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Abstract. An increasing number of studies have suggested 
that microRNAs (miRNAs) are aberrantly expressed 
in numerous types of tumors and that a deregulation in 
miRNA expression may lead to carcinogenesis. Although 
miR‑218 has been demonstrated to be downregulated in 
several types of cancer, including medulloblastoma (MB), 
its involvement in MB is unclear. In the present study, the 
expression of miR‑218 and SH3GL1 were assessed in four 
MB cell lines and normal cerebellum by qPCR. The ectopic 
expression of miR‑218 induced by lentiviral transfection in 
MB cells on proliferation was evaluated by MTT assay, and 
cell migration and invasion were determined by transwell 
assays. Analysis of the target protein expression and related 
protein expression was determined by western blot analysis. 
The targeting of SH3GL1 by miR‑218 was identified using 
a luciferase reporter assay. The results demonstrated that 
miR‑218 was significantly downregulated in MB cell lines. 
MiR‑218 significantly inhibited SH3GL1 mRNA and protein 
expression and reduced the luciferase activity of a SH3GL1 
3' untranslated region‑based reporter. Furthermore, overex-
pression of miR‑218 induced by transfection with lentivirus 
significantly suppressed MB cell growth, migration and 
invasion in vitro. Small interfering RNA‑mediated SH3GL1 
downregulation partially phenocopied the effect of miR‑218 
overexpression in the MB cell lines. The results indicated 
that miR‑218 was significantly downregulated in MB cancer 
cell lines. Furthermore, miR‑218 functioned as a tumor 

suppressor by regulating SH3GL1 expression in MB cancer 
cells.

Introduction

Medulloblastoma (MB) is the most common type of malignant 
brain tumor in children and is characterized by frequent prolif-
eration and metastasis (1). Successful treatments, including 
surgery, radiation and chemotherapy, have improved in recent 
years; however, these therapies result in side effects, including 
endocrinopathies, impaired cognition and vasculopathies (2,3), 
and survival rates remain to be improved. Thus, the elucidation 
of the molecular mechanisms that drive cell proliferation and 
invasion may provide more effective therapeutic strategies.

MicroRNAs (miRNAs) are an abundant group of endog-
enous, small, non‑coding RNAs that regulate gene expression 
at the post‑transcriptional level; miRNAs undergo base pairing 
with target mRNAs in the 3' untranslated region (3'UTR), 
leading to translational inhibition and/or mRNA degrada-
tion (4‑7). Numerous studies have demonstrated significantly 
altered miRNA expression patterns in types of human cancer, 
deregulation of miRNA expression and the contribution of 
miRNAs to the multistep processes of carcinogenesis either 
as oncogenes or as tumor‑suppressor genes (8,9). A number 
of miRNA expression profiling studies have demonstrated 
that miRNA expression is dysregulated, by the comparison 
of MBs with normal cerebellum (10‑12). A previous study 
determined that the expression of miR-17~92 was upregulated 
in MBs and promoted cell proliferation (13). Elevated miR-21 
expression has been causally linked with cellular mobility and 
migration of MB in vitro due to the suppression of the PDCD4 
tumor suppressor (14). The expression of miR‑218 was identi-
fied to be significantly decreased in MB compared with that 
of normal cerebellum, and miR‑218 negatively regulated the 
CDK6, Rictor and CTSB proto‑oncogenes (15). However, the 
molecular mechanism of miR‑218 in MB remains unclear.

