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Abstract: Objectives: The mechanistic target of rapamycin (mTOR) controls cell growth and proliferation via translation regulation 
in eukaryotes. The present study investigated the effects of mTOR on the proliferation and differentiation of tendon stem cells 
(TSCs). Methods: The proliferation and differentiation ability of TSCs was tested in response to antagonist (MHY1485), and a 
depressor of mTOR (Rapamycin and KU0063794). CCK test was performed to test cell proliferation; quantitative real-time PCR 
(RT-PCR) and Western blot test were performed to evaluate the differentiation of TSCs. Results: Blocking of mTOR1 inhibited the 
proliferation of TSCs and blocking of mTOR2 enhanced the proliferation of TSCs; however, the effects of mTOR1 surpassed the 
effects of mTOR2. Blocking of mTOR1 or activation of mTOR2 induced the expression of TNC, and blocking of mTOR2 inhibited 
the expression of TNC. Blocking of mTOR1 by rapamycin decreased the expression of ap2. Both blocking of mTOR1 or mTOR2 
had little effects on the expression of Runx2 and Sox9; however, activation of mTOR2 induced the expression of Runx2 and Sox9. 
Moreover, the Western blot test showed that blocking of mTOR1 by Rapamycin or the blocking of both mTOR1 and mTOR2 by 
KU-0062794 enhanced the expression of TNC; in addition, blocking of mTOR1 by Rapamycin enhanced the expression of c-EBPα 
and Sox9. However, activation of mTOR1 and mTOR2 by MHY1485 increased the expression of Runx2. Conclusions: mTOR played 
important roles in the proliferation and differentiation of TSCs. Furthermore, mTOR1 and mTOR2 played different roles on the 
proliferation and differentiation of TSCs. Blocking mTOR1 inhibited the proliferation of TSCs and played a dominant function.
Blocking of mTOR1 enhanced the expression of tenocyte related genes; however, blocking of mTOR2 inhibited the expression 
of TNC. Blocking of mTOR1 by rapamycin decreased the expression of ap2 and activation of mTOR2 induced the expression of 
Runx2.
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Introduction 

The primary function of tendons is to transfer 
mechanical loads from muscle to bone, which can easily 
lead to tendinopathy (1). Tendinopathy commonly 
affects adult athletes and aged population; it occurs in 
the rotator cuff (2), Achilles, patellar tendons (3), and 
medial epicondyle (4). Bi firstly identified tendon 
stem/progenitor cells (TSPCs) in 2007 (5). More and 
more evidence showed that pluripotent tendon cells 
(PTCs), also termed tendon stem cells (TSCs), play 
important roles in the development of tendinopathy via 
proliferation and non-tenocyte differentiation (6-9).

The mechanistic target of rapamycin (mTOR) is a 

specific target of the natural compound rapamycin (10-
12). mTOR is a highly conserved protein kinase and a 
member of a family of phosphatidylinositol-3-kinase-
related kinases (PIKKs), which are protein kinases (10, 
13, 14). mTOR signaling was confirmed to regulate cell 
growth, proliferation, and differentiation in different 
kinds of cells. mTOR1 and mTOR2 are two structurally 
and functionally distinct protein complexes. Raptor is a 
component of mTORC1 that determines the specificity 
of mTORC1 (15); mTOR2 contains mTOR, mLST8, and 
mAVO3 (14). Rapamycin inhibits the regulation and 
functions of mTOR1, but not mTOR2 (10). MHY1485 is 
a small-molecular synthesized compound and mTOR 
activator, based on its morpholinotriazine structure. 
MHY1485 promotes follicle growth through the activation 
of both mTORC1 and mTOR2 (16). In addition, MHY1485 
inhibits the autophagy process of rat hepatocytes by 
inhibiting of fusion (17). KU0063794, a well-known 
inhibitor of mTOR, inhibited both mTOR1 and mTOR2. 
Moreover, KU0063794 reportedly enhanced the inhibition 
of the phosphorylation of Akt or downstream molecules 
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of mTOR1, and it then maintained cell cycle arrest at the 
G0/G1 phase (18). KU0063794 demonstrated a significant 
synergistic growth inhibition effects in HepG2 cell growth 
in mice (19). Recent studies suggested that mTOR played 
important roles in the translation of mRNA into proteins 
involved in cancer, diabetes, cardiovascular disease, 
and neurological disorders (20-22), which sense and 
respond to nutrient availability, energy sufficiency, stress, 
hormones, and mitogens (23). However, there is few 
report about the effects of mTOR on TSCs. We assume 
that mTOR might have an effect on the proliferation and 
differentiation of TSCs.

