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LINCO00467 facilitates osteosarcoma progression
by sponging miR-217 to regulate KPNA4 expression
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Abstract. Osteosarcoma (OS) is a musculoskeletal malig-
nancy that originates from interstitial cells. An increasing
number of studies have verified that long non-coding RNAs
(IncRNAs) participate in the progression of numerous
types of cancer. It has been reported that LINC00467 is a
cancer-promoting gene in some types of cancer; however,
the regulatory mechanism of LINC00467 in OS remains
unknown. In the present study, reverse transcription-
quantitative PCR was used to determine LINCO00467
expression in OS tissues and cells. Additionally, the impact
of LINC00467-knockdown on OS cell proliferation, migra-
tion and invasion was analyzed using Cell Counting Kit-8,
colony formation and Transwell assays, as well as western
blot analysis. RNA pulldown and luciferase reporter assays
were conducted to investigate the regulatory mechanism of
LINCO00467 in OS. The results delineated that LINC00467
expression was elevated in OS tissues and cells, and that high
LINCO00467 expression was associated with a poor prognosis
in patients with OS. LINC00467 inhibition suppressed OS
progression by inhibiting cell proliferation, migration, inva-
sion and epithelial-mesenchymal transition. LINC00467
served as a molecular sponge for microRNA (miR)-217,
while karyopherin subunit a4 (KPNA4) was a downstream
target gene of miR-217. Moreover, the overexpression of
KPNA4 reversed the inhibitory effects of LINC00467
inhibition on OS progression. Therefore, the present study
elucidated the potential mechanism of LINC00467 in OS
and indicated that LINC00467 exerted its carcinogenic
effects on OS through the miR-217/KPNA4 axis, implying
that LINC00467 may be a novel potential therapeutic target
for OS.
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Introduction

Osteosarcoma (OS) is a highly aggressive malignant bone
cancer that primarily affects children and adolescents (1).
Osteosarcoma accounts for about 3-4% of all pediatric tumors
and 30% of malignant bone tumors (2). It often appears in the
long bones of limbs and in the growth plate of a metaphysis (3).
Several risk factors, including alkylating agents, ionizing radi-
ation and hereditary retinoblastoma, are reported to contribute
to the occurrence of OS (4). Currently, surgery, chemotherapy,
immunotherapy and gene therapy are the main treatments for
patients with OS; however, despite the relative effectiveness
of these methods, the mortality and distant metastasis rates
remain extremely high (5-7). Overall, 20-30% of patients
present with metastatic osteosarcoma, most commonly to the
lungs, lymph nodes or other bones (8). The 5-year survival rate
of patients with OS without any local or distant metastasis is
60-70%, whereas the 5-year survival rate of patients with OS
with metastasis is markedly low (<30%) (9). Therefore, it is of
great significance to fully explore the molecular mechanisms
for the development of OS to develop promising treatment
strategies and improve clinical outcomes.

Long non-coding RNAs (IncRNAs) are a novel class of
protein non-coding transcripts that are >200 nucleotides in
length (10). Increasing evidence has revealed that IncRNAs
serve important roles in the regulation of various types of
cancer (11,12). For example, IncRNA SNHGS accelerates OS
progression by sponging microRNA (miRNA/miR)-212-3p
and regulating serum and glucocorticoid regulated
kinase 3 (13). Through the activation of the phosphatidylino-
sitol 3-kinase/AKT signaling pathway, IncRNA SNHGI12
accelerates gastric cancer progression (14). IncRNA EPIC1
modulates the cell cycle and promotes the proliferation of
pancreatic cancer cells by interacting with Yes-associated
protein-1 (15). Emerging evidence has revealed that IncRNA
LINCO00467 functions as a tumor-promoting gene involved
in various types of cancer. For example, LINC00467
accelerates lung adenocarcinoma cell proliferation via the
miR-20b-5p/cyclin D1 (CCND1) axis (16) and facilitates
cervical cancer tumorigenesis by sponging miR-107 (17).
However, the biological function and molecular regulatory
mechanism of LINC00467 in OS remain unclear. Therefore,
the purpose of the present study was to investigate the role of
LINCO00467 in OS progression.
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Materials and methods

