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The Hedgehog Pathway Is a Possible Therapeutic Target for
Patients with Estrogen Receptor-negative Breast Cancer
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Abstract. Understanding the expression patterns of
estrogen receptor-a (ERa) is essential for determining
therapeutic strategies for patients with breast cancer. The
prognosis of patients with ERa-negative breast cancer is still
poor. We have previously shown that Hedgehog (Hh)
signaling is constitutively activated in breast cancer and that
Hh signaling could be a new therapeutic target. Therefore,
in this study, whether or not Hh signaling could be utilized
as a therapeutic target for patients with ERa-negative breast
cancer was examined. For this purpose, three ERo-negative
breast cancer cell lines were used in which Hh pathway-
related molecules such as the ligand Patchedl and the
transcriptional factor Glil as target cells are expressed.
Cyclopamine, an inhibitor of the Hh pathway, significantly
suppressed both the cell proliferation and invasion ability of
these cancer cells. In addition, the knockdown of Glil by
RNA interference in these cells also significantly reduced
both cell proliferation and invasion ability. Since our
previous data have shown a constitutive activation of the Hh
pathway in surgically-resected ERa-negative breast cancer
specimens, the Hh pathway, especially Glil, may be a useful
therapeutic target for patients with ERa-negative breast
cancer.

Estrogen is not only a crucial factor for physiological
proliferation and differentiation of the normal mammary
gland, but it is also considered as a stimulant for initiation
and promotion of breast cancer. The biological effects of
estrogen are mediated through two distinct intracellular
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receptors, estrogen receptor-a. (ERa) and ERf. ERa plays
an important role in the proliferation of ERa-positive breast
cancer cells (1, 2), ERa status is essential in making
decisions for endocrine therapy (3) and various antiestrogen
agents such as tamoxifen have been developed. As a result,
the therapeutic strategy for patients with ERa-positive breast
cancer is now standardized and their survival prognosis has
clearly improved in the last decade. On the other hand, few
effective treatments are available for patients with
chemotherapy-resistant ERo-negative -breast cancer (4).
Therefore, wide therapeutic targets, effective not only for
ERa-positive cases, but also for ERa-negative cases are
needed. Recently, we have investigated a new therapeutic
target, the Hedgehog (Hh) pathway in breast cancer (5).
The Hh signaling pathway is a key mediator of many
fundamental processes in embryonic development and it acts
as a morphogen, mitogen and inducing factor of developing
organs (6-8). The Hh pathway is a highly coordinated and
integrated network and consists essentially of Hh proteins
(Sonic Hh, Indian Hh and Desert Hh), the transmembrane
receptor Patched (Patchedl and Patched2), the
transmembrane protein Smoothened (Smo), and the
transcription factor Gli genes (Glil, Gli2 and Gli3) (6-8). In
the absence of Sonic Hh (Shh), Glis forms a large protein
complex with other proteins, the kinesin-like Costal2 and the
serine-threonine kinase Fused and is sequestered in the
cytoplasm (6, 9, 10). In the presence of Shh, a full length
Glis released from the large protein complex is transported
into the nucleus to activate Hh target genes (6, 9, 10). Glil is
one of the target genes of Glis (11). Therefore, Glil is a
marker of Hh pathway activation (9, 12, 13). Evidence also
suggests that properly regulated Hh signaling is required in
some adult organs for stem cell maintenance or tissue repair
(14, 15). In the mouse model, the Hh pathway plays a
critical role during ductal development in the mammary
gland (12) and disruption of the Patchedl (Ptchl) or Gli2
genes results in severe defects in ductal morphogenesis such
as ductal hyperplasia that closely resembles some
hyperplasia in humans (13). A number of observations have
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indicated a contribution of Hh signaling to cell proliferation
in various types of cancer cells (15-19). Hh signaling is also
thought to contribute to cellular invasion (20, 21). We have
previously shown that the Hh pathway is constitutively
activated in breast cancer tissues and that it may be a new
therapeutic target for Hh pathway-activating breast cancer
(5). However, information about the relationship between Hh
pathway activation and ERa status is lacking.

