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Abstract. MicroRNAs (miRNAs/miRs) have been implicated 
in the development and progression of osteosarcoma. miR‑448 
is emerging as a tumor‑associated miRNA in many human 
cancers. However, the role of miR‑448 in osteosarcoma remains 
unknown. The present study aimed to identify the potential 
role of miR‑448 in osteosarcoma. It was demonstrated that 
miR‑448 was significantly downregulated in osteosarcoma 
cell lines, as detected by reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). miR‑448 mimics were 
transfected into osteosarcoma cells to overexpress miR‑448. 
Overexpression of miR‑448 markedly inhibited cell prolifera-
tion and invasion in osteosarcoma cells. Bioinformatics and 
luciferase reporter assays demonstrated that astrocyte elevated 
gene‑1 (AEG‑1) was a target gene of miR‑448. RT‑qPCR and 
western blot analysis revealed that miR‑448 inhibited AEG‑1 
expression. Further data revealed that miR‑448 overexpression 
impeded the Wnt and nuclear factor‑κB signaling pathways. 
However, restoration of AEG‑1 expression could abolish the 
miR‑448‑mediated antitumor effects. Taken together, these 
findings suggested that miR‑448 may inhibit osteosarcoma 
development by targeting AEG‑1, providing a novel candidate 
miRNA for development of miRNA‑targeted therapies for 
osteosarcoma.

Introduction

Osteosarcoma is the most prevalent malignancy of the bone 
in the pediatric age group  (1). Despite progress in cancer 
therapies over the past decades, the prognosis of osteosarcoma 
is still poor, with a survival rate of <30% (2). However, the 
precise molecular mechanism of osteosarcoma pathogenesis 
remains elusive. Therefore, it is of great importance to achieve 
a better understanding of the molecular pathogenesis of osteo-
sarcoma, which could help to improve its diagnosis, prognosis 
and potential treatment.

MicroRNAs (miRNAs/miRs) are a class of endogenous, 
non‑coding RNAs (~22 nucleotides), which regulate gene 
expression through targeting the 3'‑untranslated region (UTR) 
of the mRNA, leading to translation inhibition (3,4). Thus, 
miRNAs function as inhibitors of gene expression. miRNAs 
regulate a series of cellular processes, including proliferation, 
apoptosis, differentiation, migration and invasion  (5). An 
increasing number of studies suggest that miRNAs are 
frequently dysregulated in various cancers, functioning 
as oncogenes or tumor suppressors  (6‑8). Previous reports 
have suggested that miRNAs serve an important role in the 
pathogenesis of osteosarcoma (9‑11). A better understanding 
of miRNAs in osteosarcoma will aid the development of 
miRNA‑targeted therapies. However, the role of miRNAs in 
osteosarcoma remains elusive.

Astrocyte elevated gene‑1 (AEG‑1), also known as metad-
herin or lysine‑rich carcinoembryonic antigen‑related cell 
adhesion molecule, has been recognized as an oncogene in 
various cancers (12‑15). AEG‑1 was originally characterized 
as a human immunodeficiency virus‑1 and tumor necrosis 
factor‑α‑inducible gene in human fetal astrocytes (16). AEG‑1 
was identified to be overexpressed in various cancers associated 
with cancer cell proliferation, metastasis, angiogenesis, and 
chemoresistance (17,18). AEG‑1 is a target gene of oncogenic 
HRas that activates phosphatidylinositol 3‑kinase (PI3K) and 
c‑Myc (19). AEG‑1 activates cell survival pathways through 
PI3K/protein kinase B (Akt) signaling (20). AEG‑1 promotes 
tumor progression and metastasis through activation of nuclear 
factor‑κB (NF‑κB) and Wnt signaling pathways (21,22). It is 
reported that AEG‑1 is overexpressed in osteosarcoma and 
it promotes proliferation, metastasis, and chemoresistance 
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against osteosarcoma (23‑25). Therefore, therapy targeting 
AEG‑1 inhibition may have promising therapeutic effects on 
osteosarcoma.

