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Long Noncoding RNA FEZF1-AS1 Promotes Osteosarcoma Progression
by Regulating the miR-4443/NUPR1 Axis

Chengwei Zhou,' Jianxiang Xu,' Jinti Lin, Renjin Lin, Kai Chen, Jianzhong Kong, and Xiaolong Shui

Department of Orthopedics Surgery, The Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou

Medical University, Wenzhou, Zhejiang Province, P.R. China

Long noncoding RNA (IncRNA) FEZF1-AS1 was demonstrated to facilitate cell proliferation and migration
in some cancers. However, the functions of FEZF1-AS1 and its molecular mechanism in osteosarcoma remain
to be elucidated. In our study, we found that the expression of FEZF1-AS1 was upregulated in osteosarcoma
samples and cell lines compared with normal tissues or cells. Besides, we showed that the expression levels
of FEZF1-AS1 in osteosarcoma patients were positively correlated with tumor metastasis and TNM stage.
Additionally, FEZF1-AS1 knockdown inhibited cell proliferation, migration, and invasion in U20S and MG63
cells, while upregulation had the opposite effects in vitro. Moreover, FEZF1-AS1 depletion inhibited tumor
growth and metastasis in vivo. We found that FEZF1-AS1 sponged miR-4443 to promote NUPR1 expression
in U20S and MG63 cells. Furthermore, knockdown of miR-4443 abrogated FEZF1-AS1 silencing-induced
inhibition of cell proliferation, migration, and invasion in osteosarcoma. Finally, we found that restoration of
NUPRI rescued the proliferation, migration, and invasion abilities of FEZF1-AS1-depleted U20S and MG63
cells. Our study indicated that FEZF1-AS1 could promote osteosarcoma progression by sponging miR-4443 to
promote NUPR1 expression. The FEZF1-AS1/miR-4443/NUPRI1 axis may act as a novel therapeutic strategy

for osteosarcoma treatment.
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INTRODUCTION

Osteosarcoma (OS), one of the most aggressive and
common malignant bone tumors, often occurs among
adolescents'. Because of the poor prognosis, OS leads
to a high number of deaths every year, worldwide®. In
recent decades, many methods have been developed
for OS treatment, including adjuvant chemotherapy and
radiotherapy. However, owing to distant metastases such
as lung metastasis, the overall 5-year survival rate of OS
patients is still very low>. Therefore, to develop novel
and effective therapeutic strategies for OS treatment, it is
necessary to determine the exact molecular mechanism
that regulates OS development and progression.

Long noncoding RNAs (IncRNAs) are transcripts of
longer than 200 nucleotides and possess little protein-
coding potential’. Accumulating data have proven that
IncRNAs exert important functions in diverse biologi-
cal processes, such as cell proliferation and apoptosis®’.
Emerging evidence shows that there is a close relation-
ship between IncRNAs and human diseases, especially
cancers®’. For instance, IncRNA growth arrest specific 5

