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Abstract
Embryonic Stem Cells (ESC) are type of cells capable of self-renewal and multi-directional differentiation. The self-renewal of ESCs is regulated
by factors including signaling pathway proteins, transcription factors, epigenetic regulators, cytokines, and small molecular compounds.
Similarly, non-coding RNAs, small and miRNAs also play an important role in the process. Functionally, the core transcription factors interact
with helper transcription factors to activate the expression of genes that contribute to maintenance of pluripotency, thereby inhibiting
expression of differentiation-related genes. In addition, cytokines such as leukemia suppressor factor (LIF) also activate downstream signaling
pathways and promote self-renewal of ESC. Particularly, LIF binds onto its receptor (LIFR/gp130) to activate downstream Jak-Stat3 signaling
pathway. In the absence of serum, BMP4 activates the downstream pathway and acts in combination with Jak-Stat3 to promote pluripotency
of ESCs. In addition, activation of another signaling pathway, Wnt-FDZ, has been observed to facilitate self-renewal of ESC. Small molecule
modulators of the above pathway proteins are widely used in in vitro culture of stem cells. The aspect of epigenetic status of ESCs is also critical
in maintenance of ESC self-renewal with various epigenetic regulators involved in maintaining this process. Similarly, non-coding RNAs have
been described to promote maintenance of self-renewal in ESCs. The described factors form signal networks that regulate self-renewal and
differentiation of embryonic stem cells. This paper reviews the role of the above factors in the self-renewal of embryonic stem cells.
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In vitro Culture and Stemness Maintenance of in regenerative medicine research [4], after then the ESC
derivation from earlier stages of embryos were reported [5,6].
Embryonic Stem Cells
Embryonic stem cells are a group of cells derived from
embryo blastocyst period, type of cell capable of self-renewal
and multi-directional differentiation [1]. During development,
ESCs can differentiate into cells of the ectoderm, mesoderm
and endoderm [2]. The entire development process is
controlled by multiple factors. For instance, ESCs maintains
their pluripotency by specifically expressing essential
transcription factors, while spatial and temporal expression
and silencing of genes related to cell fate determines cell
differentiation [3].

Unlike adult stem cells, ESCs are pluripotent and capable of
differentiating into all tissues and organs of adult animals
including germ cells under appropriate induction conditions
[7]. Meanwhile, under appropriate culture conditions, ESCs
are capable of indefinitely multiplying and maintaining selfrenewal. Despite the rapid development in adult stem cell
research in recent years, ESCs still play an irreplaceable role in
gene function analysis, developmental biology, drug design
and development [8]. Research in and utilization of ESCs are
therefore still one of the core issues in the field of stem cell
research.

Since the establishment of the first mouse ESC line by Martin
Evans et al. in 1981, research on ESC has been a hotspot

During in vitro culture of ESCs, specific culture conditions are
adopted to generate either a “steady”, or “ground” state [9]. In
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the initial stages of establishment and maintenance of ESC,
mouse fibroblasts were used as trophoblast cells and were
cultured on the feeder after irradiation or drug treatment.
Subsequent studies revealed that, during this process, the
role played by trophoblast cells was production of leukemia
inhibitory factor (LIF) [10-12]. However, in the presence
of serum, LIF can replace the function of trophoblast and
maintain ESC growth without differentiation. Later, it was
found that BMP4 played a beneficial role in growth of stem
cells and could therefore replace the serum requirements of
cells in the presence of LIF [13,14]. These discoveries enabled
researchers to grow stem cells in the presence of serum
and non-trophoblast cells, or in the serum replacement
condition in vitro [15], thereby greatly facilitating research
and application. Functional studies have confirmed that LIF
activates downstream JAK/STAT3 by binding onto receptor
LIFR and helper receptor gp130 [16], while BMP4 maintains
stem cell differentiation by activating Smad, which induces
helix-loop heliform basic protein production. In addition, the
core transcription factors Oct3/4 [17] and Nanog [18,19] also
play key roles in maintaining the ground state of stem cells.
In general, a number of transcription factors, include Oct4,
Nanog, Stat3, Sox2, c-Myc, Esrrb, Klf4, Ronin, Tcl1, Tbx3 and
Rest, with or without their co-interaction factors, have been
found to regulate mESC stemness [20-22].