A growing body of evidence has reported that miR‑448 
functions as a putative tumor suppressor in various cancers by 
targeting and inhibiting various oncogenes (26‑28). However, 
the role of miR‑448 in osteosarcoma is unclear. In the present 
study, the potential role of miR‑448 in osteosarcoma was inves-
tigated. The results revealed that miR‑448 was downregulated 
in osteosarcoma cell lines. Overexpression of miR‑448 signifi-
cantly inhibited osteosarcoma cell proliferation and invasion. 
Furthermore, AEG‑1 was identified as the functional target of 
miR‑448 in osteosarcoma cells. However, restoration of AEG‑1 
expression could abolish miR‑448‑mediated antitumor effect 
effects. The present study suggested that miR‑448 may inhibit 
osteosarcoma development by targeting AEG‑1, providing a 
novel candidate mechanism for miRNA‑targeted therapies.

Materials and methods

Cell lines. The 143B, SaOS‑2, U2OS and MG63 human 
osteosarcoma cell lines and the hFOB human normal fetal 
osteoblastic cell line were purchased from the American 
Type Culture Collection (Manassas, VA, USA) and routinely 
cultured in Dulbecco's modified Eagle's medium (DMEM; 
Invitrogen; Thermo Fisher Scientific Inc., Waltham, MA, USA) 
containing 10% fetal bovine serum (FBS; Gibco; Thermo 
Fisher Scientific Inc.) and 1% penicillin‑streptomycin solution 
(Gibco; Thermo Fisher Scientific Inc.). Cells were maintained 
in a humidified incubator (95% relative humidity) containing 
5% CO2 at 37˚C.

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was isolated 
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific 
Inc.) according to the manufacturer's protocol. In order to 
detect AEG‑1 mRNA expression, cDNA was synthesized by 
Moloney‑murine leukemia virus (M‑MLV) reverse transcrip-
tase (BioTeke Corporation, Beijing, China). Briefly, a 20 µl 
reaction mixture, including 1 µg total RNA, 2 µl Oligo (dT) 
primer, 4 µl M‑MLV buffer, 1 µl dNTPs, 1 µl M‑MLV reverse 
transcriptase and 12 µl nuclease‑free water was incubated at 
42˚C for 60 min. In order to detect miR‑448 mRNA expres-
sion, cDNA was synthesized by using the TaqMan MicroRNA 
Reverse Transcription kit (Applied Biosystems; Thermo Fisher 
Scientific Inc.). Briefly, a 15 µl reaction mixture, including 
5 µl total RNA, 3 µl RT primer, 0.15 µl dNTPs, 1.5 µl reverse 
transcription buffer, 1 µl reverse transcriptase, 0.19 µl RNase 
inhibitor, and 4.16 µl nuclease‑free water was incubated at 
16˚C for 30 min, at 42˚C for 30 min and at 85˚C for 5 min. For 
qPCR, a 20 µl reaction mixture was used, including 10 µl SYBR 
Green PCR Master Mix (Applied Biosystems; Thermo Fisher 
Scientific, Inc.), 2 µl of each forward and reverse primer, 2 µl 
cDNA and 6 µl nuclease‑free water. qPCR was performed on 
a 7900HT Fast Real‑Time PCR System (Applied Biosystems 
Thermo Fisher Scientific Inc.) under the following conditions: 
Initial denaturation at 94˚C for 5 min, followed by 35 cycles 
(94˚C for 20 sec, 55˚C for 25 sec, and 72˚C for 35 sec), with 
a final extension step at 72˚C for 10 min. The fold‑change in 
gene expression was calculated using the 2‑ΔΔCq method (29). 

GAPDH was used as internal control for normalization of 
AEG‑1 mRNA expression. U6 small nuclear (sn)RNA was 
used as internal control for normalization of miR‑448 mRNA 
expression. The primers used were as follows: AEG‑1 forward, 
5'‑CGA​GAA​GCC​CAA​ACC​AAA​TG‑3' and reverse, 5'‑TGG​
TGG​CTG​CTT​TGC​TGT​T‑3'; GAPDH forward, 5'‑TGT​GTC​
CGT​CGT​GGA​TCT​GA‑3' and reverse, 5'‑TTG​CTG​TTG​AAG​
TCG​CAG​GAG‑3'; miR‑448 forward, 5'‑TTA​TTG​CGA​TGT​
GTT​CCT​TAT​G‑3' and reverse, 5'‑ATG​CAT​GCC​ACG​GGC​
ATA​TAC​ACT‑3'; and U6 snRNA forward, 5'‑GCT​TCG​GCA​
GCA​CATA​TAC​TAA​AAT‑3' and reverse, 5'‑CGC​TTC​ACG​
AAT​TTG​CGT​GTC​AT‑3'.