(GASS) plays an important role in the development
of lung cancer'. The molecular mechanisms by which
IncRNAs exert physiological functions are diverse. Most
IncRNAs can act as competing endogenous RNAs
to sponge miRNAs. For example, Li and colleagues
reported that IncRNA colon cancer-associated transcript
1 (CCAT1) serves as a competing endogenous RNA
(ceRNA) to antagonize the effect of miR-410 in human
HCT-116 and HCT-8 cells". In addition, Wu et al. showed
that the nuclear-enriched abundant transcript 1 (NEAT1)/
mir-98-5p axis regulates the development of non-small
cell lung cancer (NSCLC)". Moreover, IncRNAs also
could bind to specific proteins to regulate tumor occur-
rence, such as in liver cancer”. The roles of IncRNAs
in cancers have attracted great attention and have been
explored widely. However, there are still large numbers of
IncRNAs whose functions have not yet been defined.
IncRNA FEZ family zinc finger 1-antisense 1 (FEZF1-
AS1) was previously reported to facilitate cell prolif-
eration and migration in colorectal carcinoma and gastric
cancer'*". He and colleagues indicated that FEZF1-AS1
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enhances epithelial-mesenchymal transition (EMT) by the
WNT pathway in NSCLC'®. However, the role of FEZF1-
AS1 in OS remains elusive. In this study, we found that
FEZF1-AS1 was upregulated in OS tissues and cell lines.
The expression of FEZF1-AS1 was positively related to
tumor size and metastasis. Knockdown of FEZF1-AS1
significantly inhibited tumor progression in OS in vitro
and in vivo. We found that FEZF1-AS1 sponged miR-
4443 to upregulate nuclear protein 1 (NUPR1) expres-
sion in U20S and MG63 cells. Furthermore, knockdown
of miR-4443 abrogated FEZF1-AS1 silencing-induced
inhibition of cell proliferation, migration, and invasion,
while restoration of NUPR1 rescued these abilities in
U20S and MG63 cells. Collectively, our study demon-
strated that FEZF1-AS1 could promote OS progression
by sponging miR-4443 to promote NUPR1 expression.
The FEZF1-AS1/miR-4443/NUPRI1 axis may act as a
novel therapeutic strategy for OS treatment.

MATERIALS AND METHODS
Clinical Specimens and Cell Lines

A total of 58 OS samples and the morphologically
nontumor tissues (located >3 cm away from the tumor)
were collected at The Second Affiliated Hospital and
Yuying Children’s Hospital of Wenzhou Medical Uni-
versity, China. All patients provided written informed
consent. This study was approved by the Ethics Committee
of The Second Aftfiliated Hospital and Yuying Children’s
Hospital of Wenzhou Medical University. Samples were
immediately snap frozen and stored at —80°C. Clinico-
pathological characteristics were obtained from medical
records and are listed in Table 1.

The OS cell lines (U20S, SAOS2, SW1353, and
MG63) and fetal osteoblastic cell line hFOB were pur-
chased from the American Type Culture Collection
(ATCC; Manassas, VA, USA) and cultured in DMEM
supplemented with 10% FBS (Gibco, Grand Island, NY,
USA) at 37°C in a humidified incubator with 5% CO,.

Oligonucleotide and Transfection

The miR-4443 mimics, inhibitors, and corresponding
negative controls (NCs) were synthesized by GenePharma
(Shanghai, PR. China) and transfected into cells using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). The
c¢DNA encoding FEZF1-AS1 was polymerase chain reac-
tion (PCR) amplified and subcloned into the pcDNA3.1
vector (Invitrogen). The empty pcDNA3.1 vector was
used as the control. The sequence of FEZF1-AS-specific
siRNA was 5-GTGGAAAGGAAGAGAGCTT-3'.

Cell Proliferation Assay

Cell proliferation was detected by a Cell Counting Kit
(7 Sea Biotech, Shanghai, P.R. China). Cells were grown
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Table 1. Correlations Between Clinicopathological
Features and the Expression of FEZF1-AS1 in Osteo-
sarcoma (OS) Tissues

FEZF1-AS1
Feature Low High p Value
All cases 24 34
Age (years) 0.795
<20 13 17
>20 11 17
Tumor size (cm) 0.006
<5 15 8
>5 9 26
Metastases 0.005
No 14 7
Yes 10 27
Clinical stage 0.007
/11 19 14
11 5 20

The median expression level was used as the cutoff. Results
were considered statistically significant at p <0.05.

in 96-well plates (1x 10" per well) and incubated in 37°C
with 5% CO, until the cell confluency rate reached 70%.
After transfection with plasmid for 48 h, the cells were
incubated for a further 24, 48, and 72 h. CCK-8 (10 ul)
solution was added into each well. The absorbance at
450 nm was measured with SUNRISE Microplate Reader
(Tecan, Switzerland).

