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 Background: Early metastasis of osteosarcoma (OS) is highly lethal and responds poorly to drug and radiation therapies. 
MicroRNAs (miRNAs) are a class of small noncoding RNAs that modulate gene expression at the post-transcrip-
tional level. However, the detailed functions of specific miRNAs are not entirely understood. The aim of the 
present study was to investigate the role of miR-184 as a mediator of drug resistance in human osteosarcoma.

 Material/Methods: qRT-PCR was used to analyze the expression level of miR-184 in OS cell line U-2 OS and MG-63 treated with 
doxorubicin. MiR-184 agomir or miR-184 antagomir was transferred into cells to regulated miR-184. The tar-
get of miR-184 was predicted by TargetScan and confirmed by luciferase reporter assay. Bcl-2-like protein 1 
(BCL2L1) expression was detected by Western blot. Cell apoptosis was determined by Annexin V staining and 
analysis by flow cytometry.

 Results: Doxorubicin induced time-dependent expression of miR-184 in OS cell line U-2 OS and MG-63. Luciferase re-
porter assay identified BCL2L1 as the direct target gene of miR-184. Furthermore, doxorubicin reduced BCL2L1 
expression, which was reversed by miR-184 overexpression and further decreased by miR-184 inhibition in OS 
cells. In addition, miR-184 agomir reduced doxorubicin-induced cell apoptosis, whereas miR-184 antagomir en-
hanced apoptosis in OS cells, suggesting that up-regulation of miR-184 contributes to chemoresistance of the 
OS cell line.

 Conclusions: Our data show that miR-184 was up-regulated in OS patients treated with doxorubicin therapy and leads to 
poor response to drug therapy by targeting BCL2L1.
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Background

Osteosarcoma (OS) is one of the most common non-hemato-
logical primary bone tumors in children and young adults [1–3]. 
Although neoadjuvant chemotherapy and improved surgical 
technology have been the most important treatments to in-
crease the survival rate, the existence of intrinsic or acquired 
chemoresistance has greatly impeded further improvement in 
survival rate of osteosarcoma patients with localized tumors 
and metastatic disease at presentation [4–6]. Earlier studies 
have shown that tumor chemoresistance is a complex, multi-
step process characterized by numerous abnormal genes, pro-
teins, microRNAs (miRNAs), and some related signalling path-
ways [7]. However, the potential molecular mechanisms of 
chemoresistance in treatment failure remain unclear.

MicroRNAs are a class endogenous small non-coding RNAs that 
regulate diverse target mRNAs at the level of mRNA degrada-
tion or translation in several diseases, including cancers [8–11]. 
Recently, miR-184 has been reported to be a candidate tumor 
suppressor gene in breast cancer, glioma, renal cell carcino-
ma, and other carcinomas [12–15]. Recently, increased atten-
tion has been paid to the role of miRNAs in chemoresistance, 
and their potential role in determining drug sensitivity or resis-
tance has been confirmed. Anomalous miRNAs expression can 
influence chemoresistance by modulating gene expression of 
a number of different target genes, such as miRNA-133b, miR-
31, miRNA-196a, and miR-506 [16–19]. However, few studies 
have focused on the involvement of miRNA-184 in the devel-
opment of doxorubicin resistance in osteosarcoma patients.

In this study, we demonstrated the function of miR-184 in a 
doxorubicin therapy OS cell line and found that doxorubicin 
induced time-dependent expression of miR-184 in OS cell lines 
U-2 OS and MG-63. Luciferase reporter assay identified BCL2L1 
as the direct target gene of miR-184. Moreover, doxorubicin 
inhibited BCL2L1 expression, which was reversed by miR-184 
overexpression in OS cells. In addition, miR-184 agomir re-
duced doxorubicin-induced cell apoptosis, whereas miR-184 
antagomir enhanced apoptosis in the doxorubicin-resistant os-
teosarcoma cell line, suggesting that up-regulation of miR-184 
contributed to chemoresistance of the OS cell line.

Material and Methods

Cell culture and transfection

U-2 OS and MG-63 were purchased from the Cell Bank of the 
Institute of Biochemistry and Cell Biology, China Academy of 
Sciences (Shanghai, China) and cultured in DMEM (Gibco, CA, 
USA) supplemented with 10% FBS (Gibco, NY, USA). For transfec-
tion, cells were cultured to 80% confluence and transfected with 

50 nM miR-184 agomir or 100 nM antagomir (RiboBio Company, 
Guangzhou, China) according to the manufacturer’s protocol. 
Further treatment was done several hours after transfection.

