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MiR-218 reverses high invasiveness of glioblastoma cells
by targeting the oncogenic transcription factor LEF1
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Abstract. The invasive behavior of glioblastoma multiforme
(GBM) cells is one of the most important reasons for the
poor prognosis of this cancer. For invasion, tumor cells must
acquire an ability to digest the extracellular matrix and infil-
trate the normal tissue bordering the tumor. Preventing this by
altering effector molecules can significantly improve a patient's
prognosis. Accumulating evidence suggests that miRNAs
are involved in multiple biological functions, including cell
invasion, by altering the expression of multiple target genes.
The expression levels of miR-218 correlate with the invasive
potential of GBM cells. In this study, we found that miR-218
expression was low in glioma tissues, especially in GBM. The
data showed an inverse correlation in 60 GBM tissues between
the levels of miR-218 and MMP mRNAs (MMP-2, -7 and -9).
Additionally, ectopic expression of miR-218 suppressed the
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invasion of GBM cells whereas inhibition of miR-218 expression
enhanced the invasive ability. Numerous members of the MMP
family are downstream effectors of the Wnt/LEF1 pathway.
Target prediction databases and luciferase data showed that
LEF1 is a new direct target of miR-218. Importantly, western
blot assays demonstrated that miR-218 can reduce protein levels
of LEF1 and MMP-9. We, therefore, hypothesize that miR-218
directly targets LEF1, resulting in reduced synthesis of MMP-9.
Results suggest that miR-218 is involved in the invasive behavior
of GBM cells and by targeting LEF1 and blocking the invasive
axis, miR-218-LEF1-MMPs, it may be useful for developing
potential clinical strategies.

Introduction

GBM (WHO-grade IV) is the most malignant and frequent
brain tumor and has the worst prognosis of any cancer. Despite
advances in treatment by surgery combined with radiotherapy
or chemotherapy, patients with GBM have a mean survival of
only 14.6 months (1). Therefore, new therapeutic targets are
urgently needed. A formidable difficulty in treating GBM is
that tumor cells diffuse and infiltrate the normal peripheral
tissue, therefore it is not possible to completely dissect out and
remove the tumor. Degradation of extracellular matrix (ECM)
is the defining step in tumor cell invasion and members of the
matrix metalloproteinase family (MMPs) have crucial roles in
regulating this process (2-4). Thus, understanding and blocking
the invasive process may be an effective strategy for treating
GBM.

The recent discovery of miRNAs is a major advance.
Accumulating evidence suggests that miRNAs are involved in
multiple biological functions, including cell invasion, by altering
the expression of multiple target genes. They bind to the 3'
untranslated region (UTR) of target messenger RNAs (nRNAs)
to suppress translation or induce degradation of these mRNAs.
The roles different miRNAs play have been recently expounded
in numerous human tumors as detailed below.

Accumulated evidence shows that downregulation of
miR-218 can enhance tumor cell invasion and proliferation in
several kinds of solid tumors (5,6). In this study, we have identi-
fied that miR-218 is downregulated in GBM tissues and has a
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considerable involvement in GBM cell invasion. Ectopic expres-
sion of miR-218 can decrease the invasive ability of a GBM cell
line. Conversely, inhibiting miR-218 expression can increase
this ability. Our data shown an inverse correlation in GBM
tissue between levels of miR-218 and MMP mRNAs (MMP-2,
-7 and -9). These members of the MMP family are downstream
effectors of the Wnt pathway (7,8). Using sophisticated algo-
rithms from target prediction databases and in vitro tests, we
found that LEFI, a nuclear transducer involved in the Wnt/p3-
catenin pathway, is a candidate target of miR-218. MiR-218
regulates cell invasive ability by targeting LEF1, resulting in
reduced synthesis of MMPs. Furthermore, ectopic expression
of miR-218 can reduce protein levels of LEF1 and MMP-9 in
GBM cell line and inhibiting miR-218 expression can increase
their protein expression that was detected by western blotting.
More importantly, LEF1 siRNA can imitate the role of miR-218.
Luciferase reporter assay further confirmed the direct interac-
tion between miR-218 and the 3' UTR of LEF1 mRNA. Our
previous work has shown that MMP-9 is associated with GBM
recurrence and poor patient prognosis (9). However, the reason
for the increased expression of MMP-9 in GBM tissues remains
poorly understood.

