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This study investigated the role of miR-182-3p in osteosarcoma. The effect of the miR-182-3p expression
on cell function and the regulatory signal changes of Early B-cell Factor 2 targeted by miR-182-3p were
studied in the osteosarcoma cell line in vitro. miR-182-3p was downregulated in both osteosarcoma
patients and osteosarcoma cell line. The overexpression of miR-182-3p resulted in increased apoptosis of
osteosarcoma cells and decreased migration and invasion of osteosarcoma cells. In addition, miR-182-3p
regulated the messenger RNA stability of early B-cell factor 2 y directly binding to the 3 prime untranslated
region of Early B-Cell Factor 2, which was a key regulator of osteosarcoma cell apoptosis. Overexpression
of Early B-Cell Factor 2 could inhibit the apoptosis of osteosarcoma cells and promote the migration
and invasion of osteosarcoma cells effectively. At the same time, overexpression of Early B-Cell Factor 2
could alleviate the phenotype induced by miR-182-3p. miR-182-3p was a tumor suppressing microRNA in
osteosarcoma. Its function was realized by inhibiting Early B-Cell Factor 2. These results provided a new
therapeutic target for metastatic osteosarcoma and a better understanding of the molecular regulation of

Early B-Cell Factor 2.
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Osteosarcoma (OS) was a very common bone tumor,
which mainly occurs in children and adolescents!'.
OS accounts for 3-5 % of the childhood cancers and
the initial peak age of onset is between 10 to 14 y>3!,
Because of its complex pathological process and the
primary metabolic process, the mortality rate of OS is
very hight*®. Since the application of chemotherapy,
the 5 y survival rate of OS cases has increased to
60-75 %. To reduce the adverse reactions associated
with chemotherapy and improve the clinical outcome
of the OS patients, there is an urgent need to find new
biomarkers or specific molecular-targeted therapy!*
MicroRNA (miRNA) is an evolutionarily conservative
small non-coding RNA (ncRNA), with a length of
22-24 nt. It was reported that the miRNA plays an
important role in the pathological process of the
disease, which was considered a new biomarker of
cancer®. It has been shown that it regulates many
physiological processes by regulating the expression of
central genes, such as cell proliferation, differentiation,
development and apoptosis®!!. The data shows that
differential expression of miRNA may contribute to
the initiation and progress of OS!?- A study reported
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that miR-1284 as a new regulatory factor, inhibited
the proliferation and migration of OS cells by
targeting high-mobility group protein 1 (HMGBI1)!"*
Huang et al. had shown that tumor inhibited the
function of miR-124 in OS cells by targeting Snail2,
which indicated that the miR-124 played a key role in
the development of OS!'Y. Other miRNAs (miR-143,
miR-382 and miR-223) have also been confirmed to be
disorder in OS and have been shown to have potential
values in the prognosis, diagnosis and treatment of
OS2, miR-182-3p was first discovered in the process
of human posterior capsule opacity, it can regulate the
transformation of epithelium to mesenchyma, which
is the key process of cancer cell metastasis!''" Later,
researchers found that the miR-182-3p was involved
in the migration and/or invasion of endometrial cancer
cells!'?), colorectal cancer cells!), gliomas'¥, oral
squamous cell carcinoma’™ and laryngeal squamous
cell carcinomal'. These evidences suggested that
miR-182-3p played an anticancer role in various types
of cancer cells by inhibiting the metastasis of cancer
cells. Therefore, it is possible that miR-182-3p might
also be involved in the metastasis of OS. In addition,
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it was reported that the miR-182-3p can also target
SMAD4, RAB22A, CXCR4 and FOXCI1. Early B-Cell
Factor 2 (EBF2) was a transcription factor belonging
to the COE (Collier/OIf/EBF) family, which was first
found in the central nervous system!!”). Subsequently,
EBF2 was also found to be a key regulator in plant
development and lipogenesis!'®!. Importantly, EBF2 is
a key regulator of osteoblast-dependent differentiation
through the RANK-RANKL signal transduction". In
OS, EBF2 was found to be overexpressed and activated
as osteoprotegerin through transcriptional regulation.
In addition, EBF2 can also inhibit the apoptosis of OS
induced by tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL)?". However, how the EBF2
was regulated is still unclear, especially in OS.

