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Abstract: Osteosarcoma is a rare malignant bone tumor in adolescents, with high degree of malignancy, and highly 
incidence of recurrence and metastasis. Our study aimed to explore the role of miR-101 in osteosarcoma cells by tar-
geting ROCK1. In the present study, reverse transcription-quantitative polymerase chain reaction data revealed that 
miR-101 was down-regulated in the tissue samples of 20 patients with osteosarcoma compared with their matched 
adjacent non-tumor tissues (P < 0.01). Furthermore, miR-101 was significantly down-regulated in three common 
OS cell lines, MG63, U2OS, and OS732 compared with the human osteoblast cell line, hFOB1.19 (P < 0.01). MiR-
101 was shown to target the ROCK1 3’-UTR in dual-luciferase reporter assays in MG63 cells. Overexpression of 
miR-101 significantly suppressed the protein expression levels of ROCK1, while knockdown of miR-101 significantly 
enhanced the formers’ expression levels in MG63 cells (P < 0.05). Overexpression of miR-101 inhibited cell viability, 
migration, and invasion while promoted apoptosis. Independent inhibition of ROCK1 and knockdown of miR-101 
expression levels significantly promoted MG63 cell proliferation, migration and invasion while inhibited apoptosis 
(P < 0.01). Moreover, knockdown of ROCK1 reversed the promotion effect of miR-101 knockdown on proliferation, 
migration, and invasion while promoted apoptosis of MG63 cells, suggesting that miR-101 acts as a tumor suppres-
sor in osteosarcoma cells via targeting ROCK1. Furthermore, overexpression of miR-101 inhibited tumor growth 
and motion by inactivating PI3K/AKT and JAK/STAT signaling pathways via downregulation of ROCK1. To conclude, 
miR-101/ROCK1 may be a potential therapeutic target for osteosarcoma therapy.
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Introduction

Osteosarcoma is a rare malignant bone tumor 
in adolescents, with high degree of malignancy, 
and highly incidence of recurrence and metas-
tasis [1, 2]. It is characterized by the direct for-
mation of immature bone or osteoid tissue by 
the tumor cells [1]. The most common symp-
toms include pain and swelling in the affected 
bone and is more commonly observed in young 
adults and adolescents [1, 3]. The relative 
5-year survival rate of young-onset osteosar-
coma is 61.6% globally [4]. Therapeutic strate-
gies for treating osteosarcoma include surgical 
resection combined with radiotherapy and che-
motherapy [3]. The overall survival still remains 
poor despite this treatment [3]. Few studies 
have demonstrated that certain oncogenes or 
tumor suppressors were deregulated in the 
osteosarcoma disease condition. Therefore, 

continued investigations for discovering poten-
tial therapeutic targets in the above mentioned 
areas may improve the overall survival rate 
associated with osteosarcoma [5]. 

MicroRNAs (miRNAs) are a class of highly con-
served small molecule RNA, which is widely 
expressed in eukaryotic cells [6]. Recent stud-
ies have confirmed that the expression of miR-
NAs in normal tissues is different from the 
expression in tumor tissues, and many miRNAs 
have been reported to play an important role in 
the growth and metastasis of tumor cells [7]. 
For example, miR-199a-3p is downregulated in 
osteosarcoma and regulates the cell prolifera-
tion and migration [8]. Another example include 
miR-218 which revealed inhibition of osteosar-
coma cell migration and invasion by targeting 
T-cell lymphoma invasion and metastasis 1, 
and matrix metalloproteinases 2 and 9 [8]. 
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MiR-101 deregulation has been demonstrated 
to be involved in several types of human malig-
nances [9, 10]. MiR-101 is considered to be a 
tumor suppressor, which is down-regulated in 
gastric cancer, non-small cell lung cancer, colon 
cancer, and hepatocellular carcinoma cells [9, 
10]. The downregulation of miR-101 in gastric 
cancer is associated with cyclooxygenase-2 
(Cox-2) overexpression and tumor growth [11]. 
Recently, miR-101 has been implicated in 
osteosarcoma. For example, Chang et al report-
ed that miR-101 blocked the autophagy of 
osteosarcoma cells and thus enhanced osteo-
sarcoma cell chemosensitivity [12]. Over- 
expression of miR-101 can inhibit tumor cell 
proliferation, migration and invasion. However, 
the effects of miR-101 on human osteosarco-
ma cells are still unclear. Another study has 
revealed that miR-101 inhibited the metastasis 
of OS cells by targeting enhancer of zeste 2 
polycomb repressive complex 2 subunit (EZH2) 
[2]. In addition, miR-101 was revealed to inhibit 
proliferation and induce the apoptosis of osteo-
sarcoma cells by targeting mechanistic target 
of rapamycin (mTOR) [13]. The above discussed 
findings suggest that miR-101 has a tumor sup-
pressive role in osteosarcoma. The underlying 
mechanism of miR-101 in regulating the prolif-
eration, migration, invasion and apoptosis of 
osteosarcoma cells still remains unclear. In 
addition, as miR has various target genes [14], 
other targets of miR-101 may also be involved 
in the effect of miR-101 on the malignant phe-
notypes of osteosarcoma cells.

