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MicroRNA-203 inhibits the malignant progression
of neuroblastoma by targeting Samo68
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Abstract. Neuroblastoma (NB) is the most common solid
extracranial tumor in children. However, the molecular
mechanism of NB remains to be elucidated. In the present
study, reverse transcription quantitative polymerase chain
reaction data demonstrated that the expression of Sam68 was
significantly upregulated in NB tissues compared with their
matched adjacent normal tissues. Furthermore, it was revealed
that reduced expression of miR-203 and increased expres-
sion of Sam68 co-existed in NB tissues. Knockdown of
Sam68 reduced the proliferation, migration and invasion of
human SK-N-SH and SH-SY5Y NB cells. Similarly, overex-
pression of miR-203 also inhibited the proliferation, migration
and invasion of these two cell lines. It was further demonstrated
that the protein expression level of Sam68 was negatively
mediated by miR-203 in the SK-N-SH and SH-SY5Y NB
cells. Additionally, data from a dual luciferase reporter assay
confirmed that miR-203 directly targeted Sam68 by binding
to its 3'-untranslated region. In conclusion, the present study
suggested for the first time, to the best of our knowledge, that
the aberrant downregulation of miR-203 may contribute to the
aberrant upregulation of Sam68 in NB and that miR-203 has
an inhibitory role in malignant progression of NB by targeting
Sam68. The present study provided evidence to support
miR-203/Sam68 as a novel diagnostic or therapeutic targets
for NB.

Introduction
Neuroblastoma (NB) is the most common solid extracranial

tumor in children, accounting for 15% of all childhood
cancer-associated mortalities. In spite of significant advances
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in detection and effort to reduce recurrence rates, the prognosis
of NB remains poor. The predominant obstacle of NB therapy
is recurrence, which is characterized by metastasis (1,2).
Therefore, it is urgent to identify the molecular mechanism
involved in NB metastasis.

MicroRNAs (miRNAs) regulate gene expression by inhib-
iting gene translation or facilitating mRNA degradation (3).
In previous years, accumulating evidence has revealed that
miRNAs modulate a variety of genes pivotal for tumor devel-
opment (4). Deregulation of miRNAs contribute to abnormal
expression of oncogenes and tumor suppressors. Previously,
miRNA (miR)-203 has been reported to be involved in the
development of certain types of cancer. However, the detailed
role of miR-203 in NB, as well as the underlying molecular
mechanism, remain to be elucidated.

Sam68 is a member of the K homology domain-containing,
RNA-binding, signal transduction-associated protein family,
and has been suggested to be involved in various cellular
processes, including RNA 3'-end formation, alternative
splicing, cell cycle regulation, adipogenesis, neuronal devel-
opment and tumorigenesis (5-7). Previously, Sam68 was
identified to be frequently upregulated in cancer and has
an oncogenic role in inflammatory carcinogenesis, tumor
invasion and metastasis (8,9). Sam68 is predicated to be a
target gene of miR-203, according to bioinformatic analysis,
however, whether miR-203 directly mediates the expression of
Sam68 and their roles in NB remain to be elucidated.

In the present study, the expression levels of Sam68 and
miR-203 were determined in NB tissues and adjacent normal
tissues. The roles of Sam68 and miR-203 in the regulation of
cell proliferation, migration and invasion of human SK-N-SH
and SH-SY5Y NB cell lines were further assessed. In addition,
the targeting association between miR-203 and Sam68 was
determined in SK-N-SH and SH-SYSY cells.

Materials and methods

Reagents. TRIzol reagent, Dulbecco's modified Eagle's medium
(DMEM), fetal bovine serum (FBS), Lipofectamine 2000,
Opti-MEM medium and an mirVana™ qRT-PCR microRNA
Detection kit were purchased from Life Technologies
(Carlsbad, CA, USA). A standard SYBR Green RT-PCR kit
was purchased from Takara (Otsu, Japan). Sam68 siRNA,
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miR-203 mimics and scramble miRNA were purchased from
Genecopoeia (Guangzhou, China). A Bradford DC protein
assay kit was purchased from Bio-Rad Laboratories, Inc.
(Hercules, CA, USA). Mouse anti-Sam68 (cat. no. sc-1238)
and mouse anti-GAPDH (sc-59540) antibodies, and rabbit
anti-mouse secondary antibody (cat. no. sc-358943) were
purchased from Santa Cruz Biotechnology, Inc. (Dallas,
TX, USA). An enhanced chemiluminescence (ECL) kit was
purchased from Pierce Chemical (Rockford, IL, USA). A cell
invasion assay kit was purchased from Chemicon (Temecula,
CA, USA) and a Quick-Change Site-Directed Mutagenesis
kit was purchased from Stratagene (La Jolla, CA, USA). The
PsiCHECK™?2 vector and Dual-Glo substrate system was
purchased from Promega (Madison, WI, USA).

