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polypeptides, antibodies, vectors and host cells expressing, Immunoadhesins, agonists and antagonists to patched-2.
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VERTEBRATE PATCHED-2 PROTEIN

FIELD OF THE INVENTION

The present invention relates generally to signaling molecules, specifically to signaling and

mediator molecules in the hedgehog (h4) cascade which are involved in cell proliferation and differentiation.
BACKGROUND OF THE INVENTION

Development of multicellular organisms depends, at least in part, on mechénisms which specify,
direct or maintain positional information to pattern cells, tissues, or organs. Various secreted signaling
molecules, such as members of the transforming growth factor-beta (T'GF-B), Wnt, fibroblast growth factors
and hedgehog families have been associated with patterning activity of different cells and structures in
Drosophila as well as in vertebrates. Perrimon, Cell: 80: 517-520 (1995).

Segment polarity genes were first discovered in Drosophila, which when mutated caused a change
in the pattern of structures of the body segments. These changes affected the pattern along the head to tail
ax1s. Hedgehog (Hh) was first identified as a segment-polarity gene by a genetic screen in Drosophila
melanogaster, Nusslein-Volhard et al., Roux. Arch. Dev. Biol. 193: 267-282 (1984), that plays a wide variety
of developmental functions. . Perrimon, supra. Although bnly o.r;e 'D'rosophila Hh gene has been identified,
three mammalian #4 homologues have been isolated: Sonic Hh (Shh), Desert Hh (Dhhj and Indian Hh (Ihh),
Echelard ef al., Cell 75: 1417-30 (1993); Riddle er al., Cell 75: 1401-16 (1993). Si:# is expressed at high
level in the notochord and floor plate of developing vertebrate 'e‘m‘l')ryos, and acts to establish cell fate in the
developing limb, somites and neural tube. /n vitro explant assays as well as ectopic expression of Sh# in
transgenic animals show that SHh plays a key role in neural tube patterning, Echelard et al. (1993), supra.;
Ericson et al., Cell 81: 747-56 (1995); Marti et al., Nature 373: 322-5 (1995); Roelink et al. (1995), supra:
Hynes et al., Neuron 19: 15-26 (1997). Hh also plays a role in the development of limbs (Krauss er al., Cell
75: 1431-44 (1993). Laufer et al., Cell 79, 993-1003 (1994)), somites (Fan and Tessier-Lavigne, Cell 79,
1175-86 (1994); Johnson et al., Cell 79: 1165-73 (1994)), lungs (Bellusci et al., Develop. 124: 53-63 (1997)
and skin (Oro et al., Science 276: 817-21 (1997). Likewise. /hh and Dhh are involved in bone, gut and
germinal cell development, Apelqvist et al., Curr. Biol. 7: 801-4 (1997); Bellusci et al., Development 124:
33-63 (1997); Bitgood et al., Curr. Biol. 6: 298-304 ( l996)§ Roberts er al., Development 121: 3163-74
(1995). Specifically, /hh has been implicated in chondrocyte development [Vortkamp, A. et al., Science 273:
613-22 (1996)] while Dhh plays a key role in testis development. Bitgood et al., supra. With the exception
of the gut, in which both /hh and Shh are expressed, the expression patterns of the hedgehog family members
do not overlap. Bitgood et al., supra. |

At the cell surface, Hh function appears to be mediated by a multicomponent receptor complex
involving patched (prch) and smoothened (smo), two multi-transmembrane proteins initially identified as
segment polarity genes in Drosophila and later characterized in vertebrates. Nakano et al., Nature 341: 508-
513 (1989); Goodrich et al., Geﬁes Dev. 10: 301-312 (1996); Marigo et al., Develop. 122: 1225-1233 (1996);
van den Heuvel, M. & Ingham, P.W., Nature 382: 547-551 (1996); Alcedo, J. et al.. Cell 86: 221-232
(1996). Stone, D.M. et al., Nature 384: 129-34 (1996). Upon binding of Hh to Pich. the normal inhibitory

effect of Prch on Smo is relieved, allowing Smo to transduce the Hh signal across the plasma membrane. It
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remains 1o be éstablished it the Ptch/Smo receptor complex mediates the action of all 3 mammalian
hedgehogs or if specific components exist. Interestingly, a second murine Pich gene, Ptch-2 was recently
Isolated [Motoyama, J. er al., Nature Genetics 18: 104-106 (1998)], but its function as a Hh receptor has not
been established. In order to characterize Prch-2 and compare it to Pich with respect to the biological
function of the various Hh family members, Applicants have isolated the human Ptch-2 gene. Biochemical
analysis of Prch and Ptch-2 show that both bind to all members of the Hh family with similar affinity and
that both molecules can form a complex with Smo. However, the expression patterns of Ptch-2 and Pich do
not overlap. While Pich is expressed throughout the mouse embryo, Pich-2 is found mainly in
spermatocytes which require Desert Hedgehog (Dhh) for proper development suggesting that Prch-2
mediates Dhh’s activity in the testis. Chromosomal localization of Prch-2 places it on chromosome 1p33-34,
a region deleted in some germ cell tumors, raising the possibility that Prch-2 may be a tumor suppressor in
Dhh target cells.
SUMMARY OF THE INVENTION
In one embodiment, the invention provides an isolated nucleic acid molecule having at least about

80% sequence identity to (a) a DNA molecule encoding a patched-2 polypeptide comprising the sequence of

- amino acids 1 to 1203 of Fig. 1, or (b) the complement of the DNA molecule of (a); and encoding a

polypeptide having patched-2 biological activity. The sequence identity preferably is > 91%, more preferably
about 92%. most preferably about 95%. In one aspect, the isolated nucleic acid has at least > 919%,
preferably at least about 92%, and even more preferably at least about 95% sequence identity with a
polypeptide having amino acid residues 1 to about 1203 of F 1g. 1. In a further aspect, the isolated nucleic
acid molecule comprises DNA encoding a human patched-2 polypeptide having amino acid residue.s 1 to
about 1203 of Fig. 1. In yet another aspect, the invention provides for an isolated nucleic acid comprising
DNA having at least a 95% sequence identity to (a) a DNA molecule encoding the same mature polypeptide
encoded by the cDNA in ATCC Deposit No. 209778 (designation: pRK7.hptc2.Flag-1405), alternatively the
coding sequence of clone pRK7.hptc2.Flag-1405, deposited under accession number ATCC 209778. In a
still further aspect, the invention provides for a nucleic acid comprising human patched-2 encoding sequence
of the ¢cDNA in ATCC deposit No. 209778 (designation: pRK7.hptc2.Flag-1405) or a sequence which
hybridizes thereto under stringent conditions.

