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ABSTRACT

MicroRNAs (miRNAs) are known to be associated with certain cancers, including osteosarcoma. We examined
osteosarcoma tissues and cell lines, and found that most expressed lower levels of miR-548d-3p than adjacent
tissues and normal cell lines. KRAS was identified as a potential target gene of miR-548d-3p. In osteosarcoma
cells, miR-548d-3p exerted tumor-suppressive effects by downregulating KRAS. Functional assays revealed that
miR-548d-3p mimics dramatically reduced cell growth and migration in vitro. These results suggest that miR-

548d-3p mimics could be applied for osteosarcoma treatment.

INTRODUCTION

Osteosarcoma accounts for about 0.2% of malignant
tumors in humans. Osteosarcoma is most common in
persons 15-25 years old, and is more common in men
than in women. The development and progression of
osteosarcoma are complex processes involving many
genes, so the underlying mechanisms remain unclear
[1,2].

MicroRNAs (miRNAs) are small noncoding RNAs that
downregulate genes by binding to their 3' untranslated
regions (UTRs). Due to their ability to inhibit the
expression of oncogenes and tumor suppressor genes,
miRNAs are important contributors to the initiation and
progression of tumor growth. The dysregulation of
miRNAs has been linked to the proliferation, migration
and prognosis of osteosarcoma [3, 4]. The binding of
miR-101 to ZEB2 prevents the proliferation and
invasion of osteosarcoma cells [5]. MiR-144 inhibits
the growth and migration of osteosarcoma cells by
dually suppressing the RhoA/ROCKI1 signaling
pathway [6]. MiR-548 has become an attractive target
for the treatment of cancers such as esophageal
squamous cell carcinoma and prostate cancer, since its
involvement in certain cancers has already been
demonstrated [7, 8].

The RAS gene family (HRAS, KRAS and NRAS) is a
group of early oncogenes that contribute to the
development of a wide variety of tumors. Many studies
have demonstrated that KRAS gene mutations are
associated with osteosarcoma. Previous research in
mice and humans has suggested that R4S gene products
could be therapeutic targets in cancer, so targeted
therapy for KRAS could be a new treatment possibility
for osteosarcoma [9-11].

In the present study, we evaluated the expression of
miR-548d-3p and KRAS in osteosarcoma. We examined
whether miR-548d-3p could suppress the growth and
migration of osteosarcoma cells by downregulating
KRAS, thus providing a new target for the treatment of
osteosarcoma.

RESULTS

The expression of miR-548d-3p and KRAS in
osteosarcoma

By performing a microarray analysis, we identified
seven miRNAs that were abnormally expressed in 3
osteosarcoma samples compared with adjacent tissues.
Among these, the difference in miR-548d-3p expression
was the most significant (Table 1).
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Table 1. Primers used.

Name Forward primer (5'->3") Reverse primer (5'->3")
KRAS GACTCTGAAGATGTACCTATGGTCCTA CATCATCAACACCCTGTCTTGTC
GAPDH AGAAGGCTGGGGCTCATTTG AGGGGCCATCCACAGTCTTC
miR-548d-3p CTCCAGCAAAAACCACAGTTTC CTCAACGCAAAGAAACTGTGG
Ue6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

Table 2. Differentially expressed miRNAs in
osteosarcoma.

miRNA Fold change Trend
miR-548d-3p 54.34 down
miR-135a 46.41 down
miR-519b-5p 40.50 up
miR-365 32.71 down
miR-190 21.38 up
miR-299 17.72 up
miR-217 9.18 down

The expression of miR-548d-3p in osteosarcoma
tissues was found to correlate with the tumor grading
(Table 2). The expression of miR-548d-3p was
detected by real-time PCR in osteosarcoma tissues and
human cell lines (hFOB 1.19, MG63 and U2-0OS cells).
As  expected, miR-548d-3p  expression  was
significantly lower in osteosarcoma tissues and cells
(MG63 and U2-OS cells) than in adjacent tissues or
hFOB 1.19 cells (Figure 1A and 1B). Patients with
lower miR-548d expression in their tumors than in
mean of the normal. Patients with lower miR-548d-3p
expression in their tumors were named as the low
expression group. The patients were followed up for 60
months, and survival was found to be worse in those
with lower miR-548d-3p expression (Figure 1C). The
median survival time was 30 months in the low miR-
548d-3p expression group and 50 months in the high
expression group.

We then performed an analysis on the miRDB website
(http://www.mirdb.org/), and identified miR-548d-3p
binding sites in a variety of genes (Figure 1D). The
miRDB tool indicated that miR-548d-3p could bind to
the 3' UTR of KRAS (Figure 1E). We therefore assessed
KRAS expression in osteosarcoma tissues and cells.
Both the protein and mRNA levels of KRAS were
significantly higher in osteosarcoma tissues and
osteosarcoma cells than in adjacent tissues and hFOB
1.19 cells (Figure 1F-11I).

