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Abstract: Osteosarcoma (0S) is a prevalent primary bone malignancy and its distal metastasis accounts for the
majority of OS-related death. MicroRNAs (miRNAs) play critical roles during cancer metastasis. Thus, elucidation of
the involvement of specific miRNAs in the metastasis of OS may provide novel therapeutic targets for OS treatment.
Here, we showed that in the OS specimens from patients, the levels of miR-506 were significantly decreased and
the levels of Snail2 were significantly increased, compared to the paired normal bone tissue. MiR-506 and Snail2
inversely correlated in patients’ specimen. Bioinformatics analyses predicted that miR-506 may target the 3'-UTR
of Snail2 mRNA to inhibit its translation, which was confirmed by luciferase-reporter assay. Moreover, miR-506
overexpression inhibited Snail2-mediated cell invasiveness, while miR-506 depletion increased Snail2-mediated
cell invasiveness in OS cells. Together, our data suggest that miR-506 suppression in OS cells may promote Snail2-

mediated cancer metastasis.
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Introduction

Osteosarcoma (0S) is a prevalent primary bone
malignancy [1-6]. The combined chemotherapy
and surgery have been applied as a regular
therapy for OS, which has increased the 5-year
survival of patients minimally, largely due to the
distal metastasis of OS cells [1-6]. Therefore,
approaches to suppress the invasion and
metastasis of OS appear to be critical for effec-
tive treatments. A number of human OS cell
lines have been established, among which
U20S [7] cell line has been extensively charac-
terized and widely used in research.

Zinc finger protein Snail2 belongs to the Snail
family of C2H2-type zinc finger transcription
factors, and is encoded by the SNAI2 gene in
human [8, 9]. Snail2 acts as a transcriptional
repressor that binds to E-box motifs to repress
E-cadherin transcription in some cancer cells.
Thus, Snail2 is potent trigger for epithelial-mes-
enchymal transition (EMT) to allow cancer cells
to invade and migrate [10-14].

MicroRNA (miRNA) is a class of non-coding
small RNA of comprised of about 18-23 nucleo-
tides. MiRNAs regulate the gene expression
post-transcriptionally, through its base-pairing
with the 3’-untranslated region (3’-UTR) of the
mMRNA of the target gene [15, 16]. It is well-
known that miRNAs regulatevarious biological
eventsincluding cancinogenesis [17-19]. Among
all miRNAs, miR-506 is relatively less studied.
Recently, a role of miR-506 as a tumor supp-
ressor has been acknowledged in some types
of cancers [20-27]. However, its participation in
the metastasis of OS has not been appre-
ciated.

In this study, we found that in OS, miR-506 lev-
els were significantly decreased and Snail2
levels were significantly increased, compared
to paired normal bone tissue. MiR-506 and
Snail2 inversely correlated in patients’ speci-
men. Bioinformatics analyses predicted that
miR-506 targeted the 3’-UTR of Snail2 mRNA to
inhibit its translation, which was confirmed by
luciferase-reporter assay. MiR-506 overexpres-
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sion inhibited Snail2 and cell invasiveness,
while miR-506 depletion increased Snail2 and
cell invasiveness.

Materials and methods
Patient tissue specimens

A total of 36 resected specimens from 0OS
patients were collected for this study. OS speci-
mens were compared with the paired normal
bone tissue (NT) from the same patient. All
specimens had been histologically and clinical-
ly diagnosed at the Department of Orthopaed-
ics, Shu Guang Hospital affiliated to Shanghai
Traditional Chinese medical University from
2007 to 2014. For the use of these clinical
materials for research purposes, prior patient’s
consents and approval from the Institutional
Research Ethics Committee were obtained.

Culture of human OS cell line

U20S is a widely used human OS line pur-
chased from American Type Culture Collection
(ATCC, Rockville, MD, USA), and has been
described [7]. U20S cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM,
Invitrogen, Carlsbad, CA, USA) supplemented
with 20% fetal bovine serum (Invitrogen).

Plasmids transfection

MiR-506-expressing and antisense (as) plas-
mids were prepared with general method.
Transfection was performed with Lipofectamine
2000 reagent (Invitrogen), according to the
instructions of the manufacturer. The cells that
were transfected with plasmid expressing a
scrambled sequence were used as control
(scr). Transfected cells expressing miR-506, or
as-miR-506, or control scr were purified by flow
cytometry based on GFP.