Therefore, in vitro experiments were used to study
the role of miR-182-3p in OS. Firstly, the expression
level of miR-182-3p in OS patients and cell line was
detected. The function of miR-182-3p in OS cell
line was analyzed by overexpressing miR-182-3p.
The bioinformatics results showed that EBF2 was
the target of miR-182-3p, which was then verified
by the luciferase experiment. In addition, the data
showed that the overexpression of EBF2 successfully
verified the phenotype caused by miR-182-3p in OS,
which indicated that the miR-182-3p played a role in
OS through EBF2. The data of this study clarifed the
anticancer effect of miR-182-3p in OS and revealed
the regulatory role of EBF2, which provided a basis to
further understand the key transcription factors in OS
and other fields.

MATERIALS AND METHODS

Patients and samples:

A total of 20 OS primary tumor samples and adjacent
tissues were collected from OS patients who underwent
surgery in Taizhou People’s Hospital. All samples were
divided into 2 parts, one for section staining and the
other for RNA and protein extraction. All samples were
used with the written informed consent of the patients
and their families.

Cell culture:

hFOBI1.19, Saos-2, U20S, and MG63 cells were
purchased from ATCC and cultured according to the
instructions of ATCC. Briefly, hFOB1.19 cells were
cultured in a mixed medium (50 % Ham’s F12 medium
and 50 % DMEM medium) supplemented with 2.5 mM
glutamine, 0.3 mg/ml G418, and 10 % fetal bovine
serum. Saos-2 and U20S were cultured in McCoy’s 5a
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modified medium with 15 % fetal bovine serum. MG63
was cultured in the minimum essential medium with
10 % heat-inactivated fetal bovine serum. All cells were

cultured at 37°, 95 % air and 5 % CO,,.
In situ hybridization (ISH) of miR-182-3p:

ISH was carried out according to the manufacturer’s
instructions and the probe-target complex uses anti-
digoxin-alkaline phosphate conjugates, nitroblue
tetrazolium, and 5-bromo-4-chloro-3-indole-indole
phosphate as the staining targets. According to the
intensity of cytoplasmic miR-182-3p, the cases were
classified as follows, negative (no expression or
weak expression in most cells), low expression (low
expression in most cells or medium expression in <50
% cells), and high expression (medium-high expression
in most cells).

Cell transfection with miRNA mimic, antimiR, and
siRNA:

The miRNA mimic and antimiR of miR-182-3p
were purchased from Suzhou Ribo Life Science Co.,
Ltd. The EBF2 siRNA sequences were as follows,
5’-UGAAUAGCAAUGACUAACGA-3’. The
cells were cultured in a 6-well plate for 24 h before
transfection and transfected with a confluence degree of
60 %. Lipofectamine2000 was used for the transfection
of miRNA mimic, anti-miR and siRNA according to the
manufacturer’s instructions.

RNA extraction and real-time quantitative PCR
(qPCR):

TRIzol reagent was used to separate the total RNA
according to the manufacturer’s instructions. RNA
was reverse transcribed with Prime Script TM RT kit.
SYBR Green kit (RR420A, TaKaRa) was used for
the real-time quantitative of the target gene. 244“ was
used for the calculation of the fold, triplicate repeat.
The primers used were as follows, miR-182-3p mimic:
UUCCCUUGUCAUCCUAUGCCU; negative control
(NO): 5’-UUCUCCGAACGUGUCACGUTT-3%;
EBF2: 5>-ACCAACAACGGCACTCACTACAAG-3’,
5’-TTCGCAGCATCGACTACACATCAC-3".

