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Overexpression of miR-20a promotes the progression
of osteosarcoma by directly targeting QKI2
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Abstract. Osteosarcoma (OS) is the most common type of
malignant primary bone neoplasm. Although the application
of neoadjuvant chemotherapy has improved the 5-year survival
rate of patients suffering from OS, prognosis remains poor.
Therefore, it is important to elucidate the molecular mecha-
nisms underlying the occurrence, progression and metastasis
of OS. The RNA-binding protein Quaking (QKI) is a member
of the STAR family of proteins, and can function as a tumor
suppressor gene to suppress the occurrence and progression of
a variety of tumors; however, the role of QKI in OS remains
to be fully elucidated. In the present study, it was identified
that the expression of QKI2 was downregulated in OS using
western blot analysis. In addition, subsequent functional inves-
tigations, including MTT, Transwell invasion and migration
assays, revealed that QK12 inhibited the proliferation, invasion
and migration of an OS cell line in vitro. By implementing
a series of experimental techniques in molecular biology,
including reverse transcription-quantitative polymerase chain
reaction and a double fluorescence reporter assay, it was
demonstrated that the expression of miR-20a was high and
inhibited the expression of QKI2 in OS. In conclusion, it was
revealed that aberrantly upregulated miR-20a inhibited the
expression of QKI2 in OS by targeting QKI2 mRNA, subse-
quently promoting the proliferation, migration and invasion of
OS cells.
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Introduction

Osteosarcoma (OS) is the most common type of malig-
nant primary bone neoplasm of mesenchymal origin. This
high-grade tumor has a high incidence within adolescents. The
metaphyseal regions of the long bones are the most common
regions for the development of OS; ~42% of cases of occur-
rence are in the femur, 19% in the tibia, 10% in the humerus,
and ~8% in the skull and mandibula (1). Metastatic disease
is the major cause of cancer-associated mortality; the lungs
are the main sites of OS-related metastasis (2), followed by
the bones. Unfortunately, the 5-year survival rate of patients
suffering from OS has not improved in the last 20 years (3).
Therefore, the development of more effective therapeutic
targets is required for improving the survival rate of patients
with OS. However, the molecular mechanism underlying the
progression and metastasis of OS remains to be fully eluci-
dated.

Quaking (QKI) is a member of the STAR family of
proteins and may regulate mRNA expression at the tran-
scription level (4-7). Increasing evidence shows that QKI
may act as a tumor suppressor gene, suppressing the occur-
rence and progression of various types of tumor, including
human astrocytic tumors, glioblastoma multiforme,
oral squamous cell carcinoma, gastric cancer and colon
cancer (8-15). However, studies investigating the effects
and mechanisms underlying QKI in the progression and
metastasis of OS are required. MicroRNA (miR)-20a, one
of the most well-characterized oncomirs, is a member of the
miR-17-92 cluster (16) and is upregulated in multiple types
of human tumor, including gastric cancer, non-small cell
lung cancer, multiple myeloma, colorectal cancer, prostate
cancer and gallbladder carcinoma (17-23). At present, few
studies investigating miR-20a in relation to OS have been
performed. Namlgs et al (24) identified that members of the
miR-17-92 cluster, including miR-20a, are expressed at high
levels in OS cell lines relative to normal bone. Evidence
indicates that higher expression levels of miR-20a are
significantly associated with systemic spread and the OS
of patients (25). However, the corresponding mechanisms
by which miR-20a functions in OS remain to be elucidated.
In the present study, the expression levels and effects of
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QKI2 in OS were elucidated, and it was shown that miR-20a
directly targets QKI2 in OS.

