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Abstract: microRNAs (miRNA) are a class of small, non-coding RNA that involved in different cancer-related pro-
cesses. Previous studies have been indicated miR-181b as a tumor onco-miR during multi-cancer tumorigenesis. 
However, the role of miR-181b in osteosarcoma is still unclear. In this study, we demonstrate miR-181b was up-
regulated in osteosarcoma tissues compared to adjacent non-tumor tissue. Functional study suggests miR-181b 
promotes the osteosarcoma cell proliferation, invasion and migration. We also identified that RASSF8, a functional 
tumor suppressor was a direct target of miR-181b by the results of luciferase reportor assay, western blot assay and 
real-time PCR. These findings provide profound evidence that miR-181b plays a key role in promoting osteosarcoma 
cell proliferation, invasion and migration and also can regulate RASSF8 expression in osteosarcoma cells. These 
findings strongly suggest that exogenous miR-181b may have therapeutic value in treating osteosarcoma.
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Introduction

Osteosarcoma (OS) is one of the most com- 
mon type of bone cancer that leading cause  
of cancer death among adolescents and young 
adults [1, 2]. With the current surgical tech-
niques and chemotherapeutic treatments, the 
5-year survival rate with localized OS is only 
about 60-80%, while it is only 15-30% with 
metastatic OS [3-5]. Among the genetic factors 
that present in OS, mutations and copy number 
variations are causative resultant for OS onco-
genic transformation progress [6]. Therefore, 
it’s vital to illustrate the cellular events that ini-
tiate and propagate osteosarcoma genesis [6].

MicroRNAs (miRNAs) are short non-coding 
RNAs with 18-22 nucleotides that post-tran-
scriptional modify gene expression through 
direct interaction with the 3’untranslated re- 
gion (3’UTRs) of specific target mRNAs in 
eukaryotic cells [7]. Expression of a single 
miRNA can silence numbers of target genes, 
granting these molecules extensive control 

over many cellular functions, such as cell  
differentiation, proliferation and metastasis 
[8-10]. Deregulation of miRNAs can act as 
tumor suppressors or oncogenes contributing 
to these phenotypes [11-13]. Several upregu-
lated miRNAs signature known as oncomiRs 
have been found in the OS, such as miR-190 
[14], miR-10b [15], miR-7 [16], miR-214 [17], 
and miR-210 [18]. Kevin B. Jones [19] survey- 
ed a well-characterized group of OS tissues 
using array-based technologies and qRT-PCR, 
which confirmed that miR-181b was significant-
ly upregulated. However, little is known about 
the role of miR-181b in the pathogenesis of OS.

RASSF8 is a member of the Ras-association 
domain family (RASSF), several of which are 
believed to be tumor suppressor genes [20, 
21]. RASSF proteins have been found to play 
key roles in biological processes, such as cell 
death, cell cycle control, microtubule stability, 
promoter methylation, vesicle trafficking, and 
response to hypoxia [22, 23]. RASSF8 is ubi- 
quitously expressed in all major tissues, and 
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serves as a suppressor gene [24]. In lung can-
cer, downregulated RASSF8 can increase cell 
migration and growth [24]. 

In the current study, we found that miR-181b 
was upregulated in OS tissues and cell lines. 
Overexpression of miR-181b promoted cell via-
bility, growth, invasion and migration in vitro. In 
addition, RASSF8 was identified as a direct tar-
get of miR-181b and RASSF8 was found down-
regulated in OS tissues and cells. Taken togeth-
er, our findings collectively suggest that miR-
181b serves as an onco-miRNA via direct tar-
geting and suppressing RASSF8 expression 
and may thus be a promising therapeutic target 
for OS. 

Materials and methods

Human OS tissues and cell culture

18 paired fresh surgically resected osteosar-
coma tumor tissues and adjacent normal bone 
tissues, which were diagnosed by an inde- 
pendent pathologist, were collected from the 
Qilu Hospital of Shandong University, between 
December 2014 and Decemeber 2015. All 
study procedures were approved by the In- 
stitutional Review Board of the Qilu Hospital of 
Shandong University. Informed consent was 
given by all participants. The human OS cell 
lines (Saos-2, MG-63 and U2OS) and normal 
osteoblastic cell lines NHOst or hFOB1.19 
(Shanghai Cell Bank, Chinese Academy of 
Sciences) were cultured in Dulbecco’s modie-
dEagle’s medium (DMEM) with 10% fetal bovine 
serum (FBS) and incubated at 37°C in 5% CO2. 