Cell lines. The human normal osteoblast Hfob1.19 cell
line and human OS cell lines (Saos2, MG63, U20S and
HOS) were obtained from The Cell Bank of Type Culture
Collection of the Chinese Academy of Sciences. The cells
were cultivated in Dulbecco's modified Eagle's medium
(DMEM) supplemented with fetal bovine serum (FBS) (both
Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin
and 100 pg/ml streptomycin (both Sigma-Aldrich; Merck
KGaA) and maintained in a humidified incubator at 37°C
with 5% CO,.

Tissue samples. A total of 36 paired OS and adjacent
normal tissues (>3 cm from the tumor tissue) were collected
from patients with OS (15 males and 21 females; age range,
26-57 years; mean age + SD,47.23+4.58 years) at The Affiliated
Huaian Hospital of Xuzhou Medical University (Huai'an,
China) between May 2012 and July 2014. The collected tissues
were immediately frozen in liquid nitrogen and stored at -80°C
for subsequent experiments. None of the patients had received
any preoperative anticancer treatment. The study protocol was
approved by the Ethics Committee of The Affiliated Huai'an
Hospital of Xuzhou Medical University. Written informed
consent was obtained from all patients.

Transfection. To downregulate LINC00467 expression in
cells, short hairpin RNAs (shRNAs) specifically targeting
LINC00467 (sh-LINC00467#1, 5'-GACTCATGAAACCAA
TCTTCA-3"; sh-LINC00467#2, 5-GATGCTCTGTAAACC
ACATAA-3") and a scrambled control shRNA (sh-NC, 5-CAA
CAAGATGAAGAGCACCAA-3") were designed and synthe-
sized by Shanghai GenePharma Co., Ltd. The sequences of
karyopherin subunit a4 (KPNA4) (Data S1) were synthesized
and subcloned into pcDNA3.1 (Invitrogen; Thermo Fisher
Scientific, Inc.) plasmids to generate pcDNA3.1/KPNA4. The
pcDNA3.1 vector (Invitrogen; Thermo Fisher Scientific, Inc.)
carrying the LINC00467 sequence (hereafter LINC00467) was
used to overexpress LINC00467. An empty vector was used as
a negative control. The miR-217 mimic, miR-217 inhibitor and
corresponding negative non-targeting controls (NC mimics,
5'-UUCUCCGAACGUGUCACGUTT-3; miR-217 mimics,
5'-UACUGCAUCAGGAACUGACUGG-3"; NC inhibitor,
5'-UAGAACUUGCAUUGCAACCGG-3'"; miR-217 inhibitor,
5'-CCAGUCAGUUCCUGAUGCAGUA-3") were purchased
from Shanghai GenePharma Co., Ltd. All plasmids were
transfected into U20S and HOS cells using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. Briefly, 100 pmol plasmids
(final concentration, 50 nM) were diluted in 250 ul serum-free
Opti-MEM (cat. no. 51985042; Gibco; Thermo Fisher
Scientific, Inc.) and cultured at room temperature for 5 min.
Meanwhile, another 5 ul Lipofectamine 2000 was diluted in
250 ul serum-free Opti-MEM and incubated for 5 min at room
temperature. These two solutions were mixed and incubated at
room temperature for 20 min before they were added to the cell
culture wells. The transfection effects were assessed by reverse
transcription-quantitative PCR (RT-qPCR) after transfection
for 24 h. The cells were then subjected to further functional
assays.