Chronical tendinopathy has been verified by abnormal 
tissue structures and hypercellularity by histological 
findings (24). Moore reported that mTOR was inactivated 
by rosemary extract, which inhibited the proliferation 
of human lung cancer cells (25). However, Gharibi 
found that blocking mTOR enhanced muscle stem 
cells ‘(MSC) proliferative capacity and it also induced 
osteogenic differentiation mediated by the expression of 
pluripotency (26). In addition, mTOR was reported to be 
essential for skeletal muscle regeneration by controlling 
the expression of myogenic genes in satellite cells (27). 
Collectively, mTOR showed different effects on the 
proliferation and differentiation of different types of cells. 
Whether and how mTOR regulates the proliferation and 
differentiation of TSCs remains to be fully understood. It 
is essential to delineate the response of TSCs to mTOR to 
better understand tendon physiology and tendinopathy.

Therefore, this study aimed to determine the response 
of TSCs to mTOR in vitro. To this end, we examined the 
expression of mTOR in TSCs and compared the ability 
of TSCs to proliferate, and differentiate in response to an 
agonist and depressor of mTOR.

Materials and methods

Ethics statement

The ethics committee at the Southwest Hospital 
approved all of the experimental protocols applied when 
using rats for tendon samples and for culturing the TSCs 
in this study.

Isolation of TSCs The TSCs isolation procedures 
were carried out as previously described (6, 7). TSCs 
were isolated from the Achilles tendons of SD rats. In 
brief, after removing the surrounding tendon sheath 
and paratenon, the Achilles tendons were minced into 
fine pieces. Then, 10 mg of an Achilles tendon sample 
was digested in 1 ml of phosphate buffer saline (PBS) 
containing 3 mg of collagenase type I and 4 mg of dispase 
at 37˚C for 3 hours and centrifuged at 3,500 rpm for 
15 minutes to obtain cell pellets. Tendon cells in the 
pellets were re-suspended in Dulbecco’s Modified 
Eagle Medium (DMEM; Lonza, Walkersville, MD, USA) 
containing 20% fetal bovine serum (FBS), 100 U/ml 
of penicillin, and 100 µg /ml of streptomycin (Atlanta 

Biologicals, Lawrenceville, GA, USA). Next, the cell 
suspension was cultured in T75 flasks with growth 
medium (DMEM plus 20% FBS). After 10–16 days in 
culture, TSCs that formed colonies on the surface of the 
flask were removed and sub-cultured for up to three 
passages to obtain sufficient numbers of TSCs for in vitro 
experiments.

CCK test

TSCs were seeded into 96-well culture plates at a 
density of 3,000 cells/well in 100 µl of growth medium 
maintained in 20 % O2 culture conditions. Then, 10 µl 
of CCK-8 solution was added to each well of the plate, 
24 hours after seeding, and they were incubated for an 
additional 2 hours to measure absorbance at 450 nm using 
a microplate reader (SpectraMax Plus384 Absorbance 
Microplate Reader, Molecular Devices, LLC, CA, USA).

Western blotting

Total proteins were extracted by using a cell total 
protein extraction kit. We then used a BCA protein assay 
kit for determination of protein concentration. A total of 
50μg of protein per sample was resolved on 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and then transferred onto a polyvinylidene 
fluoride (PVDF) membrane. After being closed with 
5% skim milk powder, they were incubated in an anti-
dilution (anti-p-S6K antibody, anti-S6K antibody, anti-
p-AKT antibody, ant-AKT antibody, anti-TNC antibody, 
and anti-c-EBPa antibody) overnight at 4℃. A second 
antibody was incubated at room temperature for 2 
hours; finally, the membrane was washed with an ECL 
developing kit. The Quantity One software (Bio-Rad 
Laboratories, Hercules, CA, USA) was used to analyze the 
protein expression level.