Materials and methods

OS samples and cell lines. Primary OS samples and normal
bone samples were collected from 10 patients (6 males
and 4 females) via biopsy at Harbin Medical University
Cancer Hospital (Harbin, China) between June 2014 and
December 2016. The mean age of the patients was 19.3 years
(range, 9-67 years). All patients provided written informed
consent, and the study was approved by the Ethics Committee
of Harbin Medical University. The 143B human osteosarcoma
cell line, and human SV40-transfected hFOB 1.19 osteoblasts
and 293TN cells were obtained from the Cell Bank of Type
Culture Collection of the Chinese Academy of Sciences
(Shanghai, China). The 143B cells were cultured in EMEM
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
supplemented with 0.015 mg/ml 5-bromo-2'-deoxyuridine
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37°C in
a 5% CO, atmosphere. The hFOB 1.19 cells were cultured in
D-MEM/F-12 (Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with 0.3 mg/ml G418 (Gibco; Thermo Fisher Scientific,
Inc.) and 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at
34°C in a 5% CO, atmosphere. The 293TN cells were cultured
in EMEM (Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.)
at 37°C in a 5% CO, atmosphere.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Total RNA was extracted from samples
and cells by applying TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). The TransScript® One-Step gDNA
Removal and cDNA Synthesis SuperMix kit was purchased
from Beijing Transgen Biotech Co., Ltd. (Beijing, China).
Then total RNA was converted into cDNA through RT
according to the manufacturer's protocol. Following RT,
qPCR was performed using the TransScript® Tip Green
qPCR SuperMix kit according to the manufacturer's protocol
(Transgen Biotech Co., Ltd.) with an ABI 7900HT Real-Time
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The following forward and reverse primers were used
for RT-qPCR: miR-20a, forward 5"TAAAGTGCTTATAGT
GCAG-3" and reverse 5"TGCGTGTCGTGGAGTC-3' (LNA);,
U6, forward 5'-CTCGCTTCGGCAGCACATATACT-3' and
reverse 5-ACGCTTCACGAATTTGCGTGTC-3'. The PCR
reaction mixtures contained 2x TransScript® Tip Green qPCR
SuperMix (10 ul), 4 uM primers (2 pl), 1 ul cDNA and 7 ul
ddH,O0 in a total volume of 20 ul. The PCR thermocycling
conditions were as follows: 94°C for 30 sec, and 40 cycles
of 5 sec at 94°C and 30 sec at 60°C. The comparative 2-24¢4
method (26) was used for relative quantification and statistical
analysis.

Cell transfection. To establish 143B cells stably overexpressing
QKI2, pWPXL lentiviral vectors were used (Addgene, Inc.,
Cambridge, MA, USA). To construct the plasmid overex-
pressing QKI2, the coding sequence of QKI2 was subcloned
into the pWPXL lentiviral vector. The pWPXL lentiviral

plasmid overexpressing QKI2 and the packaging mix (pSPAX?2
and pMD.2G) were cotransfected into 293TN cells. After 48 h,
the virus-containing supernatant was harvested for the infec-
tion of 143B cells. The miR-20a mimic (5'-UAAAGUGCU
UAUAGUGCAGGUAG-3"), inhibitor (5'-CUACCUGCACUA
UAAGCACACUUUA-3"), miR-negative control (miR-NC,
scrambled sequence; 5-UCACAACCUCCUAGAAAGAGU
AGA-3"), small interfering (si)RNA-QKI2 (5'-GAAUUC
AAGAACGGUCUUAAUU-3") and siRNA negative control
(5'-AAUUUCUUCACUUCUUCAACUGCUC-3) were
obtained from Invitrogen; Thermo Fisher Scientific, Inc. and
were transfected into 143B cells by applying Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.).

Cell growth assay. To determine the effect of miR-20a and
QKI2 on the proliferative ability of the 143B cells, an MTT
assay was performed. The 143B cells (2x10° cells/well) were
seeded in 96-well plates and incubated in complete growth
medium for 1, 2 and 3 days. Subsequently, 10 ul MTT solu-
tion was mixed into the samples and then incubated for 4 h.
Following removal of the culture medium, 150 1 DMSO was
added to samples. The cell proliferative capacity was deter-
mined at a wavelength of 570 nm.

Transwell migration and invasion assays. The transfected
143B cells (2x10%) in 200 ul of FBS-free EMEM were seeded
in the upper part of a Transwell chamber (Costar; Corning
Incorporated, Corning, NY, USA) with or without Matrigel.
Subsequently, the lower part of the Transwell chamber was
filled with complete growth medium. The 143B cells were then
incubated and allowed to migrate or invade, respectively for
24 h; the 143B cells that migrated or invaded into the lower
part were stained with 1% crystal violet for 30 min. Images of
the migrated or invaded 143B cells were captured under a light
microscope and counted using ImageJ 2.0 software (National
Institutes of Health, Bethesda, MD, USA).

