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(57 ABSTRACT

The present invention discloses a component in the hedgehog
signaling pathway that can be useful in the treatment and
diagnosis of hedgehog signaling pathway associated disor-
ders. In this regard, the present invention discloses that Ran-
BPM regulated the stability of hedgehog signaling molecule,
smoothened (SMO) and that inactivation of RanBPM by
siRNA prevented growth and metastasis of cancer cells.
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HEDGEHOG SIGNALING PATHWAY
PROTEINS AND USES THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to the field of cell
signaling and treatment of cell signaling-related human dis-
orders. More specifically, the present invention discloses a
drug target for treatment of hedgehog signaling-related
human disorders.

[0003] 2. Description of the Related Art

[0004] The Hh pathway, originally identified in Drosophila
(Nusslein-Volhard and Wieschaus, 1980), is important for
embryonic development, tissue polarity, cell proliferation
and carcinogenesis (Bale, 2002; Pasca di Magliano and
Hebrok, 2003; Taipale and Beachy, 2001; Toftgard, 2000,
Wetmore, 2003). Tnactivation of this pathway causes devel-
opmental defects such as holoprosencephaly (Bale, 2002).
Activation of this pathway is thought to be responsible for the
development of almost all basal cell carcinomas (BCCs) as
well as 30% of extracutaneous cancers (Xie, 2005a).

[0005] Active Hedgehog proteins are generated from pre-
cursor molecules after autoprocessing and lipid modification
reactions. Hedgehog signaling proceeds with the binding of
Hh ligand to the receptor PTC (Pasca di Magliano and
Hebrok, 2003; Taipale and Beachy, 2001). This binding alle-
viates PTC-mediated suppression of SMO, thus allowing
SMO to signal (Pasca di Magliano and Hebrok, 2003; Stone
et al.,, 1996) (FIG. 1). Expression of Hedgehog appears to
stabilize the SMO protein (Hooper and Scott, 2005). SMO
stabilization triggers formation of a signaling complex in
Drosophila, eventually leading to activation of the pathway
(Jiaetal., 2003; Lum et al., 2003; Ogden et al., 2003; Ruel et
al., 2003). However, such a complex does not appear to exist
in mammalian cells. SMO ultimately activates transcription
factors of the Gli family. Gli molecules enter the nucleus
through a nuclear localization signal (Kogerman et al., 1999;
Wang and Holmgren, 1999), but little is known about the
regulatory mechanism for this process. As transcription fac-
tors, Gli molecules can regulate target gene expression by
directassociation with a consensus binding site (5'-tgggtggtc-
3') located in the promoter region of the target genes (Kinzler
and Vogelstein, 1990; Sasaki et al., 1997).

[0006] The major breakthrough in the understanding of
Hedgehog signaling in human cancers came from the discov-
ery that mutations of PTC homologue 1 (PTCH1) are associ-
ated with a rare hereditary form of basal cell carcinoma—
Gorlin syndrome (Epstein, 2001; Hahn et al., 1996; Johnson
et al., 1996). Most of the mutations in PTCH1 lead to its
inactivation, resulting in uncontrolled SMO signaling. Mice
that are heterozygous for the PTC-null mutation exhibit a
phenotype that resembles Gorlin syndrome (Goodrich et al.,
1997, Hahn et al., 1998). Sporadic basal cell carcinomas
contain mutations of PTCH1 or SMO (Lam et al., 1999,
Reifenberger et al., 2005; Reifenberger et al., 1998; Xieetal.,
1998). Mutant SMO, unlike the WT form, is resistant to
PTC-mediated inhibition (Murone et al., 1999; Taipale et al.,
2000). In basal cell carcinomas, altered hedgehog signaling
leads to cell proliferation through elevated expression of
PDGFRa (Xie et al., 2001), whereas targeted inhibition of
hedgehog signaling causes apoptosis via Fas induction (Athar
et al., 2004).

[0007] Recentdata indicate that Hh signaling is activated in
many types of extracutaneous tumors, including medullo-
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blastomas, gastrointestinal, prostate, lung and breast cancers.
Unlike the situation in basal cell carcinomas, overexpression
of Hedgehog is believed to be responsible for altered hedge-
hog signaling in most of these tumors (Berman et al., 2003,
Watkins et al., 2003). Transgenic mice with pancreatic-spe-
cific expression of sonic Hh (Shh) develop pancreatic tumors
(Thayer et al., 2003). A subset of esophageal cancers were
also found to contain genomic DNA amplification of the Shh
gene (Ma et al., 2006a). Activation of the Hh pathway in
gastric cancer is associated with tumor progression (Ma et al.,
2005; Ma et al., 2006b), and activation of Hh signaling is
detected in most metastatic prostate tumors and subsets of
locally metastasized tumors (Fan, 2004; Karhadkar et al.,
2004; Sanchez, 2004; Sheng et al., 2004). Activation of Hh
signaling in small cell lung cancer has also been reported
(Watkins et al., 2003), however, a more extensive study indi-
cates that <10% of small cell lung cancers have activated Hh
signaling (Chi et al., 2006). Recent studies also suggest that
Hh signaling is activated in some breast cancers (Katano,
2005; Liu et al., 2005; Liu et al., 2006).

[0008] As a member of the 7-TM protein family, SMO
shares homology with the frizzled protein family, with a
cysteine-rich N-terminal extracellular domain, 7 transmem-
brane domains, and a cytoplasmic tail. Several small mol-
ecules are identified to associate directly with the TM domain
(Chen et al., 2002a; Chen et al., 2002b; Frank-Kamenetsky
Kamenetsky et al., 2002). The significance of SMO for Hh
signaling in human cancer has been shown by the identifica-
tion of somatic activating mutations in basal cell carcinomas
and medulloblastomas (Lam et al., 1999; Reifenberger et al.,
2005; Reifenberger et al., 1998; Xie et al., 1998). In the last
few years, intensive studies have been performed to identify
the immediate downstream molecule mediating SMO signal-
ing. The presence of Hedgehog results in direct association of
SMO with the downstream Costal-2 (Cos-2), causing the
transcription factor to remain as an active form (Hooper and
Scott, 2005). In contrast, no functional homologues of Cos-2
have been identified in mammalian cells (Varjosalo et al.,
2006).

