
Abstract. The hedgehog (Hh) transcription factor Gli
induces transformation of epithelial cells via induction of
Snail, a repressor of E-cadherin. Epithelial-mesenchymal
transition is also a determinant of the progression of tumori-
genesis, following down-regulation of E-cadherin. However,
the role of Hh signaling components and Snail/E-cadherin in
brain tumors is not yet fully understood. We analyzed the
expression of Hh signaling components and Snail/E-cadherin
in 69 brain tumors by reverse transcription-polymerase chain
reaction (RT-PCR). The data showed that overexpression of
Smo (35/69), Ptch (50/69), Gli1 (56/69), Gli2 (29/69) and
N-myc (39/69) might contribute to brain tumorigenesis. Our
results also indicated that Snail and E-cadherin showed
opposing expression in malignant tumors (high grade astro-
cytoma and metastasis). Snail and E-cadherin showed less
correlation in benign brain tumors. We further investigated
mutations of Gli2 and Snail by RT-PCR and direct sequencing.
No mutation was observed on Gli2 but several sporadic muta-
tions on Snail were found, including S96G, S111L, S111L/
S119Y and one nonsense mutation at codon 158 (Y158*). An
in vitro E-cadherin promoter assay showed that S96G,
S111L, S111L/S119Y Snail mutants were decreased by 15,

25 and 50%, respectively, whereas Y158* was increased by
40% compared to wild-type. Furthermore, our data showed
that wild-type Snail and S96G, S111L, S111L/S119Y trans-
located to the nucleus, while the Y158* mutant failed to
translocate to the nucleus. Taken together, our results
demonstrate that Hh signaling components, the expression
and mutations of Snail and the expression of E-cadherin may
play an important role in human brain tumorigenesis.

Introduction

The development of brain tumors such as medulloblastomas,
neuroblastomas, ganglioneuromas and meningiomas differs
with age and tissue location. Astrocytomas and glioblastomas
are more often found in people over 35 years old. Astro-
cytomas and neuroblastoma are differentiated from neuroepi-
thelial cells and malignant cells tend to occur at different
ages (1,2).

In our previous studies, we examined the differential
expression of Wnt genes, downstream effector ß-catenin,
transcriptional factor Tcf-4, E-cadherin and cell-cell adhesion
molecules; and screened for ß-catenin and Tcf-4 mutations in
human brain tumors (3-5). These previous data suggested
that mutations in ß-catenin, E-cadherin, Tcf-4 isoforms and
Wnt signaling genes might be involved in brain tumorigenesis.
Recent evidence implying a pathological role for the Wnt and
Hh pathways has emerged from studies showing that high
frequency of specific human cancers share several related
components, for example GSK3ß. Misregulation of the com-
ponents in the Hh signaling pathway may lead to cancer in
different tissues, for example, basal cell carcinoma (BCC) of
the skin and medulloblastoma (6,7).

