoduladores e 

principalmente o poder de auto-renovação, podendo se tornar a medicina do 

futuro. 

As células-tronco podem ser classificadas de acordo com sua origem e 

também de acordo com sua capacidade de replicação. Segundo Vogel (2000) 
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quando elas são oriundas de massa celular interna do blastocisto 

embrionário, são células-tronco embrionárias (CTE); e quando são obtidas do 

sangue de cordão umbilical, da medula óssea e do sangue periférico, são 

células-tronco adultas (CTA) podendo originar células de origem 

mesodérmica – adipócitos, condrócitos e osteoblastos. E quanto a sua 

capacidade de replicação, segundo Lagasse et al. (2000), Goodell et al. 

(2001) e Calloni et al. (2014) elas podem ser totipotentes – que são capazes 

de se diferenciar em todos os tecidos do corpo; pluripotentes ou multipotentes 

– que são as que podem se diferenciar em quase todos os tecidos do corpo 

(embrionárias); oligopotentes – são as que conseguem se diferenciar em 

poucos tecidos e; unipotentes – são as que se diferenciam em apenas um 

único tecido. 

De acordo com Cardoso et al. (2012) as fontes mais comuns de células 

multipotentes mesenquimais são medula óssea e tecido adiposo, porém ainda 

cita sobre possibilidades de isolamento através de anexos fetal bovino devido 

ao grande potencial para estas células serem utilizadas em aplicações 

biotecnológicas, como por exemplo, da geléia de Wharton de cordões 

umbilicais, sendo isolados de três regiões: zona perivascular, zona 

intravascular, e área sub-aminiótica (WEISS; TROYER, 2006). 

Segundo Corrao et al. (2013) “o cordão umbilical é uma parte essencial 

da placenta, contribuindo para o desenvolvimento fetal, assegurando o fluxo 

sanguíneo entre a mãe e o feto. O cordão umbilical é formado dentro das 

primeiras semanas de gestação por um invólucro dos vasos (uma veia e duas 

artérias) em uma massa de tecido conjuntivo mucoso, chamado geléia de 

Wharton e revestidas por epitélio umbilical”, podendo de acordo com 

Taghizadeh et al. (2011) ser adquirido sem métodos invasivos, logo após o 

nascimento. 
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FIGURA 1 - Ilustração do cordão umbilical 

Fonte: https://sigarra.up.pt/fcup/pt/pub_geral.show_file?pi_gdoc_id=611078 

Consultado e modificado a: 01-04-2016 

 

Observada primeiramente por Thomas Wharton em 1656, é formada 

por proteoglicanos e diversos tipos de colágeno.  As células encontradas na 

geléia de Wharton são células-tronco mesenquimais primitivas que migraram 

da região AGM (Aorta Gonadal Mesonéfrica) para o cordão umbilical durante 

a organogênese (TAGHIZADEH et al., 2011) 

A geléia de Wharton é uma substância gelatinosa que se localiza 

dentro do cordão umbilical, suas células possuem alto potencial de replicação 

(AZALONE et al., 2010; CARDOSO et al., 2012; TAGHIZADEH et al., 2011; 

WEISS et al., 2008),  sendo descritas por Corrao et al. (2013) como 

fibroblastos incomuns ou miofibroblastos (células envolvidas na produção de 

fatores de crescimento e diferenciação celular), sendo encontradas em maior 

concentração ao redor dos vasos umbilicais, tendo como função o 

amortecimento dos vasos presentes na região. Tais células possuem 

características próprias de fibroblastos indicando processos de síntese como 

células produtoras de colágeno, proteoglicanos e glicoproteínas, 

apresentando, ainda, numerosas mitocôndrias e aparelhos de Golgi 

(CORRAO et al., 2013; VASQUES et al., 2003).  

De acordo com Dimitriou et al. (1998), e Weissman (2000) o cordão 

umbilical é uma fonte rica em células-tronco com alta capacidade proliferativa, 

sendo empregadas na cardiologia (HUTTMANN et al., 2006), ortopedia 

https://sigarra.up.pt/fcup/pt/pub_geral.show_file?pi_gdoc_id=611078
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(CANCEDDA et al., 2003), neurologia (CHERNYKH et al., 2007) e 

endocrinologia (VOLTARELLI; COURI, 2009).   

 

 

1.2 CÉLULAS-TRONCO 

 

 

Aproximadamente ao 19° dia de gestação ocorre a hematopoiese por 

meio do saco vitelino, após esse período os responsáveis em continuar 

produzindo os elementos do sangue são o fígado e o baço, até mesmo após o 

nascimento, podendo ocorrer até as duas primeiras semanas de vida do 

animal (CUMANO; GODIN, 2007; PAIK; ZON, 2010). 

Durante o período da lactação toda a medula óssea é hematopoiética, 

porém no crescimento do animal, da sua infância até sua fase adulta ocorre à 

substituição progressiva da medula vermelha pela medula amarela, tendo 

esse nome, pois é substituída por gordura nos ossos longos, podendo ocorrer 

à reversão para hematopoiese; sendo assim, a medula hematopoiética no 

adulto é confinada ao esqueleto central e às extremidades proximais do fêmur 

e do úmero (PAIK; ZON, 2010).  

Porém, segundo estudos realizados por Mezey (2016), o fígado, o 

cordão umbilical e o baço podem retomar seu papel hematopoiético fetal. 

Durante um estudo realizado por Notta et al. (2016), foi observado um 

modelo diferente do prevalecente que pode explicar a origem de diversas 

células encontradas no sangue, envolvendo a hematopoiese, relatando sobre 

a existência de uma mudança na hierarquia dos elementos celulares do 

sangue humano durante o desenvolvimento onde, a célula-tronco 

hematopoiética totipotente dá origem ao megacariócito, que mais tarde dá 

origem a três novas linhagens como: eritrócitos, mielócitos e células linfóides.   

Fato importante, pois com linhagens mais especificas de células 

sanguíneas isoladas pelos cientistas, podem ser “fabricados” glóbulos 

vermelhos e plaquetas para serem utilizadas na medicina regenerativa 
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através da técnica de ICP, em pacientes deficientes nesses elementos do 

sangue (MEZEY, 2016). 

 

FIGURA 2 - Hierarquia da hematopoiese 

Fonte: www.criovida.pt/células-estaminais/  

Consultado e modificado em: 01-04-2016 

 

A hematopoiese é o processo que forma, desenvolve, e realiza a 

maturação dos elementos presentes no sangue - eritrócitos, leucócitos e 

plaquetas - a partir de uma célula totipotente/pluripotente conhecida como 

célula-tronco (JAGANNATHAN-BOGDAN; ZON, 2013). 

