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miR-506 suppresses neuroblastoma metastasis
by targeting ROCK1
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Abstract. Neuroblastoma is a complex form of cancer with
highly heterogeneous clinical behavior that arises during
childhood from precursor cells of the sympathetic nervous
system. In patients with neuroblastoma, mortality often occurs
as a result of metastasis. The disease predominantly spreads to
bone marrow, with a survival rate of ~40%. The current study
demonstrates that microRNA (miR)-506 directly targets and
downregulates Rho-associated, coiled-coil containing protein
kinase 1 (ROCK1) in transforming growth factor (TGF)-p3
non-canonical pathways. It may be concluded that ROCK1
contributes to the invasion and migration of neuroblastoma
cells by directly downregulating miR-506; thus, leading to
the upregulation of ROCK1, which promotes cell invasion and
migration. The present results provide a novel understanding
of how miR-506 directly regulates TGF-f3 non-canonical
signaling.

Introduction

Neuroblastoma is one of the most prevalent types of cancer that
develops in young children, and is characterized by aggressive
progression, maturation or spontaneous regression. At diag-
nosis, neuroblastoma usually presents with metastasis and a
poor outcome (1,2). A key stage of neuroblastoma metastasis
is the invasion of the cells of the primary tumor, which have
advanced invasive and migratory abilities, into the surrounding
normal tissues (3). At present, a number of microRNAs
(miRNAs or miRs), including miR-10b, miR29a/b, miR-335,
miR-7 and miR-338-3p, have been identified as being associ-
ated with tumor progression in neuroblastoma (4). However,
the precise mechanisms that underlie this process, particularly
the crucial molecular pathways, remain to be elucidated.
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Similar to other types of cancer, neuroblastoma develop-
ment is a complex process with accumulation of epigenetic
and genetic changes. The modified expression of miRNAs,
including miR-148a, miR-21 and miR-200a, has been identi-
fied to modulate cell growth, migration, invasion and apoptosis
in neuroblastoma (5,6). Thus, additional investigation into the
role of miRNAs is required in order to establish their function
in the development of neuroblastoma (7,8).

Previously, a miRNA assay identified the novel miRNA
miR-506, which regulated neuroblastoma cell differentia-
tion (9); however, the role of miR-506 in the development of
the disease remains unknown. In the current study, the biolog-
ical function of miR-506 in neuroblastoma was investigated.
The results demonstrated that Rho-associated, coiled-coil
containing protein kinase 1 (ROCKI) is a target of miR-506,
and the expression of ROCKI is positively associated with
metastasis in patients with neuroblastoma. In addition, in vitro
experiments demonstrated that ROCK1 is implicated in neuro-
blastoma cell invasion and motility. These results suggest that
miR-506 functions as a tumor suppressor, inhibiting neuro-
blastoma metastasis by directly targeting ROCK1.

Materials and methods

Clinical specimens. Primary and normal biopsy specimens
from children with neuroblastoma were obtained from the
Second Hospital of Shandong University (Jinan, China). The
identification of the tumor and normal tissues was histologi-
cally confirmed by hematoxylin and eosin staining. Informed
consent was obtained from each patient, and the research
protocols were approved by the Ethics Committee of the
Second Hospital of Shandong University.

Cell culture and antibodies. IMR-32, N2A, SK-N-SH and
SH-SYSY cells were originally obtained from the American
Type Culture Collection (Manassas, VA, USA), and were
cultured in Dulbecco's modified Eagle's medium (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (Gibco; Thermo Fisher
Scientific, Inc.), 100 U/ml penicillin and 100 pgg/ml strepto-
mycin (Sigma-Aldrich, St. Louis, MO, USA). The cells were
cultured at 37°C in a 5% CO, humidified atmosphere. ROCK1
primary monoclonal rabbit antibody (1:1,000 dilution) was
purchased from Cell Signaling Technology, Inc. (Danvers,
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MA, USA; catalog no., 4035). Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was purchased from Santa Cruz
Biotechnology, Inc. (Dallas, TX, USA).

