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miR-214 promotes osteosarcoma tumor growth and
metastasis by decreasing the expression of PTEN
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Abstract. MicroRNAs (miRNAs) are a class of small
non-coding RNAs, which function as critical gene regulators by
targeting mRNAs for translational repression or degradation,
and they are essential in cancer development and progression.
Several previous studies have indicated that abnormal expres-
sion of miRNAs occurs frequently in human osteosarcoma
(OS) tissues compared with that of adjacent normal tissues.
In the present study, the role of miR-214 in the progression
and metastasis of OS was investigated. The expression of
miR-214 was frequently increased in OS tissues and cell lines.
Inhibition of miR-214 in OS cell lines markedly suppressed
cell proliferation, migration and invasion. Phosphatase and
tensin homolog (PTEN) was identified as a direct target of
miR-214, and ectopic expression of miR-214 inhibited PTEN
by directly binding to its 3'-untranslated region. The expres-
sion of miR-214 negatively correlated with PTEN in OS
tissues. Together, these data indicated that miR-214 acts as an
oncogenic miRNA and may contribute to the progression, and
metastasis of OS, suggesting that miR-214 may be a potential
novel diagnostic and therapeutic target of OS.

Introduction

Osteosarcoma (OS) is one of the most common primary
malignant bone tumors in children and adults (1,2). It occurs
predominantly around regions with active bone growth and
repair. Emerging evidence suggests that OS is caused by genetic
and epigenetic changes, which interrupt osteoblast differentia-
tion from mesenchymal stem cells (3). Advances in OS therapy
over the past decade have improved patient outcomes (4), and the
5-year survival rate of patients with OS has markedly improved.
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However, the outcome remains poor and the majority of patients
succumbed to pulmonary metastases (5).

MicroRNAs (miRNAs), a class of small non-coding RNA
molecules, result in translational repression or degradation,
and contribute to the inhibition of gene expression (6,7).
miRNAs exert a significant role in a wide range of physiolog-
ical and pathological processes, including tumorigenesis (8).
Increasing evidence implicates miRNAs in cancer progres-
sion, including tumor growth, differentiation, invasion,
metastasis and angiogenesis (9). It has been demonstrated
that several miRNAs are dysregulated in OS tissues or cell
lines (10-15). For instance, miR-15a and miR-16-1 induce
apoptosis and cell cycle arrest in OS by inhibiting the expres-
sion of cyclin D1 (16), while miR-20a increases the metastatic
potential of OS cells by regulating the expression of Fas (17).
The expression of miR-21 was revealed to be significantly
upregulated in OS tissues, and miR-21 deficiency markedly
reduced the invasion and migration ability of MG-63 cells by
negatively regulating RECK (10).

Previous studies have demonstrated that miR-214 can
act as a tumor suppressor or an oncogene in different cancer
types, which may be dependent on cellular context (18-24).
For example, miR-214 as a tumor suppressor may promote
cell proliferation in nasopharyngeal carcinoma (25). It was
demonstrated that miR-214 regulates gastric cancer cell
proliferation, migration and invasion by targeting PTEN (26),
and suppresses the growth and invasiveness of cervical cancer
cells by targeting UDP-N-acetyl-D-galactosamine:polypeptide
N-Acetylgalactosaminyltransferase 7 (27). However, the role
of miR-214 in the progression and metastasis of OS remains
to be elucidated. Therefore, the present study investigated the
expression of miR-214 and its role in OS tissues and cell lines,
aiming to demonstrate that miR-214 is a potential therapeutic
target for the treatment of OS.

Materials and methods

Cell culture and tissue samples. A total of 22 paired OS and
matched normal non-tumor tissues were obtained from the
Department of Orthopedics, Tangshan Gongren Hospital
(Tangshan, China). The tissues were immediately stored in
liquid nitrogen until use. All samples were derived from
patients who had not received adjuvant treatment, including
radiotherapy or chemotherapy, prior to surgery. Written
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informed consent was obtained from all patients and this
study was approved by the Ethics Committee of Tangshan
Gongren Hospital.

