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MUTANT SMOOTHENED AND METHODS OF USING THE SAME

RELATED APPLICATION
This application claims priority to Untted States provisional application scrial number
62/291,346, filed Febroary 4, 2016, The disclosure of the foregoing application is hereby

incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Molecular-targeted cancer therapeutics have shown mpressive activity n the clinic.
Some of the best noted examples include the tyrosine kinase inhibitors imatinib in
Philadelphia chromosome-positive chronic myelogenous leukemia (CML) or KIT/ PDGFR-
muiant gastrointestinal stromal tumors (GISTs) and erlotinib in EGFR-mutant non-small cell
hung cancer (NSCLC) (Krause, DS and RA Van Etten (20053 N. Engl J Med 353(2):172-
187). Treatment with these agents has led to dramatic anti-tumor responses in patient
populations harboring these molecular abnormalities. However, despite the impressive mitial
chinical responses, most patients eventually progress due to the acquisition of drug resistance
(Engelman, J A and J. Settleman {2008} Curr. Opin. Genet. Dev. 18(1).73-79}.
Identification of mechanisms of resistance have consequently opened the door to more
rational drug combinations and the development of “second-generation™ inhibitors that can
potentially overcome or avoid the emergence of resistance.

Medulloblastoma is a primitive neurocctodermal tumor of the cerebelium that
represents the most common brain malignancy 1 children (Polkinghom, W.R. and N.J.
Tarbell (2007 Nat. Clin. Pract. Oncol. 4(5):295-304). One form of treatment for
medulloblastoma is adjuvant radiation therapy. Despiie improvements in survival rates,
adjuvant radiation is associated with debilitating side cffects, thus supporting the need for
new molecular targeted therapies.

The Hedgehog (Hh) signaling pathway has been directly implicated in the
pathogenesis of medulloblastoma. Constitutive Hh signaling, most often due to underlying
loss of function mutations in the inhibitory receptor PTCH I, has been demonstrated m
approximately 30% of sporadic cases (Zurawel, R H. er ol (2000} Genes Chromosomes

Cancer 27(1):44-31; Kool, M. ef af. (2008) PLoS ONFE 3(8):23088; Dellovade, T. ef al.
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(2006} Annu. Rev. Newrosci. 29:539; Rebin, L1, and F.J. de Sauvage (2006} Nat. Rev. Drug
Discov. 5:1026). Mice heterozygous for Ptchl (Ptch1™) can spontancousty develop
medulloblastoma and treatment with Hh pathway inhibitors results in fumor chimination and
prolonged survival {(Goodrich, L.V, ef af. {1997) Science 277(5329):1109-1113; Romer, 1.T.
et al (2004) Cancer Cell 6{3%.229-24(). However, it has recently been observed that a
patient treated with the novel Hh pathway inhibitor, GDC-0449 initially showed a dramatic
response to treatment (Charles M. Rudin eraf. (2009) N fingl. J. Med. (submitted)), only to
fail to have a durable response to treatment and a relapse of the tumor,

BCC is the most common human cancer and is predominantly driven by
hyperactivation of the Hh pathway (Oro et al., 1997, Xic et al., 1998). The association
between Hh signaling and cancer was first discovered in patients with Gorlin or basal cell
nevus syndrome {BONSY, who are highly susceptible to medalloblastoma (MB} and BCC.
These patients gencrally possess heterozygous germline mutations i FParched [ (PTCHIT),
which encodes a receptor for Hh ligands (Hahn et al ., 1996, Johnson et al., 1996). Hh ligand
binding relieves PTCHI suppression of the serpentine transmembrane (TM) signal transducer
Smaoothened (8MO). The vast majonty of sporadic BUCs are driven by inactivating
owtations and loss of heterozygosity (LOH) in PTCH /. with most of the remainder harboring
activating mutations in SMO (Reitenberger et al,, 2003). SMO promotes the activation and
nuclear localization of GLI transcription factors by inhibition of Suppressor of fused (SUFU)
and Protein kinase A (PKA). SUFU negatively regulates the Hh pathway by binding and
sequestering GLI transcription factors in the cvtoplasm {(Stone et al, 1999}, Loss-of-function
mutations in SUFL are also associated with Gorlin Syndrome (Pastorino et al., 2009; Souith
ctal, 2014, Tavioret al, 2002). Approximately 30% of sporadic BCCs also have 7P33
muiations {Javaraman et al., 2014).

Several Hh pathway inhibitors (HPIs) arc currently under chinical investigation for
both BCC and MB {Amakye et al |, 2013). Vismodegib, previcusly known as GD(C-0449 15 a
SMO mhibitor approved for the treatment of metastatic and locally advanced BCC {Sekulie
ctal., 2012}, The majonty of BCC patients treated with vismodegib experience a clinical
benefit, ncluding both complete and partial responses (Sekulic et al., 2012),

However, a preliminary estimate suggests that up to 20% of advanced BCC patients
develop resistance to vismodegib within the first vear of treatment (Chang and Oro, 2012},
To date, the only functionally characterized mechanism of acquired resistance to vismodegib
in the clinic came from a patient with metastatic MB. A SMQO-D473H mutation was detected

in a biopsy from a relapsed metastatic tumor and was shown to abrogate drug binding in vitrs
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{(Yauch et al ., 2009). Four other clinical SMO mutations were recently reported in
vismodegib-resistant BCC, but were not examined functionally {Brinkhuizen ¢t al | 2014,
Prici et al., 2014). Scveral resistance mechanisms to SMO inhibitors have been delineated
from prechinical models, meluding additional SMO mutations, amplification of downstream
5  Hh pathway components such as GLIZ, and activation of bypass signaling pathways
inclading phosphatidvlinositol 3-kinase (P13K) kinase and atvpical protein kinase C va
(aPKC-vh) (Atwood et al, 2013; Buonamici et al., 2010; Dijkgraaf et al., 2011). However, it
remains unclear which mechanisms drive resistance in patients.
There is an urgent need in the art to identify additional GDC-0449-resistant mutant
10 SMO proteins and fo find compounds that modulate SMO activity in such mutant SMO
proteins to overcome drug resistance upon treatment with GDC-0449. There 1s further aneed
to a method to diagnose patients who may be resistant to treatment either through natural

variation of their SMO genotype or through acquired omutation and resistance.

15 SUMMARY OF THE DISCLOSURE

The present disclosure relates, in certain embodiments, o isolated mutant SMO
oucleic acids and proteins, such as those related to chemotherapeutic resistance of tumors and
methods of screening for compounds that bind to SMO mutants, or modulate SMO activity,
and to cancer diagnostics and therapies and in particular to the detection of mutations that are

20 diagnostic and/or progunostic and treatment of drig-resistant tumors.

In some embodiments, the disclosure provides for a nucleic acid molecule, such as an
solated nucleic acid molecule, encoding a mutant SMO protein comprising an aming acid
sequence that is at least 95% wdentical to SEQ 1D NO:1 wherein the amino acid sequence
comprises an amino acid other than glycine at amino acid 529, In some embodiments, the

25 mutant SMO protein comprises the amino acid sequence of SEQ 1D NO:2 wherein the amino
acid sequence comprises a serine (8) at amine acid 529, In some embodiments, the nucleic
acid molecule comprises a parental nucleic acid sequence of SEQ ID NG:3, wherein the
sequence contains a mutation that alters the sequence encoding amino acid 529 to encode a
different amino acid.

30 In some embodiments, the disclosure provides for a nucleic acid probe capable of
specifically hybridizing to nucleic acid encoding a mutated SMO protein or fragment thereof
mncorporating a mutation in the sequence encoding amino acid 329, In some embodiments,

the probe is complementary to the nucleic acid encoding the mutated SMO or the fragment
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thercof. In some embodiments, the probe has a length of about 10 to about 50 nucleotides.
In some embodiments, the probe compnses a detectable label.
in some embodiments, the disclosure provides for an isolated mutant SMO protein
comprising an amino acid sequence that is at least 95% identical to SEQ 1D NG: 2 wherein
5  the amino acid seqacnce comprises an amino acid other than glycine at amino acid 529, In
some embodiments, the protein comprises the amino acid sequence of SEQ ID NG 2
wherein the amino acid sequence comprises an amino acid other thanglveine at amino acid
529, In some embodiments, the amino acid sequence comprises serine (8) at aming acid 529
In some embodiments, the disclosure provides for an isolated antibody that
10 specitically binds to any of the mutant SMO proteins disclosed herein, wherein the antibody
does not bind wild-type SMO having a glvcine at amino acid 529, In some embodiments, the
antibody is a monoclonal antibody, a chimeric antibody, a humanized antibody, a single chain
antibody or an antigen-binding fragment thereof. In some ebodiments, the antibody is
conjugated to a cyiotoxic agent. in some embodiments, the antibody is conjugated to a
15 detectable label. In some embodiments, the antibody inhibits SMO activity.
In some embodiments, the disclosure provides for a method of identifying at least one
SMO mutation 1n a sample comprising contacting nucleie acid from the sample with a nucleic
acid probe that is capable of specifically hybridizing to nucleic acid encoding a mutated SMO
protein, or fragment thereof incorporating a mutation that alters the sequence encoding amino
20 acid 529 to an aming acid other than glveine, and detecting the hybridization. In some
embodiments, the probe is detectably labeled. In some embodiments, the probe is an
antiscnse oligomer. In some embodiments, the SMO gene or a fragment thereof i the
nucleic acid the sample is amplified and contacted with the probe.
In some embodiments, the disclosure provides for a method for identifying a tumor in
2% ahuman subject that 13 or becomes resistant to treatment with GDBC-0449 comprising
determining the presence of a mutated SMQO gene or mutated SMQO proten i a sample of the
tumor, wherein the mutated SMO gene encodes a SMO protein comprising a mutation at
amino acid 329, and wherein the SMO protein comaprises a mutation at amino acid 529,
whereby the presence of the mutated SMO gene or mutated SMO protein indicates that the
30 tumor is resistant to treatment with a GDC-0449. In some embodiments, the method further
comprises treating the subject having a tumor that is not or is no longer susceptible o
treatment with GDC-0449 with a compound that binds the mutated SMO. In some

embodiments, the presence or absence of the mutation is determined by examiming a nucleic
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acid sample. In some embodiments, the presence or absence of the mutation 1s determined by
cxamining a protein sample.
in some embodinments, the disclosure provides for a method of screening for
compounds that inhibit signaling of a mutant SMO protemn that imcorporates a mutation at
5  amino acid 529 comprising contacting the mutant SMO with a test compound and detecting
binding of the compound to the mutant SMO whereby binding of the test compound to
mutant SMO mdicates that the test compound 15 an inhibitor of mutant SMO.
In some embodiments, the disclosure provides for a method of screenimg for
compounds that inhibit signaling of a mutant SMO protein that incorporates a mutation at
10 amino acid 329 comprising contacting a cell that expresses the mutant SMO with a test
compound and detecting activity of Gl in the cell whereby the presence of Ghi activity
indicates that the test compound is not an inhibitor of mutant SMO.

In some embodiments, the disclosure provides for a method of inhibiting proliferation
or growth of a cell baving aberrant hedgehog signaling, comprising admunistering tothe celli a

15 bromodomain mhibitor, wherein the cell expresses a smoothened protein having a mutation at
amino acid position 529 of SEQ ID NG 1. In some embodiments, the cell is 1o a subject. In
some embodiments, the cell is a cancer cell. In some embodiments, the cell further comprises
a SUFU mutation. In some embodiments, the cell is a human cell, wherein the cell comprises
a 10qg deletion mutation that results in the loss of a copy of the SUFU gene. In some

20 embodiments, the 10q deletion further results in the loss of a copy of the PTEN gene. In
some embodiments, the bromodomain nhibitor 1s I-BET762, JOI or JQ2.

In some embodiments, the disclosure provides for a method of identifying a hedgehog
pathway inhibitor, wherein the method comprises: contacting a ccll with an amount of a test
agent, wherein the cell is responsive to hedgehog protein or has increased hedgehog signaling

25 and/or activation of the hedgehog signaling pathway, and wherein the cell expresses any of
the mutant SMO proteins disclosed herein, and determining, as compared to a control,
whether the test agent inhibiis hedgebog signaling in the cell, wherein if the test agent inhibits
hedgehog signaling in the cell relative to the control, then the test agent is identified as a
hedgehog pathway inhibitor. In some embodiments, the ability of the test agent to inhibit

30 hedgehog signaling i the cell is determined using a Glil expression assay.

In some embodiments, the disclosure provides for a method of identifying a hedgehog
pathway inlubitor, wherein the method comprises: contacting a cell with an amount of a test
agent, wherein the cell is responsive to hedgehog protein or has increased hedgehog signaling

and/or activation of the hedgehog signaling pathway, and wherem the cell expresses any of
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the mutant SMO proteins disclosed herein, and determining, as compared to a control,
whether the test agent inhibits growth and/or proliferation of the cell, wherein if the test agent
inhibits growth and/or proliferation of the cell relative to the control, then the test agent is
wdentificd as a hedgehog pathway mhibitor. In some embodiments, the control 1s a cell
5  expressing a wildtype SMO protein. In some embodiments, the control is a cell expressing
the same mutant SMO proteins as the cell contacted with the test agent, wherein the control is
treated with a control agent to which the mutant SMO protein is partially or compietely
resistant. In some embodiments, the control agent is vismodegib, LY2940680, LDE225
and/or compound 5. In some embodiments, the test agent binds to mutant SMO protein but
10 not wildtype SMO protein. In some embodiments, the test agent binds to both the mutant
SMO protein and wildtype SMO protein.  In some embodiments, the test agent is more
effective in inhibiting the hedgehog signaling pathway i a cell expressing mutant SMQ
protein than m a cell expressing wildtype SMQO protein. In some embodiments, the test agent
1s more effective in inhibiting growth and/or proliferation of a ccll expressing mutant SMO
15 protein than of a cell expressing wildtype SMO protein.
In some embodiments, the disclosure provides for a vector comprising any of the
oucleic acids disclosed heremn.
In some embodiments, the disclosure provides for a host celi comprising any of the
vectors disclosed herein.
20 In some embodiments, the disclosure provides for a host cell comprising and capable
of expressing anv of the vectors disclosed herein.
In some embodiments, the disclosure provides for a method of identifying a hedgehog
pathway inhibitor, wherein the method comprises: a} contacting a cell with an amount of a
test agent, wherein the cell 1s responsive to hedgehog protein or has increased hedgehog
2% signaling and/or activation of the hedgehog signaling pathway, and wherein the cell expresses
any of the vectors disclosed hergin, and b} determining, as compared to a control, whether the
test agent inhibits hedgehog signaling in the cell, wherein if the test agent mhibits hedgehog
signaling in the cell relative to the control, then the test agent 15 identified as a hedgehop
pathway inhibitor. In some embodiments, the ability of the test agent to inhubit hedgehog
30 signahing in the cell is determined using a Glil expression assay.
In some embodiments, the disclosure provides for a method of identifying a hedgehog
pathway inluibitor, wherein the method comprises: a) contacting a cell with an amount of a
test agent, wherein the cell 1s responsive to hedgehog protein or has mcreased hedgehog

signaling and/or activation of the hedgehog signaling pathway, and wherein the cell expresses
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any of the vectors disclosed herein, and b) determining, as compared to a control, whether the
test agent mhibits growth and/or proliferation of the cell, wherein f the test agent inhibits
growth and/or proliferation of the cell relative to the control, then the test agent 15 identified

as a hedgehog pathway mhibitor.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objecis and advantages of the disclosure will be apparent upon
consideration of the following detailed description, taken i conjunction with the
accompanying drawimgs, in which like reference characters refer to like parts throughout, and
in which:

Figare 1 lists characteristics of the mBCC patients described herein and treated with
vismodegib.

Figure 2 shows the mutational load of each tumor biopsy sample taken from each
patient. “-P” indicates a progression sample, “~A” indicates an archival sample, and “-i7 or -
1”7 mndicate a first or second biopsy sample, respectively.

Figure 3 shows the genomic alierations detected using i the FoundationOne pancl
conducted on each tumor biopsy sample taken from each patient.

Figure 4 shows the amino acid changes and corresponding allele frequencies of
mutations in the SMO gene observed in tumor biopsy samples taken from each patient.
AA=amino acid; AF=allele frequency; ND=not detected; NR=not relevant
a=previously reported to be associated with resistance to vismodegib; b=previously reported
to confer pathway activation in vitro. “-P” indicates a progression sample, “-A” indicates an
archival sample, and “-1” or “-11” indicate a first or second biopsy sample, respectively.

Figure 5 shows a multiple sequence alignment of protein sequenees from a given
region of Frizzled (FZD) and SMO proteins from a selection of vertebrates and insects.

Figure 6 shows the vismodegib binding pocket of SM( highlighting residues
associated with vismodegib resistance as well as a previously unassociated residue, G529,

Figurc 7 shows the resulis of a vismodegib dose response experiment comparing
tuciferase reporter activity in C3HIOT1/2 cells co-transfected with 400 ng SMO-WT or
SMO-G3298 expressing constructs, and 400 ng of O9x-GI-BS and 200 ng of pRL-TK. Data

plotted are mean + SD of triplicates.
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BETAILED DESCRIPTION

It is a discovery of the present disclosure that mutational events associated with
resistance to chemotherapy for hedgehog-dependent tumors occur in Smoothened (SMO)
which impart resistance of the fumors to treatment with compounds that inlubit hedgehog
signaling sach as cvelopamine and GDC-0449. The present disclosure provides
compositions and methods that are usefiil as prognostics, diagnostics and therapeutics for
cancer that is dependent on Hedgehog signaling.

The technigues and procedures described or referenced herein are generally well
understood and commonly emploved using conventional methodology by those skilled in the
art, such as, for example, the widely utilized methodologies described in Sambrook ef o/,
Molecular Cloning: A Laboratory Maymal 3vd. edition (2001) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y ., Current Protocols in Molecular Biology (F. M.
Ausubel, er af. eds., {2003}); the series Methaods in Enzvmology {(Academic Press, [nc.y: POR
2: A Practical Approach (M. J. MacPherson, B. D. Hames and G. R. Tavlor eds. (1995)),
Harlow and Lane, eds. (1988) dniibodies, 4 Laboratory Manual, and Animai Cell Culture (R.
I Freshney, ed. (1987)), Oligonucieciide Synthesis (M. 1. Gait, ed., 1984); Methods in
Molecular Biology, Homana Press; Cell Biology: A Laboratory Notehook (1. E. Cellis, ed.,
1998} Academic Press; dnimal Cell Culture (R. 1. Freshney), ed., 1987); Introduction fo Cell
and Tissue Culture (J. P. Mather and P. E. Roberts, 1998) Plenum Press; Cell and Tissue
Culiure: Laboratory Procedures (A Dovie, 1. B, Griffiths, and B. G Newell, eds., 1993-8} 1.
Wiley and Sons; Handbook of Experimental Immunology (. M. Weir and C. C. Blackwell,
cds.}; Gene Transfer Vectors for Mammalion Cells (J. M. Miller and M. P. Calos, eds., 1987);
PCR: The Polymerase Chain Reaction, (Mullis et af., eds.. 1994); Current Protocols in
Immunology (J. E. Coligan ef &/, eds., 1991}, Short Protocols in Molecular Biology (Wiley
and Sons, 1999); Immunobiology (C. A Jancway and P. Travers, 1997); dntibodies {P. Finch,
1997, Antibodies: A Practical Approach (D. Catty ., ed., IRL Press, 1988-19893; Monoclonal
Antibodies: A Practical Approach {(P. Shepherd and €. Bean, eds., Oxford University Press,
2000), Using Antibodies: A Laboratory Manual (E. Harlow and D. Lanc {(Cold Spring Harbor
Laboratory Press, 1999); The Aniibodies (M. Zanetii and J. B, Capra, eds., Harwood
Academic Publishers, 1995); and Cancer: Principles and Practice of Oncology (V. T. DeVita
et al, eds., J.B. Lippincott Company, 1993). Cited reforences are incorporated by reference
in their entirety.

For purposes of mterpreting this specification, the following defimtions will apply and

whenever appropriate, torms used in the singular will also melude the plural and vice versa.

PCT/US2017/016226



WO 2017/136558 PCT/US2017/016226

In the event that any definition set forth below conflicts with any document incorporated
herein by reference, the definition set forth below shall control.

Before continuing to describe the present disclosure in further detail, 1t is to be
understood that this disclosure 1s not imited to specific compositions or process sieps. as

5 such may vary. It must be noted that, as ased m this specification and the appended claims,

the singular form “a”, “an” and “the” include phural referents unless the context clearly
dictates otherwise.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure

10 isrelated. For example, the Concise Dictionary of Biomedicine and Molecular Biology, Juo,
Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular Biology, 3rd ed.,
1999, Academic Press; and the Oxford Dictionary Of Biochemistry And Molecular Biology,
Revised, 2000, Oxford University Press, provide one of skill with a general dictionary of
many of the terms used in this disclosure.

15 Amino acids may be referred to herein by cither their commonly known three letter
symbols or by the one-letter symbols recommended by the IVPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly
accepted single-letier codes.

It 1s convenient to point out here that “and/or” where used herein is to be taken as

20 spectfic disclosure of each of the two specified features or components with or without the
other. For example “A and/or B” 1s to be taken as specific disclosure of cach of ) A, (1 B
and (11} A and B, just as if each 15 set out individually heremn.

"o

The terms "polypeptide,” "peptide” and "protein” are used interchangeably herein to
refer to a polymer of amino acid residues. The teoms apply to amino acid polymers in which

25 one or more amino acid residue is an artificial chemical mumetic of a corresponding naturally
occurring amino actd, as well as to naturally ocearring amino acid polymers and non-
naturally occurring amino acid polymer. As used herein, the torm “polypeptide,” “peptida”
and “proiein” cncompass, at lcast, any of the mutant SMO proteins, variants or fragments
thercot described herem.

30 The term “antibody™ herein 1s used in the broadest sense and specifically covers
monoclonal antibodies, polyclonal antibodies, multispecific antibodics {e.g. bispecific
antibodies) tormed from at least two intact antibodies, and antibody fragments so long as they

exhibit the desired biclogical activity.
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An “1solated” antibody is one which has been identified and separated and/or
recovered from a component of its natural environment. Contaminant components of its
natural environment are materials which would interfere with research, diagnostic or
therapeutic uses for the antibody, and may include enzyvmes, hormones, and other
proteinaceous or nonprotemaceouns solutes. In some embodiments, an antibody 1s purified (1}
to greater than 95% by weight of antibody as determined by, for example, the Lowry method,
and in some embodiments, to greater than 99% by weight; (2) to a degree sufficient to obtain
at feast 15 residues of N-terminal or internal anmino acid sequence by use of, for example, a
spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under reducing or
nonreducing conditions using, for example, Coomassie blue or sibver stain. Isolated antibody
wncludes the antibody i site within recombinant cells since at least one component of the
antibody’s natural environment will not be present. Ordinarily, however, isolated antibody
will bg prepared by at least one purification step.

“Native antibodies” are usually heterotetrameric glyvcoproteins of about 150,000
daltons, composed of two identical light (1) chaing and two 1dentical heavy (H} chains. Each
light chain is linked to a heavy cham by one covalent disulfide bond, while the number of
disulfide linkages varies among the heavy chains of different immunoglobulio isotypes. Each
heavy and light chain also has regularly spaced mtrachain disutfide buidges. Each heavy
chain has at one end a vanable domain (Vi) followed by a mumber of constant domains.

Each light chain has a variable domain at one end (V1) and a constant domain at its other end;
the constant domain of the light chain is aligned with the furst constant domain of the beavy
chain, and the light chain variable doman 1s aligned with the vanable domain of the heavy
chain. Particular aming acid residacs are behieved to form an interface between the light
chain and heavy chain variable domains.

The “variable region” or “varable domain” of an antibody refers to the amino-
terminal domains of the heavy or light chain of the antibody. The variable domain of the
heavy chain may be referred to as “VH.” The variable domamn of the light chain may be
referred to as “V1L.” These domains are generally the most variable parts of an antibody and
contain the antigen-binding sites.

The term “variable” refers to the fact that certain portions of the variable domaing
differ extensively in sequence among antibodies and are used in the binding and specificity of
each particular antibody for its particular antigen. However, the vanability 1s not evenly
distributed throughout the vanable domaims of antibodics. It 1s concentrated in three

segments called hypervanable regions (HVRs) both in the light-chain and the heavy-chain

1



b
1

WO 2017/136558 PCT/US2017/016226

variable domains. The more highly conserved portions of variable domains are called the
framework regions (FR}. The variable domains of native heavy and light chains each
comprise four FR regions, largely adopting a beta-sheet configuration, connected by three
HVRs, which form loops connecting, and 1n some cases forming part of, the beta-sheet
structure. The HVRs in each chain are held together in close proximity by the FR regions
and. with the HVRs from the other chain, contribute io the formation of the antigen-binding
stic of antibodies {sce Kabat ef al., Sequences of Proteins of fmmunological Interest, Fifth
Edition, National Institute of Health, Bethesda, MD (1991})). The constant domains are not
involved directly in the binding of an antibody to an antigen, but exhibit various effector
functions, such as participation of the antibody 1n antibodv-dependent cellular toxicity.

The “light chains” of antibodics (immunoglobuling) from any veriebrate species can
be assigned to one of two clearly distinet types, called kappa (k) and lambda (3.), based on the
amino acid sequences of their constant domains.

Depending on the amino acid scquences of the constant domains of their heavy chains,
antibodies (immunoglobulins} can be assigned to different classes. There are five major
classes of immunoglobuling: IgA IgD, IeE lo(G, and IgM, and several of these may be
further divided into subclasses {isotypes), e.g.. 1gGy, Ig(m, IGs, 1gGy, igA ), and IgA, . The
heavy chain constant domains that correspond to the different classes of immunogiobuling are
called o, §, €, v, and . respectively. The subunit structures and three-dimensional
configurations of different classes of immunoglobuling are well known and described
generally in, for example, Abbas et al. Cellular and Mol. Immunology, 4th ed. (W B.
Saunders, Co., 2000). An antibody may be part of a larger fusion molecule, formed by
covalent or non-covalent association of the antibody with one or more other proteins or
peptides.

The terms “full length antibody,” “intact antibody™ and “‘whole antibody” are used
herein mterchangeably to refer to an antibody in its substantially intact form, not antibody
fragments as defined below. The terms particularly refer to an antibody with heavy chains
that contain an Fe region.

A “naked antibody” for the purposes herein 1s an antibody that is not conjugated to a
cviotoxic moiety or radiolabel.

“Antibody fragments” compnise a portion of an intact antibody, , and in some

embodiments, comprise the antigen binding region thercof. Examples of antibody fragments
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include Fab, Fab', F(ab'},, and Fv fragments; diabodies; linear antibodies; single-chain
antibody molecules; and multispecific antibodies formed from antibody fragments.

Papain digestion of antibodics produces two identical antigen-binding fragments,
called “Fab” fragments, each with a single antigen-binding site, and a residual “Fc” fragment,

5  whose name reflects its ability to crystallize readily. Pepsin treatment vields an Flab™),

fragment that has two antigen-combining sites and is still capable of cross-linking antigen.
“Fv” 1s the nunimum antibody fragment which contains a complete antigen-binding

site. In one embodiment, a two-chain Fv species consists of a dimer of one heavy- and onc

light-chain variablc domain in tight, non-covalent association. In a single~-chain Fv {scFv)

10 species, one heavy~ and ong light-chain variable domain can be covalently linked bv a
flexible peptide linker such that the ight and heavy chains can associate i a “dimernc”
structure analogous to that in a two-chain Fv species. It is in this configuration that the three
HVRs of each vanable domain interact to define an antigen-binding site on the surface of the
YH-VL dimer. Collectively, the six HVRs confer antigen-binding specificity to the antibody.

15 However, even a single variable domain (or half of an Fv comprising only three HVRg
specific for an antigen} has the ability to recognize and bind antigen, although at a lower
affinity than the entire binding site.

The Fab fragment contains the heavy- and light-chain vaniable domains and also
containg the constant domain of the hght cham and the first constant domain (CHI1) of the

20 heavy chain. Fab® fragments differ from Fab fragments by the addition of a few residues at
the carboxy terminus of the heavy chain CHI domain including one or more cysteines from
the antibody hinge region. Fab’-SH is the designation herein for Fab™ in which the cysteme
residuc(s) of the constant domains bear a free thiol group. Flab™), antibody fragments
originally were produced as pairs of Fab’ fragments which have hinge cysteines between

25 them. Other chemical couplings of antibody fragments are also known.

“Single-chain Fv” or “scFv” antibody fragments comprise the VH and VL domams of
antibody, wherein these domains are present in a single polypeptide chain. Generally, the
scHv polvpeptide further comprises a polvpeptide linker between the VH and VL domains
which enables the scFv to form the desired structure for antigen binding. For a review of

30 sclv, see, e.g., Pluckthiin, in The Pharmacology of Monoclonal Antibodies, vol. 113,
Rosenburg and Moore eds., (Springer-Verlag, New York, 1994}, pp. 269-315.

