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Abstract. Osteosarcoma is the most common type of malig-
nant bone tumor in children and adolescents and approximately 
30% of patients develop lung metastasis, which is the leading 
cause of mortality. In this study, we investigated the role of 
miR-34a in the invasion and metastasis of osteosarcoma cells 
by examining its expression level and functional pattern in 
these cells. miR-34a mimics were transfected into the highly 
metastatic subline, F5M2, and into the F4 subline with low 
metastatic potential of the paired human osteosarcoma cell 
line, SOSP-9607. Cell viability patterns, cell migration and 
alterations in gene expression levels were assessed by real-
time PCR, and changes in protein levels were assessed by 
immunocytochemistry and western blot analysis. The ectopic 
overexpression of miR-34a significantly inhibited the migra-
tion and invasive ability of osteosarcoma cells by repressing 
the expression of CD44. These data suggest that miR-34a plays 
a tumor suppressor role in the metastasis of osteosarcoma cells 
by repressing the expression of CD44. Of note, studies have 
also suggested that the CD44 protein correlates with the meta-
static potential of several malignant tumors. Therefore, it can 
be concluded that through the inhibition of CD44 expression 
levels, miR-34a plays a significant role in the migration and 
invasion of osteosarcoma cells.

Introduction

Osteosarcoma is the most common type of malignant bone 
tumor in children and adolescents. Clinical studies have reported 
that this tumor has a poor prognosis, even with current treatment 
options, such as surgical intervention and chemotherapy (1,2). 
Over the last few decades, neoadjuvant chemotherapy and 

surgery have been considered as successful treatments for 
osteosarcoma and the limb salvage rate has significantly 
increased, considerably raising the survival to 65-75%. However, 
approximately 30% of osteosarcoma patients develop metas-
tasis, particularly pulmonary metastasis, which is the leading 
cause of mortality (3). Thus, it is crucial to identify metastasis-
associated molecules and to elucidate the mechanisms involved 
in pulmonary metastasis from osteosarcoma. A number of 
studies have shown that specific microRNAs (miRNAs) are 
aberrantly expressed in malignant hepatocellular carcinoma 
(HCC) cells or tissues compared to non-malignant hepatocytes 
or tissues (4,5). miRNAs are metastasis-associated molecules 
during the progression and metastasis of osteosarcoma.

miRNAs are a class of small non-coding regulatory RNA 
molecules (21-23 nucleotides) encoded in the genome, with 
profound impacts on various cellular processes (6,7). These 
small molecules mainly bind imperfectly by base pairing 
to the 3' untranslated region (3'UTR) of target mRNAs and 
repress protein expression through either degradation or 
silencing (7-9). Evidence has shown that miRNA mutations or 
misexpression correlate with various human cancers, where 
they were thought to function as tumor suppressors or onco-
genes by regulating the expression of other tumor suppressors 
or oncogenes (8-10). However, the mechanisms by which 
miRNAs mediate tumor metastasis have only been recently 
investigated and have not been fully elucidated.

miR-34 family members, consisting of miR-34a, b and c, 
are direct transcription targets of the tumor suppressor protein 
p53 (11). miR-34a has been reported to induce cell apoptosis, 
cell cycle arrest or cell senescence depending on the cell type 
analyzed (11-13). Some targets of miR-34a have been recently 
identified including cyclin-dependent kinase (CDK)4/6, 
cyclin D1 (CCND1), cyclin E2 (CCNE2), E2F transcription 
factor 3 (E2F3), Bcl-2, MYCN, c-Met, sirtuin 1 (SIRT1) (14-17). 
However, its role in mediating osteosarcoma metastasis to the 
lungs has only been recently investigated and remains largely 
ambiguous.

The current study was carried out to investigate the 
potential role of miR-34a in the invasion and metastasis of 
osteosarcoma cells. We investigated the expression level and 
functional pattern of miR-34a in osteosarcoma cells. This 
was performed by the quantification of miR-34a in the highly 
metastatic subline, F5M2, and in the F4 subline with low 
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metastatic potential of the paired human osteosarcoma cell 
line, SOSP-9607. The transfection outcomes were subsequently 
assessed according to cell viability patterns, cell migration and 
alterations in gene expression by real-time PCR, as well as the 
protein level by immunocytochemistry (ICC) and western blot 
analysis. Functional analysis and sequence analysis were then 
carried out by the transfection of miR-34a mimics or inhibitors 
into the highly metastatic subline, F5M2, with a low endog-
enous miR-34a level.

