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Abstract

Background/Aims: Studies have shown that miR-194 functions as a tumour suppressor and is
associated with tumour growth and metastasis. This study intends to uncover the mechanism
of tumour suppression by miR-194. The expression of miR-194 in osteosarcoma cell lines and
tissues were monitored by real-time PCR. Methods: The proliferation ability was examined
by MTT assay. Migration and apoptosis of cells were monitored by migration assay and flow
cytometry, respectively. The regulation of miR-194 on CDH2 was determined by luciferase
assays and western blot assays. Results: The results showed that miR-194 was significantly
reduced in osteosarcoma compared with that in normal bone tissue. Overexpression of miR-
194 significantly attenuated the proliferation and migration and induced the apoptosis of
osteosarcoma cells. Furthermore, we demonstrated that miR-194 has inhibited the malignant
behaviour of osteosarcoma by downregulating CDH2 expression. Conclusions: These findings
suggested that miR-194 may act as a tumour suppressor in osteosarcoma. miR-194/CDH2

may be a novel therapeutic target in the treatment of osteosarcoma.

© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Osteosarcoma is the most common malignant bone tumour, accounting for 17% of
primary bone tumours and 42% of primary malignant bone tumours. It is characterized
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by high incidence in adolescence, early lung targeted metastasis and poor prognosis. The
most effective regimens currently include neoadjuvant and adjuvant chemotherapy coupled
with local control that usually consists of limb-sparing surgery [1]. With the development of
therapeutic methods, the survival rate of patients suffering from osteosarcoma has improved.
However, the cure rate is still very poor due to pulmonary metastases [2]. Thus, a fundamental
quest in the mechanism of osteosarcoma development and metastasis is imperative. Looking
for novel molecular markers in osteosarcoma for early diagnosis, prognostic evaluation and
bio-therapeutics may have a significant effect in improving the current situation of diagnosis
and treatment.

MicroRNAs (miRNAs) are a class of short noncoding RNAs thatnegatively regulate
gene expression by inducing mRNA degradation or translation repression by targeting the
3’ untranslated region (3'UTR) of mRNAs [3]. Aberrant expression of miRNAs has been
observed in human cancers and has been shown to be involved in a variety of critical cellular
processes, including cell differentiation, proliferation and metabolism [4]. The alterations
in miRNA expression may play a crucial role in the initiation and progression of cancers [5],
functioning as a novel class of oncogenes or tumour suppressors [6, 7]. Previous studies
showed that miR-194 has functioned as a tumour suppressor in various types of cancers [8-
10]. However, the role of miR-194 in osteosarcoma cancer progression is still unclear.

In the present study, we first investigated the expression level of miR-194 in
osteosarcoma cancer cell lines and clinical tissues. The mechanism of miR-194 in cell
migration and apoptosis in osteosarcoma cancer cell lines was then examined. In addition,
the potential downstream targets of miR-194 were also investigated.

Materials and Methods

Cell culture

Human osteosarcoma cell lines (U20S and MG-63) and normal human osteoplastic cell line (hFOB)
were purchased from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China)
and maintained in Dulbecco modified Eagle medium (DMEM, Hyclone, USA) supplemented with 10% fetal
bovine serum (FBS; Hyclone, USA), 100 U/mL penicillin and 100 ng/mL streptomycin in condition of at 37°C
temperature with 5% CO, and 95% air.

Clinical tissue samples

Osteosarcoma cancer tissue samples were acquired from The Third Xiangya Hospital of Central
South University. Osteosarcoma cancer tissues and normal adjacent normal tissues were collected from
20 patients undergoing resection of tumours at The Third Xiangya Hospital of Central South University. All
specimens, clinical information and procedures were approved by the Clinical Research Ethics Committee
of The Third Xiangya Hospital of Central South University. Patients were included in the study after written
informed consent approved by the ethics committee. All tissues were snap-frozen in liquid nitrogen for
further quantitative real-time polymerase chain reaction (qRT-PCR) analysis.

Cell transfection

Primers and miR-194 mimic, miR-194 inhibitor and siRNA against CDH2 and their respective negative
controls (NCs) were synthesized by GenePharma (Shanghai, China). The pcDNA3.1 plasmid and pcDNA3.1-
CDH2 plasmid were purchased from Genscript (Shanghai, China). All transfection was conducted with
Lipofectamine 2000 (Invitrogen, USA), according to the manufacturer’s instructions.

