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Abstract. Accumulating evidence suggests that Sirtuin (Sirt)1 
serves a significant role in proliferation and differentiation of 
myoblast cells; however the signaling mechanisms involved 
remain to be established. Myostatin (MSTN), a member of 
transforming growth factor‑β family, is an vital regulator 
of myoblast, fibroblast growth and differentiation. To deter-
mine if MSTN is involved in the regulation of myoblast cell 
proliferation by Sirt1, the present study administrated the 
Sirt1 activator resveratrol, inhibitor nicotinamide (NAM) and 
MSTN inhibitor SB431542 to C2C12 myoblast cells. It was 
demonstrated that the Sirt1 activator, resveratrol, repressed, 
whereas the Sirt1 inhibitor, NAM, enhanced C2C12 myoblast 
cel ls prol i ferat ion in a Si r t1‑dependent manner. 
SB431542 promoted the proliferation of C2C12 myoblast cells 
and reversed the inhibition effect of NAM on C2C12 myoblast 
cell proliferation. Additionally, resveratrol upregulated the 
mRNA expression of MyoD, but inhibited the expression of 
MSTN. Additionally, NAM significantly repressed the expres-
sion of MyoD and the phosphorylation of P107 (p‑P107), but 
enhanced the expression of MSTN and the protein expression 
of P107. SB431542 significantly mitigated the effect of NAM 
on the expression of MyoD, P107 and p‑P107. Taken together, 
these results indicated that Sirt1 promotes the proliferation of 
C2C12 myoblast cells via the MSTN signaling pathway.

Introduction

Sirtuin (Sirt)1, a mammalian homologue of silent mating 
type information regulation  2  (1), is an NAD+‑dependent 
histone/protein deacetylase, which regulates caloric restric-
tion‑mediated longevity in model organisms (2). It is also an 
important regulatory factor of cell defense (3) and is involved in 

a wide variety of cellular processes, including differentiation, 
inflammation, energy metabolism, DNA repair and cancer (4). 
Resveratrol, which is a naturally occurring polyphenol found 
in grapes and red wine (5), has been found to activate Sirt1. 
Jackson et al  (6) and Sauve et al  (7) noted that NAM can 
inhibit Sirt1 activity effectively both in vivo and in vitro.

Previously a series of researches have demonstrated 
that Sirt1 may promote cell proliferation  (8,9). Treatment 
with resveratrol can increase muscle mass of mdx mice, 
which is often used as a disease model for human muscular 
dystrophy  (10). Consistent with this, overexpression of 
Sirt1 can promote muscle precursor cell proliferation and 
cell cycle progression (11). Additionally, associated with the 
Sirt1‑mediated proliferation of C2C12 cells were the bidi-
rectional decreases and increases in the expression levels of 
the cyclin‑dependent kinase inhibitors p21Waf1/Cip1 and p27Kip1, 
respectively. However, the underlying mechanism of Sirt1 in 
regulating the expression of p21Waf1/Cip1 and p27Kip1 remains to 
be determined. Another mechanism for Sirt1‑mediated cell 
proliferation is that Sirt1 may prolong cell survival date and 
inhibit the rate of cell death. For example, Sirt1 can induce 
the expression of superoxide dismutase 2  (Sod2/Mn‑Sod), 
which may decrease the levels of reactive oxygen species and 
reduce oxidative stress‑induced cell death in C2C12 myoblast 
cells (12). Additionally, Sirt1 can notably affect the expression 
of transcription factors, including FOXO, E2F1 and p53 (13,14), 
which are important factors that regulate cell differentiation 
and apoptosis. As well as normal cells, Sirt1 can also promote 
the proliferation of tumor cells through inhibiting the differ-
entiation of tumor cells  (15). Although Sirt1  can improve 
myoblast proliferation, the specific mechanism(s) remain 
unknown.