Colony Formation Assay

For the colony formation ability assay, OS cells were
counted at 24 h posttransfection and seeded into 24-well
plates at 400 cells per well. Culture medium was replaced
every 3 days. After approximately 14 days, the cells were
cleaned with 1x PBS, stained with common crystal vio-
let dye, and counted using an inverted microscope (IX83;
Olympus Corporation, Tokyo, Japan).

In Vitro Migration and Invasion Assays

For the Transwell (24-well insert, 8-mm pore size
with polycarbonate membrane; Corning Costar, Lowell,
MA, USA) migration assays, 700 ul of media supple-
mented with 20% FBS was added to the lower chamber,
and 1x10’ cells resuspended in serum-free media were
added to the upper insert after transfection. Transwell
membranes were fixed and stained using crystal vio-
let after the specified time. The cells adhering to the
lower surface of the membrane were counted under a
light microscope (Olympus). As for the invasion assay,
cells were plated onto BD BioCoat Matrigel Invasion
Chambers (a pore size of 8§ um; BD Biosciences, San
Jose, CA, USA). The other steps were the same as for
the migration assay.
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Reverse Transcription Quantitative Real-Time
Polymerase Chain Reaction (RT-qPCR)

Total RNA was extracted from cultured cells using
TRIzol reagent (Invitrogen) according to the manufac-
turer’s protocol, and cDNA was synthesized from total
RNA by a PrimerScript RT Reagent Kit (Takara, Japan).
miRNA from the total RNA was reverse transcribed using
the Prime-Script miRNA cDNA Synthesis Kit (TaKaRa).
RT-PCR was performed with the SYBR Green Premix Ex
Taq IT (Takara) on an Applied Biosystems Step One Plus
Real-Time PCR System (Applied Biosystems, Carlsbad,
CA, USA). GAPDH was used as the endogenous control
for the detection of mRNA expression levels, while U6
was used as an endogenous control for miRNA expres-
sion analysis.

Tumor Xenograft Model

In short, subcutaneous tumor xenografting was per-
formed by injecting the right flank of 4-week-old female
nude mice from Vital River Laboratory Animal Technology
(Beijing, P.R. China) with 1x 107 cells, which have been
transfected with siControl or siFEZF1-AS1. Eight nude
mice were used per group. After 5 weeks, the mice were
killed, and the tumor volumes and weights were mea-
sured. All animal experiments were performed with the
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approval of The Second Affiliated Hospital and Yuying
Children’s Hospital of Wenzhou Medical University.

Dual-Luciferase Reporter Assay

The FEZF1-AS1 sequence containing the putative
miR-4443 binding site was cloned and inserted into pmir-
GLO vector (Promega, Madison, WI, USA). Cells were
seeded in 96-well plates and cotransfected with recombi-
nant plasmids or empty pmirGLO vector, and miR-4443
mimic, inhibitor, or NC. Luciferase activity was mea-
sured with the Dual Luciferase Reporter Assay system
(Promega) 24 h after transfection. Firefly luciferase activ-
ity was normalized against Renilla luciferase activity.

Statistical Analysis

All statistical analyses were performed using SPSS
20.0 (IBM, SPSS, Chicago, IL, USA) and GraphPad
Prism. Student’s #-test and one-way ANOVA were used
to analyze two or multiple groups, respectively, for statis-
tical significance. Pearson correlation coefficient analy-
sis was used to determine the correlations. The overall
survival curves were calculated with the Kaplan—-Meier
method and were analyzed with the log-rank test. A value
of p<0.05 was considered statistically significant in all
cases.