RNA oligonucleotides, plasmids and transfec-
tion

The 2’-O-me-miR-181b mimic (miR-181b mim-
ics) and negative control (miR control) were 
chemically synthesized and purified by high-
performance liquid chromatography by Gene- 
Pharma (Shanghai, China) and used for trans-
fection at a final concentration of 20 nM with 
Lipofectamine 2000 (Invitrogen).

Luciferase reporter gene assay

The 3’-UTR of RASSF8 in the pMirGLO reporter 
vector was purchased from Origene Techno- 
logies. The miR-181b binding site was mutated 
using QuikChange Lightning Site-Directed Mu- 
tagenesis Kit (Agilent Technologies). WT and 
mutant constructs were transfected into 
MG-63 and U2OS cells concurrently with miR-

181b mimic or miR control. At 48 hours after 
transfection, cells were assayed for relative 
luciferase activity using the luciferase assay 
kits (Promega, Madison, WI, USA). The data 
depicted represent three independent experi-
ments performed on different days.

Cell proliferation assays 

Cell viability was tested with the 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) according to the manufacturer’s instruc-
tion (Sigma). Cells were transfected and seed-
ed at 1000 cells per well in a 96-well plate in 
quadruplicate. The absorbance at 570 nm was 
measured using an IQuant Universal Microplate 
Spectrophotometer (BioTek, Winooski, VT).

For colony formation assay, transfected cells 
were placed at 300 cells per well in a 6-well 
plate in quadruplicate and maintained for two 
weeks, the culture medium was replaced every 
3 days. Colonies were then fixed with methanol 
and stained with 0.1% crystal violet (Sigma) in 
PBS for 15 minutes, then the stained colonies 
were counted under a microscope.

Wound-healing assay

Then transfected cells were seeded and cul-
tured to 95% confluence in six-well plates, then 
the cell layers were scratched with a 20 ml tip 
to form wound gaps, washed twice with PBS 
and cultured. The wound healing was photo-
graphed at different time points, and each 
wound was analyzed by measuring the distance 
migrated by the cells in three different areas.

Cell invasion and migration assay

Cell invasion assay was performed using Trans- 
well chambers with or without BD Matrigel (BD 
Biosciences) following the manufacturer’s pro-
tocol. Cells were suspended in serum-free 
DMEM culture medium at a concentration of 
1×104 cells/ml and then added to the upper 
chamber with a Matrigel-coated or Matrigel-
free filter. The lower chambers were filled with 
10% FBS as a chemoattractant, and incubated 
in the chambers for 48 h. At the end of the 
experiments, the cells on the upper surface of 
the membranes were removed using a cotton 
swab, and the cells on the lower surface were 
fixed and stained with 0.1% crystal violet. Five 
visual fields of each insert were randomly cho-
sen and counted under a microscope and im- 
aged to count the migrated cells. 
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Western blot analysis 

Western blotting was performed according to 
the standard methods as described [25] using 
anti-RASSF8 antibody (ab12610, Abcam, Cam- 
bridge, MA, USA) and the anti-GAPDH antibody 
(Sigma-Aldrich) was used as a loading control. 
The experiments were repeated three times.

RNA extraction and real-time quantitative PCR

Total RNA was extracted from tissues and  
cells using Trizol reagent (Invitrogen, CA, USA) 
according to the manufacturer’s protocol. Total 
RNA was extracted from tissues and cells using 
a commercially available kit (mirVana; QIAGENE, 
Shanghai, China) according to the manufactur-

Figure 1. Relative expression of miR-181b in OS tissues and different OS cell lines. A. A column plot of miR-181b 
expression in 18 pairs of OS and healthy bones (Normal); B. Endogenous levels of miR-181b in OS cell lines were 
measured by qRT-PCR and normalized to snoRNA U6. Error bars are SD. Experiments were conducted in triplicates. 

Figure 2. miR-181b promotes the OS cells viability and growth. A. miR-181 mimics were transfected in MG-63 and 
U2OS cells and assessed by qRT-PCR; B and C. MTT assay was performed with MG-63 and U2OS cells transfected 
with mimics or miR-181b mimics, OD570 was measured at the indicated time; D and E. Colony formation assay was 
performed in cells transfected with mimics control or miR-181b mimics.
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er’s protocol. Reverse transcriptions were per-
formed by using miScript Reverse Transcription 
Kit (218061, QIAGEN) and QuantiTect SYBR 
Green RT-PCR Kit (204243, QIAGEN) was used 
for real-time qPCR analysis with the ABI 7500 
fast real-time PCR system (Applied Biosystems, 
Foster City, CA, USA) following the manufactur-
er’s instructions. The relative expression level 
of miR-181b and RASSF8 were normalized to 
that of internal control U6 or GAPDH using the 
comparative delta CT (2-ΔΔCt) method. Each 
sample was analyzed in triplicate and the mean 
expression level was calculated.

