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Abstract The Fgf/Fgfr (Fgf receptor) and Bmp signal
pathways are critical for embryonic development and
postnatal growth. In order to address their roles in
tongue development, preliminary study of expression
patterns of some important members in the two families,
as well as of apoptosis and proliferation, were carried
out in mouse developing tongue. Apoptosis in tongue is
a very late event in embryogenesis, restricted to the
upper layer of the epithelium whereas proliferation is
very vigorous at the early stage of tongue development
and remains active throughout embryogenesis. Bmp2,
�4 and -5 were localized within the mesenchyme at the
early embryonic stage of tongue development (E12 to
E13), whereas Bmp3 and Bmp7 were mainly expressed in
the epithelium. Most of these molecules were also seen in
the tongue muscles at postnatal stages. Among Fgfr
isoforms, Fgfr1c, �2b, and -2c were detected in
embryogenesis with peak expression at E11 to E13.
Fgfr1c and Fgfr2c were localized within the mesen-
chyme, while Fgfr2b was mainly expressed in the epi-
thelium. High expression of Fgf7 and Fgf10 was also
detected in the mesenchyme at the early embryonic stage
of tongue development, corresponding to the Fgfr
expression, suggesting that they are among the principal
ligands functioning at the early embryonic expanding
stage. Fgf2 were seen in the tongue muscles at the late
embryonic and postnatal stages. These results suggest
that Bmp and Fgf signalling regulates tongue develop-
ment at multiple stages, possibly related to proliferation
and differentiation.
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Introduction

The tongue arises from the inner lining of the first four
branchial arches in the ventral wall of the primitive
oropharynx. Paired lateral lingual swellings and one
unpaired median eminence (tuberculum impar) fuse in
the midline to form the initial tongue bud. Its formation
involves diverse embryologic origins that ultimately
result in a complex pattern of innervation (Couly et al.
1992; Huang et al. 1999; Noden 1991). This unique
process provides the tongue with both motor activity
and tactile and gustatory sensation. The early tongue
bud undergoes rapid enlargement at the initial devel-
opmental stage and differentiates into a muscular organ,
covered by a specific epithelium containing several types
of papillae including the taste buds (Shuler and Dal-
rymple 2001).

Rapid withdraw of the tongue in embryogenesis is
critical for proper palatogenesis. Delay in this process
may disturb proper palatal shelf elevation and hence
might lead to cleft palate. The tongue also influences the
paths of teeth eruption. Malformation of the tongue,
typically macroglossia, is observed in human syndromes
and other pathological conditions such as Down’s syn-
drome, and Beckwith-Wiedemann syndrome (Vogel
et al. 1986). Anomalies like microglossia, agglossia and
clefted glossia frequently occur in syndromic and non-
syndromic mandibular hypoplasia (Singh and Bartlett
2005), but also occur as isolated developmental defor-
mities even though the incidence is very rare. Ankylo-
glossia, on the other hand, is a fairly common disorder
in the tongue.

The tongue is essentially a muscular organ. Its mus-
culature is solely derived from the dermomyotome of
occipital somite (Couly et al. 1992; Huang et al. 1999;
Noden 1991). Developmental processes of skeletal
muscles are not identical. The muscular development of
the tongue is characterized by its early maturation and
intercalation within tissues of neural crest origin.
Molecular events of muscular development in tongue
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also differ from those of other skeletal muscles
(Dalrymple et al. 1999; Yamane et al. 2000). Muscle
development typically undergoes a series of processes,
including determination, migration, proliferation, dif-
ferentiation and maturation. These processes are medi-
ated by intrinsic molecular factors, such as Pax3 and
myogenic regulatory factors (MRFs); these genes are
regulated by a number of other developmental genes,
such as members of the Fgf and Bmp families (Amthor
et al. 1999; Brunetti and Goldfine 1990).