Transcription factors act as molecular switches to activate
or inhibit gene expression and control the fate of cells during
development. Oct3/4, Sox2 and Nanog are core transcription
factors involved in maintaining pluripotency of ESC and
therefore play a key role in maintaining the ground state of
ESCs [35]. Of them, Oct-3/4 is the most important factor in
ESC. It is encoded by the Pou5f1 gene and contains 2 POU
domains. Conditional expression of Oct-3/4 in ESCs has been
shown to promote maintenance of pluripotency as well as
the ability of multipotent differentiation. On the other hand,
inhibition of Oct-3/4 expression results in loss of pluripotency
and the inability of multipotent differentiation. Oct4 has been
found to promote maintenance of pluripotency in ESCs but
cannot inhibit their differentiation [36], so as the mechanism
of OCT4 modifications [37,38]. Another transcription factor
that plays a key role in embryo formation is Nanog [39,40].
Expression of this factor occurs in the early stages of embryonic
development with an expression in undifferentiated
compared to differentiated mouse or human stem cells. In
addition, its overexpression promotes unlimited expansion
of ESC and maintains the Oct3/4 expression levels in ESC [41].
Sox2 has synergistic effect with Oct-3/4 and activates Oct-Sox
enhancers. This activation, in turn, enhances its expression
as well as that of Nanog and Oct3/4 thereby maintaining
pluripotency of ESC [42].

Since establishment of the first human ESC (hESC) cell line
in 1998, various studies have attempted to elucidate how
growth of these cells are regulated, but to date, this process
remains unclear [20]. Then, the haploid hESC cell lines have
been isolation and maintenance [23]. Unlike in mESCs, hESCs
self-renewal is not regulated by LIF and STAT3 [24-26]. A study
reported growth of hESC in a serum-free culture medium
containing bFGF under the condition of trophoblast cells [27].
In addition, these cells could successfully be cultured with
mouse MEF conditioned medium (MEF CM) on a cell culture
plate coated with gelatin or laminin under the condition of
trophoblast cells [28]. Sato et al. [24] found that activation
of Wnt signaling pathway could replace the need for hESC
in MEF CM at the early stage (5-7 d) and maintain their
undifferentiated state. However, it is not clear whether the
Wnt signaling pathway plays a role in the long-term stemness
of hESC. A high expression of Oct4 [29] and Nanog [24,30,31]
in hESC confirmed the role played by transcription factors in
maintenance stemness in these cells, similar to human long
intergenic noncoding RNAs (lincRNAs) [32-34]. However, the
mechanism to maintain stemness and self-renewal of hESC
needs further study.

These core transcription factors exist in mouse and human
ESCs. They have also been shown to bind onto a regulatory
region of common target genes and exert synergistic effects
[43-45]. In hESCs, the common area occupied by these factors
during gene regulation is at least 353 genes. In mESCs,
Oct3/4 and Sox2 also synergistically activate transcription of
downstream target genes [46-48].

This review will focus on the role of major transcription factors,
signaling pathways, small molecular compounds, epigenetic
regulation and non-coding RNA in ESC self-renewal.

Transcription Factors that Regulate Pluripotency in
Stem Cells
J Cell Immunol. 2022
Volume 4, Issue 3

