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Abstract. Osteosarcoma (OS) is a common malignant 
primary bone tumor and patients with OS are known to have 
a poor response to chemotherapy. MicroRNAs (miRNAs or 
miRs) are small non-coding RNA molecules (approximately 
22 nucleotides in length) and they have recently become a 
topic for research as regards their role in cancer therapeutics. 
Previous studies have reported miR‑18a expression in patients 
with OS is significantly decreased compared with that in 
normal adjacent tissue. miR‑18a belongs to the miR‑17‑92 
cluster encoded by the host gene MIR17HG. However, the 
detailed role of miR‑18a in OS remains to be determined. In 
this study, we demonstrated that miR‑18a mimics inhibited 
MG63 and Saos‑2 cell viability and migration. In addition, 
flow cytometry assay revealed that miR‑18a induced OS cell 
apoptosis. Western blot analysis indicated that the expression 
levels of Bcl‑2 and p‑Akt were downregulated, while the levels 
of cleaved caspase‑3 and Bax proteins were upregulated by 
miR‑18a. Moreover, we demonstrated that mediator complex 
subunit 27 (MED27) was the target of miR‑18a through dual 
luciferase assay. Finally, data from in vivo experiments indi-
cated that tumor growth in mice was significantly suppressed 
by miR‑18a mimics, accompanied by a decrease in the 
percentage of Ki67-positive cells, and by the downregulation 
in MED27 and p‑Akt protein expression levels. The findings 

of the present study may aid in the clarification of the function 
of miR‑18a, particularly as regards its role in the regulation of 
OS cell apoptosis, and indicate that MED27 may be a potential 
novel therapeutic target in the treatment of OS.

Introduction

Osteosarcoma (OS) is the most common malignant primary 
bone tumor, particularly in children and adolescents in both 
sexes (1). It has been reported that, from the epidemiological 
point of view, OS has a predilection for the metaphyseal 
portions of the long bone, as well as the distal femur and 
proximal tibia, which account for approximately  50% of 
all cases of OS (2). Furthermore, OS is a highly aggressive 
disease and the lungs are the primary target tissue for the 
metastasis of OS. Up to 25% of patients diagnosed with 
OS also suffer from lung metastases (3). OS mostly affects 
adolescents. In approximately three quarters of the cases, the 
age of patients with OS is between 15‑25 years. The median 
age is 17 years, with a trend in the predominance of the male 
sex. There may be some correlation between OS and bone 
development, as during adolescence growth spurt, bone also 
grows rapidly (4). A relatively greater number of patients with 
OS have germline mutations in either the retinoblastoma or 
p53 genes (5). This discovery indicates that these genes may be 
involved in the occurrence of the OS and provide us with some 
clues for future OS therapy. The clinical characteristics of OS 
include pain and swelling of the soft tissues, which are the 
most common symptoms of patients with OS (6). Currently, 
inpatient treatment for OS involves chemotherapy such as 
cisplatin, doxorubicin and methotrexate (6,7). However, the 
5-year survival rate for patients treated with this chemothera-
peutic regimen is only 70%. In addition, 20% of patients with 
metastatic or recurrent disease exhibit chemoresistance, which 
limits the effectiveness of chemotherapy in malignant tumors, 
particularly OS (5-7). Thereby, it is urgent to investigate new 
pathways or to explore novel targets for the treatment of OS, 
particularly chemoresistant OS.

MicroRNAs (miRNAs or miRs) are single-stranded 
small RNAs which are approximately 22‑24 nucleotides in 
length (8). They play an important role in the post-transcrip-
tional regulation of gene expression. As miRNAs can bind 
to the complementary site of the 3'UTR sequence within the 
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targeting mRNAs, they can mediate target RNA degrada-
tion or suppress translation (9-12). miR‑18a is a member of 
the miR‑17‑92 family cluster, which includes 6 individual 
miRNAs: miR‑17, miR‑18a, miR‑19a, miR‑20a, miR‑19b1 and 
miR‑92a1, which are amplified in lymphomas and other cancer 
cells (13-15). This cluster and its paralogues play important 
roles in cancer development due to their ability to suppress 
the expression of a number of tumor-associated proteins, such 
as p53 and Akt (13-15), the overexpression of which promotes 
cell viability and reduces apoptosis by regulating cell cycle 
progression  (16-19). The miR‑17‑92 cluster also plays an 
important role in normal growth and skeletal development. The 
deletion or duplication miR‑17‑92 or that of its paralogues can 
interrupt skeletal development, resulting in smaller embryos 
and post-natal death due to ventricular septal defects (20).