= N W »

expression

Relative FEZF1-AS1 O
o

| FEZF1-AS1™(n=34)

20 40 60
Time (months)

Figure 1. FEZ family zinc finger 1-antisense 1 (FEZF1-AS1) was overexpressed in osteosarcoma (OS) tissues and cell lines.
(A) Reverse transcription quantitative real-time polymerase chain reaction (RT-qPCR) was used to determine the expression of FEZF1-
AS1 in OS tissues (n=58) and adjacent normal tissues (n=58). (B) RT-qPCR analysis showed the expression patterns of FEZF1-AS1
in OS cell lines and hFOB cells. (C) The expression of FEZF1-AS1 in nonmetastatic and metastatic OS tissues was determined by
RT-qPCR. (D) The expression of FEZF1-AS1 in stage I/II and stage III OS tissues was analyzed by RT-qPCR. (E) Kaplan—-Meier sur-
vival curve according to FEZF1-AS1 expression levels. All data are representative of three independent experiments and expressed as

mean+SD. **p<0.01 and ***p<0.001.
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RESULTS

FEZF1-ASI Was Overexpressed in OS
Tissues and Cell Lines

To explore the function of FEZF1-AS1 in OS, we
performed RT-qPCR analysis to determine the expression
patterns of FEZF1-AS1 in 58 pairs of OS and adjacent
normal tissues. The results indicated that FEZF1-AS1
was upregulated in OS tissues compared to normal tissues
(Fig. 1A). We analyzed the expression of FEZF1-ASI
in OS cell lines by RT-qPCR and found that FEZF1-
AS1 was overexpressed in U20S, MG63, SAOS2, and
SW1353 cells (Fig. 1B). Then we analyzed the expres-
sion levels of FEZF1-AS1 in the metastatic group and
nonmetastatic group. Results showed that FEZF1-AS1
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(Fig. 1C). Moreover, the expression of FEZF1-AS1
is higher in OS tissues of stage III than stage I/II
(Fig. 1D). Then we classified these samples into low or
high group according to the mean level of FEZF1-AS1
in OS tissues. Kaplan—-Meier analysis indicated that lower
FEZF1-AS1 means poorer survival of patients (Fig. 1E)
and advanced phenotype of OS (Table 1).

FEZF1-ASI Depletion Impaired OS Proliferation,
Migration, and Invasion In Vitro

To determine the function of FEZF1-AS1 in OS, we
knocked down or overexpressed FEZF1-AS1 in U20S
and MG63 cells (Fig. 2A). Then we performed CCK-8
and colony formation assays. Results showed that FEZF1-

was expressed more highly in the metastatic group AS1 knockdown significantly reduced the proliferation
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Figure 2. FEZF1-AS1 depletion impaired OS proliferation, migration, and invasion in vitro. (A) The expression of FEZF1-AS1 in
U20S and MG63 cells transfected with control, sSiFEZF1-AS1, or oeFEZF1-AS1 was determined by RT-qPCR. The effect of FEZF1-
AS1 expression on the proliferation of U20S and MG63 cells was determined by (B) CCK-8 and (C) colony formation assays.
(D) Fluorescence-activated cell sorting (FACS) assay showed that FEZF1-AS1 knockdown inhibited cell entry into the S phase, while
overexpression promoted entry. (E) Transwell migration and (F) invasion assays showed that FEZF1-AS1 promoted the migration and
invasion of U20S and MG63 cells. All data are representative of three independent experiments and expressed as mean=SD. *p <0.05
and **p<0.01.
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Figure 3. FEZF1-AS1 knockdown inhibited tumor growth and metastasis in vivo. (A) Tumor volumes were measured every 7 days.
FEZF1-AS1 knockdown inhibited tumor growth. (B) Tumor sizes were checked at the end of experiments. (C) Lung nodules at week
10 were measured as the numbers of nodules (chi-squared test was used for p value analysis). All data are representative of three
independent experiments and expressed as mean+SD. *p<0.05 and **p<0.01.

and formed colony numbers in U20S and MG63 cells,
while upregulation had the opposite effect (Fig. 2B and
C). Moreover, fewer FEZF1-AS1-silenced cells entered
into the S phase, while overexpression of FEZF1-AS1 pro-
moted U20S and MG63 cell entry into cell cycle (Fig. 2D).
Next, we checked the effect of FEZF1-AS1 on cell migra-
tion and invasion by Transwell assays. We found that
FEZF1-AS1 knockdown dramatically inhibited the migra-
tion and invasion of U20S and MG63 cells in vitro, while
upregulation had the opposite effects (Fig. 2E and F).