Whts are a family of secreted glycoproteins with diverse
roles in tumor development, including regulation of cell invasion.
Wnat signaling stabilizes [3-catenin protein and directly targets
the MMP promoters (MMP-2, -9 and -7) through the LEF/TCF
complex (7,8). Additionally, our previously unpublished data,
obtained by miRNA microarray and gene expression profiling,
showed that the mRNA levels of MMP-9 and -7 were inversely
related to the expression of miR-218 in 60 GBM tissues. These
data suggest that upregulation of miR-218 can decrease MMP-7,
and-9 expression by targeting LEF1 and may be an efficient
strategy in preventing glioma cell invasion.

Materials and methods

Clinical samples. Tumor specimens (GBM) were obtained
from patients who underwent positive debulking surgery in
the Neurosurgery Department of Beijing Tiantan Hospital
from 2006 to 2009. The diagnosed gliomas were re-reviewed
in histological slides by the experiential neuropathologist
according to the 2007 WHO classification. Normal brain
tissue samples were obtained from internal decompression of
patients with cerebral injury and temporal lobe resection for
epilepsy. Tissue samples were fixed by formalin, embedded
by paraffin and tissue microarray blocks comprising a total of
38 tissue cores (4 normal, 8 low grade, 8 AA and 18 GBM) were
constructed with a tissue microarrayer (Beecher Instruments,
USA). The tissue microarrays were stored at 4°C until analysis
for IHC and FISH. The study complied with the requirements
of the local ethics committee. Individual informed consent
was obtained from all participants.

Cell lines and transfection. The human GBM cell lines U251,
U87, SNB19 and LN229, obtained from the Institute of
Biochemistry and Cell Biology, Chinese Academy of Science,
were used in this study. Cells were maintained in DMEM
containing 10% FBS, 50 U/ml penicillin G, and 250 pug/ml
streptomycin in a humidified atmosphere containing 5% CO,
at 37°C. Transfections with miR-218 were performed in serum-

LIU et al: MiR-218 SUPPRESSES INVASION OF HUMAN GLIOMAS CELLS

free medium 24 h after plating, using Lipofectamine 2000
(Invitrogen). After 6 h, cells were placed in complete medium
and maintained at 37°C in 5% CO,. The miR-218 mimic sequence
used was 5'-UUGU GCUUGAUCUA ACCAUGUAU GGUUAG
AUCAAGCACAAUU-3 Inhibitor sequence: 5'-~ACAUGGUUA
GAU CAAG CACAA-3', LEF1-1589 siRNA: 5-CAUCCCGA
GAACAUCAAAUTTAUUUGAUGUUCUCGGGAUGTT-3'
(Gima Biol Engineering Inc., Shanghai, China).

Western bloting. Cells were lysed 1% Nonidet P-40 lysis buffer
48 h following exposure to LY294002 or vehicle. Homogenates
were clarified by centrifugation at 20,000 x g for 15 min at 4°C,
and protein concentrations were determined with a bicincho-
ninic acid protein assay kit (Pierce Biotechnology). SDS-PAGE
was performed on 40 ug of protein from each sample, gels were
transfered to PVDF membranes (Millipore) and incubated with
primary antibodies detecting LEF1, MMP-9 (Cell Signaling
Technology; 1:1000 dilution), TIMP-1 (Santa Cruz; 1:1000
dilution) followed by incubation with an HRP-conjugated
secondary antibody (Zymed, San Diego, CA; 1:1000 dilution).
The specific protein was detected using a SuperSignal protein
detection kit (Pierce, USA). Membranes were stripped and
reprobed with a primary antibody against GAPDH (Santa
Cruz; 1:1000 dilution).