Human OS cell lines, U20S, Saos-2 and MG-63, were
obtained from American Type Culture Collection (Rockville,
MD, USA) and were cultured in Dulbecco's modified Eagle's
medium (DMEM; Hyclone, Beijing, China), RPMI-1640
(Hyclone) and DMEM, respectively, supplemented with
10% fetal bovine serum (FBS; Hyclone), 100 mg/ml strepto-
mycin and 100 IU/ml penicillin, at 37°C with 5% CO,. The
human hFOB 1.19 osteoblast cell line was maintained in
DMEM/F12 medium (Hyclone), supplemented with 10% FBS,
100 mg/ml streptomycin and 100 IU/ml penicillin (Hyclone) at
37°C with 5% CO,. TargetScan 6.2 software (www.targetscan.
org/) was used to assess miR-214, then from a number of
candidates, PTEN was selected for validation.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). The total RNA
and miRNA (miR) were isolated using RNeasy Mini and
miRNeasy Mini kits (Qiagen, Valencia, CA, USA), according
to the manufacturer's instructions. The expression of miR-214
was determined by RT-qPCR, using TagMan MicroRNA
assay kits (ABI, Foster City, CA, USA) on a LightCycler 480
system II (Roche, Basel, Switzerland). The primer sequences
were as follows: PTEN, forward: 5-CCAGGACCAGAGGAA
ACCT-3" and reverse: 5'-GCTAGCCTCTGGATTTGA-3';
GAPDH, forward: 5-ATGTCGTGGAGTCTACTGGC-3'
and reverse: 5"TGACCTTGCCCACAGCCTTG-3". Primers
were purchased from Invitrogen Life Technologies (Shanghai,
China). The expression of PTEN was determined using SYGR
green real time PCR (Takara Bio, Inc., Tokyo, Japan). The
RT-qPCR data were normalized using the 224 method rela-
tive to GAPDH as described previously (28).

Plasmid construction and cell transfection. Anti-miR-214
(product ID: AM12124), anti-miR negative control (product
ID: AM17010), miR-214 (product ID: PM12124) and miR
negative control (product ID: AM17110) were purchased
from Ambion (Austin, TX, USA). For the luciferase reporter
assay, the following primer was used: Forward, 5'-CGAGCT
CGGACGAACTGGTGTAATG-3' and reverse, 5'-CGACGC
GTGTCCAGAGTCCAGCATAA-3". The PCR fragment was
inserted into a pMir-Report vector (Ambion) between the Sacl
and Mlul restriction sites. The mutation was performed using
a fast mutation kit (New England Biolabs, Ipswich, Canada),
according to the manufacturer's instructions. The transfection
was performed when cells were grown to 80% confluence,
using Lipofectamine 3000 (Invitrogen Life Technologies,
Carlsbad, CA, USA), according to the manufacturer's instruc-
tions. This work was in agreement with the National Health
and Family Planning Commission Guidelines.

Luciferase activity assay. The luciferase activity assay
was performed, as previously described (29). Briefly, the
MG63 cells were cultured in 12-well plates (1x10° cells/well)
and were cotransfected with wild-type (WT) or mutated
(Mut) 3'-untranslated regions (UTRs) of PTEN luciferase
reporter constructs, and miR-214 or control mimic using
Lipofectamine 3000. Following incubation for 24 h, the cells
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were harvested and luciferase activity was determined using
a Dual-Luciferase Reporter assay kit (Promega, Madison,
WI, USA).

