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Background: Osteosarcoma (OS), an aggressive malignant neoplasm, exhibits osteoblastic
differentiation. Cisplatin (DDP) and taxanes are among the most effective drugs for OS
patients. Nevertheless, the drug resistance remains a main limitation to efficacious che-
motherapy in OS. The current report sets to explore the biological function of microRNA-
584 (miR-584) and the potential mechanism underlying OS cells resistance to these two
drugs.

Materials and Methods: The expression profiles of miR-584 and connective tissue growth
factor (CTGF, CCN2) in OS tissue samples and cell lines were tested by means of reverse
transcription-quantitative polymerase chain reaction and Western blot. U20S and MG63 cell
lines were delivered with miR-584 mimic alone or plus CCN2 to excavate theirs functions by
cell counting kit-8 and EdU, flow cytometric analysis, as well as transwell assay, severally.
Western bot analysis was conducted to examine the expression of IkBa, plkBa, NF-kB and
pNF-kB. Dual-luciferase reporter gene assay was carried out to assess the targets of miR-
584.

Results: The downregulation of miR-584 was identified in OS tissues and cells, which was
closely linked to the dismal prognosis of OS patients. Overexpression of miR-584 repressed
cell viability, migration as well as invasion, potentiated apoptosis and sensitized OS cells to
DDP and taxanes. Mechanism investigation specified a direct targeting relationship between
CCN2 and miR-584 in OS.

Conclusion: In conclusion, miR-584 has the potency to act as a therapeutic maneuver for
OS mainly by inducing the chemosensitivity of OS cells to DDP and taxanes.

Keywords: osteosarcoma, microRNA-584, CCN2, the IxkBa/NF-kB signaling pathway,
chemoresistance

Introduction

Osteosarcoma (OS), the most relevant malignancy of the bone, is believed to initiate
from mesenchymal stem cells, and prior to the introduction of chemotherapy, the
outcome of OS patients was unsatisfactory, with the survival rate less than 20% before
the 1970s." The advance in effective chemotherapies for OS in the 1980s culminated in
a radical improvement in survival.®> At this time, the drugs commonly used in the
neoadjuvant treatment of OS include doxorubicin, cisplatin (DDP), methotrexate and
etoposide.® Among numerous antitumor agents, taxanes is widely applied for treating
breast and pancreatic cancers, and the efficacy of taxanes for treating OS was pre-
viously revealed to be a great success in high-grade OS and recurrent or metastatic soft-
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tissue sarcomas.* However, increasing chemoresistance was
saw in a great number of OS patients in the past few years,
therefore the study of the underlying mechanisms regarding
the chemosensitivity of OS cells is of great importance to
enhance the survival rate.’

The dysregulation of microRNAs (miRNAs), small
noncoding RNAs, have been observed in many human
pathologies, and most prominently, in carcinogenesis.®
miR-584 was predicted to be dysregulated in primary OS
samples by online MiRWalk and Kyoto Encyclopedia of
Genes and Genomes pathway databases.” Stratification
indicated an association between lower expression of
miR-584-5p with the disease progression in Ewing
sarcoma.® miR-584-5p has been reported to potentiated
the vincristine response in medulloblastoma.’ Moreover,
connective tissue growth factor (CTGF, CCN2) is
a member of the CCN family, which is consisted of six
proteins correlated to extracellular matrix which function
critically in wound healing, fibrosis as well as cancers.'® In
OS, CCN2 has been revealed to act as a target to cope with
metastasis and angiogenesis.'' In breast cancer cells, short
hairpin RNA-regulated knockdown of CCN2 reversed
Taxol resistance evoked by transcriptional co-activator
with PDZ-binding motif.'"> Moreover, the activation of
nuclear factor-kappa B (NF-kB) was participated in
CCN2-modulated metastasis in OS." Besides, classical
NF-xB could be repressed by upregulation of the IkBa
super suppressor in OS cells.'* Bioinformatics analysis
provided forceful evidences that there were potential bind-
ing sites between miR-584 and CCN2. Hence, we assumed
miR-584 could regulate OS chemoresistance via CCN2.
Hence, we examined miR-584 expression profiles in OS
tissues and cells in this work and studied the therapeutic
relevance of miR-584 on OS and the regulatory axis of
miR-584/CCN2/IxBo/NF-«B.