O termo célula-tronco foi descrito como sendo a continuidade do 

plasma germinativo e a origem do sistema hematopoiético, duas questões 

embriológicas, tendo poder de proliferação quase que indefinidamente 

podendo dar origem a células especializadas como, sistema nervoso, 

intestino, pele, entre outros (RAMALHO-SANTOS; WILLENBRING, 2007). 

De acordo com Iacono et al. (2015) existem três diferentes tipos de 

células-tronco, células-tronco embrionárias, provenientes a partir da massa 

celular interna do blastocisto; células-tronco fetais e células-tronco adultas 

http://www.criovida.pt/células-estaminais/
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que são obtidas do sangue de cordão umbilical, da medula óssea e do 

sangue periférico (VOGEL, 2000). 

Células que de acordo com Weiss (2006) possui três critérios básicos: 

auto-renovação, alto poder de diferenciação e capacidade de repovoar 

tecidos que elas habitam.  

Células-tronco perinatais representam uma ponte entre células 

embrionárias e células adultas. Essa população de células atende alguns 

critérios que podem se auto-renovar e induzir a diferenciação de vários tipos 

celulares, fato também encontrado nas células da geléia de Wharton, onde as 

mesmas partilham várias propriedades únicas das células-tronco 

mesenquimais de derivação fetal para as células-tronco adultas (ANZALONE 

et al., 2010; CARDOSO et al., 2012). 

 

 

 

 

FIGURA 3 - Clivagem do zigoto 

Fonte: https://sigarra.up.pt/fcup/pt/pub_geral.show_file?pi_gdoc_id=611078 

Consultado e modificado em: 01-04-2016 

 

 

 

 

 

 

 

 

https://sigarra.up.pt/fcup/pt/pub_geral.show_file?pi_gdoc_id=611078
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Tabela 1 - Comparação entre células estaminais embrionárias e células 
estaminais adultas 

 

E quanto a sua capacidade de replicação, segundo Lagasse et al. 

(2000), Goodell et al. (2001) e Calloni et al. (2014) elas podem ser 

totipotentes, pluripotentes ou multipotentes, oligopotentes e unipotentes. 

- Totipotentes: Células capaz de se diferenciar em todos os tecidos do corpo 

(CALLONI et al., 2014; GOODELL et al., 2001; LAGASSE et al., 2000).  

- Pluripotentes/Multipotentes: Células capaz de se diferenciar em quase todos 

os tecidos do corpo (CALLONI et al., 2014; GOODELL et al., 2001; LAGASSE 

et al., 2000).  

- Oligopotentes: Células capaz de se diferenciar em poucos tecidos do corpo 

(CALLONI et al., 2014; GOODELL et al., 2001; LAGASSE et al., 2000).  

- Unipotentes: Células capaz de se diferenciar em um único tecido do corpo 

(CALLONI et al., 2014; GOODELL et al., 2001; LAGASSE et al., 2000). 

No corpo, as células vivem em “nichos” especializados, 

microambientes que regulam o crescimento e a diferenciação.  Entender o 

 Células Estaminais 

Embrionárias 

Células Estaminais 

Adultas 

Auto-renovação Capacidade de Auto-

renovação 

Capacidade de Auto-

renovação 

Potencial de 

Diferenciação 

Totipotentes ou 

Pluripotentes 

Pluripotentes ou 

Multipotentes 

Fonte de Isolamento Massa interna do 

blastocisto 

Tecidos adultos e fetais 

Proliferação em 

Cultura 

Ilimitada Limitada 

Vantagens para 

Terapia 

Fonte ilimitada de 

células indiferenciadas; 

grande capacidade de 

diferenciação 

Fonte autóloga de 

células; não apresentam 

considerações éticas 
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microambiente das células-tronco é um importante tópico, sendo que o 

isolamento de células oriundas da geléia de Wharton tem um grande potencial 

de armazenamento, pois a seleção celular é facilitada (ÇELEBI-SALTIK; 

UÇKAN-ÇETINKAYA, 2015).  

Em 2006 a comissão de células mesenquimais e da SITC propôs 

critérios mínimos para a definição de CTMs, iniciando em designa-las como 

células estromais mesenquimais multipotentes, como a adesão aos utensílios 

de plástico para cultura, a expressão do antígeno de superfície específica e o 

potencial de diferenciação multipotente (TAGHIZADEH et al., 2011; TROYER; 

WEISS, 2008). 

Em 2012, Cardoso et al. realizaram estudos com geléia de Wharton do 

cordão umbilical de bovinos e Zeddou et al. (2014) realizaram estudos com o 

cordão umbilical e o isolaram de acordo com a capacidade de aderência ao 

plástico corroborando com Taghizadeh et al. (2011), onde os segmentos 

foram plaqueados, e colônias de células foram observadas, comprovando a 

capacidade de proliferação celular. 

Recentemente, foi realizado estudo in vitro com extrato proteico de 

tendão bovino tendo como finalidade adquirir o fenótipo de tenócitos 

(elementos celulares do tendão) maduros para o tratamento de tendinopatias, 

comprovando que no tendão também há fatores de crescimento que 

estimulam células multipotentes (AUGUSTO et al., 2016). 

Entretanto, para que essas células sejam empregadas em patologias, é 

necessária sua avaliação. Uma técnica vem sendo utilizada, é a 

imunofenotipagem por citometria de fluxo. Técnica de alto custo, porém 

rápida, objetiva e quantitativa, que permite a identificação e quantificação das 

células por meio de marcadores característicos de células hematopoiéticas.  

Marcadores como CD34 e CD44 que são marcadores de células-tronco 

(NAKAGE et al., 2005), utilizados para o uso em terapias regenerativas 

futuras além dos  CD45, CD73, CD105, CD90 e CD14.  

Na análise de citometria de fluxo das CTMs deve demonstrar a máxima 

expressão para CD105, CD73 e CD90 e expressão mínima para CD45, 
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CD34, CD14, CD19 e proteínas de classe II, demonstrando capacidade de se 

diferenciar em linhagens osteogênicas, condrogênicas e adipogênicas in vitro 

(DOMINICI et al., 2006; NAKAGE et al., 2005). 

