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Introduction and objectives 

Embryonic stem cells (ES cells) are pluripotent stem cells obtained from the 
inner cell mass (ICM) of the blastocyst stage of the embryo. As pluripotent 
stem cells, they can differentiate into each of the germ layers which give rise 
to all the tissues of the body. 
 
The objectives of this work are to describe the extracellular factors, 
molecular pathways and main transcription factors involved in the regulation 
of pluripotency in mouse and human ES cells, the methods used to generate 
induced pluripotent stem cells (iPS cells) and their relevance in regenerative 
medicine. 

Massafret Surinyach, Ot 

Mammalian embryonic development 

Oct4 and Sox2 can act synergistically to regulate several pluripotency-related genes, including 
Nanog, by binding to Oct-Sox enhancers. Sox2 is dispensable to activate those enhancers, as other 
Sox-family proteins can also interact with them. However, it is reported that Sox2 is essential for 
maintaining pluripotency due to its ability to regulate multiple transcription factors which have a 
positive or negative effect on Oct4 expression. 

Regulation 

ES cells 

iPS cells are pluripotent stem cells generated from adult somatic cells, usually fibroblasts. The 
most well-known method to obtain them is the overexpression of the SOKM genes. 
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Figure 2. Representation of the procedure to obtain patient-specific iPS cells and 
thier medical applications. 
 

Reprinted by permission from Macmillan Publishers. Ltd: NATURE. Robinton DA, Daley GQ. The promise of induced pluripotent stem cells in research 
and therapy. Nature. 2012;481:295-305. Copyright (2012). 

Oct4 is expressed in the inner 
cell mass and its main role is to 
block differentiation into 
trophectoderm. However, an 
increase of only 50% over 
normal Oct4 expression can 
induce differentiation into 
endoderm and mesoderm 
lineages. Oct4-null embryos 
show defective lineage choice 
and die at implantation due to 
lack of pluripotent ICM cells. 

Sox2 is co-expressed with Oct4 in 
the ICM, and also in the 
trophectoderm. It is essential for 
the development of the 2-cell 
embryo to the blastocyst stage 
and for the trophectoderm 
formation. An overexpression of 
Sox2 triggers differentiation into 
the neuroectodermal lineage. 
Sox2-null embryos die due to a 
failure to form a pluripotent 
epiblast. 
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Maintenance of pluripotency 

Degree in Biotechnology · Faculty of Biosciences · Universitat Autònoma de Barcelona 

Mouse ESCs Human ESCs 

 

LIF 

Activates pluripotency-
related factors through 

Stat3. 

Not required for 
maintenance of pluripotency 

in cultured cells. 

 

BMPs 

Able to maintain 
pluripotency in 

cooperation with LIF. 

Causes differentiation into 
trophectoderm. Inhibition 

sustains pluripotency. 

TGF-β/ 

Activin

/Nodal 

Enhances self-renewal 
without affecting 

pluripotency. 

Promotes pluripotency by 
inducing Nanog  expression 

through Smad 2/3. 

 

FGF 

Triggers neuronal 
differentiation through 

ERK1/2. 

FGF2 blocks spontaneous 
differentiation and induces 

Nanog expression. 

 

Wnt 

Maintain pluripotency 
through inhibition of 

GSK-3β. 

Lack of data. Frizzled 
receptor 7 may contribute to 

maintain pluripotency. 

• Blocks differentiation into 
trophectoderm (TE).  

• Overexpression can induce 
differentiation into endoderm 
and mesoderm lineages.  

• It is essential for  the TE 
formation.  

• Overexpression of Sox2 can 
induce differentiation into the 
neuroectodermal lineage.  

• Can keep pluripotency in mouse 
ES cells without LIF. 

• Drives ICM cells to the epiblast.  
• Depletion causes differentiation. 

Oct4 Sox2 Nanog 

Figure 1. Oct-Sox enhancers are the most important 
regulatory elements in pluripotency-related genes. 
Many Sox-family proteins can form a complex with 
Oct4 and activate Oct-Sox enhancers, which control 
the expression of many genes involved in 
pluripotency, including Nanog. However, Sox2 is 
essential for maintaining pluripotency due to its 
unique ability to regulate multiple transcription 
factors which have a positive or negative effect on 
Oct4 expression.  
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Table 1. Effects of the extracellular factors used to maintain 
pluripotentcy in cultured mouse and human ES cells. They 
show notable differences in their culture conditions. 

Conclusions 

• The maintenance and regulation of pluripotency in embryonic stem cell is not simple at all. Some of the mechanisms and interactions  between regulatory molecules are still unknown. 
• Although several differences between mouse and human ES cells exist, especially on their culture requirements, the key genes which regulate pluripotency appear to be conserved. 
• Induced pluripotent stem cells have several advantages over ES cells, which project them as one of the best technologies in the future of regenerative medicine. 

 
 

Possibility of developing patient-
specific therapies. 
 

Can be used for disease modeling 
and drug screening. 

 
No risk of immunorejection. 
 
No need to manipulate human 

embryos. 
 

Less bioethical issues than ES cells. 
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