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Abstract

Aberrant activation of hedgehog (Hh) signaling pathway plays an important role in the develop-
ment and proliferation of glioblastoma (GBM) cells. However, its mechanism remains unknown.
MicroRNAs (miRNAs) are short non-coding RNA molecules which are involved in the
post-transcriptional regulation of genes, and enrolled in signaling transduction network in tumors.
This study was designed to investigate the role of miRNAs targeting the Hh signaling pathway in
GBMs. According to the expression level of Glil mMRNA measured by real time PCR, GBM samples
were assigned to Glil high or low expression group. MiRNA microarray was applied to screen the
dysregulated miRNA. As a result, 17 miRNAs were differentially expressed between Glil high
expression and low expression groups (p < 0.005). Thirteen miRNAs including miR-125b-1 were
downregulated, while only 4 miRNAs including miR-144 were upregulated in Glil high expression
group. In summary, our study presents a subset of miRNAs which target the Hh signaling pathway

in GBMs, and throws some light on the aberrant activation mechanism.
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Introduction

Glioblastoma (GBM) is the most common pri-
mary brain tumor in adults, with an incidence rate
about 0.0355%o per year [1]. GBM is characterized by
remarkable biological heterogeneity, active prolifera-
tion and invasion, and poor outcome. Despite current
advances in multimodal therapies, such as surgery,
radiotherapy and chemotherapy, the outcome of GBM
patients remain unsatisfied [2], which may be par-
tially due to the incomplete understanding of the
multiple mechanisms of tumors.

Since the discovery of the Drosophila Hedgehog
(Hh) [3] in 1980, Hh signaling pathway has been
found to play multiple roles in tumorigenesis, devel-
opment and homeostasis [4-7]. Hh signaling pathway
is critical for embryonic patterning and development
in the central nervous system (CNS) [6, 8]. Recent data
have shown that Hh signaling pathway is involved in

the initiation and maintenance of GBM [9-12]. Aber-
rant activation of the Hh signaling pathway may re-
sult in tumorigenesis of human cancer, and also play
an important role in proliferation of neoplastic cells
[13, 14]. While inactivation of the Hh signaling path-
way leads to depletion of stem cell capacity in glio-
blastoma [15, 16]. Experiments have indicated that
overexpression of Glil in the CNS of tadpole’s leads
to tumor formation [17]. Such aberrant activation is
often resulted from the mutation of PTCH1 (as in
BCCs (basal cell carcinoma), familial Gorlin’s or basal
cell nevus syndrome), SMO or even other components
of the pathway, such as suppressor of fused (Sufu)
[14, 18]). However, the PTCH1 mutation has not been
reported in GBMs so far.

Although an important effect on the pathway
deregulation has been demonstrated for various tu-
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mors, they do not account for all types of activation.
More specifically, translational control of Hh pathway
components and its deregulation in GBMs have not
been systematically investigated yet.

Recently, microRNAs (miRNAs) have been im-
plicated in tumor formation [19] as well as in the con-
trol of neural cell development [20]. MiRNAs are a
class of small non-coding single-stranded RNAs that
regulate a wide spectrum of gene expression by
binding to the 3’ untranslated regions (3"UTRs) of
target mRNAs, resulting in their translational inhibi-
tion or degradation [21]. Recent studies have identi-
fied dysregulation of specific miRNAs in malignant
gliomas [22]. These observations suggest the potential
involvement of misregulated miRNAs in the malig-
nant transformation. However, little is known about
the miRNA-mediated specific targeting of develop-
mental pathways (i.e. Hh) involved in tumor for-
mation.

In this study, a high-throughput miRNA micro-
array screening of miRNA expression in subsets of
human GBMs allowed us to identify the specific
miRNAs involved in the regulation of the Hh path-
way: 13 miRNAs were down-regulated, and 4 miR-
NAs were up-regulated.

Materials and Methods

Human samples

Twelve human primary glioblastoma specimens
were collected during surgical resection in our de-
partment. Human GBMs were divided into two sub-
sets: Glil high expression group that exhibited Glil
levels significantly exceeding the average adult cere-
bella and Glil low expression group that presented
levels in the normal range or below.