[0009] Other studies suggest that SMO signaling may be
mediated by other molecules such as b-arrestin 2 and GRK2
(Chen et al., 2004). The unanticipated role of several
intraflagellar transport (IFT) proteins in the mammalian Hh
pathway indicates a functional connection between the cilia
and SMO signaling (Huangfu and Anderson, 2005; Huangfu
et al., 2003; Oro, 2006). Gli3 processing is significantly
affected by mutations in intraflagellar transport genes (Corbit
et al., 2005; Haycraft et al., 2005; Huangfu and Anderson,
2005; May et al., 2005; Olsen, 2005; Zhang et al., 2005).
However, we know very little about the ciliary transport of
SMO. RanBPM was initially identified as a Ran GTPase
binding protein (Nakamura et al., 1998).

[0010] Thus, prior artin general, lacks the understanding of
the precise involvement of hedgehog signaling pathway in
carcinogenesis and other developmental defects. Specifically,
prior art is deficient in the knowledge of the molecular mecha-
nism of SMO and molecular interactions downstream of
SMO and in the antagonists of the proteins of this pathway
that could have substantial therapeutic importance. The
present invention fulfills this long-standing need and desire in
the art.

SUMMARY OF THE INVENTION

[0011] Inoneembodiment of the present invention, there is
provided a method of inhibiting a hedgehog signaling path-
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way in a cell. This method comprises contacting the cell with
pharmacologically effective amounts of an inhibitor of SMO-
associated protein, thereby inhibiting the hedgehog signaling
pathway.

[0012] In another embodiment of the present invention,
there is provided a method of inhibiting SMO signaling in a
cell. Such a method comprises contacting the cell with phar-
macologically effective amounts of an inhibitor of SMO-
associated protein. Such contact may, inter alia, prevent inter-
nalization of SMO and lysosomal degradation, prevent
translocation of SMO to cilium, may inhibit DNA synthesis,
inhibit cell growth, inhibit cell metastasis or a combination
thereof. Thus, SMO signaling is inhibited in the cell.

[0013] Inyetanother embodiment of the present invention,
there is provided a method of treating a pathological condi-
tion caused by altered hedgehog signaling pathway in an
individual. Such a method comprises administering pharma-
cologically effective amounts of an inhibitor of SMO-associ-
ated protein, thereby treating the pathological condition
caused by altered hedgehog signaling pathway in the indi-
vidual.

[0014] In another embodiment of the present invention,
there is provided a method of inhibiting SMO signaling in an
individual. Such a method comprises administering pharma-
cologically effective amounts of an inhibitor of SMO-associ-
ated protein. Such a contact may, inter alia, prevent internal-
ization of SMO and lysosomal degradation, prevent
translocation of SMO to cilium, inhibit DNA synthesis,
inhibit cell growth, inhibit cell metastasis or a combination
thereof. Thus, SMO signaling in the individual is inhibited.
[0015] Inyet another embodiment of the present invention,
there is provided a method of diagnosing a pathological con-
dition associated with hedgehog signaling in an individual.
Such a method comprises obtaining a biological sample from
the individual and determining the level of expression of a
gene encoding SMO-associated protein in the biological
sample, where altered expression of the gene encoding SMO
associated protein indicates that the individual has a patho-
logical condition associated with hedgehog signaling.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIGS. 1A-1B are diagrammatic representations of
models for Hedgehog (Hh) signaling in vertebrates. FIG. 1A
shows that PTC inhibits SMO signaling by promoting lyso-
somal degradation of SMO in the absence of Hh. Gli mol-
ecules are processed into repressor forms, which turn off the
Hh signaling pathway. FIG. 1B shows that in presence of Hh,
SMO-expressing endosomes segregate with PTC-expressing
endosomes and recycle back to cilium by RanBPM. Gli mol-
ecules are processed to active forms (GliA) in this model,
which will activate the Hh target genes.

[0017] FIG. 2 shows yeast two-hybrid screening using
human SMP as bait. A total of eight clones were identified,
four of which contained inserts encoding RanBPM.

[0018] FIGS. 3A-3D show detection of RanBPM-Smooth-
ened (SMO) association. FIG. 3A shows the domain structure
of RanBPM protein. The amino acid number marks the site of
RanBPM mutant fragments used in FIG. 3D. FIG. 3B shows
reciprocal co-immunoprecipitation of SMO with RanBPM.
COS7 cells were transfected with SMO (with gD tag) and
RanBPM (with MYC tag). Following IP, the immunoprecipi-
tated proteins were tested for presence of SMO or RanBPM
by Western blotting. FIG. 3C shows GST pulldown of SMO
by the GST-RanBPM fusion protein, which was expressed in
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bacteria and purified by glutathione sepharose 4B (Amer-
sham Pharmacia). After expression in COS7 cells, binding of
SMO fragments to GST-RanBPM beads was detected by
Western blotting. The cytoplasmic tail of SMO (485-736
amino acid) but not the N-terminal part of SMO (1-314 amino
acid) was detected, thereby indicating that the cytoplasmic
tail of SMO was responsible for RanBPM association. *
indicates a band with potential SMO modifications. The GST
beads alone did not pull down SMO (data not shown). FIG.
3D shows the GST pull-down of RanBPM by SMO-C-GST
(SM0O485-736 amino acid) fusion protein. Different frag-
ments of RanBPM were expressed in COS7 cells, and their
association with SMO was examined. It was observed that 3
RanBPM fragments, except RanBPM 1-187 amino acids,
were associated with SMO-C-GST.