FEZF1-AS1 Knockdown Inhibited Tumor
Growth and Metastasis In Vivo

Then we explored the role of FEZF1-AS1 in vivo
by an OS xenograft mouse model. Results showed that
FEZF1-AS1 depletion significantly delayed tumor growth
in vivo and decreased the tumor sizes (Fig. 3A and B).
Moreover, to establish a metastatic cancer model in vivo,
we injected OS cells into the tail vein of nude mice. Ten
weeks after tail vein injection, we analyzed the lung
metastasis and found that FEZF1-AS1 knockdown signif-
icantly reduced the nodule number in the lung (Fig. 3C).

FEZF1-ASI Sponged miR-4443 in OS

A previous study showed that IncRNAs were ceRNAs
for miRNAs'". To further explore the molecular mecha-
nism by which FEZF1-AS1 functions, we made a predic-
tion using an online tool (http://mirdb.org/miRDB/index.
html). The result showed that miR-4443 was a potential
binding miRNA of FEZF1-AS1. There were two poten-
tial binding sites in FEZF1-AS1 (Fig. 4A). However, by
dual-luciferase reporter assay, we found that only site
#2 could associate with miR-4443 (Fig. 4B). As shown,
transfection with miR-4443 mimic significantly inhibited
the luciferase activity in MG63 cells transfected with
pmirGLO-FEZF1-AS1 containing site #2 (Fig. 4B). In
addition, we found that miR-4443 overexpression inhib-
ited the expression of FEZF1-AS1 in U20S and MG63
cells, while miR-4443 inhibitor increased the expression

of FEZF1-AS1 (Fig. 4C). Conversely, overexpression
of FEZF1-AS1 decreased the expression of miR-4443
in U20S and MG63 cells, and FEZF1-AS1 inhibitor
increased miR-4443 expression (Fig. 4D). Furthermore,
RT-gqPCR showed that miR-4443 was downregulated in
OS tissues and cell lines compared with normal tissues
or cell line (Fig. 4E and F). In addition, we found that the
expression of FEZF1-AS1 was reversely correlated with
that of miR-4443 in OS tissues (Fig. 4G).

FEZF1-ASI Regulated Cell Proliferation, Migration,
and Invasion by Inhibition of miR-4443

To further determine whether FEZF1-AS1 exerted
function in OS by inhibiting miR-4443, we knocked
down miR-4443 in FEZF1-AS1-depleted U20S and
MGH63 cells (Fig. 5A). Then we performed CCK-8, col-
ony formation, Transwell migration, and invasion assays.
Results indicated that FEZF1-AS1 silencing inhibited
the proliferation, migration, and invasion of U20S and
MGO63 cells, while the addition of miR-4443 inhibition
reversed these effects (Fig. SB-E).

NUPRI Was a Target Gene of miR-4443, and
Restoration of NUPRI Rescued FEZF1-AS1
Knockdown-Induced Suppression of Cell
Proliferation, Migration, and Invasion in OS