 

 

1.3 CÉLULAS-TRONCO DA GELÉIA DE WHARTON DO CORDÃO 

UMBILICAL 

 

    

A escolha por cordão umbilical vem chamando bastante atenção por 

ser um método não invasivo e livre de considerações éticas, podendo ser 

coletado a partir de material fetal descartado logo após o nascimento sem 

riscos a doadora (TAGHIZADEH et al., 2011), apresentando 

consequentemente baixo custo e fonte abundante em células (IACONO et al., 

2015), sendo o responsável pelo fluxo sanguíneo entre mãe e feto (CORRAO 

et al., 2013). 

Formado nas primeiras semanas de gestação, o cordão umbilical é 

revestido por epitélio umbilical, em seu interior existe um invólucro de vasos 

(uma veia e duas artérias) e também um tecido conjuntivo fibroso chamado 

geléia de Wharton (AZALONE et al., 2010; CARDOSO et al., 2012; CORRAO 

et al., 2013; TAGHIZADEH et al., 2011; WEISS et al., 2008).   

A geléia de Wharton foi observada primeiramente por Thomas Wharton 

em 1656. Suas células são células-tronco mesenquimais primitivas que 

migraram da região AGM para o cordão umbilical durante a organogênese 

dos tecidos extra-embrionário para o fígado, baço e medula do feto e ali 

permaneceram durante toda a gestação (SOUZA, 2012; TAGHIZADEH et al., 

2011) possuindo alto potencial de replicação, sendo formada por 95% de 

proteoglicanos e ácido hialurônico, matriz extra-celular contendo colágeno tipo 

IV e glicoproteínas, apresentando, ainda, numerosas mitocôndrias e 

aparelhos de Golgi (ÇELEBI-SALTIK; UÇKAN-ÇETINKAYA, 2015; CORRAO 

et al., 2013; VASQUES et al., 2003).  
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Suas células contém características fibroblasticas (células envolvidas 

na produção de fatores de crescimento e diferenciação celular) (CORRAO et 

al., 2013) podendo ser encontradas em maior concentração ao redor dos 

vasos umbilicais, tendo como função o amortecimento dos vasos presentes 

na região (CORRAO et al., 2013; VASQUES et al., 2003).  

 

 
FIGURA 4 – (A) cordão umbilical de bovinos rodeado pelo epitélio amniótico (B) cordão 

umbilical de bovinos sem o epitélio amniótico destacando a geléia de Wharton entre as artérias 

e as veias (C) corte transversal do cordão umbilical de bovinos (D) desenho esquemático de 

um corte longitudinal do cordão umbilical de bovinos. 

Fonte: Cardoso et al, (2012) 
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Atualmente este tecido é uma valiosa fonte de células-tronco. Células-

tronco perinatais representam uma ponte entre células embrionárias e células 

adultas. Essa população de células atende alguns critérios de acordo com 

Anzalone et al. (2010), onde podem se auto-renovar e induzir a diferenciação 

de vários tipos celulares, além de ser expandida, geneticamente manipulado e 

diferenciada in vitro, tornando-os de muito interesse (ANZALONE et al., 2010; 

CARDOSO et al., 2012; TROYER; WEISS, 2008; WEISS et al., 2008). 

Pinto Filho et al. (2013), e Maia et al. (2013) corroboram com 

Taghizadeh et al. (2011) sobre a necessidade de maiores estudos sobre as 

células-tronco oriundas da geléia de Wharton para garantir sua segurança e 

eficácia, porém já garantem sobre sua ação imunoprivilegiada, 

imunossupressora, capacidade de diferenciação multipotente/pluripotente e 

por estar prontamente disponíveis como uma fonte de células, podendo ser 

uma importante fonte de terapia celular em um futuro próximo para tratar 

várias doenças e melhorar a qualidade de vida de muitos pacientes. 

 

 

1.4 DIFERENCIAÇÃO CELULAR 

 

 

Zeddou et al. (2014) analisou a capacidade de diferenciação celular do 

cordão umbilical in vitro utilizando colorações especificas como óleo 

vermelho, fosfatase alcalina, Von Kassa, para analise adipogênica, 

osteogênica, condrogênica e obtiveram resultados positivos corroborando 

com Cardoso et al. (2012) onde também obtiveram os resultados positivos ao 

analisar a geléia de Wharton do cordão umbilical de bovinos utilizando 

colorações como vermelho de alizarina para analise osteogênica, safranina O 

para analise condrogênicas e óleo vermelho para analise adipogênicas, fato 

também demonstrado no estudo realizado por Corrao et al. (2013), onde mais 

uma vez se comprova o alto poder de diferenciação celular.   
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Iacono et al. (2015) realizaram estudos in vitro com sangue do cordão 

umbilical e da geléia de Wharton do cordão umbilical para ajudar a definir o 

potencial de diferenciação e segurança das células-tronco para utilização 

terapêuticas. 

 
Tabela 2 - Colorações utilizadas para definir potencial de diferenciação das 

células-tronco 

Potencial de 
diferenciação 

Colorações Células diferenciadas 

   
Osteogênica Alizarin Red 

 

Adipogênica Oil Red 

 

Condrogênica Safranin O 

 
 

Fonte: Cardoso et al, (2012) 

 

Quando estudado as células tronco mesenquimais do sangue do 

cordão umbilical de ovelhas pode ser observado seu alto poder de 
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diferenciação condrogênica, osteogênica e adipogênica (FADEL et al., 2011; 

FUCHS et al., 2005; JAGER et al., 2006). 

Quando comparado o poder de diferenciação das células em relação 

aos equinos, o sangue do cordão umbilical se diferenciou em células 

adipogênicas, condrogênicas, osteogênicas, hepatogênicas, miogênicas 

(BURK et al., 2013; CARRADE et al., 2012; DE SCHAUWER et al., 2011; DE 

SCHAUWER et al., 2012; DE SCHAUWER et al., 2013; DE SCHAUWER et 

al., 2014; KANG et al., 2013; TOUPADAKIS et al., 2010) e tenogênica 

(MOHANTY et al., 2014), já as células da geléia de Wharton também 

apresentaram grande poder de diferenciação, se transformando por seu alto 

poder em se diferenciar em células neurogênicas além das encontradas 

anteriormente como adipogênica, condrogênica e osteogênica (BARBERINI et 

al., 2014; BURK et al., 2013; CARRADE et al., 2012; DE SCHAUWER et al., 

2014; LANGE-CONSIGLIO et al., 2011; LOVATI et al., 2011; MARTINO et al., 

2011; PAEBST et al., 2014; TOUPADAKIS et al., 2010).  

