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Background: Osteosarcoma (OS) is one of the most common malignant bone tumors with
a poor overall prognosis. MiR-1224-5p plays an important role in cancer, but its function and
mechanism in OS have not been studied.

Materials and Methods: The expression of miR-1224-5p and PLK1 was detected by qRT-
PCR in OS cells, adjacent tissues, and cell lines. Dual-luciferase reporter gene assay was
used to verify the interaction between miR-1224-5p and PLK1. The expression of miR-1224-
5p and PLK1 was intervened by transfection with miR-1224-5p mimic, NC mimic, pc-NC
and PLK1, respectively. MTT, colony formation assay, Transwell and flow cytometry were
used to observe the cell proliferation, invasion and apoptosis. Western blot was used to detect
the expression levels of PLK1, PI3K/AKT/mTOR signaling pathway-related proteins, autop-
hagy-related proteins, and epithelial-mesenchymal transition (EMT)-related proteins in the
cells.

Results: We found that miR-1224-5p was down-regulated and PLK1 expression was up-
regulated in OS tissues and cells. On the other hand, it is further confirmed that PLK1 was
a target gene of miR-1224-5p. Overexpression of miR-1224-5p inhibited the proliferation,
invasion while promoted the apoptosis of OS cells, whereas overexpression of PLKI
promoted the proliferation, invasion and inhibited the apoptosis of OS cells. In the
miR-1224-5p group (overexpression of miR-1224-5p), PI3K, AKT, and mTOR protein
phosphorylation levels were significantly reduced, while autophagic activity was signifi-
cantly activated, and the degree of EMT was significantly reduced. But the results in the
PLK1 group (overexpression of PLK1) were the opposite. In addition, overexpression of
miR-1224-5p reversed the effect of PLK1 upregulation on OS cells.

Conclusion: MiR-1224-5p targets PLK1 to inhibit PI3K/AKT/mTOR signaling pathway,
thus mediating the proliferation, invasion, apoptosis, autophagy and EMT in OS cells.
Keywords: osteosarcoma (OS), miR-1224-5p, PLK1, epithelial-mesenchymal transition
(EMT), autophagy

Introduction

Osteosarcoma (OS) is a common malignant bone tumor, which often occurs in
adolescents or children." Higher birth weight,? adolescent hormone secretion® and
genetic variation® are the risk factors affecting the occurrence of OS. Its current
treatment is mainly based on neoadjuvant chemotherapy (NACT), surgical resection

of the primary tumor and adjuvant chemotherapy.’ In the past 30 years, the
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occurrence and treatment of OS have not been improved.
Adolescents or children with local non-invasive metastases
have a 5-year survival rate of approximately 60—70%,
whereas patients with metastatic OS have a poorer prog-
nosis and a 5-year survival rate of approximately 23%.°
Among them, the lung is the most common site of OS
metastasis.” Therefore, to study the key protein molecules
and their possible regulatory mechanisms in the occur-
rence, development and metastasis of OS is of great sig-
nificance for its treatment.

Although researchers have explored and made some
progress in the treatment of OS, the overall prognosis of
OS patients is still poor, especially in patients with distant
MicroRNAs (miRNAs) are
endogenous non-coding single-stranded RNAs molecules.

metastasis or recurrence.8

Based on the cutting or translational repression caused by
sequence complementarity, miRNAs regulate the expres-
sion of gene after transcription in the cells by targeting and
acting on the 3*-UTR of mRNAs.” As major members of
the regulatory gene family in eukaryotic cells, miRNAs
are involved in almost all life processes such as cell

