
Summary. The aim of the present work was to identify a
homologue of zebrafish cxcr4b in Xenopus, which could
be involved in primordial germ cell (PGC) guidance
migration. Following a BLAST analysis, the clone gi
27519681, homologous to the zebrafish gene z-cxcr4b,
was identified, inserted into pCMV-SPORT6 plasmid
and cloned in Escherichia coli. Embryonic expression of
x-cxcr4b was analyzed by RT-PCR. X-cxcr4b was
weakly expressed maternally but sharply increased after
the mid-blastula transition (MBT), declining
significantly at stage 45 when PGCs migration is
complete. In contrast, RT-PCR of isolated presumptive
PGCs showed strong maternal expression at stage 8,
which decreased by stage 10 post-MBT and was not
detected at stage 14. Whole mount in situ hybridization
of x-cxcr4b mRNA showed that this gene is expressed in
neural and haematopoietic tissues, and should be linked
to important processes during embryonic development of
these organs. Although weak staining could be seen in
some samples within the anterior endoderm, expression
of x-cxcr4b was never coincident with that of Xpat
mRNA, which labels PGCs restricted to the posterior
endoderm. Therefore, maternal x-cxcr4b is specifically
downregulated within PGCs at pre-migratory stages
while it is expressed in other tissues.
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Introduction

cxcr4 is the receptor for stromal cell-derived factor-1
(sdf1) (Ma et al., 1998; Horuk, 2001). A major function
of the cxcr4/sdf1 signal system is to positively regulate
guidance of cell migration with sdf1 attracting cxcr4
positive cells (Bleul et al., 1996; Zou et al., 1998; David
et al., 2002).

The receptor cxcr4, a member of the G-protein-
coupled-receptor family, was originally identified in
leukocytes but is now known to function in chemotaxis
in other cell types, including lymphocytes, neurons,
endothelial cells and lateral line cells (Bleul et al., 1996;
Nagasawa et al., 1998; Tachibana et al., 1998;
Nagasawa, 2001; David et al., 2002; Lu et al., 2002) as
well as in pathological situations, including metastasis
and HIV-1 entry (Feng et al., 1996; Müller et al., 2001).
Recently, several papers have shown that the cxcr4/sdf1
system is involved in primordial germ cell (PGC)
migration in both mouse (Ara et al., 2003; Molyneaux et
al., 2003) and zebrafish (Doitsidou et al., 2002; Knaut et
al., 2003).

Two related cxcr4 genes have been described in
zebrafish, z-cxcr4a and z-cxcr4b, which are related to
mammalian cxcr4 (Chong et al., 2001). The function of
mammalian cxcr4 could be split between the two
zebrafish genes, z-cxcr4a and b; the former may function
mainly in interneurons and the endoderm and the latter
in sensory neurons, motoneurons and cerebellum (Chong
et al., 2001). Some works have shown that z-cxcr4b is
involved in PGC migration in zebrafish (Doitsidou et al.,
2002; Knaut et al., 2003; Dumstrei et al., 2004), a role
that has not been reported for z-cxcr4a.

Migration of the PGCs has been studied in Xenopus,
but little is known about the mechanisms involved,
including what guides them from the endoderm to the
genital ridges (Gomperts et al., 1994; Houston and King,
2000; Horvay et al., 2005). Recent reports have
identified Xenopus sdf1 and cxcr4 homologues during
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early stages of embryo development, but no evidence
exists about their involvement in PGC migration in this
species (Moepps et al., 2000; Braun et al., 2002). The
aim of the present work was to determine if a second x-
cxcr4 gene exists, analogous to z-cxcr4b in zebrafish,
which could be involved in PGC migration. Here we
report finding such a candidate gene. 
Materials and methods

Sample preparation

Defolliculated oocytes were obtained from adult
Xenopus females (Blades Biological, UK) by incubating
ovarian fragments in 0.2% collagenase (type II, Sigma)
in 0.1M sodium phosphate pH 7.4. Eggs were obtained
after inducing females to ovulate by hCG injection (1000
U; Profasi HP; Serono). Eggs were fertilized in vitro by
gently rubbing them with testis fragments. Embryos
were reared in darkness in 1/10 Normal Amphibian
Medium (NAM; Slack, 1984) and gentamicyn antibiotic
(2.5 mg/100ml; Sigma) at 20°C in a Selecta Prebatem
refrigerated incubator until the appropriate embryonic
stage. Embryos were staged following the normal table
from Nieuwkoop and Faber (1956). Eggs were dejellied
with 1.25% cysteine (Sigma) pH 8.0 in NAM.
Cloning the x-cxcr4b gene