Quanto aos carnívoros, as células da geléia de Wharton em cães 

apresentam alto potencial de diferenciação osteogênica, condrogênica, 

adipogênica e neurogênica (FILIOLI URANIO et al., 2014; KANG et al., 2012; 

LEE et al., 2013; RYU et al.,  2012; SEO et al., 2012;), enquanto que as 

células do sangue do cordão umbilical apresentaram potencial osteogênico, 

condrogênico e neurogênico (JANG et al., 2008; SEO et al., 2009). Já em 

gatos, foram estudadas somente as células do sangue do cordão umbilical, 

apresentando alto poder de diferenciação neurogênico (JIN et al., 2008).  

Os bovinos apresentaram alto poder de diferenciação muito parecidos 

tanto para as células do sangue do cordão umbilical quanto para as células da 

geléia de Wharton, se diferenciando em células adipogênicas, condrogênicas 

e osteogênicas (CARDOSO et al., 2012; RAOUFI et al., 2011; SINGH et al., 

2013), e também foi encontrado alto poder de diferenciação neurogênica 

quando estudada as células da geléia de Wharton (CARDOSO et al., 2012).   

Nos caprinos e nos búfalos foram estudadas somente as células da 

geléia de Wharton e ambos apresentaram alto poder de diferenciação 
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osteogênica, condrogênica e adipogênica (AZARI et al., 2011; BABAEI et al., 

2008; CO et al., 2014; PRATHEESH et al., 2014; SREEKUMAR et al., 2014). 

E finalizando, em suínos, onde foram estudadas as células do sangue 

do cordão umbilical e geléia de Wharton, mostrando também alto poder de 

diferenciação osteogênica, adipogênica e condrogênica (KANG et al., 2012; 

KUMAR et al., 2007) e neurogênica (CARLIN, et al., 2006; MITCHELL, et al., 

2003). 

Tendo a comparação ou não das células do sangue do cordão 

umbilical e das células da geléia de Wharton, pode-se observar a alta 

capacidade de diferenciação celular que os mesmos apresentam, podendo 

ser utilizados em tratamentos futuros e métodos preventivos. E embora sendo 

muito utilizada na medicina humana a implantação em animais ainda é 

bastante limitada, e por este motivo, os estudos são realizados com cordão 

umbilical de bovinos – por sua semelhança gestacional aos humanos – a fim 

de encontrar as respostas necessárias para seu uso frequente dentro das 

clínicas proporcionando melhor qualidade de vida aos mesmos.   
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2 OBJETIVO 

 

 

 Geral: Possibilidade de obtenção de células-tronco 

mesenquimais oriundas do cordão umbilical de bovinos nos três trimestres de 

gestação para fins biotecnológicos e terapêuticos em animais de produção. 

 

 Específico: Geléia de Wharton como fonte potencial de célula-

tronco mesenquimais. 
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3 CONCLUSÃO 

 

 

 As células-tronco mesenquimais obtidas da geléia de Wharton 

do cordão umbilical de bovinos nos diferentes trimestres de gestação são 

células indiferenciadas capaz de se diferenciar em vários tecidos do corpo, 

abrindo uma série de possibilidades no campo terapêutico, científico, 

reprodutivo e demais áreas de conhecimento produzindo melhor qualidade de 

vida. 
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ABSTRACT - The possibility for isolating bovine mesenchymal multipotent 

stromal cells (MSCs) from fetal adnexa is an interesting prospect due to the 

potential use of these cells in biotechnological applications. However, little is 

known about the properties of these progenitor cells in the bovine species. 

Wharton‟s jelly (WJ) MSC cells were obtained from the umbilical cord of 

bovine fetuses at three different stages of pregnancy and divided into groups 

1, 2 and 3 according to gestational trimester. Cell morphology, from three 

stages of pregnancy, typically appeared fibroblast-like spindle shape, 

presenting the same viability and number. Moreover, the proliferative ability of 

T cells in response to a mitogenic stimulus was suppressed when WJMSC 

cells were added to the culture. Multilineage properties were confirmed by 

their ability to undergo adipogenic, osteogenic/chondrogenic and neurogenic 

differentiation. Mesenchymal phenotyping, CD105+, CD29+, CD73+, CD90+ 

cell markers were detected in all three cell groups, yet these markers were 

considered more expressed in MSCs of Group 2 (p<0.005). Expression of 

cytokines IL2, IL6RR, INFAC, INFB1, IFNG, TNF and LTBR were 

downregulated; whereas IL1F10 expression was upregulated in all tested 

WJMSCs. The present study demonstrated that WJMSCs harvested from 

bovine umbilical cord at different gestational stages showed proliferative 

capacity, immune privileged and stemness potential. 

  

Key words:  Stem cells, umbilical cord, immunomodulation, bovine  
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INTRODUCTION 

 

 

Wharton´s jelly (WJ) is the primitive mucous, connective tissue of the 

umbilical cord, lying between the amniotic epithelium and umbilical vessels 

(TAGHIZADEH et al., 2011; TROYER; WEISS, 2008). First described by 

Thomas Wharton in 1656, this structure is composed mainly by proteoglycans 

and collagen (CORRAO et al. 2013; CREMONESI et al., 2011). In 2006, in 

order to pursue standardization, the Mesenchymal and Tissue Stem Cell 

Committee (ISCT) proposed: mesenchymal cells must be designed as 

multipotent mesenchymal stromal cells (MSC); be adherent to plastic culture 

ware; specific surface antigen expression; multipotent differentiation potential 

(CALLONI et al., 2014; DOMINICI et al., 2006; IACONO; MERLO, 2015).  

The MSC population in WJ of umbilical cord (UC) present properties 

that make it of interest (PHAM et al., 2015). For example, these cells are easy 

to harvest by non-invasive procedures, provide large number of cells without 

risk to the donor, can be expanded, genetically manipulated and differentiated 

in vitro (CALLONI et al., 2014; CORRAO et al., 2013; CREMONESI et al., 

2011; TROYER; WEISS, 2008). The immunogenicity of WJMSC was firstly 

proposed but was not clear at present, although immunossupressive effects of 

bone marrow MSC have been extensively studied and tested in several animal 

species (DE MIGUEL et al., 2012; MUKONOWESHURO et al., 2014; WEISS 

et al., 2008).  Several studies have described WJMSC properties harvested 

from pregnant women at birth (PRASANNA et al., 2010). Noneheless, WJMSC 

from bovine (CARDOSO et al., 2012) and from buffaloes have been reported 

only recently (SINGH et al., 2013). However, bovine MSCs derived from 

umbilical cord blood (UCBMSCs), amniotic fluid (AFMSCs) and bone marrow 

(BMMSCs) have been described (CORREDETTI et al., 2013; CORTES et al., 

2013; LU et al., 2011; RAOUFI et al., 2011). Despite of the importance of 

bovine species as a model for in vitro studies and bovine pregnancy lasts 280 

days, like in human beings, there is a lack of information about WJMSCs 
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isolated during cow pregnancy. In contrast with MSCs from different sources, 

the characterization of bovine MSCs is far from being completely understood 

and contradictory information do emerge from the literature. 

