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Introduction: Osteosarcoma is the most common bone tumor with high metastasis and
recurrence rate. MicroRNA-19a (miR-19a) has been reported to act as tumor oncogene in
multiple cancers. The objective of the study was to explore the molecular mechanisms of
miR-19a in osteosarcoma cell migration and invasion.

Materials and methods: Real-time quantitative polymerase chain reaction (RT-qPCR) and
Western blotting were employed to measure the levels of miR-19a and RhoB in osteosar-
coma tissues and cell lines. Transwell assay was employed to analyze the tissues and cell
lines” migratory and invasive abilities. Dual luciferase reporter assay was utilized to analyze
the association between miR-19a and RhoB.

Results: MiR-19a was overexpressed in ostecosarcoma tissues and cell lines. MiR-19a
promoted osteosarcoma cell migration and invasion in vitro. RhoB was thus confirmed as
a direct and functional target of miR-19a, and it could partially reverse the function of miR-
19a. Knockdown miR-19a inhibited osteosarcoma cell epithelial-mesenchymal transition
(EMT) and suppressed osteosarcoma xenograft growth.

Conclusion: MiR-19a enhanced cell migration, invasion and EMT through RhoB in
osteosarcoma. The newly identified miR-19a/RhoB axis provides novel insight into the
progression of osteosarcoma and offers a promising target for osteosarcoma therapy.
Keywords: miR-19a, RhoB, EMT, osteosarcoma, migration, invasion

Introduction
Osteosarcoma (OS), the most primary bone tumor with annual 400,000 incidences, has a
highly malignant tendency of damaging the surrounding tissues and occurring
metastasis.'” The metastasis of osteosarcoma was so high and over 80% patients may
metastasize therefore the survival rate is only 10-20% after surgery.” > Thus, it is urgently
necessary to discover novel biomarkers for osteosarcoma early diagnosis and treatment.
MicroRNAs (miRNAs), a category of non-coding short RNA, could promote or
inhibit cell progress through binding to target mRNAs at the 3'-untranslated region
(3'-UTR).*” Accumulating evidence demonstrated that altered expression of miRNAs
has been reported to have a relationship with the proliferation, metastasis, and
prognosis of osteosarcoma, including miR-223, miR-675, miR-127 and miR-22.%"!
MiR-19a, a member of miR-17-92 cluster that is situated at chromosome 13q31.3,
was upregulated and acted as an oncogene in several tumors, including bladder
cancer, clear cell renal cell carcinoma, prostate cancer and colorectal cancer.'?'”
Liu et al'® illuminated that miR-19a promoted colorectal cancer cell proliferation,
colony formation, migration and xenograft growth. Similar findings were demon-

strated by Lu et al'’ that miR-19a promoted cell proliferation, migration, invasion
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and epithelial-mesenchymal transition (EMT) through phos-
phatidilinositol 3-kinase/protein kinase B (PI3K/AKT) path-
way in gastric cancer. Additionally, miR-19a functioned as
a potential biomarker for osteosarcoma'® and esophageal
squamous cell carcinoma and prognosis.zo Therefore, we
strongly believe that miR-19a may enhance osteosarcoma
cell migration and invasion.

RhoB, small GTPase of the Rho family, was a kind of GTP-
binding protein.’*** RhoB, usually acted as a tumor suppres-
sor, which was associated with multiple cellular progresses,
including cell growth, adhesion and transformation.”> > In
lung cancer, RhoB regulated the activity of PP2A to modulate
mesenchymal phenotype and invasion.”*?” Diao et al*® dis-
covered that RhoB mediated cell proliferation, adhesion and
migration in osteoblastic cells. Similarly, Tan et al*® indicated
RhoB suppressed cell growth, migration and induced cell
apoptosis in pancreatic cancer. Therefore, we strongly believe
that RhoB could inhibit osteosarcoma cell migration, invasion
and associated with osteosarcoma patients’ survival.

Patients And Methods

Patients And Clinical Specimens

The osteosarcoma and corresponding adjacent tissue speci-
mens were collected from 51 patients who underwent opera-
tion from January 2015 to December 2017 in Jinan City
People’s Hospital. The specimens were instantly frozen in
liquid nitrogen and then stored at —80°C freezer. None of the
patients had received radiotherapy or chemotherapy before
surgery. The study was approved by the Ethical Committee
of Jinan City People’s Hospital. All patients provided written
informed consent. This study was conducted in accordance
with the Declaration of Helsinki.