Transfection. miRNA mimics and miRNA antagomiRs were
designed and synthesized by Guangzhou RiboBio Co., Ltd.
(Guangzhou, China). The miRNA antagomiRs were composed
of nucleotides with a 2'-O-methyl modification. Cells were
transiently transfected with miRNA mimics and miRNA
antagomiRs using Invitrogen Lipofectamine® 2000 (Thermo
Fisher Scientific, Inc.), according to the manufacturer's protocol.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Following the manu-
facturer's protocol, total RNA was isolated from the cells using
Invitrogen TRIzol® Reagent (Thermo Fisher Scientific, Inc.). A
total of 2 ug RNA was treated with DNase (Promega Corpora-
tion, Madison, WI, USA) to remove contaminating DNA prior
to RT of the RNA to cDNA, which was completed using the
One Step SYBR® PrimeScript™ RT-PCR kit (Takara Bio, Inc.,
Otsu, Japan). RT was performed with specific primers, with
the reaction mixtures incubated at 16°C for 30 min, 42°C for
30 min and 85°C for 5 min. To measure messenger (m)RNA
expression, RT-qPCR was performed using the ABI PRISM
7900HT Sequence Detection system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). Primers were purchased from
Invitrogen (Thermo Fisher Scientific, Inc.). Primer sequences
were as follows: Forward, 5"TAAGGCACCCTTCTGAGT
AGA-3' and reverse, 5-GCGAGCACAGAATTAATACGA
C-3' for miR-506; forward, 5'-~AGAGCCTGTGGTGTCCG-3'
and reverse 5'-CATCTTCAAAGCACTTCCCT-3' for U6;
forward, 5'-AACCATGTGACTGAGTGCCC-3' and reverse,
S'“TCAGTGTGTTGTGCCAAAGC-3" for ROCKI; and
forward 5'-AATCCCATCACCATCTTCCA-3' and reverse,
5'"TGGACTCCACGACGTACTCA-3' for GAPDH. PCR
cycling conditions were as follows: An initial denaturation step
at 95°C for 10 min, followed by 40 cycles of denaturing at 95°C
for 10 sec, annealing and synthesis at 60°C for 60 sec. The
relative expression levels were calculated by comparing Cq
values of the samples with those of the reference (2°4°9), and
all data were normalized to the internal control GAPDH (10).

Methyl thiazolyl tetrazolium (MTT) assay. An MTT assay
was used to detect the growth of cells, and the growth curve
was delineated. Logarithmic phase cells were collected,
and the concentration of the cell suspension was adjusted to
5,000 cells per well. The wells at the edge of the plate were
filled with aseptic phosphate-buffered saline. The cells were
incubated at 37°C with 5% CO, and were cultured once they
had covered the bottom of the well in a flat-bottom 96-well
plate (Corning Incorporated, Corning, NY, USA). A total of
20 ul MTT solution was added to each well (5 mg/ml; 0.5%
MTT; Sigma-Aldrich), and the cells were cultured for 4 h at
37°C. Following incubation, the supernatant was discarded
and 150 ul dimethyl sulfoxide (Sigma-Aldrich) was added to
each well, and the culture plate was agitated at a low speed
for 10 min until the crystal had dissolved completely. An
enzyme-linked immunosorbent assay reader (MR-201 ELISA
Microplate Reader) was used to measure the absorbance at
570 nm.
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Western blot analysis. Western blots were performed as
previously described (11). Cells were lysed in radioimmu-
noprecipitation assay buffer (Sigma-Aldrich), containing
1X protease inhibitor cocktail (Sigma-Aldrich), and protein
concentrations were determined using the Quick Start™
Bradford protein assay (Bio-Rad Laboratories, Inc., Hercules,
CA, USA). Proteins were separated by 12.5% sodium dodecyl
sulfate polyacrylamide gel electrophoresis and transferred to
membranes (EMD Millipore, Billerica, MA, USA) at 55 V for
4 h at 4°C. Subsequent to blocking in 5% non-fat dry milk
in Tris-buffered saline (TBS; Sigma-Aldrich), the membranes
were incubated with primary antibodies in a 1:1,000 dilution
in TBS overnight at 4°C. The membranes were then washed
3 times with TBS-Tween 20 (Sigma-Aldrich), and incubated
with secondary antibodies conjugated with horseradish perox-
idase in a 1:5,000 dilution in TBS for 1 h at room temperature.
The membranes were then washed 3 times in TBS-Tween 20
at room temperature. The protein bands were visualized on
X-ray film using an enhanced chemiluminescence detection
system (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Migration assay. For the Transwell migration assay, 1x10° cells
were plated into the top chamber of the non-coated membrane
(24-well insert; pore size, 8 ym; Corning Incorporated) and
allowed to migrate towards the serum-containing medium
in the lower chamber. Cells were fixed following 24 h of
incubation with methanol and stained with 0.1% crystal violet
(2 mg/ml; Sigma-Aldrich). A total of 3 random fields per well
were selected, and using a light microscope (x40 magnifica-
tion; BX51; Olympus Corporation, Tokyo, Japan), the number
of cells invading through the membrane was counted.