Cell Counting Kit-8 (CCK-8) assay. The CCK-8 assay
(Dojindo Molecular Technologies, Inc.) was utilized to test
cell viability at 0, 24, 48 and 72 h after transfection. Briefly,
the cells were seeded in a 96-well culture plate (2x10* cells/ml;
100 pl/well) and cultured for 0, 24, 48 and 72 h. Subsequently,
10 ul CCK-8 reagent was added to each well, and the cells
were cultured for 2 h at 37°C. The absorbance values were
measured at 450 nm on a microplate reader (EL340; BioTek
Instruments, Inc.; Agilent Technologies, Inc.).

Colony formation assay. The transfected U20S and HOS cells
were plated in a 6-well plate and maintained in culture medium,
which was replaced every 2 days for ~2 weeks. Proliferating
colonies were fixed with 10% methanol for 30 min at room
temperature and stained with 1% crystal violet (Beyotime
Institute of Biotechnology) for 15 min at room temperature.
The viable cell colonies (>50 cells) were counted and photo-
graphed under a light microscope (Olympus Corporation).

Western blot analysis. Total protein content from OS cells
was extracted using RIPA lysis buffer (Beyotime Institute of
Biotechnology) supplemented with phenylmethylsulfonyl fluo-
ride. The concentration of total protein was measured using a
BCA Protein assay kit (Nanjing KeyGen Biotech Co., Ltd.).
The proteins (30 pg/lane) were separated via 12% SDS-PAGE
and transferred to PVDF membranes. The PVDF membranes
were blocked in 5% skimmed milk for 1 h at room temperature
and incubated with primary antibodies (Abcam) at 4°C over-
night. After washing the membranes with 0.1% PBS-Tween 20,
the membranes were further incubated with HRP-conjugated
secondary antibodies (1:2,000; cat. no. ab205718; Abcam) for
2 h at room temperature. The protein bands were detected
using an Enhanced Chemiluminescence detection system
(Thermo Fisher Scientific, Inc.). GAPDH was used as the
internal control. The primary antibodies were as follows:
E-cadherin (1:1,000; cat. no. ab1416), N-cadherin (1:1,000;
cat. no. ab76011), vimentin (1:1,000; cat. no. ab92547), Slug
(1:1,000; cat. no. ab51772), Twist (1:1,000; cat. no. ab50581)
and GAPDH (1:2,000; cat. no. ab8245).

Transwell assays. For the migration assays, 2x10* transfected
cells/well were plated in the upper chamber of Transwell
inserts with 200 ul serum-free DMEM. For the invasion
assay, Transwell chambers (Corning, Inc.) with 8-ym pores
were used. The upper chamber was pre-coated with Matrigel
(50 ug/ml; BD Biosciences) at 37°C for 30 min before the
cells were plated. Next, 500 u1l DMEM with 10% FBS was
added to the lower chamber. After incubation for 24 h at 37°C,
the cells that migrated to the lower surface of the filter were
stained with 1% crystal violet for 30 min at room temperature.
The cells were imaged using an inverted light microscope
(magnification, x100; Leica Microsystems GmbH).

Subcellular fractionation location. A PARIS kit (Thermo
Fisher Scientific, Inc.) was used to isolate the nuclear and
cytosolic portions of OS cells according to the manufacturer's
protocol. RT-qPCR assays were performed to detect the expres-
sion levels of LINC00467, GAPDH and U6 in the cytoplasm
and nuclear components. GAPDH functioned as a cytoplasmic
control, while U6 functioned as a nuclear control. The relative
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proportions of LINC00467, GAPDH and U6 in the cytoplasm
or nucleus are shown as percentages of the total RNA.