The term “diabodies” refers to antibody fragments with two antigen-binding sites,
which fragments comprise a heavy-chaim variable domain (VH) connected to a light-chain

variable domain {(VL} in the same polvpeptide chamn (VH-VL). By using a linker that is too
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short to allow pairing between the two domains on the same chain, the domains are forced to
pair with the complementary domains of another chain and create two antigen-binding sites.
Diabodies may be bivalent or bispecific. Diabodies arc described more fully in, for exarmple,
EP 404,097, WO 1993/01161; Hudson ef af., Nai. Med. 9:129-134 (2003); and Hollinger es
al., Proc. Natl Acad. Sci. US4 90: 6444-6448 (1993). Triabodies and tetrabodies are also
described in Hudson ef ¢l , Nar. Med. 9:129-134 (2003).

The term “monoclonal antibodv™ as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, .e., the individual antibodies
comprising the population are identical except for possible mutations, e.g., naturally
occurring mutations, that may be present in nunor amounts. Thus, the modifier “monoclonal”
indicates the character of the antibody as not being a muxture of discrete antibodies. In
certam embodiments, such a monoclonal antibody tvpically includes an antibody comprising
a polypeptide sequence that binds a target, wherein the target-binding polypeptide sequence
was obtained by a process that includes the selection of a single target binding polypeptide
sequence from a plurality of polypeptide sequences. For example, the selection process can
be the selection of a unigue clone from a plurality of clones, such as a pool of hybridoma
clones, phage clones, or recombinant DNA clones. It should be understood that a selected
target binding sequence can be further altered, for example, to improve affinity for the target,
to humanize the target binding sequence, to improve its production in cell colture, to reduce
its immunogenicity i vive, 1o create a multispecific antibody, efc., and that an antibody
comprising the altered target binding sequence is also a monoclonal antibody of this
disclosure. In contrast to polycional antibody preparations, which typically include different
antibodics directed against different determinants (epitopes), cach monocional antibody of a
monoclonal antibody preparation is directed against a single detenminant on an antigen. In
addition to their specificity, monoclonal antibody preparations are advantageous in that they
are typically uncontaminated by other immmunoglobulins.

The modifier “monocclional” indicates the character of the antibody as being obtained
from a substantially homogenecous population of antibodics, and is not to be construed as
requiring production of the antibody bv anv particular method. For example, the monoclonal
antibodies to be used in accordance with the present disclosure may be made by a vanety of
techmiques, including, for example, the hybridoma method {e.g., Kohler and Milstein, Narure,
256:495-97 (1975); Hongo ef al., Hybridoma, 14 (3): 253-260 {1993}, Harlow ef al.,
Antibodies: 4 Laboratory Marma!, {Cold Spring Harbor Laboratory Press, 2nd ed. 1988);

Hammerling ef /., m: Monoclonal Antibodies and T-Cell Hybridomas 363-681 (Elsevier,
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N.Y ., 1981})), recombimant DNA methods (see, e.g., U.S. Patent No. 4,816,567}, phage-
display technologics {see, e.g., Clackson ef al., Noture, 352: 624-628 (1991); Marks et af., J.
Mol Biol 222 381-597 (1992); Sidhu et al., J. Mol Biol 338(2) 299-316 (2004); Lee ef al,
J Mol Biol 340(5). 1073-1093 (2004); Fellouse, Proc. Naifl. Acad. Sci. USA 101(34).12467-
12472 (2004}, and Lee ¢ al | J Immunol. Methods 284(1-2): 119-132(2004)}, and
technologies for producing human or human-like antibodies in animals that have parts or all
of the human immunogiobulin loci or genes encoding buman immunoglobulin sequences (sec,
e.g., W( 1998/24893; WO 1996/34096;, WO 1996/33735, W 1991/10741; Jakobovits er al |
Proc. Natl. Acad. Sci. USA 90: 2551 (1993}, Jakobovits ef @l Nature 362; 255-258 (1993};
Bruggemann ef al., Year in Immuncl. 7:33 (1993}, U.S. Patent Nos. 5,545,807; 5,545,806,
5,569,825, 5,625,126, 5,633,425, and 5,661,016; Marks ef af., Bio/Technology 10 779-783
(1992}; Lonberg ef al., Nature 368; 856-839 (1994} Morrison, Nafure 368; 812-813 {1994);
Fishwild er al. | Nature Biotechnol. 14: 845-851 (1996); Neuberger, Nature Biolechnol. 14:
826 (1996); and Lonberg and Huszar, Infern. Rev. Immunol. 13; 65-93 (1995).

The monoclonal antibodies herein specifically include “chimeric” antibodies in which
a portion of the heavy and/or light chain is identical with or homologous to corresponding
sequences in antibodics derived from a particular specics or belonging to a particular
antibody class or subclass, while the remainder of the chain(s} 1s identical with or
homologous to corresponding sequences in antibodies derived from another species or
belonging to ancther antibody class or subclass, ag well as fragments of such antibodies, so
long as they exhibit the desired biological activity {sce, e.g.,U.8. Patent No. 4,816,567 and
Morrison ef ¢f., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)). Chimeric antibodies
include PRIMATIZED® antibodies wherein the antigen-binding region of the antibody is
derived from an antibody produced by, e.g2., immunizing macaque monkeys with the antigen
of interest.

“Humanized” forms of non-human {¢.g., murine} antibodies are chimeric antibodies
that contain mintmal sequence derived from non-human immunoglobulin. In one
embodiment, a humanized antibody s a buman immunoglobulin {(recipient antibody) in
which residues from a HVR of the recipient are replaced by residues from a HVR of a non-
human specigs {donor antibody ) such as mouse, rat, rabbit, or nonhuman primate having the
desired specificity, affinity, and/or capacity. In some instances, FR residues of the human
mmunoglobulin are replaced by corresponding non-human residucs. Furthermore,
humanized antibodies may comprise residues that are not found in the recipient antibody or n

the donor antibody. These modifications may be made to further refine antibody
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performance. In general, a humanized antibody will comprise substantially all of at least one,
and typically two, variable domains, in which all or substantially all of the hypervanable
loops correspond to those of a non-human immunoglobulin, and all or substantially all of the
FRg are those of a human immunoglobulin sequence. The humanized antibody optionally
will also comprise at least a portion of an immunoglobulin constant region (Fe}, typically that
of a human immunoglobulin. For further details, see, e. g, Jones er af., Nature 321:522-525
(1986); Ricchmann ef af., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol.
2:593-596 (1992). See also, e.g., Vaswani and Hamilton, dnn. Allergy, Asthma & Immunol.
1:103-115 (1998); Harris, Biochem. Soc. Transactions 23:1035-1038 (1995} Hurle and Gross,
Curr. Op. Biofech. 5:428-433 (1994); and U.S. Pat. Nos. 6,982,321 and 7,087,409

A “human antibody” 15 one which possesses an aming acid sequence which
corresponds to that of an antibody produced by a human and/or has been made using any of
the techniques for making human antibodies as disclosed herein. This definition of a human
antibody specifically excludes a humanized antibody comprising non-human antigen-binding
restiducs. Huoman antibodies can be produced using various technigques known in the art,
including phage-display libraries. Hoogenboom and Winter, J Mo/ Biol., 227381 {1991},
Marks ef al., .. Mol Biol., 222:581 (1991). Also available for the preparation of human
monoclonal antibodies are methods described in Cole er ol | Monoclonal Antibodies and
Cancer Therapy, Alan R Liss, p. 77 (1983); Boerner ef ol J Immunol. 147(1}:86-95 (1991}
See also van Dk and van de Winkel, Curr. Opin. Pharmacol., 5. 368-74 (2001}, Human
antibodies can be prepared by administering the antigen to a transgonic antrmal that has been
modified to produce such antibodies o response {0 antigenic challenge, but whose

endogenous foct have been disabled, e.g., mmuruzed xenomiee {soe, e.g, U5, Pat. Nos.
6,075,181 and 6,130,584 reparding XENOMOU ISE™ technology}. See also, for example, i
ef o, Proc. Narl Acad Soi US4, 163:3357-3562 (2006} regarding buman antibodies
generated via a human B-cell hybridoma technology.

The term “hypervariable region,” “HVR,” or “HV,” when used herein refers to the
regions of an antibody variable domain which arc hypervariabie in sequence and/or form
structurally defined loops. Generally, antibodies comprise six HVRs; three m the VH (HI,
H2, H3}, and three m the VL (1, L2, L3} In native antibodies, H3 and L3 display the most
diversity of the six HVRs, and H3 in particular is believed to plav a unique role in confernng
fine specificity to antibodies. See, e.g., Xu ef ol Immunity 13:37-45 (2000); Johnson and
Wu, n Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press, Totowa, NJ, 2003},

Indead, naturally ccourring camelid antibodies counsisting of a heavy chain only are functional
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and stable in the absence of light chain. See, e 2., Hamers-Casterman ef ¢/, Nature 363:446-
448 {1993); Sheriff er ol , Nature Struct. Biol 3:733-736 {1996}

A numnber of HVR delineations are in use and are encompassed herein. The Kabat
Complementanty Determining Regions (CDRs) are based on sequence varnability and are the
most commonly used (Kabat ef o/, Sequences of Proteins of Immunological Interest, 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, MD. {1991)). Chothia refers
mstead to the location of the structural loops (Chothia and Lesk ./ Mol Biol. 196:901-917
(1987)). The AbM HVRs represent a compromise between the Kabat HVRs and Chothia
structural loops, and are used by Oxford Molecular’'s AbM antibody modehing software. The
“contact” HY Rs are based on an analvsis of the available complex crystal structures. The
residues from each of these HVRs are noted below.

Loop € Contact

L1 LLE L36-L36

L2 LLEL L46-L35

{3 LLEL L89-L96

HI H31-H35B H26-H35B H H30 (Kabat Numbering

HI HHH H30 (Chothia Numbering}

H2 HHH H47-H58

H3 H93-H102 HY95-H102 HYO H93-HI01

HVRs may comprise “extended HYRs” as follows: 24-36 or 24-34 (L.1), 46-56 or 50-
56 (L2} and 89-97 or 89-96 (L3} in the VL and 26-35 (H1), 50-65 or 49-65 (H2} and 93-102,
04-102, or 95-102 (H3} m the VH. The varnable domain residugs are numbered according to
Kabat er of., supra, for cach of these definitions.

“Framework” or “FR” residues are those varable domain residues other than the
HVR residues as herein defined.

The term “variable domain residue mumbering as in Kabat” or “amino acid position
numbering as in Kabat,” and variations thereof, refers to the numbering system used for
heavy chain variable domains or light chain variable domains of the compilation of
antibodies in Kabat e7 ol | supra. Using this numbering system, the actual lincar amine acid
sequence may contain fower or additional amino acids corresponding to a shortening of, or
insertion into, a FR or HVR of the vanable domain. For example, a heavy chain vanable
domain may include a single amino acid insert (residue 32a according to Kabat) after residue

52 of H2 and inserted residues (¢.g. residues #2a, 82b, and 82¢, efe. according to Kabat) after
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heavy chain FR residue 82, The Kabat numbering of residucs may be determined for a given
antibody by alignment at regions of homology of the sequence of the antibody with a
“standard” Kabat numbered sequence.
The Kabat numbering system is generally used when referring to a residue m the
5 variable domain {(approximately residucs 1-107 of the light chain and residues 1-113 of the
heavy chain} {¢.g, Kabat et ol , Sequences of Immunological Interest. Sth Bd. Public Health
Service, National Institutes of Health, Bethesda, Md. (1991)). The “EU numbering system”
or “EU index” s gencrally used when referring to a residue in an mmmunoglobulin heavy
chain constant region (e.g., the EU wdex reported in Kabat ef o/, supra). The “EU index as
10 in Kabat” refers to the residue numberning of the human IgG1 EU antibody. Unless stated
otherwise herein, references to restdue nurnbers in the vanable domain of antibodies means
residue numbering by the Kabat nambering system. Unless stated otherwise herein,
references to residue numbers in the constant domain of antibodies means residue mumbering
by the EU numbering svstem {e.g., sec United States Provisional Application No. 60/640,323,
15 Figures for EU numbering).

An “affinity matared” antibody is one with one or more alierations in one or more
HVRs thereof which result in an improvement in the affinity of the antibody for antigen,
compared to a parent antibody which does not possess those alteration(s). In one
embodiment, an affinity matured antibody has nanomolar or even picomolar affinities for the

20 target antigen. Affinity matured antibodies may be produced using certain procedures known
in the art. For example. Marks ef al. Bio/Technology 10:779-783 (1992} describes affinity
maturation by VH and VL domain shuffling. Random mutagenesis of HVR and/or
framework residues is described by, for example, Barbas er al. Proc Nat. Acad. Sci. USA
D1:3809-3813 (1994); Schier ef ¢l Gene 169:147-155 (1993); Yckon ef ol J Immuncl.

25 135:1994-2004 (1995); Jackson ef af., J fmmunol. 154(73:3310-9 (1995); and Hawkins ef a/,
J. Mol Biol 226:889-896 {1992).

A “blocking” antibody or an “antagonist” antibody is one which inhibits or reduces
biological activity of the antigen it binds. Certain blocking antibodics or antagonist
antibodies substantially or corpletely inhibit the biological activity of the antigen.

30 An “agonist antibody,” as used herein, is an antibody which partially or fully mimics
at least one of the functional activities of a polypeptide of it

“Growth mhibitory” antibodies are those that prevent or reduce proliferation of a cell
expressing an antigen to which the antibody binds. For example, the antibody may prevent or

reduce proliferation of cancer cells that express Smo or mutant in vifro and/or in vivo.
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Antibodies that “induce apoptosis” are those that induce programmed cell death as
determined by standard apoptosis assays, such as binding of annexin V| fragmentation of
DNA, cell shrinkage, dilation of endoplasmic reticulum, cell fragmentation, and/or formation
of membrane vesicles (called apopiotic bodies).

5 Antibody “effector functions™ refer to those biclogical activities attributable to the Fo
region (a native sequence Fo region or amino acid sequence variant Fe region) of an antibody,
and vary with the antibody isotype. Examples of antibody effector functions include: Clg
binding and complement dependent eytotoxicity {CDC); Fe receptor binding; antibody-
dependent cell-mediated cytotoxicity (ADCC); phagocviosis; down regulation of cell surface

10 receptors {e.g. B cell receptor); and B cell activation.

The term “Fe region” herein is used to define a C-ternunal region of an
mmunoglobulin heavy chaim, including native sequence Fe regions and variant Fe
regions. Although the boundaries of the Fe region of an immunoglobulin heavy chain might
vary, the human IgG heavy chain Fe region is usually defined to stretch from an aming acid

15 residue at posiion Cys226, or from Pro230, to the carboxyi-terminus thereof. The C-terminal

lysine {residue 447 according to the EU numbering system) of the Fo region may be removed,
for example, during production or purification of the antibody, or by recombinantly
engmeering the nucleic acid encoding a heavy chain of the antibody. Accordingly, a
composition of intact antibodies may comprise antibody popalations with all K447 residues

20 removed, antibody populations with no K447 residues removed, and antibody populations

having a mixture of antibodies with and without the K447 residue.
A “functional Fe region” possesses an “effector function” of a native sequence Fe

13

region. Exemplary “effector functions” include Clg binding; CDC; Fo receptor binding;
ADCC; phagocytosis; down regulation of cell surface receptors (e.g. B cell receptor; BCR),
25 ete. Such effector functions generally require the Fe region to be combined with a binding
domain {e.g., an antibody variable domain) and can be assessed using various assays as
disclosed, for example, in defimitions herein.
A “native sequence Fc region” comprises an amino acid sequence identical to the
amino acid sequence of an Fe region found m nature. Native sequence human Fe regions
30 mchude a native sequence human IgG1 Fo region (non-A and A allotypes); native sequence
human {gG2 Fe region; native sequence human 1gG3 Fe region; and native sequence human
IgG4 Fe region as well as naturally occurring variants thercof,
A “variant Fe region” comprises an amingo acid sequence which differs from that of a

native sequence Feo region by virtue of at least one amino acid modification, and. in some
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embodiments, one or more aimuno acid substitetion(s). In some embodiments, the variant Fc
region has at feast one amine acid substitution compared to a native sequence Fo region or to
the Fe region of a parent polypeptide, e g from about one to about ten amino acid
substitutions, and, in some embodinents, from about one to about five amino acid

5  substitutions in a native sequence Fe region or in the Fe region of the parent

polypeptide. The variant Fe region herein will in some embodiments possess at cast about
%0% homology with a native sequence Fe region and/or with an Fe region of a parent
polvpeptide, and in some embodiments at least about 90% homology therewith, and in some
embodiments at least about 95% homology therewith,

10 “Fe receptor” or “FeR” describes a receptor that binds to the Fe region of an antibody.
In some embodiments, an FeR 1s a native human FeR. In some embodiments, an FeR 15 one
which binds an IgG antibody (& gamma receptor) and includes receptors of the FoyRI, FeyRIL
and FoyRIIT subclasses, including allelic vanants and altematively spliced forms of those
receptors. FoyRII receptors include FoyRHA {an “activating receptor’) and FeyRUB (an

15 “inhibiting receptor”), which have similar amino acid sequences that differ primarily in the
cvtoplasmic domains thereof. Activating receptor FoyRHA contains an immunorcceptor
tyrosine-based activation motif (FTAM) in its cvtoplasmic domain. Tohibiting receptor
FeyRIB contains an immunoreceptor tyrosine-based inhibition motif (ITIM) 1n 1ts
cytoplasmic domain. (sce, e.g., Dadron, Annu. Rev. Immunol. 15:203-234 {1997)). FcRsare

20 reviewed, for example, in Ravetch and Kanct, drpne. Rev. Tmmunol 9:457-92 (1991); Capel et
al., Immunomethods 4:25-34 (1994); and de Haas et al., J Lab. Clin. Med. 126:330-41 (1995}
(Other FeRs, including those to be identified in the future, are encompassed by the term “FeR”
hereim.

The term “Fc receptor” or “FeR” also includes the neonatal receptor, FeRn, which 1s

responsible for the transfer of maternal 1gGs to the fetus {Guver eral., J. Immunol. 117587

b
(9]

(1976} and Kim et o/, .J. fmrmunol. 24:249 {(1994)) and regulation of homeostasis of
mmunoglobuling. Methods of measunng binding to FcRn are known (see, e.g., Ghetie and
Ward., Immunol. Today 18(12):592-598 (1997); Ghetie er ¢, Nature Biotechnology,
15(7%:637-640 (1997); Hinton er af. | J. Biol Chem. 2798):6213-6216 (2004}, WO
30 2004/92219 (Hinton ef o/ ),
Binding to human FceRn in vivo and serum half life of human FeRn high affinity
binding polypeptides can be assayed, e.g., in iransgenic mice or transfected human cell lines

cxpressing human FeRn, or in primates to which the polypeptides with a vanant Fe region are
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administered. WO 2000/42072 (Presta) describes antibody variants with improved or
diminished binding to FcRs. See also, e.g., Shields ef ol J Riol Chem. 9(2).6591-6604
(2001).

“Human effector celis™ are leukocytes which express one or more FeRs and perform
cffector functions. In certain embodiments. the celis express at least FoyRIH and perform
ADCC effector function(s). Examples of human leakocytes which mediate ADCC mnclude
peripheral blood mononuclear cells (PBMC), natural killer (NK) cells, monaocyies, cytotoxic
T cells, and neutrophils. The effector celis may be isolated from a native source, e.g., from
blood.

“Arntibody-dependent cell-mediated cyiotoxicity” or “ADCC” refers to 3 form of
cvtotoxicity in which secreted Ig bound onto Fe recepiors (FcRs) present on certain cytotoxic
cells (e.g. NK cells, neutrophils, and macrophages) enable these cytotoxic effector cells to
bind specifically to an antigen-bearing target cell and subsequently kill the target cell with
cytotoxins. The primary cells for mediating ADCC, NK cells, express FeyRIHT only, whereas
monocvies express FeyRI, FoyRH, and FoyRIIE. FoR expression on hematopoictic cells is
summarized in Table 3 on page 464 of Ravetch and Kinet, dnnu. Rev. Immunol 9:457-92
(1991). To assess ADCC activity of a molecule of interest, an in virro ADCC assay, such as
that described m US Patent No. 5,500,362 or 3,821,337 or U.S. Patent No. 6,737,056 (Presta},
may be performed. Uscful effector cells for such assays inclade PBMC and NK cells.
Alternatively, or additionally, ADCC activity of the molecule of interest may be assessed i
vive, e.g., in an animal model such as that disclosed in Clynes ef af. PNAS (US4} 95:652-656
{1998).

“Complement dependent cytotoxicity” or “CDC” refers to the ysis of g target cell in
the presence of complement. Activation of the classical complement pathway is inifiated by
the bimding of the first component of the complement system (Clg) to antibodies {of the
appropriate subelass), which are bound to their cognate antigen. To assess complement
activation, a CDC assay, e.g., as descnbed in Gazzano-Santoro ef al | J. Immunol Methods
202:163 {1996}, mayv be performed. Polvpeptide variants with altered Fc region amino acid
seguences (polypeptides with a vanant Fc region) and increased or decreased Clg bimding
capability are described, e.g., in US Patent No. 6,194,551 Bl and WO 1999/51642. See also,
e.g., Idusogic ef al. J. Immunol 164: 4178-4184 (2000}

The term “Fe region-comprising antibody” refers to an antibody that comprises an Fo

region. The C-terminal lvsine (restdue 447 according to the EU nombering system) of the Fe
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region may be removed, for example, during purification of the antibody or by recombinant

engingenng of the nucleic acid encoding the antibody. Accordingly, a composition

comprising an andibody having an Fe region according to this disclosure can comprise an

antibody with K447, with all K447 removed, or a mixture of antibodies with and without the
5 K447 residue.

“Binding affinity” generally refers to the strength of the sum total of noncovalent
mteractions between a single binding site of a molecule {(e.g., an antibodv} and its binding
pariner {e.g., an antigen). Unless indicated otherwise, as used herein, “binding affinity”
refers to intrinsic binding affinity which reflects a 1:1 interaction between members of a

10 binding pair {e.g., antibody and antigen). The affinity of a molecule X for its partner Y can
generally be represented by the dissociation constant (Kd). Affinity can be measured by
common methods known in the art, including those described herein. Low-affinity antibodies
generally bind antigen slowly and tend to dissociate readily, whereas high-affiuty antibodies
generally bind antigen faster and tend to remain bound longer. A variety of methods of

15 measuring binding affinity are known in the art, any of which can be used for purposes of the
present disclosure. Specific iHustrative and exemplary embodiments for measuring binding
affinity are described in the following,

In one embodiment, the “Kd” or “Kd value” according to this disclosure 1s measured

by a radiolabeled antigen binding assay (RIA) performed with the Fab version of an antibody

20 of interest and its antigen as described by the following agsay. Solution binding affinity of
Fabs for antigen is measured by cquilibrating Fab with a minimal concentration of (' *°I)-
labeled antigen in the presence of a titration series of unlabeled antigen, then capturing bound
antigen with an anti-Fab antibody-coated plate (see, e.g., Chen, e al |, J Mol Biol 293.865-
8811999} To establish conditions for the assay, MICROTITER” multi-well plates

25 {Thermo Scientific) are coated overnight with 5 ug/ml of a captuning anti-Fab antibody
(Cappel Labs) in 50 mM sodium carbonate (pH 9.6}, and subsequently blocked with 2%
{w/v} bovine serun: albumin in PBS for two to five hours at room temperature (approximately
23°C). In a non-adsorbent plate (Nunc #269620). 100 pM or 26 pM [ I}-antigen are mixed
with serial dilutions of a Fab of interest {e.g., consistent with assessment of the anti-VEGF

30 antibody, Fab-12, in Presta ef al., Cancer Res. 57:4593-4599 (19973). The Fab of interest is
then ncubated overnight; however, the incubation may continue for a longer period {e.g.,
about 65 hours) to ensure that equilibrium is reached. Thereatier, the mixtures are transferred
to the capture plate for incubation at room temperature {e.2., for one hour). The solution is

then removed and the plate washed eight times with 0.1% TWEEN-20™ in PRS. When the
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plates have dried, 150 pl/well of scimtillant (MICROSCINT-20 ™M Packard) is added, and the
plates are counted on a TOPCOUNT ™ gamima counter (Packard) for ten minutes.
Concentrations of cach Fab that give less than or equal to 20% of maximal binding are
chosen for use in competitive binding assays.

According to another embodiment, the Kd or Kd value is measured by using surface
plasmon resonance assays using a BIACORE"®-2000 or a BIACORE ®-3000 {BlAcore, Inc,
Piscataway, NI} at 25°C with immobilized antigen CM3 chips at ~10 response units (RU).
Briefly, carboxymethylated dextran biosensor chips (CM3, BIACORE, Inc.} are activated
with N-cthyl-V - (3-dimethyviaminopropvi}-carbodiimide hydrochloride (EDC) and &-
bydroxysuccimimide (NHS) according to the supplier’s instructions. Antigen is diluted with
10 mM sodium acetate, pH 4.8, to 5 ug/mi (~0.2 uM} before imjection at a flow rate of 5
w/mimute to achieve approximately 10 response umits (RU) of coupled protem. Following
the injection of antigen, 1 M cthanolamine is injected to block unreacted groups. For kinetics
measurements, two-fold serial dilutions of Fab (0.78 aM to 500 nM) are injected 1n PBS with
0.05% TWEEN-20"™ surfactant (PBST) at 25°C at a flow rate of approximately 25 ul/min.
Assoctation rates (ko) and dissociation rates (kop) are calculated using a simple one-to-one
Langrouir binding model (BIACORE ® Evaluation Software version 3.2} by simultancously
fiting the association and dissociation sensorgrams. The equilibrivm dissociation constant

{Kd} 1s calculated as the ratio kgppkon  See. eg.. Cheneral . J Mol Biol 293:865-881

(1999). If the on-rate exceeds 100 M-L s~ by the surface plasmon resonance assay above,
then the on-rate can be determined by using a fluorescent quenching techmque that measures
the increase or decrease 1n flucrescence emission intensity {excitation = 295 am; emission =
340 nm, 16 nm band-pass) at 230C of a 20 oM anti-antigen antibody (Fab form} in PBS, pH
7.2, in the presence of increasing concentrations of antigen as measured in a spectrometer,
such as a stop-flow equipped spectrophometer {Aviv Instruments) or a 8000-series SLM-
AMINCO ™ spectrophotometer { ThermoSpectronic) with a stirred cuvette.

An “on-rate,” “rate of association,” “association rate,” or “ko according to this
disclosure can also be determined as described above using a BIACORE ®-2000 or a
BIACORE ®-3000 system {BlAcore, Inc., Piscataway, Ni}.

The term “substantially similar” or “substantiallv the same,” as used herein, denotes a
sufficiently high degree of similarity between two nomeric values (for example, one
associated with an antibody of the disclosure and the other associated with a

reference/comparator antibody), such that one of skill 1n the art would consider the differcnce

[
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between the two values to be of little or no biclogical and/or statistical significance within the
context of the biological characteristic measured by said values {e.g., Kd values). The
difference between said two values 1s, for example, less than about 50%, less than about 40%,
fess than about 30%, less than about 2096, and/or less than about 109 as a function of the

5  reference/comparator value.

The phrase “substantially reduced,” or “substantially different,” as used herein,
denotes a sufficiently high degree of difference between two numeric values {generaily one
associated with 2 molecule and the other associated with a reference/comparator molecule}
such that one of skill n the art would consider the difference between the two values to be of

10 statistical significance within the context of the bioclogical characterstic measured by said

values {e.g., Kd values). The difference between said two values is, for example,

B

greater than
about 109, greater than about 20%, greater than about 30%, greater than about 40%, and/or
greater than about 36% as a function of the value for the reference/comparator molecule.

“Puriticd” means that a molecule 1s present in a sample at a concentration of at feast

15 95% by weight, or at least 98% by weight of the sample in which 1t 1s contained.

Arn “isolated” nucleic acid molecule 18 a nucleic acid molecule that is separated from
at Jeast one other nucleie acid molecule with which it 1s ordinarily associated, for cxample, n
its natural envivonment. An isolated nucleie acid molecule further includes a nucleic acid
molecule contained in cells that ordinarily express the nucleic acid molecale, but the nucleic

20 acid molecule is present extrachromosomally or at a chromoesomal location that 1s different
from tts natural chromosomal location.

An “1solated” protein is a protein that is separated from at least one other cellular
component with which it is ordinarily associated, for example, in its natural eovironment. In
some embodiments, an “isolated” protein is a protein expressed in a cell in which the protein

25 isnotnormally expressed. In some embodiments, the isolated protein is a recombinant
protein.