The aim of this study was to isolate and propagate bovine WJMCS cells 

collected from umbilical cords at three trimesters of pregnancy. Additionally, 

comparisons were made regarding to cell viability, T-cell inhibition, telomerase 

activity, cell proliferation, phenotype, multipotency and immunomodulatory 

gene expression. This study highlights the possibility potential source of 

multipotent MSCs and may support their therapeutic and biotechnological use 

in large animals.  

  

 

MATERIALS AND METHODS 

 

 

ISOLATION OF WJMSC FROM BOVINE UMBILICAL CORD AT 

DIFFERENT STAGES OF PREGNANCY 

 

 

Bovine umbilical cords (UC) were harvested at a slaughterhouse from 

pregnant Nelore cows (n=18). The bovine pregnancy was divided into three 

trimesters, as done in humans and gestational periods were estimated by 

measuring crown rump length of the fetuses.  The first trimester corresponded 

from 0 to 93 days (n=6 UC; Group 1; Figura 1a); second trimester from 94 to 

187 days of pregnancy (n=6 UC; Group 2; Figura 1b), and more six umbilical 

cords were from third trimester, 188-term of pregnancy corresponded to Group 

3 (Figura 1c). UCs were collected according to the Animal Care Committee at 

University of São Paulo State, Brazil, and were conserved at room 

temperature in sterile phosphate buffered saline (PBS) supplemented with a 

penicillin/streptomycin solution containing  penicillin 100µg/ml, streptomycin 

10µg/ml and amphotericin B 250µg/ml (Sigma-Aldrich, St Louis, MO, USA) 
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until use (within 3 h). Bovine umbilical segments were sectioned longitudinally 

to expose the WJ after 3 h. Some incisions were made on the matrix and UC 

fragments transferred to 25 cm2 tissue culture flasks (TPP®, Zollstr, SW). The 

initial culture and cell expansion were performed as described previously 

(CARDOSO et al., 2012). The pictures were taken to observe cell morphology 

for each group at passage 6 (P6) (Figura 1d, e, f), harvested and expanded 

until they reached subconfluence and analyzed for their capacity for colony 

forming, viability, T-cell proliferation, telomerase activity, phenotype, and 

differentiation as well as for immunomodulatory transcripts. 

 

  

CELL VIABILITY, T-CELL PROLIFERATION, TELOMERASE ACTIVITY 

AND CELL EXPANSION 

 

 

Assays for cell viability, T-cell proliferation and telomerase activity were 

performed according to previous study (CARDOSO et al., 2012). Briefly, cell 

viability analysis were performed using the In Vitro Toxicology Assay® Kit, 

MTT-based assay (TOXI-1 Kit; Sigma-Aldrich®) following the manufacturer‟s 

instructions. In order to evaluate T-cell proliferation, culture and stimulation 

were performed according to previous study (CARDOSO et al., 2012). 

Lymphoproliferation was evaluated as counts per minute by a Matrix9600 beta 

counter (Packard Instrument Co., Meridien, CT). The ConA was used at 5 

µg/ml, PMA and ionomycin at concentration of 50 ng/ml and 1 µg/ml, 

respectively (Sigma-Aldrich®). A TRAPeze® Telomerase Detection Kit 

(Millipore™, CA, USA) was used to assess the telomerase activity in all groups 

(Cardoso et al. 2012). The samples were considered positive when the optical 

density (OD) was ≥ 0.2 and were negative when OD was ≤ 0.2. All reported 

values are means of triplicate samples.  
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 Doubling time for passages (1-10) was performed following the procedure 

described previously (CORRADETTI et al., 2013). Data representative of three 

independent experiments was recorded. 

 

 

IN VITRO MULTILINEAGE DIFFERENTIATION ASSAY 

 

 

The differentiation potential of bovine-derived WJMSC cells was 

examined using cells at passage number 6 (P6) in all cell groups according to 

a previous study (CARDOSO et al., 2012; SILVA et al., 2016). For all 

procedures 2 x 105 cells/ml were submitted to osteogenic, chondrogenic, 

adipogenic and neurogenic differentiation according to the manufacturer‟s 

instructions (STEMPRO® differentiation medium, Invitrogen®). The 

neurogenic differentiation was adapted from previous studies (Oda et al. 

2013). For osteogenic/chondrogenic differentiation, 2 ml of STEMPRO® 

osteogenic/chondrogenic differentiation medium was added to undifferentiated 

cultures added of osteogenic and chondrogenic commercial inducers 

(STEMPRO®). After 15 days of differentiation, cells were fixed with 4% of 

paraformaldehyde (Sigma-Aldrich®). For osteogenic differentiation, the 

Alizarin Red staining (Sigma-Aldrich®) was performed (YANG et al., 2015); 

and for chondrogenic differentiation 0.5% of toluidine blue solution was added 

(CARDOSO et al., 2012).  

The adipogenic differentiation followed the described protocol 

(CARDOSO et al., 2012; SILVA et al., 2016). In order to verify adipocytes, the 

Oil Red staining was performed (CARDOSO et al., 2012). The differentiation of 

bovine-derived WJMSC cells into neural-like cells followed the procedure 

described previously, with some modifications (CARDOSO et al., 2012; ODA 

et al., 2013; SILVA et al., 2016). The neuronal differentiation was confirmed by 

immunofluorescence for GFAP and nestin cell markers as described 

previously (CARDOSO et al., 2012). From each experiment, samples from cell 
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differentiation and undifferentiated cells were harvested for multilineage gene 

transcription among three studied groups as described below. 