growth, development, 10,11

senescence, and apoptosis.
Currently, increasing reports show that different miRNAs
influence the occurrence and development of OS by affect-
ing multiple cellular signaling pathways to form a more
complex regulatory network.'>'? For example, miR-497
activates P21 expression and promotes the apoptosis of OS
cells by inhibiting the expression of MAPK/ERK signaling
pathway.'* MiR-567 inhibits the proliferation, migration
and invasion ability of OS cells by targeting fibroblast
growth factor 5 (FGF5).'> MiR-493 inhibits the prolifera-
tion and invasion of OS cells by directly targeting SP1."°
MiR-30a inhibits the proliferation and metastasis of OS by
down-regulating the expression of MEF2D.'” MiR-338-3p
inhibits proliferation, migration, invasion and epithelial-
mesenchymal transition (EMT) in OS cells by targeting
heat shock protein HSP90.'"® Thus, miRNAs are closely
associated with the occurrence and development of OS.
As a microRNA, miR-1224-5p is closely associated
with proliferation, drug resistance, invasion, and metasta-
sis of tumor."? For example, upregulation of miR-1224-5p
can inhibit drug resistance of glioma to inhibit cancer.?
Meanwhile, miR-1224-5p inhibits the proliferation and
invasion of ovarian cancer by targeting SND1.>' MiR-
1224-5p/ELF3 signal axis mediates PI3K/AKT/Notch sig-
nal pathway to regulate the malignant biological behavior
of pancreatic cancer.”? And miR-1224-5p inhibits the pro-
liferation, apoptosis, and invasion of keloid through the

TGF-B1/Smad3 signaling pathway.® MiR-1224-5p also
mediates mitochondrial damage to affect pulmonary fibro-
sis induced by silicon through targeting BECN1.>* These
data prove that miR-1224-5p has a wide range of regula-
tory roles in a variety of tumors and it can regulate
a variety of molecular pathways to affect the occurrence
and development of tumors. Furthermore, miR-1224-5p is
also involved in the EMT of tumor cells. It has been shown
that miR-1224-5p inhibits the EMT in laryngeal papilloma
cells and is strongly associated with patient prognosis.”® In
addition, Hongkai Lian et al found that the Linc00460/
miR-1224-5p/FADSI axis is a potential therapeutic target
for 0S.%° However, the effect of miRNA-1224-5p on the
EMT of OS cells needs to be explored.

Autophagy, a conserved catabolic process widely
found in eukaryotes, is a biological pathway in which
lysosomes are involved in the digestion and degradation
of their own biomacromolecules or damaged organelles.?’
Autophagy plays a dual role in the regulation of tumor.
Autophagy can inhibit tumor formation, and can also help
tumor cells against poor growth environments such as
hypoxia and lack of nutritional factors, thus promoting
the occurrence and development of tumors.”® Autophagy
plays a dual role in the regulation of epithelial-
mesenchymal transition (EMT) as well. For one thing,
autophagy inhibits EMT to inhibit invasion of tumor
cells; for another, autophagy can activate EMT to promote
invasion of tumor cells.”® There is increasing evidence
showing that autophagy is closely related to EMT, but
the role of miR-1224-5p in EMT and autophagy in OS
remains to be investigated. Therefore, we hypothesize that
miR-1224-5p may affect the biological functions of OS
cells such as proliferation, migration, invasion and EMT
through autophagy, so as to provide new ideas. The pre-
sent study will investigate this conjecture to provide new
ideas for the treatment of OS.

Materials and Methods

Cell Culture

Human normal osteoblast line hFOB1.19, and OS cell
lines MG-63, U208, Sa0OS2, HOS, 143B were purchased
from the cell bank of Shanghai Institute of Cell Biology,
Chinese Academy of Sciences. The cells were cultured in
RPMI-1640 medium containing 10% fetal bovine serum
(FBS), 100U/mL penicillin and 100pg/mL streptomycin in
a saturated humidity incubator with 5% CO, at 37°C. The
cells were digested and passaged with 0.25% trypsin every

submit your manuscript

11808

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Jin etal

2-3 days, and the cells in logarithmic growth phase were
taken for the subsequent experiments.