The present study aimed to observe the expression of 
miR‑218 in MB cell lines and in  vitro experiments were 
performed to determine the effect of miR‑218 on cell growth 
and invasion. Using reporter assays, miR‑218 was identified 
to directly target the 3'UTR of SH3GL1, which may aid in 
the elucidation of a potential molecular therapeutic target for 
human MB cell lines.
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Materials and methods

Cell culture. Daoy, D458 and PFSK human MB cell lines 
were purchased from the American Type Culture Collection 
(Manassas, VA, USA). UW228 and HEK‑293T cells were 
provided by Professor Wu (University of Fudan, Shanghai, 
China). All cell lines were cultured in Dulbecco's Modifed 
Eagle's Medium (Gibco-BRL, Grand Island, NY, USA) 
supplemented with 10% fetal bovine serum (Gibco-BRL), 
penicillin (10 IU/ml) and streptomycin (10 µg/ml). All cells 
were maintained in humidified air at 37˚C and 5% CO2. Cells 
were passaged a maximum of eight times.

RNA extraction and qPCR analyses. Total RNA was isolated 
from cells with TRIzol reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA) and treated with DNA‑free kit (Invitrogen 
Life Technologies) to remove any remaining DNA, according to 
the manufacturer's instructions. qPCR assays were performed 
in triplicate to detect the miR‑218 and SH3GL1 expression 
using the PrimeScript RT reagent kit (Takara Bio, Inc., Shiga, 
Japan) and the SYBR Green PCR Master Mix kit (Qiagen, 
Hilden, Germany) according to the manufacturer's instruc-
tions, with the ABI PRISM® 7900 HT Sequence Detection 
system (Invitrogen Life Technologies).

For miRNA detection, gene specific primers were utilized. 
The U6 small nuclear RNA was used as a control to determine 
the relative miRNA expression. The RT primers were designed 
as follows: 5'‑GTCGTATCCAGTGCAGGGTCCGAGG 
TATTCGCACTGGATACGACACATGG‑3' for miR-218; 
5'‑AACGCTTCACGAATTTGCGT‑3' for U6. The PCR 
primers for mature miR‑218 and U6 were designed as 
follows: Sense: 5'‑CGGGCTTGTGCTTGATCTA‑3' and 
antisense: 5'-GTGCAGGGTCCGAGGT-3' for miR‑218; 
sense: 5'‑CTCGCTTCGGCAGCACA‑3' and antisense: 
5'‑AACGCTTCACGAATTTGCGT-3' for U6.

For the analysis of the SH3GL1 mRNA expression, 500 ng 
aliquots of total RNA were used to synthesize cDNA at a final 
volume of 10 µl, and glyceraldehyde 3‑phosphate dehydrogenase 
(GAPDH) was used as the internal control. The primer sequences 
were as follows: Sense: 5'‑ATCGTCTTTCCGATCTTCCG‑3' 
and antisense: 5'‑TGCCCTCGTACCAGTTCTCAT‑3' for 
SH3GL1; sense: 5'‑GGGAGCCAAAAGGGTCAT‑3' and 
antisense: 5'‑GAGTCCTTCCACGATACCAA‑3' for GADPH. 
The PCR cycle settings were as recommended by Qiagen: 
95˚C for 10 min; 40 amplification cycles at 95˚C for 10 sec and 
60˚C for 1 min.

Plasmid construction and transfection. To construct a 
luciferase reporter vector, a cDNA fragment encoding 
the SH3GL 3'UTR from UW228 cells was ampli-
fied by PCR and cloned downstream of the Renilla 
luciferase gene in psicheck2 (Promega Corporation, 
Madison, WI, USA). The primer sequences used were 
as follows: Sense: 5'‑AAAGTTTAAACATCGTCTTTC 
CGATCTTCCG‑3' and antisense: 5'‑AAAGCGGCCGCTGC 
CCTCGTACCAGTTCTCAT‑3' for SH3GL1. Psicheck2 lucif-
erase constructs containing mutant 3'UTR (AAGCACAA to 
AACGAGAA) were also generated using the QuikChange 
site‑directed mutagenesis kit (Stratagene, La Jolla, CA, 
USA) and the vectors were termed SH3GL1‑UTR‑WT and 

SH3GL1‑UTR‑MUT, respectively. Positive clones were iden-
tified by PCR screening and DNA sequencing.

