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Abstract
This study investigated the role of miR-143 in the chemoresistance of osteosarcoma tumor cells and the associated mechanisms.

Real-time PCR was used to measure miR-143 levels. Western blot was used to detect protein expression. Cell proliferation was

analyzed by MTT assay and Matrigel colony formation assay. Forced miR-143 expression was established by adenoviral vector

infection. Cell death was detected by Hoechst33342 staining. Loss of miR-143 expression was observed in osteosarcomas, which

correlated with shorter survival of patients with osteosarcomas underlying chemotherapy. In chemoresistant SAOS-2 and U2OS

osteosarcomas cells, miR-143 levels were significantly downregulated and accompanied by increases in ATG2B, Bcl-2, and/or

LC3-II protein levels, high rate of ALDH1þCD133þ cells, and an increase in Matrigel colony formation ability. H2O2 upregulated p53

and miR-143, but downregulated ATG2B, Bcl-2, and LC3-I expression in U2OS cells (wild-type p53) but not in SAOS-2 (p53-null)

cells. Forced miR-143 expression significantly reversed chemoresistance as well as downregulation of ATG2B, LC3-I, and Bcl-2

expression in SAOS-2- and U2OS-resistant cells. Forced miR-143 expression significantly inhibited tumor growth in xenograft

SAOS-2-Dox and U2OS-Dox animal models. Loss of miR-143 expression is associated with poor prognosis of patients with

osteosarcoma underlying chemotherapy. The chemoresistance of osteosarcoma tumor cells to doxorubicin is associated with the

downregulation of miR-143 expression, activation of ALDH1þCD133þ cells, activation of autophagy, and inhibition of cell death.

miR-143 may play a crucial role in the chemoresistance of osterosarcoma tumors.
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Introduction

Osteosarcoma is the most common primary bone malig-
nancy and accounts for over 60% of all malignant bone
tumors in children.1 Over the past several decades, a com-
bination of neoadjuvant chemotherapy, surgery, and adju-
vant chemotherapy has led to a dramatic increase in the
survival of patients with localized osteosarcoma. The over-
all five-year survival of osteosarcoma patients with no
metastatic disease at diagnosis is 60–70%.2,3 However,
osteosarcoma patients with metastatic or recurrent disease
have extremely poor prognosis, with only 20% surviving at
5 years.4,5 Even though a number of clinical trials have been
conducted with increased intensity and refinements in cyto-
toxic chemotherapy regimens, survival has not been signifi-
cantly improved for the past 20 years. This disappointing
outcome was thought to be associated with locally aggres-
sive growth, early metastatic potential, and frequent acqui-
sition of drug-resistant phenotypes in cancer cells subjected

to chemotherapy. Identifying molecular signaling mechan-
isms underlying the resistance of osteosarcoma cancer cells
to chemotherapy may make way for novel treatment strate-
gies for this disease.

MicroRNA (miRNA) is a class of endogenously
expressed, non-coding small RNA with a length of about
17–25 nucleotides. miRNA regulates gene expression at
the post-transcriptional level through imperfectly binding
to the 30-untranslated region (30-UTR) of target mRNA.6

Current bioinformatics approaches suggest that a single
miRNA may regulate anywhere from several hundred to
over one thousand genes. In tumor cells, miRNA can func-
tion as either an oncogene or a tumor suppressor depending
on the specific signal transduction pathways involved.
miRNA has been implicated in the regulation of various
cellular processes that are often deregulated during tumor
development and progression.6–8 Recent studies have
demonstrated that deregulation of miRNA expression is

ISSN: 1535-3702 Experimental Biology and Medicine 2015; 240: 867–875

Copyright � 2015 by the Society for Experimental Biology and Medicine



involved in the invasion, metastasis, angiogenesis, and pro-
gression of osteosarcoma.9 Recently, miR-143 has been
reported to be downregulated in some types of cancers.
For example, downregulation of miR-143/145 correlated
with the lung metastasis of human osteosarcoma
cells, while overexpression of miR-143/145 suppressed
cell invasion and angiogenesis.10,11 In addition, increased
expression of a panel of tumorsuppressive microRNAs
(miRNAs), including miR-34a, miR-143, miR-145, and
miR-200b/c that were typically lost in osteosarcoma, was
observed during diallyl trisulphide treatment,12 which sug-
gested that miRNAs may be involved in the chemothera-
peutic response of osteosarcoma. However, the role of
miRNAs in the chemoresistance of osteosarcoma has not
been widely reported.