In another embodiment, the invention provides a vector comprising DNA encoding a human
patched-2 polypeptide. A host cell comprising such a vector is also provided. By way of example, the host
cells may be mammalian cells, (e.g. CHO cells), prokaryotic cells (e.g., £ coli) or yeast cells (e.g.,

Saccharomyces cerevisiae). A process for producing patched-2 polypeptides is further provided and

comprises culturing host cells under conditions suitable for expression of patched-2 and recovering the same

from the cell culture.

In yet another embodiment, the invention provides an isolated patched-2 polypeptide. In particular,
the invention provides isolated native sequence patched-2 polypeptide, which in one embodiment is a human
patched-2 including an amino acid sequence comprising residues 1 to about 1203 of F igure |. Human
patched-2 polypeptides with or without the initiating methionine are specifically included. Alternatively, the

invention provides a human parched-2 polypeptide encoded by the nucleic acid deposited under accession

2.
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number ATCC Deposit No. 209778.

In yet another embodiment, the invention provides chimeric molecules comprising a paiched-2
polypeptide patched-2 to a heterologous polypeptide or amino acid sequence. An example of such a
chimeric molecule comprises a patched-2 polypeptide patched-2 to an epitope tag sequence or a constant
region of an immunoglobulin. '

In yet another embodimerit, the invention provides expressed sequence tag (EST) comprising the
nucleotide sequences identified in Fig. 2A (905531) (SEQ ID NO:3) and Fig. 2B (1326258) (SEQ ID NO:5).

In yet another embodiment, the invention provides for alternatively spliced variants of human
patched-2 having patched-2 biological activity.

In yet another embodiment, the invention provides for method of using patched-2 for the treatment
of disorders which are mediated at least in part by Hedgehog (Hh), especially Desert hedgehog (DAh). In
particular, testicular cancer. In yet another embodiment, the invention provides a method of using
antagonists or agonists of patched-2 for treating disorders or creating a desirable physiological condition
effected by blocking Hh signaling, especially Dhh signaling. (E. g, contraception).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the nucleotide (SEQ ID NO:1) and derived amino acid (SEQ ID NO:2) sequence of
a native sequence of human Ptch-2.

Figure 2A shows EST 905531 (SEQ ID NO:3) and Fig. 2B shows EST 1326258 (SEQ ID NO:5) in
alignment with human Prch (SEQ ID NO:18). These ESTs were used in the cloning of human full-length
Prch-2 (SEQ ID NO:1).

Figure 3 shows a comparison between human Prch (SEQ ID NO:4) and Ptch-2 (SEQ ID NO:2).
Gaps introduced for optimal alignment are indicated by dashes. Identical amino acids are boxed. The 12
transmembrane domains are indicated by the gray boxes, all of which are conserved between the two
sequences. Alignment results between the two sequences indicate 53% identity. The most significant
difference is a shorter C-terminal intracellular domain in human Ptch-2 (SEQ ID NO:2) in comparison with
human Ptch (SEQ ID NO:4).

Figure 4 shows a northern blot of Prch-2 (SEQ ID NO:2) which indicates expression is limited to
the testis. Multiple human fetal and adult tissue northern blots were probe fragments corresponding to the
3 -untranslated region of murine Ptch-2.

Figure 5 shows a chromosomal localization of two BAC clones which were isolated by PCR
screening with human patched-2 derived probes. Both probes were mapped by FISH to human chromosome
1p33-34.

Figure 6 is an in situ hybridization comparing Ptch (SEQ ID NO:4), Pich-2 (SEQ ID NO:2) and
Fused (FuRK) (SEQ ID NO:10) expression. High magnification of mouse testis showing expression of (a)
Pich, Pich-2 (SEQ ID NO:2) (b) and FuRK (SEQ ID NO:10) (c). Low magnification of testis section
hybridized with Ptch-2 sense (SEQ ID NO:11) (d) and anti-sense probe (SEQ ID NO:12) (e) respectively.
Fig. 6(f) shows low magnification of testis section hybridized with FuRK (SEQ ID NO:10 encoding nucleic
acid). Scalebar:a,b,c; 0.05 mm;d.e, f:0.33 mm.

Figure 7A is logarithmic plot comparing the binding Ptch-2 (SEQ ID NO:2) to Dhh (SEQ ID

_3-
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NO:13) and Shs (SEQ ID NO:14). Competitive binding of recombinant murine I‘?’51«--Shh to 293 cells

overexpressing Ptch (SEQ ID NO:4) or Ptch-2 (SEQ ID NO:2). There was no detectable binding to mock
transfected cells (data not shown). Figure 7B is a western blot lustrating co-immunoprecipitation of epitope
tagged Prch (SEQ ID NO:4) or Pich-2 (SEQ ID NO:2) with epitope tagged Smo (SEQ ID NO:15).
Immunoprecipitation was performed with antibodies to the F lag tagged Prch (SEQ ID NO:4) and analyzed
on a 6% acrylamide gel with antibodies to the Myc tagged Smo (SEQ ID NO:15). Protein complexes can be
detected for both Prch (SEQ ID NO:4) and Pich-2 (SEQ ID NO:2) with Smo (SEQ ID NO:15) Pich (SEQ ID
NO:4) and Prch-2 (SEQ ID NO:2) express at similar levels as shown by Immunoprecipitation using
antibodies to the Flag-tag and western blot using the same anti-F lag antibody.

