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miRNA-646 suppresses osteosarcoma cell metastasis
by downregulating fibroblast growth factor 2 (FGF2)
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Abstract MicroRNAs are short regulatory RNAs that play
crucial roles in cancer development and progression.
MicroRNA-646 (miR-646) is downregulated in many human
cancers, and increasing evidence indicates that it functions as
a tumor suppressor. However, the role of miR-646 in osteo-
sarcoma remains unclear. Expression levels of miR-646 in
osteosarcoma cell lines and patient tissues were evaluated by
quantitative real-time PCR (qRT-PCR), and the clinicopatho-
logical significance of the resultant data was later analyzed.
Next, we investigated the role of miR-646 to determine its
potential roles on osteosarcoma cell proliferation, migration,
and invasion in vitro. A luciferase reporter assay was conduct-
ed to confirm the target gene of miR-646, and the results were
validated in the osteosarcoma cell line. In this study, we found
that miR-646 was downregulated in osteosarcoma cell lines
and osteosarcoma tissues compared with normal osteoblast
cell line NHOst and paired adjacent nontumor tissue. We
found that a lower expression of miR-646 was associated with
metastasis. In osteosarcoma cells, overexpression of miR-646
inhibited cell proliferation, migration, and invasion. In con-
trast, downregulation of miR-646 expression promoted oste-
osarcoma cell proliferation, migration, and invasion. Next, we
identified that the FGF2 gene is a novel direct target of miR-
646 in osteosarcoma cells. Moreover, enforced expression of
FGF2 partially reversed the inhibition of cell proliferation,
migration, and invasion that was caused by miR-646. Our
study demonstrated that miR-646might be a tumor suppressor
in osteosarcoma via the regulation of FGF2, which provided a
potential prognostic biomarker and therapeutic target.
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Background

Osteosarcoma is the most frequent malignant primary bone
tumor, and it arises primarily in the metaphysis of the long
bones in children and adolescents [1]. The 5-year survival rate
of osteosarcoma patients has significantly improved over the
past several decades to approximately 60–70 % since the
neoadjuvant and adjuvant chemotherapy [2]. However, the
outcomes remain poor for most osteosarcoma patients with
metastasis or recurrence [3]. Therefore, there is an urgent need
to identify the molecular mechanisms of osteosarcoma.

MicroRNAs (miRNAs) are a class of small (22-nucleotide)
noncoding RNA molecules that control gene expression by
binding to the 3′ untranslated region (UTR) of their target
messenger RNAs (mRNAs) and play an important role in
carcinogenesis [4]. Accumulating evidences implicated that
miRNAs play key roles in many biological processes, includ-
ing cell proliferation, apoptosis, angiogenesis, migration, and
invasion [5]. Furthermore, the aberrant expression of specific
miRNAs has been found to be associated with the develop-
ment and clinical outcomes of various cancers [6–8]. Recent
studies demonstrated that several miRNAs have been impli-
cated in the development and progression of osteosarcoma,
such as miR-33a, miR-100, and miR-221 [9–11]. However,
miRNAs and their roles in osteosarcoma tumorigenesis are
still largely unknown.

miR-646 was first identified in a study of miRNAs
expressed in human cerebral cortical gray and white matter.
Gatsiou showed that miR-646 belongs to the miR-15/107
gene group, and dysfunction in miR-107 expression may
contribute to neoplasia, neurodegeneration, cardiovascular
dysfunction, and other diseases [12]. Wang found that miR-
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646 was expressed in a higher level in the serum of cervical
squamous cell carcinoma patients after surgery than that be-
fore surgery, which indicated that the circulating miR-646
could potentially serve as noninvasive biomarkers [13]. Li’s
study showed that miR-646 was downregulated in renal can-
cer and low expression of miR-646 was significantly associ-
ated with distant metastasis. Furthermore, downregulated
miR-646 in renal cancer was associated with tumor metastasis
through the MAPK pathway by targeting NOB1 [14]. How-
ever, the dysregulation of miR-646 and its possible involve-
ment in osteosarcoma have not been reported.