Materials and Methods

Ethical Statements

The study was permitted by the Institutional Review
Board of the First Affiliated Hospital of Anhui
Medical University and followed the Declaration of
Helsinki. Every participant provided a written informed
consent.

Tissue Samples
Between April 2013 and September 2013, 37 OS patients
diagnosed as primary OS by pathology and underwent

surgery in First Affiliated Hospital of Anhui Medical
University were enrolled. Prior to sampling, no patients
received any anti-tumor treatments. A total of 37 pairs of
OS tissues and adjacent paracancerous tissues were col-
lected during surgery and immediately frozen in liquid
nitrogen for further analysis. Demographic and clinico-
pathological characteristics of patients were recorded and
summarized in Table 1. Besides, the patients were fol-
lowed up every three months for 5 years after treatment,
and we tracked their survival information by telephone.

Oligonucleotide Microarray

OS samples and matched paracancerous samples from
three OS sufferers were obtained to analyze differentially
expressed miRNAs, which was performed as previously
reported.'”

Reverse Transcription-Quantitative

Polymerase Chain Reaction (RT-qPCR)

A Trizol kit (TAKARA, Japan) was employed to extract total
RNA in the tissues and cells in strict accordance with the
instructions. Subsequently, a reverse transcription kit
(TAKARA, Japan) was used for reverse transcription.
Following, qPCR was conducted by the SYBR Green PCR
Master Mix (Invitrogen Inc., Carlsbad, CA, USA). U6 was

applied as the internal reference for miR-584, while GAPDH

Table | The Clinicopathological Features of Patients with OS

Variables Group Cases (n)
Gender Male 21
Female 16
Age (years) <8 12
>18 25
Enneking Preoperative Stage 1 23
1 14
Pathological Type Osteoblastic 19
Fibroblastic 8
Chondroblastic
Telangiectatic
Tumor Size (mm) <50 20
>50 17
Distant Metastasis Yes 13
No 24
Anatomic Location Femur/Tibia 26
Elsewhere Il

Abbreviation: OS, osteosarcoma.
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Table 2 Prime Sequences for Reverse Transcription-Quantitative
Polymerase Chain Reaction

Primer Sequence (5'-3')

MiR-584-F GGGCAAAGAGGGTGACAAGTTC
MiR-584-R CTGGGCTGCTTATCTGGGAAG
CCN2-F CTTGCTGCTCTACCTCCACC
CCN2-R CTTTGGTCTGCATTCACATTTG
GAPDH-F TCACATCCTACACTGCCCAG
GAPDH-R AGTGTCCCTGTTCCAGTAGC

Abbreviations: F, forward; R, reverse; miR-584, microRNA-584; CCN2, connec-
tive tissue growth factor; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

for CCN2. The sequence of primers used in the experiment is
shown in Table 2.

Cell Culture and Treatment

Human OS cell lines (U20S, SOSP-M, Sa0S2, MG63)
and human fetal osteoblastic cells (hFOB) were from
American Type Culture Collection (Rock Ville, MD,
USA). All cell lines were cultivated using Dulbecco’s
modified Eagle’s medium containing 10% fetal bovine
serum (Gibco, Greenland, N.Y., USA). MiR-584 mimic
and corresponding Mock, pcDNA-CCN2 and correspond-
ing empty were produced by Genepharma Bioengineering
Co., Ltd. (Shanghai, China). 2000
(Invitrogen) was employed for the transfection following

Lipofectamine

the manufacturer’s protocols.

