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Abstract

Wnt7a signals through its receptor Fzd7 to activate the planar-cell-polarity pathway and drive the 

symmetric expansion of satellite stem cells resulting in enhanced repair of skeletal muscle. In 

differentiated myofibres, we observed that Wnt7a binding to Fzd7 directly activates the Akt/

mTOR growth pathway thereby inducing myofibre hypertrophy. Notably, the Fzd7 receptor 

complex was associated with Gαs and PI3kinase and these components were required for Wnt7a 

to activate the Akt/mTOR growth pathway in myotubes. Wnt7a/Fzd7 activation of this pathway 

was completely independent of IGF-receptor activation. Together, these experiments demonstrate 

that Wnt7a/Fzd7 activates distinct pathways at different developmental stages during myogenic 

lineage progression, and together identify a novel non-canonical anabolic signalling pathway for 

Wnt7a and its receptor Fzd7 in skeletal muscle.
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The Wnt family of genes encodes for nineteen cystein-rich, secreted glycoproteins which 

bind to Frizzled (Fzd) receptors on target cells1. In canonical Wnt-signalling, binding of Wnt 

proteins to Fzd activates Disheveled (Dsh), leading to the inactivation of Glycogen Synthase 

Kinase-3β (GSK-3β), a cytoplasmic serine-threonine kinase leading to stabilization of β-

catenin2. In non-canonical Wnt signalling, Wnt proteins bind Fzd and glypican-4, to activate 

Dsh at the cell membrane, leading to activation of Rho and JNK or stimulation of calcium 

influx and activation of NFAT, PKC and CamKII. An additional non-canonical Wnt 

pathway, the planar-cell-polarity pathway (PCP), plays a role in patterning by instituting 

polarity of cells within a tissue, such as in the cochlea3. Importantly, we recently 
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demonstrated a role for Wnt-PCP signalling in driving symmetric cell divisions of satellite 

stem cells in adult skeletal muscle by enhancing the planar polarization of stem cells4.

During development, Wnts are essential for myogenic induction in the paraxial 

mesoderm5–7. Wnts are also involved in regulating differentiation during muscle fibre 

development8, and during muscle regeneration in adults9,10. In the adult, canonical Wnt/β-

catenin signalling has been suggested to control myogenic lineage progression by limiting 

Notch signalling and thus promoting differentiation11.

Satellite stem cells represent a small subpopulation of satellite cells that are capable of self-

renewal and long-term reconstitution of the satellite cell niche following transplantation12. 

Notably, Wnt7a exposure dramatically stimulates the symmetric expansion of satellite stem 

cells and this expansion requires Fzd7 and Vangl2, both components of the PCP signalling 

pathway4. Wnt7a deficiency results in impaired maintenance of the satellite cell 

compartment. Therefore, Wnt7a signalling through the PCP pathway controls the 

homeostatic level of satellite stem cells and hence regulates the regenerative potential of 

muscle4.

IGF/IGFR activation of Akt/mTOR represents the key signalling axis regulating skeletal 

muscle hypertrophy13,. Binding of IGF-1 to the IGF-receptor directly actives PI3K and 

subsequently Akt. Activation of Akt promotes protein synthesis by activating the mTOR 

complex and inhibiting GSK3β. The mTOR TORC1 complex stimulates phosphorylation of 

ribosomal protein S6 which results in enhanced protein translation initiation and elongation. 

Activation of this pathway has the dual ability to inhibit proteolytic degradation and to 

stimulate new protein synthesis13.

Over expression of Wnt7a during muscle regeneration results in a marked enhancement of 

the regeneration process, generating increased numbers of larger fibres, independent of an 

effect on myoblast proliferation or differentiation4. Here, we investigate the activity of 

Wnt7a on postmitotic muscle fibres and identify an undescribed non-canonical Wnt/Fzd7-

signalling pathway that directly activates the anabolic AKT/mTOR hypertrophy pathway.

