
Supporting Information
Liu et al. 10.1073/pnas.1401732111
SI Materials and Methods
Tamoxifen Injection and Cardiotoxin Injury. Tamoxifen (Sigma-
Aldrich) was dissolved in 90% (vol/vol) sesame oil and 10% (vol/vol)
ethanol at 25 mg/mL and delivered to both WT and mutant mice
at 8 wk of age by i.p. injection at 0.1 mg/g for 5 d. Cardiotoxin
(CTX) from Naja mossambica mossambica (Sigma-Aldrich) was
dissolved in sterile saline to a final concentration of 10 μM and
aliquoted and stored at –20 °C. Mice were anesthetized by i.p.
injection of 2.5% Avertin at (15 μL/g). Mouse legs were shaved
and cleaned. Tibialis anterior (TA) muscles were injected with
50 μL of CTX with a 26-gauge needle. After injection, animals
were kept under a warming lamp until recovery. Barium chloride
(BaCl2) injury was performed by injecting 50 μL of 1.2% BaCl2
(dissolved in sterile saline) into the TA muscle.

Immunohistochemistry. Frozen sections were fixed in freshly pre-
pared 4% (vol/vol) paraformaldehyde for 20 min on ice and then
treated with 0.3% Triton X-100/PBS at room temperature for
20 min. Sections were incubated with mouse IgG-blocking so-
lution from the M.O.M. kit (Vector Lab) diluted in 0.01% Triton
X-100/PBS at room temperature for 1 h. Sections were then
incubated with 5% (vol/vol) goat serum (Sigma-Aldrich) in M.O.M.
protein diluent for 30 min. Sections were incubated with primary
antibodies diluted inM.O.M. protein diluent at 4 °C overnight. The
next morning, slides were washed with PBS and incubated with
secondary antibodies diluted in M.O.M. protein diluent at room
temperature for 45 min. Sections were then washed and mounted
with VectaShield Mounting Medium with DAPI. Pictures were
taken with a Zeiss LSM 510 confocal microscope. Primary and
secondary antibodies were as follows: Desmin (1:100; Dako),
Laminin (1:200; Sigma-Aldrich), Alexa Fluor 594; goat anti-mouse
IgG1 (1:400; Invitrogen), and Alexa Fluor 488 goat anti-rabbit IgG
(1:400; Invitrogen).

Isolation of Satellite Cells by FACS. Isolation of satellite cells was
performed as described. Briefly, hind limb muscles were pooled,
minced, and digested with 0.2% Collagenase II (Gibco; Invi-
trogen), followed by trituration. Satellite cells were then isolated
by further digestion of myofibers with 0.1% Dispase (Gibco;
Invitrogen) and 0.05% Collagenase II (Gibco; Invitrogen). Cell
suspension was filtered through a 40-μm cell strainer, and sat-
ellite cells were pelleted after centrifugation.
For FACS, satellite cells were counted and resuspended in

PBS/3% (wt/vol) BSA at 1 × 106 cells per 50 μL. Cells were then
incubated with the following antibodies for 1 h on ice: APC-
CD29 (1:50) (AbD Serotec), PE-labeled rat anti-mouse CD45
(1:100), PE-labeled rat anti-mouse CD31 (1:100), PE-labeled
anti-mouse Sca-1 (1:3,000) (all from BD Biosciences-Pharmin-
gen). After incubation, cells were washed twice, filtered through
a 40-μm cell strainer, and resuspended in PBS/3% (wt/vol) BSA
at a concentration of 2 × 107 cells per mL. Cells were separated
on a MoFlo Cytometer (Beckman Coulter). Sorting gates were
strictly defined by the forward scatter and side scatter patterns of
satellite cells as well as the positive control cells labeled with
Alexa Fluor 488–CD34 and the negative control cells labeled
with PE-CD45, PE-CD31, and PE–Sca-1. Cells positive for
APC-CD29 and negative for PE-CD45, PE-CD31, and PE–
Sca-1 were sorted to enrich for activated satellite cells.

Culture of Satellite Cell-Derived Myolbasts. CTX was injected into
hind limb muscles and activated satellite cells were isolated 3 d
after injection as described (1). Satellite cell-derived myoblasts
were cultured on Matrigel-coated (BD Biosciences) plates in
growth medium consisting of HAM’s F-10 medium, 20% (vol/vol)
bovine calf serum, and 5 ng/mL bFGF (Gibco; Invitrogen). Me-
dium was changed daily. Cells were passaged at 70% confluence
to prevent spontaneous differentiation. To induce differentiation,
cells at 80% confluence were switched to differentiation medium
containing DMEM and 2% (vol/vol) horse serum.

Immunostaining of Satellite Cell-Derived Myoblasts. For immunos-
taining, cells were grown on Matrigel-coated coverslips in either
growth medium or differentiation medium. Cells were fixed on
coverslips with 4% paraformaldehyde for 15 min, washed with
PBS, and permeabilized with 0.3% Triton X-100/PBS for 5 min.
Cells were blocked with 5% (vol/vol) goat serum/PBS/0.1% Triton
X-100 for 3 min, followed by incubation with primary antibodies
(diluted in 5% goat serum/PBS/0.1% Triton X-100) for 2 h. Cells
were then washed in PBS and incubated with secondary antibodies
for 1 h. After washing with PBS, coverslips were mounted on
glass slides with VectoLab Mounting Medium (with DAPI). The
antibodies used were as follows: anti-Pax7 (1:100, DSHB), MY32
(1:250, Sigma-Aldrich), Alexa Fluor 594 goat anti-mouse IgG1
(for Pax7) (1:400, Invitrogen), and Alexa Fluor 555 goat anti-
mouse IgG (for MY32) (1:400, Invitrogen).

