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Abstract. Osteosarcoma is the most common human primary 
malignant bone tumor and recurrences are common due to 
the development of chemoresistance. However, the underlying 
molecular mechanism for chemoresistance remains unclear. 
Recent studies demonstrated that miR-146b-5p, an important 
regulator in tumorigenesis, was involved in chemoresistance 
in thyroid cancer, lymphoma. Thus, to confirm the role of 
miR-146b-5p in osteosarcoma, the study was divided into three 
steps: first, miR-146b-5p in paired samples were assessed using 
a quantitative real-time PCR (qRT-PCR) assay from osteosar-
coma patients. Second, to confirm the role of miR-146b-5p, we 
applied lentivirus system to overexpression and knockdown 
of miR-146b-5p, respectively, in MG-63 osteosarcoma cell 
line. Third, luciferase assays were performed to determine 
whether Wnt/β-catenin pathway participated in the role of 
miR-146b-5p on chemoresistance. As a result, miR-146b-5p 
was highly expressed in human osteosarcoma tissues and an 
elevated expression of miR-146b-5p was observed in human 
osteosarcoma tissues after chemotherapy. Furthermore, it was 
shown that miR-146b-5p overexpression promoted migration 
and invasiveness. miR-146b-5p overexpression also increased 
resistance to chemotherapy. Moreover, knockdown of miR-
146b-5p substantially inhibited migration and invasion of 
osteosarcoma cells as well as rendered them significantly more 
sensitive to chemotherapy. Results of western blot assay indi-
cated that miR-146b-5p increased MMP-16 protein  expression 
and showed a decrease of ZNRF3 protein. Whereas, IWR-1-

endo, an inhibitor of Wnt/β-catenin, suppressed the decrease 
in apoptosis of osteosarcoma cells caused by miR-146b-5p 
overexpression. These results indicated that miR-146b-5p 
promoted proliferation, migration and invasiveness. It also 
increased resistance to chemotherapy through the regulation 
of ZNRF3, and suggested novel potential therapeutic targets 
for the treatment of osteosarcoma.

Introduction

Osteosarcoma is the most common malignant bone tumor 
(1). The survival outcomes remain unsatisfactory since recur-
rences are common due to the development of invasion, distant 
metastasis and chemoresistance. Chemoresistance, both 
intrinsic and acquired, is a main cause of recurrence or failure 
of current treatment (2). Up to date, several factors contrib-
uted to the development of chemoresistance including genetic 
alterations (3), altered drug accumulation (4), drug-target 
amplification (5) and autophagy (6). However, the underlying 
molecular mechanism for chemoresistance remains unclear.

MicroRNAs (miRNAs) are small (22-nucleotide) non-
coding single stranded RNAs that regulate gene expression by 
binding to the 3'-untranslated region (3'UTR) of their target 
mRNAs, modulating mRNA stability and protein expression 
at the post-transcriptional level. The aberrant expression of 
miRNAs has been implicated in the mechanism of chemo-
resistance (7-9) and several miRNAs have been identified in 
osteosarcoma tissues and osteosarcoma cell lines (10,11).

miR-146b-5p was originally verified as involved in inflam-
matory bowel disease and was later shown upregulated in 
IL-10 deficient mice (12). Subsequently, it was found that miR-
146b-5p alleviated intestinal injury in mouse colitis via the 
activation of NF-κB. Recently, miR-146b-5p has been reported 
to be involved in solid tumors, including prostate, pancreatic 
cancer, malignant gliomas and glioblastoma. Moreover, two 
studies demonstrated that its involvement in chemoresistance 
in thyroid cancer (13) and lymphoma (14). However, the role 
of miR-146b-5p in osteosarcoma chemoresistance remains 
elusive.

Activation of Wnt/β-catenin is a crucial step in the 
process of tumorigenesis and chemoresistance (15). Zinc 
and ring finger 3 (ZNRF3), an cell-surface transmembrane 
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E3 ubiquitin ligase, negatively regulates Wnt/β-catenin 
signalling by promoting the turnover of frizzled and LRP6. 
Originally, ZNRF3 was found to regulate the growth and 
survival of embryos stem cells and two previous studies 
demonstrated that ZNRF3-deficient embryos died around 
birth (16,17). Moreover, ZNRF3 is also involved in the process 
of tumorigenesis, migration and invasiveness. Deng et al (13) 
reported that ZNRF3 suppressed the effect of miR-146b-5p on 
migration, invasiveness and proliferation of papillary thyroid 
cancer cells. ZNRF3 has also been confirmed to be linked 
to pancreatic ductal adenocarcinoma and mucinous ovarian 
tumors (18,19).

