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Abstract. MicroRNAs (miRNAs) are integrally involved in 
biological and pathobiological development. Many studies 
have demonstrated the abnormal expression of microRNA‑496 
(miR‑496) in various human malignant tumors. The present 
study was designed to investigate the functions and the 
underlying mechanisms of miR‑496 in osteosarcoma (OS) 
progression. Reverse transcription‑quantitative polymerase 
chain reaction (RT‑qPCR) was used to determine the expres-
sion of miR‑496 in OS tissues and cell lines. Luciferase 
activity was used to confirm the interaction between miR‑496 
and brain derived neurotrophic factor (BDNF), a downstream 
gene of miR‑496. RT‑qPCR was also used to quantify BDNF 
mRNA expression, and the BDNF protein expression level was 
detected by western blot analysis. In addition, the Cell Counting 
Kit‑8 (CCK‑8) was used to detect cell viability. The results 
revealed that the level of miR‑496 expression was significantly 
reduced in osteosarcoma tissues and cell lines. BDNF was 
verified to be a direct target gene of miR‑496 and was found 
to be negatively regulated by miR‑496. Overall, it was demon-
strated that miR‑496 inhibits osteosarcoma cell proliferation 
via inhibition of BDNF. Thus, the miR‑496/BDNF axis may 
be a novel strategy for the clinical treatment of OS.

Introduction

Osteosarcoma (OS) is a type of malignant tumor commonly 
presenting in children, and adolescents  (1) under 20 years 
of age (2). OS is caused by pathological changes in mesen-
chymal tissue in the bone, especially in the metaphysis of 
long bones (3). Osteosarcoma cells easily migrate to other 
tissues in a short period of time by the blood, and lungs are 
the main metastatic organ (4). With advanced chemotherapy 

techniques, the 5‑year survival rate is approximately 60‑70% 
in OS patients without distant metastasis (5). However, the 
5‑year survival rate is lower than 30% for OS patients with 
distant metastasis (6). Thus, studies concerning the molecular 
mechanisms underlying OS carcinogenesis are vital for further 
clinical treatment.

MicroRNAs (miRNAs or miRs) are small non‑coding 
RNAs consisting of 21‑25 nucleotides (nt). miRNAs have 
been identified as key regulators of gene expression through 
binding with target mRNAs, thus affecting cell proliferation, 
division, apoptosis and metabolism (7‑9). Dysregulation of 
miRNA expression is closely associated with various types 
of diseases and requires further research  (10). Emerging 
research has revealed that miRNAs contribute to human 
carcinogenesis as tumor inhibitors or promoters. For example, 
miR‑10a‑5p was found to suppress human cervical cancer 
proliferation and division  (11). Similarly, miR‑214 plays 
a crucial role in melanoma tumor progression by targeting 
TFAP2C (12). miR‑183 was found to contribute to advanced 
clinical stage human colorectal cancer  (13). Moreover, 
miR‑708 was demonstrated to suppress tumor cell prolifera-
tion in human glioblastoma (14). In order to investigate the 
relationship between miRNAs and tumors, we focused on the 
functions of miRNAs in OS progression.

miR‑496 has been identified to participate in various 
pathobiological processes (15,16). However, the functions of 
miR‑496 in OS have not yet been elucidated. In the present 
study, expression of miR‑496 was quantified in both OS tissues 
and cell lines. Brain derived neurotrophic factor (BDNF) was 
identified one of the target genes of miR‑496 in OS develop-
ment. Based on these previous findings, the role of miR‑496 
and BDNF in relation to the proliferation of OS cells was 
investigated.

Materials and methods

Tissue samples and cell lines. Pathological tissues and 
adjacent normal tissues were collected from 37 OS patients 
(22 male and 5 female; age, 17.23±7.56 years) during routine 
therapeutic surgery at the Department of Orthopedics, 
Hubei 672 Orthopedics Hospital of Integrated Chinese and 
Western Medicine (Wuhan, China) between June 2016 and 
October 2018. The patients had received no treatment at the 
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time the tissues were extracted. Normal tissues were examined 
to confirm that there were no pathological changes. Liquid 
nitrogen was used to store the above tissues for the subsequent 
experiments. Written informed consent was obtained from all 
patients or their guardians, and the study protocol was approved 
by the Ethics Committee of Hubei 672 Orthopedics Hospital 
of Integrated Chinese and Western Medicine. The study was 
carried out in accordance with the approved guidelines.