Knockdown experiments were performed by the transient 
transfection of SH3GL1 siRNA using Lipofectamine™ 2000 
(Invitrogen Life Technologies) according to the manufacturer's 
instructions. The cell lysates were harvested 48 h following 
transfection for western blot analysis. The sequence of the 
SH3GL1 siRNA was obtained from Origene (SR304356; 
Rockville, MD, USA). Briefly, for the reporter assays, cells 
were transiently cotransfected with wild‑type or mutant 
reporter plasmids and miR‑218. Renilla and Firefly luciferase 
activities were measured 36 h following transfection using 
the Dual‑Luciferase assay (Promega Corporation) and the 
results were normalized with Firefly luciferase. Each reporter 
plasmid was transfected at least three times (on different days) 
and samples were assayed in triplicate.

Lentivirus packaging, infection and stable cell generation. The 
lentiviral vector (pCDH‑Vector) was obtained from System 
Biosciences (Mountain View, CA, USA). A total of 16 µg of 
the plasmids, including pCDH‑miR‑218 or pCDH‑Vector, 
TAT, GAG, REC and VSVG, were cotransfected with 40 µl 
Lipofectamine  2000 (Invitrogen Life Technologies) into 
HEK‑293T cells in a 100‑mm diameter culture dish. The super-
natant was collected 60 h following infection, filtered through 
a 0.45‑µm pore filter and used as the source of the virus. PFSK 
and UW228 cells were infected with either pCDH‑Vector 
or pCDH‑Vector with 8 µg/ml polybrene (Sigma‑Aldrich, 
St. Louis, MO, USA) for 24 h, and the medium was replaced. 
The efficiency of infection was measured under a fluorescent 
microscope 72 h following infection.

Cell proliferation. Cells were plated at a density of 
4,000  cells/well, in 4  wells of 96‑well plates containing 
complete medium. Cell proliferation was detected using 
CellTiter 96 AQueous One Solution (Promega Corporation) at 
0, 24, 48 and 72 h following plating. For measurement of cell 
proliferation, 20 µl methanethiosulfonate reagent was added 
to the medium and incubated at 37˚C in a humidified 5% CO2 
atmosphere for 1 h. The absorbance was read at 490 nm using 
a 96‑well microplate reader (ELx800 Absorbance Microplate 
Reader; BioTek, Winooski, VT, USA).

Invasion assays. The invasive ability of the cells was deter-
mined using 24‑well Matrigel Invasion Chambers according 
to the manufacturer's instructions (Corning Life Sciences, 
Corning, NY, USA). Media (600 µl) containing 10% FBS was 
added to the lower chamber and a cell suspension of 2x105 cells 
in 100 µl DMEM medium was added into each well of the 
top chamber. Subsequent to this, the cells were incubated for 
48 h at 37˚C in a humidified incubator with 5% CO2. Cells 
that had passed through the membrane were stained with 
methanol and 0.1% crystal violet, imaged and counted using 
an IX71 inverted microscope (Olympus, Tokyo, Japan) from 
three random microscope fields per filter. Experiments were 
repeated three times.

Western blot analysis. Cells were washed with phos-
phate‑buffered saline and lysed with RIPA lysis buffer (CST) 
supplied with protease and phosphatase inhibitor cocktails 
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(1%; Sigma‑Aldrich). Total denatured proteins (50 µg) were 
subjected to sodium dodecyl sulfate (SDS)‑polyacrylamide 
gel electrophoresis (10% SDS‑acrylamide gel) and trans-
ferred onto polyvinylidene fluoride membranes (Bio‑Rad, 
Hercules, CA, USA). The membrane was incubated with 
SH3GL1 (TA309473, Origene), Phospho‑c‑Jun (Ser73; 
#9164; Cell Signaling Technology, Inc., Beverly, MA, USA), 
Phospho‑p44/42 MAPK [extracellular signal‑regulated 
kinases (Erk)1/2; Thr202/Tyr204; #9101; Cell Signaling 
Technology, Inc.] and GAPDH antibodies (10494‑1‑AP, 
Proteintech™, Chicago, IL, USA). Primary antibodies were 
detected with horseradish peroxidase‑conjugated secondary 
antibodies (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, 
USA) and the membranes were subjected to a chemilumines-
cence detection assay.

