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Abstract. Emerging pieces of evidence indicate that 
microRNA-466 (miR-466) serves as a tumor suppressor in 
several human tumors, including colorectal cancer and prostate 
cancer. However, whether miR-466 is involved in osteosarcoma 
(OS) progression remains largely unknown. The present study 
demonstrated that miR‑466 was significantly downregulated 
in OS tissues and cell lines. Furthermore, it was revealed that 
the expression of miR-466 was negatively correlated with OS 
severity. Moreover, low miR-466 expression in patients with 
OS predicted poor prognosis. Through functional experiments, 
miR‑466 overexpression significantly inhibited the proliferation 
and cell cycle of OS cells while inducing cellular apoptosis. In 
terms of mechanism, it was revealed that CCND1 was a target 
of miR-466 in OS cells. miR-466 overexpression suppressed 
CCND1 expression in OS cells. A reverse association was 
observed between the expression levels of miR‑466 and CCND1 
in OS tissues. Furthermore, CCND1 restoration in OS cells 
significantly rescued the effects of miR‑466 on cellular prolif-
eration and apoptosis. Overall, the results of the present study 
demonstrated that miR‑466 suppressed OS progression by 
targeting CCND1, suggesting that miR‑466 may be a promising 
biomarker and therapeutic target for OS prognosis and treatment.

Introduction

Osteosarcoma (OS) is one of the most prevalent and aggres-
sive bone tumors and leads to high mortality rates in children 
and adolescents (1). OS accounts for approximately 66% cases 
of bone cancers worldwide (2). Although great effort has 
been made in the past decades, advance achievement on OS 

treatment remains very limited, and the outcomes of patients 
with OS are quite poor (3). Nowadays, surgical resection 
combined with chemotherapy and radiotherapy is the main 
approach for OS treatment. However, this method has a poor 
effect on advanced or metastatic OS (4). Therefore, searching 
novel biomarkers for early diagnosis of patients with OS and 
effective targets for OS therapy is urgently required.

MicroRNAs (miRNAs) are a class of short noncoding 
RNAs of approximately 22-25 nucleotides in length and has 
been demonstrated to regulate gene expression by binding to the 
three prime untranslated region (3'-UTR) of target mRNAs for 
degradation (5). In the past decades, large numbers of studies 
showed that miRNAs exert very important functions in almost 
all kinds of biological processes, such as cell survival, prolif-
eration, migration, and invasion (6-8). Especially in cancer, the 
miRNA functions have been widely explored. For example, 
Du et al (9), reported that microRNA-509-3p represses glioma 
cell proliferation and invasion. Wang et al (10), showed that 
microRNA-124-3p suppresses the growth and metastasis of 
cervical cancer. In OS, several miRNAs have also been reported 
to exert essential functions, such as microRNA-643 (11), 
microRNA-138 (12), and microRNA-27a (13).

Two recent reports indicate that miR‑466 inhibits tumor 
growth and metastasis in prostate cancer and colorectal 
cancer (14,15). Nevertheless, the function of miR-466 in OS 
remains elusive. In the present study, we found that miR-466 
was significantly downregulated in OS tissues. The expres-
sion level of miR-466 was negatively associated with OS 
severity. Through functional experiments, we demonstrated 
that miR-466 suppressed OS cell proliferation and induced 
cellular apoptosis. Mechanistically, we found that CCND1 was 
a target of miR‑466 in OS cells. CCND1 restoration abrogated 
the effects of miR-466 transfection in OS cells. In a word, our 
study demonstrated that miR-466 served as a tumor suppressor 
through targeting CCND1 and implied that miR‑466 might be 
a promising prognostic biomarker and therapeutic target.

