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MicroRNA-494 represses osteosarcoma development by
modulating ASK-1 related apoptosis complexes
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Background: MicroRNA (miR)-494 had been proven to be involved in tumor pathogenesis, while studies
on miR-494 and osteosarcoma (OS) are still limited. In the current study, we aimed to explore the expression
pattern and the roles of miR-494 in the development of OS.

Methods: Mouse models and osteoblastic cells were used to investigate the functions of miR-494. A case-
control study including 87 OS patients and 100 controls was also conducted to investigate the prognostic
value of miR-494.

Results: Animal researches and human studies showed that miR-494 expression level in OS tssue (OST)
was down-regulated compared to paracancerous tissue (PT), and had a significant positive association with
its level in serum (P<0.05). Gain of miR-494 function suppressed OS tumor growth and promoted apoptosis
of OS cells, while loss of miR-494 inhibited apoptosis and promoted invasion of osteoblastic cells. MiR-494
expressions in both OST and serum were correlated with the T stage, lymph node metastasis and distant
metastasis of OS (P<0.05). Results of survival analysis showed that compared to patients with high miR-
494 level, the overall survival rate in 24 months was significantly lower in the low miR-494 group (P<0.05).
In vitro study revealed that miR-494 interacted with apoptosis signal regulating kinase 1 (ASK-1)/serine-
threonine kinase receptor-associated protein (STRAP)/14-3-3 complex to promote the activation of tumor
necrosis factor-o (TNF-a)/ASK-1-mediated apoptosis.

Conclusions: These results revealed that miR-494 functioned as a tumor suppressor and improved the

prognosis of OS via modulating apoptosis complexes.
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Introduction

Osteosarcoma (OS) is the most common malignant bone
tumor, accounting for 17% of primary bone tumors, and
42% of primary malignant bone tumors (1). OS most
commonly affects children, adolescents, and young adults.
According to recent reports, there are approximately 900
new cases of OS per year in the United States, of which 400
cases are children and adolescents, accounting for 3.4%
of all childhood tumors (2). The typical presentation of

© Translational Cancer Research. All rights reserved.

OS includes the onset of pain and swelling in the affected
bone. The treatment for OS is mainly neoadjuvant chemo-
therapy followed by surgical removal of the primary tumor
along with all clinically evident metastatic disease, plus
the addition of adjuvant chemotherapy after surgery (3).
Although the treatment has advanced a lot since it was
described in the medical literature as early as the mid-19th
century, the overall effect is still not satisfactory, especially

the advancement of treatment to improve prognosis (3).
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Hence, it is necessary to explore new targets for treatment
to improve its clinical outcomes.

Encouragingly, increasing evidence has demonstrated
that non-coding RNAs (ncRNAs) play significant roles
in OS development (4,5). MicroRNAs (miRNAs), which
are ~20 nt long, have been the most studied ncRNA.
Dysregulation of miRNA expression is the common cause
of initiation, progression, and metastasis in many types
of malignancy, including OS (6,7). MiR-494, located on
chromosome 14q32.31, was recently reported to function
as a suppressor in tumorigenesis by promoting tumor cell
apoptosis (8-10). However, with respect to miR-494 and
OS, studies are limited. Apoptosis signal regulating kinase
1 (ASK-1) is a component of tumor necrosis factor-a
(TNF-a)-induced apoptosis complex I, and its activation
(phosphorylation) is required for TNF-a-induced apoptosis
in multiple cell types (11,12). To prevent TNF-a-induced
apoptosis, serine-threonine kinase receptor-associated
protein (STRAP) and 14-3-3 proteins interact with ASK-
1 to disrupt associations between TNF receptor-associated
factor 2 and ASK-1 upon TNF-a stimulation (11,12).

In this study, we suggested a hypothesis that miR-494
suppressed OS development through ASK-1/STRAP/
TNF-a pathway, and explored the prognostic value of miR-
494 in OS, thus provided a new approach to improve the
prognosis of OS.

