
Abstract. Deregulated microRNAs and their roles in tumori-
genesis are still largely unknown. Here, we focused on the
roles of miR-143 in osteosarcoma, as previous reports have
suggested its importance in some other types of cancer. We
found that miR-143 was down-regulated in osteosarcoma cell
lines and primary tumor samples, and the restoration of miR-
143 reduced cell viability, promoted cell apoptosis and
suppressed tumorigenicity. Additionally, Bcl-2, an important
antiapoptotic molecule, was identified to be a novel direct
target of miR-143, and the proapoptotic function of miR-143
is further suggested to be mainly through the targeting of
Bcl-2 expression. Collectively, our data identify the
important roles of miR-143 in osteosarcoma pathogenesis
and indicate its potential application in cancer therapy.

Introduction

microRNAs (miRNAs) are an abundant class of 17-25 nucleo-
tide small non-coding RNAs. They regulate gene expression
at the post-transcriptional level through binding to the 3'
untranslational region (3'UTR) of target mRNAs. Since the
initial observation, ~1000 miRNAs have been identified in
mammals, however, biological functions of a large part
remain illusive. Growing evidence has suggested that
miRNAs play important roles in the regulation of diverse
biological processes (1), and their deregulation or
dysfunction partici-pate in cancer development and clinical
outcomes of cancer patients (2). However, deregulated
microRNAs and their roles in tumorigenesis are still largely
unknown.

Osteosarcoma is the third most common cancer in
childhood and young adults and the most common cancer of
bone characterized by an aggressive clinical course (3). For
patients having no metastatic disease at diagnosis, the 5-year
survival is 60-70% (4). However, for patients who present

with metastatic disease or whose tumor recurs, the clinical
outcomes are far worse (5). The mechanisms that orchestrate
the multiple oncogenic insults required for initiation and
progression of osteosarcoma are not clear. To date, miRNAs
have been suggested to participate in osteosarcoma develop-
ment, such as miR-31 (6), miR-34 (7) and miR-140 (8).
However, as only a few miRNAs were reported to be involved
in osteosarcoma, we are still at the beginning of revealing the
roles of deregulated miRNAs in osteosarcoma carcinogenesis
and progression.

Recently, miR-143 has been reported to be down-
regulated in some types of cancer, such as colorectal cancer
(9-13), prostate cancer (14,15), oral squamous cell carcinoma
(16), pituitary tumor (17), cervical cancer (18), nasopharyngeal
carcinoma (19) and lymphoma (20,21). In these malig-
nancies, forced expression of miR-143 inhibits cancer cell
growth. However, whether miR-143 is deregulated in osteo-
sarcoma and its roles in osteosarcoma carcinogenesis and
progression are still elusive.

In the present study, we found that miR-143 was down-
regulated in osteosarcoma cell lines and primary tumor
samples, and miR-143 was further identified to be a tumor
suppressor, as restoration of miR-143 expression in osteo-
sarcoma cell lines was able to reduce cell viability and
promote cell apoptosis in vitro, and suppress tumorigenicity
in vivo. Additionally, Bcl-2, an important antiapoptotic
molecule, was identified to be a novel direct target of miR-
143, and the proapoptotic function of miR-143 is further
suggested to be mainly through targeting Bcl-2 expression.
Thus, our data suggest important roles of miR-143 in
osteosarcoma pathogenesis and indicate its potential
application in cancer therapy.

Materials and methods

Patients and tumor samples. Surgically resected paired
osteosarcoma tumor tissues and adjacent normal tissues used
for qRT-PCR and Western blot analysis were collected from
30 primary osteosarcoma patients during operation between
2006 and 2009 at Changhai Hospital (Shanghai, China), as
detailed in Table I. Surgically removed tissues were quickly
frozen in liquid nitrogen until analysis. All samples were
collected with the informed consent of the patients and the
experiments were approved by the ethics committee of
Second Military Medical University, Shanghai, China. The
investigations were conducted according to the Declaration
of Helsinki principles.
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Cell culture. Human normal osteoblastic cell line hFOB 1.19,
human osteosarcoma cell lines MG63 and U2OS, and human
model cell line HEK293 were obtained from American
Type Culture Collection (ATCC) and cultured in DMEM
(Invitrogen) supplemented with heat-inactivated 10% fetal
bovine serum (Invitrogen) at 37˚C in a humidified incubator
containing 5% CO2. Bcl-2 stably overexpressed MG63 cells
were transfected and selected in 800 μg/ml G418 for 3-4
weeks and then confirmed by Western blot analysis for the
expression of Bcl-2.