Recently, much attention has been paid to miRNAs, such as 
the miR‑17 family, which has been reported to regulate tumor 
growth in various types of cancer. miR‑18a has been reported 
to function as an onco-miRNA, promoting cell viability and 
facilitating tumor progression (21,22). However, it has also 
been demonstrated that the abnormally high expression of 
miR‑18a in gastric cancer tissues inhibits the expression of 
interferon regulatory factor 2 to modulate tumor protein 
p53 (TP53) expression (16). miR‑18a promotes the viability 
of esophageal squamous cell carcinoma cells by increasing 
cyclin D1 expression (22). miR‑18a expression has also been 
shown to be elevated in prostate cancer and to promote tumori
genesis through the suppression of serine/threonine-protein 
kinase 4 (STK4) in vitro and in vivo (23). In addition, miR‑18a 
has been shown to be upregulated in glioblastoma tissues, 
enhancing cell viability and facilitating the exit of cells from 
cell cycle arrest (24).

Recently, it has been reported that miR‑1, miR‑9, 
miR‑18a, miR‑18b, miR‑126, miR‑133b, miR‑144, miR‑195 
and miR‑451 expression levels are consistently decreased 
in both cell lines and clinical samples of OS compared with 
normal bone tissues (25‑27). According the study by Namløs 
et al in 2012, miR‑18a expression in patients with OS was 
significantly decreased compared with that in normal adja-
cent tissue (25). However, the exact role of miR‑18a in the 
development of OS remains to be determined. Therefore, in 
this study, we aimed to investigate the role of miR‑18a in OS. 
We found miR‑18a induced OS cell (MG63 and Saos‑2 cells) 
apoptosis and suppressed cell migration and invasion. The 
results form our in vivo experiments using mice also demon-
strated that miR‑18a significantly inhibited tumor growth. 
Immunohistochemistry also confirmed that Ki67 and p‑AKT 
expression was increased by miR‑18a. Furthermore, mediator 
complex subunit 27 (MED27) was identified as a direct target 
of miR‑18a with bioinformatics tools and validated in both OS 
cell lines.

Materials and methods

Cell culture. The human osteosarcoma cell lines, MG63 and 
Saos‑2, were purchased from the Stem Cell Bank, Chinese 
Academy of Sciences (Shanghai, China). The MG63 cells 
were propagated in Dulbecco's modified Eagle's medium 
(DMEM; Thermo Fisher Scientific, Waltham, MA, USA) and 
the Saos‑2 cells were cultured in RPMI-1640 medium (Sigma, 

St. Louis, MO, USA). Both culture media were supplemented 
with 10% fetal bovine serum (Thermo Fisher Scientific) and 
gentamicin (40 µg/ml, Sigma). All the cells were cultured 
at 37˚C with 5% CO2 in a humidified cell culture incubator 
(Sanyo, Tokyo, Japan).

Transient cell transfection. A total of 3x105 MG63 cells and 
3x105 Saos‑2 cells were plated in 6-well plates and transfected 
with 100 nM miR‑18a mimics, 100 nM miR‑18a inhibitor or 
the scramble control, which were synthesized by Shanghai 
GenePharma Co. (Shanghai, China), using Lipofectamine® 2000 
reagent (Invitrogen/Thermo Fisher Scientific) according to the 
manufacturer's instructions. At 48 h following transfection, 
cell viability, and protein and mRNA expression levels were 
analyzed in each group of cells.