In this study, we investigated the expression of miR-143
in osteosarcoma tissues and its role in the prognosis of
patients with osteosarcomas underlying chemotherapy.
We then further investigated the role of miR-143 in the che-
moresistance of osteosarcoma cells to doxorubicin in vitro
and in vivo.

Materials and methods
Human osteosarcoma tissue samples

The tumor tissues, demographic information, and survival
information of 45 patients with primary osteosarcomas
were obtained at Xiangya Hospital and Third Xiangya
Hospital, Central South University. Surgical resections
were subjected to standard clinical and histopathological
evaluation using hematoxylin and eosin (H&E) stain. All
tumor tissues were excised prior to the initiation of chemo-
therapy. Chemotherapy regimen included a combination of
high-dose doxorubicin and cisplatin or methotrexate, doxo-
rubicin, and cisplatin. Thirteen normal bone samples
(femur/tibia) of individuals from similar age groups were
obtained through the Department of Orthopedics, Xiangya
Hospital and Third Xiangya Hospital. This study was
approved by the institutional review board of Central
South University.

Cell culture

Human SAOS-2 and U2OS osterosarcoma cell lines and
human hFOB1.19 osteoblast cell lines were obtained from
American Type Culture Collection (ATCC, Rockville, MD,
USA). Cells were cultured in DMEM (4.5 g/L glucose)/F12
(1:1) medium, supplemented with 10% heat-inactivated
FCS (Invitrogen; Carlsbad, CA), at 37�C in a humidified
atmosphere of 5% CO2.

Isolation of ALDH1þCD133þ and ALDH1�CD133� cell
subsets

The trypsanized SAOS-2 and U2OS cells were suspended at
a concentration of 1�106/mL in 37�C DMEM/F12K
medium. To sort ALDH1þCD133þ and ALDH1�CD133�

cells, each 106 cells were incubated with FITC-anti-human
ALDH1 mAb and APC-anti-human CD133 mAb (BioSS,
China) for 1 h in the dark, and then rinsed with 1� PBS
and incubated with fixation and permeabilization solutions.

ALDH1þCD133þ and ALDH1�CD133� cells were sorted
with MoFlo flow cytometry (Dako, CA, USA).
ALDH1þCD133þ and ALDH1�CD133� subpopulations
from SAOS-2 and U2OS cells were re-plated.
ALDH1�CD133� subpopulation was re-plated to establish
a doxorubicin resistant cell line of SAOS-2 and U2OS cells.
ALDH1þCD133þ subpopulation was directly used for
molecular analysis.

Establishment of doxorubicin-resistant SAOS-2 and
U2OS cells

The doxorubicin-resistant SAOS-2 and U2OS cell lines were
established by continuously culturing ALDH1�CD133�

SAOS-2 and U2OS cells in medium containing stepwise
increases of doxorubicin over a period of nine months.
Briefly, SAOS-2 and U2OS (ALDH1�CD133�) cells were
incubated at a beginning concentration of 50 ng/mL of
doxorubicin, and then the concentration was escalated step-
wise to 1500 ng/mL with medium changes weekly.

Evaluation of doxorubicin resistance level and
MTT assay

MTT (3-[4,5 dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide) was used to measure the IC50 values of doxorubi-
cin as previously described.13 Briefly, 1�104 resistant and
non-resistant SAOS-2 and U2OS cells were seeded into 96-
well plates. After 24 h, doxorubicin was diluted to a range of
concentrations and added to the cells for 72 h. Twenty five
microliters of MTT (5 mg/mL) were added to the cells and
incubated at 37�C for 4 h. The MTT solution was then
removed, and 200 mL of isopropanol containing 5% 1 M
HCI was added to each well. The optical density was mea-
sured at 490 nm. The cells exposed to only culture medium
served as experimental control and eight duplicated wells
were used for each treatment.