Tissue specimen collection and cell culture. The present
study was approved by the Ethics Committee of Xinxiang
Medical University (Xinxiang, China). A total of 16 NB
tissues and their matched normal adjacent tissues were
collected at the Department of Pediatrics, The First Affiliated
Hospital of Xinxiang Medical University (Weihui, China).
Informed consent was obtained from the parents/guardians
of the patients. Human SK-N-SH and SH-SY5Y NB cell
lines were obtained from China Center for Type Culture
Collection (Wuhan, China). The cells were cultured in
DMEM, supplemented with 10% FBS, 100 IU/ml penicillin
and 100 pg/ml streptomycin sulfate (Life Technologies) at
37°C in a humidified incubator, containing 5% CO,.

Reverse transcription quantitative polymerase chain reac-
tion (RT-gPCR). The total RNA was extracted from cells
using TRIzol reagent. The relative expression of miR-203
was determined by RT-qPCR using a mirVana™ qRT-PCR
microRNA Detection kit, according to the manufac-
turer's instructions. The mRNA expression of Sam68 was
detected by RT-qPCR using the standard SYBR Green
RT-PCR kit, according to the manufacturer's instructions.
GAPDH was used as an internal control. The specific
primer pairs (Genecopoeia) were as follows: Sam68, sense:
5'-ATTCTTGGACCACAAGGGAATAC-3' and antisense:
5'-GCCATAAGAGCATAAGCCTCACA-3'; GAPDH, sense:
5'-GGAGCGAGATCCCTCCAAAAT-3' and antisense:
5'-GGCTGTTGTCATACTTCTCATGG-3". The relative
mRNA expression levels of Sam68 or miR-203 were quan-
tified using the GraphPad Prism 4.0 software (GraphPad
Software, San Diego, CA, USA) and the 224 method (10).

Transfection. Transfection was performed using
Lipofectamine 2000, according to the manufacturer's
instructions. At the time of transfection, the cells were at
least 70% confluent. Oligonucleotides and plasmids were incu-
bated in Opti-MEM medium at 37°C for 20 min. For miR-148a
functional analysis, the cells were transfected with 100 nM
pre-miR-203, anti-miR-203, pre-miR-con and anti-miR-con.
For Sam68 functional analysis, the cells were transfected with
Sam68-specific siRNA.

Cell proliferation assay. For each group, 10,000 cells/well were
seeded into a 96-well plate. Following transfection, the plates
were incubated for 48 h at 37°C with 5% CO,. To assess cell
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proliferation, an MTT assay was performed, according to the
manufacturer's instructions. MTT reagent (10 pl; 5 mg/ml;
Life Technologies) in phosphate-buffered saline was added
to each well and incubated for 4 h at 37°C with 5% CO,. The
supernatant was subsequently removed and 100 ul dimethyl
sulfoxide was added. The absorbance was measured at
490 nm using a Microplate Reader (Model 680; Bio-Rad
Laboratories, Inc.). Each assay was performed in triplicate
wells and repeated three times.

Cell migration assay. Cell migration was measured using
a wound healing assay. Briefly, the cells were cultured to
confluence. Wounds of ~1 mm width were created with a
plastic tip. Following wounding, the cells were incubated for
24 h and were subsequently fixed with 16% trichloroacetic
acid and observed under a microscope (IX83; Olympus
Corporation, Tokyo, Japan).

Cell invasion assay. Cell invasion was measured using a Cell
Invasion Assay kit, according to the manufacturer's instruc-
tion. Briefly, the cells in serum-free DMEM were seeded
into the upper compartment of the chambers and DMEM,
containing 10% FBS, was added into the lower chambers.
Following incubation for 24 h at 37°C, the cells on the upper
face of the membrane were removed using a cotton swab and
the cells on the lower face were fixed with 16% trichloroacetic
acid, stained with 0.1% crystal violet (Life Technologies) and
observed under a microscope (IX83; Olympus Corporation).