The term “vector.” as used herein, is intended to refer to a micleic acid molecule
capable of transporting another nucleic acid to which it has been linked. One type of vector
18 a “plasmid,” which refers to a circular double stranded DNA into which additional DNA

30 segments may be ligated. Ancther tvpe of vector s a phage vecior. Another type of vector is
a viral vector, wherein additional BNA segments may be ligated into the viral genome.
Certain vectors are capable of autonomous replication in a host cell into which they are
introduced (e.g., bacterial vectors having a bacterial origin of rephication and episomal

mammalian vectors). Other vectors {e.g., non-episomal mammalian vectors) can be
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mtegrated into the genome of a host cell upon introduction into the host cell, and therchy are
replicated along with the host genome. Muoreover, certain vectors are capable of directing the
cxpression of genes to which they are operatively linked. Such vectors are referred to herem
as “recombinant expression vectors,” or simply, “expression vectors.” In general, expression
vectors of utidity in recombinant DNA technigues are often in the form of plasmids. In the
present specification, “plasmid” and “vector” may be used interchangeably as the plasmid is
the most commonly used form of vector.

“Polvnuclestide,” or “nucleic acid,” as used mmterchangeably herein, refer to polymers
of mucleotides of any length, and include DNA and RNA. In some embodiments, the nucleic
acid 15 a cDNA molecule, or fragment thereof. The nucleotides can be deoxyribonucleotides,
nbonucleotides, moditied nucleotides or bases, and/or thewr analogs, or any substrate that can
be incorporated into a polymer by DNA or RNA polvmerase or by a synthetic reaction. A
polynuclectide may comprise modified nucleotides, such as methylated nucleotides and their
analogs. fpresent, modification to the nucleotide structure may be taparted before or after
assembly of the polymer. The sequence of nucleotides may be interrupted by non-nucleotide
components. A polvmucleotide may comprise modification(s} made after synthesis, sach as
conjugation to a label. Other types of modifications include, for example, “caps,”
substitution of one or more of the naturally occurnng nucleotides with an analog,
internucleotide modifications such as, for example, those with uncharged linkages {(e.g.,
methyl phosphonates, phosphotriesters, phosphoamidates, carbamates, efc. ) and with charged
linkages {e.g., phosphorothioates, phosphorodithioates, efc.}, those contaming pendant
moieties, such as, for example, proteins (e.g., nucleases, toxans, antibodies, signal peptides,
plv-L-lysine, efc.), those with intercalators {e.g., acriding, psoralen, efc.}, those containing
chelators {e.g., metals, radicactive metals, boron, oxidative metals, efc.), those containing
alkvlators, those with modified linkages {e.g., alpha anomenc nucleic acids, erc.), as well as
unmodified forms of the polynucleotides(s). Further, any of the hydroxyi grouns ordinanly
present 1 the sugars may be replaced, for example, by phosphonate groups, phosphate groups,
protected by standard protecting groups, or activated to prepare additional hinkages to
additional nucleotides, or may be conjugated to sohid or semi-solid supports. The 57 and 37
termanal OH can be phosphorylated or substituted with amines or organic capping group
moigties of from 1 to 20 carbon atoms. Other hydroxyls may also be derivatized to standard
protecting groups. Polynucleotides can also contain analogous forms of ribose or
deoxyribose sugars that are generally known in the art, including, for example, 2°-O-methyl-,

27-3-allyi-, 27 -fluoro-~ or 2 -azido-ribose, carbocychic sugar analogs, g-anomeric sugars,
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epimeric sugars such as arabinose, xvloses or lyxoses, pyranose sugars, furanose sugars,
sedcheptuloses, acyclic analogs, and basic nucleoside analogs such as methyl riboside. One
or more phosphodicster linkages may be replaced by alternative linking groups. These
alternative linking groups include, but are not bimited to, embodiments wherein phosphate is
replaced by P{()8 (“thicate™), (538 (“dithicate™), (OINR, Camidate™), PIOIR, P(OYOR’,
CO, or CHZ (*formacetal”), i which cach R or R’ is independently H or substituted or
unsubstituted alky! (1-20 C) optionally containing an ether (-0-) linkage, arvl, alkenvl,
cveloalkyl, cycloalkenyl or araldyl. Not all linkages in a polynucleotide need be identical.
The preceding description applies to all polynucieotides referred to herein, including RNA
and DNA.

“Oligonucleotide,” as used herein, generally refers to short, generally singie-stranded,
generally synthetic polynuclectides that are generally, but not necessarily, less than about 200
nucleotides in length. The terms “oligonuclestide™ and “polynuclectide” are not mutually
exclusive. The descrption above for polvnucieotides is equally and fully applicable to
oligonucleotides.

The term “Smo,” or “SMO” or “smoothened” as used interchangeably herein, refers
to any native smoothened protein or nucleic acid from any vertebrate source, incliding
mammals such as primates {(e.g. humans) and rodents {e.g., mice and rats), unless otherwise
indicated. The term encompasses “full-length,” unprocessed SMO as well as any form of
SMO that results from processing in the cell. The term also encompasses naturally occurring
variants of SMO, e.¢., splice variants or allelic variants. In some embodiments, “mutant
SMO” or “mutant SMO polvpeptide” or “mutant SM protein” as used herein, refers to
SMO having a mutation i the seventh transmembrane of SMO at position 529 of human
SMO. In some embodiments, “mutant SMO” or “mutant SMO polypeptide” or “mutant
SMQO protein” as used herein, refers to a smoothened polypeptide comprising a mutation at
the amino acid position corresponding to position 528 of SEQ IDNO: T or 2. In some
embodiments, “mutant SMO” or “ourtant SMO polypeptide” or “mutant SMO protein” as
used herein, refers to a smoothened polypeptide comprising a mutation at the amino acid
position corresponding to position 529 of SEQ 1D NO: 1 or 2, and at least one additional
mutation at any one or more of the amino acids corresponding to positions 241, 281, 321, 408,
412, 459,469, 473, 518, 333 and/or 535 of SEQ ID NG: 1. In some embodiments, the
mutation at the amino acid position corresponding fo position 529 15 a 5295 substitution. In
some cmbodiments, the at least one additional mutation corresponds to any one or more of

T241M, W281C, V321M, 1408V, A435V, C469Y, D473H, ES18K, E518A 5533N, and/or
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W333L, Similarly, a mutant SMO protein 1s described as having variation at any ong or more
of the foregoing positions of wildtype human SMO. The disclosure contemplates that any of
the mutant polypeptides or nucleic acids described bherein can be described relative to a
sequence identifier or described relative to wildtype human 5MO. Moreover, mutants can be
described relative to SEQ 1D NO: 1 or described relative to any of the other sequence
identificrs.

In some embodiments, as used herein, “treatment” {and variations such as “treat” or
“treating”) refers to clinical intervention in an attempt to alter the natural course of the
individual or cell being treated, and can be performed either for prophylaxis or during the
course of clinical pathology. Desirable effects of treatment inchude preventing occurrence or
recurrence of discase, alleviation of symptoms, diminishment of any direct or indirect
pathological consequences of the discase, preventing metastasts, decreasing the rate of
disecase progression, amelioration or palliation of the disease state, and remission or improved
progunosis. In some embodiments, antibodics of the disclosure are used to delay development
of a disease or disorder or to slow the progression of a disease or disorder. In some
cmbodiments. as used hercin, “treating” or "treatment” or "alleviation” refers to improving,
alleviating, and/or decreasing the severity of one or more symptoms of a condition being
treated. By way of example, treating cancer refers to improving (improving the patient’s
condition)}, alleviating, delaving or slowing progression or onset, decreasing the severity of
one or more symptoms of cancer. For example, treating cancer includes any one or more of!
decreasing tumor size, decreasing rate of tumor size increase, halting increase in size,
decreasing the number of metastases, decreasing pain, increasing survival, and increasing
progression free survival.

“Freating” or "treatment” or "alleviation” refers to improving, alleviating, and/or
decreasing the severity of one or more symptoms of a condition being treated. By way of
example, treating cancer refers to improving (improving the patient’s condition}, alleviating,
delaying or slowing progression or onset, decreasing the severity of one or more symptorns of
cancer. For example, treating cancer ncludes any one or more of decreasing tumor size,
decreasing rate of tumor size increase, halling increase in size, decreasing the number of
metastases, decreasing pain, increasing survival, and increasing progression free survival,
"Diagnosing” refers to the process of identifying or determining the distinguishing
charactenistics of a disease or tumor. In the case of cancer, the process of diagnosing is
sometimes also expressed as staging or tumor classification based on severity or disease

PIOZIEssioNn.
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"Dhagnosing” refers to the process of identifving or determining the distinguishing
characteristics of a disecase or tumor. In the case of cancer, the process of diagnosing is
sometimes also expressed as staging or tumor classification based on severity or disease
progression.

An “individual,” “subject,” or “patient” 1s a vertebrate, such as a human. In certain
embodiments, the vertebrate is a mammal. Mammals include, but are not limited to, farm
animals (such as cows}, sport animals, pets (such as cats, dogs, and horses), primates, mice
and rats. In certain embodiments, a mammal 1s a human.

The term “pharmaceutical formudation”™ refers to a preparation which is in such form
as to permott the biological activity of the active ingredient to be effective, and which contains
no additional components which are unacceptably toxic to a subject to which the formulation
would be administered. Such formulations may be sterile. In certain embodiments, the
pharmaceutical formulation is pyrogen free.

A “sterile” formulation is aseptic or free from all iving microorganisms and their
spores. An “effective amount” refers to an amount effective, at dosages and for periods of
time necessary, to achieve the desired therapeutic or prophyiactic result,

A “therapeutically effective amount” of a substance/molccule of the disclosure may
vary according to factors such as the discase state, age, sex, and weight of the individual, and
the ability of the substance/molecule, to clicit a desired response in the individual. A
therapeutically effective amount encompasses an amount in which any toxic or detrimental
cffects of the substance/molecule are outweighed by the therapeutically beneficial effects. A
“prophylactically effective amount” refers to an amount effective, at dosages and for periods
of time necessary, to achieve the desired prophylactic result. Typically, but not necessanty,
since a prophvliactic dose s used in subjects prior to or at an carlier stage of disease, the
prophylactically effective amount would be less than the therapeutically effective amount.

The term “cyiotoxic agent” as used herein refers to a substance that inhibits or
prevents a cellular function and/or causes cell death or destruction. The term is intended to
include radioactive isotopes (e. 2., Atm, AR S , Y7 Re™ Re™ sm'” B PP oppt?
and radioactive isotopes of Lu), chemotherapeutic agents (e. g., methotrexate, adriamicin,
vinca alkaloids (vincnistine, vinblastine, etoposide), doxorubicin, melphalan, mitomyein C,
chiorambucil, daunorubicin or other intercalating agents, enzvimes and fragments thereof such
as mucleolytic enzymes, antibiotics, and toxins such as small molecule toxins or
enzyvmatically active toxins of bacterial, fungal, plant or animal ongin, including fragments

and/or variants thercof, and the various antitumor or anticancer agents disclosed below.
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Other cytotoxic agents arg described below. A tumornicidal agent causes destruction of tumor
celis.

A “toxin” is any substance capable of having a detrimental effect on the growth or
proliteration of a cell.

5 A “chemotherapeutic agent” is a chemical compound useful m the treatment of cancer.
Examples of chemotherapeutic agents include alkylating agents such as thistepa and
cvclosphosphamide (CYTOXAN®); alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboguone, meturedopa, and uredopa;
cthylenimines and methylamelamines including altretamine, tristhvienemelamine,

10 tmethylenephosphoramide, tricthyienethiophosphoramide and trimethyviomelamine;
acetogenims {especially bullatacin and bullatacinone); delta-Y-fetrahvdrocannabinol
(dronabmol, MARINOL®Y); beta-lapachone; lapachol: colchicines; betohinic acid; a
camptothecin (ncluding the synthetic analogue topotecan (HYCAMTING®}, CPT-11
(irinotecan, CAMPTOSAR®), acetylcamptothecin, scopolectin, and 9-aminocamptothecin};

15 bryostatin; callvstatin; CC-1063 (ncluding its adozelesin, carzelesin and bizelesin synthetic
analogues); podophylotoxin; podophyllinic acid; teniposide; cryptophycins (particularly
cryptophyein | and cryptophvein 8); dolastatin; duocarmyein (including the svathetic
analogues, KW-2189 and CB1-TM1}; eleutherobin; pancratistatin; a sarcodictyin;
spongistatin; nitrogen mustards such as chlorambucil, chlomaphazine, chlorophosphamide,

20 estramusting, ifosfamide, mechlorethaming, mechlorethamine oxide hydrochloride,
melphalan, novembichin, phencsterine, prednimustine, trofosfanude, uractl mustard;
nifrosoureas such as carmustine, chlorozotocin, fotemustine, lomustine, nimusting, and
rarimnustine; antibiotics such as the encedivae antibiotics {¢. g., calicheamicin, especially
calichecamicin gammall and calicheamicin omegall (sec, e.g.. Nicolaou ef al., dngew. Chem

25 Intl Bd Engl 33 183-186 (1994)); CDP323, an oral alpha-~4 integnn mhibitor; dvnemicin,
inclading dyvnemicin A; an esperamicin; as well as neocarzinostatin chromophore and related
chromoprotein enediyne antibiotic chromophores), aclacinomysins, actinomy<cin,
authramycin, azasering, blecomyecins, cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycins, dactinomyvem, daunorubicin, detorubicin, 6-diazo-5-oxo-L-noreucine,

30 doxcorubicin {including ADRIAMY CIN®, morpholino-doxorubicin, cyanomorpholing-
doxorubicin, 2-pyrrolino-doxorubicin, doxorubicin HCH liposome mjection (BOXILR),
liposomal doxorubicin TLC 3-99 (MYOCET®), peglylated liposomal doxorubicin
(CAELYX®)}, and deoxvdoxorubicin}, epirubicin, esorubicin, idarubicin, marcellomycin,

mitomycins such as mitomycin £, mycophenchic acid, nogalamycin, olivomycins,
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peplomycein, porfiromycin, puromycin, guelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate,
gemcitabine (GEMZAR®), tegafur (UFTORAL®R), capecitabine (XELODA®), an epothilone,
and 3-fluorouracil (3-FL1); folic acid analogues such as denoptenin, methotrexate, pieroptenn,

5 trimetrexate; purine analogs such as fludarabine, 6-mercaptopurnine, thiammprine, thioguanine;

pyrimidine analogs such as ancitabioe, azacitiding, 6-azauridine, carmofur, cytarabine,
dideoxyundine, doxifluridine, enocitabine, floxuridine; androgens such as calusterone,
dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as
aminoghitethimide, mitotane, trilostang; folic acid replenusher such as frolinic acid;

10 aceglatone; aldophosphamide glveoside; aminclevulinic acid; entluraci; amsacrine;
bestrabucil; bisantrene; edatraxate; defofamine; demecolene; diaziguone; elfornithine;
elliptimom acetate; an epothilone; etoglucid; gallium nitrate; hvdroxyurea; lentinan;
lonidaining; maytansincids such as maytansine and ansamitocing; mitoguazone;
mitoxantrone; mopidanmol; nitracrine; pentostating phenamet; pirarubicin; losoxantrone; 2-

15 cthylhvdrazide; procarbazine; PSK® polvsaccharide complex (JHS Natural Products, Eugene,
OR); razoxane; rhizoxin, sizofiran; spirogermanivm; tenuazonic acid; triaziquone; 2.2°.2°-
trichlorotriethvianune; trichothecenes (especially T-2 toxin, verracurin A, roridin A and
anguidine}; urethan; vindesine (ELDISINE®, FILDESIN®); dacarbazine; mannomustine;
mitobronitol; mitolactol; pipchbroman; gacytosine; arabinoside (“Ara-C7); thiotepa; taxoid,

20 e.g. pachitaxe] (TAXOL®), albumin-engineered nanoparticle formulation of pachitaxel
(ABRAXANE™), and docetaxel (FAXOTERE®); chloranbucil; 6-thioguanine;
mercaptopurine; methotrexate; platinum agents such as cisplatin, oxaliplatin {e.g.,
ELOXATIN®), and carboplatin: vincas, which prevent tubulin polymerization from forming
microtubules, including vinblastine (VELBAN®RY), vincristing (ONCOVIN®), vindesine

25 (ELDISINE®, FILDESIN®), and vinorelbine (NAVELBINE®); etoposide (VP-16);
tfosfamide; mitoxantrone; leucovorin; novantrone; edatrexate; davmomycing aminoptering
ibandronate; topoisomerase inhibitor RFS 2000; diffucromethylomithing (DMFQO); retinoids
such as retinoic acid, including bexarotene (TARGRETIN®Y; bisphosphonates such as
clodronate (for example, BONEFO5® or OSTAC®R), etidronate (DIDROCAL®), NE-58093,

30 zoledronic acid/zoledronate (ZOMETA®), alendronate (FOSAMAX®), pamidronate
{(AREDIA®), uludronate (SKELID®), or risedronate {ACTONEL®); troxacitabine {a 1,3~
dioxolane nucleoside cvtosine analog); antisense oligonucleotides, particularly those that
inhibit expression of genes in signaling pathways implicated in aberrant cell proliferation,

such as, for example, PKC-alpha, Raf, H-Ras, and epidermal growth factor receptor (EGF-
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R}); vacemes sach as THERATOPE® vaccine and gene therapy vaceines, for example,
ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID® vaccinge; topoisomerase |
inhibitor {e.g., LURTOTECAN®R); rmRH {e.g., ABARELIX®); BAY 439006 {(sorafenib;
Bayer); SU-11248 {(sunitimib, SUTENT®, Pfizer); peritosine, COX-2 mhubitor {e.g. celecoxib
or gtoricoxib}, proteosome inhibitor {e.g. P8341); bortezomib (VELCADER); CC1-779,
tiptfarmab (R11577); orafentb, ABT510; Bel-2 mhibitor such as oblimersen sodinm
(GENASENSE®), pixantrone; EGFR mhibitors (see definition below); tyrosime kinase
inhibitors (sec definition below); serine-threonine kinase mhibitors such as rapamycin
(sirclimus, RAPAMUNE®); famesyltransferase inhibitors such as lonafamib (SCH 6636,
SARASAR™); and pharmaccutically acceptable salts, acids or derivatives of any of the
above; as well as combinations of two or more of the above such as CHOP, an abbreviation
for a combined therapy of cyclophosphamide, doxorubicin, vineristine, and prednisclone; and
FOLFOX, an abbreviation for a treatment regimen with oxaliplatin (ELOXATIN™Y
combined with 5-FU and leucovorin,

Chemotherapeutic agents as defined heremn include “anti-hormonal agents” or
“endocrine therapeutics”™ which act to regulate, reduce, block, or inhibit the effects of
hormones that can promote the growth of cancer. They may be hormones themseives,
ncluding, but not limited to: anti-estrogens with mixed agomst/antagonist profile, including,
tamoxifen (INOLVADEX®), 4-hydroxytamoxifen, toremifene (FARESTON®Y), idoxifene,
droloxifene, raloxifene (EVISTA®), tricxifene, keoxifene, and selective estrogen receptor
modulators (SERMs) such as SERM3; pure anti-cstrogens without agonist propertics, such as
fulvestrant (FASLODEX®), and EM800 (such agents may block estrogen receptor (ER)
dimerization, inhibit DNA binding, increase ER turnover, and/or suppress ER levels);
aromatase inhibitors, including steroidal aromatase inhibitors such as formestane and
exemestane (AROMASIN®), and nonsterowdal aromatase inhibitors such as anastrazole
(ARIMIDEX®), letrozole (FEMARA®) and aminoglutethimide, and other aromatase
inhibitors include vorozole (RIVISOR®Y, megestrol acetate (MEGASE®R), fadrozele, and
4{Sy-midazoles; lutenmizing hormone-releascing hormone agonists, including leuprolide
(LUPRON® and ELIGARD®), goserclin, buserclin, and tripterelin; sex steroids, including
progestines such as megestrol acetate and medroxyprogesterone acetate, estrogens such as
diethylstilbestrol and premans, and androgens/retinoids such as flucxymesterone, all
transretionic acid and fenretinide; onaprisione; anti-progesterones; estrogen receptor down-

regulators (ERDs); anti-androgens such as flutamide, nilutamide and bicalutamide; and
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pharmaceutically acceptable salts, acids or derivatives of any of the above; as well as
combinations of two or more of the above.

A “growth mhibitory agent” when used herein refers to a compound or compaosition
which inhibits growth of a cell (such as a cell expressing SMO) either in vifre or in vive,
Thus, the growth inhibitory agent may be one which significantly reduces the percentage of
cells (such as a cell expressing SMO) 1n S phase. Exampiles of growth inlubitory agents
mclude agents that block cell cycle progression (at a place other than § phase), such as ageots
that mduce G1 arrest and M-phase arrest. Classical M-phase blockers inclade the vincas
{vincnistine and vinblasting), taxanes, and topoisomerase I inhibitors such as doxorubicin,
epirubicin, daunorubicin, ctoposide, and bleomycin, Those agents that arrest G1 also spill
over into S-phase arrest, for exampie, DNA alkvlating agents such as tamoxifen, prednisone,
dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-fluorouracil, and ara-C. Further
information can be found in Mendelsohn and Isracl, eds., The Molecular Basis of Cancer,
Chapter 1, entitled “Cel cvele regulation, oncogenes, and antincoplastic drugs™ by Murakanu
et al. (W.B. Saunders, Philadelphia, 1995}, e.g., p. 13, The taxanes (paclitaxel and docetaxel)
are anticancer drugs both derived from the vew tree. Docetaxel {(TAXOTERE®, Rhone-
Poulenc Rorer), derived from the European vew, is a semusynthetic analogue of pachitaxel
(TAXOL®, Bristol-Mvers Squibb). Paclitaxel and docetaxel promote the assembly of
microtubules from tubulin dimers and stabilize microtubules by preventing depolymerization,
which results in the mhibition of mitosis 1 cells.

A “mutant Smo antagonist” 15 a compound that inhibits the biological activity of a
SMO having an amino acid substitution at the amino acid position corresponding to aming
acid 529 of human SMO that changes the wild-type amino acid at this position to any other
amino acid. In some embodiments, the biclogical activity of 8MO is the ability to transduce
a signal upon stimulation with hedgehog to activation of Ghi transcription factor.

The term “hedgehog pathway inhibitor,” as used herein, 1s intended to refer to an
agent that is capable of inhibiting hedgehog signaling in a cell. In particular embodiments,
the hedgchog antagonist 1s capable of inhibiting hedgehog signaling in a cell that expresses
any of the nutant SMO proteins described herein. In some embodiments, the hedgehog
pathway inhibitor 18 capable of inhibiting hedgchog signaling in a cell that expresses a
smoothened polypeptide comprising a mutation at one or more aming acids corresponding o
329 of SEQ ID NG: 1 (e.g., to the corresponding position in wildtype human SMO)}. In some
embodiments, the hedgehog pathway inhibitor is capable of inhibiting hedgehog signaling in

a cell that expresses a smoothened polypeptide comprising a (33295 mutation.
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L Nucleic Acids

The nucleic acids of the disclosure include isolated mutant SMO-encoding sequences.
In some embodiments, the nucleic acids encode a mutant SMO protein that is partially or
fully resistant to vismodegib. In some embodiments, the nucleic acid encodes a mutant SMO
protein that is partially or fully resistant to vismodegib in a cell having an additional mutation
in a gene encoding a protein in the hedgehog signaling pathway. In some embodiments, the
additional mutation is any of the patched and/or SUFU mutations described herein.

In some embodiments, the disclosure provides for an 1solated nucleic acid molecule
encoding a mutant SMO protein wherein said amine acid sequence of the protein comprises
an amino acid other than glyeine at the amino acid posttion corresponding to position 529 of
the wildtype SMO amino acid sequence. In some embodiments nucleic acids comprise a
sequence that i3 at least 80%, 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 84%, 95%,
96%, 97%, 98%, 99% or 100% identical to the nucleic acid sequence of SEQ D NG: 3 and
which contain at least one mutation such that the nucleic acid encodes a SMO polypeptide
comprising an amino acid other than glyeine (G) at the amino acid position corresponding to
amino acid posttion 529 of SEQ ID NO: 1. In some embodiments, the nucleic acid encodes
senine {8} at the anino acid position corresponding to posttion 529 of SEQIDNG: 1. In
some embodiments, the nucleic acid has at least one mutation from the parental wild-tyvpe
SMQ at a nucleotide position corresponding to nucleotide position 1585, 1586, and/or 1587
of SEQ ID NGO 3. In some embodiments, the percent identity is 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or 100% with SEQ ID NG: 3
providing that there 15 at least one mutation at a nuclestide position corresponding to
positions 1585, 1386, and/or 1587 of SEQ ID NOG: 3.

in some embodiments, the disclosure provides for an isolated nucleic acid molecule
encoding a mutant SMO protemn, wherein the amino acid sequence of the protem comprises
an amino acid other than glycine at the amino acid position corresponding to position 529 of
the wildtype SMO amine acid sequence, and wherein the amino acid sequence further
comprises at least one anino acid substitution at any onc or more of the amino acid positions
corresponding to 241, 281, 321, 408, 412, 459, 469, 473, 518, 533 and/or 533 of the wildtype
SMO amino acid seqaence. In some embodiments, the nucleic acid molecule comprises a
sequence that is af least 80%, 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 949%, 95%,
0969, 97%, 98%, 9% or 100% identical to the nucleic acid sequence of SEQ 1D NG: 3 and
which contain at least one mutation such that the nucleic acid encodes a SMO polypeptide

comprising an anuno acid other than glvcine (G} at the aming acid position corresponding to
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nucleotide position 529 of SEQ ID NG: 1, and wherein the polyvpeptide further comprises an
amino acid sequence having at least one mutation at any one or more of the amino acid
positions corresponding to 241, 281, 321, 408, 412, 459, 469, 473, 518, 533 and/or 535 of
SEQ IDNO: 1. In some embodiments, the nucleic acid molecules comprise a sequence that
is at least 80%, 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
989%, 99% or 100% identical to the nucleic acid sequence of SEQ 1D NG 3, the nucleic acid
cncodes sering (S) at the amine acid position corresponding to position 529 of SEQ D NO: 1,
and the nucleic acid encodes a polypeptide having any one or more of the following
substitutions; T241M, W281C, V321M, 1408V, A459V, C469Y, D4A73H, ES18K, ESI8A
S333N, and/or W335L., The disclosure also contemplates fragments of such nucleic acids
that span the region of the mutations described above in fragments that are at least 20
nucleotides in length. In some embodiments, the nocleotide fragments are 23, 30, 35, 40, 45,
50,55, 60,65, 70, 75, 80, 85, 90, 95, or 100 nucleotides in length. The fragments may be any
length that spans the region of the mutations described above up to the full length routant
SMO~encoding nucleic acid molecule. Isolated mutant SMO and fragments thereof may be
used, for example, for hyvbridization, to generate primers and probes for the prognostic and
diagnostic assays of the disclosure, and for expression in recombinant systems (such as to
generate mutant SMO protein or portions thereof for use as immunogens and for use in
assays of the disclosure as described herem).

The disclosure provides mucleic acid probes which may be used to identify the mmtant
SMO nucleic acid molecule in the methods of the disclosure. Nucleic acid samples derived
from tissuc suspected of having a mutant SMO or from tissue wherein the status of SMO 1s
unknown may be screened using a specific probe for mutant SMO using standard procedures,
such as described in Sambrook ef of., MOLECULAR CLONING: A LABORATORY MANUAL, Cold
Spring Harbor Laboratory Press, NY, 1989). Aliematively, the nucleic acid encoding SMO
may be amplified from the tissue and probed with a specific probe of the disclosure to
determine the presence of absence of mutant SMG. PCR methodology is well known in the
art {Sambrook ef ol , supra; Dieffenbach er af |, PCR PRIMER: A LABORATORY MANUAL, Cold
Spring Harbor Laboratory Press, NY, 1995).

Nucleotide sequences {or their complement) encoding mutant SMO have various
apphications in the art of molecular biclogy, including uses as hybridization probes, and in the
generation of anti-sense RNA and DNA probes. Mutant SMO-encoding nucleic acid will

also be usefud for the preparation of mutant SMO polypeptides by the recombinant techniques
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described herein, wherein those mutant SMO polyvpeptides may find use, for example, in the
preparation of anti-mutant SMO antibodies as described hercin.

The full-length mutant SMO nucleic acids, or portions thereof, may be used as
hybridization probes for identifving mutant SMO.

5 Optionally, the length of the probes will be about 20 to about 50 bases. The
hybridization probes may be denived from at least the mutant region of the full length mutant
SMO nucleotide sequence.