To date, however, the exact role of miR-146b in osteo-
sarcoma is not well understood. In the present study, we 
investigated the expression of miR-146b-5p in osteosarcoma 
tissues. We demonstrated osteosarcoma samples frequently 
featured highly expressed miR-146b-5p comparing to the 
normal tissue counterparts. An elevated expression of 
miR-146b-5p was observed in human osteosarcoma tissues 
after chemotherapy. Further study showed that overexpression 
of miR-146b-5p promoted invasion, metastasis and chemo-
resistance of osteosarcoma cells. In addition, ZNRF3 was 
identified as the target gene of miR-146b-5p in osteosarcoma. 
All these results indicate miR-146b-5p and its downstream 
target gene ZNRF3 can be used to treat osteosarcoma chemo-
resistance in the future.

Materials and methods

Tissue samples and papillary carcinoma cell lines. All 
research involving human tissue samples was approved by 
the Ethics Review Committee of Second Military Medical 
University Shanghai and written informed consent was 
obtained from all participating patients. Tumor specimens and 
the adjacent non-cancer tissues (ANCT) were obtained from 
35 osteosarcoma patients who underwent surgery in Shanghai 
Changzheng Hospital between january 2010 and january 
2013. Among them, 13 patients had received chemotherapy at 
the time of the operation. Ten patients were confirmed to have 
metastasis.

Cell culture. Human osteosarcoma hFOB1.19, MG-63 and U-2 
OS cell lines were purchased from ATCC and reserved in our 
laboratory as previously described (20). Human MG-63 and 
U-2 OS cell lines were maintained in high glucose DMEM 
medium supplemented with 10% fetal bovine serum (FBS; 
HyClone), 100 U/ml penicillin, and 100 µg/ml streptomycin, 
and were cultured in an incubator maintained at 5% CO2 and 
37˚C.

Quantitative real-time RT-PCR. Total RNA containing 
miRNA was extracted from surgical specimens or cell 
lines with TRIZol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer's instructions. For miRNA 
expression analysis, the miRNA was transcribed into cDNA 
using a TaqMan MicroRNA Reverse Transcription kit (Applied 
Biosystems) and RT primers provided with the miR-146b-5p 
TaqMan miRNA assay (Applied Biosystems) according to 
the manufacturer's instructions. miR-146b-5p and U6 small 
nuclear 2 (U6) expression was detected from the cDNA 

product, using TaqMan miRNA sequence-specific probes 
using SYBR Premix Ex Taq (Takara, Shiga, japan) and ABI 
Prism 7500 sequence detection system (Applied Biosystems). 
U6 was used as a control. The fold-change in gene expression 
was calculated by the 2-ΔΔCT method.

Overexpression and knockdown of miR-146b-5p. Recombinant 
lentiviruses containing overexpression of miR-146b-5p, 
or knocked down miR-146b-5p and miRNA control were 
purchased from Shanghai GeneChem Co., Ltd. (Shanghai, 
China). To generate the stable cell line, human MG-63 
osteosarcoma cells were transfected with lentiviruses 
containing overexpression of miR-146b-5p (OE), knocked 
down miR-146b-5p or a blank lentivirus expression vectors 
(blank). After incubation for 72 h, the supernatant containing 
lentivirus was removed and replaced with complete culture 
medium. Infection efficiency was confirmed by RT-PCR 96 h 
after transfection and the cells were selected with 2 µg/ml to 
establish stable cell lines.

miRNA target prediction. Candidate targets of miR-146b-5p 
and ZNRF3 were predicted by miRBase (http://www.mirbase.
org/) and  TargetScan (http://www.Targetscan.org/).

