
Summary. Primordial germ cells (PGCs) are the founder
cells of all gametes. PGCs differentiate from pluripotent
epiblasts cells by mesodermal induction signals during
gastrulation. Although PGCs are unipotent cells that
eventually differentiate into only sperm or oocytes, they
dedifferentitate to pluripotent stem cells known as
embryonic germ cells (EGCs) in vitro and give rise to
testicular teratomas in vivo, which indicates a
“metastable” differentiation state of PGCs. We have
shown that an appropriate level of phosphoinositide-3
kinase (PI3K)/Akt signaling, balanced by positive and
negative regulators, ensures the establishment of the
male germ lineage by preventing its dedifferentiation.
Specifically, hyper-activation of the signal leads to
testicular teratomas and enhances EGC derivation
efficiency. In addition, PI3K/Akt signaling promotes
PGC dedifferentiation via inhibition of the tumor
suppressor p53, a downstream molecule of the PI3K/Akt
signal. On the other hand, Akt activation during
mesodermal differentiation of embryonic stem cells
(ESCs) generates PGC-like pluripotent cells, a process
presumably induced through equilibrium between
mesodermal differentiation signals and dedifferentiation-
inducing activity of Akt. The transfer of these cells to
ESC culture conditions results in reversion to an ESC-
like state. The interconversion between ESC and PGC-
like cells helps us to understand the metastability of
PGCs. The regulatory mechanisms of PGC
dedifferentiation are discussed in comparison with those
involved in the dedifferentiation of testicular stem cells,
ESC pluripotency, and somatic nuclear reprogramming.
Key words: Phospohoinositide-3 kinase (PI3K), Akt,
p53, Primordial germ cells (PGCs), Dedifferentiation,
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Introduction

The germ lineage is a privileged cell lineage that can
transmit genomic information to the next generation,
thereby ensuring maintenance and evolution of the
species (McLaren, 2003). Primordial germ cells (PGCs),
which are the founder cells of all gametes, are specified
from pluripotent epiblast cells in mammals (Fig. 1)
(Saitou, 2009). PGCs emerge from a subset of epiblast
cells that migrate to the extraembryonic region on
embryonic day (E) 7 during early gastrulation in mice.
PGC migration starts on E7.75 and PGCs colonize the
genital ridges through the hindgut and dorsal mesentery
by E11.5. After settlement onto the genital ridges, germ
cells undergo a complex series of sex-dependent
differentiation processes, i.e., spermatogenesis and
oogenesis. 

The expression of Blimp1, an essential transcription
factor for PGC specification, commences in a few
proximal epiblast cells at E6.25 (Ohinata et al., 2005;
Vincent et al., 2005). Another transcription factor,
Prdm14, which is also essential for PGC specification, is
induced in PGC precursors slightly after the
upregulation of Blimp1 (Yamaji et al., 2008). During
specification to germ lineage cells, the gene expression
patterns and epigenetic statuses of the cells are
drastically altered by the cooperative actions of Blimp1
and Prdm14. Germline-specific genes, such as
PGC7/Stella/Dppa3 and Dnd1, are up-regulated in the
nascent PGCs, i.e., the PGCs that have just emerged in
the extraembryonic region at E6.75 to E7.0 (Kurimoto et
al., 2008). In contrast, mesoderm-related genes are
suppressed in the nascent PGCs, although they are
transiently induced by the mesoderm-induction signals
(Yabuta et al., 2006). Pluripotency-related genes, such as
Nanog and Sox2, are re-activated in the nascent PGCs
(Yabuta et al., 2006). PGCs undergo epigenetic
reprogramming, which involves genome-wide
alterations of repressive histone modification and DNA
methylation patterns during the migration period of
E7.75 to E9.5 (Seki et al., 2007). All of these changes
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are presumably crucial for determining cell fate toward
the PGCs. PGCs begin expressing gonocyte-markers,
such as Mvh (mouse vasa homologue) and Mili, after
arrival at gonads at E10.5-12.5. 