By way of example, a screening method will comprise isolating the coding region of
mutant SMO using the known DNA sequence to synthesize a selected probe of about 40
10 bases. Hybrdization probes may be labeled by a varicty of 1abels, including radionucleotides
such as P or °S, 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 mutant SMO gene of the present disclosure can be used to screen libraries of human
cDNA, genomic DNA or mRNA to determine which members of such libraries the probe
15 hybndizes to. Hybndization products may be resolved on polvacrylamide gels. In addition,
the SMQO mutations may be determined using the method described in the Examples.
Hybndization conditions, mecluding moderate stringency and high stringeney, are provided in
Sambrook er al., supra.

Sequences identified in such library screenming methods can be compared and aligned

20 to the known sequences for SMO and mutant SMO. Sequence identity at the seventh

transmembrane domain can be determined using methods known n the art,

Other useful fragments of the SMO-encoding nucleic acids mclude antisense or sense
oligonucleotides comprising a single-stranded nucleic acid sequenae {either RNA or DNA)
capable of binding to target mutant SMO mRNA (scnse) or mutant SMO DNA {(antisensc)

25 sequences. Anfisensc or sense oligonucleotides, according to the present disclosure,

comprise a fragment of the coding region of mutant SM{O DNA containing the motation
region. Such a fragment generally comprises at least about 14 nucleotides, and, in some
embodiments, from about 14 to 30 nucleotides. The ability to derive an antisense or a sense
oligonucleotide, based upon a cDNA seguence encoding a given protein is described in, for
30 example, Stein and Cohen (1988) Cancer Res. 48:2659 and van der Krol ef o/, (1988}
BicTechnigues 6:958,

In some embodiments, the disclosure provides for nucleic acids capable of inhibiting

expression of any of the mutant SMO nucleic acids described herein. Binding of antisense or

sense oligonucleotides to target nucleic acid sequences results in the formation of duplexes
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that block transcription or translation of the target sequence by one of several means,
including enhanced degradation of the duplexes, premature termination of franscription or
transiation, or bv other means. Such methods are encompassed by the present disclosure.

The antisense oligonucleotides thus may be used to block expression of mutant SMO proteins,

5  wherein those mutant SMO proteins may play a role m the resistance of cancer in manmmals

to chemotherapeutics such as GDC-0449. Antisense or sense oligonuclieotides further
comprise oligonucleotides having modified sugar-phosphodiester backbounes {or other sugar
binkages, such as those described in WO 91/06629) and wherein such sugar linkages are
resistant to endogenous nucleases. Such oligonucleotides with resistant sugar linkages are

10 stable i vive {i.c., capable of resisting cnzymatic degradation) but retain sequence specificty
to be able to bind to target nucleotide sequences.

Specific examples of antisense compounds useful for inhibiting expression of mutant
SMQ proteins inchude oligonuclectides contaming modified backbones or non-natural
mitcroucleoside linkages. Oligonucleotides having modified backbones include those that

15 retain a phosphorus atom in the backbone and those that do not have a phosphorus atom m
the backbone. For the purposes of this specification, and as sometimes referenced in the art,
modificd oligonucleotides that do not have a phosphorus atom in their internucieoside
backbone can also be considered to be oligonucieosides.  In some embodiment, modific
oligonuaclestide backbones include, for example, phosphorothioates, chiral phosphorothioates,

20 phosphorodithioates, phosphotriesters, aminoalkylphosphotri-esters, methy! and other alkyl
phosphonates including 3'-alkylene phosphonates, 5'-alkylenc phosphonates and chiral
phosphonates, phosphinates, phosphoramidates including 3'-amino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkviphosphotriesters, selenophosphates and borano-phosphates having noumal 3'-5'

25 linkages, 2'-3' linked analogs of these, and those having inverted polarity wherein one or
more mternucleotide linkages 523" t0 3', 5"t 5' or 2" to 2' linkage. In some embodiments,
oligonuclestides having inverted polanty comprise a single 3' to 3' linkage at the 3'-maost
mternucleotide linkage 7.¢. a single inveried nucleoside residuc which may be abasic (the
nucleobase is missing or has a hyvdroxyl group in place thereof). Various salts, mixed salts

30 and free acid forms are also included. Representative United States patents that teach the
preparation of phosphorus-containing linkages include, but are not limited to, U.S. Patent
Nos.: 3,687,808, 4,469,863, 4,476,301, 5,023,243, 5,177,196, 5,188,897, 5,264 423,
5,276,019: 5,278,302; 5,286,717, 5,321,131, 5,399,676, 5,405,939, 5,453,
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5,587.361; 5,194,599, 5,565,555, 5,527,899, 5,721,218, 5,672,697 and 5,625,050, cach of
which is herein incorporated by reference.

In some embodiments, the nucleic acid comprises modified nucleotides or modified
oligonucleotide backbones. In some embodiments, modified oligonucleotide backbones that
do not include a phosphorus atom therein have backbones that are formed by short chain
atkyl or cycloalkyl internucleoside linkages, mixed heteroatom and alkyl or cycloalkyl
mitcroucleoside linkages, or one or more short chain heteroatomic or heterocvelic
internucleoside linkages. These include those having morpholine linkages (formed m part
from the sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and sulfone
backbones; formacety! and thioformacetyl backbones; methviene formacetyl and
thioformacetyl backbones; nboacetvl backbones; alkene containing backbones; sulfamate
backbones; methyleneimine and methylenchydrazine backbones; sulfonate and sulfonamide
backbones; amide backbones; and others having mixed N, O, § and CH sub 2 component
parts. Representative United States patents that teach the preparation of such
oligonucleosides include, but are not imited to: U.S. Patent Nos.: 5,034,506; 5,166,315,
5.185.444;5 214,134, 5216141, 5,235,033, 5,264.562; 5,264,564, 5,405,938, 5,434,257,
5,466,677, 5,470,967, 5,489,677, 5,541,307, 5,561,225 5,596,086, 5,602,240, 5,610,289,
5,602,240, 5,608,046; 5,610,289; 5,618,704, 5,623,070, 5,663,312; 5,633,360, 5,677 437,
5,792.608; 5,646,269 and 5,677,439, cach of which 1s herein mcorporated by reference.

In some embodiments of antisense ohigonucieotides, both the sugar and the
internucleoside linkage, 7.¢., the backbone, of the nucleotide units are replaced with novel
groups. The base units are mamtained for hyvbridization with an appropriate nucleic acid
target compound. (One such oligomeric compound, an oligonuclestide mimetic that has been
shown to have excellent hybridization properties, is referred to as a peptide nucleic acid
(PNA}. In PNA compounds, the sugar-backbone of an oligonucleotide is replaced with an
amide containing backbone, in particular an amincethylglveime backbone. The nucleobases
are retained and are bound directly or indirectly to aza nitrogen atorus of the amide portion of
the backbone. Representative United States patents that teach the preparation of PNA
compounds include, but are not imited to, U.5. Patent Nos.: 3,539,082; 5,714,331, and
5,719,262, cach of which is herein incorporated by reference. Further teaching of PNA
compounds can be found in Nielsen er o/ {1991) Science 254:1497-1500.

in some embodiments, antisense oligonucleotides incorporate phosphorothioate
backbones and/or hetergatom backbones, and m particular ~-CH,-NH-0-CH,-, -CHp-N(CH:)-
O-CH;- (known as a methylene {methylimine) or MMI backbone), -CH,-O-N(CH;}-CH;-, -
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CHy-N{CH;}-N(CH3)-CH;- and -O-N{CH:3}-CH,-CH,- (wherein the native phosphodiester
backbone i3 represented as ~0-P-0-CH;-) described in the above referenced U.S. Patent No.
5,489,677, and the amide backbones of the above referenced ULS. Patent No. 5,602,240, In
some embodiments, antisense ohgonucleotides have morpholino backbone structures of the
above-referenced U.S. Patent No. 5,034,506,

Modified oligonucleniides may also contain one or more substituted sugar moieties.
In some embodiments, oligonucleotides comprise one of the following at the 2' position: OH;
F; O-alkyl, S-alkvl, or N-alkyl, O-alkenyl, S-alkeynyl, or N-alkenvl; O-alkyoyl, S-alkvayl or
N-alkynvl; or O-alkyi-G-alkyl, wherein the alkvi, alkenyl and alkvnyi may be substituted or
unsubstituted C1 to C10 alkyl or C2 to C10 alkeny! and alkynvl. fn some embodiments, the
oligonucleotides are O[{CH),01CH:, O{CH),OCH;, O(CH ) NH,, O(CH23,CH,,
some embodiments, antisense oligonucleotides comprise one of the following at the 2
position: C1 to C10 lower alkyl, substituted lower alkyl, alkenyl, alkyovl, alkaryi, aralkyl, O-
atkaryl or O-aralkyl, SH, SCHs, OCN, (I, Br, CN, CF;, OCF;, SOCH;, SO, CH4, ONO,,
NG, N3, NHs, heterocyeloalkyl, heterocycloalkaryt, amincalkyiaming, polvalkylamino,
substituted silyl, an RNA cleaving group, a reporter group, an indercalator, a group for
wproving the pharmacokinetic properties of an oligonucleotide, or a group for improving the
pharmacodynamic properties of an oligonucleotide, and other substituents having sinlar
properties. 1n some embodiments, a modification mcludes 2'-methoxyethoxy (2'-0-
CH,CHL,OCH;, also known as 2'-0-(2-methoxyethyl) or 2'-MOE)} (Martin ef ol (1995) Helv.
Chim. Acta 78:486-504) i.e., an alkoxvalkoxy group. In some embodiments, a modification
ncludes 2'-dimethylaminooxyethoxy, i.e., a G{CH R ON(CH;:)» group, also known as 2'-
DMAOE, as described 1n examples hereinbelow, and 2'-dimethylammocthoxyethoxy {(alse
known m the art as 2-O-dimethviaminocthoxyethyl or 2-DMAEOE), i.e., 2'-0-CH,-0-CH,-
N(CHy).

In some embodiments, a modification inclades Locked Nucleic Acids (LNAs) in
which the 2'-bvdroxy! group is linked to the 3' or 4' carbon atom of the sugar ring thereby
forming a bicyclic sugar moiety. The linkage is, in some embodiments, a methelyne (-CHa- )
group bridging the 2' oxygen atom and the 4’ carbon atom whercinnis 1 or 2. LNAs and
preparation thereof are described in WO 98/39352 and WG 99/14226.

In some embodiments, modifications include 2'-methoxy (2'-0-CH3), 2'-
aminopropoxy (2-OCH,CH,CH,NH,), 2"-allyl (2'-CH,-CH=CH;), 2'-0-allyl (2"-0-CH;-

CH=CH,) and 2'-flucro (2'-F). The 2'-modification may be in the arabinc {up) position or ribo
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{down} position. In some embodiments, a 2-arabino modification 1s 2'-F. Similar
modifications may also be made at other positions on the oligonuclectide, particulasty the 3
position of the sugar on the 3' terminal nucleotide or m 2'-5' linked oligonucleotides and the &'
position of 5" terminal nucleotide. Oligonucleotides may also have sugar mimetics such as
cyclobutyl moieties in place of the pentofurancsyl sugar. Representative U.S. patents that
teach the preparation of such modified sugar structures include, but are not hmited to, U.S.
Patent Nos.: 4,981,957, 5,118,800; 5,319,080; 5,359,044, 5,393,878, 5,446,137, 5,466,786,
5,514,785: 5,519,134, 5,567,811, 5,576,427, 5,591,722, 5,597,909; 5,610,300, 5,627,053;
5,639,873, 5,646,265, 5,658,873, 5,670,633, 5,792,747, and 5,700,920, cach of which is
herein mcomorated by reference in ifs entirety.

In some embodiments, oligonucleotides may also include nucleobase (often referred
to in the art simply as “base”) modifications or substitutions. As used heretn, “unmodified”
or “natural” nucleobases mchide the purine bases adenine (A} and guanine (G}, and the
pyrimidine bases thymine (1), cytosine (C) and uracil (U). Modified nucleobases include
other synthetic and natural nucleobases such as S-methyleyvtosine (5-me-C), S-hyvdroxymethyl
cvtosing, xanthine, hypoxanthine, Z-amincadening, 6-methyl and other alkyl derivatives of
adenine and guanine, 2-propyi and other alkyl derivatives of adenine and guanine, 2-
thiouracii, 2-thiothyvmine and 2-thiocyiosine, 3-halouracil and cytosine, S-propynyi (-C=C-
CH; or -CH,-C=CH) uracil and cvtosine and other alkvnyl derivatives of pyrimidine bases, 6~
azg uract, cytosine and thymine, S-uract (pseudouracil}, 4-thiourac, 8-halo, 8-amino, 8-
thiol, 8-thicalkyl, 8~hydroxyl and other 8-substituted adenines and guanines, 5-halo
particularly S-bromo, 5-tnfluoromethyl and other 3-subsuifuted uracils and cytosines, 7-
methylguanine and 7-methyladenine, 2-F-adenine, 2-amino-adenine, 8-azaguanine and 8-
azaadenine, 7-deazaguanine and 7-deazaadenine and 3-deazaguanine and 3-deazaadenine.
Further modified nucleobases mclude tricvehic pyrimudines such as phenoxazine cytidine
(IH-pyrimido{3,4-b}| 1 4]benzoxazin-2(3H}-one), phenothiazine cvtidine (1H-pyrimido] 5 4-
bl 1.4 benzothiazin-2{3H}-one}, G-clamps such as a substituted phenoxazine cytidine {e.g.,
9-(2-aminocthoxy-H-pyrimido|5,4-b}{ 1.4 |benzoxazin-2{3H}-one), carbazole cvtidine (ZH-
pyrimidof4,3-bindol-2-one), pyrnidoindole evtidine (H-pyndo{3',2"4, 3 pvrrolof2,3-
dipyrimidin-2-one). Modified nucleobases may also include those in which the puarine or
pynmidine base is replaced with other heterocyeles, for example 7-deaza-adenine. 7-
deazaguanosine, 2-aminopvridine and 2-pyridone. Further nucleobases mclude those
disclosed in 1.8, Patent No. 3,687,308, those disclosed in TeE CONCISE ENCYCLOPEDIA (F

POLYMER SCIENCE AND ENGINEERING. Kroschwitz, §.1., ed.. John Wiley & Sons, 1990, pp.
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858-859, and those disclosed by Englisch ef o/, ANGEWANDTE CHEMIE, INTERNATIONAL
Epmion, Wiley-VCH, Germany, 1991, 30:613. Certain of these nucleobases are particularly
useful for increasing the binding affinity of the oligomeric compounds of the disclosure.
These include S-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and (-6 substituted
purines, inchiding 2-aminopropyladenine, S-propvayleraci! and 3-propyayvicytosine. 3-
methylcytosine substitutions have been shown to increase nucleic acid duplex stability by
0.6~-1.2 °C. (Sanghvi ef a/. ANTISENSE RESEARCH AND APPLICATIONS, CRC Press, Boca
Raton, 1993, pp. 276-278) and are possible base substitutions, even more particularly when
combined with 2'-O-methoxyethyl sugar modifications. Representative U.S. patents that
teach the preparation of modified mucleobases include, but are not limited to: U.S. Patent No.
3,687,808, as well as U.S. Patent Nos.: 4,845,205, 5,130,302, 5,134,0066; 5,175,273,
5,367,066, 5,432,272, 5,457 187, 5,459,255, 5,484 908; 5,502,177, 5,525,711, 5,552,540
587,469 5,594,121, 5,596,091, 5,614,617, 5,645 .985; 5.830.633; 5,763,588; 6,005,096

¥4

5,681,941 and 5,750,692, cach of which s herein incorporated by reforence.

Another modification of antisense oligonucleotides mvolves chemically Imking to the
oligonucleotide one or more moicties or conjugates which enhance the activity, cellular
distrtbution or cellular uptake of the oligonucleotide. The compounds of the disclosure can
wnclude conjugate groups covalently bound to functional groups such as primary or secondary
hydrosyl groups. Conjugate groups of the disclosure nclude intercalators, reporter
molecules, polyamines, polvamides, polyethylene glveols, polyethers, groups that enhance
the pharmacodynamic properties of oligomers, and groups that enhance the pharmacokinetic
propertics of oligomers. Typical conjugates groups include cholesterols, lipids, cation lipids,
phospholipids, cationic phospholipids, bictin, phenazine, folate, phenanthridine,
anthraguinone, acridine, fluoresceins, thodamines, coumarins, and dves. Groups that enhance
the pharmacodynamic propertics, in the context of this disclosure, include groups that
mmprove oligomer aptake, enhance oligomer resistance to degradation, and/or strengthen
sequence-spectiic hyvbridization with RNA. Groups that enhance the pharmacokinetic
propertics, in the context of this disclosure, include groups that improve oligomer uptake,
distribution, metabolism or excretion. Conjugate moieties include but are not imited to hpid
moicties such as a cholesterol motety (Letsinger ef al. (1989} Proc. Natl. Acad. Sci. USA
86:6553-6556), cholic acid (Mancharan er ol (1994} Rivorg. Med. Chem. Lett. 4:1053-10603},
a thioether, e.g., hexyl-S-tritvithiol (Manoharan ef af. (1992} Ann. N.Y. Acad. Sci. 660:306-
309; Manoharan ef al. (19933 Bivorg. Med. Chem. Lett. 3:2765-2770), a thiocholesterol

{Oberhauser ef al. {1992} Nucl. Acids Res. 20:533-538)}, an akphatic chain, e.g., dodecandiol
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or undecyl residues (Saison-Behmoaras ef af. (1991 FMBO J 10:1111-1118; Kabanov ef af.
(1990} FEBS Lett. 259:327-330; Svinarchuk ef al. {1993} Riochimie 75.49-54, a phospholipid,
e.g., di-hexadecyl-rac-glycerol or tricthyl-ammoninom 1,2-di-O-hexadecyl-rac-glycero-3-H-
phosphonate (Manoharan ef al. {(1995) Terrahedron Lert. 36:3651-3654; Shea et al. (1990)
Nucl Acids Res. 18:3777-3783), a polvamine or a polyvethvlene glyeol chain (Mancharan ef
al {1993 Nucleosides & Nucleotides 14:969-973), or adamantane acetic acid (Manocharan e7
al. (1995 Tetrahedron Letr. 36:3651-3654), a palmityl moicty (Mishra er al. (1993} Biochim.
Biophys. Acta 1264:229-237), or an octadecylamine or hexylamino-carbonyl-oxycholesterol
moigty. Oligonucleotides of the disclosure may also be conjugated to active drug substances,
for cxample, aspirin, warfarmn, phenylbutazone, itbuprofen, suprofen, fenbufen, ketoprofen,
(S)-(+)-pranoprofen, carprofen, dansvlsarcosing, 2,3, 5-triiodobenzoic acid, flufenamic acid,
folinic acid, a benzothiadiazide, chiorothiazide, a diazepine, indomethicin, a barbiturate, a
cephalosporin, 3 sulfa drag, an antidiabetic, an antibacterial or an antibiotic,
Oligonucleotide-drug conjugates and their preparation are described in U.S. Patent Nos.:
4,828,979; 4948 882; 5,218,105, 5,525,465, 5,541,313, 5,545,730, 5,552,538, 5,578,717,
5,580,731, 5.580.731; 5,591 584, 5,109,124, 5,118.802; 5,138,045, 5,414,077, 5,486,603,
5.512,439; 5,578,718, 5,608,046, 4,587,044, 4,605,735, 4,667,025, 4,762,779, 4,789,737,
4,824,941 4, 835,263, 4,876,335, 4,904,582; 4,958,013, 5,082,830, 5,112,963, 5,214,13¢;
5,082.830: 5,112,963, 5,214,136, 5,245 ,022; 5,254 469; 5,258,506, 5,262,536, 5,272,250,
5,292,873, 5,317,098, 5,371,241, 5,391,723, 5,416,203, 5,451,463, 5510475, 5,512,667,
5,514,785, 5,565,552, 5,567,810, 5,574,142, 5,585 481, 5,587,371, 5,595,726, 5,597,696,
5,599,923; 5,599.928; 5,688,941 and 6,656,730, each of which is herein incomorated by
reference.

it is not necessary for all positions in a given compound to be uniformly modified,
and 1n fact more than one of the atorementioned modifications may be incorporated in a
single compound or even at a single nucleoside within an oligonucleotide. The present
disclosure also includes antisense compounds which are chimeric compounds. “Chimeric”
antisense compounds or “chimeras,” in the context of this disclosure, are antisense
compounds, particularly oligonucleotides, which contain two or more chemically distinet
regions, cach made up of at least one monomer unit, i.e., a mucleotide i the case of an
oligonucleotide compound. These oligonucleotides typically contaio at least one region
wherein the oligonucieotide 1s modified so as to confer upon the ohigonucleotide increased
resistance to nuclease degradation, increased cellidar uptake, and/or increased binding

affiraty for the target nucleic acid. An additional region of the oligonuclectide may serve as a
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substrate for enzymes capable of cleaving RNADNA or RNARNA hybnds. By way of
example, RNase H is a cellular endonuclease which cleaves the RNA strand of an RNADNA
duplex. Activation of RNase H, thercfore, results in cleavage of the RNA target, thereby
greatlv enhancing the efficiency of oligonucleotide mhibition of gene expression.
Consequently, comparable results can often be obtained with shorter oligonucleotides when
chimeric oligonucleotides are used, compared to phosphorothicate deoxyoligonucleotides
hybridizing to the same target region. Chimeric antisense compounds of the disclosure may
be formed as composite structures of two or more oligonucleotides, modified
oligonucleotides, sligonucieosides and/or oligonucieotide mimetics as described above. In
some embodiments, chimeric antisense oligonucleotides incorporate at least one 2' modified
sugar {e. 2., 2'~0-(CH,}-0-CHjs) at the 3" termunal to confer nuclease resistance and a region
with at least 4 contiguous 2'-H sugars to confer RNase H activity. Such compounds have also
been referred to m the art as hybrids or gapmers. In some embodiments, gapmers have a
region of 2' modified sugars {e.g., 2'-0-(CH;):-0-CHs) at the 3'-terminal and at the 5’
terminal separated by at least one region having at least 4 contiguous 2'-H sugars and, in
some embodiments, incorporate phosphorothioate backbone hinkages. Representative United
States patents that teach the preparation of such hvbrid structures include, but are not limited
to, U.S. Patent Nos.: 5,013,830, 5,149,797, 5,220,007, 5,256,775, 5,366,878; 5,403,711,
5,491,133, 5,565,350; 5,623,063, 5,652,355, 5,652,356; and 5,700,922, each of which is
herein incorporated by reference in its entirety.

The antisense compounds used in accordance with this disclosure may be
convenently and routinely made through the well-known technigue of solid phase synthesis.
Equipment for such synthesis is sold by several vendors mncluding, for example, Apphed
Biosystems (Foster City, Calit}. Aoy other means for such synthesis known in the art may
additionally or alternatively be emploved. it 1s well known to use similar fechmques to
prepare oligonucleotides such as the phosphorothicates and alkylated derntvatives. The
compounds of the disclosure may also be admixed, encapsulated, conjugated or otherwise
associated with other molecules, molecule structures or mixtures of compounds, as for
example, liposomes, receptor targeted molecules, oral, rectal, topical or other formulations,
for assisting in uptake, distribution and/or absorption. Representative United States patents
that teach the preparation of such uptake, distribution and/or absorption assisting
formuulations mclude, but are not limited to, U.S. Patent Nos.: 5,108,921, 5,354 _844;
5.416,016. 5,459,127, 5,521,291, 5,543,138, 5,547,932, 5,583,020, 5,591,721, 4,426,330,
4,534,899: 5,013,556, 5,108,921, 5,213,804, 5,227,170, 5.264.221; 5.356.633; 5.395.619;
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5.416,016; 5,417,978; 5,462 854; 5.469,854; 5.512.295, 5 527 528 5,534 259 5 543 152;
5.556,948; 5,580,575, and 5,595,756, cach of which is herein incorporated by reference.

Other examples of sense or antisense oligonucleotides include those ohigonucleotides
which are covalently linked 1o organic moieties, such as those described in WO 90/10043,

5  and other moieties that increase affinity of the chgonucleotide for a target nucleic acid
sequence, such as poly-(L-lyvsine}. Further still, intercalating agents, such as ellipticine, and
alkvlating agents or metal complexes may be attached to sense or antisense oligonucleotides
to modify binding specificities of the antisense or sense oligonucleotide for the target
nucleotide sequence.

10 Antisense or sense oligonucleotides may be introduced into a cell containing the
target nucleic acid sequence by any gene transter method, including, for example, CaP(y-
mediated DMNA transfection, electroporation, or by using gene transfer vectors such as
Epstemn-Barr virus. In one embodiment, an antisense or sense oligonuclestide is inserted into
a suitable retroviral vector. A cell containing the target nucleic acid sequence is contacted

15 with the recombinant retroviral vector, etther in vive or ex vive, Suitable retroviral vectors
mchude, but are not limited to, those derived from the murine retrovirus M-MuLV, N2 (a
retrovirus derived from M-Mul. V), or the double copy vectors designated DCTSA, DCT3B
and DCTSC (see WO 90/13641).

Sense or antisense oligonucleotides also may be introduced into a cell containing the

20 target nucleotide sequence by formation of a conjugate with a Hgand binding molecule, as
described it WO 91/04753. Surtable ligand binding molecules include, but are not himited to,
cell surface receptors, growth factors, other cvtokines, or other Higands that bind to cell
surface receptors. In some embodiments, conjugation of the ligand binding molecule does
oot substantially mterfore with the ahility of the ligand binding molccule to bind to s

25 corresponding molecule or receptor, or block entry of the sense or antisense ohigonucleotide
or its conjugated version into the cell.

Alternatively, a sense or an antisense cligonucleotide may be introduced into a cell
containing the target nucleic acid sequence by formation of an oligonucleotide-lipid complex,
as described in WO 90/10448. The sense or antisense oligonucleotide-lipid complex is, in

30 some embodiments, dissociated within the ccll by an endogenous lipase.

Antisense or sense RNA or DNA molecules are generally at least about 5 nucleotides
in length, alternatively at least about 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25,26,27, 28, 29, 30, 35, 40, 45, 50, 35, 60, 65, 70, 75, 80, 83, 90, 95, 100, 103,
110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180. 185, 190, 195, 200,
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210. 220, 230. 240, 250, 260, 270, 280, 250, 300, 310, 320, 330, 340, 350, 360, 370, 380. 390
400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 330, 540, 550, 560, 570, 580
590, 600, 610, 620, 630, 640, 630, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770,
780, 790, 500, 810, 820, 830, 840, 850, 860, 870, 880, 890, 900, 910, 920, 930, 940, 950, 960,

>

970, 980, 990, or 1000 nucleotides in length, wherein in this context the term “about” means
the referenced nucleotide sequence length plus or minus 10% of that referenced length.

Nucleotide sequences encoding a mutant SMO can also be used to construct
hybnidization probes for mapping the gene which encodes that SMO and for the genetic
analysis of mdividuals with genetic disorders. The nucleotide sequences provided herein
may be mapped to a chromosome and specific regions of a chromosome using known
techniques, such as i sitn hybridization, hinkage analysis against known chromosomal
markers, and hybridization screening with libraries.

A potential mutant SMO antagonist is an antisense RNA or DNA construct prepared
using antisense technology, where, e.g., an antiscnse RNA or DN A molecule acts to block
directly the translation of mBNA by hybnidizing to targeted mRNA and preventing protein
translation. Antisense fechnology can be used to control gene expression through triple-helix
formation or antisense DNA or RNA, both of which methods are based on binding of a
polynucleotide to DNA or RNA. For example nucleic acids encoding mutant SMO heren,
are used to design an antisense RNA oligonucieotide of from about 10 to 40 base pairs in
fength. A DNA oligonuclectide is designed to be complementary to a region of the gene
involved mn transcription (triple helix - see Lee er af. (1979) Nucl Acids Res. 6:3073; Cooney
et al. (1988) Science 241:456; Dervan ef al. {1991} Science 251:1360), thercby preventing
transcription and the production of mutant SMO. The antisense RNA oligonucleotide
hybridizes to the mRNA i vive and blocks transiation of the mRNA molecule into the
mutant SMO (Okano (1991 Newrochem. 56:360%; OLIGODEOXYNUCLEOTIDES AS ANTISENSE
INsIBrTORS OF GENE EXPrESSION, CRE Press, Boca Raton, FL, 19883, The oligonucleotides
described above can also be delivered to cells such that the antisense RNA or DMNA may be
expressed i vive to inhibit production of the mutant SMO. When antisense DNA 1s used,
oligodeoxyribonucleotides derived from the translation-initiation site, e.g., between about -10
and +10 positions of the target gene nucleotide sequence, may be used in some embodiments.

Any of the nucleic acids are suttable for use in expressing mutant SMO proteins and
wdentifying natural targets or binding partners for the expressed mutant smoothened proteins
(e.g., a smoothened protein having a (G5298 mutation relative to wildtype SMQ, such as

wildtype human SMO). The nucleic acids may alsc be used to study mutant smoothened
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bipactivity, to purify mutant smoothened and its binding partners from various cells and

tissues, and to identify additional components of the hedgehog signaling pathway.