OS cell lines. Based on the Enneking‑Musculoskeletal Tumor 
Staging System (17), five types of OS cell lines, including 
hFOB1.19, MG‑63, HOS, U2‑OS and SAOS‑2 were obtained 
from the Shanghai Cell Institute of Chinese Academy of 
Sciences (Shanghai, China). Dulbecco's modified Eagle's 
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) was 
used to culture the cell lines. In addition, 10% fetal bovine 
serum (FBS) and 0.015  mg/ml 5‑bromo‑2'‑deoxyuridine 
(Gibco; Thermo Fisher Scientific, Inc.) were added to the 
DMEM. The cells were incubated at 37˚C in 5% CO2.

Prediction of target genes of miR‑496. Targetscan  3.1 
(http://www.targetscan.org/mamm_31/) was used to determine 
the candidate downstream genes of miR‑496. The prediction 
results and binding sites were obtained.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). RNA was extracted using RNAiso Plus (Takara 
Biotechnology, Dalian, China). Prime Script RT Master Mix 
(Takara Biotechnology, Co., Ltd.) was used to reverse tran-
scribe the RNA, and RT‑qPCR was performed using SYBR 
Premix Ex Taq  II (Takara Biotechnology). The following 
primers were used: GAPDH forward, 5'‑GAC​TCA​TGA​CCA​
CAG​TCC​ATG​C‑3' and GAPDH reverse, 5'‑AGA​GGC​AGG​
GAT​GAT​GTT​CTG‑3'; BDNF forward, 5'‑GGC​TTG​ACA​TCA​
TTG​GCT​GAC‑3' and BDNF reverse, 5'‑CAT​TGG​GCC​GAA​
CTT​TCT​GGT‑3'. miR‑496 expression was quantified with the 
All‑in‑One™ miRNA qRT‑PCR Detection Kit (GeneCopoeia, 
Inc., USA), in an Applied Biosystems 7900 Real‑time PCR 
System (Thermo Fisher Scientific, Inc.).

Transfection. OS cells were transfected with miR‑496 
mimics (mimic‑miR‑496, 5'‑CUC​UAA​CCG​GUA​CAU​UA‑3'), 
miR‑496 inhibitors (inhibitor‑miR‑496, 5'‑GAG​AUU​GGC​
CAU​GUA​AU‑3') and their negative controls (mimic‑NC, 
5'‑UUC​UCC​GAA​CGU​GUC​ACG​U‑3' or inhibitor‑NC, 5'‑CAG​
UAC​UUU​UGU​GUA​GUA​CAA‑3'). LV‑NC, LV‑miR‑496, 
or LV‑miR‑496+LV‑BDNF were transfected into MG‑63 
and HOS cells, respectively. The lentiviruses used in our 
study were obtained from GenePharma (Shanghai, China). 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) was used for cell transfection based on the manufacturer's 
protocols. Medium was replaced with fresh medium with 
10% FBS after 6‑h transfection.

Luciferase activity assay. Dual‑Luciferase Reporter Assay 
System (Promega Corporation) was used to assay the activity of 
the luciferase reporter gene. The wild‑type (BDNF 3'UTRWT) 
or mutant type (BDNF 3'UTRMUT) binding to miR‑496 was 
subcloned into the PGL3 Basic vector (Invitrogen; Thermo 
Fisher Scientific, Inc.). miR‑496 mimics were co‑transfected 

with 10 µg of BDNF 3'UTRWT or BDNF 3'UTRMUT into MG‑63 
and HOS cells using Lipofectamine® 2000 reagent, and cell 
medium was replaced with fresh medium with 10% FBS after 
6 h transfection. The luciferase activity for each construct was 
normalized to that of the Renilla.

Western blot analysis. Proteins were obtained from the 
MG‑63 and HOS cell lines and their concentration was 
estimated using the Bradford protein assay. The proteins 
(30  µg/lane) were separated by 10% sodium dodecyl 
sulfate‑polyacrylamide gel (SDS‑PAGE) and transferred to a 
polyvinylidene difluoride (PVDF) membrane. The membrane 
was blocked with 5% defatted milk at room temperature for 
1 h and incubated with specific primary antibodies overnight 
with a controlled environment at 4˚C overnight. After washing 
in TBST, the membranes were incubated with goat anti‑rabbit 
horseradish peroxidase (HRP)‑conjugated secondary 
antibodies (dilution 1:20,000, cat.  no.  ab205718; Abcam). 
Anti‑BDNF (dilution 1:1,000, cat. no. ab108319; Abcam) and 
anti‑glyceraldehyde‑3‑phosphate dehydrogenase (GAPDH) 
(dilution 1:10,000, cat. no. ab181602; Abcam) were used as the 
primary antibodies. Immunoreactive bands were developed 
using an enhanced chemiluminescence kit (cat. no. 170‑5061; 
Bio‑Rad Laboratories, Inc.) according to the manufacturer's 
instructions. Intensity of bands (BDNF, 15 kDa; GAPDH, 
36 kDa) was quantified using ImageJ 1.49 (National Institutes 
of Health).

