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miR-183 inhibits the metastasis of osteosarcoma via
downregulation of the expression of Ezrin in FSM2 cells
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Abstract. Osteosarcoma is the most common primary
malignancy of bone in teenagers and approximately 30% of
patients develop lung metastasis, which is the leading cause
of mortality. Recent studies suggest that the Ezrin protein is
correlated with the metastatic potential of several malignant
tumors. In our study, ectopic overexpression of miR-183
repressed the expression levels of Ezrin and significantly
inhibited the motility and invasion of osteosarcoma cells.
This suggests that miR-183 may possibly play a tumor
suppressor role in the metastasis of osteosarcoma by down-
regulating Ezrin expression levels. These findings show
that through inhibition of Ezrin expression levels, miR-183
is significantly involved in cell migration and invasion of
osteosarcoma.

Introduction

Osteosarcoma is the most common primary malignancy of
bone in children and adolescents. Clinical data show that
this tumor has a poor prognosis, even with the current treat-
ment including amputation and chemotherapy (1,2). During
the past 30 years, surgery and neo-adjuvant chemotherapy
have been considered as effective treatment approaches for
osteosarcoma and have greatly increased limb salvage rate
and considerably raised the survival to 65-75%. However,
approximately 30% of patients develop lung metastasis,
which is the leading cause of mortality (3). Therefore, it is
essential to identify metastasis-associated molecules and to
better understand the mechanism behind the lung metastasis
of osteosarcoma.

microRNAs are a class of small non-coding regulatory
RNA molecules, with a profound impact on various biolog-
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ical processes (4-6). It has been reported that microRNAs
are aberrantly expressed in most types of cancer where they
are considered to play significant roles by regulating the
expression of various tumor suppressors and oncogenes (7-9).
However, the role of miRNAs in mediating tumor metastasis
has only recently been investigated and still remains largely
ambiguous.

miR-183 is a member of a miRNA family (miR-183,
miR-182 and miR-96) that are clustered within 2-4 kb at
chromosome 7q32. miRNAs from this locus are dysregulated
in a variety of tumors such as hepatic and colorectal, as well
as in leukaemia, lung, and breast cancer (10-13). Furthermore,
it has been shown that downregulation of miR-183 is associ-
ated with lung cancer metastasis and ectopic overexpression
of it inhibits the invasiveness of lung cancer cells (14). Taken
together, this suggests that miR-183 plays a significant role in
the carcinogenesis or the metastatic cascade, possibly having
a tumor suppressor role.

The aim of this study was to investigate the potential role
of miR-183 in the invasion and metastasis of osteosarcoma. In
this study, we investigated the expression level and functional
pattern of miR-183 in osteosarcoma cells. This was performed
by quantitation of miR-183 in paired high-metastatic human
osteosarcoma FSM2 and low-metastatic human osteosarcoma
F4 cells. Functional analysis was then carried out by transfec-
tion of miR-183 mimics or inhibitors into the high-metastasis
osteosarcoma FSM?2 cell line with low endogenous miR-183
expression. The results of the transfection were subsequently
assessed on cell viability patterns, cell migration and altera-
tions in gene expression by real-time PCR and in protein
levels by western blotting and immunocytochemistry (ICC).

It has been demonstrated that miR-183 regulates the
expression of the Ezrin protein, which is involved in control-
ling actin cytoskeleton, cell adhesion and motility. This is
consistent with the cellular function of Ezrin. Taken together,
our results suggest that miR-183 plays a significant regulatory
role in osteosarcoma cell metastasis, indicating that it might
be a novel potential diagnostic and therapeutic target in
osteosarcoma.

Materials and methods

Cell culture. A pair of human osteosarcoma cell lines with
different pulmonary metastatic potentials, high-metastatic
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F5M2 and low-metastatic F4 cells originating from the human
osteosarcoma cell line SOSP-9607 were established in our
laboratory (15). The F4 and FSM2 cell lines were maintained
in complete RPMI-1640 medium (HyClone) supplemented
with 10% fetal calf serum (Sijiging Co., China) at 37°C with
5% CO,.