Cell Transfection and Vector

Construction

MiR-1224-5p mimic, NC mimic, pcDNA3.1-NC and over-
expression vector pcDNA3.1-PLK1 were designed and
synthesized by RiboBio (Guangzhou, China). The cells
were transfected using Lipofectamine 2000 in strict accor-
dance with the instructions provided by the manufacturer.
MG-63 cells and U20S cells were divided into 6 groups:
Control group, miR-1224-5p mimic group (miR-1224-5p
group), miR-1224-5p mimic NC (NC mimic group), nega-
tive control group with PLKI1 overexpression (pc-NC
group), PLK1 overexpression group (PLK1 group) and
miR-1224-5p overexpression + PLKloverexpression
group (miR-1224-5p mimic+PLK1 group). The cells
were seeded at 6-well plates with a density of 5x10°
cells per well to 50-70% confluency. Subsequently, 2uL
Lipofectamine2000 and 5nM miR-1224-5p mimic, NC
mimic, pc-NC, PLK1 and miR-1224-5p mimic+PLK1
were mixed at 1:50 in volume for transfection. After 6
hours of transfection, the cells were rinsed with PBS for 3
times, the culture medium was replaced and then the cells
were continuously cultured for 48 hours. The transfection
efficiency was verified by qRT-PCR, and the cells with
successful transfection were used in the follow-up
experiments.

MTT Assay

The cells in logarithmic growth phase were seeded on 96-
well plates at the concentration of 5.0 x 107/L (100 L per
well), and cultured in a saturated humidity incubator with
5% CO, at 37°C for 24 hours. Following the cell attachment,
the OS cells were transfected according to the method men-
tioned above. At 24, 48 and 72 hours after transfection, 20
pL MTT reaction solution (2 g/L) was added to each well
and incubated for 4 hours, then the culture was terminated.
Subsequently, the culture medium was aspirated and 150pL
of DMSO was added to each well. The absorbance (A) value
of each well was measured at 490nm using the microplate
reader. Six parallel wells were set for each group, and the
experiment was repeated 3 times.

Colony Formation Assay
At 48 hours after transfection, MG-63 and U20S cells
were digested with 0.25% pancreatin and centrifuged at

1000r/min for 5 min and then collected to resuspend and
count. The cell suspension with gradient dilution was
inoculated in the petri dish at appropriate cell density,
and the cells were distributed evenly at the bottom as
much as possible. The cells were continuously cultured
in the incubator for 10 days until the colony was visible to
the naked eye. Then the original culture medium was
removed, PBS was used to rinse the cells once, and the
cells were fixed for 15 min with 10% formaldehyde. Next,
the cells were rinsed with PBS twice, stained with crystal
violet for 30 min, rinsed with PBS again and dried, and
finally photographed. The experiment was repeated 3
times.

Annexin V-P| Apoptosis Assay

The transfected cells were digested and then collected.
A total of 5x10*-10x10* cells were centrifuged at 1000r/
min for 5 min, and the supernatant was aspirated. The cells
were resuspended gently in 195pL binding buffer of
Annexin V-FITC. Then, SuL. Annexin V-FITC reagent
was added to the cell suspension and mixed gently. The
cells were incubated at room temperature for 5 min in the
dark. Subsequently, 10uL of propidium iodide (PI) stain-
ing solution was added and placed at room temperature for
10 min in the dark. Another 200uL of Annexin V-FITC
binding buffer was added to gently resuspend the cells.
Finally, apoptosis was detected using flow cytometry
(FACSCanto TM 11, BD Biosciences).

Transwell Invasion Assay

At 48 hours after transfection, MG-63 and U20S cells
were digested in the serum-free medium. Then, 200 pL
cell suspension containing 8x10’/L cells was added to the
upper chamber of Transwell insert covered with matrix
glue, while 600 pL medium containing 10% FBS was
added to the lower chamber, and cultured with 5% CO,
at 37°C for 24 hours. Three parallel wells were set in each
group. Transwell insert was taken out, Matrigel and non-
invasive cells in the upper chamber were wiped off with
cotton swab. And the invasive cells were fixed with metha-
nol for 10 min, stained with 0.1% crystal violet for 40 min.
five fields
a microscope (100 x) to count the invasive cells, and the

Finally, were randomly selected under

average value was taken.

