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Germ Cell Specification in Mice

Katsuhiko Hayashi, Susana M. Chuva de Sousa Lopes, M. Azim Surani*

Specification of germ cells in mice occurs relatively late in embryonic development. It is
initiated by signals that induce expression of Blimp1l, a key regulator of the germ cell, in a few
epiblast cells of early postimplantation embryos. Blimp1 represses the incipient somatic program in
these cells and promotes progression toward the germ cell fate. Blimp1l may also have a role in
the maintenance of early germ cell characteristics by ensuring their escape from the somatic fate
as well as possible reversion to pluripotent stem cells.

cells of the germ cell lineage, are usually

established early during embryonic de-
velopment. Specification of PGCs can occur
either through the inheritance of germ cell
determinants already present in the egg, as in
Caenorhabditis elegans and Drosophila, or in
response to inductive signals, as in mice and
probably all mammals. In all instances howev-
er, germ cells are maintained by mechanisms
that prevent them from differentiating into
somatic cells.

Primordial germ cells (PGCs), the founder

The Stem Cell Model for PGC

Specification in Mice

In C. elegans and Drosophila, founder PGCs
are set aside at the outset from a totipotent
zygote and prevented from differentiating into
somatic cells by repression of the global
transcriptional machinery (/). However, in
mice, specification of PGCs is deferred until
after implantation of blastocysts. The extra-
embryonic ectoderm (EXE) and visceral endo-
derm (VE), which surround the epiblast cells of
the postimplantation egg cylinder, are the
sources of signals that instruct a small number
of epiblast cells to become PGCs; the rest of the
cells commence differentiation into somatic
tissues.

The rapidly dividing mouse epiblast cells
are developmentally equivalent to the Drosoph-
ila egg (2). However, whereas in Drosophila,
the determinants of somatic and germ cells are
already segregated in specific regions of the
oocyte, no such determinants exist in the mouse
oocyte. Furthermore, PGCs originate from the
proximal pluripotent epiblast cells that are
already transcriptionally active and to some
extent have embarked upon a somatic fate.
Furthermore, pluripotent embryonic stem cells,
which can be propagated indefinitely in vitro,
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can generate an infinite number of PGCs when
returned to the blastocyst or when they other-
wise receive specific signals to induce germ cell
fate. We could therefore call this the stem cell
model for PGC specification.

An elaborate transcriptional program that
regulates PGC specification in mice prevents
them from a continuing drift toward a somatic
fate, and this is coupled with a chromatin-based
mechanism that erases this trend, thereby result-
ing in reexpression of some key pluripotency-
associated genes. At the same time, PGCs must
acquire and maintain their lineage-specific char-
acteristics. Recent advances are beginning to
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piece together the key steps that lead to PGC
specification.

Origin of PGC Precursors from the Pluripotent
Proximal Epiblast Cells

The pluripotent proximal epiblast cells respond
to signals from the extraembryonic tissues and
begin to express fragilis/Ifitm3 as they acquire
the ability to form PGCs, although only a small
minority of them become germ cells in the end
(3, 4) (Fig. 1). Within these fragilis-positive
cells, at embryonic day 6.25 (E6.25), about six
cells in the prospective posterior proximal site
of the embryo and directly in contact with the
overlying EXE begin to show expression of
Blimp1/Prdml1. Experiments tracing genetic
lincage demonstrate that all of the Blimpl-
expressing cells that originate in the proximal-
posterior epiblast are the lineage-restricted PGC
precursor cells (5).

There is further accretion of BlimpI-positive
cells after this time. Lineage-tracing exper-
iments had previously shown that some single
cells in the proximal epiblast at E6.5 could give
rise to both PGCs and extraembryonic meso-
derm but never exclusively to PGCs (6). Further-
more, distal epiblast cells from E6.5 embryos
when transplanted to the proximal-posterior
region can contribute to the germ cell lineage,
whereas proximal-posterior cells transplanted
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Fig. 1. Development of early postimplantation embryo from E5.0 to E7.5, depicting the formation of
PGCs. The proximal epiblast cells respond to signals from the extraembryonic tissues, which induce
expression of fragilis in the epiblast, and of Blimp1 in the PGC precursor cells at one end of the short axis
before gastrulation. After gastrulation, the PGC precursors locate to the posterior proximal region,
where they undergo specification to form the founder population of Stella-positive PGCs.
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to the distal region of the epiblast can only
give rise to somatic cells (7). These studies
indicate the persistence of signals that can
continually induce proximal-posterior epiblast
cells at least up to E6.5 to commit to the PGC
fate. Consistent with these findings, the num-
ber of BlimpI-expressing cells increases from
about 6 to 16 between E6.25 and E6.5 ().
Taking into account the possibility that there is
lengthening of the cell cycle time in the PGC
precursors from 7 hours to about 16 hours,
recruitment of additional precursors is neces-
sary to account for about 40 Stella-positive
founder PGCs that are finally observed at the
posterior end of the primitive streak at E7.25
3,5,9.

