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Abstract: MicroRNA-187 (miR-187) has been reported to be involved in the occurrence and development of several 
types of cancers; however, a role for miR-187 in osteosarcoma (OS) has not yet been reported. Here, miR-187 was 
found to be significantly downregulated in OS cell lines and tissue samples, and decreased miR-187 expression 
was shown to be correlated closely with the TNM stage and lymph node metastasis. miR-187 overexpression sup-
pressed OS cell proliferation, colony formation, migration, invasion, and epithelial-mesenchymal transition (EMT). 
Mechanically, zinc finger E-box binding homeobox 2 (ZEB2) was shown to serve as a direct target of miR-187 in OS 
cells and the overexpression of ZEB2 rescued the miR-187-induced suppression of proliferation, colony formation, 
migration, and invasion in OS cells. In clinical OS specimens, ZEB2 expression levels were elevated and were in-
versely correlated with miR-187 expression. These results suggest that miR-187 functions as a tumor suppressor in 
OS, partially by targeting ZEB2, and that miR-187 can serve as a promising candidate for OS.
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Introduction

Osteosarcoma (OS) is the most common pri-
mary malignant bone tumor affecting rapidly 
growing bones of children and young adults [1]. 
Despite many strategies being used to treat 
this disease, the clinical outcomes and progno-
sis of OS patients has remained poor over the 
past few decades [2, 3]. Hence, there is a criti-
cal need to elucidate the potential mechanism 
that mediates the initiation and progression of 
OS so that novel prognostic biomarkers and tar-
geted therapies for treatment of the disease 
can be developed.

MicroRNAs (miRNAs) are an abundant class of 
endogenous, small (18-25-nucleotide long), 
noncoding, single-stranded RNA molecules 
that regulate multiple target mRNAs through 
binding to their 3’-untranslated regions (3’UTR) 
in a sequence-specificmanner [4, 5]. It has 
been shown that miRNA alterations and dys-
functionare involved in tumorigenesis and 
tumor progression via the regulation of cancer 
cell proliferation, differentiation, apoptosis, 

migration, and invasion [6-8]. Indeed, aberrant 
miRNA expression in OS has been shown to 
play crucial roles in OS development and pro-
gression by target molecule regulation [9, 10], 
which emphasizes the importance of miRNAs in 
diagnosis, therapy, and prognosis of OS.

miR-187, located on chromosome18q12.2, has 
been found to be downregulated and function 
as a tumor suppressor in several types of can-
cer, such as non-small cell lung cancer [11], 
colorectal cancer [12], B-cell lymphoma [13], 
prostate cancer [14], and clear cell renal cell 
carcinoma [15]. Until now, the expression sta-
tus, functional role, and underlying molecular 
mechanism of miR-187 in OS remain unknown. 
In the present study, the expression of miR-187 
in human OS cells and tissues was assessed, 
after which, the effects of the miRNA on cell 
proliferation, migration, and invasion were 
investigated. The molecular mechanism under-
lying the function of miR-187 in OS was 
assessed in this study, the results of which may 
provide a better understanding of OS develop-
ment and progression.

http://www.ajcr.us
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Materials and methods

Patients and tissue samples

Primary OS tissues and their corresponding 
adjacent normal tissues (ANT) were obtained 
from 40 patients who underwent OS tissues 
resection at the Department of Orthopaedic 
Surgery, China-Japan Union Hospital of Jilin 
University (Changchun, China) between July 
2014 and July 2015. Adjacent normal tissues 
were collected at a distance of 5 cm from the 
OS tissues. All tissue biopsies were immediate-
ly frozen in liquid nitrogen following surgery, 
and stored at -80°C until RNA extraction. None 
of the patients had received chemotherapy or 
other therapy prior to surgery. Clinical-patholo- 
gic features of OS patients were recorded and 
are shown in Table 1. Prior to any data and 
sample collection, written informed consent 
was obtained from all patients. This study was 
approved by the ethics committee of Jilin 
University (Changchun, China).

