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Summary

The germ cell lineage segregates from the somatic cell mesoderm that contains PGC precursors, and that
lineages in early embryos. Germ cell determination in mice blocking the functions of E-cadherin with an antibody

is not regulated by maternally inherited germplasm, but is inhibits PGC formation in vitro. These results showed

initiated within the embryo during gastrulation. However,  that E-cadherin-mediated cell-cell interaction among cells
the mechanisms of germ cell specification in mice remain containing PGC precursors is essential to directing such
unknown. We located precursors to primordial germ cells  cells to the germ cell fate.

(PGCs) within early embryos, and show here that cell-cell

interaction among these precursors is required for germ  Movies available online

cell specification. We found that the expression of a

calcium-dependent cell adhesion molecule, E-cadherin, is Key words: Primordial germ cell, E-cadherin, Cell interaction, Cell
restricted to the proximal region of extra-embryonic fate

Introduction al., 2000), and recombinant BMPs can induce PGCs from

The germ cell lineage in mouse embryos is segregated froﬁplblas_ts in culture (Hayashi et al., 2002). Signals from BMP
the pluripotent cell population of the proximal epiblast afterMght induce precursors of PGCs and of extra-embryonic
the onset of gastrulation (Wylie, 1999; McLaren, 1999; Zhadghesoderm, but may not be involved in actual PGC
and Garbers, 2002; Lawson and Hege, 1994; Tam and Zhdigtermination. Thus, a second local signal at the posterior end
1996). However, the mechanisms of germ cell specificatiofll the embryo might regulate allocation to the PGC lineage
in mice remain unknown. Although maternal germ cell(Lawson et al.,, 1999; Fujiwara et al., 2001). The nature of
determinants are critical for germ cell formation in organismdhis presumptive second signal remains obscure. A gene
such aCaenorhabditisDrosophilaandXenopusthey do not known asfragilis/mil-1 that is potentially expressed in PGC
seem to be involved in mouse germ cell allocation. Cell lineagerecursors (Saitou et al., 2002; Tanaka and Matsui, 2002)
analyses have revealed that a portion of proximal epiblast cefflcodes a transmembrane protein that belongs to the
in pre- and early streak mouse embryos are common precursépéerferon induced transmembrane protein family, and it
of primordial germ cells (PGCs) and extra-embryonicmight be involved in cell-cell contact as well as cell growth
mesoderm (Lawson and Hage, 1994) and that final cell faontrol (Deblandre et al., 1995). As yet there is no evidence
is not yet determined at this time. In addition, afterthat this gene functions in PGC formation.
transplantation into the proximal region of the epiblast, distal Cadherins are responsible for cell adhesion through calcium-
epiblast cells that normally become ectoderm cells follow théependent homophilic interactions and have various functions
fate of the proximal epiblast and give rise to PGCs as well dgcluding cell differentiation (Takeichi, 1991; Gumbiner, 1996;
extra-embryonic mesoderm (Tam and Zhou, 1996). This alsoaprise et al., 2002). For example, N-cadherin-dependent cell
indicates that proximal location in the epiblast is important irinteractions in a group of muscle progenitors plays a crucial
becoming committed to PGCs. role in promoting differentiation into MyoD-expressing muscle
We established a primary culture system that can mimit Xenopusembryos (Holt et al., 1994). Although high levels
PGC differentiation from the epiblast, and have shown thaof E-cadherin are expressed in the epiblast but not in the
the extra-embryonic ectoderm induces the conditiongnesoderm, we show here that E-cadherin is expressed in the
required for PGC formation within the adjacent proximalproximal extra-embryonic mesoderm that contains the PGC
epiblast (Yoshimizu et al., 2001). In addition, studies ofprecursors and that cell-cell interaction mediated by E-
knockout mice have revealed that BMP4/8b signaling isadherin is crucial for these precursors to be allocated to the
critical for this induction event (Lawson et al., 1999; Ying etgerm cell lineage.
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Materials and methods epiblast between E6.5 and E6.75. Because ALP-positive
Mouse strains and staging of embryos (Ginsberg et al., 1990) and PGC7/stella-positive (Sato et al.,