Reverse transcription and quantitative real-time PCR

Total RNA and miRNA were extracted from cells with TRIzol® reagent (Invitrogen, CA, USA) or from
tissue samples with RecoverAll™ Total Nucleic Acid Isolation kit (Ambion, Foster City, CA, USA), according
to the manufacturer’s instructions. RNA was reverse transcribed into cDNA using PrimeScript RT reagent kit
(TaKaRa, Dalian, China). microRNA extraction was performed using the microRNA Extraction kit (Tiangen,
Beijing, China).qRT-PCRwasperformed with SYBR Premix Ex Taq (TaKaRa, Dalian, China).The primersformiR-
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194 are as follows: forward, 5’-ATGGACCTGGGGCCAGCGAAG-3’ and reverse, 5’-TCTGGCCTGGGAGCGTCG-3’;
the primers for CDH2 mRNA are: forward, 5’-GTCAGCAGAAGTTGAAGAAATAGTG-3' and reverse,
5’-GCAAGTTGATTGGAGGGATG-3".

MTT assay

Cultured cells were grown in 6-, 24- and 96-well plates. Apoptosis was measured by flow cytometry.
Cell viability was examined using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-di-phenyltetrazolium bromide
(MTT) assay. MTT was performed at 24, 48, 72, 96, 120 and 144 h incubation. The absorbance at 492 nm
was measured after incubation with 20 pL of MTT for 4 h. The curve of cell proliferation was then drawn,
and the proliferation efficiency was examined. The experiments were repeated three times independently.

Transwell cell migration assay

The migration potential of cells was measuredina 6.5-mm Transwell withan 8.0-mm pore polycarbonate
membrane insert (Corning, NY). The lower chambers were filled with 600 pL. of DMEM medium containing
10% FBS as a chemoattractant. The suspension of 5, 000 cells in 100 pL of migration medium was added into
each top chamber. After incubation for 16 h, the non-migrating cells that remained on the upper surface were
removed with a cotton swab. The migrated cells in the lower surface were fixed with 4% paraformaldehyde
for 30 min, permeabilized with 0.2% Triton X-100 at room temperature for 15 min and stained with 0.1%
crystal violet for 5 min. The experiments were repeated three times independently.

Luciferase assay

For target gene assays, the 3’'UTR of human CDH2 was amplified using PCR and cloned into a pmirGLO
vector. U2-0S cells of 70% confluence in 24-well plates were transfected using Lipofectamine 2000. The
constructed wild type or mutant pmirGLO vector (100 ng), 5 ng of pRL-SV40 Renilla luciferase construct
(for normalization), and 100 ng of miR-194 mimic, miR-194 inhibitor or their respective NCs were co-
transfected per well. Cell extracts were prepared at 48 h after transfection, and the luciferase activity was
measured after 48 h using the Dual luciferase reporter assay system (Promega).

Western blot analysis

Proteins were extracted from whole cell lysates and separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, then transferred to a polyvinylidene fluoride (PVDF) membrane. The rabbit anti-CDH2
(1:1500; Abcam, Cambridge, USA) and mouse anti--actin (1:6000; Cell Signalling Technology) were used.
The membranes were then incubated with secondary antibodies (1:5000; Abcam, Cambridge, USA). Then,
the membrane was treated with chemiluminescence reagents (Santa Cruz) as per the manufacturer’s
instructions and analysed by Image] software.

Statistical analysis

All statistical analysis was carried out using the SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). All
values were expressed as the mean * standard deviation from at least three repeated individual experiments
for each group. The differences among groups were analysed by one-way ANOVA followed by Bonferroni’s
multiple comparison tests or t-test, as appropriate. All data were expressed as the mean * SD. Differences
were considered significant when P<0.05.

Results

miR-194 was downregulated in osteosarcoma cancer cell lines

We first examined the differential expression of miR-194 in a normal human osteoplastic
cell line (hFOB) and human osteosarcoma cell lines (U20S and MG-63). Compared with the
normal osteoplastic cell line, miR-194 was significantly downregulated in the osteosarcoma
cell lines (Fig. 1, P<0.05). These results indicated that miR-194 was downregulated in
osteosarcoma cell lines.
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Fig. 1. miR-194 has decreased expression in human
osteosarcoma cell lines. The expression levels of miR-
194 in hFOB, U20S and MG-63 cell lines were measured
by qRT-PCR. Data are represented by the mean * SD from
three independent experiments (*P<0.05).

miR-194 negatively regulates cell proliferation

and migration

miR-194 mimic, miR-194 inhibitor, and
a control lentiviral empty vector were stably
transfected into human osteosarcoma cancer
cell lines (MG-63 and U20S). The MTT results
showed that the MG-63 cells with overexpression
of miR-194 exhibited a significant decline in the
proliferation capacity compared with the other
three groups (Fig. 2A, p<0.05). In contrast, cells
in the knocked down miRNA-194 group showed
significantly enhanced proliferation (Fig. 24,
P<0.05). No significant difference was found
between the blank groups and control groups. The
results of U20S cells were similar to the stably
transfected MG-63 cells (Fig. 2B, P<0.05). The
results in the transwell migration assay showed
a significantly lower number of overexpressed
miR-194 in MG-63 cells, compared with the blank
control and knocked down miRNA-194 in MG-
63 cells (Fig. 2C, p<0.05).
No significant difference
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The results demonstrated
that the cell apoptosis rate
was increased following
transfection with the miR-
194 mimics, not only in
the MG-63 cells but also in
the U20S cells, compared
to their respective NCs