Materials and methods

Cell lines and clinical specimens. The OS cell lines used in the 
present study, including 143B, U2OS, KHOS-240S, Saos-2 and 
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MG-63, and the normal cell line (hFOB1.19) were purchased 
from The Shanghai Institute of Cell Biology (Shanghai, 
China). The cells were maintained in RPMI-1640 medium 
supplemented by 10% fetal bovine serum (FBS), streptomycin 
(100 µg/ml) and penicillin (200 U/ml; all from Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) in 5% CO2 at 37˚C. A total 
of 87 surgically resected OS specimens and adjacent normal 
tissues were acquired from patients at Beijing Rehabilitation 
Hospital of Capital Medical University between June 2013 and 
August 2016. All patients signed formal consent forms. The 
experiments involving human specimens were reviewed and 
approved by the Ethics Committee of Beijing Rehabilitation 
Hospital of Capital Medical University.

Cell transfection. For CCND1 overexpression, the coding 
sequence of CCND1 was constructed into pCDNA3-myc 
vector (pCDNA3-myc-CCND1). The miR-466 mimics, 
miR‑466 inhibitor and negative controls were synthesized and 
purchased from Sigma‑Aldrich; Merck KGaA. Corresponding 
plasmids were transfected into 143B and U2OS cells using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), according to the manufacturer's 
protocol. After incubation for 48 h, cells were used for further 
analysis.

Cell proliferation assay. For cell proliferation assays, the 
viable cells were tested by Cell Counting Kit‑8 (CCK‑8) assay 
kit according to the manufacturer's instructions. In brief, cells 
were grown in 96-well plate with 1x104 per well and incubated 
in 37˚C with 5% CO2 until cell confluent rate reached 70%. 
After transfected with plasmid for 48 h, cells were still incu-
bated for 24, 48, 72 and 96 h. 10 µl CCK8 solution was seed 
into each well. The absorbance at 490 nm was measured with 
SUNRISE Microplate Reader (Tecan Group, Ltd., Mannedorf, 
Switzerland).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted from tissues and 
cells using the RNeasy Plus mini kit (Qiagen GmbH, Hilden, 
Germany), according to the manufacturer's instructions. RNA 
was then reversely transcribed into complementary DNA 
using the PrimeScript RT-PCR kit (Takara Biotechnology Co., 
Ltd., Dalian, China) according to the manufacturer's instruc-
tions. For quantification, PCR was performed using a miRNA 
Q-PCR Detection kit (GeneCopoeia, Inc., Rockville, MD, 
USA) on an ABI 7500 thermocycler (Thermo Fisher Scientific, 
Inc.). U6 or GAPDH was used as an internal reference. The 
relative expression of mRNA was determined using the 2‑∆∆Cq 
method (16). The primer sequences were as follows: miR-466 
(5'-AAC GAG ACG ACG ACA GAC-3' and 5'-ATA CAC ATA 
CAC GCA ACA CAC AT-3'), U6 (5'-AAC GAG ACG ACG ACA 
GAC-3' and 5'-GCA AAT TCG TGA AGC GTT CCA TA-3'), 
CCND1 (5'-TGA GGG ACG CTT TGT CTG TC-3' and 5'-GCC 
TTT GGC CTC TCG ATA CA-3') and GAPDH (5'-ATG TTG 
CAA CCG GGA AGG AA-3' and 5'-AGG AAA AGC ATC ACC 
CGG AG-3').

Western blot analysis. Total proteins were isolated by radioim-
munoprecipitation (RIPA) assay buffer (Wlaterson, Barcelona, 
Spain). Protein concentration was determined using a 

bicinchoninic acid (BCA) protein assay kit (Wlaterson). A total 
of 50 µg protein was separated by 12% sodium dodecyl sulfate 
polyacrylamide gels (SDS-PAGE), and transferred to polyvinyl-
idene fluoride (PVDF) membranes (EMD Millipore, Billerica, 
MA, USA). The membranes were blocked with 10% skim 
milk (w/v) at room temperature for 2 h. Target proteins were 
probed with specific antibodies against Cyclin D1 (1:2,000; cat. 
no. 2978; Cell Signaling Technology, Inc., Danvers, MA, USA) 
and GAPDH (1:5,000; cat. no. 5174; Cell Signaling Technology, 
Inc.), followed by incubation with horseradish peroxidase conju-
gated goat‑anti‑rabbit second antibody (1:5,000; cat. no. 7074; 
Cell Signaling Technology Inc.). The blots were detected with 
the Enhanced Chemiluminescence western blot detection kit 
(Pierce; Thermo Fisher Scientific, Inc.).