Cell lines and transfection

Four human OS cell lines (HOS, Saos-2, U2OS, 
and MG-63) and a normal human osteoblast 
cell line (hFOB 1.19) were brought from the 
Shanghai Institute for Biological Sciences 
(Shanghai, China) and were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM; 

CA) and the resulting RNA quantity and integrity 
were determined using Nanodrop and Agilent 
2100 Bioanalyzer systems. For miR-187 expre- 
ssion level analysis, reverse transcription and 
real time quantitative PCR were performed 
using the TaqMan MicroRNA Reverse Trans- 
cription Kit, the TaqMan miRNA assay (Applied 
Biosystems, Foster City, CA), and primers spe-
cific to miR-187 and U6 (used as an internal 
reference) (Applied Biosystems). An ABI 7900 
Sequence Detection System (Life Technologies, 
NY) was used for these experiments. For the 
quantification of ZEB2 mRNA expression, re- 
verse transcription and real time quantitative 
PCR were performed using the PrimeScript RT 
reagent Kit (Takara, Dalian, China), Real-time 
PCR Mixture Reagent (Takara), and the ABI 
7900 Fast system. The primers for ZEB2 and 
GAPDH (internal reference) used in this study 
were described previously [16]. The relative 
expression levels of ZEB2 mRNA and miR-187 
were determined using the 2-∆∆Ct method.

Cell proliferation and colony formation assays

An MTT assay was performed to assess cell 
proliferation. Briefly, MG63 or U2OS cells were 
seeded on a 96-well plate at a concentration of 
1 × 104 cells/well. The following day, miR-187 
mimic, miR-NC, or ZEB2 plasmid (pCDNA3.1-
ZEB2) was transfected into the cells using 
Lipofectamine 2000 according to the manufac-

Table 1. Correlation between clinicopathological features 
and miR-187 expression in OS tissues

Variables No. of  
cases

miR-187 expression
P value

Low (n %) High (n %)
Age (years) P > 0.05
    < 20 28 16 (57.1) 12 (42.9)
    ≥ 20 12 6 (50.0) 6 (50.0)
Gender P > 0.05
    Male 21 12 (57.1) 9 (42.9)
    Female 19 10 (52.6) 9 (47.4)
TNM stage P < 0.01
    I-II 32 14 (43.8) 18 (56.2)
    III-IV 8 8 (100.0) 0 (0.0)
Tumor size P > 0.05
    < 5 30 16 (53.3) 14 (46.7)
    ≥ 5 10 6 (60.0) 4 (40.0)
Lymph node metastasis P < 0.01
    No 31 15 (48.4) 16 (51.2)
    Yes 9 7 (77.8) 2 (22.2)

Gibco, Gaithersburg, MD), supple-
mented with 10% fetal bovine serum 
(FBS, HyClone, South Logan, UT), 100 
U/mL penicillin, and 100 mg/mL 
streptomycin at 37°C in a humidified 
incubator containing 5% CO2.

miR-187 mimic and corresponding 
negative control (miR-NC) miRNAs 
were purchased from RiboBio (Guang- 
zhou, China) and the ZEB2 expression 
vector (pCDNA3.1-ZEB2) was provid-
ed by Dr. Ju Peng (Jilin University). 
Transfection of miRNA or ZEB2 was 
performed using Lipofectamine 2000 
(Invitrogen), according to the manu-
facturer’s instructions.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from cell 
lines and tissues specimens using 
TRIzol reagent (Invitrogen, Carlsbad, 
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turer’s protocol. After 72 h of transfection, 
medium containing sterile MTT dye (10 μL; 5 
mg/mL) was added to each well, after which 
the cells were incubated for a further 4 h. 
Finally, dimethyl sulfoxide (150 μL; DMSO, 
Sigma-Aldrich) was added into each well andthe 
absorbance at 570 nm was measured in a 
microtiter plate reader (Molecular Devices, 
Menlo Park, CA).