[0019] FIGS. 4A-4B show pulse chase analysis of SMO
protein turnover in transient transfected COS7 cells. In FIG.
4A, cells were pulse-labeled with *°S for different time
points. SMO proteins were immunoprecipitated with MYC
(SMO tag) antibodies and separated by SDS-PAGE. The data
were obtained by quantifying the 35 S signal using a phos-
phoimager. FIG. 4B shows natureal log of radioactive decay
of SMO protein in the presence or absence of ectopic expres-
sion of RanBPM. Data from FIG. 4A were fitted into a single
exponential term by linear regression analysis, corresponding
to apredicted t, , 0f 2.2 h by SMO alone (r,=0.95)and 11.2h
in the presence of RanBPM (r,=0.76). This suggested that
ectopic expression of RanBPM increased SMO t, ,.

[0020] FIGS. 5A-5D show regulation of SMO stability by
RanBPM. FIG. 5A shows that RanBPM stabilizes SMO, but
not Glil in COS7 cells. FIG. 5B shows that the level of SMO
transcript was not significantly altered by RanBPM expres-
sion in COS7 cells by analysing human SMO transcript by
real-time PCR. FIG. 5C shows that SMO stability was by
Western Blotting after adding cycloheximide (CHX, 40
pg/ml). FIG. 5D shows densitometric analysis of FIG. 5C
showing that RanBPM expression increased SMO protein
stability.

[0021] FIGS. 6A-6C show that inhibition of RanBPM
expression decreases the endogenous SMO protein level in
PLC cells. FIG. 6A shows that RanBPM expression was
reduced by expression of RanBPM siRNA (10 uM). RT-PCR
was used to detect RanBPM transcript. FIG. 6B shows pro-
teins that were detected by Western Blot analysis using SMO
and RanBPM antibodies (1:500 dilutions). FIG. 6C shows
real time analysis of SMO transcript.

[0022] FIGS. 7A-7B show that RanBPM is involved in
Hedgehog signaling. FIG. 7A shows that inactivation of Ran-
BPM prevented SMO agonist AG4.1-mediated Glil expres-
sion in Hh responsive MEF cells. Following treatment of
MEF cells with SMO agonist AG4.1 (10 nM for 12 hr), the
level of Glil transcript was increased over 10 fold. In contrast,
RanBPM inactivation by siRNA (RT-PCR shown in the left
panel) prevented AG4.1-induced Glil expression. FIG. 7B
shows that transfection of RanBPM plasmid into 293 cells (48
hr) was sufficient to increase the level of Glil transcript.
Transcripts for Glil (FIG. 7A for mouse Glil and FIG. 7B for
human Glil) were detected by real-time PCR.

[0023] FIGS. 8A-8D show detection of ciliary transport of
SMO and RanBPM using confocal microscope (630x).
NIH3T3 cells were transfected with RanBM. Forty-eight hr
later, cells were serum starved for 24 hr and treated with SMO
agonist AG4.1 or DMSO for 1 hr. After fixation with 4%
paraformaldehyde, cells were stained with acetylated o-tu-
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bulin Abs (green), RanBPM (red) or SMO (red) (630x for all
images). SMO agonist AG4.1 induced ciliary transport of
RanBPM (FIGS. 8A, 8B) and SMO (FIG. 8C). In the pres-
ence of truncated RanBPM (1-327 amino acid), SMO was not
localized to the cilium (FIG. 8D).

[0024] FIGS. 9A-9B show detection of RanBPM expres-
sion in human cancer cells such as PLC/PRF/S cells. F1G. 9A
shows western blot data for RanBPM expression using rabbit
polyclonal antibodies to RanBPM in PLC/PRF/5 cells. The
RanBPM expression was knocked down by siRNA. FIG. 9B
shows RT-PCR of RanBPM in PLC/PRF/S cells. The Ran-
BPm protein level was barely detected after knocking down
of RanBPM in PLC/PRF/S cells.

[0025] FIGS. 10A-10B show that inactivation of RanBPM
significantly inhibited DNA synthesis in PLC/PRF/S cells.
FIG. 10A compares BrdU labeling of PLC/PRF/5 cells that
contain altered hedgehog signaling and of HepG2 cells that
contain no detectable hedgehog signaling after RanBPM
siRNA treatment. FIG. 10B shows percentage of BrdU posi-
tive cells in these two cell lines. The percentage of BrdU
positive cells in the control group were two times higher than
thatinthe RanBPM siRNA-treated group (20.9% vs 10.2%, P
value<0.04 based on Student’s t test, p value<(0.05 was con-
sidered statistically significant) in PLC/PRF/5 cells. No sig-
nificant change in BrdU by RanBPMsiRNa was observed in
HepG2 cells, which have no detectable activated hedgehog
signaling.

[0026] FIGS. 11A-11C show anchorage independent
growth of PL.C and HepG2 cells. RanBPM inactivation and
reduced Glil expression in PLC/PRE/5 cells could be
detected 8 days after siRNA transfection (FIGS. 11A &11B).
The control siRNA transfection was from Ambion. After
siRNA transfection, 1x10%ells in 1 ml of 0.4% noble agar/
DMEM with 10% FBS were overlaid onto 2 ml of 0.5% bacto
agar/DMAM with 10% FBS in a 6-well plate. Colonies were
visualized 14 days later by 0.05% crystal violet blue. Each
group was duplicated and the experiment was repeated twice
with similar results (FIG. 11C).

