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Introduction
Osteosarcoma is the most common type of cancer that develops in bone, mainly arising
from the metaphysis of the long bones.! Despite the development of cancer treatment
over the past few decades, the prognosis of advanced osteosarcoma still remains poor,
mainly due to its resistance to radiotherapy, chemotherapy, and adjuvant therapies.?
Understanding the molecular mechanism of osteosarcoma is urgently needed for the
development of effective therapeutic strategy.’

MicroRNAs (miRs) are a class of noncoding RNAs 18-25 nucleotides in length
and generally lead to messenger RNA (mRNA) degradation or inhibition of transla-
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Among those miRs associated with human cancers, miR-
200b has been found to be frequently downregulated in human
cancers and generally act as a tumor suppressor.%’ For instance,
Yao et al found that miR-200b was significantly downregu-
lated in breast cancer, and the low expression of miR-200b
was correlated with late tumor—node—metastasis stage and
poor prognosis.® Besides, overexpression of miR-200b inhib-
ited the proliferation while inducing the apoptosis of breast
cancer cells probably via targeting Sp1.¢ Williams et al found
that miR-200b inhibits epithelial-to-mesenchymal transition
(EMT), growth, and metastasis of prostate cancer.” Besides,
it was also suggested to play a suppressive role in some other
cancers, such as prostate cancer, cholangiocarcinoma, gastric
cancer, bladder cancer, hepatocellular carcinoma, and tongue
squamous cell carcinoma.® > Recently, Li et al reported that
diallyl trisulfide treatment inhibited the proliferation, invasion,
and angiogenesis of osteosarcoma cells, accompanied with
miR-200b upregulation.!* They further found that enforced
expression of miR-200b resulted in the downregulation of
Notchl, which could lead to the inhibition of osteosarcoma
cell proliferation, invasion, and angiogenesis.'* Accordingly,
miR-200b also acts as a tumor suppressor in osteosarcoma.
However, the detailed role of miR-200b in the malignant
progression of osteosarcoma and the underlying mechani
still remains to be fully understood.

In this study, we examined the expression pattg

outh’ University between March
. All patients with osteosarcoma included
14 females and 18
with amean of 27.7 yc®

es who ranged in age from 13 to 43 years,
s. The clinicopathological information
of patients involved in our study is summarized in Table 1.
Before surgical resection, no patient received radiotherapy or
chemotherapy. Tissue samples were stored at —80°C before use.
Written consents have been obtained from all participants.

Cell culture

Human osteosarcoma cell lines U20S, Saos2, HOS, and
MG63 and normal osteoblast cell line NHOst were purchased
from the Cell Bank of Central South University. All the

Table | Correlation between miR-200b expression and clinico-
pathologic features of patients with osteosarcoma

Clinicopathologic Cases 200b expression P-value
features (n) High, Low,
n (%) n (%)
Sex
Male 15 6 (40.0) 9 (60.0) NS
Female 17 7 (41.2) 10 (58.8)
Age (years)
=28 19 8 (42.1) I'1(57.9) NS
>28 13 5(38.5) 8 (61.5)
Tumor size (diameter)
=5cm NS
>5cm
WHO grade
land Il 0.0001
Il and IV
Distant metastasis
Positive I'1(84.6) 0.0001

Negative

Abbreviations:
Organization.

isher Scientific, Waltham, MA, USA)
tal bovine serum (FBS; Thermo Fisher
/mL penicillin, and 100 [U/mL streptomy-
ere cultured at 37°C in a humidified atmosphere

To overexpress miR-200b or knock down miR-200b, U20S
and MG63 cells were transfected with miR-200 mimics
or miR-200b inhibitors (RiboBio Co., Ltd., Guangzhou,
People’s Republic of China) for 48 hours by Lipofectamine
3000 (Thermo Fisher Scientific) in accordance with the
manufacturer’s instructions. The cells transfected with
scramble sequence were used as a negative control.

In order to knock down the expression of ZEB1, we trans-
fected ZEB1 small interfering RNA (siRNA) with the final
concentration at 200 nmol (catalog number: Q000006935-
1-B, RiboBio Co., Ltd.) into U20S and MG63 cells by
Lipofectamine 3000 (Thermo Fisher Scientific) in accordance
with the manufacturer’s instructions. After 48-hour transfec-
tion, the cells were used for further analysis.