MiR-548d-3p inhibits KRAS in osteosarcoma cells
A Pearson correlation analysis demonstrated that miR-

548d-3p expression correlated negatively with KRAS
expression in osteosarcoma tissues (Figure 2A). A

luciferase reporter assay was used to determine whether
KRAS was a potential target gene of miR-548d-3p
(Figure 2B). When hFOB 1.19 cells were co-transfected
with KRAS-WT vectors and miR-548d-3p mimics,
luciferase activity was reduced compared with cells co-
transfected with KRAS-WT vectors and control. On the
other hand, the luciferase activity was unchanged when
co-expression studies were performed with KRAS-
MUT vectors or miR-548d-3p inhibitors.

Further, when cells were transfected with miR-548d-3p
mimics, KRAS expression was downregulated at both
the mRNA and protein levels. Conversely, when cells
were transfected with a miR-548d-3p inhibitor, KRAS
was upregulated (Figure 2C-2J).

MiR-548d-3p inhibits the growth and migration of
osteosarcoma cells

An MTT assay was used to examine the effects of miR-
548d-3p on cell growth. Overexpression of miR-548d-
3p significantly inhibited the growth of both MG63 and
U2-0S cells (Figure 3A). In contrast, inhibition of miR-
548d-3p promoted cell growth (Figure 3B). Transwell
assays revealed that miR-548d-3p significantly
suppressed the migration and invasion potential of
osteosarcoma cells (Figure 3C—3F).

MiR-548d-3p inhibits the growth and migration of
osteosarcoma cells by downregulating KRAS

KRAS-overexpressing or si-KRAS-expressing cells were
generated, and the cells were transfected with miR-
548d-3p mimics, miR-548d-3p inhibitors or control
miRNA. The effects of miR-548d-3p on cell growth and
migration were then detected by MTT and Transwell
assays. KRAS overexpression induced cell growth and
migration, but the overexpression of miR-548d-3p
weakened these effects (Figure 4A, 4C, 4E). On the
other hand, transfection with si-KRAS inhibited cell
growth and migration, whereas co-transfection with
miR-548d-3p inhibitors restored these functions (Figure
4B, 4D, 4F). Western blotting and real-time PCR
analysis demonstrated that the overexpression of miR-
548d-3p suppressed the overexpression of KRAS, while
the inhibition of miR-548d-3p re-induced the expression
of silenced KRAS (Figure 4G—4N).
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Figure 1. The expression of miR-548d-3p and KRAS in osteosarcoma. (A) The relative miR-548d-3p levels in 30 pairs of osteosarcoma
tissues and adjacent normal tissues were detected by real-time PCR. Patients with lower miR-548d expression in their tumors than in mean of
the normal. The results represent the mean+SD. **P < 0.05 vs. adjacent normal tissues. (B) Relative miR-548d-3p expression in cell lines
(hFOB 1.19, MG63 and U2-0S). MG63 and U2-0S cells with lower miR-548d expression than hFOB 1.19 cells. The results represent the
mean=£SD of three independent experiments. **P < 0.05 vs. hFOB 1.19 cells. (C) The correlation between miR-548d-3p expression and patient
survival. (D) Software analysis with miRDB revealed miR-548d-3p binding sites in a variety of genes. (E) The miRDB tool predicted that miR-
548d-3p may bind to KRAS. (F) The relative KRAS levels in two pairs of osteosarcoma tissues and adjacent normal tissues were detected by
Western blotting. The results represent the mean+SD. **P < 0.05 vs. adjacent normal tissues. (G) The relative KRAS levels in 30 pairs of
osteosarcoma tissues and adjacent normal tissues were detected by Western blotting and real-time PCR. The results represent the mean+SD.
**Pp < 0.05 vs. adjacent normal tissues. (H, 1) The relative KRAS levels in cell lines (hFOB 1.19, MG63 and U2-0S) were detected by Western
blotting and real-time PCR. The results represent the mean+SD of three independent experiments. **P < 0.05 vs. hFOB 1.19 cells.
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Figure 2. MiR-548d-3p inhibits KRAS in osteosarcoma cells. (A) Correlation analysis between miR-548d-3p and KRAS expression. The
correlation formula was y=-0.4602x+0.9542. (B) A luciferase reporter gene assay confirmed that miR-548d-3p could bind to KRAS. The results
represent the mean+SD of three independent experiments. **P < 0.05 vs. control. (C-J) The protein and mRNA levels of KRAS were measured
in MG63 and U2-0S cells by Western blotting and real-time PCR, respectively. The results represent the mean+SD of three independent
experiments. **P < 0.05 vs. control.
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MiR-548d-3p inhibits osteosarcoma