The present study focused on whether the Hh pathway
could be a new therapeutic target against ERa-negative
breast cancer, using the ligand Ptchl and the transcriptional
factor Glil as Hh pathway-related molecules.

Materials and Methods

Cell culture, reagents, and antibodies. The ERa-negative human
breast carcinoma cell lines (MDA-MB-231, SK-BR-3, HCC-38
cells) and an ERa-positive human breast carcinoma cell line (MCF-
7) (5) were purchased from American Type Culture Collection
(ATCC, Manassas VA, USA) and were maintained at 37°C under a
humidified atmosphere of 5% CO, and 95% air in RPMI-1640
medium (Nacalai tesque, Kyoto, Japan) supplemented with 10%
fetal bovine serum (FBS; Life Technologies Grand Island, NY,
USA) and antibiotics (100 units/ml penicillin and 100 pg/ml
streptomycin; Meijiseika, Tokyo, Japan). Cyclopamine, a small-
molecule Smo antagonist used as a blockade of Hh signaling (21-
23) was purchased from Toronto Research Chemicals (North York,
Ontario, Canada), and was diluted in 99.5% ethanol as a stock
solution and stored at —30°C.

Reverse transcription-polymerase chain reaction (RT-PCR). The total
RNA was extracted from the cultured cells by the guanidinium
thiocyanate-phenol-chloroform single-step method. For the reverse
transcription reaction, the pd(N), Random Hexamer (GE Healthcare
UK Ltd, Buckinghamshire, UK) was used for priming. Gli/ forward
(5’-TCT GCC CCC ATT GCC CAC TTG-3’) and reverse (5’-TAC
ATA GCC CCC AGC CCA CTT G-3’) primers yielded a 480-bp
product. Ptchl forward (5’-CGG CGT TCT CAA TGG GCT GGT
TTT-3’) and reverse (5’-GTG GGG CTG CTG TCT CGG GTT CG-
3’) primers yielded a 376-bp product. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) forward (5’-CCA CCC ATG GCA AAT
TCC ATG GCA-3’) and reverse (5’-TCT AGA CGG CAG GTC AGG
TCC ACC-3) primers gave rise to a 593-bp product. The amplification
conditions comprised an initial denaturation for 2 min at 95°C followed
by 30 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C for 1 min.
Amplification of each gene was in the linear range. The RT-PCR
products were separated on ethidium bromide-stained 2% agarose gels.
Semi-quantitative analysis was carried out with a Molecular Imager FX
Pro (Bio-Rad Laboratories, Hercules, CA, USA).

Real-time reverse transcription-PCR. The total RNA was extracted
by RNeasy Mini Kit (Qiagen, Valencia, CA, USA) and quantified
by spectrophotometry (Ultrospec 2100 Pro; Amersham Pharmacia
Biotech, Cambridge, UK). The RNA (700 ng) was treated with
DNase and reverse transcribed to cDNA with the Quantitect Reverse
Transcription Kit (Qiagen) according to the manufacturer’s
protocol. Reactions were run with SYBR Premix Ex Taq (Takara
Bio. Inc., Otsu, Japan) on a DNA Engine Opticon 2 System (MJ
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Research, Waltham, MA, USA). Standard curves for /8S ribosomal
RNA (18S) were generated using cDNA Glil transfected MK-1,
gastric cancer cell line cells established in our laboratory. Each
sample was run in triplicate. All the amplified fragments were less
than 200 bp long. The sequences of the primer used were /8S,
forward, 5’-GAT ATG CTC ATG TGG TGT TG-3’, reverse,
5’- AAT CTT CTT CAG TCG CTC CA-3’; Glil, forward, 5’-CTC
GGG CAC CAT CCA TTT CTA C-3’, reverse, 5’-ATT GCC AGT
CAT TTC CAC ACC A-3’. The quantity of each target gene in a
given sample was normalized to the level of 18S in that sample.

