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Osteosarcoma is one of the most aggressive malignancies with poor prognosis rates. Many studies have demon-
strated that miRNAs were involved in osteosarcoma, but the role of miR-103a in osteosarcoma remains elusive.
In this study, we detected the expression levels of miR-103 in osteosarcoma and non-osteosarcoma tissues
and cell lines. The binding effect of miR-103 on p57 was detected by luciferase reporter assay. After altering
expressions of miR-103 or p57, viability, migration, invasion, and apoptosis of MG63 cells and expressions
of proteins related with the JINK/STAT and mTOR pathways were all detected. We found the higher expres-
sion of miR-103 in osteosarcoma tissues and cell lines compared with non-osteosarcoma tissues and cell lines.
miR-103 overexpression promoted survival, migration, and invasion of MG63 cells. Knockdown of miR-103a
inhibited cell survival, migration, and invasion by upregulating the expression of p57, which was a target
of miR-103. Moreover, miR-103a overexpression activated the JNK/STAT and mTOR pathways probably
through inhibiting pS7 expression. In conclusion, miR-103a acted as an oncogene in osteosarcoma, probably

through activating the JNK/STAT and mTOR pathways by inhibiting p57 expression.

Key words: Osteosarcoma; miR-103a; p57; Mammalian target of rapamycin (mTOR) pathway;
Janus kinase/signal transducer and activator of transcription (JNK/STAT) pathway

INTRODUCTION

Osteosarcoma, although quite rare and accounting for
only 0.5% of the different varieties of cancer, is the most
common type of bone cancer affecting mainly a younger
population'. Osteosarcoma is considered as one of the
most aggressive varieties of cancer with a 5-year survival
rate of 60%—70% in patients without metastasis’. How-
ever, the prognosis is quite grave in patients with metas-
tasis, which is quite common. In the past three decades,
multidrug chemotherapy combined with surgical removal
of the tumor has significantly improved the outcomes of
osteosarcoma™*,

Hence, exploration of different effector molecules and
different signal pathways involved in the pathogenesis of
osteosarcoma is of utmost importance, which might help
in the identification of newer drug targets to improve the
existing drug therapy of osteosarcoma.

MicroRNAs (also known as miRs or miRNAs) are a
group of small noncoding type of RNAs present in dif-
ferent eukaryotic cells. miRNAs usually consist of 17-25
nucleotides”’. miRNAs play several important and di-
verse biological functions that are mainly responsible for

posttranscriptional regulation of gene expression through
binding with complementary sites on the untranslated
regions (UTRs) of corresponding RNAs®.

To date, approximately 1,000 miRNAs have been
identified with elucidation of their diverse physiologi-
cal and pathological roles. miRNAs are known to act as
oncogenes and contradictorily sometimes act as tumor
suppressors in tumorigenesis and metastasis’®. Several
studies have described the role of aberrant expressions
of different miRNAs in a number of diseases, including
osteosarcoma’’. Commonly studied miRNAs involved in
the pathogenesis of osteosarcoma are miR-212, miR-33b,
and miR-503, among others™""".

miRNA-103a sometimes acts as a tumor suppressor
as in prostate cancer, and at the same time, miRNA-103a
might facilitate tumorigenesis and metastasis, such as in
colorectal cancer' ™.

Several studies have explored the role of miR-103a
in a number of other diseases; its role in osteoporosis
remains elusive' ™.

Cell cycle progression is regulated by several factors
including cyclin-dependent kinases (CDKs), which also
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help in the stimulation of cell cycle progression'’. On
the other hand, inhibition of CDKs leads to arrest of the
cell cycle and induction of apoptosis and senescence.
Important factors that were involved in the inactivation of
cell cycle include CDK inhibitors (CKIs). Of these CKIs,
pS7 is the least studied member, and most of the studies
have explored its role in embryogenesis. Currently, sev-
eral studies have revealed the role of p57 as an antionco-
gene in several cancers”.

In this study, we have explored the role of miR-103a
and also elucidated the relationship between miR-103a
and p57 in spinal osteosarcoma.

MATERIALS AND METHODS
Clinical Specimens

Clinical human spine osteosarcoma tissues and the cor-
responding normal spine osteoblasts (n=20) were attained
from Qingdao Municipal Hospital (Shandong, PR. China).
None of the patients received any therapies before sur-
gery. Informed consent from every patient was obtained,
and the present study was approved by the Medical
Ethics Committee of the Qingdao Municipal Hospital.