Statistical analysis. All experiments were performed at least 
in triplicate. Values are presented as the mean ± standard 
deviation. Significance was examined by Student's t-test 
(two‑tailed) or one‑way analysis of variance. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑218 is downregulated in MB and its expression is 
inversely correlated with that of SH3GL1. To investigate the 
involvement of miR‑218 in MB, the miR‑218 expression level 
was detected using qPCR in a number of selected cancer cell 
lines as well as in normal cerebellum (Fig. 1A). The expres-
sion level of miR‑218 was significantly lower or undetectable 
in all tested cancer cell lines compared with that of the normal 
cerebellum. To identify the proteins that miR‑218 affected, 
the mRNA targets were predicted by bioinformatics. Among 
the list of potential targets, the seed sequence of miR‑218 was 
complementary to the 3'‑UTR of SH3GL1. To investigate the 
correlation between the expression of miR‑218 and SH3GL1, 

the expression of SH3GL1 at the mRNA and protein levels 
were determined in the same panel of cell lines. As expected, 
the mRNA and protein expression levels of SH3GL1 were 
higher in the cancer cell lines when compared with that in the 
normal cerebellum (Fig. 1B and C). The results indicated that 
a potential tumor suppressor role of miR‑218 is downregulated 
in MB, which may have directly targeted SH3GL1.

miR‑218 directly targets the 3'UTR of SH3GL1. To deter-
mine whether miR‑218 regulates SH3GL1, a reporter 
plasmid (in which the full‑length 3'-UTR of SH3GL1 was 
inserted downstream of the Renilla luciferase gene) was 
generated for reporter gene assays (Fig. 2A). The transient 
transfection of HEK293T cells with the SH3GL1‑UTR‑WT 
or SH3GL1‑UTR‑MUT construct and miR‑218 resulted 
in a significant reduction in reporter gene expression when 
compared with that of the control vector (Fig. 2B). Mutations in 
the targeting sites of miR‑218 were unaffected by the simulta-
neous transfection with miR‑218 (Fig. 2B). To further confirm 
that miR‑218‑mediated reduction of the luciferase activity of 
SH3GL1 was due to the direct interaction between miR‑218 and 
its putative binding site, cotransfection of SH3GL1‑UTR‑WT 
or SH3GL1‑UTR‑MUT with anti‑miR‑218 in HEK293T cells 
was conducted. As expected, anti‑miR‑218 markedly increased 
the luciferase activity of SH3GL1‑UTR‑WT compared with 
that of anti‑miR‑normal cerebellum (NC); however, the effect 
was completely abolished in this mutant construct (Fig. 2C).

Significance of SH3GL1 suppression. To further address 
the significance of the suppression of SH3GL1 by miR‑218 
in MB cells, PSFK and UW228 cells stably expressing 
miR‑218 were generated and the overexpression of miR‑218 
was confirmed by qPCR analysis (Fig. 2D). The mRNA and 
protein levels of SH3GL1 by qPCR and western blot analysis 
demonstrated that the overexpression of miR‑218 downregu-
lated the endogenous SH3GL1 levels (Fig. 2E and F). These 

Figure 1. miR-218 expression is downregulated and inversely correlated with the expression of SH3GL1 in MB cancer cell lines. (A) qPCR analysis of the 
miR-218 expression levels in a panel of human MB cells and in normal cerebellum. (B and C) SH3GL1 expression at the mRNA and protein levels in different 
human MB cell lines and normal cerebellum. MB, medulloblastoma; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.
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results suggested that miR‑218 downregulated the endog-
enous SH3GL1 expression by directly binding to the 3'-UTR 
sequence of SH3GL1.