Myostatin, a member of the transforming growth factor 
(TGF)‑β superfamily, has been shown to negatively regulate 
skeletal muscle myogenesis (16). Myostatin predominantly 
affects myoblast cells in the G1 phase and subsequently inter-
feres with the progression into S phase to slow down myoblast 
proliferation (17). However, whether myostatin is involved in 
the Sirt1‑mediated regulation of C2C12 myoblast cell prolif-
eration remains to be reported. Previous research found that 
the expression level of Sirt1 increased in myostatin‑deficient 
mice  (18). Futhermore, myostatin may inhibit myoblast 
proliferation by upregulating the expression of p21Waf1/Cip1. The 
evidence suggested that certain correlation exists between 
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Sirt1 and myostatin in the regulation of cell proliferation (17). 
The present study co‑incubated C2C12 cells with Srit1 acti-
vator, Sirt1 inhibitor and myostatin inhibitor, and then assessed 
the cell growth and the expression of the myostatin pathway. 
These results indicated that myostatin is notably involved in 
Sirt1‑mediated regulation of C2C12 myoblast cell prolifera-
tion. These results may assist with the design of novel methods 
or targets for the therapy of muscular dystrophy.

Materials and methods

Cell culture. C2C12  myoblast cells were obtained from 
the Lab of College of Animal Science and Technology of 
Huazhong Agricultural University. The cells were cultured 
in Dulbecco's modified Eagle's medium (DMEM; Hyclone; 
GE Healthcare Life Sciences,. Logan, UT, USA) supple-
mented with 1% antibiotics (Gino Biomedical Technology 
Co., Ltd., Hangzhou, China) and 10% fetal bovine serum 
(Hyclone; GE Healthcare Life Sciences) in a humidified air 
of 5% CO2 at 37˚C.

Reagents and antibodies. Resveratrol was purchased from 
Sigma‑Aldrich (St. Louis, MO, USA). Immediately prior to 
use, a 0.1 M stock solution stored at ‑20˚C was diluted to 
the desired concentration with culture medium, and the final 
concentration of DMSO for all treatments was maintained 
at 0.2%. SB431542 was purchased from Selleck Chemicals 
(Houston, TX, USA). NAM was from Beyotime Institute of 
Biotechnology (Hangzhou, China) and the Cell Counting 
kit (CCK)‑8 was from Dojindo Laboratories (Kumamoto, 
Japan). The antibodies used were anti‑myostatin rabbit poly-
clonal (Abcam, Cambridge, MA, USA; cat. no. ab98337), 
anti‑P107  rabbit polyclonal (Abcam; cat.  no.  ab2451), 
anti‑p‑P107  rabbit polyclonal (Bioss, Inc., Woburn, MA, 
USA; cat.  no. bs‑5696R), anti‑β‑actin mouse monoclonal 
(Anbo, Changzhou, China; cat. no. E0012) and anti‑rabbit 
secondary antibody (Abcam; cat. no. ab6721). Other reagents 
were from Goodbio Technology Co., Ltd. (Wuhan, China) or 
HyClone.

Cell  proliferat ion assay.  Exponent ia l ly growing 
C2C12 myoblast cells (8x103 cells/well; 100 µl) were seeded 
into 96‑well plates 20‑24 h prior to replacing fresh serum 
free medium containing the indicated concentrations of drug. 
SB431542 was added first, followed by NAM after 30 min in 
the group of the SB431542 combined with NAM. After incu-
bation for 24 h, culture medium was replaced with drug‑free 
medium (100 µl), and the effect of drug was examined by 
a CCK‑8 assay, according to the manufacturer's protocol. 
Briefly, 10 µl of CCK‑8 was added to each well and the cells 
were further incubated away from light at 37˚C for 1‑3 h. 
Absorbance was measured with excitation at 450 nm using a 
microplate reader (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA).