Cell viability assay. The Cell Counting kit-8 (#C0038, 
Beyotime, Shanghai, China) was used to determine cell 
viability. According to the instructions of the manufacturer, 
the procedure was as follows: The MG63 or Saos‑2 cells at 
the logarithmic growth phase were plated in a 96-well plate at 
a density of 3,000 cells/well. The cells were then transfected 
with 100 nM miR‑18a mimics, miR‑18a inhibitor or the control 
and cultured for a 72 h. At indicated time‑points, 20 µl cell 
counting kit solution was added to each wall, and the cells 
were further incubated for 0.5 h in a cell incubator. Moreover, 
the cells were transfected with 10, 30, 50, 100 or 150 nM 
miR‑18a mimics, the inhibitor or the control (mock) for 72 h. 
The number of living cells was measured using a microplate 
reader (#168-1130, Bio-Rad Laboratories, Hercules, CA, USA), 
at a 450 nm wavelength. The inhibitory rate = 1 - the OD value 
of the miR‑18a mimic transfected/OD value of the control 
group. The half maximal inhibitory concentration (IC50) was 
then calculated.

Wound healing assay. The MG63 or Saos‑2 cells were plated 
into 6-well plates (2x105 cells/well) and transfected with 30 nM 
miR‑18a mimics, miR‑18a inhibitor or the control (mock). 
When the cells grew to 100% confluence, a vertical wound 
was made down through the cell monolayer using 1,000 µl 
pipette tip to press firmly and swiftly against the top of the 
tissue culture plate. The media and cell debris were carefully 
aspirated prior to further culture. The wound was captured 
under a microscope (Leica Microsystems, Inc., Buffalo Grove, 
IL, USA) at each indicated time‑point. The snapshot image 
was used to analyze the distance of one side of the wound to 
the other side using a scale bar.

Transwell cell invasion assay. A total of 100 µl of the MG63 or 
Saos‑2 cells (1x106 cells/ml) transfected with 30 nM miR‑18a, 
miR‑18a inhibitor or the control (mock) were plated on the top 
of the membrane in a Transwell insert into a 24-well plate. 
When the cells had settled down, 600 µl 30% fetal bovine 
serum was added to the bottom of the lower chamber in a 
24-well plate. The cells that did not migrate from the top of 
the upper membrane and remaining culturing media were 
removed carefully using cotton swabs, while the migrated 
cells into the bottom of the lower chamber in the well were 
fixed and stained with crystal violet (#R40052, Thermo Fisher 
Scientific) at room temperature for 48 h. The cells in different 
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fields of view were counted under a microscope (#CKX41, 
Olympus America, Inc., Center Valley, MA, USA) and using 
the average sum of cells to analyze the invasion rate.

Flow cytometric analysis of cell apoptosis. Cell apoptosis 
was measured using Annexin  V-FITC and propidium 
iodide (PI) (Thermo Fisher Scientific) according to the 
manufacturer's instructions. Briefly, 1x106 MIA PaCa‑2 
cells were plated into 100-mm dishes (Corning, New York, 
NY, USA) and then transfected with miR‑128 mimics or the 
mock control (100 nM). After 72 h, the cells were lysis, and 
stained with Annexin-FITC and PI prior to being subjected 
to flow cytometry (#660344 flow cytometer, BD Biosciences, 
Franklin Lakes, NJ, USA). This assay can sort and identify 
the early apoptotic (Annexin V-FITC+/PI-) cells, the primary 
necrotic (Annexin  V-FITC-/PI+) cells, and late apoptotic 
(Annexin V-FITC+/PI+) cells. For each group, the samples 
were examined in triplicate.

Predicted target analysis of miR‑18a. miRecords (http://
c1.accurascience.com/miRecords/) is an online database 
which can be used to predict the binding site of miRNA to its 
targets. It integrates the results of several online miRNA target 
prediction tools, including DIANAmicroT, miRanda, PicTar 
and TargetScan (28). This online software was used to predict 
the potential targets of miR‑18a.

3'UTR-luciferase reporter gene assay. All vectors were 
purchased from Genewiz (Beijing, China), which carried 
MED27 containing the predicted miR‑18a binding sites with 
the wild‑type or mutant 3'UTR. The MG63 or Saos‑2 cells were 
plated into a 24-well plate and transfected with MED27 vector 
or mutant vector using Lipofectamine® 2000 transfection 
reagent (Thermo Fisher Scientific), according to the manufac-
turer's instructions. After 4 h, 100 nM of miR‑18a mimics or 
the control (mock) were transfected into the cells, respectively. 
After a further 48 h of culture, the cells were lysed and the 
luciferase activities were analyzed by a dual luciferase assay 
kit (Promega, Madison, WI, USA).