Embryos for explant culture and whole-mount immunofluorescencgooz’ SQItOU et al., 2002) PGCs appear f'rSt.m the extra-
staining were obtained from female mice of the outbred strain ICEMBryonic mesoderm at E7.25, dratjilis/mil-1 (Saitou et al.,

that were mated with male BDF1 (C57/B6DBA2) mice or with ~ 2002; Tanaka and Matsui, 200@hich seems to be expressed
Oct4 (GOF18APE)-GFP heterozygous male mice (Yoshimizu et al.in PGC precursors, is expressed in the earlier (E6.75) extra-
1999) maintained in the C57BI/6 background. Embryos were stagesimbryonic mesoderm, we cultured fragments of isolated extra-
before the experiments as described previously (Downs and Daviesmbryonic mesoderm from E6.75 embryos under the same
1993): E6.5, E6.75, E7.0, E7.25 and E7.5 embryos corresponding g@nditions. All of these explants gave rise to PGCs, indicating
early streak, mid-streak, mid to late streak, early allantoic bud and laifiat PGC precursors are located within the extra-embryonic
allantoic bud stages, respectively. mesoderm at E6.75 (Table 1, Fig. 1E).

Histological stainin . . .
d 9 . . . Cell-cell interaction among the precursors is
Whole embryos and cultured explants were histologically stained @ecessary for PGC allocation

described previously (Ciruna and Rossant, 2001). Primary antibodi )
were applied at the following concentrations:idml for rat anti-E- ~ We reported that Oct4 (GOF18-deltaPE)-GFP transgenic
cadherin (ECCD-2) (Takara Shuzo), 3@/ml for rat anti-FIkl ~embryos specifically expressed GFP in PGCs after E8.0
(AVAS12) (Kataoka et al., 1997) and at a 1:1000 dilution for rabbit(Yoshimizu et al., 1999). Although GFP is also weakly
anti-PGC7 (Sato et al, 2002). The appropriate species-specifexpressed in somatic tissues before this stage, the E6.75-E7.25
fluorophore-labeled secondary antibodies (Molecular Probes) wekgxtra-embryonic mesoderm expressed more GFP than
applied at a 1:200 dilution. Nuclei were stained with TOTO-3 iodideanywhere else in the embryo, suggesting that cell populations
g\f""R'eNC;S'Z“:met‘;Sgi S‘é 6\‘,\/2:35%?(:['1'1‘:;'23 :Jnsitr?g griii?gsa?mscopcontaining PGC precursors can be distinguished by intense GFP
(Leica). Specimens were stained with alkaline phosphatase (AL Ifg?hagstg:\gs'gze)ﬁigxgrﬁgrtjogf 587'? deegéa_eir;gggnﬁ?gms\?ggrgf
after immunostaining as described (Donovan et al., 1986). GFP, and ALP-positive, PGC7/stella-positive PGCs migrated
Dissection of embryos and explant culture from a cluster of intensely GFP-positive cells after culture (Fig.
Embryos were dissected out from decidua and then Reichert3), further indicating that intense GFP expression in the extra-
membrane and visceral endoderm were mechanically removed usiegnbryonic mesoderm marks a cell population that includes

fine forceps and a tungsten needle to isolate epiblasts or ex“ﬁ)rming PGCs. The intensely GFP-expressing cells formed
embryonic mesoderm (Hogan et al., 1994). The proximal quarter (}Eﬁ

epiblasts was dissected at E6.5 and E6.75 as proximal epiblasts. usrtetr's W't,?.'” tgg Dexplagts Sbefcl)re thte| F;GtC S ﬁ:taerd
isolate extra-embryonic mesoderm at E6.75 and E7.0, boundaries 9 a. lon . (Fig. ) an upp em_e_n a ata. p:
extra-embryonic mesoderm, extra-embryonic ectoderm and epibla pv.b|olog|sts.org/supplen_1ental). In addition, the cell clusters
were cut with a tungsten needle. We also isolated the base of allantd€re formed at 9 hours in culture, but cells were not PGC7
buds as extra-embryonic mesoderm at E7.25 and E7.5. The fragmeR@sitive until 12 hours in culture (Fig. 7; data not shown),
of extra-embryonic mesoderm were dissociated into single cells bsyuggesting that cell contact is important in PGC formation
gentle pipetting in 0.025% trypsin/0.75 mM EDTA. Extra-embryonicbefore commitment. To test the requirement for cell-cell
mesoderm explants were co-cultured with 2@0ml
of ECCD-1, a blocking antibody for E-cadherin,

