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Abstract: Myoblasts characterize by the potential to transform into skeletal muscle, and involve in processes of 
proliferation, differentiation and apoptosis. Mammalian target of rapamycin (mTOR) is an important protein of PI3K 
signaling pathway in muscle metabolism and physiology. This study aimed to investigate effects of mTOR on prolif-
eration, apoptosis and differentiation of myoblasts undergoing mechanical stress. We paid much attention on mTOR 
function undergoing mechanical stress in myoblasts. C2C12 myoblasts were cultured and mTOR gene was knocked 
down by using Crisper/Cas9 method. Western blot assay and quantitative polymerase chain reaction (Q-PCR) were 
used to test 4E-binding protein 1 (4EBP1) and p70 ribosomal protein S6 kinase (p70S6k) expression. Cell counting 
kit 8 (CCK-8) was used to measure cell proliferation, and flow cytometry to used to detect cell apoptosis. Differentia-
tion was counted by using immunofluorescence staining. Rresults showed that the knockdown of mTOR reduced the 
phosphorylation of 4EBP1 and p70S6k levels undergoing mechanical stress and decreased PI3K signaling pathway 
proteins synthesis. In addition, proliferation of myoblasts was decelerated by the mTOR knockdown. However, when 
mTOR knocked down cells treated with mechanical stress, apoptosis rate increased significantly and the differentia-
tion speed was slow down. In conclusion, our study revealed the mTOR function on regulating myoblast proliferation, 
apoptosis and differentiation undergoing mechanical stress.
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Introduction

Skeletal muscle is one of three muscle types, 
and as a form of striated muscle tissue, which 
is under control of somatic nervous system [1]. 
Muscle cells are formed from the fusion of 
developmental myoblasts in a process known 
as myogenesis. In skeletal muscle regeneration 
processes, myoblasts are derived from activat-
ed satellite cells and start the proliferation, dif-
ferentiation and apoptosis process, and finally 
become myofibers [2-5]. The satellite cells can 
be activated by mechanical stress to provide 
additional myonuclei for muscle growth and 
repair. According to our previous research, 
mechanical stress activates the myoblasts 
apoptotic processes by the NF-kB signaling 
pathway [6]. We also paid much attention on 
PI3K/mTOR pathway, which regulates the clas-
sical proliferation of myoblasts. Moreover, the 

mTOR has been considered as an important 
factor that need to be fully addressed.

The mammalian target of rapamycin (mTOR), is 
a kinase which as a member of the phosphati-
dylinositol 3-kinase-related kinase family of 
protein kinases [7]. The mTOR signaling path-
way is a central regulator of mammalian metab-
olism and physiology. mTOR plays important 
roles in some tissues, including liver, muscle, 
white and brown adipose tissue. Meanwhile, 
the mTOR is always dys-regulated in a few 
human diseases, such as diabetes, obesity, 
depression and certain cancers [8, 9]. The 
increasing of mTOR signaling leads to the cell 
proliferation and activates the synthesis of pro-
teins, such as 4E-binding protein 1 (4EBP1) and 
p70 ribosomal protein S6 kinase (p70S6k). 
Both of 4EBP1 and p70 are the downstream 
proteins for the PI3K/mTOR signaling pathway. 
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The phosphorylation of P70S6k always be acti-
vated by the mTOR and leads to the increase of 
protein synthesis and up-regulation of the cell 
proliferation. Meanwhile, the 4EBP1 is phos-
phorylated in response to the mRNA transla-
tion. Zhang et al. [10] reported that mTOR was 
an essential factor for the satellite cell function 
and skeletal muscle regeneration through con-
trolling the expression of myogenic genes.