Several other transcriptional and regulatory factors are also
involved in maintaining self-renewal and pluripotency of stem
cells. In the core transcriptional regulatory network, core Oct
3/4 modules include Oct4, Sox2, Nanog, BMP, LIF, Wnt signals,
and downstream Smad1, STAT3, and Tcf3. These extracellular
signaling pathways and core transcription factors form a
regulatory network, jointly regulating stem cell pluripotency.
The transcriptional factors including Nanog, Oct3/4, STAT3,
Smad1, Sox2, Zfx, c-Myc, n-Myc, Klf4, Esrrb, Tcfcp2l1, E2f1,
CTCF as well as their regulators p300 and Suz12, form various
transcriptional complexes and play an important role in
regulation of self-renewal of stem cells [49,50]. The core
transcriptional regulatory clusters formed by Nanog-Oct3/4Sox2 show ESC-specific transcriptional enhancer activity,
which interacts with Smad1 and STAT3 downstream of BMP
and LIF signaling pathways. This process plays a key role in
stabilizing transcription factor complexes thereby enhancing
the transcriptional activity of ESC-specific genes [51,52]. Wnt
signaling pathways downstream of transcription factor Tcf3
acts together with Oct3/4 and Nanog to occupy downstream
gene promoter regions and regulate expression of these
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genes. This transcription regulation of composite components
is responsible for maintaining pluripotency of ESC and a
steady state condition [53].
Other pluripotent regulators, including Dax1, Nac1, Zfp281,
Nr5a2 and Klf4 [54-56], form protein complexes with Oct3/4
core regulatory modules, bind to the distal region of the
transcription initiation site and regulate expression of Oct3/4.
An interaction between Oct3/4 and these transcription
regulators plays a key role in the complex. Other transcription
factors c Myc, n Myc, E2f1, Zfx, Rex1 and Ronin bind to sites near
the site of transcription initiation and regulate metabolism of
downstream target proteins [52,57].
Studies have reported that excessive expression of genes
involved in stemness in mESC is not a prerequisite for
maintenance of pluripotency of the stem cells. In fact,
continuous expression of Oct3/4 and Sox2 was found to disrupt
homeostasis of stem cells and lead to stem cell differentiation
[17,19]. Similarly, a high expression of stemness-related genes
disrupts the balance of the stem cells themselves as well as
that of most of the key factors (Oct3/4, Sox2, Nanog, Esrrb,
Sall4, Dax1, Klf2, Klf4, Klf5, Stat3, Tet and Tcf3) [58-64].

for IL-6, therefore IL-6 does not exhibit the afore mentioned
effects. On the other hand, IL-6 and its soluble receptor act
on ESCs together to maintain the non-differentiation of ES
cells. Different IL-6 families share a common helper receptor,
gp130, a transmembrane protein with no kinase activity
belonging to the cytokine receptor superfamily. Its signal
transmission relies on the intracellular non-receptor tyrosine
protein kinase JAK [68]. Phosphorylation of gp130 at specific
Tyr residues sites activates downstream signaling molecules
such as transcription factors, SH2, STAT3 to initiate expression
of target genes [69], Studies have shown that gp130 binds to
STAT3, mainly through phosphorylation of Tyr in four YXXQ
sequences. Deletions or mutations in these sites hinders
the gp130 binding and activates STAT3 [70], self-renewal of
the resultant ESCs cannot be maintained. LIF-STAT3 signal
maintains mESC self-renew instead of hESC [16,24]. Similarly,
decreased expression of STAT3 was found to promotes ESCs
differentiation [71,72], indicating that activation of STAT3 is
required for maintenance of self-renewal in mESC.
Activation of PI3K signaling pathway is conducive to mES
cell self-renewal
Studies have demonstrated that LIF not only activates the

