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Abstract Accumulating data have shown that microR-
NAs are involved in the pathogenesis of cancer. miR-202
has been confirmed to be downregulated in several types of
human cancer. However, the expression and biological role
of miR-202 in osteosarcoma (OS) carcinogenesis and
progression remain unclear. In this study, we demonstrated
that miR-202 expression is significantly decreased in
human OS cell lines and specimens. Restoration of miR-
202 expression could inhibit OS cell proliferation, induce
cell apoptosis, and suppress tumor growth in nude mice
models. We subsequently identified the transcription factor
Gli2 as a direct target of miR-202. Overexpression of Gli2
blocked the inhibitory function of miR-202. Taken toge-
ther, our results indicate that miR-202 acts as a novel tumor
suppressor to regulate OS cell proliferation and apoptosis
through downregulating Gli2 expression.
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Introduction

Osteosarcoma (OS) is the most frequent primary malignant
bone tumor and accounts for 60 % of all cancer-related
death in children and adolescents [1, 2]. Despite recent
advance in therapeutic strategies, such as surgery, radio-
therapy, and chemotherapy, the 5-year survival rate of OS
patients is only 60-70 % [3]. Most patients with OS
eventually developed lung metastases, which is the major
cause of death [1, 4]. Thus, a better understanding of the
molecular mechanism underlying the development and
progression of OS is urgently needed to optimize strategies
for more effective therapies. At present, emerging evidence
has shown that microRNAs (miRNAs) play crucial roles in
OS pathogenesis [5-7], which provides novel insights into
new biomarker identification, and the development of
diagnostic, therapeutic approaches of this disease.

microRNAs are small and endogenous ~ 22 nucleotides
(nt) non-coding RNAs that play crucial regulatory roles
post-transcriptionally through binding to 3’-untranslated
region (3’-UTR) of target mRNAs in sequence-specific
manner, which results in the silence or degradation of
target mRNAs [8, 9]. microRNAs are involved in various
biological processes, such as cell cycle, proliferation, dif-
ferentiation, apoptosis, invasion, and metabolism [10, 11].
Moreover, accumulating evidence has shown that in the
pathogenesis and development of numerous human can-
cers, the dysregulation of miRNAs was found involved in
crucially [8, 10-14].

Human miR-202, a member of the let-7 family, located
within a chromosomal fragile site in 10g26, has been
reported to be involved in various cancers, such as endo-
metrical cancer [15], colorectal carcinoma [16], hepatocel-
lular carcinoma [17], breast cancer [18], multiple myeloma
[19], gastric cancer [20], follicular lymphoma [21], and
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neuroblastoma [22], suggesting common roles of miR-202 in
tumorigenesis. However, the specific role and molecular
mechanism of miR-202 in OS remain poorly understood.

In the present study, we demonstrated that the expres-
sion level of miR-202 is decreased greatly in human OS
cell lines and clinical specimens. Restoration of miR-202
expression results in inhibition of OS cell proliferation,
induction of apoptosis, and suppression of tumor growth in
nude mice models. The transcription factor Gli2 was
identified as a direct target of miR-202. Overexpression of
Gli2 could abrogate the inhibitory effect of miR-202 in OS
cell proliferation and tumor growth. Our study provides
new insights that miR-202 acts as a novel tumor suppressor
to regulate OS cell proliferation and apoptosis through
downregulating Gli2 expression.

Materials and methods
Tissue specimens and cell lines

Fresh OS tissues and matched adjacent non-cancerous tis-
sues were obtained from 16 OS patients in Yantaishan
Hospital, China. All tissues are snap frozen in liquid nitrogen
immediately after surgery and stored at —80 °C, until total
RNA was extracted. For the use of these clinical materials for
research purposes, prior patients’ written informed consents
were obtained, and this project was approved by the Insti-
tutional Ethics Committee. The normal human osteoblastic
cell line hFOB1.19 and OS cell lines HOS and MG63 were
cultured in Dulbecco’s modified Eagle’s medium in the
presence of 10 % FBS, 100 units/ml penicillin, and 100 g/ml
streptomyc in a humidified 5 % (v/v) atmosphere of CO ,
at 37 °C incubator.

RNA isolation and quantitative real-time PCR
(qRT-PCR)

Total mRNA from cultured cells and frozen tissues was
isolated using the TRIzol reagent (Invitrogen, Carlsbad,
CA) according to the manufacturer’s protocol. cDNA was
synthesized using the PrimeScript RT Reagent Kit (Ta-
KaRa, Dalian, China). The expression levels of miR-202
were determined using a 7agMan miRNA assay kit
(Applied Biosystems, Foster, CA) according to the manu-
facturer’s instructions and calculated using RNU6B small
nuclear RNA as an endogenous control by 27AACT method.
All of the reactions were run in triplicate.

