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The tongue is a muscular organ that is essential in vertebrates for important functions, such as food intake and
communication. Little is known about regulation of myogenic progenitors during tongue development when compared
with the limb or trunk region. In this study, we investigated the relationship between different myogenic subpopulations
and the function of canonical Wnt signaling in regulating these subpopulations. We found that Myf5- and MyoD-expressing
myogenic subpopulations exist during embryonic tongue myogenesis. In the Myf5-expressing myogenic progenitors, there
is a cell-autonomous requirement for canonical Wnt signaling for cell migration and differentiation. In contrast, the MyoD-
expressing subpopulation does not require canonical Wnt signaling during tongue myogenesis. Taken together, our results
demonstrate that canonical Wnt signaling differentially regulates the Myf5- and MyoD-expressing subpopulations during

tongue myogenesis.
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Introduction

The tongue emerged as an essential organ during vertebrate
evolution due to its role in food intake. Moreover, in humans
and other species, it exerts important functions in speech
and communication (Parada et al. 2012). The appropriate
prenatal development of tongue skeletal muscle is essential
for these physiologic functions. During development,
extrinsic signals and intrinsic regulating factors guide myo-
genic progenitors to self-renew, differentiate, and eventu-
ally form the mature tongue musculature. Tongue myogenic
progenitors originate from the anterior-most somites and
migrate through bilateral pathways that together form the
hypoglossal cord and, ultimately, the tongue primordium
(Sambasivan et al. 2011). After migration into the craniofa-
cial region, the tongue myogenic progenitors initiate inti-
mate interactions with cranial neural crest cells (Hosokawa
et al. 2010). Our previous studies have demonstrated that
there is a cell-autonomous requirement for Smad4-mediated
TGEFp signaling during myogenic differentiation and myo-
blast fusion in the tongue (Han et al. 2012). Yet, to date, the
different signals involved and the mechanisms by which
tissue-tissue interactions precisely regulate this delicate
developmental process remain unclear.

Skeletal muscle development takes place in a succession
of overlapping steps termed embryonic myogenesis and
fetal myogenesis (Biressi et al. 2007). During embryonic
myogenesis, myogenic progenitors express a number of
myogenic regulatory factors, including Myf5 and MyoD

(Kablar et al. 1997; Braun and Gautel 2011). Mice lacking
both are virtually devoid of myoblasts and myofibers
(Rudnicki et al. 1993). Myf5 is the earliest myogenic regu-
latory factor involved in myoblast specification and mainte-
nance. It is expressed in somitic and cranial mesoderm and
is detectable as early as E8 (Haldar et al. 2007). Myf5
expression subsequently decreases and is undetectable by
E14 (Ott et al. 1991). MyoD expression begins later than
that of Myf5 at E10.5 in the somites and limb buds, and
high levels of MyoD are maintained throughout muscle
development (Sassoon et al. 1989; Yamamoto et al. 2009).
In the limbs, there is considerable heterogeneity in MyoD
and Myf5 protein expression pattern from E11.5 to E12.5
(Haldar et al. 2008). DTA-mediated cell population ablation
experiments have suggested that there are Myf5-dependent
and Myf5-independent myogenic lineages during embry-
onic myogenesis. MyoD-expressing cells can compensate
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for the loss of the Myf5-dependent myogenic lineage after
ablation (Gensch et al. 2008). A recent study has reported
that the majority of Myf5(+) progenitors eventually become
MyoD(+) progenitors in the limbs (Wood et al. 2013). To
date, little is known about the relationship between
MyoD(+) and Myf5(+) myogenic populations, although
this relationship is important for understanding compensa-
tory mechanisms during skeletal muscle development.

The canonical Wnt cascade has emerged as a critical
regulator of stem cells and progenitors involved in develop-
ment and tissue regeneration (Reya and Clevers 2005).
During skeletal muscle development, canonical Wnt signal-
ing plays important roles in dermomyotome and myotome
formation (Ikeya and Takada 1998; Linker et al. 2003;
Parker et al. 2003; Otto et al. 2006). In the somites, Wntl
ligands preferentially activate Myf5, whereas Wnt7a
ligands activate MyoD in myogenic progenitors (Tajbakhsh
et al. 1998). It was recently reported that canonical Wnt sig-
naling exerts different functions during embryonic and fetal
myogenesis (Hutcheson et al. 2009). During embryonic
myogenesis, canonical Wnt signaling is essential for the
delamination of the Pax3-dependent myogenic population
in the limb. During fetal myogenesis, canonical Wnt signal-
ing is critical for the formation of myofibers with the cor-
rect number and type in the Pax7-dependent myogenic
population.