The hedgehog (Hh) gene was originally identified in flies,
where it is first required for patterning of the early embryo
(7,8). In mammals, the Hh family consists of three different
members, Sonic hedgehog (Shh), Indian hedgehog (Ihh) and
Desert hedgehog (Dhh) (9). Shh is the most broadly expressed
member and is involved in the patterning and growth of a
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large variety of organs, including the brain, skin, lung, prostate,
gastrointestinal tract and skeletal system (10). Hh proteins,
by binding to the Patched (Ptc) receptor, release Ptc inhibition
of Smoothened (Smo), a membrane protein related to G
protein-coupled receptors, which then regulates a protein
complex that includs Cos2, Fu and Su(Fu) in Drosophila
(11), and then transduces a signal for activation and nuclear
translocation of a family of transcriptional factors, Cubitus
interruptus (Ci) in Drosophila and Glis (Gli1, Gli2 and Gli3)
in vertebrate Gli genes. A highly conserved DNA binding
domain of Gli proteins comprises 5 zinc finger domains of
the C2-H2 class and all Gli proteins were shown to bind to
the consensus sequence GACCACCCA (12). In addition, Gli
proteins contain a C-terminal transactivation domain, but only
Gli2 and Gli3 were shown to have an N-terminal repression
domain. Evidence suggests that Gli1 and Gli2 represent the
main activators of Hh-target genes, while Gli3 acts mainly
as a repressor (13-15). In the absence of Hh, Smo is localized
mostly in vesicles (16) and Ci is phosphorylated by protein
kinase A (PKA) at multiple sites, which prime additional
phosphorylation at interspersed sites by the GSK3ß homologue
shaggy and casein kinase-I (17,18). Hyperphosphorylated Ci
is targeted for proteasomal degradation to generate a repressor
form. During pathway activation, Smo is enriched at the
plasma membrane, and Ci phosphorylation is prevented,
leading to stabilization and nuclear translocation of full-length
Ci (8,19). A similar phosphorylation pattern also found in
Gli2/3 (15). In addition, N-myc acts downstream of Shh/Smo
signaling during GNP proliferation. N-myc is required for
medulloblastoma genesis even in the presence of constitu-
tively active signaling from the Shh pathway (20). Constitutive
activation of the Hh/Gli signaling cascade has recently been
implicated in the growth of a number of human malignancies
ranging from semi-malignant tumors of the skin to highly
aggressive cancers of the brain, lung, pancreas and prostate
(3). The role of the Hh pathway in the pathogenesis of other
brain tumors is still unknown.

Snail displays ß-catenin-like canonical motifs that support
its GSK3ß-dependent phosphorylation, ß-TrCP-directed
ubiquitination, and proteasomal degradation. Accordingly,
Wnt signaling inhibits Snail phosphorylation and consequently
increases Snail protein levels and activity while driving an
in vivo epithelial-mesenchymal transition that is suppressed
following Snail knockdown (21). E-cadherin is a type I
integral membrane protein that localizes to adhere junctions
and mediates Ca++-dependent cell-cell adhesion. The C
terminus of E-cadherin is linked to ·-catenin and the actin
cytoskeleton through association with ß-catenin (22-25).

Epithelial-mesenchymal transition (EMT), a normal
developmental process, is known to play a crucial role in
tumor progression. Molecules involved in this process, such
as the E-cadherin repressor Snail, facilitate migration and
invasion of carcinoma cells. A growing number of studies
address the expression of Snail in clinical samples (26). A
hallmark for EMT is the loss of E-cadherin, a cell adhesion
molecule and invasion suppressor. Down-regulation of E-
cadherin can arise among other mechanisms through trans-
criptional repression. Several EMT regulators have been
identified as E-cadherin repressors, including the zinc finger
transcription factor Snail (27-29). Importantly, Snail not only

induces invasion but also blocks the cell cycle and confers
resistance to cell death (30-32). Endogenous Snail protein is
present in invasive mouse and human carcinoma cell lines
and tumors in which E-cadherin expression has been lost.
Furthermore, the transcription factor Snail controls EMT by
repressing E-cadherin expression (28,30).

The cross-talk of hedgehog and Snail/E-cadherin regulated
by GSK3ß remains unclear. Understanding the interplay of
the hedgehog signaling pathway and Snail-E-cadherin axis in
human brain tumors will help elucidate the protein-linkage
map among Snail/E-cadherin, transcriptional factors (Gli,
Snail) and kinase (GSK3ß). This will certainly provide a
better understanding of brain tumorigenesis and contribute to
brain cancer therapy. In the present study, we first examined
the differential expression of Hh signaling pathway com-
ponents (Shh, Ptch, Smo, Gli, N-myc) and Snail/E-cadherin
in brain tumors. Next, we analyzed the mutation sites of the
transcriptional factor Gli and Snail, which are regulated by
GSK3ß.

