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INHIBITORS OF HEDGEHOG SIGNALING 
PATHWAYS, COMPOSITIONS AND USES 

RELATED THERETO 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
application No. 60/081,186, ?led Apr. 9, 1998. 

BACKGROUND OF THE INVENTION 

[0002] Pattern formation is the activity by Which embry 
onic cells form ordered spatial arrangements of differenti 
ated tissues. The physical complexity of higher organisms 
arises during embryogenesis through the interplay of cell 
intrinsic lineage and cell-extrinsic signaling. Inductive inter 
actions are essential to embryonic patterning in vertebrate 
development from the earliest establishment of the body 
plan, to the patterning of the organ systems, to the generation 
of diverse cell types during tissue differentiation (Davidson, 
B, (1990) Development 108: 365-389; Gurdon, J. B., (1992) 
Cell 68: 185-199; Jessell, T. M. et al., (1992) Cell 68: 
257-270). The effects of developmental cell interactions are 
varied. Typically, responding cells are diverted from one 
route of cell differentiation to another by inducing cells that 
differ from both the uninduced and induced states of the 
responding cells (inductions). Sometimes cells induce their 
neighbors to differentiate like themselves (homeogenetic 
induction); in other cases a cell inhibits its neighbors from 
differentiating like itself. Cell interactions in early develop 
ment may be sequential, such that an initial induction 
betWeen tWo cell types leads to a progressive ampli?cation 
of diversity. Moreover, inductive interactions occur not only 
in embryos, but in adult cells as Well, and can act to establish 
and maintain morphogenetic patterns as Well as induce 
differentiation (J. B. Gurdon (1992) Cell 68:185-199). 

[0003] Members of the Hedgehog family of signaling 
molecules mediate many important short- and long-range 
patterning processes during invertebrate and vertebrate 
development. In the ?y a single hedgehog gene regulates 
segmental and imaginal disc patterning. In contrast, in 
vertebrates a hedgehog gene family is involved in the 
control of left-right asymmetry, polarity in the CNS, somites 
and limb, organogenesis, chondrogenesis and spermatoge 
nes1s. 

[0004] The ?rst hedgehog gene Was identi?ed by a genetic 
screen in the fruit?y Drosophila melanogaster (Niisslein 
Volhard, C. and Wieschaus, E. (1980) Nature 287, 795-801). 
This screen identi?ed a number of mutations affecting 
embryonic and larval development. In 1992 and 1993, the 
molecular nature of the Drosophila hedgehog (hh) gene Was 
reported (C. F., Lee et al. (1992) Cell 71, 33-50), and since 
then, several hedgehog homologues have been isolated from 
various vertebrate species. While only one hedgehog gene 
has been found in Drosophila and other invertebrates, mul 
tiple Hedgehog genes are present in vertebrates. 

[0005] The various Hedgehog proteins consist of a signal 
peptide, a highly conserved N-terminal region, and a more 
divergent C-terminal domain. In addition to signal sequence 
cleavage in the secretory pathWay (Lee, J. J. et al. (1992) 
Cell 71:33-50; Tabata, T. et al. (1992) Genes Dev. 2635 
2645: Chang, D. E. et al. (1994) Development 120:3339 
3353), Hedgehog precursor proteins undergo an internal 
autoproteolytic cleavage Which depends on conserved 
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sequences in the C-terminal portion (Lee et al. (1994) 
Science 266:1528-1537; Porter et al. (1995) Nature 374:363 
366). This autocleavage leads to a 19 kD N-terminal peptide 
and a C-terminal peptide of 26-28 kD (Lee et al. (1992) 
supra; Tabata et al. (1992) supra; Chang et al. (1994) supra; 
Lee et al. (1994) supra; Bumcrot, D. A., et al (1995) Mol. 
Cell. Biol. 15:2294-2303; Porter et al. (1995) supra; Ekker, 
S. C. et al. (1995) Curr Biol. 5:944-955; Lai, C. J. et al. 
(1995) Development 121:2349-2360). The N-terminal pep 
tide stays tightly associated With the surface of cells in Which 
it Was synthesiZed, While the C-terminal peptide is freely 
diffusible both in vitro and in vivo (Porter et al. (1995) 
Nature 374:363; Lee et al. (1994) supra; Bumcrot et al. 
(1995) supra; Mart’, E. et al. (1995) Development 121:2537 
2547; Roelink, H. et al. (1995) Cell 81:445-455). Interest 
ingly, cell surface retention of the N-terminal peptide is 
dependent on autocleavage, as a truncated form of HH 
encoded by an RNA Which terminates precisely at the 
normal position of internal cleavage is diffusible in vitro 
(Porter et al. (1995) supra) and in vivo (Porter, J. A. et al. 
(1996) Cell 86, 21-34). Biochemical studies have shoWn that 
the autoproteolytic cleavage of the HH precursor protein 
proceeds through an internal thioester intermediate Which 
subsequently is cleaved in a nucleophilic substitution. It is 
likely that the nucleophile is a small lipophilic molecule 
Which becomes covalently bound to the C-terminal end of 
the N-peptide (Porter et al. (1996) supra), tethering it to the 
cell surface. The biological implications are profound. As a 
result of the tethering, a high local concentration of N-ter 
minal Hedgehog peptide is generated on the surface of the 
Hedgehog producing cells. It is this N-terminal peptide 
Which is both necessary and sufficient for short and long 
range Hedgehog signaling activities in Drosophila and ver 
tebrates (Porter et al. (1995) supra; Ekker et al. (1995) supra; 
Lai et al (1995) supra; Roelink, H. et al. (1995) Cell 
81:445-455; Porter et al. (1996) supra; FietZ, M. J. et al. 
(1995) Curr. Biol. 5:643-651; Fan, C. -M. et al. (1995) Cell 
81:457-465; Mart’, E., et al. (1995) Nature 375:322-325; 
LopeZ-MartineZ et al. (1995) Curr. Biol 5:791-795: Ekker, S. 
C. et al. (1995) Development 121:2337-2347; Forbes, A. J. 
et al.(1996) Development 122:1125-1135). 
[0006] HH has been implicated in short- and longe range 
patterning processes at various sites during Drosophila 
development. In the establishment of segment polarity in 
early embryos, it has short range effects Which appear to be 
directly mediated, While in the patterning of the imaginal 
discs, it induces long range effects via the induction of 
secondary signals. 

[0007] In vertebrates, several hedgehog genes have been 
cloned in the past feW years. Of these genes, Shh has 
received most of the experimental attention, as it is 
expressed in different organiZing centers Which are the 
sources of signals that pattern neighbouring tissues. Recent 
evidence indicates that Shh is involved in these interactions. 

[0008] The expression of Shh starts shortly after the onset 
of gastrulation in the presumptive midline mesoderm, the 
node in the mouse (Chang et al. (1994) supra; Echelard, Y. 
et al. (1993) Cell 75:1417-1430), the rat (Roelink, H. et al. 
(1994) Cell 76:761-775) and the chick (Riddle, R. D. et al. 
(1993) Cell 75:1401-1416), and the shield in the Zebra?sh 
(Ekker et al. (1995) supra; Krauss, S. et al. (993) Cell 
75:1431-1444). In chick embyros, the Shh expression pat 
tern in the node develops a left-right asymmetry, Which 
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appears to be responsible for the left-right situs of the heart 
(Levin, M. et al. (1995) Cell 82:803-814). 

[0009] In the CNS, Shh from the notochord and the 
?oorplate appears to induce ventral cell fates. When ectopi 
cally expressed, Shh leads to a ventraliZation of large 
regions of the mid- and hindbrain in mouse (Echelard et al. 
(1993) supra; Goodrich, L. V. et al. (1996) Genes Dev. 
10:301-312), Xenopus (Roelink, H. et al. (1994) supra; RuiZ 
iAltaba, A. et al. (1995) Mol. Cell. Neurosci. 6:106-121), 
and Zebra?sh (Ekker et al. (1995) supra; Krauss et al. (1993) 
supra; Hammerschmidt, M., et al. (1996) Genes Dev. 
10:647-658). In explants of intermediate neuroectoderm at 
spinal cord levels, Shh protein induces Doorplate and motor 
neuron development With distinct concentration thresholds, 
?oor plate at high and motor neurons at loWer concentrations 
(Roelink et al. (1995) supra; Mart’ et al. (1995) supra; 
Tanabe, Y. et al. (1995) Curr Biol. 5:651-658). Moreover, 
antibody blocking suggests that Shh produced by the noto 
chord is required for notochord mediated induction of motor 
neuron fates (Mart’ et al. (1995) supra). Thus, high concen 
tration of Shh on the surface of Shh-producing midline cells 
appears to account for the contact-mediated induction of 
Doorplate observed in vitro (PlacZek, M. et al. (1993) 
Development 117:205-218), and the midline positioning of 
the ?oorplate immediately above the notochord in vivo. 
LoWer concentrations of Shh released from the notochord 
and the Doorplate presumably induce motor neurons at more 
distant ventrolateral regions in a process that has been 
shoWn to be contact-independent in vitro (Yamada, T. et al. 
(1993) Cell 73:673-686). In explants taken at midbrain and 
forebrain levels, Shh also induces the appropriate ventrolat 
eral neuronal cell types, dopaminergic (Heynes, M. et al. 
(1995) Neuron 15:35-44; Wang, M. Z. et al. (1995) Nature 
Mea'. 1:1184-1188) and cholinergic (Ericson, J. et al. (1995) 
Cell 81:747-756) precursors, respectively, indicating that 
Shh is a common inducer of ventral speci?cation over the 
entire length of the CNS. These observations raise a question 
as to hoW the differential response to Shh is regulated at 
particular anteroposterior positions. 