RNA extraction and quantitative real-time PCR

Total RNA, including miRNA, was extracted from the cell lines and 
tissue samples using TRIzol reagent (Invitrogen, USA). RNA was 
synthesized into cDNA using a reverse transcriptase kit (Takara, 
Dalian, China). Amplification of cDNA was performed accord-
ing to the manufacturer’s protocol using SYBR®Premix Ex Taq™ 
(Takara, Dalian, China). PCR was carried out in triplicate and an-
alyzed using the ABI 7500 Fast Realtime PCR system (Applied 
Biosystems, Life Technologies, USA). The relative gene expression 
level was calculated by the comparative CT method 2–DDCt using 
U6 as an internal reference. The RT and PCR primers for miR-
184 and U6 were purchased from RiBoBio (Guangzhou, China).

Luciferase assay

The wide-type (WT) or mutant (MT) 3’UTR of BCL2L1 was cloned 
into the Renilla luciferase gene. A mutant 3’UTR of BCL2L1 
was cloned by use of GeneChem (Shanghai GeneChem Co., 
Ltd, Shanghai, China). The U-2 OS cells were cotransfected 
with the vectors carrying WT 3’UTR or MT 3’UTR and miR-184 
agomir or antagomir. Cells were collected 48 h after transfec-
tion and analyzed using the Dual-Luciferase Reporter Assay 
System (Promega Corporation, Fitchburg, USA). Luciferase ac-
tivity values were normalized relative to that of the Renilla lu-
ciferase internal control.

Western blot analysis

Protein quantification was performed according to the Bradford 
method using the Bio-Rad protein assay kit (Bio-Rad Laboratories 
Inc., Hercules, CA, USA). A total of 30 μg of samples were run 
on 10% SDS-PAGE. The proteins were then transferred to NC 
filter membranes. The membranes were blocked overnight in 
5% skim milk in Tris-buffered saline. For immunoblotting, the 
membranes were incubated at 4°C overnight with the BCL2L1 
antibody (1:500; ProteinTech Group, Chicago, USA) or GAPDH 
antibody (1:5000; Beyotime Biotechnology, Haimen, China), fol-
lowed by the incubation with the appropriate IRDye 800CW-
conjugated secondary antibody (1:5000; Li-Cor Bioscience, 
USA). The infrared fluorescence image was obtained using 
the Odyssey infrared imaging system (Li-Cor Bioscience, USA).

Apoptosis analysis

After 48 h of transfection in 6-well plates, cells were exposed 
to the freshly prepared medium containing different concentra-
tions of 0.5 nM doxorubicin for 24 h. Cells were then harvest-
ed and washed with ice-cold phosphate-buffered saline (PBS) 
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and then subjected to Annexin V Apoptosis Detection kit (BD 
Pharmingen, USA) for staining, which was followed by flow cy-
tometry analysis. The test was repeated 3 times per experiment.

Statistical analysis

Statistical evaluation was performed using the Student’s t-test 
to differentiate the means of different groups. A p-value of 
<0.05 was considered statistically significant. SPSS 17.0 soft-
ware was used to analyze all data.

Results

Doxorubicin induced time-dependent expression of miR-
184 in OS cell lines

We first assessed the effects of doxorubicin on the expression 
of miR-184. As shown in Figure 1A, exposing MG-63 to 0.5 nM 
or 1.0 nM doxorubicin significantly promoted time-dependent 
expression of miR-184. After being treated with 0.5 nM doxo-
rubicin for 12 h, the expression of miR-184 reached a peak 
and then declined. Moreover, 1.0 nM doxorubicin-induced miR-
184 expression mimicked the effect of 0.5 nM doxorubicin. 
Consistently, the effect of doxorubicin on expression of miR-
184 in U-2 OS was further confirmed (Figure 1B). These data 
suggest the key role of miR-184 in chemoresistance of OS cells.

BCL2L1 was a direct target of miR-184

BCL2L1 was predicted to be target gene of miR-184 by 
TargetScan. To verify the prediction, we constructed the 

luciferase reporter vector containing wild-type or mutant 3’UTR 
of BCL2L1. As shown in Figure 2A, miR-184 distinctly induced 
the luciferase activity of vector carrying wild-type 3’UTR of 
BCL2L1 compared to that carrying mutant 3’UTR of BCL2L1. 
Next, we assayed the effect of doxorubicin on the expression 
of BCL2L1. As shown in Figure 2B, doxorubicin inhibited BCL2L1 
expression in a time-dependent manner. To clarify the relation 
between BCL2L1 and miR-184, we further assayed the effect 
of miR184 on the expression of BCL2L1 in cells treated with 
or without doxorubicin. We found that up-regulated miR-184 
led to a marked increase in the level of BCL2L1 when U-2 OS 
was treated with doxorubicin, whereas down-regulated miR-
184 suppressed BCL2L1 expression (Figure 2C).