Real-time PCR analysis. miR-183, Ezrin mRNA expression
was measured by real-time PCR. Total-RNA was extracted
by TRIzol reagent (Invitrogen Life Technologies, Carlsbad,
CA, USA) according to the manufacturer's protocol. For
miR-183 quantitative real-time PCR, total-RNA was re-tran-
scribed with a miR-specific primer (RiboBio, Guangzhou,
China) and then quantitative real-time PCR was performed
with a miR-specific primer on the ABI PRISM 7500 real-
time PCR system (Applied Biosciences, USA), compared
with normalization control U6. Quantitative real-time PCR
for Ezrin was performed with primers for Ezrin (forward,
5'-tgggatgctcaaagataatge-3' and reverse, 5'-actccaagc
caaaggtctgtt-3') and the relative expression level compared
with GAPDH was calculated using the comparative Ct
method.

Transwell insert. We used the Transwell insert (24-well
insert; pore size, 8 ym; Corning) to explore the effect of
miR-183 on the migration and invasion of FSM2 and F4 cells.
Cells suspended in RPMI-1640 medium without fetal bovine
serum (FBS) were added to the insert. RPMI-1640 medium
with 20% FBS were added to the well out of the insert.
After 48 h, the cells on the lower surface of the insert were
fixed with 95% ethanol and stained with crystal violet. The
invasion assay was performed as the migration assay with
the addition of the inserts precoated with 40 x1 BD Matrigel
(dilution; 1:3; BD Biosciences, San Jose, CA, USA). Then,
6 random visual fields of each insert were counted under a
microscope (x40).

Wound healing assay. Adhered cell monolayers were
scratched with a 20 pl pipette tip (Eppendorf) and grown in
RPMI-1640 medium with 10% FBS (Sijiging Co.) at 37°C
with 5% CO,. Wound healing capacity was monitored by
microscopy after 0, 12, 24 and 36 h.

Apoptosis test. 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
used to analyze cell apoptosis with flow cytometry (BD Aria;
BD Biosciences).

Western blot analysis and immunocytochemistry. The Ezrin
protein was analyzed by western blot analysis using Ezrin
Rabbit Monoclonal Antibody and anti-f}-actin mouse mono-
clonal antibody (Epitomics Inc., USA). Immunocytochemistry
(ICC) was performed with Ezrin Rabbit Monoclonal Antibody
(Epitomics Inc.) and Envision™ Detection kit (Gene Tech,
Co., Ltd., Shanghai, China) as standard method.

Transfection. The transfection was performed with
Lipofectamine™ 2000 Reagent (Invitrogen Life Technologies)
according to the manufacturer's instructions. miR-183 mimics,
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Figure 1. RT-PCR. Total-RNA was isolated from cells and the miR-183 level
was analyzed by real-time PCR. miR-183 expression in FSM2 was signifi-
cantly lower than in F4 cells. miR-183 expression levels increased markedly
in FSM2 transfection with miR-183 mimics. However, the levels of miR-183
in F5M2 transfected with NC was not different from that of untreated FSM2
cells. The results represent the relative level of miR-183 in F4.

and their negative controls (NCs) and miR-183 inhibitor were
purchased from RiboBio. A low concentration of 20 nM or a
high concentration of 50 nM of mimics were used for each
transfection in the migration, invasion and apoptosis assays,
compared with FSM?2 cells transfected with NC or with the
miR-183 inhibitors. Efficiency of miR-183 transfection was
measured by real-time PCR.

Statistical analysis. All statistical analyses were performed
using SPSS 17.0. All data were expressed as the mean + SD of
at least 3 independent experiments. The differences between
groups were analyzed using the Student's t-test; P<0.05 was
considered to indicate statistically significant differences.

Results

Expression of miR-183 in F5SM?2 cells is lower than in F4
cells. In this study, the FSM2 and F4 cell lines were selected
as the objectives since they originate from the same maternal
cell line of human osteosarcoma cell SOSP-9607, but display
notable differences in metastatic ability (15).

Of the most potential miRNAs, we focused on miR-183 as
it is one of the clearly altered miRNAs and is under-expressed
in high-metastatic human pulmonary giant cell carcinoma
and colorectal cancer (14,16). However, the functional role of
miR-183 in these types of cancer remains unclear.

To study the differential expression of miR-183 in different
metastatic potential osteosarcoma cell lines, we employed
real-time PCR to compare miR-183 expression between FSM?2
and F4. Consistent with the results in pulmonary giant cell
carcinoma and colorectal cancer, real-time PCR demonstrated
that miR-183 expression in FSM2 was lower than in F4 cells.
The difference was statistically significant (P<0.05) (Fig. 1).