For colony formation assays, transfected cells 
were harvested, seeded onto 6-well plates at a 
density of 1000 cells/well and then incubated 
at 37°C and 5% CO2 in a humidified incubator 
for 14 days. The resulting colonies were fixed in 
4% paraformaldehyde for 5 min before being 
stained with 1.0% crystal violet for 1 min and 
then for 30 s. The colonies were photographed 
and counted under a light microscope (Olympus, 
Tokyo, Japan).

Cell migration and invasion assays

A wound-healing assay was performed to 
assess cell migration. Briefly, transfected cells 
were seeded onto six-well plates at a density of 
1 × 104 cells/well and grown to 80-100% con-
fluence. A wound was then created across the 
confluent cell monolayer using a sterile plastic 
micropipette tip. Cells were rinsed with phos-
phate-buffered saline (PBS) and cultured for 
another 24 h with serum-free medium. Images 
of wound closure were captured at different 
time points (0 and 24 h) under a light micro-
scope to assess the rate of gap closure. 

For invasion assays, 2 × 104 transfected cells 
suspended in serum-free medium were added 
to the top chamber of a transwell plate precoat-
ed with Matrigel (BD Biosciences), and DMEM 
supplemented with 10% FBS was added to the 
lower chamber. The cells were cultured for 48 h 
at 37°C in a humidified incubator containing 
5% CO2. The cells remaining on the upper sur-
face of the membrane were removed using 
sterile cotton, while the cells that invaded the 
lower chamber were fixed in 90% alcohol and 
stained with 0.1% crystal violet. Photographs 
were taken and the number of invaded cells 
was counted in five randomly selected fields 
under a light microscope (200 ×, Olympus, 
Tokyo, Japan). 

Luciferase assays

The 3’-untranslated regions (UTRs) of human 
ZEB2 were amplified from human cDNA using 

PCR and cloned into the XhoI and NotI sites 
downstream of the luciferase reporter gene in 
the pGL3-control vector (Ambion, Austin, TX). 
The resulting plasmid was named WT-ZEB2-
3’UTR. For mutagenesis of the miR-187-binding 
site, the QuikChange site-directed Mutagenesis 
Kit (Agilent Technologies, Palo Alto, CA) was 
used according to the manufacturer’s instruc-
tions, and the mutagenesis product was named 
Mut-ZEB2-3’UTR. For luciferase assays, cells 
were co-transfected with 100 ng wide-type or 
mutant ZEB2 3’UTR reporter plasmids and 5 ng 
pRL-SV40 Renilla luciferase construct (for nor-
malization), and 100 nM miR-187 mimic or 
miR-NC using Lipofectamine 2000 according to 
the manufacturer’s protocol. Firefly and Renilla 
luciferase activities were measured after 48 h 
of transfection by using a Dual-Luciferase 
Reporter Assay System (Promega, MA). Renilla 
luciferase activity was normalized to that of fire-
fly luciferase.

Western blot analysis

Total protein was extracted from cultured cells 
using RIPA buffer containing a protease inhibi-
tor (Beyotime, Jiangsu, China) and was quanti-
fied using a bicinchoninic acid (BCA) kit (Pierce, 
Rockford, IL). Proteins (50 μg per sample) were 
separated by 10% SDS/PAGE before being 
transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore, Bedford, MA) at 80 V for 
2 h at 4°C. The membranes were blocked in 5% 
nonfat dry milk in TBS (20 mM Tris-HCl, pH 7.5, 
150 mM NaCl) at room temperature for 1 h and 
were then incubated with antibodies (Santa 
Cruz Biotechnology, Santa Cruz, CA) against 
ZEB2 (1:1000), E-cadherin (1:1000), N-cadherin 
(1:1500), vimentin (1:500), or GAPDH (1:3000) 
in TBS overnight at 4°C. After three washes in 
TBST (20 mM Tris-HCl, pH 7.5, 150 mM NaCl, 
0.1% Tween-20), the membranes were incubat-
ed with horseradish peroxidase (HRP)-conju- 
gated goat anti-mouse IgG or goat anti-rabbit 
IgG (1:5000, Santa Cruz) for 1 h at room tem-
perature. Immunoreactive bands were detect-
ed by chemiluminescence using the Pierce ECL 
Western Blotting Substrate (Thermo Fisher 
Scientific, USA) and X-ray film. GAPDH served 
as a normalization control.