Cell transfection. miR‑448 mimics (5'‑UUG​CAU​AUG​UAG​
GAU​GUC​CCA​U‑3') and negative control miRNA (miR‑NC; 
5'‑UCC​GAG​AGG​CAG​GCC​UUG​GAU​U‑3') were purchased 
from Guangzhou RiboBio Co., Ltd. (Guangzhou, China) and 
transfected into cells at a final concentration of 50 nM. AEG‑1 
cDNA was amplified by PCR using specific primers (forward, 
5'‑GCC​ACC​ATG​GCT​GCA​GGA​GCT​G‑3' and reverse, 
5'‑AAA​TAG​CCA​GCC​TAT​CAA​GAC​TC‑3'). The AEG‑1 
cDNA without the 3'‑UTR was inserted into the pcDNA3.1 
vector (Guangzhou RiboBio Co., Ltd.). The miRNAs and 
vectors were transfected into cells using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific Inc.) following the 
manufacturer's protocol and incubated for 48 h at 37˚C.

MTT assays. Cells were seeded into 96‑well plates at a density 
of 5x103 cells/well in DMEM. After 24 h, cells were transfected 
with miR‑448 mimics or miR‑NC and incubated for 48 h at 
37˚C. The medium was then replaced with fresh DMEM and 
20 µl MTT was added to each well. After 4 h of incubation at 
37˚C, the medium was removed and 200 µl dimethyl sulfoxide 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) was 
added to dissolve the formazan crystals. Finally, the absor-
bance was detected at 490 nm using an ELISA microplate 
reader (Bio‑Rad Laboratories, Inc., Hercules, CA, USA).

Colony formation assays. After transfection with miR‑448 
mimics or miR‑NC for 48 h, cells were seeded into 6‑well 
plates at a density of 1,000 cells/well in DMEM containing 
0.3% noble agar (Sigma‑Aldrich; Merck KGaA), for 10 days. 
Colonies were then stained with 1% crystal violet for 30 min 
at room temperature (Sigma‑Aldrich; Merck KGaA). Finally, 
colonies (containing ≥50  cells) were counted under an 
Olympus IX73 inverted microscope (Olympus Corporation, 
Tokyo, Japan).

Invasion assays. For cell invasion assays, the upper chambers 
of Transwell inserts (Corning Inc., Corning, NY, USA) were 
pre‑coated with Matrigel (BD Biosciences, Franklin Lakes, 
San Jose, CA, USA). After transfection at 37˚C with miR‑448 
mimics or miR‑NC for 48 h, 1x105 cells were resuspended 
in 500 µl serum‑free medium and were added to the upper 
chambers. Meanwhile, the lower chamber was filled with 
500 µl growth medium containing 10% FBS. After incubation 
at 37˚C for 24 h, filters were removed and the non‑invaded 
cells on the upper surface were removed using cotton swabs. 
The invaded cells were fixed with 20% methanol for 15 min at 
room temperature and stained with 1% crystal violet for 5 min 
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at room temperature. Invasion was analyzed by counting cells 
in 5 randomly selected fields under an Olympus CX41 micro-
scope (Olympus Corporation).

Western blot analysis. Proteins were isolated from cells 
(2x106) using radioimmunoprecipitation assay lysis buffer 
(Beyotime Institute of Biotechnology, Haimen, China) for 
5  min at room temperature. Supernatants were collected 
following centrifugation at 14,000 x g for 15 min at 4˚C. 
Protein concentration was determined using a bicinchoninic 
acid protein assay (Beyotime Institute of Biotechnology). Equal 
amounts of extracted protein samples (40 µg) were separated 
by 12.5% SDS‑PAGE and transferred onto a nitrocellulose 
membrane. After blocking with 3% nonfat milk at 37˚C for 
1 h, the membrane was probed with the following primary 
antibodies (Merck KGaA): Anti‑AEG‑1 (cat. no. HPA015104; 
1:500) and anti‑GAPDH (cat. no.  SAB4300645; 1:800) 
at 4˚C overnight. The membrane was washed with TBS 
containing 0.05% Tween‑20 followed by incubation with 
horseradish peroxidase‑conjugated secondary antibodies (cat. 
no. bs‑0295G‑HRP; 1:2,000; Bioss, Beijing, China) for 2 h at 
room temperature. The protein bands were visualized using 
enhanced chemiluminescence (EMD Millipore, Billerica, 
MA, USA). Blots were semi‑quantified by densitometry using 
Image‑Pro Plus software version 6.0 (Media Cybernetics, Inc., 
Rockville, MD, USA). The fold‑change of protein expres-
sion was obtained by normalization with GAPDH and then 
compared with the control group.