F5M?2 significantly overexpresses miR-183 following
miR-183 mimic transfection. FSM2 cells were transfected
with the miR-183 mimics at a low concentration of 20 nM
or a high concentration of 50 nM. Control groups included



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 30: 1013-1020, 2012

1015

B Migration cell NO.
90
80 ¥
jo
2
40
30 *
20 * *#
e N N
02 2 3 06
B g g8 %3
L » ="
w i
D Invasion cell NO.

o
3
w

F5M2,NC

F5M2,low
183

F5M2,high
183

Figure 2. Transwell trials showed that miR-183 regulated FSM2 migration and invasion negatively in vitro. (A) Following transfection with or without miR-183
or NC, F5M2 cells suspended in RPMI-1640 medium without fetal bovine serum (FBS) were added to the insert. RPMI 1640 medium with 20% FBS were
added to the well out of the insert. After 48 h, the cells on the lower surface of the insert were fixed with 95% ethanol and stained with crystal violet. a, F4;
b, F5M2; ¢, FSM2 with NC; d, FSM2 with low miR-183; e, FSM2 with high miR-183; f, FSM2 with miR-183 inhibitor. (B) The migratory cell number of F4 or
F5M2 transfected with miR-183 mimics was lower than that of FSM2 cells untreated or treated with NC. (C) The invasion assay was performed as the migra-
tion assay with the addition of the inserts coated with BD Matrigel. a, F4; b, FSM2; ¢, FSM2 with NC; d, FSM2 with low miR-183; e, FSM2 with high miR-183;
f, FSM2 with miR-183 inhibitor. (D) The invasive cell number of F4 or FSM2 transfected with miR-183 mimics was lower than that of FSM2 cells untreated or
treated with NC. "P<0.05, compared with F5M2. “P<0.05, compared high miR-183 with low miR-183. ¥P>0.05, compared with F5M2.

F5M2 cells that were untreated or transfected with the
miR-183 NC or with the miR-183 inhibitors. To examine the
efficiency of the transfection, total-RNA was extracted and
the miR-183 level was measured by real-time PCR 48 h after
transfection.

Real-time PCR showed that miR-183 was significantly
over-expressed in F5M2 cells after transfection with the
miR-183 mimics, compared with the untreated or treated
with mimics NC or the miR-183 inhibitor groups (P<0.05)
(Fig. 1). It also showed that miR-183 levels in FSM2 trans-
fection with 50 nM mimics was significantly higher than
that of FSM2 20 nM mimics. Real-time PCR demonstrated
that the transfection was effective; a higher concentration of
miR-183 mimics led to a higher expression of the miR-183.

miR-183 significantly decreases the migratory and inva-
sive ability of F5M?2. In our study, FSM2 cells displayed
significantly higher migratory and invasive abilities than
F4 cells in vitro in a transwell insert experiment, which is in
accordance with their metastatic potential (15).

To investigate the possible role of miR-183 in osteosar-
coma cell metastasis, we examined the impact on cell motility
and invasive ability after ectopic expression of miR-183 in
F5M2 cells, which had been verified under expression of
endogenous miR-183.

To examine the migration ability, Transwell insert tests
without Matrigel were employed. Cells that penetrated
this membrane and reached the underside of the Transwell
were counted after 48 h of incubation. The results showed
that ectopic expression of miR-183 repressed chemotaxis
of F5SM?2 cells significantly, compared with the NC groups
or the untransfected FSM?2 cells (Fig. 2A and B) (P<0.05).

To examine the invasion ability, Transwell insert tests with
a layer of Matrigel on top of the insert were employed. Cells
that penetrated both the Matrigel and membrane were recorded
following incubation for 48 h. It showed that miR-183 in FSM2
cells significantly inhibited their invasion (Fig. 2C and D)
(P<0.05), which was consistent with the results of migration.
Taken together, our results demonstrate that miR-183 inhibited
F5M2 cell migration and invasion potential in vitro.
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Table I. Wound closure rate of F4 or FSM2 transfected with miR-183 mimics was significantly lower than that of FSM2 cells
untreated or treated with NC (P<0.05). There was no significant difference between FSM2 cells untreated or treated with NC
(P>0.05). Wound closure rate was defined as closed width/O h width (means + SD).