L small Molecules

Potential antagonists of mutant SMO imclude small molecules that bind to the site
occupied in wild-type SMO by GDC-0449, thereby blocking the biological activity of mutant
SMO. Examples of small molecules include, but are not limited to, small peptides or peptide-
bike molecules, e.g., soluble peptides, and synthetic non-peptidyl organic or ingrganic
compounds.

Ribozymes are enzymatic RNA molecules capable of catalyzing the specific cleavage
of RNA. Ribozymes act by sequence-specific hybnidization to the complementary target
RNA, followed by endonucleolvtic cleavage. Specific nbozyme cleavage sites within a
potential RNA target can be wlentified by known techaiques. For further details seg, e. g,
Rosst (1994} Currenr Biology, 4:469-471, and PCT publication No. W0 97/33551 (published
September 18, 19973

Nucleic acid molecules in triple-helix formation used to inhibit transcription should
be single-~stranded and composed of deoxynucleotides. The base composition of these
oligonucleotides 1s designed such that it promotes triple-helix formation via Hoogsteen base-
pairing rules, which generally require sizeable stretches of purines or pyrimidines on one
strand of a duplex. For further details see, e.g., PCT publication No. WO 97/33551, supra.

These small molecules can be identified by any one or more of the screening assays
discussed hereinabove and/or by any other screcning technigues well known for those skilled

in the art.

i,  Proteins

The disclosure provides 1solated mutant SMO proteins. Wild-type human SMO 1s
shown in SEQ ID NO: 1. In some embodiments, the mutant SMO proteins are partialiy or
fully resistant to vismodegib. In some embodinments, the mutant SMO proteins are partially
or fully resistant to vismodegib in a cell having an additional mutation in a gene encoding a
protein in the hedgehog signaling pathway. In some embodiments, the additional mutation is
any of the patched and/or SUFU mutations described herein.

In some embodiments, the disclosure provides for an isolated mutant SMO protein
comprising an amino acid sequence, wherein the amino acid sequence comprises an amino

acid other than glycine at the amino acid position corresponding to posttion 529 of the
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wildtype SMO amino acid sequence. In some embodiments, the SMO protein comprises an
aming acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
039, 96%, 97%, 8%, 99% or 100% identical to SEQ 1D NO: 1, provided that there is a
substitution at amino acid position 529, In some embodiments, the SMO protem comprises
an amino acid sequence that 15 at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
949%, 95%, 96%, 97%, 98%, 99% or 100% wdentical tc SEQ 1D NQG: 1, provided that the
amino acid sequence comprisces an aming acid other than glveine (G} at the amino acid
position corresponding to position 529 of SEQ ID NO: 1. In some embodiments, the SMO
protein comprises an aming acid sequence that is at least 85%, 86%, 87%, 88%, 89%. 90%,
019, 92%, 93%, 94%, 93%, 06%, 97%, 98%. 99% or 100% identical to SEQ ID NQ: 1,
provided that the SMO protein comprises a serine (5) at the amino acid position
corresponding to position 329 of SEQ ID NO: 1

In some embodiments, the disclosure provides for an isolated mutant SMO protein
comprising an amino acid sequence, wherein the amuno acid sequence of the protein
comprises an amino acid other than glvcine at the amimo acid position corresponding to
position 529 of the wildtype SMO amino acid sequence, and wherein the amimo acid
sequence further comprises at least one amino acid substitution at any one or more of the
amino acid positions corresponding to 241, 281, 321, 408, 412, 459, 469, 473, 518, 533
and/or 535 of the wildtype SMO amino acid sequence. In some embodiments, the SMO
protein comprises an anuino acid sequence that is at least 85%, 86%, 87%, 88%. 89%, 50%,
G1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% wdentical to SEQ D NO: 1,
provided that there 1s a sabstitution at anino acid position 529, and wherein the protein
further comprises at least one additional nurtation at any one or more of the amino acid
positions corresponding to 241, 281, 321, 408, 412, 459, 469, 473, 518, 533 and/or 535 of
SEQ D NO: 1. In some embodiments, the SMO protein comprises an aming acid sequence
that 15 at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%,
989%, 99% or 100% identical to SEQ ID NO: 1, provided that the amino acid sequence
comprises an amino acid other than glyeine (G) at the amino acid position corresponding o
position 529 of SEQ 1D NO: 1, and wherein the amino acid sequence further comprises any
ong or more of the following substitutions: T241M, W281C, V321M, 1408V, A450V, (C469Y,
D473H, E5S18K, ES18A, 5533N, and/or W535L, In some embodiments, the SMO protein
comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NG 1, provided

that the amino acid sequence comprises a serine (5) at the amino acid position corresponding
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to position 529 of SEQ ID NQO: 1, and wherein the amino acid sequence further comprises
any one or more of the following substitutions: T241M, W281C, V321M, 1408V, A4S0V,
C469Y, D473H, E518K, ES18A, 5533N, and/or W535L. In particular embodiments, the
disclosure provides for a SMO protein comprising an anuno acid sequence that is at least
83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identical to SEQ 1D NG: 1, provided that the aming acid sequence comprises an amino
acid other than glycine (G), e.g., a serine (8), at the amino acid position corresponding to
position 529 of SEQ ID NQO: 1, and wherein the amino acid sequence further comprises an
amino acid other than valing (V), e.g . a methionine (M), at the amine actd position
corresponding to position 321 of SEQ D NO: 1

In some embodiments, the mutant human SMO 1s shown in SEQ ID NG:2 wherein
amino acid 529 is shown as “Xaa” which, with respect to this application stands for any
amino acid other than glycine (G). In some embodiments, the Xaa is serine {5}

In some embodiments, any of the mutant SMO proteins lack the N-terminal
methionine corresponding to position 1 of any of SEQ ID NOs; 1or2

Mutant SMO and fragments thereof may be produced in recombinant systems as is
well known in the art using the mutant SMO nucleic acids described herem. Such nucleic
acids may be incorporated into expression vectors as are well-known in that art and
transtfected into host cells, which may be prokaryotic or eukaryotic cells depending on the
proposecd usc of the protein. Fuli length or fragments of mutant SMO (in which the
fragments contain at least a seventh transmerabrane domain of SMO and position 529 of
human SMO ) may be used as immunogens to produce antibodies of the disclosure, or to
purtfy antibodies of the disclosure, for example.

in some embodiments, the SMO protein or fragment thercof has at ieast onc of the
same biological activities of a wildtype SMO polypeptide {(e.g., a SMO protein having the
amino acid sequence of SEQ ID NO: 1), In some embodiments, a mutant SMQO protein (e.g.,
a SMO protein having a mutation at an amino acid position corresponding to amino acid 529
of SEQ ID NO: 1) has increased basal binlogical activity as compared to wildtype SMO
protein {e.g., a SMO protein having the amino acid sequence of SEQ D NO: 1), By the
terms "biological activity”, "bioactivity” or "functional” 1s meant the ability of the SMO
protein or fragment thereof to carry out at least one of the functions associated with wildtype
SMO proteins, for example, transducing the hedgehog signaling pathway and/or inducing

Glil expression. In certain embodiments, the SMO protein binds kinesin motor protein
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Costal-2. The terms "biclogical activity”, "bicactivity”, and "functional” are used
interchangeably herein.

In some embodiments, any of the SMO proteins {e.g., any of the mutant SMO
proteins described herein} is capable of transducing hedgehog signaling. By the terms “hags
the ability” or “is capable of” 1s meant the recited protein will carry out the stated bicactivity
under suitable conditions {e.g., physiclogical conditions or standard laboratory conditions).
In certain embodiments, the teom “can” may be used to describe this ability {(¢.g., “can bind”
or “binds” to a given sequence}. For example, if a SMO protein (e 2., anv of the mutant
SMO proteins described herein) has the abibity or is capable of facilitating hedgehog
signaling, the SMO protein 1s capable of facilitating hedgehog signaling in a cell under
normal physiological conditions. One of ordinary skill in the art would understand what
conditions would be needed to test whether a polypeptide has the ability or 1s capable of
carrying out a rectied bioactivity.

In some embodiments, the SMO and mutant SMO proteins described herein comprise
a smoothened gain-of-function mutation. In some embodiments, the gaimn-of-function
smoothened mutation results in a constitutively active smoothened protein. In certain
embodiments, the mutation in Smoothened comprises a mutation at any of the specific
posttions, such ag position corresponding to a particular position i SEQ ID NGO 1, as set
forth above with respect to the screening assav. See, e.g., WO 2011/028950;
WO2012047968 and WO 2015/1200735, each of which i3 incorporated by reference. In
certam embodiments, the mutation 1S a mutation at a position corresponding to position 529
of SEGQ ID NO: 1. In some embodiments, the smoothened mutation has a mutation that
renders it resistant to certain smoothened inhibitors.

in some embodinments, any of the SMO proteins described hercin (¢.g., any of the
mutant SMO proteins described herein} is fused to another agent. [n some embodiments, the
SMQ protein s fused to another polypeptide.

Ay of the mutant SMO proteins described hercin are suitable for use in identifying
natural targets or binding partners for mutant smoothened proteins (2. g., a smoothened
protein having a G5298 mutationeither alone or in combination with any one or more of
T241M, W281(, V321M, 1408V, A459V, C469Y, D473H, ESI8K, E518A, 8533N, and/or
W335L3. The mutant SMO proteins may also be used to study mutant smoothened
bioactivity, to purify mutant smoothened and its binding partners from various cells and

tissues, and to identify additional components of the hedgehog signaling pathway.
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V. Antibodies

A Anti-omtant SMO Antibodies

In onc aspect, the disclosure provides antibodics that bind to SMO, particularly
mutant SMO. In some embodiments, any of the antibodies disclosed herein specifically bind
any of the mutant SMO polypeptides described herein. For example, a mutant SMQO
polypeptide comprises an epitope specifically bound by antibodies of the disclosure. in some
embodiments, the antibodics specifically bind SMO protein that comprises an amino acid
sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
07%, 98%, 99% or 100% dentical to SEQ 1D NO: 1, provided that there is a mutation at an
amino acid position corresponding to positions 529 of SEQ 1D NO: 1. In some embodiments,
the antibodies do not specifically bind a SMO protein having the amino acid sequence of
SEQ IR NG 1 or preferentially bind a mutant SMO protein in comparison to a SMO protein
having the amino acid sequence of SEQ 1D NG: 1 (e g., binding i3 selective for a mutant
SMG protein}. In some emboduments, the antibodics do not bind a SMO protein that facks a
mutation at any one of the amino acid positions corresponding to positions 529 of SEQ ID
NO: 1

in one embodiment, an anti-SMO antibody is a monoclonal antibody. In one
embodiment, an anti-SMO antibody 1s an antibody fragment, e. g, a Fab, Fab’-8H, Fv, scFv,
or (Fab™), fragment. In one embodiment, an anti-mutant SMO antibody 1s a chimeric,
humanized, or human antibody. In one embodiment, an anti-SMO antibody is purified. In
certamn embodiments, a composition is a pharmaceutical formulation for the treatment of
cancer.

. Antibody Fragments

The present disclosure encompasses antibody fragments. Antibody fragments may be
generated by traditional means, such as enzymatic digestion, or by recombinant fechnigues.
In certain circumstances there are advantages of using antibody fragments, rather than whole
antibodies. The smaller size of the fragments allows for rapid clearance, and may lead to
mmproved access to solid tumors. For a review of cortain antibody fragments, sce Hudson ef
al. (2003} Nar. Med. 9:129-134,

Various technigques have been developed for the production of antibody fragments.
Traditionally, these fragments were derived via proteolytic digestion of tntact antibodies (see,
e.g., Monimoto ef al., Journal of Biochemical and Biophysical Meihods 24:107-117 (1992};
and Brennan ef af. | Science, 229:81 (1985)). However, these fragments can now be prodaced

directly by recombinant host cells. Fab, Fv and S¢Fv antibody fragments can all be expressed
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i and secreted from 2 colfi, thus allowing the facile production of large amounts of these
fragments. Antibody fragments can be isolated from the antibody phage libraries discussed
above. Alternatively, Fab'-SH fragments can be directly recovered from £, coli and
chemically coupled to form F(ab'); fragments (Carter er al., Bio/Technology 10:163-167
5 (19923, According to anocther approach, F{ab'), fragments can be solated directly from
recombinant host cell culture. Fab and F{ab'), fragment with increased in vivo half-hife
comprising salvage receptor binding epitope residues are described in U.S. Pat. No.
5,869,046, Other techniques for the production of antibody fragments will be apparent to the
skilled practitioner. In certain embodiments, an antibody is a single chain Fv fragment {scFv).
10 Sece WO 93/16185; U.S. Pat. Nos. 5.571,894; and 5,587,458, Fv and scFv arc the only
species with intact combining sites that are devoid of constant regions; thus, they may be
suttable for reduced nonspecific binding during 72 vive use. scFv fusion proteins may be
constructed to vield fusion of an effector protein at either the amine or the carboxy terminus
of an scFv. See Antibody Engineering, od. Borrebaeck, supra. The antibody fragment may
15 also be a “hincar antibody”, e. 2., as described tn U.S. Pat. No. 5,641,870, for example. Such
linear antibodies may be monospecific or bispecific.
2. Humanized Antibodics
The disclosure encompasses humanized antibodies. Various methods for humanizing
non-human antibodies are known in the art. For example, a humanized antibody can have
20 one or more amine acid residues mtroduced into it from a source which is non-human. These
non-human amino acid residues are often referred to as “import” residues, which are typically
taken from an “import” variable domain. Humanization can be essentially performed
following the method of Winter and co-workers {Joues e7 ¢l (1986) Nature 321:522-525;

Riechmann er af. (1988) Nature 332:323-327; Verhoeyen ef al. (1988) Science 239:153

L

25 1336}, bv substituting hypervariable region sequences for the corresponding seguences of a
human antibody. Accordingly, such “humanized” antibodies are chimeric antibodies (U.S.
Patent No. 4,816,567} wherein substantially less than an intact human variable domain has
heen substituted by the corresponding sequence from a non-human species. In practice,
humanized antibodies are typically human antibodies in which some hypervariable region

30 residues and possibly some FR residues are substituted by residues from analogous sifes in
rodent antibodies.

The choice of human varnable domains, both light and heavy, to be used in making the
humanized antibodies can be important to reduce antigenicity. According to the so-called

“best-fit” method, the sequence of the variable domain of a rodent antibody is screened
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against the entive library of known human vanable-domain sequences. The human sequence
which is closest to that of the rodent is then accepted as the human framework for the
bumanized antibody. See, e.g., Sims ef al. (1993} J frmumol 151:2296; Chothia ef ol
(1987 J Mol Biol 196:901. Another method uses a particular framework denved from the
consensus sequence of all human antibodies of a particular subgroup of hight or heavy chains.
The same framework may be used for several different humanized antibodies. See, e.g.,
Carter ef al. (1992) Proc. Natl. Acad Sci. USA, 894285, Presta ef al. (1993} J. Immunol.
151.2623.

It 1s further generally desirable that antibodies be humanized with retention of high
affinity for the antigen and other favorable biological propertics. To achieve this goal,
according to one method, humanized antibodies are prepared by a process of analysis of the
parental sequences and various conceptual humanized products using three-dimensional
models of the parental and humanized sequences. Three~-dimensional immunoglobulin
models are commonly available and are familiar to those skilled 1o the art. Computer
programs are available which ilustrate and display probable three-dimensional
conformational structures of selected candidate immunoglobulin sequences. Inspection of
these displays permits analysis of the likely role of the residues in the functioning of the
candidate immunogiobulin sequence, 7.e., the analysis of residues that influence the ability of
the candidate immumoglobulin o bind its antigen. In this way, FR residues can be selected
and combined from the recipient and import sequences so that the desired antibody
characteristic, such as increased affinity for the target antigen(s), is achieved. In general, the
hypervariable region restdues are directly and most substantially imvolved in mflacneing
antigen binding.

3. Homan Antibodics

Human antibodies of the disclosure can be constructed by combining Fv clone
variable domain sequence{s) selected from human-derived phage display ibraries with
known human constant domain sequence(s) as described above. Alternatively, human
monoclonal antibodies of the disclosure can be made by the hybridoma method. Human
myeloma and mouse-human heteromyeloma cell lines for the production of human
monoclonal antibodies have been described, for example, by Kozbor J. Immunol., 133: 3001
(1984} Brodeur ef al., Monoclonal Antibody Production Technigues and Applications, pp.
51-63 (Marcel Dekker, Inc., New York, 1987}, and Boemer ef ol J Immunol., 147: 86
(19913
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It 13 now possible to produce transgenic animals {e.g. mice) that are capable, upon
immunization, of producing a full repertoire of human antibodies in the absence of
endogenous tmpwmoglobulin production. For example, it has been described that the
homozyvgous deletion of the antibody heavy-cham joining region {(JH) gene in chimeric and
germ-Hine mutant mice results in complete inhibition of endogenous antibody production.
Transfer of the human germ-line immunoglobulin gene array in such germ-line mutant mice
will result in the production of human antibodies upon antigen challenge. Sce, e.g,
Takobovits ef i, Proc. Nail. Acad Sci USA. 90: 2551 (1993); Jakobovits ef al., Nature, 362:
255 {1993); Bruggermann ef ol | Year in Immurnol., 7. 33 {1993},

Gene shuffling can also be used to derive human antibodies from non-buman, e. g,
rodent, antibodies, where the human antibody has similar affimities and specificities to the
starting non-human antibody. According to this method, which is also called “epitope
imprinting”, either the heavy or light chain variable region of a non-human antibody fragment
obtained by phage display techniques as described hercin is replaced with a repertoire of
human ¥V domain genes, creating a population of non-human chain/human chain scFv or Fab
chimeras. Selection with antigen results in isolation of a non-human chain/human chain
chimeric scFv or Fab wherein the human chain restores the antigen binding site destroved
upon removal of the corresponding non-human cham m the primary phage display clone, i.e.
the epitope governs (imprints) the choice of the haman chain partner. When the process is
repeated in order to replace the remaining non-human chain, a buman antibody is obtained
(sec PCT WO 93/06213 published Apnl 1, 1993). Unlike traditional humanization of non-
human antibodies by CDR grafiing, this technique provides completely human antibodies,
which have no FR or CBR residues of non-human origin.

4. Bispecific Antitbodies

Bispecific antibodies are monocional antibodies that have binding specificities for at
least two different antigens. In certain embodiments, bispecific antibodies are human or
humanized antibodies. In certain embodiments, one of the binding specificities is for SMO
and the other is for any other antigen. In certain embodiments, bispecific antibodics may
bind to two different epitopes of SMO. Bispeaific antibodies may also be used to localize
cviotoxic agents to cells which express SMQO. These antibodies possess a SMO-binding arm
and an arm which binds a cvictoxic agent, such as, e.g., saporin, anti-interferon-g, vinca
alkaloid, ricin A chain, methotrexate or radioactive isotope hapten. Bispecific antibodies can

be prepared as full length antibodies or antibody fragments (e.g. F(ab'y, bispecific antibodies).
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Methods for making bispecific antibodies are known in the art. Traditionally, the
recombinant production of bispecific antibodies is based on the co-expression of two
tmownoglobulin heavy chain-light cham pairs, where the two heavy chains have different
specificitics (Milstem and Cuello, Nature, 305: 537 (1983)). Because of the random

5  assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas)

produce a potential mixture of 10 different antibody molecules, of which only one has the
correct bispecific structure. The punfication of the correct molecule, which is usually done
by affinity chromatography steps, 1s rather cumbersome, and the product yields are low.
Similar procedures are disclosed in W 93/08829 published May 13, 1993, and in

10 Traunecker er af., EMBO J, 10: 3655 (1991,

According 1o a different approach, antibody variable domains with the desired binding
specificitics (antibody-antigen combimng sites) are fused to immunoglobulin constant
domain sequences. The fusion, for example, is with an immunoglobulin heavy chain constant
domain, comprising at least part of the hinge, CHZ, and CH3 regions. In certam

15 embodiments, the fivst heavy-cham constant region (CH1), contaiming the site necessary for
light chain binding, is present in at least one of the fusions. DBNAs encoding the
tmownoglobulin heavy chain fusions and, if desired, the immunoglobulin light cham, are
nserted mto separate expression vectors, and are co-transfected mto a suitable host organism.
This provides for great flexibility in adjusting the mutual proportions of the three polypeptide

20 fragments in ¢mbodiments when unequal ratios of the three polypeptide chains used in the
construction provide the optimum yields. It is, however, possible to msert the coding
sequences for two or all three polypeptide chains in one expression vector when the
expression of at fcast two polvpeptide chains in equal ratios resuits in high vields or when the
ratios are of no particular significance.

25 In one embodiment of this approach, the bispecific antibodies are composed of a
hybrid immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid
immunoglobulin heavy cham-light chain pair {providing a second binding specificity) in the
other arm. It was found that this asynunctric structure facilitates the separation of the desived
bigpecific compound from unwanted immunoglobulin chain combinations, as the presence of

30 an immunoglobulin light chain m only one half of the bispecific molecule provides for a
facile way of separation. This approach is disclosed in WO 94/04690. For further details of
generating bispecific antibodies sce, for example, Suresh er of., Methods in Enzymology,

121:210 (1986).
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According to another approach, the interface between a pair of antibody molecules
can be engineered to maximize the percentage of heterodimers which are recovered from
recombinant cell culture. The interface comprises at least a part of the Cy3 domain of an
antibody constant domain. In this method, one or more small anmino acid side chains from the
interface of the first antibody molecule are replaced with larger side chains (e g tyrosing or
tryptophan). Compensatory “cavities” of identical or similar size to the large side chain{s}
are created on the interface of the second antibody molecule by replacing large amino acid
side chaing with smaller ones {e.g alanine or threonine). This provides a mechanism for
increasing the vield of the heterodimer over other unwanted end-prodacts such as
homodimers.

Bispecific antibodies include cross-linked or “heteroconjugate” antibodics. For
example, one of the antibodies n the heteroconjugate can be coupled to avidin, the other to
biotin. Such antibodics have, for example, been proposed to target immune system cells to
unwanted cells (US Patent No. 4,676,980), and for treatment of HIV infection (W0 91/003640,
WO 92/00373, and EP 03089). Heteroconjugate antibodies may be made using any
convenicnt cross-linking method. Suitable cross-linking agents are well known in the art, and
are disclosed mn US Patent No. 4,676,980, along with a mumber of cross-hinking technigues.

Techniques for generating bispecific antibodies from antibody fragments have also
been described in the literature. For example, bispecific antibodies can be prepared using
chemical linkage. Breanan er af., Science, 229 81 (19835} describe a procedure wherein
mtact antibodics are protechvtically cleaved to generate F(ab'y; fragments. These fragments
are reduced in the presence of the dithiol complexing agent sodium arsenite to stabilize
vicinal dithiols and prevent intermolecular disulfide formation. The Fab' fragments generated
are then converted to thionitrobenzoate (TNEB) derivatives. One of the Fab'-TNB derivatives
1s then reconverted to the Fab'-thiol by reduction with mercaptoethviamme and 1s mixed with
an equimolar amount of the other Fab'-TNB derivative to form the bispecific antibody. The
higpecific antibodies produced can be used as agents for the selective mmmobilization of
enzZymes.

Recent progress has facilitated the direct recovery of Fab'-SH fragments from £. co/i,
which can be chemically coupled to form bispecific antibodies. Shalaby esal, J Fxp. Med |
175: 217-225 {1992) describe the production of a fully humanized bispecific antibody Flab'),
molecule. Each Fab' fragment was separately secreted from £. cofi and subjected to directed
chemical coupling in vitro to form the bispecific antibody. The bispecific antibody thus

formed was able to bind {o cells overexpressing the HERZ receptor and normal boman T cells,

L
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as well as trigger the lytic activity of human cvtotoxic lvmphocytes against human breast
tumor targets.
Various techniques for making and isolating bispecific antibody fragrents directly
from recombinant cell culture have also been described. For example, bispecific antibodies
5 have been produced using leucine zippers. Kostelny er ol J Immunol., 148(5}:1547-1553
(19923, The leucine zipper peptides from the Fos and Jon proteins were linked to the Fab'
portions of two different antibodies by gene fusion. The antibody homodimers were reduced
at the hinge region to form monomers and then re-oxadized to form the antibody heterodimers.
This method can also be utilized for the production of antibody homodimers. The “diabody™
10 technology described by Hollinger ef al., Proc. Nati. Acad. Sci. USA, 90:6444-6448 (1993)
has provided an altemative mechanism for makimg bispecific antibody fragments. The
fragments comprise a heavy-chain variable domain (VH) connected to a hight-chain vanable
domain {VL} by a hinker which is too short to allow pairing between the two domains on the
same chain. Accordingly, the VH and V1. domains of one fragment are forced to pair with
15 the complementary VL and VH domains of another fragment, thercby formng two antigen-
binding sites. Another strategy for making bispecific antibody fragments by the use of single-
chain Fv (sFv) dimers has also been reported. Sce Gruber e of., J. Immunol., 152:5368
(1994).
Antibodies with more than two valencigs are contemplated. For example, trispecific
20 antibodics can be prepared. Tutt ef ol J fmmunol. 147: 60 (1991).
3. Multivalent Antibodies
A multivalent antibody may be internalized (and/or catabolized) faster than a bivalent
antibody by a cell expressing an antigen to which the antibodies bind. The antibodies of the
present disclosure can be multivalent antibodies {which are other than of the IgM class) with
25 three or more antigen binding sites {(e.g. tetravalent antibodies), which can be readily
produced by recombinant expression of nucleic acid encoding the polvpeptide chaing of the
antibody. The multivalent antibody can comprise a dimerization domain and three or more
antigen binding sites. In certain crabodiments, the dimerization domain comprises {or
consists of) an Fc region or a hange region. In this scenario, the antibody will comprise an Fo
30 region and three or more antigen binding sites anuno-terminal to the Fo region. In certain
cmbodiments, a multivalent antibody comprises {or consists of) three to about cight antigen
bindmg sites. In one such embodiment, a multivalent antibody comprises {or consists of}
four antigen binding sites. The multivalent antibody comprises at least one polypeptide chain

{(for example, two polypeptide chains), wherein the polypeptide chain(s) comprise two or
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more varable domains. For instance, the polypeptide chain(s) may comprise VD1-(X1)n -
VDB2-{X2n -Fc, wherein VD1 is a first vanable domain, VD2 15 a second variable domain,
Fe is one polypeptide chain of an Fe region, X1 and X2 represent an amino acid or
polypeptide, and n is 0 or 1. For instance, the polypeptide chain{s} may comprise: VH-CH1-
5  flexable linker-VH-CH1-Fe region chain; or VH-CHI1-VH-CH1-Fc region chain. The
multivalent antibody herein may further comprise at least two (for example, four} light chain
variable domain polypeptides. The multivalent antibody herein may, for instance, comprise
from about two to about eight light chain vanable domain polypeptides. The light cham
variable domain polypeptides conteraplated here comprise a light chain variable domain and,

10 optionally, further comprse a CL domain.

6. Smgle-Domain Antibodics

In some embodiments, an antibody of the disclosure is a single-domain antibody. A
single-domain antibody is a single polveptide chain comprising all or a portion of the heavy
chain variable domain or all or a portion of the light chain vanable domain of an antibody. In

15 certain embodiments, a single-domain antibody is 2 human single-domam antibody
(Domantis, Inc., Waltham, MA; see, e.g., U5, Patent No. 6,248,516 B1}. In one embodiment,
a single-domain antibody consists of all or a portion of the beavv chain variable domam of an
aniibody.

7. Antibody Variants

20 In some embodiments, amino acid sequence modification(s} of the antibodics
described herein are contemaplated. For example, it may be desirable to improve the binding
affimty and/or other biological properties of the anttbody. Amino acid sequence variants of
the antibody may be prepared by introducing appropriate changes into the nuclectide
sequence encoding the antibody, or by peptide synthesis. Such modifications include, for

25 example, deletions from, and/or inserfions into and/or substitutions of, residues within the
amino acid sequences of the antibody. Any combination of deletion, insertion, and
substitution can be made to arrive at the final construct, provided that the final constract
possesses the destred characteristics. The amino acid alterations may be introduced in the
subject antibody amino acid sequence at the time that sequence 1s made.

30 A useful method for identification of certain residues or regions of the antibody that
are possible locations for mutagenesis is called “alanine scanning mutagenesis” as described
by Cunningham and Wells (1989) Science, 244:1081-1085. Here, a residue or group of target
residues are wlentified (e g, charged residucs such as arg, asp, hig, lys, and glo} and replaced

by aneutral or negatively charged amino acid (e.g.. alanine or polyalanioe)} to affect the

L
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miteraction of the amino acids with antigen. Those amino acid locations demonstrating
functional sensitivity to the substitutions then are refined by introducing further or other
variants at, or for, the sites of substitution. Thus, while the site for introducing an amino acid
sequence variation is predetermined, the nature of the mutation per se need not be
predeternined. For example, (o analyze the performance of a mutation at a given site, ala
scanning or random mutagenesis is conducted at the target codon or region and the expregsed
mmmunoglobulins are screened for the desived activity.