with the same concentration of ECCD-2 as a cont ALE o PGLT
Explants were cultured on a feeder layer of S
fibroblast cells as described previously (Yoshimizt
al., 2001).

Time-lapse analysis

Time-lapse images were analyzed using a Le
confocal microscope equipped with a cell cultt
chamber. Images were captured every hour for
hours.

Fig. 1. Localization of
PGC precursor cells in
early streak embryos.
~ Explants of proximal
epiblast at E6.5 (A) and
E6.75 (D) cultured with
recombinant human
BMP4 for 72 and 66
hours, respectively.

Results

PGC precursors are located within the
extra-embryonic mesoderm

To determine the mechanisms of germ ¢
determination in mice, we initially attempted
locate PGC precursors in early streak embryo:
explant culture. At E6.5, explants of proxim
epiblast gave rise to PGCs expressing alka g BMP4 stimulates PGC

phosphatase (ALP) and a more Speq|f|c mark%rmation from E6.5 proximal epiblasts (unpublished results). ALP- and
PGC7/stella (Sato et al., 2002; Saitou et alpgc7/stella-positive PGCs developed from E6.5 explants (B,C, arrowheads), but no
2002), whereas E6.75 explants did not (Table guch cells emerged from E6.75 explants (D). The same group of cells is shown in B
and Fig. 1A-D). These findings suggested thaid C. E6.75 extra-embryonic mesoderm generated ALP-positive PGCs (E). Scale
PGC precursors migrated out of the proximabar: 160um (A,D,E) and 10um (B,C).
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E6.5 E6.75 E7.25 Fig. 2. Expression of Oct4 (GOF18-deltaPE)-GFP
transgenes in gastrulating embryos. Fluorescence images
of embryos at (A) E6.5 (early streak stage), (B) E6.75
(mid-streak stage), (C) E7.25 (early allantoic bud stage).
(D,E,F) Extra-embryonic mesoderm of Oct4-GFP
embryos at mid-allantoic bud stage showing expression
of Oct4-GFP (D arrowheads) and stained with anti-PGC7
antibody (E). (F) Merged image. The cells that express
intense Oct4-GFP (D, filled arrowheads) in base of
allantoic bud also stained with anti-PGC7 antibody

(E, open arrowheads). Scale bar: 200 (A-C);

25um (D-F).

E-cadherin expressed in the precursors is
critical for PGC allocation
We examined which molecules mediate PGC
formation that is cell-interaction dependent. While
searching for candidates among cell adhesion
Oct4-GFP PGC7 meroe proteins, we found that the expression profile of E-
cadherin was unique (Saitou et al., 2002). E-
cadherin is a cell adhesion molecule that is involved
interaction, we cultured extra-embryonic mesoderm of E6.7# many aspects of development, including organogenesis and
and E7.5 embryos after dissociating the cells by trypsinizatioreell differentiation (Takeichi, 1991; Gumbiner, 1996; Laprise
No PGCs were evident in the dissociated E6.75 explants (Tab# al., 2002). Although E-cadherin expression in early streak
2). The frequency of PGC formation gradually increased fronembryos is high in the epiblast but undetectable in the
E6.75 to E7.5, when 100% of the dissociated explants gave risgesoderm (Damjanov et al., 1986), we found intense
to PGCs (Table 2, Fig. 4), suggesting an early requirement fe@xpression at E6.75 in a proximal region of the extra-
cell contact that is relieved by E7.5. Trypan Blue stainingembryonic mesoderm adjacent to the epiblast (Fig. 5B), and
showed that over 80% of both E6.75 and E7.25 cells survivegkpression was localized to the sites of cell contact. E-
after trypsinization. In addition, the total number of cells afteicadherin expression was not, however detected in the more
culture, determined by culturing embryos ubiquitouslydistal part of the extra-embryonic mesoderm, which was
expressing GFP, was 86-90% of the number of plated cells, adéveloping into the allantois (Fig. 5B). By E7.0, cells that
no difference was found between E6.75 and E7.25 cells. Thusiight be PGC precursors and that expressed more intense
the rates of cell survival at E6.75 and E7.25 in vitro werdsFP, formed a cluster in the most distal region of the extra-
identical. Together, these results suggest that close cell-ceimbryonic mesoderm expressing E-cadherin (Fig. 2F). This
interaction around E6.75 is critical for PGC differentiation fromsuggested that E-cadherin is involved in clustering PGC
extra-embryonic mesoderm. precursors. PGC7/stella was not expressed in these cells,