5‑Bromo‑2‑deoxyuridine (BrdU) assay. The cells were 
cultured in growth media for 12 h, followed by BrdU treat-
ment (BrdU 10 mg/ml stock solution in saline was diluted 
1:1,000 in the culture medium) for 1 h prior to harvesting. 
After washing with phosphate‑buffered saline (PBS), cells 

were then fixed for 20 min in 4% paraformaldehyde and 
permeabilized with 0.3% Triton X‑100 for 10 min. Following 
blocking with 10% goat serum in PBS for 1 h, the cells were 
incubated with anti‑BrdU antibody (1:200; BD Biosciences, 
San Jose, CA, USA; cat. no. 552598) at 4˚C for 18 h, followed 
by incubation with and the secondary goat anti‑mouse immu-
noglobulin  G antibody conjugated with Alexa Fluor  594 
(1:1,000 dilution; Abcam; cat. no. ab150116)  for  2  h at 
room temperature in the dark. The nuclei were visualized 
by 4',6‑diamidino‑2‑phenylindole and images were captured 
using an Olympus microscope (IX71; Olympus, Tokyo, 
Japan).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). After treatment for 6 h, the total RNA from 
C2C12 myoblast cells was extracted using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA), according to the manufacturer's protocol. First‑strand 
cDNA was synthesized using a PrimeScript™ RT reagent 
kit (Takara Bio, Inc., Dalian, China; cat. no. RR037A). DNA 
amplification was performed in a StepOne system (Applied 
BioSystems; Thermo Fisher Scientific, Inc.) using SYBR 
Green PCR kit (Takara Bio, Inc.; cat. no. RR420A) for Sirt1, 
MyoD and β‑actin. The primer sequences are listed in Table I.

Western blotting. Following treatment for  24  h, the 
C2C12 myoblast cells were harvested in phosphate‑buffered 
saline, centrifuged at 5,000 g for 10 min at 4˚C and the super-
natant was then removed. The samples were homogenized 
in ice‑cold radioimmunoprecipitation lysis buffer (Beyotime 
Institute of Biotechnology) with 1% protease inhibitor cocktail 
(Sangon Biotech, Shanghai, China) and 1% phosphatase inhib-
itors (Goodbio Technology Co., Ltd.), and were incubated on 
ice for 20‑30 min. The samples were centrifuged at 10,000 g 
for 10 min at 4˚C. The protein concentration of the supernatant 
was measured using the bicinchoninic acid Protein Quantifi-
cation kit (BestBio, Shanghai, China). Supernatant fractions 
of equal protein concentration (50 µg) were subjected to 10% 
sodium dodecyl sulfate‑polyacrylamide gel electrophoresis and 
transferred onto polyvinylidene membranes (EMD Millipore, 
Bedford, MA, USA). Blocking was performed in Tris‑buffered 
saline with 5% (w/v) non‑fat dry milk for 2 h at room tempera-
ture. Following blocking, the membranes were probed with 
primary antibodies at 4˚C overnight. The antibodies used were 
anti‑p‑P107 (1:500), anti‑P107 (1:250), anti‑myostatin (1:500) 
and anti‑β‑actin (1:5,000). The membranes were washed 
(6x5 min) with Tris‑buffered saline containing Tween‑20, and 
incubated with the appropriate secondary antibody (1:5,000) 
for 2 h at room temperature. The membranes were washed as 
before and horseradish peroxidase activity was detected using 
Chemiluminescence reagent (Beyotime Institute of Biotech-
nology) and exposure to G:BOX Chemi xT4  Gel imaging 
system instrument (Syngene UK, Cambridge, UK). The blots 
were quantified by densitometric analysis using the ImageJ 
software (version 1.46; imagej.nih.gov/ij/).