RNA pull-down assay. The biotinylated RNAs (LINC00467
probe-biotin and LINC00467 probe no-biotin) were
synthesized by Shanghai GenePharma Co., Ltd. U20S
and HOS cells were collected and lysed in specific lysis
buffer containing RNase inhibitor (Beyotime Institute of
Biotechnology). Subsequently, the lysate was subjected to
centrifugation at 12,000 x g for 12 min at 4°C. LINC00467
probe-biotin (200 pmol) or LINC00467 probe no-biotin
(200 pmol) was added to the supernatant and incubated for
2 h at 4°C, followed by incubation with M-280 streptavidin
beads (100 ul; Sigma-Aldrich; Merck KGaA) pre-coated with
RNase-free BSA and yeast tRNA (cat. no. TRNABAK-RO;
Sigma-Aldrich; Merck KGaA) for 1 h at 4°C. The beads
were subsequently washed twice with cold lysis buffer, three
times with low-salt buffer and once with high-salt buffer.
After purification using TRIzol® (Invitrogen; Thermo Fisher
Scientific, Inc.), the enrichment of miRNAs was determined
by RT-qPCR.

RT-gPCR. TRIzol® reagent was used to extract the total RNA
content from OS tissues and cells. Total RNA was reverse
transcribed into cDNA using a PrimeScript RT reagent kit
(cat. no. RRO36A; Takara Biotechnology Co., Ltd.) according
to the manufacturer's protocol. A SYBR® Premix Ex Taq™ II
reagent kit (cat. no. RR820A: Takara Biotechnology Co., Ltd.)
was used for gPCR with an ABI7500 real-time qPCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.) under the
following conditions: 95°C for 30 sec, followed by 45 cycles
at 95°C for 5 sec and 60°C for 30 sec. U6 was regarded as
the internal reference for miR-217. GAPDH was used as an
internal reference for LINC00467 and KPNA4. Relative
quantification was analyzed using the 224 method (18). The
primers used were as follows: LINC00467 forward, 5'-CCT
TCTTCCTCATCATCGTC-3' and reverse, 5'-CCCAGTTTC
AGTCCCTCTTG-3"; miR-217 forward, 5'-CGCTCTACT
GCATCAGGAACTGA-3' and reverse, 5'-GTGCAGGGTCCG
AGGT-3'; KPNA4 forward, 5“TGTGAGCAAGCAGTGTGG
GCA-3' and reverse, 5“-TGGTGGTGGGTCTTTGTGGCG-3";
GAPDH forward, 5'-CCCACTCCTCCACCTTTGAC-3' and
reverse, 5'-GGATCTCGCTCCTGGAAGATG-3"; U6 forward,
5'-GCUUCGGCAGCACAUAUACUAAAAU-3' and reverse,
5'-CGCUUCACGAAUUUGCGUGUCAU-3.

Luciferase reporter assay. The miRNAs with potential binding
sites for LINC00467 were predicted using the starBase website
(http://starbase.sysu.edu.cn/). Fragments of the wild-type (Wt)
and mutant (Mut) reporters of LINC00467 (LINC00467-Wt
and LINC00467-Mut) and KPNA4 (KPNA4-Wt and
KPNA4-Mut) sharing putative binding sites with miR-217
were synthesized by Shanghai GenePharma Co., Ltd., and
cloned into pcDNA3.1 vectors (Invitrogen; Thermo Fisher
Scientific, Inc.). For the luciferase assay, Wt or Mut reporters
were co-transfected with the miR-217 mimic or NC mimic
into U20S and HOS cells, as aforementioned. After 48 h of
transfection, luciferase activity, as the ratio of firefly luciferase
activity and Renilla luciferase activity, was determined using
a Dual Luciferase Reporter Assay kit (Promega Corporation).

The sequence information of LINC00467-Wt/Mut and
KPNA4-Wt/Mut is shown in Data S1.

Statistical analysis. SPSS 20.0 software (IBM Corp.) was
used for data analysis. The differences among groups were
compared via paired or unpaired Student's t-test, and one-way
ANOVA followed by Tukey's post-hoc test. Spearman's correla-
tion analysis was used to analyze the correlation among target
genes. The survival rate was evaluated using Kaplan-Meier
analysis and compared using the log-rank test. All variables
are shown as the mean + SD. All experiments were repeated
=3 times. P<0.05 was considered to indicate a statistically
significant difference.