Figure 8 is a sequence comparison between human Ptch-2 (SEQ ID NO:2) and murine Pich-2 (SEQ
ID NO:7). which indicates that there is about 91% identity between the two sequences.

Figure 9 is an in situ hybridization which demonstrates the accumuiation of Ptch (SEQ ID NO:4)
and
Ptch-2 (SEQ ID NO:2) mRNA detected by in situ hybridization in basal cells of E18 transgenic mice
overexpressing SMO-M2 (SEQ ID NO:16) (Xie et al., Nature 391: 90-92 (1998).

Figure 10 is a partial sequence representing clone 3A (SEQ ID NO:8). a partial patched-2 fragment
which was initially isolated from a fetal brain library.

Figure 11 is a partial sequence representing cione 16.1 (SEQ ID NQ:9), a partial patched-Z fragment
which isolated from a testis library.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
I Definitions

The terms "patched-2" and "patched-2 polypeptide” when used herein encompass native sequence
patched-2 and patched-2 variants (which are further defined herein) having patched-2 biological activity.
Patched-2 may be isolated from a variety of sources, such as from testes tissye types or from another source,
or prepared by recombinant or synthetic methods.

A "native sequence patched-2" comprises a polypeptide ha.ving the same amino acid sequence as a
human patched-2 derived from nature. Such native sequence patched-2 can be isolated from nature or can
be produced by recombinant and/or synthetic means. The term "native sequence vertebrate patched-2"
speciﬁcally encompasses naturally occurring truncated forms of human patched-2, naturally occurring
variant forms (e.g., alternatively spliced forms) and naturally-occurring allelic variants of human patched-2.
Thus, one embodiment of the invention, the native sequence patched-2 is a mature or full-length native Ptch-
2 comprising amino acids | to 1203 of Fig. 1 (SEQ ID NO:2) with or without the initiating methionine at
position 1.

"Patched-2 variant" means an active human partched-2 as defined below having at least > 91%
amino acid sequence identity to (a) a DNA molecule encoding a parched-2 polypeptide, or (b) the
complement of the DNA molecule of (a). In a particular embodiment, the parched-2 variant has at least >
91% amino acid sequence homology with the human Pich-2 (SEQ ID NO:2) having the deduced amino acid

sequence shown in Fig. 1 for a full-length native sequence human patched-2. Such patched-2 variants
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include. without limitation, patched-2 polypeptides wherein one or more amino acid residues are added, or
deleted, at the N- or C-terminus of the sequence of Fig. 1 (SEQ ID NO:2). Preferably, the nucleic acid or
amino acid sequence identity is at least about 92%, more preferably at least about 93%. and even more

preferably at least about 95%.

"Percent (%) amino acid sequence identity” with respect to the patched-2 sequences identified
herein is defined as the percentage of amino acid residues in a candidate sequence that are identical with the
amino acid residues in the parched-2 sequence, after aligning the sequences and introducing gaps, if
necessary, to achieve the maximum percent sequence identity, and not considering any conservative
substitutions as part of the sequence identity. Alignment for purposes of determining percent amino acid
sequence identity can be achieved in various ways that are within the skill in the art, for instance. using
publicly available computer software such as BLAST-2 software that are set to their default parameters.
Those skilied in the art can determine appropriate parameters for measuring alignment, including any
algorithms needed to achieve maximal alignment over the full length of the sequences being compared.

"Percent (%) nucleic acid sequence identity” with respect to the parched-2 sequences identified
herein is defined as the percentage of nucleotides in a candidate sequence that are identical with the
nucleotides in the parched-2 sequence, after aligning the sequences and introducing gaps, if necessary, to
achieve the maximum percent sequence identity. Alignment for purposes of determining percent nucleic
ac:d sequence identity can be achieved in various ways that are within the skill in the art. for instance, using
publicly available computer software such as sLAST-2 software that are set to their default parameters.
Those skilled in the art can determine appropriate parameters for measuring alignment. including any
algorithms needed to achieve maximal alignment over the full length of the sequences being compared.

The term "epitope tagged"” when used herein refers to a chimeric polypeptide comprising patched-2
polypeptide. or a portion thereof, patched-2 to a "tag polypeptide”. The tag polypeptide has enough residues
to provide an epitope against which an antibody can be made, yet is short enough such that it does not
interfere with activity of the patched-2 polypeptide. The tag polypepﬁde preferably also is fairly unique so
that the antibody does not substantially cross-react with other epitopes. Suitable tag polypeptides generally
have at least six amino acid residues and usually between about 8 to about 50 amino acid residues
(preferably. between about 10 to about 20 residues).

As used herein, the term “immunoadhesin” designates antibody-like molecules which combine the
binding specificity of a heterologous protein (an “adhesin™) with the effector functions of immunoglobulin
constant domains. Structurally, the immunoadhesin comprise a fusion of an amino acid sequence with the
desired binding specificity which is other than the antigen recognition and binding site of an antibody (i.e., is
“heterologous™), and an immunoglobulin constant domain sequence. The adhesin part of an immunoadhesin
molecule typically is a contiguous amino acid sequence comprising at least the binding site of a receptor or a
ligand. The immunoglobulin constant domain sequence in the immunoadhesins may be obtained from any
immunoglobulin, such as IgG-1, IgG-2, 1gG-3 or [gG-4 subtypes, IgA (including IgA-1 and IgA-2. IgE, IgD
or [gM. Immunoadhesion reported in the literature include fusions of the T cell receptor’ (Gascoigne erf al.,
Proc. Natl. Acad. Sci. USA 84: 2936-2940 (1987)]; CD4" [Capron et al., Nature 3537: 525-531 (1989);
Traunecker er al., Nature 339: 68-70 (1989); Zettmeissl et al., DNA Cell Biol. USA 9: 347-353 (1990); Bym

