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ABSTRACT In the modern poultry industry, with
increasing product demand, muscle growth rate and
meat yield in chickens have tremendously changed.
Understanding the regulation of muscle development is
important to maintain efficient growth and develop-
ment in meat-type chickens. 20(S)-hydroxycholesterol
(20S) is known as one of the naturally occurring osteo-
genic cholesterol derivatives due to its ability to induce
osteogenic differentiation; however, no studies have
evaluated myogenic response to 20S in chicken muscle
cells. To determine the use of 20S in vitro for the pro-
liferation and differentiation of chicken satellite cells,
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satellite cells were isolated from pectoralis major muscle
of 4-week-old Ross 708 male chickens and subjected to
0.25, 0.5, and 1.0 mmol of 20S during their proliferation
and differentiation stages. Cell proliferation and dif-
ferentiation were measured every 24 h for 72 h by
determining DNA concentration, the activity of crea-
tine kinase, and the expressions of myogenic regulatory
transcription factors. Together these results suggested
that a lower concentration of 20S did not affect myo-
genesis but a high concentration of 1.0 mmol 20S can
negatively affect proliferation and differentiation in
chicken satellite cells.
Key words: myogenesis, 20(S)-hydroxycholesterol, chicken satellite cell, satellite cell proliferation, myoblast
differentiation
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INTRODUCTION

In the modern poultry industry, with increasing prod-
uct demand and advances in technology, muscle growth
rate, meat yield, and egg production in chickens have
been significantly improved (Tav�arez and Solis de los
Santos, 2016). Genetic selection and environment con-
trol have altered many physical traits of broiler chickens.
In modern broiler lines, the occurrence of skeletal disor-
ders has been associated with a rapid growth rate in
birds. Growth-related issues include myopathies, such
as wooden breast (Huang and Ahn, 2018) and skeletal
problems including lameness, twisted legs, and crooked
toes (Fleming, 2008). These problems raise welfare con-
cerns and result in huge economic losses every year, sug-
gesting that it is important to better understand a
balance between muscle and bone growth in broilers
(Dibner et al., 2007).
Mesenchymal stem cells (MSC) can be a good in vitro
research tool to study regulation of bone and muscle
development. Although there are many cell lines from
mammals, MSC cell lines from avians are not readily
available. Recently, Adhikari et al. (2018) isolated
chicken MSC from chicken compact bones and demon-
strated the ability of chicken MSC to differentiate into
different cell lineages, such as bone, fat, and muscle cells.
For myogenesis, chicken satellite cells from chicken skel-
etal muscle have been successfully used in order to under-
stand the regulation of myogenic proliferation and
differentiation (Velleman and McFarland, 1999;
Harding et al., 2016). Satellite cell cultures are an excel-
lent model for studying muscle development in vitro. Sat-
ellite cells are muscle-specific stem cells that are found
between the muscle basement membrane and the sarco-
lemma and become activated and re-enter the cell cycle
after muscle injury (Danoviz and Yablonka-Reuveni,
2012). Satellite cells are responsible for the post-hatch
growth of skeletal muscles by donating their nuclei to
existing myofibers in order to increase protein synthesis
levels, resulting in muscle growth through muscle fiber
hypertrophy (Velleman, 2015). The myogenic potential
of satellite cells mainly relies on the expression of
paired-box (Pax) genes, such as Pax3 and Pax7, as well
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as several myogenic regulatory factors (MRF), including
myogenic determination factor (MyoD), myogenin
(MyoG), and myogenic regulatory factor 5 (Blais et al.,
2005; Olguin and Pisconti, 2012). Sequential activation
and repression of MRF and Pax are required for myogenic
progression (Olguin and Pisconti, 2012).
Oxysterols are naturally forming derivatives of choles-