Statistical analysis. The data are presented as the mean ± stan-
dard error of the mean for at least three individual experiments. 
All analyses were performed using SPSS 19.0 software (IBM 
SPSS, Chicago, IL, USA). The results were analyzed by analysis 
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of variance, least significant differences test for comparisons 
between two groups, and correlation analysis. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Sirt1 regulates the proliferation of C2C12 myoblast cells. To 
elucidate the role of Sirt1 in the control of C2C12 myoblast 
cell growth, C2C12 cells were treated with resveratrol and 
NAM  (Fig.  1). The present study administered different 
concentrations of resveratrol on C2C12 myoblast cells and 
measured the cells growth after 24 h. The results showed that 
following treatment of C2C12 cells with the resveratrol at 
different concentrations of 10, 20, 50, 100 or 200 µM, the cell 
proliferation index was significantly higher compared with 
that of the untreated control group (P<0.05; Fig. 1A). Addition-
ally, the results demonstrated that the cell proliferation index 
of C2C12 myoblast cells increased with the growth following 
treatment with resveratrol in a dose‑dependent manner when 
the resveratrol concentration ranged between 0 and 100 µM 
(Pearson correlation coefficient,  0.993). However, when 
the concentration of resveratrol reached >100 µM, the cell 
proliferation index decreased and the proliferation of cells 
was inhibited. C2C12 myoblast cell proliferation stabilized at 
increased doses of resveratrol to 165±7.2% (Fig. 1A) of the 
control group at 100 µM and the BrdU positive rate signifi-
cantly increased by 18.75% (Fig. 1E).

Subsequently, the effect of different concentrations 
of NAM on cell growth of C2C12  myoblast cells was 
detected. It was revealed that following treatment of 
C2C12 myoblast cells with NAM at different concentrations 
of 10, 20, 40, 50 and 60 mM, the cell proliferation index was 
significantly lower compared with that of the untreated control 
group (P<0.05; Fig. 1B). In addition, the results revealed that 
the survival rate of C2C12 myoblast cells decreased with the 
increase of NAM concentration in a dose‑dependent manner 
in the NAM concentration range of 0‑60 mM. C2C12 myoblast 
cell viability reached 34±8.8% of the untreated cells (Fig. 1B) 
at 50 mM and the BrdU positive rate was 18.75% (Fig. 1E). 
However, when the concentration of NAM reached >20 mM, 

the cell proliferation rate was rather lower and the cell condi-
tion steadily deteriorated (Fig. 1B).

SB431542  promotes the proliferation of C2C12  myoblast 
cells. It has been demonstrated that SB431542  stimulates 
proliferation and differentiation, and inhibits the activity of 
TGF‑β1 and activin receptor‑like kinases (ALKs). It is a selec-
tive and potent inhibitor of the phylogenetically related subset 
of ALK‑4 (activin type I receptor) and ALK‑5 (TGFβ type I 
receptor). The results showed that following treatment with 
SB431542 at different concentrations of 2, 4, 5 and 10 µM, 
the cell proliferation index was significantly higher compared 
with that of the control group (P<0.05; Fig. 2A). The total 
number of cells (255±10.27; Fig. 1D) and the BrdU positive 
rate of 47.73±1.26% were both significant compared with the 
control group (Fig. 1E).

SB431542  relieves the inhibition of C2C12  myoblast cell 
proliferation by NAM. In order to investigate the role of the 
myostatin signaling pathway in Sirt1‑mediated regulation of 
C2C12 myoblast cell proliferation, the present study divided 
C2C12  myoblast cells into four groups and treated with 
SB431542 (10 µM), resveratrol (100 µM), NAM (50 mM) and a 
combination of SB431542 (10 µM) and NAM (50 mM). The cell 
growth of C2C12 myoblast cells was then assessed after 24 h 
treatment. Consistent with previous studies, the present results 
showed that following treatment with SB431542, the cell prolif-
eration index (Fig. 2A) and BrdU positive rate (Fig. 1E) were 
significantly higher compared with that of the control group 
(P<0.05). Following treatment with SB431542 and NAM, the 
BrdU positive rate and cell viability were significantly higher 
compared with that of NAM alone (P<0.05; Figs. 1E and 2B, 
respectively). This indicated that Srit1 inhibited the expres-
sion of myostatin. By contrast, the inhibition of Sirt1 with 
NAM may promote the expression of myostatin, therefore, the 
inhibition of myostatin by SB431542 may release the effect of 
Sirt1 inhibition.

Myostatin signaling pathway is involved in Sirt1‑mediated 
regulation of C2C12 myoblast cell proliferation. To confirm 

Table I. Primer sequences used for reverse transcription‑quantitative polymerase chain reaction.