[0027] FIG. 12 shows that ectopic expression of RanBPM
rendered PLC/PRF/S cells resistant to cyclopamine-mediated
apoptosis. PLC cells were transfected with RanBPM expres-
sion plasmid. Forty-eight hours post-transfection, cyclopam-
ine was added to the medium for 24 hr and TUNNEL was
used to detect apoptosis. The control group was treated with
DMSO. RanBPM expression was detected by immunofluo-
rescent staining. In cells without RanBPM expression, 1000
cells were counted for TUNNEL staining. Over 500 RanBPM
positive cells were counted for this analysis. The experiment
was repeated three times with similar results.

[0028] FIG. 13 shows that expression of Hh target gene
PTCH]1 is associated with e-cadherin loss in human pancre-
atic cancers. Immunohistochemistry was performed with
antibodies to PTCH1 [Santa Cruz Cat #6149 in 1:50 dilution)
and E-cadherin (BD transduction lab Cat #612130 in 1:100
dilution) using a universal quick stain kit from Vector lavora-
tory. A significant association between PTCHI1 positive
tumors with loss of E-cadherin expression was observed. In
these two tumors, expression of PTCH1 (red) and E-cadherin
(red) was reversely correlated.

[0029] FIGS. 14A-14B show expression of SMO and Ran-
BPM in pancreatic cancers. Using GST fusion proteins, poly-
clonal antibodies to RanBPM and SMO were generated.
These antibodies were further purified by corresponding GST
fusion proteins. 1:100 dilutions were used to detect SMO and
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RanBPM expression in cancer tissues by immunohistochem-
istry using the same procedure as described in FIG. 13. Posi-
tive staining is in red (indicated by arrows). FIG. 14A shows
expression of SMO in tumors with PTCH1 expression and
FIG. 14B shows expression of RanBPM.

[0030] FIG. 15 shows an orthotopic mouse model for pan-
creatic cancer metastasis. Using ASPCI1 cells expressing
GFP, a model for pancreatic cancer metastasis was estab-
lished. 5x10* cells were injected into pancreas of Nu/Nu mice
(n=8). 6 weeks later, tumor metastasis was visualized by
whole body imaging system. GFP positive tumors from pan-
creas, lymph node and liver were collected for real-time PCR
analysis. Expression of Hh target gene Glil, was significantly
elevated during metastasis.

[0031] FIGS. 16A-16B show that down-regulation of
Glil/2 or RanBPM reduces pancreatic cancer metastasis.
AsPC1 cells were treated with either control RNAi, RanBPM
RNAi or mixed RNAi for Glil and Gli2 before injection into
pancrease. Mice were then IP-injected with corresponding
RNAi twice weekly for the entire experiment (10 weeks). For
each mouse, 2.5 ug of Dotap (from Roche) was mixed with 1
pg of RNAi and 10 pg RNAi was used per mouse. At the end,
mice were sacrificed and tumor metastasis was detected by
whole body imaging system. FIG. 16A shows that RanBPM
and Gli1/2 inactivation prevented distal metastasis of pancre-
atic cancer (liver metastasis) using a ASPC1 subline ASPC1-
lent, which is derived from lentivirus-mediated GFP expres-
sion. FIG. 16B shows that RanBPM and Glil/2 inactivation
prevented lymph node metastasis of pancreatic cancer using a
ASPC1 subline ASPC1-lent, which is derived from lentivi-
rus-mediated GFP expression. GFP-positive tumors in circles
are primary tumors.

DETAILED DESCRIPTION OF THE INVENTION

[0032] The present invention is drawn to understanding the
molecular basis of hedgehog signaling (FIGS. 1A and 1B)
and to determine whether inhibition of this pathway with
novel small molecules attenuated hedgehog signaling driven
disorders such as cancer.

[0033] Inthis regard, the present invention discloses a drug
target in the hedghog signaling pathway that can be targeted
for treatment of disorders associated with hedgehog signaling
pathway. This molecule is the molecule originally identified
as Ran GTPase-binding protein (RanBPM) (Nakamura et al.,
1998). Endogenous protein interactions were examined to
determine the molecular mechanisms by which RanBPM
regulated SMO stability and translocation. Additionally,
using Gst pull-down, co-immunoprecipitation and confocal
microscope analyses, the protein domains responsible for
interaction between RanBPM and SMO were identified.
Direct protein-protein interactions between SMO and Ran-
BPM are assessed by in vitro binding assays. Furthermore, by
examining effects of ectopic expression of RanBPM and its
mutant forms, or decreasing endogenous RanBPM express-
sion by siRNA, the role of RanBPM in SMO signaling is
determined in functional assays: SMO protein translocation
and downstream reporter activity. These in vitro data are
confirmed by assessing RanBPM functions in cancer cell
lines and primary tumor specimens. It is contemplated that
RanBPM inactivation may inhibit cell growth by hedgehog
signaling dependent or independent mechanisms.

[0034] Using siRNA of RanBPM, the present invention
demonstrated that RanBPM was required for the growth and
metastasis of cancer cells with altered hedgehog signaling
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pathway. These data indicate that targeted inhibition of Ran-
BPM s anovel way to treat the cancers as well as other human
pathological conditions in which hedgehog signaling is
implicated. Currently, there are agents available for inhibition
of SMO but no agents available for targeting RanBPM or
RanBP10. Thus, the data disclosed herein provides evidence
for the first time that RanBPM expression can be used for
early diagnosis of human cancers and other pathological con-
ditions and that targeted inhibition of hedgehog signaling
using RanBPM inhibitors should be effective in therapeutic
treatment of these conditions. These human cancers may
include but are not limited to basal cell carcinoma, medullo-
blastomas, breast, prostate, gastrointestinal (GI) and lung
cancers.