terol and play an important physiological role in regu-
lating cholesterol homeostasis and intermediate
metabolisms such as cellular cholesterol efflux, lipopro-
tein metabolism, and cell differentiation (Bjorkhem,
2002; Dugas et al., 2010). Moreover, oxysterols are also
key mediators in transmembrane signaling processes
(Massey, 2006; Cherezov et al., 2007). The response of
oxysterols widely varies among different cell types
(Mutemberezi et al., 2016). Previously, naturally occur-
ring osteogenic oxysterol compounds such as
22(R)-hydroxycholesterol and 20(S)-hydroxycholesterol
(20S) were discovered (Dwyer et al., 2007; Amantea
et al., 2008). 20S, an osteogenic differentiation activator,
induces osteogenic differentiation via hedgehog (Hh)
signaling pathways in different cells (Dwyer et al.,
2007; Kim et al., 2007; Lee et al., 2017). It also promotes
bone healing in vivo and suppresses adipogenic differen-
tiation in vitro, establishing a pro-osteogenic and anti-
adipogenic ability (Kha et al., 2004; Aghaloo et al.,
2007; Regassa and Kim, 2015). Even though the poten-
tial for nutritional and pharmaceutical application of
20S has been recognized, there is limited understanding
of its impact on muscle development. Since oxysterols
regulate cell functions and metabolisms in different cell
types, we hypothesized that 20S would modulate prolif-
eration and differentiation of chicken satellite cells.
Therefore, the objective of this study was to determine
the effects of 20S on proliferation and differentiation of
chicken satellite cells in vitro.
MATERIALS AND METHODS

Care and Use of Animals

All experimental designs and procedures were
reviewed and approved by the Institutional Animal
Care and Use Committee at the University of Georgia,
Athens, GA, and the Ohio State University, Wooster,
OH. All animal handling procedures complied with those
of the Institutional Animal Care and Use Committee at
the Ohio State University.
Isolation of Broiler Satellite Cell

Satellite cells were previously isolated from pectoralis
major muscle of 4-week-old Ross 708 male broilers as
described by Clark et al. (2018). The cells were plated
in growth medium composed of Dulbecco’s Modified Ea-
gle Medium (Corning Cellgro Corp., Manassas, VA), 5%
horse serum (Sigma-Aldrich, St. Louis, MO), 10%
chicken serum (Gemini Bio Products, West Sacramento,
CA), 1% antibiotic/antimycotic (Gemini Bio Products),
and 0.1% gentamicin (Omega Scientific, Tarzana, CA).
The cells were incubated in a 95% air/5% CO2 incubator
(Thermo Fisher Scientific, Pittsburgh, PA) at 38�C for
the first 24 h; then the culture medium was changed
into growth medium containing McCoy’s 5A medium
(Sigma-Aldrich), 10% chicken serum, 5% horse serum,
1% antibiotic/antimycotic, and 0.1% gentamicin for sat-
ellite cell proliferation experiments.
Cell Culture

The cells were treated with different concentrations of
20S (H6378, Sigma-Aldrich). 20S stock solution
(25 mmol) was made by dissolving it in filtered ethanol
and stored at 220�C. The stock solution was further
diluted in ethanol and added to the cell culture medium
at final concentrations of 0.0 (control, ethanol only),
0.25, 0.5, and 1.0 mmol. The concentration of 20S used
in the study was derived from Kim et al. (2010) and
Huang et al. (2019), and preliminary experiments were
conducted to optimize experimental conditions (data
not shown). All treatments and the control contained
the same amount of ethanol. 20S treatment and culture
medium were refreshed every day. The samples were
collected at 24, 48, and 72 h. After removing the me-
dium, cells were rinsed with PBS (Thermo Fisher Scien-
tific) and stored at 270�C until analysis.