Results

LINCO00467 expression is elevated in OS tissues and cells,
and high LINC00467 expression is associated with a poor
prognosis. To confirm the function of LINC00467 in OS, the
expression levels of LINC00467 were examined in OS and
adjacent normal tissue samples (n=36). LINC00467 expres-
sion was upregulated in OS tissues compared with in adjacent
normal tissues as shown by RT-qPCR (Fig. 1A). In addition,
LINCO00467 expression was quantified in the four OS cell lines
(Saos2, MG63, U20S and HOS) and in normal osteoblast cells
(Hfobl.19). The results revealed that LINC00467 expression
was significantly upregulated in the four OS cell lines compared
with in Hfobl.19 cells (Fig. 1B). Additionally, according to the
median value of LIC00467 expression in OS, patients with
OS were equally assigned to the low LINC00467 expression
group or the high LINC00467 expression group to evaluate
the clinical value of LINC00467. Notably, the overall survival
time of patients with OS with high LINC00467 expression was
shorter than that of patients with low LINC00467 expression
(Fig. 1C). These results indicated that LINC00467 expression
was elevated in OS tissues and cells, and that LINC00467 was
closely associated with an adverse prognosis.

LINCO00467 inhibition represses OS cell viability, migration
and invasion. Having examined LINC00467 upregulation
in OS, the function of LINC00467 in OS progression was
explored. Considering that the U20S and HOS cell lines
presented higher LINC00467 expression than that in the
other two OS cell lines, U20S and HOS cells were selected
for follow-up experiments and were transfected with shRNAs
against LINC00467 (sh-LINC00467#1 or sh-LINC00467#2)
or a negative control sShRNA (sh-NC). LINC00467 expres-
sion was significantly knocked down in U20S and HOS cells
after transfection with sh-LINCO00467#1/2, especially with
sh-LINCO00467#1 (Fig. 2A). Subsequently, a CCK-8 assay was
performed to assess the influence of LINC00467-knockdown
on OS cell viability. Compared with the sh-NC group,
sh-LINCO00467#1 transfection significantly decreased the
viability of U20S and HOS cells (Fig. 2B). Colony forma-
tion assays revealed that LINC00467-knockdown triggered a
significant decrease in the colony number in U20S and HOS
cells (Fig. 2C). In addition, Transwell assays revealed that
LINCO00467 deficiency significantly inhibited the migration
and invasion of U20S and HOS cells (Fig. 2D and E). Moreover,
further experiments suggested that the protein expression
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Figure 1. LINC00467 is highly expressed in OS tissues and cells and is associated with a poor prognosis. Reverse transcription-quantitative PCR was used to
detect the expression levels of LINC00467 in (A) OS and adjacent normal tissues (n=36) and (B) four OS cell lines (Saos2, MG63, U20S and HOS) and normal
osteoblast cells (Hfobl.19). (C) Kaplan-Meier analysis was performed to analyze the overall survival of patients with OS based on LINC00467 expression. The
data are expressed as the mean + SD. Paired t-test was used for comparison between two groups, and one-way ANOVA followed by Tukey's post-hoc test for
comparisons among multiple groups. ‘P<0.05 vs. Hfob1.19. OS, osteosarcoma.

levels of epithelial-mesenchymal transition (EMT)-associated
transcription factors (Slug and Twist), as well as mesenchymal
markers (N-cadherin and Vimentin), were markedly decreased
by silencing LINC00467 (Fig. 2F). However, the expression
levels of the epithelial marker E-cadherin were markedly
upregulated in sh-LINC00467#1-transfected cells compared
with in sh-NC-transfected cells (Fig. 2F). Overall, these
findings suggested that LINC00467 inhibition restrained OS
progression by inhibiting cell viability, migration and invasion.