Dual-Luciferase Reporter Gene Assay
PLK1 was predicted to be a target gene of miR-1224-5p
using Starbase V2.0 software which was verified by
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luciferase reporter gene assay. The 3'untranslated region
(UTR) of the wild-type (WT) PLK1 gene was cloned into
a luciferase vector plasmid, and the mutant (MUT) plas-
mid WAS obtained from the mutation of the binding
domain of PLKI! and miR-1224-5p. MG-63 cells and
U20S cells were inoculated in a 24-well plate to 60%
the cells
Lipofectamine 2000 according to the following groups:

confluency. Then were transfected with
miR-1224-5p mimics and WT plasmid containing PLK1
3’-UTR; NC mimics and WT plasmid containing PLK1 3'-
UTR; miR-1224-5p mimics and MUT plasmid containing
PLK1 3'-UTR; NC mimics and MUT plasmid containing
PLK1 3'-UTR. After 48 hours of co-transfection, the rela-
tive luciferase activity levels among different groups was
detected by dual-luciferase assay system. The experiment
was repeated 3 times.

Quantitative RT-PCR (qRT-PCR)

Total RNA was extracted from OS cell lines MG-63,
U20S, Sa0S2, HOS, 143B, and normal osteoblast line
hFOBI1.19 and animal tumor tissue using Trizol reagent
(Invitrogen) according to the instruction. A total of 500ng
RNA was reversely transcribed to cDNA using the cDNA
Transcription Kit (ABI). qRT-PCR reactions were per-
formed with 40 cycles using the following parameters:
95°C for 2 min, 95°C for 15 seconds and 60°C for 15
seconds, respectively. All the results were standardized by
the expression of GAPDH. Quantitative analysis was per-
formed using the 27**“' method. The primer sequences
used were as follows: miR-1224-5p, Forward: 5-TGCG
CGTGAGGACTCGGGA-3' and Reverse: 5-CTCAAG
TGTCGTGGAGTCGGCAA-3'; U6, Forward: 5'-GCTTC
GGCAGCACATATACTAAAAT-3" and Reverse: 5'-CGCT
TCACGAATTTGCGTGTCAT-3'; PLK1, Forward: 5-AC
CTGTTGTGTCTTCCCTCT-3" and Reverse: 5'-GTAGAA
CCCACACCCGAACA-3; GAPDH, Forward: 5-AAC
GGATTTGGTCGTATTG-3" and Reverse: 5-GGAAGA
TGGTGATGGGATT-3".

Western Blot

At 48 hours after transfection, the cells were and lysed on ice
for 30 min using RIPA buffer. After the protein content had
been determined, 40 ug of protein was taken and separated
using 10% SDS-PAGE. Subsequently, the proteins on the gels
were transferred to PVDF membranes by wet transfer
method. The PVDF membranes were blocked with blocking
solution for 2 hours at room temperature. After that, the
membranes

were incubated with primary antibodies

(Abcam, UK) overnight at 4°C. After rinsed with TBST 3
to 5 times (5—10 min/time), the membranes were incubated
with the secondary antibodies at room temperature for 1 hour.
Finally, the target proteins were developed with ECL solu-
tions, and analyzed by gel imaging system. The images were
quantified using Image J (National Institutes of Health).

Statistical Analysis

All the experiments were repeated 3 times, and the experi-
mental data were expressed as mean + standard deviation
(SD). SPSS22.0 statistical software was used for data analysis.
The comparisons of multiple groups were performed using
one-way analysis of variance (ANOVA), and comparisons
between groups using t-test. P<0.05 was considered
significant.