Materials and methods

Patients and specimens

A total of 64 osteosarcoma tissues and matched nontumor
bone tissues (located 3 cm away from the tumor) were obtain-
ed from patients who underwent surgery in the Department of
Orthopedics, The First Affiliated Hospital of Xinxiang Med-
ical University, between 2006 and 2010. None of the patients
received radiotherapy or chemotherapy before surgery. After
surgical resection, tumor specimens and paired adjacent
nontumor specimens were collected and immediately stored
in liquid nitrogen until use. All osteosarcoma specimens and
paired adjacent nontumor specimens were confirmed by a
senior pathologist. For the use of these clinical materials for
research purposes, prior patient’s consent and approval from
the Institute Research Ethics Committee were obtained.

Cell culture and cell transfection

Normal osteoblast cell line NHOst was purchased from the
American Type Culture Collection (ATCC, USA). Human
osteosarcoma cell lines MG-63, SAOS-2, HOS, and U2OS
were obtained from the Cell Bank of Type Culture Collection
of Chinese Academy of Sciences (CCCAS, China). NHOst
cells were cultured in Ham’s F12/DMEM (Gibco), and other
cells were cultured in RPMI-1640 (Gibco) with 10 % fetal
bovine serum (FBS, Gibco), 50 U/ml of penicillin, and
50 μg/ml of streptomycin. All cells were cultured in a sterile
incubator maintained at 37 °C with 5 % CO2.

MG-63 cells were seeded in 12-well plates and incu-
bated overnight, then transiently transfected with miR-
646 mimic, scramble mimic, miR-646 inhibitor, and
miR-negative control of inhibitor (anti-miR-Ctrl) using
Lipofectamine 2000 (Invitrogen) according to the man-
ufacturer’s instructions. miR-646 mimic and miR-646
inhibitor were obtained from Applied Biosystems. The
full-length FGF2 cDNA (which included the ORF and
3′ UTR) was PCR amplified and cloned into the
pcDNA3.1 vector to generate the pcDNA-FGF2

constructs that were used in the rescue assays. MG-63
cells in 12-well plates were cotransfected with miR-646
mimic and the pcDNA-FGF2 plasmid DNA.

Cell proliferation assay

The in vitro cell proliferation of osteosarcoma cells was mea-
sured using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide) method. In brief, cells were seeded
into 96-well plates and transfected with miR-646 mimic or
miR-646 inhibitor for 48 h. In the indicated time periods,
0.1 ml of spent medium was replaced with an equal volume
of fresh medium containing MTT 0.5 mg/ml. Plates were
incubated at 37 °C for 4 h, and then, the mediumwas replaced
with 0.1 ml of DMSO (Sigma), and plates were agitated at
room temperature for 10 min. The absorbance was measured
at 490 nm using an enzyme-labeled analyzer. Three indepen-
dent experiments (three replicates in each) were performed.

Wound healing assay

To determine cell migration, osteosarcoma cells transfected
with miR-646 mimic or miR-646 inhibitor were seeded into
12-well plates and allowed to grow to 90–95 % confluence.
Before scratching, cells were starved for 24 h in the medium
with 1 % FBS. Similar-sized wounds were introduced to
monolayer cells using a sterile white pipette tip. Wounded
monolayer cells were washed three times by PBS to remove
cell debris and then cultured. The speed of wound closure was
monitored and photographed at 48 h.

Transwell invasion assay

To determine cell invasion, Matrigel-coated invasion cham-
bers (8μm, Costar) were used according to the manufacturer’s
protocol. Briefly, miR-646 mimic or miR-646 inhibitor
transfected cells were harvested, resuspended (1×105 cells/
well) in 200-μl serum-free medium, and transferred to the
upper chamber of the Matrigel-coated inserts; culture medium
containing 10 % FBS was placed in the bottom chamber. The
cells were incubated for 24 h at 37 °C. After incubation, the
noninvaded cells on the upper membrane surface were re-
moved with a cotton tip, and the cells that passed through
the filter were fixed and stained using 0.1 % crystal violet.
Numbers of invaded cells were counted in five randomly
selected fields under a microscope (Nikon).

Prediction of miRNAs targeting FGF2

miRNA target predicting algorithms miRDB (http://mirdb.
org/miRDB/), TargetScan (http://www.targetscan.org/), and
PicTar (http://pictar.mdc-berlin.de/) were used to predict
miRNAs targeting FGF2 and the binding regions.
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Luciferase reporter assay

The 3′ untranslated region (UTR) of the human FGF2 gene
that was predicted to interact with miR-646 was synthesized
and inserted into pMIR-REPORT (Ambion), yielding pMIR-
REPORT FGF2. Mutations within potential miR-646 binding
sites were generated by nucleotide replacement of wild-type
sequence to inhibit miR-646 binding. Cells were transfected
with the pMIR-REPORT vectors containing the 3′ UTR var-
iants and miR-646 mimics for 24 h. Luciferase values were
determined using the Dual-Luciferase Reporter Assay System
(Promega).