Table 1. Localization of the forming PGCs in early streak embryos

E6.5 E6.75
BMP4 Explant with PGCs/ Range of PGC Explant with PGCs/ Range of PGC
Type of explants (500 ng/ml) total explants (%) numbers total explants (%) numbers
Epiblast+exee - 9/9 100 4-72 3/3 100 6-56
Exem - - - - 77 100 4-24
Pro.epi. - 2/13 15 3-6 0/5 0 0
Pro.epi. + 4/4 100 10-40 1/6 17 9

Exee, extra-embryonic ectoderm; Exem, extra-embryonic mesoderm; Pro.epi., proximal epiblast

Table 2. Requirement of cell-cell contact for PGC formation in extraembryonic mesoderm

E6.75 E7.0 E7.25 E7.5
Explant Explant Explant Explant
with Range of with Range of with Range of with Range of
PGCsitotal PGC PGCsitotal PGC PGCsitotal PGC PGCsitotal PGC
Type of explants explants (%) numbers  explants (%) numbers explants (%) numbers explants (%) numbers
Intact 5/5 100 4-24 5/5 100 17-46 5/5 100 2-37 - -

Dissociated 0/12 0 0 2/12 17 3-4 9/12 75 2-21 10/10 100 1-18
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0 hr 12 hr 15 hr 30 hr 36 hr

W’

ALP Oct4-GFP ALP ' PGC7 Oct4-GFP

Fig. 3.PGCs from Oct4-positive cell cluster in isolated extra-embryonic mesoderm at E6.75. (A-G) Time-lapse analysis of Oct4-GFP extra
embryonic mesoderm. (A-E,G) Images of cells expressing Oct4-GFP in extra-embryonic mesoderm on an STO feeder layer(&)dr2(A) O,
(C) 15, (D) 30, (E) 36 and (G) 40 hours in culture. (F) ALP expression of explant in G. Arrowheads indicate ALP- and GERnjgrsiting
PGCs. (H,I,J) Co-expression of PGC markers, (H) ALP, (I) PGC7 and (J) Oct4-GFP in PGCs (arrowheads) that developed fildaé Gifiture
extra-embryonic mesoderm. Scale bar: RO(A-G) and 10Qum (H-J).