Luciferase reporter assay. For validation of ZNRF3 as a target 
gene of miR-146b-5p in osteosarcoma cells, luciferase assay 
was performed as previously described (21). Briefly, the target 
sequence was amplified by PCR using the following primers: 
forward, 5'-ACTAGTGTATAGCAGCACATTTCATTT-3' and 
the reverse primer 5'-AAGCTTCAGGGTCTTGTGTTAG 
TC-3' and cloned into pGL3-control vector through KpnⅠ and 
XhoⅠ sites. Mimic was synthesized according to the sequence 
of miR-146b-5p. A ZNRF3 3'-UTR segment (516 bp) 
containing the predicted miR-146b-5p binding site was cloned 
into the pGL3-control vector (Promega Corp., Madison, WI, 
USA) downstream of the firefly luciferase gene, after which 
the 3'-UTR luciferase reporter was obtained. The miR-146b-5p 
mimic and miR-146b-5p inhibitor used in the present study 
were synthesized and provided by the GenePharma.

Western blot analysis. Protein extracts from cells were 
prepared through a modified lysis buffer and then performed 
as previously described (20). The immunoreactive bands were 
visualized using ECL-PLUS/kit. The relative protein level 
was normalized to β-actin concentration. Antibodies against 
matrix metalloproteinase-2 (MMP-2), MMP-9, MMP-16, 
cleaved caspase-3, caspase-3, cleaved PARP PARP, ZNRF3 
and β-actin were purchased from Cell Signaling Technology, 
Inc. (Danvers, MA, USA).

Cell proliferation assay. Cell growth was determined by the 
MTT assay according to the manufacturer's instructions. 
Briefly, cells in OE, KD and control groups were incubated 
in 96-well plates at a density of 1x104 cells/well. Cells were 
treated with 10 µl MTT reagents at 0, 1, 2, 3, 4, 5, 6 and 7 
days and then measured at 450 nm with enzyme immunoassay 
analyzer (Bio-Rad Laboratories, Hercules, CA, USA).

Migration and invasion assays. The invasive potential of 
cells was measured in 6.5 mm Transwell with 8.0 mm pore 
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polycarbonate membrane insert (Corning, NY, USA). The 
filter of the top chamber was matrigel-coated with 50 µl of 
diluted matrigel and the lower chamber was filled with 500 µl 
of DMEM containing 10% FBS. Cells were resuspended in 
migration medium (serum-free medium) and added into each 
top chamber. After the cells were incubated for 16 h, the non-
invading cells on the upper surface were removed by using 
a cotton swab. The invasive cells on the lower surface of the 
membrane insert were fixed with 4% paraformaldehyde for 
30 min, and then stained with hematoxylin-eosin. The number 
of cells on the lower surface, which had invaded through 
the membrane were counted. The procedure for Transwell 
migration assays were the same as the Transwell invasion 
assay except that the filter of top chamber was not coated with 
Matrigel. The number of cells were counted in five random 
fields of each chamber under the microscope.

Wound healing assay. When MG-63 cells in OE, KD and 
control groups were grown to confluence, a scratch was made 
with a micropipette tip. Following incubation for 24 and 
48 h, the images were captured. The migration potential was 
estimated by counting the cells that migrated from the wound 
edge. The cell migration rate was obtained by counting three 
fields per area and presented as the average of six independent 
evaluations.

Measurement of apoptosis by flow cytometry. The incidence 
of apoptosis after chemotherapy was assessed by using the 

Annexin V-FITC /PI apoptosis detection kit (BD Pharmingen, 
San Diego, CA, USA) according to our previous method (20). 
Apoptotic cells, including those staining positive for 
Annexin V-FITC and negative for PI and those that were 
double positive, were counted as a percentage of the total cell 
count. 

Statistical analysis. SPSS 13.0 was used for the statistical 
analysis. One-way analysis of variance (ANOVA) was used to 
analyze the differences between groups. The LSD method of 
multiple comparisons was employed when the probability for 
ANOVA was statistically significant. Statistical significance 
was P<0.05.