Results
MiR-1224-5p Was Expressed at Low

Levels in OS Tissues and Cell Lines

Firstly, GSE28423 and GSE39052 data sets were used to
analyze the abnormally expressed miRNAs, and the inter-
section of the up-regulated miRNAs and the intersection of
the down-regulated miRNAs were taken for the Venn dia-
gram (Figure 1A and B). The results showed that a total of
11 miRNAs were co-up-regulated and 5 miRNAs were co-
down-regulated. In addition, the expression of miR-1224-5p
in human OS cell lines MG-63, U20S, Sa0S2, HOS and
143B was detected. Compared with human normal osteo-
blast line hFOB1.19, the levels of miR-1224-5p in MG-63,
U208, Sa0S2, HOS and 143B were significantly declined
(Figure 1C). These results suggested that miR-1224-5p had
the potential to be involved in the progression of OS. The
expression of mir-1224-5p was lower in MG-63 cells and
U20S cells, so the two cells were selected for subsequent
experiments. In order to further detect the effect of miR-
1224-5p expression on OS progression, in MG-63 cells and
U20S cells were transfected with miR-1224-5p mimics to
upregulate the expression of miR-1224-5p (Figure 1D).

Elevated miR-1224-5p Expression Inhibits
Proliferation and Invasion While

Promotes Apoptosis and Autophagy of
OS Cells

The expression of miR-1224-5p was overexpressed to inves-
tigate the effect of miR-1224-5p on the function of MG-63
and U20S cells. The results of MTT assay (Figure 2A),
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Figure | MiR-1224-5p is expressed at low levels in OS tissues and cell lines. (A) The Venn diagram of the intersection of up-regulated miRNAs in GSE28423 and GSE39052
data sets. (B) The Venn diagram of the intersection of down-regulated miRNAs intersection in GSE28423 and GSE39052 data sets. (C) QRT-PCR to detect the expression of
miR-1224-5p in human osteoblast hFOBI.19 and OS cell lines MG-63, U20S, Sa0S2, HOS and 143B. *P<0.05 and **P<0.01 vs hFOBI.19. (D) QRT-PCR to detect the
expression of miR-1224-5p in MG-63 cells and U20S cells transfected with miR-1224-5p mimics or mimics NC. *P<0.05 vs mi-NC group.

colony formation assay (Figure 2B), flow cytometry (Figure
2C) showed that compared with mi-NC group, the prolifera-
tion of MG-63 cells and U20S cells was inhibited and
apoptosis was promoted in the miR-1224-5p group. The
results of Transwell confirmed that overexpression of miR-
1224-5p inhibited cell invasion ability (Figure 2D).
Meanwhile, the results of Western blot revealed that over-
expression of miR-1224-5p promoted the expression of
Beclin-1 and LC3-1I/ I and inhibit the expression of p62
(Figure 2E). These results suggested that miR-1224-5p had
the biological function to inhibit the proliferation, invasion
and promote apoptosis and autophagy of OS cells.

MiR-1224-5p Mediates PI3K/AKT/mTOR

Pathway to Inhibit EMT of OS Cells

To further elucidate the mechanism of miR-1224-5p in the
regulation of biological functions such as EMT of OS cells,
Western blot was used to detect the expression of EMT-
related proteins E-cadherin, Vimentin, N-cadherin, ZEB1
and the expression of related proteins of PI3K/AKT/mTOR
signal pathway in MG-63 cells and U20S cells after

transfected with miR-1224-5p mimic and NC mimic. As
shown in Figure 3A, compared with the mi-NC group, the
protein expression level of E-cadherin in MG-63 cells and
U20S cells elevated significantly, while Vimentin,
N-cadherin and ZEB1 declined obviously in MG-63 cells
and U20S cells in the miR-1224-5p mimic group. As shown
in Figure 3B, the protein levels of p-PI3K, p-AKT and
p-mTOR decreased significantly in MG-63 cells and U20S
cells in the miR-1224-5p group (P < 0.05). These results
suggested that miR-1224-5p inhibited EMT of OS cells by
mediating PI3K/AKT/mTOR signal pathway.