Detection of Cell Activity
CCK-8 (Shanghai Sangon Biological Engineering
Technology & Services Co., Ltd., Shanghai, China) was uti-
lized strictly in accordance with the instructions. The cell
proliferation was evaluated by 5-Ethynyl-2'-deoxyuridine
(EdU) assay, and all experimental steps were carried out
according to a previous report.'® The levels of apoptosis
were measured by propidium iodide (PI)/Annexin-V-labeled-
flow cytometry and Hoechst 33258 staining as previously
reported.'”

Transwell assays were carried out to determine the
migration and invasion abilities of U20S and MG63 cells.'®

Detection of Resistance of U20OS and
MGé63 Cells

U20S and MG63 were exposed to different concentrations
of DDP and taxanes, respectively. After that, the cell
survival rate was tested by a CCK-8 cytotoxicity assay
following the instructions provided by the manufacturer.

Then, the cells treated with 2.5 uM DPP or Taxanes were
detected by PI/Annexin-V-labeled flow cytometry and
Hoechst 33258 staining following the steps described
above.

Dual-Luciferase Reporter Assay

The wild-type (WT) and a complementary mutation (MT) of
3'UTR of CCN2 mRNA were created onto a pGL3 luciferase
reporter vector (Promega Corporation). Subsequently, the
constructed luciferase reporter vector was delivered into
H293T cells together with miR-584 mimic or mimic control
via lipofectamine 2000 (Invitrogen). Finally, a dual-
luciferase report kit (Promega) was applied for the evaluation
of the luciferase activity.

Western Blot Assays

The expression of CCN2 and IkBo/NF-«kB signaling path-
way-related proteins in U20S and MG63 cells was
detected by Western blot as described previously.'® The
following primary antibodies were used: CCN2 (1:3000,
ab5097), IxkBa (1:5000, ab32518), plkBa>** (1:5000,
ab92700), NF-xB (1:5000, ab32536), pNF-kB%>%¢
(1:2000, ab86299). The blots were then probed with
a goat anti-rabbit horseradish peroxidase-linked antibody
to IgG (1:50,000, ab6070). All antibodies aforementioned
were from Abcam (Cambridge, UK).

Statistics

All statistical data were analyzed using the SPSS 21.0
(IBM-SPSS, Inc, Chicago, IL, USA). Measurement data
were depicted as mean =+ standard deviation. All data were
subjected to Kolmogorov—Smirnov to test normal distribu-
tion. One-way or two-way analysis of variance (ANOVA)
followed by Tukey’s post hoc test was applied for data
analysis. Pearson analysis was used for correlation analy-
sis. If the p value was less than 0.05, the differences were
deemed as significant.

Results
Downregulation of miR-584 in OS Is

Linked to Poor Prognosis

Initially, we analyzed the miRNA expression in tumor
tissues from three OS patients by microarray. After homo-
genization of the data, the expression heatmap of differen-
tially expressed miRNAs was plotted, as shown in
Figure 1A. RT-qPCR analysis was subsequently conducted
so as to determine the expression of miR-584 in 37 OS and
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Figure | miR-584 is downregulated in OS tissues and cell lines. (A) The heatmap for 30 ectopic expressed miRNAs in OS. (B) miR-584 expression in 37 OS and paired
paracancerous tissues determined by RT-qPCR. (C) The overall survival of OS patients with low and high miR-584 expression. (D) The expression of miR-584 in OS cell lines
(U20S, SoSP-M, Sa0S-2, MG-63) and hFOB cells measured by RT-qPCR. (E) The expression of miR-584 in U20OS and MGé3 cells transfected with miR-584 mimic or Mock
plasmids determined by RT-qPCR. One-way ANOVA and Tukey’s multiple comparison test was used to determine statistical significance, *p < 0.05 vs. paracancerous tissues,

hFOB cells or the Mock group.