Quantitative Real-time PCR (qRT-PCR)

We determined the expression of tenocyte related 
gene (Collagen type I) and non-tenocyte related genes 
(collagen type II, PPARg, Runx-2) using qRT-PCR. Total 
RNA was extracted from TSCs at passage one from TSCs 
using an RNeasy Mini Kit with an on-column DNase I 
digest (Qiagen, Inc., Hilgen, Germany) and first-strand 
cDNA was synthesized following the manufacturer’s 
instruction. qRT-PCR was carried out using 2 µl cDNA 
(approximately 100 ng RNA) in a 25 µl PCR reaction 
volume using QIAGEN QuantiTect SYBR Green PCR 
Kit (Qiagen) in a Chromo 4 Detector (MJ Research, Inc., 
Waltham, MA, USA). Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was used as an internal control. 
Forward and reverse primers for all genes were designed 
based on previously published sequences and were 
synthesized by Thermo Fisher Scientific (Waltham, MA, 
USA). All reactions had three replicates.
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Statistical analysis

The Statistical Package for the Social Sciences for 
Windows, version 21.0 (SPSS Inc, Chicago, IL, USA) was 
used for the statistical analyses. All data are presented 
as mean ± standard deviation (SD). Independent t-tests 
and analysis of variance (ANOVA) were used for the 
statistical analysis. Differences between two groups were 
considered significant when the p-value was ≤ 0.05.

Results

The results of CCK test showed proliferation ability 
of TSCs decreased in all 3 groups: blocking mTOR1 by 
rapamycin group, blocking of both mTOR1 and mTOR2 
by KU-0062794 group, and activation of mTOR1 and 
mTOR2 by MHY1485 group.

We tested the effect of mTOR on the proliferation 
capability of TSCs by performing CCK assays. Blocking 
of mTOR1 by rapamycin, blocking both mTOR1 and 
mTOR2 by KU-0062794, and activation of both mTOR1 
and mTOR2 by MHY1485 significantly decreased the OD 
values of TSCs, respectively, compared with the control 
group. However, the OD value of TSCs in the MHY1485 
group was significantly higher when compared with 
the rapamycin group or the KU-0062794 group. The 
OD values of TSCs cultured with the negative control 
group, the rapamycin 5 μM group, the MHY1485 2 μM 
group, and KU-0062794 0.5 μM group were 1.66 ± 0.15, 
0.81 ± 0.39,1.48 ± 0.26, and 1.30 ± 0.11, respectively. Both 
blocking of mTOR by rapamycin (p<0.001) or KU-0062794 
(p<0.001) and the activation of mTOR by the MHY1485 
significantly decreased the OD values of TSCs (p=0.018), 
compared with the negative control. The OD value of 
TSCs cultured with MHY1485 was significantly higher 
when compared with those of rapamycin 5μM group 
(p<0.001) and KU-0062794 0.5 μM group (p=0.018) 
(Figure 1).

Blocking of mTOR1 inhibited the proliferation of TSCs 
and blocking of mTOR2 enhanced the proliferation of 
TSCs; however, the effects of mTOR1 surpassed the 
effects of mTOR2.

In addition, we further evaluated the effects of mTOR1 
andmTOR2 on the proliferation of TSCs; we evaluated the 
proliferative capability of TSCs in the control, rapamycin 
5 μM group, rapamycin 5 μM + MHY1485 2μM group, 
and KU-0062794 0.5 μM group. The results showed 
that the OD values of TSCs cultured with negative 
control group, rapamycin 5 μM group, rapamycin 5 
μM + MHY1485 2 μM group, and KU-0062794 0.5 μM 
group, are 1.57 ± 0.25, 0.83 ± 0.54, 0.80 ± 0.11, and 1.30 
± 0.14, respectively. The OD values of TSCs cultured 
with rapamycin 5 μM (p<0.001), rapamycin 5 μM 
+ KU-0062794 0.5 μM (p<0.001), and rapamycin 5μM 
+ MHY1485 2 μM (p<0.001), significantly decreased, 
compared with negative control group. However, The 
OD values of TSCs cultured with KU-0062794 0.5 μM was 

higher, as compared with rapamycin 5 μM + MHY1485 2 
μM group (p<0.001) (Figure 2).