Cell Lines And Culture Condition

The normal osteoblast cell line NHOst and two osteosar-
coma cell lines SaOS2 and MG63 were obtained from
American Type Culture Collection (ATCC; Manassas, VA,
USA). Roswell Park Memorial Institute 1640 (RPMI 1640)
(Gibco, Rockville, MD, USA) supplemented with 10% fetal
bovine serum (FBS) (Gibco, Rockville, MD, USA) was
utilized to culture the cells at 37°C in a humidified atmo-
sphere of 5% CO,.

Vectors And Transfection

The miR-19a mimic, miR-19a inhibitor and negative control
(NC) oligos were purchased from Ribobio (Guangzhou,
China). MG63 cells were seeded into 6-well plate and cultured

at 37°C overnight. The cells transient transfected with miR-
19a mimic and miR-19a inhibitor oligos were harvest after 48
h. And the miR-19a inhibitor oligo was inserted into pmirGlo
vector (Promega, Madison, WI, USA) and then screened by
Geneticin (G418; Thermo Scientific, Waltham, MA, USA).
The transfections were carried out using Lipofectamine 3000
reagent (Invitrogen, Carlsbad, CA, USA). The sequences of
the corresponding small non-coding RNAs are as follows:
miR-19a mimics: 5~ AGUUUUGCAUAGUUGCACUACA-
3’; miR-19a inhibitor: 5-UGUAGUGCAACUAUGCAAAA
CU-3', NC: 5-UUCUCCGAACGUGUCACGUTT-3".

RNA Isolation And Real-Time Quantitative
Polymerase Chain Reaction (RT-qPCR)

We verified the total mRNAs or miRNAs expression using
qRT-PCR assays via the TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) or the MIR Cut and Separation of
miRNAs Kit (Tiangen, Beijing, China) from osteosarcoma
tissues and cells. The first-strand cDNA was synthesized by
Reverse Transcription System (Thermo Fisher Scientific,
Waltham, MA, USA). MiRNAs Rapid Extraction Kit
(BioTeke, Beijing, China) was employed to extract total
miRNAs. RT-qPCR was performed using SYBR® Premix
Ex Taq™ (TaKaRa, Dalian, China) in ABI7500 sequence
detector (Applied Biosystems, Foster City, CA, USA). The
relative expression of miR-19a and RhoB were calculated
by 2724 method with U6 small nuclear RNA (U6) and
glyceraldheyde 3-phosphate dehydrogenase (GAPDH) as
the internal reference relatively. The cycling conditions
for qPCR were as follows: 95°C for 10 min, followed by
40 cycles of 95°C for 15 sec and 60°C for 1 min. Primers
were as follows: miR-19a forward, 5'-ACACTCCAGCT
GGGTGTGCAAATCCATGCAA-3', reverse, 5'-CTCACA
GTACGTTGGTATCCTTGTGATGTTTCGATGCCATAT-
TGTACTGTGAGTCAGTTTT-3’; U6 forward, 5'-GCTTC
GGCAGCACATATACTAAAAT-3', reverse, 5-CGCTTC
ACGAATTTGCGTGTCAT-3'; RhoB forward, 5-GCCTG
TCCTAGAAGTGAA-3', reverse, 5'-GAATGCTACTGTC
GTATGC-3', GAPDH forward, 5'-CTGGGCTACACTGA
GCACC-3', reverse, 5-AAGTGGTCGTTGAGGGCAAT
G-3'.

Protein Extraction And Western Blotting
The osteosarcoma cells were lysed in radioimmunoprecipita-
tion assay (RIPA) Lysis Buffer (Beyotime, Shanghai, China)
containing Phenylmethanesulfonyl fluoride (PMSF; Sigma,
St. Louis, MO, USA). Then the sample was washed with
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phosphate buffered saline (PBS). 10% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE) was
employed to separate equal amounts of proteins and followed
the proteins transferred a polyvinylidene difluoride (PVDF)
membranes (Millipore, Billerica, MA, USA). Subsequently,
primary antibodies were used to incubate the membranes at
4°C overnight. And the antibodies were against rabbit poly-
clonal anti-RHOB antibody (ab155149, 1:1000; Abcam,
Cambridge, CA, USA), rabbit polyclonal to N-cadherin
(ab18203, 1:1000; Abcam, Cambridge, CA, USA), rabbit
monoclonal to E-cadherin (ab133597, 1:1000; Abcam,
Cambridge, CA, USA) and rabbit monoclonal to Vimentin
(ab92547, 1:1000; Abcam, Cambridge, CA, USA) and
GAPDH (GW22763, 1:3000; Sigma-Aldrich Chemicals, St.
Louis, MO, USA). After washed with TBST three times, the
membranes were incubated by anti-rabbit HRP-conjugated
antibody for 2h at room temperature. The Western blot was
then measured by Enhanced Chemiluminescence (ECL,
Pharmacia Biotech, Arlington, USA) performed on the Bio-
Rad Gel Doc XR instrument (Bio-Rad, Hercules, CA, USA).