Time Oh 12h 24 h 36 h
F4 0 0.44+0.08 0.60+0.02* 0.90+0.03*
F5M2 0 0.42+0.11 0.82+0.06 0.97+0.03
F5M2, with 183 0 0.41+0.07 0.60+0.08* 0.77+£0.11°
F5M2,NC 0 0.45+0.12° 0.85+0.06° 0.97+0.03°
*P<0.05; ®P>0.05, compared with FSM?2 at the same time point; NC, negative control.

F4 FoM2 F5m2,183 F5M2,NC

Figure 3. Wound healing assay. Adhered cell monolayers were scratched with a 20 ul pipette tip. Wound healing capacity was monitored by microscopy after
0, 12, 24 and 36 h. The wound closure rate of F4 or FSM2 transfected with miR-183 mimics was significantly lower than that of FSM2 cells untreated or

treated with NC.

Our findings also reveal that the cell motility ability
of F5SM2 transfection with high concentration mimics was
significantly weaker than that of FSM2 with low concen-
tration mimics in both the migration and invasion assay.

miR-183 significantly decreases the wound healing capacity
of F5M?2 cells. We employed the scratch wound cell model to
compare the polarized migration of FSM2 and F4 cells. The
results revealed that FSM2 cells closed the scratch wounds
faster than F4 cells (Fig. 3) (P<0.05). This model showed
that ectogenic miR-183 significantly decreased the wound
healing capacity of FSM2 cells when compared with those
cells untreated or transfected with NC (Fig. 3 and Table I).
It also showed that inhibition of miR-183 was concentration-
dependent.

miR-183 does not affect apoptosis in FSM2 cells. The results
of apoptosis with flow cytometry showed that there was no
statistically significant difference either between FSM2 and
F4 cells, or between FSM2 cells transfected with miR-183
mimics and NC or untreated (Fig. 4). Thus, miR-183 has little
effect on cell apoptosis and viability.

miR-183 inhibits the expression of Ezrin. We used 3 miRNA
target prediction programs (TargetScan, PicTar and miRanda)
to predict the targets of miR-183. Markedly, all 3 programs
predicted that VIL2/Ezrin, was the target of miR-183.
Therefore, we speculated that miR-183 might alter FSM2 cell
migration and invasion by regulating the expression of Ezrin.
To verify this speculation, we examined the expression level
of Ezrin by western blotting and ICC.
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Figure 4. Flow cytometry (FCM) showed that miR-183 has only slight effect on cell apoptosis. (A) Q2 (Quadrant 2) represents the percentage of the viable
apoptotic cells. Q4 (Quadrant 4) represents the percentage of the non-viable apoptotic cells. Total apoptotic percentage was equal to Q2 and Q4. a, F4; b,
F5M2; ¢, FSM2 with high miR-183; d, FSM2 with NC. (B) There was no statistically significant difference in total apoptotic ratio between FSM2 and F4 cells,

neither between FSM2 cells transfected or un-transfected with miR-183.

ICC analysis revealed that staining intensity of Ezrin in
F5M2 cells was stronger than in F4 cells and that it decreased
greatly after transfection with miR-183 mimics (Fig. 5).
Western blotting also showed that the expression level of
Ezrin in FSM2 cells was significantly higher than that in F4
cells. Expression of Ezrin in FSM2 cells decreased markedly
after transfection with miR-183 mimics, compared with cells
untreated or treated with NC (Fig. 6). Both in western blotting
and ICC, the expression of Ezrin took on the same tendency;
F5M2 cells treated with 50 nM miR-183 mimics expressed
less Ezrin than F5M2 cells treated with 20 nM miR-183
mimics (P<0.05). There was an inverse correlation between
Ezrin production and miR-183 levels.

Discussion

miR-183 family members have been shown to be upregulated
in colorectal and hepatic tumors, as well as in leukaemia and
breast cancer (10-13). By contrast, miR-183 has been shown
to be downregulated and inversely correlated with invasive
and metastatic ability in pulmonary giant cell cancer (14)
and breast cancer (17). Previous studies have demonstrated
that the expression profiling of miR-183 was tissue-specific

and that it might have divergent functions depending on the
tumor tissue or cell type. Previous studies have reported that
miRNA repression of mRNA is dependent on the conditions
of specific cellular targets (18).