Luciferase reporter assays. The putative targets of 
miR‑448 were predicted using publicly available databases 
TargetScan (http://www.targetscan.org) and miRanda 
(http://www.microrna.org). In order to detect the predic-
tion between miR‑448 and AEG‑1 3'‑UTR, AEG‑1‑3'‑UTR 
(Sangon Biotech, Co., Ltd., Shanghai, China) containing the 
predicted seed sequence of miR‑448 or a mutated binding site 
of the 3'‑UTR were inserted into the dual‑luciferase plasmid 
pmirGLO (Promega Corporation, Madison, WI, USA). The 
mutant AEG‑1 3'‑UTR was synthesized using the QuikChange 
Multi Site‑Directed Mutagenesis kit (Agilent Technologies, 

Inc., Santa Clara, CA, USA). The pmirGLO‑AEG‑1‑3'‑UTR 
vector (0.5 ng/µl) was co‑transfected with miR‑448 mimics 
(50 nM) into osteosarcoma cells using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific Inc.) for 48 h at 37˚C. In 
order to detect Wnt signaling, cells were co‑transfected with 
miR‑448 mimics (50 nM), TOPFlash firefly luciferase reporter 
vector (0.5 ng/µl), and phRL‑TK Renilla luciferase vectors 
(0.2 ng/µl; all from Promega Corporation). In order to detect 
NF‑κB signaling, cells were co‑transfected with miR‑448 
mimics (50  nM), pNF‑κB‑luciferase vector (0.5  ng/µl; 
Promega Corporation). After 48 h, the luciferase activity in 
1x106 cells was measured using the Dual‑Luciferase assay kit 
(Promega Corporation). Firefly luciferase activity was normal-
ized to Renilla luciferase activity for each well to normalize 
cell number and transfection efficiency.

Statistical analysis. Data are expressed as the mean ± standard 
deviation of at least 3 independent experiments. Statistical 
analyses were performed using SPSS software version 11.5 
(SPSS, Inc., Chicago, IL, USA). Differences were analyzed 
by one‑way analysis of variance followed by Bonferroni's 
post hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Downregulation of miR‑448 in osteosarcoma cells. In order 
to investigate the expression pattern of miR‑448 in osteosar-
coma, the expression of miR‑448 in 143B, SaOS‑2, U2OS 
and MG63 osteosarcoma cell lines was studied by RT‑qPCR. 
The results demonstrated that miR‑448 was significantly 
downregulated in osteosarcoma cell lines compared with the 
hFOB normal fetal osteoblastic cell line (Fig. 1A). Because 
miR‑448 mRNA expression levels in U2OS and MG63 cells 
were lower, these two cell lines were chosen for subsequent 
analysis.

Overexpression of miR‑448 inhibits osteosarcoma cell proli
feration. In order to investigate the possible role of miR‑448 
in osteosarcoma, miR‑448 was overexpressed in U2OS and 

Figure 1. mRNA expression levels of miR‑448 in osteosarcoma cells studied by reverse transcription‑quantitative polymerase chain reaction. (A) mRNA 
expression levels of miR‑448 in 143B, SaOS‑2, U2OS, MG63 and hFOB cell lines. *P<0.05 vs. hFOB. (B) mRNA expression levels of miR‑448 in U2OS 
and MG63 cells transfected with miR‑448 mimics or miR‑NC. *P<0.05 vs. blank and miR‑NC. Data are expressed as the mean ± standard deviation. miR, 
microRNA; NC, negative control.
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MG63 cells by transient transfection with miR‑448 mimics 
(Fig. 1B). The effects of miR‑448 overexpression on osteosar-
coma cell proliferation were investigated next by MTT assays. 
The results demonstrated that overexpression of miR‑448 
markedly inhibited cell proliferation of osteosarcoma cells 
(Fig. 2A). The inhibitory effect of miR‑448 on proliferation 
was further detected by colony formation assays. The results 
demonstrated that the colony‑forming capacity of osteosarcoma 
cells was significantly reduced by miR‑448 overexpression 
(Fig. 2B). Taken together, these results indicated that miR‑448 
inhibits osteosarcoma cell proliferation.