Reverse transcription-quantitative PCR (RT-qPCR). Total 
RNA was isolated from the MG63 or Saos‑2 cells using the 
PicoPure™ RNA Isolation kit (Arcturus, Sunnyvale, CA, USA) 
according to the manufacturer's instructions. Subsequently, 
2  µg of RNA were utilized for cDNA synthesis using 
SuperScript III RNase H Reverse Transcriptase (Thermo Fisher 
Scientific). Following the reverse transcription reactions, the 
miR‑18a expression level was detected by microRNA assay 
(Thermo Fisher Scientific). The primer for GAPDH was as 
follows: forward, 5'-AATGCATCCTGCACCACCAA' and 
reverse, 5'-GTAGCCATATTCATTGTCATA'. The qPCR 
procedure was performed as follows: for the holding stage: 
Step 1, heating from 25˚C to 95˚C at the rate of 1.6˚C/sec and 
holding for 2 min at 50˚C; step 2, heating from 50˚C to 95˚C 
at the rate of 1.6˚C/sec and then holding for 10 min at 95˚C. 
For the PCR stage: Step 1, initial denaturation at 95˚C for 
15 sec; step 2, annealing extension at 60˚C for 1 min. The 
temperature was cooled down from 95˚C to 60˚C at the rate 
of 1.6˚C/sec and the denaturation and extension were then 
repeated for 40 cycles. Ct was measured at the PCR stage 

with the by ViiTM 7 system (#4458571, Bio-Rad Laboratories) 
Based on the real-time PCR results of Ct number, the expres-
sion of mRNA levels was calculated using the 2-∆∆Cq method 
(29) and normalized to the internal reference control, 
GAPDH.

Western blot analysis. The MG63 or Saos‑2 cells were 
collected at 72 h following transfection with miR‑18a mimics 
or the mock control. Tumor tissues were collected at the end 
of the experiment (5  weeks) and then total proteins were 
extracted by using 1X loading buffer. The protein concentra-
tion was quantified using the BCA Protein Assay kit (Thermo 
Fisher Scientific). A total of 30 µg of protein were loaded 
per lane per group, and electrophoresis was performed on 
a 10% Tris-SDS gel. Following electrophoresis, the gel was 
blotted onto polyvinylidene fluoride membranes (Thermo 
Fisher Scientific). For the following locking and antibody 
incubation, the iBind kit was used according the manufac-
turer's instructions. The primary antibodies used were as 
follows: MED27 (1:500; #SAB1411657; Sigma), Bax (1:500; 
#5023), Bcl‑2 (1:500; #2872), p‑Akt (1:500; #4060), Akt 
(1:500; #4691), matrix metalloproteinase (MMP)2 (1:500; 
#40994) and MMP9 (1:500; #13667) (all from Cell Signaling 
Technology, Danvers, MA, USA). Cleaved caspase‑3 (1:1,000; 
#sc‑98785) and GAPDH (1:1,500; #sc-66163) were purchased 
from Santa Cruz Biotechnology, Inc., (Santa Cruz, CA, USA). 
The secondary antibody (horseradish peroxidase conjugated 
anti-rabbit) was provided from Cell Signaling Technology, Inc. 
(#7074, 1:3,000). The signal was detected with super sensitive 
regent (Thermo Fisher Scientific), and the specific proteins 
were detected with the ChemDoc™ imaging system (Bio-Rad 
Laboratories). Quantification of the protein data was carried 
out using the density in the blots with Image Lab software 
version 4.0 (Bio-Rad Laboratories).