To identify the potential role of miR-183 in osteosarcoma
metastasis, we compared miR-183 expression levels in
F5M2 and F4 cells, which are high and low metastatic
cell lines of osteosarcoma SOSP9607, respectively. We
employed multiple approaches to evaluate the inhibitory
role of miR-183 in the motility and invasion of FS5M2 cells.
Consistent with the results in pulmonary giant cell carci-
noma and colorectal cancer, real-time PCR demonstrated
that miR-183 expression in FSM2 was lower than in F4 cells.
Following transfection with miR-183 mimics, the results
indicated that overexpression of miR-183 mainly inhibited
the migration and invasion of FSM2 cells. Therefore it is
possible that miR-183 exerts a suppressing effect on osteo-
sarcoma metastasis, not apoptosis.

It has been reported that several miRNAs, such as
miR-335, miR-126, let-7 family, miR-100, miR-218, miR-125,
miR-375, miR-142 and miR-198, appear to be metastasis
suppressors. Reduced expression of miR-335 and miR-126
were found in breast cancer characterized by poor metastatic-
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Figure 5. ICC showed that Ezrin expression was significantly higher in FSM2 than in F4 cells. After transfection with miR-183 mimics, Ezrin expression in
F5M2 cells was lower than in FSM2 cells untreated or transfected with NC. Ezrin levels in FSM2 cells transfected with a high dose miR-183 was lower than
that in FSM2 cells treated with a low dose miR-183. Ezrin was mainly expressed in the membrane of the osteosarcoma. a, F4; b, FSM2; ¢, FSM2 with NC;
d, F5M2 with low miR-183; e, FSM2 with high miR-183; f, FSM2 with miR-183 inhibitor.

w - - - —
EZRIN ' _‘fut- — _*
ACTIN i i i <t S S—

q . ; Q- 9
<& & o ef:%"" S S
\’O %\6 \‘\\X\%

Figure 6. Western blot analysis showed that Ezrin expression was signifi-
cantly higher in FSM2 than in F4 cells. Following transfection with a low
dose miR-183, Ezrin expression was lower than in FSM2 cells untreated or
treated with NC. Following transfection with a high dose miR-183, Ezrin
expression almost disappeared. It also showed that inhibition of Ezrin
expression was dependent on the dose of miR-183. The outcome was con-
sistent with the staining of the ICC. f-actin was used as internal reference
positive control.

free survival (19), while expression of miR-let7c, miR-100
and miR-218 were significantly decreased in metastatic
prostate cancer compared with localized prostate cancer (20).
Moreover, ectopic enforced expression of miR-125 impaired
cell migration and invasion in a breast cancer cell line and
reduction of miR-125 expression enhanced migration of
cells (21,22). Ectopic expression of miR-375 induced changes
in cell morphology and inhibited melanoma cell invasion
and wound healing, strongly suggesting a functional role of
miR-375 in cytoskeletal architecture and migration (23). In
hepatocellular carcinoma cell lines, the overexpression of
miR-142-3p was suppressed, while blocking of miR-142-3p
increased migration and invasion. This demonstrates that
miR-142-3p expression was downregulated in HCC cells and
that miR-142-3p inhibited HCC cell migration and invasion
by targeting RACI1 (24). miR-198 was downregulated in
hepatocellular carcinoma and forced expression of miR-198
inhibited HCC cell migration and invasion in a c-MET
dependent manner (25).

The functional study of miR-183 in malignancy was previ-
ously reported in lung and breast cancer cells. Wang et al (14)

postulated that miR-183 was a potential metastasis inhibitor
in lung cancer and reported that upregulation of miR-183
inhibited migration of cancer cells. They demonstrated that
miR-183 induced dysregulation of genes related to migration
and invasion, including Ezrin. Li ef al (26) demonstrated that
upregulation of miR-183 repressed migration and invasion
in HeLa cells, however, this was shown to be mediated via
direct targeting of ITGBI. It was indicated that miR-183 was
likely to have a number of targets through which it regulated
biological functions on cancer cells.

Identification of cancer-specific miRNAs and their targets
is pivotal for understanding their role in tumorigenesis and
might be important for discovering novel therapeutic targets.
To investigate the suppressing mechanism of miR-183 in the
metastasis of osteosarcoma, we employed 3 miRNA target
prediction programs (TargetScan, PicTar and miRanda) to
identify the direct targets of miR-183 (27). Markedly, all
the programs predicted that Ezrin was one of the targets
of miR-183. Ezrin, which contained the corresponding
binding site of miR-183 in Ezrin 3'UTR, could be regulated
by miR-183. Several previous studies have demonstrated
that miR-183 regulates Ezrin expression in lung cancer
cells and Ezrin expression has been associated with tumor
invasion and metastasis (14,28). Our study revealed that
Ezrin expression was inversely correlated with miR-183,
which was consistent with this hypothesis. Our findings also
demonstrated that Ezrin levels were positively correlated
with osteosarcoma invasion and metastasis. It is reasonable
to conclude that alteration of miR-183 might regulate cell
migration and invasion targeting the downregulation of Ezrin
expression.