Statistical analysis

Statistical analysis was performed with 
GraphPad Prism 5 (GraphPad Software, Inc., 
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Figure 1. miR-187 expression is downregulated in OS tissues and cell lines. A. Relative miR-187 level in 40 pairs of 
OS- and adjacent normal bone tissues (ANT) was assessed by quantitative RT-PCR (qRT-PCR). B. Relative miR-187 
levels were determined via qRT-PCR in four osteosarcoma cell lines (HOS, Saos-2, U2OS, and MG-63) and a human 
normal osteoblastic cell line (hFOB1.19). *P < 0.05, **P < 0.01.

Figure 2. miR-187 inhibits proliferation and colony formation in OS cells. A. Relative miR-187 levels were assessed 
in MG63 and U2OS cells after transfection with miR-187 or miR-NC. B, C. Cell proliferation and colony formation 
were measured in MG63 and U2OS cells after transfection with miR-187 or miR-NC. *P < 0.05, **P < 0.01.

San Diego, CA) and SPSS 17 software (SPSS, 
Chicago, IL). All data are reported as mean ± 

SD (standard deviation) and all experiments 
were repeated at least three times. Differences 
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were assessed using a two-tailed student’s 
t-test or one-way ANOVA and the correlation 
between miR-187 and ZEB2 expression was 
analyzed with Pearson’s correlation. In all 
cases, differences with P < 0.05 were consid-
ered statistically significant.

Results

miR-187 expression is downregulated in OS 
tissues and cell lines

Initially, the expression of miR-187 was evalu-
ated in 40 OS tissues and adjacent normal tis-
sues (ANT). qRT-PCR analysis demonstrated 
that miR-187 expression was significantly 
downregulated in OS tissues compared to that 
in adjacent normal tissues (P < 0.05, Figure 
1A). To determine the clinicopathological sig-
nificance of miR-187 aberrations, the median 

value (0.384) of miR-187 expression was used 
as the cut-off point for dividing OS tissues into 
two groups: low expression (< median, n = 22) 
and high expression (> median, n = 18). Further 
analysis demonstrated that miR-187 expres-
sion in OS tissues was associated with TNM 
stage and lymph node metastasis (P < 0.05; 
Table 1). No significant differences were 
observed between miR-187 expression and 
patient’s gender, age, or tumor size (P > 0.05; 
Table 1). miR-187 expression was examined in 
four OS cell lines using quantitative real-time 
PCR (qRT-PCR). As shown in Figure 1B, four OS 
cell lines displayed lower levels of miR-187 
than the normal human osteoblastic cell line, 
hFOB 1.19 (P < 0.05; Figure 1B). Among these 
OS cell lines, U2OS (lowest endogenous miR-
187 expression) and MG-63 (highest endoge-
nous miR-187 expression) cells were used for 
subsequent experiments.

Figure 3. miR-187 inhibits migration and invasion in OS cells. A. Cell migration was assessed using a wound healing 
assay for MG63 and U2OS cells after transfection with miR-187 or miR-NC. B. Cell invasion was investigated by tran-
swell invasion assays for MG63 and U2OS cells after transfection with miR-187 or miR-NC. *P < 0.05, **P < 0.01.
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miR-187 suppresses OS cell proliferation and 
colony formation

To explore the potential role of miR-187 in OS 
pathogenesis, U2OS and MG63 cells were 
transfected with miR-187 mimic or miR-NC, 
after which miR-187 expression was assayed 
using qRT-PCR. The results showed that the 
expression level of miR-187 was significantly 

2C). These results suggest that miR-187 inhib-
its OS growth in vitro.

miR-187 suppresses OS cell migration and 
invasion

To further assess the effects of miR-187 on 
migration and invasion, wound healing and 
transwell invasion assays were performed. 