Results

miR-146b-5p is upregulated in human osteosarcoma tissues 
after chemotherapy and correlates with multiple clinical 
features. First, we tested the expression of miR-146b-5p by 
qRT-PCR and normalized against an endogenous control 
(U6 RNA) in 35 pairs of tumor tissues and matched adja-
cent non-tumor tissues (ANCT) from osteosarcoma patients 
who received tumor resection. The expression level of 
miR-146b-5p in osteosarcoma tissues was significantly 
higher than that in matched ANCT (P<0.05; Fig. 1A). Next, 
osteosarcoma tissues sample were divided into patients that 
received chemotherapy (chemotherapy group) and those that 
did not (non-chemotherapy group).

Figure 1. The expression levels of miR-146b-5p in osteosarcoma tissues and cell lines, as determined by qRT-PCR. Comparing differences in the expression 
levels of miR-146b-5p between (A) tumor tissues and ANCT; (B) non-chemotherapy group and chemotherapy group; (C) osteosarcoma tissues arising from 
metastasis and non-metastasis groups, and (D) HOS, MG-63, U2-OS osteosarcoma cell lines and the hFOB1.19 osteoblast cell line. *P<0.05.
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As compared with non-chemotherapy group, miR-146b-5p 
levels were prominently upregulated in chemotherapy group 
(P<0.05; Fig. 1B), indicating that miR-146b-5p was involved 
in chemoresistence. Moreover, miR-146b-5p levels were 
obviously increased in tumor tissues for patients with tumor 
recurrence and lung metastasis as compared with those in 
tumor tissues arising from patients without tumor recurrence 
or metastasis (P<0.05, P<0.05; Fig. 1C and D), suggesting 
that miR-146b-5p was correlated with metastasis and 
recurrence of osteosarcoma. In addition, we analyzed miR-
146b-5p expression in osteosarcoma cell lines (HOS, MG-63 
and U2-OS) and human fetal osteoblastic 1.19 (hFOB1.19) 
cells. The miR-146b-5 expression was significantly upregu-
lated in all osteosarcoma cell lines as compared with that in 
hFOB1.19 (P<0.05; Fig. 1D). These data indicate that elevated 
miR-146b-5p expression contributed to chemoresistence and 
metastatic potential of osteosarcoma cells.

Anticancer agents promote miR-146b-5p expression in osteo-
sarcoma cells. The role of miR-146b-5p in different cancer 
cells is controversial. The exact role of miR-146b-5p in osteo-
sarcoma remains to be clarified. To address this question, the 
expression of miR-146b-5p in human osteosarcoma MG-63 
and U-2 OS cell lines after anticancer agents was evaluated 
using qRT-PCR. As doxorubicin (Dox), cisplatin (Cis), and 
methotrexate (Mtx) are commonly used anticancer agents in 

osteosarcoma, we assayed the effects of the anticancer agents 
on the expression of miR-146b-5p. As shown in Fig. 2A 
and B, anticancer agents significantly enhanced expression of 
miR-146b-5p in the human osteosarcoma cell lines MG-63, 
and U-2 OS. Moreover, this effect was dose-dependent in the 
case of Mtx in MG-63 and U-2 OS cell lines (Fig. 2C and 
D). These findings show that miR-146b-5p expression was 
upregulated during chemotherapy in osteosarcoma cells.

miR-146b-5p promotes migration and invasion of osteo-
sarcoma in vitro. Next, we applied a lentivirus system 
to make stable cell lines to knock down and overexpress 
miR-146b-5p based on the osteosarcoma cell line MG-63 
including a blank group (untransfected cells), a control group 
(cells transfected with the control lentivirus), an OE group 
(overexpressing miR-146b-5p) and a KD group (knocked 
down miR-146b-5p). The miR-146b-5p expression levels in 
these groups were evaluated using qRT-PCR. As expected, 
the expression of miR-146b-5p was dramatically suppressed 
in KD group cells (P<0.05) while increased in the OE group 
(P<0.01; Fig. 3A).