In this study, we further investigated the functional sig-
nificance of canonical Wnt signaling in regulating Myf5- and
MyoD-expressing progenitors during tongue development.
We conclude that Myf5(+) progenitors and MyoD(+) pro-
genitors are different myogenic subpopulations and that
canonical Wnt signaling regulates these 2 subpopulations
differentially. This is an important discovery through which
we will have a better understanding of the molecular and
cellular regulatory mechanisms of tongue myogenesis.

Materials and Methods
Mice

Myf5-Cre (Tallquist et al. 2000), MyoD-Cre (Yamamoto et al.
2009), ROSA26 <510 LoxPLacZ (g hriano, 1999), ROSA26™"
STOP-LoxP-Tdtomato (Madisen et al. 2010)’ ROSA26L0XP-STOP—L0XP—
DI (Voehringer et al. 2008), Ctnnb "™/ (Brault et al. 2001),
and Axin2-LacZ (Lustig et al. 2002) mice have been
described. Genotyping was carried out through polymerase
chain reaction on tail tip or yolk sac DNA.

Histologic Analysis

All samples were fixed in 4% paraformaldehyde in phos-
phate buffered saline (PBS; 20mM sodium phosphate,
0.10M NaCl, pH 7.4), processed through serially increasing
dilutions of ethanol, paraffin embedded, and sectioned

through routine procedures. For general morphology, depa-
raffinized sections were stained with hematoxylin and eosin
via standard procedures.

[-galactosidase Activity Assays

E10.5 embryos were harvested and stained for -galactosidase
(B-gal) activity according to standard procedures (Chai
et al. 2000). For detection of B-gal activity, samples from
mice were fixed in 0.2% glutaraldehyde and decalcified
with 10% ethylenediaminetetraacetic acid for 2 wk. We cut
frozen sections of 10-um thickness and analyzed [-gal
activity following standard protocols.

Immunofluorescence

Embryos were fixed in 4% paraformaldehyde in PBS over-
night at 4°C, immersed in 15% sucrose in PBS overnight at
4°C, followed by 30% sucrose overnight, then immersed in
OCT compound (Sakura Finetek) and frozen on dry ice.
Embryos were stored at —80°C.

Frozen embryos were cryostat sectioned into 10xpum
slices, collected on Superfrost Plus slides (Fisher), and stored
at —20°C. Antigen retrieval was used for detection of MyHC.
For antigen retrieval, slides were washed 3 times for 5 min
each in PBS, then placed in 0.1M Tris buffer at pH 9.0 and
incubated in a 1200W microwave at 10% power for 30 min,
followed immediately by incubation in blocking buffer.

The following antibodies and working dilutions were
used for immunofluorescence.

MyoD: monoclonal antibody 5.8A (1:100 dilution; cata-
log M351201-2, Dako)

Myf5: rabbit polyclonal antibody (1:100 dilution; cata-
log sc-302, Santa Cruz Biotechnology)

MyHC: monoclonal antibody MF20 (1:100 dilution;
Developmental Studies Hybridoma Bank)

f-gal: chicken polyclonal antibody (1:50 dilution, cata-
log ab9361, Abcam), Alexa Fluor 568 goat anti-mouse
IgG (1:200 dilution, catalog A-11004, Invitrogen),
Alexa Fluor 488 goat anti-mouse IgG (1:200 dilution,
catalog A-11001, Invitrogen), Alexa Fluor 488 goat
anti-rabbit IgG (1:200 dilution, catalog A-11008,
Invitrogen), Alexa Fluor 568 goat anti-chicken IgG
(1:200 dilution; catalog A-11041, Invitrogen)