Cell Culture

The human osteosarcoma cell lines MG63, U20S,
and OS732 and the human osteoblast cell line hFOB1.19
were obtained from Shanghai Institutes for Biological
Sciences Cell Resource Center; the cells were cultured
in high-glucose DMEM supplemented with 10% fetal
bovine serum (FBS; Gibco, Carlsbad, CA, USA). All the
cells were incubated at 37°C in a humidified incubator
with 5% CO,.

Transfection of miRNAs

miR-103 mimic, si-miR-103, si-p57, and the NC
controls were synthesized by GenePharma Co. (Shang-
hai, P.R. China). Cell transfections were conducted using
Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA,
USA) following the manufacturer’s protocol.

CCK-8 Assay

Cells were seeded in a 96-well plate with 5,000 cells/
well, and cell proliferation was assessed using cell count-
ing kit-8 (CCK-8; Dojindo Molecular Technologies,
Gaithersburg, MD, USA). Briefly, after stimulation, the
CCK-8 solution was added to the culture medium, and the
cultures were incubated for 1 h at 37°C in humidified 95%
air and 5% CO,. The absorbance was measured at 450 nm
using a microplate reader (Bio-Rad, Hercules, CA, USA).

Migration and Invasion Assays

Cell migration was determined using a modified
two-chamber migration assay with a pore size of 8§ pm.
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For the migration assay, cells suspended in 200 ml of
serum-free medium were seeded on the upper compart-
ment of a 24-well Transwell culture chamber, and 600 ml
of complete medium was added to the lower compart-
ment. After incubation at 37°C, cells were fixed with
methanol. Nontraversed 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.

For the invasion assay, 5.0x10* cells in 200 pl of
serum-free DMEM were plated onto BD BioCoat™
Matrigel™ Invasion Chambers (8-um pore size polycar-
bonate filters; BD Biosciences), and complete medium
containing 10% FBS was added to the lower chamber.
After processing the invasion chambers for 48 h (37°C,
5% CQO,) in accordance with the manufacturer’s proto-
col, the noninvading 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 aver-
age number of cells attached to the bottom surface from
five randomly chosen fields.

Apoptosis Assay

Cell apoptosis analysis was performed using pro-
pidium iodide (PI) and fluorescein isothiocynate (FITC)-
conjugated annexin V staining. Briefly, cells were washed
in phosphate-buffered saline (PBS) twice. Then cells were
stained in PI/FITC-annexin V in the presence of 50 pg/
ml RNase A (Sigma-Aldrich) and then incubated for
1 h at room temperature in the dark. Flow cytometry
analysis was done using a FACScan (Beckman Coulter,
Fullerton, CA, USA). The data were analyzed using
FlowlJo software.

gRT-PCR

Total RNA was extracted from cells and tissues using
TRIzol reagent (Life Technologies Corporation, Carlsbad,
CA, USA) according to the manufacturer’s instructions.
The One-Step SYBR® PrimeScript® PLUS RT-RNA PCR
Kit (TaKaRa Biotechnology, Dalian, P.R. China) was
used for the real-time PCR analysis to test the expres-
sion levels of ANRIL. The TagMan MicroRNA Reverse
Transcription Kit and TagMan Universal Master Mix 11
with the TagMan MicroRNA Assay of miR-103 and U6
(Applied Biosystems, Foster City, CA, USA) were used for
testing the expression levels of miR-103 in cells and tissues.
The 27**Ct method was used to calculate the changes.

Dual-Luciferase Activity Assay

The 3’-UTR target site was generated by PCR, and
the luciferase reporter constructs with the p57 3’-UTR
carrying a putative miR-103 binding site into the
pMiR-REPORT vector (Ambion, Austin, TX, USA) were
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amplified by PCR. Cells were cotransfected with the
reporter construct, control vector, and miR-103 mimic or
scramble using Lipofectamine 3000 (Life Technologies).
Reporter assays were done using the dual-luciferase
assay system (Promega, Madison, WI, USA) following
to the manufacturer’s information.