[0010] Shh from the midline also patterns the paraxial 
regions of the vertebrate embryo, the somites in the trunk 
(Fan et al. (1995) supra) and the head mesenchyme rostral 
of the somites (Hammerschmidt et al. (1996) supra). In 
chick and mouse paraxial mesoderm explants, Shh promotes 
the expression of sclerotome speci?c markers like Pax1 and 
TWist, at the expense of the dermamyotomal marker Pax3. 
Moreover, ?lter barrier experiments suggest that Shh medi 
ates the induction of the sclerotome directly rather than by 
activation of a secondary signaling mechanism (Fan, C. -M. 
and Tessier-Lavigne, M. (1994) Cell 79, 1175-1186). 

[0011] Shh also induces myotomal gene expression (Ham 
merschmidt et al. (1996) supra; Johnson, R. L. et al. (1994) 
Cell 79:1165-1173; Miinsterberg, A. E. et al. (1995) Genes 
Dev. 9:2911-2922; Weinberg, E. S. et al. (1996) Develop 
ment 122:271-280), although recent experiments indicate 
that members of the WNT family, vertebrate homologues of 
Drosophila Wingless, are required in concert (Miinsterberg 
et al. (1995) supra). PuZZlingly, myotomal induction in chick 
requires higher Shh concentrations than the induction of 
sclerotomal markers (Miinsterberg et al. (1995) supra), 
although the sclerotome originates from somitic cells posi 
tioned much closer to the notochord. Similar results Were 
obtained in the Zebra?sh, Where high concentrations of 
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Hedgehog induce myotomal and repress sclerotomal marker 
gene expression (Hammerschmidt et al. (1996) supra). In 
contrast to amniotes, hoWever, these observations are con 
sistent With the architecture of the ?sh embryo, as here, the 
myotome is the predominant and more axial component of 
the somites. Thus, modulation of Shh signaling and the 
acquisition of neW signaling factors may have modi?ed the 
somite structure during vertebrate evolution. 

[0012] In the vertebrate limb buds, a subset of posterior 
mesenchymal cells, the “Zone of polariZing activity” (ZPA), 
regulates anteroposterior digit identity (revieWed in Honig, 
L. S. (1981) Nature 291:72-73). Ectopic expression of Shh 
or application of beads soaked in Shh peptide mimics the 
affect of anterior ZPA grafts, generating a mirror image 
duplication of digits (Chang et al. (1994) supra; LopeZ 
MartineZ et al. (1995) supra; Riddle et al. (1993) supra) 
(FIG. 2g). Thus, digit identity appears to depend primarily 
on Shh concentration, although it is possible that other 
signals may relay this information over the substantial 
distances that appear to be required for AP patterning 
(100-150 um). Similar to the interaction of HH and DPP in 
the Drosophila imaginal discs, Shh in the vertebrate limb 
bud activates the expression of Bmp2 (Francis, P. H. et al. 
(1994) Development 120:209-218), a dpp homologue. HoW 
ever, unlike DPP in Drosophila, BMP2 fails to mimic the 
polariZing effect of Shh upon ectopic application in the chick 
limb bud (Francis et al. (1994) supra). In addition to antero 
posterior patterning, Shh also appears to be involved in the 
regulation of the proximodistal outgroWth of the limbs by 
inducing the synthesis of the ?broblast groWth factor FGF4 
in the posterior apical ectodermal ridge (Laufer, E. et al. 
(1994) Cell 79:993-1003; NisWander, L. et al. (1994) Nature 
371:609-612). 
[0013] The close relationship betWeen Hedgehog proteins 
and BMPs is likely to have been conserved at many, but 
probably not all sites of vertebrate Hedgehog expression. 
For example, in the chick hindgut, Shh has been shoWn to 
induce the expression of Bmp4, another vertebrate dpp 
homologue (Roberts. D. J. et al. (1995) Development 
121:3163-3174). Furthermore, Shh and Bmp2,4, or 6 shoW 
a striking correlation in their expression in epithelial and 
mesenchymal cells of the stomach, the urogential system, 
the lung, the tooth buds and the hair follicles (Bitgood, M. 
J. and McMahon, A. P. (1995) Dev. Biol. 172:126-138). 
Further, Ihh, one of the tWo other mouse Hedgehog genes, 
is expressed adjacent to Bmp expressing cells in the gut and 
developing cartilage (Bitgood and McMahon (1995) supra). 

[0014] Recent evidence suggests a model in Which Ihh 
plays a crucial role in the regulation of chondrogenic devel 
opment (Roberts et al. (1995) supra). During cartilage 
formation, chondrocytes proceed from a proliferating state 
via an intermediate, prehypertrophic state to differentiated 
hypertrophic chondrocytes. Ihh is expressed in the prehy 
pertrophic chondrocytes and initiates a signaling cascade 
that leads to the blockage of chondrocyte differentiation. Its 
direct target is the perichondrium around the Ihh expression 
domain, Which responds by the expression of Gli and 
Patched (Ptc), conserved transcriptional targets of Hedgehog 
signals (see beloW). Most likely, this leads to secondary 
signaling resulting in the synthesis of parathyroid hormone 
related protein (PTHrP) in the periarticular perichondrium. 
PTHrP itself signals back to the prehypertrophic chondro 
cytes, blocking their further differentiation. At the same 
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time, PTHrP represses expression of Ihh, thereby forming a 
negative feedback loop that modulates the rate of chondro 
cyte differentiation. 

SUMMARY OF THE INVENTION 

[0015] The present invention makes availables assays and 
reagents inhibiting paracrine and/or autocrine signals pro 
duced by a hedgehog protein comprising contacting a cell 
sensitive to the hedgehog protein With a steroidal alkaloid, 
or other small molecule, in a sufficient amount to reduce the 
sensitivity of the cell to the hedgehog protein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1. Structures of the synthetic compounds AY 
9944 and triparanol, of the plant steriodal alkaloids jervine, 
cyclopamine and tomatidine, and of cholesterol. 

[0017] FIG. 2. Holoprosencephaly induced in chick 
embryos exposed to jervine (A) SEM of external facial 
features of an untreated embryo. (B, C, D and E) Embryos 
exposed to 10 p_M jervine With variable loss of midline 
tissue and resulting fusion of the paired, lateral olfactory 
processes (olf), optic vesicles (Opt), and maxillary (Mx) and 
mandibular (Mn) processes. A complete fusion of the optic 
vesicles lead to true cyclopia. 

[0018] FIG. 3. Synthetic and plant derived teratogens 
block endogenous Shh signaling in explanted chick tissues 
(41). (A) Midline tissue Was removed from stage 9-10 chick 
embryos at a level just rostral to Hensen’s node (White 
dashed line), and further dissected (black dashed lines) to 
yield an explant containing an endogenous source of Shh 
signal (notochord) and a responsive tissue (neural plate 
ectoderm). After tWo days of culture in a collagen gel matrix, 
the neural ectoderm expresses markers of ?oor plate cells 
(HNF3[3, rhodamine) and motor neurons (Isl-1, FITC) in 
untreated control explants (B) and explants cultured With the 
non-teratogenic alkaloid tomatidine (50 pM, C). Intermedia 
doses of the teratogenic compounds AY 9944 (0.5 pM, D), 
triparanol (0.25 pM, E), jervine (0.5 pM, F) and cyclopam 
ine (0.25 pM, G) block induction of HNF3[3, Which requires 
a high level of Shh pathWay activation, While permitting 
induction of Isl-1, Which requires a loWer level of Shh 
pathWay activation (see text). Higher doses of the teratoge 
nic compounds AY 9944 (4.0 pM, H), triparanol (1.0 pM, I), 
jervine (4.0 pM, J) and cyclopamine (1.0 pM, K) and fully 
inhibit HNF3[3 and Isl-1 induction. 

