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Pluripotency, the capacity of a cell to give 
rise to differentiated derivatives that rep-
resent each of the three primary germ lay-
ers, belongs to the cells that are located 
within the inner cell mass (ICM) of the 
developing blastocyst. Functional studies 
have identified a group of transcription 
factors, the pluripotency transcription fac-
tors that affect the pluripotent capacity.1 
Within this group, the transcription fac-
tors Oct4 (Pou5f1), Nanog and Sox2 are 
crucial for the efficient maintenance of 
pluripotent cell identity.1 During mouse 
development, the specification of pluripo-
tent cell identity requires the embryonic 
genome to express Oct4 and Nanog,1 but 
not Sox2,2 perhaps owing to the pres-
ence of long-lived maternal Sox2 protein. 
Pluripotency transcription factors regulate 
stem cell pluripotency and differentiation 
via the colocalization and the coopera-
tion with each other, polycomb repressive 
complexes (PRC) and microRNAs in the 
transcriptional and epigenetic regulation 
of key stem cell genes.3

Stem cell is a specific cell population 
with the abilities of self-renewal and mul-
tipotent differentiation. According to the 
origin and potentiality of the cells, mam-
malian stem cells could be classified into 
two groups: one is embryonic stem cells 
(ESCs), which are isolated from ICM of 
blastocysts; the other is adult stem cells, 
such as hematopoietic stem cells, neural 
stem cells and mesenchymal stem cells 
(MSCs), which are found in adult tissues. 
In addition, it has been demonstrated 
that somatic cell can be reprogrammed 
to pluripotent-like stem cells, otherwise 
known as induced pluripotent stem-
like cells (iPS) by overexpressing specific 
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pluripotency transcription factors, includ-
ing Oct4, Sox2, c-Myc and Klf4, or Oct4, 
Nanog, Sox2 and Lin28.4

Expression of pluripotency transcrip-
tion factors is restricted to pluripotent 
cells and is downregulated upon differen-
tiation.1 In mouse ESCs, downregulation 
of Oct4 induces the differentiation into 
trophoblast lineage, while reduction in 
Nanog induces differentiation into extra-
embryonic endoderm.5 However, the roles 
of these pluripotency transcription factors 
in maintaining ESC self-renewal and dif-
ferentiation are not the same across human 
and mouse. Z. Wang and his colleagues 
investigated the roles of Oct4, Nanog and 
Sox2 in human ESCs using the Lentiviral-
knockdown system.6 They identified that 
high levels of Oct4 and Nanog, rather than 
Sox2, are indispensable for maintaining 
self-renewal of human ESCs. Moreover, 
they found Oct4 directly inhibits the 
BMP4 signaling pathway, which activates 
mesoderm and extraembryonic ectoderm/
endoderm differentiation, while Nanog 
acts as a repressor of neural crest and neu-
roectoderm lineage (Fig. 1A).

MSCs have somewhat similar stem cell 
properties to ESCs with regards to their 
maintenance and differentiation poten-
tial. Many studies also demonstrated the 
expression of pluripotency transcription 
factors in MSCs and their involvement 
in regulation of stem cell properties.7 
However, the expression and the roles of 
these pluripotent genes in adult stem cells 
have been controversial, since knockout of 
Oct4 did not affect the ability of MSCs 
in colony formation and differentiation 
into bone, fat and cartilage.8 To clarify 
the roles of pluripotency transcription 

factors in MSC maintenance, we first 
demonstrate that MSCs expanded under 
normoxic conditions underwent signifi-
cant changes in cell proliferation rate, 
differentiation potential and expression of 
developmental markers and tissue-specific 
genes and also decreased in the expression 
of Oct4 and Nanog.9,10 Our recent studies 
further demonstrated that the expression 
of Oct4 and Nanog was higher in MSCs 
at early passage (E), in hypoxic culture 
(H) and with p21 knockdown (p21KD) 
compared with MSCs at late passage (L), 
in normoxic culture (N) and with scram-
bled shRNA-overexpression (Scr), respec-
tively.10 The expression of Oct4 and Nanog 
was not only localized in the nucleus, but 
associated with a less methylated pattern 
in the CpG regions of their promoters. 
Knockdown of Oct4 and Nanog in E, H 
and p21KD MSCs reduced cell prolifera-
tion rate and differentiation potential but 
induced the expression of higher levels of 
various developmental markers and tissue-
specific genes, while overexpression of 
Oct4 and Nanog in L, N and Scr MSCs 
increased cell proliferation rate as well as 
differentiation potential and inhibited 
spontaneous differentiation. These data 
suggest that Oct4 and Nanog are not only 
essential for the maintenance of pluripo-
tency in ESCs, but are also essential for 
maintaining MSC properties.

Our studies further demonstrated that 
Oct4 and Nanog directly bind to the pro-
moter of Dnmt1 and enhance its expres-
sion, which, in turn, downregulates the 
expression of cell cycle regulators such as 
p16 and p21 as well as development and 
lineage genes.10 Meanwhile, the bind-
ing sites for Oct4 and Nanog were only 
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Since our study is focused on the roles 
of Oct4 and Nanog in maintaining MSC 
properties, we have not checked whether 
the same phenomenon occurred in other 
stem cells or somatic cells. However, it 
would be interesting to know whether the 
regulation of Dnmt1 by Oct4 and Nanog 
is also found in other adult stem cells or 
pluripotent stem cells. Notably, overex-
pression of Dnmt1 also rescues somatic 
cells from serum starvation-induced 
upregulation of p16 and p21 as well as 
cell cycle arrest.10 This finding argues 
that Oct4 and Nanog control their down-
stream genes through indirectly control-
ling their expression by binding to the 
Dnmt1 promoter.

38 bases apart, suggesting that Oct4 and 
Nanog in MSCs, like in ESCs, work 
together to regulate downstream genes.3 
Moreover, MSCs, when treated with 
inhibitor of DNA methylation or trans-
fected with shRNA against Dnmt1, had 
decreased proliferation rate and differ-
entiation potential, but increased expres-
sion of genes associated with senescence 
and developmental regulators. These 
data suggest MSCs like ESCs undergo 
changes in methylation of pluripotency 
genes upon expansion in culture, and 
Oct4 and Nanog cooperatively induce 
Dnmt1 expression to regulate the pro-
liferative and undifferentiated states of 
MSCs (Fig. 1B).

Figure 1. Schematization of the potential signaling pathways that Oct4 and Nanog mediate to 
regulate self-renewal and differentiation of human ESCs and MSCs. (A) In human ESCs, Oct4 inhib-
its the BMP4 signaling pathway, which activates mesoderm and extraembryonic ectoderm/endo-
derm differentiation, while Nanog acts as a repressor of neural crest and neuroectoderm lineage. 
(B) In human MSCs, Oct4 and Nanog cooperatively induce Dnmt1 expression, which leads to DNA 
methylation and suppression of p16, p21, developmental markers and lineage genes, thereby 
promoting proliferation and maintaining undifferentiated states.