In the present study, we demonstrated that the miR-34a 
expression level in the F4 human osteosarcoma cells with a 
low metastatic potential was higher than that in the highly 
metastatic F5M2 cells. Subsequently, we investigated the 
effects of the ectopic expression of miR-34a on F5M2 cells, 
and showed that miR-34a inhibited the invasion and metastasis 
of osteosarcoma cells in vitro. Sequence analysis suggested an 
interaction between the 3'UTR of CD44 mRNA and miR-34a. 
Therefore, we hypothesized that miR-34a can repress the 
expression of CD44 and analyzed its functions in human 
osteosarcoma cells.

Materials and methods

Cell culture. A pair of human osteosarcoma cell lines with 
different pulmonary metastatic potentials, the highly meta-
static subline, F5M2, and the F4 subline with low metastatic 
potential, originating from the human osteosarcoma cell line, 
SOSP-9607, were established by Dr X. Chen in our labora-
tory (18). The F5M2 and F4 cell sublines were cultured in 
complete RPMI-1640 medium (HyClone, Logan, UT, USA) 
supplemented with 10% fetal bovine serum (Sijiqing Co. 
Hangzhou, China) in 5% CO2 at 37˚C.

Transfection. In this study, transfection was performed with 
Lipofectamine 2000 Reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's instructions. miR-34a mimics, 
mimic negative controls, miR-34a inhibitor and negative 
controls were purchased from RiboBio (Guangzhou, China). A 
low concentration of 20 nM or a high concentration of 50 nM 
of the mimics were used for each transfection in the migration, 
invasion, apoptosis and proliferation assays, compared with 
the F5M2 cells transfected with the mimic negative controls, 
miR-34a inhibitor and negative controls. The efficiency of the 
miR-34a transfection was measured by quantitative real-time 
PCR.

Quantitative real-time PCR analysis. miR-34a, CD44 mRNA 
expression was measured by real-time PCR. Total RNA was 
extracted using TRIzol reagent (Invitrogen) according to the 
manu facturer's instructions. For miR-34a quantitative real-time 
PCR, total RNA was reverse transcribed with a miR-sepicfic 
primer (RiboBio) and then quantitative real-time PCR was 
performed with a miR-sepicfic primer using the ABI 
PRISM 7500 real-time PCR system (Applied Biosystems, 
Bedford, MA, USA). U6 was used as the normalization control. 
Quantitative real-time PCR for CD44 mRNA was performed 
with CD44 mRNA primers (forward, 5'-CATCTACCCCA 
GCAACCCTA-3'; and reverse, 5'-ACTGTCTTCGTCTGGG 
ATGG-3') and the relative expression level normalized to 
GAPDH was calculated using the comparative Ct method.

Transwell assay. For migration assay, we used the 6.5-mm 
transwell insert (pore size, 8 µm; 24-well insert; Corning) to 
examine the effect of miR-34a on the migration and invasion 
of the F5M2 and F4 cells. Cells were serum-free-starved 
overnight, and then harvested and resuspended in migration 
medium (RPMI-1640 medium free with fetal bovine serum). 
Cell suspension (5,000 cells) in 100 µl migration medium was 
then added to the inside of the insert. RPMI-1640 medium 
(600 µl) containing 20% fetal bovine serum was added to 
the lower chambers outside of the insert. After the cells were 
incubated for 48 h, the non-invading cells that remained on the 
upper surface of the insert were removed with a cotton swab. 
The invading cells on the lower surface of the insert were fixed 
with 95% ethanol for 30 min and then stained with 0.1% crystal 
violet for 5 min. The number of cells on the lower surface was 
counted under a microscope in 6 randomized visual fields of 
each insert at a magnification of x100.

Invasion assay was carried out in a similar manner as the 
migration assay but the inserts were pre-coated with 40 µl 
BD Matrigel (1:3 dilution; BD Biosciences, San Jose, CA 
USA) according to the manufacturer's instructions.

Wound healing assay. Adhered cell monolayers on 6-well plates 
were scratched with a 20-µl pipette tip (Eppendorf) and grown 
in RPMI-1640 medium with 10% fetal bovine serum (Sijiqing 
Biological Engineering Materials Co., Ltd., Hangzhou, China) 
with 5% CO2 at 37˚C. Wound healing capacity was monitored 
under a microscope after 0, 12, 24 and 36 h.

Apoptosis and proliferation assay. For the apoptosis assay, 
the cells were stained with FITC-conjugated anti-Annexin V 
antibody. The Annexin V-FITC apoptosis detection kit 
(BD Pharmingen, San Diego, CA, USA) was employed to 
analyze cell apoptosis with flow cytometry (BD Biosciences 
FACSAria cell sorter).