Signals for PGC Specification

Both the EXE and VE are essential for the ac-
quisition of competence and PGC precursors
but not for PGC specification itself (9, 10).
Bone morphogenetic protein 4 (BMP4), which
is produced by EXE, is capable of inducing
fragilis/Ifitm3 expression (3). EXE and VE are
also the sources of BMP8b and BMP2,
respectively. Loss of any of these signaling
molecules abrogates the competence to give
rise to all or most of the PGCs (//-13). BMPs
trigger serine phosphorylation of
the transducer Smad1/5/8, which
translocates into the nucleus with
the common mediator, Smad4.
Loss of Smadl and Smad5 (but
not Smad8) causes severe re-
duction in the numbers of PGCs
(14-16), as does the conditional

embryos, which disorder A-P axis formation
and result in the expression of “posterior”
genes, including Nodal and Fgf$8 in the entire
epiblast, show many ectopic clusters of PGCs
(16, 20). It appears that an orchestration of
growth factors, which may include Nodal and
Fgf8, creates an environment for PGC pre-
cursors to be segregated from somatic cell
lineages.

Blimp1: The Key Regulator of
PGC Specification

A crucial part of PGC specification in many
model organisms includes repression of the
somatic program. In mice, a unique germ cell-
specific transcriptional network seems to regulate
PGC specification. Extensive analysis of gene
expression profile in single cells shows the
involvement of a molecular program during
germ cell specification (3, 5, 21, 22) (Fig. 2).

Among the genes identified so far, Blimpl
protein is a key transcriptional regulator that is
partly responsible for repressing the somatic
program in PGCs while allowing establishment
of germ cell character in these cells (5, 23).
Blimpl protein has a PR/SET domain, a
proline-rich region, five C,H, zinc fingers, and
a C-terminal acidic domain.
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loss of Smad4 (17).

The Bmp-Smad gene dosage
is critical for PGC specifica-
tion. For example, in the Bmp4-
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heterozygous mutants, the number
of PGCs is almost halved, which
is also the case in the double
heterozygous SmadI and Smad5
(18). Indeed, the PGC precursors
emerge from the most proximal
layer of the epiblast, where the
BMP-Smad signaling is strongly
activated (Fig. 1).

The detection of Blimp I-positive
PGC precursors at the posterior
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side of the early embryo indicates
that the anterior-posterior (A-P)
axis formation may play a role
in determining their numbers and
location. The anterior visceral
endoderm (AVE) (/9) produces
Nodal and Wnt antagonists, thus
restricting Nodal and Wnt3 signal-
ing to the posterior side of the
embryo, the site where the Blimp1-
positive PGC precursors are de-
tected. Notably, Smad2-mutant
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Fig. 2. A summary of PGC specification. Progressive changes
in gene expression from the epiblast in early embryos (green)
to PGCs (red) are indicated. Epigenetic differences between
PGCs and somatic cells (yellow) are shown at E10.5. Nanos3,
Mvh, Dnd, and Dazl are also germ cell—enriched genes. DNA

(5meQ) is erased in imprinting control elements

and gene-encoding regions after E10.5 (33).

SPECIALSECTION

Detailed analysis suggests that the PGC-
competent proximal epiblast cells expressing
fragilis/Ifitm3 are initially destined for a
somatic fate. Accordingly, early Blimpl-
expressing cells at E6.75 originating in the
proximal epiblast cells exhibit expression of
Hoxbl as well as other mesodermal genes,
including 7, Fgf8, and Snail (21). These genes
continue to be up-regulated in the neighboring
mesodermal somatic tissues. However, they
become repressed in the BlimpI-positive cells
in an orderly manner along with the progres-
sion of PGC specification (22). The repression
of somatic genes in PGCs is consistent with
the phenomenon of repression of the somatic
program observed in C. elegans and in
Drosophila.

Coupled with the repression of mesodermal-
specific genes, there is up-regulation of other
genes, including Sox2 (5, 22). Another gene,
Nanog, is also reexpressed in PGCs (24). Thus,
among all the lineages that develop from the
epiblast cells, only germ cells regain expression
of pluripotency-associated genes during the
course of their specification. There is also ex-
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Fig. 3. (A) Potential role of Blimp1/Prmt5 complex
in PGC specification until the migration of PGCs into
the genital ridges, when the complex translocates
from the nucleus to the cytoplasm. (B) The loss of
Blimpl during dedifferentiation of PGCs into plu-
ripotent EG cells. Dhx38 is a target of Blimp1/Prmt5
complex.
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pression of other unique genes in PGCs, in-
cluding Prdm 14, a gene that is closely related to
Blimp1/Prdml, which may also have a role in
PGC specification (22).

The functional importance of Blimpl in
PGC specification became evident during the
analysis of the Blimpl-mutant mouse em-
bryos, which results in aberrant development
of founder PGCs. In the absence of Blimpl,
the mutant cells form a tight PGC-like cluster,
but they cease to proliferate and they show
little evidence for migration out of the cluster.
They also show inconsistent repression of
Hoxbl, which is a hallmark of PGC specifi-
cation, while failing to show consistent up-
regulation of stella and Sox2, as observed in
normal PGC. Thus, Blimpl plays a critical
role in the establishment of the founder
PGCs.