RNA extraction and qRT-PCR. Total RNA, including miRNA,
was extracted using miRNeasy kit (Qiagen) according to the
manufacturer's instructions. To detect miRNA expression,
real-time quantitative RT-PCR (qRT-PCR) analysis was per-
formed using LightCycler (Roche) and SYBR RT-PCR kit
(Takara). For miRNA analysis, stem-loop RT primer for
miR-143 was 5'-GTCGTATCCAGTGCAGGGTCCGAG
GTATTCGCACTGGATACGACGAGCTA-3', and q-PCR
primers were 5'-AGTCAGTGAGATGAAGCACTG-3'

(forward) and 5'-GTGCAGGGTCCGAGGT-3' (reverse)
(22). Similarly, internal control U6 small nuclear RNA was
quantified using its reverse primer for RT reaction and its
forward and reverse primers for q-PCR, which was 5'-CTCG
CTTCGGCAGCACA-3' (forward) and 5'-AACGCTTCACG
AATTTGCGT-3' (reverse). The relative expression level of
miR-143 was normalized to that of internal control U6 by
using 2-ΔΔCt cycle threshold method (23,24).

Transfection. MG63 (5x103) or U2OS (5x105) cells were
seeded into each well of 96- or 6-well plate, respectively and
incubated overnight, then transfected with negative control
(NC) RNA or miR-143 mimics, synthesized by GenePharma,
using Interfer in transfection reagent (Polyplus-transfection)
at a final concentration of 50 nM. The NC RNA sequence
was 5'-UUCUCCGAACGUGUCACGUTT-3' (sense) and
5'-ACGUGACACGUUCGGAGAATT-3' (antisense).

Analysis of cell viability in vitro. The in vitro cell viability of
MG63 or U2OS cells transfected with NC or miR-143 was
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Table I. Characteristics of osteosarcoma patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. Sex Age Locus Source Stage M. AKP (U/l)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 M 15 Femur Primary OS II B - 934 (H)
2 M 16 Femur Primary OS II B - 132 (H)
3 M 13 Femur Primary OS II B - 83
4 F 18 Tibia Primary OS II B - 92
5 M 24 Femur Primary OS II B - 383 (H)
6 M 53 Femur Primary OS II B - 149 (H)
7 M 71 Humerus Primary OS II B - 140 (H)
8 M 20 Femur Primary OS II B - 435 (H)
9 M 53 Costa Primary OS II A - 98

10 F 17 Femur Primary OS II B - 59
11 M 31 Femur Primary OS II B - 112 (H)
12 M 32 Femur Primary OS II B - 236 (H)
13 M 11 Tibia Primary OS II B - 431 (H)
14 M 20 Femur Primary OS II B - 125 (H)
15 M 15 Fibula Primary OS II B - 319 (H)
16 F 25 Femur Primary OS II B - 129 (H)
17 M 16 Tibia Primary OS II B - 342 (H)
18 M 17 Femur Primary OS II B - 35 (H)
19 F 17 Femur Primary OS II B - 89
20 F 38 Fibula Primary OS II B - 46
21 F 46 Calcaneus Primary OS II B - 97
22 F 16 Femur Primary OS II B - 325 (H)
23 M 17 Ilium Primary OS II B - 131 (H)
24 M 20 Tibia Primary OS II B - 96
25 F 19 Tibia Primary OS II B - 372 (H)
26 F 68 Vertebrae Primary OS II B - 71
27 F 16 Femur Primary OS II A - 88
28 M 13 Fibula Primary OS II B - 316 (H)
29 M 15 Femur Primary OS II B - 642 (H)
30 M 23 Femur Primary OS II B - 88
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
M, male; F, female; OS, osteosarcoma; M., metastasis; AKP, alkaline phosphatase; H, high.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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measured using the MTT method (25). In brief, cells were
seeded into 96-well plates and transfected. In the indicated
time periods, 0.1 ml of spent medium was replaced with an
equal volume of fresh medium containing MTT 0.5 mg/ml.
Plates were incubated at 37˚C for 4 h, then the medium was
replaced by 0.1 ml of DMSO (Sigma) and plates shaken at
room temperature for 10 min. The absorbance was measured
at 570 nm.

Detection of apoptosis. Osteosarcoma MG63 or U2OS cells
were transfected with NC or miR-143 respectively. At 48 h
post-transfection, spent cell culture medium was replaced
with serum-free DMEM. In the indicated time periods post
serum deprivation, cells were harvested, washed, resuspended
in the staining buffer, and examined with Vybrant Apoptosis
Assay kit (Invitrogen). Stained cells were detected by
FACSCalibur and data were analyzed with CellQuest soft-
ware (both from Becton-Dickinson). The Annexin V-positive
and propidium iodide (PI)-negative cells were regarded as
apoptotic cells.