RNA isolation

Total RNA was isolated using TRIzol (Invitro-
gen) and miRNeasy mini kit (QIAGEN) according to
manufacturer’s instructions, which efficiently recov-
ered all RNA species, including miRNAs. RNA qual-
ity and quantity was measured by using nanodrop
spectrophotometer (ND-1000, Nanodrop Technolo-
gies) and RNA Integrity was determined by gel elec-
trophoresis.

cDNA synthesis and real-time PCR

cDNA synthesis was performed using the Gene
Amp PCR System 9700 (Applied Biosystems) accord-
ing to the manufacturer’s instructions. Quantitative
real time PCR analysis of Glil and GAPDH mRNA
expression was analyzed on Rotor-Gene 3000 real
time PCR system (Corbett Research) according to the
manufacturer’s instructions. Each amplification reac-
tion was performed in triplicate. The average of the

three threshold cycles was used to calculate the
amount of transcripts in the sample (SDS software,
ABI). mRNA quantification was expressed, in arbi-
trary units, as the ratio of the sample quantity to the
calibrator or to the mean values of control samples.
All values were normalized to the endogenous control
GAPDH.

miRNA microarray

The 6th generation of miRCURY LNA Array
(v.16.0) (Exigon) contains more than 1891 capture
probes, covering all human, mouse and rat mi-
croRNAs annotated in miRBase 16.0, as well as all
viral microRNAs related to these species. In addition,
this array contains capture probes for 66 new miRPlus
human microRNAs. After RNA isolation from the
samples, the microarray labeling and array hybridi-
zation procedure were performed according to the
manufacturer’s instructions. Following hybridization,
the slides were achieved, and finally dried by cen-
trifugation. Then the slides were scanned using the
Axon GenePix 4000B microarray scanner (Axon In-
struments, Foster City, CA).

Cell cultures and viable cell number counting

A172 glioma cells were cultured in MEM me-
dium (Gibco, CA), with 20% fetal bovine serum at
37°C in an atmosphere of 5% CO2, and the media were
replaced routinely. miRNA mimics were transfected
into the A172 glioma cells using lipofectamine (Invi-
trogen, USA) according to the manufacturer's proto-
col. The relative viable cell numbers were measured
by the MTT assay 24, 48, 72 and 96 hours after trans-
fection, according to the manufacturer's protocol. And
the relative viable cell numbers were measured as the
ratio according to the cell numbers at the 24h time
point.

Western blot assay

Forty-eight hours after transfection, cells were
harvested and lysed in a solution containing Tris-HCI
pH 7.6, 50mM deoxycholic acid, sodium salt 1%, NaCl
150mM, NP40 1%, EDTA 5mM, NaF 100mM and
protease inhibitors. Lysates were separated on
SDS-PAGE and immunoblotted using standard pro-
cedures. Anti-Glil (Santa Cruz Biotechnology), an-
ti-actin ~ (Santa  Cruz  Biotechnology) and
HRP-conjugated secondary antisera (Santa CruzBi-
otechnology) were used. Bands were visualized by
EZ-ECL detection reagents.

Data analysis

Scanned images were then imported into Gene-
Pix Pro 6.0 software (Axon) for grid alignment and
data extraction. Replicated miRNAs were averaged
and the miRNAs with intensities >= 50 in all samples
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were chosen for calculating normalization factor. Ex-
pressed data were normalized using the median
normalization. After normalization, significant dif-
ferentially expressed miRNAs were identified
through Volcano Plot filtering. Hierarchical clustering
was performed using MEV software (v4.6, TIGR).

Results and Discussion

It is noted that most GBMs have an activated
functional Hh pathway [9, 11]. Hh signaling pathway
is triggered by the binding of the Hh extracellular
proteins to the 12-pass transmembrane protein
Patched receptor (Ptch), which normally inhibits the
activity of 7-pass transmembrane protein Smoothened
(Smo). Relieving inhibitory activity upon the Smo
inside the cell, in turn activates the Hh signal pathway
by a complex of proteins through intricate mecha-
nisms, leading to the action of the zinc-finger Gli
transcription factors. Glil is the most important factor
among the three Gli factors, namely Glil, Gli2, Gli3,
though it is originally identified as an amplified gene
in a human glioma line [23]. Glil is both the down-
stream effector and target gene of the pathway
[24-26]. Moreover, Glil is a sensitive read-out of the
Hh pathway activity.