indicating that PGCs had not yet differentiated fromprecursors, but not between the precursors and their
precursors at E7.0 (Fig. 5E-H, data not shown). Similaneighboring somatic cells.
expression profiles persisted at E7.25, when PGC7/stella- In contrast to its effect on PGC formation, ECCD-1 did not
positive PGCs were obvious among cells expressing BEprevent the expression of Flkl, a marker of extra-embryonic
cadherin (Fig. 5I-L). Therefore, E-cadherin expressiormesoderm and allantois (Kataoka et al., 1997) (Fig. 8). One
appears to define the cell population containing nascent PG@sport has indicated that FIk1 is not expressed in E6.75 extra-
within the extra-embryonic mesoderm. embryonic mesoderm (Yamaguchi et al., 1993), and we
To determine the role of E-cadherin, we tested the effect afonfirmed that FIkl expression was undetectable in the
an E-cadherin-blocking antibody on PGC formation in cultureexplant before culture (data not shown), indicating that
(Yoshida-Noro et al., 1984). We cultured fragments of extradifferentiation of extra-embryonic mesoderm progressed in
embryonic mesoderm from E6.75 embryos with or without theulture in the presence of ECCD-1. These results indicate that
blocking antibody, ECCD-1. In the absence of antibody (Figblocking E-cadherin function inhibits PGC formation, but
6A-D) or in the presence of the control antibody, ECCD-2 (Figdoes not affect the differentiation of extra-embryonic
61-L), a cluster of PGCs expressing Oct4-GFP and PGC7/stellaesoderm cells. After 48-60 hours in culture, ECCD-1-
formed within explants after 15 hours in culture, but not withdependent PGC formation was still inhibited in E6.75
ECCD-1 (Fig. 6E-H). Although cells often expressed very highexplants, while E7.25 explants were not affected (Table 3, Fig.
levels of GFP in cultured explants in the presence of ECCDB), consistent with the conclusion from the cell dissociation
1, they were PGC7 negative (Fig. 6E-G).
These cells may be PGC precursors A TR R
failed to commit to a PGC fate. D IRes | e e
A cluster of PGCs that specifica
expressed E-cadherin after culture (Fig. |
P) resembled PGCs in the extra-embry: .
mesoderm at E7.25 in vivo (Fig. 5I-I '
In addition, a cluster of PGC precurs
expressing GFP that were negative &
PGC7/stella formed as early as 9-10 hou i ’ [
culture, and the cluster also specifici i

expressed E'C.adherm (Fig. 7). Th'.s suge Fig. 4.PGCs from E7.25 extra-embryonic mesoderm. Intact extra-embryonic mesoderm
that El-cadherln plays an essential role fragment (A) and cells dissociated from a fragment (B,C) were cultured for 48 hours, and
clustering PGC precursors before t  hen stained for ALP activity (A,B) or for PGC7 (C). ALP-positive cells developed from
become committed to PGCs, and that F  the intact fragment (A) and from dissociated cells (B, arrowheads). ALP-positive cells in
specification is achieved by E-cadhe B also stained with the anti-PGC7 antibody (C, arrowheads). Scale basni(®() and
mediated cell-cell interaction among 100um (B,C)um.
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Oct4-GFP E-cadherin TOTO-3 merge

Oct4-GFP PGC7 merge PC

+ECCD-1

+ECCD-2

-

Fig. 5.E-cadherin expression in
clustered PGC precursors at base
of nascent allantois. Lateral view
of embryos at (A-D) mid-streak
(E6.75), (E-H) mid- to late streak
(E7.0), and (I-L) early allantoic
bud (E7.25) stage with anterior to
left. (A-D) Oct4-GFP (A) and
E-cadherin (B) expression was
slightly and obviously lower in the
distal portion of extra-embryonic
mesoderm (dotted line). Arrows
indicate boundary of epiblast and
extra-embryonic mesoderm; exee,
extra-embryonic ectoderm; exem,
extra-embryonic mesoderm; epi,
epiblast; ve, visceral endoderm.
(E-H) Cells expressing intense
GFP (E, solid line) form a cluster
at the apical tip of the E-cadherin-
expressing region (F) of extra-
embryonic mesoderm.

(I-L) Committed PGCs expressing
PGCY7 (1) dispersed in the most
distal region in E-cadherin-
expressing extra-embryonic
mesoderm (J). (C,G,K) TOTO-3
staining of nuclei and (D,H,L)
merged images. Scale bar: |50
(A-D,I-L) and 25um (E-H).

Fig. 6. Antibody blocking of E-cadherin
impairs PGC formation in culture.
Explants of Oct4-GFP extra-embryonic
mesoderm at E6.75 were cultured for 15
hours with no antibody (A-D,M-P), with
ECCD-1 that blocks E-cadherin (E-H),
or with ECCD-2, a control antibody
with no blocking function (I-L).

Cultured explants were stained with
anti-PGC7 antibody (B,F,J) or with anti-
E-cadherin, ECCD-2 (N).