Gene	 Primer sequence (5'‑3')	 Accession no. 

Sirtuin1
  Forward	 CCTTGGAGACTGCGATGTTA	 NM_019812.2
  Reverse	 ATGAAGAGGTGTTGGTGGC	
MyoD
  Forward	 GCCGCCTGAGCAAAGTGAATG	 M84918.1
  Reverse	 CAGCGGTCCAGGTGCGTAGAAG	
β‑Actin
  Forward	 TGGTGGGAATGGGTCAGAAG	 EF095208.1
  Reverse	 GTAGAAGGTGTGGTGCCAGA	
Myostatin
  Forward	 GATTATCACGCTACGACGGA	 NM_010834
  Reverse	 CCTGGGTTCATGTCAAGTTTC	
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Figure 1. Effects of resveratrol and NAM on the proliferation of C2C12 myoblast cells. C2C12 myoblast cells (8x103 cells/100 µl) were seeded into 96‑well 
plates in triplicate, incubated for 20‑24 h and 30 min later were treated with different concentrations of (A) resveratrol and (B) NAM for 24 h. A cell counting 
kit‑8 assay was then performed to analyze proliferation of C2C12. (C) A BrdU assay was used to detect the proliferation level of C2C12 cells treated with 
resveratrol (100 µM), NAM (50 mM), SB431542 (10 µM) or NAM (50 mM) + SB431542 (10 µM). (D) The total number of BrdU cells were counted and the 
(E) percentage of BrdU‑positive C2C12 myoblasts was determined. All data are presented as the mean ± standard error of the mean (n=3; *P<0.05, **P<0.01 
and ***P<0.001 vs. control). NAM, nicotinamide; BrdU, bromodeoxyuridine.

  C

  B  A

  E  D
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the role of Sirt1  in C2C12  cell proliferation, the present 
study measured the mRNA expression of Sirt1. As shown in 
Fig. 2C, the mRNA expression of Sirt1 was upregulated by 
resveratrol treatment (P<0.05), and was significantly down-
regulated by NAM treatment (P<0.05). Notably, the mRNA 
expression of Sirt1 was significantly higher in cells treated 
with SB431542  and NAM compared with in cells treated 
with NAM alone (P<0.05); however, no significant differ-
ence was observed in the mRNA expression of Sirt1 between 
control cells and cells treated with SB431542  and NAM 
(P<0.05). These data demonstrated that resveratrol, NAM and 

SB431542 combined with NAM induced cell proliferation by 
the activation or inhibition of Sirt1 expression.

MyoD is a myogenic regulatory factor critical for myogenic 
specification. Previous studies (19,20) reported that myostatin 
downregulates the expression of MyoD, which indicates that 
MyoD is the downstream target of myostatin. The members of 
the retinoblastoma (RB) family include RB1/P105, RB2/P130 
and RBL1/P107 (21‑23), and these genes encode retinoblas-
toma protein (pRb). P107 belongs to a subline of pRb and has 
numerous common functions with pRb  (24). Additionally, 
certain research has shown that myostatin may also be involved 
in the inhibition of myoblast by the RB1 gene, which can be 
regarded as an indicator of Sirt1  improving C2C12 prolif-
eration via myostatin. Myostatin can inhibit the proliferation 
of myoblast cells by controlling the transition of G1 to S via 
the phosphorylation and inactivation of pRb (17). To determine 
whether Sirt1 mediated the regulation of C2C12 myoblast cell 
proliferation via the myostatin signaling pathway, the present 
study measured the mRNA expression levels of MyoD and 
myostatin following treatment with resveratrol, NAM or the 
combination of SB431542 and NAM. Treatment with resvera-
trol significantly upregulated the mRNA expression of MyoD 
(P<0.05), while the treatment of NAM significantly down-
regulated the expression of MyoD (P<0.05), and the expression 
of MyoD of C2C12 cells treated with SB431542 and NAM 
was higher compared with those treated with NAM alone 
(P<0.05) (Fig. 2C). However, the mRNA expression of MyoD 
in the C2C12 cells treated with SB431542 and NAM showed no 
notable change compared with the NAM group. Treatment with 
resveratrol significantly downregulated the mRNA and protein 
expression levels of myostatin (P<0.05; Figs. 2C, 3A and B). 
Treatment with NAM significantly downregulated the protein 
expression of p‑P107 (P<0.05; Fig. 3A and C), and significantly 
upregulated the protein expression levels of myostatin and 
P107 (Fig. 3B and D). The expression of p‑P107 was significantly 
higher in cells treated with SB431542 and NAM compared with 
those treated with NAM alone. By contrast, the expression of 
P107 was significantly lower in cells treated with SB431542 and 
NAM compared with those treated with NAM alone (P<0.05).