Tumorigenicity assay in nude mice. All experiments involving
animals were undertaken in accordance with the National
Institute of Health Guide for the Care and Use of Laboratory
Animals, with the approval of the Scientific Investigation
Board of Second Military Medical University, Shanghai. The
tumorigenicity assay was performed as reported (26,27). In
detail, NC or miR-143 transfected osteosarcoma MG63 or
U2OS cells (1x106) were suspended in 0.1 ml PBS and then
injected subcutaneously into either side of the posterior flank
of the same female BALB/c athymic nude mice at 4 weeks
of age. Tumor growth was measured using caliper daily, and
tumor volume was calculated according to the formula:
volume = length x width2 x 0.5.

3'UTR luciferase reporter assay. The human B-cell CLL/
lymphoma 2 (Bcl-2) 3'UTR luciferase reporter construct was
made by cloning human Bcl-2 mRNA 3'UTR sequence into
the 3'UTR region of pMIR-Report construct (Promega).
miR-143 target site deleted Bcl-2 3'UTR luciferase reporter
construct was made by PCR fragments of Bcl-2 3'UTR
luciferase reporter construct lacking the target site and

ligated. MG63 cells (5x103) were seeded into each well of
96-well plate and incubated overnight, then co-transfected
with 80 ng Bcl-2 3'UTR Firefly luciferase reporter plasmid,
40 ng internal control pRL-TK-Renilla-luciferase plasmid,
and indicated RNAs (final concentration, 50 nM). After 24 h,
luciferase activities were measured using Dual-Luciferase
Reporter Assay System (Promega) according to the manu-
facturer's instructions. Data were normalized by dividing
Firefly luciferase activity with that of Renilla luciferase as
reported (24).

Western blot analysis. Cells and grinded tissues were lysed
using M-PER Protein Extraction Reagent (Pierce) supple-
mented with protease inhibitor cocktail (Calbiochem). Protein
concentrations of the extracts were measured with BCA assay
(Pierce) and equalized with the extraction reagent. Equal
amount of the extracts were loaded and subjected to SDS-
PAGE, transferred onto nitrocellulose membranes, and then
blotted as reported (24). Antibodies specific to human Bcl-2
(2876) and ß-actin (4967), and horseradish peroxidase-coupled
secondary antibodies were purchased from Cell Signaling
Technology.

Statistical analysis. Data are presented as mean ± SD.
Statistical comparisons between experimental groups were
analyzed by Student's t-test and a two-tailed P<0.01 was
taken to indicate statistical significance.

Results

miR-143 is down-regulated in osteosarcoma cell lines and
primary tumor samples. In order to gain insight into the
biological roles of miR-143 in human osteosarcoma develop-
ment, we compared miR-143 expression in human normal
osteoblastic cell line hFOB 1.19 and human osteosarcoma
cell lines MG63 and U2OS by real-time qRT-PCR. Compared
to normal hFOB 1.19 cells, miR-143 expression was signi-
ficantly decreased in osteosarcoma MG63 and U2OS cells
(Fig. 1A). Furthermore, we collected 30 pairs of primary
osteosarcoma tumor samples and adjacent normal tissues
(Table I). Expression of miR-143 is significantly suppressed
in 24 of 30 (80%) tumor samples compared to that in adjacent
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Figure 1. miR-143 is down-regulated in osteosarcoma cell lines and primary tumor samples. Expression of miR-143 was detected in human normal
osteoblastic hFOB 1.19 cell line vs. human osteosarcoma MG63 and U2OS cell lines (A) and 30 matched human primary adjacent normal tissues vs.
osteosarcoma tumor tissues (B) using qRT-PCR. Expression of miR-143 was normalized to that of U6 in each sample. Data are shown as mean ± SD (n=6) in
cell lines (A) or displayed separately in human primary samples (B). **Significant differences (P<0.01).
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normal tissues (Fig. 1B). These results suggest that down-
regulation of miR-143 is, at least in part, involved in most of
human osteosarcoma development.