Stable overexpression of miR‑218 inhibits cell proliferation 
and invasion. To assess the biological role of miR‑218, the 
effect of the overexpression of miR‑218 on cell proliferation 
and invasion was determined. MTT assays demonstrated 
that the overexpression of miR‑218 markedly impaired the 
growth rate of MB cells as compared with that of the control 
vector (Fig. 3A and B). Similarly, the results of the invasion 
assays revealed that invasive ability was decreased following 
the overexpression of miR‑218 in PSFK and UW228 cells 
(Fig. 3C and D). In conclusion, these results demonstrated that 
miR‑218 inhibited MB cell proliferation and invasion.

miR-218 suppresses SH3GL1 and negatively regulates the 
ERK pathway in MB cell lines. To confirm the involvement of 

SH3GL1 in the miR‑218‑mediated inhibition of cell growth, 
siRNA targeting SH3GL1 was used to downregulate SH3GL1 
expression and analyze its effect on cell growth. The protein 
expression levels of SH3GL1, phosphorylated (p)‑ERK and 
p‑Jun were significantly downregulated in PSFK and UW228 
cells with siSH3GL1 compared with those of the normal 
cerebellum (Fig. 4A and B). PSFK and UW228 cells in which 
SH3GL1 had been knocked down demonstrated a decrease 
in growth rate in the MTT assay (Fig. 4C and D), which was 
similar to the phenotype observed following miR‑218 overex-
pression in PSFK and UW228 cells. The expression of p‑ERK 
following ectopic expression of miR‑218 in MB cells was also 
observed. Consistent with the effect of SH3GL1, miR‑218 over-
expression significantly reduced the expression of p‑ERK and 
p‑Jun in PSFK and UW228 cells and induced the maintained 
overexpression of miR‑218 (Fig. 4A and B). In conclusion, the 
tumor‑suppressive role of miR‑218 may mediate SH3GL1 via 
the mitogen‑activated protein kinase pathway.

Figure 2. SH3GL1 is a target of miR-218. (A) Predicted miR-218 target sequences in the 3'-UTR of SH3GL1 (SH3GL1-UTR-WT) and mutants containing 
three mutated nucleotides in the 3'-UTR of SH3GL1 (SH3GL1-UTR-MUT). (B and C) HEK‑293T cells were cotransfected with miR‑218 or anti‑miR‑218 and 
psicheck2 vector with SH3GL1 3'-UTR, WT or mutated. After 36 h, the luciferase activity was measured. Renilla luciferase activity was normalized to firefly 
luciferase expression for each sample. Each experiment was performed in triplicate. *P<0.05. (D) Relative miR-218 expression levels in PSFK and UW228 
cells stably expressing miR-218 by qPCR. (E and F) qPCR and western blot analysis were performed to detect the expression of SH3GL1 mRNA and protein 
in PSFK and UW228 cells stably expressing miR-218. UTR, untranslated region; MUT, mutated; WT, wild type; NC, normal cerebellum.
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Discussion

Understanding of the biological mechanisms of malignant 
brain tumors, such as MB, is essential for advances in 
therapy (13,16‑18). Numerous studies observed the aberrant 
expression of microRNAs in MB and suggested that the deter-
mination of key microRNAs may lead to the identification 

of novel targets for more effective therapies with fewer side 
effects (14,15). The reduced expression of miR‑218 was also 
demonstrated in gastric, colon, prostate, pancreatic, glioma 
cell and cervical cancer  (19‑21). In the present study, low 
expression levels of miR‑218 were identified in MB cell 
lines compared with in normal cerebellum; the expression 
of miR‑218 was significantly downregulated in all examined 

Figure 3. Effect of miR-218 on the cell proliferation and invasion of MB cells. (A and B) Cell proliferation of PSFK or UW228 cells with or without miR-218 
overexpression were determined by an MTT assay. Data are presented as the mean ± SD from three independent experiments. (C and D) Invasion assays were 
used to investigate the invasive ability of MB cells by transwell assays. *P<0.05. MB, medulloblastoma.