For the proliferation assay, the proliferative capacity of the 
cells was evaluated with an MTT assay, which was performed 
following standard procedure in 96-well plates. Cells were 
seeded at a density of 2,000 cells/well containing 100 µl of 
culture medium and cultured overnight. At 24-h intervals, 
20 µl of 5 mg/ml MTT (dimethyl thiazolyl diphenyl tetrazo-
lium; Sigma) were added to each well and then the cells were 
incubated for 4 h at 37˚C. The medium was then removed, and 
100 µl of dimethyl sulfoxide (DMSO) were added to each well 
to dissolve the formazan. The optical density (OD) was evalu-
ated by measuring the absorbance.

Western blot analysis and ICC. The CD44 expression level was 
analyzed by western blot analysis using CD44 mouse mono-
clonal antibody (Abcam) and anti-β-actin mouse monoclonal 
antibody (Epitomics, Inc., Burlingame, CA, USA). ICC was 
performed with CD44 mouse monoclonal antibody (Abcam) and 
the Envision™ Detection kit (Gene-Tech Co., Ltd., Shanghai, 
China) according to a standard method.

Luciferase reporter assay. F5M2 cells were transfected in 
6-well plates with 2 µg of CD44 3'UTR (containing the binding 
site of miR-34a) luciferase reporter plasmid per well, using 
Lipofectamine 2000 (Invitrogen). Cells in each well were also 
co-transfected with 100 pmol of each miR-34 mimics, nega-
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tive control mimics, or miR-34a inhibitors as indicated. Cells 
were collected 48 h after transfection, and luciferase assays 
were performed using a dual-luciferase reporter assay system 
(Promega). Luciferase activity was normalized relative to the 
control activity as previously described (19).

Statistical analysis. All statistical analyses were performed 
using SPSS 17.0 software. The experiments were repeated 
3 times independently and the results are presented as the 
means ± SD. The differences between groups were analyzed 
using Student's t-tests; P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR-34a expression levels are lower in F5M2 cells than in F4 
cells. In this study, the F5M2 and F4 cell sublines were chosen 
as the objectives since they originate from the same maternal 
cell line, SOSP-9607 (human osteosarcoma cell line), but 
display dramatically significant differences in metastatic and 
invasive potential (18).

Of all potential miRNAs, we focused on miR-34a since 
it is one of the most obviously altered miRNAs and is under-
expressed in mouse hepatoma cells with a high lymphatic 
metastatic potential and in highly metastatic human prostate 
cancer cells (20,21). However, the functional mechanism of 
miR-34a in these cancers remains unclear.

In order to investigate the differential expression of 
miR-34a in the osteosarcoma cell sublines with different meta-
static potential, we compared the miR-34a expression between 
the F5M2 and F4 cell sublines by quantitative real-time PCR. 
Consistent with the results obtained for the mouse hepatoma 
cells and for the highly metastatic human prostate cancer cells, 
real-time PCR revealed that the expression level of miR-34a 
in the highly metastatic F5M2 cells was lower than that in 
the F4 cells with low metastatic potential. This difference in 
expression level was statistically significant (P<0.05; Fig 1). 
These results suggest that the downregulation of miR-34a is 
involved in the metastatic and invasive potential of human 
osteosarcoma cells.

F5M2 cells significantly overexpress miR-34a after transfec-
tion. F5M2 cells were transfected with the miR-34a mimics at 
2 different concentrations, 20 or 50 nM. The control groups 
included F5M2 cells that were untreated or transfected with 
the mimic negative controls, miR-34a inhibitor and nega-
tive controls. To verify the efficiency of the transfection, the 
expression of miR-34a was measured by quantitative real-time 
PCR of total RNA 48 h after transfection.

The results from real-time PCR showed that the expres-
sion of miR-34a significantly increased in the F5M2 cells 
after transfection with the miR-34a mimics, compared with 
the control groups (P<0.05; Fig. 1). The results also showed 
that miR-34a expression in the F5M2 cells transfected with a 
high concentration of mimics (50 nM) was significantly higher 
than that in the cells transfected with a low concentration of 
mimics (20 nM). Thus, the transfection was successful. The 
higher the concentration of the miR-34a mimics, the higher 
the expression of the miR-34a in the F5M2 cells after trans-
fection.