Immunohistochemistry (IHC) and immunofluorescence (IF).
IHC was performed on a glioma tissue array by the avidin-
biotin-complex (ABC) method as previously described (10).
Briefly, the sections were incubated with primary antibody (1:100
dilution) overnight at 4°C, then incubated with a biotinylated
secondary antibody (1:200 dilution) at room temperature for 1 h,
followed by the incubation with ABC-peroxidase reagent (1:200
dilution, Vector, USA) for an additional 1 h. After washing with
Tris-buffer, the sections were stained with DAB (3,3 diamino-
benzidine, 30 mg dissolved in 100 ml Tris-buffer containing
0.03% H,0,) for 5 min, rinsed in water and counterstained
with hematoxylin. The antibodies used in this study were those
to LEF1 and MMP-9 (Cell Signaling Technology). Negative
controls were obtained by substituting primary antibodies
with non-immune serum. The proportion of positively stained
tumor cells was graded as follows: 0, no positive tumor cells;
1, <5% positive tumor cells; 2, 5-20% positive tumor cells; and
3,>20% positive tumor cells (11,12). The intensity of staining
was recorded on a scale of O (no staining), 1 (weak staining, light
yellow), 2 (moderate staining, yellowish brown) and 3 (strong
staining, brown). The staining index was calculated as follows:
staining index = staining intensity X proportion of positively
stained tumor cells.

IF was performed on LN229 cell line as previously described
(13). Cells were incubated with LEF1 antibody (1:100 dilution) for
1 h at room temperature. TRITC-labeled secondary antibodies
were added at 1:100 dilution, and the cells were then incubated
for another 30 min. Nuclei were stained with 4,6-diamidino-
2-phenylindole (DAPI; Invitrogen).

Fluorescence in situ hybridization (FISH). FISH was subse-
quently performed on the same tissue array using a miR-218
Probe Kit (Boster Co., Wuhan, China) according to the manu-
facturer's instructions. The sequence of miR-218: 5'-ACATGGT
TAGATCAAGCACAA-3'" The expression of miR-218 in each
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spot was estimated by an epifluorescence microscope (Olympus,
Tokyo, Japan) and graded according to a previous method. In
three separate regions in each spot =100 cells was calculated.
The degree of fluorescence was determined by combining the
proportion of positively stained tumor cells and the intensity of
staining. The proportion of positively stained tumor cells was
graded as follows: 0, <5% positive tumor cells; 1,5-30% positive
tumor cells; and 2, 30-70% positive tumor cells. The intensity
of staining was recorded on a scale of O (no light), 1 (weak light),
2 (moderate light) and 3 (strong light). The staining index was
calculated as follows: staining index = staining intensity +
proportion of positively stained tumor cells.

Transwells. Transwell filters (Costar, USA) were coated with
Matrigel (3.9 pg/ul, 60-80 ul) on the upper surface of the
polycarbonic membrane (diameter 6.5 mm, pore size 8 ym).
Following 30-min incubation at 37°C, Matrigel solidified
and served as the extracellular matrix for tumor cell invasion
analysis. Harvested cells (1x10°) in 100 pl of serum-free DMEM
were added into the upper compartment of the chamber. The
experimental procedure was as previously described (13).

Scratch assay.1LN229 and U87 cells were grown in 6-well plates
with complete medium. After 90% confluence was reached, the
medium was replaced with FBS-free media for 24 h. Wound
was created by a germ-free 100 pl pipette tip in the monolayer.
The cells were washed with PBS and grown in FBS-free media
for 36 h. The wounds were observed under a phase contrast
microscope (IX81, Olympus). The images were analysed by
drawing lines at the wound edges. The width of the scratch was
measured at 0 and 36 h post-treatment. The migration distance
in the wound was calculated according to the following formula:
cell-free area at O h - cell-free area at 36 h. Experiments were
repeated thrice in duplicate with comparable results.

Quantitative real-time polymerase chain reaction (qRT-PCR).
gRT-PCR analysis of miR-218 expression in 4 GBM cell lines
was performed as previously described (14). Briefly, total RNA
from cells was extracted by TRIzol (Invitrogen) and subjected
to reverse transcription using a first-strand cDNA synthesis
kit (Invitrogen) according to the manufacturer's instructions.
The quantitative analysis of the change in expression levels
was calculated by real-time PCR machine (7500 ABI, USA).
For detection of miR-218, the TagMan MicroRNA assay kit
(Applied Biosystems) was used according to the manufacturer's
instructions. U6 was used as an internal control to normalize
variances.