MiR-1224-5p Targets PLKI

PLK1 was predicted to be a target gene of miR-1224-5p using
Starbase V2.0. It was further found that compared with that in
hFOB1.19 cells, PLK1 was expressed at low levels in MG-63,
U208, Sa0S2, HOS and 143B cells (Figure 4A). Meanwhile,
the expression of PLK1 increased significantly in the miR-
1224-5p group (Figure 4B and C). The results of correlation
analysis showed a negative correlation between PLK1 and
miR-1224-5p expression (Figure 4D). In order to further
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Figure 2 MiR-1224-5p inhibits proliferation and invasion while promotes the apoptosis and autophagy of OS cells. (A) MTT assay to detect the cell proliferation in MG-63
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blot to detect the expression level of autophagy-related proteins Beclin-1, LC3-II/l and p62 in MG-63 cells and U20S cells after transfection with NC mimic and miR-1224-

5p mimic. *P<0.05 vs mi-NC group.

verify the targeting relationship between miR-1224-5p and
PLK1, relative luciferase activity was measured and the results
showed that the overexpression of miR-1224-5p significantly
inhibited the luciferase reporter gene activity of the WT plas-
mid containing PLK1 3'-UTR (Figure 4E and F). These results
suggested that in OS cells, miR-1224-5p targeted and regu-
lated the expression of PLK1 by binding to the PLK1 3'-UTR.

Overexpression of PLK1 Inhibits the
Inhibitory Effect of miR-1224-5p on OS
Cells

In order to explore whether miR-1224-5p can exert its
biological function in OS cells by targeting PLK1, the rescue

experiment was carried out. PLK1 overexpression plasmids
was transfected into MG-63 cells and U20S cells with over-
expression of miR-1224-5p to detect cell function. After
transfection, the expression of PLK1 in PLK1+miR-1224-
Sp group was significantly lower than that in PLK1 group
(Figure 5A). The results of MTT, cell colony assay and flow
cytometry (Figure SB-D) showed that compared with pc-
NC group, the proliferation of MG-63 cells and U20S cells
was promoted and the apoptosis was inhibited in the PLK1
group. The results of Transwell assay (Figure 5E) showed
that overexpression of PLK1 promoted cell invasion, and
inhibited the expression of autophagy-related proteins
(Beclin-1 and LC3-1I/), while promoted the expression of
P62 (Figure 5F). In addition, it was also found that
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compared with the pc-NC group, cell proliferation, apopto-
sis, invasion and autophagy in the PLKI1+miR-1224-5p
group were contrary to the above results. These results
further suggested that miR-1224-5p inhibited the prolifera-
tion, invasion and promoted the apoptosis and autophagy of
OS cells by regulating the expression of PLK1.

MiR-1224-5p Mediates PI3K/AKT/mTOR
Pathway by Targeting PLKI to Inhibit the
EMT of OS Cells

In order to further investigate the molecular mechanism of
miR-1224-5p in the regulation of EMT of OS cells by
targeting PLK1, the expression of EMT-related proteins
and PI3K/AKT/mTOR signal pathway-related proteins in
MG-63 cells and U20S cells after transfection with pc-
NC, PLK1 and miR-1224-5p mimic+PLK1. The results of
Western blot showed that compared with the pc-NC group,
the protein expression level of E-cadherin in the PLKI
group was significantly lower, while Vimentin, N-cadherin
and ZEB1 were significantly elevated (p < 0.05); and the

protein levels of p-PI3K, p-AKT and p-mTOR also
increased significantly in the PLK1 group. However, com-
pared with the PLK1 group, the expression levels of these
proteins in the PLK1+miR-1224-5p group were opposite
(Figure 6A and B). These results suggested that miR-
1224-5p mediated PI3K/AKT/mTOR signaling pathway
by targeting PLK1 to inhibit the EMT of OS cells.