Cell viability assay. In order to evaluate the cell viability, 
CCK‑8 assay was employed to assess the cell growth and 
generate a growth curve. The transfected 5x103 OS cells were 
plated into a 96‑well plate and incubated at 37˚C with 5% CO2. 
Then, the cells were digested and counted every 24 h. A cell 
growth curve was plotted after five days.

Statistical analysis. R Studio (3.5.1; https://www.r‑project.
org/) was performed for the statistical analyses. All data were 
from three independent experiments and were expressed as the 
mean ± standard deviation (SD). Student paired t‑tests were used 
for the comparison of miR‑496 expression between primary 
tumors and adjacent noncancerous tissues. Student's unpaired 
t‑test was used to measure the differences between quantitative 
variables. One‑way analysis of variance (ANOVA) was used 
for the comparisons of the cell viability in the MG‑63LV‑NC, 
MG‑63LV‑miR‑496, and MG‑63LV‑miR‑496+LV‑BDNF groups as well 
as in HOSLV‑NC, HOSLV‑miR‑496, and HOSLV‑miR‑496+LV‑BDNF. The 
post hoc Tukey's test was used to analyze the two‑group 
comparisons. P‑values<0.05 were considered statistically 
significant.

Results

Downregulation of miR‑496 expression in OS tissues and 
cell lines. RT‑qPCR was employed to determine miR‑496 
expression levels in osteosarcoma tissues and five OS cell 
lines. The results showed lower miR‑496 expression level in 
the OS tissues than that in the normal control group (Fig. 1A). 
Moreover, miR‑496 expression levels in OS MG‑63, HOS, 
U2‑OS, and SAOS‑2 cell lines were lower compared to the 
level in the hFOB1.19 cell line, which acted as a normal control 
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(Fig. 1B). The results showed that miR‑496 contributes to OS 
development.

Effect of the altered expression of miR‑496 on OS cell viability 
in vitro. In order to investigate the direct effect of miR‑496 
on cell viability, mimic‑miR‑496 and mimic‑NC were trans-
fected into MG‑63 and HOS cells, and inhibitor‑miR‑496 
and inhibitor‑NC were transfected into U2‑OS and SAOS‑2 
cells. miR‑496 expression was increased in both MG‑63 and 
HOS cell lines following the transfection of mimic‑miR‑496 
(Fig. 2A). The cell viability of MG‑63 cells transfected with 
the mimic‑miR‑496 was significantly decreased from day 
4 compared to the mimic‑NC‑transfected cells (Fig.  2B). 
In addition, the cell viability of HOS cells transfected with 
the mimic‑miR‑496 was significantly decreased from Day 2 
compared to mimic‑NC‑transfected cells (Fig. 2C).

In contrast, miR‑496 expression was decreased in both 
U2‑OS and SAOS‑2 cell lines through the transfection of 
inhibitor‑miR‑496 (Fig. 2D). However, the cell viability of the 
U2‑OS cells transfected with inhibitor‑miR‑496 was signifi-
cantly increased compared to the inhibitor‑NC‑transfected 
cells (Fig. 2E). The cell viability of SAOS‑2 cells transfected 
with inhibitor‑miR‑496 was also significantly decreased 
compared to the inhibitor‑NC‑transfected cells (Fig.  2F). 
These results indicate that miR‑496 acts as a tumor suppressor 
in OS development.

BDNF is a direct target of miR‑496. Bioinformatic analysis 
was used to determine the downstream genes of miR‑496 in OS 
progression, including ZIC1, CPEB2, CSMAD3, USD15, MYT1L, 
SATB2 and EIF4B. We found that BDNF 3'UTR could precisely 
bind to miR‑496 (Fig. 3A). Furthermore, to verify whether BNDF 

Figure 1. miR‑496 expression is downregulated in OS tissues and cell lines. (A) miR‑496 expression levels were compared between cancer tissues and paired 
adjacent normal tissues from 37 OS patients using RT‑qPCR. (B) miR‑496 expression in MG‑63, HOS, U2‑OS and SAOS‑2 cell lines were significantly 
decreased compared with that noted in the control hFOB1.19 cell line. All experiments were performed three times. *P<0.05, compared with the normal tissues 
or control hFOB1.19 cell line. OS, osteosarcoma.