Luciferase assay. Cells were seeded in 96-well plates and culture
for 24 h. The reporter plasmid was purchased from GenScript
(Jiangsu,China). The3'-UTRbindingsequence wassubclonedinto
a firefly luciferase-based reporter construct immediately down-
stream of Luc coding sequence. The luciferase reporter plasmids
containing wild or mutant 3'-UTRs of LEF1 were transfected
into cells together with miR-218 mimics, pGL3-control-wild
LEF1: 5-AAATGTAAAAGCACATGAGAAT-3'"; pGL3-
control-mutant LEF1: 5~AAAGTACGGATCCGTGAGAAT-3".
The luciferase reporter assay was carried out as previously
described. Three independent experiments were performed and
the data are presented as means + SD.
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Statistical analysis. All tests were done using SPSS Graduate
Pack 13.0 statistical software (SPSS, Chicago, IL). Descriptive
statistics including the mean + SE along with one-way ANOVAs
were used to determine significant differences. Non-parametric
test was performed in the grading system. P<0.05 was consid-
ered significant.

Results

MiR-218isdownregulatedin gliomatissues andinversely related
to MMP-9 and MMP-7 mRNA expression in GBM tissues.
Previous studies have reported that miR-218 is downregulated
in cervical cancer, lung cancer and gastric cancer (5,15,16).
Similarly, in both AA and GBM, miR-218 is also expressed at a
low level, compared to normal brain tissue; P=0.009 or P<0.01
(17,18). To identify whether the expression of miR-218 is down-
regulated in gliomas of Chinese patients, FISH was performed
using a tissue array that included 38 samples (4 normal tissues,
8 low grade, 8 grade III and 18 grade IV samples). Consistent
with previous observations, we observed that the expression
level of miR-218 was significantly decreased in glioma tissues,
especially in grade III/TV tissues (P=0.012/0.003), compared
to normal brain tissue (Fig. 1A). Interestingly, this result shows
that miR-218 expression decreases markedly from normal brain
tissue to low grade to GBM tissue (I/II VS III or IV, P=0.021
or 0.001).

For tumor cell invasion, obvious candidates for signaling
molecules are members of the MMP family and the relationship
between MMP-9 levels and GBM recurrence over a short time
period, or poor patient prognosis was reported in our previous
study (9). Our previously unpublished data, obtained by miRNA
microarray and mRNA expression profiling, showed that
mRNA expression of MMP-9 (P=0.001) and MMP-7 (P=0.002)
is inversely related to the expression of miR-218 in 60 GBM
tissues (Fig. 1B). Given the above data, we suggest that the
invasive function of miR-218 may be carried out by MMP-7 and
-9. Due to the common function of MMP-9 and -7 and the lack
of specific reagents, MMP-7 was not investigated further in this
study.

Upregulation of miR-218 inhibits GBM cell invasion and
inhibiting miR-218 expression enhanced this ability. The
role of miRNAs in tumor cell invasion has been intensively
studied in recent years. To identify the invasive function of
miR-218, four GBM cell lines (LN229, SNB19, U251 and U87)
were screened for miR-218 expression levels by qRT-PCR.
U87 cells had the highest level of miR-218 expression, while
LN229 cells had the lowest (Fig. 2A). Cells were then assayed
in a transwell invasion assay. LN229 and U87 cells transfected
with specific miR-218 mimics and inhibitor, respectively. The
processed cells were incubated in 6-well plates for 24 h and
then plated on the upper Matrigel plugs of the transwells.
The transwell assay showed that overexpression of miR-218
significantly suppressed the invasive ability of LN229 cells
by ~3-4-fold, while inhibiting miR-218 expression enhanced
this ability by ~6-fold (P<0.05) (Fig. 2C). Indeed, a similar
effect of miR-218 inhibiting cell invasion and of the miR-218
inhibitor promoting invasion were also observed in the scratch
assay (Fig. 2B). Migration ability was inhibited by ~2-fold by
overexpression of miR-218 compared to negative controls.
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This finding indicates that miR-218 can suppress the inva-
sive ability of GBM cell lines in vitro. However, whether or how
the effectors MMP-9 and MMP-7 were regulated by miR-218
remains unclear.