The effects of miR-548d-3p were then examined in cells
treated with etoposide, a known anti-cancer drug.
Etoposide treatment significantly downregulated the
growth of MG63 cells, and mimics of miR-548d-3p
further inhibited the growth of these cells (Figure 5A).
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Figure 3. MiR-548d-3p inhibits the growth and migration of osteosarcoma cells. (A, B) MG63 and U2-0S cell growth was measured
by an MTT assay after 24 h of transfection. The results represent the mean=£SD of three independent experiments. **P < 0.05 vs. control. (C—
F) The migration and invasion capacities of MG63 and U2-0OS cells were measured by a Transwell assay after the cells were transfected with
miR-548d-3p mimics, inhibitors or control miRNA for 24 h. The results represent the mean£SD of three independent experiments. **P < 0.05

vs. control.
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Additionally, miR-548d-3p enhanced the etoposide-
induced downregulation of KRAS (Figure 5B and 5C).

Osteosarcoma tumor growth was then induced in mice
by the injection of MG63 cells. Treatment with miR-
548d-3p agomirs inhibited the lung migration of
osteosarcoma cells in these mice (Figure 5D). Moreover,

U2-0s

U208
. control
[ miR-548d-3p 1.5

o
)

£
H
o
>
-
a
=]

4
@

Il control
miR-548d-3p
inhibitor

Cell count

3

Cell count

3

Cell count

-

Cell count

3

24

80+

60+

40

204

801

60

40

20

36 48 (h) ) 0 12 2

MG63 migration

control miR-548d-3p miR-548d-3 p inhibitor
MG63 invasion

control miR-548d-3pmiR-548d-3p inhibitor
U2.0S migration

150

100

50

control miR-548d-3pmiR-548d-3p inhibitor

U2.0S invasion

control miR-548d-3pmiR-548d-3p inhibitor

36 48 (h)

WWww.aging-us.com

5062

AGING



0D490 nm

MG B MG63

A W control Y control == control
Il KRAS 1. m KRAS 15 m si-KRAS

m KRAS+miR-548d.3p s SHKRAS IR 5480 3p g

B inhibitor -

0D490 nm
absorbance

g 0.0
0 12 2 3% 48(h 0 M4 3% 4B (W 0
-—conuor
(o4 —
= KRAS;miR 5484.3p

MG63
. control
D o S KRASomiR 548d.3p
. == inhibitor
4 . it
MG63 e
8
3 = 20
control . s-KRAS  si-KRAS+miR-548d-3p o
inhibitor = control
-
B KRAS+miR-548d-3p
U2-0s
control KRAS  KRAS+miR-548d-3p o j_I_l
- conlvol
M KRASﬂan 548d-3p
lnh!bl(ol
60
A , 2 Spo RN ¢ 04
U2-08 3 i A B Lo
b 5 %Y L3 Y% © 204
SRERE T POy $15 105
control si- KRAS si- KRAS+m|R 548d -3p ol

U2.0§

. control

e si-KRAS
SiKRAS+miR-548d-3ps

inhibitor
ﬁ ‘

12 2 36 48 (h)

inhibitor
i
@
N o
© S Cal H
G cal “*?“P & - control
159 == RRAS™ 15 - control
— = KRAS+miR-548d-3p = KRAS+miR-548d-3p
KRAS = . . -
E 1.04 - % 1.0
MG63  GAPDH 2 s
* 05 i 0.5
0.0 0.0
& Kihs -0
& —] contro
\ad 1.01 = conigl J 1 si-KRAS+miR-548d-3p
| o ®  SFKRASSmIR 548d.3p - inhibitor
\(\Q\P‘ i inhibitor -
S & (o
MG63 © Wo° = . <
-:P“‘ é\x\?} ‘\‘\‘@ E 0.6 e:: 0.6
] 3
KRAS RS 204 w z 04
¥ 2
0.2 0.2