[0035] The present invention is directed to a method of
inhibiting hedgehog signaling pathway in a cell, comprising:
contacting the cell with pharmcologically effective amounts
of an inhibitor of SMO-associated protein, thereby inhibiting
the hedgehog signaling pathway in the cell. Generally, the
inhibitor may prevent internalization of SMO and lysosomal
degradation, translocation of SMO to cilium, may inhibit
DNA synthesis, may inhibit cell growth, may inhibit cell
metastasis or a combination thereof. The SMO associated
protein inhibited in this method is RanBPM. Example of the
inhibitor may include but is not limited to siRNA, an anti-
body, or a small molecule inhibitor. The hedgehog signaling
pathway may be inhibited in any cell including a cancer cell.
Representative examples of the cancer cell may include but is
not limited to a basal cell carcinoma cell, a medulloblastoma
cell, a breast cancer cell, a prostate cancer cell, a gastrointes-
tinal cancer cell, a pancreatic cancer cell or a lung cancer cell.

[0036] The present invention is also directed to a method of
inhibiting SMO signaling ina cell, comprising: contacting the
cell with pharmcologically effective amounts of an inhibitor
of SMO-associated protein, where the contact affects inter-
nalization of SMO and lysosomal degradation, translocation
of SMO to cilium, inhibits DNA synthesis, inhibits cell
growth, inhibits cell metastasis or a combination thereof,
thereby inhibiting the SMO signaling in the cell. The SMO
associated protein inhibited by such a method may be Ran-
BPM. Representative examples of the inhibitor may include
but is not limited to siRNA, an antibody, or a small molecule
inhibitor. The SMO signaling may be inhibited in a cancer
cell. Representative examples of such a cancer cell may
include but is not limited to a basal cell carcinoma cell,
medulloblastoma cell, breast cancer cell, prostate cancer cell,
gastrointestinal cancer cell, a pancreatic cancer cell or lung
cancer cell.

[0037] The present invention is further directed to a method
of treating a pathological condition caused by altered hedge-
hog signaling pathway in an individual, comprising: admin-
istering a pharmacologically effective amounts of an inhibitor
of SMO-associated protein, thereby treating the pathological
condition associated by altered hedgehog signaling pathway
in the individual. Generally, the inhibitor may prevent inter-
nalization of SMO and lysosomal degradation, translocation
of SMO to cilium, may inhibit DNA synthesis, may inhibit
cell growth, inhibit cell metastasis or a combination thereof.
The SMO associated protein inhibited by such a method may
be RanBPM. Representative examples of the inhibitor may
include but is not limited to siRNA, an antibody, or a small
molecule inhibitor. The pathological condition in the indi-
vidual may be cancer or a developmental defect caused by
altered hedgehog signaling pathway. Representative
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examples of the cancer may include but is not limited to basal
cell carcinoma, medulloblastoma, breast cancer, prostate can-
cer, gastrointestinal cancer, pancreatic cancer or lung cancer.
[0038] The present invention is still further directed to a
method of inhibiting SMO signaling in an individual, com-
prising: administering a pharmacologically effective
amounts of an inhibitor of SMO-associated protein such that
said inhibitor affects internalization of SMO and lysosomal
degradation, translocation of SMO to cilium, inhibits DNA
synthesis, inhibits cell growth, inhibits cell metastasis or a
combination thereof, thereby treating inhibiting SMO signal-
ing in the individual. The SMO associated protein inhibited
by such a method may be RanBPM. Representative examples
of the inhibitor may include but is not limited to siRNA, an
antibody, or a small molecule inhibitor. The individual ben-
efiting from this method may have cancer or a developmental
defect caused by altered hedgehog signaling pathway. Rep-
resentative examples of the cancer may include but is not
limited to basal cell carcinoma, medulloblastoma, breast can-
cer, prostate cancer, gastrointestinal cancer, pancreatic cancer
or lung cancer.

[0039] Thepresent invention is also directed to a method of
diagnosing a pathological condition associated with hedge-
hog signaling in an individual, comprising: obtaining biologi-
cal sample from the individual; and determining level of
expression of a gene encoding SMO associated protein in the
biological sample, where altered expression of the gene
encoding SMO associated protein indicates that the indi-
vidual has a pathological condition associated with hedgehog
signaling. The SMO associated protein whose expression is
determined by such a method may be RanBPM. The level of
expression of the gene may be determined by in-situ hybrid-
ization or RT-PCR.

[0040] Alternatively, the gene expression may be deter-
mined at the protein level. The protein level of the gene may
be determined using antibodies specific to RanBPM. The
protein level of the gene may be determined by immunohis-
tochemistry, flow cytometry or ELISA. Additionally, the bio-
logical sample may be a blood sample or a fine needle aspi-
ration specimen. The pathological condition in the individual
may be cancer or a developmental defect caused by altered
hedgehog signaling pathway. Representative examples of the
cancer may include but is not limited to basal cell carcinoma,
medulloblastoma, breast cancer, prostate cancer, gastrointes-
tinal cancer, pancreatic cancer or lung cancer.

[0041] As used herein, the term, “a” or “an” may mean one
or more. As used herein in the claim(s), when used in con-
junction with the word “comprising”, the words “a” or “an”
may mean one or more than one. As used herein “another” or
“other” may mean at least a second or more of the same or
different claim element or components thereof.

[0042] As used herein, the term “contacting” refers to any
suitable method of bringing the inhibitor described herein
into contact with a cell culture system. In vitro or ex vivo may
be achieved by exposing the above-mentioned cell to the
composition in a suitable medium.