We then performed Transwell migration and invasion 
assay to investigate the effects of miR-146b-5p on the migra-
tory and invasive behavior of osteosarcoma cells in vitro. In 
the migration assay, the number of OE MG-63 cells (63.0±5.9, 
P<0.01) passing through the Matrigel were significantly higher 

Figure 2. The expression levels of miR-146b-5p in osteosarcoma cell lines after chemotherapy. (A) U-2 OS and (B) MG-63 cell lines were treated with vehicle 
(normal saline), Dox (0.2 mg/ml), Cis (20 mM), and Mtx (50 mM) for 24 h and then the expression of miR-146b-5p was quantified by qRT-PCR. (C) U-2 OS 
and (D) MG-63 cell lines were treated with vehicle (normal saline), 5 mM Mtx, 50 mM Mtx and 100 mM Mtx for 24 h and then the expression of miR-146b-5p 
was quantified by qRT-PCR. (*P<0.05, **P<0.01).
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than control cells (40.0±3.8) (Fig. 3C). Whereas, the number 
of KD MG-63 cells (25.5±6.0, P<0.05) were significantly less 
than that in control cells (40.0±3.8). No significant difference 
was observed between the blank and control cells (P=0.68) 
(Fig. 3C). Invasion assay showed that the number of OE cells 
(95.0±15.0, P<0.01) passing through the Matrigel were signifi-
cantly higher than control cells (58.6±6.5) (Fig. 3C). Similarly, 
KD MG-63 cells were significantly less than that in control 
cells (P<0.05) (Fig. 3D). These results strongly indicated 
that miR-146b-5p played a role in the migratory and invasive 
potential of osteosarcoma in vitro. In addition, wound healing 
assay was also used to examine the effects of miR-146b-5p on 
the migration ability. Cells in OE groups exhibited an obvious 
increase in migration rate as compared to the other three 
groups. KD MG-63 cells slightly failed to close the wound at 
72 h after incubation, whereas the other three groups were able 
to close the wound at the same time-point (Fig. 3D).

In addition, western blot assay was performed to investi-
gate the effect of miR-146b-5p on the endogenous expression 
of MMP-2, MMP-9 and MMP-16 protein since they were 
involved in tumor invasion and metastasis based on previous 
research (22-25). As shown in Fig. 3C, a significant increase 
of MMP-16 expression in the OE group while a reduction in 
the KD group as compared with control groups was observed 
(P<0.05). These data demonstrated that miR-146b-5p might 
promote osteosarcoma invasion and metastasis through regu-
lation of MMP-16 expression.

miR-146b-5p increased chemoresistance in osteosarcoma 
MG-63 cells. To confirm the role of miR-146b-5p in osteo-
sarcoma, the cell proliferation were assessed in the MG-63 
cells with overexpressed or knocked down miR-146b-5p. As 
a result, neither the knockdown nor overexpression of miR-
146b-5p could alter cell growth in MG-63 cells (Fig. 4A). 

Next, to explore the potential role for miR-146b-5p in 
chemoresistance, apoptosis in MG-63 cells was induced by 
vehicle (veh), doxorubicin (Dox), cisplatin (Cis) and metho-
trexate (Mtx). Overexpression of miR-146b-5p increased 
chemoresistance, while knockdown of miR-146b-5p in these 
cells rendered them significantly more sensitive to Dox-, 
Cis-, and Mtx-induced cell apoptosis (Fig. 4B). In the case of 
cisplatin, the apoptosis markers, cleaved caspase-3 and cleaved 
PARP proteins were assessed in KD, OE and control group, 
cleaved caspase-3 and cleaved PARP proteins were suppressed 
in OE group. However, cleaved caspase-3 and cleaved PARP 
were increased in KD group (Fig. 4C and D). These data 
suggested that miR-146b-5p increased chemoresistance 
possibly through suppressing the apoptotic pathway.

We investigated whether the Wnt/β-catenin signaling was 
involved in the miR-146b-5p mediated chemoresistance as 
previous studies demonstrated that Wnt/β-catenin played an 
important role in chemoresistance (26,27). The cell apoptosis 
was assessed in osteosarcoma overexpressing miR-146b-5p 
(OE group) in combination with or without the Wnt inhibitor 
(IWR-1-endo). Our results showed that the decrease in apop-