Fig. 2. miR-194 inhibited cell proliferation and migration in both MG-
63 and U20S cell lines. MTT assay of four groups of MG-63 (A) and
U20S (B) cells. The viable cell number was evaluated as the absorbance
at 490 nm with a reference wavelength of 630 nm. Values of optical
density (OD) were expressed as the means + SD. Quantitative results
of the migration in each group of MG-63 (C) or U20S (D) cells were
presented, 16 h after incubation.

(Fig. 3A&B, P<0.01). The apoptosis rates of MG-63 and U20S cells transfected with miR-
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194 mimics (3.7% and
3.9%) were much higher
than those transfected with
blank (1.5% and 1.7%) and
control (1.7% and 1.4%)
groups (Fig. 3C&D, P<0.01).
In addition, the apoptosis
rates of miR-194 knocked
down in MG-63 and U20S
cells were significantly
decreased, compared with
the blank and control
groups (Fig. 3C&D, P<0.01).

CDHZ is a direct target

of miR-194

The potential targets of
miR-194 were predicted by
bioinformatics (Targetscan)
and confirmed by luciferase
reporter assay. The
predicted miR-194 binding
sequence in the CDH2
3'UTR is shown in Fig.
4A. The relative luciferase
activity of the construct
with the wild-type 3’-UTR
was significantly repressed
following miR-194 mimic
transfection and increased
following miR-194 inhibitor
transfection, compared to
their respective NCs (Fig.
4B, P<0.05).

The gRT-PCR  and
western blot results showed
that CDH2Z mRNA and
protein were significantly
more  highly expressed
in U20S and MG-63 cells
than in hFOB cells (Fig. 54,
P<0.05). Transfection of
miR-194 mimic significantly
decreased the expression
level of CDH2 mRNA and
protein, while transfection
of  miR-194 inhibitor
increased the expression
levels, compared to NCs
(Fig. 5B, P<0.05). These
results showed that miR-
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Fig. 3.miR-194 induced apoptosis in both MG-63 and U20S cells. (A and
C) Apoptosis of MG-63 cells was measured using FACS with Annexin V
and propidium iodide (PI) staining. (B and D) Apoptosis of U20S was
measured by FACS with Annexin V and propidium iodide staining. The
data were presented as the means *+ SD in C and D, **P<0.01.
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Fig. 4. CDH2 was a downstream target of miR-194. (A) The predicted
miR-194 binding sequence in the CDH2 3’UTR. (B) Analysis of luciferase
activity after transfection with the luciferase reporter plasmid wild
type CDH2 3’'UTR in the presence of miR-194 mimic, miR-194 inhibitor,
or their respective negative controls (NC) in U20S cells. Data are
represented by the means + SD from three independent experiments
(*P<0.05).

194 downregulated CDH2 expression via directly targeting its 3’'UTR region.

KARGER

1970


http://dx.doi.org/10.1159%2F000487973

Cellular Phy5|ology Cell Physiol Biochem 2018;45:1966-1974
DO!

© 2018 The Author(s). Published by S. Karger AG, Basel

I Q2000487072
and B|ochem|stry Published online: March 08, 2018  |www.karger.com/cpb

Miao et al.: MiR-194 Down-Regulation of Osteosarcoma by Targeting CDH2

Fig. 5. miR-194 downregulated
the expression level of CDH2. (A)
The expression levels of CDH2
mRNA and protein in hFOB, U20S
and MG-63 cells were measured
by qRT-PCR and western blot,
respectively; (B)  Transfection
of miR-194 mimic, miR-194
inhibitor, to decrease and increase
the CDH2Z mRNA and protein
expression in U20S, respectively.
Data are represented by the means
+ SD from three independent
experiments (*P<0.05).
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(n=20), as determined by qRT-PCR; (B) the expression level of CDH2 was up-regulated in osteosarcoma
cancer samples (n=20), as determined by qRT-PCR; (C) Spearman’s correlation analysis between miR-194
and CDH2 mRNA levels (*P<0.05; **P<0.01).

miR-194 is inversely correlated with CDHZ2 in osteosarcoma cancer tissues

The qRT-PCR results showed that the expression of miR-194 was significantly lower in
osteosarcoma cancer tissues than that in normal adjacent tissues (Fig. 6A, P<0.05), while the
expression level of CDH2 was significantly higher in osteosarcoma cancer tissues, compared
to that in normal adjacent tissues (Fig. 6B, P<0.05). Spearman’s correlation analysis showed
that the expression level of miR-194 and CDH2 mRNA were inversely correlated (Fig. 6C,
P<0.05).