CD44 mRNA is a target of miR-34a. The prediction of miR-34a 
putative target genes was performed using bioinformatics 
algorithms based on sequence similarity between miRNAs and 
mRNAs. We used TargetScan (http://www.targetscan.org/) (22) 
and PicTa'r (http://pictar.mdc-berlin.de/) (23,24) to predict the 
targets of miR-34a. Remarkably, the programs predicted that 
CD44 was one of the targets of miR-34a. Liu et al established 
miR-34a as a critical negative regulator of CD44+ PCa cells and 
CD44 itself as an important target of miR-34a (21). Therefore, 
we hypothesized that miR-34a may alter F5M2 cell migration 
and invasion by regulating the expression of CD44. To verify 
this hypothesis, we examined the expression level of CD44 in 
F5M2 cells after transfection with miR-34a mimics by ICC and 
western blot analysis.

ICC analysis showed that the staining intensity of CD44 
in the F5M2 cells was stronger than that in the F4 cells; this 
was significantly reduced in the F5M2 cells after transfection 
with miR-34a mimics (Fig. 2A). The results from western blot 
analysis were similar to those from ICC analysis, in that the 
expression level of CD44 in the F5M2 cells was significantly 
higher than that in the F4 cells and that the expression of CD44 
in the F5M2 cells markedly decreased after transfection with 
miR-34a mimics, compared with the F5M2 cells untreated or 
treated with the negative controls (Fig. 2B). Both in western 
blot analysis and ICC, the expression of CD44 had the same 
tendency; the F5M2 cells treated with 50 nM miR-34a mimics 
expressed lower levels of CD44 than the cells treated with 
20 nM miR-34a mimics (P<0.05). There was a negative corre-
lation between the CD44 levels and the exogenous miR-34a 
levels. The overexpression of miR-34a may thus inhibit the 
expression of CD44. Therefore, CD44 mRNA is a possible 
target of miR-34a.

To further prove that the changes in the protein levels were 
a direct effect of miR-34a, we fused the 3'UTRs of CD44 
to a luciferase reporter construct. The results demonstrated 
that the luciferase activity of the miR-CD44 UTR construct 

Figure 1. RT-PCR. Total RNA was extracted from the cells, and the level of 
miR-34a was analyzed by quantitative real-time PCR. The results showed 
that miR-34a expression in F5M2 was significantly lower than that in F4 cells 
(#P<0.05). The miR-34a level increased markedly in F5M2 cells after trans-
fection with miR-34a mimics (#P<0.05), compared with F5M2 cells untreated 
or transfected with mimic negative controls (NC) or inhibitors. There was no 
significant difference between the F5M2 cells untreated and transfected with 
mimic NC or inhibitors. miR-34a expression in F5M2 cells transfected with 
a high concentration of mimics (50 nM) was significantly higher than that in 
cells transfected with a low concentration of mimics (20 nM) (*P<0.05). The 
results represent the relative level of miR-34a in F5M2 cells.
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was significantly inhibited after the introduction of miR-34a 
mimics (Fig. 2C; P<0.05). Consistent with the results reported 
previously by others (21,25), the transfection of miR-34a 
mimics effectively modulated the luciferase reporter gene 
expression compared with the control groups. The results of 
luciferase reporter assay demonstrated that CD44 was a direct 
target of miR-34a in the F5M2 cells.

miR-34a significantly decreases the migration and invasive 
ability of F5M2 cells. Consistent with the conclusions of the 
metastatic potential of F5M2 cells presented in the study by 
Chen et al (18), in our study, F5M2 cells displayed a signifi-
cantly higher migration and invasive capability than F4 cells 
in vitro, as shown by transwell assay (Fig. 3A and B).

To explore the potential role of miR-34a in osteosarcoma 
cell metastasis, we examined the cell motility and invasive 
capability after the ectopic expression of miR-34a in F5M2 
cells, which had been verified to underexpress endogenous 
miR-34a previously.

Transwell assay without Matrigel was employed to examine 
the migration capability. Cells that penetrated the membrane 
and reached the under side of the transwell were recorded 
after incubation for 48 h. The results showed that the ectopic 
overexpression of miR-34a significantly repressed the chemo-
taxis of F5M2 cells, compared with the F5M2 cells that were 
untransfected or transfected with the mimic controls (Fig. 3A 
and C; P<0.05).

Transwell inserts with a layer of Matrigel on top of the 
inserts were employed to examine the invasive capability. 
Cells that penetrated both Matrigel and membrane were 
counted after incubation for 48 h. The results showed that 
ectopic miR-34a expression in the F5M2 cells significantly 
inhibited their invasive ability (Fig. 3B and D; P<0.05), which 
was consistent with the results obtained for migration.