Figure 4. ZEB2 is a direct target for miR-187 in OS. A. The predicted binding sites for miR-187 in the 3’UTR of ZEB2 
and the mutations in the binding sites are shown. B. MG63 and U2OS cells were cotransfected with miR-187 mimic 
or miR-NC and wild-type or mutant-type ZEB2 3’UTR reporter plasmid. Luciferase activity was measured 48 h after 
transfection. WT: Wild-type, Mut: Mutant-type. C, D. ZEB2 mRNA and protein expression levels were measured in 
MG63 and U2OS cells after transfection with miR-187 mimic or miR-NC by qRT-PCR and western blot analysis, re-
spectively. GAPDH was used to an internal control. *P < 0.05, **P < 0.01.

Figure 5. miR-187 inhibits epithelial-to-mesenchymal transition (EMT) in OS. 
Western blot analysis of E-cadherin, N-cadherin, and vimentin expression in 
MG63 and U2OS cells after transfection with miR-187 or miR-NC. GAPDH 
was used as a loading control. *P < 0.05, **P < 0.01.

upregulated in the miR-187 
mimic group compared to the 
miR-NC group (Figure 2A), 
which suggests that miR-187 
expression was successfully 
enhanced in the U2OS and 
MG63 cells. The results of the 
MTT assay demonstrated that 
the upregulation of miR-187 
significantly suppresses the 
proliferation of U2OS and MG- 
63 cells compared with miR-
NC-transfected cells (Figure 
2B). Colony formation analysis 
revealed that miR-187 over- 
expression significantly sup-
presses colony formation by 
U2OS and MG63 cells (Figure 
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These experiments revealed that ectopic 
expression of miR-187 significantly inhibits the 
migration and invasion of both OS cell lines 
(Figure 3A and 3B), which indicates that miR-
187 inhibits metastasis of OS cells in vitro.

ZEB2 is a direct target of miR-187 in OS

Using the TargetScan and miRanda algorithms, 
ZEB2 was selected as a candidate target of 
miR-187 since the 3’UTR of ZEB2 mRNA con-
tains a complementary site for the seed region 
of miR-187 (Figure 4A). To further confirm ZEB2 
as a direct target of miR-187, a dual-luciferase 
reporter assay was performed and miR-187 
overexpression was shown to significantly 
decrease the luciferase activity of wild-type 
ZEB2-3’UTR in MG63 and U2OS cells, while it 
failed to repress the mutated ZEB2 3’UTR 
(Figure 4B). To determine whether miR-187 
regulates endogenous ZEB2 expression in OS 
cell lines, the mRNA and protein expression lev-
els of ZEB2 were assessed by qRT-PCR and 
western blot, respectively. Overexpression of 
miR-187 was found to result in a significant 
decrease in ZEB2 mRNA and protein levels in 
MG63 and U2OS cells (Figure 4C and 4D). From 
these results, we conclude that ZEB2 is a direct 
downstream target of miR-187 in OS cells.

miR-187 regulates epithelial-mesenchymal 
transition in OS cells

It has been demonstrated that ZEB2 caninduce 
epithelial-mesenchymal transition (EMT), which 
is known to contribute to cancer cells metasta-
sis [16-18]. Since it was shown in this study 
that ZEB2 is a target of miR-187, it is possible 
that miR-187 may play a role in regulating EMT. 
Accordingly, EMT markers were assessed by 
western blot analysis in OS cells transfected 
with miR-187 mimic or miR-NC. As shown in 
Figure 5, overexpression of miR-187 led to 
increase E-cadherin expression and decrease 
N-cadherin and vimentin expression. These 
findings suggest that miR-187 overexpression 
may inhibit EMT. 