Real-time reverse transcription PCR
assay

Total RNA was extracted using TRIzol reagent (Thermo
Fisher Scientific) according to the manufacturer’s instructions.
MicroRNA reverse transcription kit (Thermo Fisher Scientific)
was used to convert 10 ng of total RNA into complementary
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DNA, according to the manufacturer’s instructions. The
miRNA expression was determined on ABI 7500 thermocy-
cler (Thermo Fisher Scientific) using PrimeScript® miRNA
RT-PCR Kit (Takara, Dalian, People’s Republic of China),
in accordance with the manufacturer’s instructions. The
polymerase chain reaction (PCR) conditions were 95°C for
10 minutes followed by 40 cycles of denaturation at 95°C for
15 seconds and annealing/elongation step at 60°C for 1 min-
ute. The relative miR-200b expression was normalized to U6.
The relative expression was analyzed by the 24 method."

Western blot
Cells were solubilized in cold radioimmunoprecipitation
assay (RIPA) lysis buffer (Thermo Fisher Scientific) to
extract protein, which was separated with 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (Pierce
Biotechnology, Rockford, IL, USA), and transferred onto a
polyvinylidene difluoride membrane (Pierce Biotechnology).
The polyvinylidene difluoride membrane was then incubated
with phosphate-buffered saline containing 5% milk overnight
at 4°C and then incubated with rabbit anti-ZEB1 polyclonal
antibody (1:50, Abcam, Cambridge, MA, USA) and rabbit
anti-GAPDH polyclonal antibodies (1:100, Abcam) at room
temperature for 3 hours, respectively, and then wit
linked goat anti-rabbit secondary antibody (1:5,000, Al
at room temperature for 40 minutes. Super Sig

firefly luciferase 8®ding region of pMIR-GLOTM Luciferase
vector (Promega Corporation, Fitchburg, WI, USA), named
as pMIR-ZEB1. Mutations of miR-200b binding sites were
introduced by site-directed mutagenesis, which was then
cloned into the downstream of the firefly luciferase coding
region of pMIR-GLOTM Luciferase vector, named as
pMIR-Mut ZEB1. The site-directed mutagenesis was per-
formed in RiboBio Co., Ltd. After that, U20S and MG63
cells were seeded into 24-well plates and cotransfected with

200 ng of pMIR-ZEB1 or pMIR-ZEB1-Mut vector and

100 ng of miR-200b mimic or scramble miR mimic, and the
pRL-TK plasmid (Promega Corporation) as internal nor-
malization. Cells were harvested after 36 hours and lysed
using the lysis buffer (Promega Corporation). Luciferase
reporter gene assay was conducted by the Dual-Luciferase
Reporter Assay System (Promega Corporation), in accor-
dance with the manufacturer’s instructions.

Cell proliferation assay
U20S and MG63 cells were seeded in a 96-well plate at

a density of 10,000 cells per wg ulturing for dif-

ed microscope (Olympus Corporation, Tokyo, Japan).
The relative migratory rate was calculated by measuring the
width of scratch of each group and then normalizing to the
width of scratch of control group at 0 hour.

Cell invasion assay

U20S and MG63 cell suspension containing 5x103 cells/mL
was prepared in serum-free DMEM, and 300 UL of cell sus-
pension was added into the upper chamber of the transwell
chambers (BD Pharmingen, San Diego, CA, USA), which
had been precoated with Matrigel. Then, 500 uL of DMEM
added with 10% FBS was added into the lower chamber.
After incubation for 24 hours at 37°C, cells that did not
invade through the pores were carefully wiped out by a
cotton-tipped swab. The filters were fixed in 90% alcohol
and stained by 0.1% crystal violet. Cells through the pores
were observed and counted under an inverted microscope
(Olympus Corporation).

Statistical analysis

Data were expressed as mean + standard deviation from three
separate experiments. Comparison of PCR data was analyzed
by the unpaired #-test. Qualitative data were analyzed by the
chi-square test. SPSS17.0 (SPSS Inc., Chicago, IL, USA) was
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used to conduct statistical analysis. P<<0.05 was considered
statistically significant.