Lentivirus production and transduction

The primary transcript genomic region of miR-202 was
cloned into the downstream of the CMV promoter in the
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FUGW vector, and none insert vectors used as negative
control. The miR-202-expressing or negative control len-
tiviral plasmid along with delta 8.9 and VSVG (packaging
plasmids) were co-transfected into HEK293T cells using
Lipofectamine 2000 (Invitrogen) to generate lentivirus.
HOS and MG63 cells were infected with the recombinant
lentivirus-transducing units in the presence of 6 pg/ml of
Polybrene. Cells were cultured for 48 h and analyzed by
qRT-PCR.

Vector construction

The plasmid pcDNA-GIli2-3’'UTR was constructed by
inserting the Gli2 ¢cDNA into the pcDNA3.1(+) vector
(Invitrogen). pcDNA-GIi2 contained the full-length Gli2
coding region lacking the 3’-UTR. Transfection of these
plasmids was performed using the Lipofectamine 2000
reagent (Invitrogen) according to the manufacturer’s
instructions. To construct a luciferase reporter plasmid, the
wild-type 3’-UTR of Gli2 containing a putative miR-202
binding site was cloned into psiCHECK?2. Meanwhile, a
mutant 3’-UTR of Gli2, which contains the point mutant in
targeting region of miR-202 seed sequences, was also
inserted to psiCHECK2. These plasmids were confirmed
by direct sequencing.

Cell proliferation and apoptosis analysis

Cell proliferation assay was performed using Cell Counting
Kit-8 (CCK-8) (Dojindo, Kumamoto, Japan). Cells
2 x 103) were seeded into 96-well plates in a final volume
of 100 pl and cultured for 48 and 96 h. Cell Counting Kit-8
solution (10 pl) was added into each well, and the optical
density at 450 nm was measured to calculate the number of
viable cells. Three parallel wells were carried out for each
group. For apoptosis detection, cells were seeded into six-
well plates (4 x 105/we11). At 48 h after transfection, cells
were stained with AnnexinV/PI double staining kit (BD
biosciences, Bedford, MA) according to the manufacturer’s
protocol. Apoptotic cells were examined by flow cytometry
on a FACScan (Beckman Instruments, Fullerton, CA).
These experiments were conducted in triplicates and
repeated three times independently.

Luciferase reporter assay

HOS and MG63 cells were seeded in 24-well plates and
allowed to settle for 24 h. A mixture of 100 ng reporter
plasmid, 200 ng of FUGW or FUGW-miR-202 and 10 ng
pRL-TK Renilla plasmid (Promega, Madison, WI) was
transfected into these cells using Lipofectamine 2000.
After 48 h, Firefly and Renilla luciferase activities were
measured using the Dual Luciferase Reporter Assay Kit
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(Promega) according to a protocol provided by the
manufacturer.

Western blotting

Cells were lysed in RIPA buffer along with Protease
Inhibitor, and then electrophoresed in 10 % SDS-PAGE
gel. After transfer to nitrocellulose membrane (Bio-Rad,
Hercules, CA), 5 % milk was used to block the member.
Then, the member was incubated with anti-Gli2 primary
antibody (Cell Signaling, Danvers, MA) overnight. The
corresponding horseradish peroxidase (HRP)-conjugated
immunoglobulin G was incubated at room temperature
for 1 h. Finally, signals were visualized by enhanced
chemiluminescence. GAPDH was used as a loading
control.

In vivo tumorigenesis assay

HOS cells (1 x 10° stably expressing miR-202 or vector
control were suspended in 100 pl PBS and injected subcu-
taneously into the flank of BALB/c nude mice (4 weeks of
age, male). Tumor volume (V) was monitored every week
and calculated using the formula: V = length x width® x
0.5. Mice were sacrificed after 6 weeks and tumor weights
were assessed. All experiments were carried out under the
approval of the Committee for the Use and Care of Experi-
mental Animals of the Yantaishan Hospital.

Statistical analysis

All data analyzed as the mean £ SD are from at least three
separate experiments. The relationship between the miR-
202 and Gli2 expression levels was detected using the
Pearson’s correlation analysis. Student’s ¢ test or one-way
ANOVA test was used to determine the statistical signif-
icance, and P < 0.05 in all cases was considered
significant.