Figure 4. SH3GL1 knockdown phenocopies the miR‑218 overexpression in MB cells. (A and B) Expression of SH3GL1, p‑ERK and p‑Jun were detected 
by western blot analysis in PSFK or UW228 cells following miR-218 overexpression and transfection with siSH3GL1. (C and D) Cell proliferation analysis 
of transfected PSFK or UW228 cells with siSH3GL1 or NC by MTT assay at 24, 48 and 72 h following transfection. MB, medulloblastoma; NC, normal 
cerebellum; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase; p‑ERK, phosphorylated‑extracellular signal‑regulated kinases. 
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MB cell lines, including Daoy, D458, PFSK and UW228, 
compared with in normal cerebellum. This was consistent 
with the previous studies, which demonstrated that miR-218 
functions as a tumor suppressor in MB (15).

Identification of putative miRNA targets is important for 
the understanding of the function of miRNAs. In this study, we 
identified SH3GL1 as a direct target of miR‑218 with the aid 
of bioinformatics, and demonstrated that the upregulation of 
miR‑218 markedly reduced the endogenous SH3GL1 expression 
at the transcriptional and protein levels in MB cells. SH3GL1 
has been observed to be involved in endocytosis and signal 
transduction (22,23). The epidermal growth factor receptor 
(EGFR) signaling pathway is an important pathway that regu-
lates cellular proliferation, differentiation and invasion (24). 
SH3GL1 binds to BPGAP1, which is involved in the activation 
of EGFR endocytosis and ERK1/2 signaling. In addition, over-
expression of SH3GL1 has been demonstrated to promote cell 
growth (25,26).

The reduced expression of miR‑218 in MB suggested that 
miR‑218 acted as a tumor suppressor. The overexpression of 
miR‑218 suppressed cell growth and invasion in vitro. It has 
been demonstrated that miR-218 inhibited the growth of oral 
cancer by targeting the mTOR component Rictor with the inhi-
bition of Akt phosphorylation (27). Exogenous expression of 
miR‑218 suppressed the growth of nasopharyngeal carcinoma 
by BIRC5 and suppressed cell invasion via the SLIT‑ROBO 
pathway (28). Previously, miR‑218 was observed to be down-
regulated in MB and the restoration of miR‑218 resulted in 
a marked decrease in MB cell growth, colony formation, 
migration and invasion, as well as tumor sphere size, by 
directly targeting CDK6, RICTOR and CTSB (15). However, 
miR‑218 has been determined to stimulate the Wnt pathway by 
downregulating SOST, DKK2 and SFRP2 during the process 
of osteogenesis (29), which is inconsistent with our findings. 
This inconsistency may be due to the use of different cancer 
cell lines (gastric and lung), and therefore the organ‑specific 
targets and cellular context may differ.

To further determine the effect of miR‑218 on MB, 
SH3GL1 was knocked down in PFSK and UW228 cells, 
and the proliferation was decreased, which was similar to 
the phenotype observed following miR‑218 overexpression 
in PFSK and UW228 cells. Previous studies implicated that 
SH3GL1 activated P‑ERK activity, which regulates cancer cell 
growth and migration. In the current study, overexpression of 
miR‑218 decreased the expression of P‑ERK and P‑Jun, which 
was consistent with the results of the knockdown of SH3GL1. 
Thus, this study demonstrated that miR‑218 exerted tumor 
suppressor effects in MB cells by downregulating SH3GL1. 
The mechanisms underlying SH3GL1 in carcinogenesis 
require further investigation.

In conclusion, the present study confirmed that miR‑218 
is a tumor suppressor miRNA involved in the initiation and 
progression of human MB, by affecting multiple signal path-
ways. These results also suggested that miR‑218 may provide 
therapeutic potential for the treatment of MB.
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