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides contaming a hundred or more residucs, as
well as intrasequence insertions of single or multiple amino acid residucs. Examples of
terminal insertions mclude an antibody with an N-terminal methionyl residue. Other
insertional variants of the antibody molecule inchide the fusion to the N- or C-terminus of the
antibody to an enzyme {e.g. for ADEPT) or a polypeptide which increases the senum half-life
of the antibody.

In certain embodiments, an antibody of the disclosure is altered to increase or
decrease the extent to which the antibody is glycosviated. Glycosylation of polypeptides is
typically cither N-linked or O-linked. N-linked refers to the attachment of a carbohydrate
moiety to the side chain of an asparagine residue. The tripeptide sequences asparagine-X-
serine and asparagine-X-threonine, where X i3 any amino acid except proline, are the
recognition sequences for enzvmatic attachment of the carbohydrate moiety to the asparagine
side chain. Thus, the presence of cither of these tripeptide sequences in a polypeptide creates
a potential glycosylation site. O-hnked glycosylation refers to the attachment of one of the
sugars N-aceylgalactosamine, galactose, or xylose to a hydroxyvaming acid, most commonly
senine ot threonine, although S-hydroxyproline or 3-hvdroxylysine may also be used.

Addition or deletion of glveosylation sites to the antibody is conveniently
accomplished by altering the amine acid sequence such that one or more of the above-
described tripeptide sequences {for N-linked glycosviation sites) is created or emoved. The
alteration may also be made bv the addition, deletion, or substitution of one or more serine or
threoning residues to the sequence of the oniginal antibody (for G-linked glveosylation sites).

Where the antibody comprises an Fe region, the carbohydrate attached thereto may be
altered. Native antibodies produced by mammalian cells typically comprise a branched,
biantennary oligosaccharide that is generally attached by an N-linkage to Asn297 of the CH2
domain of the Fc region. Sc¢e, e.g., Wright er o (1997) 7IBTHCH 15:26-32. The

oligosaccharide may inchude various carbohydrates, e g, mannose, N-acetyl glucosamine
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{(GIcNA©), galactose, and sialic acid, as well as a fucose attached to a GleNAc in the “stem”™
of the biantennary oligosaccharide stracture. In some embodimenis, modifications of the
oligosaccharide in an antibody of the disclosure may be made 1 order to create antibody
variants with certamn improved propertics.

For example, antibody variants are provided having a carbohydrate structure that
lacks fucose attached (directly or tndirectly) to an Fo region. Such vanants may have
improved ADCC function. See, e.g., US Patent Publication Nos. US 2003/0157108 (Presta,
Ly US 2004/0093621 (Kyowa Haldeo Kogyo Co., Lid). Examples of publications related to
“defucosviated” or “fucose-deficient” antibody vanants wnclude: US 2663/0157108, WO
2000/61739, WO 2001/29246; US 2003/0115614; US 2002/0164328; US 2004/0093621; US
2004/0132140; US 2004/01 10704, US 2004/0110282; US 2004/0109865; W 2003/085119;
WO 2003/084570, WO 2005/035586;, WO 2005/035778;, W{2005/053742;
WQO2002/031140; Okazaki ef ol J Aol Biol 336:1239-1249 (2004); Yamane-Ohnuk: ef ol
Riotech. Bioeng. 87: 614 {2004). Examples of cell lines capable of producing defucosviated
antibodies include Lecl3 CHO cclls deficient m protein tfucosylation (Ripka ef af. dreh.
Biochem. Biophys. 249:533-545 (1986); US Pat Appl No US 2003/0157108 A1, Presta, L;
and W 2004/056312 A1, Adams ef ¢/, cspecially at Example 11), and knockout cell lines,
such as alpha-1,6-fucosyltransferase gene, FUTSE, knockout CHO cells (see, e.g., Yamane-
Ohnuki ef al. Biotech. Bioeng. 87: 614 (2004); Kanda, Y. ef al., Biotechnol Bioeng.,
94(4).680-688 {2006); and WO2003/085107).

Antibodics varnants arc further provided with bisected oligosaccharides, e.z.. in which
a biantennary oligosaccharide attached to the Fo region of the antibody 1s bisected by
GleNAc, Such antibody variants may have reduced fucosylation and/or improved ADCC
function. Examples of such antibody variants are described, e.g., in WO 2003/011878 (Jean-
Mairet ef ¢l }; US Patent No. 6,602,684 (Umana ef ol }; and US 2005/0123346 (Umana ef al).
Antibody variants with at least one galactose residue in the oligosaccharide attached to the Fc
region are also provided. Such antibody variants may have improved CDC function. Such
antibody variants are described, ez, in WO 1997/30087 (Patel er of); WO 1998/58964 (Raju,
S and WO 1999/22764 (Raju, S.).

In certain embodiments, an antibody variant comprises an Fe region with one or more
amino acid substitutions which further improve ADCC, for example, substitutions at
positions 298, 333, and/or 334 of the Fc region (Eu numbering of residues). Such

substitutions may occar in combination with any of the variations described above.
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In certain embodiments, the disclosure contemplates an antibody variant that
possesses some but not all effector functions, which make it a desirable candidate for many
applications n which the half hfe of the antibody i vive s important yet certain cffector
functions (such as complement and ADCC) are unnecessary or deleterious. In certain
embodiments, the Fc activities of the antibody are measured to ensure that only the desired
properties are maintained. fn vifro and/or in vive cytotoxicity assays can be conducted to
contirm the reduction/depletion of CDC and/or ADCC activitics. For example, Fc receptor
(FcR) binding assays can be conducted to ensure that the antitbody lacks FoyR binding (hence
likely lacking ADCC activity}, but retains FeRn binding ability. The primary cells for
mediating ADCC, NK cells, express Fe{RIH only, whereas monocytes express Fe(Rl, Fe(RH
and Fe(RUIL FcR expression on hematopoietic cells is summarized in Table 3 on page 464 of
Ravetich and Kinet, Annu. Rev. Immunol. 9:457-92 (1991}, Non-limiting examples of in vifro
assavs to assess ADCC activity of a molecule of interest 1s described in U.S. Patent No.
5,500,362 (see, e.g. Hellstrom, 1., er af. Proc. Nat'| Acad. Sci. USA 83:7059-7063 (1986}) and
Hellstrom,  er gl , Proc. Nat'l Acad. Sci. USA 82:1499-1502 (1985); 5,821,337 (sce
Bruggemann, M. ef of._J Exp Med 166:1351-1361 (1987)). Alternatively, non-radiocactive
assays methods may be employed (see, for example, ACTI™ non-radioactive cytotoxicity
assay for flow cytometry (CeliTechnology, Toc. Mountain View, CA; and CytoTox 96" non-
radioactive cytotoxicity assay {Promega, Madison, W1}, Useful effector cells for such assays
mchude peripheral blood mononuclear cells (PBMC) and Natural Killer (NK) celis.
Alternatively, or additionally, ADCC activity of the molecule of interest may be assessed in
vivo, e.g., in a animal model such as that disclosed in Clynes ef al. Proc. Nat'l Acad. Sci. US4
05:652-656 (1998). {lq binding assays may also be carried out to confirm that the antibody
ts unable to bind Clg and hence lacks CDC activity. To assess complement activation, a
CDC assaymay be performed (see, for example, Gazzano-Santoro ef af., J. Immunol. Methods
202:163 (1996}, Cragg, M.S. ef al., Bicod 101:1045-1052 (2003); and Cragg, M.S. and M.J.
Glennie, Blood 103:2738-2743 {2004)). FeRn binding and in vive clearance/half hife
determinations can also be performed using methods known m the art (see, for example,
Petkova, S B. et al, Int’l Immuncl 18(12):1759-1769 (2006)).

Other antibody vananis having one or more amino acid substitutions are provided.
Sites of interest for substitutional mutagencsis include the hvpervariable regions, but FR
alterations are also contemplated. Conservative substitutions are shown i Table 1 under the

heading of “preferred substitutions.” More substantial changes, denominated “exemplary
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substitutions™ are provided m Table 1, or as further desenibed below in reference to amino

acid classes. Amino acid substitutions may be introduced into an antibody of nterest and the

products screened, e.g , for a desired activity, such as improved antigen binding, decreased

mmunogenicity, improved ADCC or CDC, esc.

TABLE !
Original Exemplary Preferved
Residue Substitutions Sabstitution
s

Ala (A} Val; Leu; fle Val
Arg {R) Lvs; Gln; Asn Lys
Asn (N} Gln; His; Asp, Lyvs; Arg Gin
Asp (D) Glu; Asn Glu
Cys {(C) Ser; Ala Ser
Gin () Asn; Glu Asn
Glu (E) Asp: Gln Asp
Glv {G) Ala Ala
His (H) Asn; Gl Lys; Arg Arg
He () Leu: Val; Met; Ala; Leu

Phe; Norleucing
Leu (L) Notleucine; He; Val; e

Met; Ala; Phe
Lys (K} Arg; Gln: Asn Arg
Met (M) Leu; Phe; lle Leu
Phe (F} Trp: Leu; Val; He; Ala; Tyr

Tyr

Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (1) Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
Val (V) Ile; Leu; Met; Phe; Leu

Ala; Norleucing

59



(T

30

WO 2017/136558

PCT/US2017/016226

Modifications n the biological properties of an antibody may be accomplished by
selecting substitutions that affect (a} the structure of the polypeptide backbone 1n the area of
the substitution, for example, as a sheet or helical conformation, (b} the charge or
hydrophobicity of the molecule at the target site, or (¢) the bulk of the side chain. Amino
acids may be grouped according to similanties in the properties of their side chamns (in A L.
Lehninger, in Biochemustry, second ed., pp. 73-75, Worth Publishers, New York (1975)):

{1) non-polar: Ala (A), Val {V), Leu (L), He (1), Pro (P}, Phe (F), Trp (W), Met (M)

{2} uncharged polar: Gly (G), Ser {8}, Thr (T}, Cys (C}, Tyr (Y}, Asn (N}, Gin ()

{3} acidic: Asp (1), Glo (B}

{4) basic: Lys (K), Arg (R}, His(H)

Alternatively, naturally occurring residues may be divided into groups based on
common side-cham propertics:

(1} hydrophobic: Nordeucing, Met, Ala, Val, Ley, fle;
(2} neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

(3) acidic: Asp, Glu;

{(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;
(6) aromatic: Trp, Tyr, Phe.

Non-conservative substitutions will entail exchanging a member of one of these
classes for another clags. Sach substituted residues also may be introduced into the
conservative substitution sites or, into the remaining {non-conserved) sites,

One type of substitutional variant involves substituting one or more hypervariable
region residues of a parent antibody {e.g. a humanized or human antibody}. Generally, the
resulting vanant{s) sclected for further development will have modified {(e.g., improved)
biological propertics relative to the parent antibody from which they are generated. An
exemplary substitutional vanant is an affinity matured antibody, which may be conveniently
generated using phage display-based affinity maturation techniques. Briefly, several
hypervariable region sites {e.g. 6-7 sites) are mutated to generate all possible anuino acid
substifutions at each site. The antibodies thus generated are displaved from filamentous
phage particles as fusions to at least part of a phage coat protein (e.£., the gene IH product of
M 13} packaged within each particle. The phage-displayed variants arg then screened for their
biological activity {e.g. binding aftinity). In order to identify candidate hypervariable region
sites for modification, scanning mutagenesis {e.g., alanine scanming} can be performed to

identify hypervariable region residues contributing significantly to antigen binding.
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Alternatively, or additionally, it may be beneficial to analvze a crystal structure of the
antigen-antibody complex to identify contact points between the antibody and antigen. Such
contact residues and neighboring residues are candidates for substitution according to
techniques known in the art, including those claborated herein. Once such vanants are
5  generated, the panel of vanants is subjecied fo screening using technigues known in the art,
including those described herein, and variants with superior properties in one of more
relevant assays may be selected for further development.
Nucleie acid molecules encoding amine acid sequence variants of the antibody are
prepared by a vanety of methods known in the art. These methods include, but are not
10 himated to. isolation from a natural source {(in the case of naturally occurring amino acid
sequence variants} or preparation by chgonucleotide-mediated {or site-directed) mutagenesis,
PCR mutagenesis, and cassetie mutagenesis of an earlier prepared variant or a non-variant
version of the antibody.
It may be desirable to introduce one or more amino acid modifications in an Fc region
15 of antibodics of the disclosure, thereby generating an Fo region variant. The Fc region
variant may comprise a human Fc region sequence {e.g., a human lgGl, 1gG2, 1g(G3 or IgG4
Fe region) comprising an amino acid modification {e.g. a substitution} at onc or more amino
acid positions including that of a hinge cysteine.
In accordance with this description and the teachings of the art, it is contemplated that
20 1n some embodiments, an antibody of the disclosure may comprise one or morg alterations as
compared to the wild type counterpart antibody, e.g. 1n the Fc region. These antibodies
would nonetheless retain substantially the same characteristics required for therapeutic utility
as compared to their wild type counterpart. For example, if is thought that certain alterations
can be made in the Fo region that would resulf in altered {i.e., either improved or diminished)
25 Clg binding and/or Complement Dependent Cytotoxicity (CDC), e.g., as described m
WO99/51642. See also Duncan & Winter, Narure 322:738-40 (1988); U.S. Patent No.
5,648.260; U S, Patent No. 5,624 821, and W{94/29351 concerning other examples of Fe
region variants. WO00/42072 (Presta) and WO 2004/056312 (Lowman) describe antibody
variants with improved or diminished binding to FeRs. The content of these patent
30 publications are specifically incorporated herein by reference. See, also, Shields ef of. J Biol
Chem. 92} 6591-6604 (2001). Antibodics with mcreased half lives and tmproved binding to
the neonatal Fo receptor (FcRn), which 1s responsible for the transfer of maternal 1gGs to the
fetus {Guyer ef af., J. Immunol. 117387 (1976) and Kim ef /., J. Immunol, 24:249 (1994)),

are described in US2005/0014934A1 (Hinton ef ol ). These antibodies comprise an Fe region
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with one or more substitutions therein which improve binding of the Fe region to FeRa.
Polypeptide variants with altered Fe region amino acid sequences and increased or decreased
Clg binding capability arc described m US patent No. 6,194,55181, W099/51642. The
contents of those patent publications are specifically incorporated herein by reference. See,
also, Idusogie ef ol J Immunol 164; 4178-4184 (2000).

In another aspect, the disclosure provides antibodies comprising modifications in the
miterface of Fe polypeptides comprising the Fe region, wherein the modifications facilitate
and/or promote heterodimerization. These modifications comprise introduction of a
protuberance into a first Fo polypeptide and a cavity into a second Fo polypeptide, wherein
the protuberance 1s posttionable in the cavity so as to promote complexing of the first and
second Fe polyvpeptides. Methods of generating antibodies with these modifications are
known i the art, e.g., as described in U5, Pat. No. 5,731,168,

In yet ancther aspect, it may be desirable to create cysteine engineered antibodies, e.g.,
“thioMAbs,” in which one or more residues of an antibody arc substituted with cysteine
residues. In particular embodiments, the substifuted residues occur at accessible sites of the
antibody. By substituting those residues with cysteine, reactive thicl groups are thereby
positioned at accessible sites of the antibody and may be used to conjugate the antibody to
other moigties, such as drug moieties or hnker-drug moieties, as described further herein. In
certam embodiments, any one or more of the following residaes may be substituted with
cysteine: V2035 {Kabat numbering} of the light chain; A118 {EU numbering) of the heavy
chain; and S400 (EU numbering} of the heavy chain Fe region.

8. Antibody Derivatives

The antibodies of the present disclosure can be further modified to contain additional
nonproteinaceous motetics that arc known in the art and readily available. In some
embodiments, the moietics suitable for derivatization ot the antibody are water soluble
polymers. Non-limiting examples of water soluble polymers include, but are not hmited to,
polyethyiene glycol (PEG), copolymers of ethylene glycol/propylene glyeol,
carboxyvmethylcellulose, dextran, polyviny! alcohol, polyviny! pyrrolidone, poly-1, 3-
dioxolane, poly-1.3,6-trioxane, ethvlene/maleic anhvdride copolymer, polvanunoacids (either
homopolvmers or random copolymers), and dextran or poly(n-vinyl pvrrohdone)polvethvlene
glveol, propropylene glveol homopolymers, prolypropylene oxtde/ethyvlene oxide co-
polymers, polvoxvethylated polvols {e.g., glveerol), polyviny! alcohol, and nuxtures thereof,
Polvethylene glyvcol propionaldehyde may have advantages in manufactuning due to s

stability in water. The polymer may be of any molecular weight, and mayv be branched or
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unbranched. The number of polymers attached to the antibody may vary, and if more than
one¢ polymer are attached, thev can be the same or different molecules. In general, the
oumber and/or type of polymers used for derivatization can be determined based on
considerations imcluding, but not limited to, the particular properties or functions of the
antibody to be improved, whether the antibody derivative will be used in a therapy under
defined conditions, efc.

In another embodiment, conjugates of an antibody and nonproteinaceous moiety that
may be selectively heated by exposure to radiation are provided. In one embodiment, the
nonproteinaceous moiety 15 a carbon nanctube (Kam ef al., Proc. Natl Acad. Sci. US4 102:
11600-11605 (2005)). The radiation may be of any wavelength, and includes, but is not
timited to, wavelengths that do not harm ordinary cells, but which heat the nonproteinaceous
moiety to a temperature af which cells proximal to the antibody-nonproteinacecus moiety are
kilied.

B. Certain Methods of Making Antibodies

1. Certain Hybridoma-Based Methods

Monoclonal antibodies of the disclosure can be made using the hyvbridoma method
first described by Kobler er af, Nature, 256:495 (1975), and further described, e.g., in Hongo
et al., Hvbridoma, 14 (3). 2533-260 (1995, Harlow ef al., Anfibodies: A Laboratory Manual,
(Cold Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling ¢/ o/, in: Monoclonal
Antibodies and T-Cell Hybridomas 563-681 (Elsevier, NY ., 1981), and Ni, Xiandai
Mionyixue, 26{4y.265-268 (2006) regarding buman-human hybridomas.

Additional methods include those described, for example, in U.S. Pat. No. 7,189,826
regarding production of monocional human natural IgM antibodies from hybnidoma cell lines.
Human hyvbrdoma techuology (Trioma technology) is described 1n Vollmers and Brandlein,
Histology and Histopathologyv, 20{3):927-937 (2005} and Vollmers and Brandlein, Methods
and Findings in Experimental and Clinical Pharmacology, 27(3):185-91 (2005},

For various other hybridoma techniques, see, e.g., US 2006/258841; US 2006/183847
{(fully human antibodics), US 2006/059575; US 2005/287149; 1JS 2005/100546, US
2005/026229; and U.S. Pat. Nos. 7,078,497 and 7,153,507, An exemplary protocol for
producing monoclonal antibodies using the hybridoma method 1s described as follows. In
ong ¢mbodiment, a mouse or other appropriate host animal, such ag a hamster, is immunized
to ehicit lymphocyies that produce or are capable of producing antibodies that will
specifically bind to the protein used for immunization. Antibodies are raised i animals by

multiple subcutancous {sc} or intraperitoneal {ip} injections of a polypeptide comprising
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mutant SMO or a fragment thereof, and an adjuvant, such as monophosphoryl lipid A
{(MPL}trehalose dicryaomycolate {TDM) (Ribi Immunocchem. Research, Inc., Hanulton,
MT}. A polvpeptide comprising mutant SMO or a fragrent thereof may be prepared using
methods well known i the art, such as recombinant methods, some of which are further
described herein. Serum from immunized animals is assayed for anti-mutant SMO antibodies,
and booster immunizations are optionally administered. Lymphocytes from animals
producing anti-mutant SMO antibodies are isolated. Alteranatively, lymphocytes may be
tmmunized in vitro.

Lymphocytes are then fused with myveloma cells using a suitable fusing agent, such as
polvethylenc glyeol, to form a hybridoma cell. Sce, e.g, Goding, Monaclonal Antibodies:
FPrinciples and Practice, pp.59-103 (Academic Press, 1986). Myeloma cells may be used that
fuse efficiently, sapport stable high-level production of antibody by the selected antibody-
producing cells, and are sensitive to a medium such as HAT medium. Exemplary mycloma
cells include, but are not limited to, murime myeloma lines, such as those derived from
MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell Distribution
Center, San Dicgo, California USA, and 5P-2 or X63-Ag8-653 cells available from the
American Type Culture Collection, Rockville, Marviand USA. Human myeloma and mouse-
human heteromyveloma cell lines also have been described for the production of human
monoclonal antibodies (Kozbor, J. Immunol., 133:3001 (1984); Brodeur ef af., Monoclonal
Antibody Production Techniques and Applications, pp. 51-63 {Marcel Dekker, Inc, New
York, 1987)).

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium,
e.g., a medium that contains one or more substances that inhibit the growth or survival of the
unfused, parcntal myecloma cells. For example, if the parcotal myveloma cells lack the enzvme
hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium
for the hybridomas typically will include hypoxanthine, aminopterin, and thymidine (HAT
mediam), which substances prevent the growth of HGPRT-deficient cells. In some
embodiments, serum-free hvbridoma cell culture methods are used to reduce use of animal-
derived serum such as fetal bovine serum, as descnibed, for example, m Even ef o/, Trends in
Riotechnology, 24(3), 105-108 (2006},

{Oligopeptides as tools for improving productivity of hyvbridoma cell cultures are
described in Franek, Trends in Monoclonal Antibody Research, 111-122 (20053, Specifically,
standard culture media are enriched with certaim amino acids {alanine, serine, asparagine,

proline}, or with protein hydroly zate fractions, and apoptosis may be significantly suppressed
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by synthetic chgopeptides, constituted of three to six amino acid residues. The peptides are
present at millimolar or higher concentrations.

Culture medium in which hybridoma cells are growing may be assayed for production
ot monoclonal antibodies that bind to mutant SMO. The binding specificity of monoclonal

5  antibodies produced by hybridoma cclls may be determined by immaenoprecipitation or by an

in vifro binding assay, such as radicimmunoassay {RIA) or enzyme-linked immunoadsorbent

assay (ELISA). The binding affinity of the monoclonal antibody can be determined, for

example, by Scatchard analysia. See, e.g., Munson ef al., Anal Biochem., 107220 {1980).
After hvbridoma cells are identified that produce antibodies of the desired specificity,

10 affinity, and/or activity, the clones may be subcloned by limiting dilution procedures and
grown by standard methods. See, e.g., Goding, supra. Suitable culture media for this
purpose imclude, for example, B-MEM or RPMI-1640 medwm. In addition, hybrnidoma cells
may be grown 7 vive as ascites tumors in an animal. Monoclonal antibodies secreted by the
subclones are suitably separated from the culture medium, ascites fluid, or serum by

15 conventional immunoglobulin purification procedures such as, for example, protem A-
Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity
chromatography. One procedure for isolation of proteins from hvbridoma cells is described
n UJS 2005/176122 and U.S. Pat. No. 6,919,436, The method mcludes usmg minimal salis,
such as lyotropic salts, in the binding process and, in some embodiments, also using small

20 amounts of organic solvents in the elution process.

2. Certain Library Screening Methods

Antibodies of the disclosure can be made by using combinatorial bibraries to screen
for antibodies with the desired activity or activities. For example, a vanety of methods are
known in the art for gencrating phage display librarics and screcning such libraries for

25 antibodies possessing the desired bindmg characteristics. Such methods are describe
generally in Hoogenboom ef al. in Methods in Molecular Biology 178:1-37 (U Brien ef al.,
ed., Human Press, Totowa, NJ, 2001}, For example, one method of generating antibodies of
mtcrest 15 through the use of a phage antibody library as described i Lee er a/., §. Mol. Biol.
{2004), 340(5):1073-93,

30 In principle, synthetic antibody clones are selected by screening phage ibraries
containing phage that display various fragments of antibody variable region (Fv) fused to
phage coat protein. Such phage hibraries are panned by affinity chromatographyv against the
desired antigen. Clones expressing Fv fragments capable of binding to the desired antigen

are adsorbed to the antigen and thus separated from the non-binding clones in the library.
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The binding clones are then clated from the antigen, and can be further enriched by additional
cveles of antigen adsorption/elution. Any of the antibodics of the disclosure can be obtained
by designing a suttable antigen screening procedure to sclect for the phage clone of interest
followed by construction of a full length antibody clone using the Fv sequences from the
5  phage clone of interest and suitable constant region (Fe) sequences described in Kabat ef af |
Sequences of Froteins of Immunological Interest, Fifth Edition, NIH Publication 91-3242,
Bethesda MDD (19913, vols. 1-3.
In certain embodiments, the antigen-binding domain of an antibody is formed from
two variable (V3 regions of about 110 amino acids, one cach from the hight (VL) and heavy
10 (VH) chaiuos, that both present three hypervariabie foops (HVRs) or complementarity-
determiming regions (CDRs). Variable domains can be displayed functionally on phage,
either as single-chain Fv {(scFv} fragments, in which VH and VL are covalently linked
through a short, flexible peptide, or as Fab fragments, 1o which they are cach fused to a
constant domain and interact non-covalently, as described in Winter ef ol , Ann. Rev.
15 Immunol, 12: 433-455 (1994}, As used herein, scFv encoding phage clones and Fab
encoding phage clones are collectively referred to as “Fv phage clones™ or “Fv ¢lones.”
Repertoires of VH and VL genes can be separately cloned by polvmerase chain
reaction (PCR} and recombined randomiv i phage libraries, which can then be searched for
antigen-binding clones as described in Winter er al., 4mn. Rev. Immunol. | 12 433-455 (1994).
20 Libraries from immunized sources provide high-affinity antibodies to the immunogen without
the requirement of constructing hvbridomas. Altematively, the natve repertoire can be cloned
to provide a single source of human antibodies to a wide range of non-self and also self
antigens without any immunization as described by Griffiths ef gl , KAMBO J, 12: 725-734
(1993). Finally, natve librarics can also be made synthetically by cloning the unrearranged
25 V-gene segments trom stem cells, and using PCR primers contaning random sequence o
encode the highly variable CDR3 regions and to accomplish rearrangement in vifro as
described by Hoogenboom and Winter, J Mol Biol  227: 381-388 (1992},
In certain embodiments, filamentous phage is used to display antibody fragments by
fusion to the minor coat protein plil. The antibody tragments can be displayved as single
30 cham Fv fragments, in which VH and VL domains are connected on the same polvpeptide
chain by a flexible polypeptide spacer, e.g. as descnbed by Marks ef af., J Mol Biol, 222:
S81-597 (1991), or as Fab fragments, in which one chain is fused to pifl and the other s

secreted nto the bacterial host cell periplasm where assembly of a Fab-coat protein structure
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which becomes displayved on the phage sarface by displacing some of the wild type coat
proteins, e.g. as described in Hoogenboom ef al., Nucl Acids Res., 19: 4133-4137 (1991}

In general, nucleic acids encoding antibody gene fragments arc obtained from
immune cells harvested from humans or animals. If a hibrary biased m favor of anti-mutant
SMQ clones is desired, the subject s immunized with mutant SMO to generate an antibody
response, and spleen cells and/or circulating B cells other peripheral blood lymphocytes
(PBLs) arc recovered for library construction. In one embodiment, a human antibody gene
fragment hibrary biased in favor of anti-mutant SMO clones i3 obtamed by generating an anti-
mutant SMO antibody response in transgenic mice carrving a functional human
mownoglobulin gene array {and lacking a functional endogenous antibody production
system) such that mutant SMO immunization gives rise to B cells producing human
antibodies against mutant SMQO. The generation of human antibody-producing transgenic
mice is described below.

Additional enrichment for anti-mutant SMO reactive cell populations can be obtained
by using a suitable screeming procedure to 1solate B cells expressing mutant SMO-specific
membrane bound antibody, e.g., by cell separation using mutant SMO affinity
chromatography or adsorption of cells to fluorochrome-labeled mutant SMG followed by
flow-activated cell sorting (FACS).

Alternatively, the use of spleen cells and/or B cells or other PBLs from an
unimmunized donor provides a betier representation of the possible antibody repertoire, and
also permits the construction of an antibody library using any animal thuman or non-human}
species i which mutant SMO is not antigenic. For hbrarics mcorporating ## vitro antibody
gene construction, stem ¢ells are harvested from the subject to provide nucleie acids encoding
unrearranged antibody gene scgments. The immune cells of interest can be obtamed from a
variety of animal species, such as human, mouse, rat, lagomorpha, luprine, canine, fehine,
porcing, bovine, equine, and avian species, efc.