Transwell Assay

Transwell assay was conducted to measure the capacities
of migration and invasion with or without Matrigel (BD
Biosciences, San Jose, CA, USA). The upper chamber was
filled with a total of 5x10° MG63 cells that re-suspended
in serum free RPMI 1640 medium. Whereas, the medium
with 15% FBS was added into the lower chamber acted as
chemoattractant. After incubation at 37°C for 48 h, the
non-penetrating cells on the upper side of the membrane
were wiped off by a cotton swab, while the migrated or
invaded cells were fixated in 4% paraformaldehyde for 20
min and followed stained with 0.1% crystal violet for 10
min. The membranes were separated and photographed
under a microscope (Olympus Corporation, Tokyo, Japan).

Plasmid Construction And Luciferase

Reporter Assay

The TargetScan predicted miR-19a targeted RhoB and the
binding sequences were from 857 to 864 located at 3'-
UTR. The RhoB 3'-UTR fragment containing the binding
sequences was cloned by PCR and inserted into the
pmirGlo luciferase activity vector. Followed, the binding
sequences of miR-19a on RhoB 3'-UTR were mutated
from UUUGCAC to AAACGUG by Quick Change Site-
Directed Mutagenesis Kit (Agilent, Roseville City, CA,
USA). MG63 cells were co-transfected miR-19a mimic

or NC and wild type (WT) or the mutant (MUT) using
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) and
then compared the differences of luciferase activities. The
luciferase activity was measured 48 h after transfection
using a Dual-Luciferase Reporter Assay System (Promega,
Madison, WI, USA) according to the manufacturer’s
protocols.

Xenograft Tumor Formation Assay

The nude mice of 4 weeks old were obtained from Charles
River Laboratories (Beijing, China). MG63 cells stably
transfected with miR-19a inhibitor plasmid or negative
control were injected subcutaneous into the axillae. After
completed the transplant tumor model, the tumor volume
and the body weight were evaluated and recorded every 3
days. After cultured 26 days, the mice were dissected and
Xenografts were utilized for the further study. All animal
experiments were approved by the Animal Care and
Utilization Committee of Jinan City People’s Hospital
and the protocols complied with the guidelines for the
welfare and use of animals in cancer research.

Statistical Analysis

Statistical analysis was performed by the Graph-Pad Prism
version 5.0 software (La Jolla, CA, USA), and all quanti-
tative data are presented as the mean =+ standard deviation
(SD). Differences between two groups were analyzed by
using the Student’s #-test. Comparison between multiple
groups was done using One-way ANOVA test followed by
Post Hoc Test (Least Significant Difference). Statistical
significance was denoted as P-values of less than 0.05.
Each experiment was repeated at least three times.

Results

MiR-19a Was Upregulated In
Osteosarcoma Tissues And Upregulation
Of miR-19a Predicted Poor Prognosis

To investigate the important role of miR-19a in osteosar-
coma, 51 paired osteosarcoma and corresponding paracan-
cerous tissue specimens were collected. The expression of
miR-19a was calculated in 51 pairs of osteosarcoma tis-
sues and adjacent normal tissues by RT-qPCR. As
expected, the mRNA level of miR-19a was higher in all
osteosarcoma tissues compared with the corresponding
adjacent normal tissues (P<0.0001) (Figure 1A). What’s
more, the overall survival of 51 osteosarcoma patients was
evaluated by Kaplan-Meier method that the 5-year

OncoTargets and Therapy 2019:12

submit your manuscript

7803

Dove


http://www.dovepress.com
http://www.dovepress.com

Liu et al

Dove

Relative miR-19a expression/U6

1

PT HCC

1001
;\? 80+
=
=
z 6071
Z
5‘ 40
o
--- miR-19a(-)
200 — miR-19a(+)
P=0.0313
0 T T T T T J
0 10 20 30 40 50 60

Survival (Months)

Figure | MiR-19a was upregulated in osteosarcoma tissues and upregulation of miR-19a predicted poor prognosis. (A) MiR-19a mRNA level was higher in osteosarcoma
tissues than corresponding adjacent normal tissues (***P<0.001). (B) The 5-year survival rate of miR-19a (=) group was higher than that in miR-19a(+) group.

survival rate was higher in miR-19a(-) group than that in
miR-19a(+) group (P=0.0313) (Figure 1B). Thus, the
results demonstrated that miR-19a might be a biomarker
for predicting prognosis in osteosarcoma.