Cell viability analysis and apoptosis:

Cell availability kit-8 (CCKS8) was used for cell viability
analysis. The cells were detected in the 96-well plate and
processed according to the CCKS kit manufacturer’s
instructions. According to the manufacturer’s
instructions, cell apoptosis was analyzed using the
Special Issue 5, 2020



www.ijpsonline.com

Annexin V-FITC apoptosis kit. After labeling apoptosis
was analyzed using the Moflo Astrios Eq flow sorting
system.

Transwell cell migration assay:

The Transwell was placed in 24-well culture plates as
the upper chamber and the lower chamber was filled
with 10 % FBS DMEM. All cells were cultured in FBS-
free DMEM overnight and then inoculated in the upper
chamber (200 pl, 1x10°) and cultured for 18 h. Then the
cells were fixed with 4 % polyoxyethylene and stained
with amethyst violet.

Transwell cell invasion assay:

Transwell invasion analysis was performed according to
the previously described method. In short, the Matrigel
and the designated growth medium were mixed at 1:1
and then used to cover the Transwell chamber (Costar,
Cambridge, MA, USA), the lower chamber was filled
with 10 % FBS DMEM. Then the cells (5x10%) were
inoculated in the upper chamber and cultured for 24 h,
with triplicate repeat. Then the cells were fixed with
4 % polyoxyethylene and stained with amethyst violet.

Protein extraction and Western blotting:

Protein extraction and Western blotting experiments
were carried out according to a previously described
method. Each well of the 6-well plate was lysed with
60 pl RIPA lysis buffer and the cell lysate was centrifuged
at 14 000 rpm for 15 min. The supernatant was collected
and mixed with 2x SDS loading buffer for Western
blotting analysis. Protein samples were analyzed by
SDS-PAGE. Western blotting was performed using the
standard procedures. Immunoreactive proteins were
observed using the SuperSignal™ chemiluminescence
assay.

In vivo analysis of tumor growth:

For tumor growth assay, Saos-2 and MG63 cells were
injected into the 8 w old nude mice. Once the tumor
was formed, the tumor was measured every 2 d and the
volume was calculated using the formula a*b2/2 [a:max,
b:min]. After the mice were killed, the xenografted
tumors were photographed and weighed and the RNA
was extracted.

Luciferase reporter assay:

The 3’UTR fragment of EBF2 containing miR-182-
3p binding sequence was cloned into TOP/FOP Flash
reporter vector and the mutant plasmid was used as
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control. The cells were cultured in a 24-well plate and
Fugene was used to the transfection of 250 ng TOP/
FOP Flash reporter plasmid and 50 ng Renilla plasmid
as the internal reference. Two days after transfection,
the cell lysate was collected to detect luciferase activity
and TOP/FOP was used to measure the transcriptional
activity.

Immunohistochemical analysis:

Sections of formalin-fixed paraffin-embedded tissues
were prepared for immunohistochemical analysis.
Paraffin was removed from the tissue and the sections
were hydrated by gradient concentration of ethanol.
The sections were blocked with 5 % sheep serum for
60 min and then incubated with the antiEBF2 antibody
at 4° overnight. On the next d, the signal was observed
with 3’-diaminobenzidine.

Statistical analysis:

All experiments were repeated at least 3 times and all
data were expressed as meantSD. GraphPad Prism
8.0 was used for statistical analysis. The difference
between the 2 groups was analyzed by the t-test,
while the multiple comparisons was analyzed by the
single factor analysis of variance. *p<0.05 means the
difference was statistically significant.