Cell viability assay. The Cell Counting kit-8 (CCK-8) assay
was used as a qualitative index of cell viability, which is
based on the conversion of a water-soluble tetrazolium
salt, 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2 ,4-
disulfophenyl)-2H-tetrazolium, to a water soluble formazan
dye upon reduction by dehydrogenases in the presence of
an electron carrier (30). The cells were plated into 96-well
microplates and subsequently the cell count was performed
using CCK-8 (Dojindo Molecular Technologies, Inc., Beijing,
China), according to the manufacturer's instructions. Briefly,
10 pul CCK-8 solution was added to each well and the samples
were incubated for 1 h prior to the absorbance being measured
at 450 nm using the SpectraMax M5 (Molecular Devices,
Sunnyvale, CA, USA).

Colony formation assay. A total of 500 transfected MG-63 cells
were seeded into 6-well plates and maintained in DMEM,
containing 10% FBS for 14 days. The cells were subsequently
fixed and stained with 100% methanol for 20 min, followed
by 0.5% crystal violet for 15 min at room temperature. Visible
colonies were quantified using an inverted microscope (IX73;
Olympus, Tokyo, Japan).

In vitro migration and invasion assay. Migration and inva-
sion assays were performed using Transwell chambers. For
the migration assay, 5x10* cells were seeded into the upper
chamber of Transwell plates (BD Bioscience, San Jose, CA,
USA). For the invasion assay, 1x10° cells were added into the
upper chamber precoated with matrigel (BD Bioscience). In
each assay, the cells were maintained in medium without serum
in the upper chamber and medium, containing 10% FBS, was
added to the lower chamber as a chemoattractant. Following
incubation for 24 h, the cells failing to migrate or invade
through the membrane were wiped away. The membranes
were subsequently fixed and stained with 0.5% crystal violet.
A total of four random fields were counted per chamber using
an inverted microscope (Olympus) and each experiment was
repeated three times.

Western blotting assay. The cells were harvested and resus-
pended in phosphate-buffered saline. Following centrifugation
at 100 x g for 5 min at room temperature, the pellet was lysed in
ice-cold Lysis Buffer [SO mM Tris (pH 7.4), 150 mM NaCl, 1%
TritonX-100, 1% sodium deoxycholate,0.1% SDS,2 mM sodium
pyrophosphate, 25 mM f-glycerophosphate, 1 mM EDTA,
1 mM Na;VO,, 0.5 ug/ml leupeptin and PMSF], containing
1% Halt Protease and Phosphatase Inhibitor Cocktail (Thermo
Fisher Scientific, Waltham, MA, USA) for 30 min. The super-
natant was collected following centrifugation at 4°C for 10 min
at 10,142 x g and the protein concentration was determined
using a BCA protein assay kit (Tiangen Biotech Co., Ltd.,
Beijing, China) with the SpectraMax M5 spectrophotometer
at 562 nm. The protein samples were denatured using sample
loading buffer (Beyotime Institute of Biotechnology, Haimen,
China) for 10 min at 95°C and stored at 4°C for future use.
Equal concentrations (1.5-2.0 ug/ul) of the proteins were
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Figure 1. miR-214 was increased in OS tissues and cell lines. (A) The expression of miR-214 was significantly increased in OS tissues compared with that in
the corresponding normal tissues. (B) The expression of miR-214 was significantly increased in three OS cell lines, U20S, Saos-2 and MG-63, compared with
the human hFOBI1.19 osteoblast cell line (‘P<0.05 and “P<0.01, compared with the control group). OS, osteosarcoma; miR, microRNA.
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Figure 2. Inhibition of miR-214 suppresses OS cell proliferation and motility. (A) The expression of miR-214 was significantly decreased following trans-
fection of anti-miR-214. (B) An MTT assay was performed to examine the cell proliferation of MG-63 cells. Transfection of anti-miR-214 significantly
inhibited MG-63 cell proliferation. (C) Transfection of anti-miR-214 significantly inhibited MG-63 cell colony formation. (D) An in vitro migration assay
of MG-63 cells transfected with anti-miR-214 or anti-miR-NC. Transfection of anti-miR-214 significantly suppressed MG-63 cell migration. (E) An in vitro
invasion assay of MG-63 cells transfected with anti-miR-214 or anti-miR-NC. Transfection of anti-miR-214 significantly suppressed MG-63 cell invasion.
("P<0.05 and “P<0.01, compared with the control group). OS, osteosarcoma; miR, microRNA.