Statistical analysis. Each experiment was repeated at least 
three times. All data are expressed in terms of means  ±  SD. 
The Kaplan-Meier method was used to calculate the survival 
curve, and log‑rank test to determine statistical significance. 
The differences between groups were analyzed using Two‑tail 
Student's t‑test and ANOVA followed by Tukey's post hoc test. 
Pearson correlation coefficient analysis was used to determine 
the expression correlation between CCND1 and miR‑466. 
Chi‑square test was used for analysis of correlation between 
miR-466 expression and clinicopathological characteristics. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

MiR‑466 is downregulated in OS tissues. To explore the func-
tion of miR-466, we determined its expression in OS tissues 
and adjacent normal tissues by RT‑qPCR. The results indicated 
that miR‑466 was significantly downregulated in OS tissues 
(n=87) compared with adjacent normal tissues (n=87; Fig. 1A). 
Consistently, miR-466 expression was also downregulated in 
OS cell lines, including 143B, U2OS, KHOS-240S, UMR-106, 
Saos-2, and MG-63 cells compared with hFOB1.19 cells 
(Fig. 1B). Then, we divided these OS samples into two groups 
based on miR‑466 expression level and analyzed the correla-
tion between miR‑466 expression and clinicopathological 
characteristics. We found that miR-466 expression in OS 
tissues was negatively correlated with differentiation, tumor 
metastasis, and tumor, node, and metastasis (TNM) stage, 
whereas no significant correlation was observed with age and 
gender (Table I). Furthermore, we performed Kaplan‑Meier 
curve to determine the relationship between miR‑466 expres-
sion and prognosis of patients with OS. The results showed that 
high expression of miR-466 in patients with OS was linked to 
high survival rate (Fig. 1C). Overall, our data indicated that 
miR-466 was downregulated in OS tissues and correlated with 
patients' severity and prognosis, implying that miR-466 may 
exert an important role in OS progression.

MiR‑466 suppresses OS cell proliferation and induces apop‑
tosis. To investigate the physiological functions of miR-466, we 
selected 143B and U2OS cells for the following experiments. 
We effectively knocked down or overexpressed miR-466 in 
143B and U2OS cells by transfection with miR‑466 mimic 
or inhibitor (Fig. 2A). Then, we performed CCK8 assays to 
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measure cell proliferation. We found that miR-466 overexpres-
sion significantly inhibited the proliferation of 143B and U2OS 
cells, and vice versa (Fig. 2B and C). To explore whether the 
reduced cell proliferation is induced by aberrant cell cycle, we 
stained 143B and U2OS cells with PI and performed FACS 
analysis. The results indicated that miR-466 overexpression 
significantly increased the percent of cells in G0/G1 phase 
and decreased cells in S phase, and vice versa (Fig. 2D and E). 
Furthermore, we found that miR-466 overexpression remark-
ably promoted the percentages of apoptotic 143B and U2OS 
cells (Fig. 2F). Collectively, these results indicated that miR-466 
suppressed OS cell proliferation and induced apoptosis.