Additionally, the cell motility of F5M2 cells transfected 
with a high concentration of mimics was significantly weaker 
than that of F5M2 cells transfected with a low concentration 
of mimics, as shown by both the migration and invasion assay. 
Taken together, these results demonstrate that miR-34a inhibits 
the F5M2 cell migration and invasion potential in vitro.

miR-34a significantly decreases wound healing capacity of 
F5M2 cells. To compare the polarized migration of F5M2 and 
F4 cells, we employed the scratch wound cell model. The results 
showed that in the F5M2 cells, the scratch wounds healed 
faster than those in the F4 cells (Fig. 4; P<0.05). This model 
also showed that ectogenic miR-34a significantly decreased 
the wound healing capacity of F5M2 cells, compared with 
those cells untreated or transfected with the negative controls 
(Fig. 4 and Table I). These results demonstrated that the inhibi-
tory effect of miR-34a was dependent on the concentration of 
miR-34a mimics (data not shown). The higher the concentra-
tion of the miR-34a mimics, the slower the rate at which the 
F5M2 cells closed the scratch wounds after transfection.

Figure 2. (A) Immunocytochemistry (ICC) showed that CD44 expression in F5M2 cells was significantly higher than in F4 cells. After transfection with 
miR-34a mimics, CD44 expression in F5M2 cells was lower than in F5M2 cells untreated or transfected with mimic negative controls (NC) or inhibitors. Of 
note, CD44 expression in F5M2 cells transfected with a high dose of miR-34a (50 nM) was lower than in cells treated with a low dose of miR-34a (20 nM). 
CD44 was expressed mainly in the membrane of the osteosarcoma cells. (B) Consistent with the results of ICC, western blot analysis showed that CD44 
expression was significantly higher in F5M2 cells than in F4 cells. After transfection with a low dose of miR-34a, CD44 expression in F5M2 cells was lower 
than in F5M2 cells untreated or transfected with mimic NC or inhibitors. After transfection with a high dose of miR-34a mimics, CD44 expression was almost 
abolished. CD44 expression in F5M2 cells transfected with a high dose of miR-34a (50 nM) was lower than that in cells treated with a low dose of miR-34a 
(20 nM). β-actin was used as the internal reference positive control. (C) The results of luciferase assay demonstrated that the luciferase activity of the miR-
CD44 UTR construct was significantly inhibited after the introduction of the miR-34a mimics, compared with the untreated F5M2 cells (#P<0.05). Luciferase 
activity in F5M2 cells transfected with a high dose of miR-34a (50 nM) was lower than that in cells treated with a low dose of miR-34a (20 nM) (*P<0.05).

  A

  B   C
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miR-34a influences apoptosis and proliferation of F5M2 
cells. The results of flow cytometry showed that there was 
no statistically significant difference either between F5M2 
and F4 cells, or between F5M2 cells untreated or transfected 

with miR-34a mimics and negative controls (Fig. 5A and B). 
Therefore, miR-34a had little effect on cell apoptosis.

In order to investigate the effects of miR-34a on cell 
proliferation, MTT assay was performed. The proliferation 

Figure 3. Transwell assay showed that miR-34a negatively regulated F5M2 cell migration and invasion in vitro. (A and C) The cell migration number of F4 
or F5M2 cells transfected with miR-34a mimics was significantly lower than that of F5M2 cells untreated or treated with mimic negative controls (NC) or 
inhibitors. The differences between F5M2 cells transfected with miR-34a mimics and untreated F5M2 cells was significant (#P<0.05). There was no significant 
difference between F5M2 cells untreated and transfected with mimic NC or inhibitors. (B and D) The invasive cell number of F4 or F5M2 cells transfected 
with miR-34a mimics was significantly lower than that of F5M2 cells untreated or treated with NC. There was no significant difference between F5M2 cells 
untreated and transfected with mimic NC or inhibitors. The differences between F5M2 cells transfected with miR-34a mimics and F5M2 cells untreated were 
significant (#P<0.05). #P<0.05, compared with F5M2. *P<0.05, comparison between high miR-34a and low miR-34a. (A and B) (a) F4; (b) F5M2; (c) F5M2 with 
NC; (d) F5M2 with low miR-34a; (e) F5M2 with high miR-34a; (f) F5M2 with miR-34a inhinibitor. inh, inhibitor.
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curve was then depicted. The results demonstrated that the 
F5M2 cells transfected with the miR-34a mimics exhibited a 
similar tendency in proliferation capacity between the groups. 
This demonstrates that the exogenous miR-34a expression 
had little effect on the proliferation of osteosarcoma cells 
(Fig. 5C).