Western Blot

The protein used for the Western blot was extracted
using RIPA lysis buffer (Beyotime Biotechnology, Shang-
hai, PR. China) supplemented with protease inhibitors
(Roche, Guangzhou, P.R. 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 accord-
ing to the manufacturer’s instructions. Primary antibod-
ies were prepared in 5% blocking buffer at a dilution of
1:1,000. Primary antibody was incubated with the mem-
brane at 4°C overnight, followed by wash and incuba-
tion with secondary antibody marked by horseradish per-
oxidase for 1 h at room temperature. After rinsing, the
polyvinylidene difluoride (PVDF) membrane (Millipore,
Bedford, MA, USA) carrying blots and antibodies were
transferred into the Bio-Rad ChemiDoc™ XRS system,
and then 200 pl of Immobilon Western Chemilumines-
cent HRP Substrate (Millipore) 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, P.R. China).

Statistical Analysis

All experiments were repeated three times. The
results of the multiple experiments are presented as
mean®SD. Statistical analyses were performed using
SPSS 19.0 statistical software. The p values were calculated
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using one-way analysis of variance (ANOVA). A value
of p<0.05 was considered to indicate a statistically sig-
nificant result.

RESULTS

miR-103 Was Upregulated in Tissues and Cell
Lines of Osteosarcoma

Analysis of miR-103a expression in osteosarcoma
tumor cells from patients revealed a significant increase
in miR-103a expression (»p<0.001) compared to nontu-
mor cells (Fig. 1A). Similarly, human osteosarcoma cell
lines MG63, U20S, and OS732 revealed higher expres-
sion of miR-103a compared to the human osteoblast
cell line hFOB1.19 (Fig. 1B). In addition, MG63 cells
displayed a significant increase in miR-103a expres-
sion levels. Therefore, MG63 cells were used in the
subsequent investigations.

Role of miR-103a on Cell Viability, Migration,
Invasion, and Apoptosis

Following transfection of MG63 cells, miR-103a
expression levels were assessed in different groups.
Expression of miR-103a in the miR-103a mimic group
of MG63 cells was significantly (p<0.001) higher com-
pared to the scramble group (Fig. 2A). Again, in the
si-miR-103a group of MG63 cells (following knockdown
of miR-103a), the expression of miR-103a was signifi-
cantly decreased (p<0.01) compared to the siNC group
of MGG63 cells (Fig. 2A).

Analysis of cell viability, migration, and invasiveness
of different groups in MG63 cells revealed a significant
increase (p<0.05) in cell viability (Fig. 2B), migration
(Fig. 2C), and invasiveness (Fig. 2D) in the miR-103a
mimic group compared to the scramble group. Similarly,
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Figure 1. High expression levels of microRNA-103 (miR-103) in nontumor tissues and osteosarcoma cell lines. (A) Expression levels
of miR-103 in osteosarcoma tissues and normal spine osteoblasts from patients were detected by qRT-PCR. (B) Expression levels
of miR-103 in human osteosarcoma cell lines MG63, U20S, and OS732 and human osteoblast cell line hFOB1.19 were detected by

qRT-PCR. **%p<0.001.
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Figure 2. miR-103 promoted viability, migration, and invasion, and its knockdown induced apoptosis of MG63 cells. (A) MG63
cells were transfected with miR-103 mimic, scramble, siNC, and si-miR-103. Then expression levels of miR-103 in transfected MG63
cells were detected by qRT-PCR. (B) The viability of transfected MG63 cells was assessed by the cell counting kit-8 (CCK-8) assay.
(C, D) The migration and invasion of transfected MG63 cells were assessed by Transwell assay. (E) The apoptotic rates of transfected
MG63 cells were detected by flow cytometry. (F) Western blot was used to determine the expression level of apoptosis-related proteins

in transfected MG63 cells. *p<0.05, **p<0.01, ***p<0.001.

knockdown of miR-103a in the si-miR-103a group of
MG63 cells revealed significant decreases in cell viabil-
ity (p<0.05) (Fig. 2B), migration (»p<0.01) (Fig. 2C), and
invasiveness (p<0.05) (Fig. 2D) compared to the siNC
group.