Figure 1
The results of CCK test showed proliferation ability of 

TSCs decreased in all 3 groups: blocking mTOR1 by 
rapamycin group, blocking of both mTOR1 and mTOR2 

by KU-0062794 group, and activation of mTOR1 and 
mTOR2 by MHY1485 group

The OD values of TSCs cultured with negative control group, rapamycin 5μM, 
MHY1485 2 μM and KU-0062794 0.5 μM were 3.37 ± 0.14, 1.60 ± 0.08, 3.16± 
0.17, 3.00 ± 0.11, respectively. Both of locking of mTOR by rapamycin (p<0.001 
= or KU-0062794 (p<0.001) and activation of mTOR by MHY1485 significantly 
decreased the OD values of TSCs (p=0.005), compared with negative control. 
The OD value of TSCs cultured with MHY1485 is significantly higher compared 
with the one in rapamycin 5 μM group (p<0.001) and KU-0062794 0.5 μM group 
(p=0.018). Blocking of mTOR1 or the activation of mTOR2 induced the expression 
of TNC and blocking of mTOR2 inhibited the expression of TNC.

We performed RT-PCR to examine the effects of mTOR 
on the differentiation of TSCs. The expression of TNC 
cultured in rapamycin 5 μM and rapamycin 5 μM + 
MHY1485 2 μM increased by 56% (p=0.025) and 185% 
(p<0.001) respectively. Furthermore, the expression of 
TNC cultured in rapamycin 5 μM + KU-0062794 0.5 μM 
significantly decreased by 48% (p=0.039) (Figure 3).

Blocking of mTOR1 by rapamycin decreased the 
expression of ap2; however, activation of mTOR1 
and mTOR2 simultaneously by MHY decreased the 
expression of ap2 too.

Blocking of mTOR1 by rapamycin and activation 
of mTOR1and mTOR2 by MHY1485 decreased 
the expression of ap2. The expression of ap2 in TSCs 
cultured with rapamycin 5 μM group, rapamycin 
5 μM + MHY1485 2 μM group, and rapamycin 5 μM 
KU-0062794 0.5 μM group decreased by 75% (p=0.005), 
94% (p=0.002) and 52% (p=0.019) respectively, compared 
with negative control group. Further, the expression 
of ap2 in rapamycin 5 μM + KU-0062794 0.5 μM group 
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is significantly higher compare with the one in the 
rapamycin 5 μM + MHY1485 2 μM group (Figure 4).

Figure 2
Blocking of mTOR1 inhibited the proliferation of TSCs 
and blocking of mTOR2 enhanced the proliferation of 
TSCs; however, the effects of mTOR1 surpassed the 

effects of mTOR2 

To evaluate the effects of mTOR1 and mTOR2 on TSCs respectively, We performed 
proliferation capability test of TSCs in control, rapamycin 5 uM, rapamycin 5 uM 
+ KU-0062794 0.5 uM, and rapamycin 5 uM + MHY1485 2 uM. The results showed 
that the OD values of TSCs cultured with negative control group, rapamycin 5 uM, 
rapamycin 5uM+ KU-0062794 0.5uM, and rapamycin 5 uM+ MHY1485 2uM are 
1.57 ± 0.25, 0.83 ± 0.54, 0.80 ± 0.11, 0.57 ± 0.34 respectively. The OD values of TSCs 
cultured with rapamycin 5 uM (p<0.001), rapamycin 5uM+ KU-0062794 0.5 uM 
(p<0.001), and rapamycin 5uM+ MHY1485 2uM (p<0.001), significantly decreased, 
compared with negative control group. However, The OD values of TSCs cultured 
with rapamycin 5 uM+ KU-0062794 0.5 uM was higher, compared with rapamycin 
5uM+ MHY1485 2uM group (p<0.001).

Both blocking mTOR1 or mTOR2 had little effects on 
the expression of Runx2; however, activation of mTOR2 
induced the expression of Runx2.

Rapamycin or rapamycin combined with KU0062794 
did not significantly change the expression of Runx2; 
however, the expression of Runx2 was increased when 
simultaneously blocked by rapamycin and activated by 
MHY1485. The expression of Runx2 in TSCs cultured 
with rapamycin 5 μM, rapamycin 5 μM+ MHY1485 2 
μM, and rapamycin 5 μM + KU-0062794 0.5 μM increased 
by 49% (p=0.111), 123% (p=0.006) and 45% (p=0.134) 
respectively, compared with negative control. Also there 
was significant difference between the rapamycin 5 μM 
group and rapamycin 5 μM + MHY1485 2 μM (p=0.030); 
and between the rapamycin 5 μM + MHY1485 2 μM 
group, and rapamycin 5 μM+ KU-0062794 0.5 μM group 
(p=0.026) (Figure 5).