It is evident that mechanical stress affects 
skeletal muscle developments and function. A 
recent study [11] revealed that diagram of the 
molecular signaling cascades are involved in 
the myofibrillar muscle protein synthesis res- 
ponse to the physical exercise. Phillips et al. 
[12] also found that the resistance training 
stimulated the muscle protein synthesis for a 
period of up to 48 h following exercise. Physical 
exercise activates the protein synthesis via 
phosphorylation of p70S6k in a pathway that 
dependents on mTOR signaling. In a previous 
published study [13], the increased 4EBP1 
phosphorylation was consistent with the regu-
lar exercise and rest. Bond et al. [14] found that 
the mTORC1 was regulated by the mechanical 
stimuli. However, the functional role of mTOR in 
skeletal muscle undergoing mechanical stress 
is also unclear. In order to reveal the mecha-
nism, we build up mTOR knockdown cells to 
prove the potential functional roles of mTOR in 
regulating the myoblast proliferation, differen-
tiation and apoptosis.

Materials and methods

Cell culture

C2C12 myoblasts were cultured in growing 
medium (Gibco BRL. Co. Ltd., Grand Island, 
New York, USA), supplementing with 10% fetal 

Crisper/Cas9 knockdown mTOR gene expres-
sion

We detected mTOR gene by National Center for 
Biotechnology Information (NCBI) reference 
sequence, and designed target by crisper. 
Then, the carrier was built up and separated 
into 3 types, including px458-mTOR-T1, px458-
mTOR-T2 and px458-mTOR-T3. After sequenc-
ing to screen the positive expression and 
extracting the plasmid by endotoxin transfec-
tion, we selected target-1 reached higher active 
and knocked down mTOR-T1 to single the cell 
clone.

Western blot assay

Muscle cells were separated in radioimmuno-
precipitation assay (RIPA) buffer (Biyotime 
Biotech., Shanghai, China) containing rabbit 
inhibitor and inhibitor sheep IgG (Sigma-Aldrich, 
St. Louis, Missouri, USA). Cells were washed by 
using phosphate buffered saline (PBS, Biyotime 
Biotech., Shanghai, China) adding with 0.1 ml 
RIPA buffer, and then the cells were subjected 
to standard Western Blot protocol. The antibod-
ies (Abcam Biotech., Cambridge, Massachu- 
setts, USA) including anti-4EBP1 antibody, anti-
p-S6 antibody and anti-beta-actin antibody 
were used to detect the signals. We disposed 
bovine serum albumin (BSA) standard solution 
to test low concentration protein and diluted 
BSA to test samples twice. Then, we detected 
protein depending on standard curve. Then, 
fluorescent signals of blots were detected by 
using the GDS8000 scan system (UVP corpora-
tion, Sacramento, CA, USA) and analyzed by 
using the Labworks TM Analaysis Software 
(Labworks, Upland, CA, USA) to analysis the 
results.

Table 1. Primers for the quantitative PCR
Genes Primers
4EBP1 Forwards 5’-GATGTCCGGGGGCAGCAGCTG-3’

Reverse 5’-AATGTCCATCTCAAACTGTGACTC-3’
p70S6K Forwards 5’-GATGAGGCGACGAAGGAGGGG-3’

Reverse 5’-TAGATTCATACGCAGGTGCTCTG-3’
mTOR Forwards 5’-AAGAAGTACCCCATCGAGCAC-3’

Reverse 5’-CATCAGAGTCAAGTGGTCATAGTCCG-3’
β-actin Forwards 5’-CTGAAGTACCCCATCGAGCAC-3’

Reverse 5’-ATAGCACAGCCTGGATAGCAAC-3’

bovine serum (FBS), 100 U/ml penicillin 
(Sigma-Aldrich, St. Louis, Missouri, USA) 
and 100 μg/ml streptomycin (Sigma-
Aldrich, St. Louis, Missouri, USA) at 37°C 
and 5% CO2. Media were changed every 
two days. For mTOR knockdown by Crisper/
Cas9, cells were grown in trypsin (Biyotime 
Biotech., Shanghai, China) digestion and 
switched into sorting buffer (Biyotime 
Biotech., Shanghai, China). Fluorescent 
cells sorting was used for sorting positive 
transfected cells.
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Quantitative-polymerase chain reaction