The satellite cells were plated at a density of 20,000 cells
per well or 9,000 cells per well, grown in gelatin-coated
24-well or 48-well cell culture plates (Greiner Bio-One,
Monroe, NC) for the proliferation or differentiation assay,
respectively. For the differentiation study, satellite cells
were plated and proliferated in regular growth medium
until approximately 65% confluency was reached, and
then changed into the differentiation medium with 20S
treatments. The differentiation medium contained Dul-
becco’s Modified Eagle Medium, 3% horse serum
(Sigma-Aldrich), 0.01 mg/mL porcine gelatin (Sigma-
Aldrich), and 1.0 mg/mL BSA (Sigma-Aldrich). 20S
was added at 0.0 (control, ethanol only), 0.2, 0.5, and
1.0 mmol. The medium was changed every 24 h for the
72 h of differentiation with fresh medium and 20S. The
cells were rinsed with sterile PBS and removed from the
plate at 0, 24, 48, and 72 h of differentiation. Each
treatment was plated with a total of 6 replicate wells
per treatment and sampling time. All plates were then
stored at 270�C for the mRNA expression assay.

Cell morphology was imaged at 72 h of differentiation.
Cells were allowed to proliferate normally till 65% con-
fluency, and then treated with 20S at the beginning of
differentiation to 72 h of differentiation. All images
were captured using an Olympus IX70 fluorescence mi-
croscope (Olympus, Tokyo, Japan) with a QImaging
digital camera (QImaging, Surrey, BC, Canada). Four
images per treatment per experiment were recorded
with cellSens imaging software (Olympus).
Satellite Cell Proliferation Assay

Satellite cell proliferation was determined by
measuring the DNA concentration per well using



Table 1. Nucleotide sequences of primers used for quantitative real-time PCR.

Gene1 Primer sequence2 (50-30) Product length (bp)
Annealing

temperature (�C) Accession #

GAPDH F: GCTAAGGCTGTGGGGAAAGT 161 55 NM_204305.1
R: TCAGCAGCAGCCTTCACTAC

MyoD F: CAGCAGCTACTACACGGAATCA 102 57 NM_204214.2
R: GGAAATCCTCTCCACAATGCTT

MyoG F: AGCAGCCTCAACCAGCAGGA 179 58 NM_204184.1
R: TCTGCCTGGTCATCGCTCAG

Pax7 F: AGGCTGACTTCTCCATCTCTCCT 156 57 XM_015296832.1
R: TGTAACTGGTGGTGCTGTAGGTG

Myf5 F: GAGGAACGCCATCAGGTACATC 126 57 NM_001030363.1
R: ACATCGGAGCAGCTGGAGCT

Pax3 F: ACTACCCTGACATTTATACTCG 110 58 NM_204269.1
R: TGCCTGCTTCCTCCATCTAG

1GAPDH 5 glyceraldehyde-3-phosphate dehydrogenase; Myf5 5 myogenic regulatory factor 5; MyoD 5 myogenic determination factor;
MyoG 5 myogenin; Pax 5 paired-box.

2F 5 forward; R 5 reverse.
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Hoechst 33258 fluorochrome as previously described
(Green and Sambrook, 2017). Cells were cultured in
24-well plates as described above. After 24 h of cell
attachment in the plating medium, the medium was
changed to growth medium, and 20S was added at 0.0
(control), 0.25, 0.5, and 1.0 mmol, and the cells were har-
vested at 0, 24, 48, and 72 h. For sample collection,
200 mL of 0.05% trypsin-EDTA (Gibco-Invitrogen,
Carlsbad, CA) in the buffer (TNE: 10 mmol Tris,
2 mol NaCl, and 1 mM EDTA) was added to each well
and incubated for 7 min, and then the plates were main-
tained at 270�C overnight. After thawing the plates at
room temperature, the TNE buffer containing 0.2%
(1 mg/mL) Hoechst dye (Sigma-Aldrich) was added to
each well, and the plates were gently agitated for 1 to
2 h. DNA-incorporated Hoechst dye was measured using
a Fluoroskan Ascent FL plate reader (Thermo Electron,
Milford, MA). A standard curve with double-stranded
calf thymus DNA (Sigma-Aldrich) was used to deter-
mine the sample DNA concentration. Two to 3 indepen-
dent experiments were performed with 4 replicate wells
per treatment condition.
Creatine Kinase Activity Assay