[0043] An anti-cancer agent may be administered concur-
rently or sequentially with the inhibitor used herein. The
inhibitor described herein, the anti-cancer agent, or combina-
tion thereof can be administered independently, either sys-
temically or locally, by any method standard in the art, for
example, orally, subcutaneously, intravenously, parenterally,
intraperitoneally, intradermally, intramuscularly, topically,
enterally, rectally, nasally, buccally, vaginally or by inhala-
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tion spray, by drug pump or contained within transdermal
patch or an implant. Dosage formulations of the composition
described herein may comprise conventional non-toxic,
physiologically or pharmaceutically acceptable carriers or
vehicles suitable for the method of administration and are
well known to an individual having ordinary skill in this art.
[0044] Theinhibitor described herein, the anti-cancer agent
or combination thereof may be administered independently
one or more times to achieve, maintain or improve upon a
therapeutic effect. It is well within the skill of an artisan to
determine dosage or whether a suitable dosage of either or
both of the composition and anti-cancer agent comprises a
single administered dose or multiple administered doses. An
appropriate dosage depends on the subject’s health, the inhi-
bition of the hedgehog signaling, SMO signaling and/or treat-
ment of the cancer, the route of administration and the for-
mulation used.

[0045] The following examples are given for the purpose of
illustrating various embodiments of the invention and are not
meant to limit the present invention in any fashion. One
skilled in the art will appreciate readily that the present inven-
tion i3 well adapted to carry out the objects and obtain the
ends and advantages mentioned, as well as those objects, ends
and advantages inherent herein. Changes therein and other
uses which are encompassed within the spirit of the invention
as defined by the scope of the claims will occur to those
skilled in the art.

Example 1

Detection of RanBPM-SMO Association

[0046] RanBPM was identified as a SMO-binding protein
in a yeast two-hybrid screen (FIG. 2). Briefly, the SMO-
associated molecule were screened using yeast two-hybrid
screening. SMO was used as a bait and the cDNA library was
from Hela cells (hedgehog signaling responsive cell line).
Clone #35 (blue indicates positive clones) encodes human
RanBPM (RanBP9). Another homologue of RanBPM is
RanBP10. A total of eight clones were identified. Four of
these contained the inserts encoding RanBPM or or its homo-
logues RanBP9 or RanBP10.

[0047] RanBPM identified herein contains several domains
involved in protein*protein interactions and microtubule
binding (FIG. 3A). Co-IP experiments were performed to
confirm the interactions between RanBPM and SMO. Ran-
BPM was detected after immunoprecipitation with anti-gD
(SMO tag) antibodies (Abs). Conversely, SMO was detected
after immunoprecipitation with anti-MYC (RanBPM tag)
Abs (FIG. 3B), suggesting that SMO and RanBPM are in the
same complex under this condition.

[0048] To validate the results obtained by co-IP, GST pull-
down experiments were performed. Using purified GST-Ran-
BPM fusion protein, the full-length and the cytoplasmic frag-
ment of SMO, but not the N-terminal part were pulled down
(FIG. 3C), suggesting that RanBPM associates with the cyto-
plasmic tail of SMO. When SMO-C-GST protein was used
(SMO485-736aa), it was observed that 3 of the 4 RanBPM
fragments were pulled down (FIG. 3D). This experiment
supports the hypothesis that RanBPM specifically associates
with SMO.

Example 2

Stabilization of SMO Protein by RanBPM
[0049] Thepresentinvention also provides evidence to sug-
gest that RanBPM regulates the stability of SMO. Based on
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the pulse-chase experiment, it was estimated that SMO has a
short half-life (t,,=2.2 h, FIGS. 4A, 4B), but RanBPM
increases SMO't, , by 5 fold (t,,,11.2 h, FIGS. 4A, 4B). The
data was further confirmed by protein stability analysis in the
presence of cycloheximide (CHX), inhibitor for new protein
synthesis (FIGS. 5A, 5C). In contrast to SMO, the stability of
Glil was not affected by RanBPM (FIG. 5A), suggesting that
RanBPM specifically stabilizes SMO protein.

[0050] Furthermore, the present invention also demon-
strates that stability of endogenous SMO protein was affected
in a cell line sensitive to Hh signaling inhibition. To detect
endogenous proteins of RanBPM and SMO, antibodies were
generated using GST fusion proteins in rabbit. Following
reduced expression of RanBPM by siRNA transfection (FIG.
6A), the corresponding protein band with the expected size of
RanBPM was undetectable by Western blot with RanBPM
antibodies (FIG. 6B). Only a single band was detected (FIG.
6B shows the 75-150 KD region for RanBPM) in the control
siRNA treated sample. In addition, a single band around the
expected size of SMO was detected and the amount of SMO
protein was dramatically reduced following inactivation of
RanBPM (FIG. 6B shows the 100-200 KD region) although
SMO transcript was not affected by RanBPM siRNA (FIG.
6C).

[0051] These results suggest that the stability of endog-
enous SMO protein is regulated by RanBPM. These results
indicated that RanBPM specifically associated with SMO and
regulated SMO protein stability and this association was
regulated by Hh signaling. The biochemical analyses of Ran-
BPM-SMP interactions will provide molecular basis for Ran-
BPM’s involvement in Hh signaling.

Example 3

Involvement of RanBPM in Hh Signaling

[0052] To examine whether RanBPM was required for
SMO signaling, the SMO agonist (AG4.1)-mediated Glil
expression was examined in Hh responsive MEF cells follow-
ing treatment of RanBPM siRNA or the control siRNA. It is
demonstrated herein that knocking down endogenous Ran-
BPM expression by RNAi prevented SMO-mediated Glil
expression in MEF cells (FIG. 7A), suggesting that RanBPM
is required for SMO-mediated signaling. In addition, the
present invention examined whether ectopic expression of
RanBPM was sufficient to induce Hh target gene expression
in 293 cells and found that expression of full-length RanBPM
increased the basal level of Hh target gene Glil (FIG. 7B).
These data indicate that RanBPM was required for Hh sig-
naling.