The Bmp family belongs to the Tgf-b super family
and contains more than 20 members that can be sub-
grouped according to the homology in their sequence.
The Bmp signal pathway is crucial for gastrulation and
organogenesis. During muscle development, Bmp sig-
nalling inhibits myogenic cell proliferation and muscular
differentiation (Duprez et al. 1996; Huang et al. 2001;
Musgrave et al. 2001; Tzahor et al. 2003). In the head, it
has been shown that inhibition of Bmp signalling by its
antagonist is required for muscle initiation (Tzahor et al.
2003). During muscle regeneration Bmp signalling was
absent from this process, consistent with its negative role
in muscle development (Zhao and Hoffman 2004).

Fgfs are also key participants in embryologic devel-
opment. The Fgf signal is mediated predominately by
tyrosine transmembrane receptors. So far, four Fgfrs
have been identified (Fgfr1 to Fgfr4) as mediating sig-
nals from this large family. For Fgfr1 to Fgfr3, two
exons, an invariant IIIa and one of IIIb or IIIc, encode
the third Ig-loop producing IIIb and IIIc isoforms for
each receptor (Ornitz and Itoh 2001). Those isoforms
are differentially expressed and activated during
embryogenic development (Ornitz and Itoh 2001). Fgf
signalling plays a critical role in skeletal myogenesis
(Flanagan-Steet et al. 2000; Patel et al. 1999; Scata et al.
1999). Its general effect seems to be to promote myoblast
proliferation and regulate muscular differentiation.

Expression of some members from those two families
has been described in murine and avian developing ton-
gue at restricted stages (Huang et al. 2001; Jung et al.
1999). However, very little is known about their roles in
tongue development. The patterns of some critical genes,
such as Fgfrs, are also unknown. In order to address the
roles of the Fgf and Bmp signal pathways in tongue
development, a preliminary study of expression patterns
of some important members in the two families, as well as
of apoptosis and proliferation, was performed in mouse
developing tongue. The results show that expression of
the studied genes of the Fgf and Bmp families is devel-
opmentally regulated in mouse tongue, and the patterns
are also remarkably different to that in avian.

Materials and methods

Preparation of tissues

All the procedures involving mouse use were approved
by The Animal Welfare Committee of the University of

Bergen. Mice (NMRI) embryos aged from embryonic
day (ED) 11–18, as well as newborn (P0) and 3-, 5-, 7-
days postnatal (P) mice were dissected in PBS and fixed
in 4% PFA overnight at 4�C. The mice were killed by
cervical dislocation and decapitation. Mice over E15
were decalcified with 12.5% EDTA–2.5% PFA in PBS.
They were then embedded in paraffin following standard
procedures. Sagital sections were obtained from the
midline area of mouse heads. Apoptosis by TUNEL
staining was carried out from E11 to E18; BrdU staining
and in situ hybridization were performed from E11 to
postnatal stages.

Proliferation by BrdU staining

For BrdU incorporation, pregnant and postnatal mice
were injected intraperitoneally with 50 mg/kg of body
weight. The mice were sacrificed 2 h after injection. Mice
heads were fixed, embedded and sectioned following
above-mentioned procedures. BrdU positive cells were
detected with BrdU labeling and detecting kit according
to the manufacture’s instruction. Briefly, tissue sections
were deparaffinized by xylene, rehydrated through gra-
ded alcohol series. Endogenous peroxidase activity was
quenched by incubating the sections in 0.3% H2O2

methanol solution for 30 min. They were then denatured
with pre-warmed 2 M HCl for 30 min (37�C), digested
by 2 mg/ml pepsin for 15 min and blocked with 10%
goat serum and 2% BSA for 30 min. The monoclonal
Anti-BrdU (Sigma) diluted in PBS were added to sec-
tions and incubated for 2 h at 37�C. After PBS washing,
the biotinylated secondary antibody was added and
incubated for 1 h at 37�C. Color reaction was detected
by ABC kits and AEC or DAB substrate (Vector). The
sections were counterstained by hematoxylin.