Hence, the present study aimed to explore the 
molecular mechanism involving miR-101 in reg-
ulating the proliferation, migration, invasion 
and apoptosis of osteosarcoma cells.

Materials and methods

Clinical specimens

Clinical human osteosarcoma tissues and the 
corresponding normal osteoblast (n = 20) were 
attained from China-Japan Union Hospital of 
Jilin University (Changchun, China). None of the 
patients received any therapies before surgery. 
Informed consents from every patient were 
obtained, and the present study was approved 
by the Medical Ethics Committee of the China-
Japan Hospital of Jilin University.

Cell culture 

The human osteosarcoma cell lines MG63, 
U2OS, OS732 and human osteoblast cell lines 
hFOB1.19 were obtained from Shanghai 
Institutes for Biological Sciences Cell Resource 
Center and were cultured in high glucose 
Dulbecco’s Modified Eagle’s Medium (DMEM) 
supplemented with 10% fetal bovine serum 
(Gibco, Carlsbad, CA, USA). All the cells were 
incubated at 37°C in a humidified incubator 
with 5% CO2.

MiRNAs transfection

MiR-101 mimic, si-miR-101 si-ROCK1 and the 
NC controls were synthesized by GenePharma 
Co. (Shanghai, China). Cell transfections were 
conducted using Lipofectamine 3000 reagent 
(Invitrogen) following the manufacturer’s pro- 
tocol.

CCK-8 assay

Cells were seeded in 96-well plate with 5000 
cells/well. Cell proliferation was assessed by a 
Cell Counting Kit-8 (CCK-8, Dojindo Molecular 
Technologies, Gaithersburg, MD). Briefly, after 
stimulation, the CCK-8 solution was added to 
the culture medium, and the cultures were incu-
bated for 1 hour at 37°C in humidified 95% air 
and 5% CO2. The absorbance was measured at 
450 nm using a Microplate Reader (Bio-Rad, 
Hercules, CA, USA).

Migration and invasion assay

Cell migration was determined by using a modi-
fied two-chamber migration assay with a pore 
size of 8 mm. For migration assay, cells sus-
pended in 200 ml of serum-free medium were 
seeded on the upper compartment of 24-well 
Transwell culture chamber, and 600 ml of com-
plete medium was added to the lower compart-
ment. After incubation at 37°C, cells were fix- 
ed with methanol. Non-traversed cells were 
removed from the upper surface of the filter 
carefully with a cotton swab. Traversed cells on 
the lower side of the filter were stained with 
crystal violet and counted.

The invasion behavior of was determined using 
24-well Millicell Hanging Cell Culture inserts 
with 8 mm PET membranes (Millipore, Bedford, 
Massachusetts, USA). Briefly, after the cells 
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were treated for indicated condition, 5.0 × 104 
cells in 200 μl serum-free DMEM medium were 
plated onto BD BioCoatTMMatrigel TM Invasion 
Chambers (8 μM pore size polycarbonate fil-
ters; BD Biosciences), while complete medium 
containing 10% FBS was added to the lower 
chamber. After processing the invasion cham-
bers for 48 hours (37°C, 5% CO2) in accordance 
with the manufacturer’s protocol, the non-
invading cells were removed with a cotton 
swab; the invading cells were fixed in 100% 
methanol and then stained with crystal violet 
solution and counted microscopically. The data 
are presented as the average number of cells 
attached to the bottom surface from five ran-
domly chosen fields.