Example 4

Cilium Translocation of SMO and RanBPM

[0053] Another mechanism by which RanBPM facilitates
SMO signaling is by promoting SMO transport to cilium.
Previously published data show SMO transport to cilium in
the presence of Shh. The present invention demonstrates that
RanBPM co-localized with acetylated alpha tubulin (a
marker for the cilium) upon activation of Hh signaling by
SMO agonist AG4.1 in NTH3T3 cells (FIGS. 8A, 8B). In
addition, it was observed that expression of full-length Ran-
BPM, but not the truncated fragment 1-327aa (RanBPM1-
327), enhanced SMO transport to cilium (FIGS. 8C, 8D),
suggesting that this fragment may function as a dominant
negative RanBPM, and that additional protein domains are
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necessary for RanBPM-mediated ciliary transport of SMO.
Since ciliary transport of SMO and RanBPM occurs within 1
hr following AG4.1 stimulation, the effects of RanBPM on
SMO should be a direct one (vs. an indirect effect through
regulation of SMO protein stability since SMO half-lifeis 2.2
hr).

Example 5
[0054] In vitro Effect of Knocking Down RanBPM
[0055] In order to study the function of RanBPM, antibod-

ies to RanBPM were generated in rabbit using purified Ran-
BPM-Gst. Specific RanBPM siRNA were purchased from
Dharmacon’s SMART pool and the control siRNA was pur-
chased from Ambion’s siRNA control (Cat #4624). The target
sequences for the siRNA of RanBPM (RanBP9 and its homo-
logue RanBP10) were as follows: #1. 5'-gaacaugaauagac-
vacca-3' (SEQ ID NO: 1); #2. 5'-ucacugaccuaccgcecaaa-3'; #3.
S'-ggaugccuuuagecuacuauu-3' (SEQ ID NO: 2). The siRNAs
were introduced into cells using electroporation according to
the manucfacturer’s instruction. After 24 hr, cells were lysed
and proteins separated by 8% SDS-PAGE. Proteins were
detected using antibodies to RanBPM (1:200, the final protein
concentration was 0.1 pg/ml) and f-actin (Sigma).

[0056] In addition to Western Blot analysis, RT-PCR of
RAnBPM was also performed in PLC/PRE/S cells that have
altered hedgehog signaling pathway. Briefly, total RNAs
were extracted from cells 24 hrpost-transfection of siRNAs
and RanBPM expression was examined by RT-PCR using the
following primers: RanBPM forward primer-5'-ggtgatgtcat-
tggetgttg-3' (SEQ ID NO: 3); RanBPM reverse primer-5'-
ggcatcgaccacttcteetgg-3' (SEQ ID NO: 4). f-actin was used
as the internal control. For antibody purification, the serum
was first precipitated with ammonium persulfate and non-
specific antibodies to GST were removed by GST beads.
RanBPM specific antibodies were purified with RanBPM-
GST beads according to a protocol by Bar-Peled and Raikhel,
1996.

[0057] It was observed herein that RanBPM was barely
detectable after knocking sown of RanBPM by siRNA in
PLC/PRE/S cells (FIGS. 9A-9B). Similar observations were
made in other cell lines. These results also demonstrated that
the antibodies developed herein were specific to RanBPM.
[0058] The effect of knocking down RanBPM on DNA
synthesis was also examined herein. It is known that PLC/
PRF/5 cells have altered hedgehog signaling whereas HepG?2
cells have no altered hedgehog signaling. Thus, growth of
PLC/PRE/5 cells but not ‘HepG2 cells is dependent on hedge-
hog signaling. Hence, the DNA synthesis was compared in
these two cells. Briefly, after transfection of siRNAs for 24
hrs, the cells were incubated with BrdU for 60 min. Brdu was
detected with FITC-conjugated anti-BrdU antibodies (BD
sciences, Inc.). The percentage of BrdU positive cells in the
control group was two times higher than that in the RanBPM
siRNa-treated group (20.9% vs 10.2%, P value<0.04 based |
Student’s t test, p value<0.05 was considered statistically
significant) in PLC/PRF/S cells. However, no significant
change in Brdu by RanBPM siRNA was observed in HepG2
cells (FIGS. 10A, 10B).

[0059] Additionally, RanBPM was inactivated by RNAi in
PLC/PRF/S (Hh signaling activated cells) cells and the
anchorage independent growth of these cells in soft agar was
examined. Hh signaling activation in PLC/PRF/5 cells is due
to elevated expression of Shh and they are thus sensitive to
Shh neutralizing antibodies or SMO antagonist cyclopamine.
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As a control, HepG2 cells, which have no detectable Hh
signaling were used. It was observed that RanBPM expres-
sion was suppressed by the specific siRNA (is this siRNA the
same as discussed supra) of RanBPM for 8 days (FIGS. 11A
& 11B). The number of colonies from RanBPM siRNA-
treated PLC/PRE/S cells was significantly low than the con-
trol group [PLC/PRF/5 treated with control siRNA (p
value<0.02 from student’s t test), FIG. 11C). In contrast,
RanBPM did not affect colony formation of HepG2 cells
(FIG.11C).

[0060] This experiment suggests that RanBPM expression
is required for growth of cancer cells with Hh signaling acti-
vation. The present invention provides additional evidence to
indicate that ectopic expression of RanBPM can prevent
cyclopamine-mediated apoptosis in PLC/PRF/5 cells (FIG.
12), suggesting that RanBPM functions downstream of SMO.