GAPD H E " *
KRAS

Figure 4. MiR-548d-3p inhibits the growth and migration of osteosarcoma cells by downregulating KRAS. (A) After transfection
with KRAS overexpression vectors, cells were transfected with miR-548d-3p mimics or control miRNA. Cell growth was measured with an
MTT assay after 24 h of transfection. The results represent the mean+SD of three independent experiments. **P < 0.05 vs. control, ##P <
0.05 vs. KRAS overexpression group. (B) After transfection with si-KRAS, cells were transfected with miR-548d-3p inhibitors or control miRNA.
Cell growth was measured by an MTT assay after 24 h of transfection. The results represent the mean+SD of three independent experiments.
**P < 0.05 vs. control, ##P < 0.05 vs. KRAS group or si-KRAS group. (C—F) Cell migration was measured with a Transwell assay after 24 h of
transfection. The results represent the mean+SD of three independent experiments. **P < 0.05 vs. control, ##P < 0.05 vs. KRAS group or si-
KRAS group. (G—N) The protein and mRNA levels of KRAS were measured in cells by Western blotting and real-time PCR, respectively. The
results represent the mean+SD of three independent experiments. **P < 0.05 vs. control, ##P < 0.05 vs. KRAS group or si-KRAS group.
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results represent the mean+SD of three independent experiments. (D) The migration of osteosarcoma cells to the lungs in mice treated with
miR-548d-3p agomirs or control miRNA. The results represent the mean+SD. **P < 0.05 vs. control. (E) Immunohistochemical staining
revealed the expression of KRAS in osteosarcoma in the control group and the miR-548d-3p overexpression group. (F, G) The protein and
mMRNA levels of KRAS were measured in MG63 cells by Western blotting and real-time PCR, respectively. The results represent the mean+SD
of three independent experiments. **P < 0.05 vs. control. (H) The mechanism proposed in this article.
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miR-548d-3p  treatment  downregulated  KRAS
expression in vivo osteosarcoma tissues (Figure SE—
5@G). Thus, we speculate that miR-548d-3p may inhibit
osteosarcoma by downregulating KRAS (Figure SH).

DISCUSSION

Despite improvements in surgery and adjuvant
chemotherapy, the clinical prognosis of osteosarcoma is
still very poor [12, 13]. The reasons for a poor
prognosis are typically pulmonary migration and drug
resistance [14].

Various miRNAs have been found to contribute to the
initiation and progression of osteosarcoma [15]. A
continued search for such miRNAs is needed to provide
new targets and treatment strategies for this disease.
The miR-548 family is involved in the pathogenesis of
several cancers. For instance, miR-548 was found to
inhibit the growth of breast cancer cells by
downregulating ECHS! [16], and the downregulation of
miR-548an was reported to promote pancreatic
tumorigenesis [17]. However, the involvement of miR-
548 in osteosarcoma has not previously been elucidated.
Thus, we explored the expression and function of miR-
548d-3p in clinical specimens and osteosarcoma cells.

The present studies have showed that miR-548 can be
considered as potential targets in prostate cancer and
breast cancer therapy [7, 16, 18]. In our study, miR-548d-
3p was found to be downregulated in osteosarcoma.
Patients with high miR-548d-3p expression survived
longer than patients with low miR-548d-3p expression.
Researchers showed that miR-548-3p could regulat the
expression of ECHS1 and NRIP1 [16, 18]. We searched
for potential target genes of miR-548d-3p, and identified
KRAS. RAS is involved in the development of a variety of
tumors, and KRAS has been used as a prognostic marker
in clinical oncology [9]. In our osteosarcoma samples,
KRAS expression correlated negatively with miR-548d-
3p expression. In addition, the upregulation of miR-548d-
3p significantly inhibited KRAS expression, while the
downregulation of miR-548d-3p significantly increased
KRAS expression. Further studies indicated that miR-
548d-3p could bind directly to KRAS. Study has shown
that overexpression of miR-548-3p can inhibit the
proliferation of breast cancer cells [16]. MiR-548-3p has
also been shown to play an important role in regulating
the migration and invasion of esophageal cancer cells [7].
Our research showed that treatment with miR-548d-3p
mimics significantly inhibited the growth and migration
of osteosarcoma cells. Through a series of experiments,
we demonstrated that the overexpression of miR-548d-3p
weakened the effects of KRAS on cell growth and
migration, while the inhibition of miR-548d-3p reversed
the effects of KRAS silencing. Our in vivo experiments

confirmed that the overexpression of miR-548d-3p could
suppress the migration of osteosarcoma cells, possibly by
inhibiting KRAS.

We also found that miR-548d-3p mimics enhanced the
sensitivity of cancer cells to etoposide, an approved
anti-cancer drug, at least to a certain extent. Various
drugs have been shown to inhibit the development of
osteosarcoma by inhibiting RAS [19]. We suggest that
miR-548d-3p mimics may increase the inhibitory
effects of RAS inhibitors in the same way that they
enhance the effects of etoposide.

In summary, although further in vivo tests are needed to
confirm our results, our data have illustrated that miR-
548d-3p can inhibit the growth and migration of
osteosarcoma cells by downregulating KRAS.

MATERIALS AND METHODS
Samples

Tissues were obtained from 30 patients undergoing
surgery at Shengjing Hospital. The average age of the
patients was 20.37 years (ranging from 11 to 39 years).
The original histopathologic report was obtained for
each patient, and the diagnosis of osteosarcoma was
confirmed. All clinical samples were collected with
written informed consent from the patients, and the
study was approved by the Ethics Committee at the
Academic Medical Center of China Medical University.