We used quantitative polymerase chain reac-
tion (Q-PCR) to detect the gene expressions of 
4EBP1, p70S6k and mTOR. Cells were separat-
ed into 4 groups and tested twice. A groups 
were normal cells comparing with B groups 
mTOR knockdown cells. While C groups were 
loading stress on normal cells related with the 
D groups, which were the mTOR knockdown 
cells undergoing stress. Primer 5 was used to 
design 4EBP1, s6K and mTOR primers (Table 

C2C12 cells were cultured on 6 well plate in 
DMEM and treated with mTOR knockdown, as 
described above. At the end of treatments, 
cells were washed with PBS and fixed with 
7-AAD for 5-15 min avoiding light. For apopto-
sis, we added 450 μl Binding Buffer to cells, 
and mixed with the Annexin V-PE for 5-15 min. 
For the flow cytometry tests, the excitation wa- 
velength was assigned as 488 nm and emis-
sion wavelength was assigned as 578 nm. Me- 
anwhile, the FL2 tunnel was suggested by the 
Annexin V-PE. For 7-AAD, which excitation wave-

Figure 1. mTOR gene clone and morphology of C2C12 cells undergoing 
mTOR knockdown. A. Target-1 gets higher activity than T2 and T3. B. The 
number of C2C12 cells changed by mechanical stress. The microscope 
showed mTOR knockdown groups get lower level compared with the nor-
mal groups. Under the mechanical stress, the cells number reversed while 
mTOR knockdown groups decreased. And the stress led the cells to the 
force direction.

1). After reverse transcription, 
we calculated mRNA or gene 
expression according to the 2 
(-⊿Ct) method. Quantitative PCR 
conditions were conducted as 
94°C and 30 s as one cycle 
and repeated for 35 times, 
which included in 4 min then 
tested signals in 72°C.

Cell proliferation by testing cell 
counting kit 8 (CCK-8)

Cell counting kit was used to 
detect cell proliferation, and 
Dulbecco’s Modified Eagle Me- 
dium (DMEM, Gibco BRL. Co. 
Ltd., Grand Island, New York, 
USA) culture was made with 
10% FBS (Gibco BRL. Co. Ltd.), 
100 U/ml penicillin (Sigma-
Aldrich, St. Louis, Missouri, 
USA) and 100 μg/ml strepto-
mycin (Sigma-Aldrich, St. Louis, 
Missouri, USA). After antibiotic 
solution dilution in 100 times, 
C2C12 cells and mTOR knock-
down cells were cultured in 
penicillin streptomycin DMEM, 
and inoculated in 96-well pla- 
tes after 6 h, 12 h, 24 h, 36 h 
and 72 h cultured, we added 
10 μl CCK-8 solution with 1-4 h 
incubation. Finally, we detect-
ed cell vitality to figure out 
which time point reached pro-
liferation high level and which 
group stayed at proliferation 
high level.

Flow cytometry was used to 
detect cell apoptosis
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length was assigned as 546 nm and emission 
wavelength was assigned as 647 nm, and FL3 
tunnel was suggested. Cells were separated 
into 4 groups as previous, and we choose 
P3-Q2 added P3-Q3 to calculate the apoptosis 
rate.

Differentiation of cells were counted by immu-
nofluorescence staining: DAPI + F-actin double 
staining

Cultured cells were washed 3 times with PBS, 
and fixed with 4% paraformaldehyde (Sigma-
Aldrich, St. Louis, Missouri, USA). After treating 
with 0.5% Triton X-100 (Sigma-Aldrich) for 15 
min, the cells were incubated with 6% goat 
serum and sealed for 30 min at room tempera-
ture. Then, the cells were incubated with pri-
mary antibodies overnight at 4°C. The primary 
antibodies from rabbit were diluted. After 
washed with PBS, cells were incubated with 
secondary antibodies conjugated with Alexa 
Fluor 647 for 30 min under dark room. After 
washed, cells were counted on a glass slide 
and observed with laser scanning microscope.