ZEB2 overexpression reverse inhibitory effects 
of miR-187 in OS

To further verify the functional connection 
between miR-187 and ZEB2, MG63 and U2OS 
cells were cotransfected with ZEB2 expression 
plasmids and miR-187 mimic or miR-NC. In the 
case of both MG63 and U2OS cells, the expres-
sion of ZEB2 was found to be significantly 
increased after cotransfection with miR-187 
and pcDNA-ZEB2 compared with cells trans-

Figure 6. ZEB2 overexpression reverses the inhibitory effects of miR-187 in OS. MG63 and U2OS cells were trans-
fected with miR-187 mimic or miR-NC together with a ZEB2 overexpression plasmid (pcDNA3.1-ZEB2). A, B. ZEB2 
expression in the abovementioned cells was assessed at the mRNA and protein levels. GAPDH was used as a load-
ing control. C-F. Cell proliferation, colony formation, migration, and invasion were measured in the indicated cells. 
*P < 0.05, **P < 0.01.
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fected with only miR-187 (Figure 6A and 6B). 
Overexpression of ZEB2 was furthermore sho- 
wn to reverse the inhibitory effects of miR-187 
on cell proliferation, colony formation, migra-
tion, and invasion in OS cells (Figure 6C-F).
These results suggest that miR-187 inhibits 
cell proliferation, colony formation, migration, 
and invasion in OS cells via downregulation of 
ZEB2.

ZEB2 is upregulated in OS tissues and is in-
versely correlated with miR-187 expression

Finally, ZEB2 mRNA expression levels were 
assessed in OS specimens and adjacent nor-
mal bone tissues. qRT-PCR analysis revealed 
significantly higher ZEB2 mRNA expression lev-
els in OS tissues than in normal bone tissues 
(Figure 7A). Pearson’s correlation analysis fur-
thermore confirmed an inverse correlation 
between miR-187 expression and ZEB2 mRNA 
expression in OS tissues (r = -0.691, P < 
0.0001; Figure 7B).

Discussion

Dysregulation of miRNAs has been reported to 
play a role in OS progression and development 
[9, 10, 19] and an improved understanding of 
biological functions of different miRNAs may 
therefore contribute to the development of 
more effective biomarkers and therapeutic tar-
gets for OS patients. In this study, we present 
preliminary evidence that miR-187 expression 

is downregulated in OS tissues and cell lines 
and is associated with TNM stage and lymph 
node metastasis. We furthermore report find-
ings to suggest that miR-187 plays a negative 
regulatory role in OS growth and metastasis via 
ZEB2 repression. 

Recently, miR-187 was found to be downregu-
lated and to function as a tumor suppressor in 
several types of cancers [11-15]. Mao and col-
leagues, for example, reported that miR-187 is 
significantly downregulated in lung tumors and 
that miR-187 overexpression inhibits cell prolif-
eration, invasion, and migration as well as 
inducing cell apoptosis by repressing CYP1B1 
expression [11]. Qin et al found that miR-187 
acted as a tumor suppressor in colorectal can-
cer by inhibiting cell proliferation, apoptosis, 
and invasive capacity via CD276 [12]. Zhao et 
al demonstrated that miR-187 inhibits clear 
cell renal cell carcinoma proliferation in vitro, 
inhibits in vivo tumor growth, and decreases 
motility by repressing the B7 homolog 3 (B7-H3) 
[15]. On the contrary, miR-187 has been shown 
to be upregulated and function as an oncoge-
nein thyroid cancer [20], breast cancer [21], 
oral carcinoma [22], and acute lymphoblastic 
leukemia [23]. These reports suggest that the 
functional role of miR-187 in different cancers 
may be paradoxical; however, the role of miR-
187 in OS has not yet been reported.