separated on 10% SDS-PAGE gels (Beyotime Institute of
Biotechnology) and transferred onto a polyvinylidene fluo-
ride membrane (EMD Millipore, Billerica, MA, USA). The
membrane was blocked with 5% non-fat milk in Tris-buffered
saline with 20% Tween-20 (TBST) for 1 h at room tempera-
ture, and was subsequently incubated with primary antibodies
at 4°C overnight. The membrane was incubated with the

appropriate horseradish peroxidase (HRP)-conjugated
secondary antibody, at a dilution of 1:10,000 in blocking
buffer, for 1 h at room temperature. The protein bands
were observed using enhanced chemiluminescence (HRP
substrate; EMD Millipore) and exposed in a dark room. All
antibodies were diluted in 5% skimmed milk in TBST. The
antibodies against PTEN (monoclonal, rabbit anti-human,
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Figure 3. PTEN is a direct target of miR-214. (A) Computational analysis revealed that miR-214 potentially targeted PTEN. (B) HEK293 cells were cotrans-
fected with miR-214 and WT or Mut 3'-UTR luciferase reporter construct. (C) The protein expression levels of PTEN, pAKT, tAKT and GAPDH were detected
by western blotting in MG-63 cells transfected with miR-214/ctrl or anti-miR-214/anti-ctrl. (D) The protein expression of PTEN was quantified using Quality
One software. (‘P<0.05, compared with the control group). miR, microRNA; UTR, untranslated region, WT, wild-type; Mut, mutant; p, phosphorylated; t, total;

ctrl, control; PTEN, phosphatase and tensin homolog.
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Figure 4. miR-214 negatively correlates with PTEN in OS tissues. (A) The mRNA expression of PTEN was determined by reverse transcription-quantitative
polymerase chain reaction and was markedly decreased in OS tissues. (B) Kaplan-Meier survival curves were generated for 35 OS cases. Low expression of
miR-214 (black) was defined as long survival, and high expression (light grey) was defined as short survival ("P<0.05, compared with the control group). OS,

osteosarcoma; miR, microRNA; PTEN, phosphatase and tensin homolog.

cat.no.ab32199, 1:1,000), pAkt (monoclonal, rabbit anti-human,
cat. no. ab81283, 1:7,000), Akt (monoclonal, rabbit anti-human,
cat. no. ab32505, 1:5,000), GAPDH (monoclonal, rabbit
anti-human, cat. no. ab181602, 1:10,000), 3-actin (monoclonal,
rabbit anti-human, cat. no. ab6276, 1:10,000), HRP-secondary
antibody (goat anti-rabbit, cat. no. ab6721, 1:10,000), were
purchased from Abcam (Cambridge, UK). The protein expres-
sion level of PTEN protein was analyzed using Quantity One
software version 4.4 (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) and normalized against that of f-actin.

Statistical analysis. The data are presented as the mean =+ stan-
dard deviation. Statistical analysis was performed by analysis
of variance or two-tail Student's t-test using SPSS version 14
(SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of miR-214 was increased in human OS tissues
and cell lines. In order to determine the expression levels of
miR-214 in OS tissues, RT-qPCR detection was performed
in 22 pairs of OS tissues and normal tissues. The data demon-
strated that miR-214 was significantly increased in the OS
tissues compared with the matched normal tissues (Fig. 1A).
Additionally, the expression of miR-214 in three OS cell lines,
U208, Saos-2 and MG-63, was markedly increased compared
with that in the human hFOB 1.19 osteoblast cell line (Fig. 1B).