Overexpression of miR‑448 inhibits osteosarcoma cell 
invasion. To further investigate the function of miR‑448 in 
osteosarcoma cells, the effect of miR‑448 overexpression on 
cell invasion was studied by Transwell invasion assays. The 
results illustrated that miR‑448 overexpression significantly 

reduced cell invasion of U2OS cells by 51% (Fig. 3A) and 
MG63 cells by 58% (Fig. 3B). The above data indicated that 
miR‑448 can restrain osteosarcoma cell invasion.

AEG‑1 is a direct target gene of miR‑448. In order to 
decipher the molecular mechanism of miR‑448 in osteosar-
coma, bioinformatics analysis was performed to predict the 
functional targets of miR‑448 using publicly available data-
bases (TargetScan and miRanda). Notably, AEG‑1 which is a 
well‑known oncogene associated with osteosarcoma (23‑25), 
was predicted to be a target gene of miR‑448. The predicted 
binding sites of miR‑448 within the wild‑type (WT) 3'‑UTR 
of AEG‑1 are described in Fig. 4A. These sequences were 
mutated to generate the mutant (Mut) 3'‑UTR of AEG‑1, 
which does not bind miR‑448 (Fig. 4A). To validate whether 
AEG‑1 is the direct target gene of miR‑448, dual‑luciferase 
assays were performed. The WT or Mut 3'‑UTR of AEG‑1 

Figure 3. Effects of miR‑448 overexpression on (A) U2OS and (B) MG63 cells as detected by Transwell invasion assays. Photomicrographs were captured 
under magnification, x400. Data are expressed as the mean ± standard deviation. *P<0.05 vs. blank and miR‑NC. miR, microRNA; NC, negative control.

Figure 2. Effects of miR‑448 on cell proliferation, as determined by (A) MTT and (B) colony formation assays, in U2OS and MG63 cells. Data are expressed 
as the mean ± standard deviation. *P<0.05 vs. blank and miR‑NC. miR, microRNA; NC, negative control; OD, optical density.
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was cloned into the dual‑luciferase reporter vector. MG63 and 
U2OS cells were transiently transfected with these constructs 
and miR‑448 mimics or miR‑NC. The luciferase activity 
generated by the reporter vector carrying the WT 3'‑UTR of 
AEG‑1 was markedly decreased by miR‑448 overexpression, 
whereas the activity generated by the reporter vector with Mut 
3'‑UTR of AEG‑1 was not affected by miR‑448 overexpression 
(Fig. 4B and C). The effects of miR‑448 overexpression on 
AEG‑1 expression were also studied by RT‑qPCR and western 
blot analysis. The results demonstrated that both mRNA and 
protein expression levels of AEG‑1 were markedly decreased 
by miR‑448 overexpression (Fig. 5A‑D). Overall, these results 
indicated that AEG‑1 is one of the functional target genes of 
miR‑448.

Overexpression of miR‑448 inhibits Wnt and NF‑κB signaling 
pathways. A previous study reported that AEG‑1 regulates 
tumorigenesis through the Wnt and NF‑κB signaling path-
ways (18). Considering the inhibitory effect of miR‑448 on 
AEG‑1, miR‑448 was hypothesized to inhibit the Wnt and 
NF‑κB signaling pathways. By performing luciferase reporter 
assays, both Wnt (Fig. 6A) and NF‑κB (Fig. 6B) signaling 
pathways were markedly inhibited by miR‑448 overexpres-
sion, indicating that miR‑448 was a negative regulator of both 
Wnt and NF‑κB signaling pathways.