Statistical analysis 

Statistical analyses were performed by one-
way ANOVA. P≤0.05 was considered as statisti-
cally significant differences (GraphPad Prism 5; 
GraphPad software, Inc., San Diego, CA, USA).

Results

miR-181b was overexpressed in OS tissues 
and cell lines

To understand the role of miR-181b in OS, miR-
181b expression was examined by qRT-PCR in 
18 paired OS tissues and the corresponding 
normal bone tissues. Here, we found that miR-
181b was upregulated in OS relative to healthy 
bone tissues (Figure 1A). Moreover, we exam-
ined the expression of miR-181b in different 
human OS cell lines using qRT-PCR. Upregulated 
expression of miR-181b was found in all OS 
cells with a prominently highest level in U2OS 
cells compared to normal osteoblastic cell lines 
(NHOst and hFOB1.19) (Figure 1B). These 
results suggest that miR-181b may serves as 
an onco-miRNA in OS development.

Overexpression of miR-181b promoted OS cell 
proliferation

Since our findings have demonstrated signifi-
cant upregulation of miR-181b in human OS 
samples and cells, we examined the potential 
tumor promoting role of miR-181b in OS cells. 
We investigated the functional significance of 
miR-181b on cell viability and cell growth in 
MG-63 and U2OS cells using miR control or 
miR-181b mimics. Our data showed a signifi-
cant increase of miR-181b levels (~5.3-folds in 
MG-63 cells and ~6.4-folds in U2OS cells) in 
miR-181b-transfected cells compared to that of 
miR control cells (Figure 2A). Then we com-
pared the cell viability and growth changes in 

miR-181b-transfected cells. Our results showed 
that the ectopic expression of miR-181b in- 
creased cell viability in a time-dependent man-
ner (Figure 2B and 2C). Furthermore, treatment 
with miR-181b mimics prominent induced OS 
cell growth as demonstrated by colony forma-
tion assay (Figure 2D and 2E), indicating that 
miR-181b can promote OS cells proliferation.

miR-181b overexpression promoted OS cell 
invasion and migration

To further detect whether miR-181b is associ-
ated with the metastasis ability of OS cells, we 
analyzed the effect of miR-181b expression on 
the migratory and invasive behavior of MG-63 
and U2OS cells. The ectopic expression of miR-
181b promoted invasion (Figure 3A and 3B) 
and migration (Figure 3C) capacity of OS cells 
using transwell assays with or without matrigel. 
Moreover, would healing assay also confirmed 
that the overexpression of miR-181b induced 
by miR-181b mimics transfection remained 
smaller wound breadth in MG-63 and U2OS 
cells (Figure 3D). These results showed that 
miR-181b expression contributes to the regula-
tion of OS cells metastasis in vitro.

RASSF8 is a target of miR-181b and down-
regulated in OS tissues and cell lines

Bioinformatics research was performed to find 
potential targets of miR-181b using Targetscan. 
As shown in Figure 4A, RASSF8 was identified 
as a potential target of miR-181b. In order to 
address the molecular mechanism underlying 
the tumor promoting functions of miR-181b, we 
cloned 3’UTR sequences (wild type or mutated) 
binding site of miR-181b into the pmiRGLO 
luciferase vector, respectively, and co-trans-
fected with the miR-181b or miR control into OS 
cells. Data from the luciferase assay showed 
that overexpression of miR-181b remarkably 
suppressed the luciferase activity of the report-
er gene with the wild-type construct but not the 
mutant in MG-63 and U2OS cells (Figure 4B 
and 4C). In addition, overexpression of miR-
181b resulted in a reduction of RASSF8 mRNA 
and protein expression in OS cells (Figure 4D 
and 4E).

We further investigated the functional role of 
RASSF8 with qRT-PCR on OS tissue and cells. 
The RASSF8 mRNA is obviously downregulated 
in 18 Osteosarcoma tissues compared with 
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Normal bone tissues as presented in Figure 4F. 
In addition, we found that the RASSF8 mRNA 
was also obviously downregulated in OS cells 
MG-63 and U2OS (Figure 4G).