Immunostaining of cell lines. The SK-BR-3, MDA-MB-231, HCC-
38 and MCF-7 cells (2x104/well) were seeded onto pre-underlaid
poly-L-lysine coated glass coverslips (Asahi Techno Glass
Corporation, Chiba, Japan) in 24-well plates, and were incubated
overnight in 10% FBS-RPMI. The cells were fixed in 4%
paraformaldehyde followed by permeabilization with 0.2% Triton®
X-100 and then incubated with primary antibody followed by
secondary antibody. The cells were counterstained with 4°,6-
diamidino-2-phenylindole (DAPI; Sigma-Aldrich Corp., St. Louis,
MO, USA). After mounting in Vectorshield Mounting Medium
(Vector Laboratories, Burlingame, CA, USA), the samples were
examined by fluorescence microscopy (Axioimager Al; Carl Zeiss
Imaging, Tokyo, Japan). Exposure time for recording was manually
fixed at 12 ms, 25 ms, and 3 ms for Ptchl, Glil, and DAPI,
respectively. The antibodies and dilutions used were as follows: rabbit
anti-Ptc at 1:100, goat anti-Gli at 1:100, AlexaFluor 488 chicken anti-
rabbit IgG at 1:1000 (Molecular Probes, Eugene, OR, USA), and
AlexaFluor 594 donkey anti-goat IgG at 1:1000 (Molecular Probes).

Small interfering RNA (siRNA) against Glil. SK-BR-3 (5.0x105)
cells and MDA-MB-231 (5.0x105) cells were transfected with
siRNA (100 nM) against Glil (ON-TARGETplus SMART pool, L-
003896) and negative control siRNA (ON-TARGETplus
siCONTROL Non-targeting Pool, D-001810) purchased from
Dharmacon RNA Technologies (Chicago IL, USA) by nucleofection
with Nucleofector II (Amaxa GmbH, Koeln, Germany) as per the
manufacturer’s instructions and plated in a 25 cm2-flask for 48 h in
10% FBS-RPMI, and then used for real-time RT-PCR, proliferation
assay and invasion assay.

Matrigel invasion assay. The invasiveness of the breast cancer cells
was assessed based on the invasion of cells through Matrigel-coated
transwell inserts. In brief, the upper surface of a filter (pore size,
8.0 um; BD Biosciences, Heidelberg, Germany) was coated with
basement membrane Matrigel (BD Biosciences) at a concentration
of 2 mg/ml, and incubated at 4°C for 3 h; unbound material was
aspirated. The cells were suspended in RPMI-1640 with 10% FBS
containing the desired dose of reagents. SK-BR-3 (1.0x105) cells
and MDA-MB-231 (3.0x10%) cells were then added to the upper
chamber and incubated in a water-saturated 5% CO, atmosphere at
37°C for 16 h. After incubation, the filter was fixed with 70%
ethanol and stained with Diff-Quik reagent (International Reagents,
Kobe, Japan). The cells on the upper surface were then completely
removed by wiping with a cotton swab. Cells that had migrated
from the upper to the lower side of the filter were counted under a
light microscope (BX50; Olympus Corp., Tokyo, Japan) at a
magnification of x100. Tumor cell invasiveness was defined as the
total number of cells in five randomly selected microscopic fields.
Each experiment was performed in triplicate wells.
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Figure 1. Expression of Hh pathway components in human breast cancer cells. A, mRNA expression of Glil and Ptchl in SK-BR-3, MDA-MB-231,
HCC-38 and MCF-7 cells. B, Immunofluorescence staining with antibodies against Glil (red signal) and Ptchl (green signal) proteins. The blue
signal represents nuclear DNA staining by DAPI. Ab, primary Ab(-), no addition of primary antibody.
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Proliferation assay. The SK-BR-3 (5x103/well), MDA-MB-231
(3x103/well) and HCC-38 (5x103/well) were seeded in 96-well
plates in complete culture medium and were incubated overnight.
The medium was changed to 5% FBS containing the indicated doses
of cyclopamine. After 72 h incubation, cell proliferation was assessed
by the 3-(4.,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazoliumbromide
(MTT) assay. Each experiment was carried out in triplicate.