LINCO00467 serves as a molecular sponge for miR-217 in OS.
To study the LINC00467-mediated regulatory mechanism
involved in OS progression, a subcellular fractionation location
assay was implemented to confirm the location of LINC00467
in OS cells. The results delineated that LINC00467 was mainly
distributed in the cytoplasm of OS cells (Fig. 3A). Subsequently,
the candidate miRNAs (miR-217, miR-92b-3p, miR-197-3p,
miR-485-5p, miR-1247-5p, miR-299-5p and miR-197-3p) that
may be associated with LINC00467 were predicted using
the starBase website. In the LINC00467 probe-biotin group,
miR-217 exhibited the most enrichment compared with other
miRNAs (Fig. 3B). RT-qPCR was performed to examine
miR-217 expression, and the results revealed that miR-217
expression was significantly downregulated in OS tissues
compared with that in adjacent normal bone tissues (Fig. 3C).
Subsequently, Spearman's correlation analysis confirmed the
negative correlation between LINC00467 and miR-217 expres-
sion in OS tissues (Fig. 3D). Consistently, miR-217 expression
was significantly decreased in OS cell lines (Saos2, MG63,
U20S and HOS) compared with that in normal osteoblast
Hfobl1.19 cells (Fig. 3E). Transfection with miR-217 mimics
was used to overexpress miR-217 in U20S and HOS cells
(Fig. 3F). Additionally, the effect of miR-217 overexpression
was investigated on LINC00467 expression, revealing through
RT-qPCR that the miR-217 mimic significantly decreased
LINCO00467 expression, while LINC00467 expression was
significantly increased by the miR-217 inhibitor (Fig. 3G). The
knockdown efficiency of the miR-217 inhibitor in cells was

validated by RT-qPCR (Fig. S1A). Furthermore, the binding
capacity between LINC00467 and miR-217 was analyzed.
A luciferase reporter assay demonstrated that the luciferase
activity of LINCO00467-Wt reporters was significantly
decreased in the miR-217 mimic-transfected cells; however,
no significant difference was observed in luciferase activity
among LINC00467-Mut groups (Fig. 3H). Overall, these find-
ings implied that LINC00467 served as a molecular sponge for
miR-217 in OS.

KPNA4 is a downstream target gene of miR-217. miRNAs have
been reported to elicit their influence on cancer progression
by targeting specific genes (19,20). To determine the poten-
tial targets of miR-217, the underlying genes were analyzed
using the starBase website (search parameters, PicTar, PITA
and RNA22), identifying 7 potential mRNAs (KPNA4,
SLC30A7, AP3M1, CHD9, DOCK4, EHMT1 and APAF1)
using a Venn diagram (Fig. 4A). Compared with the expres-
sion levels of other candidate mRNAs, KPNA4 in U20S and
HOS cells exhibited the lowest expression after overexpression
of miR-217 (Fig. 4B). Therefore, KPNA4 was selected from
candidate mRNAs for subsequent investigations. KPNA4
expression was significantly elevated in the OS tissue samples
compared with that in adjacent normal tissues (Fig. 4C). In
addition, a negative correlation between KPNA4 and miR-27
expression, as well as a positive correlation between KPNA4
and LINCO00467 expression, was observed by Spearman's
correlation analysis (Fig. 4D). Moreover, the overexpression of
LINCO00467 significantly increased KPNA4 expression, while
the miR-217 mimic significantly decreased KPNA4 expres-
sion (Fig. 4E). The overexpression efficiency of LINC00467 in
cells was validated by RT-qPCR (Fig. S1B). As illustrated in
Fig. 4F, only the luciferase activity of the KPNA4-Wt reporters
was significantly decreased by the miR-217 mimic, confirming
that KPNA4 was the downstream target gene of miR-217 and
that they could bind with each other. In summary, the current
findings validated that KPNA4 mRNA was a direct target of
miR-217 in OS.
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Figure 2. LINC00467 deficiency inhibits osteosarcoma cell viability, migration and invasion. (A) Reverse transcription-quantitative PCR was used to examine
the knockdown efficiency of LINC00467 in U20S and HOS cells using two shRNAs. Cell viability and the proliferative ability of each group were respectively
detected by (B) Cell Counting Kit-8 and (C) colony formation assays. (D) Cell migration and (E) invasion were detected by Transwell assays. (F) Expression
levels of epithelial-mesenchymal transition-associated proteins were examined by western blot analysis. The data are expressed as the mean + SD. Unpaired
t-test was used for comparison between two groups, and one-way ANOVA followed by Tukey's post-hoc test for comparisons among multiple groups. "P<0.05.

sh, short hairpin; NC, negative control; OD, optical density.