A BLAST analysis allowed us to identify the
Xenopus clone gi 27519681 (accession number
CA9870008), and the clone gi: 27924173 (accession
number BC044963), as being homologous to the
zebrafish gene cxcr4b. The second clone (BC044963)
was acquired from a cDNA Xenopus stage 10 library
(6863554 Cat# EXL1051, Open Biosystems). The clone
was inserted into pCMV-SPORT6 plasmid, transformed
in Escherichia coli XL 10 competent cells grown in
ampicillin containing media. Plasmid mini preparations
were made using the “JET quick Spin Column
Technique” kit (Genomed). 
RT-PCR

Total RNA was extracted from oocytes, eggs, and
whole Xenopus embryos at different stages of embryonic
development (4, 7, 10, 14, 25, 28, 32, 40 and 45) using
Trizol Reagent (Invitrogen). The extracted RNA was
purified with chloroform and acid phenol:
chloroform:isoamilalcohol (Ambion) and finally
precipitated with ethanol. The pellet was air dried and
DNA impurities were eliminated by DNAseI digestion
(Ambion) 15 minutes at 37°C. Samples were stored at -
80°C.

Transcription reaction was carried out with the
“MMLV” kit (Maloney murine leukaemia virus reverse
transcriptase, GIBCO). The cDNA was amplified by
PCR (30 cycles: 94°C 0:30 min; 60°C 0:30 min; 72°C
1:00 min, followed by a single incubation at 72°C for 10
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min) using 32P-dCTP labelled RT-primers. The primers
have the following sequences: ACTGCATTTGGGA
GAACACC (forward) and CTCAGAACGCATTCA
CCTCA (reverse). The same procedure was carried out
for the positive control odc amplification and the
amplified cDNA fragments were fractionated on a 4%
acrylamide gel at 100V.
RT-PCR of cDNA of isolated PGCs

Presumptive PGCs were isolated from embryos 
at stages 8, 10 and 14 as previously described
(Venkataraman et al., 2004). Embryos were dissociated
with Ca2+- Mg2+ free Media (CMCF) and the PGCs
selected manually. RNA was extracted from 50 isolated
PGCs from each stage (8, 10 and 14) using the
“Absolutely RNA Micropep Kit” (Stratagene).
Transcription reaction was carried out with the “Super
Smart PCR cDNA syntesis kit” (Klontech), the cDNA
purified by column chromatography (“NucleoTrap PCR
purification BD Biosciences” kit; Klontech), and
amplified by PCR (30 cycles: 94°C 0:30 min; 60°C 0:30
min; 72°C 1:00 min, followed by a single incubation at
72°C for 10 min) using the same 32dCTP RT-primers
cited before. 
Whole mount in situ hybridization

Whole mount in situ hybridization was done as
previously described with slight modifications (Harland,
1991). In brief, oocytes, eggs and embryos (stages 10,
14, 25, 28, 36, 40 and 45) were fixed for 90 min at RT in
MEMFA [0.1 M MOPS, pH 7.4, 2mM EGTA, 1mM
MgSO4 and 4%(w/v) paraformaldehyde] and then stored
at -20°C in ethanol. Whole mount in situ hybridization
was performed with digoxigenin-labelled cRNA probes.
The plasmid was digested with SalI and NotI restriction
enzymes. In situ hybridization was performed with
digoxigenin-labeled antisense RNA transcribed in vitro
using T7 RNA polymerase from an x-cxcr4b cDNA
fragment using the DIG RNA labelling kit (SP6/T7)
(Roche). Dig-labeled Xpat probe was used as a positive
control, and the sense RNA sequence for x-cxcr4b as the
negative one. 
Results

Following a BLAST analysis, two Xenopus clones
being homologous to the zebrafish gene cxcr4b were
identified. Both clones (accession number CA9870008
and BC044963) were compared by Clustal analysis and
a 99% consensus was shown. Thus, they represent the
same gene now referred to as x-cxcr4b. X-cxcr4b amino
acid sequence has a 97% similarity to an x-cxcr4 gene
previously cloned and a 60% similarity to z-cxcr4b.
Furthermore, when cxcr4 from mouse, human, rat,
zebrafish, and Xenopus were compared, sequence
similarity was also very high (Fig. 1).