Discussion

Sirt1 serves a critical role in cell proliferation; however, the 
mechanism remains to be fully understood. Kabra et al (25) 
found that Sirt1  inhibits cell proliferation in colon cancer, 
while Pardo et al (26) conversely reported that Sirt1 promoted 
the proliferation and suppressed the differentiation of myoblast 
precursors. Rathbone et al (11) found that Sirt1 overexpression 
promoted the proliferation of skeletal muscle precursor cells, 
which may be due to the different cell type. In the present 
study, the Sirt1 activator resveratrol promoted the proliferation 
of C2C12 myoblast cells (Fig. 1A and E), while its inhibitor 
NAM decreased the proliferation of C2C12 myoblast cells 
(Fig. 1B and E).

The present data showed that Sirt1 promotes the proliferation 
of C2C12 myoblast cells only when resveratrol concentration 
was ≤100 µM. When resveratrol concentration was >100 µM, 
the survival rate of C2C12 myoblast cells decreased. This may 
be due to the toxic effect of the solvent DMSO on the cells. 
By contrast, resveratrol can not only activate Sirt1, but also 

Figure 2. (A) C2C12 myoblast cells were treated with different concentra-
tions of SB431542 for 24 h and subjected to a cell counting kit‑8 assay to 
analyze proliferation of C2C12 myoblast cells. (B) The cell viability of con-
trol, resveratrol (100 µM), NAM (50 mM), SB431542 (10 µM) and combined 
group was determined. (C) The mRNA expression levels of Sirt1, MyoD and 
MSTN were determined by reverse transcription‑quantitative polymerase 
chain reaction. β‑Actin was used as the reference gene. Values are presented 
as the mean ± standard error. (n=3; *P<0.05, **P<0.01 and ***P<0.001 vs. con-
trol). Sirt, Sirtuin; MSTN, myostatin; NAM, nicotinamide.

  A

  B

  C
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inhibits lipoxygenase (27), cyclooxygenase (28) and various 
protein kinases, therefore, as a result resveratrol may be toxic 
to cells when its concentration is too high.

Myostatin, a member of the TGF‑β signaling pathway, is 
a negative regulator of skeletal muscle mass (16). Myostatin 
acts on muscle tissue by binding a cell‑bound receptor called 
activin type  II  receptor, for example ALK4 and 5, which 
effect the phosphorylation of receptor Smad proteins 2/3 (29). 
SB431542  is a small molecule inhibitor of ALK4  and  5, 
and it can inhibit the myostatin signaling pathway. Certain 
previous studies found that myostatin inhibits the prolif-
eration of C2C12 myoblast cells (30,31). Another previous 
study found that SB431542 also promotes the enlargement of 
C2C12 myotube diameter, and thus promotes the differentia-
tion of C2C12 myoblast cells. Consistent with the previous 
studies, the present study found that SB431542 promotes 
the proliferation of C2C12 myoblast cells in a concentra-
tion‑dependent manner (Fig.  2A). Myostatin can inhibit 
G1 phase of the myoblast cell cycle and subsequently inter-
fere with the progression into S phase to inhibit myoblast 
proliferation by increasing p21 expression and hypophos-
phorylated pRb (17). It has also been reported that when cells 
are close to the end of G1 phase, pRb is phosphorylated by 
cyclin‑dependent kinase (CDK) and acetylated, and Sirt1 can 
inhibit Rb activity by deacetylation  (32). The intersec-
tion between myostatin and Sirt1 on cell phase regulation 
suggested that certain interaction between myostatin and 
Sirt1 signaling exists. Indeed, the present results indicated that 
the myostatin signaling pathway is involved in the regulation 
of cell proliferation by Sirt1. The present data showed that 
inhibition of the myostatin signaling pathway can effectively 
alleviate the inhibition effect of NAM on the proliferation of 
C2C12 myoblast cells (Figs. 1E and 2B). To confirm the inter-
action between myostatin and Sirt1, the mRNA expression of 
Sirt1 was determined following treatment with resveratrol, 
NAM or a combination of NAM and SB431542. As shown 
in Fig. 2C, resveratrol and NAM decreased and increased 
Sirt1 expression in C2C12 myoblast cells, respectively. Our 
previous results indicated that the survival rate was higher in 
cells treated with SB431542 and NAM compared with in cells 
treated with NAM alone. Consistent with this, the mRNA 
expression of Sirt1 was significantly higher in cells treated 
with SB431542 and NAM compared with those treated with 
NAM alone. This demonstrated that myostatin can inversely 
affect Sirt1 expression.