Satellite cell differentiation was also ascertained by
measuring creatine kinase activity. 20S was added at
concentrations of 0.0 (control), 0.25, 0.5, and 1.0 mmol
into the cell culture medium at the beginning of differen-
tiation. Plates for creatine kinase were collected at 0, 24,
48, and 72 h of differentiation. After removing the me-
dia, the cells were rinsed with PBS and stored at
270�C until analysis. Creatine kinase activity was deter-
mined using a modified method of Yun et al. (1997). For
the assay, 0.5 mL of creatine kinase assay buffer
(20 mmol glucose [Thermo Fisher Scientific],
10 mmol Mg acetate [Thermo Fisher Scientific],
1.0 mmol adenosine diphosphate [Sigma-Aldrich],
10 mmol adenosine monophosphate [Sigma-Aldrich],
20 mmol phosphocreatine [Calbiochem, San Diego,
CA], 0.5 U/mL hexokinase [Worthington Biochemical,
Lakewood, NJ], 1 U/mL glucose-6-phosphate
dehydrogenase [Worthington Biochemical], 10 mmol
dithiothreitol [Thermo Fisher Scientific], 0.4 mmol
thio-nicotinamide adenine dinucleotide [Oriental Yeast,
Tokyo, Japan], and 1 mg/mL BSA [Sigma-Aldrich] in
0.1 mol glycylglycine [VWR, Radnor, PA] at pH 7.5)
was added to the wells. The optical density at 405 nm
was measured with a BioTek ELx800 plate reader
(BioTek, Winooski, VT) for 15 to 20 min after adding
the assay buffer. A standard curve with creatine phos-
phokinase (Sigma-Aldrich) was used to determine sam-
ple creatine kinase activity. Two to 3 independent
experiments were performed with 5 replicate wells per
treatment condition.

Quantitative Real-Time PCR Analysis for
Gene Expression

Total RNA from cells was extracted using RNAzol
(Molecular Research Center, Cincinnati, OH) according
to the manufacturer’s instructions. A NanoDrop 1000
Spectrophotometer (Thermo Fisher Scientific, Wilming-
ton, DE) was used to determine the quantity of
extracted RNA. The cDNA was synthesized from total
RNA (2,000 ng) using high-capacity cDNA reverse tran-
scription kits (Life Technologies, Carlsbad, CA). Quan-
titative real-time reverse transcription PCR (RT-qPCR)
was used to measure mRNA expression. All primers were
previously used and referenced in Su et al. (2020).
RT-qPCRwas performed on an Applied Biosystems Ste-
pOnePlus system (Thermo Fisher Scientific) with iTaq
Universal SYBR Green Supermix (Bio-Rad, Hercules,
CA) using the following conditions for all genes: 95�C
for 10 min followed by 40 cycles at 95�C for 15 s, anneal-
ing temperature for 20 s, and extension at 72�C for
1 min. mRNA expression of the transcript factors
including MyoD, MyoG, Myf5, Pax3, and Pax7 was
analyzed. Data were normalized with glyceraldehyde-
3-phosphate dehydrogenase. Housekeeping gene with
stable expression level was confirmed by its consistent
Ct values among the treatments (P . 0.1). Experi-
mental replicates were individually plated with 3 iden-
tical technical replicates for RT-qPCR reactions run



Figure 1. The effect of 20S on chicken satellite cells proliferation.Myo-
blasts proliferated in medium containing 0.0 (control), 0.25, 0.5, and
1.0 mmol 20S for 0, 24, 48, and 72 h. (A)DNA concentrationwasmeasured
by fluorometry using Hoechst 33258; the presence of 20S significantly
decreased satellite cell growth at 24 and 72 h of proliferation. (B) The rela-
tive mRNA expression levels of chicken satellite cells after 20S treatment
for 72 h. The main effect of treatment was analyzed by one-way ANOVA;
means were analyzed statistically by Tukey’s test. Four replicates were
used for each sample. Each experiment was repeated at least 3 times.
The error bars represent SEM. Bars without a common letter within
time frames were significantly different (P , 0.05). Abbreviations:
Myf5, myogenic regulatory factor 5; MyoD, myogenic determination fac-
tor; MyoG, myogenin; Pax, paired-box.
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per sample for each gene per experiment. Details of
primer sequences used for the experiment are presented
in Table 1.