Apoptosis assay

Cell apoptosis analysis was performed using 
propidium iodide (PI) and fluorescein isothiocy-
nate (FITC)-conjugated Annexin V staining. 
Briefly, cells were washed in phosphatebuffered 
saline (PBS) and fixed in 70% ethanol. Fixed 
cells were then washed twice in PBS and 
stained in PI/FITC-Annexin V in the presence of 
50 μg/ml RNase A (Sigma-Aldrich), and then 
incubated for 1 h at room temperature in the 
dark. Flow cytometry analysis was done by 
using a FACS can (Beckman Coulter, Fullerton, 
CA, USA). The data were analyzed by using 
FlowJo software.

QRT-PCR

Total RNA was extracted from cells and tissues 
using Trizol reagent (Life Technologies Cor- 
poration, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. The Taqman Micro- 
RNA Reverse Transcription Kit and Taqman 
Universal Master Mix II with the TaqMan 
MicroRNA Assay of miR-101 and U6 (Applied 
Biosystems, Foster City, CA, USA) were used for 
testing the expression levels of miR-101 in 
cells. 

Dual luciferase activity assay

The 3’UTR target site was generated by PCR 
and the luciferase reporter constructs with the 
ROCK1 3’UTR carrying a putative miR-101-bind-
ing site into pMiR-report vector were amplified 
by PCR. Cells were co-transfected with the 
reporter construct, control vector and miR-101 
or scramble using Lipofectamine 3000 (Life 

Technologies, USA). Reporter assays were  
done using the dual-luciferase assay system 
(Promega) following to the manufacturer’s 
information.

Western blot

The protein used for western blotting was 
extracted using RIPA lysis buffer (Beyotime 
Biotechnology, Shanghai, China) supplemented 
with protease inhibitors (Roche, Guangzhou, 
China). The proteins were quantified using the 
BCA™ Protein Assay Kit (Pierce, Appleton, WI, 
USA). The western blot system was established 
using a Bio-Rad Bis-Tris Gel system according 
to the manufacturer’s instructions. Primary 
antibodies were prepared in 5% blocking buffer 
at a dilution of 1:1,000. Primary antibody was 
incubated with the membrane at 4°C overnight, 
followed by wash and incubation with second-
ary antibody marked by horseradish peroxidase 
for 1 hour at room temperature. After rinsing, 
the Polyvinylidene Difluoride (PVDF) membrane 
carried blots and antibodies were transferred 
into the Bio-Rad ChemiDoc™ XRS system, and 
then 200 μl Immobilon Western Chemilu- 
minescent HRP Substrate (Millipore, MA, USA) 
was added to cover the membrane surface. The 
signals were captured and the intensity of the 
bands was quantified using Image Lab™ 
Software (Bio-Rad, Shanghai, China).

Statistical analysis

All experiments were repeated three times. The 
results of multiple experiments are presented 
as mean ± SD. Statistical analyses were per-
formed using SPSS 19.0 software. P-values 
were calculated using one-way analysis of vari-
ance (ANOVA). P-value of < 0.05 was consid-
ered to be statistically significant.

Results

MiR-101 is downregulated in osteosarcoma 
tissues and cell lines

To reveal the role of miR-101 in osteosarcoma, 
RT-qPCR was performed to examine the expres-
sion levels of miR-101 in the tissue samples of 
20 patients with osteosarcoma, with adjacent 
normal tissues from the respective patients 
used as controls. As revealed in Figure 1A, miR-
101 was frequently downregulated in osteosar-
coma tissues compared with their adjacent 
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non-tumor tissues (P < 0.01). Following this, the 
expression levels of miR-101 in several com-
mon osteosarcoma cell lines, MG63, U2OS, 
and OS732 were investigated. The human 
osteoblast cell line hFOB1.19 was used as a 
control. The data of the present study revealed 
that miR-101 was significantly downregulated 
in osteosarcoma cell lines compared with the 
human osteoblast cell line, hFOB1.19 (Figure 
1B, P < 0.01). In addition, MG63 cells displayed 
the significant decrease in miR-101 expression 
levels. Therefore, MG63 cells were used in the 
subsequent investigations in the present study.

Abnormal expression of miR-101 on cell viabil-
ity, migration, invasion, and apoptosis

MG63 cells were separately transfected with 
miR-101 mimics. qRT-PCR analysis was per-
formed to detect the expression level of miR-
101 after transfection. The expression level of 
miR-101 was significantly upregulated in the 
MG63 cells after treatment with miR-101 mim-
ics, compared with the scramble (P < 0.001, 
Figure 2A). Meanwhile, there was a significant 
difference in the miR-101 expression between 
the si-NC and si-miR-101 (P < 0.01, Figure 2A). 
This suggested that the expression of miR-101 
was either knock down or overexpressed in the 
MG63 cells. 