Blocking of either mTOR1 or mTOR2 had little effect 
on the expression of Sox9; however, activation of mTOR2 

can induced a lower expression of Sox9, when compared 
with the one in the rapamycin group.

Figure 3
Blocking of mTOR1 or the activation of mTOR2 induced 
the expression of TNC and blocking of mTOR2 inhibited 

the expression of TNC 

The expression of TNC cultured in rapamycin 5uM and rapamycin 5 uM + 
MHY1485 2 uM increased 56% (p=0.025) and 185% (p<0.001) respectively. And the 
expression of TNC cultured in rapamycin 5 uM+ KU-0062794 0.5 uM significantly 
decreased 48% (p=0.039). 

Blocking of mTOR by rapamycin or rapamycin 
combined with KU-0062794 decreased the expression 
of Sox9; while expression of Sox9 had decreased the 
most when simultaneously in the rapamycin combined 
MHY1485 group. The expression of Sox9 in TSCs cultured 
with rapamycin 5 μM, rapamycin 5 μM + MHY1485 
2 μM, and rapamycin 5 μM + KU-0062794 0.5 μM 
decreased 10% (p=0.43), 33% (p=0.045), 23% (p=0.11) 
respectively, compared with control group (Figure 6).

We further performed Western blot tests to evaluate 
the effects of mTOR on the differentiation tendency of 
TSCs. The results of Western blot showed that rapamycin 
and KU-0062794 blocked the phosphoration of Raptor 
and S6k; also, mTOR2 was activated by MHY1485, which 
was confirmed by the phosphorylation of AKT. Blocking 
of mTOR1 by Rapamycin or blocking both mTOR1 and 
mTOR2 by KU-0062794 enhanced the expression of TNC; 
in addition, blocking of mTOR1 by Rapamycin enhanced 
the expression of c-EBPα and Sox9. However, activation 
of mTOR1 and mTOR2 by MHY1485 increased the 
expression of Runx2.
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Figure 4
Blocking of mTOR1 by rapamycin decreased the 
expression of ap2; however, activation of mTOR1 

and mTOR2 simultaneously by MHY decreased the 
expression of ap2 too

The expression of ap2 in TSCs cultured with rapamycin 5 uM, rapamycin 5 
uM+ MHY1485 2 uM, and rapamycin 5 uM+ KU-0062794 0.5 uM decreased 75% 
(p=0.005), 94% (p=0.002) and 52% (p=0.019) respectively, compared with negative 
control group. And the expression of ap2 in rapamycin 5 uM+ KU-0062794 0.5 
uM group is significantly higher compared with the one in the rapamycin 5 uM+ 
MHY1485 2 uM group. 

Figure 5
Both blocking mTOR1 or mTOR2 had little effects on 

the expression of Runx2; however, activation of mTOR2 
induced the expression of Runx2 

The expression of Runx2 in in TSCs cultured with rapamycin 5 uM, rapamycin 5 
uM+ MHY1485 2 uM, and rapamycin 5 uM + KU-0062794 0.5 uM increased 49% 
(p=0.111), 123% (p=0.006) and 45% (p=0.134) respectively, compared with negative 
control. Also there was significant difference between the rapamycin 5uM group 
and rapamycin 5 uM+ MHY1485 2uM (p=0.030); or between rapamycin 5 uM+ 
MHY1485 2 uM and rapamycin 5 uM+ KU-0062794 0.5 uM (p=0,026).  

Figure 6
Blocking of either mTOR1 or mTOR2 had little effect on 

the expression of Sox9; however, activation of mTOR2 can 
induced a lower expression of Sox9, when compared with 

the group blocked by rapamycin  

The expression of Sox9 in TSCs cultured with rapamycin 5 uM, rapamycin 5 
uM+ MHY1485 2 uM, and rapamycin 5 uM+ KU-0062794 0.5 uM decreased 10% 
(p=0.43), 33% (p=0.045), 23% (p=0.11) respectively, compared with control group. 