Statistical Analysis

Statistical analyses were performed using Statistics
Analysis System (SAS Institute Inc., Cary, NC). Cul-
tures and RT-qPCR analyses were repeated 3 times
with the experimental unit of an individual culture.
Data from the individual culture trial that best demon-
strated the observed trends were selected as a represen-
tative experiment analyzed. All data were expressed as
mean 6 SEM. The relative expression level was calcu-
lated using the 22DDCt method. Data were tested for ho-
mogeneity of variances and normality of studentized
residuals. The differences among the maternal treatment
groups were analyzed by one-way ANOVA, whereas the
means were analyzed statistically by Tukey’s test using
JMP Pro14 (SAS Institute Inc.). Statistical significance
was set at P , 0.05.
RESULTS

The effect of 20S on satellite cell proliferation was
studied by measuring the change of DNA concentration
at every 24 h for 72 h, andmRNA expression of myogenic
transcription factors at 72 h of proliferation. Based on
the DNA concentration study, at 24 h of proliferation,
0.5 and 1 mmol of 20S treatments significantly reduced
the proliferation of satellite cells compared to the control
(Figure 1A; P, 0.05). At 72 h of proliferation, 1 mmol of
20S treatment significantly reduced proliferation
compared to the 0.25-mmol 20S treatment group
(P, 0.05; Figure 1A). However, there was no significant
difference between treatments at 48 h of proliferation
(P . 0.05; Figure 1A). The mRNA expression results
showed that there was no difference between treatments
at 72 h of proliferation (P . 0.05; Figure 1B). The pres-
ence of a higher concentration of 20S suppressed cell pro-
liferation by decreasing DNA concentration but did not
alter the mRNA expression of MRF, Pax3, or Pax7.

The effect of 20S on myogenic differentiation was
tested at both mRNA and protein levels. Creatine kinase
activity was measured at every 24 h for 72 h. The results
showed that the highest concentration of 20S treatment
negatively impacted the differentiation of satellite cells
when compared with the control at 72 h (P , 0.05;
Figure 2A). Expression of Pax3, Pax7, MyoD, MyoG,
and Myf5 was measured at 48 h and 72 h of differentia-
tion. At 48 h, only the expression of Pax7 in satellite cells
was significantly decreased by 1 mmol 20S compared
with the other treatments (P , 0.05; Figure 2B). Inter-
estingly, after 72 h of differentiation, the mRNA expres-
sion ofMyf5 was increased (P, 0.05) by treatment with
1 mmol 20S when compared to the control or 0.25-mmol
20S treatment (P , 0.05; Figure 2C). Also, mRNA
abundance of Pax3 was increased (P , 0.05) by treat-
ment with 1 mmol 20S compared to the control
(Figure 2C). Together the results indicate that lower
dosages of 20S did not affect satellite cell growth, but a
higher concentration of 20S reduced satellite cell prolif-
eration and differentiation.
DISCUSSION

Results from the current study are the first to demon-
strate the effects of 20S on the proliferation and differen-
tiation of chicken breast muscle satellite cells isolated
from a commercial broiler line. In general, a higher con-
centration of 20S treatment negatively impacted both
proliferation and differentiation in chicken muscle satel-
lite cells. Previous studies on supplementation of 20S
mainly focused on the positive influence of 20S on bone
development in other species. However, this study has
provided information on treatment levels that can be
used to improve bone health without negatively impact-
ing muscle development in broiler. Similar to our results,
changes in satellite cell differentiation with a smaller