MiR-584 was
remarkably reduced in OS tissues relative to paracancer-

corresponding paracancerous tissues.
ous tissues (Figure 1B). We then divided OS patients into
high-expression and low-expression groups based on the
median expression of miR-584 in OS tissue (1.76). We

analyzed the correlation between miR-584 and age, gen-
der, clinical stage, pathological type, tumor size, metasta-
sis and survival of OS patients. We found that the
expression of miR-584 was related to clinical stage, metas-
tasis and survival rate of OS patients (Table 3). In addition,

submit your manuscript
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Table 3 Association Between

Clinicopathological Characteristics of OS Patients

miR-584 Expression and

Variables Total | miR-584 Expression p value
Low (n %) | High
19) (n %) (18)
Gender > 0.999
Male 21 13 (52.38) | 8 (47.62)
Female 16 6 (50.00) 10 (50.00)
Age (years) 0.295
<18 12 7 (66.67) 5(33.33)
>18 25 12 (44.00) 13 (56.00)
Enneking 0.017
Preoperative Stage
1 23 8 (34.78) 15 (65.22)
1 14 Il (7857) | 3(21.43)
Pathological Type 0.746
Osteoblastic 19 10 (57.89) | 9 (42.11)
Others 18 9 (50.00) 9 (50.00)
Tumor Size 0.437
<50 mm 20 11 (45.00) [ 9 (55.00)
>50 mm 17 8 (52.94) 9 (47.06)
Metastasis 0.038
Yes 13 10 (76.92) | 3 (23.08)
No 24 9 (37.50) 15 (62.50)
Death 0.048
Yes 16 Il (31.25) | 5 (68.75)
No 21 8 (33.33) 13 (66.67)

Abbreviations: OS, osteosarcoma; miR-584, microRNA-584.

we showed that OS patients harboring reduced miR-584
expression demonstrated poorer prognosis than those with
relatively high expression of miR-584 (Figure 1C).

Subsequently, miR-584 was remarkably diminished in
OS cells contrast to hFOB cells (Figure 1D). Then, RT-
gPCR analysis confirmed that miR-584 mimic enhanced
miR-584 expression in both U20S and MG-63 cell lines
(Figure 1E). All in all, downregulation of miR-584 may
have a significant relevance in OS.

MiR-584 Hinders OS Cell Viability, Migration

and Invasion, Yet Promoting Apoptosis

The subsequent CCK-8 and EdU staining displayed that
miR-584 mimic lowered the U20S and MG63 cell viabi-
lity and proliferation (Figure 2A and B). Subsequently,
through PI/Annexin V-flow cytometry and Hoechst
33258 staining, we found that miR-584 mimic promoted

the apoptosis of both cell lines (Figure 2C and D). Also,
miR-584 reduced the migration and invasion of U20S as
well as MG63 cell lines (Figure 2E and F).

MiR-584 Enhances Drug Sensitivity of OS
Cells to DDP and Taxanes

Subsequently, our CCK-8 cytotoxicity assay showed that
miR-584 mimic increased the drug sensitivity of U20S and
MG63 cells to DDP and taxanes (Figure 3A). Then, we found
that after miR-584 mimic treatment, U20S and MG63 cells
under exposure to 2.5 uM DDP and 2.5 uM Taxanes demon-
strated induced apoptosis (Figure 3B and C). Therefore, miR-
584 downregulation may link to a chemoresistant phenotype
of OS cells.