An Important Signaling Pathway that Regulates the Jak-Stat3 pathway through gp130, for maintenance of selfrenewal in mouse ESCs, but also acts on phosphoinosidide 3
Fate of Embryonic Stem Cells
Signal transduction among mammalian cells can be achieved
by direct contact with the adjacent cells. During this process,
specific proteins secreted by the cells and a combination of
chemical substances interact with cell surface receptors,
thereby activating transcription factors through downstream
signaling pathways for regulation of downstream gene
expression. Multiple signaling pathways, are involved in
regulating the fate of stem cells, including proliferation,
differentiation and maintenance of stemness. These processes
can be regulated by adding small molecule modulators to
activate or inhibit the signaling pathways. The important
signaling pathways that regulate the fate of stem cells are
described below.
Bidirectional regulation of downstream LIF-LIFR /gp130
signaling pathway
LIF-mediated activation of the Jak-Stat3 pathway
promotes
mESC
stemness
maintenance:
Initial
establishment and maintenance of initial ESC by MEF cells
involved the use of trophoblast. Later studies revealed that the
role played by feeder cells in maintenance of pluripotency of
stem cells is largely through production of leukemia inhibitory
factor (LIF), a member of the IL-6 cytokine family [65]. The IL-6
cytokine family comprises IL-6, IL-11, LIF, Ciliary neutrophilic
factor (CNTF), Cardiotrophin-1(CT-1), Oncostatin M (OSM)
and other cytokines with similar biological effects. Among
them, OSM, CNTF, CT-1 and LIF are known to control nondifferentiation in ESCs [66,67]. ESCs do not express a receptor
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kinase (PI3K) through gp130. This plays an important role in
maintenance of stemness of ESCs in humans and mice [73].
PI3K catalyzes phosphorylation of PI (4,5) P2 to form PI (3,4,5)
P3, while Akt is phosphorylated by PDK1 downstream of PI
(3,4,5) P3 to enable it act on downstream targets for regulation
of various life activities. In mESC, LIF can activate the PI3K
pathway and increase phosphorylation levels of intracellular
Akt, thus promoting self-renewal of ES cells and inhibiting cell
differentiation. In the event of gene mutations, inactivation of
catalytic subunit PI3K occurs and the PI3K pathway is blocked
by its specific inhibitor LY294002. The rate of phosphorylation
of Akt is reduced leading to an increase in intracellular ERK
and in turn causing ESCs differentiation [74]. Effect of the PI3K
signaling pathway on regulation of proliferation was reported
by Sun., et al. following knockout of PTEN in ESCs. PTEN, is
a phosphatase that can dephosphorylate PI (3,4,5) P3 thus
inhibiting the PI3K signaling pathway [75,76]. Knocking out
of PTEN could not dephosphorylate PI (3,4,5) P3. As a result,
levels of intracellular PI (3,4,5) P3 as well as phosphorylation
of downstream signaling molecule Akt remained high leading
to accelerated cell proliferation and reduced cell apoptosis,
maintain pluripotency of ESC [75,77].
Activation of SHP2-Ras-ERK pathway leads to
differentiation of ES cells: In addition to activating the JAKSTAT3 pathway and PI3K pathway through gp130, LIF can
also activate another major downstream signaling pathway,
SHP2-Ras-ERK, through gp130. The protein phosphatase SHP2
downstream of gp130 is a signal molecule containing the SH2
domain, which mediates the binding between gp130 and Ras-
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ERK, thereby activating ERK, inhibiting self-renewal of ES cells
and accelerating their differentiation. By blocking the binding
of SHP2 to gp130 through gene mutation, Ras-ERK pathway can
be inhibited, and the activation time of STAT3 induced by LIF
stimulation is prolonged [78]. If the junction protein between
SHP2 and downstream Ras is absent, ES cells will express
inhibited H-Ras and block the activation of ERK in Ras-ERK
signaling pathway [79], which will promote the self-renewal of
ESC. Activation of the SHP2-Ras-ERK pathway is necessary for
normal differentiation of ES cells, and blocking the SHP2-RasERK pathway will lead to abnormal differentiation of ES cells
[80,81]. Mice with SHP2 mutation cannot differentiate into
hematopoietic cells and fibroblasts [82].
In summary, LIF-mediated signal network is bidirectional in
maintaining mESC pluripotency. When LIF acts on ES cells, it
can activate the JAK-STAT3 signaling pathway through gp130
to promote cell self-renewal, activate the PI3K signaling
pathway to promote cell proliferation and growth, and at the
same time may activate the SHP2-Ras-ERK pathway to lead to
ES cell differentiation. ES cell can only maintain self-renewal if
it maintains a precise balance among the three pathways.
BMP combined with LIF promotes self-renewal of ES cells
in serum free condition