-5.
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et al., Nature 344, 667-670 (1990)]; L-selectin (homing receptor) {Watson er al.. J. Cell. Biol. 110, 2221-2229
(1990); Watson et al., Nature 349, 164-167 (1991)]; CD44" [Aruffo et al., Cell 61, 1303-1313 (1990)]; CD28’
and B7 [Linsley et al., J. Exp. Med. 173, 721-730 (1991)]); CTLA-4" [Lisley et al., J. Exp. Med 174, 561-569
(1991)]; CD22" [Stamenkovic et al., Cell 66. 1133-1144 (1991)]; TNF receptor [Ashkenazi er al., Proc. Natl
Acad. Sci. USA 88, 10535-10539(1991); Lesslaueret al., Eur. J. Immunol, 27, 2883-2886 (1991); Peppelet al,
J. Exp. Med. 174, 1483-1489 (1991)]; NP receptors {Bennett ef al.,, J. Biol. Chem. 266, 23060-23067 (1991)];
IgE receptor a-chain’ [Ridgway and Gorman, J. Cell. Biol. 115, abstr. 1448 (1991)]; HGF receptor [Mark, M.R.
et al., J. Biol. Chem., 267(36): 26166-26171 (1992) ], where the asterisk () indicates that the receptor is a
member of the immunoglobulinsuperfamily.

“Stringency"” of hybridization reactions is readily determinable by one of ordinary skill in the art,
and generally is an empirical calculation dependent upon probe length, washing temperature, and salt
concentration. In general. longer probes require higher temperatures for proper annealing, while shorter
probes need lower temperatures. Hybridization generally depends upon the ability of denatured DNA to
reanncal when complementary strands are present in an environment near but below their T” (melting
temperature). The higher the degree of desired homology between the probe and hybridizable sequence, the
higher the relattve temperature which can be used. As a result, it follows that higher relative temperatures
would tend to make the reaction conditions more stringent, while lower temperatures less so. Moreover,
stringency Is also inversely proportional to salt concentrations. For additiona! details and explanation of
stringency of hybridization reactions, sze Ausubel et al., Current Protocols in Moiccular Biology (1995).

“Stringent conditions," as defined herein may be identified by those that: (1) employ low ionic
strength and high temperature for washing, for example 0.015 M sodium chloride/0.0015 M sodium
citrate/0.1% sodium dodecyl sulfate at 50°C; (2) employ during hybridization a denaturing agent. such as
formamide, for example, 50% (vol/vol) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 mM sodium chloride. 75 mM
sodium citrate at 42°C; (3) employ 50% formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium citrate), 30 mM
sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt's solution, sonicated salmon sperm
DNA (50 pg/ml), 0.1% SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2 x SSC (sodium
chloride/sodium citrate) and 50% formamide at 55°C, followed by a high-stringency wash consisting of 0.1 x
SSC containing EDTA at 55°C.

"Isolated,” when used to describe the various polypeptides disclosed herein, means polypeptide that
has been identified and separated and/or recovered from a component of its natural environment.
Contaminant components of its natural environment are materials that would typically interfere with
diagnostic or therapeutic uses for the polypeptide, and may include enzymes. hormones, and other
proteinaceous or non-proteinaceous solutes. In preferred embodiments, the polypeptide will be purified (1)
to a degree sufficient to obtain at least 15 residues of N-terminal or internal amino acid sequence by use of a
spinning cup sequenator, or (2) to homogeneity by SDS-PAGE under non-reducing or reducing conditions
using Coomassie blue or, preferably, silver stain. Isolated polypeptide includes polypeptide in situ within
recombinant cells, since at least one component of the vertebrate partched-2 natural environment will not be

present. Ordinarily, however, isolated polypeptide will be prepared by at least one purification step.
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An "isolated" patched-2 nucleic acid molecule is a nucleic acid molecule that is identified and
separated from at least one contaminant nucleic acid molecule with which it is ordinarily associated in the
natural source of the patched-2 nucleic acid. An isolated patched-2 nucleic acid molecule is other than in the
form or setting in which it is found in nature. Isolated patched-2 nucleic acid molecules therefore are
distinguished from the corresponding native patched-2 nucleic acid molecule as it exists in natural cells.

The term “control sequences” refers to DNA sequences necessary for the expresston of an operably
linked coding sequence in a particular host organism. The control sequences that are suitable for
prokaryotes, for example, include a promoter, optionally an operator sequence, and a ribosome binding site.
Eukaryotic cells are known to utilize promoters, polyadenylation signals, and enhancers.

Nucleic acid is “operably linked" when it is placed into a functional relationship with another
nucleic acid sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA
for a polypeptide if it is expressed as a preprotein that participates in the secretion of the polypeptide; a
promoter or enhancer is operably linked to a coding sequence if it affects the transcription of the sequence; or
a ribosome binding site is operably linked to a coding sequence if it is positioned so as to facilitate
translation. Generally, "operably linked” means that the DNA sequences being linked are contiguous, and, in
the case of a secretory leader, contiguous and in reading frame. However, enhancers do not have to be
contiguous. Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist, the
synthetic oligonucleotide adaptors or linkers are used in accordance wi*k conventional practice.

The term “antibocv” is used in the broadest sense and specifically covers single monoclonal

antibodies (including agonist and antagonist antibodies), antibody compositions with polyepitopic specificity,
as well as antibody fragments (e.g., Fab, F(ab’); and Fv), so long as they exhibit the desired biological

activity.

The term "monoclonal antibody" as used herein refers to an antibcdy obtained from a population of
substantially homogeneous antibodies, i.¢., the individual antibodies comprising the population are identical
except for possible naturally occurring mutations that may be’present in minor amounts. Monoclonal
antibodies are highly specific, being directed against a single antigenic site. Furthermore. in contrast to
conventional (polycional) antibody preparations that typically include different antibodies directed against
different determinants (epitopes), each monoclonal antibody is directed against a single determinant on the
antigen. In addition to their specificity, the monoclonal antibodies are advantageous in that they are
synthesized by the hybridoma culture, uncontaminated by other immunoglobulins. The modifier
"“monoclonal” indicates the character of the antibody as being obtained from a substantially homogeneous
population of antibodies, and is not to be construed as requiring production of the antibody by anv particular
method. For example, the monoclonal antibodies to be used in accordance with the present invention may be
made by the hybridoma method first described by Kohler & Milstein, Nature 256:495 (1975). or may be
made by recombinant DNA methods [see, e.g. U.S. Patent No. 4,816,567 (Cabilly et al.)].