Nuckeic acid encoding antibody variable gene segments (jncluding VH and VL
segments) are recovered from the cells of interest and amplified. In the case of rearranged
YH and VL gene libraries, the desired DNA can be obtained by isolating genomic DNA or
mBNA from lymphocytes followed by polvmerase chain reaction {(PCR) with primers
matching the 5" and 3' ends of rearranged VH and VL genes as described in Orlandi er af.,
Proc. Natl. Acad. Sci. (T7/SA), 86: 3833-3837 (1989}, thereby making diverse V gene
repertoires for expression. The V genes can be amplified from ¢DNA and genomic DNA,|

with back primers at the 5' end of the exon encoding the mature V-domain and forward
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primers based within the J-segment as described i Orlandi e ol (1989} and in Ward er g/,
Nature, 341: 544-546 {1989). However, for amplifving from ¢cDNA, back primers can also
be based in the leader exon as descrnibed n Jones ef ol | Biotechnol |, 9: 88-89 {1991}, and
forward primers within the constant region as described in Sastry et af., Proe. Natl. Acad. Sci.
(1JS4), 86: 5728-5732 (19893, To maximize complementarity, degeneracy can be
incorporated in the primers as described in Orlandi er of. {1989) or Sastry ef ol (1989}, In
certam embodiments, library diversity 1s maximized by using PCR primers targeted to cach
V-gene family in order to amplify all available VH and VL arrangements present m the
immune cell nucleic acid sample, e.g. as described in the method of Marks er ol J Mol Biol |
222: 381-597 (1991} or as described in the method of Orum er of., Nucleic dcids Res., 21.
4491-4498 (1993). For cloning of the amplified DNA into expression vectors, rare restriction
sifes can be mtroduced within the PCR primer as a tag at one end as described in Griandi ef al.
(1989}, or by further PCR amplification with a tagged primer as described in Clackson ef al,
Nature, 352 624-628 (1991).

Repertoires of syntheticallv rearranged V genes can be denived in virro from V gene
segments. Muost of the human VH-gene segments have been cloned and sequenced (reported
in Tomlinson ef al., J Mol Biol., 227: 776-798 (1992})}, and mapped (reported in Matsuda er
al., Nature Genet., 3. 88-04 (1993); these cloned segments (including all the major
conformations of the H1 and HZ loop) can be used to generate diverse VH gene repertoires
with PCR primers encoding H3 loops of diverse sequence and kength as desoribed 1n
Hoogenboom and Winter, J Mol Biol, 227: 381-388 (1992). VH repertoires can also be
made with all the sequence diversity focused m a long H3 loop of a single length as descnibed
in Barbas ef af., Proc. Natl. Acad. Sci. USA, 89 4457-4461 (1992). Human Vx and Vi
scgments have been cloned and sequenced (reported in Williams and Winter, Eur. J.
Immunol | 23 1456-1461 {1993)) and can be used to make synthetic light chain repertoires.
Synthetic V gene repertoires, based on arange of VH and VL folds, and L3 and H3 lengths,
will encode antibodies of considerable structural diversity. Following amphification of V-
gene encoding DNAs, gerndine V-gene segments can be rearranged 2 vitro according to the
methods of Hoogenboom and Winter, J Mol Biol, 227. 381-388 (1992),

Repertoires of antibody fragments can be constructed by combining VH and VL gene
repertoires together in several ways. Each repertoire can be created in different vectors. and
the vectors recombined in vifro, e.g., as described in Hogrefe ef al., Gene, 128: 119-126
(1993}, or in vivo by combinatorial infection, e.g., the loxP system described in Waterhouse

et al., Nucl. Acids Res., 21: 2265-2266 {1993}, The in vivo recombination approach exploits
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the two-chain natire of Fab fragments to overcome the limit on library size imposed by E.
coli transformation efficiency. Naive VH and VL repertoires are cloned separately, one wto
a phagenmud and the other into a phage vector. The two libraries are then combined by phage
wnfection of phagemid-contaiming bacteria so that each cell contains a different combination
and the library size is limited only by the number of cells present (about 10" clones). Both
vectors contain i vivo recombination signals so that the VH and VL genes are recombined
omto a single replicon and are co~packaged into phage virions. These huge libraries provide
large numbers of diverse antibodies of good affinity (Kg' of about 10 M).

Altematively, the repertoires may be cloned sequentially into the same vector, e g as
described in Barbas er al., Proc. Natl Acad. Sci. USA, 88 7978-7982 (1991}, or assembled
together by PCR and then cloned, e.2. as described in Clackson er af., Nature, 352; 624-623
(1991}, PCR assembly can also be used to jom VH and VL DNAs with DNA encoding a
flexible peptide spacer to form single chain Fv (scFv) repertoires. fu yet another techuique.
“in cell PCR assembly” is used to combine VH and V1. genes within lymphocytes by PCR
and then clone repertoires of linked genes as described in Embleton er al, Nucl. Acids Res.,
20: 3831-3837 {1992).

The antibodies produced by naive libraries {cither natural or synthetic) can be of
moderate affinity (K¢ of about 10° to0 107 M), but affinity maturation can also be numicked
in vitro by constructing and reselecting from secondary libraries as described in Winter ef of.
(1994}, supra. For example, mutation can be introduced at random in vifro by using error-
prone polymerase (reported m Leung ef al, Technigue, 1: 11-15 (1989)) in the method of
Hawkins ef al., J. Mol Biol, 226: 889-896 (1992) or in the method of Gram ef of., Proc. Natl.
Acad. Sci USA, 89: 3576-3580 (1992). Additionally, affinity maturation can be performed by
randomlv mutating one or more CDRs, e.g using PCR with primers carrving random
sequence spanning the CDR of interest, in selected mdividual Fv clones and screening tor
higher affinity clones. WO 9607754 (published 14 March 1996) described a method for
inducing mutagenesis i a complementarity determining region of an immunoglobulin light
chain to create a library of light chain genes. Another effective approach is to recombine the
¥H or VL domains selected by phage display with repertoires of naturally occurrmg 'V
domain variants obtained from unimmunized donors and sereen for higher affinity 1n several
rounds of cham reshuffling as descabed in Marks ef @, Biotechnol, 10: 7T79-743 (1992},
This technigue allows the production of antibodies and antibody fragments with attimities of

about 107 M or less.
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Sereening of the libraries can be accomplished by various technigues known in the art.
For example, mutant SMO can be used to coat the wells of adsorption plates, expressed on
host cells affixed to adsorption plates or used in cell sorting, or conjugated to bictin for
capture with streptavidin-coated beads, or used n any other method for panning phage
display libraries.

The phage library samples are contacted with immobilized mutant SMO under
conditions suttable for binding at lcast a portion of the phage particles with the adsorbent.
Mormally, the conditions, meluding pH, ionic strength, temperature and the like are selected
to mimic physiological conditions. The phages bound to the solid phase are washed and then
cluted by acid, e.g. as described in Barbas er af., Proc. Nati. Acad. Sci US4, 88 7978-7982
(1991}, or by alkali, e.g. as described i Marks er al., J Mol Biol., 222: 581-597 (1991), or
by mutant SMO antigen competition, e.g. in a procedure similar to the antigen competition
method of Clackson er al. | Nature, 352: 624-628 {1991}, Phages can be ennched 20-1,000-
fold in a single round of selection. Moreover, the eunriched phages can be grown in bactorial
culture and subjected to further rounds of selection.

The efficiency of selection depends on many factors, mcloding the kinetics of
dissociation during washing, and whether multiple antibody fragments on a singlc phage can
simultanecusly engage with antigen. Antibodies with fast dissociation kinetics {and weak
binding affinities) can be retained by use of short washes, multivalent phage display and high
coating density of antigen in solid phase. The high density not only stabilizes the phage
through multivalent interactions, but favors rebinding of phage that has dissociated. The
selection of antibodies with stow dissociation kinetics {(and good binding affinities) can be
promoted by use of long washes and monovalent phage display as descnbed in Bass ef o/,
Protfeing, §: 309-314 (1990} and in WO 92/09690, and a low coating density of antigen as
described in Marks ef al., Bivtechnol., 10: T79-783 (19923,

It 1s possible to select between phage antibodies of different afhinities, even with
affinitics that differ slightly, for mutant SMO. However, random muutation of a selected
antibody {e.g. as performed in some affinity maturation technigues) is likelv to give rise to
many nuiants, most binding to antigen, and a few with higher affinity. With limiting mutant
SMO, rare high affinity phage could be competed out. To retain all higher affinity mutants,
phages can be incubated with excess biotinviated mutant SMO, but with the bistinviated
muiant SMO at a concentration of lower molarity than the target molar affinity constant for
mutant 5MO. The high affinity-binding phages can then be captured by streptavidin-coated

paramagnetic beads. Such “equilibrium capture” allows the antibodies to be selected
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according to their affinities of binding, with sensitivity that permits isolation of mutant clones
with as little as two-fold higher affinity from a great excess of phages with lower affiuty.
Conditions used in washing phages bound to a solid phase can also be manipulated to
discrimnate on the basis of dissociation kinetics.

Anti-mutant SMO clones may be selected based on activity. In certain embodiments,
the disclosure provides anti-onutant SMO antibodies that bind to living cells that naturally
oxpress mutant SMO, such as GDC-0449-resistant tumor cells. fn one embodument, the
disclosure provides ant-mutant SMO antibodies that bind to the same region as that bound by
GDC-0449 in wild type SMO. Fv clones corresponding to such anti-mmutant SMO antibodies
can be selocted by (1) isolating anti-mutant SMO clones from a phage library as described
above, and optionally amplifving the isolated population of phage clones by growing up the
population in a suitable bacterial host; (2} selecting mutant SMO and a second protein agamst
which blocking and non-blocking activity, respectively, is desired; (3} adsorbing the anti-
mutant SM{ phage clones to immobilized mutant SMO; (4) using an oxcess of the second
protein to elute any undesired clones that recognize mutant SMO-binding determinants which
overlap or are shared with the binding determuinants of the second protein; and (5} eluting the
clones which remain adsorbed following step {4). Optionally, clones with the desired
blocking/mon-blocking properties can be further enriched by repeating the sclection
procedures described herein one or more times.

DNA encoding hybridoma-derived monoclonal antibodies or phage display Fv clones
of the disclosure 1s readily isolated and sequenced using conventional procedures {e.g. by
asing oligonuclectide primers designed to specifically amplify the heavy and light chain
coding regions of interest from hybridoma or phage DNA template). Once isclated, the BNA
can be placed into expression vectors, which are then transfected into host cells such as £
coli celis, simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do
not otherwise produce immanoglobulin protein, to obtain the synthesis of the desired
mongclonal antibodies in the recombinant host cells. Review articles on recombinant
expression in bacteria of antibody-encoding DNA include Skerra ef o, Curr. Opinion in
Immunol | 5. 256 (1993) and Plucktbun, fmmumol Revs, 130 131 (1992},

DNA encoding the Fv clones of the disclosure can be combined with known DNA
sequences encoding heavy chain and/or light chain constant regions {e.g. the appropriate
DNA sequences can be obtained from Kabat ef of., supra} to form clones encoding full or
partial length heavy and/or light chains. It will be appreciated that constant regions of any

isotype can be used for this purpose, including I, IgM, IgA IgD, and IgE coustant regions,
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and that such constant regions can be obtained from any human or animal species. An Fv
clone derived from the variable domain DMNA of one animal (such as human) species and then
fused to constant region DNA of another animal species to form coding sequence(s) for
“hybnd,” full length heavy chain and/or light chain is included m the definition of “chimeric”
5 and “hybrid” antibody as used herein. In certain embodiments, an Fv clone derived from
human variable DNA is fused to human constant region DNA to form coding sequence(s} for
full- or partial-length human heavy and/or light chains.
DNA encoding anti-mutant SMO antibody derived from a hvbridoma of the
disclosure can also be modified, for example, by substituting the coding sequence for human
10 heavy- and light-chain constant domamns in place of homologous murnne sequences derived
from the hybridoma clone {e.g. as in the method of Mornison er al., Proc. Nail. Acad. Sci.
USA, 81: 6851-6855 (1984);. DNA encoding a hybridoma- or Fv clone-derived antibody or
fragment ¢can be further modified by covalently joining to the immmunoglobulin coding
sequence all or part of the coding sequence for a non-immunoglobulin polvpeptide. In this

?

15 manner, “chimeric” or “hyvbrnid” antibodies are prepared that have the binding specificity of
the Fv clone or hybridoma clone-denved antibodies of the disclosure.
3. Yectors, Host Cells, and Recombinant Methods
Antibodies may also be produced using recombinant methods. For recombinant
production of an antt-mutant SMO antibody, nucleic acid encoding the antibody is 1solated
20 and inseried into a replicable vector for further cloning (amplification of the DNA) or for
expression. DNA cneoding the antibodv may be readily 1solated and sequenced using
conventional procedures (e. ., by using oligonucleotide probes that are capable of binding
specifically to genes encoding the heavy and light chains of the antibodv). Many vectors are
avatlable. The vector components generally include, but are not limited to, one or more of
25 the following: a signal sequence, an onigin of replication, one or more marker genes, an
enhancer element, a promoter, and a transcription termination sequence.
a} Signal sequence component
An antibody of the disclosure may be produced recombinantly not only directly, but
also as a fusion polypeptide with a heterologous polypeptide, which is, in some embodiments,
30 asignal sequence or other polvpeptide having a specific cleavage site at the N-terminus of the
mature protein or polypeptide. The heterologous signal sequence selected, i some
embodiments,is one that 1s recognized and processed (i.e., cleaved by a signal peptidase) by
the host cell. For prokaryotic host cells that do not recognize and process a native antibody

signal sequenee, the signal sequence is substituted by a prokaryotic signal sequence selected,
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for example, from the group of the alkaline phosphatase, penicillinase, 1pp, or heat-stable
enterotoxin I leaders. For veast scorgtion the native signal sequence may be substituted by,
e.g., the veast invertase leader, o factor leader (including Saccharomyces and Kluyveromyces
a-~factor leaders), or acid phosphatase leader, the €. albicans glucoamylase leader, or the
signal described 10 WO 90/13646. o mammalian ccll expression, mammalian signal
sequences as well as viral secretory leaders, for example, the herpes simplex gD signal, are
available.

b} Origin of replication

Both expression and cloning vectors contain a nucleic acid sequence that enables the
vector to replicate i one or more selected host cells. Generally, in cloning vectors thig
sequence is one that enables the vecior to replicate independently of the host chromosomal
DNA, and includes origins of replication or autonomously replicating sequences. Such
sequences are well known for a variety of bactena, veast, and viruses. The origin of
replication from the plasmid pBR322 is suitable for most Gram-negative bacteria, the 2p
plasmid origin is switable for veast, and various viral origins (8V40, polyoma, adenovirus,
VSV or BPV}) are useful for cloning vectors in mammalian cells. Generally, the onigin of
replication component 1s not needed for mammalian expression vectors (the V40 origin may
typically be used only because it contains the cardy promoter).

¢} Selection gene comaponent

Expression and cloning vectors may contain a selection gene, also termed a selectable
marker. Typical selection genes encode proteins that (a} confer resistance to antibiotics or
other toxins, e.g., ampicillin, necmycin, methotrexate, or tetracychine, (b) complement
auxotrophic deficiencies, or {¢) supply critical nutrients not available from complex media,
e.g., the gene encoding D-alanine racemase for Bacilli.

One example of a selection scheme utilizes a drug to arrest growth of a host cell.
Those cells that are successfully transformed with a heterologous gene produce a protein
conferring drug resistance and thus survive the sclection regimen. Examples of such
donunant selection use the drugs neomyein, mycophenolic acid and hygromyein.

Another example of suitable selectable markers for mammalian cells are those that
enable the identification of cells competent to take up antibody-encoding nucleic acid, such
as DHFR, glutamine synthetase (G5}, thynudine kinase, metaliothionein-f and -1, e.g.,

primate metallothionein genes, adenosine deaminase, omithine decarboxyvlase, ere.
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For example, cells transformed with the DHER gene are identified by culturing the
transformants in a culture medium containing methotrexate {Mtx}, a competitive antagonist
of DHFR. Under these conditions, the DHFR gene 1s amplified along with any other co-
transformed nucleic acid. A Chinese hamster ovary (CHO) cell tine deficient in endogenous
DHFR activity {e.g., ATCC CRL-9096) may be used.

Alternatively, cells transformed with the G5 gene are Wentified by culturing the
transformants 1n a culture medium containing L-methionine sulfoximine (Msx), an inhibitor
of GS. Under these conditions, the GS gene 1s amplified along with anv other co-transformed
nucleic acid. The G5 sclection/amphification system may be used in combination with the
DHEFR selection/amplification system described above,

Alternatively, host cells (particularly wild-type hosts that contaim endogenous DHER)
transformed or co-transformed with DNA sequences encoding an antibody of mterest, wild-
type DHFR gene, and another selectable marker such as aminoglycoside 3'-
phosphotransferase {APH) can be selected by cell growth in medium contamning a sclection
agent for the selectable marker such as an aninoglycosidic antibiotic, e. g, kanamycin,
neomycin, or G418, See U.S. Patent No. 4,965,199,

A suitable selection gene for use mn veast is the f7pl genc present in the veast plasmid
YRp7 (Stinchcomb ef al., Nature, 282:39 (1979}, The frp1 gene provides a selection marker
for a mutant strain of veast lacking the ability to grow in tryptophan, for example, ATCC No.
44076 or PEP4-1. lones, Generics, 85:12 {1977). The presence of the /rp1 lesion in the veast
host cell genome then provides an effective environment for detecting transformation by
growth in the absence of tryptophan. Smularly, ZeuZ-deficient yeast straims (ATCC 20,622
or 38,626} arc complemented by known plasmids bearing the Leu2 gene.

in addition, vectors derived from the 1.6 um circular plasmid pKID1 can be used for
transformation of Klwyveromyces veasts. Altematively, an expression system for large-scale
production of recombinant calf chymosin was reported for K lactis. Van den Berg,
Bio/Technology, 8:135 {1990}, Stable multi-copy expression vectors for secretion of mature
recombinant human serum albumin by mdustrial stratns of Klmyveromyces have also been
disclosed. Fleereral, Bio/Technology, 9:968-975 (1991).

d} Promoter component

Expression and cloning vectors generally contain g promoter that is recognized by the
host organism and 1s operably linked to nucleic acid encoding an antibody. Promoters

suitable for use with prokaryotic hosts include the phed promoter | B-lactamase and lactose

~
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promoter systems, alkaline phosphatase promoter, a tryvptophan (trp) promoter svstem, and
hybrid promoters such as the tac promoter. However, other known bacterial promoters are
suitable. Promoters for use in bactenial systems also will contain a Shine-Dalgamo (5.13)
sequence operably linked to the DNA encoding an antibody.

Promoter sequences are known for eukarvotes. Virtually all eukarvotic genes have an
AT-rich region located approximately 25 to 30 bases upstream from the site where
transeription s mutiated. Another sequence found 70 to 80 bases upstream from the start of
transcription of many genes s 8 CNCAAT region where N may be any nucleotide. At the 3'
end of most eukaryotic genes 1s an AATAAA sequence that may be the signal for addition of
the poly A tail to the 3' end of the coding scquence. Al of these sequences are suitably
wnserted into eukarvotic expression vectors.

Examples of suitable promoter sequences for ase with yeast hosts mclhude the
promoters for 3-phosphoglycerate kinase or other glvoolviic enzvmes, such as enolase,
glveeraldehyde-3-phosphate debvdrogenase, hexokinase, pyruvate decarboxviase, phospho-
fructokinase, glucose-6-phosphate 1somerase, 3-phosphogiveerate mutase, pyruvate kinase,
triosephosphate isomerase, phosphoglucose isomerase, and gluocokinase.

Other veast promaoters, which are inducible promoters having the additional advantage
of transcuiption controlled by growth conditions, are the promoter regions for aleohol
dehydrogenase 2, isocyvtochrome C, acid phosphatase, degradative enzyvmes associated with
nitrogen metabolism, metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and
cnzymes responsible for maltose and galactose uvtilization. Suitable vectors and promoters
for ase m yeast expression are further described in EP 73,657, Yeast enhancers also are
advantageously used with veast promoters.

Antibody transcription from vectors in manvnalian host cells can be controlied, for
example, by promoters obtained from the genomes of viruses such as polyoma virus, fowlpox
virus, adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus,
cyvtomegalovirus, a retrovirus, hepatitis-B virus, Sinuan Virus 40 (SV40), or from
heterologous maramalian promoters, e.g., the actin promoter or an immunogiobulin promoter,
from heat-shock promoters, provided such promoters are compatible with the host cell
systems.

The early and late promoters of the SV40 virus are conveniently obiained as an SV40
restriction fragment that also contains the SV40 viral origin of replication. The immediate
early promoter of the human cytomegalovirus is conveniently obtained as a HindlHH E

restriction fragment. A system for expressing DNA 1n mammalian hosts using the bovine
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papilloma virus as a vector is disclosed in U.S. Patent No. 4,419 446, A modification of this
system is described in U.S. Patent No. 4.601.978. See also Reves ef al., Narre 297:598-601
(1982) on expression of human B-interferon cDNA in mouse cclis under the control of a
thynudine kinase promoter from herpes simplex virus. Alternatively, the Rous Sarcoma
Virus fong terminal repeat can be used as the promoter.

¢} Enhancer clement component

Transcription of a DNA encoding an antibody of this disclosure by higher cukaryotes
1s often increased by inserting an enhancer sequence into the vector. Many enhancer
sequences are now known from mammalian genes (globin, clastase, albumin, a-fetoprotein,
and nsulin). Typically, however, one will use an enhancer from a eukaryotic cell virus,
Examples include the 5V40 enhancer on the late side of the rephication origin {(bp 160-270).
the cvtomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the
replication origin, and adenovirus enhancers. See also Yaniv, Nasure 297:17-18 (1982) on
enhancing elements for activation of eukarvotic promoters. The enhancer may be spliced into
the vector at a position 5' or 3" to the antibody-encoding sequence, but is, in some
embodiments, located at a site 5' from the promoter.

) Transcription termination component

Expression vectors used in eukarvotic host cells {veast, fungi, ingect, plant, animal,
human, or nucleated celis from other multicellular organisms) will also contain sequences
necessary for the termination of transcription and for stabilizing the mRNA. Such sequences
arc conunonly available from the §' and, occasionally 3, untranslated regions of cukaryotic or
viral DNAs or cBNAs. These regions contain nucleotide segments transcribed as
polyvadenylated fragments in the untranslated portion of the mRNA encoding antibody. One
useful transcription termination component is the bovine growth hormone polyvadenylation
region. Sce W(94/11026 and the expression vector disclosed therein.

2} Selection and transformation of host cells

Suitable host cells for cloming or expressing the DNA in the vectors herem are the
prokarvote, veast, or higher cukarvote cells deseribed above. Suitable prokaryotes for this
purpose include eubacteria, such as Gram-negative or Gram-positive organisms, for gxample,
Enterobacteriaceac such as Escherichia, e.g., B, coli, Enferobacter, Erwinia, Klebsiella,
Proteus, Salmonella, e.g., Salmonelia typhimurium, Serratia, e.g., Serratia marcescans, and
Shigella, as well as Bacilli sach as B. subtilis and B. licheniformis {e.g., B. licheniformis 41P

disclosed in DD 266,710 published 12 April 1989), Pseudomonas such as P. aeruginosa, and
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Streptomyces. One possible £, coli cloning host is £, coli 294 (ATCC 31,446), although
other strains such as £ coli B, £ coli X1776 (ATCC 31,537, and £ coli W3110 (ATCC
27.325) are suitable. These examples are ilustrative rather than hmiting.

Full length antibody, antibody fusion proteins, and antibody fragments can be

5  produced in bacteria, in particelar when glycosyiation and Fe effector function are not needed,

such as when the therapeutic antibody is conjugated to a cyictoxic agent {e.g., a toxin) that by
itself shows effectivencss in tumor cell destruction. Full length antibodies have greater half
Life in circulation. Production m K. cofi is faster and more cost efficient. For expression of
antibody fragments and polvpeptides in bacteria, see, e.g., U.S. 5648237 (Carter ef ol ), U.S.

10 5,769,199 (Joly ef al ), U.S. 5,840,523 (Simmons ef af. ), which describes translation initiation
region (TIR) and signal sequences for optimizing expression and secretion. See also Charlton,
Methods in Molecular Biology, Vol. 248 (B K.C. Lo, ed., Humana Press, Totowa, NJ, 2003},
pp. 245-254, describing expression of antibody fragments in £. cofi. After expression, the
antibody may be isolated from the £. coli cell paste 1n a soluble fraction and can be purified

15 through, e.g., a protein A or G column depending on the 1sotype. Final punfication can be
carried out similar to the process for purifying antibody expressed e.g,, in CHO celis,

In addition to prokaryotes, cukarvotic microbes such as filamentous fungi or veast are
suttable cloning or expression hosts for antibody-encoding vectors. Saccharomyces
cerevisice, or common baker’s veast, s the most commonly used among lower enkarvotic

20 host migroorganisms. However, a number of other genera, species, and strains are commonly
available and useful herein, such as Schizosaccharomyees pombe; Kiuyveromyces hosts such
as, e.g., K lactis, K. fragilis (ATCC 12.424), K bulgaricus (ATCC 16,045}, K wickeramii
(ATCC 24,178, K waltii {ATCC 56,500}, K drosophilarum (ATCC 36,506), K.
thermotolerans, and K. marxionus; yarrowia (EP 402,226); Pichia pasioris (EP 183,070},

25 Candida; Trichoderma reesia {EP 244,234, Neurospora crassa; Schwanniomyces such as
Schwanniomyces cecidentalis, and filamentous fungi such as, e g, Newrospora, Penicillium,
Tolvpocladium, and Aspergilius hosts such as A. midulans and A. niger. For a review
discussing the use of yeasts and filamentous fungi for the production of therapeutic proteins,
see, .2, Gerngross, Nat. Biotech. 22:1409-1414 (2004).

30 Certain fungi and veast straing may be selected in which glycosviation pathways have
been “humanized,” resulting in the production of an antiboedy with a partially or fully human
glvcosviation pattern. See, e.g., Lietal, Nat. Biotech. 24:210-215 (2006) (describing

humanization of the glycosvlation pathway in Pichia pasioris); and Gemgross ef al. | supra.

~J
~3



(T

30

WO 2017/136558 PCT/US2017/016226

Suitable host cells for the expression of glycosylated antibody are also derived from
multicellular orgamisms (invertebrates and vertebrates). Examples of invertehrate cells
include plant and insect cells. Numerous baculoviral strains and variants and corresponding
permissive insect host cells from hosts such as Spodoprera frugiperda {caterpillar), dedes
aegypti (mosguito), dedes albopicius (mosquito), Drosophila melonogaster {fruitfly), and
Bombyx mori have been identified. A variety of viral strains for transfection are publicly
available, e.g., the L-1 variant of Autographa californica NPV and the Bm-3 strain of
Bombyx mori NPV, and such viruses may be used as the virus herein according to the present
disclosure, particularly for transfection of Spodopiera frugiperda cells.

Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, duckweed
{(Lemnaceae), altalfa (M. fruncatula), and tobacco can also be utilized as hosts. See, e.g., US
Patent Nos. 3,959,177, 6,040,498, 6,420,548, 7,125,978, and 6,417,429 (describing
PLANTIBODIES ™ techaology for producing antibodies in transgenic plants}.

Vertebrate cells may be used as hosis, and propagation of vertebrate cells in culture
{(tissue culture) has become a routine procedure. Exampies of useful mammalian host celi
bines are monkey kidney CV1 ling transformed by SV40 (COS-7, ATCC CRL 1631); human
cmbryonic kidney line (293 or 293 cclis subcloned for growth in suspension culture, Graham
et al, J. Gen Vircl 36:59 (1977)) ; baby hamster kidneyv cells (BHK, ATCC CCL 10); mouse
serioli cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980} ); monkey kidney celis (CV1
ATCC CCL 70); African green monkey kidney cells (VERG-76, ATCC CRL-1587); human
cervical carcimoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL
34y; buffalo rat hiver cells (BRL 3A, ATCC CRL 1442); human lung cells (W38, ATCC
CCL 75); human hiver cells (Hep G2, HB 8065} mouse mammary tumor {MMT 060562,
ATCC CCLS1y; TR cells (Mather ef al., drnals N.Y. Acad. Sci. 383:44-68 (1982)); MRC 5
cells; FS4 cells; and a human hepatoma line (Hep G2). Other useful mammalian host cell
lines include Chinese hamster ovary (CHQ) cells, including DHEFRT CHO cells (Urlaub ez al.,
Proc. Natf. Acad. Sci. USA 774216 (1980)}; and myeloma cell lines such as NS0 and 5p2/0.
For a review of certain mammalian host cell hines suitable for antibody production, see, e.g.,
Yazaki and Wu, Methods in Molecular Biology, Vol 248 (B X.C. Lo, ed., Humana Press,
Totowa, NI, 2003}, pp. 255-268.