MiR-19a Promoted The Migration And

Invasion In Osteosarcoma

To further evaluate the biological function of miR-19a in
osteosarcoma, the expression of miR-19a in osteosarcoma
cell lines were calculated by RT-qPCR. Same with the
results in tissues, the expression of miR-19a in osteosar-
coma cell MG63 (P=0.0001) and SaOS2 (P=0.0010) were
higher than normal osteoblast cell NHOst (Figure 2A).
MiR-19a mimic and miR-19a inhibitor were transfected
to up- (P<0.0001) or down-regulate (P=0.0028) miR-19a
expression into MG63 cells (Figure 2B). Transwell assay
was conducted to evaluate the MG63 cells’ migratory and
invasion abilities. As expected, the migratory and invasive
abilities were increased when miR-19a overexpression in
MG63 cells (P=0.0015 and 0.0020). On the contrary,
transfection of miR-19a inhibitor could suppress cell
migration and invasion in MG63 cells (P=0.0103 and
0.0066) (Figure 2C). Thus, the above results illuminated
that miR-19a enhanced cell migration and invasion in
osteosarcoma.

miR-19a Targeted To RhoB In

Osteosarcoma Cells

To investigate the molecular mechanism of miR-19a promoted
osteosarcoma cell migration and invasion, TargetScan was
conducted to predict the larvaceous target gene of miR-19a,
and we found that RhoB was potential target gene of miR-19a
(Figure 3A). To verify whether miR-19a regulated cell

progress by targeting RhoB, two types of vectors which con-
taining the wild-type (pmiR-RhoB-WT, WT) or the mutant
(pmiR-RhoB-MUT, MUT) 3’-UTR fragment of RhoB were
used. MG63 cells were co-transfected miR-19a mimic and
WT or MUT RhoB 3’-UTR and then we calculated the lucifer-
ase ability. As expected, compared with negative control, the
relative luciferase activity was reduced (P=0.0023) in MG63
cells which co-transfected with miR-19a mimic and WT
3'-UTR, but not in cells co-transfected with miR-19a and
MUT 3'-UTR (P=0.9009) (Figure 3B). Additionally, RhoB
mRNA levels was reduced by transfecting miR-19a mimic,
but was increased by transfecting miR-19a inhibitor in MG63
cells (P=0.0029 and 0.0004) (Figure 3C), which demonstrated
that RhoB was a target gene of miR-19a in osteosarcoma cell.

MiR-19a Promoted Osteosarcoma Cell
Epithelial-Mesenchymal Transition
Through Targeting RhoB

RhoB expression was calculated in 51 paired osteosarcoma
and corresponding paracancerous tissue specimens, and the
results indicated that RhoB was downregulated in osteosar-
coma tissue versus paracancerous tissue specimens
(P<0.0001) (Figure 4A). What’s more, the 5-year overall
survival was measured according to RhoB expression, and
discovered that RhoB low expression predicted poor prog-
nosis in osteosarcoma (P=0.0449) (Figure 4B). In addition,
RhoB mRNA levels were lower in osteosarcoma cell lines
MG63 and SaOS2 compared with normal osteoblast cell
line NHOst (P=0.0007 and 0.0035) (Figure 4C). To explore
the mechanism of miR-19a in regulation of osteosarcoma
cell migration and invasion, EMT markers were evaluated
after exogenous altered miR-19a. The results of Western
blotting indicated that knockdown of miR-19a promoted
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Figure 2 MiR-19a enhanced cell migration and invasion in osteosarcoma. (A) The expression OF miR-19a in osteosarcoma cell MG63 and SaOS2 were higher than normal
osteoblast cell NHOst (compared with NHOst, *¥P<0.01; ***P<0.001). (B) MiR-19a mimic and miR-19a inhibitor were conducted to up- or down-regulate miR-19a in
MG63 cells. (C) MiR-19a promoted cell migration and invasion in osteosarcoma (compared with NC, *P<0.05; **P<0.01; ***P<0.001).