The monoclonal antibodies herein specifically include "chimeric" antibodies (immunogiobulins) in
which a portion of the heavy and/or light chain is identical with or homologous to corresponding sequences

In antibodies derived from a particular species or belonging to a particular antibody class or subclass, while
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the remainder of the chain(s) is identical with or homologous to corresponding sequences in antibodies
derived from another species or belonging to another antibody class or subclass. as Well as fragments of such
antibodies. so long as they exhibit the desired biological activity [U.S. Patent No. 4.816.567: Cabilly et al.;
Morrison er al., Proc. Natl. Acad. Sci. USA 81, 6851-6855 (1984)).

"Humanized" forms of non-human (e.g. murine) antibodies are chimeric immunoglobulins,
immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab’), or other antigen-binding

subsequences of antibodies) which contain minimal sequence derived from non-human immunoglobulin.
For the most part, humanized antibodies are human tmmunoglobulins (recipient antibody) in which residues
from a complementary determining region (CDR) of the recipient are replaced by residues from a CDR of a
non-human species (donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity and
capacity. In some instances. corresponding non-human residues replace Fv framework residues of the
human immunoglobulin. Furthermore, humanized antibody may comprise residues that are found neither in
the recipient antibody nor in the imported CDR or framework sequences. These modifications are made to
further refine and optimize antibody performance. In general. the humanized antibody will comprise
substantially all of at least one, and typically two, variable domains, in which all or substantially all of the
CDR regions correspond to those of a non-human immunoglobulin and all or substantially all of the FR
regions are those of a human immunoglobulin consensus sequence. The humanized antibody optimally also
will comprise at least a portion of an immunoglobulin coustant region (Fc), typically that of a hurian
immunoglobulin. For further details see: Jones er al., Nature 321, 522-525 (1986); Riechmann er al., Na'ure
332, 323-327 (1988); Presta, Curr. Op. Struct. Biol. 2 593-596 (1992) and U.S. Patent No. 5,225,539
(Winter) issued July 6, 1993.

"Active” or “activity" for the purposes herein refers to form(s) of patched-2 which retain the
biologic and/or immunologic activities of native or naturally occuming patched-2. A preferred activity is the
ability to bind to and affect, e.g., block or otherwise modulate. hedgehog (Hh), especially desert hedgehog
(Dhh) signaling. For example, the regulation of the pathogenesis of testicular cancer, male spermatocyte
formation and basal cell carcinoma. _

The term “antagonist™ is used herein in the broadest sense to inciude any molecule which blocks,
prevents. inhibits, neutralizes the normal functioning of parched-2 in the hedgehog (Hh) signaling pathway.
One particular form of antagonist includes a molecule that interferes with the interaction between DAk and
patched-2. Alternatively, an antagonist could also be a molecule which increases the levels of patched-2. In
a similar manner, the term “agonist” is used herein to include any molecule which promotes, enhances or
stimulates the binding of a Hh to patched-2 in the Hh signaling pathway or otherwise upregulates it (e.g.,
blocking binding of Prch-2 (SEQ ID NO:2) to Smo (SEQ ID NO:17). Suitable molecules that affect the
protein-protein interaction of Hh and patched-2 and its binding proteins include fragments of the latter or
small bioorganic molecules, e.g., peptidomimetics, which will prevent or enhance. as the case may be, the
binding of Hh to patched-2. Non-limiting examples include proteins, peptides, glycoproteins, glycopeptides,
glycolipids. polysaccharides, oligosaccharides, nucleic acids, bioorganic molecules, peptidomimetics,

pharmacological agents and their metabolites, transcriptional and translation control sequences, and the like.
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Another preferred form of antagonist includes antisense oligonucleotides that inhibit proper transcription of
wild tvpe patched-2.

The term “modulation™ or “modulating” means upregulation or downregulation of a signaling
pathway. Cellular processes under the control of signal transduction may include, but are not limited to,
transcription of specific genes; normal cellular functions, such as metabolism, proliferation, differentiation,
adhesion, apoptosis and survival, as well as abnormal processes, such as transformation. blocking of
differentiation and metastasis.

The techniques of "polymerase chain reaction," or "PCR", as used herein generally refers to a
procedure wherein minute amounts of a specific piece of nucleic acid, RNA and/or DNA are amplified as
described in U.S. Pat. No. 4,683,195 issued 28 July 1987. Generally, sequence information from the ends of
the region of interest or beyond needs to be available, such that oligonucleotide primers can be designed;
these primers will be identical or similar in sequence to opposite strands of the template to be amplified. The
5' terminal nucleotides of the two primers may coincide with the ends of the amplified material. PCR
sequences form total genomic DNA, and cDNA transcribed from total cellular RNA, bacteriophage, or
plasmid sequences, etc. See generally Mullis et al., Cold Spring Harbor Symp. Quant. Biol. 51: 263 (1987):
Erlich, Ed., PCR Technology, (Stockton Press, NY, 1989). As used herein, PCR is considered 10 be one, but
not the only, example of a nucleic acid test sample comprising the use of a known nucleic acid as a primer

and a nucleic acid polymerase to amplify or generate a specific piece of nucleic acid.

[1. Compositions and Methods of the Invention

A. Full-length patched-2
The present invention provides newly identified and isolated nucleotide sequences encoding ‘

polypeptides referred to in the present application as patched-2. In particular, Applicants have identified and
isolated cDNA encoding a human patched-2 polypeptide, as disclosed in further detail in the Examples
below. Using BLAST, BLAST-2 and FastA sequence alignment computer programs (set to the default
parameters), Applicants found that a full-length native sequence human parched-2 (i.e., Ptch-2 in Figure 3,
SEQ ID NO:2) has 53% amino acid sequence identity with a human parched (i.e.. Ptch, SEQ ID NO:4).