In the presence of serum, LIF can replace the function
of trophoblast and maintain the growth process of mESC
without differentiation. In the absence of serum, LIF alone
cannot completely prevent mESC differentiation, and a small
number of cells will differentiate into nerve cells [13]. The
above results indicate that there are other cytokines in serum,
which can inhibit the differentiation of ESC into nerve cells
and facilitate the self-renewal of ESC, and these cytokines play
a role by combining with LIF. It was found that BMP in serum
could inhibit the differentiation of ES cells into nerve cells. BMP
can inhibit the differentiation of ES cells into nerve cells, BMP
4/2 induces the expression of helix-loop heliform (HLH) basic
protein Id by activating the Smad pathway, which inhibits the
differentiation of ES cells into nerve cells, suggesting that the
combined action of LIF and BMP may completely block the
differentiation of ES cells and maintain a high degree of selfrenewal of ES cells [83]. As mentioned earlier, phosphorylation
of ERK leads to ES cell differentiation. Small molecule PD98059
is an inhibitor of ERK upstream kinase MEK, and the addition of
PD98059 is conducive to the maintenance of ESC self-renewal
[78]. BMP4 can also inhibit ESC differentiation and promote
stemness maintenance by inhibiting the phosphorylation of
ERK in ESC [84]. The schematic representation of LIF-mediated
signaling pathways regulate mES pluripotency (Figure 1)
[72,85].

Figure 1: Lif mediated signaling pathways regulate mES pluripotency.
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Activation of the Wnt signaling pathway promotes selfrenewal of ES cells

Small Molecular Compounds that Promote Stemness
Maintenance

Activation of LIF-STAT3 signaling pathway by adding LIF
can maintain mESC self-renewal, but LIF has no effect on
hESC. Activation of the Wnt signaling pathway promoted selfrenewal of ESC cells in both humans and mice. The receptor
of Wnt is frizzled (Frz), which is a seven-fold transmembrane
receptor, the extracellular N-terminal of Frz has a cysteine
rich domain (CRD), which can combine with Wnt. Frz act on
the cytoplasm of dishevel protein (Dsh or Dvl), Dsh degrades
β-catenin complex (including the APC, Axin, GSK-3β, CK1),
so as to cut off the β-catenin degradation pathway, lead to
β-catenin accumulate in the cytoplasm, enter into the nuclei
and activate related gene transcription involved in stemness
regulating [86,87]. The specific inhibitor of GSK3β on ESC,
BIO, induces activation of the β-catenin-dependent Wnt
pathway and up-regulates the expression of multi-competent
transcription factors Oct-3/4, Rex -1 and Nanog, thereby
promoting self-renewal of human and mouse embryonic
stem cells. Activation of the Wnt signaling pathway is critical
not only in maintaining the pluripotency of ESC [27, 88], at
the same time, it plays an important role in maintaining the
self-renew of adult stem cells (such as skin stem cells and
hematopoietic stem cells) [89, 90]. Activation of Wnt signaling
pathway promotes ES cell self-renewal (Figure 2) [91].

The addition of some cytokines such as LIF and BMP4
during ESC culture in vitro is beneficial to the growth and
stemness maintenance of ESC. Based on the in-depth
study of signal pathways related to stemness maintenance
and differentiation, scientists found that small molecule
modulators added with specific signal pathway proteins are
beneficial to stemness maintenance of ESC. Small molecular
compounds that have been reported to maintain the selfrenewal of stem cells including the inhibitor CHIR99021 of
GSK3β, the inhibitor PD0325901 of MEK, and the inhibitor
SU5402 of FGFR signaling pathway, etc. These small molecules
mainly maintain ESC pluripotency in vitro culture by inhibiting
differentiation. Among them, CHIR99021 can improve the
growth ability of ESC and promote the self-renewal of stem
cells by inhibiting phosphorylation of downstream ERK and
reducing differentiation. PD0325901 maintains the selfrenewal and pluripotency of stem cells by inhibiting the MEKERK signaling pathway and reducing the phosphorylation
level of PKB. SU5402 is an FGFR inhibitor. In the FGF signaling
pathway, FGF4 can activate both phosphokinase PKB and
extracellular signal Ras-MRK-ERK to lead to ESC differentiation,
and the addition of compound SU5402 inhibits the above
process. AG1478 is an inhibitor of EGFR, which maintains ESC