Western blot

The protein was extracted from the OS or
pairednon-tumor tissue from the same patient,
or from cultured cells, in RIPA lysis buffer (1%
NP40, 0.1% SDS, 100 ug/ml phenylmethylsul-
fonyl fluoride, 0.5% sodium deoxycholate, in
PBS) on ice. The supernatants were collected
after centrifugation at 12000x g at 4°C for 20
min. Protein concentration was determined
using a BCA protein assay kit (Bio-rad, China),
and whole lysates were mixed with 4xSDS load-
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ing buffer (125 mmol/I Tris-HCI, 4% SDS, 20%
glycerol, 100 mmol/I DTT, and 0.2% bromophe-
nol blue) at a ratio of 1:3. Samples were heated
at 100°C for 5 min and were separated on
SDS-polyacrylamide gels. The separated pro-
teins were then transferred to a PVDF mem-
brane. The membrane blots were first probed
with a primary antibody. After incubation with
horseradish peroxidase-conjugated second an-
tibody, autoradiograms were prepared using
the enhanced chemiluminescent system to
visualize the protein antigen. The signals were
recorded using X-ray film. Primary antibodies
were rabbit anti-Snail2 and anti-a-tubulin (Cell
Signaling, San Jose, CA, USA). Secondary anti-
body is HRP-conjugated anti-rabbit (Jackson
Immuno Research Labs, West Grove, PA, USA).
Blotting images were representative from 5
repeats. a-tubulin was used as a protein load-
ing control.

RT-gPCR

Total RNA was extracted from resected speci-
mens from the patients or from cultured cells
with miRNeasy mini kit (Qiagen, Hilden, Ger-
many) for cDNA synthesis. Complementary
DNA (cDNA) was randomly primed from 2 ug of
total RNA using the Omniscript reverse tran-
scription kit (Qiagen). Real-time quantitative
PCR (RT-gPCR) was subsequently performed in
triplicate with a 1:4 dilution of cDNA using the
QuantitectSyBr green PCR system (Qiagen).
Quantitative PCR (RT-gPCR) were performed in
duplicates with QuantiTect SYBR Green PCR
Kit (Qiagen). All primers were purchased from
Qiagen. Data were collected and analyzed
using 2-AACt method for quantification of the
relative mRNA expression levels. Values of
genes were first normalized against o-tubulin,
and then compared to controls.

Luciferase-reporter activity assay

Luciferase-reporters were successfully con-
structed using molecular cloning technology.
Target sequence for Snail2 miRNA 3’-UTR clone
was purchased from Creative Biogene (Shirley,
NY, USA). MiR-506-modified U20S cells were
seeded in 24-well plates for 24 hours, after
which the cells were transfected with 1 pg of
Luciferase-reporter plasmids per well. Lucife-
rase activities were measured using the dual-
luciferase reporter gene assay kit (Promega,
Beijing, China), according to the manufacturer’s
instructions.
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* R=-0.75 p<00001 n=36 Figure 1. Decreased miR-506 and

increased Snail2 are detected in OS
specimens. RT-gPCR on miR-506
and Western blot for Snail2 were
performed on paired OS and the ad-
jacent non-tumortissues (NT) from
36 patients. (A, B) OS contained
increased Snail2levels (A), and de-
creased miR-506 levels (B), com-
pared to NT. (C) A correlation test
was performed between Snail2 and
miR-506. *p<0.05. N=36.

Relative miR-506 levels

Transwell cell invasion assay

Cells (10%) were plated into the top side of poly-
carbonate transwell filter coated with Matrigel
in the upper chamber of the BioCoatTM Inva-
sion Chambers (Becton-Dickinson Biosciences,
Bedford, MA, USA) and incubated at 37°C for
22 hours. The cells inside the upper cham-
ber with cotton swabs were then removed.
Migratory and invasive cells on the lower mem-
brane surface were fixed, stained with hema-
toxylin, and counted for 10 random 100X fields
per well. Cell counts are expressed as the mean
number of cells per field of view. Five indepen-
dent experiments were performed and the data
are presented as mean + standard deviation
(SD).