Although PGCs are germline-committed cells, they
can dedifferentiate into cells that have broader
differentiation potential in mammals (Fig. 1) (Kimura et
al., 2005). The PGCs isolated from E8.5-E12.5 embryos
give rise to embryonic germ cells (EGCs) when cultured
in the presence of the leukemia inhibitory factor (LIF),
stem cell factor (SCF), and basic fibroblast growth factor
(bFGF) (Fig. 2) (Matsui et al., 1992; Resnick et al.,
1992). EGCs contribute to somatic and germ lineages
after their introduction into blastocysts, whereas freshly
isolated PGCs cannot perform these functions, indicating
that the special culture conditions reprograms the PGCs
to the pluripotent state (Labosky et al., 1994; Stewart et
al., 1994; Durcova-Hills et al., 2008). In addition,
testicular teratomas originate from PGCs, presumably
through the dedifferentiation process (Stevens, 1967;
Jiang and Nadeau. 2001). These observations suggest
that the differentiation states of PGCs are “metastable”
under specific circumstances. 

In this review, we summarize our data regarding the
roles of PI3K/Akt signaling and its downstream tumor
suppressor p53 in the dedifferentiation of PGCs. We also
discuss their function in other kinds of pluripotent stem
cells including the dedifferentiation of testicular
germline stem cells, regulation of embryonic stem cells

(ESCs), and induction of pluripotency in somatic cell
nuclei. 
PI3K/Akt signaling as a critical regulator of
pluripotency in PGCs

PI3K/Akt signaling

Phosphoinositide-3 kinase (PI3K)/Akt signaling is
involved in diverse biological processes including
proliferation, survival, migration, metabolism,
tumorigenesis, and “stemness” (Brazil et al., 2004;
Kimura and Nakano, 2009). PI3K/Akt signaling is
activated by various growth factors, cytokines,
chemokines, and adhesion molecules. PI3K produces
phosphatidylinositol (3,4,5)-triphosphate (PtdIns
(3,4,5)P3) from PtdIns(4,5)P2 (Cantley, 2002), and its
function is counteracted by the antagonistic lipid
phosphatase Pten (Stiles et al., 2004). PtdIns(3,4,5)P3transmits the signal via downstream effectors such as
serine/threonine kinase Akt and GTPases Rac and
Cdc42. Akt exerts its physiological and pathological
effects by phosphorylation of several target proteins
(Brazil et al., 2004). 
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Fig. 1. Dedifferentiation of PGCs to pluripotent stem cells. PGCs
differentiate from pluripotent epiblat cells during gastrulation. Although
PGCs are committed to germ lineage, they give rise to pluripotent EGCs
in vitro and testicular teratomas in vivo. Dedifferentiation of PGCs is
promoted by the activation of PI3K/Akt signaling and inhibition of its
downstream target p53. Germline stem cells in the testis also
dedifferentiate to pluripotent stem cells. This process is enhanced by the
inhibition of p53, but not by the activation of PI3K/Akt signaling.
Activation of PI3K/Akt signaling and inhibition of p53 support self-
renewal of ESCs and enhance the efficiency of somatic nuclear
reprogramming. Pluripotent and germ-lineage cells are shown in gray
and white, respectively (see text).

Fig. 2. Induction of PGC-like cells from ESCs. Upper panel. PGC
precursors differentiate from pluripotent epiblast cells during
gastrulation. Despite influences from mesodermal induction signals,
mesoderm differentiation is inhibited, and the germline program is
activated in the PGC precursors by the cooperative action of Blimp1 and
Prdm14. Bottom panel. In the OP9 differentiation system, ESCs are
induced for mesoderm by the signals emitted from OP9 feeder cells.
However, the inhibitory effects of the Akt activation presumably
suppressed the mesodermal differentiation, resulting in the generation
of PGC-like cells known as Akt-sphere cells. The differentiation state of
the Akt-spheres is maintained by the equilibrium between mesodermal
differentiation signals and dedifferentiation-inducing activity of Akt.



PGC-specific Pten-deficient mice

Our study of conditional Pten-deficient mice first
demonstrated that enhancement of PI3K signaling
promotes dedifferentiation of PGCs in vivo and in vitro
(Kimura et al., 2003). The PGC-specific Pten-deficient
mice were generated by using transgenic mice that
expressed recombinase Cre from the TNAP (tissue-
nonspecific alkaline phosphatase) locus. Expression of
the gonadal PGC-marker Mvh was up-regulated in the
PGCs of the E13.5 Pten-deficient embryos, as it was in
littermate controls, suggesting that PGC differentiation
normally proceeds to gonadal germ-cell stage in the
absence of Pten. In contrast, a number of proliferative
PGCs remained in the Pten-deficient male mice after
E14.5, whereas male PGCs usually entered mitotic arrest
at E13.5. At the same time, most Pten-deficient PGCs
died by apoptosis, which led to germ-cell deficiency in
newborn mutant males. However, a small number of
germ cells survived to generate the teratomatous foci
around E16.5. At birth, the fully developed testicular
teratomas were observed in the mutant mice with hyper-
phosphorylated Akt and lack of Mvh expression.
Furthermore, the efficiency of EGC colony formation
was enhanced in Pten mutants when E11.5 PGCs were
cultured with LIF, SCF, and bFGF. These observations
indicate that the appropriate signaling level regulated by
the equilibrium between PI3K and Pten is a prerequisite
for male germ-cell development and for prevention of
PGC dedifferentiation. 
Effects of conditional Akt activation on EGC derivation