0.8 4

0.4 4

Relative miR-202 expression

0.0 .
hFOB1.19 HOS

MG63

Fig. 1 miR-202 is downregulated in OS cell lines and clinical
specimens. a The expression levels of miR-202 were measured by
gqRT-PCR in human normal osteoblastic cell line hFOB1.19 and OS

Results
miR-202 is downregulated in OS

First, we detected the expression levels of miR-202 by qRT-
PCR in human normal osteoblastic cell line hFOB1.19 and
OS cell lines HOS and MG63 to investigate the role of miR-
202 in human OS development, and found that miR-202
expression was downregulated significantly in OS cell lines
compared with normal osteoblastic cell line (Fig. 1a). Sim-
ilarly, the down expression of miR-202 was also observed in
16 pairs of clinical human OS tissues when compared with
adjacent normal tissues (Fig. 1b). These results suggested
that miR-202 is downregulated in human OS cells, impli-
cating a potential regulating role of miR-202 in OS.

miR-202 reduces cell proliferation, promotes cell
apoptosis, and suppresses tumorigenicity

To study the biological function of miR-202 in OS, we
established miR-202 stably expressing cell lines of HOS
and MG63 by lentivirus infection, and qRT-PCR analysis
confirmed successful overexpression of mature miR-202 in
these cell lines (Fig. 2a). We found that overexpression of
miR-202 markedly suppressed cell proliferation in HOS
and MG63 cells (Fig. 2b). Furthermore, we explored the
effect of miR-202 on apoptosis by FACS. As shown in
Fig. 2¢, both OS cells expressing miR-202 displayed a
significant increase in the frequency of apoptosis compared
with their corresponding controls.

Next, we identify the effect of miR-202 on tumorige-
nicity in mouse models. When injected with HOS cells
stably expressing miR-202 in nude mice, the tumors grew
more slowly than that of miR-NC, and the gap expanded
until the endpoint of 6 weeks test (Fig. 2d). Consistently,
the miR-202 overexpressed tumors were smaller in size
and weight compared with the control tumors (Fig. 2d).
Together, our data indicated that miR-202 not only reduces
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cell lines HOS and MG63. b The expression levels of miR-202 in 16
pairs of human OS tissues and adjacent normal tissues. All data were
normalized by RNU6B. *P < 0.05
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Fig. 2 Overexpression of miR-202 inhibits proliferation and tumor
growth of OS cells. Human OS cell lines (HOS and MG63) were
infected with miR-202 lentivirus and control lentivirus, respectively.
a miR-202 level of the indicated cells was measured by qRT-PCR.
b Cell proliferation of the indicated cells was analyzed using CCK-8.
¢ Apoptosis of the indicated cells was analyzed using flow cytometry.

cell proliferation and promotes cell apoptosis in vitro, but
also suppresses tumorigenicity in vivo.

Gli2 is a direct target of miR-202
We further analyzed the candidate genes regulated by miR-

202 using two most-used publicly bioinformatic algo-
rithms, TargetScan and miRanda. The results showed that
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d HOS cells infected with miR-202 lentivirus or control lentivirus
was injected subcutaneously into the flank of nude mice. Tumor
volumes were measured on the indicated days. At the experimental
endpoint, tumors were dissected, photographed, and weighed.
*P < 0.05

Gli2, a transcription factor in hedgehog-GLI signaling
pathway, which involved in various stages of embryonic
development and tumorigenesis [23, 24], was a potential
target gene of miR-202 theoretically. To determine whe-
ther Gli2 is a direct target of miR-202, we constructed
luciferase reporter plasmids containing the 3’-UTR region
of Gli2 gene carrying either a wild-type or mutant putative
miR-202 binding site (Fig. 3a). After overexpression of
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Fig. 3 Gli2 is a direct target of a
miR-202 in OS cells.

a Bioinformatic analysis
identifed Gli2 as a potential
target for miR-202. Gli2 wild
and Gli2 mut luciferase report
plasmids were constructed.

b OS cells were co-transfected
with Lv-miR-NC or Lv-miR-
202 with a wild-type or a mutant
Gli2 3'-UTR. Relative
luciferase activity was analyzed.
¢ The Gli2 protein levels in OS c HOS
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miR-202 in HOS and MG63 cells, the relative luciferase
activity of the construct carrying the wild-type 3’-UTR of
Gli2 decreased significantly, but the similar effect was not
observed when the three nucleotides in the miR-202 seed
binding site of the Gli2 3’-UTR were mutated (Fig. 3b).
Furthermore, Western blotting analysis demonstrated that
miR-202 overexpression significantly suppressed endoge-
nous Gli2 expression in HOS and MG63 cells (Fig. 3c).
These results suggest that miR-202 downregulates Gli2
expression by directly targeting its 3’-UTR.

We subsequently compared Gli2 protein levels in hFOB
1.19 cells and OS cell lines HOS and MG63, as miR-202
was observed to be downregulated in these OS cells. As
shown in Fig. 3d, Gli2 protein levels were significantly
upregulated in OS cells. In addition, the correlation ana-
lysis between the relative protein levels of Gli2 and miR-
202 expression was performed in 16 human clinical OS
tissues, and the results revealed that the expression of miR-
202 and Gli2 was negatively correlated (Fig. 3e). These
results demonstrated that Gli2 is a direct target of miR-202.