For detection of MyHC, sections were blocked in TNB
blocking buffer (0.5% blocking reagent, catalog FP1020,
PerkinElmer; 0.1M Tris-HCI, pH 7.5; 0.15M NaCl) for 1 h
at room temperature after antigen retrieval, washed 2 times
in TNT wash buffer (0.1M Tris-HCI, pH 7.5; 0.15M NacCl,
0.05% Tween20), and incubated in primary antibody sus-
pended in TNB blocking buffer overnight at 4°C. After
three 10-min washes in TNT wash buffer, sections were
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incubated for 1 h in 1:200 dilution of Alexa Fluor 568 goat
anti-mouse 1gG. After three 10-min washes in TNT wash
buffer, sections were counterstained with DAPI (0.1 pg/mL),
and slides were coverslipped with Fluoro-Gel (catalog
17985-11, Electron Microscopy Sciences).

Simultaneous detection of MyoD/Myf5 and MyoD/B-gal
followed the MyHC protocol without antigen retrieval.
Sections were incubated with both primary antibodies
simultaneously, washed in TNT wash buffer, and incubated
with both secondary antibodies simultaneously.

Tongue Area Measurement

For quantification of tongue area measurement, hematoxy-
lin and eosin staining sections were prepared from 3 sets of
E18.5 Myf5-Cre;f-catenin™" control and Myf5-Cre;fs-
catenin™ mouse embryos as well as 3 sets of newborn
MyoD-Cre; B-catenin’" control and MyoD-Cre, f-catenin™"
mouse embryos, and 3 sections were scored per sample.
The same procedure was used for Myf5-Cre;R26R"™" and
control, as well as MyoD-Cre;R26R”™* and control, mouse
embryos at newborn stage for tongue area measurement. All
measurements and cell counting were performed with
Image-J 1.46r software. Results were assessed for statistical
significance with Student’s ¢ tests.

Statistics

SPSS 13.0 was used to perform statistical analysis.
Significance was assessed by independent 2-tailed Student’s
t tests; P values < 0.05 were considered significant.

Results

Differences between Myf5-expressing and
MyoD-expressing Subpopulations during Tongue
Myogenesis

We analyzed the expression patterns of Myf5 and MyoD
using Myf5-Cre; Tdtomato™" and MyoD-Cre; Tdtomato™"
reporter lines. Myf5-derived myogenic progenitors are
already present in the hypoglossal cord at E10.5, whereas
only a few MyoD-derived myogenic progenitors have
migrated into the hypoglossal cord (Fig. 1A-D). When we
assayed the MyfS protein expression pattern in the hypo-
glossal cord in MyoD-Cre; Tdtomato™" mice at E10.5, we
found that cells positive for Myf5 are not derived from
MyoD-expressing cells (Fig. 1E, F). We also used coim-
munostaining of Myf5 and MyoD in wild-type mice to
confirm these results. We found that only a few coexpress-
ing cells are detectable at E10.5 in the hypoglossal cord.
At E11.0, only a small number of myogenic progenitors
coexpress both Myf5 and MyoD in the tongue bud
(Fig. 1G, H).

Next, we crossed Myf5-Cre mice with R26R”™" mice to
ablate the Myf5-expressing progenitors and found that the
muscle pattern and size of newborn tongues were only
mildly altered when compared with controls (Fig. 11-L,
Appendix Fig. E). This finding is consistent with previous
studies demonstrating that the Myf5-independent myogenic
lineage could compensate for loss of Myf5-expressing myo-
genic cells (Gensch et al. 2008; Haldar et al. 2008). Using
the same DTA strategy to ablate the MyoD-expressing pro-
genitors, we found that the size of the tongue was much
smaller in newborn MyoD-Cre;R26R°™" mice when com-
pared with controls (Fig. 1M, O; Appendix Fig. F). Moreover,
we detected a striking reduction in muscle fiber formation in
the tongue (Fig. 1N, P). Taken together, our results suggest
that the MyoD-expressing, but not the Myf5-expressing,
subpopulation is essential for tongue myogenesis.