Western blotting. The total protein was extracted using the
Tissue or Cell Protein Extraction kit (Amresco, Beijing,
China) and the protein concentration was measured using the
Bradford DC protein assay kit. The proteins were separated
by 10% SDS-PAGE (Pierce Chemical) and blotted onto poly-
vinylidene difluoride membranes (PVDF; Pierce Chemical),
which were subsequently blocked with Tris-buffered saline
with 0.5% Tween-20, containing 50 g/l non-fat milk, at
room temperature for 4 h. Following incubation, the PVDF
membrane was incubated with the primary antibodies,
anti-Sam68 and anti-GAPDH (1:200 dilution), at 37°C
for 1 h. The membranes were rinsed with Dulbecco's
phosphate-buffered saline (DPBS; Life Technologies) and
incubated for 1 h with the corresponding peroxidase-conju-
gated rabbit anti-mouse secondary antibody (1:20,000
dilution). The membranes were further washed with DPBS
and chemiluminescent detection was performed using the
ECL kit.

Dual luciferase reporter assay. The SH-SYS5Y cells
were co-transfected with the reporter constructs,
Sam68-3'untranslated region (UTR)-psi-CHECK?2
(containing the 3'-UTR of Sam68 and the miRNA-203 binding
sites) or the mutated (Mut)-Sam68-3'UTR-psi-CHECK?2
(containing the corresponding mutated sequence of 3'-UTR
of Sam68), and the miR-203 mimics or scramble miRNA
as a negative control, using Lipofectamine 2000. The lucif-
erase activity was determined after 48 h using the Dual-Glo
substrate system and LD400 luminometer (Beckman Coulter,
Kraemer Boulevard Brea, CA, USA). The data are presented
as the ratio of Renilla luciferase to Firefly luciferase.
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Figure 1. (A) Reverse transcription quantitative polymerase chain reaction was performed to determine the relative mRNA expression levels of Sam68 in
the 16 NB tissues compared with their matched adjacent normal tissues. GAPDH was used as an internal control. (B) A western blot assay was performed
to determine the relative protein expression levels of Sam68 in 16 NB tissues compared with their matched adjacent normal tissues. GAPDH was used as an
internal loading control. The western blotting data from three representative patients with NB are shown (“'P<0.01, vs. Normal). (C) Reverse transcription
quantitative polymerase chain reaction was performed to determine the relative expression levels of miR-203 in the 16 NB tissues compared with their matched
adjacent normal tissues. U6 was used as an internal control. (D) An inverse correlation between the expression levels of miR-203 and Sam68 was observed

(R2=0.7173). NB, neuroblastoma; N, normal; T, tumor.

Statistical analysis. The data are expressed as the mean + stan-
dard deviation. Differences between the two groups were
determined by Student t-test. All analyses were performed
using SPSS 17.0 software (IBM SPSS, Chicago, IL, USA).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Inverse expression levels of Sam68 and miR-203 in NB tissues.
The present study investigated the expression of Sam68 in NB
tissues. As shown in Fig. 1A and B, the mRNA and protein
expression levels of Sam68 were frequently upregulated in
the NB tissues compared with their matched adjacent normal
tissues. It was further demonstrated that the expression level of
miR-203 was frequently reduced in the NB tissues compared
with their matched normal adjacent tissues (Fig. 1C). Notably,
an inverse correlation between the expression levels of
miR-203 and Sam68 were observed (R?=0.7173, Fig. 1D).
Therefore, it was suggested that deregulation of Sam68 and
miR-203 may be important in NB.

Knockdown of Sam68 inhibits the proliferation, migration
and invasion of NB cells. To investigate the role of Sam68 in
NB, the SK-N-SH and SH-SYS5Y cells were transfected
with Sam68-specific siRNA. As shown in Fig. 2A and B,
the mRNA and protein expression levels of Sam68 were
significantly decreased in the SK-N-SH and SH-SYS5Y cells
following transfection with Sam68-specific siRNA. It was
also demonstrated that the downregulation of Sam68 inhibited
the proliferation, migration and invasion of the SK-N-SH and
SH-SYS5Y cells (Fig. 2C-E). These findings suggested that
Sam68 may be involved in the progression of NB.