Discussion

Osteosarcoma is the most common human primary malignant bone tumour and is
mainly characterized by localized pain and early metastasis. Although it can be treated
by surgery and chemotherapy, the clinical prognosis remains poor. In recent years, many
studies have indicated that miRNAs play a role in the development of osteosarcoma, with
several miRNAs found to be aberrantly expressed in osteosarcoma development [11-13].
Our study demonstrated that miR-194 may play an antioncogenic role in the development
of osteosarcoma.

miR-194 plays an important role in many pathological and physiological processes [14-
16]. miR-194 has been suggested as a tumour suppressor that inhibits cell proliferation
through targeting various target genes in numerous cancers [17, 18-20]. The expression
of miR-194 was decreased in gastric cancer [21], laryngeal squamous cell carcinoma [22]
and neuroblastoma [23], and the overexpression of miR-194 could inhibit tumour growth
and enhance the sensitivity of tumours to radiotherapy and chemotherapy. In the past
decades, an increasing number of studies concerning the relationship between miR-194 and
osteosarcoma have been published. Several studies have reported that miR-194 determined
osteosarcoma poor outcome and suppressed tumour growth [24-26].
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In the current study, we first validated that the expression levels of miR-194 were
decreased in both osteosarcoma tissues and osteosarcoma cells. To explore the potential
role of miR-194 in osteosarcoma, miR-194 lentivirus was used to transfect osteosarcoma
cells. MTT assay results indicated that miR-194 significantly inhibited cell proliferation
in osteosarcoma cells. Flow cytometry assay results showed that miR-194 promotes
osteosarcoma cell apoptosis, and a transwell assay revealed that miR-194 inhibited
osteosarcoma cell motility.

In the present study, we demonstrated that the expression level of miR-194 was
significantly downregulated in osteosarcoma cancer cell lines and clinical tissues.
Overexpression of miR-194 inhibited cell proliferation and migration in U20S and MG-63
cells. This may at least provide some insights into the tumour-suppressive mechanism of
miR-194 in osteosarcoma cancer.

Previous studies have also highlighted the important role miR-194 has in regulating
cellular differentiation. miR-194, for example, was able to regulate the differentiation of
intestinal epithelial cells by targeting the hepatocyte nuclear factor-la [27]. It was also
reported that miR-194 modulated chondrogenic differentiation of adipose-derived stem
cells by targeting SOX5 mRNA [28]. Interestingly, miR-194 inhibited the proliferation and
promoted the differentiation of keratinocytes by targeting GRHL2 [29].

CDH2 (N-cadherin) is acknowledged as a marker of an invasive, malignant state
of tumours. In some epithelial cancer types, cells acquire motility and invasiveness by
upregulating N-cadherin to the determent of E-cadherin [30]. This switch of cadherin subtype
expression is observed in breast [31], prostate [32] and lung cancer cells [33]. Transfection
of exogenous CDH2 into breast cancer cells increases cell migration, invasion and metastasis.
Blocking of stromal N-cadherin function reverses this attachment, suggesting that CDH2
is involved in cancer cell engraftment to stroma in invasive tumours [34]. Therefore, we
hypothesized that CDH2 might be a direct target gene of miR-194 in osteosarcoma cells, and
our results confirmed this hypothesis.

Using bioinformatics, we identified CDH2 as a potential target of miR-194. A luciferase
reporter assay showed that miR-194 downregulated the expression levels of CDH2 mRNA
and protein. More importantly, our clinical samples further showed that the expression level
of miR-194 was inversely correlated with that of the CDH2 mRNA expression level, which
may suggest that CDH2 acts as an oncogene to promote cell proliferation and migration in
osteosarcoma cancer.

Altogether, to the best of our knowledge, this study is the first to report that miR-194
promotes proliferation and migration and suppresses apoptosis of osteosarcoma cells by
directly targeting CDH2. Our results suggested that overexpression of CDH2 was involved
in osteosarcoma carcinogenesis. The inhibitory effect of miR-194 on the proliferation and
migration of osteosarcoma cells was reversed by overexpressing CDH2, implicating that
miR-194 inhibited osteosarcoma tumourigenesis by suppressing the expression of CDH2.

Conclusion

Our investigation showed that miR-194 was downregulated in human osteosarcoma
tissues and cell lines. miR-194 could inhibit proliferation and migration of osteosarcoma
cells and promote apoptosis of osteosarcoma cells through downregulating the expression of
CDHZ2, suggesting miR-194 /CDH2 as a novel therapeutic target for osteosarcoma treatment.
This study may provide new insight into the mechanisms of osteosarcoma carcinogenesis.
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