RESULTS AND DISCUSSION

To evaluate the role of miR-182-3p in OS, the expression
level of miR-182-3p in the clinical OS samples were
determined. A total of 20 pairs of OS and adjacent
tissues were examined and the results showed that the
miR-182-3p decreased more than 75 % in OS (fig. 1A).
In addition, the expression level of miR-182-3p in three
OS cell lines and 1 human osteoclast line was detected.
Compared to the human osteoblast cell line hFOB1.19,
the expression of miR-182-3p in in the 3 OS cell lines
decreased significantly (fig. 1B). In addition, ISH
demonstrated that the expression of miR-182-3p was
strong in normal osteoblasts, but hardly detectable in
the OS samples. In OS cell lines, Saos-2 and MG63,
miR-182-3p was downregulated more than 50 %, and
in OS cell line U20S, miR-182-3p was downregulated
by about 25 %. Therefore, Saos-2 and MG63 were used
to further study the role of miR-182-3p in OS.

To understand the biological function of miR-182-3p
in OS, miR-182-3p (50 nM) was transfected into Saos-
2 and MG63 cells. CCKS8 assay was used to measure
the number of cells at the specified time point after
transfection. The results showed that the number of

Indian Journal of Pharmaceutical Sciences 152



www.ijpsonline.com

Saos-2 and MG63 cells decreased significantly after 48
h of transfection, indicating that the miR-182-3p was the
tumor inhibitory microRNA of OS (fig. 2A). To further
understand the role of miR-182-3p in OS, the apoptosis

of Saos-2 and MG63 cells 48 h after transfection was
analyzed. The results showed that when miR-182-
3p was overexpressed in Saos-2 and MG63 cells, the
positive cells of Annexin V, and the double positive
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Fig. 1: Expression of miR-182-3p in OS samples and cell lines

A. qPCR analysis of miR-182-3p levels in OS samples and adjacent tissues and B. PCR analysis of miR-
182-3p levels in osteoblasts and OS cell lines was performed and the data were expressed as mean+SD, *p<

0.05
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Fig. 2: miR-182-3p promotes apoptosis and inhibits OS migration and invasion

A. Cell growth of Saos-2 and MG63 after transfected with miRNA-NC or miR-182-3p, B. cell apoptosis of
Saos-2 and MG63 48 h after transfected with miRNA-NC or miR-182-3p, C. cell migration and invasion
ability of Saos-2 and MG63 after transfected with miRNA-NC or miR-182-3p.
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cells of Annexin V and PI increased sharply, which
showed that the miR-182-3p induced apoptosis. At the
same time, a slight increase in the necrotic cells was
observed when OS cells were transfected with miR-182-
3p (fig. 2B). The Transwell assay was used to evaluate
the migration and invasion ability of OS cells in vitro.
The results showed that the ability of cell migration and
invasion was significantly impaired when miR-182-3p
was overexpressed in Saos-2 and MG63 cells (fig. 2C).
Therefore, these data revealed that the miR-182-3p
played a tumor inhibitory role in OS.

To study the mechanism of miR-182-3p inhibiting
tumor growth, the online database for the target of
miR-182-3p. TargetScan, miRanda, and PicTar were
searched to predict the target of miR-182-3p. Among
the predicted targets, EBF2 was found to be involved
in the apoptosis of OS. Bioinformatic analysis showed
that there was a strong binding between miR-182-3p
and EBF2. To study whether miR-182-3p directly
regulates EBF2, the wild-type EBF2 3 ‘UTR (WT
UTR) and biding sites mutant EBF2 3 UTR (mutant
UTR) were co-transfected with miR-182-3p or control
miRNA in Saos-2 and MG63 cells, respectively.
Luciferase assay showed that the miR-182-3p inhibited
WT UTR reporter activity in Saos-2 and MG63 cells.
Importantly, miR-182-3p has no effect on mutant UTR,
indicating that miR-182-3p binds EBF2 in vivo through
the predicted binding site (fig. 3A).
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Fig. 3: miR-182-3p targets EBF2 in OS
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Then, the miR-182-3p and Antagomir were transfected
into MG63 cells, respectively and the level of EBF2
mRNA was detected to further analyze the regulatory
relationship between miR-182-3p and EBF2. The data
showed that the EBF2 mRNA and protein levels were
significantly inhibited in MG63 cells overexpressing
miR-182-3p, while EBF2 mRNA and protein levels
were significantly upregulated in MG63 cells with
low expression of miR-182-3p (fig. 3B). These results
suggested that the expression of EBF2 in OS patients
needed to be studied. The
results showed that EBF2 was upregulated in OS
samples compared to the adjacent tissues (fig. 3C). In
addition, the level of EBF2 mRNA in OS samples with
low expression of miR-182-3p was analyzed, which
revealed that the level of EBF2 mRNA in this sample
was significantly increased (fig. 3D), indicating that
the miR-182-3p regulated the expression of EBF2 in
human osteoblasts.