Methods
Sample collection

From May 2012 to April 2016, a total of 87 OS patients
[53 male and 34 females; median age: 14, interquartile
range (IQR): 9-23] diagnosed in our hospital were included
in this study. 100 age- and gender-matched controls
(60 male and 40 females; median age: 13, IQR: 8-24) from
the physical examination center were also enrolled. For
patients, blood sample was collected on the morning of the
day of operation. OS tissue (OST) and the corresponding
paracancerous tissue (PT) (at least 3 cm away from tumor
tissue) were also obtained during the surgery. For controls,
blood samples were collected at the time of physical
examination. This project was conducted in accordance
with the Declaration of Helsinki (as revised in 2013) and
approved by the Ethics Committee of Guizhou Provincial
People’s Hospital (Guizhou, China). Reference number:
L201201021. Written informed consent was provided
before sample collection.
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Cell culture and transfection

Human OS cell line MG-63 and human normal
osteoblastic cell line hFOB 1.19 were cultured in DMEM
medium (Gibco, USA), supplemented with 10% fetal
bovine serum (FBS) (Gibco, USA), and grew in a 37 °C
incubator with 5% CO,. MiR-494 mimics (sense:
CATUCACUACCTCGTTUCCGAT; antisense:
CCTTAGAGCGGATGAUUGUU), miR-494 si-RNAs
(sense: CTTACGCCGTACTACGUGTTACGCAU;
antisense: GGACTTCATGCGTACTGCTAGUU),
and negative control (NC) (sense:
UUCUCCGAACGUGUCACGUTT; antisense:
ACGUGACACGUUCGGAGAATT) were purchased
from RiboBio (Guangzhou, China). The transfections were
performed using Lipofectamine 2000 (Invitrogen, USA)
according to the manufacturers' instructions. Cells were
cultured and the level of miR-494 was examined 48 h post-
transfection.

OS model establishment in nude mice

Nude mice (male, aged 5-6 weeks) were purchased from
the Guizhou Laboratory Animal Engineering Technology
Center. In the process of feeding and experiments, humane
care was given according to the 3R principle. After 1 week
of feeding, mice were randomly divided into the OS group
(n=20) and the sham group (n=10). Mice in OS group
were subcutaneously injected 10 pL. Matrigel (Corning,
Wiesbaden, Germany) solution containing 1.5x10° MG-63
cells (transfected with si-miR-494 or si-NC) into the right
dorsal limb. After injection, mice were continued fed for
6 weeks. Tumor volume was measured using a vernier
caliper every week. Forty pL tail vein blood of each
mouse was collected before modeling and after 6 weeks
of modeling. Then mice were anesthetized and the
subcutaneous tumor was removed. All animal experiments
were approved by the Guizhou Laboratory Animal
Engineering Technology Center.

Western blot analysis

Cells were lysed on ice, then 30 pg proteins were separated
on 10% SDS-PAGE gels and transferred onto a polyvinyl
difluoride (PVDF) membrane. After blocked with 5%
skimmed milk, the membrane was incubated with one of the
following antibodies overnight at 4 °C: anti-ASK-1 antibody
(8662, Cell Signaling Technology), anti-phospho-ASK-1
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antibody (3764, Cell Signaling Technology), anti-STRAP
antibody (AP29336; One World Lab), anti-14-3-3 antibody
(9636; Cell Signaling Technology), anti-caspase 8 antibody
(ab25901, Abcam), anti-TNF-o antibody (ab1793, Abcam),
and anti-tubulin antibody (ab6160, Abcam). Then the
membrane was incubated with secondary antibody (ab6721
or ab6789, Abcam) for 1 h at room temperature. Finally,
the membrane was photographed by ECL Imaging System
(Tanon 6060, USA).

Transwell assay

In vitro migration was performed using Corning chambers
(8 mm pore). Matrigel (Becton, Dickinson and Company,
USA) was used to cover the upper side of the filter, then
cell suspension (containing no FBS) was added to the upper
chamber. And the lower chamber was added with culture
containing 10% FBS. After incubated for 48 h, cells were
stained using crystal violet, and the invasive cells were
counted under a light microscope.