Ezrin (also known as cytovillin or villin2) belongs to the
ERM family that acts as membrane organizers and linkers
between cytoskeleton and plasma membrane (29). Ezrin is
a component of cell surface structures that are involved in
cell-extracellular matrix interactions as well as in cell-cell
interactions (30,31). High expression of the Ezrin protein has
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been reported to correlate with the metastatic potential of
several malignant tumors (32,33).

Ezrin is an interesting molecular marker in osteosarcoma.
It has been reported that Ezrin is required for metastasis
and recurrence of osteosarcoma (32). Khanna et al (34)
suggested that Ezrin is a molecule significantly involved
in the metastasis of human osteosarcoma and there was a
significant association beetween high Ezrin expression and
poor outcome in pediatric osteosarcoma. They also reported
that a high expression of Ezrin was necessary for metastasis
in a mouse osteosarcoma model and high expression of Ezrin
was also associated with early pulmonary metastasis in dog
osteosarcoma (35,36). Wang et al (37) found that expression
change of Ezrin was a positive prognostic factor for overall
survival and event-free survival in a recent clinical trial.
They also concluded that downregulation of Ezrin might
be a potential new therapeutic strategy for the treatment of
osteosarcoma.

To verify the inhibition of miR-183 on Ezrin expression,
we conducted a trial to transfect miR-183 into FSM2 cells,
which expressed more Ezrin protein and presented more
pulmonary metastatic potential than the paired F4 cells.
Notably, following transfection with miR-183 mimics, Ezrin
expression in FSM2 cell was almost eradicated either by
western blotting or by ICC. By contrast, FSM?2 cells following
transfection with NC or miR-183 inhibitors changed weakly
on Ezrin expression. Our study also showed that ectopic
overexpression of miR-183 repressed the motility and inva-
sion of F5M?2 cells significantly and acted on the apoptosis
or proliferation of FSM2 cells weakly. Taken together, this
suggests that miR-183 expression was inversely related to
migration and invasion of osteosarcoma cells. Ezrin expres-
sion was positively correlated to migration and invasion of
osteosarcoma cells. By downregulating the Ezrin expression
level, miR-183 might act as a significant inhibitory factor in
the progression of osteosarcoma cells.

There have recently been reports regarding miRNAs, iden-
tifying miR-20a, miR-222, miR-223, miR-195 and miR-219 as
tumor-associated miRNAs, further supporting the hypothesis
that miRNAs are involved in tumor metastasis. miR-20a
could promote migration and invasion of cervical cancer cells
through the direct upregulation of TNKS2, which induced
colony formation, migration and invasion of cervical cancer
cells (38). Overexpression of miR-223 inhibited proliferation
of the cells greatly via the regulation of FOXO1 expression
(39). miR-219-5p exerted tumor-suppressive effects in hepatic
carcinogenesis through negative regulation of GPC3 expres-
sion in vitro (40).

To our knowledge, this is the first in vitro study to regulate
metastasis and progression of osteosarcoma, by upregulation
of miR-183 to target the expression of Ezrin in FSM2 cells.
The findings of this study illustrate that by downregulating
the Ezrin expression level, miR-183 plays a suppressing role
in cell migration and invasion of osteosarcoma. Our study
might provide an important avenue for further analysis
in vivo with the aim to develop a new potential diagnostic
and therapeutic target for the screening and treatment of high
metastatic osteosarcoma. Further studies are required to fully
understand the regulation mechanisms of miR-183 and Ezrin
in osteosarcoma in vitro and in vivo.

1019

References

1. Bentzen SM, Poulsen HS, Kaae S, Jensen OM, Johansen H,
Mouridsen HT, et al: Prognostic factors in osteosarcomas. A
regression analysis. Cancer 62: 194-202, 1988.

2. Davis AM, Bell RS and Goodwin PJ: Prognostic factors in
osteosarcoma: a critical review. J Clin Oncol 12: 423-431, 1994.