immunohistochemical

Because of the significant increase of EBF2 mRNA in
OS patients, the protein level of EBF2 in OS samples
were measured. As expected, the level of EBF2 protein
in OS samples was significantly higher than that in the
normal tissues (fig. 4A). In addition, these data also
showed that the EBF2 protein levels were significantly
upregulated in OS cell lines Saos-2 and MG63
(fig. 4B). Therefore, the expression of EBF2 in Saos-2
and MG63 cells was knocked down with siRNA and the
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A. Luciferase reporter assay of the co-transfection miRNA in Saos-2 and MG63 cells, B. WB analysis of
EBF?2 protein level in MG63 cells after transfection, C. OS samples and adjacent tissues were analyzed using
immunohistochemistry and D. qPCR analysis of EBF2 levels in OS samples and adjacent tissues.
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Fig. 4: EBF2 inhibited apoptosis of OS and promoted migration and invasion of OS

A.WB analysis of EBF2 protein levels in OS patients and the adjacent tissues, B. WB analysis of EBF2
protein level in OS cell line, C. qPCR analysis of EBF2 RNA levels in Saos-2 and MG63 cells, D. analysis of
migration and invasion ability of Saos-2 and MG63 cells after transfection and E. PCR analysis of MMP-2

and MMP-9 levels in Saos-2 and MG63 cells

results showed that EBF2 successfully interfered at both
mRNA and protein levels (fig. 4C). The migration and
invasion of OS cells transfected with EBF2 siRNA was
analyzed to find that reduction in EBF2 significantly
reduced the migration and invasion ability of Saos-2
and MGG63 cells (fig. 4D), indicating that EBF2 is the
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downstream target of miR-182-3p. It also indicated
that targeting miR-182-3p will certainly block the
activity of EBF2 in OS cell lines, thus making miR-
182-3p a key regulator. In addition, the mRNA levels of
MMP-2 (matrix metalloproteinase) and MMP-9 were
also analyzed. The results showed that MMP-2 and
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MMP-9 in EBF2 knockout cells decreased significantly,
indicating that the migration ability of the OS cell line
changed (fig. 4E).

To verify the regulation between miR-182-3p and
EBF2, miR-182-3p and the plasmid expressing
EBF2 were co-transfected into Saos-2 and MG63
cells. The number of cells was analyzed by CCKS8
assay. The results showed that the number of Saos-
2 and MG63 cells with overexpressing miR-182-3p
decreased significantly, while the overexpression of
EBF2 decreased the loss of cell number caused by
the overexpression of miR-182-3p (fig. 5A), which
showed that the miR-182-3p regulated cell growth by
targeting EBF2. In addition, the co-expression of miR-
182-3p and EBF2 partially decreased the apoptosis of
Saos-2 and MG63 cells induced by miR-182-3p alone
(fig. 5B). The migration and invasion of Saos-2 and
MG63 cells co-expressing miR-182-3p and EBF2 was
also analyzed. The co-expression of miR-182-3p and
EBF2 partially decreased the reduction of migration
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and invasion caused by the overexpression of miR-
182-3p alone. (fig. 5C), which showed that miR-182-3p
played a role by targeting EBF2.