 

 

FLOW CYTOMETRY 

  

 

Briefly, 2 x 105 cells at P6 were harvested, washed in PBS and 

incubated for 18 h at 4 ºC with monoclonal antibodies: CD34 (hematopoietic 

precursor cells and MSCs); CD45 (anti-bone marrow lymphoid cells); CD90 

(anti-THy1 antigen); CD105 (anti-endoglin); CD29 (anti-integrin β1) all diluted 

at 1:50; CD73 (anti-nucleotidase) diluted at 1:25 (Sigma-Aldrich®).  After, cells 

were washed three times with PBS plus 0.1% Triton X-100 and 1:50 dilution of 

the secondary antibody, represented by goat anti-mouse labeled to FITC 

(Sigma-Aldrich®), was added to 100 µl of cell suspension, and incubated at 37 

ºC for 30 min. The cell suspension was washed as previously described, and 

after the final wash, cells were fixed with 4% paraformaldehyde. Data were 

captured with the Attune™ acoustic focusing cytometer system (Applied 

Biosystems®, Foster City, CA, USA). The equipment setting were defined as 

an initial threshold: 2.500 events/seconds, BL1A filter (488 nm emission) 300 

voltage, SSC (scatter complexity) 250 V and FSC (forward scatter) 220 V.  

After first acquisition, a dot plot graph was obtained and the global 

compensation was performed to exclude unspecific signals and cell debris (> 

103 cells were excluded). Only one fluorophore was used in this analysis, so 

these parameters could be applied in all analyses. The data were expressed in 

histogram graph. 

 

 

 

 

 



53 
 

MICROARRAY ANALYSIS 

  

 

Total RNA was isolated from all groups, corresponding to WJMSCs (5 x 

105 cells) in triplicate after trypsinization, according to Qiagen RNeasy 

System™ (Qiagen, Hilden, Germany) manufacture´s guide. The total RNA was 

treated with DNAse and reverse transcribed into cDNA using a reverse 

transcriptase (Superscript III, Life Technologies, Inc., Carlsbad, CA). The 

Axiom® Genome-Wide BOS 1 Array was used to transcriptome analysis 

(Affymetrix, Santa Clara, CA). This commercial array was designed to 

maximize genetic coverage of commercially important cattle breeds, including 

Bos taurus, Bos indicus, dairy and beef cattle breeds as well as. The array 

covers more than 640,000 validated transcript markers representing the 

genetic diversity of approximately 3 million from Affymetrix Bovine Genomic 

Database. After hybridization, gene chips were washed and stained with SA-

PE and read using an Affymetrix Gene Chip fluidic station and scanner. 

Analyzed genes, corresponding to positive markers of MSCs, immune related 

genes and MSCs multipotency, are detailed on Table 1. The average 

expression was calculated, and Log2 transformed for each gene by Affymetrix 

Microarray Suite 5.0.  

 

 

STATISTICAL ANALYSIS 

 

 

All statistical analyses were performed using SAS 9.1.2 software 

package (SAS Institute, Inc.). Data are presented as mean ± SD. Three 

replicates for each experiment were performed and the results represent these 

replicates. One-way analysis of variance (ANOVA) for multiple comparisons or 

two tailed student t-test, whenever applicable by GraphPad Prism 6.05. A level 

of p<0.005 was accepted as significant. 
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RESULTS 

 

 

ISOLATION AND CHARACTERIZATION OF WJMSCS 

 

 

WJMSCs were cultured individually only during the first passage. After 

P1, all WJMSCs from each group were transferred to a unique culture flask 

and proceeded as lineages. The formation of fibroblast-like cells was observed 

around the second day and in vitro cell expansion was performed until 10 

consecutive passages for all groups (Figura 1d, e, f).  

The culture conditions were able to promote good cell viability, > 80% 

after 10 P for all groups; induced inhibition of T-cell proliferation; telomerase 

activity at satisfactory levels (Figura 2a, b, c, respectively). The percentage of 

living cells was maintained approximately constant when the passage number 

remained at a constant level of 10 (Figura 2a). The addition of WJMSC cells to 

blood monocytes stimulated with ConA or PMA/ionomycin inhibited their 

proliferation less than 20% in comparison to no addition of WJMSC cells, 

whereas 80% of proliferation for all groups was observed (p<0.005). In 

addition, the activity of telomerase was verified and in all groups after 6P same 

activity could be observed (Figura 2c). The doubling time was measured, 

calculated, and drawn as a graph whereas consistently increasing rate of 

growth at P6, observed for each group, respectively (Figura 3a, b, c). 
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MULTILINEAGE DIFFERENTIATION AND PHENOTYPIC 

CHARACTERIZATION  

 

 

Pluripotency was confirmed by the ability of WJMSCs cells to 

differentiate into osteocytes, adipocytes, chondrocytes, and neuron-like cells. 

Undifferentiated cells were included in all analysis (Figura 3a, e, i, 

corresponded to Group 1, Group 2, 3, respectively). Osteogenic differentiation 

was detected by the matrix calcification shown by Alizarin red staining (Figura 

3 b, f, j, corresponded to group 1, 2, 3, respectively). After induction, 

adipogenic differentiation high number of very small lipid vacuoles that stained 

positively using Oil Red solution was visualized in group 1, 2 and 3 (Figura 3c, 

g, l, respectively). Chondrogenic differentiation was confirmed by blue deposits 

representing glycosaminoglycans (Figura 3d, h, m, corresponded to group 1, 

2, 3, respectively). The neurogenic induction was confirmed by positive 

staining for GFAP and nestin neuro markers in Group 1 (Figura 5b, c), Group 2 

(Figura 5e, f) and Group 3 (Figura 5h, i). Undifferentiated cells were also 

included in group 1, 2 and 3 as control (Figura 5a, d, g, respectively).   