CCND1 is a target of miR‑466. Then, we investigated the 
molecular mechanism of miR‑466. Through bioinformatics 
analysis, we found that CCND1 encoding Cyclin D1 was 
a potential target of miR‑466. A potential binding site of 
miR-466 in the 3'-UTR region of CCND1 mRNA was 
observed (Fig. 3A). Then, we constructed CCND1-3'-UTR-WT 
or mutant (MUT) luciferase reporter plasmid for luciferase 
reporter assays. The results demonstrated that miR-466 
overexpression significantly inhibited the luciferase activity 
in 143B and U2OS cells transfected with CCND1-3'-UTR-WT 
(Fig. 3B and C). However, mutation of the potential binding 
site in the 3'‑UTR region of CCND1 mRNA abrogated the 
effect of miR-466 transfection (Fig. 3B and C). Moreover, 
RT‑qPCR and Western blot results showed that miR‑466 
overexpression inhibited the mRNA and protein levels of 
CCND1 in 143B and U2OS cells (Fig. 3D and E). We also 
found that the miR-466 expression was reversely correlated 
with that of CCND1 in OS tissues (Fig. 3F). Moreover, we 
found that CCND1 was also highly expressed in OS tissues 

compared with adjacent normal tissues (Fig. 3G). Overall, 
above results demonstrated that CCND1 is a direct target of 
miR-466 in OS cells.

Overexpression of CCND1 counteracts the effects of miR‑466 
transfection in OS cells. To further validate that CCND1 
is important for the function of miR-466 in OS cells, we 
performed rescue experiments. We restored the protein 
levels of CCND1 in 143B and U2OS cells transfected with 
miR-466 mimics. We successfully overexpressed CCND1 
in 143B and U2OS cells (Fig. 4A). And western blot results 
also indicated that CCND1 was significantly upregulated in 
143B and U2OS cells (Fig. 4A). Obviously, miR‑466 overex-
pression inhibited the proliferation and cell cycle, whereas 
CCND1 restoration enhanced cell proliferation and cell cycle 
in 143B and U2OS cells (Fig. 4B-E). Consistently, miR-466 
overexpression promoted cell apoptosis, whereas CCND1 
overexpression reduced apoptotic cells (Fig. 4F). These results 
further confirmed that miR‑466 exerted tumor‑suppressive 
function through targeting CCND1.

Discussion

OS is the most prevalent and malignant bona fide tumor in 
adolescents and children and has become a serious threat for 
human life. No effective therapeutic method for OS complete 
healing is available to date. The molecular pathogenesis 
of OS still remains elusive. MiRNAs are a type of short 
noncoding RNAs and have been reported to regulate gene 
expression post-transcriptionally. In the past decades, accu-
mulating studies demonstrate the essential roles of miRNAs 
in human cancers through regulating all aspects of bioac-
tivities, such as development, proliferation, metabolism, and 
invasion (17,18). In addition, several pieces of evidence have 
demonstrated a close relationship between miRNA and OS 
progression (19,20). Therefore, understanding the underlying 
mechanism of miRNA in OS development and progression 
may provide a novel orientation for diagnosis, prognosis, and 
therapy of patients with OS. In the present study, we identified 
miR-446 as a tumor suppressor in OS.

Previous reports showed that miR-446 acts as a tumor 
suppressor in several cancers, such as prostate cancer and 
colorectal cancer (14,15). Besides, Sun et al (21), reported 
that the expression levels of miR-466 were higher in 
cervical cancer tissues than that in adjacent normal controls. 
However, whether miR-466 plays a function in OS needs to 
be investigated. In this study, we found that miR‑466 was 
also significantly downregulated in OS tissues and cell lines 
compared with adjacent normal control. Furthermore, we 
found that miR-466 expression levels were negatively corre-
lated with tumor TNM stage and metastasis. Additionally, 
we showed that miR-466 downregulation predicted a poor 
prognosis in patients with OS. Through functional experi-
ments, we found that miR‑466 overexpression significantly 
inhibited the proliferation and induced cellular apoptosis in 
OS cells. These data suggested that miR-466 also served as a 
tumor suppressor in OS. However, although we found a corre-
lation between miR‑466 expression and metastasis, whether 
miR‑466 regulates OS cell metastasis requires to be further 
investigated by functional experiments.

Table I. Correlation between miR‑466 expression and clinico-
pathological characteristics in OS tissues.