Statistical analysis

Data were analyzed by using statistical pack-
age SPSS Version 18.0 for Windows (SPSS, 
Inc., Chicago, IL, USA). Data were represented 
as mean ± standard deviation (SD). Student’s t 
test was utilized for the statistical analysis 
between two groups. Tukey’s post hoc test was 
used to validate the ANOVA for comparing mea-
surement data between groups. A statistical 
significance was defined when P < 0.05. Sta- 
tistical significances were defined as p value 
less than 0.05.

Results

Build up knockdown of mTOR model of C2C12 
myoblast

In order to synthesize three study target gene 
mTOR, we designed three targets gene plas-
mids or vectors. The issuing individual mTOR 
was cloned and tested for mRNA/DNA quality, 
while the paired sets were tested as px458-
MTOR-T1, px458-mTOR-T2 and px458-mTOR-

Figure 2. Evaluation for the 4EBP1, p70S6k and mTOR 
mRNA expression. A. The expression of 4EBP1 in mTOR 
knockdown cells reduced than normal cells, while the 
mechanical stress increased the mRNA level. B. p70S6k 
expression decreased significantly in mTOR knockdown 
cells, the mRNA expression reversed after cells were 
treated by stress. C. mTOR knockdown cells increased by 
mechanical stress. *P < 0.05, **P < 0.01, #P < 0.05 vs. 
Normal group, &P < 0.05 vs. mTOR-knockdown group.
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T3. Although all three pairs demonstrated > 
50% relative positive control activity, the first 
pair or set 1 (px458-mTOR-T1) offered the most 
promising efficient target mutagenesis in vitro. 
This work was done by way of endotoxin trans-
fected cells in culture.

CRISPER/Cas9 and px458-mTOR-T1 plasmids 
were selected by flow cytometer for positive 
test. In order to test the activity, the quality of 
each plasmid vector was analyzed by PCR 
(Figure 1A). Figure 1 shows the T2 and T3 
CRISPER gRNA get the lower activity compared 
with T1. Therefore, we choose target-1 knock-
down to culture the monoclonal antibody. After 
cultured knockdown cells colonies, we used 
PCR to amplified mTOR target-1 and analyzed 
by sequencing and sequence alignment.

mTOR knockdown decreased the number of 
C2C12 cells but the mechanical stress re-
versed this effect

In mouse myoblast C2C12 cells, we firstly 
observed that mTOR the level was relatively 

ly knocking down mTOR in C2C12 myoblast 
cells. 4EBP1 and p70S6K are the downstream 
proteins in PI3K/mTOR pathway. We marked 
the target protein to test whether this signal 
pathway involved under mechanical stress. 
RT-PCR, which detects mRNA expression, indi-
cated that mTOR knockdown significantly 
reduced 4EBP1 synthesis as compared with 
normal one. Under mechanical stress, the 
mTOR knockdown groups negatively regulates 
4EBP1 mRNA. As we expected, the mechanical 
stress enhanced mTOR knockdown cells 4EBP1 
synthetic (Figure 2A).

In order to confirm the PI3K signaling pathway 
participates in the mechanical stress process, 
we detected the mRNA level of p70S6k. There 
was no significant differences between p70S6k 
and 4EBP1. The mTOR knockdown significantly 
decreased (P < 0.01) the stress on the normal 
cell groups (P < 0.05). These results indicate 
that p70S6k, as a downstream protein, is at 
least influence by the mechanical stress (Fig- 
ure 2B).

Figure 3. Evaluation for the effects of mTOR on the PI3K pathway associ-
ated proteins by using western blot assay. A. Western blot assay for 4EBP1 
and p70S6k expression. B. Statistical analysis for western blot data. mTOR 
knockdown reduced the PI3K pathway protein synthetic, because 4EBP1 
and p70S6k as the important downstream protein of PI3K pathway level 
declined obviously. *P < 0.05, **P < 0.01, #P < 0.05 vs. Normal group, &P < 
0.05 vs. mTOR-knockdown group.