[0019] FIG. 4. Teratogenic compounds do not inhibit Shh 
autoprocessing in vivo (47). Stably transfected HK293 cells 
expressing Shh protein under ecdysone-inducible control 
(lanes 1, 2, 3) Were treated With jervine (lanes 4, 5) cyclo 
pamine (lanes 6, 7), tomatidine (lanes 10, 11), AY 9944 
(lanes 12, 13) or triparanol (lanes 14, 15) and cell lysates 
Were immunoblotted to assess the efficiency of autoprocess 
ing. As seen in the untreated control (lane 3). Shh in treated 
cells is efficiently processed With little or no detectable 
accumulation of precursor protein (MI45 The processed 
amino-terminal product (Shh-Np) is cell associated and 
migrates faster than Shh-N protein from the media of 
cultured cells transfected With a construct carrying an open 
reading frame truncated after Gly198 (lane 8; Shh-Np and 
Shh-N both loaded in lanes 9 and 17). This faster migration 
and the lack of detectable protein in the culture medium (not 
shoWn) indicate that Shh-Np from treated cells likely carries 
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a sterol adduct. The sloWer migrating species resulting from 
tomatidine treatment is ~1.9 kD larger, suggestive of a minor 
inhibition of signal sequence cleavage (see asterisk; lanes 
10, 11). Immunoblotted actin for each lane is shoWn as a 
loading control. 
[0020] FIG. 5. Plant steriodal alkaloids do not inhibit or 
participate in Hh autoprocessing in vitro (A) Coomassie 
blue-stained SDS-polyacrylamide gel shoWing in vitro auto 
cleavage reactions of the baterically expressed HisGHh-C 
protein (~29 kD) incubated for 3 hours at 30° C. With no 
sterol additions (lane 1) or 12 pM cholesterol to stimulate the 
autoprocessing reaction and generate a ~25 kD Hh-C prod 
uct (lanes 2-27 and a ~5 kD NH2-terminal product (not 
resolved on this gel). The addition of jervine (lanes 3-6), 
cyclopamine (lanes 8-11) and tomatidine (lanes 13-16) does 
not interfere With autoprocessing, even When added in 
27-fold excess to cholesterol (lanes 6, 11 and 16). (B) 
Coomassie blue-stained SDS-polyacrylamide gel shoWing 
that the HisGHh-C autocleavage reaction does not proceed 
When carried out in the absence of sterol (lane 1), or in the 
presence of jervine (lanes 2-5), cyclopamine (lanes 6-9) and 
tomatidine (lanes 10-13), even at 324 pM concentrations of 
these steriodal alkaloid (lanes 5, 9 and 13). (C) Coomassie 
blue-stained SDSO polyacrylamide gel of HisGHh-C auto 
cleavage reactions carried out in the absence of sterols (lane 
1), With 50 mM dithiothreitol (lane 2), 12 pM cholesterol 
(lane 3) 12 pM7 dehydrocholesterol (lane 4) 12 pM desmo 
sterol (lane 5), 12 pM muristerone (lanes 9, 10). The 
27-carbon cholesterol precursors (lanes 4-6) stimulate 
HisGHh-C autocleavage reactions carried out in the absence 
of sterols (lane 1), With 50 mM dithiothreitol (lane 2), 12 pM 
cholesterol (lane 3) 12 pM 7 dehydrocholesterol (lane 4) 12 
pM lathosterol (lane 6), 12 and 350 pM lanosterol (lanes 7, 
8) and 12 and 350 pM muristerone (lanes 9, 10). The 
27-carbon cholesterol precursors (lanes 4-6) stimulate 
HisGHh-C autoprocessing as efficiently as cholesterol (lane 
3). The amino-terminal product migrates as a ~7 kD species 
(lane 2) When generated in the presence of 50 mM dithio 
threitol and as a ~5 kD species (lanes 3-6) With a sterol 
adduct. Lanosterol (lanes 7 and 8) and muristerone (lanes 9 
and 10) do not stimulate autoprocessing above background 
(lane 1). 
[0021] FIG. 6. Teratogenic compounds inhibit neural 
ectoderm response to exogenous Shh-N protein (41). (A) 
Intermediate neural plate ectoderm, free of notochord and 
other tissues, Was dissected as shoWn (dashed lines) from 
stage 9-10 chick embryos at a level just rostral to Hensen’s 
node (see FIG. 3A). (B) Explanted intermediate neural plate 
tissue cultured in a collagen gel matrix for 20 hours 
expresses the dorsal marker Pax7 (FITC) and not the ?oor 
plate marker HNF3[3 (Rhodamine). (C) Addition of recom 
binant, puri?ed Shh-N at 2 nM suppresses Pax7 expression. 
(D) Markers of motor neuron (Isl-1, FITC) and ?oor plate 
cell (HNF3[3, rhodamine) fates are induced upon explant 

culture for 40 hours in the presence of 6.25 nM Shh-N. At 25 nM Shh-N, HNF3[3 expression expands at the expense 

of Isl-1 expression, Which is lost. The repression of Pax7 
expression by 2 nM Shh-N is inhibited by 0.5 pM AY 
9944, (G) 0.25 pM triparanol, 0.125 pM jervine and (1) 
0.0625 pM cyclopamine, but not by (J) 50 pM tomatidine. 
Induction of HNF3[3 is blocked While induction of Isl-1 at 25 
NM Shh-N is maintained or expanded at intermediate levels 
of AY 9949 (1.0 pM, K), triparanol (0.25 pM, L), jervine 
(0.25 pM, M), and cyclopamine (0.125 pM, N). Tomatidine 
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at 25 nM displays a slight inhibitory effect With decrease in 
HNF3[3 expression and an increase in the number Isl-1 
expressing cells. HNF3[3 and Isl-1 induction are completely 
blocked at 2-fold higher doses of inhibitors AY 9944 (2.0 
uM, P), triparanol (0.5 uM, Q), jervine (0.5, uM, R) and 
cyclopamine (0.25 uM, S). Tomatidine at 50 uM (T) mark 
edly reduces HNF3[3 induction and enhances Isl1-1 induc 
tion. Note that for each teratogenic compound the concen 
trations required to block complete the response to 2 nM 
Shh-N (F-I) are loWer than those required to block com 
pletely the response to 25 nM Shh-N (P-S). Also note that 
the response to 25 nM Shh-N is only partially inhibited 
(K-N) at concentrations of teratogen 2 fold loWer than those 
required to block this response completely. See text for 
further comment. 

[0022] FIG. 7. Jervine does not inhibit neural ectoderm 
response to BMP7 (41). (A) Ventral neural plate ectoderm 
Was dissected as shoWn (dashed lines) from stage 9-10 chick 
embryos at a level just rostral to Hensen’s node (see FIG. 
3A). (B) Ventral neural plate explants cultured for 24 hours 
in a collagen gel matrix do not give rise to any migratory 
cells that can be visualiZed by immunostaining for the 
HNK-1 antigen. (C) Addition of 100 ng/ml BMP7 induces 
formation of numerous HNK-1 positive cells that migrate 
out from the explant (borders outlined by White dashed line). 
(D) Induction of migratory HNK-1 positive cells by 100 
ng/ml BMP7 is not inhibited by the presence of 10 uM 
jervine, nor by addition of the other plant-derived com 
pounds (10 uM cyclopamine. 50 uM tomatidine; data not 
shoWn). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] Hedgehog (hedgehog) proteins comprise a family 
of secreted signaling molecules essential for patterning a 
variety of structures in animal embryo genesis, and play a 
role in regulating cell proliferation and specifying cell 
identity in diverse systems in adults. 

[0024] During biosynthesis, hedgehog undergoes an auto 
cleavage reaction, mediated by its carboxyl-terminal 
domain, that produces a lipid-modi?ed amino-terminal frag 
ment responsible for all knoWn hedgehog signaling activity. 
In addition to peptide bond cleavage, hedgehog autopro 
cessing causes the covalent attachment of a lipophilic adduct 
to the COOH-terminus of N-terminal hedgehog fragment. 
This modi?cation is critical for the spatially restricted tissue 
localiZation of the hedgehog signal; in its absence, the 
signaling domain exerts an inappropriate in?uence beyond 
its site of expression. It has recently been reported, Porter et 
al. (1996) Science 274:255, that cholesterol is the lipophilic 
moiety covalently attached to the amino-terminal signaling 
domain during autoprocessing and that the carboxyl-termi 
nal domain acts as an intramolecular cholesterol transferase. 
This use of cholesterol to modify the hedgehog signaling 
proteins is consistent With some of the effects that perturbed 
cholesterol biosynthesis can have on animal development. 
See also Volhard et al. (1998) Nature 287 795; Mohleret al. 
(1988) Genetics 120:1061; Lee et al. (1992) Cell 71:33; 
Tabata et al. (1992) Genes Dev 6:2635; Tashiro et al. (1993) 
Genel 24:183; P. W. Ingham, Nature 366:560 (1993); 
Mohler et al. Development 115:957 (1992); Ma et al. Cell 
75:927 (1993); Heberlein et al. ibid, p.913; Echelard et al., 
Ibid, p. 1417; Riddle et al. ibid., p. 1401; Krauss et al., ibid., 
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p. 1431; Roelink et al., ibid 76, 761 (1994); Chang et al., 
Development 120:3339 (1994); Basler et al. Nature 368:208 
(1994); Tabata et al. Cell 76:89 (1994); Heemskerk et al., 
ibid., p. 449; Fan et al., ibid. 79:1175 (1994); Johnson et al., 
ibid., p. 1165; Hynes et al., Neuron 15:35 (1995); Ekker et 
al., Development 121:2337 (1995); Macdonald et al., ibid. p. 
3267; Ekker et al., Curr. Biol 5:944 (1995); Lai et al. 
Development 121, 2349 (1995); Ericson et al., Cell 81:747 
(1995). Chiang et al., Nature 83:407 (1996); Bitgood et al. 
Curr Biol. 6:298 (1996); Vortkamp et al., Science 273:613 
(1996); Lee et al., ibid. 266:1528 (1994); Porter et al., 
Nature 374: 363 (1995); Porter et al. Cell 86:21 (1996). 