To further confirm this, the expression levels of myostatin 
and its downstream proteins were assessed. Certain previous 
studies found that myostatin overexpression can reduce 
MyoD protein levels during cell proliferation and differentia-
tion (19,33). P107 is involved in the cell cycle and belongs to a 
subline of pRb, which are downstream molecules of myostatin. 
Western blot analysis was used to assess the protein expres-
sion levels of myostatin and P107. It was demonstrated that 
myostain expression was reduced following treatment with 
resveratrol for 24 h (Fig. 3A). However, for C2C12 myoblast 
cells treated with NAM, the protien expression levels of 
myostatin and P107 were significantly upregulated, while the 
protein expression of p‑P107 was downregulated (Fig 3A‑D). 
Notably, treatment with NAM significantly reduced the 
mRNA expression levels of MyoD. When the C2C12 myoblast 
cells were co‑incubated with SB431542 and NAM, the mRNA 
expression of MyoD and the protein expression of p‑P107 were 
higher, and P107 expression was significantly lower compared 

Figure 3. (A) Western blotting was performed to determine the relative pro-
tein expression levels of MSTN, P107 and p‑P107. Quantitative analysis of 
the (B) MSTN, (C) P107 and (D) p‑P107 levels. The data are presented as the 
mean ± standard error of the mean (n=3; *P<0.05, **P<0.01 and ***P<0.001 vs. 
control). MSTN, myostatin; p‑, phosphorylated

  A
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with those cells incubated with NAM alone. This suggested 
that inhibition of the myostatin pathway attenuated the inhibi-
tory effect of NAM by P107 protein phosphorylation. Previous 
studies have demonstrated that myostatin may regulate the 
proliferation of cells via p21, which has been demonstrated 
to be an inhibitor of cyclin D‑CDK4/6 activity. Additionally 
Thomas et al (17) found that myostatin can upregulate the 
expression of p21Waf1/Cip1 and decrease the expression and 
activity of CDK2 protein, which may be due to the accumula-
tion of hypo‑phosphorylated pRb, thus leading to the arrest of 
myoblasts in G1 phase of the cell cycle, subsequently inhib-
iting cell proliferation (17). Additionally, the overexpression 
of Sirt1 caused adverse effects, for example, Sirt1 overexpres-
sion induced a decrease of p21Waf1/Cip1 expression (34). Since 
the present study found that Sirt1 activation downregulated 
the myostatin signaling pathway, it was speculated that 
Sirt1 promoted cell proliferation by inhibiting the myostatin 
signaling pathway.

Taken together, these data indicated that myostatin is 
involved in the regulation of C2C12 myoblast cell proliferation 
via Srit1 and that myostatin can affect Srit1 expression. Further 
studies are warranted to elucidate the underlying mechanisms 
of how Sirt1 affects myostatin signaling.
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