Figure 2. Overexpression of miR‑496 reduces cell viability of OS MG‑63 and HOS cells in vitro. (A) miR‑496 was upregulated in OS MG‑63 and HOS cell 
lines through transfection of miR‑496 mimics. Cell viability was assessed by CCK‑8 assay in (B) MG‑63 and (C) HOS cell lines. (D) miR‑496 was downregu-
lated in U2‑OS and SAOS‑2 cell lines through transfection of miR‑496 inhibitors. Cell viability was assessed by CCK‑8 assay in (E) U2‑OS and (F) SAOS‑2 
cell lines. All data were compared with the miR‑496 mimic or inhibitor negative control (mimic‑NC or inhibitor‑NC); *P<0.05. OS, osteosarcoma.
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is a direct target gene, wild‑type (WT) or mutant (MUT) 3'UTR 
of BDNF was transfected into the luciferase vector. The vector 
co‑transfected with miR‑496 mimics and BDNF 3'UTRWT had 
lower luciferase activity in both MG‑63 (Fig. 3B) and HOS cells 
(Fig. 3D). However, co‑transfection of miR‑496 mimics with the 
luciferase vector containing MUT‑BDNF 3'UTR had the same 
luciferase activity compared to the mimic negative control in 
both MG‑63 (Fig. 3C) and HOS cells (Fig. 3E). This demon-
strated that BDNF is a downstream gene of miR‑496.

miR‑496 and BDNF expression in OS. In order to determine 
the function of miR‑496 in OS, RT‑qPCR and western blot 

analysis were used to measure BDNF mRNA and protein 
expression levels. Overexpression of miR‑496 suppressed 
BDNF in both MG‑63 and HOS cells at the mRNA (Fig. 4A) 
and protein (Fig. 4B and C) levels. This finding thus confirms 
that miR‑496 negatively modulates BDNF expression.

Overexpression of BDNF in OS. BDNF protein expression 
and cell viability were assessed to investigate the function of 
BDNF in OS through BDNF upregulation in MG‑63 and HOS 
cells. The BDNF protein expression level was increased in both 
MG‑63 (Fig. 5A and B) and HOS cells (Fig. 5C and D) following 
co‑transfection of LV‑miR‑496+LV‑BDNF, compared to the 

Figure 3. BDNF is a direct target gene of miR‑496 in OS. (A) The binding site of miR‑496 and BDNF 3' UTR. (B) MG‑63 cells were co‑transfected with 
miR‑496 mimics or their negative control (mimic‑NC) and MT‑BDNF 3'UTR. The dual‑luciferase vector was employed to detect relative luciferase activity 
in the MG‑63 cells. (C) MG‑63 cells were co‑transfected with miR‑496 mimics or their negative control and MUT‑BDNF 3'UTR. (D) HOS cells were 
co‑transfected with miR‑496 mimics or their negative control and MT‑BDNF 3'UTR. (E) HOS cells were co‑transfected with miR‑496 mimics or their nega-
tive control and MUT‑BDNF 3'UTR. **P<0.01. BDNF, brain derived neurotrophic factor; OS, osteosarcoma; UTR, untranslated region.

Figure 4. Overexpression of miR‑496 suppressed BDNF expression in OS MG‑63 and HOS cell lines. (A) mRNA expression of BDNF in MG‑63 and HOS cells 
transfected with miR‑496 mimics (mimic‑miR‑496) or their negative control (mimic‑NC), respectively. (B and C) Effect of miR‑496 on BDNF protein levels 
in MG‑63 and HOS cells. *P<0.05, compared with the mimic‑NC group. BDNF, brain derived neurotrophic factor; OS, osteosarcoma.
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transfection with LV‑miR‑496 only. Moreover, cell viability 
was increased in both MG‑63 (Fig.  6A) and HOS  cells 
(Fig. 6B) following LV‑miR‑496+LV‑BDNF co‑transfection. 

This indicated that overexpression of BDNF reversed the 
suppressive effect of miR‑496 on OS cell viability (Fig. 6C). 
BDNF thus acts as a promoter of OS progression.

Figure 5. BDNF expression is modulated by miR‑496 in vitro. BDNF protein expression levels in OS (A and B) MG‑63 and (C and D) HOS cells. LV‑miR‑496 
or LV‑miR‑496+LV‑BDNF were transfected into MG‑63 and HOS cells and the protein expression of BNDF was assessed. LV‑NC acted as the control group. 
*P<0.05, compared with the LV‑NC group. BDNF, brain derived neurotrophic factor; OS, osteosarcoma.