[0025] I. OvervieW 

[0026] The present invention relates to the discovery that 
signal transduction pathWays dependent on hedgehog pro 
teins can be inhibited, at least in part, by compounds Which 
disrupt the cholesterol modi?cation of hedgehog proteins 
and/or Which inhibit the bioactivity of hedgehog proteins. In 
particular, Applicants believe that they are the ?rst to dem 
onstrate that a small molecule, e.g., having a molecular 
Weight less than 2500 amu, is capable of inhibiting at least 
some of the biological activities of hedgehog proteins. 

[0027] One aspect of the present invention relates to the 
use of steroidal alkaloids, and analogs thereof, to interfere 
With paracrine and/or autocrine signals produced by the 
hedgehog proteins, particularly cholesterol-modi?ed (CM) 
forms of the proteins. As set out in more detail beloW, We 
have observed that members of the steroidal alkaloid class of 
compounds, such as the Veratrum-derived compound jerv 
ine, disrupt cholesterol-mediated activities of the hedgehog 
proteins. 

[0028] While not Wishing to bound by any particular 
theory, the ability of jervine and other steroidal alkaloids to 
inhibit hedgehog signalling may be due to the ability of such 
molecules to interact With the sterol sensing domain(s) of the 
hedgehog receptor, patched, or at least to intefere With the 
ability of a hedgehog protein, e.g., a cholesterol-modi?ed 
protein, to interact With its receptor, or other molecules 
associated With the receptor, or proteins otherWise involved 
in hedgehog-mediated signal transduction. 

[0029] Alternatively, or in addition to such a mechanism 
of action, the effects of jervine on hedgehog signaling could 
be the result of perturbations of cholesterol homeostasis 
Which affect cholesterol-mediated autoprocessing of the 
hedgehog protein and or the activity or stability of protein. 
In particular, as described in the appended examples, J ervine 
and other of the steroidal alkaloids are so-called “class 2” 
inhibitors of cholesterol biosynthesis, that is they inhibit the 
inWard ?ux of sterols. As described by Lange and Steck 
(1994) J Biol Chem 269: 29371-4, these inhibitors imme 
diately inhibit plasma membrane cholesterol esteri?cation 
and progressively induce 3-hydroxy-3-methylglutaryl-coen 
Zyme A reductase activity and sterol biosynthesis. The 
change in the relative cholesterol levels can effect, e.g., the 
activity and/or stability of ptc. According to the present 
invention, the subject methods may be carried out utiliZing 
other agents Which perturb cholesterol homeostasis in a 
manner similar to jervine. 

[0030] It is, therefore, speci?cally contemplated that other 
small molecules, steroidal and non-steroidal in structure, 
Which similarly intefere With cholesterol dependent aspects 
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of ptc activity Will likewise be capable of disrupting hedge 
hog-mediated signals. In preferred embodiments, the subject 
inhibitors are organic molecules having a molecular Weight 
less than 2500 amu, more preferably less than 1500 amu, and 
even more preferagly less than 750 amu, and are capable of 
inhibiting at least some of the biological activities of hedge 
hog proteins. 

[0031] Thus, the methods of the present include the use of 
steroidal alkaloids, and other small molecules, Which 
antagoniZe hedgehog signalling in the regulation of repair 
and/or functional performance of a Wide range of cells, 
tissues and organs, and have therapeutic and cosmetic appli 
cations ranging from regulation of neural tissues, bone and 
cartilage formation and repair, regulation of spermatogen 
esis, regulation of smooth muscle, regulation of lung, liver 
and other organs arising from the primative gut, regulation 
of hematopoietic function, regulation of skin and hair 
groWth, etc. Accordingly, the methods and compositions of 
the present invention include the use of the subject inhibitors 
for all such uses as antagonists of hedgehog proteins may be 
implicated. Moreover, the subject methods can be performed 
on cells Which are provided in culture (in vitro), or on cells 
in a Whole animal (in vivo). See, for example, PCT publi 
cations WO 95/18856 and WO 96/17924 (the speci?cations 
of Which are expressly incorporated by reference herein). 

[0032] In one aspect, the present invention provides phar 
maceutical preparations comprising, as an active ingredient, 
an inhibitor of cholesterol-mediated hedgehog bioactivity, 
such as described herein. 

[0033] The subject treatments using hedgehog antagonists 
can be effective for both human and animal subjects. Animal 
subjects to Which the invention is applicable extend to both 
domestic animals and livestock, raised either as pets or for 
commercial purposes. Examples are dogs, cats, cattle, 
horses, sheep, hogs and goats. 

[0034] 
[0035] For convience, certain terms employed in the spec 
?cation, examples, and appended claims are collected here. 

II. De?nitions 

[0036] The term “hedgehog polypeptide” encompasses 
preparations of hedgehog proteins and peptidyl fragments 
thereof, both agonist and antagonist forms as the speci?c 
context Will make clear. 

[0037] An “effective amount” of, e.g., a hedgehog antago 
nist, With respect to the subject method of treatment, refers 
to an amount of the antagonist in a preparation Which, When 
applied as part of a desired dosage regimen brings about, 
e.g., a change in the rate of cell proliferation and/or the state 
of differentiation of a cell and/or rate of survival of a cell 
according to clinically acceptable standards for the disorder 
to be treated or the cosmetic purpose. 

[0038] A “patient” or “subject” to be treated by the subject 
method can mean either a human or non-human animal. 

[0039] The “groWth state” of a cell refers to the rate of 
proliferation of the cell and/or the state of differentiation of 
the cell. 

[0040] The terms “steroid” and “’steroid-like” are used 
interchangeable herein and refer to a general class of poly 
cyclic compounds possessing the skeleton of cyclopen 
tanophenanthrene or a skeleton derived therefrom by one or 
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more bond scissions or ring expansions or contractions. The 
rings may be substituted at one or more positions, to create 
derivatives that adhere to the rules of valence and stability, 
such as by methyl or other loWer alkyl groups, hydroxyl 
groups, alkoxyl groups and the like. 

[0041] The terms “epithelia”, “epithelial” and “epithe 
lium” refer to the cellular covering of internal and external 
body surfaces (cutaneous, mucous and serous), including the 
glands and other structures derived therefrom, e.g., corneal, 
esophegeal, epidermal, and hair follicle epithelial cells. 
Other exemplary epithlelial tissue includes: olfactory epi 
thelium, Which is the pseudostrati?ed epithelium lining the 
olfactory region of the nasal cavity, and containing the 
receptors for the sense of smell; glandular epithelium, Which 
refers to epithelium composed of secreting cells; squamous 
epithelium, Which refers to epithelium composed of ?at 
tened plate-like cells. The term epithelium can also refer to 
transitional epithelium, like that Which is characteristically 
found lining holloW organs that are subject to great mechani 
cal change due to contraction and distention, e.g. tissue 
Which represents a transition betWeen strati?ed squamous 
and columnar epithelium. 

[0042] The term “epithelialiZation” refers to healing by the 
groWth of epithelial tissue over a denuded surface. 

[0043] The term “skin” refers to the outer protective 
covering of the body, consisting of the corium and the 
epidermis and is understood to include sWeat and sebaceous 
glands, as Well as hair follicle structures. Throughout the 
present application, the adjective “cutaneous” may be used, 
and should be understood to refer generally to attributes of 
the skin, as appropriate to the context in Which they are used. 

[0044] The term “epidermis” refers to the outermost and 
nonvascular layer of the skin, derived from the embryonic 
ectoderm, varying in thickness from 0.07-1.4 mm. On the 
palmar and plantar surfaces it comprises, from Within out 
Ward, ?ve layers; basal layer composed of columnar cells 
arranged perpendicularly; prickle-cell or spinous layer com 
posed of ?attened polyhedral cells With short processes or 
spines; granular layer composed of ?attened granular cells; 
clear layer composed of several layers of clear, transparent 
cells in Which the nuclei are indistinct or absent; and horny 
layer composed of ?attened, corni?ed non-nucleated cells. 
In the epidermis of the general body surface, the clear layer 
is usually absent. 

[0045] The “corium” or “dermis” refers to the layer of the 
skin deep to the epidermis, consisting of a dense bed of 
vascular connective tissue, and containing the nerves and 
terminal organs of sensation. The hair roots, and sebaceous 
and sWeat glands are structures of the epidermis Which are 
deeply embedded in the dermis. 