Flow cytometry

Annexin V fluorescein isothiocyanate (FITC)/apoptosis
detection kit (Sigma, USA) was used to evaluate cell
apoptosis. Briefly, 5 pL annexin V-FITC and 10 pL
propidium iodide were added to cell suspensions and
incubated for 15 min at room temperature. Then stained
cells were analyzed by BD FACS Calibur™ flow cytometer
(BD Biosciences, USA).

Apoptosis complexes isolation

Lysates were generated from cells. The lysates were
precleared with Protein G beads. Thereafter, the precleared
lysates were incubated with 5 pg/mL of anti-ASK-1
antibody (8662; Cell Signaling Technology) or normal
rabbit IgG (5 pg/mL) using a constant rotation at 4 °C. Two
hours later, protein G beads were added and incubated for
another 2 h. After washed by lysis buffer, protein G beads
were boiled in 1x Laemmli buffer, and the co-precipitated
complexes were then separated on SDS-PAGE and used for
western blotting analysis.

RNA isolation, cDNA synthesis and quantitative real-time

PCR (4RT-PCR)

MiR-494 expression was detected on the Bio-Rad
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CFX96 (Inc., Hercules, CA, USA) using SYBR Green
qPCR Mix (CWBIO, China). The expression of miR-
494 was normalized to U6 small nuclear RNA. The
primer sequences are as follows: miR-494: 5'-CTAACG
CTGTGCTUCGUGTAGCGGAU-3"; U6: forward:
5'"-CTCGCTTCGGCAGCAGCACA-3"; reverse:
5'-AACGCTTCACGAATTTGCGT-3". All experiments
were in triplicates. MiR-494 level was calculated using 27**“
method.

Immunobistochemistry

Immunohistochemistry staining was performed on
paraffin sections. Briefly, sections were deparaffinized and
rehydrated, and antigen retrieval was performed in citrate
(pH 6.0) for 10 min at full pressure using a pressure cooker.
After treated with 3% hydrogen peroxide for 15 min to
inhibit endogenous peroxidase activity, sections were
incubated overnight at 4 °C with antibodies against cleaved
caspase-3 (ab2302, Abcam, USA). After washed in PBS,
sections were incubated with peroxidase-labeled anti-rabbit
IgG for 30 min. Finally, all slides were incubated with
DAB-Substrate (Beyotime, China) and counterstained in
hematoxylin before they were dehydrated and mounted.

Follow-up and endpoints

After discharged from hospital, researchers followed
patients up by telephone every half month for 24 months.
The endpoint was the death within follow-up, or patients
quitting the study within 24 months.

Statistical analysis

Statistical analyses were performed using SPSS version 20.0.
Data were presented as mean = standard deviation (M = SD)
(normally distributed data) or median (IQR) (skewed data).
For normally distributed variables, differences between the
two groups were evaluated by Student’s 7-test, and one-way
ANOVA was used for multiple groups. Categorical variables
were analyzed by i’ test. Correlations were analyzed using
Pearson or Spearman correlation analysis. In this study,
P<0.05 was considered to be statistically significant.

This project was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Committee of Guizhou Provincial People’s Hospital
(Guizhou, China). Reference number: 1.L201201021.
Written informed consent was provided before sample
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Figure 1 Expression pattern of miR-494 in mouse model and human osteoblastic cells. (A) Representative images of OS lesion in

mouse. Scale bar: 100 pm. (B) MiR-494 level in OS group was significantly lower than that in the sham group at 6 weeks after OS model
establishment. (C) MiR-494 expressions in OST and serum were both significantly lower than that in PT. (D) Correlation between miR-494

expression in serum and OST. (E) Correlation between miR-494 expression in PT and OST. (F) MiR-494 expression in human OS cell line

MG-63 was significantly lower than that in human normal osteoblastic cell line hFOB 1.19. Data are represented as mean = SD, **, P<0.001.