Discussion

It has previously been reported that several miRNAs are 
metastatic suppressors, including miR-126, miR-335, let-7c, 
miR-100, miR-218, miR-375, miR-125, miR-198 and miR-142. 
The reduced expression of miR-126 and miR-335 has been 

Table I. Wound closure rate of F4 or F5M2 transfected with miR-34a mimics, untreated or treated with the negative controls.

 Time (h)
 ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cell transfection 0 12 24 36

F4 0 0.42±0.08 0.62±0.02a 0.90±0.13a

F5M2 0 0.41±0.12 0.83±0.16 0.99±0.08
F5M2, NC 0 0.45±0.12 0.85±0.06 0.97±0.03
F5M2, miR-34a 0 0.43±0.07 0.61±0.08a 0.78±0.11a

The would closure rate of F4 or F5M2 cells transfected with miR-34a mimics was significantly lower compared to cells untreated or treated 
with the negative controls (P<0.05).There was no significant difference between F5M2 cells untreated or treated with the negative controls 
(NC) (P>0.05). Wound closure rate was defined as closed width/h (means ± SD). aP<0.05, compared with F5M2 cells untreated at the same 
time-point.

Figure 4. Wound healing capacity was monitored by microscopy after 0, 12, 24 and 36 h. Wound closure rate of F4 or F5M2 cells transfected with miR-34a 
mimics was significantly lower than that of F5M2 cells untreated or treated with negative controls (NC). (A) F4; (B) F5M2 untransfected; (C) F5M2 transfected 
with NC; (D) F5M2 transfected with miR-34a mimics.



ONCOLOGY REPORTS  29:  1027-1036,  2013 1033

found in breast cancer characterized by poor metastatic-free 
survival (26), while the expression of miR-let7c, miR-100 
and miR-218 has been shown to be significantly decreased in 
metastatic prostate cancer compared with localized prostate 
cancer (27). The ectopic expression of miR-375 induces changes 
in cell morphology, and inhibits melanoma cell invasion 

and wound healing, strongly suggesting the functional role 
of miR-375 in cytoskeletal architecture and migration (28). 
Moreover, the enforced ectopic expression of miR-125 has been 
shown to impair cell migration and invasion in a breast cancer 
cell line, and the reduction of miR-125 expression enhances the 
migration ability of the cells (29). miR-198 has been shown to 
be downregulated in HCC and the forced ectopic expression of 
miR-198 represses HCC cell migration and invasion in a c-MET-
dependent manner (30). Another study reported that miR-142 
expression was downregulated in HCC cells and that the overex-
pression of miR-142 inhibited cell migration and invasion, while 
the blocking of miR-142 increased cell migration and invasion. 
It has also been demonstrated that miR-142 inhibits HCC cell 
migration and invasion by targeting RAC1 (31).

The functional analysis of miR-34a has recently been 
reported in mouse HCC cell lines and in human prostate 
cancer progenitor cells. Liu et al (21) presented miR-34a as 
a potent metastasis inhibitor of prostate cancer and reported 
that the upregulation of miR-34a inhibited the migration of 
cancer cells and extended animal survival. They demonstrated 
that miR-34a induced the dysregulation of genes related to 
migration and invasion by directly repressing CD44. Guo et al 
demonstrated that the ectopic upregulation of miR-34a inhib-
ited the lymphatic metastatic potential of Hca-F cells (highly 
metastatic mouse hepatoma cells); however, this was shown to 
be mediated via the downregulation of cyclin D1 and CDK6 
in Hepa1-6 cells (20). Some targets of miR-34a have been 
recently identified, including CDK4/6, CCND1, CCNE2, E2F3, 
Bcl-2, MYCN, c-Met, SIRT1, Notch1 and Jagged1 (14,32-35). 
However, the role of miR-34a in tumor metastasis remains to 
be fully elucidated. Taken together, these data indicate that 
miR-34a is likely to have a number of targets through which 
it regul ates the biological functions of cancer cells, including 
metastasis.