[0046] The term “nail” refers to the horny cutaneous plate 
on the dorsal surface of the distal end of a ?nger or toe. 

[0047] The term “epidermal gland” refers to an aggrega 
tion of cells associated With the epidermis and specialiZed to 
secrete or excrete materials not related to their ordinary 
metabolic needs. For example, “sebaceous glands” are holo 
crine glands in the corium that secrete an oily substance and 
sebum. The term “sWeat glands” refers to glands that secrete 
sWeat, situated in the corium or subcutaneous tissue, open 
ing by a duct on the body surface. 



US 2002/0006931 A1 

[0048] The term “hair” refers to a threadlike structure, 
especially the specialized epidermal structure composed of 
keratin and developing from a papilla sunk in the corium, 
produced only by mammals and characteristic of that group 
of animals. Also, the aggregate of such hairs. A “hair 
follicle” refers to one of the tubular-invaginations of the 
epidermis enclosing the hairs, and from Which the hairs 
groW; and “hair follicle epithelial cells” refers to epithelial 
cells Which surround the dermal papilla in the hair follicle, 
e.g. stem cells, outer root sheath cells, matrix cells, and inner 
root sheath cells. Such cells may be normal non-malignant 
cells, or transformed/immortalized cells. 

[0049] The term “nasal epithelial tissue” refers to nasal 
and olfactory epithelium. 

[0050] “Excisional Wounds” include tears, abrasions, cuts, 
punctures or lacerations in the epithelial layer of the skin and 
may extend into the dermal layer and even into subcutane 
ous fat and beyond. Excisional Wounds can result from 
surgical procedures or from accidental penetration of the 
skin. 

[0051] “Burn Wounds” refer to cases Where large surface 
areas of skin have been removed or lost from an individual 
due to heat and/or chemical agents. 

[0052] “Dermal skin ulcers” refer to lesions on the skin 
caused by super?cial loss of tissue, usually With in?amma 
tion. Dermal skin ulcers Which can be treated by the method 
of the present invention include decubitus ulcers, diabetic 
ulcers, venous stasis ulcers and arterial ulcers. Decubitus 
Wounds refer to chronic ulcers that result from pressure 
applied to areas of the skin for extended periods of time. 
Wounds of this type are often called bedsores or pressure 
sores. Venous stasis ulcers result from the stagnation of 
blood or other ?uids from defective veins. Arterial ulcers 
refer to necrotic skin in the area around arteries having poor 
blood ?oW. 

[0053] “Dental tissue” refers to tissue in the mouth Which 
is similar to epithelial tissue, for example gum tissue. The 
method of the present invention is useful for treating peri 
odontal disease. 

[0054] “Internal epithelial tissue” refers to tissue inside the 
body Which has characteristics similar to the epidermal layer 
in the skin. Examples include the lining of the intestine. The 
method of the present invention is useful for promoting the 
healing of certain internal Wounds, for example Wounds 
resulting from surgery. 

[0055] A “Wound to eye tissue” refers to severe dry eye 
syndrome, corneal ulcers and abrasions and ophthalmic 
surgical Wounds. 

[0056] Throughout this application, the term “proliferative 
skin disorder” refers to any disease/disorder of the skin 
marked by unWanted or aberrant proliferation of cutaneous 
tissue. These conditions are typically characteriZed by epi 
dermal cell proliferation or incomplete cell differentiation, 
and include, for example, X-linked ichthyosis, psoriasis, 
atopic dermatitis, allergic contact dermatitis, epidermolytic 
hyperkeratosis, and seborrheic dermatitis. For example, epi 
dermodysplasia is a form of faulty development of the 
epidermis. Another example is “epidermolysis”, Which 
refers to a loosened state of the epidermis With formation of 
blebs and bullae either spontaneously or at the site of 
trauma. 
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[0057] The term “carcinoma” refers to a malignant neW 
groWth made up of epithelial cells tending to in?ltrate 
surrounding tissues and to give rise to metastases. Exem 
plary carcinomas include: “basal cell carcinoma”, Which is 
an epithelial tumor of the skin that, While seldom metasta 
siZing, has potentialities for local invasion and destruction; 
“squamous cell carcinoma”, Which refers to carcinomas 
arising from squamous epithelium and having cuboid cells; 
“carcinosarcoma”, Which include malignant tumors com 
posed of carcinomatous and sarcomatous tissues; “adeno 
cystic carcinoma”, carcinoma marked by cylinders or bands 
of hyaline or mucinous stroma separated or surrounded by 
nests or cords of small epithelial cells, occurring in the 
mammary and salivary glands, and mucous glands of the 
respiratory tract; “epidermoid carcinoma”, Which refers to 
cancerous cells Which tend to differentiate in the same Way 
as those of the epidermis; i.e., they tend to form prickle cells 
and undergo corni?cation; “nasopharyngeal carcinoma”, 
Which refers to a malignant tumor arising in the epithelial 
lining of the space behind the nose; and “renal cell carci 
noma”, Which pertains to carcinoma of the renal parenchyma 
composed of tubular cells in varying arrangements. Another 
carcinomatous epithelial groWth is “papillomas”, Which 
refers to benign tumors derived from epithelium and having 
a papillomavirus as a causative agent; and “epidermoido 
mas”, Which refers to a cerebral or meningeal tumor formed 
by inclusion of ectodermal elements at the time of closure of 
the neural groove. 

[0058] As used herein, the term “psoriasis” refers to a 
hyperproliferative skin disorder Which alters the skin’s regu 
latory mechanisms. In particular, lesions are formed Which 
involve primary and secondary alterations in epidermal 
proliferation, in?ammatory responses of the skin, and an 
expression of regulatory molecules such as lymphokines and 
in?ammatory factors. Psoriatic skin is morphologically 
characteriZed by an increased turnover of epidermal cells, 
thickened epidermis, abnormal keratiniZation, in?ammatory 
cell in?ltrates into the dermis layer and polymorphonuclear 
leukocyte in?ltration into the epidermis layer resulting in an 
increase in the basal cell cycle. Additionally, hyperkeratotic 
and parakeratotic cells are present. 

[0059] The term “keratosis” refers to proliferative skin 
disorder characteriZed by hyperplasia of the horny layer of 
the epidermis. Exemplary keratotic disorders include kera 
tosis follicularis, keratosis palmaris et plantaris, keratosis 
pharyngea, keratosis pilaris, and actinic keratosis. 

[0060] As used herein, “proliferating” and “proliferation” 
refer to cells undergoing mitosis. 

[0061] As used herein, “transformed cells” refers to cells 
Which have spontaneously converted to a state of unre 
strained groWth, i.e., they have acquired the ability to groW 
through an inde?nite number of divisions in culture. Trans 
formed cells may be characteriZed by such terms as neo 
plastic, anaplastic and/or hyperplastic, With respect to their 
loss of groWth control. 

[0062] As used herein, “immortaliZed cells” refers to cells 
Which have been altered via chemical and/or recombinant 
means such that the cells have the ability to groW through an 
inde?nite number of divisions in culture. 

[0063] The term “prodrug” is intended to encompass com 
pounds Which, under physiological conditions, are con 
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verted into the therapeutically active agents of the present 
invention. A common method for making a prodrug is to 
select moieties Which are hydrolyzed under physiological 
conditions to provide the desired. In other embodiments, the 
prodrug is converted by an enZymatic activity of the host 
animal. 

[0064] The term “heteroatom” as used herein means an 
atom of any element other than carbon or hydrogen. Pre 
ferred heteroatoms are boron, nitrogen, oxygen, phosphorus, 
sulfur and selenium. 

[0065] Herein, the term “aliphatic group” refers to a 
straight-chain, branched-chain, or cyclic aliphatic hydrocar 
bon group and includes saturated and unsaturated aliphatic 
groups, such as an alkyl group, an alkenyl group, and an 
alkynyl group. 

[0066] The term “alkyl” refers to the radical of saturated 
aliphatic groups, including straight-chain alkyl groups, 
branched-chain alkyl groups, cycloalkyl (alicyclic) groups, 
alkyl substituted cycloalkyl groups, and cycloalkyl substi 
tuted alkyl groups. In preferred embodiments, a straight 
chain or branched chain alkyl has 30 or feWer carbon atoms 
in its backbone (e.g., C1-C3O for straight chain, C3-C3O for 
branched chain), and more preferably 20 or feWer. Likewise, 
preferred cycloalkyls have from 3-10 carbon atoms in their 
ring structure, and more preferably have 5, 6 or 7 carbons in 
the ring structure. 