Apoptosis by TUNEL staining

TUNEL staining was carried out according to previ-
ously described method with modification (Gavrieli
et al. 1992). The paraffin sections were deparaffinized in
xylene, dehydrated in 100% ethanol, then incubated in
0.5% H2O2 in MeOH for 30 min and rehydrated with a
series of MeOH in PBS. After washing the sections in
PBT (PBS containing 0.1% Triton X-100), they were
incubated in proteinase K solution (containing 50 mM
Tris–HCl, 5 mM EDTA and 10 mg/ml proteinase K,
pH 8.0) for 15 min and then washed three times in PBT
for 5 min each.

The sections were labeled for 1 h at 37�C in a humid
box with terminal deoxynucleotidyl transferase (TdT)
solution. The reaction was stopped by incubating the
slides in a solution containing 300 mM NaCl, 30 mM
sodium citrate, 0.1% CHAPS for 15 min. After being
blocked by 10% sheep serum and 2% BSA, solution of
anti-digoxigenin antibody conjugated with alkaline
phosphatase was pipetted onto the sections, which were
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incubated overnight in a humid box at 4�C. After
washing, NBT and BCIP (Roche) solution was pipetted
onto the sections and development of the color reaction
was monitored under a microscope. The sections were
counterstained with hematoxylin or methyl blue and
mounted with Aquamount.

Preparation of probes for in situ hybridization

Preparation of the probes has been described previously
(Aberg et al. 1997; Kettunen et al. 1998, 2000; Vainio
et al. 1993). They were made through in vitro tran-
scriptions from cDNA-containing plasmids, which were
linealized and transcribed from T7 or SP6 promoters to
generate sense and antisense riboprobes using in vitro
transcription kit containing [35S] uridine 5¢ triphosphate
(Promega). After transcription, cDNA templates were
digested with RNase-free DNase I for 15 min at 37�C.
The probes were precipitated in ethanol, dried and dis-
solved in a mix of 0.1 M DTT and hybridization buffer.
Bmp2-7, Fgfr1-3 isoforms and Fgf2, �7, �9, �10 probes
were synthesized and used in the present study.

In situ hybridization

In situ hybridization on sections was performed as
described previously (Wilkinson and Green 1990).
Briefly, sections were deparaffinized in xylene, rehy-
drated through serial ethanol, washed in PBS, treated
with proteinase K for 30 min, post-fixed in 4% PFA for
30 min, followed by 1 min in PBS containing glycine at
concentration of 2 mg/ml. After washes in PBS for
25 min, sections were acetylated with freshly prepared
acetic anhydride in triethanolamine-HCl (pH 8) for
10 min, followed by two times water washing. The sec-
tions were dehydrated by dipping into a series of ethanol
solution (30, 50, 70 and 95%) for 30 s each, air-dried
and used for hybridization. Probes were pipetted onto
the sections and covered by parafilm. Hybridization was
carried out for about 15 h at 55�C. Following hybrid-
ization, the sections were washed under high stringent
conditions with 20 mM DTT in 50% formamide and
2· SSC for 1 h at 65�C. The sections were further wa-
shed for 1 h at 55�C in 0.1· SSC, dehydrated in 70%
ethanol and air-dried. They were then dipped in NTB-2
emulsion (Eastman Kodak, USA) for autoradiography.
After a week’s exposure at 4�C, they were developed and
fixed, counterstained with hematoxylin and mounted
with Depex. No specific signal was detected in sections
hybridized with the control sense probes.

Image processing

Images were taken with a SPOT Insight digital camera
(Diagnostic Instruments, Sterling Heights, MI, USA)
mounted on a Zeiss Axioskop2 microscope (Carl Zeiss

Jena GmbH, Jena, Germany). For sections of in situ
hybridization, the bright-field and dark-field images of
each section were digitized separately and the silver
grains from dark fields were selected, colored red, and
copied onto the bright-field image using Adobe Photo-
shop 7.0 software (Adobe Systems, San Jose, CA, USA).