To further explore the downstream mechanism medi-
ated by miR-4443, we predicated the potential target
mRNA of miR-4443. We found that there is a potential
binding site of miR-4443 in the 3’-UTR of NUPR1 mRNA
(Fig. 6A). Then we found that the miR-4443 mimic really
could inhibit the luciferase activity in MG63 cells trans-
fected with WT 3’-UTR but not mut 3’-UTR (Fig. 6B).
Overexpression of miR-4443 inhibited the mRNA and
protein levels of NUPR1 in U20S and MG63 cells,
while inhibition of miR-4443 increased NUPR1 expres-
sion (Fig. 6C and D). We demonstrated that FEZF1-AS1
sponged miR-4443 in OS. To further determine whether
FEZF1-AS1 regulates NUPRI in OS, we checked the
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Figure 4. FEZF1-AS1 sponged miR-4443 in OS. (A) The miR-4443 binding sites in FEZF1-AS1 were predicted by bioinformatics
analysis. (B) Dual-luciferase reporter assays were conducted with MG63 cells cotransfected with the miR-4443 mimic or inhibitor
and FEZF1-AS1-WT or FEZF1-AS1-mut reporter plasmid. (C) RT-qPCR analysis showed that overexpressing miR-4443 signifi-
cantly decreased the level of FEZF1-AS1 in U20S and MG63 cells, while inhibiting miR-4443 significantly increased FEZF1-AS1.
(D) RT-qPCR results showed that FEZF1-AS1 overexpression inhibited the level of miR-4443 in U20S and MGG63 cells, while
FEZF1-AS1 inhibition increased miR-4443. (E) The expression level of miR-4443 in OS tissues was determined by RT-qPCR. (F) The
expression patterns of miR-4443 in OS cell lines and hFOB cells were analyzed by RT-qPCR. (G) RT-qPCR showed that the expression
of miR-4443 was reversely correlated with that of FEZF1-AS1 in OS tissues. All data are representative of three independent experi-
ments and expressed as mean+SD. *p<0.05, **p<0.01, and ***p<0.001.
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and expressed as mean+SD. *p<0.05 and **p<0.01.
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effect of FEZF1-AS1 on NUPR1 expression. We found restoration of NUPR1 rescued FEZF1-AS1 knockdown-
that overexpressing FEZF1-AS1 could upregulate the induced suppression of cell proliferation, migration, and
mRNA level of NUPR1 in U20S and MG63 cells, while invasion in vitro (Fig. 6H-K). Taken together, the above
inhibiting FEZF1-AS1 decreased NUPR1 expression data indicated that FEZF1-AS1 promoted cell prolif-
(Fig. 6E). Consistently, the expression of NUPR1 was eration, migration, and invasion via a miR-4443/NUPR1

also upregulated in OS tissues compared to adjacent axis in OS cells.

normal tissues (Fig. 6F). To further determine the role

of NUPR1 on FEZF1-AS1-mediated effects against cell DISCUSSION

proliferation, migration, and invasion, we restored the IncRNAs have been reported to play an important role

expression of NUPR1 in FEZF1-AS1-depleted U20S and in OS. Several IncRNAs, such as X inactive-specific tran-
MG63 cells (Fig. 6G). We then performed CCK-8, colony script (XIST) and Inc-small nucleolar RNA host gene 1
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Figure 6. Nuclear protein 1 (NUPR1) was a target gene of miR-4443, and restoration of NUPR1 rescued FEZF1-AS1 knockdown-
induced suppression of cell proliferation, migration, and invasion in OS. (A) The miR-4443 binding site in NUPR1 was identified by
bioinformatics analysis. (B) Dual-luciferase reporter assays were conducted using MG63 cells cotransfected with miR-4443 mimic
or inhibitor and NUPR1-WT or NUPR1-mut reporter plasmid. (C) Relative RT-qPCR and (D) Western blot analysis indicated that
overexpressing miR-4443 significantly inhibited the mRNA and protein levels of NUPR1 in U20S and MG63 cells and vice versa.
(E) RT-qPCR showed that FEZF1-AS1 overexpression promoted the mRNA levels of NUPR1 in U20S and MG63 cells, while
FEZF1-AS1 inhibition decreased NUPR1 levels. (F) RT-qPCR analysis showed that NUPR1 expression was upregulated in OS tissues.
(G) The protein levels of NUPR1 were restored in FEZF1-AS1-silenced U20S and MG63 cells. (H) CCK-8 and (I) colony forma-
tion assays showed that FEZF1-AS1 knockdown inhibited U20S and MG63 cell proliferation, while NUPRI1 restoration reversed it.
(J) Transwell migration and (K) invasion assays indicated that FEZF1-AS1 knockdown inhibited U20S and MG63 cell migration
and invasion, while NUPR1 restoration rescued it. All data are representative of three independent experiments and expressed as
mean+SD. **p<0.01 and ***p<0.001.
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of IncRNAs is related to abnormal growth, development,
and differentiation in various cancers. However, the func-
tions of most IncRNAs still remain to be elucidated. Here
we found that IncRNA FEZF1-AS1 was overexpressed
in human OS tissues and cell lines. The expression of
FEZF1-AS1 is correlated with clinical severity. Moreover,
we found that FEZF1-AS1 played essential roles on the
proliferation, migration, and invasion of OS cells, which
implied that FEZF1-AS1 might be a potential therapeutic
target for OS treatment.