Materials and methods

Tissue collection. Brain tumor samples were obtained from
patients during surgery or biopsy from KMUH and patients
following provision of informed consent according to the
Ethics Committee guidelines of Kaohsiung Medical University,
Taiwan. Tumors were classified according to Kleihues et al
(2). Tissue samples were collected fresh at the time of surgery,
snap frozen in liquid nitrogen and kept frozen at -135˚C.

RNA extraction and cDNA synthesis. Total RNA was prepared
from tissue samples and cultured cells using the acidic
guanidine isothiosulfate phenol-chloroform technique followed
by DNase I treatment (Promega Corp., Madison, WI). Total
RNA (2 μg) from each sample was reverse transcribed in a
total volume of 22 μl using Superscript II reverse trans-
criptase (Promega) according to the manufacturer's protocol.
A negative control without reverse transcriptase was included
in each cDNA synthesis.

PCR amplification of cDNA from tissue. Polymerase chain
reaction (PCR) was performed in reaction buffer [100 mM
Tris-HCl (pH 8.3), 500 mM KCl] containing 1.5 mM MgCl2,
2 mM dithiothreitol, 2 μl cDNA from the above reverse
transcription (RT) reaction mix, 2.5 units Taq DNA poly-
merase (Boehringer Corp., Mannheim, Germany), 200 μM of
each dNTP (Promega), and 1 μM of appropriate sense and
antisense primers (Table I) in a reaction volume of 50 μl.
Amplification was carried out in a 9600 Perkin-Elmer thermal
cycler (Perkin-Elmer,) using the following protocol: 90 sec
denaturation at 95˚C, 90 sec annealing at appropriate tempera-
ture, and 90 sec extension at 72˚C for 25-35 cycles. Products
were run on a 1.5% (w/v) agarose gel prepared with Tris/Boric
acid/EDTA (TBE) buffer, stained with 15 μg/ml ethidium
bromide and visualized under UV transillumination. Positive
control ß-actin primers were also tested on every sample to
ensure that the samples were PCR-amplifiable. Negative
controls without reverse transcriptase and without RNA were
also included for each set of primers. For each set of primers,
preliminary experiments were used to establish the appropriate
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cycle number to ensure that each PCR reaction was within
the linear phase of amplification. Normal brain tissue cDNA
was purchased from Clontech (Human MTC Panel I) for
comparison.

DNA sequencing. The brain tumor cDNA was screened for
Snail and Gli2 mutants by PCR-direct sequencing. The
nucleotide sequencing was performed by the dideoxy method
(Sequenase, USB) or ABI PRISM 310 Genetic Analyzer
(Perkin-Elmer).

Site-directed mutagenesis. All the mutations used in this study,
the Snail S96G, S111L, S111L/S119Y and nonsense mutation
at codon 158 (Y158*) mutant, were introduced by the PCR-
based QuickChange method (Stratagene). Briefly, the mis-
matched oligonucleotides were used to construct mutants.
Site-directed mutagenesis was basically performed from wild-
type Snail on plasmid pBabe. Mutations were verified by
DNA sequencing after the purification of plasmid DNA from
single colonies.

Promoter luciferase assay. All mutants were sequenced to
confirm that only the intended point mutations were intro-
duced. The 293 cells were transfected with 2.0 μg of pBabe,
wild-type, S96G, S111L, S111L/S119Y and nonsense mutation
at codon 158 (Y158*) Snail mutants, together with 8 μg of
pGL2Basic-EcadK1 luciferase reporter (Addgene). A total of
1 μg of pSEAP-control (Clontech) was co-transfected to
normalise transfection efficiency. A human embryo kidney
293 cell line was maintained in DMEM supplemented with

10% FBS. DNA transfections were performed using lipo-
fectamine 2000. Luciferase analysis was performed with
Lucite-lite (Tropix) according to the manufacturer's directions.
Measurements were carried out with a Topcounter (Packard).
Luciferase readout was always obtained from triplicate trans-
fections and averaged by using pSEAP-control (Clontech) as
internal control. Data are presented as the mean ± SD. p-
values were determined using a Student's t-test, *p<0.01.