Example 6

[0061] Association of Hh Target Gene Expression with
Loss of E-Cadherin in Pancreatic Cancer

[0062] It is known that loss of E-cadherin is a marker for
tumor metastasis. To understand whether Hh signaling is
associated with tumor metastasis, the expression of Hh target
gene PTCH1 and E-cadherin was examined in 20 pancreatic
cancer specimens by immunohistochemistry (IHC). It was
observed that PTCHI1 was positive in 18 of the 20 tumors. Of
the 18 tumors with PTCH1 expression, 17 of them had no
detectable E-Cadherin, loss of which is a marker of tumor
metastasis (FIG. 13). Further analysis of SMO expression
indicates that a high level of SMO protein is present in 6 of 18
tumors with PTCH1 expression (FIG. 14A) and 4 tumors
showed high levels of RanBPM expression (FIG. 14B).

Example 7

Hh Signaling Activation During Pancreatic Cancer Metasta-
sis

[0063] To understand whether Hh signaling was associated
with pancreatic tumor metastasis, an orthotopic mouse model
of pancreatic cancer was established using ASPC1 cells.
First, GFP-expressing ASPC-1 cells were injected into the
pancreas of Nu/Nu mice. 6-8 weeks later, the tumor metasta-
sis was monitored using the whole-body imaging system.
When tumor metastasis was evident in the imaging system,
the tumors (GFP positive) from pancreas, lymph node and
liver were collected and a real-time PCR analysis of Hh target
genes Glil and PTCHI1 was performed (data from Glil was
shown in FIG. 15, PTCHI had a similar pattern, not shown
here). It was observed that Glil and PTCHI1 were detectable
in pancreatic tumors, elevated in lymph node and further
increased in liver metastasis, suggesting that Hh signaling
might play a critical role during pancreatic cancer metastasis.
[0064] To test whether elevated Hh signaling during pan-
creatic cancer metastasis was functionally relevant, the
Glil/2 expression was inactivated by specific siRNA by
weekly intraperitoneal (IP) injection. At 8 weeks, it was
observed that G1i1/2 inactivation had reduced tumor metasta-
sis in mice (FIG. 16). The results presented herein suggest
that Hh signaling was required for pancreatic cancer metasta-
sis to lymph nodes and to the liver.
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[0099] Any patents or publications mentioned in this speci-

fication are indicative of the levels of those skilled in the art to
which the invention pertains. Further, these patents and pub-
lications are incorporated by reference herein to the same
extent as if each individual publication was specifically and
individually indicated to be incorporated by reference.
1. A method of inhibiting a hedgehog signaling pathway in
a cell, comprising;
contacting the cell with pharmacologically -effective
amounts of an inhibitor of SMO-associated protein,
thereby inhibiting the hedgehog signaling pathway in
the cell.
2-31. (canceled)
32.The method of claim 1, wherein the hedgehog signaling
pathway comprises SMO signaling in the cell. RanBPM.
33. The method of claim 1, wherein the SMO associated
protein is
34. The method of claim 1, wherein the inhibitor is sSiRNA,
an antibody, or a small molecule inhibitor.
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35. The method of claim 1, wherein said cell is a basal cell
carcinoma cell, medulloblastoma cell, breast cancer cell,
prostate cancer cell, gastrointestinal cancer cell or lung can-
cer cell.

36. The method of claim 1, wherein the cell is in an indi-
vidual with a cancer or with a developmental defect caused by
an altered hedgehog signaling pathway.

37. The method of claim 36, wherein the cancer is a basal
cell carcinoma, medulloblastoma, breast cancer, prostate can-
cer, gastrointestinal cancer, or lung cancer.

38. A method of diagnosing a pathological condition asso-
ciated with hedgehog signaling in an individual, comprising:

obtaining biological sample from the individual; and

determining level of expression of a gene encoding SMO
associated protein in the biological sample, wherein
altered expression of the gene encoding SMO associated
protein indicates that the individual has a pathological
condition associated with hedgehog signaling.

39. The method of claim 38, further comprising adminis-
tering to the individual a pharmacologically effective amount
of an inhibitor of SMO-associated protein, thereby treating
the pathological condition.

40. The method of claim 39, wherein the inhibitor is
siRNA, an antibody, or a small molecule inhibitor.

41. The method of claim 38, wherein the SMO associated
protein is RanBPM.

42. The method of claim 38, wherein the level of expres-
sion of the gene is determined by in-situ hybridization, RT-
PCR or at the protein level by immunohistochemistry, flow
cytometry or ELISA.

43. The method of claim 42, wherein the protein level of the
gene is determined using antibodies specific to RanBPM.

44. The method of claim 38, wherein the biological sample
is a blood sample or a fine needle aspiration specimen.

45. The method of claim 38, wherein said pathological
condition is cancer or a developmental defect caused by
altered hedgehog signaling pathway.

46. The method of claim 45, wherein said cancer is basal
cell carcinoma, medulloblastoma, breast cancer, prostate can-
cer, gastrointestinal cancer, pancreatic cancer or lung cancer.

47. A method of inhibiting SMO signaling in a cell, com-
prising:

contacting the cell with a pharmcologically effective

amount of an inhibitor of SMO-associated protein Ran-
BPM, thereby inhibiting the SMO signaling in the cell.

48. The method of claim 47, wherein the inhibitor is
siRNA, an antibody, or a small molecule inhibitor.

49. The method of claim 47, wherein the cell is a basal cell
carcinoma cell, medulloblastoma cell, breast cancer cell,
prostate cancer cell, gastrointestinal cancer cell, pancreatic
cancer cell or lung cancer cell.

50. The method of claim 47, wherein the cell is in an
individual with a cancer or with a developmental defect
caused by an altered hedgehog signaling pathway.

51. The method of claim 50, wherein the cancer is a basal
cell carcinoma, medulloblastoma, breast cancer, prostate can-
cer, gastrointestinal cancer, or lung cancer.
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