Inhibition of miR-214 suppresses OS cell proliferation
and migration. To investigate the role of miR-214 in OS
cell proliferation, MG-63 cells were transfected with the
miR-214 inhibitor, anti-miR-214, or control inhibitor, anti-ctrl.
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RT-qPCR demonstrated that the expression of miR-214 in
the cells transfected with anti-miR-214 was significantly
decreased compared with the control group (Fig. 2A). In
addition, cell viability of the cells, which were transfected
with anti-miR-214 were also markedly reduced (Fig. 2B)
between 48 and 72 h following transfection. Transfection of
anti-miR-214 also clearly suppressed colony formation in the
MG-63 cells (Fig. 2C).

To investigate the effect of miR-214 on the motility of OS
cells, in vitro migration and invasion assays were performed.
It was revealed that transfection of anti-miR-214 significantly
suppressed the in vitro migration and invasion abilities of the
MG-63 cells (Fig. 2D and E).

miR-214 directly targets PTEN in OS cells. TargetScan 6.2 soft-
ware was used to search the potential target gene of miR-214.
PTEN was predicted to be a target of miR-214 (Fig. 3A). A
luciferase activity assay revealed that miR-214 significantly
suppressed the activity of PTEN luciferase in the WT 3'-UTR,
however, not the Mut 3'-UTR in HEK293 cells (Fig. 3B). In
addition, overexpression of miR-214 significantly suppressed
the protein expression of PTEN. The protein expression of
PAKT was significantly increased and the total AKT protein
remained identical, while inhibition of miR-214 exhibited the
opposite effects (Fig. 3C and D).

miR-214 is negatively correlated with PTEN in OS tissues.
The mRNA expression of PTEN in the 22 OS and the
corresponding normal tissues was measured. The results
revealed that the mRNA expression of PTEN was significantly
decreased in OS tissues compared with the corresponding
normal tissues (Fig. 4A). In addition, 35 OS cases were investi-
gated and revealed that those patients expressing low levels of
miR-214 exhibited a longer survival time compared with those
expressing a high level (Fig. 4B).

Discussion

Emerging studies have revealed that miRNAs are involved
in the progression of various types of cancer, including OS,
via the regulation of the expression of multiple target genes
involved in cancer progression and metastasis. Therefore,
identification of specific miRNAs and their targets involved
in tumorigenesis may provide valuable insight for the diag-
nosis and therapy of patients with human malignancies. The
present study demonstrated that the expression of miR-214
was upregulated in OS tissues. Forced overexpression of
miR-214 enhanced cell proliferation in MG-63 and U20S
cells, while miR-214 inhibition by its antisense oligonucle-
otides repressed cell proliferation. Therefore, the present study
demonstrated that miR-214 may be an onco-microRNA in the
progression of OS. However, further studies are required to
elucidate the roles in vivo.

In addition, at the molecular level, these results revealed
that PTEN is a direct target of miR-214 in OS cells. PTEN
was originally identified as the tumor suppressor gene
frequently lost on chromosome 10g23. The relevance of PTEN
in cancer was addressed through the generation of germline
knockout PTEN mice in several previous studies (31). These
previous studies revealed the requirement of PTEN for
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embryonic development. Notably, heterozygous loss of this
tumor suppressor in the mouse resulted in the development of
cancer of multiple origins, as well as a lethal lymphoprolifera-
tive disease. In humans, germline loss and mutation of PTEN
is observed in a group of autosomal dominant syndromes,
PTEN hamartoma tumor syndromes, which are character-
ized by neurological disorders, multiple hamartomas and
cancer susceptibility. Upregulation of PTEN can increase the
expression of Caspase 3 to cause dysregulation of apoptosis in
tumor cells, which forms the molecular mechanisms of PTEN
contribution to tumorigenesis and progression of malignant
tumors (32).

In conclusion, the present study described a novel
miR-214/PTEN association. The data also provided a mecha-
nism for PTEN dysregulation and its contribution to OS cell
growth, migration and invasion. These results suggested that
miR-214 may act as an oncogene in OS and represents a poten-
tial molecular target for OS therapy.
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