CCN2 May Interact with miR-584 in OS
Cells

In order to probe the mechanisms how miR-584 reverted
the malignant phenotype of OS cells, we firstly carried out
bioinformatics analysis to predict the putative target genes
of miR-584. Among which, CCN2, an oncogene reported
in OS, has been screened out.'* Therefore, we employed
a dual-luciferase reporter gene assay to evaluate whether
CCN2 could be targeted by miR-584 in OS cells
(Figure 4A). Then we examined the mRNA expression
of CCN2 in 37 OS patients by RT-qPCR. CCN2 was
found to be promoted in OS tissues versus paracancerous
tissues and negatively correlated with the expression of
miR-584 (Figure 4B and C). Furthermore, we potentiated
miR-584 expression in U20S and MG63 cells to assess
whether CCN2 expression altered as a consequence.
Delivery of miR-584 remarkably diminished CCN2
expression at both mRNA and protein levels in U20S
and MG63 cells (Figure 4D and E).

CCN2 Attenuates the Action of miR-584
on OS Cells

With an aim to further elucidate whether the decline in
CCN2 expression in response to miR-584 was accountable
for the inhibition of the malignant aggressiveness of OS
cells, we promoted CCN2 expression in U20S and MG63
cells overexpressing miR-584. Functional assays discov-
ered that the effects of miR-584 overexpression on U20S
and MG63 cell viability and apoptosis were partially coun-
teracted by CCN2 restoration (Figure 5A and B).
Additionally, the abilities of cell invasion and migration
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Figure 2 miR-584 inhibits OS cell viability. (A) The optical density (OD) value of U20S and MGé3 cells on the Oth, 24th, 48th and 72nd h after transfection determined by
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were markedly enhanced by CCN2 in U20S and MG  Consequently, miR-584 exerted tumor-suppressive proper-
63 cell overexpressing miR-584 (Figure 5C and D). ties in OS cells by reducing CCN2.
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miR-584 Impairs the lkBa/NF-kB Pathway
by Targeting CCN2 in vitro in OS

CCN2 has been underscored to promote OS migration and
the expression of MMP-2 and MMP-9 via the [kBa/NF-kB
pathway.'® Hence, protein levels of IxBo, plkBo, NF-kB,
pNF-kB in U20S and MG63 cells after co-transfection
with miR-584 mimic plus pcDNA-CCN2 or the empty
plasmid vector were examined by Western blot assays.
miR-584 remarkably decreased plkBa and pNF-«xB
expression in U20S and MG63 cells, whereas total IkBa
and NF-kB was barely affected. Of note, CCN2 overex-
pression partially counteracted the downregulation in
plkBa and pNF-kB expression induced by miR-584
(Figure 6). All these data indicate that miR-584 leads to
the IkBo/NF-kB signaling deficits in OS cells by down-
regulating CCN2.

Discussion
The conventional therapeutic regimes for OS include surgery
and chemotherapy whose efficacy is ineffective due to drug
resistance and the intricate microenvironment of cancer
tissues.”” Herein, miR-584 was markedly diminished in OS
tissues as well as cells relative to the normal controls.
Additionally, miR-584 has the potency to suppress cell pro-
liferation, migration and invasion and to enhance OS cell
sensitivity to DDP and taxanes as well as apoptosis. In
a word, miR-584 may function as an inhibitor in OS.
Reduced miR-584 has been monitored in quite a few
colorectal cancer™

cancers, involving glioma,”' and gastric

cancer.?? Moreover, we illustrated that the reduced miR-584
in OS patients was linked to poor prognosis. Poor expression
of miR-584 tightly correlated to tumor size, tumor node

metastasis as well as distant metastasis in non-small cell
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Figure 4 miR-584 targets and negatively regulates CCN2 in OS cells. (A) The binding relationship between miR-584 and CCN2 mRNA predicted by StarBase and tested by
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paired t-test was used to determine statistical significance, *p < 0.05 vs. the Mock group or paracancerous tissues.

lung cancer.* Furthermore, hampered proliferation, migra-
tion and invasion coupled with induced OS cell sensitivity
were monitored after overexpression of miR-584. Likewise,
the knockdown of miR-584-3p facilitated the migratory and
invasive abilities of glioma cells.”® Meanwhile, Ueno et al
reported that miR-584 remarkably reduced the cell motility
of clear cell renal cell carcinoma.*® This study displayed that
overexpression of miR-584 sensitized OS cells to DDP and
taxanes.