We hypothesized that Wnt7a was inducing hypertrophy of myofibres as tibialis anterior 

(TA) muscle electroporated with a CMV-Wnt7a plasmid displayed an increase in mass and 

myofibre calibre4. To investigate whether Wnt7a was in fact stimulating hypertrophic 

growth of myofibres, we first exposed differentiating cultures of satellite cell derived 

primary myoblasts with recombinant Wnt7a. After 5 days of differentiation, we observed a 

significant increase in myotube diameter (Figs.1a–c). Similarly, differentiated C2C12 

myotubes stably transfected with a CMV-Wnt7a-HA plasmid displayed enhanced myotube 

diameters (Figs.1e–g). Only application of Wnt7a, but not Wnt5a or Wnt3a, resulted in 

myofibre hypertrophy (Figs.1h, S1e–h), underscoring the specificity of the response to 

Wnt7a. The Wnt7a exposed myotubes also displayed about a 3-fold increase in the numbers 

of myonulei (Fig. S1a).

To discriminate between induction of hypertrophy and enhanced fusion, recombinant Wnt7a 

was applied to myotubes after 3 days of differentiation. We observed an identical degree of 

hypertrophy (Figs.1d, S1b). Furthermore, myotubes were treated with Wnt7a after 

von Maltzahn et al. Page 2

Nat Cell Biol. Author manuscript; available in PMC 2012 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



application of Cytosine arabinoside (AraC)14,15, an inhibitor of DNA replication, to 

eliminate mononuclear myoblasts. Notably, myotubes in AraC-treated cultures similarly 

displayed enhanced myofibre diameter (Fig. S1k–m). We next investigated the possibility 

that Wnt7a accelerates differentiation or enhances proliferation. Western blot and mRNA 

analyses revealed normal kinetics of various of myogenic markers (Fig. S1i,j). Lastly, the 

rate of proliferation of primary myoblasts4, or of C2C12 myoblasts was not affected (Fig. 

S1d). Therefore we conclude that Wnt7a acts on already established myotubes to induce 

hypertrophy and is not a consequence of accelerated kinetics of differentiation or enhanced 

myoblast proliferation.

Electroporation of plasmid CMV-Wnt7a into the TA muscle of adult muscle stimulates both 

satellite cell expansion and myofibre growth to induce productive hypertrophy4. 

Electroporation with CMV-Wnt3a and CMV-Wnt5a expression plasmids did not induce 

hypertrophy, providing further support for the specificity of the Wnt7a response (Fig. 1k). 

However, the electroporation conditions used also result in an injury to the muscle raising 

the question of whether active regeneration is required for the Wnt7a response.

To address whether Wnt7a is capable of stimulating productive hypertrophy with minimal 

induction of regeneration as compared with electroporation, recombinant Wnt7a protein was 

directly injected into the TA muscles of seven-week old mice (n=3). We observed that the 

maximum response occurred after injection of 2.5 μg of Wnt7a with the mass of the TA 

muscle significantly increased by over 40% (p<0.001) (Fig. 1o). Moreover, the numbers of 

satellite cells were also significantly increased by almost 2-fold per field (p<0.001) (Fig. 1p) 

as well as the fiber calibre (Fig. 1q,m,n). Interestingly, the entire muscle was affected 

suggesting that the injected Wnt7a protein was distributed throughout the muscle. While 

IGF injection enhanced muscle mass bilaterally, IGF had no effect on the number of satellite 

cells (Fig. 1p). Taken together, these data indicate that Wnt7a protein delivered by 

intramuscular injection results in an increased number of satellite cells together with 

sustained muscle hypertrophy which is independent of extensive regeneration.