Moreover a human full-length patched-2 (i.e., Pich-2, SEQ ID NO:2) has about a 91% sequence identity
with murine Ptch-2 (SEQ ID NO:7) (Fig. 8). Accordingly, it is presently believed that the human parched-2
(1.e., Prch-2, SEQ ID NO:2) disclosed in the present application is a newly identified member of the
mammalian hedgehog signaling cascade, specifically Desert hedgehog.

The full-length native sequence of human patched-2 gene, or portions thereof, may be used as
hybridization probes for a cDNA library to isolate the full-length gene or to isolate still other vertebrate
homolog genes (for instance, those encoding naturally-occurring variants of patched-2 or paiched-2 from
other species) which have a desired sequence identity to the human parched-2 sequence disclosed in Fig.1
(SEQ ID NO:2). Optionally, the length of the probes will be about 20 to about 50 bases. The hybridization
probes may be derived from the nucleotide sequence of Fig. 1 (SEQ ID NO:1) or from genomic sequences
including promoters, enhancer elements and introns of native sequence vertebrate parched-2. By way of
example, a screening method will comprise isolating the coding region of the vertebrate parched-2 gene

using the known DNA sequence to synthesize a selected probe of about 40 bases. Hybridization probes may
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be labeled by a variety of labels. including radionucleotides such as JZP or 358, or enzymatic labels such as

alkaline phosphatase coupled to the probe via avidin/biotin coupling systems. Labeled probes having a
sequence complementary to that of the vertebrate patched-2 gene of the present invention can be used to
screen libraries of human ¢cDNA, genomic DNA or mRNA to determine which members of such libraries the
probe hvbridizes to.

B. . Parched-2 Variants

In addition to the full-length native sequence patched-2 described herein, it is contemplated that
patched-2 variants can be prepared. Patched-2 variants can be prepared by introducing appropriate
nucleotide changes into a known patched-2 DNA, or by synthesis of the desired patched-2 polypeptides.
Those skilled in the art will appreciate that amino acid changes may alter post-translational processes of
patched-2.

Variations in the native full-length sequence patched-2 or in various domains of the parched-2
described herein, can be made, for example, using any of the techniques and guidelines for conservative and
non-conservative mutations set forth, for instance, in U.S. Patent No. 5,364,934. Variations may be a
substitution. deletion or insertion of one or more codons encoding the patched-2 that results in a change in
the amino acid sequence of patched-2 as compared with the native sequence patched-2. Optiohally, the
variation 1s by substitution of at least one amino acid with any other amino acid in one or more of the
domains of patched-2. Guidance in determiining which amino acid residue may be inscrted. substituted or
d=leted without adversely affecting the desired activity may be found by comparing. tae sequence of the
parched-2 with that of homologous known protein molecules and minimizing the numbver of amino acid
sequence changes made in regions of high homology. Amino acid substitutions can be the result of replacing
one amino acid with another amino acid having similar structural and/or chemical properties. such as the
replacement of a leucine with a serine, 1.e., conservative amino acid replacements. Insertions or deletions
may optionally be in the range of 1 to 5 amino acids. The variation allowed may be determined by
systematically making insertions. deletions or substitutions of amino acids in the sequence and testing the
resulting variants for activity in the in vitro assay described in the Examples below.

The varnations can be made using methods known in the art such as oligonucleotide-mediated (site-
directed) mutagenesis, alanine scanning, and PCR mutagenesis. Site-directed mutagenesis [Carter et al.,
Nucl. Acids Res., 13:4331 (1986); Zoller et al., Nucl. Acids Res., 10: 6487 (1987)}, cassette mutagenesis
[Wells et al., Gene, 34:315 (1985)], restriction selection mutagenesis [Wells et al., Philos. Trans. R. Soc.
London SerA, 317:415 (1986)] or other known techniques can be performed on the cioned DNA to produce
the vertebrate patched-2 variant DNA.

Scanning amino acid analysis can also be employed to identify one or more amino acids along a
contiguous sequence. Among the preferred scanning amino acids are relatively small. neutral amino acids.
Such amino acids include alanine, glycine, serine, and cysteine. Alanine is typically a preferred scanning
amino acid among this group because it eliminates the side-chain bevond the beta-carbon and is less likely to
alter the main-chain conformation of the variant. Alanine is also typically preferred because it is the most

common amino acid. Further. 1t 1s frequently found in both buried and exposed positions {Creighton, The
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Proteins. (W.H. Freeman & Co., N.Y.); Chothia, J Mol. Biol,, 150:1 (1976)). If alanine substitution does not
yield' adequate amounts of variant, an isoteric amino acid can be used.

In the comparison between human patched and patched-2 sequences depicted in Figure 3 (e.g.,
Ptch, SEQ ID NO:4 and Ptch-2, SEQ ID NO:2), the 12 transmembrane domains are identified in gray, while
identical residues are boxed. Gaps are indicated by dashes (-) and are inserted to maximize the total identity
score between the two sequences.

C. Modifications of parched-2

Covalent modifications of parched-2 are included within the scope of this invention. One type of
covalent modification includes reacting targeted amino acid residues of patched-2 with an organic
derivatizing agent that is capable of reacting with selected side chains or the N- or C- terminal residues of the
patched-2. Derivatization with bifunctional agents is useful, for instance. for crosslinking patched-2 to a
water-insoluble support matrix or surface for use in the method for purifying anti-patched-2 antibodies, and
vice-versa. Commonly used crosslinking agents include, e. g., 1,1-bis(diazo-acetyl)-2-phenylethane,
glutaraldehyde, N-hydroxy-succinimide esters, for example, esters with 4-azido-salicylic acid,
homobifunctional imidoesters, including disuccinimidyl esters such as 3,3'-dithiobis-(succinimidy|-
propionate), bifunctional maleimides such as bis-N-maleimido-1,8-octane and agents such as methyl-3-[(p-
aztdophenyl)-dithio}proprioimidate.