Matrigel colony assay

Cells were incubated with or without 0.25 mM of doxorubi-
cin for 2 h. 5� 104 single cell suspensions were resuspended
in a 1:1 mixture of Matrigel (BD Sciences, Franklin Lakes, NJ,
USA) to medium and plated on 6-well plates in a limiting
dilution. After 15 days of incubation, cells were incubated
with 1 mg/mL of iodonitrotetrazolium chloride solution
(Sigma-Aldrich, St. Louis, MO, USA), and colonies were
counted. Five replicate dishes were plated for each dilution.

Real-time PCR

Quantitative real-time PCR was used to detect miR-143
expression in cells and tissues. Total RNA from SAOS-2
and U2OS cells and tumor tissues was extracted using
Trizol (Invitrogen, Carlsbad, CA, USA) and reverse tran-
scription was performed using One Step PrimeScript�

miRNA cDNA Synthesis kit. Quantitative PCR reactions
were carried out using the SYBR Premix Ex TaqTM kit
(TaKaRa, Japan). Relative quantification (RQ) of miRNA-
143 expression was determined by comparative
CT method (RQ¼ 2���CT) and normalized to U6
level. The miR-143 was amplified using forward
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primer: 50-GGTGCAGTGCTGCATCTCTGGT-30 and
reverse primers provided with the kit. U6 was amplified
using forward primer: 50-GCAAGGATGACACG
CAAATTC-30 and reverse primers provided with the kit.

Western blot

The antibodies for p53, Bcl-2, and the peroxidase-labeled
secondary antibody were purchased from Cell Signaling
Technology (Beverley, MA, USA). The anti-beta actin, anti-
ATG2B, anti-LC3-I and LC3-II antibodies were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Cells were
homogenized and Western blot was performed as previ-
ously described.13 Briefly, 30 mg of total protein was
loaded onto a 4–15% SDS-PAGE gel and transferred to
PVDF membranes. After blocking with 5% non-fat milk
for 1 h, membranes were then incubated with primary anti-
body overnight at 4�C. After washing with PBS, membranes
were incubated with HRP-labeled secondary antibody
(1:2000 dilution) for 2 h at room temperature the next day.
Immunoreactive proteins were detected using a chemilu-
minescence reagent (Pierce, Rockford, IL, USA) by follow-
ing the user manual. To control for loading efficiency, the
blots were stripped and re-probed with beta actin antibody.

Preparation of adenovirus to express miR-143

The short hairpin RNAs expressing miR-143 were cloned
into the shuttle vector of an adenovirus packaging system.
The expression of the short hairpin was driven by the H1
promoter. Successful cloning was confirmed by sequencing.
Preparation and packaging of adenoviruses were per-
formed as previously described.14 SAOS-2-Dox and
U2OS-Dox cells were then transduced at a multiplicity of
infection (MOI) of 10. The control plasmid was pSilencer-
NC (NC stands for negative control), which is a plasmid
with a non-targeting sequence (50-AATTCTCCG
AACGTGTCACGT-30) that replaces the miR-143 sequence.

Hoechst staining

Cell death induced by AdmiR-143 infection was observed
by Hoechst33342 (Calbiochem, San Diego, CA) staining as
previously described.13 Briefly, cells were fixed in metha-
nol/acetic acid (3:1) for 10 min at 4�C, followed by staining
with Hoechst33342 (5 mg/mL) for 10 min at room tempera-
ture. Cell death was evaluated using a DAPI filter under a
fluorescence microscope. Cells that showed clear condensa-
tion and small bright nucleus were counted as dead cells. To
get a quantitative value, five randomly chosen areas were
counted and averaged for each sample.

Animal experiment

Balb/C nude mice (BALB/c, nu/nu) weighing about 20 g
were provided by the animal center of Shanghai
Biological Science Institution and housed in rooms under
standard lighting conditions and temperature. Water and
food were provided ad libitum. All animal experiments
were conducted under an approved protocol from Central
South University and performed in accordance with the
animal care guidelines of the Chinese Council.