Scratch wound healing assay

Scratch wound healing assay was performed
as has been described previously [28]. Cells
were seeded in 24-well plates at a density of
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104 cells/well in complete DMEM and cultured
to confluence. The cell monolayer was serum
starved overnight in DMEM prior to initiating of
the experiment. Confluent cell monolayer were
then scraped with a yellow pipette tip to gener-
ate scratch wounds and washed twice with
media to remove cell debris. Cells were incu-
bated at 37°C for 24 hours. Time lapse images
were captured after 12 hours using a Nikon
Eclipse TE2000-5 microscope. Images were
captured from five randomly selected fields in
each sample, and the wound areas are calcu-
lated by NIH Imagel) software (Bethesda, MA,
USA).

Statistical analysis

All statistical analyses were carried out using
the SPSS 17.0 statistical software package.
Bivariate correlations were calculated by
Spearman’s Rank Correlation Coefficients. All
values were depicted as mean + standard devi-
ation and were considered significant if p <
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Figure 2. MiR-506 targets 3’-UTR of Snail2 mRNA to inhibit its translation. A. Bioinformatics analyses of binding of
miR-506 to the 3’-UTR of Snail2 mRNA. B. In order to examine whether miR-506 may regulate Snail2 in OS cells,
we used a human OS cell line, U20S. We either overexpressed miR-506, or inhibited miR-506 in U20S cells by
transfection of the cells with a miR-506-expressing plasmid (U20S-miR-506), or with a plasmid carrying miR-506
antisense (U20S-as-miR-506). The U20S cells were also transfected with a plasmid carrying a scrambled sequence
as a control (U20S-scr). The overexpression or inhibition of miR-506 in U20S cells was confirmed by RT-qPCR. C.
MiR-506-modified U20S cells were then transfected with 1 pg of Snail2-3’UTR luciferase-reporter plasmid. The
luciferase activities were quantified in these cells. *p<0.05. N=5.

0.05. All data were statistically analyzed using
one-way ANOVA with a Bonferroni correction,
followed by Fisher’'s Exact Test for comparison
of two groups.

Results

Decreased miR-506 and increased Snail2 are
detected in OS specimens

In the OS samples, we detected significantly
higher levels of Snail2 (Figure 1A). In order to
figure out how miRNAs may be involved in the
carcinogenesis of 0S, we screened miRNAs in
the OS specimens. Among these miRNAs, we
detected significantly lower levels of miR-506
in OS, compared to the adjacent non-tumor tis-
sue (NT) from the same patient (Figure 1B).
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Inverse correlation is detected between-
miR-506 and Snail2 in OS specimens

To figure out the relationship between miR-506
and Snail2 in 0S, we examined the 360S speci-
men. A strong inverse correlation between miR-
506 and Snail2 was detected (Figure 1C, y=
-0.75, p<0.0001). These data suggest the pres-
ence of a relationship between miR-506 and
Snail2 in OS.

MiR-506 targets 3’-UTR of Snail2 mRNA to in-
hibit its expression

Since our data suggest a relationship between
miR-506 and Snail2 in OS cells, we checked
whether miR-506 may target Snail2 mRNA. Our
data show that the miR-506 binding sites in the
Snail2 mRNA sequence 3-UTR ranged from
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Figure 3. MiR-506 inhibits Snail2 in OS cells. (A, B) RT-qPCR (A) and Western blot (B) for Snail2 in miR-506-modi-
fiedU20S cells. *p<0.05. NS: non-significant. N=>5.
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Figure 6. Schematic of the model. MiR-506 inhibits
OS cell invasion through Snail2 suppression.

439th base site to 446th base site, and from
843th base site to 849th base site (Figure 2A).

In order to examine whether miR-506 may regu-
late Snail2 in OS, we used a human OS cell line,
U20S. We either overexpressed miR-506, or
inhibited miR-506 in U20S cells by transfection
of the cells with a miR-506-expressing plasmid
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Figure 5. MiR-506 suppresses cell invasion in 0S
cells in a scratch wound healing assay. (A, B) Mi-
gration of miR-506-modified U20S cells was eval-
uated in ascratch wound healing assay, shown by
quantification (A), and by representative images
(B). *p<0.05. N=5. Scale bar is 50 pm.