Results
MiR-200b is significantly downregulated
in osteosarcoma and is associated with

malignant progression
In this study, real-time reverse transcription PCR was first
performed to determine the expression levels of miR-200b in
osteosarcoma tissues as well as their matched adjacent non-
tumor tissues. As shown in Figure 1A, the miR-200b levels
were significantly decreased in osteosarcoma specimens when
compared to their matched adjacent nontumor tissues. To fur-
ther confirm that miR-200b is downregulated in osteosarcoma,
we further examined its expression in four common human
osteosarcoma cell lines (U208, Saos2, HOS, and MG63) and
the normal osteoblast cell line NHOst. As demonstrated in
Figure 1B, the expression level of miR-200b was also decreased
in osteosarcoma cell lines compared to NHOst cells.

The patients with osteosarcoma were further divided
into two groups according to the mean value of the miR-
200b expression as the cutoff point. As shown in Table 1,
19 cases of patients with osteosarcoma (59.38%) were j
low-miR-200b-level group, and 13 cases of patients w
osteosarcoma (40.63%) were in high-miR-200b-level group

sarcoma and suggested

A B 12
) )
g 2
g @ °>’ 208
= 0 - *k F=—o]
o 2 [ R=)
=8 2 .- =38
& ‘$ ] ..~::.. o &’ C}l 04
(4 K nt (04
% e %
£ £
0.0

Normal Osteosarcoma

Figure |1 miR-200b expression in osteosarcoma tissues and cells.

NHOst

that the downregulation of miR-200b might be involved in
the malignant progression of osteosarcoma.

Enforced expression of miR-200b inhibits
the proliferation, migration, and invasion
of osteosarcoma cells

As U20S and MG63 cells showed the significant decrease
in miR-200b levels, these two cell lines were transfected
with miR-200b mimic to restore the expression level of
miR-200b. As shown in Figure 2A, miR-200b was sig-
transfected

nificantly upregulated in U20S and M

the cell proliferation. As
enforced expression of

and MG63 cells, when compared to the
larly, enforced expression of miR-200b
cant reduction in U20S and MG63 cell
re 3B). It is possible that the inhibition of cell
nd invasion of osteosarcoma cells caused by
verexpression of miR-200b and downregulation of ZEB1
ay be partially due to the inhibition of cell proliferation.
herefore, we suggest that miR-200b may also act as a tumor
suppressor in osteosarcoma metastasis.

MiR-200b directly targets ZEBI in

osteosarcoma cells

TargetScan, PicTar, and miRanda were further used to
predicate the putative target genes of miR-200b. As dem-
onstrated in Figure 4A, ZEB1 is a putative target gene of
miR-200b. Luciferase reporter assay was further conducted

*%*
) ' I )

*%
u20s Saos2 HOS MG63

Notes: (A) Real-time RT-PCR was conducted to determine the relative miR-200b level in 32 cases of osteosarcoma tissues and their matched adjacent normal tissues.
**P<0.01 versus normal. (B) Real-time RT-PCR was conducted to determine the relative miR-200b level in osteosarcoma U20S, Saos2, HOS, and MG63 and normal
osteoblast cell line NHOst. *¥P<<0.01 versus NHOst. The error bars indicate standard deviation.

Abbreviations: miR, microRNA; RT-PCR, reverse transcription-polymerase chain reaction.

submit your manuscript

3104

Dove

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Role of miR-200b in osteosarcoma

A o B Control [ miR-NC [] miR-200b
E 8r *kk
[~ *kk -
g 2 5l -
Sao |
8oyl
og L
X ol
e [
Eo NN | | [
U20s MG63
Bt
< o |+ Control =~ miR-NC —— miR-200b |
S .
~ 5
B 0.8} *k
g L
= 04F
S i
a o.
o *° 12 24 48
Time (h)
C ’g 1.2 |+Contro| —=— miR-NC —=— mjR-
o
'@, 0.8
[}
o
>
Q 0.0
) 12 24

Figure 2 miR-200b inhibits proliferation of U20S and MG63 cells.