LINCO00467 promotes OS progression by upregulating KPNA4.
Finally, the present study investigated whether LINC00467
could accelerate OS progression via the miR-217/KPNA4 axis.
The results revealed that KPNA4 expression was upregulated
in pcDNA3.1/KPNA4-transfected cells (Fig. 5A). Additionally,
transfection of pcDNA3.1/KPNA4 reversed the inhibitory
role of sh-LINC00467#1 on the viability, migration and
invasion of OS cells (Fig. 5B-E). Moreover, compared with
sh-LINCO00467#1-transfected cells, the protein expression
levels of EMT-associated transcription factors (Slug and Twist),
as well as mesenchymal markers (N-cadherin and Vimentin),
were increased in the sh-LINC00467#1 and pcDNA3.1/KPNA4
co-transfected cells (Fig. 5F). Furthermore, data from
western blot analysis suggested that KPNA4 overexpression

countervailed the LINC00467-knockdown-mediated inhibi-
tory effect on the expression levels of the epithelial marker
E-cadherin (Fig. 5F). Overall, the current data revealed that
LINCO00467 facilitated OS progression by targeting the
miR-217/KPNA4 axis.

Discussion

To date, numerous studies have revealed abnormal expres-
sion levels of IncRNAs in OS (21-23). The dysregulation of
IncRNAs has been verified to strongly affect the progression
of OS by acting as either tumor-suppressive or oncogenic
genes (23-25). Hence, identifying the specific functions of
IncRNAs in OS is urgently required to validate promising
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Figure 3. LINC00467 serves as a molecular sponge for miR-217 in OS. (A) A subcellular fractionation location assay was used to determine the distribution
of LINC00467. (B) starBase website predicted the potential miRNAs of LINC00467. The binding capacity between LINC00467 and candidate miRNAs
was detected by RNA pull-down assay. The data were analyzed using unpaired t-test. (C) Expression levels of miR-217 in tumor and adjacent normal tissues
were confirmed by RT-qPCR. The data were analyzed using paired t-test. (D) RT-qPCR was implemented to detect the correlation between LINC00467 and
miR-217 expression. (E) miR-217 expression in OS cell lines was measured by RT-qPCR. The data were analyzed using one-way ANOVA followed by Tukey's
post-hoc test ("P<0.05 vs. Hfob1.19). (F) Overexpression efficiency of miR-217. (G) RT-qPCR was utilized to detect the effect of miR-217 overexpression
or inhibition on LINC00467 expression. (H) Luciferase reporter assay was applied to confirm whether LINC00467 could bind to miR-217. The data were
analyzed using unpaired t-test. All data are expressed as the mean + SD. "P<0.05. OS, osteosarcoma; miR, microRNA; NC, negative control; RT-qPCR, reverse
transcription-quantitative PCR; Wt, wild-type; Mut, mutant.
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Figure 4. KPNA4 is a downstream target gene of miR-217. (A) The starBase website (search parameters, PicTar, PITA and RNA22) predicted the potential
mRNAs presented by a Venn diagram for miR-217. (B) RT-qPCR was used to detect the effect of miR-217 overexpression on the expression levels of different
mRNAs. (C) Expression levels of KPNA4 in tumor and adjacent normal tissues were confirmed by RT-qPCR. (D) Spearman's correlation analysis was utilized
to analyze the correlation between KPNA4 and LINC00467 or miR-217 expression. (E) RT-qPCR was applied to detect the effect of LINC00467 or miR-217
overexpression on KPNA4 expression. (F) Whether miR-217 could bind to KPNA4 was determined using a luciferase reporter assay. The data are expressed
as the mean + SD and analyzed using unpaired t-test. "P<0.05. KPNA4, karyopherin subunit a4; miR, microRNA; NC, negative control; RT-qPCR, reverse
transcription-quantitative PCR; Wt, wild-type; Mut, mutant.