Invasion assay. For the invasion assay, 1x10°> neuroblastoma
cells were plated in the upper-chamber with a Matrigel-coated
membrane (24-well insert; pore size, 8 ym; BD Biosciences,
San Jose, CA, USA). Each well was freshly coated with
Matrigel (60 ug; BD Biosciences) prior to the invasion assay.
The cells were plated in medium without serum or growth
factors, whilst medium supplemented with serum was used as
a chemoattractant in the lower chamber. The cells were incu-
bated for 48 h and cells that did invade through the pores were
removed by a cotton swab. Cells on the lower surface of the
membrane were fixed with methanol and stained with crystal
violet. A total of 3 random fields were selected, and using a
light microscope (x40 magnification; BX51), the number of
cells invading through the membrane was counted.

Statistical analysis. All experiments were performed in trip-
licate. The data are expressed as the mean + standard error
of the mean and were analyzed using Student's #-test. P<0.05
was considered to indicate a statistically significant differ-
ence. Statistical analyses were performed using GraphPad
Prism 5.01 software (GraphPad Software Inc., La Jolla, CA,
USA).

Results
miR-506 expression is decreased in neuroblastoma tissues

and cell lines. The role of miR-506 in neuroblastoma remains
unknown. In order to investigate the role of miR-506, miR-506
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Figure 1. miR-506 expression decreases in neuroblastoma tissues and cell lines. miR-506 expression was examined by RT-qPCR. (A) miR-506 expression
was observed to be lower in tumor tissues when compared with adjacent normal tissues from 48 patients. (B) miR-506 expression was lower in metastatic
tissues when compared with non-metastatic tissues. (C) Analysis of miR-506 expression in neuroblastoma and normal cells. The data are expressed as the
mean + standard deviation and were collected from three independent experiments. miR, microRNA; RT-qPCR, reverse transcription-quantitative polymerase
chain reaction.
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Figure 2. miR-506 inhibits metastasis in neuroblastoma cells. The effects of miR-506 on (A) IMR-32 and (B) SH-5YSY cell proliferation observed by methyl
thiazolyl tetrazolium assay. (C) miR-506 inhibited the migratory ability of IMR-32 and SH-SYSY cells, with suppressed cells passing through the membrane.
(D) miR-506 inhibited the invasive ability of IMR-32 and SH-SYSY cells, with suppressed cells passing through the membrane. The chambers were coated
with Matrigel, which functioned as the extracellular cell matrix. miR, microRNA.