Fzd7 is required for the induction of symmetric satellite stem cell divisions by Wnt7a4. Co-

immunoprecipitation experiments confirmed the binding of Wnt7a to Fzd7 in cultured 

myocytes (Fig. S2a) and in COS cells (Fig. S2b). Wnt7a-HA coimmunoprecipitated 

specifically with Fzd7YFP, but not with Fzd3YFP or YFP alone. Therefore, we investigated 

whether Fzd7 was also required for the induction of hypertrophy by Wnt7a. Transfection of 

Fzd7 siRNA resulted in a complete abrogation of the ability of Wnt7a to induce myotube 

hypertrophy (Fig. 2a, S2e). Overexpression of Fzd7 has previously been demonstrated to 

activate downstream signalling16. Interestingly, we observed that overexpression of Fzd7 

was sufficient to induce hypertrophy in myotubes derived from both C2C12 myoblasts (Fig. 

2b,d,e) and primary myoblasts (Fig. 2c,f,g).

The planar cell polarity effector Vangl2 is required for Wnt7a induction of symmetric 

satellite stem cell divisions4. Knock down of Vangl2 did not interfere with Wnt7a induction 

of myotube hypertrophy (Fig. S2d, S2g). However, Vangl2 is strongly down-regulated 

through myogenic differentiation (not shown). Therefore, we conclude that PCP-signalling 

is not involved in the induction of myotube hypertrophy by Wnt7a/Fzd7.
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Wnt7a has been implicated in both canonical and non-canonical Wnt signalling depending 

on the cell and tissue context4, 17. Previously, we demonstrated that Wnt7a stimulation of 

myogenic cells did not result in upregulation of Tcf7 or Axin2 or activation of activated-β-

catenin6. Therefore, to confirm that Wnt7a was acting through the non-canonical pathway in 

differentiated muscle, we assessed the degree of GSK3β and β-catenin phosphorylation by 

immunoblot analyses. Wnt7a stimulation of differentiated myotubes resulted in no change in 

the levels or phosphorylation of these canonical Wnt-signalling components (Fig. S2h, S3a–

d). Moreover, application of BIO (6-bromoindirubin-3′-oxime) or LiCl18 did not inhibit 

Wnt7a mediated hypertrophy (Fig. S2i–k). Together, these data unequivocally argue that 

Wnt7a is acting through a non-canonical signalling pathway to induce myofibre 

hypertrophy.

The central signalling pathway implicated in the regulation of myofibre hypertrophy in 

skeletal muscle is the Akt/mTOR pathway13. Therefore, we assessed the ability of Wnt7a to 

activate Akt/mTOR signalling. Strikingly, we observed that Wnt7a treatment resulted in 

markedly elevated levels of phosphorylated Akt and its downstream target S6 in cultured 

myotubes (Fig. 3a,c, S3e–j). Importantly, Wnt7a treatment of proliferating myoblasts did not 

activate the Akt/mTOR pathway (Fig. 3a). Neither Wnt3a nor Wnt5a activated Akt or S6 

(Fig. S4d). A single injection of recombinant Wnt7a into an excised TA muscle resulted in 

robust activation of Akt and its downstream target S6 (Fig. 3b). Inhibition of mTOR by 

rapamycin completely blocked the induction of hypertrophy by Wnt7a without affecting 

myoblast fusion (Figs.3d, S4a–c). Foxo transcription factors are key effectors of the Akt/

mTOR growth pathway in skeletal muscle13. Accordingly, we observed inhibitory 

phosphorylation of the Akt downstream targets Foxo1 and Foxo3a following Wnt7a 

stimulation (Fig. 3a).

To evaluate the involvement of other non-canonical Wnt-signalling pathways, we 

investigated the phosphorylation of PKC, CamKII and c-jun, the downstream effector of 

JNK (Fig. 3a). None of these components were significantly activated in Wnt7a-HA 

expressing C2C12 cells during differentiation or after application of Wnt7a to myotubes 

(Fig. S4e). Together, these data strongly support the assertion that Wnt7a acts on muscle 

fibres through activation of the anabolic Akt/mTOR signalling pathway.