RNA isolation and quantitative real-time PCR

Total RNA from tissue samples and cell lines were harvested
using the miRNA Isolation Kit (Ambion). Expression of
mature miRNAs was assayed using Taqman MicroRNA As-
say (Applied Biosystems) specific for hsa-miR-646. Briefly,
10 ng of total RNA was reverse transcribed to cDNA with
specific stem-loop RT primers. Quantitative real-time PCR
was performed by using an Applied Biosystems 7900 Real-
time PCR system and a TaqMan Universal PCR Master Mix.
All the primers were obtained from the TaqMan miRNA
Assays. Small nuclear U6 snRNA (Applied Biosystems)
was used as an internal control. All reactions were performed
at least in triplicate.

Western blot analysis

Western blot analysis was carried out using standard methods.
Proteins were separated by 10 % SDS-PAGE and then trans-
ferred to PVDF membranes (Amersham). Membranes were

blocked overnight with 5 % nonfat dried milk and incubated
for 2 h with anti-FGF2 antibody (Abcam) at a 1:1000 dilution
or with anti-β-actin antibody (Abcam) at a 1:10,000 dilution.
After washing with TBST, the membranes were incubated for
2 h with a goat anti-rabbit antibody (Abcam) at either a 1:5000
dilution or a 1:50,000 dilution.

Statistical analysis

All statistical analyses were performed using SPSS version
18.0 software (IBM). Data are expressed as the mean±SD
from at least three separate experiments. Data were analyzed
using Student’s t test or one-way ANOVA. Values of P<0.05
were considered statistically significant.

Results

Downregulation of miR-646 in osteosarcoma cell lines
and tissues

First, we investigated the expression of miR-646 in four
osteosarcoma cell lines (MG-63, SAOS-2, HOS, U2OS) and
the human osteoblastic cell line NHOst by qRT-PCR. Our
results indicated that the osteosarcoma cell lines exhibited a
significantly lower expression of miR-646 compared to oste-
oblastic cell line NHOst (P<0.05, Fig. 1a). Furthermore, we
examined the expression of miR-646 in 64 pairs of human
osteosarcoma tissues and matched nontumor tissues. Our data
showed that the expression level of miR-646 was significantly
downregulated in osteosarcoma tissues in comparison to the
adjacent nontumor tissues (P<0.05, Fig. 1b). We then deter-
mined whether miR-646 was associated with tumor

Fig. 1 The expression of miR-
646 in human osteosarcoma cell
lines and tissues. a The
expression of miR-646 in
osteosarcoma cell lines (MG-63,
SAOS-2, HOS, and U2OS) were
lower than that in normal
osteoblast cell line NHOst. b The
expression of miR-646 in the
osteosarcoma tissues was lower
than that in the adjacent nontumor
tissues. c The expression of miR-
646 in the metastatic
osteosarcoma tissues was lower
than that in the nonmetastases
tissues. Data are presented as
mean±SD. *P<0.05
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metastasis. Tumor samples were divided into two groups
(metastases and nonmetastases) according to their metastatic
status. We found that the expression of miR-646 in the meta-
static osteosarcoma tissues was significantly lower than that in
the nonmetastatic tissues (P<0.05, Fig. 1c). Taken together,
these results supported the notion that miR-646 may act as a
tumor suppressor in osteosarcoma and play a key role in
osteosarcoma metastasis.

miR-646 suppresses osteosarcoma cell proliferation,
migration, and invasion

To explore the role of miR-646 in the development of osteo-
sarcoma, we transfected with miR-646 mimic or miR-646

inhibitor into MG63 cells; expression of miR-646 was con-
firmed by qRT-PCR (P<0.05, Fig. 2a, b). MTT assay showed
that the proliferation rate of MG-63 cells transfected with
miR-646 mimic was significantly decreased in comparison
to cells transfected with scramble mimic (P<0.05, Fig. 2c). In
contrast, the proliferation rate of MG63 cells transfected with
miR-646 inhibitor was significantly increased in comparison
to cells transfected with anti-miR-Ctrl (Fig. 2d, P<0.05).
Furthermore, to analyze the role of miR-646 in cell migration
and invasion, wound healing assay and transwell invasion
assay were performed with MG-63 cells. Wound healing
assay showed that miR-646 mimic markedly inhibited osteo-
sarcoma cell migration (Fig. 2e, P<0.05). Consistent with this
result, silencing of miR-646 resulted in a significant increase