Discussion

OS is a common primary malignant bone tumor in chil-
dren and adolescents, with high metastasis rate, high
malignant degree, high recurrence rate and high mortality
rate. It causes serious impact on the physical and mental
health of patients. Surgical amputation, radiotherapy and
chemotherapy are commonly used in the clinical treatment
of OS; although the survival time has been prolonged, the
therapeutic effect still needs to be improved. Therefore, it
is of great significance to find new therapeutic targets and
effective drugs for the prognosis of OS. MiR-1224-5p is
considered as a potential biomarker for tumor diagnosis,
and this study provides a new direction for the treatment of

OncoTargets and Therapy 2020:13

submit your manuscript

11813

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Jin et al
A 2.5 B C _ MG U208
s 2. s 1.2
.% =] EWMG-63 PLEK] - e -
g % 2 1.0 mU208
E 2 sk . i * B-actin = e c— ————
E 15 . & z 08 1.2 mMG-63
* -
) 2 06 m U208
= 1 = 0.8
P ~ 04
2z >
E 0.5 -g 0.2 0.4
= =
“ Y
0 0 0
G Y by Sy ey L 2y, G, .
2 0 100, G, ~ . g, Ny R,
0@, Q@ Qg O‘Sl’ A K o /"O 132 *op O 132
29 Sp Sp
D 8 E F WMG-63
3‘120 m U208

Relative PLK1 expression
-

0
0o 2 4 6 8 10
Relative miR-1224-5p expression

MUT: 5’ acuggugcccAGGAGUe 3°
Target: 5’ acuggugecccUCCUCAce 3’

miRNA: 3’ ggagggcucAGGAGUg &

100
80
60

'
0

40

20
NC Mimic NC Mimic
PLK1-WT PLK1-MUT

Relative luciferase activi

Figure 4 MiR-1224-5p targets PLKI. (A) qRT-PCR to detect the expression of PLK| in hFOBI.19 and MG-63, U20S, SaOS2, HOS and 143B. (B) qRT-PCR to detect the
expression of PLK| in MG-63 cells and U20S cells after transfected with miR-1224-5p mimic and NC mimic. (C) Western blot to detect the protein expression of PLK1 in
MG-63 cells and U20S cells after transfected with miR-1224-5p mimic and NC mimic. *P<0.05 vs mi-NC group. (D) Correlation analysis between miR-1224-5p and PLKI
expression. (E) Starbase V2.0 to predict the binding site between miR-1224-5p and PLKI. (F) Dual-luciferase reporter gene assay to detect the targeting relationship

between miR-1224-5p and PLKI. *P<0.05 vs NC group.

OS by exploring the relationship between miR-1224-5p,
EMT and autophagy.

Previous studies have found that miR-1224-5p plays an
important role in tumorigenesis, regulating the prolifera-
tion, apoptosis and invasion of tumor cells. For example,
based on the gene chip technology, Mosakhani et al stu-
died the differences of miRNAs expression from 99
patients with metastatic colorectal cancer and found that
there was a correlation between miR-1224-5p downregu-
lation and survival rate.*° Della et al performed microarray
analysis on the samples from 38 cases with rectal cancer
who underwent surgery, and found that miR-1224-5p was
significantly up-regulated.’! Jin et al found that miR-1224-
S5p was able to inhibit the occurrence and development of
neuroglioma by targeting CREB1.%
miR-1224-5p in OS is not clear currently. In this study,
mir-1224-5p was down-regulated in OS cells; overexpres-
sion of miR-1224-5p inhibited the proliferation and inva-
sion and promoted the apoptosis of osteosarcoma cells.
These results confirmed that the inhibitory effect of miR-
1224-5p on OS.