U20S-ser U20S-miR-506

(U20S-miR-506), or with a plasmid carrying
miR-506 antisense (U20S-as-miR-506). The
U20S cells were also transfected witha plas-
mid carrying a scrambled sequence as a con-
trol (U20S-scr). Co-expression of a GFP report-
er in these plasmids allow purification of trans-
fected cells by flow cytometry. The overexpres-
sion or inhibition of miR-506 in U20S cells was
confirmed by RT-qPCR (Figure 2B).

MiR-506-modified U20S cells were then trans-
fected with 1 pg of Snail2-3-UTR luciferase-
reporter plasmid. The luciferase activities were
quantified in these cells, suggesting that miR-
506 targets 3’-UTR of Snail2 mRNA to inhibit its
translation (Figure 2C).

MiR-506 inhibits Snail2 in OS cells

We found that alteration of miR-506 in U20S
cells did not change mRNA of Snail2 (Figure
3A). However, overexpression of miR-506 sig-
nificantly decreased Snail2 protein levels in

Am J Transl Res 2015;7(12):2716-2723
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U20S cells, while inhibition of miR-506 signifi-
cantly increased Snail2 protein levels in U20S
cells, by Western blot (Figure 3B). These data
suggest that MiR-506 inhibits Snail2 protein
translation in U20S cells.

MIiR-506 suppresses cell invasion in GC cells

We found that overexpression of miR-506 re-
sulted in decreases in cell invasion of U20S
cells in a transwell cell invasion assay, shown
by quantification (Figure 4A), and by represen-
tative images (Figure 4B). Similarly, depletion
of miR-506 resulted in increases in cell inva-
siveness of U20S cells, shown by quantification
(Figure 4A), and by representative images
(Figure 4B). Moreover, we found that overex-
pression of miR-506 resulted in decreases in
cell invasiveness of U20S cells in a scratch
wound healing assay, shown by quantification
(Figure 5A), and by representative images
(Figure 5B). Similarly, depletion of miR-506
resulted in increases in cell invasiveness of
U20S cells in a Scratch wound healing assay,
shown by quantification (Figure 5A), and by rep-
resentative images (Figure 5B). Together, these
data suggest that miR-506 inhibits OS cell inva-
sion through Snail2 suppression (Figure 6).

Discussion

Many miRNAs play important roles in the inva-
sion and metastasis of OS cells. Therefore,
understanding of the aberrant expression of
miRNAs in OS cells may help to clarify the
mechanisms underlying OS metastasis and
thus to improve therapy.

By sequence matching, we found a number of
candidate miRNAs that target Snail2, including
miR-1, miR-203, miR-30, miR-384-5p, miR-
124, miR-506, miR-206, miR-613, etc. Among
all these miRNAs, we specifically detected a
significant decrease in miR-506 in OS speci-
men, compared to the paired normal bone
tissue. Hence, we hypothesize that miR-506
may target and regulate Snail2 in OS cells.
Correlation test further supports this hypothe-
sis in that the levels of miR-506 in GC tissues
were inversely correlated with the levels of
Snail2 in GC patients. These data suggests that
miR-506 may bind Snail2 mRNA to impair its
translation.

Overexpression of miR-506 inhibited cell inva-
sion, while depletion of miR-133 increased cell
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invasion. Moreover, in miR-506-modified 0S
cells, we found that the alteration in miR-506
levels did not affect Snail2 mRNA, but regulat-
ed the protein level. By promoter luciferase
assay, we concluded that miR-506 inhibited
Snail2 through translation suppression. More-
over, miR-506-suppressed Snail2 levels result-
ed in changes in cell invasiveness.

We have examined several other OS cell lines
and got essentially similar results. Thus, a pos-
sibility of the results to be cell-line-dependence
could be excluded. To summarize, we propose a
model that regulates OS metastases. Snail2
promotes cell invasion. MiR-506 suppresses
Snail2 protein translation, and subsequently
decreases cell metastasis. Thus, our study
highlights miR-506 as a promising novel target
for OS therapy.
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