OS, osteosarcoma; OST, OS tissue; PT, paracancerous tissue; SD, standard deviation.

collection. All animal experiments were approved by the
Guizhou Laboratory Animal Engineering Technology
Center.

Results

MiR-494 expression was down-regulated in OS mice and
MG-63

Figure 14 provides images of OS lesion 6 weeks after
intratibial injection. We first analyzed the expression level
of miR-494 in OS group and the sham group. Results
showed that miR-494 expression in the OS group was
significantly lower than that in the sham group (P<0.001,
Figure 1B). Then the expression pattern of miR-494 in
OST, PT, and serum of mice was also investigated. MiR-
494 expression in OST was significantly lower than that in
PT (P<0.001, Figure 1C). Correlation analysis showed that
miR-494 level in serum was significantly correlated with
that in OST (r=0.783, P<0.001, Figure 1D), but had no
association with that in PT (r=-0.146, P=0.688, Figure 1E).
Besides, MG-63 also showed a lower expression of miR-
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494 compared to normal osteoblastic cell line hFOB 1.19
(P<0.001, Figure 1F).

Guain of miR-494 function suppressed OS tumor growth
and promoted apoptosis of OS cells

To further validate the function of miR-494 in OS
development, miR-494 mimics were transfected into MG-
63 and subcutaneously injected into the right dorsal limb
of mice. Results showed that compared with mice injected
MG-63 transfected with NC, gain of miR-494 function
markedly suppressed tumor growth, and promoted the
apoptosis of OS cells (Figure 2A4,B). Similarly, compared
with MG-63 transfected with NC, MG-63 transfected with
miR-494 mimics showed enhanced apoptosis and reduced
proliferation and invasion ability (Figure 2C,D,E).

Loss of miR-494 function inbibited apoptosis of osteoblastic
cells

si-RINA for miR-494 was further used to investigate miR-

Transl Cancer Res 2020;9(7):4121-4130 | http://dx.doi.org/10.21037/tcr-19-2195



Translational Cancer Research, Vol 9, No 7 July 2020

5000 B
- ARy
E 4000 | 1o f’-i.’,*-
= = MiR-494 mimic ﬁ.’o'r. * px
2 3000 e q,:_'_?gs 2
s BB S
S 2000 g.t S o 5
S 1000 st
€ pte! -
S " ' 3
Foo—.—— ?z-‘?l.f %
01 2 3 4 5 6 NG
Time (week)
C D
UL UR uL UR
10° 10.013% 0.025% 10° |5.28% 50.0%
10" 1 10°
10° 10°
10° 107 et
LR‘?‘ LL RS LL
0 99.9Y 0.063% 0 39.1%%’ 5.64%
NC miR-494 mimic

4125

Copwa MRt
’
P '..‘

miR-494 mimic

MG-63

MG-63 miR-494 mimic

-# miR-494 mimic

*

12 24 36 48 60
Time (h)

Figure 2 Gain of miR-494 inhibited tumor growth by promoting tumor cell apoptosis. (A) Tumor growth was inhibited by miR-494 mimics

treatment. (B) Images of immunohistochemistry showed that miR-494 mimics up-regulated the expression of cleaved caspase-8 in OST (40x).
(C) Images of flow cytometry showed that miR-494 mimics promoted apoptosis of MG-63. (D) Proliferation of MG-63 was inhibited by

miR-494 mimics treatment. (E) Invasion of MG-63 was inhibited by miR-494 mimics treatment (40x). Data are represented as mean + SD, *,

P<0.05; **, P<0.001. OST, osteosarcoma tissue; SD, standard deviation; NC, negative control.

494 function. hFOB 1.19 was transfected with si-miR-494
or si-NC. As the results showed, compared with cells
transfected with NC, cells transfected with si-miR-494
exhibited reduced apoptosis and enhanced proliferation and
invasion ability (Figure 34,B,C).