Notes: (A) Real-time RT-PCR was conducted to determine the relative m
miR (miR-NC). MTT assay was performed to determine cell proliferation
*#*P<0.01, ¥**P<0.001 versus miR-NC. The error bars indicate standard de:
Abbreviations: miR, microRNA; RT-PCR, reverse transcript

merase

U20S and M@&3 cells were transfected with miR-200b
mimic or inhibit®to upregulate or downregulate its expres-
sion, respectively. As demonstrated in Figure 5A, transfection
with miR-200b mimic led to a significant increase in miR-
200D level, while transfection with miR-200b inhibitor led
to a significant decrease in miR-200b level, compared to the
control group. We then found that upregulation of miR-200b
inhibited the protein expression of ZEB1, while knockdown
of miR-200b enhanced the protein level of ZEBI1 in osteo-
sarcoma U20S and MG63 cells (Figure 5B). Accordingly,
miR-200b negatively regulates the ZEB1 protein expression,

>y

eaction; NC, negative control; OD, optical density; h, hours.

20S and MG63 cells transfected with miR-200b mimic or scramble
G63 (C) cells. Nontransfected U20S and MG63 cells were used as control.

partly at least, via directly binding to the 3’-UTR of ZEB1
mRNA in osteosarcoma cells.

Knockdown of ZEBI also inhibits the
proliferation, migration, and invasion of

osteosarcoma cells

As miR-200b negatively mediated the protein level of ZEB1
in osteosarcoma cells, we speculated that ZEB1 might be
involved in miR-200b-mediated inhibition of osteosarcoma
growth and metastasis. We found that ZEB1 was notably
upregulated in osteosarcoma cell lines compared to normal
osteoblast cell line NHOst (Figure 6A). After that, U20S
and MG63 cells were transfected with ZEB1 siRNA to
downregulate its expression. As demonstrated in Figure 6B,
the protein level of ZEB1 was significantly reduced after
transfection with ZEB1 siRNA in U20S and MG63 cells.
We further examined the cell proliferation, migration, and
invasion. Similar to the effects of miR-200b upregulation,
knockdown of ZEB1 led to a significant decrease in the pro-
liferation (Figure 6C), migration (Figure 7A), and invasion
(Figure 7B) in MG63 and U20S cells when compared to the
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control groupy . Accordingly, we suggest that
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downregulation O
may suppress 0steosa

Expression of ZEBI is significantly
increased and reversely correlated to
miR-200b levels in osteosarcoma tissues
Finally, we detected the protein levels of ZEB1 in osteosar-
coma tissues and their matched adjacent nontumor tissues.
Our data showed that the protein expression of ZEB1 was
significantly increased in osteosarcoma tissues compared to

their matched adjacent nontumor tissues (Figure 8A). More-
over, we showed a reverse correlation between the miR-200b
expression and ZEB1 expression in osteosarcoma tissues
(Figure 8B). These data further suggest that the upregulation
of ZEBI in osteosarcoma may partly be at least due to the
downregulation of miR-200b.

Discussion

Some miRs have been demonstrated to be deregulated and act
as a tumor suppressor or oncogene in osteosarcoma. Han et al
reported that miR-124 was significantly downregulated in
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WT 3-UTR of ZEB1 5'-... L3
A Predicted consequential pairing of target B > UUAUCAGUAUUR 3
region (top) and miRNA (bottom) | | | | | | | |
; miR-200b 3’-...UCC-GUCAUAAU...-5
Position 369-376 of ZEB1 3’ UTR  § ...AUUGUU[IJIIJIIXUCUUAUCAGUAIIJIIJA... | | | | |
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Figure 4 miR-200b directly targets to ZEBI.
Notes: (A) TargetScan software predicated that ZEB| was a direct target gene of miR-200b. (B) The seed sequences
indicated. The luciferase activity was notably decreased in osteosarcoma U20S (C) and MGé63 (D) cells cotransfected
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Figure 5 miR-200b regulates ZEB| protein expression.

Notes: (A) Real-time RT-PCR was conducted to determine the relative miR-200b level in osteosarcoma U20S and MG63 cells transfected with miR-200b mimic or inhibitor.
(B) Western blot was conducted to examine the protein expression of ZEBI in each group. GAPDH was used as internal reference gene. U20S and MGé63 transfected with
scramble miR cells were used as control. **P<<0.01. The error bars indicate standard deviation. Magnification is 40x.