Furthermore, PLK1 gene was confirmed to be a direct
target of miR-1224-5p. Then we found that overexpression

However, the role of

of PLK1 gene promoted the proliferation and invasion and
inhibit the apoptosis of OS cells. In addition, the results of
rescue experiments confirmed that overexpression of
PLK1 reversed the effect of miR-1224-5p on the function
of OS tumor cells. PLK1 is a cell cycle kinase that parti-
cipates in eukaryotes mitosis and can be used as
a biomarker target in

and potential therapeutic

oncology.*® It has been reported that overexpression of
PLKI can promote the progression of breast cancer,>
renal cell carcinoma,* gastric cancer.’®> With regard to
the study of PLK1 in OS, Zhu et al found that the pro-
liferation of OS cells was inhibited with the intervention of
PLKI expression.*® Mo et al found that PLKI could
promote the proliferation of MYC-amplifying OS cells
through autophagy.®’ These results are consistent with
our research results. It is suggested that miR-1224-5p
regulates the effect of PLK1 expression on the occurrence
and development in OS.

The occurrence and development of tumor is often
accompanied by EMT which can promote tumor invasion
and metastasis.*® The most important molecular markers
in the process of EMT are the loss of epithelial marker

E-cadherin and the gain of mesenchymal markers
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Figure 5 MiR-1224-5p regulates the expression of PLK| to inhibit the proliferation and invasion while promote the apoptosis and autophagy of OS cells. (A) QRT-PCR to
detect the expression of PLKI in MG-63 cells and U20S cells after transfection with pc-NC, PLK| and miR-1224-5p mimic+PLKI. (B) MTT assay to detect the cell
proliferation in MG-63 cells and U20S cells after transfection with pc-NC, PLK| and miR-1224-5p mimic+PLKI1. (C) Cell colony formation assay to detect the cell viability in
MG-63 cells and U20S cells after transfection with pc-NC, PLK| and miR-1224-5p mimic+PLK]1. (D) Flow cytometry to detect the apoptosis rate of MG-63 cells and U20S
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Vimentin, N-cadherin and ZEB1.** Our study found that
overexpression of miR-1224-5p could inhibit the expres-
sion of Vimentin, N-cadherin and ZEB1 in OS cells, and
promote the expression of E-cadherin; overexpression of
PLK1 promoted the occurrence of EMT in OS cells, while
overexpression of miR-1224-5p could reverse the expres-
sion of the corresponding proteins.

Autophagy plays a dual role in the regulation of
DEDD interacts
with PI3KC3 to induce increase of autophagy, which

EMT. In human breast cancer cells,

in turn inhibits the occurrence of EMT, thus inhibiting
the invasion of tumor cells.* However, autophagy can
also promote the invasion of hepatoma cells by activat-

ing EMT.*' Meanwhile, Lu et al have found that miR-
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group.

517c inhibits autophagy and EMT of glioblastoma
cells.*? Increasing evidence shows that autophagy is
closely related to EMT, but autophagy inhibits or pro-
motes EMT is not completely clear. We speculate that
these different results may be caused by the inconsis-
tency of microenvironment, cell type and experimental
conditions. The molecular mechanisms by which autop-
hagy inhibits or promotes EMT have not been found at
present. It is well known that autophagy is regulated by
autophagy-related molecules, and the expression levels
of LC3-1I/I, p62 and Beclin-1 can express autophagy
activity.*> Our study found that through targeting
PLK1, miR-1224-5p significantly activated the expres-
sion of autophagy-related proteins LC3II/I and Beclin-1
in OS, while decreased the level of p62. Other studies
have confirmed that PI3K/AKT/mTOR pathway can
reduce autophagy activity and promote EMT. This

study further confirms that miR-1224-5p targets PLK1
to inhibit PI3K/AKT/mTOR pathway, thus activating
autophagy activity to inhibit the occurrence and devel-
opment of EMT.

In summary, miR-1224-5p is expressed at low levels
in OS cells and tissues. MiR-1224-5p regulates the bio-
logical functions such as autophagy and EMT of OS
through PLK1. The conclusions of this study still were
required further animal experiments and clinical tissue
samples to verify. This study suggests that miR-1224-5p
is a potential target for the treatment of OS and has
a good clinical application prospect for the prognosis of
OS patients.
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