Discussion

miR-181b belongs to the miR-181 family and 
plays important and different regulatory roles 
in the cellular functions in different cancer cell 
lines [26-28]. The varying effects of miR-181b 
in different cell types mainly depend on the 
cancer types and their target genes and co-
regulatory functions. MiR-181b facilitates HCC 
and breast cancer cells progression via sup-
pressing TIMP3 expression [29, 30], miR-181b 
can sensitize lung and gastric cancer cells to 
chemotherapy by targeting BCL-2 [31, 32]. 
Previous study showed that miR-181b stimu-
lated HeLa cell growth and inhibited cell death 
via targeting adenylyl cyclase 9 (AC9) [33, 34]. 
miR-181b upregulation is associated with the 
progression of leukoplakia to oral carcinoma 
[35], as well as poor prognosis and therapeutic 

outcome in colon cancer [36]. However, miR-
181b was downregulated in human glioma 
cells [37] and astrocytic tumors [38], which 
suggested that miR-181b may have a tumor-
type specific role.

In this study, we investigated the biological  
role of miR-181b in the progression of OS.  
We found significant upregulation of miR-181b 
in OS tissues and cells compared with match- 
ed normal bone tissues. Additionally, functional 
experiments demonstrated that miR-181b pro-
moted cell viability, growth, invasion and mi- 
gration. We demonstrated RASSF8 as a poten-
tial target of miR-181b. Fluorescent reporter 
assays showed that miR-181b directly bonded 
to the RASSF8 3’UTR. Furthermore, qRT-PCR 
and Western blot analyses confirmed that miR-
181b negatively regulated RASSF8 by reducing 
RASSF8 mRNA and protein levels. In addition, 
we clarified that RASSF8 was downrgulated in 
OS tissues and cell lines. Our work may be the 
first time to reveal the functional role of miR-
181b targeting RASSF8 in OS.

Figure 3. miR-181b overexpression promoted OS cell invasion and migration. miR-181b mimics or control were 
transfected in MG-63 and U2OS cells and then transwell assay were performed with matrigel (A and B) or without 
matrigel (C); (D) Overexpression of miR-181b increased cell migration ability with wound healing assay. 
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Figure 4. RASSF8 is a target of miR-181b and downregulated in OS tissues and cells. A. Computational analysis showed that miR-181b potentially targeted the 
RASSF8 gene. The mutate base pairs in the predicted seed region targeted by miR-181b in the RASSF8 3’UTR was also showed. B and C. Luciferase assay of the 
effect of miR-181b on expression of reporter luciferase gene, which contains a RASSF8 3’-UTR fragment with wild type (RASSF8 3’-UTR) or mutant (RASSF8 3’-UTR 
mut) miR-181b binding site. Transfections of MG-63 cells were conducted in triplicates, 48 hours after transfections cells were lysed and luciferase activities were 
measured. Relative luciferase activity normalized to renilla luciferase activity is shown. D and E. Effect of miR-181b overexpression in MG-63 and U2OS cells on 
endogenous RASSF8 mRNA and protein expression as assessed by qRT-PCR and Western blot. F. A column plot of RASSF8 expression in 18 pairs of OS and healthy 
bones (Normal). G. Endogenous levels of RASSF8 in OS cell lines were measured by qRT-PCR and normalized to GAPDH. Error bars are SD. Experiments were con-
ducted in triplicates. 
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Previous study has demonstrated that RASSF8 
downregulation can promote ESCC metasta- 
sis by enhancing cell motility and invasiveness 
and by increasing lymphangiogenesis via the 
NF-κB/VEGF-C axis [39]. RASSF8 depletion can 
reduced the cellular levels of IkB-a and in- 
creased NF-κB/p65 levels [40]. Both in vivo 
and in vitro studies conducted by Wang et al 
[41] showed that overexpression of RASSF8 
inhibited melanoma cells’ growth, migration 
and invasion as a result of downregulating P65 
which lead to G1-S arrest and apoptosis induc-
tion through increasing p53 and p21 expres-
sion. In addition, following RASSF8 depletion 
can increase its accumulation in the cytoplasm 
and then delocalized to the nucleus to activate 
the canonical Wnt signaling pathway [42, 43]. 
Since, we have confirmed that miR-181b can 
promoted OS proliferation, invasion and migra-
tion through down regulating RASSF8. The de- 
tailed molecular mechanisms of RASSF8 and 
whether miR-181b involved in these pathways 
in OS should be investigated in the future. 

In summary, the present study suggested miR-
181b can promoted OS cells proliferation, mi- 
gration and invasion through direct targeting 
and suppressing RASSF8. These findings pro-
vide us a basis to further investigate the under-
lying mechanisms of OS and may facilitate the 
development of novel therapeutic strategies for 
OS clinical application. 
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