Figure 7
Western blot showed that rapamycin and KU-0062794 

blocked the phosphoration of Raptor and S6k; also 
mTOR2 was activated by MHY1485, which confirmed by 

the phosphoration of AKT. MHY1485 effectively activated 
the phosphoration of S6k and AKT. Blocking of mTOR1 
by Rapamycin or blocking both of mTOR1 and mTOR2 
enhanced the expression of TNC; in addition, blocking 

of mTOR1 enhanced the expression of c-EBPα and Sox9. 
However, activation of mTOR1 and mTOR2 by MHY1485 

increased the expression of Runx2
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Discussion

mTOR played very important roles in modulating 
protein synthesis modulation by translational control 
(23). Numerous studies showed that mTOR regulated the 
proliferation and differentiation in different cell lines (20, 
28, 29); however, few report are available on the effects 
of mTOR on TSCs. It is essential to define the effects of 
mTOR on TSCs in order to gain a better understanding 
of tendon metabolic balance and tendinopathy. In 
this study, we found that mTOR1 and mTOR2 played 
different roles on the proliferation and non-tenocyte 
differentiation of TSCs.

The underlying tissue changes during tendinopathy 
mainly constitute hypercellularity (1, 30, 31). Cell growth 
and proliferation are orchestrated by signaling networks 
in response to environmental cues such as nutrients, 
growth factors, and hormones. As we know, conserved 
protein kinases play important roles in the control of cell 
growth. mTOR was reported to regulate cell proliferation 
in a wide range of cells, including cancers (20, 28, 29, 
32), and vascular endothelial cell (33). mTOR inhibited 
the proliferation of DU145 cells by activating apoptosis 
and autophagy (34). Da Silva reported that rapamycin 
reduced HEPG2 cell proliferation via an increase of free 
radicals and apoptosis (35). Furthermore, Fernandes-Silva 
G reported that mTOR inhibitors disrupted autophagy 
and inhibited cell proliferation (36). In our study, we 
found that blocking mTOR1 by rapamycin inhibited the 
proliferation of TSCs. The OD value was significantly 
higher when both mTOR1 and mTOR2 were blocked, 
which mean that blocking of mTOR2 promoted the 
proliferation of TSCs. However, it did not increase the 
OD value when the mTOR2 was activated by MHY1485; 
on the contrary, the OD value significantly decreased 
when mTOR2 was blocked using KU0062794. The results 
showed that blocking mTOR1 inhibited the proliferation 
of TSCs, while the blocking of mTOR2 enhanced the 
proliferation of TSCs; however, mTOR1 was dominate in 
the proliferation of TSCs.

The mechanism by which rapamycin inhibits mTOR 
activity in TSCs is still unclear. Rodrik-Outmezguine 
delineated the resistance mechanisms likely involved 
in the existing mTOR inhibitors in human cell lines 
(37). The mTOR pathway can be induced by a variety 
of mechanisms, including cytokine receptors such as 
PDGF receptors and by environmental cues (26), 
phosphoinositide 3 kinase (PI3K)–AKT–mTOR pathway 
in human cancers (38). Ma found that the PI3K–
AKT pathway and the extracellular signal regulated 
cell growth and proliferation by inhibiting the tumor 
suppressor complex (23). MHY1485 has an inhibitory 
effect on the autophagic process by inhibiting the fusion 
between autophagosomes and lysosomes (17). mTOR2 
mediated spatial control of cell growth by polarizing 
the actin cytoskeleton (39). In brief, the function and 
mechanism of mTOR in cell proliferation involves 

cell type specific regulation. An important avenue for 
future researches is to delineate between upstream 
signals and downstream effectors that are crucial for 
dictating mTOR1 activity in different cell types. Taken 
together, blocking of mTOR inhibited the proliferation 
of TSCs, and mTOR1 might play more important roles 
in proliferation. The mechanisms though which mTOR 
regulates TSC’ proliferation may be dependent on the 
ratio of phosphoinositide in mTOR1 and mTOR2. Further 
research is needed to investigate the upstream signals that 
modulate mTOR activity and the associated downstream 
components; we also need to confirm the conditions that 
regulated the ratio of phosphoinositide in mTOR1 and 
mTOR2.