In vivo mouse tumor xenograft model. A total of 30 (5-6 weeks 
old, weighing 18‑21  g) female BALB/c nude mice were 
purchased from Vital River Laboratories (Beijing, China) and 
housed in an SPF environment with a 12-h/12-h light/dark 
cycle at the Animal Center in Xinhua Hospital. These mice 
were supplied with free water and food and the temperature 
was maintained at 22±2˚C with 40-70% relative humidity. 
Some of the MG63 cells were transfected with the lentivirus 
with the miR‑18a sequence, while the other cells were only 
transfected with the lentivirus with mock sequence (Shanghai 
GenePharma Co.). The mice were subcutaneously implanted 
with these two modified MG63 cells and the tumor size and 
mouse body weights were monitored once a week for successive 
5 weeks. The mice were allowed free access to food and water. 
The MG63 osteosarcoma cells transfected with the miR‑18a 
mimics or the mock control lentivirus (5x107 in 100 µl in PBS) 
were subcutaneously injected into the left flank of each mouse. 
It should be noted that a total of 30 mice were subcutaneously 
implanted with these the modified MG63 cells. However as 
the tumor formatting rate is approximately 70%, we selected 
20 mice with good tumor formatting for the experiment. The 
other 10 mice with no or very small tumors were not used. Thus, 
in the experiments, there were 10 mice per group. The tumor 
volumes (TV) were calculated using calipers once per week, 
which were calculated as follows: TV = (width2 x length)/2. 
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Both tumor width and length are presented in mm. At the end 
of the experiment, the mice were sacrificed. The tumors were 
then excised from the mice and weighed. A portion of tumors 
was fixed into 10% PFA as soon as possible for further use. 
Another portion of tumors was lysed for western blot analysis. 
The maximum diameter of a single tumor was 15.12 mm and 
the maximum tumor volume was 727.54 mm3 in our study. No 
mouse developed multiple tumors. All the above-mentioned 
procedures using these nude mice were approved by the 
Xin Hua Hospital Animal Experimental Ethics Committee 
(Approval no. 201703678).

Immunohistochemistry (IHC) assay. Ki67 as a proliferation 
protein was used to detect the cell proliferation in the tumor 
tissues isolated from the mice. All tissues were fixed with 
formalin and paraffin-embedded in advance means immedi-
ately when the tissue samples were isolated from the mouse 
bodies. They were then stored for use at -80˚C or deparaf-
finized, rehydrated and then immersed in a target retrieval 
solution (pH 6.0), and boiled at medium baking temperature 
3  times for 10 min once in a microwave. They were then 
incubated with 3% BSA for 1  h and then incubated with 
primary antibody against Ki67 (1:500; #701198, Thermo 
Fisher Scientific) for 1 h. After washing with PBS 3 times, the 
samples were then incubated with biotinylated secondary anti-
body (1:8,000; #65-6140, Thermo Fisher Scientific) followed 
by the addition of horseradish peroxidase-conjugated strepta-
vidin (#N100, Thermo Fisher Scientific). For TUNEL assay, 
the procedure was carried out according to the instructions of 
the manufacturer (Roche Diagnostics, Indianapolis, IN, USA). 
The samples were counterstained with hematoxylin and the 

target-positive cells were counted in 3-4 different fields and 
photographed using the EVOS™ FL Auto Imaging System 
(Thermo Fisher Scientific).

Statistical analysis. Statistical analyses between 2 groups and 
multiple groups were carried out using a two-tailed Student's 
t-test and one-way ANOVA followed by Dunnett's test, respec-
tively (GraphPad Prism7, La Jolla, CA, USA). In all the assays, 
a P-value <0.01 was considered to indicate a statistically 
significant difference. All experiments were performed in trip-
licate, except for the tissue samples from the tumor xenograft 
model for IHC and all values are presented as the means ± SD.

Results

miR‑18a inhibits MG63 and Saos‑2 cell viability. Firstly, we 
transfected the MG63 and Saos‑2 cells with miR‑18a mimics 
or miR‑18a inhibitor and confirmed that the miR‑18a levels 
were significantly upregulated or downregulated, respectively 
(P<0.01, Fig. 1A). Subsequently, the effects of miR‑18a on 
OS cell viability were measured by CCK8 assay. The results 
revealed that transfection with 100  nM miR‑18a mimic 
inhibited MG63 and Saos‑2 cell growth in a time-dependent 
manner (P<0.01, Fig. 1B and C). In addition, the IC50 values of 
the miR‑18a-transfected MG63 and Saos‑2 cells were 88.6 and 
95.8 nM, respectively (Fig. 1D), which indicated that 100 nM 
of miR‑18a appeared to be cytotoxic.

miR‑18a mimics inhibits OS cell migration and invasion, and 
induces cellular apoptosis. Wound healing assay was used 
to examine the effects of miR‑18a on OS cell migration. As 

Figure 1. miR‑18a inhibits the viability of both the MG63 and Saos‑2 osteosarcoma cell lines. (A) Total RNA was extracted from the MG63 and Saos‑2 cells 
with or without miR‑18a mimics treatment. The levels of miR‑18a were analyzed by RT-qPCR. For all the experiments, the miR‑18a mRNA expression levels 
were normalized to the internal gene, GAPDH. Each primer was in run triplicate (*P<0.05, **P<0.01). (B and C) Transfection with 100 nM miR‑18a mimics 
exerted antitumor effects on the MG63 and Saos‑2 cells by inhibiting their viability in a time-dependent manner (*P<0.05, **P<0.01). (D) The cells were 
transfected with 10, 30, 50, 100 or 150 nM miR‑18a mimics for 72 h.