EGFP-Snail expression plasmid construction. To construct
the pEGFP-Snail plasmids from the pBabe-Snail mutants,
DNA fragments encoding Snail were amplified by PCR using
Taq polymerase (Takara). The PCR fragments were then
inserted into the EcoRI and BamHI sites of the pEGFP-C2
(Clontech) vector. pEGFP-Snail plasmids were transfected
into HEK 293 cells using lipofectamine 2000. Transfected
cells were stained with 4,6-diamidino-2 phenylindole (DAPI).
Finally, cells were examined using an Olympus LSM Fluoview
5000 confocal laser-scanning microscope (Olympus).

Results

Distribution of hedgehog pathway genes in brain tumors. We
used a Reverse-transcriptase-PCR (RT-PCR) approach to
examine the expression of the hedgehog signaling compo-
nents in 69 human brain tumors, 11 low grade astrocytomas,
23 high grade astrocytomas, 29 meningiomas and 6 brain
metastasis, using the gene-specific primers listed in Table I.
A representative experiment demonstrating amplification of
Shh, Smo, Ptch, Gli1, Gli2 and N-myc, one of Hh signaling

ONCOLOGY REPORTS  24:  1225-1232,  2010 1227

Table I. Primer sequences for RT-PCR.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene Expected fragment length Primer sequence
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Shh 262 F: 5'-CGGAGCGAGGAAGGGAAAG-3'

R: 5'-TTGGGGATAAACTGCTTGTAGGC-3'
Smo 322 F: 5'-TTACCTTCAGCTGCCACTTCTACG-3'

R: 5'-GCCTTGGCAATCATCTTGCTCTTC-3'
Ptch 450 F: 5'-CGCCTATGCCTGTCTAACCATGC-3'

R: 5'-TAAATCCATGCTGAGAATTGCA-3'
Gli1 413 F: 5'-CAGAGAATGGAGCATCCTCC-3'

R: 5'-TTCTGGCTCTTCCTGTAGCC-3'
Gli2 310 F: 5'-GCCATCAAGACCGAGAGCTC-3'

R: 5'-CGGCCCATGAGCAGGAATCC-3'
N-myc 240 F: 5'-GACCACAAGGCCCTCAGTAC-3'

R: 5'-GTGGATGGGAAGGCATCGTT-3'
Snail 606 F: 5'-TGCGCGAATCGGCGACCC-3'

R: 5'-CCTAGAGAAGGCCTTCCCGCAG-3'
E-cadherin 535 F: 5'-TGCTCTTGCTGTTTCTTCGG-3'

R: 5'-ACCAGCAACGTGATTTCTGC-3'
ß-actin 309 F: 5'-AGCGGGAAATCGTGCGTG-3'

R: 5'-CAGGGTACAGGTGGTGC-3'
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
F, forward primer; R, reverse primer.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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pathway target genes, from various cancerous tissue and
normal brain tissue cDNA is shown in Fig. 1. The normal
brain tissue cDNA purchased from Clontech could only
amplify and detect Shh, Ptch, Gli2 and N-myc. In addition,
the expression of Shh (22/69), Smo (35/69), Ptch (50/69),
Gli1 (56/69), Gli2 (29/69) and N-myc (39/69) were found in
brain tumor specimens (Table II). These data showed that the
overexpression of Ptch and Gli1 might contribute to brain
tumorigenesis and the Hh signaling pathway in brain tumor
was ligand (Shh) independent. Our findings also indicated
that Gli1 was expressed more than Gli2 and appeared to be
more important than Gli2 in brain tumors, but not in low grade
astrocytoma (Fig. 1 and Table II).