MiRNA microarray analysis

In total, three paired tumor and adjacent normal tissue
specimens were randomly selected. Total RNA was
isolated with TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) and an miRNeasy Mini kit (Qiagen, Valencia,
CA, USA) according to the manufacturers’ instructions.
Samples with an RNA integrity number >8 were
processed for hybridization. Total RNA was labeled
with a miRCURY™ Array Power labeling kit (Exiqon,
Copenhagen, Denmark) and hybridized to the miRNA
microarray with a miRCURY LNA™ microRNA Array
kit (Exiqon). Images were then obtained with a GenePix
4000B microarray scanner and imported with the
associated software (Axon Instruments, Sunnyvale, CA,
USA). SpotData Pro software was used for data
analysis. Hierarchical clustering was performed with
Data Matching Software.

Cell culture
MG63, hFOB 1.19 and U2-OS cells were purchased

from the China Center for Type Culture Collection
(CCTCC). Cells were cultivated in Dulbecco’s modified
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Eagle’s medium (Invitrogen) supplemented with 10%
fetal bovine serum (FBS, Invitrogen) and incubated
with 5% CO; at 37°C.

Transfection

MiR-548d-3p mimics (CAAAAACCACAGTTTCTTT
TGC), miR-548d-3p inhibitors (GCAAAAGAAACTG
TGGTTTTTG) and control miRNA (TTCTCCGAACG
TGTCACGT), as well as KRAS siRNA (‘si-KRAS’,
CGAGTGGTTGTACGATGCATTGGTT) and control
siRNA (CGTACGCGGAATACTTCGA), were provided
by RiboBio (Guangzhou, China), and were used for
transfection at a final concentration of 50 nmol/L. KRAS
overexpression (pcDNA-KRAS) and empty (pcDNA-
3.1) vectors were purchased from GeneChem, and 3.2
ng of the vectors were used for transfection in six-well
plates. Lipofectamine 2000 (Invitrogen) was used for
cell transfection in accordance with the manufacturer’s
protocols. The miRNAs or expression vectors were
mixed with the medium and Lipofectamine 2000 for 5
min and then added to the cells. Protein and total RNA
were extracted 24 h after transfection.

MTT assays

Cell growth was estimated by the MTT assay. Cells
were seeded into 96-well plates at a density of 1,000
cells per well and incubated at 37°C. After 24 h, the
cells were transfected or treated as indicated. At the end
of the incubation, 10 pL of MTT solution (5 mg/mL)
was added to each well, and the media were replaced
with 200 pL dimethyl sulfoxide after incubation for 4 h.
The optical density at 490 nm was measured on a
microplate reader (Bio-Rad, Shanghai, China). The
experiments were repeated independently three times.

Migration assay

For the migration and invasion assays, 1x10° cells were
seeded onto the upper part of a Transwell chamber
(Corning-Costar, USA) with or without a gelatin-coated
polycarbonate membrane filter (pore size: 8 um). Cells
resuspended in FBS-free medium were added to the
upper well, and the lower well was filled with 10%
FBS. The cells were cultivated at 37°C for 24 h.
Invasive cells on the bottom of the membrane were
fixed and stained. An inverted microscope was used to
view the cells, and five random fields per chamber were
counted. The experiments were repeated independently
three times.

Luciferase assay

The entire 3'-UTR of human KRAS was amplified via
PCR with human genomic DNA as a template. Then,

the PCR products were inserted into the pMIR-
REPORT plasmid (Ambion, USA), and successful
insertion was confirmed by DNA sequencing. For the
assessment of binding specificity, the KRAS sequence
known to bind to the seed region of miR-548d-3p was
mutated (from GCAAAAGTA to CGTTTTCAT), and
the mutant KRAS 3'-UTR was inserted into an
equivalent luciferase reporter.

For the luciferase reporter assays, hFOB 1.19 cells were
seeded into 24-well plates. The cells were co-
transfected with 1 pg of the firefly luciferase reporter
plasmid, 1 pg of the B-galactosidase expression plasmid
(Ambion) and equal amounts (100 pmol) of miR-548d-
3p mimics, inhibitors or control miRNA by means of
Lipofectamine 2000 (Invitrogen). The B-galactosidase
plasmid was used as a transfection efficiency control.
After the cells were incubated for 24 h, luciferase
activity was measured with a Dual-Luciferase Reporter
Assay System (Promega, Beijing, China). The
experiments were repeated independently three times.