Exploring the pathogenesis of OS, especially the
mechanism of OS metastasis, is the basis for improving
the survival rate of adolescent OS. The identification
of differentially expressed genes was a feasible way to
crack the molecular mechanism of OS. It was found
that miR-182-3p was significantly downregulated in
OS patients and OS cell lines. Previous studies have
shown that miR-182-3p was low expressed in renal
clear cell carcinomal!, colorectal cancer!], gastric
cancer®, thyroid papillary carcinoma/, gliomal'¥,
oral squamous cell carcinoma!'), prostate cancer®*],
hepatocellular carcinoma'®!, and laryngeal squamous
cell carcinomal'®. Combined with these results in OS,
miR-182-3p showed a strong anticancer effect in many
kinds of cancers. In addition, these data showed that
overexpression of miR-182-3p in both OS cell lines
inhibited the cell viability in vitro, further confirming
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Fig. 5: Overexpression of EBF2 alleviated the phenotype of overexpression of miR-182-3p

A. Growth of Saos-2 and MG63 cells after transfection of miRNA (miR-NC), miR-182-3p, and/or EBF2, B.
apoptosis of Saos-2 and MG63 cells after transfection of miRNA (miR-NC), miR-182-3p, and/or EBF2 and
C. cell migration and invasion of Saos-2 and MG63 after transfection of miRNA (miR-NC), miR-182-3p,

and/or EBF2.
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the role of miR-182-3p in inhibiting the growth of
cancer cells, which was consistent with the findings
on other types of cancer!!>1321-2 Therefore, all these
data showed that miR-182-3p could inhibit tumors.
Importantly, apoptosis increased significantly when
miR-182-3p was overexpressed in Saos-2 and MG63
cells, indicating that the presence of miR-182-3p could
induce apoptosis in OS cells. Studies on prostate cancer,
liver cancer, and thyroid papillary carcinoma have also
shown that miR-182-3p can promote apoptosis.

The main threat to OS was the distant metastasis.
Therefore, it is important to distinguish the genetic
changes in OS metastasis. The present data showed
that the overexpression of miR-182-3p suppresses the
migration and invasion of OS. Transwell assays results
showed that miR-182-3p can be used as a predictor
to prevent the local OS from developing into the
metastatic OS, which was consistent with the existing
results. That is, miR-182-3p inhibits the migration and
invasion of OS!'>16251 However, it is not clear whether
knockout of miR-182-3p in osteoblasts will lead to OS,
because miR-182-3p may not be the root cause of OS.
It is meaningful to detect the cellular changes in normal
cells when miR-182-3p was knocked out.

Most importantly, it was found EBF2 was a new target
of miR-182-3p. It was reported that EBF2 plays an
important role in osteoclast differentiation and OS
apoptosis. These data showed that in the OS cell line,
miR-182-3p directly bind to the untranslated region
of EBF2 and regulated the mRNA level of EBF2,
indicating that miR-182-3p regulated OS through
EBF2 protein. In addition, these data also showed that
EBF2 was overexpressed in OS tissues, while the level
of miR-182-3p was suppressed, indicating that EBF2
has a carcinogenic effect. The Immunohistochemistry
and western blot results showed an increase in EBF2 in
OS patients and cell lines. Elevated mRNA and protein
levels of EBF2 were also observed in a group of OS
patients who received chemotherapeutic!'). In addition,
present data also showed that EBF2 was required
for OS migration. Previous studies have shown that
EBF2 activates the osteoprotegerin promoter, which
was synergistic with the Wnt/beta-catenin pathway.
Current data showed that the overexpression of miR-
182-3p promoted apoptosis, while the co-expression
of miR-182-3p and EBF2 weakened this pro-apoptotic
effect, indicating that miR-182-3p and EBF2 were
functionally related. In addition, the supplement of
EBF2 also reduced the inhibition of migration and
invasion caused by the overexpression of miR-182-3p,
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indicating that EBF2 was also involved in the transition
from epithelial cells to mesenchymal cells mediated by
miR-182-3p.
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