A series of experiments using the transgenic mice
that expressed the myrAkt-Mer fusion protein showed
that Akt is a critical downstream effector of PI3K with
respect to the dedifferentiation of PGCs (Kimura et al.,
2008). myrAkt-Mer is a fusion protein composed of the
myristoylated, constitutive active form of Akt (myrAkt)
and the ligand binding domain of the modified estrogen
receptor (Mer). Although kinase activity of myrAkt-Mer
is inactivated in the absence of the synthetic estrogen, 4-
hydroxytamoxifen (4OHT), it is activated rapidly by the
addition of 4OHT. Thus, myrAkt-Mer transgenic mice
provide a valuable model system to examine the effects
of transient Akt activation. 

When PGCs of the myrAkt-Mer transgenic embryos
were cultured in the presence of LIF, SCF, and bFGF, the
derivation efficiency of EGCs was increased by the
addition of 4OHT. The efficiency of EGC colony
formation remained essentially the same as that of Pten-
deficient PGCs. The enhanced EGC derivation by Akt
activation was observed both in E8.5 migrating PGCs
and in E11.5 gonadal PGCs. On the other hand,
pharmacological inhibition of PI3K abolished EGC
derivation, and this effect was completely rescued by
Akt activation, demonstrating that activation of
PI3K/Akt signaling is required for EGC derivation. 

Treatment with bFGF is essential for EGC derivation

because these cells do not derive from wild-type PGCs
that are cultured with LIF and SCF, but without bFGF. In
contrast, bFGF, but neither LIF nor SCF, induced Akt
phosphorylation efficiently in the cultured PGCs. In the
4OHT-treated myrAkt-Mer transgenic PGCs, EGCs
could be derived even in the absence of bFGF as
efficiently as wild-type PGCs cultured with bFGF. In
addition, transient Akt activation for 24 h from the
beginning of the culture sufficiently induced the
derivation of EGC lines. These observations show that
the PI3K/Akt signaling axis downstream of bFGF
mediates PGC dedifferentiation in vitro.
Tumor suppressor p53 as a downstream target of
PI3K/Akt signaling

We showed that the tumor suppressor p53 is a
critical downstream target of Akt that promotes
dedifferentiation of PGCs. Akt signaling suppressed the
function of p53 in cultured PGCs due to Akt activation
by 4OHT treatment in myrAkt-Mer PGCs. This, in turn,
enhanced the stability and nuclear localization of Mdm2,
which promotes degradation of p53, and suppressed p53
phosphorylation, which is required for its activation
(Kimura et al., 2008). More importantly, the deletion of
p53 recapitulated the effects of Akt activation in the
EGC derivation. Namely, when cultured with LIF, SCF,
and bFGF, efficiency of EGC derivation was enhanced
in p53-deficient mice, and EGC lines could be
established from p53-deficient mice without bFGF
(Kimura et al., 2008). These results show that the
inhibition of p53 on PI3K/Akt signaling contributes to
the dedifferentiation of PGCs in culture. Considering
that p53-deficient mice did not give rise to early onset of
testicular teratomas with mixed genetic backgrounds
(Harvey et al., 1993), it is highly likely that other critical
downstream targets of Akt exist, particularly in vivo.
Roles of glycogen synthase kinase 3 (GSK3) and ß-
catenin

The transcriptional regulator ß-catenin is a candidate
downstream target that mediates the PI3K/Akt signaling-
induced PGC dedifferentiation, given that it is
implicated in the regulation of various stem cells (Reya
and Clevers, 2005). Activity of GSK3, which promotes
ß-catenin degradation, is inhibited by Akt-mediated
phosphorylation, resulting in the accumulation of ß-
catenin in the nucleus (Moon et al., 2004). Inhibition of
GSK3 or simultaneous inhibition of GSK3 and ERK
(extracellular signal-regulated kinase) signal promotes
ESC pluripotency and augments ESC derivation
(Umehara et al., 2007; Ying et al., 2008). 