(A,E,I,M) Oct4-GFP expression;
(C,G,K,0) merged images;

(D,H,L,P) phase contrast images. With
ECCD-1, scattered Oct4-GFP-positive
cells are evident, but they are PGC7
negative (E-G). Oct4-GFP positive
clump of cells express E-cadherin, while
the remaining explant is E-cadherin-
negative in control culture (M-P). Scale
bar: 50um (A-D,M-P); 80um (E,L).
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Oct4-GFP merge

Fig. 7. Specific expression of E-cadherin within the cluster of
PGC precursors. Explants of Oct4-GFP extra-embryonic
mesoderm at E6.75 were cultured for 9-10 hours, and stained
with anti-PGC7 antibody (B) or with anti-E-cadherin antibody,
ECCD-2 (E). Oct4-GFP expression (A,D). (C,F) Merged image
with TOTO-3 stained nuclei. Cluster of GFP-expressing PGC
precursors that are PGC7/stella negative exclusively maintaine ]
E-cadherin expression. Scale bar: 0. E-cadherin |

study that cell contact was no longer required by E7.2%vell as our culture experiments (Table 1) suggest that these
(Table 2). precursor cells migrate to and remain in a region at the
posterior of embryos by E6.75. Our present results indicate that
. . E-cadherin-mediated interactions among such common
Discussion precursor cells regulate their fates and are necessary for their
Cell lineage analyses of pre- and early streak epiblast celtommitment to the germ cell lineage (Fig. 10).

have indicated that PGCs and extra-embryonic mesoderm suchWe also examined the involvement of other cell surface
as allantois originate from common precursors located withimolecules in PGC specification. We focused on the Notch
the proximal epiblast (Lawson and Hage, 1994). Thdamily proteins because they regulate cell-type specification
expression profiles dfagilis/mil-1 (Saitou et al., 2002; Tanaka and differentiation in many different species via interaction
and Matsui, 2002) and Oct4-GFP (Yoshimizu et al., 1999) awith their ligands, the Delta family of proteins that are

PGC7 Flk1 merge

Fig. 8. Extra-embryonic
mesoderm develops normally in
cultured explants with E-
cadherin-blocking antibody.
Explants of extra-embryonic
mesoderm were cultured for 15
hours with ECCD-1 (A-D), or
with ECCD-2 (E-H). Cultured
explants were stained with anti-
PGC7 (A,E) and anti-Flk1
antibodies to show differentiation
of extra-embryonic mesoderm
(B, F). (C,G) Merged and (D,H)
phase contrast images. Scale bar:
100 pm.

+ECCD-1

+ECCD-2

Table 3. Requirement for E-cadherin in PGC formation in extraembryonic mesoderm

E6.75 E7.25
Explant with Explant with
PGCsitotal Range of PGCsitotal Range of
Medium explants (%) PGC numbers explants (%) PGC numbers
+ECCD-1 0/7 0 0 4/4 100 7-23
+ECCD-2 4/5 80 4-18 4/5 80 4-18

Buffer 5/5 100 8-25 2/2 100 18-30
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+ECCD-1 +ECCD-2 catenin from lymphoid enhancer factor/T cell factor

' o (LEF/TCF) (Hecht and Kemler, 2000) transcription factors
(Orsulic et al., 1999). E-cadherin might also facilitate the
clustering of signaling molecules with growth factor receptors
that are specifically expressed within the cluster. For instance,
VE-cadherin in endothelial cells forms a complex consisting
of B-catenin, Pl 3-kinase and VEGF receptor 2, by which
VEGF-A activates Akt (Carmeliet et al., 1999). E-cadherin also
stimulates the MAPK pathway through ligand-independent
activation of EGFR in epithelial cells (Pece et al., 2000).
Because PI 3-kinase is also involved in E-cadherin-dependent
activation of MAPK (Pece et al., 1999; Laprise et al., 2002),
we examined its involvement in PGC formation by adding the
potent Pl 3-kinase inhibitors, LY294002 and wortmanin to
cultured E6.75 extra-embryonic mesoderm. However, PGC
formation was not significantly affected (data not shown). This
indicates that E-cadherin-mediated signals are transmitted to