Real-time PCR

Total RNA was extracted from cell lines with TRIzol
(Invitrogen) according to the manufacturer’s protocol.
Then, 2 ug of total RNA was reverse transcribed into
first-strand cDNA with a reverse transcription reagent
kit (TaKaRa, Japan) according to the manufacturer’s
protocol. Quantitative PCR was performed with a
SYBR Green real-time PCR kit (TaKaRa, Japan). The
primers listed in Table 3 were synthesized by
Shenggong (Shanghai, China). Relative miRNA and
mRNA levels were determined by the 274¢t method,
and were normalized to U6 or GAPDH levels. The
experiments were repeated independently three times.

Western blot analysis

Total protein was extracted from cells with a lysis
buffer (Beyotime, China) containing proteinase
inhibitors. Equal amounts of protein (30 pg) were boiled
at 100°C for 5 min, separated on 10% polyacrylamide
gels and transferred to polyvinylidene difluoride
membranes (Millipore, Bedford, MA, USA). The
membranes were probed with a specific antibody
against KRAS (sc-30, 1:1000; Santa Cruz, USA), and
were stripped and re-probed with an antibody against
GAPDH (SC-32233, 1:1000; Santa Cruz, USA) to
verify equal loading. Protein levels were quantified with
Image J software (National Institutes of Health). The
experiments were repeated independently three times.

Nude mouse experiment
Twelve five- to six-week-old female nude BALB/c
mice (Vital River Laboratory Animal Technology Co.
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Table 3. The relationship between miR-548d-3p expression and osteosarcoma.

miR-548d-3p expression
Variables Description NO.' of PP e P value
patients Low High
Male 17 11 6
Gender 0.032 0.858
Female 13 8 5
Age ( ) =20 8 10 8 1.17 0.279
e (years . .
s >20 12 9 3
o No 23 14 9
Family history 0.258 0.612
Yes 7 5 2
I 13 5 8
TNM grade IIA 15 12 3 6.415 0.040%*
1B 2 2 0

Ltd., China) were each injected with 2x10° MG63 cells
in a 200-pL cell suspension, and the metastatic ability
of the cells was investigated. The mice were divided
into two groups (n=6/group): the miR-548d-3p agomir
group (CGTTTTCTTTGACACCAAAAAC) and the
negative control group (TTCTCCGAACGTGTCAC
GT). On day 21 following the injection, osteosarcoma
tumor samples were collected for immunohistochemistry,
and the lungs were removed and evaluated for visible
tumor nodules.

All experimental procedures involving animals were
conducted in accordance with the Guide for the Care
and Use of Laboratory Animals (NIH publication no.
80-23, revised 1996) and the institutional ethical
guidelines for animal experiments.

Immunohistochemistry

Immunohistochemistry was performed as described
previously [20]. The immunohistochemical results were
judged by the histological score (HSCORE) [21].

Statistical analysis

All experiments were repeated independently three
times, and the results are shown as the mean and
standard deviation (SD). Kaplan-Meier survival analysis
with a log-rank test was used to analyze the overall
survival of osteosarcoma patients. Pearson correlation
analysis was used to evaluate the correlation between
KRAS and miR-548d-3p expression. Student's t test
(two-tailed) was used to evaluate the statistical
significance of differences between two groups.
Statistical analyses were performed with GraphPad
Prism software (GraphPad, Inc.). Statistical significance
was defined as P < 0.05.

Compliance with ethical standards

Patients provided written consent and approval for the use
of clinical materials for research purposes at Shengjing
Hospital, in accordance with institutional regulations.

CONFLICTS OF INTEREST

The authors have declared that there is no conflict of
interest.

REFERENCES

Xia P, Gao X, Shao L, Chen Q, Li F, Wu C, Zhang W, Sun
Y. Down-regulation of RAC2 by small interfering RNA
restrains the progression of osteosarcoma by
suppressing the Wnt signaling pathway. Int J Biol
Macromol. 2019. [Epub ahead of print]
https://doi.org/10.1016/].ijbiomac.2019.07.016
PMID:31279058

Tian H, Zhou T, Chen H, Li C, Jiang Z, Lao L, Kahn SA,
Duarte ME, Zhao J, Daubs MD, Buser Z, Brochmann
EJ, Wang JC, Murray SS. Bone morphogenetic protein-
2 promotes osteosarcoma growth by promoting
epithelial-mesenchymal transition (EMT) through the
Whnt/B-catenin signaling pathway. J Orthop Res. 2019;
37:1638-48.

https://doi.org/10.1002/jor.24244

PMID:30737824

Andersen GB, Knudsen A, Hager H, Hansen LL, Tost J.
miRNA profiling identifies deregulated miRNAs
associated with osteosarcoma development and time
to metastasis in two large cohorts. Mol Oncol. 2018;
12:114-31.
https://doi.org/10.1002/1878-0261.12154
PMID:29120535

www.aging-us.com 5067

AGING


https://doi.org/10.1016/j.ijbiomac.2019.07.016
https://www.ncbi.nlm.nih.gov/pubmed/31279058
https://doi.org/10.1002/jor.24244
https://www.ncbi.nlm.nih.gov/pubmed/30737824
https://doi.org/10.1002/1878-0261.12154
https://www.ncbi.nlm.nih.gov/pubmed/29120535

10.