In skeletal muscle, IGF-1 and its muscular isoform MGF are ligands of the IGF receptor 

which signals through IRS1 to activate the PI3K/Akt/mTOR growth pathway13. We 

therefore investigated the possibility that Wnt7a was indirectly activating the Akt/mTOR 

pathway by inducing an upregulation of IGF-1 expression. C2C12 myotubes treated with 

recombinant Wnt7a protein did not show any increase in phosphorylated IGF-receptor, 

while showing a robust phosphorylation of Akt and S6 (Fig. 3c). Western blot analyses 

using phospho-specific antibodies indicated that Wnt7a stimulation had no effect on the 

activation of IGFR or IRS1 (Fig. 4a, Fig. S4f,g). Specific inhibition of IGFR using 

AG102419, did not prevent stimulation of myotube hypertrophy by Wnt7a (Fig. 4b), 

although AG1024 treatment resulted in smaller myotubes in control cells as expected. 

Furthermore, examination of IGF-1 and MGF mRNA levels revealed that these genes were 

in fact down regulated following Wnt7a stimulation (Fig. 4c). Therefore, we conclude that 

Wnt7a induces hypertrophy independent of IGFR/IRS1 activity.
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In skeletal muscle, phosphorylation of PI3K directly activates the Akt/mTOR hypertrophic 

pathway20,21. Notably, we observed increased phosphorylation of PI3K following Wnt7a 

induction of cultured myotubes (Fig. 3a). Therefore, to investigate whether Fzd7 was 

directly activating the PI3K/Akt/mTOR pathway, we performed co-immunoprecipitation 

experiments to assess the potential association of Fzd7 and PI3K in a receptor complex. 

Strikingly, we observed that PI3K was detected by Western blot following 

immunoprecipitation of Fzd7, but not Fzd3, from extracts prepared from myotubes (Fig. 5a). 

Importantly, this interaction was not detectable in proliferating myoblasts (Fig. 5a). 

Treatment of the cells with the specific PI3K inhibitor LY294002 completely abrogated the 

ability of Wnt7a to induce myotube hypertrophy (Fig. 5b). Therefore, we conclude that a 

myotube-specific receptor complex, containing Fzd7 and PI3K, mediates the activation of 

the Akt/mTOR growth pathway following Wnt7a stimulation.

We performed mass spectrometry to identify additional components of the Fzd7 receptor 

complex in myotubes. These experiments identified the G protein subunit alpha S 

(stimulatory G protein, Gαs) as an Fzd7 associated protein. Binding of Fzd7 to Gαs 

(encoded by the GNAS1 gene) was confirmed by co-immunoprecipitation analyses in 

myotubes of C2C12 cells. Gαs specifically bound Fzd7YFP but not YFP alone (Fig. 5c). 

These data led us to hypothesize that Gαs mediates the activation of PI3Kinase following 

Wnt7a binding to Fzd7. Therefore, we investigated whether differentiated myotubes treated 

with Suramin, a specific inhibitor of the association of Gαs and beta-gamma subunits22,23, 

was capable of abrogating Wnt7a induced hypertrophy. Strikingly, Suramin completely 

blocked Wnt7a evoked hypertrophy and phosphorylation of Akt and S6 (Fig. 5d,e), but did 

not inhibit IGF-1 induced hypertrophy (Fig. S4j). Furthermore knockdown of Gαs (Fig. 

S4k) resulted in abrogation of Wnt7a evoked hypertrophy (Fig. 5f). Taken together, these 

data unequivocally establish that the Wnt receptor Fzd7, and the associated components Gαs 

and PI3K, are required for the induction of myotube hypertrophy by Wnt7a.