Western blotting. The transfected 143B cells were lysed using
RIPA buffer, and the total protein was isolated and quantified
by applying a BCA protein assay kit (Beyotime Institute of
Biotechnology, Haimen, China). The proteins (30 ug per lane)
were resolved via 12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and transferred onto PVDF membranes
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). Membranes
were blocked with 5% non-fat dried milk in 1XTBS and 0.1%
Tween-20 (TBST; Sigma-Aldrich; Merck KGa) for 3 h at room
temperature. The PVDF membranes were incubated with rabbit
polyclonal anti-human QKI (1:5,000; catalog no. ab78518;
Abcam, Cambridge, MA, USA) and mouse monoclonal
anti-human p-tubulin (1:5,000; catalog no. ab7751; Abcam)
antibodies overnight at 4°C. The membranes were then washed
with TBST, and horseradish peroxidase-conjugated secondary
goat anti-rabbit IgG (1:5,000; catalog no. ab6721; Abcam) or
goat anti-mouse IgG (1:5,000; catalog no. ab6789; Abcam)
were applied for 60 min at room temperature. The protein
expression of QKI2 was assessed using an ECL kit (Beyotime
Institute of Biotechnology).

miR-20a target prediction. The potential target genes of
miR-20a were predicted using miRanda (http://www.microrna.
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Figure 1. miR-20a is overexpressed in OS tissues and 143B cells. (A) Relative expression levels of miR-20a were significantly increased in OS tissues compared
with those in normal bone tissues (P<0.001). (B) Relative expression levels of miR-20a were increased in 143B cells compared with those in hFOB 1.19 cells
(P<0.05). OS, osteosarcoma; miR, microRNA.
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Figure 2. miR-20a promotes 143B cell proliferation, migration and invasion. (A) miR-20a mimic promoted the proliferative ability of 143B cells (P<0.05).
(B) miR-20a inhibitor reduced the proliferative ability of 143B cells (P<0.05). (C) miR-20a mimic promoted the migration ability of 143B cells (P<0.01).
(D) miR-20a inhibitor reduced the migration ability of 143B cells (P<0.01). (E) miR-20a mimic promoted the invasive ability of 143B cells (P<0.01).
(F) miR-20a inhibitor reduced the invasive ability of 143B cells (P<0.01). miR, microRNA; OD, optical density.
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org/microrna/; August 2010 release) and TargetScan 7.2
(http://www TargetScan.org). These databases search the pres-
ence of conserved seven-mer and six-mer sites on the 3'-UTRs
of messenger RNA that match the seed region of miR-20a.

Dual-luciferase reporter assay. The wild-type (WT) and
mutant (MUT) 3'-UTR fragment of QKI2 were synthesized
directly and separately inserted into the pmiR-report plas-
mids. The 293TN cells were co-transfected with a pmirGlo
Dual-Luciferase miRNA Target Expression Vector (Promega
Corporation, Madison, WI, USA) containing the WT or
MUT 3'-UTR fragment of QKI2, and miR-20a mimic. The
luciferase activities of Firefly and Renilla were measured
using a Dual-Luciferase Reporter assay system (Promega
Corporation).

Statistical analysis. Statistical analyses were performed using
SPSS version 17 (SPSS, Inc., Chicago, IL, USA). All statistical
data are reported as the mean + standard deviation. Significant
differences between groups were assessed using Student's
t-test (two-tailed). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Expression levels of miR-20a in OS. The expression levels of
miR-20a in 10 primary OS and normal bone biopsy samples
were initially quantified. The results of the RT-qPCR analysis
showed that the expression levels of miR-20a were higher in
OS tissues compared with those in the control group (Fig. 1A).
Similarly, the expression levels of miR-20a were higher in
143B cells compared with those in hFOB 1.19 cells, also
demonstrated by RT-qPCR analysis (Fig. 1B).

miR-20a promotes OS cell proliferation, migration and
invasion. In order to examine the effects of miR-20a on OS
cell proliferation, migration and invasion, 143B cells were
transfected with miR-20a mimic or inhibitor. The MTT
assay showed that the miR-20a mimic significantly increased
the proliferation of 143B cells (Fig. 2A). However, miR-20a
inhibitor significantly reduced the proliferative capacity of
the 143B cells (Fig. 2B). Migration and invasion assays were
performed to investigate the effects of miR-20a on the migra-
tion and invasive abilities of OS cells. The miR-20a mimic
significantly promoted the migration and invasive abilities of
143B cells. By contrast, miR-20a inhibitor reduced the migra-
tion and invasive abilities of the 143B cells (Fig. 2C-F). The
above results indicate that miR-20a may be involved in the
proliferation, migration and invasion of OS cells.