In the results of previous biochemical studies, it has been 
reported that the miRNA repression of mRNA expression is 
dependent on specific cellular conditions (36). Studies have 
demonstrated that the expression profiling of miR-34a is tissue-
specific, and that it may have divergent functions depending 
on the tumor tissue or cell type. To identify the potential role 
of miR-34a in osteosarcoma metastasis, we carried out this 
study to compare the miR-34a expression level in F5M2 cells 
with that in F4 cells, which are sublines of the osteosarcoma 
cell line, SOSP-9607, with high and low metastatic potential, 
respectively (18). We used a variety of methods to analyze 
the inhibitory role of miR-34a in the migration and invasion 
of F5M2 cells. Real-time PCR demonstrated that miR-34a 
expression in F5M2 cells was lower than that in F4 cells. After 
transfection with miR-34a mimics, the results indicated that 
the overexpression of miR-34a mainly inhibited the migration 
and invasion of the transfected F5M2 cells, compared with the 
F5M2 cells untreated or transfected with the negative controls. 
Therefore, it is reasonable to conclude that miR-34a may act as 
a tumor suppressor in osteosarcoma.

The identification of cancer-specific miRNAs and their 
targets is pivotal for understanding their role in tumorigenesis 
and metastasis, and may be important for the discovery of novel 
therapeutic targets. To identify the suppressive mechanism of 
miR-34a in osteosarcoma cell metastasis, we employed miRNA 
target prediction programs (TargetScan and PicTa'r) to match 

Figure 5. (A and B) There was no statistical difference in the total apoptotic 
ratio between F5M2 and F4 cells as well as between F5M2 cells transfected 
and untransfected with miR-34a. Quadrant 2 (Q2) represents the percentage 
of viable apoptotic cells. Quadrant 4 (Q4) represents the percentage of non-
viable apoptotic cells. Total apoptotic percentage was equal to Q2 and Q4. 
(a) F5M2 untransfected; (b) F5M2 transfected with low miR-34a; (c) F5M2 
transfected with high miR-34a; (d) F5M2 transfected with NC. (C) The results 
demonstrated that F5M2 cells transfected with miR-34a mimics exhibited a 
similar proliferation capacity to the F5M2 cells untreated or transfected with 
the negative control (NC).
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the direct targets of miR-34a (23). Markedly, the programs 
predicted that CD44 was one of the targets of miR-34a. CD44 
which contained the corresponding binding site of miR-34a in 
its 3'UTR, was regulated by miR-34a. A previous study demon-
strated that miR-34a inhibited prostate cancer stem cells and 
metastasis by directly repressing CD44 (21). The results of the 
present study showed that the CD44 level inversely correlated 
with the miR-34a level. The results of luciferase reporter assay 
demonstrated that CD44 was a direct target of miR-34a in 
F5M2 cells. Of note, this study also demonstrated that CD44 
levels positively correlated with osteosarcoma cell metastasis 
and invasion. Therefore, it is reasonable to conclude that altera-
tions in miR-34a expression may regulate cell migration and 
invasion by targeting CD44.

CD44 (also known as homing cellular adhesion molecule, 
Hermes antigen and PGP-1) is encoded by a single, highly 
conserved gene with a length of 50-60 kb and is composed 
of 20 exons. Hhuman CD44 is an 85-90 kDa transmembrane 
glycoprotein receptor belonging to the family of cell adhesion 
proteins and involved in cell-extracellular matrix interactions 
as well as in cell-cell interactions. CD44 participates in many 
cellular processes including the regulation of cell survival, 
migration and adhesion through the binding of its major 
ligand, hyaluronic acid (37-40). Recently, it has been reported 
that the aberrant overexpression of CD44 correlates with the 
metastatic potential of several malignant tumors, such as pros-
tate cancer, breast tumors and chondrosarcoma (21,41,42).

CD44 is a molecular marker in a variety of tumors. Chen 
et al reported that CD133+CD44+ stem-like cancer cells were 
highly enriched in HCT116 colon cancer cells and that meta-
static colon cancer cells resided exclusively in a subpopulation 
of cells with a high CD44 expression (43). Zhang et al strongly 
suggested that the CD44+ subpopulation of human gastric 
cancer cell lines, AGS, is gastric cancer stem cells (44). It has 
been reported that CD44 is involved in cancer cell adhesion, 
motility and invasion through the interaction with hyaluronic 
acid and is necessary for the metastasis and recurrence of 
breast cancer cells (45,46). The same study also concluded 
that antibodies against different epitopes on CD44 mediated 
distinct functional effects on breast cancer cells. Heyse et al 
suggested that the overexpression of CD44s correlated signifi-
cantly with the metastatic potential of human chondrosarcoma 
cells and there was a significant association beetween high 
CD44 expression and poor survival in patients with chondro-
sarcoma (42). They also reported that the overexpression of 
CD44 was necessary for the metastasis of osteosarcoma and 
that the high expression of CD44 was also associated with the 
low survival rate of patients with osteosarcoma (47).