Previous studies reported that FEZF1-AS1 promoted
tumor progression in various human cancers. For instance,
FEZF1-AS1 promotes gastric cancer proliferation by
repression of p21 expression”. Another study revealed
that FEZF1-AS1 was also aberrantly expressed in stom-
ach adenocarcinoma®. However, the role of FEZF1-AS1
and its functional molecular mechanism in OS are totally
unknown. In our study, we revealed the essential effect
of FEZF1-AS1 on OS progression. Through overexpres-
sion or knockdown of FEZF1-AS1 in U20S and MG63
cells, we performed CCK-8, colony formation, and
Transwell assays and found that FEZF1-AS1 promoted
the proliferation, migration, and invasion of OS cells in
vitro. Moreover, we performed xenograft experiments to
determine the effect of FEZF1-AS1 on tumor growth and
metastasis in vivo. We found that FEZF1-AS1 knock-
down remarkably inhibited tumor growth and metastasis.
Our study expanded the knowledge of FEZF1-AS1 as a
regulator of OS progression.

Accumulating reports showed that IncRNAs could act
as ceRNA to associate with miRNAs*'. To determine the
molecular mechanism by which FEZF1-AS1 functions in
OS, we made a prediction and demonstrated that FEZF1-
AS1 directly bonded to miR-4443 by dual-luciferase
reporter assay. The relationship between miRNAs and
cancers has been widely studied and elucidated. However,
the role of miR-4443 is unknown in cancers. A recent
report showed that miR-4443 suppresses the invasiveness
of human colon cancer cells®. The effect of miR-4443 on
cell proliferation and its function in OS need to be deter-
mined. In our study, we found that FEZF1-AS1 inhibited
the level of miR-4443 that was downregulated in OS tis-
sues compared to adjacent normal tissues. Moreover, by
CCK-8 and Transwell assays, we found that inhibition
of miR-4443 could rescue the suppression of cell prolif-
eration, migration, and invasion induced by FEZF1-AS1
knockdown in U20S and MG63 cells. To further deter-
mine the downstream mechanism, we searched for the
target gene of miR-4443 in OS cells and found that miR-
4443 bonded to the 3’-UTR of NUPR1 mRNA. Previous
evidence showed that NUPR1 served as an oncogene in
various cancers. For instance, knockdown of NUPRI1
inhibited the proliferation of glioblastoma cells”. In
addition, inhibition of NUPR1 decreased human NSCLC
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growth in vitro and in vivo**, However, the function of
NUPRI in OS has not been defined. In our study, we
revealed that NUPR1 was downregulated by miR-4443
and upregulated by FEZF1-ASI in OS cells. We also
showed that expression of NUPR1 was upregulated in OS
tissues. Moreover, we found that restoration of NUPR1
protein level rescued FEZF1-AS1 knockdown-induced
suppression of cell proliferation, migration, and invasion
in OS.

In summary, our data demonstrated that IncRNA
FEZF1-AS1 promoted OS progression by regulating
the miR-4443/NUPR1 axis. The FEZF1-AS1/miR-4443/
NUPRI signal cascade may act as a novel therapeutic
strategy for OS treatment.
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