Distribution of Snail and E-cadherin genes in brain tumors.
According to the hedgehog pathway transcriptional factor,
Gli1 induces transformation of epithelial cells via induction
of Snail, a repressor of CDH1 (E-cadherin); therefore, we used

an RT-PCR approach to examine the expression of Snail and
E-cadherin in human brain tumors. A representative experiment
demonstrating amplification of Snail and E-cadherin from
various cancerous tissues and normal brain tissue cDNA is
shown in Fig. 2. Our data showed that the expression of Gli1
was 45% (5/11), 96% (22/23), 79% (23/29), 100% (6/6) in
astrocytoma (low grade), astrocytoma (high grade), menin-
gioma and metastatic tumors, respectively (Table II). The
expression of Snail was 45% (5/11), 74% (17/23), 86%
(25/29) and 100% (6/6) in astrocytoma (low grade), astro-
cytoma (high grade), meningioma and metastatic tumors,
respectively. The expression of E-cadherin was 75% (3/11),
39% (9/23), 96% (28/29) and 50% (3/6) in astrocytoma (low
grade), astrocytoma (high grade), meningioma and metastatic
tumors, respectively (Table III). The expression data showed
an apparent negative correlation between Snail and E-cadherin
in high grade astrocytoma and metastasis and seemed
uncorrelated in meningioma and low grade astrocytoma.
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Figure 1. RT-PCR analysis of Shh, Smo, Ptch, Gli1, Gli2 and N-myc in various brain tumors. Data represent a minimum of three independent experiments.
ß-actin was used as internal control.

Table II. Expression of hedgehog pathway genes in brain tumors.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of expression (%)
No. of ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Type cases Shh (%) Smo (%) Ptch (%) Gli1 (%) Gli2 (%) N-myc (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Normala + - + - + +

Astrocytoma 11 3/11 (27) 6/11 (55) 8/11 (73) 5/11 (45) 4/11 (36) 3/11 (27)
(low grade)

Astrocytoma 23 4/23 (17) 13/23 (57) 15/23 (65) 22/23 (96) 7/23 (30) 13/23 (57)
(high grade)

Meningioma 29 14/29 (48) 14/29 (48) 22/29 (76) 23/29 (79) 17/29 (59) 21/29 (72)

Metastasis 6 1/6 (16) 2/6 (33) 5/6 (83) 6/6 (100) 1/6 (16) 2/6 (33)

Total 69 22/69 (32) 35/69 (51) 50/69 (72) 56/69 (81) 29/69 (42) 39/69 (57)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aNormal brain tissue cDNA was purchased from Clontech. +, indicates expression; -, not detectable.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Sequence analysis of Gli2 and Snail in brain tumors. The
GSK3ß phosphorylation sites are important in Gli and Snail
stability and function, in light of the existence of multiple
phosphorylation sites within Snail and Gli2, with the consensus
sequence S/TXXXS/T which is recognized by GSK3ß (33).
We further investigated mutations of Gli2 and Snail by
RT-PCR and direct sequencing in 69 brain tumors. No
mutation was observed on Gli2 (data not shown), whereas
several mutations were found in Snail including S96G, S111L,
S111L/S119Y (double mutation) and one nonsense mutation
at codon 158 (Y158*) (Table IV). These results indicated that
Snail gene mutations were a sporadic and rare event in brain
tumors.

Effect of Snail mutants on the promoter reporter assay. To
examine whether these mutants changed transcriptional
capability, we performed an in vitro E-cadherin promoter
assay. These data showed that S96G, S111L and S111L/
S119Y Snail mutants decreased 15, 25 and 50%, respectively,
whereas the transcriptional capability of premature truncated
mutant Y158* increased 40% compared to wild-type Snail
(Fig. 3). The data appeared to show that the transcription-

repressing capability of the premature truncated mutant was
much less potent in suppressing the transcription of E-cadherin
promoter compared to wild-type Snail.
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Figure 2. RT-PCR analysis of Snail and E-cadherin in brain tumors. Data represent a minimum of three independent experiments. ß-actin was used as internal
control.