Figure 2. The effect of 20S on chicken satellite cells during differentiation. (A) Creatine kinase activity was measured after differentiation for 0, 24,
48, and 72 h. Myoblasts underwent differentiation in medium containing 0.0 (control), 0.25, 0.5, and 1.0 mmol 20S. The presence of 20S significantly
decreased satellite cell differentiation at 72h of differentiation by using creatine kinase assay. Bars with a different letter within the harvested period are
statistically significantly different (P, 0.05). Error bars represent the SEM. (B) The relativemRNA expression levels of chicken satellite cells after 20S
treatment for 48 h. (C) The relative mRNA expression levels of chicken satellite cells after 20S treatment for 72 h. Means were analyzed statistically by
Tukey’s test; different letters indicate significant differences (P, 0.05). (D) Images were taken after 72 h of differentiation after 20S treatment at the
beginning of differentiation. The scale bar is the same for all images and corresponds to 100 mm. The arrows highlight myoblasts that are aligning.
Abbreviations: Myf5, myogenic regulatory factor 5; MyoD, myogenic determination factor; MyoG, myogenin; Pax, paired-box.

TOMPKINS ET AL.478
myotube size were found in another oxysterol in mice
muscle (Shen et al., 2017). It was reported that injection
of 25-hydroxycholesterol resulted in smaller myotube
formation and muscle wasting, and that the inhibition
of myotube formation is more likely to happen when
higher doses are applied in the experimental trial (Shen
et al., 2017). Both in vitro and in vivo studies suggested
that 20S supplementation might influence muscle
growth differently vs. bone development. The use of
20S in vivo should not only consider the benefits in osteo-
genesis, but also needs to include the possible impact on
muscle production. A common issue with current com-
mercial broilers is the excessive hypertrophy of muscle fi-
bers limiting available connective tissue spacing and
circulatory supply to the breast muscle (Dransfield and
Sosnicki, 1999; Kuttappan et al., 2013). These morpho-
logical changes in the broiler breast muscle have been
linked to oxidative stress which is associated with breast
muscle myopathies such as wooden breast (Mutryn
et al., 2015). Although the results for proliferation may
appear to be negative with higher concentrations of
20S, 20S could have a positive effect in vivo by limiting
excess muscle fiber hypertrophy and reduce the occur-
rence of giant muscle fibers typical in fast growing heavy
weight broilers which are associated with current breast
muscle myopathies.
Myogenesis gene expression pattern demonstrated

that only Pax7 was affected by 20S after 48 h of differen-
tiation. Pax7 is an important factor for cell survival that
demonstrates anti-apoptogenic function which contrib-
utes to satellite cell viability by transcriptional regula-
tion (Relaix et al., 2004; Padilla-Benavides et al.,
2015). Pax genes play key roles in regulating the
behavior of myogenic progenitor cells by inducing the
myogenic differentiation process (Buckingham and
Relaix, 2007), and are essential for postnatal mainte-
nance and self-renewal of satellite cells (Seale et al.,
2000; McCarthy et al., 2011). Moreover, the muscle fi-
bers were reduced in size and fiber diameters in Pax7
knockout mice (Oustanina et al., 2004; Kuang et al.,
2006). These results suggested suppression of differenti-
ation and myotube formation with decreased Pax7
mRNA expression, which was consistent with our results
in that the decrease of Pax7 indicated a negative impact
of 20S on myoblast differentiation.
Interestingly, our results also showed an increase of