Clinical samples. Ten patients with primary breast carcinoma
underwent resection at the Department of Surgery and Oncology,
Kyushu University (Fukuoka, Japan) between April 2004 and
August 2006. All ten patients gave informed consent before surgical
treatment and were entered into the present study. All the tumor and
normal tissues were frozen at —80°C, examined histopathologically
and classified using the Tumor-Node-Metastasis classification. The
total mRNA of these specimens was extracted using the RNeasy
mini kit (Qiagen) as per the manufacturer’s recommendation. The
standard curve for [(-tubulin was generated using cDNA Glil-
transfected MK-1 cells. Each sample was run in triplicate. All the
amplified fragments were less than 200 bp long. The sequences of
the primers used were f3-tubulin, forward, 5°-CCG TGT CTG ACA
CCT TGG GT-3’, reverse, 5’-ATC AGC AAG ATC CGG GAA
GAG-3’ and Glil, forward, 5’-CTC GGG CAC CAT CCA TTT
CTA C-3’, reverse, 5’-ATT GCC AGT CAT TTC CAC ACC A-3°.
The quantity of each target gene in a given sample was normalized
to the level of S-tubulin in that sample.

Statistical analysis. The Student’s t-test was used for statistical
analysis unless otherwise indicated. The Wilcoxon #-test was used
for the clinical samples. All the calculations were carried out with
StatView 5.0 J software (Abacus Concepts, Berkeley, CA, USA).
An asterisk indicates p<0.05 and p-values less than 0.05 were
considered significant.

Results

The expression of Hh pathway-related molecules in ERa.-
negative breast cancer cells. It was confirmed that the
MDA-MB-231, SK-BR-3 and HCC-38 cells did not express
ERa (Figure 1A), and all these ERa-negative cell lines
expressed Ptchl and Glil at both the mRNA (Figure 1A)
and protein levels (Figure 1B).

Effect of blockade of Hh signaling on proliferation of ERa-
negative breast cancer cells. When the cancer cells were
cultured with cyclopamine at different concentrations (1 to
100 uM) for 6 h, cyclopamine concentrations over 10 uM
significantly suppressed Gli/ mRNA expression in all of the
ERa-negative breast cancer cells compared to 10 uM ethanol
vehicle (Figure 2A). When these cells were cultured with
cyclopamine for 72 h, cyclopamine suppressed the cell
proliferation in a dose-dependent manner (Figure 2B).
However, when the cells were cultured with cyclopamine (1
to 100 uM) for 24 h, cyclopamine did not affect cell
proliferation (data not shown).

In order to confirm a contribution of Hh signaling to the
proliferation of the ERa-negative breast cancer cells, Glil
was silenced by RNA interference. Transfection of siRNA
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Table 1. Clinicopathological features of 10 ER-negative specimens.

Age Histology pTMN*  ER/PgR HER2/neu pTNM
(years) stage status status stage
73 Papillo-tubular T4bNIMO- - /- - 111B
53 Scirrhous T2N2MO -/= 3+ 1A
56 Papillo-tubular  T3N2MO -/= 2+ 111B
47 Papillo-tubular  T2NOMO -/- - ITA
30 Solid-tubular ~ T2NOMO -/ = - A
64 Papillo-tubular  T2N1MO -/- 3+ 1B
75 Papillo-tubular  T2NOMO -/ - 3+ 1A
47 Scirrhous T1cNIMO -/= 3+ IIA
66 Solid-tubular ~ T2NOMO -/= - ITA
67 Solid-tubular ~ T2NOMO -/ = 3+ IIA

*According to the TNM classification system of International Union
Against Cancer. pTMN, pathological tumor-node-metastasis. PgR,
progesterone receptor; HER2, human epidermal growth factor receptor
type 2.

targeting Glil resulted in a 90% -reduction of G/i/ mRNA
expression in SK-BR-3 and MDA-MB-231 cells compared
to control siRNA (Figure 3A), and knockdown of Glil
resulted in significant suppression of proliferation compared
with controls (Figure 3B).