OKI2 is a direct target of miR-20a. Using prediction tools,
including TargetScan, QKI2 was hypothesized to be a direct
target of miR-20a. In the present study, no difference in
the mRNA expression of QKI2 was observed between the
osteosarcoma tissue and normal bone tissue, or between the
143B cells and hFOB 1.19 cells, determined using RT-qPCR
analysis. The protein expression of QK12 was decreased
significantly in the OS tissue and 143B cells, as determined
using western blot analysis. In order to further examine the
association between QKI2 and miR-20a in OS, the miR-20a
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Figure 3. miR-20a inhibits the protein expression level of QKI2 by directly
targeting QKI2 mRNA in osteosarcoma cells. (A) miR-20a mimic reduced
the protein expression of QKI2 in 143B cells compared with those in the
control group, as determined by western blot analysis. (B) Sequences of
interaction between QKI2 and miR-20a. (C) miR-20a mimic significantly
decreased the luciferase activity in 293TN cells co-transfected with the WT
3-UTR fragment of the QKI2 plasmid, as shown by a double fluorescence
reporter assay (P<0.01). miR, microRNA; QKI, Quaking; WT, wild-type;
MUT, mutant.

mimic and inhibitor were used for the transfection of 143B
cells, following which the protein expression levels of QKI2
in the transfected 143B cells were detected using western blot
analysis. The miR-20a mimic reduced the protein expres-
sion of QKI2 in 143B cells compared with that in the control
group. However, the miR-20a inhibitor increased the protein
expression levels of QKI2 (Fig. 3A). These data supported
the hypothesis that QKI2 acts as a direct target of miR-20a.
Additionally, in order to confirm that miR-20a can directly
target QKI2 mRNA, a double fluorescence reporter assay was
performed. The results of this assay showed that the miR-20a
mimic significantly reduced the luciferase activity of the
293TN cells co-transfected with the plasmid containing the
WT 3-UTR fragment of QKI2, whereas the miR-20a mimic
had no inhibitory effect when with the MUT QKI2 3'-UTR
fragment (Fig. 3B and C). Taken together, the above findings
show that miR-20a inhibited the protein expression of QKI2
by targeting the QKI2 3'-UTR in OS.

QK12 inhibits OS cell proliferation, migration and invasion.
In order to further investigate the roles of QKI2 on OS cells,
143B cells stably overexpressing QKI2 were established
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interfering RNA; NC, negative control; OD, optical density.

using pWPXL lentiviral vectors. The subsequent western blot
analysis showed that the protein expression levels of QKI2
were overexpressed in the stable cells (Fig. 4A). siRNAs
against QKI2 were transfected into 143B cells to inhibit the

expression of QKI2. An MTT assay, and Transwell migration
and invasion assays were performed to examine the effects
of QKI2 on OS cell proliferation, migration and invasive
abilities. As shown in Figs. 4A-G and 5, the overexpression of
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Figure 5. Overexpression of QKI2 represses the migration and invasion
ability of 143B cells (x100 magnification). QKI, Quaking.

QKI2 inhibited the proliferative, migration and invasive abili-
ties of the 143B cells, whereas si-QKI2 evidently promoted
the proliferation, migration and invasion of 143B cells. Taken
together, the above results suggested that QKI2 acts as a tumor
suppressor against the proliferation, migration and invasion of
OS cells.