Results

Apoptosis and cell proliferation in the developing
tongue

Apoptosis was very rare in the early stage of tongue
development (E11 to E15). Sporadic apoptotic cells were
detected within the mesenchyme and epithelium
(Fig. 1a). At the late embryonic stage (from E16 to E18),
more apoptotic cells were detected in the upper layers of
the epithelium (Fig. 1b).

Cell proliferation, on the other hand, was very vig-
orous from the early initiation stage of the tongue. BrdU
labeled cells were widespread within the tongue. The
peak of proliferation was observed during E12 to E14
(Fig. 1c). It appeared that most of the cells were pro-
liferating during this period. Vigorous cell proliferation
persisted to the end of embryogenesis (Fig. 1d). At this
stage, even though active cell proliferation was still ob-
served, the overall amount of proliferative cells was
decreased. At postnatal stages proliferative activity was

Fig. 1 Apoptosis and proliferation in mouse tongue development.
Sporadic apoptotic cells were detected in the mesenchyme and
epithelium of the tongue at E16 (A). At E18, active apoptosis was
detected on the upper layer of the epithelium (B). Framed areas in
(A) and (B) were magnified 4 times and superimposed onto the
images. At E13, cell proliferation was very vigorous (C). At E16,
following muscular differentiation, proliferation was decreased
within the tongue; however, in the epithelium, proliferation was
still vigorous in the basal layers (D). At P7, active cell proliferation
was maintained in the basal layers of epithelium, but very few
proliferative cells were detected within the body of the tongue (E).
Arrows indicates apoptotic and proliferative cells respectively.
Scale bar in (A) represents 400 lm and applies to (B); scale bar in
(C) represents 200 lm and applies to (D) and (E)
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further decreased from the mesenchyme, and BrdU la-
beled cells were gradually restricted to the basal epithe-
lium at P7 (Fig. 1e).

Expression of Bmps in the developing tongue

At E11, Bmp2 was moderately expressed within the
mesenchyme of the tongue bud. One day later, Bmp2
transcripts were detected in the posterior mesenchyme
and restricted domains of the epithelium (Fig. 2a). At
E13, transcripts were seen in an anterior–posterior
myogenic condensation within the tongue, adjacent to
the dorsum (Fig. 2d). At E14, the expression was
downregulated and later no longer detectable in
embryonic development of the tongue (Fig. 2g). At
postnatal stages, Bmp2 expression was reinitiated in the
tongue muscles (Fig. 2j).

Bmp4 was widespread within the mesenchyme at E11
in the tongue bud. At E12, its expression was restricted
in the mesenchyme and epithelium (Fig. 2b). One day
later, Bmp4 expression was seen in the connective tissues
among the myogenic condensations within the tongue
body. It was also clearly seen in the ventral mesenchyme

of the tongue (Fig. 2e). This expression was maintained
to E14, and thereafter downregulated. After E16, it was
on longer detectable (Fig. 2h, K).

Bmp5 was moderately expressed in the mesenchyme
at E11 and E12 (Fig. 3c). At E13, this expression was
intensified and widespread within the body of the tongue
(Fig. 2f). Later, the expression was sharply downregu-
lated. After E16, Bmp5 was no longer detectable in
embryogenesis. At postnatal stages, its expression was
weakly detected in the tongue muscles (Fig. 2l).