Mature miR-218 directly targets LEF1 and regulates MMP-9
expression. The Wnt/B-catenin/LEF1 pathway is one of the
best known signaling pathways and it correlates with tumori-
genesis, especially with tumor cell invasion and adhesion.
Increasing MMP-9 expression is associated with dysfunctions
of Wnt signaling (19); therefore, we conceived a biological
transport chain: the miR-218-intermediary molecule-MMP-9
axis. MMP-9 is a key molecule downstream of Wnt activa-
tion and is responsible for increased rates of neural stem cell
(NSC) proliferation and migration in 1% O, (19). MMP-7 is
also downstream effector in the Wnt pathway; therefore, we
hypothesized that miR-218 can regulate the expression of
MMP-9 and -7 by targeting transcription factors involved in
the Wnt pathway. Using sophisticated algorithms in miRanda
(http://www.microrna.org/), we identified LEF1 as a candidate
target of miR-218 (Fig. 3D). To validate this, we detected LEF1
protein levels in the same four cell lines and normalized these
levels to the level of GAPDH (Fig. 3A). As expected, an inverse
relationship between miR-218 and LEF1 protein was confirmed
by qRT-PCR and western blot analysis (P=0.142) (Fig. 3B).
Although the P-value was not significant due to the limited

number of cell lines, the relationship was quite clear. To explore
this functional axis: miR-218-LEF1-MMP-9, we re-expressed
miR-218 in LN229 cells by transfection of miR-218 mimics
and knocked down miR-218 in U87 cells using its inhibitor.
We then detected changes in levels of LEF1 protein. Western
blotting confirmed a 1.43-fold decrease in levels of LEF1
48 h after re-expression of miR-218 mimics in LN229 cells,
whereas significantly increased expression was observed 48 h
after transfection of miR-218 inhibitor compared to negative
controls (Fig. 3C). Consistent with the expression of LEFI,
MMP-9 expression was reduced 1.33-fold when miR-218
mimics were transfected into LN229 cells and was significantly
increased when U87 cells were transfected with miR-218
inhibitor compared to negative controls. A luciferase reporter
assay further confirmed the direct interaction between miR-218
and the 3' UTR of LEF1 mRNA (Fig. 3E). The luciferase
activity for the wild-type 3' UTR of LEF1 was significantly
inhibited by co-transfection with miR-218 mimics compared to
constructs containing mutated 3' UTRs (LN229, P=0.000; U87,
P=0.000). This experiment demonstrated that LEF1 is a direct
target of miR-218.

In addition, we also detected the protein levels of the tissue
inhibitor of metalloproteinase-1 (TIMP-1, an endogenous inhib-
itor of MMP-9) (20) and found no marked difference between
either TIMP-1 and miR-218 or TIMP-1 and LEF1. These data
suggest that miR-218 plays a critical role in GBM cell inva-
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Figure 4. The inverse relationship between miR-218 and the protein levels of LEF1 and MMP-9 in the 37 tissues, and MiR-218 downregulation of LEF1 protein
in LN229 cells. (A) Immunohistochemistry to detect the protein levels of LEF1 and MMP-9 in 33 different grade glioma tissues and 4 normal brain tissues.
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TRITC labeled ant-LEF1 (red) and nuclei were stained with DAPI (blue). The LEF1 protein signals are indicated by the red arrows.

sion by directly targeting and downregulating LEF1, thereby
decreasing MMP-9 expression, but not through TIMP-1.

The protein levels of LEFI and MMP-9 are low and inversely
related to miR-218 expression in glioma tissues and miR-218
targets LEFI mRNA resulting in downregulating LEF1 protein
in LN229 cells. Biological functions are ultimately carried out by
a diversity of functional proteins in vivo. Therefore, we detected
LEF1 and MM-9 protein levels in the aforementioned 38 tissues,
including one GBM tissue which was damaged during antigen
retrieval, by IHC. Both proteins were at high levels in high
grade gliomas and at low levels in low grade gliomas or normal
brain tissue (Fig. 4A). The degree of staining was graded by a
previously described scoring system. The inverse relationship
between miR-218 and LEF1 (P=0.021) or MMP-9 (P=0.015)

was confirmed in these tissues by IHC and FISH (Fig. 4B).
Additionally, immune fluorescence was performed using the
highest expression cell lines of LEF1 protein, LN229. The signal
intensity of LEF1 was markedly decreased when miR-218 was
transfected into LN229 cells (Fig. 4C). As a result, the biological
transport axis, miR-218-LEF1-MMP-9, was demonstrated in the
invasive pathway.

