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Fig. 3. HIF1� represses canonical Wnt signaling during adult skeletal myogenesis. (A) Relative Axin2 and Tcf7 mRNA levels detected in mouse EDL 
muscles 2 days after FAL. (B) Relative expression of Pgk1, Axin2 and Tcf7 in C2C12 myoblasts transduced with scrambled shRNA (scr) or Hif1a targeting 
shRNA (shHIF). Cells were differentiated for 48 h in 21% or 0.5% O2. (C-E) Representative images and quantification of dystrophin, PAX7 and MYOG IF on injured 
EDL muscle 7 days following FAL, in the presence or absence of the Wnt inhibitor DKK1. For all measurements, group averages are graphed. Error bars 
represent s.d., except s.e.m. in A. *P<0.05, #P>0.05 (Student’s t-test). Scale bars: 10 µm. (F) Selective role of HIF1α during adult muscle regeneration by 
modulating Wnt signaling in response to O2 levels. At low O2 levels (�O2), HIF1α inhibits myogenesis through repression of Wnt signaling. As O2 levels rise 
(�O2) HIF1α protein diminishes, leading to increased Wnt activity and accelerated myogenesis. 

MATERIALS AND METHODS genetic backgrounds: ROSA26 reporter (R26lacZ/+) (Soriano, 1999), 
Hif1aloxP/loxP (Ryan et al., 2000), ArntloxP/loxPMouse models (Tomita et al., 2000), 

Animal protocols were approved by U. Penn. I.A.C.U.C. The mice (Mus Pax3Cre/+ (Engleka et al., 2005), Ubc-CreERT2 (Ruzankina et al., 2007) 
musculus) were employed and maintained on mixed C57BL/6 and 129 and Pax7IresCreER/+ (Nishijo et al., 2009). Non-recombined alleles were 
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designated ‘2L’ and recombined alleles were designated ‘Δ’. Pax3+/+ and 
Pax3Cre/+Hif1a Δ/+ Pax3Cre/+ArntΔ/+or embryos exhibited comparable 
muscle development and were grouped as ‘control’ for Pax3Cre/+Hif1aΔ/Δ 

or Pax3Cre/+ArntΔ/Δ littermates, respectively. 

Immunohistochemistry (IHC) and immunofluorescence (IF) 
All tissues were harvested, fixed in paraformaldehyde, paraffin embedded 
and sectioned. Hematoxylin and Eosin (H&E) staining, X-gal staining, IHC 
for MHC (DSHB; 1:200), PAX7 (DSHB; 1:50), dystrophin (Abcam, 
ab15277; 1:200) were performed as described (Skuli et al., 2009). IF was 
performed on tissues using the TSA Kit (Invitrogen) and on cells as 
described (Majmundar et al., 2012). MHC+ muscle area and PAX7+ 

progenitor numbers were assessed in embryos as previously described 
(Vasyutina et al., 2007). Adult EDL muscle transverse sections were taken 
at the thickest point of the muscle. PAX7+ nuclei per mm2, MYOG+ nuclei 

2 2 2per mm , CNFs per mm , MHC+ fibers per mm , percentage of CNF over 
total fiber area, and average CNF area (mean size of CNF in µm2) were 
quantified by manual count from six to eight 20× fields (field size: 
430 µm×320 µm) of three sections per mouse taken by MetaMorph 
software (Molecular Devices). Van Gieson stain was performed by 
incubating slides with Weigert’s Hematoxylin solution (0.5% 
Hematoxylin, 2% ferric chloride, 40% ethanol) for 15 min, and then 
counterstained by using Van Gieson’s stain solution (STVGI100, American 
MasterTech) for 15 min. The von Kossa stain was performed by incubating 
slides with 5% silver nitrate for 30 min, 5% sodium thiosulfate for 2 min, 
and then counterstained with Nuclear Fast Red (STNFR100, American 
MasterTech) for 5 min. 

Animal handling 
Hindlimb ischemia was generated in 8- to 12-week-old mice by FAL, and 
limb perfusion was measured using diffuse correlation spectroscopy or laser 
Doppler imaging (Moor Instruments) as described (Mesquita et al., 2010; 
Skuli et al., 2012). To trigger inducible Cre expression, Tamoxifen (Sigma, 
T-5684) was dissolved at 20 mg/ml in corn oil. 6- to 8-week-old mice 
received 10 µl solution per gram body weight for 5 days by oral gavage. 
When indicated, 20 μl of either DKK1 (50 μg/ml; R&D Systems, 5897-DK-
010) or vehicle (PBS) was injected into hindlimb muscles 2 days and 4 days 
after injury. Muscles were harvested and analyzed 7 days later. Genotyping 
from ‘skin’ (supplementary material Fig. S2D) was performed on DNA 
extracted from ∼5 mm×5 mm segments of dorsal skin. Genotyping from 
‘myoblasts’ (supplementary material Fig. S2D) was performed on ∼10,000-
50,000 primary myoblasts at second passage. Isolation of primary myoblasts 
from lower limb muscles of 6- to 8-week-old mice was performed as 
previously described (Springer et al., 2002). Briefly, whole muscle was 
dissociated in collagenase, washed, and further treated with dispase/ 
collagenase to facilitate detachment of muscle progenitors from muscle 
fibers. Muscle was then triturated to facilitate the release of muscle 
progenitors, which were then cultured on collagen-coated plates in 
F10-based medium as described (Springer et al., 2002). 