Approximately 2.5� 106 SAOS-2-Dox or U2OS-Dox
tumor cells were subcutaneously injected into the right
hind limbs of mice. After the tumors grew to 6–7 mm in
diameter, mice were randomly divided into four groups:
AdNC alone, AdNCþDox, AdmiR-143 alone, and
AdmiR-143þDox group. Each treatment group consisted
of nine animals. Mice in the AdNS and AdNCþDox
group were given AdNC injection (1�108 Pfu in 50 mL
saline). Mice in AdmiR-143 alone and AdmiR-143þDox
group were intratumorally injected with AdmiR-143
(1�108 Pfu in 50 mL of saline). This virus injection was per-
formed once per week for a total of three weeks. Mice in the
AdNCþDox and AdmiR-143þDox groups were injected
with doxorubicin (3 mg/kg in 0.05 mL saline was injected
intravenously by tail-vein once a week for a total of three
weeks). Animals were sacrificed four weeks after first virus
injection. Tumors were excised and tumor weights were
recorded.

Statistical analysis

Data were analyzed using SPSS16.0 (Chicago, IL, USA). The
tumor growth data were analyzed by one-way analysis of
variance followed by Bonferroni paired t-test. The two
tailed student’s t-test was used for analysis of gene expres-
sion data. All data are presented as mean� standard error
of the mean. A P< 0.05 was considered statistically
significant.

Results
Lack of miR-143 expression correlated with poor
prognosis

The miR-143 expression in tumor tissues of 45 human pri-
mary osteosarcomas and 13 normal bone samples was mea-
sured by real-time PCR. The expression of miR-143 was
significantly lower in osteosarcomas than in normal bone
samples (Figure 1a). We further analyzed the association of
miR-143 level with the survival of patients with osteosar-
comas after chemotherapy. The patients with above average
miR-143 levels survived significantly longer than patients
with below average miR-143 levels (Figure 1b).

miR-143 level correlated with the sensitization of
osteosarcomas cells to doxorubicin

Real-time PCR showed that miR-143 levels in SAOS-2 and
U2OS cells were significantly lower than that in normal
human osteoblasts (P< 0.001), while miR-143 level in
SAOS-2 was significantly lower than that in U2OS cells
(P< 0.05) (Figure 2a). SAOS-2 is a p53-null cell line and
U2OS cells have wild-type TP53 gene expression. Western
blot detected p53 protein expression in U2OS, but not in
SAOS-2 cells (Figure 2b). Low miR-143 expression corre-
lated with high levels of ATG2B and Bcl-2 proteins
(Figure 2b). MTT assay showed that U2OS cells were
more sensitive to doxorubicin (0.25mM) than SAOS-2 cells
(Figure 2c). Matrigel colony assay showed that 0.5mM of
doxorubicin significantly reduced the colony formation
ability of U2OS (P< 0.05) cells, but not SAOS-2 cells
(Figure 2(d) and (e)).
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miR-143 signaling in chemoresistance and activation of
ALDH1þCD133þ cells

miR-143 levels and associated signaling in non-resistant
and resistant SAOS-2 and U2OS cells were compared.
miR-143 levels in SAOS-2-Dox cells and U2OS-Dox cells

were significantly downregulated compared to SAOS-2
and U2OS cells (P< 0.01, P< 0.05, respectively)
(Figure 3a). Lower miR-143 expression correlated with
higher ATG2B, LC3-II, and Bcl-2 protein levels in SAOS-2-
Dox cells (Figure 3b). Lower miR-143 expression correlated
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with higher ATG2B and Bcl-2 levels in U2OS-Dox cells
(Figure 3b). The resistance to doxorubicin was associated
with a high rate of ALDH1þCD133þ cells (Figure 3c) and
increased Matrigel colony formation ability (Figure 3d) in
SAOS-2-Dox and U2OS-Dox cells (P< 0.001).