The overexpression of CD44 may be considered a prog-
nostic parameter of osteosarcoma and a metastatic parameter 
of chondrosarcoma (42,47), but whether miRNAs regulate 
CD44 and osteosarcoma metastasis remains unclear. In this 
study, through expression analysis, we showed that miR-34a 
was underexpressed in highly metastatic F5M2 cells origi-
nating from the osteosarcoma cell line, SOSP-9607.

To verify the inhibitory effect of miR-34a on CD44 expres-
sion, we conducted a trial to transfect miR-34a into F5M2 cells, 
which expressed higher levels of CD44 protein and had a higher 
pulmonary metastatic potential than the paired F4 cells (18). 
After transfection with miR-34a mimics, CD44 expression in 

F5M2 cells was almost abolished, as shown by western blot 
analysis and ICC. On the contrary, F5M2 cells transfected with 
the negative controls or miR-34a inhibitors showed only a slight 
change in CD44 expression. Our study also showed that the 
enforced ectopic expression of miR-34a in F5M2 cells signifi-
cantly inhibited cell motility and invasion. We also demonstrated 
that miR-34a had little effect on cell apoptosis and proliferation. 
Taken together, these data suggest that miR-34a expression is 
inversely related to the metastasis of osteosarcoma cells. CD44 
expression positively correlated with the metastasis and invasion 
of osteosarcoma cells. Therefore, it can be concluded that the 
enforced ectopic expression of miR-34a in F5M2 cells might act 
as a significant inhibitory factor in the progression of osteosar-
coma cells by downregulating the expression of CD44. Of note, 
CD44 was identified and validated as a direct and functional 
target of miR-34a in inhibiting osteosarcoma cell regeneration 
and metastasis.

Many human cancers contain cancer stem cells or tumor 
progenitor cells, which have the ability of self-renewal, partial 
recreation of the cellular heterogeneity of the parental cells, 
and possess an enhanced tumor-initiating capacity, and are 
thus more resistant than most general cancer cells to conven-
tional anticancer treatment. Due to these properties, cancer 
stem cells or tumor progenitor cells have been linked to tumor 
progression and metastasis (48). Chen et al demonstrated with 
clonal analysis that a lineage of self-renewing tumor-initiating 
cell types existed in glioblastoma (49). Either individually or 
in combination with other markers, the adhesion molecule, 
CD44, has identified cancer stem cells in many tumors, 
including cancers of the breast, pancreas, head and neck, 
colon, small intestine, live, stomach, bladder and ovaries.

The exact mechanisms by which miR-34a inhibits osteo-
sarcoma cell metastasis by repressing CD44 still remain 
largely ambiguous; however, the enforced ectopic expression 
of miR-34a inhibited the migration and invasion of the F5M2 
cell subline. Considering the widespread expression of CD44 
in cancer stem cells and the functional involvement of CD44 
in mediating cancer stem cell migration and the metastasis of 
many cancers (50,51), the newly identified miR-34a suppres-
sion of CD44 reveals a key role for miRNA-based gene 
regulation. The emerging tumor-suppressive role of miR-34a 
in prostate and lung tumors (21,52), establishes a strong 
rationale for developing miR-34a as a novel therapy targeting 
osteosarcoma cells.

During the course of our study, other reports on miRNAs 
were published, which identified miR-219, miR-20a, miR-223, 
miR-222, miR-195 tumor-associated miRNAs. miR-219 has 
been shown to exert tumor-suppressive effects in hepatic carci-
nogenesis through the negative regulation of GPC3 expression 
in vitro (53). miR-20a promotes the migration and invasion 
of cervical cancer cells through the direct upregulation of 
TNKS2, which induces the colony formation, migration and 
invasion of cervical cancer cells (54). The overexpression of 
miR-223 significantly inhibits cell proliferation by regulating 
FOXO1 expression (55). These studies further suggest that 
miRNAs are involved in tumor metastasis and progression.

The findings of this study illustrate that, by downregu-
lating CD44 expression, miR-34a plays an inhibitory role in 
the migration and invasion of osteosarcoma cells. To our 
knowledge, this is the first study to demonstrate that miR-34a 
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regulates the metastasis and progression of osteosarcoma cells, 
by targeting the expression of CD44 in F5M2 cells in vitro. 
The data presented in our study may provide an novel avenue 
for further analysis with an aim to develop a novel potential 
therapeutic target for the treatment of highly metastatic osteo-
sarcoma in vivo. Further study would be required to fully 
elucidate the exact roles of miR-34a and CD44 in osteosarcoma 
in vitro and in vivo.
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