EdU Labeling and Detection.For cultured cells, EdU supplied in the
Click-iT EdU cell proliferation assay kit (Invitrogen) was used as
instructed with minor modifications: EdU was used at 10 μM for
8 h in culture media; for detection, we performed immunostaining
for primary and secondary antibodies (see above) first, then the
click chemical reaction using Alexa Fluor 647 as a reactive fluo-
rophore for detection, followed by Hoescht staining.

Microarray Analysis and Bioinformatics. For microarray analysis,
WT and MEF2-TKO myoblasts were cultured in differentiation
medium for 3 d and total RNA was isolated by using TRIzol
reagent (Invitrogen). Microarray analysis was performed by the
University of Texas Southwestern Microarray Core Facility by
using theMouseWG-6 v2.0 BeadChips (Illumina). Gene ontology
(GO) analysis was performed by using DAVID with ILLUMINA_ID
identifiers andMusmusculus as the background set (2, 3). For GO
term enrichment, biological process level 4 was used. MEF2D
ChIP-seq peaks from a published study (4) were compared with
transcriptional start sites (TSS) of genes from the expres-
sion microarray. MEF2D binding sites were considered to be
nearby if the ChIP-seq peak overlapped with a 50-bp window
around the TSS using a custom script based on the HTSeq
python package (www-huber.embl.de/users/anders/HTSeq/).
PubMed searches were automatically conducted by using a
custom script based on Biopython for significantly regulated
genes using all known aliases to prevent underestimation of
publication number.

Statistics. Data are presented as mean ± SEM. Differences
between groups were tested for statistical significance by using
the unpaired two-tailed Student t test. P < 0.05 was considered
significant.
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Fig. S1. MEF2A, C, and D play redundant roles in adult skeletal muscle regeneration. (A) Schematic of tamoxifen (TMX) and CTX treatment. (B) TA muscles
from Mef2a loxp/loxp; Pax7-Cre-ERT2; Mef2a loxp/loxp; Pax7-Cre-ERT2; Mef2c loxp/loxp; and Pax7-Cre-ERT2; Mef2d loxp/loxp mice were analyzed by H&E staining on
day 7 after injury. (C) TA muscles from Mef2a loxp/loxp and Pax7-Cre-ERT2; Mef2a loxp/loxp mice were analyzed by H&E staining on day 7 after BaCl2 injury. (D) TA
muscle fromWT and Pax7-Cre-ERT2;Mef2a loxp/loxp (Mef2a-cKO) mice was harvested 10 d after CTX injury for RNA analysis of Mef2a, c, and d transcripts by real-
time RT-PCR. Values were normalized to 18s rRNA and then normalized to WT. ***P < 0.001. ns, not significant. (E) TA muscles from control (Mef2a loxp/loxp;
2c loxp/loxp; 2d loxp/loxp); Mef2a−/−; c−/−; d+/− (Pax7-Cre-ERT2; Mef2a loxp/loxp; 2c loxp/loxp; 2d loxp/+); and Mef2a−/−; c+/−; d−/− (Pax7-Cre-ERT2; Mef2a loxp/loxp; 2c loxp/+;
2d loxp/loxp) mice were analyzed by H&E staining on day 7 after injury. (Scale bars: 100 μm.)
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Fig. S2. Normal proliferation of MEF2-TKO satellite cell-derived myoblasts. (A) FACS plots of WT and MEF2-TKO–activated satellite cells are shown. Cells were
harvested at day 3 after injury. CD29+ Sca1− CD31−CD45− cells were collected as activated satellite cells. There was no significant difference in the percentage
of activated satellite cells between WT and MEF2-TKO mice. SC, satellite cells. (B) Immunostaining for Pax7 in WT and MEF2-TKO myoblasts showed that most
cells are Pax7+ myoblasts. (C) Percentage of Pax7+ cells in WT and MEF2-TKO were counted and plotted. n.s, not significant. (D) Immunostaining for desmin and
EdU in WT and MEF2-TKO myoblasts showed that EdU+ myoblasts express desmin (arrows). (Scale bars: 100 μm.)

Liu et al. www.pnas.org/cgi/content/short/1401732111 3 of 5

www.pnas.org/cgi/content/short/1401732111


Fig. S3. (A) GO analysis was performed with DAVID. Microarray data from WT and MEF2-TKO myotubes were used in the analysis. Protein classes were
assigned to the genes that fall in the most significantly enriched biological process “muscle contraction” as presented in Fig. 5D. (B) List of most down-reg-
ulated in MEF2-TKO myotubes. Genes were grouped according to GO terms of biological processes by DAVID.
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Fig. S4. List of uncharacterized or minimally characterized genes that are down-regulated in MEF2-TKO myotubes. Genes that contain MEF2-binding sites
near their promoters are indicated as yes.
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