Overexpression of miR-203 suppresses the proliferation,
migration and invasion of NB cells. The present study further
assessed the role of miR-203 in NB. Since miR-203 was
observed to be downregulated in NB, the SK-N-SH and
SH-SYSY cells were transfected with pre-miR-203 plasmid.
As shown in Fig. 3A, transfection with pre-miR-203 signifi-
cantly increased the expression levels of miR-203 in the
SK-N-SH and SH-SYSY cells. It was demonstrated that the
upregulation of miR-203 markedly suppressed proliferation,
migration and invasion of the SK-N-SH and SH-SYSY cells
(Fig. 3B-D). These findings suggested that miR-203 functions
as a tumor suppressor in NB.

miR-203 negatively regulates the expression of Sam68 by
directly binding to its 3'-UTR. The effects of the upregulation
of miR-203 on the expression of Sam68 were further assessed.
The SK-N-SH and SH-SYSY cells were transfected with
miR-203 mimics and the protein expression of Sam68 was
determined by western blotting. As shown in Fig. 4A, over-
expression of miR-203 significantly inhibited the protein
expression of Sam68 in the SK-N-SH and SH-SYS5Y cells.
These data indicated that miR-203 negatively mediated the
expression of Sam68 in NB cells.

Whether Sam68 is a direct target gene of miR-203 was next
investigated. The Sam68 3'-UTR, containing the wild type
(WT) or mutant type (Mut) of the miR-203 binding site, was
subcloned into psi-CHECK?2 dual luciferase reporter vectors
(Fig.4B). As shownin Fig.4C,overexpression of miR-203 mark-
edly decreased the luciferase activity in the SH-SY5Y cells
transfected with the WT Sam68-3'UTR-psi-CHECK?2 reporter
vector, however, the luciferase activity in the SH-SYSY cells
co-transfected with the Mut-Sam68-3'"UTR-psi-CHECK2 rep
orter vector and miR-203 exhibited no difference compared
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Figure 2. (A) Reverse transcription quantitative polymerase chain reaction was performed to determine the relative mRNA expression level of Sam68 in
the two NB cell lines transfected with Sam68-specific siRNA. GAPDH was used as an internal control (“P<0.01, vs. Control). (B) A western blot assay was
performed to determine the relative protein expression level of Sam68 in the two NB cell lines transfected with Sam68-specific siRNA. GAPDH was used as an
internal loading control (“"P<0.01, vs. Control). (C) An MTT assay was performed to determine the cell proliferation of the two NB cell lines transfected with
Sam68-specific siRNA (“P<0.01, vs. Control). (D) A scratch assay was performed to determine the migratory capacity of the two NB cell lines transfected with
Sam68-specific siRNA (magnification, x100). (E) A Transwell assay was performed to determine the invasive capacity of the two NB cell lines transfected
with Sam68-specific siRNA (magnification, x100). Control, cells without transfection; NB, neuroblastoma.

with the control group (Fig. 4D). This indicated that Sam68 is
anovel target of miR-203. Based on these findings, the upregu-
lation of Sam68 may be induced partly by the downregulation
of miR-203 and miR-203 may act as a tumor suppressor in NB
by targeting Sam68.

Discussion

Sam68 localizes in the nucleus and is involved in the forma-
tion of both nuclear and cytosolic multi-molecular complexes,
including stress granules and Sam68 nuclear bodies (11). In
addition, Sam68 mediates gene expression by coupling with
other proteins and RNA targets, and therefore, is involved
in the regulation of certain important cellular functions,
including cell proliferation, differentiation and death (11).
For instance, Sam68 was recently identified to modulate the
promoter specificity of NF-kB and regulate the expression of
CD25 in activated T cells (12).