11.

Luo T, Yi X, Si W. Identification of miRNA and genes
involving in osteosarcoma by comprehensive analysis
of microRNA and copy number variation data. Oncol
Lett. 2017; 14:5427-33.
https://doi.org/10.3892/0l.2017.6845
PMID:29098032

Lin H, Zheng X, Lu T, Gu Y, Zheng C, Yan H. The
proliferation and invasion of osteosarcoma are
inhibited by miR-101 via targetting ZEB2. Biosci Rep.
2019; 39:BSR20181283.
https://doi.org/10.1042/BSR20181283
PMID:30692230

Liu JL, Li J, Xu JJ, Xiao F, Cui PL, Qiao ZG, Chen XD, Tao
WD, Zhang XL. MiR-144 Inhibits Tumor Growth and
Metastasis in Osteosarcoma via Dual-suppressing
RhoA/ROCK1 Signaling Pathway. Mol Pharmacol.
2019; 95:451-61.
https://doi.org/10.1124/mol.118.114207
PMID:30674565

Ni XF, Zhao LH, Li G, Hou M, Su M, Zou CL, Deng X.
MicroRNA-548-3p and MicroRNA-576-5p enhance the
migration and invasion of esophageal squamous cell
carcinoma cells via NRIP1 down-regulation.
Neoplasma. 2018; 65:881-87.
https://doi.org/10.4149/neo 2018 171206N803
PMID:29940757

Saffari M, Ghaderian SM, Omrani MD, Afsharpad M,
Shankaie K, Samadaian N. The Association of miR-let
7b and miR-548 with PTEN in Prostate Cancer. Urol J.
2019; 16:267-73.
https://doi.org/10.22037/uj.v0i0.4564
PMID:30318571

Zhang H, He QY, Wang GC, Tong DK, Wang RK, Ding
WSB, Li C, Wei Q, Ding C, Liu PZ, Cui HC, Zhang X, Li D,
et al. miR-422a inhibits osteosarcoma proliferation by
targeting BCL2L2 and KRAS. Biosci Rep. 2018;
38:BSR20170339.
https://doi.org/10.1042/BSR20170339
PMID:29358307

Zhang S, Hou C, Li G, Zhong Y, Zhang J, Guo X, Li B, Bi
Z, Shao M. A single nucleotide polymorphism in the
3'-untranslated region of the KRAS gene disrupts the
interaction with let-7a and enhances the metastatic
potential of osteosarcoma cells. Int J Mol Med. 2016;
38:919-26.

https://doi.org/10.3892/ijmm.2016.2661
PMID:27430246

Zhang X, Guo Q, Chen J, Chen Z. Quercetin Enhances
Cisplatin Sensitivity of Human Osteosarcoma Cells by

12.

13.

14.

15.

16.

17.

18.

19.

Roberto GM, Engel EE, Scrideli CA, Tone LG, Brassesco
MS. Downregulation of miR-10B* is correlated with
altered  expression of mitotic kinases in
osteosarcoma. Pathol Res Pract. 2018; 214:213-216.
https://doi.org/10.1016/j.prp.2017.11.020
PMID:29254787

Rushing CJ, Rogers DE, Spinner SM, Gajzer DC. A Case
Report of Heel Pain Mimicking Plantar Fasciitis and
Osteosarcoma: A Unique Presentation of a Nora's
Lesion. J Foot Ankle Surg. 2017; 56:670—673.
https://doi.org/10.1053/j.ifas.2017.01.028

PMID: 28268143

Liang X, Zhang L, Ji Q, Wang B, Wei D, Cheng D. miR-
421 promotes apoptosis and suppresses metastasis of
osteosarcoma cells via targeting LTBP2. J Cell
Biochem. 2019; 120:10978-87.
https://doi.org/10.1002/jcb.28144 PMID:30924175

Shi J, An G, Guan Y, Wei T, Peng Z, Liang M, Wang Y.
miR-328-3p mediates the anti-tumor effect in
osteosarcoma via directly targeting MMP-16. Cancer
Cell Int. 2019; 19:104.
https://doi.org/10.1186/s12935-019-0829-7
PMID:31043859

Shi Y, Qiu M, Wu Y, Hai L. MiR-548-3p functions as an
anti-oncogenic regulator in breast cancer. Biomed
Pharmacother. 2015; 75:111-16.
https://doi.org/10.1016/j.biopha.2015.07.027
PMID:26297544