Furthermore, the percentage of apoptotic cells
showed a significant increase (p<0.001) following
knockdown of miR-103a in the si-miR-103a group of

MG63 cells compared to the siNC group (Fig. 2E).
However, the percentage of apoptotic cells in the miR-
103a mimic group was slightly decreased (although not
significantly) compared to the scramble group (Fig. 2E).
Western blot analysis of different apoptosis-associated
proteins revealed increased expressions of proapo-
ptotic factor Bax and executioner cleaved caspase 3 and
decreased expression of antiapoptotic factor Bcl-2 in
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the si-miR-103a group of cells compared to the other
groups (Fig. 2F).

pS57 Was a Target of miR-103

Analysis of p57 expression revealed significant sup-
pression (p<0.05) in the miR-103a mimic group of cells
compared to the scramble group (Fig. 3A). Similarly,
knockdown of miR-103a in the si-miR-103a group of cells
revealed a significant increase (p <0.01) in the expression
of p57 compared to the siNC group (Fig. 3A). Western
blot analysis also supported these findings (Fig. 3B).

The online database microRNA.org (http://www.
microrna.org) was used for target prediction. Targeting
sequences were obtained and are shown in Figure 3C.
Then dual-luciferase activity assay was carried out to
verify whether miR-103a was able to directly bind to
its seed sequences in the c-p57 3"-UTR in MG63 cells;
pS7-wt and p57-mt containing the wild-type (wt) and
mutant (mt) binding sequences of miR-103a within the
3’-UTR of p57 mRNA were generated, respectively
(Fig. 30).

Dual-luciferase activity assay established that p57
was a target of miR-103a, as expression of p57-wt was
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significantly higher (p<0.01) in the miR-103 mimic
group of cells compared to the NC group.

Downregulation of miR-103a Inhibited Proliferation,
Migration, and Invasion and Promoted Apoptosis

in Osteosarcoma Cells by Upregulating the
Expression of p57

Analysis of p57 expression revealed a significant
increase (p<0.01) in the si-miR-103a group of cells
compared to the siNC group. Again, in the si-miR-
103a+si-p57 group of cells with knockdown of expres-
sions of both miR-103a and p57, expression of p57 was
significantly decreased (p<0.001) (Fig. 4A). Western blot
assay showed that p57 expression was increased in the
si-miR-103a group of cells and decreased in both the si-
pS57 group and the si-miR-103a+si-p57 group (Fig. 4B).

Knockdown of miR-103a in the si-miR-103a group
of cells revealed significant suppression of cell viabil-
ity (p<0.05) (Fig. 4C), migration (p<0.01) (Fig. 4D),
and invasiveness (p<0.05) (Fig. 4E) compared to the
siNC group. Knockdown of both miR-103a and p57 in
the si-miR-103a+si-p57 group of cells led to significant
increases in cell viability (p<0.01) (Fig. 4C), migration
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Figure 3. miR-103 negatively regulated the expression of p57 and directly bound to it. (A) MG63 cells were transfected with miR-103
mimic, scramble, siNC, and si-miR-103. Then mRNA levels of p57 in transfected MG63 cells were detected by qRT-PCR. (B) After
transfection with miR-103 mimic, scramble, siNC, or si-miR-103, the protein levels of p57 in MG63 cells were detected by Western
blot. (C) The binding effect of miR-103 on p57 in MG63 cells was predicted using an online database (http://www.microrna.org) and

detected by luciferase reporter assay. *p<0.05, **p<0.01.
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(»<0.001) (Fig. 4D), and invasiveness (p<0.01) (Fig. 4E)
compared to cells with knockdown of miR-103a only in
the si-miR-103a group of cells.

Also, there was a significant increase (p<0.01) in the
percentage of apoptotic cells in the si-miR-103a group of
cells compared to the siNC group (Fig. 4F). Similarly,
knockdown of both miR-103a and p57 in the si-miR-
103a+si-p57 group of cells revealed a significant decrease
(p<0.05) in the percentage of apoptotic cells compared to
the si-miR-103a group (Fig. 4F).

These findings were further supported by Western
blot analysis of different factors associated with apo-
ptosis; there was a respective increase and decrease in
proapoptotic factor Bax and executioner cleaved caspase
3 in the si-miR-103a and si-miR-103a+si-p57 groups of
cells, and there was a respective decrease and increase
in the antiapoptotic factor Bcl-2 in the si-miR-103a and
si-miR-103a+ si-p57 groups of cells (Fig. 4G).