Bmp3 was expressed within the dorsum of the tongue
bud at E11. At E12 and E13, it was moderately ex-
pressed in the epithelium and sub-epithelial mesen-
chyme; it was also weakly expressed in the central
mesenchyme during this period (Fig. 3a, b). Thereafter it
was no longer detectable. At postnatal stages, its
expression was weakly reinitiated in the tongue muscles.
Bmp7 was also moderately expressed in the epithelium at
E11. One day later, transcripts were also weakly local-
ized in the mesenchyme (Fig. 3c). This expression was
maintained at E13 and was no longer detectable during
the rest of embryonic stage. At postnatal stages, it was
moderately expressed in the tongue muscles (Fig. 3d).
Bmp6 was mainly detected between E13 and E16 within

Fig. 2 Bmp2, -4 and -5
expression in mouse tongue
development. Bmp2 was highly
expressed in restricted domains
in the mesenchyme and
epithelium at E12 (A). At E13 it
was seen in the myogenic
mesenchyme condensation at a
high level (B). Bmp4 were
moderately expressed in
connective tissues within the
tongue at E12 and E13 (B and
E). Bmp 5 expression was
widespread in the mesenchyme
at E12 and intensified at E13 (C
and F). At E14, their expression
was downregulated (G, H and
I). At P0, weak expression of
Bmp2 and Bmp5 was reinitiated
in the tongue muscles (J and l).
Arrows indicate mRNA
expression. Scale bar represents
400 lm
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the mesenchyme (Fig. 3e). It also showed moderate
expression in the tongue muscles at postnatal stages
(Fig. 3f).

Expression of Fgfr isoforms in the developing tongue

Fgfr1c was weakly expressed in the tongue bud at E11.
The expression was increased during E12 and E13,
widespread within the mesenchyme (Fig. 4a, b). There-
after the expression was downregulated, and undistin-
guishable from background level at the late embryonic
stage. At postnatal stages, its expression was barely
detectable in the tongue muscles.

High expression of Fgfr2c was detected at E11 within
the mesenchyme of the tongue bud. One day later, the
expression decreased sharply (Fig. 4c). At E13 and E14,
its expression could only be weakly detected within the
mesenchyme (Fig. 4d) and thereafter was no longer
detectable in embryogenesis. At postnatal stages, Fgfr2c
were also weakly detected in the tongue muscles.

Fgfr2b was moderately expressed in both the epithe-
lium and mesenchyme at E11. One day later, its
expression was seen in the epithelium and sub-epithelial
mesenchyme (Fig. 4e). At E13, its expression was only
detected within the epithelium (Fig. 4f). Later, Fgfr2b
expression was no longer detectable.

The developing tongue was devoid of Fgfr1b, Fgfr3b
and Fgfr3c expression in embryologic and early post-
natal stages.

Expression of Fgfs in the developing tongue

Fgf7 was highly expressed in the central mesenchyme at
E12, and the expression was downregulated from E13
(Fig. 5a, b). High expression of Fgf10 was also seen
within the body of the tongue during E12 to E13
(Fig. 5c, d). Thereafter, they were both undetectable.

Fig. 3 Bmp3, Bmp7 and Bmp6 expression in mouse tongue
development. Bmp3 were expressed in both the epithelium and
mesenchyme during E12 to E13 (A and B). Bmp7 was mainly
expressed in the epithelium, and also weakly detected in the
mesenchyme at E12 (C). At P5, it showed moderate expression in
the muscles (D). Bmp6 was weakly expressed in the mesenchyme at
E13 (E); at P5, it showed weak expression in the tongue muscles
also. Arrows indicate expression. Scale bar represents 400 lm.
Scale bar in (A) applies to (B), (C) and (E)

Fig. 4 Fgfr1c, �2b and -2c expression in mouse tongue develop-
ment. Fgfr1c and Fgfr2c were both detected in the mesenchyme at
E12 and E13 (A, B, C and D). While expression of Fgfr1c was
upregulated during this period, expression of Fgfr2c was down-
regulated. Fgfr2b was mainly expressed in the epithelium during
this period (E and F). Arrows indicate expression. Scale bar
represents 400 lm

Fig. 5 Fgf7 and Fgf10 expression in mouse tongue development.
High expression of Fgf7 (A and B) and Fgf10 (C and D) was
detected within the body of the tongue during E12 to E13. Arrows
indicate expression. Scale bar represents 400 lm
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Fgf9 were also detected in the mesenchyme in this period
at a moderate level (data not shown). Fgf2 was first seen
at E14 in individual myogenic cells in the body of the
tongue (Fig. 6a). The transcripts were widely clustered
in the geniohyoid muscle at this time. Later Fgf2 tran-
scripts were also widely distributed within the body of
the tongue following the orientation of myogenesis at a
very high level (Fig. 6b, c). This expression was main-
tained to the postnatal stages (Fig. 6d).