We have described a role for Wnt signalling in the direct regulation of growth pathways in 

differentiated skeletal muscle. Binding of Wnt7a to Fzd7 directly activated PI3K and the 

Akt/mTOR pathway to induce myofibre hypertrophy both in vitro and in vivo. Strikingly, 

Wnt7a/Fzd7 activation of the PI3K/Akt/mTOR pathway was independent of IGF-receptor 

activation. Therefore, we have identified a so far undescribed non-canonical anabolic 

pathway for Wnt7a and its receptor Fzd7 in skeletal muscle.

Our results indicate that Wnt7a acts via distinct non-canonical pathways at two cellular 

levels in skeletal muscle. First, through PCP signalling in satellite cells to regulate the 

homeostatic levels of satellite cells4. Second, through the Akt/mTOR pathway in 

differentiated myofibres to regulate growth (summarized in Fig. S5). In this manner, Wnt7a 

functions to couple the expansion of the satellite cell pool to the mass of the muscle tissue. 

Loss of Wnt7a results in reduced numbers of satellite cells 3 weeks after injury4, thus 

demonstrating the physiological role of Wnt7a in regulating the homeostatic levels of 

satellite cells. Therefore, we predict that the dual function of Wnt7a in skeletal muscle has a 

role in the adaptation of muscle to different physiological stimuli.
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We previously described a role for Wnt7a/Fzd7 signalling in satellite stem cells dependent 

on the PCP component Vangl24. By contrast, we found that Wnt7a/Fzd7 activation of the 

Akt/mTOR pathway in differentiated skeletal muscle was independent of Vangl2. Moreover, 

we observed that Gαs and PI3K were associated with the Fzd7 receptor complex specifically 

in differentiated myotubes, and not in proliferating myoblasts. These data therefore suggest 

that the Fzd7 receptor complex contains distinct components in satellite cells versus 

differentiated myofibres.

The presence of seven transmembrane domains in Fzd receptors is reminiscent of the 

structure of classical G protein receptors24. Frizzled proteins are considered a novel and 

separate family of G coupled receptors25. Therefore we speculated that the Fzd7 receptor 

complex in myotubes contains additional factors such as G proteins that are required to 

activate PI3K. Through mass spectrometry analyses we found the following G protein 

subunits associated with Fzd7: G protein alpha S (Gαs, encoded by the GNAS1 gene), G 

protein beta 1, G protein beta 2 and the G protein subunit O. We chose to investigate the 

function of Gαs since the GNAS1 gene is highly expressed during differentiation of C2C12 

cells (see Fig. 4h,i).

Heteromeric G proteins consist of an alpha subunit which is regulated by guanine-nucleotide 

binding and the tightly associated beta-gamma subunit. Depending on the G protein family 

involved the alpha and beta-gamma subunits can activate diverse effectors. Our results 

suggest that Wnt7a activates the Gαs protein thereby leading to an activation of PI3K, 

presumably through a Gβγ complex involving G protein beta 1 or beta 2.

In differentiated myofibres, Wnt7a binds to Fzd7 resulting in the activation of PI3K, which 

in turn activates phosphatidyl inositol-dependent kinase1 (PDK1). PDK1 then activates Akt 

leading to the activation of its downstream targets S6kinase and S6 and the induction of 

hypertrophy26,27. Thus, Wnt7a binding to its receptor Fzd7 complex containing Gαs and 

PI3K activates the Akt/mTOR growth pathway in muscle entirely independently of IGF and 

IGFR.

Akt has the dual potential to drive the synthesis of protein while preventing proteolytic 

degradation. This makes Akt a key metabolic control point in diseases which are 

characterized by changes in muscle mass, for example cancer cachexia and sarcopenia28,29. 

Other catabolic states like malnutrition, critical illness and sepsis are associated with a 

profound reduction in the pool of IGF-1 resulting in muscle atrophy27, 30. Consequently 

IGF-1 treatment has been explored as a potential treatment to increase the lean body mass in 

patients suffering from these conditions31. However, limitation of this approach arises from 

the development of resistance to growth hormone, and due to the development of 

hypoglycemia32.