The expression of Glil mRNA was analyzed us-
ing RT-PCR in a series of human primary GBMs. After
normalized to the GAPDH expression as endogenous
control, the Glil mRNA expression was measured. As
a result, a subset of them, 7 out of 12 samples (58%)
displayed higher levels of Glil, while the rest 5 of the
12 GBMs were considered with low Glil activity,
which was consistent with our previous study. The 12
GBMs were then divided into Glil high expression
group and low expression group (Figure 1).
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Figure 1. Relative Glil expression in glioblastoma tissues( each plot

represent one tissue ).

Previous studies have showed that Hh signaling
pathway is highly related to the tumor genesis and
proliferation. PTCH1 and SMO mutation were
thought to be the likely mechanism in a set of tumors,
including MB (medulloblastoma), BBC [14, 18], but its
role remains unclear in GBMs. Recent studies have
revealed that miRNAs are crucial post-transcriptional
regulators of gene expression and control of cell dif-
ferentiation and proliferation. More and more miR-
NAs were found to be related to the genesis and pro-
liferation of GBMs [27]. However, little is known
about their targeting of Hh signaling pathway in
GBMs.

To investigate whether the expression of miR-
NAs varies with the functional status of Hh signaling
pathway in GBMs, we carried out a microarray anal-
ysis using a microarray chip able to examine the
global expression levels of 1891 probe miRNAs. Each
probe has four repeat spots on the microarray. By this
method, we analyzed 10 cases of primary GBM
specimens, 5 cases for each group. Following assay
optimization, the expression of miRNAs in GBM
samples was compared between Glil high expression
and low expression groups. Seventeen miRNAs were
differentially expressed between the two groups (p <
0.005, the fold change cutoff value is 1.5). Thirteen
miRNAs  including miR-125b-1 were found
down-regulated in GLI1 high-expression tumors, and
miR-125b-1 showed the highest fold change of 1.7 to
25. Only 4 miRNAs including miR-144 were
up-regulated, among them miR-144 is the upmost
differentially expressed miRNA with 2.3 fold change.
(see Figure 2, Figure 3 and Table 1)

Though the microRNA microarray has its own
internal control, RT-PCR of miRNAs were carried out
to test the validity of the miRNA array results. Real
time RT-PCR demonstrated that miR-144 expression
was up-regulated in Glil high GBMs, and miR-125b-1
was down-regulated. The result was consistent with
that of miRNA microarray.

Next, we investigated whether these miRNAs
mediated regulation of Hh pathway also leads to
regulation in cell proliferation. We first transfected the
ectopic expression of miR-125b-1 and miR-144 into
A172 glioma cells. Notably, we observed that ectopic
expression of miR-144 led to an increase of viable cell
numbers in A172 glioma cell, while ectopic expression
of miR-125b-1 showed a slight decrease effect only at
the 96h time point (Figure 4A). Western blot was
performed 48h after the transfection, to test the Glil
expression. There was no significant difference be-
tween Glil expression before and 48h after
miR-125b-1 mimic transfection, consistent with the
result of viable cell numbers at the 48h time point,
suggesting that the miR-125b-1 effect in A172 glioma
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cells might not be dominant. However, overexpres-
sion of miR-144 led to an increase of Glil expression
(Figure 3B). As the expression of miR-125b-1 and
miR-144 were regulated in human glioblastomas to-

gether with different levels of Hh signaling, we hy-
pothesized that these miRNAs may be responsible for
the the regulation of Hh activity and the consequent
cell proliferation.

Table 1. List of miRNAs differential expression of miRNAs in Glil high versus Glil low GBMs.