H2O2 regulates p53 expression and miR-143 signaling in
U2OS cells, but not in SAOS-2 cells

Treatment with 0.5 mM of H2O2 significantly reduced cell
viability in both U2OS and U2OS-Dox cells (Figure 4(a):
P< 0.001, P< 0.01, respectively), but significantly
increased miR-143 levels in U2OS and U2OS-Dox cells
compared to untreated cells (P< 0.001) (Figure 4b).
Western blot assay showed that H2O2 treatment increased
p53, but decreased ATG2B, LC3-I, and Bcl-2 protein
expression in either the U2OS or U2OS-Dox cells (Figure
4c). In contrast, H2O2 treatment significantly reduced cell
viability in SAOS-2 cells (P< 0.01), but not in SAOS-2-Dox
cells (Figure 4d). Also, H2O2 treatment showed no effect
on miR-143 mRNA (Figure 4e) or ATG2B, LC3 II/LC3-I,
and Bcl-2 protein expression in both SAOS-2 and SAOS-2-
Dox cells (Figure 4f).

Overexpression of miR143 significantly reverses
chemoresistance in osteosarcoma cells

SAOS-2-Dox and U2OS-Dox cells were infected with 10
MOI of AdNC control viruses or AdmiR-143 viruses for

48 h and were then subjected to MTT assay and
Hoechst33342 staining. AdmiR-143 infection significantly
decreased cell viability in both SAOS-2-Dox and U2OS-
Dox cells (P< 0.001) (Figure 5a) and increased cell death
(P< 0.001) (Figure 5b) compared to AdNC infection.
Matrigel colony formation assay showed that AdmiR-143
infection significantly decreased the colony formation abil-
ity in both SAOS-2-Dox and U2OS-Dox cells (Figure 5(c),
P< 0.001). Western blot showed that AdmiR-143 infection
significantly decreased the levels of ATG2B, LC3-I, and Bcl-
2 in SAOS-2-Dox and U2OS-Dox cells (Figure 5d).

Overexpression of miR-143 significantly inhibits tumor
growth in xenograft animal model

SAOS-2-Dox and U2OS-Dox tumor cells were inoculated
subcutaneously to establish the xenograft animal osteosar-
coma models. After the tumors grew to 6–7 mm in diameter,
mice were given AdNC alone, AdNCþDox, AdmiR-143
alone, or AdmiR-143þDox injections. AdmiR-143 alone
and AdmiR-143 plus doxorubicin injection significantly
inhibited tumor growth in xenograft SAOS-2-Dox animal
model (P< 0.01 and P< 0.001) compared to AdNC and
AdNC plus doxorubicin injection (Figure 6a). AdmiR-143
plus doxorubicin injection was more effective than AdmiR-
143 injection alone in inhibiting tumor growth (P< 0.05)
(Figure 6a). Similar results were obtained in U2OS-Dox
xenograft animal model (Figure 6b).
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Discussion

Although downregulation of miR-143 expression has been
widely observed in various tumor cells and has been found
to correlate with invasion, angiogenesis, and lung metasta-
sis of human osteosarcoma cells, its roles in chemoresis-
tance and in predicting the prognosis of patients with
osteosarcoma has not been reported. In this study, we first
demonstrated that downregulation of miR-143 expression
correlated with poor prognosis of patients with osteosar-
coma underlying chemotherapy. Interestingly, we found
that H2O2 stimulates p53 expression, which is accompanied
by upregulation of miR-143 expression and downregulation
of ATG2B, LC3II, and Bcl-2 expression, suggesting a signal

regulation of p53-miR143-autophagy/apoptosis.
Chemoresistance was found to be associated with the
downregulation of miR-143 expression and activation of
ALDH1þCD133þ osteosarcoma cells. Our study suggests
that miR-143 plays a crucial role in tumor growth and sen-
sitization of osteosarcoma cells to chemotherapy.

In this study, we demonstrated that H2O2 significantly
upregulated p53 protein and miR-143 mRNA expression in
U2OS osteosarcoma cells expressing wild-type p53 gene. In
contrast, H2O2 did not increase miR-143 expression in p53-
null SAOS-2 cells. Importantly, the forced expression of
miR-143 can reverse the chemoresistance in SAOS-2-Dox-
and U2OS-Dox-resistant cells. Also, forced expression of
miR-143 significantly inhibited tumor growth in xenograft
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SAOS-2-Dox and U2OS-Dox models. A previous study
demonstrated that p53 enhances the post-transcriptional
maturation of several miRNAs with growth-
suppressive functions in response to DNA damage, includ-
ing miR-16, miR-143, and miR-145.15 H2O2 is a DNA
damage agent, which has been widely revealed to dose-
dependently stimulate p53 expression in tumor cells.16

Therefore, this observation suggests that miR-143 may be
regulated by p53, but may not be directly regulated
by H2O2.