Table III. Expression of Snail and E-cadherin genes in brain
tumors.
–––––––––––––––––––––––––––––––––––––––––––––––––

No. of expression (%)
No. of –––––––––––––––––––––––––

Type cases Snail (%) E-cadherin (%)
–––––––––––––––––––––––––––––––––––––––––––––––––
Normala - +

Astrocytoma 11 5/11 (45) 8/11 (75)
(low grade)

Astrocytoma 23 17/23 (74) 9/23 (39)
(high grade)

Meningioma 29 25/29 (86) 28/29 (96)

Metastasis 6 6/6 (100) 3/6 (50)
–––––––––––––––––––––––––––––––––––––––––––––––––
aNormal brain tissue cDNA was purchased from Clontech. +, indi-
cates expression; -, not detectable.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. Summary of the mutations of Snail in brain tumors.
–––––––––––––––––––––––––––––––––––––––––––––––––
Tumors Case no. and mutation site Frequencies
–––––––––––––––––––––––––––––––––––––––––––––––––
Meningioma Case no. 6 and 17, codon 158 2/29

TAC (Tyr)➝GCT (Stop codon)

Astrocytoma Case no. 5, codon 96 1/11
(low grade) AGT (Ser)➝GCT (Gly)

Astrocytoma Case no. 12, codon 111 1/23
(high grade) TCG (Ser)➝TTG (Leu)

Metastasis Case no. 4, codon 111 1/6
TCG (Ser)➝TTG (Leu)
codon 119
TCT (Ser)➝TAT (Tyr)

–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. Effects of Snail mutants on the E-Cadherin promoter reporter
assay. HEK293 cells were transfected with 2.0 μg of pBabe, wild-type
(WT), S96G, Y158*, S111L and S119Y Snail, together with 8 μg of
pGL2Basic-EcadK1 luciferase reporter. pSEAP-control (1 μg) (Clontech)
was co-transfected to normalize transfection efficiency. The percentage
change of individual mutants indicates transcriptional activity compared to
wild-type snail. Data are presented as mean ± SD. p-values were deter-
mined using a Student's t-test, *p<0.01.
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Subcellular localization of Snail mutants. Snail proteins have
to translocate into the nucleus for its repressor function. We
next checked whether these Snail mutations could affect the
translocation of Snail into the nucleus in HEK293 cells. The
data showed the localization of wild-type, S96G and S111L/
S119Y inside nucleus. In contrast, the Y158* truncated mutant
failed to translocate into the nucleus (Fig. 4 and Table V).

Discussion

In the present study, Shh (22/69), Smo (35/69), Ptch (50/69),
Gli1 (56/69), Gli2 (29/69) and N-myc (39/69) expression was
found in brain tumor specimens (Table II). These data indi-
cated that the overexpression of Ptch and Gli1 might contribute
to brain tumorigenesis. Ptch acts as a classic tumor suppressor
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Figure 4. The localization of GFP-Snail mutant in HEK293 cells. S96G, S111L and S119Y Snail mutants translocated into the nucleus and the Y158* failed to
translocate into the nucleus.

Table V. Summary of promoter activity and localization of Snail and its mutants.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Relative promoter
Snail activity (%) Localization Possible effects
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
WT 100 Nuclear Transcriptional repressor
S96G 85 Nuclear Effect on the GSK3ß phosphorylation motif I
Y158* 140 Cytoplasm Effect on truncated first Zinc finger domain and lost its DNA

and nuclear binding ability
S111L 75 n.d. Effect on the GSK3ß phosphorylation motif II and Snail nuclear

export motif
S111L/S119Y 50 Nuclear Effect on the GSK3ß phosphorylation motif II and Snail nuclear

export motif
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
n.d., not detected.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1225-1232.qxd  24/9/2010  08:58 Ì  ™ÂÏ›‰·1230