INTERNATIONAL JOURNAL OF ONCOLOGY  53:  329-338,  2018 333

shown in Fig. 2A, transfection with miR‑18a mimics markedly 
inhibited MG63 cell migration and invasion, whereas transfec-
tion with miR‑18a inhibitor had no effect and the inhibitory 
effect of miR‑18a mimcs on Saos‑2 cell migration was rela-
tively weak, but compared with the control there was still a 
difference. This might due to the rapid proliferative ability 
of the Saos‑2 cells. In addition, the results of flow cytom-
etry assay indicated that transfection with miR‑18a mimics 
increased Annexin V-FITC/PI double staining positive rate in 

both the MG63 and Saos‑2 cells (Fig. 2B), which indicated 
that miR‑18a significantly induced MG63 and Saos‑2 cell 
apoptosis compared with the control (Fig. 2B). Similar to the 
results of wound healing assay, the results of Transwell assay 
demonstrated that transfection with miR‑18a mimics blocked 
the invasive ability of the MG63 and Saos‑2 cells (Fig. 2C). 
The invasion rate in the control group was considered as 100%, 
while this rate was decreased to only 20 or 30% following 
transfection of the cells with miR‑18a mimics (Fig. 2C).

Figure 2. miR‑18a inhibits cell migration and invasion, and induces the apoptosis of MG63 and Saos‑2 osteosarcoma cells. (A) miR‑18a inhibited MG63 and 
Saos‑2 cell migration (x20 magnification) at 48 h. Bar charts show the results of the quantification of the migration percentage compared with the control. 
(B) miR‑18a induced MG63 and Saos‑2 cell apoptosis. PI and Annexin V-FITC/PI double staining of the apoptotic cells. The quantification of the early and 
late apoptotic cells was calculated. (C) miR‑18a inhibited MG63 and Saos‑2 cell invasion (x20 magnification). Bar charts show the results of the quantification 
of the invasion percentage compared with the control (*P<0.05, **P<0.01).
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miR‑18a mimics induce OS cell apoptosis by targeting MED27. 
Bioinformatics tools were used in order to investigate the 
antitumor mechanisms of miR‑18a in the MG63 and Saos‑2 
cells. The use of the online bioinformatics tools, TargetScan 
(http://www.targetscan.org/vert_61/) and miRanda (http://
www.microrna.org/microrna/) predicted MED27 as a target of 
miR‑18a with experiments were carried out to confirm whether 
MED27 was a direct target of miR‑18a (data not shown). Two 
plasmids was constructed as follows: One was wild‑type 
MED27 and the other was the mutant with the MED27‑3'UTR 
mutation. Both plasmids were fused with a luciferase reporter 
gene (Fig. 3A). The results of luciferase assay using the OS cells 
(MG63 and Saos‑2) indicated that transfection with miR‑18a 
mimics significantly inhibited the luciferase activity of the 
wild‑type construct. However, no difference was observed 
between the control and the miR‑18a-trasnfected group with the 
MED27 mutant. Moreover, the results of both cell lines revealed 
comparable activity (Fig. 3B and C). The results of western blot 
analyses also confirmed that transfection with miR‑18a mimics 
downregulated MED27 protein expression in both the MG63 
and Saos‑2 cells (Fig. 3D and E). These findings indicated that 
MED27 was the direct target of miR‑18a in the OS cells.