expression was detected in neuroblastoma tissues using the normal tissues, and increased in ~1/3 of tissues (Fig. 1A).
RT-gPCR. The results demonstrated that miR-506 expression It was also observed that the loss of miR-506 expression was
decreased in ~2/3 of neuroblastoma tissues, compared with  associated with metastasis in neuroblastoma tissue (Fig. 1B).
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Figure 3. ROCKI is a target gene of miR-506 in neuroblastoma cells. (A) According to bioinformatics analysis, the 3'-UTR of the ROCK1 gene contains
binding sites for miR-506. (B) miR-506 suppressed the expression of a luciferase reporter gene harboring the 3'-UTR of ROCK1 in IMR-32 cells. The
pGL4 plasmid was modified by adding either the human 3'-UTR or the 3'-UTR with mutations in regions complementary to miR-506 seed regions behind
the firefly luciferase gene. IMR-32 cells were transiently co-transfected with a negative control (mock) or miR-506 together with the indicated luciferase
constructs, and luciferase activity was analyzed 48 h later. Data are presented as relative firefly luciferase activity normalized to Renilla luciferase activity
from the same construct. (C) miR-506 restoration downregulated ROCKI1 in the neuroblastoma cells. The cells were transfected with miR-506 or miR
control for 48 h, and were then collected for reverse transcription-quantitative polymerase chain reaction. (D) miR-506 restoration downregulated ROCK1
expression in the neuroblastoma IMR-32 and SH-SYS5Y cell lines. The cells were transfected with miR-506 or miR-control for 48 h, and were then col-
lected for western blot analysis. The data are presented as the mean + standard deviation and the data were collected from three independent experiments.
ROCKI, Rho-associated, coiled-coil containing protein kinase 1; 3'-UTR, 3'-untranslated region; miR, microRNA; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.
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Figure 4. miR-506 expression was negatively associated with ROCK1 in neuroblastoma tissues. (A) ROCK1 protein was overexpressed in neuroblastoma
tissues compared with the adjacent normal tissues. (B) miR-506 was negatively associated with ROCK1 mRNA in the neuroblastoma tissue. The data are
presented as the mean + standard deviation and the data were collected from three independent experiments. ROCK 1, Rho-associated, coiled-coil containing
protein kinase 1; miR, microRNA.

Similar results were confirmed by RT-qPCR in the neuroblas-
toma cell lines (Fig. 1C). The downregulation of miR-506 in
neuroblastoma tissue and cells indicates that miR-506 may
function as a tumor suppressor gene.

miR-506 inhibits neuroblastoma proliferation and metastasis.
To investigate the role of miR-506 in neuroblastoma cells,
IMR-32 and SH-SYS5Y cells were transfected with miR-506
and cell proliferation was observed by an MTT assay. As
presented in Fig. 2A and B, miR-506 overexpression in the
IMR-32 and SH-SYS5Y cells resulted in a significant inhibition

of cell proliferation. Metastasis is an important characteristic
of neuroblastoma, thus cell migration and invasion were
analyzed by Transwell migration assay. It was demonstrated
that miR-506 significantly inhibited cell migration and invasion
in the IMR-32 and SH-5YSY cells (P<0.001; Fig. 2C and D).

ROCKI is a target gene of miR-506 in neuroblastoma.
A single miRNA, including miR-506, may regulate the
expression of numerous target genes. Using Targetscan
(http://www.targetscan.org) and miRBase (www.mirbase.org),
multiple genes were predicted to be potential target genes of



ONCOLOGY LETTERS 13: 417-422, 2017

miR-506. The target genes with higher scores were selected
for RT-qPCR analysis, and ROCK1 was noted as one of the
downregulated genes (Fig. 3A). The present study focused on
ROCKI in particular due to its important role in various types
of cancer, including neuroblastoma. Luciferase activity assay
identified ROCKI1 as the target gene of miR-506 in IMR-32
cells (P<0.001; Fig. 3B). RT-qPCR and western blot analysis
were performed to analyze ROCK1 mRNA and protein levels
in neuroblastoma cells. It was demonstrated that ROCK1
mRNA (P<0.001; Fig. 3C) and protein (Fig. 3D) levels
decreased in the IMR-32 cells treated with miR-506. These
results verified that ROCK1 was a direct target gene of
miR-506.

miR-506 expression is negatively associated with ROCK]
in neuroblastoma tissues. To increase the understanding of
the association between miR-506a and ROCKI1 in neuroblas-
toma, ROCK1 mRNA levels were analyzed by RT-qPCR. The
results demonstrated that the ROCK1 mRNA is significantly
overexpressed in neuroblastoma tissues when compared with
normal tissues (P<0.001; Fig. 4A). In addition, miR-506 was
negatively associated with ROCKI1 in the neuroblastoma
tissue (Fig. 4B).