. P — . PGC precursors via different signaling pathwayagilis/mil-
Fig. 9.Inhibition of migrating PGC emergence by E-cadherin- . . 0
blgcking antibody in ;?rolonged culture. Extra-er%bryonic mesoderm 1 (Saitou et al., 2002; Tanaka and Matsui, 2002) is likely to be
explants at £6.75 (A,B) and E7.25 (C,D) were cultured with ECCD-@SSociated with E-cadherin in signal transmisgtoagilis/mil-
(A,C) or ECCD-2 (B,D) for 48-60 hours. Emergence of PGCs was 1 is specifically expressed in a cell population in the extra-
detected by ALP staining. Scale bar: 200. embryonic mesoderm and in newly formed PGCs, and encodes
a transmembrane protein. A role in cell-cell interaction thus
seems likely forfragilis/mil-1, although clarification of its
expressed in neighboring cells (Artavanis-Tsakonas et alfunctions await further study.
1999). Four Notch gened¢tchl-4 have been identified in  Alternatively, E-cadherin might play more permissive roles
mice and we found by whole-mount in situ hybridization thatin transmitting signals for PGC determination. E-cadherin may
only NotchlandNotch2were uniformly expressed in epiblasts simply permit close enough contact for other independent
at E6.5 (data not shown). However, not all of the Notch geneaastructive signals such as juxtacrine signals or signals via
were expressed in extra-embryonic mesoderm at E7®&her adhesion molecules including Fragilis/Mil-1. In this
(Williams et al., 1995) (data not shown). In addition, weregard, E-cadherin could also function as an anchor that settles
examined abnormalities of PGC development in homozygousrecursor cells within niches for PGC differentiation. Cell
Notchl and Notch2 mutant embryos by whole mount ALP adhesion mediated by DE-cadherin is required in the
staining, but the numbers and localization of PGCs in th®rosophilaovary to anchor germline stem cells in niches for
homozygous embryos did not significantly differ from those otheir renewal (Song et al., 2002). In mouse extra-embryonic
the heterozygous and wild type littermates at E8.5. Takemesoderm, E-cadherin expression is restricted to the proximal
together, we concluded that Notch signaling does not functioregion that is adjacent to the epiblast, which also expresses E-
in PGC development. However, the possibility of redundancgadherin, and is not expressed in the distal portion of extra-
in Notchl and Notch2 functions cannot be ruled out, as in thembryonic mesoderm or in the allantois (Fig. 5B,F,J). This
roles they play in left-right asymmetry determination (Krebs espatial distribution of E-cadherin prompts the notion that
al., 2003). homophilic E-cadherin interactions prevent precursors from
Several mechanisms by which E-cadherin regulates PGRoving to the distal part of the extra-embryonic mesoderm,
determination are possible. The simplest model is that Bwvhere the allantois differentiates (Downs and Bertler, 2000).
cadherin itself transmits instructive signals for PGCThe continuous expression of E-cadherin in the proximal extra-
determination. For example, homophilic interactions of E-embryonic mesoderm might thus protect PGC precursors from
cadherin transmit intracellular signals by sequestefiag allantois differentiation (Fig. 10).

_E675

E7.25

E-cadherin(-) - . . )
\ fifnn() e Fig. 10.Possible mechanism of PGC
'y S a determination by E-cadherin-mediated cell
— ; > - A Y interaction. PGC/allantois common

precursors locate within the proximal region
of extra-embryonic mesoderm. Cells losing
E-cadherin expression move to the distal

rin(+) - exem

A E-cadherin mediated commitment  region of the extra-embryonic mesoderm and
© E-cadnerins) cell-cell interaction into PGCs differentiate into allantois. In contrast, some
- allantols common precursors X . . 3 .
O E-cadherin(+) - PGC precursors cells continuously expressing E-cadherin

form clusters and E-cadherin-mediated cell

signaling directs them to germ cell fate. exee,
E6.5~6.75 E6.75~7.25 E7.25 extra-embryonic ectoderm.

E-cadherin(-) - allantoic precursors
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