A novel finding in this study is that the chemoresistance
to doxorubicin of osteosarcoma cells is associated with the
activation of ALDH1þCD133þ positive cells. In this study,
the chemoresistant osteosarcoma cells derived from
ALDH1�CD133� SAOS-2 and U2OS cells exhibited signifi-
cantly higher rate of ALDH1þCD133þ cells compared to
that in non-resistant SAOS-2 and U2OS cells. Also, the
SAOS-2-Dox and U2OS-Dox cells showed a significant
increase in Matrigel colony formation ability. This collect-
ively suggests that ALDH1þCD133þ cells are associated
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with chemoresistance in osteosarcoma cells. Furthermore,
the activation of ALDH1þCD133þ cells was accompanied
by the downregulation of miR-143 expression. In addition,
forced expression of miR-143 significantly lowered colony
formation ability in vitro and inhibited tumor growth
in vivo. Therefore, our study suggests that miR-143 is a
tumor suppressor, which may inhibit the activation of
ALDH1þCD133þ cells in osteosarcoma and their subse-
quent involvement in chemosensitivity.

The second novel finding is that the activation of
ALDH1þCD133þ osteosarcoma cells is associated with the
activation of autophagy. Autophagy is a physiological
mechanism that eliminates toxic wastes or damaged cellu-
lar components in response to stress. Recent studies demon-
strated that the activation of autophagy and inhibition of
apoptosis is involved in the survival of stem cells.17,18 In this
study, we demonstrated that the expression of ATG2B and
LC3 II was significantly higher in doxorubicin-resistant
SAOS-2 and U2OS cells than in non-resistant cells.
Moreover, H2O2 treatment upregulated miR-143 expression
and downregulated ATG2B and LC3 II expression in osteo-
sarcoma cells expressing wild-type p53. Forced expression
of miR-143 also obviously lowered ATG2B and LC3 II pro-
tein levels in p53-null osteosarcoma cells and osteosarcoma
cells expressing wild-type p53. During autophagosome
formation, microtubule-associated protein light chain 3 I
(LC3-I) is conjugated to phosphatidylamine to form LC3-
phosphatidylamine (LC3-II). The production of LC3-II is an
essential process in the formation of the autophago-
some.19,20 Mammalian ATG2B protein is also essential for
autophagosome formation.21 Therefore, our study clearly
suggested that miR-143 regulates autophagy in
ALDH1þCD133þ osteosarcoma cells, which is involved in
the chemoresistance of osteosarcoma cells.

A number of studies have reported that autophagy is
activated in cancer cells in response to various anticancer
therapies. The activated autophagy can kill apoptosis-resis-
tant tumor cells.22 However, a recent study revealed that
activation of autophagy results in inhibition of apoptosis.22

Autophagy signaling usually shares the same pathway with
apoptosis. In this study, H2O2 treatment significantly
induced cell death in both the U2OS resistant and non-
resistant cells accompanied by downregulation of ATG2B
and LC3-I expression and upregulation of miR-143 expres-
sion. Similarly, overexpression of miR-143 induced cell
death in both resistant and non-resistant SAOS-2 and
U2OS cells, which was also accompanied by downregula-
tion of ATG2B and LC3-I expression. Bcl-2 has previously
been demonstrated to be a direct target of miR-143.23

Therefore, autophagy and cell death are regulated in the
same way by miR-143 in osteosarcoma cells. The balance
between autophagy and cell death plays a key role in che-
moresistance and growth of osteosarcoma cells.

In conclusion, our study demonstrated first that miR-143
may be involved in the chemoresistance of osteosarcoma
cells through controlling the autophagy and activation of
ALDH1þCD133þ osteosarcoma cells. This study high-
lighted the value of miR-143 as a potential target for revers-
ing chemoresistance in osteosarcoma patients.
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