  Low High
Variables n=87 (n=44) (n=43) P‑value

Age, years    0.605
  <60 68 33 35 
  ≥60 19 11 8 
Sex    0.670
  Male 45 24 21 
  Female 42 20 22 
Differentiation    0.001
  Well/moderate 45 15 30 
  Poor 42 29 13 
Metastasis    0.003
  Absent 42 14 28 
  Present 45 30 15 
TNM stage    0.018
  I-II 45 17 28 
  III‑IV 42 27 15 

TNM, tumor node metastasis.
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Figure 1. MiR‑466 is downregulated in OS tissues. (A) Relative expression of miR‑466 in 87 pairs of OS tissues and adjacent normal tissues by RT‑qPCR 
analysis. (B) Expression patterns of miR‑466 in OS cell lines by RT‑qPCR. (C) Kaplan‑Meier analysis was used to determine the probabilities of overall 
survival in patients with OS according to miR-466 expression. *P<0.05 and **P<0.01 vs. control group. OS, osteosarcoma.

Figure 2. MiR-466 suppresses OS cell proliferation and induces apoptosis. (A) Relative expression levels of miR-466 in 143B and U2OS cells transfected with 
miR‑466 mimic, inhibitor or negative control (NC) by RT‑qPCR. CCK8 assays were used to determine the proliferation of (B) 143B and (C) U2OS cells. Cell 
cycle distribution was determined by FCAS in (D) 143B and (E) U2OS cells stained with PI. (F) Cellular apoptosis was measured by FACS in 143B and U2OS 
cells stained with Annexin V/PI. *P<0.05 and **P<0.01 vs. control group. OS, osteosarcoma.
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CCND1 encoding Cyclin D1 is a member of cyclin family 
and plays a key role in regulating cell cycle progression (22). 
Increasing evidence indicated that CCND1 exerts an essential 
role in promoting the development and progression of human 
cancers, such as gastric cancer (23), glioma (24), renal cell 
cancer (25), lung adenocarcinoma (26) and (27). Except regula-
tion of cell cycle, recent reports also indicated that CCND1 has 
a pivot role in promoting migration and tumor metastasis (28). 
Another study showed that Cyclin D1 recruits HDACs or 
histone methyltransferases to regulate gene transcription (29). 
To explore the mechanism of CCND1 expression is important 
because of the extensive roles of CCND1 in cancer. In our 
study, we identified CCND1 as a direct target of miR‑446. We 
showed that miR‑446 overexpression significantly inhibited the 
CCND1 expression in 143B and U2OS cells. Moreover, a reverse 

correlation was observed between their expression levels in OS 
tissues. Through functional experiments, we demonstrated that 
CCND1 restoration markedly rescued the effects of miR-446 
overexpression on OS cell proliferation and apoptosis.

In conclusion, our results showed that miR‑446 is signifi-
cantly downregulated and inversely correlated with CCND1 
expression in OS tissues. Besides, these data demonstrated 
that miR‑446 serves as a tumor suppressor and might be a 
promising biomarker for prognosis of patients with OS. This 
study also implied that miR-446 might serve as a potential 
therapeutic target for OS treatment.
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protein level of Cyclin D1 in 143B and U2OS cells. GAPDH was used as the loading control. (F) Correlation between the levels of miR‑466 and CCND1 in OS 
tissues was determined by RT‑qPCR. (G) Relative expression of CCND1 in OS tissues and normal tissues by RT‑qPCR. **P<0.01 vs. control group.

Figure 4. CCND1 overexpression counteracts the effects of miR-466 transfection in OS cells. (A) The mRNA and protein levels of CCND1 were measured 
by RT‑qPCR and western blot in 143B and U2OS cells. CCK8 assays were used to determine the proliferation of (B) 143B and (C) U2OS cells. Cell cycle 
distribution in (D) 143B and (E) U2OS cells were analyzed by FACS. (F) Cellular apoptosis was measured by FACS in 143B and U2OS cells stained with 
Annexin V/PI. *P<0.05 and **P<0.01 vs. control group. OS, osteosarcoma.
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