Other modifications irclude deamidation of glutaminyl and asparaginyl residues to the
corresponding glutamyl and aspartyl residues, respectively, hydroxylati-m of proline and lysine,
phosphorylation of hydroxyl groups of seryl or threonyl residues, methylatior of the a-amino groups of
lysine, arginine, and histidine side chains [T.E. Creighton, Proteins: Structure and Molecular Properties,
W.H. Freeman & Co., San Francisco, pp. 79-86 (1983)], acetylation of the N-terminal amine, and amidation
of any C-terminal carboxy! group.

Another type of covalent moditication of patched-2 comprises linking the patched-2 polypeptide to
one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol. polypropylene glycol, or
polyoxyalkylenes, in the manner set forth in U.S. Patent Nos. 4,640,835: 4,496,689, 4,301,144 4,670,417
4,791,192 or 4,179,337. Such modifications would be expected in increase the half-life of the molecules in
circulation in a mammalian system; Extended half-life of parched-2 molecules might be useful under certain
circumstances, such as where the patched-2 variant is administered as a therapeutic agent.

The patched-2 of the present invention may also be modified in a way to form a chimeric molecule
comprising patched-2 bonded to another, heterologous polypeptide or amino acid sequence. In one
embodiment, such a chimeric molecule comprises a fusion of patched-2 with a tag polypeptide, which
provides an epitope to which an anti-tag antibody can selectively bind. The epitope tag is generally placed at
the amino- or carboxyl- terminus of the patched-2. The presence of such epitope-tagged forms of the
patched-2 can be detected using an antibody against the tag polypeptide. Also, provision of the epitope tag
enables the parched-2 to be readily purified by affinity purification using an anti-tag antibody or another type
of affinity matrix that binds to the epitope tag. In an alternative embodiment, the chimeric molecule may
comprise a fusion of the patched-2 with an immunoglobulin or a particular region of an immunoglobulin.

For a bivalent form of the chimeric molecule, such a fusion could be 1o the Fc region of an IgG molecule.
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Ordinarily, the C-terminus of a contiguous amino acid sequence of a patched-2 receptor is fused to the N-
terminus of a contiguous amino acid sequence of an immunoglobulin constant region, in place of the variable
region(s). however N-terminal fusions are also possible.

Typically, such fusions retain at least functionally active hinge, CH2 and CH3 domains of the constant
region of an immunoglobulin heavy chain. Fusions are also made to the C-terminus of the Fec portion of a
constant domain, or immediately N-temiinal to the CHI of the heavy chain or the corresponding region of the
light chain. This ordinarily is accomplished by constructing the appropriate DNA sequence and expressing it in
recombinantcell culture. Alternatively,immunoadhesinsmay be synthesized according to known methods.

The precise site at which the fusion is made is not critical; particular sites are well known and may be

selected in order to optimize the biological activity, secretion or binding characteristicsof the immunoadhesins.

In a preferred embodiment, the C-terminus of a contiguous amino acid sequence which comprises the

binding site(s) of parched-2. at the N-terminal end, to the C-terminal portion of an antibody (in particular the Fc
domain). containing the effector functions of an immunoglobulin, e.g. immunoglobulin G) (IgG-1). As herein

above mentioned, it is possible to fuse the entire heavy chain constant region to the sequence containing the
binding site(s). However, more preferably, a sequence beginning in the ninge region just upstream of the papain
cleavage site (which defines IgG Fc chemically; residue 216, taking the first residue of heavy chain constant
region to be 114 [Kobat et al,, supra], or analogous sites of other ir:munoglobulins) is used in the fusion.
Although it was earlier ihought that in immunoadhesins the immunogiobulin light chain would be required for
efficient secretion of the heterologous protein-heavy chain fusion prteins, it has been found that even the
immunoadhesins containing the whole IgG1 heavy chain are efficiently secreted in the absence of light chain.
Since the light chain is unnecessary, the immunoglobulin heavy chain constant domain sequence used in the
construction of the immunoadhesins of the present invention may be devoid of a light chain binding site. This
can be achieved by removing or sﬁfﬁciently altering immunoglobulin heavy chain sequence elements to which
the light chain is ordinarily linked so that such binding is no longer possible. Thus. the CH1 domain can be
entirely removed in certain embodiments of the patched-2/immunoglobulinchimeras.

In a particularly preferred embodiment, the amino acid sequence containing the extracellular domain(s)
of patched-2 is fused to the hinge region and CH2, CH3; or CH1, hinge, CH2 and CH3 domains of an IgG-1,
1gG-2,1gG-3, or IgG-4 heavy chain.

In some embodiments, the patched-2/immunoglobulin molecules (immunoadhesins) are assembled as
monomers, dimers or multimers, and particularly as dimers or tetramers. Generally, these assembled
immunoadhesins will have known unit structures similar to those of the corresponding immunoglobulins. A
basic four chain structural unit (a dimer of two immunoglobulin heavy chain-light chain pairs) is the form in
which IgG, IgA and IgE exist. A four chain unit is repeated in the high molecular weight immunoglobulins;
IgM generally exists as a pentamer of basic four-chain units held together by disulfide bonds. IgA globulin, and
occasionally IgG globulin, may also exist in a multimeric form in serum. In the case of multimers. each four
chain unit may be the same or different.

It is not necessary that the entire immunoglobulin portion of the patched-2/ immunogiobulinchimeras

be from the same immunoglobulin. Various portions of different immunoglobulins may be combined, and
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variants and derivatives of native immunoglobulins can be made as herein above described with respect to
patched-2. in order to optimize the properties of the immunoadhesin molecules. For example, immunoadhesin
constructs in which.the hinge of 1gG-1 was replaced with that of IgG-3 were found to be functional and showed
pharmacokineticscomparableto those of immunoadhesinscomprising the entire 1gG-1 heavy chain.