Figure 3. miR-146b-5p inhibits migration and invasion of osteosarcoma in vitro. (A) the expression of miR-146b-5p was analyzed in MG-63 cells by qRT-PCR. 
(B) Representative images of migrated and invaded MG-63 cells on the membrane at a magnification of x200. (C) Quantitative results for the migration and 
invasion ability of each group of MG-63 cells are shown as migrated and invaded cell number, 24 h after incubation. (D) MG-63 cells were seeded in 12-well 
plates and wounds were created the next day. Images were taken at 24 and 48 h, respectively, after the wound was made. Representative blots (E) and quantita-
tive results (F) of western blot analysis for MMP-2, MMP-9 and MMP-16 protein expression. The expression of MMP-16 protein was significantly increased in 
OE group while decreased in KD group. Yet, no difference was found in the expression of MMP-2 and MMP-9 among the three groups. The data are presented 
as the means ±SD, the data were from three independent experiments, *P<0.05, **P<0.01.
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tosis of OE cells caused by miR-146b-5p overexpression was 
significantly suppressed by IWR-1-endo (Fig. 4E). These 
results suggested that the effect of miR-146b-5p on increasing 
the chemoresistance of osteosarcoma cells was mediated by 
Wnt/β-catenin signaling.

ZNRF3 is a target of miR-146b-5p, and highly expressed in 
osteosarcoma after chemotherapy in vivo and in vitro. To 
investigate the mechanism of miR-146b-5p in chemoresistance, 
bioinformatics analysis demonstrated that the 3'-UTR region 
of ZNRF3 were identified as the binding sites for miR-146b-5p 
(Fig. 5A). To further verify that ZNRF3 was a direct target 
of miR-146b-5p, luciferase assays were performed and mimic 
NC, miR-146b-5p mimics, anti-NC or anti-miR-146b-5p were 

transfected into the MG-63 cell lines. Our results demon-
strated that miR-146b-5p expression was high in miR-146b-5p 
mimics group (Fig. 5B). Luciferase reporter assays showed 
that miR-146b-5p mimics significantly inhibited the luciferase 
activity of ZNRF3 3'-UTR by ~30% in MG-63 cells relative 
to the control, whereas co-transfection with anti-miR-146b-5p 
significantly promoted luciferase activity by 160% (P<0.05) 
(Fig. 5C).

To further confirm that miR-146b-5p modulates the 
expression of ZNRF3, MG-63 and U-2 OS cells were trans-
fected with miR-146b-5p mimics, anti-miR-146b mimics or 
the respective controls. Subsequently, the protein expression 
of ZNRF3 was analyzed by western blot analysis. Transfection 
of the miR-146b-5p mimics significantly decreased the 

Figure 4. Overexpression of miR-146b-5p increases resistance to chemotherapy in vitro. (A) CCK-8 assay for miR-146b-5p overexpression (OE) knockdown 
(KD) and control. No difference was found among OE, KD and control groups. (B) Annexin V-FITC/PI staining for apoptotic cells. MG63 cells in OE, KD and 
control groups were treated with vehicle (normal saline), Dox (0.2 mg/ml), Cis (20 mmol/l), and Mtx (50 mmol/l) for 24 h and then the apoptosis incidence was 
quantified by flow cytometer. Overexpression of miR-146b-5p reduced the incidence of apoptosis induced by Dox, Cis and Mtx. (*P<0.05, **P<0.01 vs. vehicle 
group). Representative blots (C) and quantitative results (D) of western blot analysis for cleaved caspase-3, caspase-3, cleaved PARP, and PARP protein expres-
sion. Both the ratio of cleaved caspase-3 to caspase-3 expression and the ratio of cleaved PARP to PARP were significantly reduced in OE group compared with 
KD and control groups. (E) Annexin V-FITC/PI staining for apoptotic cells. MG63 cells in OE and control groups were treated with vehicle (normal saline) or 
Cis (20 mmol/l) in combination with 300 nM IWR-1-endo. The apoptosis was assessed by flow cytometer. *P<0.05 OE+ IWR-1-endo vs. OE. 
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protein level of ZNRF3, whereas anti-miR-146b-5p had the 
opposite effects (Fig. 5D and E).

Discussion

Osteosarcoma is one of the predominant tumors in chil-
dren and chemoresistance is a leading cause of mortality 
for osteosarcoma patients. The molecular mechanism for 
chemoresistance remains unclear. Previously, we identi-
fied several genes and proteins regarding chemoresistance 
ability, including, high mobility group nucleosome binding 

domain 5 (20,28), tumor necrosis factor-α-inducible 
protein-1 (29) and nucleosome-binding protein (30). 
However, knockdown of these genes only partly suppress 
the chemoresistance, suggesting that these genes exert 
only a part of their biological effects as chemoresistance. 
MicroRNAs are important regulators in tumorigenesis as 
well as chemoresistance. Increasing evidence demonstrated 
that miR-146b-5p played an oncogenic role in papillary 
thyroid carcinoma (31), pancreatic cancer (21) and lung 
cancer cells (32). However, to date, the role of miR-146b-5p 
in osteosarcoma is unclear.