Blockade of Hh signaling and the invasive ability of ERa-
negative breast cancer cells. When SK-BR-3 cells or
MDA-MB-231 cells were incubated with cyclopamine for 16
h, cyclopamine reduced the invasion ability in a dose-
dependent manner (Figure 4A). In order to confirm a
contribution of Hh signaling to the invasion of the ERa-
negative breast cancer cells, Glil was silenced by RNA
interference. Knockdown of Glil significantly reduced the
invasion ability compared with that of control siRNA-
transfected cells (Figure 4B).

Glil mRNA expression in ERa-negative human breast cancer
tissues. Real-time RT-PCR analysis was used for the
quantitative analysis of Glil mRNA expression. The
clinicopathological features of 10 ER-negative specimens
were shown Table I. The level of Gli/ mRNA expression in
the ERa-negative breast cancer tissues was significantly
higher than that in the normal tissues (Figure 5).

Discussion

For the first time, it was shown that Hh signaling contributed
not only to proliferation, but also to invasion in ERa-
negative breast cancer cells. This finding indicated that Hh
signaling could be useful as a therapeutic target for patients
with ERa-negative breast cancer.
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Figure 2. Effect of cyclopamine on Glil mRNA expression and cell proliferation. A, Glil mRNA expression in ERa-negative breast cancer cells after
treatment with ethanol vehicle or cyclopamine (Cyc) for 6 h. Mean + s.d., *p<0.05. B, ERa-negative breast cancer cell proliferation after treatment
with 100 uM ethanol vehicle or various concentrations (1 to 100 uM) of cyclopamine at 37°C for 72 h. After incubation, cell viability was measured
using MTT assay at an absorbance at 570 nm. Mean + s.d. *p<0.05.
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Figure 3. Effect siRNA of Glil on proliferation in ERa-negative breast cancer cells. A, mRNA expression; B, cell proliferation. Cells were maintained
at 37°C for 72 h. Cell viability was measured using MTT assay detected at an absorbance at 570 nm. Mean + s.d., *p<0.05.

It was important that the Hh pathway was shown to be
activated in most of the 52 breast cancer specimens
examined in our previous study and that cyclopamine could
suppress the proliferation of several breast cancer cell lines
(5). These findings suggested that the Hh pathway may be
activated independently of the status of ERa expression. If
this is the case, cyclopamine may be able to suppress the
proliferation of ERa-negative breast cancer (5). In order to
examine this possibility, we re-analyzed our previous data in
detail concerning the relationship between Hh signaling and
the status of ERa expression. As we expected, this analysis
revealed that the Hh pathway was constitutively activated in
all of the 13 ERa-negative breast cancer specimens as it was
also in the three ERa-negative breast cancer cell lines
examined in the present study as shown by Glil expression
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(Figure 1). However, the degree of Hh signaling activation
was found to be significantly higher in the 39 ERa-positive
breast cancer specimens than in the 13 ERo-negative breast
cancer specimens, when nuclear translocation of Glil was
used as a marker of Hh pathway activation (5). Cyclopamine
suppressed the proliferation of the three ERa-negative breast
cancer cell lines in the present study (Figure 2B). Since
cyclopamine may be not precisely specific against Hh
signaling, in order to confirm the contribution of Hh
signaling to cell proliferation, we silenced Glil, which is a
transcriptional factor, and is itself a transcriptional target of
Hh signaling in ERa-negative breast cancer cells.
Knockdown of Glil also induced a significant suppression
of proliferation in the ERa-negative breast cancer cells
(Figure 3B).
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Figure 4. Effect of cyclopamine and siRNA of Glil on invasion of ERa-negative breast cancer cells. Invasion of MDA-MB-231 and SK-BR-3 cells,
A, after incubation with or without cyclopamine (Cyc; B, after control or siRNA transfection. Cells were maintained at 37°C for 16 h. x40
magnification. Mean + s.d., *p<0.05. The migration ability of the breast cancer cells was assessed in the same way as described above, except for
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Figure 5. Glil mRNA expression in surgically resected breast cancer
tissues. Paired open circles are relative Glil mRNA expression in
normal or cancer tissues of the same sample. These data were
normalized to the corresponding B-tubulin mRNA expression.