gene. Ptch mutations have also been found in many sporadic
malignancies (6,34-36). Ptch mutations may also exist in this
study. It should be noted that Gli1 was expressed more often
than Gli2 and appeared to be more important than Gli2 in
brain tumors, but not in low grade astrocytoma (Fig. 1 and
Table II). In addition, our data indicated that E-cadherin
expression was lower in malignant tumors (high grade astro-
cytoma and metastasis, 39 and 50%, respectively), and more
highly expressed in benign tumors (meningioma, 96% and low
grade astrocytoma, 75%) (Table III). These results indicated
that E-cadherin is expressed at different levels in various
brain tumors, and reinforce the idea that the loss of E-cadherin
is a malignant characteristic. Several studies have previously
shown similar results (3,37-40). In addition, loss of E-cadherin
during developmental EMT can switch ß-catenin from its
role at adherents junctions to a role into nuclear transcription,
which has been suggested to be important in the development
of tumor invasion (27,28). Our data showed that Snail
acted as a repressor of E-cadherin promoter and regulated
E-cadherin gene expression in astrocytoma (high grade) and
metastatic tumors but not in meningioma (Table III). These
findings are consistent with previous reports that Snail acted
as a transcriptional repressor of E-cadherin and an inducer of
EMT in tumor invasion (27,28,41).

Both Gli and Snail are transcriptional factors and depend
on GSK3ß for their stability and function. We therefore
further investigated mutations on the GSK3ß regulation
domain of Gli1 and Snail by RT-PCR and direct sequencing.
The data showed no mutations were observed on Gli2 (data
not shown), whereas several mutations on Snail S96G, S111L,
S111L/S119Y and one nonsense mutation at codon 158
(Y158*) were found. The sequencing data show that of the
four mutations revealed the S96G mutation affected GSK3ß
speculative phosphorylation motif I and the S111L and
S111L/S119Y mutations speculative phosphorylation motif
II and the nuclear export motif (Table V). We conclude that
Snail gene mutations are a sporadic and rare event in brain
tumors. Moreover, the stability of Snail is dependent on its
phosphorylation by PKA, CK1 and GSK3ß and inter-action
with ß-Trcp (33). The first GSK3ß phosphorylation motif
overlapping the ß-Trcp destruction box, DSGXXS, which is
also present in ß-catenin and IκB (33,42,43). Our data
showed that the S96G mutant disrupted the first GSK3ß
phosphorylation motif overlaps with the ß-Trcp destruction
box, resulting in more stable mutant Snail. The S111L/S119Y
double mutant altered the speculative phosphorylation motif
II and nuclear export motif. Based on the promoter assay
data, the transcriptional capability of S111L/S119Y decreased
50% compared to wild-type Snail, whereas the Y158* increased
40% compared to wild-type Snail. These findings may imply
that the S111L/S119Y mutation is more important in metastasis
brain tumors (Tables IV and V). We also checked whether
the Snail mutations affected the translocation of Snail into
the nucleus. Our data indicated that wild-type, S96G and
S111L/S119Y translocated into the nucleus, but the Y158*

truncated mutant failed to translocate into the nucleus (Fig. 4).
These findings are consistent with previous reports that the
phosphorylation motifs and zinc finger of Snail affect its trans-
criptional activity (33,44). We summarized the promoter
activity and localization of Snail and its mutants in Table V.

In conclusion, our results demonstrate that expression
of the Hh pathway (particularly for Gli1), expression and
mutations of Snail, and expression of E-cadherin may play a
role in human brain tumorigenesis. Together with our
previous reports on the Wnt pathway (3-5), the data seem to
imply that the interplay of Wnt, and Gli in the Hh pathway
and Snail/E-cadherin be important factors in brain tumori-
genesis and potentially may be worthwhile targets for
molecular diagnosis or cancer therapy.
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