Non-tenocyte differentiation of TSCs was thought to be 
an underlying factor in tendinopathy. mTOR regulated 
differentiation in different eukaryotic cells, including 
dendritic cells (40), retinal pigment epithelium cells 
(41), the leukocytes (42), and they are also involved in 
early neural development (43). Takayama reported that 
mTOR signaling accelerated aging in muscle-derived 
stem/progenitor cells isolated from a murine model 
(44). Moreover, activating the mTOR signaling pathway 
could induce myogenic differentiation and myotube 
hypertrophy (45). In our study, we found that blocking 
of mTOR1 by rapamycin enhanced the expression of 
TNC; however, blocking of mTOR2 led to the decreased 
expression of TNC. Moreover, the expression of TNC 
significantly increased when activated by MHY1485. 
These results highlighted that mTOR2 positively 
promoted the differentiation of tenocyte; however, 
mTOR1 might negatively modulate tenogenesis.

We found when mTOR1 was blocked by rapamycin 
and when mTOR2 was activated by MHY1485, 
addipogenesis differentiation was inhibited. In addition, 
blocking both mTOR1 and mTOR2 decreased the 
expression of AP2 as well. This meant that mTOR2 played 
more important roles in the adipogenesis of TSCs. Our 
results coincided with those of Bezzerri V, reported that 
adipose-specific disruption of rictor increased body size 
in a striking defect mouse model (46). The inhibition 
of mTORC1-mediated PPARγ expression decrease the 
adiposity in adipocytes (10).

Hu reported that mTOR attenuated osteoplastic 
differentiation of MC3T3-E1 cells (47). In addition, 
mTOR activated by MHY1485 promoted osteoblastic 
differentiation in T-cell differentiation (48). In this study, 
the results showed that blocking mTOR1 by rapamycin 
or both of mTOR1 and mTOR2 by Ku0063794 did not 
significantly change the expression of Runx2; however, 
the expression of Runx2 increased when mTOR2 
was activated. Collectively, the results indicated that 
mTOR2 was inclined to lead TSCs’ differentiation into 
osteogenesis when compared with mTORC1.

Zaseck found that age-associated calcification 
of Achilles tendons and accompanying elevations in 
expression of chondrocyte and osteoblast markers were 
all lower in old eRAPA-fed mice. Their results suggested 
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that long-term administration of rapamycin responsible 
for aging of tendon extracellular matrix. And Gharibi 
B found that inhibition of Akt/mTOR attenuates age-
related changes in mesenchyme stem cells too (49). As 
we found in our research, mTOR played important roles 
in the proliferation and differentiation of TSCs. That is 
probably the reason that mTOR affects the aging process.

Collectively, mTOR2 and mTOR1 were both positively 
and negatively implicated in the differentiation of 
tenocyte, respectively. However, mTOR2 played more 
important roles in the adipogenesis and osteogenesis 
of TSCs. In addition, In addition, these effects might be 
does-dependent. Therefore, the exact mechanism of how 
mTOR regulates the differentiation of TSCs remains to be 
further examined.

There are some limitations of this study. Firstly, we did 
not investigate the probable molecular mechanisms which 
mTOR regulated the proliferation and differentiation of 
TSCs. Also, we did not perform the positive regulation 
of mTOR1 or mTOR2, as we did not use a transfection 
technique (10, 13). However, this study focused on 
characterizing the effects of mTOR on TSCs. Thus, this 
limitation does not undermine our conclusion. Further 
studies are needed to shed light on the mechanisms and 
the roles of mTOR1 and mTOR2, respectively.

In summary, this is the first study to delve into the 
effects of mTOR on TSCs in vitro. The findings reported 
herein show that mTOR played important roles in the 
proliferation and differentiation of TSCs. Furthermore, 
mTOR1 and mTOR2 played different roles on the 
proliferation and differentiation of TSCs. Blocking 
mTOR1 inhibited the proliferation of TSCs and played 
a dominant function. Blocking of mTOR1 enhanced the 
expression of tenocyte related genes; however, blocking 
of mTOR2 inhibited the expression of TNC. Blocking 
of mTOR1 by rapamycin decreased the expression of 
ap2 and activation of mTOR2 induced the expression of 
Runx2.
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