The expression of x-cxcr4b was analyzed by RT-
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Fig. 1. Comparison of the amino acid sequences of cxcr4 receptor from different
species: Xenopus (x-cxcr4a and x-cxcr4b), mouse (m-cxcr4), rat (r-cxcr4), man (h-
cxcr4) and zebrafish (z-cxcr4a and z-cxcr4b). Sequences from x-cxcr4a, x-cxcr4b,
m-cxcr4, r-cxcr4, h-cxcr4, z-cxcr4a and z-cxcr4b are from the NCBI/GeneBank,
accession numbers Y17894, BC044963, NM009911, NM022205, BC020968,
AY057095 and AY057094, respectively. Identical sequences are in dark grey and
sequences with 85% identity across the five species are in light grey.



PCR in oocytes, eggs, and whole embryos at several
stages of development, from early blastula to tailbud
stage. In oocytes and early stages of development x-
cxcr4b expression was weak, while zygotic expression at
gastrulation remained high during early organogenesis,
until stage 45, when expression diminished (Fig. 2).

Expression of x-cxcr4b was also detected by RT-
PCR analysis in isolated presumptive PGCs (Fig. 3)
isolated from embryos at blastula (stage 8) and early
gastrulation (stage 10), but not at neurula (stage 14). No
other stage was tested because identification and
isolation of presumptive PGCs is uncertain in later
stages.

Whole mount in situ hybridization analysis (Fig. 4)
showed that expression of x-cxcr4b starts at gastrulation
at the region of the blastopore in somatic cells but is not
observed in PGCs (Fig. 4a-c). From stage 25 the
expression was strongest in the nervous system,
including forebrain, hindbrain, sensory organs (eyes and
otic vesicles) and neural crest cells (Fig. 4d-f). At stage
36, x-cxcr4b mRNA was also detected abundantly in the
structures which will develop into the embryonic and
definitive haematopoietic cells: the dorsolateral plate and
the ventral blood islands. In addition, some sparse
endodermal cells were weakly labelled, but this labelling
was clearly different to that obtained after in situ
hibridization for Xpat, a marker for PGCs (Fig. 4g). At
stage 40, ventral blood island labelling was weaker and a
weak labelling at the dorsal side of the endoderm could
be seen (Fig. 4h).
Discussion

CXCR4b is a conserved protein among vertebrates

Comparison of sequences by Clustal analysis of both
acquired clones (accession number CA9870008 and
BC044963) indicated a 99% consensus. Comparison of
this gene with other cxcr4 genes from other species,
including another x-cxcr4 previously cloned (Moepps et
al., 2000) shows a very high sequence similarity. This

high degree of conservation at the amino acid level for
cxcr4 suggests it may have similar functions in all the
organisms listed. Sdf1, the cxcr4 ligand, is also a
conserved protein. Sdf1 from cat and human are
identical, and differ only by 2% with respect to mouse
sdf1 (Braun et al., 2002). Moreover, sdf1 from humans
can activate x-cxcr4 (Moepps et al., 2000). We infer that
the cxcr4/sdf1 system is a mechanism highly conserved
during evolution because it is involved in basic and
conserved developmental processes, such as migration
of sensory neuron progenitors or neural stem cells,
migration of the lateral line primordium, lymphocyte and
endothelial maturation and, in some vertebrates, PGC
migration (Bleul et al., 1996; Nagasawa et al., 1998;
Tachibana et al., 1998; Nagasawa, 2001; David et al.,
2002; Lu et al., 2002; Molyneaux et al., 2003; Dumstrei
et al., 2004).
Maternal expression of X-cxcr4b increased in embryos
but decreased in presumptive PGCs after MBT

RT-PCR of x-cxcr4b shows that expression
increased in early embryos. These data suggest that after
the midblastula transition, some embryonic cells
increase their level of x-cxcr4b expression, preparing
some tissues for morphogenetic movements. Two
isoforms of sdf1, the cxcr4 ligand, have been identified
in Xenopus. RT-PCR analysis of x-sdf1 has shown that
expression starts at stage 18, with a weak signal that
increases at stage 26, i.e., in later stages than x-cxcr4
(Braun et al., 2002; Fukui et al., 2007). However, the
expression of another isoform, x-sdf1α, starts at stage
10-11 (Fukui et al., 2007). Thus, it is possible that x-
sdf1α could behave as the ligand of x-cxcr4b at the first
stages of embryonic development. This early expression
of x-cxcr4b and x-sdf1α could be related with the
morphogenetic movements carried out during
gastrulation (Fukui et al., 2007).
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Fig. 2. RT-PCR analysis of x-cxcr4b m-RNA expression in Xenopus
laevis embryos. X-cxcr4b shows a weak expression in oocytes, eggs
and embryos before gastrulation (stages 4 and 7), but expression
increases after stage 10 until stage 40. At stage 45, expression
decreases. The gene odc was employed as a positive control. –RT:
negative control. Fig. 3. RT-PCR analysis of x-cxcr4b m-RNA expression in Xenopus