Figure 2: Activation of Wnt signaling pathway promotes ES cell self-renewal.
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self-renewal by stimulating ESC proliferation and inhibiting
MAPK signaling pathway activation [92]. Small molecule
SC1 inhibits differentiation by double inhibiting RasGAP and
ERK1 to maintain self-renewal of ESC [93]. Currently, 2i (a
combination of two small molecule inhibitors CHIR99021 3 μM
and PD0325901 3 μM) has been used as an important medium
additive in stem cell culture. However, the combination of these
two compounds has a large concentration and an inhibitory
effect on cell proliferation, which brings some inconvenience
to the research. In our study group, VEGFR signaling pathway
inhibitor Sunitinib was found to inhibit VEGFR to maintain the
embryonic stem cells self-renewal and undifferentiated state
of long-term culture in vitro [94]. In vitro culture of stem cells,
with the extension of culture time and the increased volume
of stem cell clones, the expression of HIF1α increased, then
the VEGF expression was up-regulated, and cell differentiation
was induced. Sunitinib inhibits the effect of VEGF by inhibiting
the VEGFR signaling pathway, while feedback regulation
reduces the expression of VEGF, which is beneficial to selfrenew maintenance. The discovery of these small molecular
compounds is conducive to further elucidate the mechanism
of ESC stemness maintenance, and can be used as small
molecular tools and even drug leads. We have also reviewed
the small molecular compounds in stem cell maintaining and
reprogramming [95]. Therefore, the discovery of more small
molecules that promote the stemness maintenance of ES cells
not only has important theoretical significance, but also has
important application value.

Epigenetic Characteristics and Important Epigenetic
Modification Factors of ES Cells
The self-renewal and differentiation of ESC are dynamically
regulated by epigenetics. Epigenetic regulatory modifications
include DNA methylation modifications, histone modifications,
and regulatory modifications mediated by non-coding RNA [96].
These epigenetic regulatory modifications play an important
role in the regulation of self-renewal and differentiation of
stem cells [97-99]. Generally, DNA demethylation occurs in
the promoter region of important transcription factors in ESC
cells, lead to the expression of transcription factors increases,
while the reverse is true in differentiated cells. For example, in
differentiated ESC, the expression of core transcription factors
Oct4 and Nanog decreased after methylation of Dnmt3a
and Dnmt3b [81]. Meanwhile, histone modification of ESC is
also different from that of differentiated cells. In ESC, 87% of
histones do not undergo trimethylation of H3K4 and H3K27,
while differentiated cells show high trimethylation of H3K4
and H3K27 [100,101] and both transcriptionally activation
of H3K4me3 and repression of H3K27me3 [102]. And the
TRIM28 and interacting KRAB-ZNFs control self-renewal of
hESC by modulating H3K9me3 and DNA methylation. Some
epigenetic regulators regulate these processes. For example,
histone regulators Jmjd1a and Jmjd2c encode histone H3K9
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demineralization enzymes, which prevent the accumulation
of methylation in the promoter region of ESC pluripotent
genes, thus maintaining the high expression level of ES
stemness genes and promoting the self-renewal of ES cells
[103]. When genes Jmjd1a and Jmjd2c are knocked out or
deleted, the expression of pluripotent genes Tcl1 and Nanog
will be down-regulated, and ES cells tend to differentiate.
Jarid2 and Mtf2, components of PRC2, mediate histone H3K27
methylation, down-regulate Oct4 expression, and accelerate
ES cell differentiation [104,105]. Meanwhile, Oct4 expression
can increase the expression level of H3K9 demethylase and the
expression of components of PRC2 complex. The Oct4 and Sox2
downstream targeted bivalent chromatin component, Utf1,
promote the ESCs pluripotency and proliferation by limiting
Histone 3 lysine-27 trimethylation and PRC2 loading [106].
Nowadays, regulation and maintenance of tumorigenicity
and self-renewal in tissue stem cells as cancer stem cells are
regulated by some epigenetic proteins [107-110], or noncoding RNA mediated regulated modifications [111,112]. Our
previous work uncovers that the m6 A methylation-mediated
HIF-ALKBH5-SOX2 axis induces an endometrial cancer stemlike cell expansion in hypoxia [113]. Thus, the epigenetic
modification factors are essential for stem cells self-renewal
for ESC cells and other tissue stem cells.