The phenotype of WJMSCs obtained from three groups was 

characterized using flow cytometry (FC) analysis (Figura 6, 7, 8 corresponding 

to group 1, 2, 3, respectively). All WJMSCs revealed negative results for CD45 

and CD34 surface markers at FC analysis in group 1, 2 and 3 (Figura 6a-b, 

7a-b, 8a-b, respectively). However, positive results for CD105, CD29, CD73 

and CD90 surface markers were recorded at the same rate of 104 cells for all 

groups (Figura 6, 7, 8). In-Group 1 (Figura 6c), CD105 positive cells were 

considered at lower rate (45%) when compared to Group 2 (81%; Figura 7c), 

in groups 2 and 3 (Figura 7e, f; Figura 8e, f, respectively), CD73 (92% and 

78%; p< 0.005) and CD90 (96% and 79%) were higher expressed, 

respectively (p<0.005). In comparison, group 2 revealed superior expression 

of positive markers of MSCs in this study (Figura 7a-f). 
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GENE EXPRESSION PROFILE  

 

 

Genes described as being involved in MSCs characterization revealed 

consistent results with flow cytometric analysis. High transcription levels for 

MSCs markers THY1 (CD90), NT5E (CD73), ITGB1 (CD29), ENG (CD105) 

and low levels for CD34 and PTPRC (CD45) were found among WJMSCs 

(Figura 9a, b, c). When stimulated to differentiate towards adipogenic, 

chondrogenic and neurogenic lineages, WJMSCs showed substantial 

transcriptional expression of LEP, FABP4, PPARD, COL1A1, SOX9, GFAP 

and NES for all WJMSCs (Figura 9a, b, c). The WJMSCs potential to undergo 

chondrogenesis showed higher pattern of COL1A1 gene expression at Group 

2 in comparison to group 1 and 3 (Figura 9b). From the factors measured in 

this study, IL2, IL6R, INFAC, INFB1, INFG, TNF and LTB, considered pro-

inflammatory cytokines, were genetically down regulated in all WJMSCs tested 

(Figura 9a, b, c; p<0.005). However, IL1F10 was noticeably upregulated, in 

microarray analysis (Figura 9a). The lack of JSP.1 and DSB (MHCI and II) 

expression could be observed in this study, amongst WJMSCs from all groups 

(Figura 9a-c). 

 

  

DISCUSSION 

 

 

Extra-gestational tissues have been widely suggested as ideal sources 

of mesenchymal cells due to their no-invasive harvest, being most of the time 

all biological material discarded (IACONO; MERLO, 2015; TROYER; WEISS, 

2008). Up to the present, limited reports are available regarding to the isolation 

and characterization of Wharton´s jelly derived MSC in farm animal species 

(CARDOSO et al., 2012; CARLIN et al., 2006; CORRADETTI et al., 2008; 

SINGH et al., 2013). As previously reported, herein WJMSCs demonstrated at 
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all gestational periods, satisfactory telomerase activity, viability and MSCs 

surface markers according to previous studies (CARDOSO et al., 2012). In 

spite of the fact that non-bovine monoclonal antibodies were used here, 

several reports have described cross-reaction between animals and human 

MSCs epitopes (GODOY et al., 2014). Moreover, THY1 (CD90), NT5E 

(CD73), ITGB1 (CD29) and ENG (CD105) transcripts were confirmed by flow 

cytometric analysis, confirming the stem cell potential of WJMSCs in this 

study.  

Studies on the isolation and characterization of MSCs from fetal adnexa 

in humans are rapidly advancing (CORRAO et al., 2013; GOTTIPAMULA et 

al., 2013; TROYER; WEISS, 2008; WEISS et al., 2008). Some authors 

reported that MSCs isolated from human umbilical cord matrix, precisely from 

Wharton´s jelly, could be used for therapy of some diseases such amyotrophic 

lateral sclerosis and Parkinson´s disease, even in cancer treatment (CORRAO 

et al. 2013; TROYER; WEISS, 2008). However, studies in animal models are 

still in their infancy. MSCs have been isolated from umbilical cord matrix of 

cattle, pigs, goats, horses and dogs (CARDOSO et al., 2012; CREMONESI et 

al., 2008; URANIO et al., 2011). The bovine model could have a critical role in 

studying fetal adnexa MSC sources, mainly by the similarity to human 

gestational time.  Our study aimed specifically to isolate, expand in vitro, and 

characterize WJMSCs harvested at different gestational stages. Previous 

studies reported the isolation of WJMSCs from bovine umbilical cord at birth, 

successfully growing them in culture without fetal calf serum showing 

pluripotency capacity (CARDOSO et al., 2012; SILVA et al., 2016). Moreover, 

a recent study has demonstrated that bovine MSCs isolated from amniotic 

fluid and adipose tissue could be an alternative for nuclear transfer (SILVA et 

al., 2016). In both studies, the size of bovine MSC derived-Wharton´s Jelly 

cells was found to be smaller when compared to human studies 

(GOTTIPAMULA et al., 2013; PHAM et al., 2015; TAGHIZADEH et al., 2011) 

and ruminants MSC-derived from different fetal adnexa sources (CARDOSO 
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et al., 2012; CORRADETTI et al., 2013; CORTES et al., 2013; RAOUFI et al., 

2011; SOMAL et al., 2016).This finding must be investigated in future studies. 

The in vitro differentiation results support the findings already reported 

for bovine MSC (CORREDETTI et al., 2013; CORTES et al., 2013; LU et al., 

2011; RAOUFI et al., 2011). All WJMSC show high plasticity, being able to 

differentiate into multiple germ layers, mesoderm and ectoderm. These 

achieves are in agreement to all studies regarding to bovine MSC and among 

other species (CREMONESI et al., 2008; ODA et al., 2013; URANIO et al., 

2011). WJMSCs, when stimulated to differentiate toward adipogenic lineage, 

expressed high level of LEP gene that is regarded as intermediate and late 

marker of adipocyte differentiation, which may be lead to a distinct 

differentiation characteristic of stem cell, in all gestational periods. The 

WJMSCs potential to undergo osteogenesis/chondrogenesis showed higher 

pattern of expression of OMD, POST, OSTF1, and COL1A1, respectively in all 

groups. As demonstrated previously, WJMSCs proved the ability to undergo 

astrocyte differentiation, confirmed by GFAP expression already demonstrated 

for other species (ODA et al., 2013). Taken these results together, it seems 

that all gestational periods have provide WJMSCs with stemness attributed to 

MSCs according to International Society for Cellular Therapy (DOMINICI et al., 

2006). 

Since MSCs are trapped within the Wharton´s jelly between day 4 and 

12 of embryonic development, and reside there for the whole gestation, they 

can be harvested after birth of newborn and during pregnancy (TAGHIZADEH 

et al., 2011). Therefore, WJMSCs that formed during earliest ontogenic period 

result in significant expansion potential compared to bone marrow 

mesenchymal cells (TROYER; WEISS, 2008). 