Figure 6. Overexpression of BDNF promotes cell proliferation of OS MG‑63 and HOS cell lines. Cell viability was measured by CCK‑8 assay in (A) MG‑63 and 
(B) HOS cells. LV‑miR‑496 or LV‑miR‑496+LV‑BDNF were transfected into MG‑63 and HOS cells. LV‑NC acted as the control group. *P<0.05. (C) miR‑496 
expression is downregulated in OS tissues. BDNF is directly targeted by miR‑496. BDNF thus acts as a promoter of OS progression. Thus, the miR‑496/BDNF 
axis provides a novel therapeutic target for OS. BDNF, brain derived neurotrophic factor; OS, osteosarcoma.
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Discussion

Several studies have identified microRNAs as oncogenes or 
tumor suppressors in various types of cancer, including human 
osteosarcoma (OS) (18‑20). For example, miR‑181a was found 
to promote cell proliferation and invasion in OS (21). miR‑504 
was found to induce cell proliferation and suppress apoptosis 
as well as G1 phase arrest in OS via negatively regulating 
p53 (22). Moreover, miR‑758 suppressed the malignant pheno-
type of OS cells by directly targeting HMGA1 (23). miR‑214 
was found to accelerate the progression of OS by modulating 
the Wnt/β‑catenin signaling pathway (24). miR‑143‑3p was 
demonstrated to inhibit the proliferation and migration in 
OS by targeting FOSL2 (25). The different mechanisms of 
miRNAs in OS provide a possible orientation for the clinical 
diagnosis and treatment of OS (26). Therefore, comprehensive 
research is needed to explore the targets of miRNAs in the 
clinical therapy of OS; specifically drawing our attention to 
miR‑496.

Previous studies have indicated that miR‑496 is associated 
with several human pathological changes, including oropha-
ryngeal cancer (27), cerebral ischemia/reperfusion injury (28), 
type 2 diabetes mellitus and obesity (29), and osteogenesis of 
human bone marrow (30). These findings suggest that miR‑496 
serves as a suppressor in human pathological changes, which 
is consistent with our findings. In the present study, miR‑496 
expression was downregulated in OS cell lines. Overexpression 
of miR‑496 reduced cell viability in both MG‑63 and HOS 
cell lines, and loss of miR‑496 promoted cell viability in both 
U2‑OS and SAOS‑2 cell lines. To note, miR‑496 expression 
in the MG‑63 and HOS cell lines was the lowest, which is the 
main reason why the MG‑63 and HOS cell lines were chosen 
to perform the functional experiments.

Brain‑derived neurotrophic factor (BDNF) gene is 
related to nervous system development  (31). Previous 
research has shown that BDNF contributes to cancer 
development. For example, the BDNF/leptin axis was 
correlated with cancer remission and inhibition (32). BDNF 
was found to act as an inhibitor in breast cancer develop-
ment and metastasis in mice (33). miR‑10a‑5p was found to 
suppress human cervical cancer progression by targeting 
BDNF (11). In the present study, BDNF was proposed as 
the target gene of miR‑496 in OS progression. We found 
that miR‑496 negatively modulated BDNF expression in OS 
cells. Overexpression of BDNF promoted cell proliferation 
of the OS cells. This indicated that BDNF is a promoter of 
OS development.

Recently, a similar study revealed that overexpression of 
miR‑496 suppressed human OS cell proliferation, invasion, 
and migration by targeting eIF4E (34). These previous results 
reinforced our finding that miR‑496 acts as a suppressor of 
human OS cell proliferation.

To conclude, miR‑496 expression was downregulated 
in OS tissues and cell lines, whereas the overexpression of 
miR‑496 reduced cell viability and suppressed cell prolifera-
tion in OS cell lines. BDNF is directly targeted by miR‑496. 
Upregulation of BDNF promoted cell proliferation in the OS 
cell lines. Thus, the miR‑496/BDNF axis provides a novel 
therapeutic target for OS (Fig. 6C). miR‑496 may be one 
of the epigenetic modifications to regulate the expression 

of BDNF. Other mechanisms such as DNA methylation, 
histone modifications, kinase‑associated phosphorylation 
may also affect BDNF expression. A larger sample size with 
more pathological information and functional studies with a 
focus on cell apoptosis, cell migration and cell invasion as 
well as in vivo experiments are necessary to further confirm 
our results.
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