3. Mankin HJ, Hornicek FJ, Rosenberg AE, Harmon DC and
Gebhardt MC: Survival data for 648 patients with osteosarcoma
treated at one institution. Clin Orthop Relat Res 429: 286-291,
2004.

4. Ambros V and Lee RC: Identification of microRNAs and other
tiny noncoding RNAs by cDNA cloning. Methods Mol Biol 265:
131-158,2004.

5. Pillai RS, Bhattacharyya SN and Filipowicz W: Repression of
protein synthesis by miRNAs: how many mechanisms? Trends
Cell Biol 17: 118-126, 2007.

. Bartel DP: MicroRNAs: genomics, biogenesis, mechanism and
function. Cell 116: 281-297, 2004.

. Caldas C and Brenton JD: Sizing up miRNAs as cancer genes.
Nat Med 11: 712-714, 2005.

. Calin GA and Croce CM: MicroRNA signatures in human
cancers. Nat Rev Cancer 6: 857-866, 2006.

. Kefas B, Godlewski J, Comeau L, Li Y, Abounader R,
Hawkinson M, et al: microRNA-7 inhibits the epidermal growth
factor receptor and the Akt pathway and is downregulated in
glioblastoma. Cancer Res 68: 3566-3572, 2008.

10. Ladeiro Y, Couchy G, Balabaud C, Bioulac-Sage P, Pelletier L
and Zucman-Rossi J: MicroRNA profiling in hepatocellular
tumors is associated with clinical features and oncogene/tumor
suppressor gene mutations. Hepatology 47: 1955-1963, 2008.

11. Motoyama K, Inoue H, Takatsuno Y, et al: Over- and under-
expressed microRNAs in human colorectal cancer. Int J Oncol
34: 1069-1075, 2009.

12. Agirre X, Jimenez-Velasco A, San Jose-Eneriz E, Garate L,
Bandres E, et al: Down-regulation of hsa-miR-10a in chronic
myeloid leukemia CD34* cells increases USF2-mediated cell
growth. Mol Cancer Res 6: 1830-1840, 2008.

13. Mattie MD, Benz CC, Bowers J, Sensinger K, et al: Optimized
high-throughput microRNA expression profiling provides novel
biomarker assessment of clinical prostate and breast cancer
biopsies. Mol Cancer 5: 24, 2006.

14. Wang G, Mao W and Zheng S: MicroRNA-183 regulates Ezrin
expression in lung cancer cells. FEBS Lett 582: 3663-3668, 2008.

15. Chen X, Yang TT, Wang W, Sun HH, ef al: Establishment and
characterization of human osteosarcoma cell lines with different
pulmonary metastatic potentials. Cytotechnology 61: 37-44, 2009.

16. Bandres E, Cubedo E, Agirre X, Malumbres R, Zarate R, et al:
Identification by real-time PCR of 13 mature microRNAs
differentially expressed in colorectal cancer and non-tumoral
tissues. Mol Cancer 5: 29, 2006.

17. Lowery AJ, Miller N, Dwyer RM and Kerin MJ: Dysregulated
miR-183 inhibits migration in breast cancer cells. BMC Cancer
10: 502, 2010.

18. Doench JG and Sharp PA: Specificity of microRNA target
selection in translational repression. Genes Dev 18: 504-511,
2004.

19. Tavazoie SF, Alarcon C, Oskarsson T, et al: Endogenous human
microRNAs that suppress breast cancer metastasis. Nature 451:
147-152, 2008.

20. Leite KR, Sousa-Canavez JM, Reis ST, Tomiyama AH, Camara-
Lopes LH, Safiudo A, Antunes AA and Srouqi M: Change in
expression of miR-let7c, miR-100 and miR-218 from high grade
localized prostate cancer to metastasis. Urol Oncol 29: 265-269,
2011.

21. Scott GK, Goga A, Bhaumik D, Berger CE, Sullivan CS and
Benz CC: Coordinate suppression of ERBB2 and ERBB3 by
enforced expression of micro-RNA, miR-125a or miR-125b.
J Biol Chem 282: 1479-1486, 2007.

22. Kumar MS, Lu J, Mercer KL, Golub TR and Jacks T: Impaired
microRNA processing enhances cellular transformation and
tumorigenesis. Nat Genet 39: 673-677,2007.