GSK3 was hyper-phosphorylated, i.e., inactivated, in
the PGCs by PI3K/Akt signaling activation (Kimura et
al., 2008). However, it is unlikely that ß-catenin
downstream of PI3K/Akt signaling promotes
dedifferentiation of PGCs for the following reasons.
First, Pten-deficient PGCs did not show nuclear
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accumulation of ß-catenin (Kimura et al., 2006). Second,
PGC-specific expression of nuclear-localized ß-catenin
did not lead to testicular teratoma (Kimura et al., 2006).
Third, the treatment of E11.5 PGCs with a GSK3
inhibitor, 6-bromoindirubin-3’-oxime (BIO), did not
increase EGC derivation in the culture with LIF, SCF,
and bFGF (Kimura et al., 2008). However, as dual
inhibition using the MEK inhibitor PD0325901 and the
GSK3 inhibitor CHIR99021 has been recently reported
to promote EGC derivation in E8.5 PGCs (Leitch et al.,
2010), further studies are necessary to elucidate the
effect of GSK3 on EGC derivation. 
Metastablity in differentiation states of PGCs

Induction of PGC-like metastable pluripotency state by
Akt activation

Specification of PGCs takes place under the
influence of mesodermal induction signals during
gastrulation. To reproduce this condition in vitro, we
combined the ESC differentiation system using OP9
feeder cells and Akt activation (Fig. 2) (Yamano et al.,
2010). The OP9 differentiation system was used to
induce mesodermal differentiation of ESCs, and the
conditional activation of Akt signaling was used to
inhibit ESC differentiation to three germ layers. The
PGC-like spheres, referred to as Akt-sphere, could be
induced from mouse ESCs and sustained for long
periods under these culture conditions. The transcription
factors Blimp1 and Prdm14, both of which are essential
for PGC specification from epiblast cells, and their
downstream PGC-specific genes were up-regulated in
the Akt-sphere cells. However, when transplanted into
testes of infertile mice, the sphere cells could not
undergo spermatogenesis, but rather generated
teratomas. Furthermore, the sphere cells reverted to
ESC-like cells when transferred to ESC culture
conditions. Thus, Akt-sphere cells are in a metastable
and pluripotent state that is intermediate between ESCs

and PGCs (Figs. 2, 3). The intermediate cells are
presumably generated by the balance of antagonistic
effects between mesoderm-inducing signals released by
OP9 feeders and dedifferentiation-inducing activity of
Akt signaling. 
“Metastability” of differentiation states in PGCs

According to the model recently proposed for
cellular differentiation, the differentiation states are
stabilized by intrinsic genetic networks and extracellular
signalings (Graf and Stadtfeld, 2008; Enver et al., 2009;
Hayashi and Surani, 2009a). As shown in Fig. 3, the
differentiation state at the bottom of the “bowl,” which is
thermodynamically more stable than that at the “hilltop”
in this model, is stabilized by intrinsic and external
factors. One cell state can be “lifted-up” and “moved” to
another cell state by exposure to the appropriate stimuli.
For example, the mouse ESC-like pluripotent state is
stabilized by the LIF signal, while the bFGF/activin
signal stabilizes the epiblast stem cell (EpiSC)-like state.
The ESC-like state is converted to the EpiSC-like state
by culturing with bFGF/activin, whereas the EpiSC-like
state is reverted to the ESC-like state by Klf4 expression
and/or by inhibitors of the ERK and GSK3 cascades
(black arrows). 

The term ‘metastability’ was originally introduced to
describe a spontaneous interconversion between ESC
subpopulations, such as Nanog-positive and Nanog-
negative cell populations (gray arrows) (Chambers et al.,
2007; Hayashi et al., 2008). This concept has been
extended to describe an interconversion between two
differentiation states that is induced by culture
conditions or by the introduction of specific genes, such
as the interconversion between ESC-like and EpiSC-like
states described above (black arrows in Fig. 3, left panel)
(Guo et al., 2009; Hanna et al., 2009). In this regard,
PGCs are in a “metastable” differentiation state, because
PGCs are derived from the epiblast cells and can be
reverted to the ESC-like state by exposure to bFGF, LIF,
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Fig. 3. Model summarizing the metastablity between
pluripotent cells and PGCs. Left and right panels show
the interconversion between ESCs and EpiSCs and that
between pluripotent cells and PGCs, respectively. See
the section “Metastability” of differentiation states in PGC
in the text for details. In this f igure, two distinct
differentiation states are shown in gray and white.



and SCF (black arrows in Fig. 3, right panel) (Matsui et
al., 1992; Resnick et al., 1992).