Activation of Canonical Wnt Signaling in
Myogenic Progenitors during Tongue Myogenesis

Our current study indicated that canonical Wnt signaling is
activated in the myogenic region during tongue embryonic
myogenesis. We utilized the Axin2“““"* reporter line, which
serves as a readout of canonical Wnt signaling, to detect
activation of the Wnt signaling cascade during tongue myo-
genesis. We found that canonical Wnt signaling is activated
in the same region of the hypoglossal cord as the Myf5-
derived population (Fig. 2A, B). We confirmed this finding
using Myf5-Cre; Tdtomato™" ; Axin2"**" mice to compare
LacZ staining and Myf5-derived lineage labeling in adja-
cent sections (Fig. 2C-E). We also examined Wnt activity
in the MyoD+ myogenic population using E11.5 Axin2"**"
mouse embryos and found that Wnt signaling is activated in
the MyoD+ population at E11.5 (Figure 2F—H). Next, we
analyzed canonical Wnt signaling activity in the tongue at
embryonic stages from E10.5 to E14.5. Canonical Wnt sig-
naling is activated in the myogenic region of the tongue at
E10.5 (Fig. 2I), then gradually decreases in the later embry-
onic stages. In later stages of tongue development, activated
Wnt signaling shifts from the myogenic region into the sur-
rounding cranial neural crest—derived supportive tissue
(Fig. 2J-L).

Loss of S-catenin Leads to Migration and
Differentiation Defects in the Myf5-dependent
Subpopulation

To test the functional significance of canonical Wnt signal-
ing in regulating tongue myogenesis, we generated Myf3-
Cre, B-catenin™ mice and found that the size of the tongue
is smaller at birth after loss of B-catenin in the Myf5-
expressing subpopulation (Fig. 3A-D). Lineage tracing of
the Myf5-derived muscle fibers in Myf5-Cre;S-catenin™:R26R
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MyoD-Cre; Tdtomato™*
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Figure 1. Myf5- and MyoD-expressing cells are distinct subpopulations during tongue myogenesis. (A-D) Detection of Myf5- and
MyoD-derived cells in E10.5 Myf5-Cre;Tdtomato™* (A, C) and MyoD-Cre;Tdtomato™* (B, D) reporter mice, respectively. Myf5-derived
cells are detectable in the hypoglossal cord (white arrows), whereas few MyoD-derived cells are detectable (open arrows). (E, F)

Myf5 immunostaining (green, arrowheads) in the hypoglossal cord region of EI0.5 MyoD-Cre;Tdtomato

f* reporter mice (MyoD-derived

myogenic cells indicated by red, open arrow). Boxed area (E) is shown magnified (F). (G, H) Double immunostaining of MyoD (red)
and Myf5 (green) in the hypoglossal cord at E10.5 (G) and the tongue bud at El 1.0 (H) of wild-type mice. (I-L) Hematoxylin and eosin
staining (I, K) and myosin heavy chain (MHC) immunostaining (J, L) of tongues from newborn (NB) Myf5-Cre;R26R°™* and R26RP™*
control mice. (M=P) Hematoxylin and eosin staining (M, O) and MHC immunostaining (N, P) of tongues from NB MyoD-Cre;R26R°™*

and R26R°™" control mice. Scale bars, 200 pm.

mice from E11.5 to E18.5 demonstrated that only a few of
the muscle fibers are derived from Myf5-expressing cells,
suggesting that most muscle fibers are derived from Myf5-
independent myogenic cells (Fig. 3E-H, Appendix Fig.
A-D). After loss of B-catenin, the length of the Myf5-
derived hypoglossal cord was reduced in E10.5 mutant
embryos when compared with controls, as assessed by
whole-mount LacZ staining (Fig. 31, J). Also in LacZ-
stained sections, the number of Myf5-derived cells in the
hypoglossal cord was reduced at E10.5 when compared
with controls. A large number of Myf5-derived myogenic
cells failed to migrate into the tongue bud (Fig. 3K, L). The
percentage of Myf5-derived cells expressing MyoD was
significantly reduced in Myf5-Cre;f-catenin™:R26R mice

as compared with controls (Fig. 3M—-P, Appendix Fig. G).
Taken together, our results suggest that myogenic cell
migration and differentiation are both compromised after
loss of B-catenin in the Myf5-expressing subpopulation dur-
ing embryonic tongue myogenesis.