[0067] Moreover, the term “alkyl” (or “loWer alkyl”) as 
used throughout the speci?cation, examples, and claims is 
intended to include both “unsubstituted alkyls” and “substi 
tuted alkyls”, the latter of Which refers to alkyl moieties 
having substituents replacing a hydrogen on one or more 
carbons of the hydrocarbon backbone. Such substituents can 
include, for example, a halogen, a hydroxyl, a carbonyl 
(such as a carboxyl, an alkoxycarbonyl, a formyl, or an 
acyl), a thiocarbonyl (such as a thioester, a thioacetate, or a 
thioformate), an alkoxyl, a phosphoryl, a phosphonate, a 
phosphinate, an amino, an amido, an amidine, an imine, a 
cyano, a nitro, an aZido, a sulfhydryl, an alkylthio, a sulfate, 
a sulfonate, a sulfamoyl, a sulfonamido, a sulfonyl, a het 
erocyclyl, an aralkyl, or an aromatic or heteroaromatic 
moiety. It Will be understood by those skilled in the art that 
the moieties substituted on the hydrocarbon chain can them 
selves be substituted, if appropriate. For instance, the sub 
stituents of a substituted alkyl may include substituted and 
unsubstituted forms of amino, aZido, imino, amido, phos 
phoryl (including phosphonate and phosphinate), sulfonyl 
(including sulfate, sulfonamido, sulfamoyl and sulfonate), 
and silyl groups, as Well as ethers, alkylthios, carbonyls 
(including ketones, aldehydes, carboxylates, and esters), 
—CF3, —CN and the like. Exemplary substituted alkyls are 
described beloW. Cycloalkyls can be further substituted With 
alkyls, alkenyls, alkoxys, alkylthios, aminoalkyls, carbonyl 
substituted alkyls, —CF3, —CN, and the like. 

[0068] The term “aralkyl”, as used herein, refers to an 
alkyl group substituted With an aryl group (eg an aromatic 
or heteroaromatic group). 

[0069] The terms “alkenyl” and “alkynyl” refer to unsat 
urated aliphatic groups analogous in length and possible 
substitution to the alkyls described above, but that contain at 
least one double or triple bond respectively. 

[0070] Unless the number of carbons is otherWise speci 
?ed, “loWer alkyl” as used herein means an alkyl group, as 
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de?ned above, but having from one to ten carbons, more 
preferably from one to six carbon atoms in its backbone 
structure. LikeWise, “loWer alkenyl” and “loWer alkynyl” 
have similar chain lengths. Throughout the application, 
preferred alkyl groups are loWer alkyls. In preferred embodi 
ments, a substituent designated herein as alkyl is a loWer 
alkyl. 
[0071] The term “aryl” as used herein includes 5-, 6- and 
7-membered single-ring aromatic groups that may include 
from Zero to four heteroatoms, for example, benZene, pyr 
role, furan, thiophene, imidaZole, oxaZole, thiaZole, triaZole, 
pyraZole, pyridine, pyraZine, pyridaZine and pyrimidine, and 
the like. Those aryl groups having heteroatoms in the ring 
structure may also be referred to as “aryl heterocycles” or 
“heteroaromatics.” The aromatic ring can be substituted at 
one or more ring positions With such substituents as 
described above, for example, halogen, aZide, alkyl, aralkyl, 
alkenyl, alkynyl, cycloalkyl, hydroxyl, alkoxyl, amino, 
nitro, sulfhydryl, imino, amido, phosphonate, phosphinate, 
carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, sulfona 
mido, ketone, aldehyde, ester, heterocyclyl, aromatic or 
heteroaromatic moieties, —CF3, —CN, or the like. The term 
“aryl” also includes polycyclic ring systems having tWo or 
more cyclic rings in Which tWo or more carbons are common 
to tWo adjoining rings (the rings are “fused rings”) Wherein 
at least one of the rings is aromatic, e.g., the other cyclic 
rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls 
and/or heterocyclyls. 

[0072] The abbreviations Me, Et, Ph, Tf, Nf, Ts, Ms 
represent methyl, ethyl, phenyl, tri?uoromethanesulfonyl, 
nona?uorobutanesulfonyl, p-toluenesulfonyl and methane 
sulfonyl, respectively. A more comprehensive list of the 
abbreviations utiliZed by organic chemists of ordinary skill 
in the art appears in the ?rst issue of each volume of the 
Journal of Organic Chemistry; this list is typically presented 
in a table entitled Standard List of Abbreviations. The 
abbreviations contained in said list, and all abbreviations 
utiliZed by organic chemists of ordinary skill in the art are 
hereby incorporated by reference. 

[0073] The terms “heterocyclyl” or “heterocyclic group” 
refer to 3- to 10-membered ring structures, more preferably 
3- to 7-membered rings, Whose ring structures include one 
to four heteroatoms. Heterocycles can also be polycycles. 
Heterocyclyl groups include, for example, thiophene, thian 
threne, furan, pyran, isobenZofuran, chromene, xanthene, 
phenoxathiin, pyrrole, imidaZole, pyraZolc, isothiaZole, 
isoxaZole, pyridine, pyraZine, pyrimidine, pyridaZine, 
indoliZine, isoindole, indole, indaZole, purine, quinoliZine, 
isoquinoline, quinoline, phthalaZine, naphthyridine, qui 
noxaline, quinaZoline, cinnoline, pteridinc, carbaZole, car 
boline, phenanthridine, acridine, pyrimidine, phenanthro 
line, phenaZine, phenarsaZine, phenothiaZine, furaZan, 
phenoxaZine, pyrrolidine, oxolane, thiolane, oxaZole, pip 
eridine, piperaZine, morpholine, lactones, lactams such as 
aZetidinones and pyrrolidinones, sultams, sultones, and the 
like. The heterocyclic ring can be substituted at one or more 
positions With such substituents as described above, as for 
example, halogen, alkyl, aralkyl, alkenyl, alkynyl, 
cycloalkyl, hydroxyl, amino, nitro, sulfhydryl, imino, 
amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, 
ether, alkylthio, sulfonyl, ketone, aldehyde, ester, a hetero 
cyclyl, an aromatic or heteroaromatic moiety, —CF3, —CN, 
or the like. 
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[0074] The terms “polycyclyl” or “polycyclic group” refer 
to tWo or more rings (e.g., cycloalkyls, cycloalkenyls, 
cycloalkynyls, aryls and/or heterocyclyls) in Which tWo or 
more carbons are common to tWo adjoining rings, e.g., the 
rings are “fused rings”. Rings that are joined through non 
adjacent atoms are termed “bridged” rings. Each of the rings 
of the polycycle can be substituted With such substituents as 
described above, as for example, halogen, alkyl, aralkyl, 
alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhy 
dryl, imino, amido, phosphonate, phosphinate, carbonyl, 
carboxyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde, 
ester, a heterocyclyl, an aromatic or heteroaromatic moiety 
—CF3, —CN, or the like. 

[0075] The term “carbocycle”, as used herein, refers to an 
aromatic or non-aromatic ring in Which each atom of the ring 
is carbon. 

[0076] As used herein, the term “nitro” means —NO2; the 
term “halogen” designates —F, —Cl, —Br or —I; the term 
“sulfhydryl” means —SH; the term “hydroxyl” means 
—OH; and the term “sulfonyl” means —SO2—. 

[0077] The terms “amine” and “amino” are art-recogniZed 
and refer to both unsubstituted and substituted amines, e.g., 
a moiety that can be represented by the general formula: 

[0078] Wherein R9, R10 and R‘1O each independently rep 
resent a hydrogen, an alkyl, an alkenyl, —(CH2)m—R8, or 
R9 and R10 taken together With the N atom to Which they are 
attached complete a heterocycle having from 4 to 8 atoms in 
the ring structure; R8 represents an aryl, a cycloalkyl, a 
cycloalkenyl, a heterocycle or a polycycle; and m is Zero or 
an integer in the range of 1 to 8. In preferred embodiments, 
only one of R9 or R1O can be a carbonyl, e.g., R9, R10 and the 
nitrogen together do not form an imide. In even more 
preferred embodiments, R9 and R10 (and optionally R‘lo) 
each independently represent a hydrogen, an alkyl, an alk 
enyl, or —(CH2)m—R8. Thus, the term “alkylamine” as 
used herein means an amine group, as de?ned above, having 
a substituted or unsubstituted alkyl attached thereto, i.e., at 
least one of R9 and R10 is an alkyl group. 

[0079] The term “acylamino” is art-recogniZed and refers 
to a moiety that can be represented by the general formula: 

0 

11 

[0080] Wherein R9 is as de?ned above, and R‘M represents 
a hydrogen, an alkyl, an alkenyl or —(CH12)m—R8, Where 
m and R8 are as de?ned above. 
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[0081] The term “amido” is art recogniZed as an amino 
substituted carbonyl and includes a moiety that can be 
represented by the general formula: 

0 

iN/Rg 
/ 
R10 

[0082] Wherein R9, R10 are as de?ned above. Preferred 
embodiments of the amide Will not include imides Which 
may be unstable. 

[0083] The term “alkylthio” refers to an alkyl group, as 
de?ned above, having a sulfur radical attached thereto. In 
preferred embodiments, the “alkylthio” moiety is repre 
sented by one of —S-alkyl, —S-alkenyl, —S-alkynyl, and 
—S—(CH2)m—R8, Wherein m and R8 are de?ned above. 
Representative alkylthio groups include methylthio, ethyl 
thio, and the like. 