miR-143 reduces cell viability, promotes cell apoptosis and
suppresses tumorigenicity. The suppression of miR-143

prompted us to investigate whether miR-143 functions as a
tumor suppressor in osteosarcoma. In MG63 and U2OS cells,
restoration of miR-143 expression reduced cell viability in
both of the osteosarcoma cell lines (Fig. 2A). Furthermore,
miR-143 overexpression promoted cell apoptosis upon serum
deprivation in osteosarcoma cells (Fig. 2B). These results
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Figure 2. miR-143 reduces cell viability, promotes cell apoptosis and suppresses tumorigenicity. (A) Osteosarcoma MG63 or U2OS cells were transfected
with NC or miR-143 mimics as indicated. Cell viability was measured in the indicated time periods post-transfection using MTT assay. (B) Osteosarcoma
MG63 or U2OS cells were transfected as in (A). After 48 h, cell culture medium was replaced with serum-free medium. Cell apoptosis was measured in the
indicated time periods post serum deprivation. (C) Effect of miR-143 on tumorigenicity in nude mouse xenograft model. NC or miR-143 mimics transfected
osteosarcoma MG63 or U2OS cells were injected subcutaneously into either side of the posterior flank of the same nude mice respectively. The tumor growth
curve is shown as indicated. Data are shown as mean ± SD (n=6) of one representative experiment. Similar results were obtained in three independent
experiments. **Significant differences (P<0.01).

Figure 3. Antiapoptotic Bcl-2 is directly targeted and regulated by miR-143. (A) Human Bcl-2 might be molecular target of miR-143. Shown is a sequence
alignment of miR-143 and its target sites in 3'UTR of Bcl-2, which was downloaded from TargetScan (http://www.targetscan.org). (B) MG63 cells were co-
transfected with empty vector, human Bcl-2 3'UTR Firefly luciferase reporter plasmid, or the either one or both deletions of the putative target sites as
indicated, together with pTK-Renilla-luciferase plasmids, NC or miR-143 mimics as indicated. After 24 h, Firefly luciferase activity was measured and
normalized by Renilla luciferase activity. (C) Osteosarcoma MG63 or U2OS cells were transfected as described in Fig. 2A. After 48 h, human Bcl-2 and
ß-actin were detected by Western blot analysis. Data are shown as mean ± SD (n=6). Similar results were obtained in three independent experiments.
**Significant differences (P<0.01).

1363-1369.qxd  24/9/2010  09:49 Ì  ™ÂÏ›‰·1366



demonstrate that miR-143 inhibits osteosarcoma growth
in vitro.

Next, an in vivo model was subsequently applied to
evaluate the effect of miR-143 on tumorigenicity. miR-143
transfected osteosarcoma MG63 and U2OS cells revealed a
delayed tumor formation and a significant reduction in the
tumor size compared to negative control transfectants (Fig.
2C). This result further demonstrates the tumor suppressive
effect of miR-143 on osteosarcoma.

Antiapoptotic Bcl-2 is a direct target of miR-143. We next
sought to investigate the molecular mechanism responsible
for the antitumor effect of miR-143 on osteosarcoma that was
observed above. As miRNAs function mainly through inhi-
bition of their target mRNAs via binding to the 3'UTR, we
found that human Bcl-2, an important antiapoptotic molecule
well-accepted to protect osteosarcoma cells from apoptosis
(28,29), contained two putative miR-143 target sites by
TargetScan prediction (Fig. 3A). To verify whether Bcl-2 is a
direct target of miR-143, a dual-luciferase reporter system
was employed by co-transfection of miR-143 and a luciferase
reporter plasmid containing 3'UTR of human Bcl-2 or
bearing either one or both deletions of the putative target

sites. We found that the luciferase activity was suppressed
by miR-143 co-transfection, and deletion of either putative
target sites partially decreased the suppression by miR-143
(Fig. 3B). Furthermore, deletion of both putative target
sites in Bcl-2 3'UTR failed to be targeted by miR-143 co-
transfection (Fig. 3B), further suggesting that Bcl-2 3'UTR is
directly targeted by miR-143 expression. Additionally, in
osteosarcoma MG63 and U2OS cells, endogenous expression
of Bcl-2 protein was suppressed by miR-143 transfection
(Fig. 3C). These results demonstrate that endogenous Bcl-2
expression is directly targeted and regulated by miR-143 and
suggest that miR-143 may exert its proapoptotic function via
inhibiting Bcl-2 expression.