Zhu S, He C, Deng S, Li X, Cui S, Zeng Z, Liu M, Zhao S,
Chen J, Jin Y, Chen H, Deng S, Liu Y, et al. MiR-548an,
Transcriptionally Downregulated by HIF1la/HDACI,
Suppresses Tumorigenesis of Pancreatic Cancer by
Targeting Vimentin Expression. Mol Cancer Ther.
2016; 15:2209-19.
https://doi.org/10.1158/1535-7163.MCT-15-0877
PMID:27353169

Ke H, Zhao L, Feng X, Xu H, Zou L, Yang Q, Su X, Peng
L, Jiao B. NEAT1 is Required for Survival of Breast
Cancer Cells Through FUS and miR-548. Gene Regul
Syst Bio. 2016 (Suppl 1); 10:11-17.
https://doi.org/10.4137/GRSB.S29414
PMID:27147820

Tsubaki M, Satou T, Itoh T, Imano M, Ogaki M, Yanae
M, Nishida S. Reduction of metastasis, cell invasion,
and adhesion in  mouse osteosarcoma by
YM529/0N0-5920-induced blockade of the
Ras/MEK/ERK and Ras/PI3K/Akt pathway. Toxicol
Appl Pharmacol. 2012; 259:402-10.
https://doi.org/10.1016/j.taap.2012.01.024

Modulating microRNA-217-KRAS Axis. Mol Cells. PMID:22326785
§015‘_3i:6,38‘421'0 L4308 molcells 2015.0037 20. Liu F, Li X, Wang C, Cai X, Du Z Xu H, Li F.
ttps://doi.org/10. /molcells. * Downregulation of p21-activated kinase-1 inhibits the
PMID:26062553

WWwWw.aging-us.com 5068 AGING


https://doi.org/10.3892/ol.2017.6845
https://www.ncbi.nlm.nih.gov/pubmed/29098032
https://doi.org/10.1042/BSR20181283
https://www.ncbi.nlm.nih.gov/pubmed/30692230
https://doi.org/10.1124/mol.118.114207
https://www.ncbi.nlm.nih.gov/pubmed/30674565
https://doi.org/10.4149/neo_2018_171206N803
https://www.ncbi.nlm.nih.gov/pubmed/29940757
https://doi.org/10.22037/uj.v0i0.4564
https://www.ncbi.nlm.nih.gov/pubmed/30318571
https://doi.org/10.1042/BSR20170339
https://www.ncbi.nlm.nih.gov/pubmed/29358307
https://doi.org/10.3892/ijmm.2016.2661
https://www.ncbi.nlm.nih.gov/pubmed/27430246
https://doi.org/10.14348/molcells.2015.0037
https://www.ncbi.nlm.nih.gov/pubmed/26062553
https://doi.org/10.1016/j.prp.2017.11.020
https://www.ncbi.nlm.nih.gov/pubmed/29254787
https://doi.org/10.1053/j.jfas.2017.01.028
https://www.ncbi.nlm.nih.gov/pubmed/28268143
https://doi.org/10.1002/jcb.28144
https://www.ncbi.nlm.nih.gov/pubmed/30924175
https://doi.org/10.1186/s12935-019-0829-7
https://www.ncbi.nlm.nih.gov/pubmed/31043859
https://doi.org/10.1016/j.biopha.2015.07.027
https://www.ncbi.nlm.nih.gov/pubmed/26297544
https://doi.org/10.1158/1535-7163.MCT-15-0877
https://www.ncbi.nlm.nih.gov/pubmed/27353169
https://doi.org/10.4137/GRSB.S29414
https://www.ncbi.nlm.nih.gov/pubmed/27147820
https://doi.org/10.1016/j.taap.2012.01.024
https://www.ncbi.nlm.nih.gov/pubmed/22326785

growth of gastric cancer cells involving cyclin B1. Int J endometrial adenocarcinoma: correlation of antigen

Cancer. 2009; 125:2511-19. expression with metastatic potential. Cancer Res.
https://doi.org/10.1002/ijc.24588 PMID:19610058 1989; 49:2091-95.

21. Berchuck A, Soisson AP, Clarke-Pearson DL, Soper JT, Pl;t'\;rl);:/z/;:lgzl.gggllo.1016/0090-8258(89)90899-8
Boyer CM, Kinney RB, McCarty KS Jr, Bast RC Jr. —_—

Immunohistochemical expression of CA 125 in

WWwWw.aging-us.com 5069 AGING


https://doi.org/10.1002/ijc.24588
https://www.ncbi.nlm.nih.gov/pubmed/19610058
https://doi.org/10.1016/0090-8258(89)90899-8
https://www.ncbi.nlm.nih.gov/pubmed/2702650