In this study, the expression of miR-187 in OS 
tissues and cell lines was initially found to be 

Figure 7. ZEB2 is upregulated in OS tissues and is inversely correlated with miR-187 expression. A. ZEB2 mRNA 
levels in 40 OS specimens and adjacent normal bone tissues (ANT) were assessed by qRT-PCR. B. Pearson’s cor-
relation analysis between miR-187 expression and ZEB2 mRNA level. *P < 0.05, **P < 0.01.
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significantly downregulated in OS tissues and 
cell lines compared with corresponding normal 
bone tissues and the normal cell line. The bio-
logical functions of miR-187 in OS were then 
investigated, and it was found that miR-187 
suppresses cell proliferation, colony formation, 
migration, invasion, and EMT in OS. These 
results suggest that miR-187 may function as a 
tumor suppressor in OS.

It is well known that miRNA function relies pri-
marily on miRNA target gene(s) [6, 7, 19]. To 
explore the potential mechanism underlying 
the role of miR-187 in OS progression, bioinfor-
matic analysis was conducted and identified 
ZEB2 as a putative miR-187 target gene, where 
ZEB2 (zinc finger E-box-binding homeobox 2 
protein) is a member of the delta-EF1 (TCF8)/
Zfh1 family of 2-handed zinc finger/homeodo-
main proteins [24]. Recent studies have dem-
onstrated that ZEB2 may be an important onco-
genic transcription factor contributing to tumor 
progression in multiple cancers including non-
small lung cancer [18], gastric cancer [17], 
ovarian cancer [25], and liver cancer [16]. In 
the case of OS, ZEB2 has been shown to be 
involved in OS progression by regulating miR-
141 [26] and miR-200 [27]. In the present 
study, we further confirmed ZEB2 as a direct 
target of miR-187 in OS using a luciferase 
reporter assay, qRT-PCR, and western blot 
analysis. Moreover, ZEB2 overexpression was 
found to reverse the tumor-suppressive effects 
of miR-187 on OS cells. Notably, ZEB2 expres-
sion is upregulated in OS tissues and is nega-
tively correlated with miR-187 expression level. 
Collectively, these findings may suggest that 
the anti-tumor effect of miR-187 in OS occurs in 
part by targeting ZEB2.

It is well known that epithelial- mesenchymal 
transition (EMT) is involved in cancer cell inva-
sion and migration during the development and 
progression of cancer and metastasis [28]. In 
the EMT process, cells acquire morphological 
and molecular alterations that lead to down-
regulation of adhesion molecules such as 
E-cadherin and upregulation of mesenchymal 
markers such as N-cadherin, thereby facilitat-
ing tumor metastasis and progression [29]. 
Accordingly, EMT has been shown to play an 
important role in invasion and migration of OS 
cells [30]. It has been reported that ZEB2 binds 
to the E-BOX sequence in the E-cadherin pro-
moter, leading to downregulation of E-cadherin 

expression, thereby inducing EMT [31]. In this 
study, ZEB2 was shown to be a functional tar-
get of miR-187 in OS cells, and thus we investi-
gated whether miR-187 may affect EMT in OS 
cells. Our findings revealed that overexpression 
of miR-187 leads to increased expression of 
E-cadherin and decreased expression of 
N-cadherin and vimentin, which suggests that 
miR-187 may inhibit EMT in OS. 

Overall, we demonstrated in this study that 
miR-187 expression is downregulated in OS tis-
sues and cell lines and that decreased miR-187 
expression in OS is closely associated with 
TNM stage and lymph node metastasis. More- 
over, we also showed that upregulation of miR-
187 suppresses OS cell proliferation, colony 
formation, migration, invasion, and EMT via the 
downregulation of ZEB2. Our experimental data 
therefore suggest that miR-187 may be a prom-
ising therapeutic target for OS.
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