Overexpression of miR-103a Activated the INK/STAT
and mTOR Pathways by Downregulation of p57

Western blot analysis revealed an increase in proteins
associated with the Janus kinase/signal transducer and
activator of transcription (JNK/STAT) pathway (p-JAK1,
p-Tyk2, p-STAT1, and p-STAT2) and a decrease in p57
(Fig. 5A) in the miR-103a mimic group of cells and
vice versa. Similarly, Western blot analysis revealed
an increase in proteins associated with the mammalian
target of rapamycin (mTOR) pathway (p-mTOR, and
p-p70S6K) in the miR-103a mimic group of cells and
vice versa (Fig. 5B).

DISCUSSION

Management of osteosarcoma, one of the most aggres-
sive malignancies, has always been challenging despite
the current advances in treatment strategies. Understanding
various factors that participate in the pathogenesis of
osteosarcoma provides an important key factor in the
development of newer drug targets. miR-103a has already
been studied for its role as oncogene in several cancers,
such as colorectal cancer'”". Geng and colleagues explored
the role of miR-103a in colorectal cancer'. Similar to
our study, they found that inhibition of miR-103a led to
suppression of proliferation, migration, and invasion of
colorectal cancer cells. In our study, we also found that
knockdown of miR-103a (si-miR-103a) results showed
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Figure 5. Silence of miR-103 deactivated the Janus kinase/
signal transducer and activator of transcription (JNK/STAT)
and mammalian target of rapamycin (mTOR) pathways by
upregulating p57 expression. (A) MG63 cells were respec-
tively or simultaneously transfected with miR-103 mimic,
scramble, siNC, si-miR-103, and si-p57. Then expressions of
proteins related with the JNK/STAT pathway were detected
by Western blot. (B) Expressions of proteins related with the
mTOR pathway in transfected MG63 cells were detected by
Western blot.

FACING PAGE

Figure 4. Silence of miR-103 inhibited survival, migration, and invasion by upregulating p57 expression. (A, B) MG63 cells were
respectively or simultaneously transfected with siNC, si-miR-103, and si-p57. Then expression levels of p57 in transfected MG63
cells were detected by qRT-PCR and Western blot. (C) The viability of transfected MG63 cells was assessed by the CCK-8 assay.
(D, E) The migration and invasion of transfected MG63 cells were assessed by Transwell assay. (F, G) The apoptotic rates and
expressions of apoptosis-related proteins in transfected MG63 cells were detected by flow cytometry and Western blot, respectively.

£p<0.05, #p<0.01, **%p<0.001.



940

significant inhibition (p<0.05) of cell viability, migration,
and invasion of osteosarcoma cells (Fig. 2B-D). These
findings are also supported by the study conducted by Chen
and colleagues'. They also showed that overexpression of
miR-103a promoted metastasis of colorectal cancer cells".
We found out that p57 was the target for miR-103a (Fig. 3).

We also demonstrated that suppression of miR-103a
expression (knockdown) led to a significant decrease
in proliferation, migration, and invasion of the osteosar-
coma cell line and an increase in the percentage of apo-
ptotic cells (Fig. 4C-E), thus suggesting that suppression
of miR-103a led to the suppression of disease progression
in osteosarcoma cells.

Furthermore, the role of miR-103a in osteoblastogen-
esis and bone formation has been studied'’. To the best
of our knowledge, ours is the first study to explore the
role of miR-103a in spinal osteosarcoma. Similarly, Geng
and colleagues also demonstrated that suppression of
miR-103a expression led to the suppression of in vivo
cancer cell growth in colorectal cancer'.

The tumor suppressor role of p57 has already been
established in different studies'*". In this study, we also
demonstrated that knockdown of miR-103a led to an
increased expression of p57 (Fig. 4A) and suppression
of the expression of both miR-103a and p57 (si-miR-
103a+si-p57), leading to a significant increase in pro-
liferation, migration, and invasiveness and a significant
decrease in the percentage of apoptotic cells of the osteo-
sarcoma cells (Fig. 4C-E).

Furthermore, several studies have discussed the asso-
ciations between the JNK/STAT and mTOR pathways
and tumorigenesis separately'”'*. In this study, we have
also explored these relations and have concluded that
activation of the INK/STAT and mTOR pathways is seen
in miR-103a overexpression cells (Fig. 5SA and B).

Thus, from the above findings, it is suggested that
miR-103a promotes osteosarcoma progression through
activation of the JNK/STAT and mTOR pathways by tar-
geting pS7 expression. Accordingly, miR-103a may serve
as potential therapeutic target for spinal osteosarcoma.
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