Muscle damage due to eccentric exercise as well as cachexia induces TNFα expression. This 

cytokine dramatically impairs insulin stimulation of IRS-133,34. It is believed that TNFα 

induces insulin resistance in skeletal muscle by activation of IKK, which then 

phosphorylates IRS-1, thereby precluding subsequent activation of PI3K and Akt35. Wnt7a 

activates the PI3K/Akt/mTOR signalling axis without an activation of IRS-1. Therefore, it is 
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interesting to speculate that Wnt7a will be able to induce hypertrophy and/or prevent muscle 

wasting in the context of high TNFα levels without developing insulin resistance.

Our work has identified an additional non-canonical Wnt signalling pathway to the currently 

known variations of canonical and non-canonical pathways. The Wnt anabolic signalling 

pathway, where Wnt7a activates the Fzd7/PI3K/Akt/mTOR hypertrophy pathway, provides 

a promising new therapeutic focus for the amelioration of muscle wasting diseases like 

sarcopenia, cachexia or muscular dystrophies.
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Figure 1. 
Wnt7a induces hypertrophy in differentiated myotubes and myofibres. (a, b) Primary 

myoblasts derived from satellite cells were differentiated for 5 days in medium containing 

50 ng/ml Wnt7a recombinant protein or BSA as a control. Staining for myosin heavy chain 

(MyHC, in green) marks differentiated cells. (c) Quantification of the fibre diameter as in a, 

b. n=3 (d) Quantification of the fibre diameter of C2C12 cells treated with 50 ng/ml 

recombinant Wnt7a protein. The Wnt7a recombinant protein was applied at day 3 of 

differentiation when the majority of the cells are already differentiated. n=3 (e,f) C2C12 

cells were stably transfected with a CMV-Wnt7a-HA expression plasmid and differentiated 

for 5 days. (g) Quantification of the fibre diameter as in e,f. n=3 (h) Application of different 

recombinant Wnt proteins (50 ng/ml each) revealed that induction of hypertrophy is a Wnt7a 

specific phenomenon. n=3 (i,j) Electroporation of the CMV-Wnt7a-HA expression plasmid 

(40 μg) into the tibialis anterior muscle of adult mice resulted in increased fibre diameters 2 
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weeks after electroporation compared to a control (CMV-lacZ) plasmid. (k) Quantification 

of the fibre diameter of TA muscles electroporated with expression plasmids for Wnt3a-HA, 

Wnt5a-HA, Wnt7a-HA or a lacZ control plasmid (40 ug plasmid each). n=4 (l) 
Quantification of a single injection of recombinant Wnt7a protein (2.5 ug) into the tibialis 

anterior muscle of adult mice, mice were sacrificed two weeks after injection. n=4 (m,n) 

representative images of immunostained sections of TA muscle showing Pax7- (red) and 

laminin-staining (green). Nuclei were counterstained with Dapi (blue) (o) Intramuscular 

injection of recombinant Wnt7a protein into the tibialis anterior (TA) muscle resulted in a 

significant increase in the muscle weight, without affecting the weight of the contralateral 

muscle three weeks after injection. Injection of long-IGF stimulated an equal increase in 

both injected and contralateral TA muscle. n=4 (p) Wnt7a stimulated an expansion in the 

satellite cell pool whereas IGF did not. n=4 (q) Wnt7a and IGF injection resulted in a 

significant increase in fibre calibre. Grey bars indicate the contralateral muscle.. n=4, 