Fig. 2 miR-646 regulates
osteosarcoma cell proliferation,
migration, and invasion. a
Upregulation of miR-646 by
transfection with miR-646 mimic
in MG-63 cells. b
Downregulation of miR-646 by
transfection with miR-646
inhibitor in MG-63 cells. c, d
MTT assay was performed to
analyze the effect of miR-646 on
cell proliferation of MG-63 cells.
e, f Wound healing assay was
used to analyze the effect of miR-
646 on cell migration of MG-63
cells. g, h Transwell invasion
assay was utilized to analyze the
effect of miR-646 on cell invasion
of MG-63 cells. Data are
presented as means±SD from
three independent experiments.
*P<0.05
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in osteosarcoma cell migration (P<0.05, Fig. 2f). Transwell
invasion assays indicated that the invasion potential of osteo-
sarcoma cells transfected with miR-646 mimics was signifi-
cantly decreased (Fig. 2g, P<0.05), whereas silencing of miR-
646 significantly enhanced osteosarcoma cell invasion
(Fig. 2h, P<0.05). Taken together, these data demonstrated
that miR-646 acting as a tumor suppressor could inhibit oste-
osarcoma cell proliferation, migration, and invasion.

miR-646 directly targets the FGF2 in osteosarcoma cells

To investigate the mechanism of miR-646 function in
osteosarcoma carcinogenesis, we used a bioinformatic

analysis to search for putative protein-coding gene tar-
gets of miR-646; according to this rationale, FGF2 was
selected as one of the candidate targets of miR-646.
Next, we performed a luciferase reporter assay to deter-
mine whether FGF2 was a direct target of miR-646 in
osteosarcoma cells. The target region sequence of FGF2
3′ UTR (Wt 3′ UTR) or the mutant sequence (Mut 3′
UTR) was cloned into a luciferase reporter vector
(Fig. 3a). These constructed reporter vectors were
cotransfected with miR-646 mimic or scramble mimic
into the MG-63 cell line. Our findings indicated that
miR-646 could downregulate the luciferase activity of
the FGF2 Wt 3′ UTR construct (Fig. 3b, P<0.05). The

Fig. 3 miR-646 negatively
regulates FGF2 expression in
osteosarcoma cells. aA schematic
representation of the FGF2 3′
UTR that showed the putative
miRNA target site. b Luciferase
assay. MG-63 cells were
transiently cotransfected with Wt/
Mut 3′ UTR with miRNAs as
indicated. c Overexpression of
miR-646 inhibited the expression
of FGF2 at themRNA and protein
level in MG-63 cells. d
Knockdown miR-646 expression
increased the expression of
FGF2 at the mRNA and protein
level in MG-63 cells. Data are
presented as means±SD from
three independent experiments.
*P<0.05
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luciferase reporter data showed that FGF2 is a specific
target of miR-646.

To further confirm that FGF2 is a target gene for
miR-646, qRT-PCR and Western blot analysis were used
to detect the expression of FGF2 regulated by miR-646
in MG-63 cells. Our data revealed that FGF2 mRNA
and protein expression was significantly downregulated
after enforced expression of miR-646 in MG-63 cells
(Fig. 3c, P<0.05). In contrast, FGF2 mRNA and protein
expression was upregulated after the expression of miR-
646 in MG-63 cells was knocked down (Fig. 3d,
P<0.05).

Overexpression of FGF2 impairs the miR-646-induced
suppression of osteosarcoma cell proliferation, migration,
and invasion

To assess the regulation of miR-646 on FGF2 expression, the
expression level of FGF2 was analyzed in osteosarcoma tis-
sues and cell lines. Our results showed that the expression
level of FGF2 was upregulated in osteosarcoma tissues com-
pared to adjacent normal tissues (P<0.05, Fig. 4a, b). In
addition, miR-646 was significantly increased in osteosarco-
ma cell lines compared with the osteoblast NHOst cell line
(P<0.05, Fig. 4c, d). We then performed rescue experiments