LEF1 siRNA can imitate the role of miR-218 in U87. To further
verify this axis, LEF1 siRNA was constructed to imitate the
functions of miR-218. It was co-transfected into U87 cells with
the miR-218 inhibitor. As expected, the upregulation of MMP-9
protein due to knockdown of miR-218 was significantly reduced
by the specific LEF1 siRNA (Fig. 5A). This result was corrobo-
rated using the transwell invasion assay. The enhanced invasive
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Figure 5. LEF1 siRNA can imitate the role of miR-218 in U87 cells. (B) The recovery assay was conducted using LEF1 siRNA. In the U87 cell line, LEF1
siRNA decreased the miR-218 inhibitor-induced increase in LEF1 and MMP-9 protein levels and rescued miR-218 inhibitor-induced enhanced invasive ability.

ability of miR-218 inhibitor-transfected U87 cells declined
~4-fold when LEF1 siRNA was co-transfected with miR-218
inhibitor (Fig. 5B).

Discussion

GBM is the most common malignant neoplasm of the human
brain. Despite advances in treatment strategies in recent years,
surgery plus radiotherapy or chemotherapy, which has been
used for decades, is still commonly prescribed. Combined
treatment of radiotherapy plus temozolomide resulted in a
slight survival rate improvement from 12.1 to 14.6 months (1).
The search for new treatment methods is an urgent clinical
challenge for neuroscientists. Recurrence is the most difficult
problem in the treatment of GBM. Diffuse infiltration of normal
peripheral tissue is a major obstacle to deciding the extent of
resection. Therefore, inhibiting tumor cell invasion by blocking
the invasive pathway may be beneficial in treating GBM.
There are several signaling pathways that contribute to GBM
pathogenesis. The AKT pathway contributes to tumor cell
proliferation and apoptosis (21), the NF-kB pathway is involved
in cell survival, inflammation and immune regulation, while the
MAPK/ERK pathway is involved in growth and differentiation.
The Notch, Toll-like receptor and TGF-f signaling pathways
also play roles. All these pathways interact to form a biological
network regulating a variety of biological behavior participating
in tumorigenesis. Stepwise accumulation of genetic alterations
in these pathways results in tumor development. Recent reports
show that aberrant expression of miRNAs contributes to many
human tumors: miR-199a/b-3p in hepatocellular carcinoma
(22), miR-301 in breast cancer (23), miR-99 family in prostate
cancer (24), miR-200a in meningiomas (25) and miR-21 in
glioblastoma (26). MiRNAs are endogenous non-coding RNAs
that bind to the 3' UTR of target mRNAsS to suppress translation
or induce mRNA degradation. These miRNAs can regulate
multiple signaling molecules belonging to different signaling
pathways.

In this study, we found that miR-218 can directly target LEF1
to regulate MMP-9 expression in the Wnt pathway. Published
reports and our previous studies have demonstrated that the Wnt
signaling pathway significantly correlated with the invasion and
proliferation of tumor cells (27). Wnts are a family of secreted
glycoproteins that signal by binding the Frizzled family of recep-
tors. This activates the modular protein disheveled, resulting
in the accumulation of cytosolic P-catenin and subsequent
formation of the (-catenin/ LEF1 complex in the nucleus. This
DNA binding complex activates a large number of downstream
target genes (including MMP-7, 9, Axin-2, cyclin D1 and Myc)
(28,29) causing invasion, migration, adhesion and proliferation.
Dysregulation of Wnt/B-catenin signaling was identified for the
initiation of colorectal cancer development (30), but its involve-
ment in gliomas it is not currently clear. LEF-1, a member of
the LEF1/TCF transcription factor family involved in the Wnt
pathway, is a DNA binding transcription factor that functions
by recruiting B-catenin to Wnt target genes for regulation. It
has recently been reported that levels of LEF1 are markedly
correlated with tumor cell invasion and patient prognosis (31-34).
Certain members of the MMP family (MMP-2, -7, -9 and -26)
have been identified as downstream target-genes of the LEF1/
TCF complex. Moreover, in silico analysis revealed 4 putative
LEF1/TCF binding sites in the MMP-9 proximal promoter (8).