The contribution of Hh signaling to invasiveness of the
ERo-negative breast cancer cells was also demonstrated
(Figure 4). Recently, an association of cell invasion with Hh
signaling has been demonstrated in pancreatic cancer cells
(20, 21). In fact, our previous study indicated a positive
relationship between invasive ability and the degree of Hh
signaling activation since the degree of Hh signaling
activation of invasive ductal type carcinomas was higher than
that of non-invasive ductal type carcinomas (5). Although
the molecular mechanism remains unclear, our recent data
have suggested participation of increased Hh pathway-
mediated matrix metalloproteinase (MMP)-9 expression in
the enhanced invasive ability of human pancreatic cancer
cells (21).

In conclusion, blockade of Hh signaling is useful for
treatment for patients with ERa-negative breast cancer,
which is supported by our previous data showing a frequent
activation of Hh signaling in ERa-negative breast cancer
specimens.

878

References

1 Cho HS, Ng PA and Katzenellenbogen BS: Differential
regulation of gene expression by estrogen in estrogen growth-
independent and -dependent MCF-7 human breast cancer cell
sublines. Mol Endocrinol 5: 1323-1330, 1991.

2 Platet N, Cathiard AM, Gleizes M and Garcia M: Estrogens and
their receptors in breast cancer progression: a dual role in cancer
proliferation and invasion. Crit Rev Oncol Hematol 5/: 55-67,
2004.

3 Dowsett M and Ashworth A: New biology of the oestrogen
receptor. Lancet 362: 260-262, 2003.

4 Paone JF, Abeloff MD, Ettinger DS, Arnold EA and Baker RR:
The correlation of estrogen and progesterone receptor levels with
response to chemotherapy for advanced carcinoma of the breast.
Surg Gynecol Obstet 152: 70-74, 1981.

5 Kubo M, Nakamura M, Tasaki A, Yamanaka N, Nakashima H,
Nomura M, Kuroki S and Katano M: Hedgehog signaling
pathway is a new therapeutic target for patients with breast
cancer. Cancer Res 64: 6071-6074, 2004.

6 Ingham PW and McMahon AP: Hedgehog signaling in animal
development: paradigms and principles. Genes Dev /5: 3059-
3087, 2001.

7 Mukherjee S, Frolova N, Sadlonova A, Novak Z, Steg A, Page
GP, Welch DR, Lobo-Ruppert SM, Ruppert JM, Johnson MR
and Frost AR: Hedgehog signaling and response to cyclopamine
differ in epithelial and stromal cells in benign breast and breast
cancer. Cancer Biol Ther 5: 674-683, 2006.

8 Cohen MM IJr: The hedgehog signaling network. Am J Med
Genet A 123: 5-28, 2003.

9 Ruel L, Rodriguez R, Gallet A, Lavenant-Staccini L and
Therond PP: Stability and association of Smoothened, Costal2
and Fused with Cubitus interruptus are regulated by Hedgehog.
Nat Cell Biol 5: 907-913, 2003.