New Role of Non-Coding RNA in Stemness
Maintenance
Non-coding RNAs (ncRNAs) are various RNA molecules that
do not translate into proteins. A growing body of research
is showing that RNA can do much more than just be a
messenger, or a component of RNA in the ribosome. A variety
of non-coding RNA are involved in gene expression, protein
translation and post-translation modification, and play an
important role in life activities [114-118]. Currently, many
non-coding RNA studied in stemness maintenance include
long non-coding RNA (lncRNA) and small RNA (microRNA,
miRNA). lncRNA are a class of RNA that are located between
protein-coding genes with a length of no less than 200
bases. miRNAs are small non-coding RNAs about 22nt long,
with high interspecific conservation and spatio-temporal
specificity, and they play an important regulatory role in
the self-renewal and differentiation of stem cells [119-121].
miRNAs that promote mESC stemness maintenance include
mir302 and mir290 clusters. They may shorten the G1 phase of
ES cells by inhibiting the expression of key cell cycle regulators
Cdkn1a, Rbl1 and Lats2 [122]. The Core transcription factors
Oct4, Sox2, and Nanog regulate the expression of mir302 and
mir290 clusters, and these miRNAs are inhibited by miRNA
let-7. Transcription factor Lin28 inhibits the expression of let7, and down-regulation of Lin28 can increase the level of let7 in ES cells, thereby inhibiting the activity of Myc, reducing
the expression of downstream genes of core transcription
factor, and accelerating the differentiation of ES cells [123].
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It also reports that the Oct4 and Nanog regulated conserved
long ncRNAs AK028326 and AK141205 modulate mESC
pluripotency [124]. And the other conserved long ncRNA TUNA,
also control pluripotency and neural differentiation of ESCs
[125]. Moreover, the small nucleolar RNA host gene 3 (Snhg3)
[126], is essential for mESC self-renewal and pluripotency. The
stably expressed long intergenic ncRNA Cyrano, maintain
ESC self-renew by restraining the action of mir-7 [127]. A
divergent lncRNA of lncKdm2b, controls self-renewal of ESCs
by activating expression of transcription factor Zbtb3 and
ATPase activity [128]. The long ncRNAs growth arrest specific
5 (Gas5) regulates mESC pluripotency by Dicer-miR291a-cMyc
axis [129] and can also maintain human embryonic stem cell
self-renewal by NODAL signal [130,131]. In hESC, mir302 acts
on LEFTY1 and LEFTY2, regulatory factors of Nodal signaling
pathway, regulating the pluripotency of hESC [132]. Other
studies have shown that Oct4 can activate more than 200
nucleic acid length of non-coding RNA (lincRNA) and maintain
the pluripotency state of ESC [133]. Deletion of lincRNA-ROR
in hESC can lead to the increase of cell growth defects and
apoptosis. The above results show that lncRNA and miRNA
play an important role in self-renew maintenance of ES cells.
At present, research on the role of long non-coding RNA
and miRNA in self-renew maintenance of ESC has gradually
become an important frontier direction of stem cell research.
The maintenance of pluripotency of ES cells is a multi-level
regulatory process, which forms a complex regulatory network
of epigenetic factors, non-coding RNA and various signaling
pathways, and finally maintains a steady state (ground state)
characterized by specific stemness related gene expression.
Among them, core transcription factors Oct4, Sox2, Nanog
and the common role of transcription factors, LIF and BMP4
regulation of signaling pathways, apparent modification
and small molecule compounds play an important role in
embryonic stem cell self-renewal. Stem cells can be cultured
in vitro for a long time and maintain self-renewal, which
lays a foundation for the research of stem cell biology and
provides a guarantee for the clinical application of stem cells.
At present, scientists are continuing to make further research
on the mechanism of self-renewal of stem cells and make new
progress. These research results are bound to further promote
the development of regenerative medicine and make new
contributions to human health.
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