In unearthing the mechanisms underlying the relevance of
miR-584 on the promotion of drug sensitivity in OS cells, we
found out that miR-584 targeted CCN2 3'UTR directly and
conversely regulated its expression in OS cells. Our rescue
experiments provided that upregulation of CCN2 might
reverse the anti-proliferative, anti-migratory and anti-invasive
properties of OS cells induced by miR-584 resumption. Similar
to our data, CCN2 was revealed as a target of miR-26b in OS
cells, and si-CCN2 hampered the expression of Smadl, ERK1/

2, and MMP2, thus blocking the migration process in 0S.?’
Silencing of CCN2 expression through CCN2-shRNA pro-
foundly diminished the cell migration and metastasis of OS
cell both in vitro and in vivo.”® Besides, CCN2 was also
upregulated by mechanical stresses; and CCN2 accumulated
in mature osteocytes resulting from diminished cell projec-
tions, contributing to osteocyte death. Previously, CCN2 upre-
gulation in breast cancer cells elicited an enhancement in
resistance to doxorubicin and paclitaxel as revealed by immu-
nohistochemical staining.”” Moreover, xenograft experiments
conducted by Tsai et al suggested that CCN2 upregulation
protected OS cells from doxorubicin, and the therapeutic effi-
cacy was remarkably promoted when CCN2 was reduced.*
However, the relevance of CCN2 in chemoresistance of OS
cells to DDP and taxanes was not clarified yet, which might be
the direction for our further experiments.

Wau et al showed that WISP-1, a protein belonging to
the CCN family, potentiated the OS cell migration by
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Figure 5 CCN2 overexpression attenuates the effects of miR-584 mimic on OS cells. (A) EdU staining of U20S and MG63 cells. (B) U20S and MG63 cell apoptosis
determined by PI/Annexin V-flow cytometry. (C) U20S and MGé63 cell migration evaluated by transwell assay. (D) U20S and MGé3 cell invasion evaluated by transwell
assay. One-way ANOVA and Tukey’s multiple comparison test was used to determine statistical significance, *p < 0.05 vs. the Mock group.

inducing the NF-kB transduction pathway.'” We now pro-
pose that miR-584 targets CCN2 and conversely modu-
lates its expression and the downstream IxkBo/NF-xB
pathway in OS cells. NF-xB, a vital transcription factor
in cancers, is located in the cytoplasm of inactive cells and
isolates from IkB and translocates to the nucleus to mod-
ulate the transcription of genes at downstream by interact-
ing with kB-binding sites once in response to stimuli.*!
Also, increased expression of CCN2 correlated to the NF-
kB pathway activation in endometrium of intrauterine

adhesions.*® In addition, miR-29a prevented the NF-kB

signaling pathway from activation in OS cells, and repres-
sive effects of miR-29a on cell migration, invasion along
with epithelial-mesenchymal transition were counteracted

by knockdown of suppressor of cytokine signaling 1.%*

Conclusion

Altogether, this study underscored that overexpressed miR-
584 or silencing CCN2 slows down proliferation, migration
and invasion, and potentiates chemosensitivity and apoptosis
of U20S and MG63 cells by disrupting the IkBo/NF-kB
pathway. This study provides a novel way to further probe
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Figure 6 miR-584 prohibits IkBa/NF-kB signaling pathway by targeting CCN2. The extent of IkBa and NF-kB phosphorylation is inhibited by miR-584 mimic and then
restored by CCN2 overexpression. Two-way ANOVA and Tukey’s multiple comparison test was used to determine statistical significance, *p < 0.05 vs. the Mock group;

#p < 0.05 vs. the mimic + Empty group.

the pathogenesis of OS. Still, more efforts need to be made to
authenticate the hypothesis and in vivo experiments should
be carried out to substantiate our results.
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