There is a considerable controversy regarding the immunogenicity of 

human MSCs in the literature (DE MIGUEL et al., 2012; MUKONOWESHURO 

et al., 2014; WEISS et al., 2008), and a lack of information about bovine 

MSCs. However, porcine umbilical cord-derived stem cells did not induce a 

considerable immune response in vivo but stimulation with interferon gamma 
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or injection in an inflamed region resulted in immunogenicity (PONCELET et 

al., 2007). Inflammatory situation prevails during any injury and MSCs could 

be exposed to such stimuli in many clinical conditions. Not only neighboring 

cells but also environmental factors like systemic or local inflammation can 

influence the immune behavior of MSCs (PONCELET et al., 2008).  Recent 

report in fact indicate the role of inflammatory cytokines in effecting functions 

of mouse MSCs (MUKONOWESHURO et al., 2014).  

From the factors measured in this study, IL2, IL6R, INFAC, INFB1, 

INFG, TNF and LTBR, considered pro-inflammatory cytokines, were 

genetically down regulated in all bMSCs tested. IL10 cytokyne is produced by 

both myeloid and lymphoid cells. However, it is a good immune suppressor, 

although some stimulatory effects have been described Therefore, IL10 

cytokine is recognized by its effect on T-cells, macrophages and monocytes 

for suppress inflammation processes (MUKONOWESHURO et al., 2014; 

PRASANNA et al., 2010).  However, when IL1F10 is express it will down 

regulate JSP.1 (MHC I) as revealed in WJMSCs cultures. These findings are 

in accordance to what have been described in human MSCs (WEISS et al., 

2008). Results described previously revealed that MSC possess 

immunosuppressive properties, however they might not be immunoprivileged 

(DE MIGUEL et al., 2012). The lack of DSB and low JSP.1 expression, 

observed in this study, is thought to be, in part, responsible for their WJMSC 

immunoprivileged status, which would mean allogeneic bovine MSC could be 

used without the risk of immune rejection, a scenario that is attractive for 

tissue comparative studies.  

These findings demonstrated the complexity of studying immunological 

properties of WJMSCs in vitro, as well as, the difficulty of distinguishing 

between optimal gestational stages in order to collect Wharton´s jelly cells with 

optimal stemness properties. Finally, WJMSCs collected from bovine umbilical 

cord at all gestational period showed similar stemness properties. 
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FIGURES CAPTIONS 

 

 

 

FIGURA 1 - Bovine umbilical cords analyzed in this study. (a) 0 to 93 days 

corresponding to Group 1; (b) 94 to 187 days corresponding to Group 2; (c) 

188-term of pregnancy corresponded to Group 3, bar 500-µm. (d) ex vivo 

cultured cell obtained from Wharton´s jelly zone corresponded to Group 1; (e) 

Group 2 and (f) Group 3. After P6 spindle-shaped fibroblast-like appearance 

can be observed under phase contrast microscopy. Bar 40-µm. 
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FIGURA 2 - Cell viability, inhibition of T-cell proliferation and telomerase 

activity.  (a) Viability of WJMSC cells measured by MTT based assay at 2, 6 

and 10P. Data are expressed as mean ± standard deviation (s.d) of values 

obtained from four different experiments; (b) Ability of bovine WJMSCs cells to 

inhibit T-cell proliferation in response to mitogens at 6P, p<0.005 obtained 

from four different experiments; (c) Telomerase repeat amplification results 
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obtained from four different experiments. Bars represent all groups at 2P, 6P 

and 10P. 
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FIGURA 3 - Doubling time over ten passages during cell culture from group 1 

(d), 2 (e) and 3 (f). X-axis is represented by number of cell passage and Y-axis 

by days of culture. Data are expressed as mean ± standard deviation (s.d) of 

values obtained from four different experiments * p< 0.05. 
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FIGURA 4 - Photomicrographs representative of the morphological 

appearance. For each differentiation protocol, undifferentiated cells were kept 

as controls for group 1 (a), 2 (e) and 3 (i). Osteogenic differentiation was 

confirmed after Alizarin Red staining (Group 4-b, Group 4-f, Group 4-j; arrows), 

adipogenic differentiation after Oil red staining (Group 4-c, Group 4-g, Group 

4-l; arrows) and chondrogenic differentiation after Toluidine blue staining 

(Group 4-d, Group 4-h, Group 4-m; arrows) differentiation of bovine-derived 

WJMSCs cells at P6. 
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FIGURA 5 - Photomicrographs representative of the morphological 

appearance of neuro-like cells after neurogenic induction visible under 

immunofluorescence microscopy positive GFAP (Group 1-b; Group 2-e; Group 

3-h) and Nestin (Group 1-c; Group 2-f, Group 3-i) cell markers (scale bar: 20 

µm). Undifferentiated cells were kept as controls for group 1 (a), 2 (d) and 3 

(g). 
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FIGURA 6 - Flow cytometry analysis of WJMSCs surface markers 

corresponded to group 1. X-axis corresponds to the number of positive labeled 

cells detected by BL1A filter (488 nm). Y-axis is cell count (log scale). The data 

obtained from four different experiments were processed using Attune™ 

acoustic focusing cytometer. For CD45 and CD34 data are illustrated in a-b 

(Group 1). For CD105, CD29, CD73 and CD90 the results are illustrated in c-f. 
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FIGURA 7 - Flow cytometry analysis of WJMSCs surface markers 

corresponded to group 2. X-axis corresponds to the number of positive labeled 

cells detected by BL1A filter (488 nm). Y-axis is cell count (log scale). The data 

obtained from four different experiments were processed using Attune™ 

acoustic focusing cytometer. For CD45 and CD34 data are illustrated in a-b 

(Group 2). For CD105, CD29, CD73 and CD90 the results are illustrated in c-f. 
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FIGURA 8 - Flow cytometry analysis of WJMSCs surface markers 

corresponded to group 3. X-axis corresponds to the number of positive labeled 

cells detected by BL1A filter (488 nm). Y-axis is cell count (log scale). The data 

obtained from four different experiments were processed using Attune™ 

acoustic focusing cytometer. For CD45 and CD34 data are illustrated in a-b 

(Group 3). For CD105, CD29, CD73 and CD90 the results are illustrated in c-f. 
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FIGURA 9 - Transcriptome analysis of WJMSCs surface markers, 

multipotency differentiation and immune related genes from group 1, 2 and 3. 

Relative gene expression are represented as mean + sd obtained from four 

different experiments. Unbroken line was positioned on the average negative 
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known markers of MSCs. Genes with relative expression values above this 

line were considered up-regulated and were analyzed in comparison to control 

consisted of bovine T-lymphocyte population. a) Group 1; b) Group 2 and c) 

Group 3. 
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TABLE 1 - Specifications of (Bos taurus) cattle gene name, description and 

location searched by microarray 

 

 