Both ESCs and Akt-sphere cells are in metastable
equilibrium, considering their interconversion under
distinct culture conditions (gray arrows in Fig. 3, right
panel). Similarly, it has been reported that PGC-like cells
spontaneously emerged from EpiSCs and can be reverted
to EpiSCs under EpiSC culture conditions, suggesting an
equilibrium between EpiSCs and PGC-like cells
(Hayashi and Surani, 2009b). Thus, the PGC-like
metastable differentiation states can be induced from
pluripotent stem cells in vitro, which helps to elucidate
the metastability between pluripotent cells and PGCs. 
Molecular mechanisms regulating pluripotency in
testicular germline stem cells

Spermatogonial stem cells replenish their own
population while supplying spermatocytes undergoing
meiosis throughout life. Germline stem cells (GSCs),
which are established from spermatogonia of neonatal
mice, can be cultured for a long period of time in the
presence of glial cell-line-derived neurotrophic factor
(GDNF) (Kanatsu-Shinohara et al., 2003). After
implantation to testes, GSCs differentiate to sperm, but
do not develop teratomas, indicating that the unipotent
differentiation ability of spermatogonia is retained in
GSCs in vitro.

Pluripotent cells, which are called multipotent GS
(mGS) cells, occasionally emerge in GSC culture
(Kanatsu-Shinohara et al., 2004), although the efficiency
is much lower than that of EGC formation from PGCs.
Similar to ESCs and EGCs, mGS cells can be
propagated in response to LIF, but not to GDNF, and
differentiate to three germ layers and germ cells in
chimeric mice. Similar pluripotent cell lines can also be
derived from culture of adult mouse spermatogonial
stem cells (Seandel et al., 2007; Ko et al., 2009). 

GDNF is required for the self-renewal of GSCs in
vitro and of spermatogonia in vivo (Meng et al., 2000;
Kanatsu-Shinohara et al., 2003). PI3K inhibition
prevented GSC proliferation in the presence of GDNF,
and Akt activation supported self-renewal in the absence
of GDNF (Lee et al., 2007). However, the derivation of
mGS cells from GSCs was not promoted by Akt
activation (Lee et al., 2007). These observations show
that PI3K/Akt signaling supports self-renewing
proliferation of GSCs, but does not promote their
dedifferentiation. In contrast to PI3K/Akt signaling, the
derivation efficiency of mGS cells was significantly
enhanced in p53-deficient neonatal spermatogonia
(Kanatsu-Shinohara et al., 2004). 
Regulation of the ESC pluripotency

Roles of PI3K/Akt signaling in ESC pluripotency

Accumulating evidence has shown that PI3K/Akt
signaling plays critical roles in self-renewing

proliferation of ESCs. Whereas mouse ESCs self-renew
in response to LIF, which activates signal transducers
and the activator of transcription 3 (STAT3), primate
ESCs respond to bFGF and activin for maintenance of
pluripotency. PI3K/Akt signaling is activated by LIF and
bFGF in mouse and primate ESCs, respectively (Paling
et al., 2004). PI3K inhibition by the pharmacological
inhibitor and dominant negative PI3K mutant decreased
self-renewal of mouse ESCs in the presence of LIF
(Paling et al., 2004). Furthermore, mouse ESCs
expressing the constitutive active form of Akt
maintained undifferentiated phenotypes in the absence of
LIF (Watanabe et al., 2006). In addition, cynomolgous
monkey ESCs carrying the Akt-Mer expression cassette
self-renewed without feeder cells in the presence of
4OHT, but not in its absence (Watanabe et al., 2006).
Therefore, activation of PI3K/Akt signaling is essential
and sufficient for the self-renewing proliferation in both
mouse and primate. 

T cell leukemia 1 (Tcl1) enhances Akt kinase
activity and mediates its nuclear translocation (Pekarsky
et al., 2000). Tcl1 is highly expressed in ESCs (Matoba
et al., 2006), and its expression level is regulated by a
zinc finger transcription factor Zfx and a histone
demethylase for H3K9me2, Jmjd1a, both of which are
required for self-renewal of ESCs (Galan-Caridad et al.,
2007; Loh et al., 2007). Knockdown of Tcl1 in mouse
ESCs resulted in differentiation or reduced proliferation
in the presence of LIF. This phenotype was restored by
the expression of the constitutive active form of Akt
(Ivanova et al., 2006; Matoba et al., 2006), suggesting
that Tcl1 is required for Akt in self-renewing
proliferation. 