The Role of Prmt5 Arginine Methylase
in PGC Specification

Recent studies have shown a previously un-
recognized Blimpl/Prmt5 complex in germ
cells. Prmt5 is an arginine-specific histone
methyltransferase, which mediates symmetri-
cal dimethylation of arginine-3 on histone
H2A and/or H4 tails (H2Ame2s/H4R3me2s),
which is detected in germ cells (21). A few
targets of the Blimpl/Prmt5 complex have
been identified in germ cells, including DAx38.
In PGCs, Dhx38 is repressed and shows an
H4R3me2s epigenetic mark until E12.5. Its
expression at this time coincides with the
translocation of Blimp1/Prmt5 from the nu-
cleus to the cytoplasm at E11.5, after which
the expression of pluripotency-associated
genes also begins to be down-regulated. Thus,
Blimp1/Prmt5 complex may play an essential
role in maintaining the PGC lineage during
the migration of the cells into the gonads
(Fig. 3A).

Notably, recent studies in Drosophila indi-
cate that a mutation in the Prmt5 homolog,
Capsuleen/dart5, affects germ cell specification
in females and development of spermatocytes
in males (25, 26). Both the formation of nuage
in nurse cells and pole plasm integrity are af-
fected in Capsuleen/dart5 mutant flies. Capsuleen/
dart5 has the potential to methylate protein
substrates, which have a role in the integrity of
P granules in the germ cells of C. elegans (27).
Both P granules and nuage are RNA rich and
contain several proteins. In Capsuleen/dart5
mutant flies, the localization of Tudor, an es-
sential component of the pole plasm and nuage,
is abolished.

It will be important to determine whether
Prmt5 has a role earlier in the PGC precursors
in mice, either through any cytoplasmic sub-
strates or through its association with Blimp1
(Fig. 3A). It remains to be seen whether Tudor
domain proteins, some of which are detected

at the time of PGC specification (28), contrib-
ute to PGC specification in conjunction with
Prmt5 or Blimp1/Prmt5 complex.

Postspecification Establishment of PGC
Epigenetic Signature

An integral part of the PGC specification
process includes substantial epigenetic modifi-
cations, which occur in the stella-positive
PGCs. At ES8.0, the level of H3K9me2 (an
epigenetic mark associated with transcriptional
repression) diminishes, whereas H3K27me3
(another repressive epigenetic mark associated
with high levels of Ehz2) becomes prominent
(29) (Fig. 2). These changes are followed by up-
regulation of H3K4me2/3 (Fig. 2). The epige-
netic marks H3K27me3 and H3K4me2/3 are
notable as the facultative marks of gene loci that
are repressed in pluripotent embryonic stem
cells.

Germ Cells and Pluripotent Stem Cells:
A Reversible Phenotype

PGCs undergo dedifferentiation into pluri-
potent embryonic germ (EG) cells when they
are cultured with basic fibroblast growth
factor (bFGF), leukemia inhibitory factor
(LIF), and stem cell factor (SCF) (30-32).
EG cells can only be derived from PGCs
between E8.5 and E11.5 when H3K27me3
and H3K4me2/3 marks become prominent
and when H3K9me2 is absent (29, 30). At
the same time, PGCs show expression of
pluripotency-associated genes Oct4, Sox2,
and Nanog. Blimp1 is down-regulated during
the derivation of EG cells, whereas Prmt5 is
detected not only in EG cells but also in all
other pluripotent cells. The loss of Blimp1 may
result in derepression of certain genes that
maintain the germ cell lineage, such as Dhx38
(Fig. 3B), a target of Blimp1/Prmt5 complex in
PGCs until E11.5 (21). Reciprocally, ectopic
expression of Blimp1 in pluripotent embryonic
carcinoma (EC) cells leads to the repression of
Dhx38. It will be of interest to determine
whether the EC cells and indeed all pluripotent
stem cells acquire aspects of the PGC character
upon expression of Blimpl1.

Outlook

Analysis of PGC specification in different or-
ganisms demonstrates both the differences and
some common features of the mechanisms in-
volved in their specification. An essential
necessity for the germ line cycle is to prevent
a loss of pluripotency and totipotency, which
are lost from somatic cells as they begin to
undergo differentiation.

An emerging theme in PGC specification is
the potential role of the arginine methylase,
PrmtS. In flies, it seems to have a role as a
protein arginine methylase that acts on compo-
nents of the germ plasm and helps to maintain

its integrity through the involvement of Tudor.
The role of Prmt5 in the mouse PGCs remains
to be fully elucidated. It also seems that Blimp1
probably helps to direct Prmt5 to its targets,
such as Dhx38, but a more comprehensive
search for other targets is needed to unravel its
role more fully in early PGCs. Further inves-
tigations will deepen our insights on the
specification of germ cells, the most critical
lineage in all species.
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