Canonical Wnt Signaling Is Not Required in the
MyoD-expressing Subpopulation

In parallel, we also generated MyoD-Cre;-catenin™ mice
and found that the size and morphology of tongue were not
affected after deletion of B-catenin in MyoD-expressing
cells (Fig. 4A-D, Appendix Fig. H). Lineage tracing of
MyoD-derived muscle fibers in E16.5 and newborn
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Myf5-Cre;R26R Axin2tacz+

L.

Axin2Lacz+

Axin2Lacz/+

Figure 2. Activation of canonical Whnt signaling in myogenic progenitors during tongue myogenesis. (A) Whole-mount X-gal

staining of E10.5 Myf5-Cre;R26R embryos. Red arrow indicates Myf5-derived cells in the hypoglossal cord. (B) Whole-mount X-gal

staining of E10.5 Axin2"““"* embryos. Red arrow indicates activation of the canonical Whnt signaling pathway in the hypoglossal cord
region. (C-E) Visualization of Myf5-derived cells (C; red) and lacZ staining indicating activation of canonical Wnt signaling (D; blue)
in adjacent sections of Myf5-Cre;Tdtomato™*;Axin2““"* mice. White arrow indicates Myf5 derived cells. Red arrow indicates Axin2+

cells. Colocalization is indicated by the black arrow (E). (F-H) Immunohistochemical staining of $-galactosidase (F; asterisks) and

MyoD (G; white arrows) in El 1.5 Axin2"*%"*

mice embryos. Blue arrows (H) indicate colocalization. (I-L) X-gal staining of tongue buds

in Axin2"*“"* mice at E10.5 (I), EI 1.5 (J), E12.5 (K), and E14.5 (L) shows activation of canonical Wnt signaling pathway. Black arrow

indicates the hypoglossal cord (l). Scale bars, 200 pm.

MyoD-Cre,‘ﬁ—cateninﬂ/ﬂ,'R26R mice indicated that almost all
the muscle fibers in the tongue were derived from the
MyoD-expressing subpopulation and no significant tongue
muscle pattern defects were detectable (Fig. 4E-H). We
analyzed MyoD expression in the MyoD-derived myogenic
cells after deletion of B-catenin in MyoD—Cre,‘ﬁ-cateninﬂ/f’,'RZ 6R
mice and found that it was indistinguishable from controls
(Fig. 41-L, Appendix Fig. I). We also assessed the expres-
sion of myosin heavy chain, a marker for mature myofibers,
to determine whether the differentiation of tongue muscle
was affected by loss of B-catenin in the MyoD-expressing
subpopulation. We found that the expression of MHC in
MyoD-Cre,‘,b’—cateninﬂ/ﬂ mice was unaffected relative to
controls (Fig. 4M—P). Our results therefore suggest that, in
contrast to the Myf5-expressing subpopulation, the MyoD-
expressing subpopulation does not require canonical Wnt
signaling during tongue myogenesis.

Discussion

Different Myogenic Subpopulations during
Tongue Myogenesis

There is substantial spatiotemporal heterogeneity during skel-
etal muscle development (Biressi et al. 2007). For example,