mRNA expression of Myf5 and Pax3 at 72 h of differen-
tiation. Both Myf5 and Pax3 are associated with early
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muscle development processes (Buckingham and Relaix,
2007; Buckingham and Rigby, 2014).Myf5 together with
Pax3 or Pax7 regulates myogenic proliferation and
homeostasis of myoblasts and satellite cells
(Beauchamp et al., 2000). Quiescent satellite cells enter
the cell cycle and proliferate as myoblasts with
increasing expression of Myf5 (Cornelison and Wold,
1997; Cooper et al., 1999). In addition, inMyf5 knockout
mice, the oil red-O staining demonstrated a significantly
higher number of lipid droplets in the adipose tissue
formed in the intercostal region (Kablar et al., 2003).
Moreover, after physical muscle injury, a striking accu-
mulation of adipocytes was observed at the site of regen-
eration in Myf5 gene knockout mice (Gayraud-Morel
et al., 2007). Those results indicated that Myf5 is
possibly involved in the crosstalk between fat formation
and muscle growth (Yamamoto et al., 2018); the in-
crease in Myf5 expression during myoblast differentia-
tion is possibly an indication of repression of
adipogenic differentiation of satellite cells, which is
correlated with the anti-adipogenic role of oxysterols in
the osteogenic differentiation in MSC (Kha et al.,
2004; Johnson et al., 2011).
Even though the mRNA expression presented above

failed to support the results from the protein level assays,
it does not preclude the potential regulatory effect of 20S
on myogenesis. Theoretically, the effect of oxysterol on
cells is mainly based on its mediating activation of
signaling pathways through a protein target or indi-
rectly through effects on membrane properties (Kim
et al., 2010; Olkkonen et al., 2012; Bielska et al., 2014).
Because oxysterols have been previously believed to be
important physiological mediators of cholesterol-
induced effects (Gill et al., 2008; Brown and Jessup,
2009), the presence of oxysterol might affect cholesterol
homeostasis in the cell membrane that impacts muscle
growth (Bjorkhem, 2002). Furthermore, evidence has
shown that oxysterol interacts with several pathways
that affect the transcription machinery required for
MSC differentiation, including the FOXO, Wnt, Hh,
and Notch signaling cascades (Kim et al., 2010; Atashi
et al., 2015). Both the Wnt and Hh pathways play pos-
itive roles in muscle and bone development (Elia et al.,
2007; Rudnicki and Williams, 2015). Previous studies
have shown that 20S has anti-adipogenic and pro-osteo-
clastogenic properties in MSC via Hh signaling pathway
(Kha et al., 2004; Kim et al., 2007). Day and Yang
(2008) hypothesized that, in order to enhance bone
regeneration or formation, Hh signaling needs to be
upregulated in the early stages of development, whereas
Wnt signaling should be enhanced slightly later in differ-
entiated osteoblasts. Additionally, because Notch
signaling interacts with Wnt signaling in adult muscle
after muscle injury, acting as the master switch to bal-
ance cell growth and muscle formation, the activation
of Notch signaling can promote proliferation and sup-
press differentiation in muscle (Buas and Kadesch,
2010; Olkkonen et al., 2012). Moreover, the activation
of Myf5 is not only involved in myogenic determination
via the Hh signaling pathway (Borycki et al., 1999;
Voronova et al., 2013), but also acts as a downstream
target of Wnt/b-catenin signaling during somitogenesis
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in mice (Borello et al., 2006). Based on these results, af-
ter the 20S treatment, the decreased DNA concentration
during proliferation, and the increased expression of
Myf5 during differentiation suggested a possible activa-
tion or suppression on different signaling pathways
(Dwyer et al., 2007; Amantea et al., 2008). However,
because the function of oxysterols in cellular metabolism
is target-protein-specific and cell type-dependent, how
20S induces different signaling pathways to regulate
cell proliferation and differentiation in specific tissues
or cell types still remains unknown and needs further
investigation.

The current study on the proliferation and differenti-
ation of broiler muscle satellite cells is an initial investi-
gation on 20S effects on myogenesis and showed that
high concentration of 20S treatment inhibits satellite
cell proliferation and differentiation. Together with
previous work conducted in other cell types, the current
results suggest that the application of 20S might be able
to balance bone growth, fat formation, and breast mus-
cle development. Further research with 20S is necessary
to investigate the in vivo effects on breast muscle in fast
growing heavy weight broilers.
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