Up regulated miR-144, miR-409-3p, miR-518c*, miR-518e*

Down regulated let-7b, let-7i, miR-125b-1, miR-145%, miR-196a*, miR-374b*, miR-421, miR-513a-3p,
miR-887, miR-3133, miR-3609, miR-3647-5p, miR-3647-3p

3617-3p

I
GLlil-low

I
Glil-high

Figure 2. Heat map clustering of differential expression of miRNAs in Glil high versus Glil low GBMs. (Red indicates high relative expression, and green

indicates low relative expression).
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Figure 3. Differential expression of miRNAs in Glil high versus Glil low GBMs which passed Volcano Plot. (Fold change 1.5, p<0.005) (the Red spots
represents the target miRNAs).
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Figure 4. Ectopic overexpression of miR-125b-1 and miR-144 in A172 glioma cells. A. Relative viable cell numbers in A172 cells after transfection with
miR-125b-1 or miR-144 or miRNA mimic negative control(ctr). B. Western blot analysis of Glil (upper panel) or B-actin (bottom panel) protein levels in
A172 cells 48 h after transfection with miR-125b-1 or miR-144 or compared with scrambled control (ctr).

Extensive modulation of miRNAs in GBMs was
firstly studied by Ciafre in 2005, using microarray to
examine the global expression levels of 245 miRNAs
in GBMs. They found that miRNAs could be divided
into groups, depending on their differential expres-
sion, representing some of the molecular markers of
GBMs [28]. That is, a selected group of miRNAs can
be exploited to disclose distinct patterns of expression
likely reflecting some of the mechanisms involved in
GBM tumorigenesis or more widely in the
de-differentiation process often characterizing tumor
growth. The miR-181 family, miR-181a, b, and ¢, were
generally under expressed according to Ciafre study,
which later were confirmed by Shi [29], and miR181a
was negatively correlated with glioma grading. Fur-
thermore, transfection of miR-181a and miR-181b in-
hibited the tumor proliferation, invasion, and trig-
gered apoptosis. Similarly, most of the altered miR-
NAs discovered by Ciafre were confirmed by other
experiments and their mechanisms were revealed.
However, more than 1000 miRNAs were discovered
in human cells until recently, many other miRNAs
were also found to be related to some characteristics
of GBMs beyond Ciafre’s results, such as miR-129,
miR-139, miR-124, miR-137, miR-7, etc. (summarized
in Novakova’s review [30]).

In most studies, GBMs were directly compared
to the normal tissue or cell lines. It is easy to find the
unique features of GBMs. But the disadvantage is
apparent, for GBMs have multiple genetic mecha-
nisms, and GBMs per se may be different in many
specific aspects. Many signaling pathways are be-
lieved to be crucial to GBMs, including EGFR, Wnt,
Hh and Notch pathways [31]. Moreover, many
miRNAs were found to be targeted in the above sig-

naling pathway. But, little was known about the rela-
tionship between miRNA and Hh pathway in GBMs,
let alone the systematic investigation. So, this study
was conducted to explore the specific miRNAs tar-
geting the Hh pathway in GBMs.

Notably, this result dramatically differed from
Ciafre’s report. In our study, with the help of 1891
probe miRNAs, we found some miRNAs for the first
time, which may be the biomarkers of a subset of
GBMs. Our microarray analysis detected a significant
change of 17 miRNAs including miR-144, miR-125b-1,
and miR-421. The 17 miRNAs may be the specific
miRNAs which target the Hh pathway in GBMs.
Among these miRNAs, miR-125b has been reported
as a suppressor of Hh signal pathway in medullo-
blastomas (MBs). The lowest expression of miR-125b
was observed in Glil high-expression MBs, while
over-expression of miR-125b targeted the activator
components of the Hh signaling pathway (Smo). Be-
sides, the authors pointed out that miR-125b, miR-326
together with miR-324-5p targeted the main compo-
nent of Hh signaling pathway, suggesting that several
miRNAs may be required to efficiently impair the
oncogenic potential of the Hh pathway [32]. There-
fore, our results, though not precise, may be a good
choice for further screening of the miRNAs which
activate the Hh signaling pathway in GBMs.

Although we described a subset of miRNAs
which may control the Hh pathway in GBMs, we had
not found the specific miRNAs associated with the
tumorigenesis in GBMs. In further study, we plan to
regulate the expression of miRNAs to confirm the
combination of miRNAs and its targets in Hh signal-
ing pathway components.

In conclusion, a subset of miRNAs related to the
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aberrant activation of Hh signaling pathway are
identified in GBMs by using the microarray chip.
Additional studies are needed to experimentally
characterize the altered miRNAs and their target
mRNA in Hh signaling pathway.
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