MiR-494 interacted with ASK-1/STRAP/14-3-3 complex
to promote the activation of TNF-a/ASK-1-mediated
apoptosis

We next performed co-IP to dissect the molecular
mechanism of miR-494 suppressing OS growth. The
results showed that si-miR-494 significantly decreased
the phosphorylation of ASK-1, enhanced ASK-1/
STRAP/14-3-3 complex formation and inhibited the
interaction between TNF-a and p-ASK-1 in hFOB
1.19; while miR-494 mimic markedly increased the
phosphorylation of ASK-1, reduced ASK-1/STRAP/14-3-3
complex formation and enhanced the interaction between
TNF-a and p-ASK-1 in MG-63 (Figure 44,B,C,D,E,F).

MiR-494 expression was negatively correlated with the T

stage, lymph node metastasis and distant metastasis of OS

We first analyzed the expression level of miR-494 in
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OS patients and controls. Results showed that miR-494
expression in OS patients was significantly lower than in
control (P<0.001, Figure 5A). Then the expression pattern
of miR-494 in OST, PT, and serum of patients was also
investigated. MiR-494 expressions in OST and serum were
significantly lower than that in PT (P<0.001, Figure 5B).
Correlation analysis showed that miR-494 level in serum
was significantly correlated with that in OST (r=0.807,
P<0.001, Figure 5C), but had no association with that in PT
(r=0.134, P=0.216 Figure 5D). The correlations between
miR-494 expression and patients’ clinical characteristics
were also investigated. The results were listed in Tuble 1.
As the table showed, miR-494 expression level had no
significant association with gender and age. However, we
did find that miR-494 expressions in both OST and serum
were significantly associated with the T stage, lymph node
metastasis and distant metastasis of OS (P<0.05). Patients
in T3-4 stage, patients with lymph node metastasis, and
patients with distant metastasis were likely to have lower
miR-494 expression in both OST and serum.

Lower miR-494 expression indicated lower 24-month
survival rate for OS patients

In this study, 87 patients discharged from hospital and
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enrolled in the follow-up. Among them, 11 patients dead
within 24 months and 1 quitted the study. We divided
patients into high miR-494 level group (H group) and low
miR-494 level group (L group) according to the median
level of miR-494 expression. Compared to patients with
low miR-494 levels in OST and serum, patients with high
miR-494 levels had significantly higher survival rates (for
OST, P=0.001, Figure 6A; for serum, P=0.009, Figure 6B).
However, for PT, the survival rate of patients with high
miR-494 level had no significant difference with patients
with low miR-494 level (P=0.983, Figure 6C).

Discussion

In the present study, we found that miR-494 was down-
regulated in OST, and its expression level was positively
correlated with its serum level, and negatively correlated
with TNM stages of OS. In vitro study indicated that
miR-494 inhibited the interaction of ASK-1/STRAP/14-3-3
complex to promote the activation of TNF-a/ASK-1-
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mediated apoptosis, and further reduced the proliferation
and invasion ability of OS cells. In addition, our study
also suggested that low miR-494 expression levels in both
OST and serum indicated a poor prognosis of OS within
24 months by mortality increased approximately six times.
Before our study, several documents had reported
the function of miR-494 in cancer metastasis. MiR-
494 was firstly identified in human retinoblastoma in
2009 by Zhao et al. (13). Subsequently, miR-494 was
found to be dysregulated in various malignancies such as
prostate cancer (14), bladder cancer (15), hepatocellular
carcinoma (16), and non-small-cell lung cancers (17),
and was proved to be involved in the metastasis of these
malignant tumors. With respect to miR-494 and OS,
studies are still limited. Sun et 4/. found that miR-494
inhibited OS development by targeting and repressing the
expression of matrix metallopeptidase 9 (18). MiR-494 can
also inhibit proliferation and metastasis of OS through
repressing insulin receptor substrate-1 and targeting CDK6
(19,20). However, the underlying mechanisms deserve
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Table 1 Correlations between miR-494 expression level and the clinical characteristics of OS patients