23. Mazar J, DeBlasio D, Govindarajan SS, Zhang S and Perera RJ:
Epigenetic regulation of microRNA-375 and its role in melanoma
development in humans. FEBS Lett 585: 2467-2476, 2011.

24. Wu L, Cai C, Wang X, Liu M, Li X and Tang H: MicroRNA-
142-3p, a new regulator of RACI, suppresses the migration and
invasion of hepatocellular carcinoma cells. FEBS Lett 585:
1322-1330, 2011.

N e



1020

25.

26.

27.

28.

29.
30.

31.

32.

Tan S, Li R, Ding K, Lobie PE and Zhu T: miR-198 inhibits
migration and invasion of hepatocellular carcinoma cells by
targeting the HGF/c-MET pathway. FEBS Lett 585: 2229-2234,
2011.

Li G, Luna C, Qiu J, Epstein DL and Gonzalez P: Targeting
of integrin betal and kinesin 2alpha by microRNA 183. J Biol
Chem 285: 5461-5471, 2010.

Krek A, Grun D, Poy MN, Wolf R, Rosenberg L, Epstein EJ,
MacMenamin P, da Piedade I, Gunsalus KC, Stoffel M and
Rajewsky N: Combinatorial microRNA target predictions. Nat
Genet 37: 495-500, 2005.

Yu Y, Khan J, Khanna C, Helman L, Meltzer PS and
Merlinom G: Expression profiling identifies the cytoskeletal
organizer ezrin and the developmental homeoprotein Six21 as
key metastatic regulators. Nat Med 10: 175-181, 2004.

Mangeat P, Roy C and Martin M: ERM proteins in cell adhesion
and membrane dynamics. Trends Cell Biol 9: 187-192, 1999.
Bretscher A, Edwards K and Fehon RG: ERM proteins and
merlin: integrators at the cell cortex. Nat Rev Mol Cell Biol 3:
586-599, 2002.

Wang JW, Peng SY, Li JT, Wang Y, Zhang ZP, Cheng Y,
Cheng DQ, Weng WH, Wu XS, Fei XZ, et al: Identification of
metastasis-associated proteins involved in gallbladder carcinoma
metastasis by proteomic analysis and functional exploration of
chloride intracellular channel 1. Cancer Lett 281: 71-81, 2009.
Hunter KW: Ezrin, a key component in tumor metastasis. Trends
Mol Med 10: 201-204, 2004.

33.

34.

35.

36.

37.

38.

39.

40.

ZHAQO et al: miR-183 INHIBITS METASTASIS OF OSTEOSARCOMA

Weng WH, Ahlen J, Astrom K, Lui WO and Larsson C:
Prognostic impact of immunohistochemical expression of ezrin
in highly malignant soft tissue sarcomas. Clin Cancer Res 11:
6198-6204, 2005.

Khanna C, Wan X, Bose S, Cassaday R, Olomu O, Mendoza A,
Yeung C, Gorlick R, Hewitt SM and Helman LJ: The membrane
cytoskeleton linker ezrin is necessary for osteosarcoma metas-
tasis. Nat Med 10: 182-186, 2004.

Kim MS, Song, WS, Cho WH, Lee SY and Jeon DG: Ezrin
expression predicts survival in stage IIB osteosarcomas. Clin
Orthop Relat Res 459: 229-236, 2007.

Xu-Dong S, Zan S, Shui-Er Z, Li-Na T, Wen-Xi Y, Feng L and
Yang Y: Expression of ezrin correlates with lung metastasis
in Chinese patients with osteosarcoma. Clin Invest Med 32:
E180-E188, 2009.

Wang YF, Shen IN, Xie XB Wang J and Huang G: Expression
change of ezrin as a prognostic factor in primary osteosarcoma.
Med Oncol 28: S636-S643, 2011.

Kang HW, Wang F, Wei Q Zhao YF, Liu M, Li X and Tang H:
miR-20a promotes migration and invasion by regulating TNKS2
in human cervical cancer cells. FEBS Lett 586: 897-904, 2012.
Wu L, Li H, Jia CY, Cheng W, et al: MicroRNA-223 regulates
FOXO1 expression and cell proliferation. FEBS Lett 586:
1038-1043, 2012.

Huang N, Lin J, Ruan J, Su N, et al: MiR-219-5p inhibits hepa-
tocellular carcinoma cell proliferation by targeting glypican-3.
FEBS Lett 586: 884-891, 2012.