diagnostic biomarkers and therapeutic targets for OS. It has
been reported that LINC00467 serves as a cancer-promoting
gene in some types of cancer, such as lung adenocarcinoma,
colorectal cancer and hepatocellular carcinoma (16,26,27). In
the present study, it was revealed that LINC00467 expression

was significantly elevated in OS tissues and cell lines. High
LINCO00467 expression was closely associated with a poor

prognosis in patients

with OS. Knockdown of LINC00467

repressed the viability, migration, invasion and EMT of

OS cells.
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Figure 5. LINC00467 promotes osteosarcoma progression by upregulating KPNA4 expression. (A) Overexpression efficiency of KPNA4 was determined by
reverse transcription-quantitative PCR. The data were analyzed using unpaired t-test. (B) Cell viability and (C) proliferation were tested by Cell Counting Kit-8
and colony formation assays, respectively. Transwell assays were performed to evaluate (D) cell migration and (E) invasion. The data were analyzed using one-way
ANOVA followed by Tukey's post-hoc test. (F) Western blot assays were used to estimate the expression levels of epithelial-mesenchymal transition-associated
proteins. All data are expressed as the mean + SD. "P<0.05. KPNA4, karyopherin subunit 04; sh, short hairpin; OD, optical density; NC, negative control.
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miRNAs are short non-coding RNA molecules with 20-24
nucleotides that serve important roles in the posttranscriptional
regulation of gene expression (28,29). Recently, IncRNAs have
been reported to serve as specific miRNA sponges to regulate
various types of cancer (30,31). For instance, the IncRNA
LUCAT]I facilitates ovarian cancer malignancy by regu-
lating the miR-612/human class I homeobox A13 signaling
pathway (32). Through sponging miR-541-3p and thus regu-
lating CCNDI expression, the IncRNA LOXL1-AS1 modulates
prostate cancer cell proliferation and the cell cycle (33). It has
been reported that LINC00467 acts as an oncogenic gene to
sponge miR-20b-5p in lung adenocarcinoma (16). Nevertheless,
the interaction between LINC00467 and miRNAs in OS
remains unclear. In the present study, miR-217 was chosen
from the potential miRNAs for LINC00467. miR-217 has
been reported to have antitumor effects in multiple types of
cancer (34,35). For example, miR-217 inhibits EMT transition
by targeting PTPN14 in gastric carcinoma (36) and suppresses
HeLa cell migration and invasion by regulating MAPK1 (37).
The current study validated the binding between LINC00467
and miR-217, as well as their negative correlation in OS.

It has been reported that KPNA4 exerts carcinogenic func-
tions in human cancer (38). KPNA4 promotes angiogenesis
and progression of lung cancer by knocking down MCM3AP
antisense RNA 1 expression (39) and facilitates cutaneous squa-
mous cell carcinoma tumorigenesis by inhibiting miR-3619-5p
expression (40). The current study demonstrated that miR-217
could directly bind to KPNA4 and that there was a negative
correlation between KPNA4 and miR-217 expression. Finally,
rescue assays indicated that KPNA4 overexpression partially
reversed the inhibitory effect of LINC00467 deficiency on
OS progression.

In summary, the present study proved that LINC00467
silencing restrained the progression of OS by targeting
the miR-217/KPNA4 axis, indicating that the LINC00467/
miR-217/KPNA4 axis may become a new biological diagnostic
and therapeutic target for OS.
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