miR‑18a mimics induce OS cell apoptosis via the caspase‑3 
dependent pathway. In order to further investigate the 
antitumor mechanisms of miR‑18a, we examined the 
expression of several proteins, including Bax, Bcl‑2, p‑Akt 
and cleaved caspse‑3 in the MG63 and Saos‑2 cells. The 
results indicated that transfection with miR‑18a mimics 
downregulated Bcl‑2 and p‑Akt expression (Fig. 4A-C), which 
are the negative regulators of cellular apoptosis. We also found 

that transfection with miR‑18a upregulated Bax and cleaved 
caspse‑3 expression, which are the promoters of cellular 
apoptosis (Fig. 4A, D and E). In addition, transfection with 
miR‑18a mimics inhibited OS cell migration and invasion via 
the downregulation of MMP2 and MMP9 (Fig. 4A, F and G)

miR‑18a mimics inhibit tumor growth in a MG63 tumor xeno‑
graft model. In order to determine whether miR‑18a inhibits 
OS tumor growth activity in vivo, lentivirus-infected MG63 
cells were established and injected into nude mice. From the 
results, it was found that the tumors derived from the cells 
transfected with the miR‑18a mimics grew at a significantly 
slower rate compared with the lentivirus control cells over a 
period of 4 weeks. The tumor size in the miR‑18a lentivirus 
group ranged from 280 to 320 mm3 compared with that in 
the control group, which ranged from 500 to 700 mm3 over a 
period of 5 weeks (Fig. 5A). At the end of the experiment, the 
tumor weight in the lentivirus miR‑18a group was only 0.7 g 
compared with that in the control group which was approxi-
mately 1.6 g (Fig. 5B and C). Moreover, no obvious changes in 
body weight were observed in the 2 groups (Fig. 5D).

Effects of miR‑18a mimics on Ki67, TUNEL and MED27/p‑Akt 
expression levels in tumor xenografts. To further validate 
the antitumor activity of miR‑18a on OS tumor xenogafts, 
we examined the Ki67 and TUNEL positive cell rate by 
IHC. The results revealed that the number of Ki67-postive 
cells decreased by 20% and that of TUNEL-positive cells 
increased by approximately 20% in the lentivirus miR‑18a 
group compared with the lentivirus control (Fig. 6A-D). We 
also confirmed that miR‑18a significantly inhibited MED27 

Figure 3. MED27 is a direct target of miR‑18a. (A) Gene structure of MED27 showing the predicted target site of miR‑18a in its 3'UTR with the sequence of 
AAGGUGC. (B and C) MG63 and Saos‑2 cells were transfected with the reporter gene containing wild‑type or mutant MED27 sequence. In both the MG63 
and Saos‑2 cells, miR‑18a only significantly blocked the luciferase activity of the cells, which were transfected with wild‑type MED27 (**P<0.01 compared 
with the control group). (D) miR‑18a downregulated MDE27 protein expression in both the MG63 and Saos‑2 cells. (E) Quantification of MED27 protein 
expression (*P<0.05, **P<0.01 compared with the control group).
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and p‑Akt expression in vivo, which was consistent with the 
findings in vitro (Fig. 6E-G).

Discussion

Cancer is not only one of the main causes of death world-
wide, but is also one of the most rapidly growing causes of 
death  (2,12). OS mainly affects adolescents and 70% of 
patients with OS succumb to the disease due to OS metastasis 
and chemoresistance (6,7). Thus, it is mandatory to develop 
novel targets or markers for the efficient treatment of OS. Over 
the past decades, miRNAs have been identified by researchers 
as tumor markers; however, the journey from bench to bedside 
is still a long one, and it may take time for miRNAs to be used 
as targets in clinical practice (28‑30). miRNAs are a group of 
small non-coding RNAs (ncRNAs) that post-transcriptionally 
regulate gene expression by targeting the 3'UTR of their corre-
sponding mRNAs. Dysregulated miRNAs have been regarded 
as a novel type of ‘onco-miRNAs’ or ‘tumor suppressors’, 
which may play essential roles in cancer initiation, progression 
and metastasis (12,31‑33).

miR‑18a belongs to a large miRNA cluster known as 
the miR‑17‑92 cluster, which encodes a total of 5 miRNAs, 
including miR‑17, miR‑19a, miR‑20a, miR‑19b and miR‑92a. 
A number of studies have focused on the regulation of 
miR‑17‑92 in multiple types of tumors from lymphomas to 
solid tumors (20‑24,32). Moreover, it has been reported that 

the miR‑17‑92 gene cluster transcript can be activated by 
the c-myc, N-myc and E2F families (34,35). Of noted, the 
expression levels of each miRNA in the cluster are not exactly 
parallel with each other, suggesting that the processing or 
stability of the miRNAs is differentially regulated (33). It has 
been previously reported that miR‑17‑92 plays an essential 
role in the progression and development of breast cancer and 
that the overexpression of miR‑17 promotes human breast 
cancer cell migration and invasion through the downregula-
tion of HMG-box transcription factor 1 (HBP1), which is 
the regulator of miR‑17 stability (36,37). Furthermore, it has 
been demonstrated that miR‑18a reduces DNA damage repair 
signaling and increases cellular radiosensitivity (37).