MiR-184 agomir reduced doxorubicin-induced cell 
apoptosis but miR-184 antagomir enhanced apoptosis in 
OS cell lines

As shown in Figure 3A, up-regulated miR-184 significantly 
inhibited the cell apoptosis induced by doxorubicin, where-
as down-regulated miR-184 facilitated doxorubicin-induced 
cell apoptosis in U-2 OS. Similar results were also found in 
MG-63 (Figure 3B). These data suggest that miR-184 overex-
pression promotes resistance of OS cells to doxorubicin.

Discussion

Osteosarcoma (OS) is an important cause of cancer-correlated 
deaths worldwide. OS progression is a complex, multistep pro-
cess involving numerous abnormal genes and proteins [20,21]. 
The combination of local radiotherapy/chemotherapy and 
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Figure 1.  The effect of doxorubicin on the expression of miR-184 in OS cell lines. (A). mRNA expression of miR-184 in MG-63 exposed 
to 0.5 nM or 1.0 nM doxorubicin for the indicated time. (B) mRNA expression of miR-184 in U-2 OS after being exposed to 
0.5 nM or 1.0 nM doxorubicin for the indicated time. * p<0.05, ** p<0.01 vs. 0 h; Dox – doxorubicin.
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surgery is currently the main anti-tumor therapy, but treat-
ment fails in many patients, in part due to resistance to che-
motherapeutic agents [22,23]. Accumulating studies have re-
cently demonstrated that microRNAs play a key role in cancer 
chemotherapeutic resistance [16,22,24,25]. MicroRNA-184 
functions as a tumor suppressor in carcinomas such as ma-
lignant gliomas and non-small cell lung cancers [26,27] and 
all these antitumor functions are involved in cell proliferation 
and metastasis [13,14,28]. However, little is known about the 
contribution of miR-184 to chemoresistance of cancers. In this 
study, we demonstrated that doxorubicin induced time-depen-
dent expression of miR-184 in OS cells, which suggests that 
miR-184 is critical for chemoresistance in OS.

To determine the role of miR-184 in chemoresistance of OS, 
the target of miR-184 was predicted by TargetScan and lucif-
erase reporter assay was performed to confirm the potential 
target of miR-184. The results showed that miR-184 direct-
ly targeted the Bcl-2-like protein 1 (BCL2L1) in U-2 OS cells. 
Recently, changes in survival and apoptotic pathways such as 
AKT, BCL-2, and NF-kB pathways have been shown to have a 
major role in determining the effectiveness of chemothera-
peutic agents [22,29]. It is also reported that genomic altera-
tions in BCL2L1 contribute to drug sensitivity in gastric can-
cer [30]. In addition, the BCL2 family members are dual agents, 
regulating autophagy and apoptosis in drug resistance [31]. 
We hypothesized that elevated levels of miR-184 suppressed 
BCL2L1 expression, allowing OS cells to withstand the toxicity 
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Figure 2.  BCL2L1 is a direct target of miR-184 in osteosarcoma cells. (A) Luciferase reporter assay in U-2 OS cells co-transfected with 
miR-184 or NC and wide-type (WT) or mutant-type (MT) BCL2L1 3’UTR. (B) Expression of BCL2L1 in U-2 OS after exposure to 
0.5 nM doxorubicin for the indicated time. (C) The effects of miR-184 agomir and miR-184 antagomir on BCL2L1 expression 
in cells treated with or without doxorubicin. * p<0.05, ** p<0.01; NC – negative control; ago – miR-184 agomir; antago – miR-
184 antagomir.
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of doxorubicin. We next analyzed the effects of miR-184 agomir 
and antagomir on BCL2L1 expression in OS cells treated with 
or without doxorubicin. Our data show that doxorubicin re-
duced BCL2L1 expression, which was reversed by miR-184 over-
expression and was further decreased by miR-184 inhibition.

Given these data, it was likely that miR-184 promotes BCL2L1 
expression, which might be related to the doxorubicin-induced 
up-regulation of miR-184. Then, it was necessary to confirm 
whether miR-184 amplified BCL2L1 expression to protect OS 
cells from doxorubicin-induced apoptosis. Thus, we next ex-
amined the effects of up-regulated or down-regulated miR-
184 on cell death in the presence or absence of doxorubicin. 
The data showed that miR-184 significantly reduced the num-
ber of apoptotic cells from doxorubicin-induced cell death, but 
down-regulated miR-184 promoted doxorubicin-induced cell 

apoptosis. These findings suggest that up-regulation of miR-
184 made OS cells resistant to doxorubicin.

Conclusions

We found that miR-184 was up-regulated in doxorubicin-treat-
ed OS and leads to poor response to drug therapy by targeting 
BCL2L1. Our data suggest that miR-184 might be a potential 
biomarker for doxorubicin resistance in OS. For other chemo-
therapy drugs, more studies need to be conducted.
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