The mechanisms whereby PI3K/Akt signaling
maintains ESC pluripotency remains to be elucidated.
One candidate downstream target of PI3K/Akt signal is
the pluripotent transcription factor Nanog, which plays a
central role in the pluripotent transcriptional network
with other transcriptional regulators such as Oct4, Sox2,
Klf4, and c-myc. The expression of Nanog was
downregulated by PI3K inhibition and was restored by
inhibition of GSK3 with BIO (Takahashi et al., 2005;
Storm et al., 2007), indicating that Akt-mediated GSK3
inhibition plays a role in Nanog expression.
Additionally, the stability of c-myc, which is essential
for ESC self-renewal (Cartwright et al., 2005), increased
after Akt-mediated GSK3 inhibition (Bechard and
Dalton, 2009). 
Roles of p53 in ESC pluripotency

It has been long known that the transcriptional
activity and nuclear localization of p53 is suppressed in
ESCs (Aladjem et al., 1998). The transactivation-
deficient isoform of p53 called ∆40p53, which binds to
the full-length p53 and sequesters it in the cytoplasm, is
highly expressed in ESCs, but is down-regulated after
differentiation induction (Ungewitter and Scrable, 2010).
The inactivation and forced expression of the ∆40p53
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isoform caused loss of pluripotency and inhibition of
differentiation, respectively, in ESCs (Ungewitter and
Scrable, 2010). As p53 represses pluripotency-related
genes such as Nanog (Lin et al., 2005; Ungewitter and
Scrable, 2010), inactivation of full-length p53 by
∆40p53 should be important for the maintenance of ESC
pluripotency. In addition, down-regulation of ∆40p53
promotes differentiation of ESCs via activating full-
length p53. 
Induction of pluripotency in somatic cell nucleus

The somatic cell nucleus can be reprogrammed to
pluripotency by following three steps (Yamanaka and
Blau, 2010). Somatic cells can re-acquire full
developmental potency after being transferred into
enucleated eggs. Pluripotency is also induced in somatic
cell nuclei via hybridization with ESCs. The pluripotent
stem cells, known as induced pluripotent stem (iPS)
cells, can be induced by introducing transcription factors
such as Oct-4, Sox2, Klf4, and c-myc that confer the
ESC-like pluripotency transcriptional networks in
somatic cell nuclei. 

Conditional activation of Akt signaling in
heterokaryons between ESCs and somatic cells enhanced
derivation of ESC-like cells (Nakamura et al., 2008). In
contrast, Akt activation in enucleated oocytes during
somatic cell nuclear transfer (SCNT) resulted in
developmental arrest at the 2- to 8-cell stages (Nakamura
et al., 2008). Given that Akt activation in fertilized eggs
promoted cell division and survival, but did not induce
developmental arrest (Feng et al., 2007; Umehara, et al.
2007), it is likely that the developmental arrest in the
Akt-activated clones was caused by the abrogated
reprogramming during SCNT.

The suppression of p53 increased the efficiency of
iPS cell generation in mouse and human (Zhao et al.,
2008; Hong et al., 2009; Kawamura et al., 2009; Li et
al., 2009; Marion et al., 2009; Utikal et al., 2009).
Activation of p53 and its downstream target p21
(encoded by Cdkn1a) pathway serves as a barrier for iPS
cell generation. Thus, the molecules involved in PGC
dedifferentiation play similar roles in the reprogramming
of somatic nuclear reprogramming. 
Conclusion

In contrast to somatic cells, germ cells are
reprogrammed to pluripotency only by cultivation under
specific conditions. The expression of pluripotency
transcription factors, such as Oct-4 and Sox2, in PGCs
may facilitate efficient reprogramming of PGCs without
genetic manipulation. The regulatory mechanisms of
germ-cell dedifferentiation are largely conserved in the
regulation of ESC pluripotency and of somatic cell
reprogramming. Furthermore, the in vitro induction of
the PGC-like pluripotent states provides a unique
opportunity for understanding the metastability of
pluripotency. Thus, studies on pluripotency induction in

PGCs may elucidate the regulation of reprogramming to
pluripotency and the metastability in germ and
pluripotent cells. 
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