[0084] The term “carbonyl” is art recogniZed and includes 
such moieties as can be represented by the general formula: 

O O 

Of 11 

[0085] Wherein X is a bond or represents an oxygen or a 
sulfur, and R11 represents a hydrogen, an alkyl, an alkenyl, 
—(CH2)m—R8 or a pharmaceutically acceptable salt, R‘11 
represents a hydrogen, an alkyl, an alkenyl or —(CH2)m— 
R8, Where m and R8 are as de?ned above. Where X is an 
oxygen and R11 or R‘11 is not hydrogen, the formula repre 
sents an “ester”. Where X is an oxygen, and R11 is as de?ned 
above, the moiety is referred to herein as a carboxyl group, 
and particularly When R11 is a hydrogen, the formula rep 
resents a “carboxylic acid”. Where X is an oxygen, and R‘11 
is hydrogen, the formula represents a “formate”. In general, 
Where the oxygen atom of the above formula is replaced by 
sulfur, the formula represents a “thiolcarbonyl” group. 
Where X is a sulfur and RM or R‘M is not hydrogen, the 
formula represents a “thiolester.” Where X is a sulfur and 
R11 is hydrogen, the formula represents a “thiolcarboxylic 
acid.” Where X is a sulfur and R11‘ is hydrogen, the formula 
represents a “thiolformate.” On the other hand, Where X is 
a bond, and R11 is not hydrogen, the above formula repre 
sents a “ketone” group. Where X is a bond, and R11 is 
hydrogen, the above formula represents an “aldehyde” 
group. 

[0086] The terms “alkoxyl” or “alkoxy” as used herein 
refers to an alkyl group, as de?ned above, having an oxygen 
radical attached thereto. Representative alkoxyl groups 
include methoxy, ethoxy, propyloxy, tert-butoxy and the 
like. An “ether” is tWo hydrocarbons covalently linked by an 
oxygen. Accordingly, the substituent of an alkyl that renders 
that alkyl an ether is or resembles an alkoxyl, such as can be 
represented by one of —O-alkyl, —O-alkenyl, —O-alkynyl, 
—O—(CH2)m—R8, Where m and R8 are described above. 
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[0087] The term “sulfonate” is art recognized and includes 
a moiety that can be represented by the general formula: 

[0088] in Which R41 is an electron pair, hydrogen, alkyl, 
cycloalkyl, or aryl. 

[0089] The terms tri?yl, tosyl, mesyl, and nona?yl are 
art-recogniZed and refer to tri?uoromethanesulfonyl, p-tolu 
enesulfonyl, methanesulfonyl, and nona?uorobutanesulfo 
nyl groups, respectively. The terms tri?ate, tosylate, mesy 
late, and nona?ate are art-recogniZed and refer to 
tri?uoromethanesulfonate ester, p-toluenesulfonate ester, 
methanesulfonate ester, and nona?uorobutanesulfonate ester 
functional groups and molecules that contain said groups, 
respectively. 

[0090] The term “sulfate” is art recogniZed and includes a 
moiety that can be represented by the general formula: 

—O—S—OR41 

O 

[0091] in Which R41 is as de?ned above. 

[0092] The term “sulfonamido” is art recogniZed and 
includes a moiety that can be represented by the general 
formula: 

[0093] 
[0094] The term “sulfamoyl” is art-recogniZed and 
includes a moiety that can be represented by the general 
formula: 

in Which R9 and R‘M are as de?ned above. 

[0095] in Which R9 and R10 are as de?ned above. 
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[0096] The terms “sulfoXido” or “sul?nyl”, as used herein, 
refers to a moiety that can be represented by the general 
formula: 

O 

II 

[0097] in Which R44 is selected from the group consisting 
of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocy 
clyl, aralkyl, or aryl. 

[0098] A “phosphoryl” can in general be represented by 
the formula: 

[0099] Wherein Q1 represented S or O, and R46 represents 
hydrogen, a loWer alkyl or an aryl. When used to substitute, 
eg an alkyl, the phosphoryl group of the phosphorylalkyl 
can be represented by the general formula: 

OR46 OR46 

[0100] Wherein Q1 represented S or O, and each R46 
independently represents hydrogen, a loWer alkyl or an aryl, 
Q2 represents O, S or N. When O1 is an S, the phosphoryl 
moiety is a “phosphorothioate”. 

[0101] A “phosphoramidite” can be represented in the 
general formula: 

[0102] Wherein R9 and R10 are as de?ned above, and Q2 
represents O, S or N. 

[0103] A “phosphonamidite” can be represented in the 
general formula: 

R48 R48 

[0104] Wherein R9 and R10 are as de?ned above, Q2 
represents O, S or N, and R48 represents a loWer alkyl or an 
aryl, Q2 represents O, S or N. 
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[0105] A “selenoalkyl” refers to an alkyl group having a 
substituted seleno group attached thereto. Exemplary “sele 
noethers” Which may be substituted on the alkyl are selected 
from one of —Se-alkyl, —Se-alkenyl, —Se-alkynyl, and 
—Se—(CH2)m—R8, m and R8 being de?ned above. 

[0106] Analogous substitutions can be made to alkenyl 
and alkynyl groups to produce, for example, aminoalkenyls, 
aminoalkynyls, amidoalkenyls, amidoalkynyls, iminoalk 
enyls, iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl 
substituted alkenyls or alkynyls. 

[0107] As used herein, the de?nition of each expression, 
e.g. alkyl, m, n, etc., When it occurs more than once in any 
structure, is intended to be independent of its de?nition 
elseWhere in the same structure. 

[0108] Certain compounds of the present invention may 
exist in particular geometric or stereoisomeric forms. The 
present invention contemplates all such compounds, includ 
ing cis- and trans-isomers, R- and S-enantiomers, diastere 
omers, (D)-isomers, (L)-isomers, the racemic mixtures 
thereof, and other mixtures thereof, as falling Within the 
scope of the invention. Additional asymmetric carbon atoms 
may be present in a substituent such as an alkyl group. All 
such isomers, as Well as mixtures thereof, are intended to be 
included in this invention. 

[0109] If, for instance, a particular enantiomer of a com 
pound of the present invention is desired, it may be prepared 
by asymmetric synthesis, or by derivation With a chiral 
auxiliary, Where the resulting diastereomeric mixture is 
separated and the auxiliary group cleaved to provide the 
pure desired enantiomers. Alternatively, Where the molecule 
contains a basic functional group, such as amino, or an 
acidic functional group, such as carboxyl, diastereomeric 
salts are formed With an appropriate optically-active acid or 
base, folloWed by resolution of the diastereomers thus 
formed by fractional crystalliZation or chromatographic 
means Well knoWn in the art, and subsequent recovery of the 
pure enantiomers. 

[0110] Contemplated equivalents of the compounds 
described above include compounds Which otherWise cor 
respond thereto, and Which have the same general properties 
thereof (eg the ability to inhibit hedgehog signaling), 
Wherein one or more simple variations of substituents are 
made Which do not adversely affect the ef?cacy of the 
compound. In general, the compounds of the present inven 
tion may be prepared by the methods illustrated in the 
general reaction schemes as, for example, described beloW, 
or by modi?cations thereof, using readily available starting 
materials, reagents and conventional synthesis procedures. 
In these reactions, it is also possible to make use of variants 
Which are in themselves knoWn, but are not mentioned here. 

[0111] It Will be understood that “substitution” or “substi 
tuted With” includes the implicit proviso that such substitu 
tion is in accordance With permitted valence of the substi 
tuted atom and the substituent, and that the substitution 
results in a stable compound, e.g., Which does not sponta 
neously undergo transformation such as by rearrangement, 
cycliZation, elimination, etc. 

[0112] As used herein, the term “substituted” is contem 
plated to include all permissible substituents of organic 
compounds. In a broad aspect, the permissible substituents 
include acyclic and cyclic, branched and unbranched, car 
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bocyclic and heterocyclic, aromatic and nonaromatic sub 
stituents of organic compounds. Illustrative substituents 
include, for example, those described herein above. The 
permissible substituents can be one or more and the same or 

different for appropriate organic compounds. For purposes 
of this invention, the heteroatoms such as nitrogen may have 
hydrogen substituents and/or any permissible substituents of 
organic compounds described herein Which satisfy the 
valences of the heteroatoms. This invention is not intended 
to be limited in any manner by the permissible substituents 
of organic compounds. 

[0113] For purposes of this invention, the chemical ele 
ments are identi?ed in accordance With the Periodic Table of 
the Elements, CAS version, Handbook of Chemistry and 
Physics, 67th Ed., 1986-87, inside cover. Also for purposes 
of this invention, the term “hydrocarbon” is contemplated to 
include all permissible compounds having at least one 
hydrogen and one carbon atom. In a broad aspect, the 
permissible hydrocarbons include acyclic and cyclic, 
branched and unbranched, carbocyclic and heterocyclic, 
aromatic and nonaromatic organic compounds Which can be 
substituted or unsubstituted. 