Discussion

miRNAs perform important functions in the regulation of
gene expression (12). The majority of miRNAs are involved
in regulating the biological functions of cancer, including
tumorigenesis, invasion and recurrence (13,14). The deletion
or overexpression of miRNAs may induce the initiation and
development of human cancer, including neuroblastoma (14).
Due to the multiple mechanisms that may lead to the resis-
tance of neuroblastoma to therapy, targeting single elements
of a signalling pathway may not be a sufficient treatment.
Therefore, it is desirable to identify molecules, including
miRNAs, that are able to regulate multiple cellular processes.
This may minimise the risk of resistance to therapy and
improve the overall clinical response to treatment. miRNAs
are upstream regulators that are able to simultaneously
target large numbers of protein-coding genes and multiple
cancer signaling pathways. Emerging cumulative data reveal
fucntional roles of miRNAs in the origin and progression of
neuroblastoma (14). In the present study, it was demonstrated
that miR-506 functions as a tumor suppressor in neuroblas-
toma by directly targeting ROCKI1.

Previous studies have reported that the expression of
miR-506 is reduced in numerous types of cancer, including
epithelial ovarian cancer (15-18), hepatocellular carci-
noma (19), cervical cancer (20), lung cancer (21), breast
cancer (22) and colon cancer (23), and is involved in cancer
progression, notably cell proliferation, metastasis and apop-
tosis. In the current study, it was observed that miR-506
was decreased in neuroblastoma tissues and cell lines
when compared to normal tissues, supporting the notion
that miR-506 functions as a potential tumor suppressor.
Additionally, the results demonstrated that miR-506
inhibited neuroblastoma cell proliferation and metastasis.
The previously reported target genes of miR-506 include
cyclin-dependent kinase4/6-forkhead box protein M1 (18),
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yes-associated protein (19), GLI family zinc finger 3 (20),
nuclear factor-kB p65 (21) and others. In the present study, it
was verified that ROCK1 was a novel target gene for miR-506
in neuroblastoma.

The Rho-associated serine/threonine kinase family, of
which ROCK1 is a member, operates as a key regulator of
actin cytoskeleton dynamics and organization (24). ROCK1
has various different roles, including involvement in inva-
sion, metastasis and migration during tumorigenesis (25).
Several miRNAs target ROCKI1 in numerous types of cancer,
including miRNA-148a in nasopharyngeal carcinoma (26)
and miRNA-340 in pediatric osteosarcoma (27). ROCK1
has been positively correlated with lymph node metastasis
and the tumor-node-metastasis stage, and is implicated in
miRNA-148a-induced inhibition of gastric cancer cell inva-
sion and migration (28). The present study demonstrated
that ROCKI1 is a predicted target gene of miR-506 in neuro-
blastoma cells, and acts as an oncogene. Furthermore, it was
observed that ROCK1 expression was negatively associated
with miR-506 in neuroblastoma tissue.

In conclusion, the present study indicates that miR-506
functions as a tumor suppressor in neuroblastoma and
negatively regulates cell proliferation and metastasis.
Furthermore, the current study verified that ROCKI1 is direct
target gene of miR-506 in neuroblastoma. The expression of
miR-506 is downregulated in neuroblastoma tissues and cell
lines and may have significant functions in neuroblastoma
suppression by downregulation of ROCK1. ROCKI1 may
be a novel therapeutic target molecule for the treatment of
neuroblastoma.
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