Fig. 4 FGF2 is required for miR-
646-directed osteosarcoma cell
proliferation, migration, and
invasion. a, b FGF2 expression
was increased in the
osteosarcoma tissues compared to
the adjacent nontumor tissues. c,
d FGF2 expression was increased
in the osteosarcoma cell lines
compared to osteoblast cell line
NHOst. eMTT assay was used to
detect in MG-63 cells
cotransfected with miR-646
mimic and pcDNA-FGF2
plasmid. f Wound healing assay
was performed to detect the
effects on cell migration of MG-
63 cells treated as described in e,
g. Transwell invasion assay was
utilized to detect the effects on
cell invasion of MG-63 cells
treated as described in e. Data are
presented as means±SD from
three independent experiments.
*P<0.05
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to further validate that the targeting of FGF2 was involved in
the antitumor properties of miR-646 in osteosarcoma cell line
MG-63. The FGF2 expression vector pcDNA-FGF2 was used
to restore FGF2 expression. Overexpression of FGF2 could
reverse the effect of miR-646 on the inhibition of proliferation,
migration, and invasion (P<0.05, Fig. 4e–g). Taken together,
these findings indicated that FGF2 is a functionally important
target of miR-646 that is involved in the proliferation, migra-
tion, and invasion of osteosarcoma cells.

Discussion

Most cancer deaths are caused by complications that arise
from metastasis. The targeting of metastatic disease is there-
fore a pivotal anticancer strategy [15]. Increasing evidences
indicated that miRNAs may play key roles in the tumorigenic
processes such as tumor invasion and metastasis through the
regulation of a variety of genes [16–18]. In the present study,
we investigated the roles of miR-646 in osteosarcoma cell
growth and metastasis. Our results indicated that miR-646
expression was significantly downregulated in osteosarcoma
cell lines and tissue comparison with osteoblast cell line
NHOst and adjacent nontumor tissues. Statistical analyses
showed that the expression level of miR-646 was correlated
with osteosarcoma metastasis. Further studies indicated that
overexpression of miR-646 was able to inhibit cell prolifera-
tion, migration, and invasion in MG-63 cells. In contrast,
downregulation of miR-646 could promote cell proliferation,
migration, and invasion in MG-63 cells. Therefore, these data
for the first time suggested that miR-646 could act as a
tumor suppressor in the progression of osteosarcoma.
However, further studies are still needed to investigate
its underlying mechanism.

Fibroblast growth factor 2 (FGF2) is well characterized,
bearing all typical features of the fibroblast growth factor
family, and is regarded as a prototypic growth factor [19].
FGF2 is upregulated in lots of human carcinomas and plays
important roles in carcinogenesis, such as cancer cell prolifer-
ation and metastasis [20]. Kuhn showed that FGF2 expression
levels were significantly higher in lung cancer patients and
were correlated to tumor progression and poor prognosis [21].
Recent studies showed that FGF2 was significantly increased
in prostate cancer and played an important role in prostate
carcinogenesis and malignant progression, and knockout of
FGF2 was found to delay tumor progression in transgenic
adenocarcinoma of the mouse prostate model [22, 23]. Li
found that FGF-Trap effectively suppressed FGF-2-induced
proliferation and migration of human umbilical vein endothe-
lial cells, and FGF-Trap potently inhibited tumor growth and
angiogenesis in Caki-1 and A549 xenograft models in vivo
[24]. Zhou found that miR-503 targeted FGF2 and VEGFA

and inhibited tumor angiogenesis and growth in hepatocellular
carcinomas [25]. Ren’s study found that apurinic/apyrimidinic
endonuclease 1 induced upregulation of FGF2 and its receptor
3 induces angiogenesis in human osteosarcoma cells [26].
However, the underlying mechanisms are still unclear. In our
study, we indicated that FGF2 is a direct target of miR-646
and found that miR-646 overexpression is correlated with
FGF2 downregulation leading to the inhibition of cell prolif-
eration, migration, and invasion in osteosarcoma cells. These
findings suggested that the tumor suppressor role of miR-646
is mediated by the regulation of FGF2 expression.

Taken together, our study indicated novel evidence that
miR-646 is significantly decreased in tumor tissues and ap-
pears to function as a tumor suppressor in osteosarcoma
through the regulation of FGF2 expression. Understanding
the miRNA-mediated tumor suppressor pathways in human
osteosarcoma may provide new information on potential ther-
apeutic targets in the treatment of osteosarcoma.
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