Various tag polypeptides and their respective antibodies are well known in the art. Examples
include poly-histidine (poly-his) or poly-histidine-glycine (poly-his-gly) tags; the flu HA tag polypeptide and
its antibody 12CAS5 [Field et al., Mol. Cell. Biol., 8: 2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7,
6E10, G4. B7 and 9EI10 antibodies thereto [Evan et al., Molecular and Cellular Biology, 5:3610-3616
(1985)): and the Herpes Simplex virus glycoprotein D (gD) tag and its antibody [Paborsky et al., Protein
Engineering, 3(6):547-553 (1990)]. Other tag polypeptides include the Flag-peptide [Hopp et al.,
BioTechnology, 6:1204-1210 (1988)]; the KT3 epitope peptide [Martin et al., Science, 255:192-194 (1992)};
an a-tubulin epitope peptide [Skinner et al., J. Biol. Chem., 266:15163-15166 (1991)}; and the T7 gene 10
protein peptide tag [Lutz-Freyermuth et al., Proc. Natl. Acad. Sci. USA, 87:6393-6397 (1990)]. A preferred

tag 1s the influenza HA tag.

D. Preparation of patched-2

The description below relates primarily to production of a particular patched-2 by cuituring cells
transformed or transfected with a vector containing patched-2 nucleic acid. 1t is, of course, contemplated
that alternati’e methods. which are well known in the a'r:, may be employed to prepare parched 2. For
Instance. the patched-2 sequence, or portions thereof, m:y be produced by direct peptide synthesis using
solid-phase techniques [see, e.g., Stewart et al., Solid-Phase Peptide Svnthesis, W.H. Freeman Co., San
Francisco, CA (1969): Merrifield, J. Am. Chem. Soc., 85:2149-2154 (1963)). In vitro protein synthesis may
be performed using manual techniques or by automation. Automated synthesis may be accomplished, for
Instance. using an Applied Biosystems Peptid‘e Synthesizer (Foster City, CA) using manufacturer's
instructions. Various portions of the vertebrate parched-2 may be chemically synthesized separately and
combined using chemical or enzymatic methods to produce the full-length patched-2.

1. Isolation of DNA encoding vertebrate patched-2

DNA encoding patched-2 may be obtained from a ¢cDNA library prepared from tissue
believed to possess the patched-2 mRNA and to express it at a detectable level. Accordingly, human
patched-2 DNA can be conveniently obtained from a cDNA library prepared from human tissue. such as
described in the Examples. The vertebrate patched-2-encoding gene may also be obtained from a genomic
library or by oligonucleotide synthesis.

Libraries can be screened with probes (such as antibodies to the patched-2 or oligonucleotides of at
least about 20-80 bases) designed to identify the gene of interest or the protein encoded by it. Screening the
cDNA or genomic library with the selected probe may be conducted using standard procedures, such as
described in Sambrook et al., Molecular Cloning: A Laboratory Manual (New York: Cold Spring Harbor
Laboratory Press, 1989). An alternative means to isolate the gene encoding vertebrate parched-2 is to use
PCR methodology [Sambrook et al., supra; Dieffenbach et al., PCR Primer: A Laboratorv Manual (Cold
Spring Harbor Laboratory Press, 1995)].

The Examples below describe techniques for screening a cDNA library. The oligonucieotide
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sequences selected as probes should be of sufficient length and sufficiently unambiguous that false positivés
are minimized. The oligonucleotide is preferably labeled such that it can be detected upon hybridization to

DNA 1n the library being screened. Methods of labeling are well known in the art, and inciude the use of
radiolabels like 32P-Iabeled ATP, biotinylation or enzyme labeling. Hybridization conditions, including

moderate stringency and high stringency, are provided in Sambrook et al., supra.

Sequences identified in such library screening methods can be compared and aligned to other
known sequences deposited and available in public databases such as GenBank or other private sequence
databases. Sequence identity (at either the amino acid or nucleotide level) within defined regions of the
molecule or across the full-length sequence can be determined through sequence alignment using computer
software programs such as BLAST, BLAST-2, ALIGN, DNAstar, and INHERIT which employ various
algorithms to measure homology.

Nucleic acid having protein coding sequence may be obtained by screening selected cDNA or
genomic libraries using the deduced amino acid sequence disclosed herein for the first time, and, if
necessary. using conventional pfimer extension procedures as described in Sambrook et al., supra, to detect
precursors and processing intermediates of mRNA that may not have been reverse-transcribad into cDNA.

2. Selection and Transformation of Host Cells

Host cells are trans’ected or transformed with expression or cloning vectors
descvibed herein for patched-2 production and cultured in conventional nutrient media modified as
appiopriate for inducing promoters, selecting t: ansformants, or amplifying the genes enc::ding the desired
sequences. The culture conditions, such as media, temperature, pH and the like. can be selected by the
skilled artisan without undue experimentation. In general, principles, protocols, and practical techniques for
maximizing the productivity of cell cultures can be found in Mammalian Cell Biotechnology: A Practical
Approach, M. Butler, ed. (IRL Press. 199'1) and Sambrook et al., supra.

Methods of transfection are known to the ordinarily skilled artisan. for example, CaPQ, and
electroporation. Depending on the host cell used, transformation is performed using standard techniques
appropriate to such cells. The calcium treatment employing calcium chloride, as described in Sambrook et
al., supra, or electroporation is generally used for prokaryotes or other cells that contain substantial cell-wall
barriers. Infection with Agrobacterium tumefaciens is used for transformation of certain plant cells, as
described by Shaw et al., Gene, 23:315 (1983) and WO 89/05859 published 29 June 1989. For mammalian
cells without such cell walls. the calcium phosphate precipitation method of Graham and van der Eb,
Virology 52:456-457 (1978). can be employed. General aspects of mammalian cell host system
transformations have been described in U.S. Patent No. 4.399.216. Transformations into yeast are typically
carried out according to the method of Van Solingen et al., J. Bact., 130:946 (1977) and Hsiao ef ai.. Proc.
Natl. Acad. Sci. (USA), 76:3829 (1979). However, other methods for introducing DNA into cells, su<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>