Clinical N OST Serum PT

characteristics miR-494 t/F P miR-494 t/F P miR-494 t/F P

Gender -0.675 0.523 0.444 0.638 0.232 0.718
Male 53 4.55+1.12 6.95+1.23 15.13+4.21
Female 34 4.63+0.95 6.87+1.64 14.97+3.33

Age, years -0.522 0.655 0.433 0.796 0.631 0.589
<12 38 4.49+1.72 6.91+2.01 15.28+3.20
>12 49 4.67+1.07 6.89+1.14 14.81+£2.53

T stage 4.245 0.001 3.546 0.011 0.252  0.433
T1-2 58 5.07+1.06 7.43+1.85 15.31+3.45
T3-4 29 3.16+0.83 4.32+1.12 14.72+2.77

N stage 6.137 <0.001 3.178 0.021 -0.339 0.654
NO 54 5.12+1.26 7.25+1.32 14.88+2.21
N1 33 3.08+0.77 4.43+0.67 15.24+2.98

Metastasis 6.459 <0.001 3.823 0.001 0.724  0.885
MO 61 5.15+1.03 7.87+1.79 14.91+3.33
M1a 15 3.59+0.46 5.01+0.88 15.16+2.75
M1b 11 2.01£0.37 4.14+1.11 15.20+3.13

OS, osteosarcoma; OST, osteosarcoma tissue; PT, paracancerous tissue.

A B C
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Figure 6 Prognostic value of miR-494 in OS patients. (A) Patients with high miR-494 expression in OST had a significantly higher overall

survival rate. (B) Patients with high miR-494 expression in serum had significantly higher overall survival rate. (C) Patients with high miR-

494 expression in PT had a similar overall survival rate with patients with low miR-494 expression in PT. OS, osteosarcoma; OST, OS tissue;

PT, paracancerous tissue.

more exploration, and no study has yet investigated the
relationship between miR-494 expression and the prognosis
of OS. In our study, for the first time, we explored the
expression pattern of miR-494 in both animal models

and OS patients. The results congruously showed that,
compared with PT, miR-494 was down-regulated in OST,
and its level was negatively correlated with the T stage,
lymph node metastasis and distant metastasis of OS. In
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addition, for the first time, we observed a significant positive
correlation between miR-494 levels in serum and OST,
which means detecting miR-494 by a noninvasive approach
is available. Animal studies suggested that miR-494 may
function as a pro-apoptosis, anti-proliferation, and anti-
invasion factor. We further dissected the mechanism of miR-
494 repressing OS development. Results showed that miR-
494 promoted the phosphorylation of AKS-1, and inhibited
ASK-1/STRAP/14-3-3 complex formation to enhance
the activation of TNF-0/p-ASK-1-mediated apoptosis.
These results indicated that miR-494 is a key regulator in
OS cell apoptosis process. However, more researches are
needed to verify this in the future. Since miR-494 expression
was negatively correlated with the TNM stages of OS,
we next performed survival analysis in OS patients within
24 months to verify the prognostic value of miR-494. The
results showed that compared to patients with high miR-494
expression, patients with low miR-494 expression (both
in OST and serum) trended to have a poor prognosis in
24 months, with mortality increased approximately six times,
which is consistent with our hypothesis.

There are still some limitations to this study. First, the
sample size was relatively small, and all the subjects were
from the same hospital, which may bias the results, thus
studies including larger sample size from multicenter are
still highlighted. Second, the follow-up time of this study
was limited to 24 months, and the survival outcomes after
24 months were not investigated. However, as the results
showed, the overall survival rates within 24 months have
been significantly different between H and L groups (both
in OST and serum), suggesting that miR-494 at least has
predictive value for survival outcomes within 24 months. As
for its predictive value for longer-term outcomes, it remains
to be explored in future research.

Conclusions

In conclusion, this study investigated the function of miR-
494 in OS development and its prognostic value, and the
results suggested that miR-494 may improve OS prognosis
by repressing OS development via modulating apoptosis
complexes, which may provide us a new invention target for

OS therapy.
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