high in mechanical stress 
groups compared to that of 
normal groups (Figure 1B). As 
cells were switched into knock-
down groups, the number 
began to decline as we expect-
ed. Meanwhile, when the 
knockdown cells were exposed 
under the mechanical stress, 
C2C12 cells number was con-
tinuously increased. We also 
observed that the cells were 
separated by stress force 
(Figure 1B). The change of 
mTOR knockdown cells num-
ber suggests that mechanical 
stress may be functionally 
associated with these proce- 
sses.

mTOR was a positive factor for 
PI3K/mTOR pathway under 
mechanical stress

The number increased under 
mechanical stress in mTOR 
knockdown groups to the with-
out stress ones as we noticed 
in microscope. To test this, we 
used CRISPER/Cas9 effective-
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As the upstream protein of PI3K signaling path-
way, we found that mTOR mRNA levels were sig-
nificantly higher post the stress compared to 
the normal groups (P < 0.01). Interestingly, we 
detected the mTOR knockdown groups treated 
with stress did not significantly enhance the 
mTOR expression (Figure 2C, P < 0.05). These 
data suggest that mTOR has an positively effect 
for PI3K signaling pathway under the mechani-
cal stress.

mTOR knockdown decreased PI3K pathway 
protein synthetic under mechanical stress

Given this change of C2C12 myoblast following 
the mTOR knockdown, we further hypothesized 
that the mTOR knockdown was the key protein 
affecting the 4EBP1 and p70S6k (Figure 3A). 
Western blot results showed that 4EBP1 and 
p70S6k phosphorylation levels were declined 
post the mTOR knockdown distinctly. Mean- 

while, compared with the normal stress groups, 
mTOR knock down groups were also declined 
apparently (Figure 3B, P < 0.05). We also 
observed that stress-treated myoblasts still 
stimulated 4EBP1 and p70S6k phosphoryla-
tion (Figure 3B). Our results showed that mTOR 
knockdown down-regulated the PI3K signaling 
pathway but mechanical stress altered the pro-
tein synthesis. All of the above changes were 
represented by the changed phosphorylation of 
PI3K signaling pathway downstream protein, 
4EBP1 and p70S6k.

mTOR accelerated C2C12 proliferation under 
mechanical stress

Because PI3K signaling pathway is regarded as 
a classical proliferation pathway, we then fur-
ther examined the effectively knocking down 
mTOR in C2C12 cells under stress. Cells stain-
ing by stress were separated into 4 groups 

Figure 4. Examination for the myoblast cells proliferation in different groups. (A) Proliferation for Normal cells. (B) 
Proliferation for Normal cells + stress. (C) Proliferation for mTOR-knockdown. (D) Proliferation for mTOR-knockdown 
+ stress. (E) Statistical analysis for CCK-8 data in (A-D). mTOR knockdown myoblast cells proliferation rate acceler-
ated at 36 h compared with the normal cells at 24 h, while normal cells treated by stress proliferation speed up at 
24 h, and proliferation rate of mTOR knockdown cells under stresswent up rapidly at 24 h. ***P < 0.001.
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comparing with the blank group. CCK-8, which 
detects cell proliferation, showed that mTOR 
knockdown significantly reduced C2C12 prolif-
eration at 36 h compared with normal cells pro-
liferation with high level at 24 h (Figure 4A, 4B, 
P < 0.05). When the normal cells treated with 
stress (Figure 4C), the proliferation rate began 
at 24 h, which was higher than the mTOR knock-
down cells with stress at 24 h (Figure 4D). 
Meanwhile, we also found the proliferation rate 
was another rising trend by time depended 
(Figure 4E). These results suggest that mTOR 
up-regulates the myoblast proliferation under-
going mechanical stress.

mTOR knockdown increased myoblasts apop-
tosis under stress

In C2C12 myoblasts, we hypothesized whether 
mTOR could affect cell apoptosis undergoing 
mechanical stress and used the flow cytometry 
to evaluate the apoptosis (Figure 5A). Mean- 
while, during the apoptosis, the levels of mTOR 

knockdown groups were increased compared 
to that of the control groups. In stress groups, 
stress on the normal cells apoptosis rate was 
significantly lower compared to that of the 
mTOR knockdown cells treated by stress 
(Figure 5B, P < 0.05). But when stress loading 
on mTOR knockdown cells, the apoptosis levels 
began to decrease (Figure 5B). Overall, these 
results indicated that the C2C12 apoptosis by 
mTOR knockdown was increased under stress. Mean- 
while, the mTOR might partially play a negative 
role in C2C12 apoptosis.