The anti-tumor function of miR-202 is mediated
by downregulating Gli2 expression

To identify whether the anti-tumor function of miR-202 in
OS cells was due to downregulating Gli2 expression, the
effect of Gli2 (without 3’-UTR) and Gli2-3’-UTR (with

HOS MG63

R=-0.710 P=0.002

Relative Gli2 protein expression ®

T T
0.0 0.3 0.6 0.¢
Relative miR-202 expression

3/-UTR) was examined in the miR-202 expressing cells. As
shown in Fig. 4a, Gli2 expression was markedly increased
in these cells transfected with Gli2 plasmid, but not in
those transfected with Gli2-3’-UTR. Cell Counting Kit-8
assay showed that overexpression of Gli2 significantly
promoted the proliferation of miR-202 expressing HOS and
MG63 cells, whereas Gli2-3'-UTR overexpression had no
significant impact on the proliferation of these cells
(Fig. 4a and b). Moreover, the apoptosis rate was decreased
obviously after Gli2 transfection in the miR-202 expressing
cells (Fig. 4c). These results suggest that Gli2 is a func-
tional downstream target of miR-202.

Discussion

Osteosarcoma is the most common human primary
malignant bone tumor and always results in an aggressive
clinical course [1, 25]. However, the molecular mechanism
under OS carcinogenesis and progression remains to be
explored. Recent evidence has shown that dysgrugulation
of miRNAs was involved in the development of OS, such
as miR-21, miR-140, miR-34, and miR-143 [26].
microRNAs negatively regulate their target genes in a
sequence-specific manner [10]. Emerging evidence has
shown that miRNAs play crucial roles in many biological
processes including tumorigenesis [27]. The dysregulation
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Fig. 4 Re-introduction of Gli2 rescues the miR-202-induced prolif-
eration inhibition. a Western blotting analysis of Gli2 in HOS and
MG63 cells and the indicated cells transfected with vector, Gli2

of miR-202 was found in many cancers [15-22]. Func-
tional interactions among identified targets suggested that
miR-202 is involved in follicular lymphomagenesis and
can be a potential tumor suppressor in follicular lymphoma
[21]. Moreover, miR-202 was found to inhibit cell prolif-
eration by targeting ADP-ribosylation factor-like 5A in
human colorectal carcinoma [16]. In addition, miR-202
suppresses cell proliferation in human hepatocellular car-
cinoma by downregulating LRP6 post-transcriptionally
[17]. However, it remains unclear whether dysregulation of
miR-202 was associated with the development of OS.

In the present study, we found that miR-202 was
downregulated in OS cell lines and clinical OS specimens.
Overexpression of miR-202 reduces cell proliferation and
promotes cell apoptosis in vitro, also suppresses tumori-
genicity in vivo, indicating miR-202 as a tumor suppressor.
Next, we tried to explore the mechanism by which miR-
202 exerts influence on the development of OS. Gli2 was
predicted to be the theoretical target gene of miR-202 using
two publicly bioinformatic algorithms in combination. We
found that Gli2 expression is increased in OS cell lines
compared with human normal osteoblastic cell line.
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(without 3’-UTR) and Gli2-3’-UTR (with 3’-UTR). b Cell prolifer-
ation assay. ¢ Cell apoptosis analysis. ¥*P < 0.05 versus miR-NC
group, &p < 0.05 versus Vector group

Overexpression of miR-202 significantly downregulated
the expression of Gli2 protein. In addition, luciferase
reporter assay showed that miR-202 could directly target
the 3'-UTR of Gli2 mRNA.

Gli2 is a transcription factor in hedgehog-Gli signaling
pathway, which involved in various stages of embryonic
development and tumorigenesis [23, 24]. Gerhard and
colleagues showed that Gli2, along with Glil, was involved
in the positive feedback mechanism in human basal cell
carcinoma [28]. Moreover, Hiroko and co-workers found
that Gli2 was significantly upregulated in human OS tis-
sues, and Gli2 knockdown by RNA interferences prevented
OS growth under the mechamism of promoting the arrest
of OS cells at G1 phase [29]. Our study revealed that Gli2
is a direct and functional target of miR-202 in OS. Re-
introduction of Gli2 greatly abrogated miR-202-induced
proliferation inhibition of OS cells. Furthermore, there is a
negatively correlation between the expression of miR-202
and Gli2 in OS tissues. These results demonstrate that miR-
202 inhibits the proliferation of OS cells by downregulat-
ing the expression of Gli2 through directly targeting its 3'-
UTR.
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In conclusion, our data suggest that miR-202 is down-

regulated in OS, and functions as a novel tumor suppressor
to regulate OS cell proliferation and apoptosis through
downregulating Gli2 expression. Thus, miR-202 and Gli2
could potentially serve as targets for OS treatment.
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