Discussion

In developing tongue, a rapid cell turnover in the epi-
thelium from late embryonic stages was indicated by
constant cell death in the upper layer and persistent
proliferation in the basal layers. However, in the mes-
enchyme and later the myogenic cells, apoptosis was very
rarely detected. Proliferation, on the other hand, was
extremely vigorous in embryogenesis, concurring with
another study (Nagata and Yamane 2004). The mesen-
chyme cells, after populating into the tongue primordia,
first underwent a process of extensive proliferation that
caused the rapid enlargement of the tongue during this
period. High expression of both Fgfs/Fgfrs and Bmpswas
concentrated in this period, suggesting their roles in this
rapid growth process. Thereafter the mesenchyme begins
to differentiate at around E15 (Shuler and Dalrymple
2001). MRFs play a critical role in this process. Expres-
sion of MRFs occurs earlier in tongue than in other
muscles (Yamane et al. 2000); correspondingly, matu-
ration of myofibres in tongue also occurs earlier,
reflecting the demands of early functions like sucking.

As mentioned above, high expression of Fgfs and
Fgfrs was concentrated at the early stage of tongue

development in embryogenesis; when cell proliferation
was also most vigorous. Fgf/Fgfr signalling is mitogenic
to most cell lineages including myogenic cells (Patel
et al. 1999). The coincidence of Fgf/Fgfr expression and
vigorous proliferation implies that this signalling is
mitogenic for tongue growth at this stage. Fgfr1 has
been shown to be critical for skeletal muscle develop-
ment, and deletion or overexpression of this gene causes
abnormal muscle development (Flanagan-Steet et al.
2000; Patel et al. 1999; Scata et al. 1999). During the
development of tongue, Fgfr1c is likely the most
important signal for mesenchyme proliferation and dif-
ferentiation among different isoforms. Peak expression
of Fgfr2c was earlier than Fgfr1c and sharply down-
regulated during the expanding period of the tongue,
suggesting that this signal mainly acts at an early stage.
Fgfr2c seems to be functionally redundant with Fgfr1c,
as deletion of this gene results in no obvious defect in the
tongue except the general small size seen in all head
structures (Eswarakumar et al. 2002).

Fgf10 is a preferred ligand for Fgfr2b. The Fgf10/
Fgfr2b signalling pathway plays crucial roles in the
developmental processes of many organs (Alappat et al.
2005; Mailleux et al. 2002; Ohuchi et al. 2000). Deletion
of these two genes shows a similar phenotype in mouse
(De Moerlooze et al. 2000; Sekine et al. 1999). In
developing tongue, expression of Fgf10 overlaps with
Fgfr in the rapid expanding period. Spatiotemporal
pattern of Fgf10 also implies that, besides being a ligand
of Fgfr2b, it is a principal ligand for other receptors in
the mesenchyme. In addition, Fgf7 appears to be an-
other principal ligand within the mesenchyme.

Following differentiation, expression of Fgfrs and
Fgf10 was downregulated; while Fgf2 was upregulated in
the muscles. This expression pattern is different to that
of other skeletal muscle, where Fgf2 was mainly ex-
pressed at proliferating myoblasts (Hannon et al. 1996).
Fgf2 expressed from late embryonic stage is likely to
regulate myogenic differentiation or maintain a certain
proliferation rate. Hence, it appears that Fgf signalling
has dual roles in regulating tongue development, pro-
moting cell proliferation and regulating myogenic dif-
ferentiation, consistent with its general roles in muscle
development.