previous studies based on in situ hybridization and immu-
nostaining in the limb and trunk regions have demonstrated
considerable cellular heterogeneity of Myf5(+) and
MyoD(+) progenitors during myogenesis. Cells that are
positive for either Myf5 or MyoD are far more prevalent
than those coexpressing the 2 markers. However, these
results provide only a snapshot of myogenic regulatory fac-
tor expression at discrete development stages. Cell popula-
tion—specific ablation mediated by Cre-activated DTA
expression is a more powerful means by which to interpret
different myogenic subpopulation dynamics. In this study,
we found that the hypoglossal cord is almost entirely com-
posed of Myf5-derived myogenic progenitors at E10.5 and
that these myogenic progenitors are not derived from
MyoD-expressing cells. Also we found that the majority of
myogenic progenitors express either Myf5 or MyoD in the
hypoglossal cord and the tongue bud from E10.5 to E11.0.
Moreover, we used DTA-mediated cell population—specific
ablation experiments to detect Myf5- and MyoD-expressing
subpopulation dynamics during tongue myogenesis. By
ablating the DTA-mediated Myf5-expressing subpopula-
tion, we found that the Myf5-independent lineages can
compensate for Myf5-expressing myogenic cell functions
during the formation of the skeletal muscular system in the
tongue. Consistent with the phenotype previously observed
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Figure 3. Loss of B-catenin leads to migration and differentiation defects in the Myf5-expressing subpopulation. (A-D) Whole
tongues (A) and hematoxylin and eosin staining of tongue sections (C, D) from E18.5 Myf5-Cre;-catenin™ (mutant) and Myf5-Cre;
B-catenin™ (control) mice. Quantification of the tongue area confirmed a significant difference in tongue size between Myf5-Cre;f-
catenin™ and control mice at E18.5 (B). P <005 n=3. (E-H) X-gal staining of sections of tongues from E14.5 (E, F) and EI8.5 (G,
H) Myf5-Cre;B-catenin™R26R and Myf5-Cre;S-catenin™*;R26R control mice. (I-L) Whole-mount X-gal staining (I, ) and X-gal staining of
sections (K, L) of E10.5 Myf5-Cre;B-catenin;R26R and Myf5-Cre;S-catenin™*;R26R control mice. Red arrows indicate migration defects

of Myf5-derived cells in the hypoglossal cord (1, J). Black arrows highlight migration defects in sections from Myf5-Cre;-catenin;

>

R26R mice (K, L). (M=P) Double immunostaining of MyoD (green) and B-gal (red) in El 1.5 Myf5-Cre;f~catenin;R26R and Myf5-Cre;-
catenin™;R26R control mice. Boxed areas (M, N) are shown magnified (O, P). Scale bars, 200 um.

in the limbs, embryos with an ablated Myf5-expressing sub-
population demonstrate almost full recovery of skeletal
muscle development in the tongue (Haldar et al. 2008). In
contrast, deletion of the MyoD-expressing subpopulation
resulted in the failure of tongue skeletal muscle formation.
Taken together, these results support the conclusions that
Myf5- and MyoD-expressing cells are different subpopula-
tions during early embryonic tongue myogenesis and that
other myogenic subpopulations possess a substantial capac-
ity to compensate for the loss of the Myf5-expressing sub-
population in developing tongue skeletal muscle.

We used the tongue as a model to investigate the rela-
tionship between the Myf5- and MyoD-expressing subpop-
ulations in the craniofacial region because the developmental
mechanisms underlying craniofacial muscle are poorly
understood when compared with those of the trunk and
limb muscles (Sambasivan et al. 2011; Buckingham and
Rigby, 2014). The tongue has unique features due to its
location in the transition zone between the trunk and head.
Trunk and tongue skeletal muscles share traits because
they both originate from somites. In our study, we found that
the MyoD-expressing subpopulation could compensate for



Different Requirements for Wnt Signaling

427

MyoD-Cre;B-catenin™*

MyoD-Cre;B-catenin®™f

MyoD-Cre;B-catenin™";R26R MyoD-Cre;B-catenin™*;R26R

MyoD-Cre;B-catenin™;R26R  MyoD-Cre;B-catenin™*;R26R

MyoD-Cre;B-catenin™ MyoD-Cre;B-catenin*

Figure 4. Canonical Wnt signaling is not required in the MyoD-expressing subpopulation. (A-D) Whole tongues (A, C) and
hematoxylin and eosin staining (B, D) of tongue sections from newborn (NB) MyoD-Cre;S-catenin™ and MyoD-Cre;f-catenin™ control
mice. (E-H) X-gal staining of E16.5 (E, G) and NB (F, H) MyoD-Cre;-catenin™R26R and MyoD-Cre;f-catenin™":R26R control mice. (I-L)
Double immunostaining of MyoD (green) and B-gal (red) in El 1.5 MyoD-Cre;S-catenin™™R26R and MyoD-Cre;f-catenin™;R26R control
mice. Boxed areas (I, K) are shown magnified (J, L). (M=P) Myosin heavy chain (MHC) immunostaining of NB MyoD-Cre;f-catenin™ and
MyoD-Cre;p-catenin™" control mice. Boxed areas (M, O) are shown magnified (N, P). Scale bars, 200 ym.

loss of the Myf5-expressing subpopulation during myo-
genesis in the tongue, as it can in the limb region but not
vice versa. However, the tongue also has traits that differ
from trunk muscles because the cranial neural crest cells
contribute to connective tissues in the tongue and influence
the morphologic patterning of these muscles.