[0114] The phrase “protecting group” as used herein 
means temporary substituents Which protect a potentially 
reactive functional group from undesired chemical transfor 
mations. Examples of such protecting groups include esters 
of carboxylic acids, silyl ethers of alcohols, and acetals and 
ketals of aldehydes and ketones, respectively. The ?eld of 
protecting group chemistry has been revieWed (Greene, T. 
W.; Wuts, P. G. M. Protective Groups in Organic Synthesis, 
2nd ed.; Wiley: NeW York, 1991). 

[0115] A list of many of the abbreviations utiliZed by 
organic chemists of ordinary skill in the art appears in the 
?rst issue of each volume of the Journal of Organic Chem 
istry; this list is typically presented in a table entitled 
Standard List ofAbbreviations. The abbreviations contained 
in said list, and all abbreviations utiliZed by organic chemists 
of ordinary skill in the art are hereby incorporated by 
reference. 

[0116] The term “EDSO” means the dose of a drug Which 
produces 50% of its maximum response or effect. Alterna 
tively, the dose Which produces a pre-determined response in 
50% of test subjects or preparations. 

[0117] The term “LDSO” means the dose of a drug Which 
is lethal in 50% of test subjects. 

[0118] The term “therapeutic index” refers to the thera 
peutic index of a drug de?ned as LDSO/EDSO. 

[0119] The term “agonist”, With respect to hedgehog, 
refers to a compound that mimics the action of a native 
hedgehog protein. 

[0120] The term “antagonist”, With respect to hedgehog 
bioactivity, refers to a compound that inhibits hedgehog 
mediated signal transduction. In the context of the present 
invention, such antagonists can include compounds Which 
mimic the activity of jervine, having such characteristics as 
the ability to disrupt cholesterol homoeostasis such as 
through inhibition of sterol trafficking (e.g., a a class 2 
inhibitor), the ability to bind to a hedgehog receptor site and 
inhibit the simultaneous binding of hedgehog to the receptor, 
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or, by non-competitive and/or allosteric effects of the like, 
inhibit the response of the cell to hedgehog Which does bind. 

[0121] The term “competitive antagonist” refers to a com 
pound that binds to a receptor site; its effects can be 
overcome by increased concentration of the agonist. 

[0122] As used herein, “steroid hormone receptor super 
family” refers to the class of related receptors comprised of 
glucocorticoid, mineralocorticoid, progesterone, estrogen, 
estrogen-related, vitamin D3, thyroid, v-erb-A, retinoic acid 
and E75 (Drosophila) receptors. As used herein “steroid 
hormone receptor” refers to members Within the steroid 
hormone receptor superfamily. In higher organisms, the 
nuclear hormone receptor superfamily includes approxi 
mately a doZen distinct genes that encode Zinc ?nger tran 
scription factors, each of Which is speci?cally activated by 
binding a ligand such as a steroid, thyroid hormone (T3) or 
retinoic acid (RA). 

[0123] 
[0124] As described in further detail beloW, it is contem 
plated that the subject methods can be carried out using a 
variety of different steroidal alkaloids, as Well as non 
steroidal small molecules, Which can be readily identi?ed, 
eg by such drug screening assays as described herein. The 
above notWithstanding, in a preferred embodiment, the 
methods and compositions of the present invention make use 
of compounds having a steroidal alkaloid ring system. 
Steroidal alkaloids have a fairly complex nitrogen contain 
ing nucleus. TWo exemplary classes of steroidal alkaloids for 
use in the subject methods are the Solanum type and the 
Veratrum type. 

III. Exemplary Compounds of the Invention. 

[0125] There are more than 50 naturally occuring ver 
atrum alkaloids including veratramine, cyclopamine, cyclo 
posine, jervine, and muldamine occurring in plants of the 
Veratrum spp. The Zigadenus spp., death camas, also pro 
duces several veratrum-type of steroidal alkaloids including 
Zygacine. In general, many of the veratrum alkaloids (e.g., 
jervine, cyclopamine and cycloposine) consist of a modi?ed 
steroid skeleton attached spiro to a furanopiperidine. A 
typical veratrum-type alkaloid may be represented by: 

[0126] An example of the Solanum type is solanidine. This 
steroidal alkaloid is the nucleus (i.e. aglycone) for tWo 

Jan. 17, 2002 

important glycoalkaloids, solanine and chaconine, found in 
potatoes. Other plants in the Solanum family including 
various nightshades, Jerusalem cherries, and tomatoes also 
contain solanum-type glycoalkaloids. Glycoalkaloids are 
glycosides of alkaloids. A typical solanum-type alkaloid 
may be represented by: 

R20 

R4 \ 
R5 

N \ \/ 
R3 R21 

[0127] Based on these structures, and the possibility that 
certain unWanted side effects can be reduced by some 
manipulation of the structure, a Wide range of steroidal 
alkaloids are contemplated as potential hedgehog antago 
nists for use in the subject method. For example, compounds 
useful in the subject methods include steroidal alkaloids 
represented in the general forumlas (I) or unsaturated forms 
thereof and/or seco-, nor- or homo-derivatives thereof: 

[0128] Wherein, as valence and stability permit, 

[0129] R2, R3, R4, and R5, represent one or more 
substitutions to the ring to Which each is attached, for 
each occurrence, independently represent hydrogen, 
halogens, alkyls, alkenyls, alkynyls, aryls, hydroxyl, 
=0, :5, alkoxyl, silyloxy, amino, nitro, thiol, 
amines, imines, amides, phosphoryls, phosphonates, 
phosphines, carbonyls, carboxyls, carboxamides, 
anhydrides, silyls, ethers, thioethers, alkylsulfonyls, 
arylsulfonyls, selenoethers, ketones, aldehydes, 
esters, or —(CH2)m—R8; 

[0130] R6, R7, and R7, are absent or represent, inde 
pendently, halogens, alkyls, alkenyls, alkynyls, aryls, 
hydroxyl, =0, :5, alkoxyl, silyloxy, amino, nitro, 
thiol, amines, imines, amides, phosphoryls, phos 
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phonates, phosphines, carbonyls, carboXyls, car 
boXamides, anhydrides, silyls, ethers, thioethers, 
alkylsulfonyls, arylsulfonyls, selenoethers, ketones, 
aldehydes, esters, or —(CH2)m—R8, or 

[0131] R6 and R7, or R7 and R7, taken together form 
a ring or polycyclic ring, e.g., Which is susbstituted 
or unsubstituted, With the proviso that at least one of 
R6, R7, or R‘7 is present and includes a primary or 
secondary amine; 

[0132] R8 represents an aryl, a cycloalkyl, a cycloalk 
enyl, a heterocycle, or a polycycle; and 

[0133] 
[0134] 

m is an integer in the range 0 to 8 inclusive. 

In preferred embodiments, 

[0135] R2 and R3, for each occurrence, is an —OH, 
alkyl, —O-alkyl, —C(O)-alkyl, or —C(O)—R8; 

[0136] R4, for each occurrence, is an absent, or 
represents —OH, :0, alkyl, —O-alkyl, —C(O) 
alkyl, or —C(O)—R8; 

[0137] R6, R7, and R‘7 each independently represent, 
hydrogen, alkyls, alkenyls, alkynyls, amines, imines, 
amides, carbonyls, carboXyls, carboXamides, ethers, 
thioethers, esters, or —(CH2)m—R8, or 

[0138] R7, and R‘7 taken together form a furanopip 
eridine, such as perhydrofuro[3,2-b]pyridine, a pyra 
nopiperidine, a quinoline, an indole, a pyranopyr 
role, a naphthyridine, a thiofuranopiperidine, or a 
thiopyranopiperidine 

[0139] With the proviso that at least one of R6, R7, or 
R‘7 is present and includes a primary or secondary 
amine; 

[0140] R8 represents an aryl, a cycloalkyl, a cycloalk 
enyl, a heterocycle, or a polycycle, and preferably R8 
is a piperidine, pyrimidine, morpholine, thiomorpho 
line, pyridaZine. 

[0141] In certain preferred embodiments, the de?nitions 
outlined above apply, and the subject compounds are rep 
resented by general formula Ia or unsaturated forms thereof 
and/or seco-, nor- or homo-derivatives thereof: 

Formula Ia 
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[0142] In preferred embodiments, the subject hedgehog 
antagonists can be represented in one of the folloWing 
general formulas (II) or unsaturated forms thereof and/or 
seco-, nor- or homo-derivatives thereof: 

Formula II 
R4 R6 

R5 
R7 or 

R3 R'7 

5 I 
R2 6 

R6 R7 

R4 R5 or 

RV'7 

R3 . 
5 

R2 6 

R6 R7 

X 
RV'7 

R3 

[0143] Wherein R2, R3, R4, R5, R6, R7, and R‘7 are as 
de?ned above, and X represents O or S, though 
preferably O. 

[0144] In certain preferrred embodiments, the de?nitions 
outlined above apply, and the subject compounds are rep 
resented by general formula IIa or unsaturated forms thereof 
and/or seco-, nor- or homo-derivatives thereof: 

Formula IIa 




























