Cell viability of MG63 cells was determined by 
the influence of miR-101 on the MG63 cells, by 
performing CCK8 assay. Figure 2B demonstrat-
ed that miR-101 significantly reduced the viabil-

ity of MG63 cells, compared to the scramble (P 
< 0.05). Figure 2B also showed that there was 
a significant reduction in the si-NC compared to 
the si-miR-101 group (P < 0.05). This suggested 
that overexpression of miR-101 inhibited cell 
viability, while knockdown of miR-101 promoted 
the cell viability. 

We used the Transwell assay to measure the 
migratory and invasive capacities of MG63 
cells. The results showed that osteosarcoma 
cells treated with the miR-101 mimics displayed 
significantly lower transwell migration capacity, 
compared with the cells untreated or treated 
with the NC mimics (P < 0.05, Figure 2C and 
2D). In the invasion assay, ectopic expression 
of miR-101 led to significantly decreased inva-
sion of the osteosarcoma cells (P < 0.05, Figure 
2C and 2D). These results indicate a functional 
role for miR-101 in downregulating the migra-
tion and invasion of osteosarcoma cells.

Apoptosis assay was performed to determine 
the apoptotic rate of cells. MiR-101 mimics 
treatment resulted in a significant increase in 
osteosarcoma cell apoptosis. (P < 0.001, Fig- 
ure 2E). This suggested that overexpression of 
miR-101 promoted cell apoptosis, and knock-
down of miR-101 inhibited the cell apoptosis 

ROCK1 was a target of miR-101

ROCK1 was hypothesized to be a potential tar-
get of miR-101. Figure 3A demonstrated that 
miR-101 negatively regulated the expression of 

Figure 1. MiR-101 was downregulated in osteosarcoma tissues and cell lines. A. MiR-101 was downregulated in 
osteosarcoma tissues. B. MiR-101 was downregulated in osteosarcoma cell lines. Data represent the mean ± SD of 
three independent experiments. **P < 0.01.
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ROCK1. To verify whether miR-101 was able to 
directly bind to its seed sequences in the 
c-ROCK1 3’-UTR in MG63 cells, ROCK1-wt and 
ROCK1-mt containing the wild-type and mutant 
binding sequences of miR-101 within the 
3’-UTR of ROCK1 mRNA were generated, 

respectively (Figure 3B). A luciferase reporter 
assay revealed that the luciferase activity was 
significantly reduced in MG63 cells when co-
transfected with ROCK1-wt in miR-101 mimics 
compared with the control group (P < 0.01). 
However, the luciferase activity revealed no sig-

Figure 2. Abnormal expression of miR-101 on cell vi-
ability, migration, invasion, and apoptosis. A. Expres-
sion of miR-101 was knock down or overexpressed. B. 
Overexpression of miR-101 inhibited cell viability, and 
knockdown of miR-101 promoted the cell viability. C. 
Overexpression of miR-101 inhibited cell migration, 
and knockdown of miR-101 promoted the cell migra-
tion. D. Overexpression of miR-101 inhibited cell inva-
sion, and knockdown of miR-101 promoted the cell 
invasion. E. Overexpression of miR-101 promoted cell 
apoptosis, and knockdown of miR-101 inhibited the 
cell apoptosis. Data represent the mean ± SD of three 
independent experiments. *P < 0.05; **P < 0.01.
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nificant difference in MG63 cells co-transfect-
ed with ROCK1-mt and miR-101 mimics when 
compared with the control group (Figure 3B). 
The data indicates that miR-101 is able to 
directly bind to its seed sequences in the 
ROCK1 3’-UTR in U2OS cells. Therefore, ROCK1 
was identified as a target of miR-101 in MG63 
cells. 

MiR-101 inhibits proliferation, migration and 
invasion and promotes apoptosis in osteosar-
coma cells by inhibiting ROCK1

The effects of miR-101 and ROCK1 on the pro-
liferation, migration, invasion and apoptosis of 
MG63 cells were investigated. ROCK1 expres-
sion was significantly downregulated by si-
miR-101 and si-ROCK1 treatment (Figure 4A). 
Results identified that miR-101 knockdown  
or ROCK1 knockdown significantly inhibited 
MG63 cell proliferation (P < 0.01, Figure 4B), 
migration and invasion (P < 0.001, Figure 4C 
and 4D, respectively). Apoptosis results showed 
that knockdown of miR-101 significantly inhib-
ited cell apoptosis by upregulation of ROCK1 (P 
< 0.0001, Figure 4E). However, the suppres-
sive effect of miR-101 overexpression on MG63 
cell proliferation, migration and invasion was 
reversed by the upregulation of ROCK1. The 
aforementioned data suggest that miR-101 
inhibits MG63 cell proliferation, migration and 
invasion, to a certain extent, via targeting 
ROCK1.