laevis presumptive PGCs isolated from embryos at stages 8, 10 and 14.
Expression level was high at stage 8, decreased at stage 10 and was
not detected at stage 14. The gene odc was used as positive control.
–RT: negative control.
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Fig. 4. Whole mount in situ hybridization of Xenopus embryos at stage 10
(a-c), 28 (d-f), 36 (g), and 40 (h). a. At stage 10, labelling indicates the
expression of x-cxcr4b mRNA at the marginal involuting zone of the
blastopore and weak labelling in vegetal (endoderm) cells. b. In situ
hybridization of Xpat gene, present in the germ plasm of presumptive
PGCs (stage 10). c. Sense control showing no labelling. d. At stage 28, x-
cxcr4b mRNA is expressed in hindbrain, forebrain, eye, otic vesicle,
branchial arches, and dorsolateral and caudal mesoderm regions. Weak
labelling was sometimes observed at the ventral region of the embryo
(arrow). e. Labelling with Xpat mRNA is clearly observed in several PGCs
in the endoderm (arrows). f. Control in situ hybridization with the x-cxcr4b
sense probe is negative. g. At stage 36, in addition to the structures
labelled at stage 28, strong labelling was also observed in the ventral
blood islands. h. In stage 40 embryos, ventral blood islands labelling is

weaker, and endodermic staining is more dorsal (arrow), perhaps due to migratory PGCs at dorsal positions of the endoderm, reaching the dorsal
mesentery. Bars: 1 mm.



RT-PCR of isolated presumptive PGCs from early
embryos shows that x-cxcr4b was decreasing after
gastrulation (Fig. 3). This finding is in contrast to the x-
cxcr4b expression pattern found in somatic cells, where
maternal expression was low (Fig. 2). This suggests that
early presumptive PGCs may down regulate x-cxcr4b
RNA prior to neurulation in contrast to somatic cells.
PGCs may translate X-CRCR4 early to prepare for their
migratory movements later. However, it must be noted
again that other endodermal cells express cxcr4 during
gastrulation (Fukui et al., 2007). Thus, the diminished
maternal expression of x-cxcr4b in PGCs at the onset of
gastrulation may reveal another early function for it in
PGCs and not be related to PGC migration and
differentiation.
X-cxcr4b is expressed in neural and haematopoietic
tissues

The expression pattern of x-cxcr4b shows by whole
mount in situ hybridization during gastrulation at the
region of the blastopore in an expression pattern also
reported by Fukui et al. (2007). Whole mount in situ
hybridization at tailbud stages (from stages 25 and next)
shows expression in the nervous system and in the
dorsolateral plate and the ventral blood islands, which
develop in haematopoietic tissues (Lane and Sheets,
2002). We cannot state that PGCs are expressing x-
cxcr4b, because the labelling observed in some
endodermal cells differs to that of the PGC marker Xpat
(Hudson and Woodland, 1998). However, the weak
labelling of the dorsal endoderm at stage 40 is coincident
with the position of PGCs at this stage, and it could be
suggested that this labelling is due to migratory PGCs. In
other previous work, immunocytochemistry with anti-
mouse CXCR4 antibody labels a small number of PGC
in embryos at stage later than 24, and not all of them
(see fig 7A'' from Nishiumi et al., 2005), but this
labelling is rarely observed in any PGC of stage 40
embryos (Nishiumi et al., 2005). If we assume that not
all the PGCs are expressing cxcr4, then the question that
must be answered is if the cxcr4/sdf1 system is involved
in Xenopus PGC migration. Preliminary experiments
performed in our laboratory showed that presumptive
PGCs isolated from gastrulating Xenopus embryos
migrate in vitro towards heparin beads embedded with
the product of x-sdf1 (unpublished data). RT-PCR
analysis of x-cxcr4b expression in isolated PGCs at these
later stages could resolve this issue.

In summary, we have identified and cloned the x-
cxcr4b in Xenopus and analysed its expression by RT-
PCR and in situ hybridization in early embryos. The
results suggest that this gene is expressed in the central
nervous system, neural crest cells, pronephric ducts and
haematopoietic tissues. Furthermore, this gene is
maternally expressed in PGCs, declines during a
quiescent period while PGCs are in the endoderm and
may be re-expressed later when PGCs are actively
migrating, as suggested by weak dorsal endoderm

labelling.
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