Figure 5. ZNRF3 is a target of miR-146b-5p in osteosarcoma. (A) The predicted binding site of miR-146b-5p on 3'UTR ZNRF3. (B) MG-63 cells were 
transfected or not with mimic NC, miR-146b-5p mimic, anti-NC or anti-miR-146b, and miR-146b-5p expression was analyzed in MG-63 cells by real-time 
PCR. (C) A luciferase reporter plasmid carrying ZNRF3 3'UTR was transfected into MG-63 cells, co-transfected with mimic NC or miR-146b-5p mimic or 
with anti-NC or anti-miR-146b-5p and luciferase activity was measured. (D) MG-63 and (E) U-2 OS cells were transfected or not with mimic NC, miR-146b-5p 
mimic, anti-NC or anti-miR-146b and ZNRF3 protein expression was analyzed by western blot analysis. *P<0.05, **P<0.01, vs. control.
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To confirm the biological role of miR-146b-5p in osteosar-
coma, we first assessed the miR-146b-5p expression in human 
osteosarcoma tissues before and after chemotherapy, tumor  
and ANCT, tumor with metastasis or without. The expression 
of miR-146b-5p was also evaluated in hFOB1.19 osteoblast 
cell line, HOS, MG-63 and U2-OS osteosarcoma cell lines. 
As expected, these results suggested that miR-146b-5p was 
highly expressed in osteosarcoma tissues, especially after 
chemotherapy. Furthermore, the expression of miR-146b-5p 
was upregulated during chemotherapy in osteosarcoma cells 
in vitro. These data suggested that miR-146b-5p was possibly 
involved in chemoresistence and metastatic potential of 
osteosarcoma cells. To confirm our hypothesis, we applied 
lentivirus system to make stable cell lines to knock down 
and overexpress miR-146b-5p and our results showed that 
miR-146b-5p promoted osteosarcoma invasion and metastasis 
through regulation of MMP-16 expression. In the present 
study, gain-of-function studies demonstrated that miR-146b-5p 
overexpression reduced the apoptosis incidence and apoptosis 
marker expression, suggesting at miR-146b-5p plays a crucial 
role in the chemoresistance of osteosarcoma.

The Wnt/β-catenin pathway plays a crucial role in the 
chemoresistance of osteosarcoma (33) and we also investigated 
whether Wnt/β-catenin pathway was involved in chemoresis-
tance of osteosarcoma. As expected, IWR-1-endo, an inhibitor 
of Wnt/β-catenin signaling, could restore the decrease in 
apoptosis of OE cells caused by miR-146b-5p overexpression, 
suggested that the effect of miR-146b-5p on increasing the 
chemoresistance is mediated by Wnt/β-catenin signaling.

To investigate the mechanism of miR-146b-5p in regu-
lating Wnt/β-catenin signaling, Bioinformatics analysis was 
performed which showed that the 3'-UTR region of ZNRF3 
were the binding sites for miR-146b-5p. A similar role for 
ZNRF3 was demonstrated in human gastric adenocarcinoma 
and papillary thyroid carcinoma, showing that ZNRF3 
promoted apoptosis through the modulation of the Wnt/β-
catenin signaling pathway (13,34).

To the best of our knowledge, this is the first report 
of miR-146b-5p in the chemoresistance of osteosarcoma. 
Although our research demonstrated that miR-146b-5p 
participated in migration, invasion and chemoresistance in 
osteosarcoma, the use of osteosarcoma cells from two cell 
lines provide very limited evidence. Further research using 
more cell lines and primary tumors in animal studies is neces-
sary to confirm the findings of the present study. In conclusion, 
our investigation revealed that the miR-146b-5p affects migra-
tion, invasion and chemoresistance in osteosarcoma possibly 
via downregulation of ZNRF3. 
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