PI3K/AKT and JAK/STAT pathways

To clarify the signaling pathways involved in the 
functional effects of MG63 cells mediated by 
the interaction between miR-101 and ROCK1, 
we investigated the expression of components 
of the pathways by PI3K/AKT and JAK/STAT 
pathways. As shown in Figure 5A, miR-101 
overexpression resulted in downregulated 
ROCK1 expression, which was associated with 
downregulated expression of p-PI3K and p-AKT. 
Knockdown of miR-101 alone resulted in upreg-
ulated expression of ROCK1, while expression 
of both p-PI3K and p-AKT increased. As shown 
in Figure 5B, miR-101 overexpression resulted 
in downregulated ROCK1 expression, which 
was associated with downregulated expression 
of p-JAK1 and p-STAT3. Knockdown of miR-101 
alone resulted in upregulated expression of 
ROCK1, while expression of both p-JAK1 and 
p-STAT3 increased. These effects were abol-
ished by concurrent knockdown of both miR-
101 and ROCK1.

Discussion

Several studies in the recent years have dem-
onstrated significant roles of miRNAs in the eti-
ology of cancer and are implicated in numerous 
biological processes in a wide range of can-
cers, including metastasis. During cancer pro-
gression, aggressive tumor cell metastasis is 
an important step, and it also contributes to the 

Figure 3. ROCK1 was a target of miR-101. A. MiR-101 negatively regulated the expression of ROCK1. B. Dual lucifer-
ase activity assay showed that ROCK1 was a target of miR-101. Data represent the mean ± SD of three independent 
experiments. *P < 0.05; **P < 0.01.
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secondary tumor formation at distant sites. 
Studies have reported that several miRNAs, 
such as miR-126, miR-335 and miR-145, are 

metastasis suppressors [15, 16]. These data 
bring new insights into novel therapeutic strate-
gies in highly-metastatic tumors which includes 

Figure 4. MiR-101 inhibits proliferation, migration and invasion and promotes apoptosis in osteosarcoma cells by 
inhibiting ROCK1. A. Effects of knockdown of miR-101 and/or ROCK1 on expression of ROCK1. B. Knockdown of 
miR-101 promoted cell viability by upregulation of ROCK1, and the effect was reversed by knockdown of ROCK1. C. 
Knockdown of miR-101 promoted cell migration by upregulation of ROCK1, and the effect was reversed by knock-
down of ROCK1. D. Knockdown of miR-101 promoted cell invasion by upregulation of ROCK1, and the effect was 
reversed by knockdown of ROCK1. E. Knockdown of miR-101 inhibited cell apoptosis by upregulation of ROCK1, and 
the effect was reversed by knockdown of ROCK1. Data represent the mean ± SD of three independent experiments. 
**P < 0.01; ***P < 0.001.
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osteosarcoma, in which pulmonary metastasis 
is the leading cause of death [17]. 

The effects and mechanisms of miR-101 on the 
growth and movement of human osteosarcoma 
cells were studied. Studies have shown that the 
expression of miR-101 was downregulated in 
many tumors. Similarly, the expression of miR-
101 was also downregulated in osteosarcoma 
tissue and osteosarcoma cell lines, indicating 
that miR-101 may also serve as a tumor sup-
pressor in osteosarcoma. Overexpression of 
miR-101 could inhibit the proliferation, migra-
tion, and invasion of osteosarcoma cells, and 
promote cell apoptosis. MiR-101 knockdown 
showed contrary results. ROCK1 is a serine/
threonine kinase that belongs to the Rho family 
of GTPase proteins that facilitate the reorgani-
zation of the actin cytoskeleton, a pivotal event 

targeting SRY-box 9 [19]. Another study by Lei 
et al [20] reported that miR-101 inhibited 
migration and invasion, and enhanced the cis-
platin chemosensitivity, of bladder cancer cells 
via vascular endothelial growth factor C inhibi-
tion. Other study by Guo et al [19] identified 
that miR-101 suppressed the epithelial-to-mes-
enchymal transition in the ovarian carcinoma 
cells by targeting zinc finger E-Box binding 
homeobox 1 and 2. Several studies have dem-
onstrated the role of miR-101 in osteosarcoma 
[2, 12, 13]. Also, one of the study by Lin et al 
[13] demonstrated that miR-101 overexpres-
sion inhibited the proliferation and promoted 
the apoptosis of Saos-2 cells in an mTOR-
dependent manner. 