Cell culture 
C2C12 immortalized adult myoblast cells (CRL-1772, ATCC) were 
cultured as described (Majmundar et al., 2012). Wnt inhibitors used 
in vitro were 100 ng/ml sFRP3 (592-FR-010, R&D Systems) and 300 ng/ml 
DKK1. 

Molecular biology 
Quantitative (q) RT-PCR and western blotting were performed as 
described (Majmundar et al., 2012) with the following reagents: 
TaqMan primers (Applied Biosystems) for Myog (Mm00446195_g1), 
Hif1a (Mm01283758_g1), Pgk1 (Mm00435617_m1), Axin2 
(Mm00443610_m1) and Tcf7 (Mm00493445_m1); Ponceau S stain 
(Sigma); and antibodies against HIF1α (10006421, Cayman; 1:1000) 
and Actin ( pan Ab-5, Thermo Scientific; 1:3000). qRT-PCR results 
were calculated using the comparative CT (ΔΔCT) method, with the 
murine Rn18s gene employed as the endogenous control 
(Mm03928990_g1). 

Statistics 
All results are presented as mean±s.e.m. unless specified otherwise. 
P-values were calculated based on two-tailed, unpaired Student’s t-tests. 
P<0.05 was considered statistically significant. 
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Fig. S1. Pax3Cre/+ deletion of Hif1a or Arnt fails to induce embryonic muscle phenotype. (A) Representative images of sections from 
wholemount X-gal treated E18.5 fetuses. (B) Table lists numbers of surviving mice at different developmental ages by genotype. Representative 
images of hematoxylin and Von Kossa stains (C) and Slow Myosin IHC staining (D) of E18.5 sections. “*” denotes rib bone hypocalcification. Table 
lists frequency of bone defects across genotypes. (E) Genotyping PCR of Cre and Hif1a alleles performed on genomic DNA from whole embryo and 
forelimb muscle harvested from E18.5 fetus. Arnt PCR is used as a control. Representative images and quantification of MHC staining (F,G) and 
PAX7 staining (H) of E18.5 muscle sections. Error bars represent s.e.m. #Not significantly different by Student’s t-test (P>0.05). Scale bars: 20 m.
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Fig. S2. Role of HIF1 in hindlimb ischemia model. (A) Limb perfusion assessed by Diffuse Correlation Spectroscopy before FAL (Pre-Surgery), 
immediately following FAL (Post-Surgery), 2 days (Day 2) and 7 days (Day 7) following FAL. Perfusion ratio refers to flow in ligated limb to that in 
non-ligated collateral limb. Error bars represent s.e.m. (B) Western Blot for HIF1 and Actin expression in tissue lysates from EDL muscle before 
FAL (U) and 2, 4, 7 and 14 days after FAL (Day 2, Day 4, Day 7, Day 14). Lysates from 3-5 mice were assessed at each time point. (C) Relative 
Myogenin expression was detected in mouse EDL muscle before FAL (Uninjured) and 2, 4, 7 and 14 days after FAL. Group averages were graphed 
(n=3-12). Error bars represent s.e.m. (D) Genotyping PCR of Cre and Hif1a alleles performed on genomic DNA from primary myoblasts and skin 
harvested from indicated mice. Arnt PCR demonstrates equivalent DNA template amount across samples. (E) Low-magnification representative 
images of Dystrophin IF on injured EDL muscle 7 days following FAL. Scale bars: 100 m. Representative images and quantification of PAX7/Laminin 
IF (F) and Van Gieson stain (G) on injured EDL muscle 7 days following FAL. Arrows point to PAX7/Laminin/DAPI triple-positive cells. Error bars 
represent s.d. Scale bars represent 10 m (PAX7/Laminin IF) or 20 m (Van Gieson stain). (H) Genotyping PCR of Cre, Hif1a and Arnt alleles 
performed on genomic DNA from EDL muscle isolated from indicated mice. (I) Western Blot for Hif1 expression in tissue lysates from EDL muscle 
isolated from indicated mice before FAL (NL) and 2 days after FAL (L). Non-specific bands observed with Ponceau S staining (Ponceau) were used 
as loading control. *P<0.05, #P>0.05 (Student’s t-test). 
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Fig. S3. HIF1 modulates Wnt activity in adult myogenesis. (A) Relative expression of Hif1a in C2C12 myoblasts transduced with scrambled 
shRNA (scr) or Hif1a targeting shRNA (shHIF). (B) Relative expression of Axin2 in C2C12 myoblasts that were differentiated and treated with Wnt 
inhibitors sFRP3 or DKK1 for 48 hours. (C) Representative images and quantification of MHC IF on C2C12 myoblasts transduced with scrambled 
shRNA (scr) or Hif1a targeting shRNA (shHIF), which were then differentiated for 48 hours in 21% or 0.5% O2. (D) Representative images and 
quantification of MHC IF on C2C12 myoblasts transduced with scrambled shRNA (scr) or Hif1a targeting shRNA (shHIF), which were then 
differentiated and treated with Wnt inhibitors sFRP3 or DKK1 for 48 hours in 21% or 0.5% O2. Fusion index was calculated to quantify differentiation. 
Error bars represent s.d. Scale bars: 50 m. *P<0.05 (Student’s t-test). 
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