RhoB expression and epithelial marker E-cadherin expres-
sion, while N-cadherin and Vimentin were reduced in
MG63 cells (Figure 4D). Thus, these results illuminated
that knockdown of miR-19a suppressed osteosarcoma cell
EMT through targeting RhoB.

MiR-19a Promoted The Xenograft

Growth In Vivo

MG63 cells stably transfected with miR-19a inhibitor or
negative control plasmids were injected subcutaneously
under the axillae of nude mice and established the xenograft
had formed. Ended the experiment 26 days after injected the
cells and the xenograft size of miR-19a inhibitor injected
nude mice were 321.95 and 276.06 mm?, whereas the size
of control group were 469.14 and 543.72 mm®. The xeno-
graft volume were measured every two days and the results
showed that the growth rate was slower in miR-19a inhibi-
tor group than that in control group (Figure 5A), which
that

demonstrated miR-19a promoted osteosarcoma

xenograft growth in vivo. Knockdown of miR-19a had a
remarkable smaller tumor volume versus the control group
(P=0.0418) (Figure 5B).

Discussion

Osteosarcoma was the primary bone tumor with a highly
malignant tendency to metastasis and had a lower 5-year
survival rate.'” Thus, it is necessary to find novel biomarkers
for osteosarcoma early diagnosis and treatment. miRNAs
could regulate tumor progress through binding to target gene
mRNAs at the 3'-untranslated region (3'-UTR).*” MiR-19ais a
novel microRNA, which located at chromosome 13q31.3, also
act as an oncogene in several tumors.*® In colorectal cancer,
miR-19a promoted cell proliferation, colony formation, migra-
tion and promoted xenograft growth.'® Similarly, miR-19a has
been reported to contribute to cell proliferation, migration,
invasion and EMT in gastric cancer.'” Even in osteosarcoma,
previous studies reported that silencing of miR-19a-3p
enhanced chemosensitivity of OS cells to Cisplatin, through
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suppressing cell proliferation and promoting cell apoptosis
during treatment with Cisplatin.'® Our results were consistent
with with previous findings that miR-19a was overexpressed in
osteosarcoma tissues and cell lines. What’s more, we also
found that miR-19a promoted osteosarcoma cells migration
and invasion. Consistent with the findings in esophageal squa-
mous cell carcinoma,”” we explored that upregulation of miR-
19a predicted shorter overall survival in osteosarcoma. In
addition, knockdown of miR-19a inhibited osteosarcoma cell
EMT and suppressed osteosarcoma xenograft growth.

RhoB, a kind of GTP-binding protein, is an early
response gene, which regulates by various stimuli and
usually acts as a tumor suppressor.”>***! In pancreatic can-
cer and clear cell renal cell carcinoma, RhoB was a target
gene of miR-19a and miR-19a could promote cell growth,
migration and induced cell apoptosis through RhoB.'*** Our
results were consistent with the previous findings,*' RhoB is
a target gene of miR-19a and its expression is correlated with
miR-19a. We also showed that RhoB was downregulated in
osteosarcoma tissues and low expression of RhoB predicted
poor prognosis of osteosarcoma patients. Furthermore, in
lung cancer and osteoblastic cell RhoB mediated cell prolif-
eration, adhesion, migration and invasion in lung cancer and
osteoblastic cell.””** In our study, knockdown of miR-19a
inhibited osteosarcoma cell EMT through RhoB. However,
due to the limited number of cases, the correlation between
miR-19a and RhoB expression is low, which is the limit of
this experiment. We will collect more cases next time to
improve the correlation of expression.

Conclusions

In brief, miR-19a was overexpressed in osteosarcoma tis-
sues and cells. Furthermore, we showed that miR-19a was a
prognostic factor of osteosarcoma. MiR-19a enhanced

osteosarcoma cell migration and invasion. RhoB was ver-
ified as a target of miR-19a and the RhoB expression was
regulated by exogenous altered miR-19a. Knockdown of
miR-19a inhibited osteosarcoma cell EMT and suppressed
osteosarcoma xenograft growth. This newly identified miR-
19a may provide further insight into the progression of
osteosarcoma and offers a promising therapeutic target for
the treatment of osteosarcoma. Additional studies to inves-
tigate the function of the miR-19a/RhoB axis in the tumor-
igenesis and progression of osteosarcoma are needed.
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