mTOR knockdown reduced C2C12 differentia-
tion after mechanical stress

We tested the differentiation by immunofluo-
renscence staining to confirm whether mTOR 
involved in the myoblast differentiation under-
going mechanical stress. Immunofluorescent 
staining results showed that mTOR knockdown 
groups illustrated the differentiation rate at low 
level. Moreover, we found that myoblast levels 

Figure 5. Analysis for the apoptosis in different groups. A. Flow cytometry images for different groups. B. Statistical 
analysis for the flow cytometry data. The apoptosis level increased in mTOR knockdown groups than the normal 
cells, after mechanical stress loading on cells, the apoptosis rate in mTOR knockdown cells decreased. *P < 0.05, 
#P < 0.05 vs. Normal group, &P < 0.05 vs. mTOR-knockdown group.
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were also significantly rose up under the stress 
(Figure 6A, 6B). As an evidence of mTOR knock-
down, stress reversed the low differentiation 
levels (Figure 6B-D). When normal cells treated 
with stress, C2C12 stayed at high level, but 
mTOR knockdown decreased the differentia-
tion process (Figure 6C, 6D). These data sug-
gest that mTOR plays a role in regulation of 
myoblast activation and differentiation during 
the muscle processes.

Discussion

PI3K/Akt/mTOR signaling pathway is regarded 
as a classical proliferation pathway in some 
organs, which regulates human’s life activities. 
mTOR, as a core component, regulates cell 
growth, cell proliferation, cell motility, cell sur-
vival, protein synthesis, autophagy, and tran-
scription [15, 16]. The mTOR pathway plays an 
important role in the functional tissues, such 
as muscle tissues. Furthermore, the mTORC1 
activation is required for the muscle protein 

ced the C2C12 number, which means that 
mTOR promoted the myoblast proliferation and 
mechanical stress regulated myoblasts by invo- 
lving the mTOR signaling pathway. Overall, our 
data suggest that mTOR has important effects 
on promoting myoblast growth and mechanical 
stress may participate in this processes.

As the downstream proteins of PI3K/mTOR  
signaling pathway, 4EBP1 and p70S6k were 
marked positively in PI3K signaling pathway. 
Our results also revealed that 4EBP1 and 
p70S6k protein were decreased post the mTOR 
knockdown, which suggests that the 4EBP1 
and p70S6k can promote the proliferation of 
myoblast that newly derived from activated 
mTOR protein. Indeed, we observed that in 
C2C12 cells 4EBP1 and p70S6k levels began 
to rise when cells treated under stress. There- 
fore, mTOR plays important roles in PI3K signal-
ing pathway in C2C12 myoblasts by mechanical 
stress.

Figure 6. Evaluation for the cell differentiation in different groups. A. Nor-
mal cells group. B. mTOR knockdown group. C. Normal + stress group. D. 
mTOR knockdown + stress group. mTOR knockdown cells differentiation 
rate reached lower level than normal cells. Compared with the normal cells, 
the stress treated cells began differentiation. When the stress loading on 
mTOR knockdown cells, which the differentiation slower than the stress 
treated normal cells, comparing with the mTOR knockdown cells, the stress 
reversed the differentiation rate. Magnification, 400×.

synthesis and skeletal muscle 
hypertrophy in humans in res- 
ponse to the physical exercise 
[17, 18]. When the inhibition of 
mTOR signaling pathway per-
sistently, the skeletal muscle 
begin to loss muscle mass and 
strength during muscle wast-
ing in aging and muscle atro-
phy from physical inactivity 
[17-19].