Discussion

OS is the most common type of high-grade bone neoplasm
during adolescence. Although neoadjuvant chemotherapy is
administered, patients who develop relapse of disease and/or
metastatic disease have a severely poor prognosis (27). To
improve the 5-year survival rate of patients suffering from OS,
further investigation of the cellular, molecular and signal trans-
duction mechanisms underlying the initiation and progression
of OS is required to develop novel and specific molecular
targeted therapeutic strategies. miRNAs are a class of small,
non-coding, single-stranded RNAs that are ~22 nucleotides
in length and post-transcriptionally regulate the expression of
protein-coding genes by inhibiting mRNA translation and/or
directly cleaving target mRNA (28-33). In previous years,
miRNAs have been reported to act as important regulators in
cells (34). An increasing number of studies have shown that
dysregulated miRNAs in cancer act as tumor suppressor genes
or oncogenes (35,36). Marginal dysregulation in miRNA
expression levels can be sufficient to affect the translation of
protein-encoding genes. Consequently, one issue influencing
the analysis of miRNA expression in relation to OS is that
the majority of patients are treated with chemotherapeutic
drugs prior to surgery; as a result, the nucleic acids required
for analysis are degraded. In the present study, miRNAs were
extracted from primary OS biopsy samples collected from
untreated patients.

Several studies have indicated that miR-20a is a member
of the oncogenic miRNAs and that it is overexpressed in
multiple types of human tumor. One previous study demon-
strated that the expression levels of miR-20a in gastric cancer
samples were upregulated (8.9-fold) compared with those in
normal adjacent samples (17). Zhang et al reported that the
expression level of plasma miR-20a was significantly upregu-
lated in early-stage non-small cell lung cancer samples when
compared with control samples (18). miR-20a dysregulates
the dynamic balance of colonic epithelial cells by interfering
with the transforming growth factor-f3-mediated regulation of
Myc/p21, which is necessary for the development of colorectal
cancer (21). In the cancer stem cells of glioma, the expression
of miR-20a was reported to be upregulated and the invasive
ability of the cells significantly promoted by targeting tissue
inhibitor of metalloproteinase 2 (37). Another study showed
that the overexpression of miR-20a was associated with the
metastases and prognosis of patients suffering from OS (25).
The present study revealed that the expression of miR-20a
was upregulated in OS tissues and OS cells. To the best of our
knowledge, the present study is the first to show that miR-20a
can enhance the proliferative, invasive and migration abilities
of OS cells.

The RNA-binding protein QKI is a member of the STAR
family of proteins, and can act as a tumor suppressor gene
in multiple types of human tumor. A previous study showed
that QKI-5 reduces the proliferative ability of clear cell
renal cell carcinoma by post-transcriptionally regulating the
Ras-mitogen-activated protein kinase signaling pathway (38).
de Miguel er al showed that QKI, as a tumor suppressor, is
associated with the prognosis of lung carcinoma by targeting
extended synaptotagmin-2 (39); the roles of QKI in OS
remain to be fully elucidated. In the present study, target
genes regulated by miR-20a were we screened using online
databases miRanda and TargetScan. It was shown that QKI2
may interact with miR-20a, whereas other QKI members may
not interact with miR-20a. Therefore, QKI2 was selected
for investigation. To the best of our knowledge, the present
study is among the first to demonstrate that QKI2 can inhibit
OS cell proliferation, invasion and migration. These results
demonstrated that miR-20a can directly target QKI2 mRNA
in OS.

In conclusion, the present study first identified that miR-20a
can inhibit the expression levels of QKI2 in OS by targeting
QKI2 mRNA, which subsequently promotes the proliferation,
invasion and migration of OS cells. The pathological role of
the ‘miR-20a/QKI2’ axis in regulating the metastasis of OS
was demonstrated. These results not only improve our under-
standing of the mechanism underlying the metastasis of OS,
but also provide a novel strategy and target for OS treatment.
However, at present, there are no agents available targeting
miR-20a or QKI2 in the clinical setting; further investigation
is required to determine these findings clinically.

The main purpose of the present study was to investigate
pathological role of miR-20a/QKI2 in the invasion and migra-
tion of OS. The 143B cell line is a metastatic subline of HOS
and has the ability to metastasize, therefore the 143B cell line
was used in the present study. However, results obtained only
in the 143B cell line are not fully convincing. In future inves-
tigations, experiments using other OS cell lines, including
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human OS U208, Saos-2, HOS and MG-63 cell lines, and
in vivo experiments are to be performed.
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