Abbreviations: miR, microRNA; RT-PCR, reverse transcription-polymerase chain reaction.
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Figure 6 Knockdown of ZEBI inhibits osteosarcoma cell proliferation.
Notes: (A) Western blot was conducted to examine the protein expression of
(B) Western blot was conducted to examine the protein expression of ZEBI
determine the cell proliferation of U20S (left) and MGé63 (right) cells in each gro
control. The error bars indicate standard deviation. Magnification is 40x.
Abbreviations: siRNA, small interfering RNA; h, hours; OD, optic; i

osteosarcoma, and low expression of
ated with advanced clinical stage,
sis, poor response to neoadjuva

lated with the adva
of osteosarcoma, suggesting that deregulation of miR-200b is

 clinical stage and positive metastasis

involved in the malignant progression of osteosarcoma.
We further showed that enforced expression of miR-200b
led to a significant decrease in the proliferation, migration,
and invasion of osteosarcoma cells, suggesting that miR-
200Db acts as a tumor suppressor in osteosarcoma. In fact, the
suppressive role of miR-200b has also been demonstrated in
some other cancer types.?!?? For instance, miR-200b inhibits
cell proliferation, migration, and enhanced chemosensitivity

, HOS, and MG63 and normal osteoblast cell line NHOst.
sfected with ZEBI siRNA. (C) MTT assay was performed to
3 cells transfected with scramble were used as control. **P<<0.01 versus

d MG63

y inhibition of Bmi-1 in prostate cancer.® Kurashige et al
demonstrated that miR-200b suppressed cell prolifera-
tion, invasion, and migration of gastric carcinoma cells by
directly targeting ZEB2.2! Besides, miR-200b suppresses
cell growth, migration, and invasion of nasopharyngeal
carcinoma cells by targeting Notch1.2* However, several
studies also reported that miR-200b played an oncogenic
role in several cancer types. Fu et al showed that miR-
200b stimulates the growth of TGFBR2-null colorectal
cancer by inhibition of p27/kip1.** Besides, miR-200b
was also found to target the tumor suppressor PTEN and
thus act as an oncogene in endometrioid endometrial
carcinoma.* Therefore, the exact role of miR-200b seems
to be tumor-specific.

As the function of miRs is through negatively mediating
the expression of their target genes,? we further focused on
the putative targets of miR-200b and found that miR-200b
directly targeted ZEB1 and negatively mediated its protein
expression in osteosarcoma cells.

ZEB1 is a member of the deltaEF1 family of two-
handed zinc-finger factors and acts as a transcriptional
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Abbreviations: si small interfering RNA; h, hours.

factor.?’ It has been well established that ZEBI is involved
in the malignant progression of multiple types of human
cancers.””? For instance, overexpression of ZEB1 promotes
tumor invasiveness and confers unfavorable prognosis in
esophageal squamous cell carcinoma.” Besides, upregulated
expression of ZEBI in cancer cells and in stromal cancer-
associated fibroblasts was associated with poor prognosis of
patients with pancreatic ductal adenocarcinoma.?® Moreover,

and transwell assay (B) were performed to determine cell migration and invasion of U20S and MGé3 cells transfected with ZEB| siRNA.
s transfected with scramble were used as control. *P<0.01, **P<<0.00| versus control. Magnification is 40x.

ZEBI is an epithelial-to-mesenchymal inducer and plays
a promoting role in cancer metastasis.** Recently, ZEBI
was found to be significantly higher in the osteosarcoma
tissues when compared with that in normal bone tissue,
and the increased ZEB1 level was associated with positive
lung metastasis.’' In this study, we found that ZEB1 was
significantly upregulated in osteosarcoma cells compared
to normal osteoblast cell line NHOst, and knockdown of

OncoTargets and Therapy 2016:9

submit your manuscript

3109

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Li etal Dove

N1 ™ N2 T2 N3 T3 N4 T4
— S e G o @D oo @D s
- G GE b GED GNP e S GAPDH

35
3.0
2.5 .
2.0
15
1.0 =-0.74
0.5 P<0.01
0.0

ZEB1 expression
in osteosarcoma

0 0.5 1.0 15
miR-200b expression in osteosarcoma

Figure 8 miR-200b is negatively correlated with ZEBI.
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Abbreviation: miR, microRNA.

ZEBI suppressed the proliferation, migration, and invasion of
osteosarcoma cells, suggesting that ZEB1 may be involved in
miR-200b-mediated malignant phenotypes of osteosarcoma
cells. Shen et al also found that knockdown of ZEB1 led to a
significant decrease in osteosarcoma cell migration.*' In addi-
tion, ZEB1 was also mediated by other miRs in osteosarco
For instance, miR-141 and miR-429 were found to inhib
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