Our previous study showed 
that the mechanical stress 
affects PI3K/mTOR signaling 
pathway in myoblasts. More- 
over, mTOR is regarded as a 
critical factor for the PI3K sig-
naling pathway, which is the 
efficient proliferation pathway 
for the muscle satellite cells. 
Therefore, we assumed that 
mTOR is involved in the regula-
tion of myoblast proliferation 
and participates in the differ-
entiation and apoptosis under-
going the mechanical stress. In 
order to confirm our hypothe-
sis, we used Crisper/Cas9 sys-
tem to build up knockdown 
mTOR model. We observed 
that mTOR knockdown redu- 
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Many recent studies reported that PI3K/mTOR 
signaling pathway was overactive, therefore, 
reducing the apoptosis and allowing the prolif-
eration in cancer. This pathway is significant to 
promote the growth and proliferation in adult 
stem cells [20]. Moreover, it is difficult to find 
an appropriate amount to balance the prolifera-
tion and differentiation and researchers are try-
ing to utilize various therapies to conquer dis-
eases [20]. This signaling activated the PI3K/
Akt signaling pathway which works to promote 
proliferation. Our data support their conclusion 
and provide these observations. According to 
our data, mTOR knockdown prevented the myo-
blast proliferation and decelerated the prolifer-
ation speed. Furthermore, mechanical stress 
promoted the proliferation and speeded up the 
mTOR knockdown proliferation. Therefore, inhi-
bition the mTOR in PI3K signaling pathway illus-
trated a negative effect on the myoblast prolif-
eration and the mechanical stress consequent-
ly accelerated the proliferation rate.

Many researches reported that many families 
of proteins act as negative regulators, such as 
pro-survival factors like Akt and NF-kB [21, 22]. 
A cell initiates intracellular apoptosis signaling 
in response to the stress, which may bring 
about cell suicide. Mechanical stress may dam-
age cells by the trigger the intracellular apop- 
tosis signals, and may help regulate apopto- 
sis. According to our flow cytometry data, we 
observed that in C2C12 cells with mTOR kno- 
ckdown began apoptosis process. This result 
revealed that the mTOR might have a negative 
effect on myoblast apoptosis. Indeed, down-
regulation of mTOR could promote apoptosis 
rate and is essential for preventing prolifera-
tion. Even when the cells treated with stress, 
mTOR knockdown resulted in significant decre- 
ase apoptosis rate. These results showed that 
stress increased myoblast apoptosis might be 
involved in the mTOR activation. It would be 
interesting to prove the functions of mTOR in 
balancing myoblast proliferation and apopto-
sis, which would point to positive directions in 
myoblast reconstruction.

In conclusion, our data supported our conclu-
sion and provide further details to understand 
and explain our observations. Meanwhile, we 
tested the mTOR knockdown differentiation to 
complete mTOR biological function. Further- 
more, we used immunofluorenscence to prove 

our hypothesis, and the results showed that the 
mTOR knockdown cells reached low level and 
mechanical stress promoted differentiation in 
C2C12 cells. As suggested by our figures, mTOR 
knockdown resulted in significant decrease in 
myoblast differentiation, suggesting that the 
mTOR may contribute to accelerate myoblast 
differentiation.

The role of mTOR in regulation of myoblasts in 
C2C12 cells under mechanical stress is signifi-
cant, but still remains further study. Our study 
showed that mTOR decreased myoblasts prolif-
eration and inhibited PI3K signaling pathway by 
down-regulating the p70S6K and 4EBP1 fac-
tors. Moreover, mechanical stress accelerated 
PI3K signaling pathway and reversed mTOR 
knockdown cells proliferation. Secondarily, our 
data also showed that mTOR up-regulated the 
myoblast apoptosis, which suggests that mTOR 
may play a negative role in myoblast apoptosis. 
It is possible that mTOR was involved in myo-
blast differentiation but not as an essential fac-
tor for stimulating differentiation. As a conclu-
sion, our study revealed a function of mTOR 
regulating myoblasts cell proliferation, apopto-
sis and differentiation. This result helped us to 
understand how mTOR regulates skeletal mus-
cle regeneration.
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