Deregulation of oncogenes or tumor suppressors is critical in
the initiation and progression of cancer. It has been reported that
high expression of Sam68 is a is a predictor of poor prognosis
in non-small cell lung cancer, oral tongue cancer, early-stage
cervical cancer and colorectal cancer (8,9,13,14). In the present
study, the expression level of Sam68 was demonstrated to be
higher in NB tissues compared with their matched adjacent
normal tissues. It was also demonstrated that the knockdown
of Sam68 effectively inhibited the proliferation, migration and
invasion of the SK-N-SH and SH-SY5Y NB cells. Previously,
Zhao et al (15) also reported that Sam68 was upregulated in
NB tissues and cell lines. Furthermore, the authors revealed that
the protein expression of Sam68 was positively correlated with
clinical stage, tumor histology and distant metastasis, and that
high expression of Sam68 was a predictor of poor prognosis
of patients with NB (15). Taken together, the present study
suggested that the deregulation of Sam68 may be involved in
the development and progression of NB.
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Figure 3. (A) Reverse transcription quantitative polymerase chain reaction was performed to examine the relative expression level of miR-203 in the two NB
cell lines transfected with the miR-203 mimics. GAPDH was used as an internal control (“P<0.01, vs. Control). (B) An MTT assay was performed to determine
the cell proliferation of the two NB cell lines transfected with the miR-203 mimics (“P<0.01, vs. Control). (C) A scratch assay was performed to determine the
migratory capacity of the two NB cell lines transfected with the miR-203 mimics (magnification, x100). (D) A Transwell assay was performed to determine the
invasive capacity of the two NB cell lines transfected with the miR-203 mimics (magnification, x100). Control, cells without transfection ; NB, neuroblastoma.
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Figure 4. (A) Western blotting was performed to determine the relative protein expression level of Sam68 in the two NB cell lines transfected with the miR-203
mimics. GAPDH was used as an internal control (“P<0.01, vs. Control). (B) The sequences for miR-203 at the WT or Mut 3'UTR of Sam68 are shown. (C) A
luciferase reporter assay was performed to confirm whether Sam68 is a target gene of miR-203. The luciferase activity was reduced only in the SH-SY5Y cells
co-transfected with the miR-203 mimics and WT Sam68 3'UTR, however, not in the SH-SYSY cells co-transfected with the miR-203 mimics and Mut Sam68
3'UTR (7P<0.01, vs. Control). Control, cells without transfection; NB, neuroblastoma; WT, wild-type; Mut, mutant; UTR, untranslated region.

The regulatory mechanisms of oncogenes, including meth-  the deregulation of oncogenes or tumor suppressors is due to
ylation, transcription factors and mutation, are complicated.  the aberrant expression of its regulatory miRNAs. However,
Previously, accumulating evidence has demonstrated that the molecular mechanism of the expression of Sam68 in NB
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remains to be elucidated. In the present study, the expression of
miR-203, a theoretical regulatory miRNA of Sam68 predicted
by algorithms, was assessed in NB tissues and cell lines. The data
revealed that the expression level of miR-203 was significantly
reduced in NB tissues compared with their matched adjacent
normal tissues, suggesting that the aberrant downregulation of
miR-203 may be involved in the development and progression
of NB. In fact, deregulation of miR-203 has been demonstrated
to be associated with various cancer types, including hepatocel-
lular carcinoma, pancreatic cancer, glioma, lung cancer, cervical
cancer, prostate carcinoma, melanoma, esophageal squamous
cell carcinoma and colon cancer (16-25).

The present study further revealed that the overexpression
of miR-203 markedly suppressed the proliferation, migration
and invasion of the SK-N-SH and SH-SY5Y NB cells, similar
to the effects of Sam68 downregulation. In addition, the
present study demonstrated for the first time, to the best of our
knowledge, that Sam68 is a novel target of miR-203, and that
miR-203 and these miRNAs negatively regulated the expres-
sion of Sam68 by targeting its 3'-UTR in NB cells. Therefore,
it is possible that high expression of Sam68 in NB is partly
due to the downregulation of the expression of miR-203. The
suppressive role of miR-203 in human cancer has been widely
investigated. For instance, Tian et al (26) demonstrated that
the expression of miR-203 was significantly reduced in laryn-
geal squamous cell carcinoma tissues, and downregulation of
miR-203 was correlated with advanced clinical stages, lymph
node metastasis and poor prognosis (26).

An miRNA has various target genes and a gene can be
regulated by multiple miRNAs. It has been demonstrated that
miR-203 can target survivin, leading to cell cycle arrest in laryn-
geal carcinoma cells (27). It can also target Hakai and inhibit
the growth of human colon adenocarcinoma (28). Additionally,
those genes involved in the regulation of cell proliferation, apop-
tosis, cell cycle progression, migration and invasion, are also
the targets of miR-203, including Robol, Kif5b, E2F3, LASP1,
ASAP1, PKCa, BIRCS, Bmi-1 and DeltaNp63 (23-26,29-33).
Whether these miR-203 targets are also involved in the develop-
ment and progression of NB remains to be elucidated.

In conclusion, the present study demonstrated that Sam68
is upregulated in NB tissues and cell lines, which is likely due
to the downregulation of the expression of miR-203. In addi-
tion, the overexpression of miR-203 effectively inhibited the
proliferation, migration and invasion of NB cell lines, partly at
least, by directly targeting Sam68.
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