We further compared Bcl-2 protein expression between
human normal osteoblastic hFOB 1.19 cells and osteosarcoma
MG63 and U2OS cells, as miR-143 was observed to be down-
regulated in osteosarcoma cells above. As shown in Fig. 4A,
Bcl-2 protein expression was significantly up-regulated in
osteosarcoma cells. Furthermore, in available protein samples
of paired primary osteosarcoma tissues, we found that Bcl-2
protein expression was also up-regulated in miR-143 decreased
osteosarcoma tissues (Fig. 4B). These results further confirm
that endogenous Bcl-2 is regulated by miR-143 expression.
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Figure 4. Bcl-2 expression is up-regulated in osteosarcoma. (A) Shown is the protein expression of Bcl-2 and ß-actin in human normal osteoblastic hFOB 1.19
cell line versus human osteosarcoma MG63 and U2OS cell lines detected by Western blot analysis. (B) Expression of Bcl-2 and ß-actin in available protein
samples of matched human primary adjacent normal tissues versus osteosarcoma tumor tissues were detected by Western blot analysis. In these samples,
expression of miR-143 was shown below.

Figure 5. Proapoptotic function of miR-143 is mainly through targeting Bcl-2. (A) Bcl-2 expression in empty pcDNA vector or Bcl-2 stably overexpressed
MG63 cells were detected by Western blot analysis. (B) MG63 cells in (A) were transfected as described in Fig. 2A. Cell apoptosis was measured 96 h post
serum deprivation as in Fig. 2A. Data are shown as mean ± SD (n=6) of one representative experiment. Similar results were obtained in three independent
experiments. **Significant differences (P<0.01).
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Proapoptotic function of miR-143 is mainly through the
targeting of Bcl-2. As Bcl-2 is well-accepted to protect
osteosarcoma cells from apoptosis (28,29) and its expression
is validated to be directly targeted by miR-143 above, we
further investigated whether the proapoptotic function of
miR-143 was mainly through targeting Bcl-2. We prepared
Bcl-2 stably overexpressed cell clone of osteosarcoma MG63
cells which expressed Bcl-2 mRNA without its 3'UTR
sequence. These cells had significantly elevated Bcl-2
protein expression (Fig. 5A). Since the Bcl-2 stably over-
expressed MG63 cells transcribed Bcl-2 mRNA without its
3'UTR, miR-143 should no longer target Bcl-2 expression
in these cells. As shown in Fig. 5B, miR-143 induced cell
apoptosis was significantly decreased by Bcl-2 stable over-
expression. These results confirm that the proapoptotic
function of miR-143 is mediated by inhibiting its target the
Bcl-2.

Discussion

Herein, we presented the down-regulation of miR-143 in
osteosarcoma and suggested the antitumor effect of miR-143
in osteosarcoma pathogenesis. In combination with previous
reports revealing the roles of miR-143 in some other types of
cancer, we further confirmed that miR-143 may function as
a tumor suppressor or an antionco-miR in cancer carcino-
genesis and progression. However, underlying mechanisms
that mediate the down-regulation of miR-143 in cancer is still
elusive. As epigenetic alterations in cancer often mediate the
deregulation of tumor suppressors or oncogenes (30), we will
next focus on whether the down-regulation of miR-143 in
osteosarcoma is mediated by epigenetic alterations, such as
DNA methylation or histone modification. Moreover, we
also noticed that miR-143 is not down-regulated in a small
portion of osteosarcoma patients. Whether the prognosis of
these patients is better or whether miR-143 expression is a
predictor of prognosis are still important and interesting topics
in the future.

The antitumor effect of miR-143 in osteosarcoma is
validated both in vitro and in vivo, which is restoration of
miR-143 expression significantly reduces cell viability,
promotes cell apoptosis and suppresses tumorigenicity. As
re-expression of miRNAs is believed to hold substantial
clinical potential in cancer therapy (31), it is obviously
suggested that re-expression of miR-143 may have
considerable potential for clinical treatment of osteosarcoma
patients, especially for those who respond poorly to chemo-
therapy.

Human important antiapoptotic Bcl-2 is identified to be a
novel direct target of miR-143 in osteosarcoma, suggesting
that miR-143 may exert its proapoptotic function via inhibiting
Bcl-2 expression. Previous reports have shown that human
DNMT3A, KRAS and ERK5 are also molecular targets of
miR-143 and they all participate in cancer development
(11-14). Our data suggest that the proapoptotic function of
miR-143 in osteosarcoma cells is mainly through inhibiting
its target Bcl-2. However, these results are consistent with
current opinions that a single miRNA can target multiple
mRNAs, named ‘targetome’, to post-transcriptionally regulate
gene expression (32). Hence, it is probable that we are still
far from unveiling the last target of miR-143, and some of

these potential targets may be still unknown in osteosarcoma
carcinogenesis and progression. According to this presumption,
interesting future work is required to identify the targetome
and entire roles of miR-143 in cancer development.
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