In the limb, MyoD- and Myf5-expressing myogenic
cells both emerge around E10.5 (Mankoo et al. 1999;
Schuster-Gossler et al. 2007). In contrast, we found that the
hypoglossal cord is almost entirely composed of Myf5-
expressing cells, whereas few MyoD-derived progenitors
are present in the hypoglossal cord at E10.5. One possible
explanation for this difference is that the migrating speed of
Myf5- and MyoD-expressing subpopulations may vary due
to different responses to signals secreted by surrounding
cranial neural crest cells.

Whnt Signaling during Myogenic Development

Previous studies have reported that different myogenic
progenitors in the same environment may respond differ-
ently to the same signals. For instance, TGFf} and/or BMP
may inhibit the differentiation of fetal myoblasts and sat-
ellite cells but not embryonic myoblasts (Cusella-De
Angelis et al. 1994). Different Wnts activate Myf5 and
MyoD in somites. Specifically, Myf5 is activated by Wntl,
which functions through a B-catenin-dependent pathway,
whereas MyoD is activated by Wnt7 via a [B-catenin-
independent pathway (Tajbakhsh et al. 1998). Furthermore,
canonical Wnt signaling regulates Pax3- and Pax7-
dependent myogenic progenitors differentially in the limb
region during embryonic and fetal myogenesis (Hutcheson
et al. 2009).
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Here, we demonstrated that canonical Wnt signaling regu-
lates the migration and differentiation of the Myf5-expressing
subpopulation. The compromised migration in the -catenin
knockout mutants might be due to cytoskeletal defects
because B-catenin is an essential component of the cytoskel-
eton. In contrast, the MyoD-expressing subpopulation
appears not to require canonical Wnt signaling during tongue
myogenesis. An attractive hypothesis is that a degree of func-
tional redundancy exists such that the ability to develop skel-
etal muscle is maintained by the MyoD-expressing
subpopulation even when canonical Wnt signaling has been
compromised in the Myf5-expressing subpopulation.

The substantial spatiotemporal heterogeneity during
skeletal muscle development may be controlled by different
signaling pathways. Previous studies have reported that the
Myf5-dependent lineage gives rise to about 50% of adult
myonuclei (Haldar et al. 2008). After loss of Myf5-
expressing cells, the MyoD-expressing cells expand to
compensate for the loss of Myf5 lineage to restore myogen-
esis. This finding implies that the Myf5(+) and MyoD(+)
progenitors have the same and/or overlapping potential to
expand and differentiate into mature myofibers.

In the intestinal crypt, the intestinal stem cells double
their numbers each day and stochastically adopt stem or
transit-amplifying cell fates to determine the expansion or
restriction of different subpopulations (Snippert et al. 2010).
In the case of muscle stem cell self-renewal during muscle
development, Myf5 and MyoD are induced by different Wnt
ligands. The question remains as to how the myogenic pro-
gram is regulated to expand or restrict Myf5(+) and MyoD(+)
progenitors during myogenesis. Based on our study, canoni-
cal Wnt signaling is a key factor determining Myf5-
expressing cell migration and differentiation. Therefore,
canonical Wnt signaling controls Myf5(+) progenitors, yet
another signaling pathway (or pathways) is required to regu-
late the MyoD(+) progenitors during the course of myogenic
progression. Further investigation will be required to eluci-
date factors regulating MyoD-expressing cells.

In summary, we demonstrated for the first time that there
are Myf5- and MyoD-expressing myogenic subpopulations
during embryonic tongue myogenesis. The canonical Wnt sig-
naling pathway differentially regulates these 2 subpopulations
during tongue myogenesis. This study highlights the similari-
ties and differences between tongue and limb muscle develop-
ment and builds the foundation for a better understanding of
the molecular regulatory mechanisms of tongue myogenesis.
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