To our knowledge this is the first study that 
demonstrates the association between miR-

Figure 5. PI3K/AKT and JAK/STAT pathways. A. Overexpression of miR-101 
inhibited PI3K/AKT pathway by ROCK1 downregulation. B. Overexpression of 
miR-101 inhibited JAK/STAT pathway by ROCK1 downregulation.

during cell motion and in- 
vasion. We found that miR-
101 negatively regulated the 
expression of ROCK1, and 
ROCK1 was a target of miR-
101. Overexpression of miR-
101 inhibited cell prolifera-
tion, migration and invasion 
and promoted cell apoptosis 
by downregulating the expres-
sion of ROCK1. Further stud-
ies showed that overexpres-
sion of miR-101 inhibited 
tumor growth and motion by 
inactivating PI3K/AKT and 
JAK/STAT signaling pathways 
via downregulation of ROCK1.

The tumor suppressive role of 
miR-101 has been demon-
strated in several types of 
human cancer, including os- 
teosarcoma. Zhang et al [18] 
in their study revealed that 
the expression levels of miR-
101 were significantly de- 
creased in hepatocellular car-
cinoma (HCC), while its do- 
wnregulation was associated 
with tumor aggressiveness 
and poor prognosis. The study 
by Zhang et al also demon-
strated that overexpression of 
miR-101 significantly inhibit-
ed the proliferation and tu- 
morigenicity of HCC cells by 
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101 and ROCK1 which has also been identified 
to be beneficial in osteosarcoma. Previous 
studies have demonstrated the screening of 
human protein kinases by using a lentiviral 
short hairpin RNA (shRNA) library in osteosar-
coma cell lines [21, 22]. Rho-associated coiled-
coil containing protein kinase 1 (ROCK1) is one 
of the four kinases, when inhibited by shRNA 
that resulted in the decreased cell viability and 
increased apoptosis in osteosarcoma [23]. 
Since ROCK1 is a unique kinase with no previ-
ously described role in osteosarcoma, and 
hence was selected for further study. Lie et al 
study have demonstrated that knockdown of 
ROCK1 decreased cell proliferation and in- 
duced cell death in both osteosarcoma cell 
lines [23]. In addition, ROCK1 overexpression is 
associated with poor prognosis in osteosarco-
ma patients, indicating that ROCK1 might be a 
prognosis marker and therapeutic target for the 
treatment of osteosarcoma [24]. Several other 
recent study reports have demonstrated the 
cell survival effects that were mediated by 
ROCK1 in epithelial, endothelial, and cancer 
cells [25].

Overexpression of miR-101 inhibited tumor 
growth and motion by inactivating PI3K/AKT 
and JAK/STAT signaling pathways via downreg-
ulation of ROCK1. The PI3K/Akt pathway is the 
most frequently activated signal transduction 
pathways associated with osteosarcoma [26]. 
This in turn contributes to the disease initiation 
and development, uncontrolled cell prolifera-
tion, tumor cell invasion and metastasis, cell-
cycle progression, inhibition of apoptosis, 
angiogenesis, and chemoresistance. The PI3K/
Akt pathway is activated by the binding of 
ligands to the respective RTKs (including IGF-
1R, c-Met, and EGFR). Several studies have 
demonstrated the role of PI3K/AKT in osteosar-
coma [27, 28]. Downstream signals activate 
targets involved in cell survival and inactivate 
pro-apoptotic proteins. Similar to this pathway 
JAK/STAT also was inactivated by miR-101.

In conclusion, the present study suggests that 
miR-101 has a suppressive role in the regula-
tion of osteosarcoma cell proliferation, migra-
tion, invasion, and apoptosis to a certain extent, 
via targeting ROCK1. The inactivation of PI3K/
AKT and JAK/STAT pathways may be also 
involved. These findings provide an improved 
understanding of the mechanism by which  

miR-101 is involved in the pathogenesis of 
osteosarcoma. This information is critical for 
the development of novel therapies for 
osteosarcoma. 
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