10 Kalderon D: Similarities between the Hedgehog and Wnt
signaling pathways. Trends Cell Biol /2: 523-531, 2002.

11 Sasaki H, Nishizaki Y, Hui C, Nakafuku M and Kondoh H:
Regulation of Gli2 and Gli3 activities by an amino-terminal
repression domain: implication of Gli2 and Gli3 as primary
mediators of Shh signaling. Development /26: 3915-3924,
1999.

12 Lewis MT: Hedgehog signaling in mouse mammary gland
development and neoplasia. ] Mammary Gland Biol Neoplasia
6: 53-66, 2001.

13 Lewis MT, Ross S, Strickland PA, Sugnet CW, Jimenez E, Scott
MP and Daniel CW: Defects in mouse mammary gland
development caused by conditional haploinsufficiency of
Patched-1. Development /26: 5181-5193, 1999.

14 Lee J, Platt KA, Censullo P and Ruiz i Altaba A: Glil is a target
of Sonic hedgehog that induces ventral neural tube development.
Development /24: 2537-2552, 1997.

15 Karhadkar SS, Bova GS, Abdallah N, Dhara S, Gardner D,
Maitra A, Isaacs JT, Berman DM and Beachy PA: Hedgehog
signalling in prostate regeneration, neoplasia and metastasis.
Nature 431: 707-712, 2004.

16 Berman DM, Karhadkar SS, Maitra A, Montes De Oca R,
Gerstenblith MR, Briggs K, Parker AR, Shimada Y, Eshleman,
JR, Watkins DN and Beachy PA: Widespread requirement for
Hedgehog ligand stimulation in growth of digestive tract
tumours. Nature 425: 846-851, 2003.



Kameda et al: Hedgehog Pathway and ER-negative Breast Cancer

17 Sanchez P, Hernandez AM, Stecca B, Kahler AJ, DeGueme AM,
Barrett A, Beyna M, Datta MW, Datta S and Ruiz i Altaba A:
Inhibition of prostate cancer proliferation by interference with
SONIC HEDGEHOG-GLII signaling. Proc Natl Acad Sci USA
101: 12561-12566, 2004.

18 Sheng T, Li C, Zhang X, Chi S, He N, Chen K, McCormick F,
Gatalica Z and Xie J: Activation of the hedgehog pathway in
advanced prostate cancer. Mol Cancer 3: 29, 2004.

19 Watkins DN, Berman DM, Burkholder SG, Wang B, Beachy PA
and Baylin SB: Hedgehog signalling within airway epithelial
progenitors and in small cell lung cancer. Nature 422: 313-317,
2003.

20 Feldmann G, Dhara S, Fendrich V, Bedja D, Beaty R,
Mullendore M, Karikari C, Alvarez H, Iacobuzio-Donahue C,
Jimeno A, Gabrielson KL, Matsui W and Maitra A: Blockade of
hedgehog signaling inhibits pancreatic cancer invasion and
metastases: a new paradigm for combination therapy in solid
cancers. Cancer Res 67: 2187-2196, 2007.

21 Nagai S, Nakamura M, Yanai K, Wada J, Akiyoshi T, Nakashima
H, Ohuchida K, Sato N, Tanaka M and Katano M: Glil
contributes to the invasiveness of pancreatic cancer through
matrix metalloproteinase-9 activation. Cancer Sci 99: 1377-
1384, 2008.

22 Taipale J, Chen JK, Cooper MK, Wang B, Mann RK,
Milenkovic L, Scott MP and Beachy PA: Effects of oncogenic
mutations in Smoothened and Patched can be reversed by
cyclopamine. Nature 406: 1005-1009, 2000.

23 Incardona JP, Gaffield W, Kapur RP and Roelink H: The
teratogenic Veratrum alkaloid cyclopamine inhibits sonic
hedgehog signal transduction. Development /25: 3553-3562,
1998.

Received May 28, 2008
Revised August 20, 2008
Accepted September 29, 2008

879




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