AEG‑1 is involved in miR‑448‑mediated antitumor effects. 
In order to investigate whether miR‑448 exerts its antitumor 
effects through its target gene AEG‑1, rescue experiments 
were performed. The results demonstrated that the decreased 
AEG‑1 protein expression induced by miR‑448 overex-
pression was significantly restored in cells co‑transfected 
with pcDNA3.1/AEG‑1 and miR‑448 mimics (Fig.  7A 
and B). Whether restoration of AEG‑1 could reverse the 
miR‑448‑mediated inhibitory effects on osteosarcoma cell 
proliferation and invasion was also investigated. The results 
demonstrated that overexpression of AEG‑1 markedly abro-
gated the miR‑448‑mediated inhibition on proliferation (Fig. 7C 
and D) and invasion (Fig. 7E and F) of osteosarcoma cells. 
Overexpression of AEG‑1 also reversed the inhibitory effect of 
miR‑448 overexpression on colony formation of osteosarcoma 
cells (data not shown). Furthermore, the miR‑448‑mediated 
inhibitory effect of AEG‑1 overexpression on Wnt (Fig. 8A) 
and NF‑κB (Fig. 8B) signaling pathways was also significantly 
reversed. Taken together, these results suggested that miR‑448 
exerts its antitumor role through AEG‑1.

Discussion

Previous studies have revealed that miRNAs are critical regu-
lators of osteosarcoma, making them potential therapeutic 

Figure 4. Effects of miR‑448 on AEG‑1. (A) Schematic diagram illustrating the miR‑448 binding sites on the WT and mut form of 3'‑UTR of AEG‑1. The 
effects of WT or Mut 3'‑UTR of AEG‑1 on miR‑448 or miR‑NC, was demonstrated by dual‑luciferase reporter assays in (B) MG63 and (C) U2OS cells. 
Data are expressed as the mean ± standard deviation. *P<0.05 vs. miR‑NC. miR, microRNA; NC, negative control; WT, wild-type; Mut, mutated form; UTR, 
untranslated region; AEG‑1, astrocyte elevated gene‑1.
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agents for its treatment (10). However, the exact role of miRNAs 
in osteosarcoma pathogenesis remains to be elucidated. In the 
present study, miR‑448 was demonstrated as a novel miRNA 
involved in osteosarcoma development. miR‑448 was down-
regulated in osteosarcoma, whereas the overexpression of 
miR‑448 inhibited osteosarcoma cell proliferation and inva-
sion. These data suggested that miR‑448 might be associated 
with osteosarcoma development and progression and might be 
a promising diagnostic biomarker and a molecular target for 
osteosarcoma treatment.

Previous studies have reported an important role of miR‑448 
in regulating cancer development (30,31). Low expression of 
miR‑448 promotes the invasion of hepatocellular carcinoma cells 
by upregulating Rho‑associated, coiled‑coil‑containing protein 
kinase‑2 (32). miR‑448 is downregulated in ovarian cancer, and 
overexpression of miR‑448 inhibits cell growth and metastasis 
by targeting the chemokine C‑X‑C motif ligand‑12  (26). In 
gastric cancer, miR‑448 is downregulated and overexpression of 
miR‑448 represses cell proliferation and invasion by regulating 
A disintegrin and metalloproteinase‑10 (27). Li et al (33) reported 

Figure 6. Effects of miR‑448 overexpression on the Wnt and NF‑κB signaling pathways. The (A) Wnt and (B) NF‑κB signaling pathways were examined 
by luciferase reporter activity assays, in U2OS and MG63 cells. Data are expressed as the mean ± standard deviation. *P<0.05 vs. blank and miR‑NC. miR, 
microRNA; NC, negative control; NF‑κB, nuclear factor‑κB.

Figure 5. mRNA expression levels of AEG‑1 in (A) U2OS and (B) MG63 cells as examined by reverse transcription‑quantitative polymerase chain reac-
tion analysis. The protein expression levels of AEG‑1 in (C) U2OS and (D) MG63 cells were examined by western blot analysis. Data are expressed as the 
mean ± standard deviation. *P<0.05 vs. blank and miR‑NC. miR, microRNA; NC, negative control; AEG‑1, astrocyte elevated gene‑1.
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Figure 7. Protein expression levels of AEG‑1 in (A) U2OS and (B) MG63 cells was detected by western blot analysis. Cell proliferation of (C) U2OS and 
(D) MG63 cells was determined by MTT assays. Cell invasion of U2OS (E) and MG63 (F) cells was examined by Transwell invasion assays. Data are 
expressed as the mean ± standard deviation. *P<0.05 vs. miR‑NC; &P<0.05 vs. miR‑448 mimics and vector. miR, microRNA; NC, negative control; AEG‑1, 
astrocyte elevated gene‑1; OD, optical density.