*p<0.01, **p<0.001, *** p<0.0001. Error bars represent SEM.
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Figure 2. 
Wnt7a induces muscle hypertrophy through its receptor Fzd7. (a) siRNA mediated 

knockdown of Fzd7 inhibited the induction of hypertrophy in Wnt7a-HA expressing 

myotubes. Expression of Fzd7YFP is sufficient to induce significant hypertrophy in (b) 

differentiated C2C12 cells and (c) differentiated primary myoblasts. (d,e) Representative 

images of C2C12 cells expressing Fzd7-YFP or a control plasmid after 5 days of 

differentiation. Staining for myosin heavy chain (MyHC, in green) marks differentiated 

cells. Nuclei are counterstained with Dapi (blue). (f,g) Representative images of 

differentiated primary myoblasts expressing Fzd7-YFP or a control plasmid. Differentiation 

was carried out for 5 days. Scale bar: 50 μm (n=3), *** p<0.0001. Error bars represent SEM
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Figure 3. 
Wnt7a activates the Akt/mTOR pathway in differentiated myotubes and myofibres. (a) 

Immunoblot analyses revealed increased phosphorylation of members of the Akt/mTOR 

pathway in C2C12 expressing Wnt7a-HA compared to control cells. Members of other 

known non-canonical pathway as PKC, CamKII or c-jun, a downstream effector of JNK, are 

not activated in Wnt7a-HA expressing myotubes. Increased levels of phosphorylated 

Foxo1/3a were observed in Wnt7a-HA expressing cells as well as increased levels of total 

Foxo1 in myoblasts and myotubes and Foxo3a in myoblasts. n=3. (b) Injection of Wnt7a 

recombinant protein into tibialis anterior muscle of adult mice leads to an activation of the 

Akt/mTOR pathway as visualized by increased phosphorylation of S6 and Akt. n=3. (c) 

Application of 50 ng/ml Wnt7a recombinant protein to differentiated C2C12 cells (5 days 

differentiation) resulted in increased levels of phosphorylated Akt and phosphorylated S6 

demonstrating the rapid activation of the Akt/mTOR pathway by Wnt7a. n=3. (d) Inhibition 

of mTOR by rapamycin abolished hypertrophy in Wnt7a-HA expressing C2C12 cells, the 

fibre diameter was measured 5 days after induction of differentiation (n=4), *** p<0.001. 

Error bars represent SEM. See S6 for uncropped images of blots.
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Figure 4. 
Wnt7a induces hypertrophy independent of IGF-receptor activity. (a) Immunoblot analyses 

revealed no changes in the phosphorylation of IGF receptor as well as IRS-1 in Wnt7a-HA 

expressing cells compared to control cells. Additionally the total amount of IGF-receptor 

and IRS1 were not significantly changed in Wnt7a-HA expressing cells compared to control 

cells. n=3. (b) Inhibition of IGF receptor activity by AG1024 did not result in changes in 

fibre diameter in Wnt7a-HA expressing cells suggesting that Wnt7a acts independently of 

IGF receptor activity. All analyses were performed in cells which were differentiated for 5 

days. n=3. (c) Quantitative Real-time PCR of members of the IGF and IGF receptor family 

(n=3), *** p<0.0001. Error bars represent SEM. See S6 for uncropped images of blots.
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Figure 5. 
The Fzd7 receptor complex contains PI3K and the G protein Gαs (a) 

Coimmunoprecipitation analyses demonstrated that Fzd7YFP binds the p85 subunit of PI3K 

in myotubes but not in myoblasts. (b) Blocking of PI3K activity with the specific inhibitor 

LY294002 abrogated the hypertrophy induced by Wnt7a. Fibre diameter was measured 5 

days after induction of differentiation in C2C12 control cells as well as in C2C12 cells 

expressing Wnt7a-HA (n=4), *** p<0.001. (c) IP-Western coimmunoprecipitation analysis 

demonstrated that Fzd7 binds G protein Gαs. (d). Suramin, a specific inhibitor of the G 

protein Gαs23 completely blocked Wnt7a induced hypertrophy, n=3, *** p<0.001. (e) 

Suramin inhibits Wnt7a induced phosphorylation of Akt and S6. (f) Knockdown of GNAS1 

abrogates Wnt7a induced hypertrophy in C2C12 cells, n=3, *** p<0.001. Error bars 

represent SEM. See S6 for uncropped images of blots.
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