Expression of Bmps was also concentrated at an early
stage of tongue development in embryogenesis, coinci-
dent with that of Fgfs and Fgfrs. The Bmp signal inhibits
myogenic cell proliferation and differentiation (Huang
et al. 2001; Tzahor et al. 2003). Therefore, it is likely
Bmp and Fgf signal pathways have both antagonistic
and synergistic role in early tongue development. The
Fgf/Fgfr signal pathway predominates in cell prolifera-
tion, whereas the Bmp signal inhibits early muscular
differentiation and maturation to maintain a high pro-
liferation rate at the early developing stage. Bmp
signalling also regulates connective tissue formation
among tongue muscles, as demonstrated by specific
expression of Bmp4 in these tissues. Following muscular
differentiation, Bmp and Fgf/Fgfr expression was greatly

Fig. 6 Fgf2 expression in mouse tongue development. Fgf2
transcripts were clustered in the mesenchyme and oral epithelium
at E14 (A). At E15 and E16, its expression was more widespread
within the body of the tongue and intensified in the geniohyoid
muscle (B and C). At postnatal stage, Fgf2 was highly expressed in
the tongue muscles (D). Arrows indicate expression. Scale bar
represents 400 lm
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decreased or disappeared from the tongue. At the
postnatal stage, reinitiation of the Bmps in the tongue
muscles implies that they are needed for regulation of
the rate of muscular differentiation in postnatal devel-
opment. Thus, functions of Fgf/Fgfr and Bmp signalling
are important in regulating the pace of proliferation and
differentiation in order to meet the specific growth need
at different developmental stages.

Bmp signalling was also detected in the epithelium of
the tongue and might play a role in epithelial differen-
tiation. Bmp2 and -4 were localized in restricted areas of
the epithelium, whereas Bmp3 and -7 were mostly seen in
epithelium in embryogenesis. Bmp2 and Bmp4 have been
suggested to play a role in papilla initiation in the tongue
(Jung et al. 1999). Expression of Bmp3, a unique mem-
ber in the Bmp family because of its negative role in
osteogenesis by antagonizing osteogenic Bmps (Daluiski
et al. 2001), implies that modulation of the Bmp signal
through interaction of Bmp members might be an
important mechanism in tongue epithelial development.

Some members of the Fgf and Bmp families have
also been previously examined during tongue develop-
ment (Jung et al. 1999; Huang et al. 2001). The results
of this study show remarkable difference in the
expression of some important genes between avian and
mouse tongue. In avian developing tongue expression
of Fgf8, Fgf10 and Bmp2 were not detected (Huang
et al. 2001), whereas the latter two molecules were
clearly detected in developing mouse tongue in this
study. Bmp2 and Fgf8 expression was also reported in
early mouse tongue in another study (Jung et al. 1999).
This difference might be a species-specific feature in
genetic events underlying tongue development. The
mammalian tongue is far more advanced and complex
than avian due to new evolutionary functions, such as
tasting and aiding chewing. Therefore, there might be
genetic differences governing their development. If so,
the tongue is a useful model in unraveling genetic
changes in evolution.

In conclusion, the results of this study show that Fgf/
Fgfr and Bmp signal pathways play important roles in
tongue development, involved in both the formation of
muscle and papillae. Their expression patterns suggest
that they co-operate at the early developing stage to
maintain a rapid enlargement by promoting prolifera-
tion and inhibiting differentiation. They are also present
in postnatal growth, possibly regulating the balance of
myogenic proliferation and differentiation. This study
also provides data for comparative and evolutionary
studies. However, the molecular mechanism of the Fgf
and Bmp signal pathways in tongue development,
especially their regulatory roles on MRFs, is unknown.
Further study is needed to elucidate their specific roles
within the genetic cascades of tongue development.
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