Figure 8. Effects of AEG‑1 on the Wnt and NF‑κB signaling pathways. miR‑488‑mediated inhibition of the (A) Wnt and (B) NF‑κB signaling pathways 
was detected by Tcf‑dependent TOPFlash reporter activity assays, in U2OS and MG63 cells. Data are expressed as the mean ± standard deviation. *P<0.05 
vs. miR‑NC; &P<0.05 vs. miR‑448 mimics and vector. miR, microRNA; NC, negative control; NF‑κB, nuclear factor‑κB; AEG‑1, astrocyte elevated gene‑1.
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that miR‑448 inhibits colorectal cancer cell proliferation and 
invasion by regulating insulin‑like growth factor‑1 receptor. In 
line with these findings, the present results indicated a putative 
tumor suppressor role of miR‑448. miR‑448 was decreased in 
osteosarcoma cell lines and inhibited cell proliferation and inva-
sion. However, an oncogenic role of miR‑448 has been reported 
in gastric cancer (28); miR‑448 promoted glycolytic metabolism 
of gastric cancer by regulating lysine demethylase 2B, and 
high expression of miR‑448 was associated with poor clinical 
outcomes (28). These studies suggested that the precise role of 
miR‑448 in cancer development requires further investigation.

To investigate the underlying mechanism responsible 
for miR‑448‑mediated antitumor effects, the functional 
target gene of miR‑448 in osteosarcoma cells was studied. 
Notably, AEG‑1, a well‑recognized oncogene (17), was identi-
fied as the target gene of miR‑448. AEG‑1 is overexpressed 
in various cancers and is associated with the activation of 
various oncogenic signaling pathways, including those of Akt, 
Wnt and NF‑κB, contributing to cancer cell proliferation and 
metastasis  (12,17). Overexpression of AEG‑1 in osteosar-
coma is associated with clinical grade, metastasis and poor 
survival (23). AEG‑1 promotes osteosarcoma cell proliferation 
and invasion associated with upregulating the c‑Jun N‑terminal 
kinase/c‑Jun/metalloproteinase‑2 signaling pathway (23,25,34). 
Furthermore, Liu et al (24) reported that AEG‑1 promotes 
osteosarcoma cell invasion and chemoresistance by activating 
the endothelin‑1/endothelin A receptor signaling pathway. In 
the present study, AEG‑1 was involved in the miR‑448‑medi-
ated cell proliferation and invasion. Overexpression of 
miR‑448 inhibited AEG‑1 and AEG‑1‑mediated Wnt and 
NF‑κB signaling. The Wnt and NF‑κB signaling pathways 
have been suggested as potential targets for preventing osteo-
sarcoma (35,36). Therefore, targeting AEG‑1 by inhibiting Wnt 
and NF‑κB signaling pathways via miR‑448 may represent a 
novel therapeutic strategy for osteosarcoma.

A growing number of studies have reported that AEG‑1 
is regulated by numerous miRNAs in various cancers (37,38). 
miR‑542‑3p, miR‑217 and miR‑497 have been reported to 
target AEG‑1 by inhibiting cancer cell proliferation and 
invasion  (39‑41). Notably, a previous study reported that 
miR‑506 inhibits osteosarcoma cell proliferation by targeting 
AEG‑1 (42). In the present study, AEG‑1 could be targeted 
by miR‑448, suggesting a novel miRNA inhibitor of AEG‑1. 
These studies indicated that AEG‑1 is regulated by various 
miRNAs. The present study suggested that miR‑448 may serve 
as a potential target for the treatment of AEG‑1‑associated 
cancers, at least in osteosarcoma.

In conclusion, the present study demonstrated an important 
role for miR‑448 in osteosarcoma. miR‑448 was downregulated 
in osteosarcoma and overexpression of miR‑448 inhibited cell 
proliferation and invasion by targeting AEG‑1, providing novel 
insights into the understanding of osteosarcoma pathogenesis. 
The present study suggested that miR‑448 may represent 
a potential and promising miRNA for the development of 
miRNA‑based therapy for osteosarcoma.
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