In the present study, we demonstrated that miR‑18a inhib-
ited the viability, migration, and invasion, and induced the 
apoptosis of the MG63 and Saos‑2 cells. In vivo experiments 
also confirmed that miR‑18a suppressed tumor growth and 
that this was accompanied by a decrease in the Ki67-positive 
cell rate, a decrease in Bcl‑2 and p‑Akt expression, and by the 
upregulation of Bax. The above-mentioned findings support 
the notion that miR‑18a functions as a tumor suppressor. In 
addition, the results of bioinformatics analysis and luciferase 
assay validated MED27 as the direct target of miR‑18a.

Given the demonstration of the mutations or overexpres-
sion of some MED proteins in various human cancers (38-40), 
MED proteins have been recognized to play an increasingly 
essential role in tumorigenesis and development. Although 

Figure 4. miR‑18a induces apoptosis by enhancing Bax and cleaved caspase‑3 protein expression, and decreasing Bcl‑2 and p‑Akt protein expression in both 
the MG63 and Saos‑2 cells. (A) The expression levels of Bax, Bcl‑2, p‑Akt and cleaved caspase‑3 in the MG63 and Saos‑2 cells were detected by western blot 
analysis. (B-G) Quantification of the proteins levels of Bax, Bcl‑2, p‑Akt, cleaved caspase‑3, MMP2 and MMP9 in both the MG63 and Saos‑2 cells (*P<0.05, 
**P<0.01).
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Figure 5. miR‑18a inhibits tumor growth in a MG63 tumor xenograft model. (A) Mice were subcutaneously injected miR‑18a lentivirus- or mock lentivirus-
transfected MG63 cells. The tumor volumes of the xenografts were monitored weekly (**P<0.01). (B and C) The tumors were isolated and weighed at the end of 
experiment. (B) Three representative tumors from each group are shown. The tumors derived from the miR‑18a lentivirus-transfected cells were much smaller 
than those derived from the mock lentivirus-transfected cells (**P<0.01). (D) There was no difference between the 2 groups as regards body weight during the 
experiment (P>0.05).

Figure 6. miR‑18a increased the number of Ki67 and TUNEL positively stained cells, and inhibits MED27 and p‑Akt protein expression in  vivo. 
(A) Immunohistochemical staining of Ki67 expression in the miR‑18a lentivirus or mock lentivirus group. (B) The quantification of Ki67 positivity in tumor 
tissues (**P<0.01). (C) TUNEL staining in miR‑18a lentivirus or mock lentivirus group. (D) The quantification of TUNEL positivity in tumor tissues (**P<0.01). 
(E) MED27 and p‑Akt levels in tumors derived from miR‑18a lentivirus- or mock lentivirus-transfected tumors were detected by western blot analysis. 
(F and G) Quantification of MED27 and p‑Akt expression (**P<0.01 compared with the lenti-mock group).



INTERNATIONAL JOURNAL OF ONCOLOGY  53:  329-338,  2018 337

MED subunits have recently been reported to be involved 
in tumor growth (41-45), these findings were limited to 
MED1, 12, 14, 15, 19, 24 and 28, and little was known about 
the functional role of other subunits of the MED complex 
in carcinogenesis, including MED27 (46). In this study, we 
investigated and demonstrated the functional significance of 
MED27 in osteosarcoma progression. Of note, we found that 
MED27 protein expression was decreased by transfection with 
miR‑18a mimics along with the downregulation of p‑AKT 
expression in OS cells. Taken together, these results may aid 
to in the elucidation of the role miR‑18a, particularly its role 
in the regulation of OS cell apoptosis and suggest that MED27 
may be a novel potential target in the treatment of OS.
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