MiR-218 is significantly downregulated and plays a critical
role in the progression of many human cancers as a tumor
suppressor (5,6,15). The expression of miR-218 is also down-
regulated in gliomas but is specifically expressed or greatly
enriched in normal brain tissue (35). We found a significant
inverse relationship between miR-218 expression and expres-
sion of some members of the MMP family, including MMP-2,
-7 and -9 in 60 GBM tissues. A single miRNA can target
multiple transcripts, named a ‘targetome’, to regulate gene
expression (36). ROBO1, BIRCS and GJA1 in the SLIT-ROBO
pathway (6), and ECOP and IKK-f in the NF-xB pathway (37)
were identified as direct targets of miR-218 in the regulation of
cell proliferation and invasion. In this study, LEF1 was identi-
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fied as an important new target of miR-218 in the conventional
prediction website (http://www.microrna.org). We detected the
expression levels of miR-218, LEF1 and MMP-9 in 38 tissues,
consisting of normal brain tissue, low and high grade glioma
tissues by FISH and IHC and found the expression of miR-218
was always inverse to that of LEF1 (P=0.021) and MMP-9
proteins (P=0.015). Importantly, the LEF1 and MMP-9 protein
levels were significantly decreased 48 h after transfection of
miR-218 mimics in LN229 cells, whereas it was increased
after transfection of miR-218 inhibitor. Therefore, we suggest
that miR-218 can regulate the expression of MMPs by directly
targeting LEF1. The interaction between miR-218 and LEF1
mRNA was confirmed by luciferase assays. Transwell assays
and scratch tests showed that upregulation of miR-218 signifi-
cantly suppressed the invasive ability of LN229 cells in vitro,
while inhibiting miR-218 expression enhanced this ability.
Moreover, LEF1 siRNA can rescue the invasive ability of the
cells that was enhanced by exogenous expression of miR-218
inhibitor. Therefore, we suggest that miR-218 can suppress
invasion by targeting LEF1 and indirectly regulating MMP-9
expression.

For the treatment of GBM, inhibiting any element of the miR-
218-LEF1-MMPs axis would be an effective strategy and would
extend the recurrence periods. For example, the MMP inhibitor,
a lipoic acid, blocked T cell migration into the spinal cord (38).
In addition, RNA interference (RNAI) strategies include the
use of small interfering RNAs (siRNAs) and miRNAs have the
potential to selectively inhibit gene expression by blocking the
translation of target mRNAs. They have been used as genetic
tools in higher eukaryotes, and are one of the most promising
therapeutic modalities for the future. However, delivering these
RNAs to specific cells presents a significant challenge that
requires traversing the circulatory system while avoiding kidney
filtration, degradation by endonucleases, aggregation with
serum proteins, and uptake by phagocytes (39). Dose-dependent
toxicity has not been definitively determined in mammals.
Grimm et al reported fatal side effects from abundant RNAi
expression in the liver of adult mice (40). Moreover, non-specific
delivery may cause side effects, including the activation of
immune responses. The safety of the transfection reagent and
the long-term efficacy need to be further explored.

The upstream steps of miRNA expression should be
discussed here. By analysis of the Sanger miR database, Alajez
et al found that miR-218 primary transcripts (hsa-miR-218-1
and hsa-miR-218-2) were embedded in the intronic regions of
SLIT2 (4p15.31) and SLIT3 (5q35.1), respectively (6). They
detected that miR-218 expression is increased concordant with
SLIT2 and SLIT3 expression when cells were treated with the
demethylation drug, 5-Aza-2-deoxycytidine. Narayan et al iden-
tified a high frequency of promoter hypermethylation in SLIT1,
SLIT2 and SLIT3 in cervical cancer tumors (41). Thus it can be
seen that downregulation of miR-218 results from SLIT gene
promoter hypermethylation. A new therapeutic protocol for the
treatment of GBM may be to test available demethylation drugs.
However, to determine whether these genes are hypermethyl-
ated in gliomas require further research.

In conclusion, our previous experiments and this study show
that miR-218 is also correlated with GBM cell proliferation;
however, we have not extended these studies further because
of the lack of specific reagents. We have demonstrated for the
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first time the existence of the miR-218-LEF1-MMPs axis and
that it is involved in GBM cell invasion. MiR-218 binds to the 3'
UTR of LEF1, reducing the binding of LEF1 to the promoter of
MMP-9, resulting in decreased expression of MMP-9 protein.
Inhibiting any element of this axis may be an effective thera-
peutic strategy.
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