Host cells are transformed with the above-described expression or cloning vectors for
antibody production and cultured in conventional nutrient media modified as appropriate for
inducing promoters, selecting transformants, or amphifying the genes encoding the desired

sequences.
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b} Colturing the host cells

The host cells used to produce an antibody of this disclosare may be cultwred ina
variety of media. Commercially available media such as Ham’s F10 (Sigma), Minimal
Essential Medium ((MEM), (Sigma}, RPMI-1640 (Sigma)}, and Dulbecco’s Modified Eagle’s
Meduwm ((DMEM]}, Sigma) are suitable for culturing the host cells. In addition, any of the
media deseribed in Ham er ol , Meth. Enz. 58:44 (1979), Bames ef al., Anal
Riochem 102:255 {1980y, U.S. Pat. Nos. 4,767,704; 4,657,866 4,927,762 4,560,655, or
5,122,469, W 90/03430; W0 87/00195; or U.S. Patent Re. 30,985 may be ased as culture
media for the host cells. Any of these media may be supplemented as necessary with
hormones and/or other growth factors (such as insulin, transfernn, or epidermal growth
factor), salts {such as sodium chloride, calcium, magnesium, and phosphate}, buffers (such as
HEPES), nucleotides (such as adenosine and thymiding), antibtotics (such as
GENTAMY CIN™ drug), trace elements (defined as morganic compounds usually present at
final concentrations in the micromolar range), and glucose or an equivalent encrgy source.
Any other necessary supplements may also be included at appropriate concentrations that
would be known to those skilled in the art. The colture conditions, such as temperature, pH,
and the like, arc those previousty used with the host cell selected for expression, and will be
apparent to the ordinanly skilied artisan.

1) Purification of antibody

When using recombinant techoiques, the antibody can be produced intraceliularly, i
the periplasmic space, or directly secreted into the mediuo {f the antibody is produced
mtracclhularly, as a first step, the particulate debris, either host cells or lysed fragments, are
removed, for example, by centrifugation or alirafiltration. Carter ef al., Bio/Technology
10:163-167 {1992} describe a procedure for isolating antibodies which are secreted to the
periplasmic space of K. coli. Brieflv, cell paste 1s thawed in the presence of sodium acetate
(pH 3.5}, EDTA, and phenvimethylsulfonyifluonide (PMSF} over about 30 min. Cell debris
can be removed by centrifugation. Where the antibody is secreted into the medium,
supematants from such expression systems are gencrally first concentrated using a
commercially available protein concentration filter, for example, an Amicon or Millipore
Pellicon ultrafiltration unit. A protease inhibitor such as PMSF mav be included in any of the
foregoing steps to inhibit proteolysis and antibiotics may be included to prevent the growth of
adventitious contanumants.

The antibody composition prepared from the cells can be purified using, for example,

hydroxylapatite chromatography, hydrophobic interaction chromatography, gel
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clectrophoresis, dialysis, and affinity chromatography. The soitability of protein A as an
affinity ligand depends on the species and isotype of any immunoglobulin Fc domaim that is
present in the antibody. Protein A can be used to punify antibodics that are based on human
vl, v2, or vd heavy chamns (Lindmark er ol J Immunol Meth. 62:1-13 (1983}). Protem G 15

5  recommended for all mouse sotypes and for human v3 (Guss ef af (1986} FAMBO J. 5:1567-
1575). The matrix to which the affinity ligand s attached 1s most often agarose, but other
matrices are available. Mechanically stable matrices such as controlled pore glass or
poly{stvrenedivinyl} benzene allow for faster flow rates and shorter processing times than can
be achieved with agarose. Where the antibody comprises a g3 domain, the Bakerbond

10 ABX™yeain (J. T. Baker, Phullipsburg, NI i1s usefuld for punfication. Other techmques for
protein purification such as fractionation on an 1on-¢xchange cohumu, ethanol precipitation,
Reverse Phase HPLC, chromatography on silica, chromatography on heparnin
SEPHAROSE™ chromatography on an anion or cation exchange resin (such asa
polyaspartic acid column}, chromatofocusing, SDS-PAGE, and ammonium sulfate

15 precipitation are also available depending on the antibody to be recovered.

Following any prehminary purification step(s), the mixture comprising the antibody
of mterest and contaminants may be subjected to low pH hydrophobic interaction
chromatographv using an elution buffer at a pH between about 2.5-4.5, in some embodiments,
performed at low salt concentrations {e.g., from about 0-0.25M salt}.

20 In general, various methodologies for preparing antibodies for use in research, testing,
and clinical are well-established in the art, consistent with the above-described methodologies
and/or as deemed appropriate by one skilled in the art for a particular antibody of interest.

C. Immunoconjugates

The disclosure also provides immunoconjugates {imterchangeably referred to as

5
J
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“antibody-drug conmjugates,” or “AD{s”y comprising an antibody conjugated to one or more
cyvtotoxic agents, such as a chemotherapeutic agent, a drug, a growth inhibitory agent, a toxin
{e.g.. a protein toxin, an enzvmatically active toxin of bactenal, fungal, plant, or animal
origin, or fragments thereof), or a radicactive 1sotope (i e., a radioconjugate).
Immunoconjugates have been used for the local delivery of cytotoxic agents, j.e.,
30 drugs that kill or tbibit the growth or proliferation of cells, in the treatment of cancer
(Lambert, §. (2005) Curr. Opinion in Pharmacology 5:543-549; Wu et al (2005) Nature
Riotechnology 23(93:1137-1146; Payne, GG. (2003)1 3.207-212; Syrigos and Epenetos (1999}

Anticancer Research 19:605-614; Niculescu-Duvaz and Springer (1997} Adv. Drug Deliv.
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Rev. 26:151-172; U.S. Pat. No. 4,975,278). Immunoconjugates allow for the targeted
delivery of a drag moicty to a tumor, and intracellnlar accumulation therein, where systemic
administration of unconjugated drugs may result in unacceptable levels of toxicity to normal
cells as well as the tumor cells sought to be ehminated (Baldwin et al., Lances (Mar, 135,
1986} pp. 603-05; Thorpe {1985) “Antibody Carriers Of Cyiotoxic Agents In Cancer
Therapy: A Review.” in Monocional Antibodies '84: Biological And Clinical Applications {(A.
Pmchera er al, eds) pp. 475-306. Both polyclonal antibodics and monocional antibodies
have been reported as useful in these strategies (Rowland er af., (1986} Cancer Immunol.
Immunother. 21:183-87). Drrugs used in these methods include daunomycin, doxorubicin,
methotrexate, and vindesine (Rowland ef o/, (1986) supra). Toxins used in antibody-toxin
conjugates include bacteral toxing such as diphtheria toxin, plant toxins such as ricin, small
molecule toxins such as geldanamyem (Mandler et al (2000} J. Nar. Cancer Inst.
92{19%.1573-1581; Mandler et al (2000} Bicorganic & Aed. Chem. Leiters 10:1025-1028;
Mandler et al (2002) Bioconjugate Chem. 13:786-791), maytansinowds (EP 1391213, Liu er
al., {1996} Proc. Natl. Acad. Sci. USA 93:8618-8623), and calicheamicin {(Lode et al (1998)
Cancer Res. 58:2928; Hinman et al {1993} Cancer Res. 53:3336-3342). The toxins may exert
their cytotoxic effects by mechanisms including tubulin binding, DNA binding, or
topotsomerase inhibition. Some cviotoxic drugs tend to be mactive or less active when
conjugated to large antibodies or protein receptor ligands.

ZEVALING® (ibritumomab tiuxetan, Biogen/Idec) is an antibody-radicisotope
conjugate composed of a munne IgG1 kappa monoclonal antibody directed against the CD20
antigen found on the surface of normal and malignant B Iyophocvies and 1111n or 90Y
radioisotope bound by a thiourea linker-chelator (Wiseman et al (2000) Fur. Jour. Nucl. Med.
277y 766-T7, Wiseman et al (2002} Blood 99(12}:4336-42; Witzig et al (2002} J. Clin. Oncol.
20{10%:2453-63; Witzig et al (2002} .1 Clin. Oncol. 20(15).3262-69}. Although ZEVALIN
has activity agamst B-cell non-Hodgkin’s Lymphoma (NHL), administration results n severe
and prolonged cytopentas in most patients. MY LOTARG™ (gemtuzumab ozogamicin,
Wyeth Pharmaceuticals), an antibody-drog conjugate composed of a huCD33 antibody linked
to calichcamicin, was approved in 2000 for the treatment of acute myeloid lenkemia by
injection {(Drugs of the Future (2000) 25(71.686; US Patent Nos. 4970198, 5079233,
5585089, 5606040, 5693762; 5739116; 5767285, 3773001). Cantuzumab mertansing
(Immunogen, Inc.}, an antibody-drug conjugate composed of the ha(C242 antibody linked via

the disulfide linker SPP to the maytansinoid drug moiety, DM, is advancing inio Phase I
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tnals for the treatment of cancers that express CanAg, such as colon, pancreatic, gastric, and
other cancers. MLN-2704 (Millennium Pharm., BZL Biologics, Immunogen Inc ), an
antibody-drug conjugate composed of the anti-prostate specific membrane antigen (PSMA)
monoclonal antibody linked to the maytansinoid drug moiety, DM, is under development for
the potential treatment of prostate tumors. The avristatin peptides, aunstatin E (AE) and
monomethylauristatin (MMAE), synthetic analogs of dolastatio, were conjugated to chimeric
monoclonal antibodies cBRY6 {(specific to Lewis Y on carcinomas) and cAC10 {specific to
D30 on hematological mabignancies) (Doronima et al (2003} Nature Biotechnol. 21(7).778-
784} and are under therapeutic development.

In certain emboduments, an immunoconjugate comprises an antibody and a
chemotherapeutic agent or other toxan. Chemotherapeutic agents useful in the generation of
mmmunoconjugates are described herein (e.g., above). Enzymatically active toxins and
fragments thereof that can be used include diphtheria A chain, nonbinding active fragments
of diphtheria toxin, exotoxin A chain (from Pseudomonas acruginosa), ricin A chain, abrin A
chain, modeccin A chain, alpha-~sarcin, Aleurites fordu proteins, dianthin proteins, Phytolaca
americana proteins (PAPL PAPH, and PAP-S), momordica charantia inhubitor, curcin, ¢rotin,
sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin, and
the tricothecenes. See, e.g., WO 93/21232 published October 28, 1993, A variety of
radionuclides are available for the production of radicconjugated antibodics. Examples
inctude “VBi, "L, Pln, 7Y, and "*Re. Conjugates of the antibody and eytotoxic agent are
made using a variety of bifunctional protein-coupling agents such as N-succimmidyl-3-(2-
pyridvidithiol) propionate (SPDP), iminothiolane (IT). bifunctional dernvatives of imidoesters
{such as dimethyl adiptnudate HCH, active esters (such as disuccinimidyl suberate),
aldchydes (such as glutaraldehvde), bis-azido compounds (such as bis (p-azidobenzovl)
hexanediamine), bis-diazonium derivatives (such as bis~{p-diazoniumbenzovi)-
ethyvlenediaming), dusocyanates (such as toluene 2 6-ditsocyanate), and bis-active fhuorine
compounds (such as 1,5-difluoro-2 4-dinitrobenzenc). For example, a ricin immunotoxin can
he prepared as described in Vitetta ef o/, Science, 238: 1098 (1987). Carbon-14-labeled 1-
isothiocvanatobenzvl-3-methyldicthylene tnaminepentaacetic acid (MX-DTPA) 15 an
exemplary chelating agent for conjugation of radionacleotide to the antibody. See
W094/11026.

Conjugates of an antibody and one or more small molecule toxins, such as a
calicheamicin, maytansinoids, dolastating, aurostating, a trichothecene, and CC1065, and the

derivatives of these toxins that have toxin activity, are also contemplated herein.
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1. Maytansine and maytansinoids
In some embodiments, the immunoconjugate comprises an antibody (full length or
fragments) conjugated to one or more maviansinoid molecules.
Maytansinoids are mitototic inhibitors which act by inhibiting tubulin polymenzation.
5  Maytansine was first isolated from the east African shrab Mavtenus serrata (U.S. Patent No.
3,896,111} Subsequently, it was discoverad that certain microbes also produce
maytansinoids, such as mayiansinol and C-3 maviansinol esters (U.S. Patent No. 4,151,042).
Synthetic maytansing! and dertvatives and analogues thereof are disclosed, for example, in
U.S. Patent Nos. 4,137,230, 4,248 870; 4,256,746, 4,260,608, 4,265 814, 4 294 757
10 4,307,016, 4,308,268; 4,308,269; 4,300,428, 4,313,946, 4,315,929, 4,317,821, 4,322 348,
4,331,598 4,361,650; 4,364,866, 4,424,219; 4,450,254, 4,362,663, and 4,371,533,

Mayvtansinoid drug moieties are attractive druog moicties in antibody drug conjugates
because they are: (1} relatively accessible to prepare by fermentation or chemical modification,
derivatization of fermentation products, (11} amenable to derivatization with functional groups

15 suitable for conjugation through the non-disulfide linkers to antibodies, (i11) stable in plasma,
and (iv) effective against a vadety of tumor cel lines.

{nununoconjugates containing mayviansineids, methods of making same, and their
therapeutic use are disclosed, for example, m U.S. Patent Nos. 5,208,020, 5,416,064 and
FEuropean Patent EP 0 425 235 BI, the disclosures of which are hercby expressly

20 incorporated by reference. Liuef @f., Proc. Natl. Acad. Sci. USA 93:8618-8623 (1996}
described tnmunoconjugates comprising a maytansinoid designated DM finked to the
monoclonal antibody C242 directed against human colorectal cancer. The conjugate was
found to be highly cytotoxic towards cultured colon cancer cells, and showed antitumor
activity in an in vivo tumor growth assay. Chan er af., Cancer Research 52:127-131 (1992

25 describe immunoconjugates in which a maytansinoid was conjugated via a disulfide himker to
the murine antibody A7 binding to an antigen on human colon cancer cell Hines, or to ancther
murine monocional antibody TA 1 that binds the HER-2/neu oncogene. The cyvtotoxicity of
the TA 1-mavtansinoid conjugate was tested in vifro on the human breast cancer cell line SK-
BR-3, which expresses 3 x 105 HER-2 surface antigens per cell. The drug conjugate

30 achieved a degree of cytotoxicity similar to the free maytansinoid drug, which could be
increased by mereasing the number of maytansinoid molecules per antibody molecule. The
AT-mayvtansinoid conjugate showed low svstemic cviotoxicity in mice.

Antibody-maytansinoid conjugates are prepared by chemically hnking an antibody to

a maytansinoid molecule without significantly diminishing the biological activity of either
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the antibody or the mayvtansinoid molecule. See, e.g, U8B, Patent No. 5,208,020 (the
disclosure of which is hereby expressly incorporated by reference). An average of 3-4
mavtansinoid molecules conjugated per antibody molecule has shown cfficacy in enhancing
cyviotoxicity of target cells without negatively affecting the function or solubility of the
antibody, although even one molecule of toxin/antibody would be expected to enhance
cytotoxicity over the use of naked antibody. Maytansinoids are well known 1n the art and can
he synthesized by known techniques or 1solated from natural sources. Suitable mayvtansinoids
are disclosed, for example, in U.S. Patent No. 5,208,020 and in the other patents and
nonpatent publications referred to heremabove. In some embodiments, maytansinoids are
mavtansing! and mavtansinol analogucs modified 1n the aromatic ring or at other positions of
the maytansinol molecule, such as varous mavtansino! esters.

There are many bhnking groups known in the art for making antibody-maytansinoid
conjugates, including, for example, those disclosed in U.S. Patent No. 5,208,020 or EP Patent
0425 235 B1, Chan er af., Cancer Research 52:127-131 (1992}, and U.S. Patent Application
No. 10/960,602, filed Oct. 8, 2004, the disclosures of which are herebv expressly
incorporated by reference. Antibody-mavtansinoid conjpugates comprising the linker
component SMCC may be prepared as disclosed m U.S. Patent Application No. 10/960,602,
filed Oct. 8, 2004, The linking groups include disuifide groups, thioether groups, acid labile
groups, photolabile groups, peptidase labile groups, or esterase labile groups, as disclosed in
the above-identified patents, disulfide and thicether groups may be used in some
embodiments. Additional linking groups are descnibed and exemplified herem.

Conjugates of the antibody and maytansinoid may be made using a variety of
bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio} propionate
(SPDP), succinimidyl-4~(N-maleimidomethyl) cvelohexane-1-~carboxylate (SMCC),
wminothiolane (IT), bifunctional denivatives of imidoesters (such as dimethyl adipimidate
HCH, active esters (such as disuccimimidy! suberate}, aldehydes (such as glutaraldehvde}, bis-
azido compounds {such as bis {p-azidobenzoyl) hexanediamine), bis-diazonium derivatives

(such as bis~(p~-diazoniumbenzoyl}-ethylencdiamine), ditsocyanates (such as tolucne 2.6~

ditsocyanate), and bis-active fluonne compounds (such as 1,5-difluoro-2 4-dinstrobenzene).
In some embodiments, coupling agents include N-succinimidyl-3-(2-pynidyidithio}
propionate {SPDP)Y (Carlsson ef of |, Biochem. J. 173:723-737 (1978)} and N-succmimidyl-4-
(2~-pynidylthio)pentanoate (SPP) to provide for a disulfide linkage.

The hnker may be attached to the maytansinowd molecule at various positions,

depending on the type of the link. For example, an ester hinkage may be formed by reaction
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with a hydroxyl group using conventional coupling techniques. The reaction may occur at
the €-3 position having a hydroxyl group. the C-14 position modified with hydroxymethyl,
the C-15 position madified with a hvdroxvl group, and the €-20 position having a hvdroxvl
group. In one embodiment, the Iinkage 1s formed at the C-3 position of mayiansinol or a
maytansinol analogae.

2. Auristatins and dolastating

In some embodiments, the immunoconjugate comprises an antibody conjugated to
dolastating or dolostatin peptidic analogs and derivatives, the aurnistatins (US Patent Nos.
5635483, 5780588). Dolastatins and auristatins have been shown to nterfere with
nicrotubule dynamics, GTP bydrolvsis, and nuclear and cellular division (Woyke et al (2001)
Antimicrob. Agents and Chemother. 43(12):3580-3584) and have anticancer {US 5663149
and antifungal activity (Pettit et al (1998) Antimicrob. Agents Chemother. 42:2961-2965).
The dolastatin or auristatin drug moiety may be attached to the antibody through the N
{amino) terminus or the € (carboxvl) terminus of the peptidic drug moicty (WO 02/088172).

Exemplary auristatin embodiments mclude the N-ternminus linked
monomethyiauristatin drug moietics DE and DF, disclosed in “Monomethvivaline
Compounds Capable of Comugation to Ligands”, US Ser. No. 10/983,340, filed Nov. 3, 2004,
the disclosure of which is expressly incorporated by reference in ifs entirety.

Typically, peptide-based drug moietics can be prepared by forming a peptide bond
between two or more amino acids and/or peptide fragments. Such peptide bonds can be
prepared, for example. according to the liguid phase synthesis method (see E. Schroder and K.
Libke, “The Peptides”™, volume 1, pp 76-136, 1965, Academic Press) that is well known 1n
the field of peptide chemistry. The auristatin/dolastatin drug moieties may be prepared
according to the methods oft US 5633483 US 5780388 Petut et al (1989 J. Am. Chem. Soc.
111:5463-54635; Pettit et al (1998) Anti-Cancer Drug Design 13:243-277; Pettit, GR, ef al.
Synthesis, 1996, 719-725; and Pettit et al {1996} J. Chem. Soc. Perkin Trans. 1 5:859-863.
S¢e also Doronina (2003) Nat Biotechnol 21(7).778-784; “Monomethylvaline Compounds
Capable of Conjugation to Ligands”, US Ser. No. 10/983,340, filed Nov. 3, 2004, hereby
incorporated by reference in its entivety {disclosing, e. ., linkers and methods of preparing
monomethylvaline compounds such as MMAE and MMAF conjugated to linkers).

3, Calicheamicin

In other embodiments, the immunoconjugate comprises an antibody conjugated to one
or more calicheamicin molecules. The calicheamicin family of antibiotics are capable of

producing double-stranded DNA breaks at sub-picomolar concentrations. For the preparation
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of conjugates of the calicheamicin famuly, see U S patents 5,712,374, 5,714,586, 5,739,116,
5.767.285. 5,770,701, 5,770,710, 5,773,001, 5.877.296 {all to American Cyanamid
Company). Structural analogues of calicheamicin which may be used include, but are not
timited to, y1§, a2l o3l, N-acetyl-y1i, PSAG and 611 (Hinman er o/, Cancer Research
53:3336-3342 (1993), Lode e/ af., Cancer Research 58:2925-2028 (1998) and the
aforementioned U.S. patents to American Cyanamid). Another anti-tumor drog that the
antibody can be conjugated 1s QFA which 1s an antifolate. Both calicheamicin and QFA have
mtracelhuar sites of action and do not readily cross the plasma membrane. Therefors,
ceHular uptake of these agents through antibody mediated internalization greatly enhances
their cytotoxic effects.

4, (Jther cytotoxic agents

Other antitumor agents that can be conjugated to the antibodies include BCNU,
streptozoicin, vincnstine and 3-fluorouracil, the family of agents known collectively LE-
E33288 complex described in U.S. patents 5,053,394, 5,770,710, as well as csperamicins
(U.S. patent 5,877,296).

Enzymatically active toxins and fragments thereof which can be used mclude
diphtheria A chain, nonbindimg active fragments of diphtheria toxin, exotoxin A chain (from
Pseudomonas acruginosa), nicin A chain, abrin A chain, modeccin A cham, alpha-sarcin,
Aleurites fordit proteins, dianthin proteins, Phytolaca americana proteins (PAPL PAPIE and
PAP-5}, momordica charantia inhibitor, curcin, orotin, sapaonaria officimalis inhibitor,
gelonin, mitogellin, restrictocin, phenomvcin, enomycin and the tricothecencs. See, for
example, WO 93/21232 pablished October 28, 1993,

The present disclosure further contemplates an immunoconjugate formed between an
antibody and a compound with nucleolvtic activity (e.g., a ribonucleasc ora DNA
endonuclease such as a deoxyribonuclease; DNase).

For selective destruction of the tumor, the antibody may comprise a highly radicactive
atom. A variety of radioactive isotopes arg avaiable for the production of radicconjugated
antibodics. Examples include AT T v e RS S B P Ph? P and
radivactive 1sotopes of Lu. When the conjugate is used for detection, it may comprise a
radicactive atom for scintigraphic studies, for example t¢99m or 1123, or a spin label for
nuclear magnetic resonance {(NMR) imaging (also known as magnetic resonance imaging,
mri}, such as odine-123 again, iodine~131, indium-11 1, fluorine~19, carbon-~13, nitrogen-13,

oxygen-17, gadolintum, manganese or iron.
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The radio- or other labels may be incorporated in the comjugate i known ways. For
example, the peptide may be biosynthesized or may be synthesized by chemical amine acid
gynthesis using suitable anino acid precursors involving, for example, fluorine-19 in place of
hydrogen. Labels such as t¢”m or I'7, Re'™, Re'™ and Tn'" can be attached via a cysteine
residue in the peptide. Yttrium-90 can be attached via a bysine residue. The IGDOGEN
method (Fraker et al (1978} Biochem. Biophys. Res. Commun. 80: 49-57) can be used to
mcorporate iodine-123. “Monoclonal Antibodics in Immunoscintigraphy” (Chatal,CRC
Press 1989) describes other methods in detail.

Conjugates of the antibody and cytotoxic agent may be made using a variety of
bifunctional protein coupling agents such as N-succinimidyl-3-(2-pvridyldithio} propionate
(SPDP), succinimidyl-4-{N-maleimidomethyl) cvclohexane-1-carboxylate (SMCC),
tminothiclane (IT}, bifanctional dertvatives of imidoesters (such as dimethyl adipimidate
HCH, active esters (such as disucciimidy! saberate}. aldehydes {such as glutaraldehyde), bis-
azido compounds (such as bis {p-azidobenzovl} hexancdianine), bis-diazonium derivatives
(such as bis~(p~-diazonmumbenzovl}-cthviencdiamine}, diisocyvanates (such as tolucne 2,6-
diisocyanate}, and bis-active fluonne compounds (such as 1.5-difluors-2 4-dinitrobenzeng).
For cxample, a ricin immunotoxin can be prepared as described in Vitetta ef ol Science
238:1098 (1987). Carbon-14-labeled 1-isothiocvanatobenzyl-3-methyldiethyiene
triamminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conpugation of
radionuclestide to the antibody. See Wi394/11026. The linker may be a “cleavable linker”
facilitating release of the evtotoxic drug in the cell. For example, an acid-labile linker,
peptidase-sensitive linker, photolabile linker, dimethy! linker or disulfide-containing linker
{Chari ef ol , Cancer Research 52:127-131 {1992}, U.S. Patent No. 5,208,020) may be used.

The compounds expresslv conterplate, but are not imited to, ADC prepared with
cross-linker reagents: BMPS, EMCS, GMBS, HBVS, LC-SMCC, MBS, MPBH, SBAP, SIA,
SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-KMUS, sulfo-MBS, sulfo-
SIAB, sulfo-SMCC, and sulfo-SMPB, and SVSB {succininidyl-(4-vinylsalfonejbenzoate}
which are commercially available {e.g., from Pierce Biotechnology, Inc., Rockford, 1L,
U.8.A). See pages 467-498, 2003-2004 Applications Handbook and Catalog.

3, Preparation of antibody drug conjugates

In the antibody drug conjugates {ADC), an antibody (Ab) is conjugated to one or
more drug moieties (), e.g. about 1 to about 20 drug moetics per antibody (p = | to about
28, through a hinker (L), The ADC of the formula shown below may be prepared by several

routes, emploving organic chemistry reactions, conditions, and reagents known to those
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skilled 1n the art, including: (1) reaction of a nucleophilic group of an antibody with a
bivalent linker reagent, to form Ab-L, via a covalent bond, followed by reaction with a drug
moiety D; and (2} reaction of a nucleophtilic group of a drug motety with a bivalent hinker
reagent, to form D-L, via a covalent bond, followed by reaction with the nucleophilic group
of an antibody. Additional methods for preparing ADC are described herein.

Ab—(L-D),

The linker may be composed of one or more linker components. Exemplary linker
components include 6-malemmudocaproyl ("MC”), maleimidopropanoyl (“MP”), valine-
citrolline (“val-cit”), alanine-phenylalanine (Mala-phe™), p-aminobenzyloxycarbonyl ("PAB™},
N-Succinimidvl 4-(2-pyridylthio} pentanocate (“SPP™), N-Succinimidyl 4-(N-
maleimidomethyl} cyclohexane-1 carboxylate ("SMCC’), and N-Succuiimidyl (4-iodo-
acetyl) aminobenzoate (“STAB”). Additional hinker components are known in the art and
some arc deseribed herein. See also “Monomethylvaline Compounds Capable of
Conjugation to Ligands”, US Ser. No. 10/983 340, filed Nov. 5, 2004, the contents of which
are hereby mcorporated by reference in its entirety.

In some embodiments, the linker may comprise amino acid residues. Exemplary
amino acid linker components inchide a dipeptide, a tripeptide, a tetrapeptide or a
pentapeptide. Exemplary dipeptides include: valine-citrulline {(v¢ or val-cit), alanine-
phenvialanine (af or ala-phe). Exemplary tripeptides include: glycine-valine-citrulling (gly-
val-cit) and glycine-glycine-glyveine (gly-gly-ghy}). Amino acid residues which comprise an
aming acid linker component include those ocourrng naturally, as well as minor amino acids
and non-naturally occurring amino acid analogs, such as citrulline. Asnino acid linker
components can be designed and optimized in their selectivity for enzymatic cleavage bv a
particular enzymes, for example, a tumor-associated protease, cathepsin B, Cand D, ora
plasmin protease.

Nucleophilic groups on antibodics mchude, but are not limited to: (1) N-terminal
amine groups, (1) side chain amine groups, e.g. lysine, (111} side chain thiol groups, e.g.
cysteine, and (iv) sugar hydroxyl or amino groups where the astibody is glycosylated. Amineg,
thiol, and hydroxyl groups are nucleophilic and capable of reacting to form covalent bonds
with electrophilic groups on linker moieties and linker reagents mcluding: (i} active esters
such as NHS esters, HOBt esters, haloformates, and acid halides; (31} alkyl and benzyl halides
such as haloacetanmides; (11t} aldehydes, ketones, carboxyl, and maleirmide groups. Certain

antibodics have reducible interchain disulfides, i.e. cysteine bridges. Antibodies may be

83



WO 2017/136558 PCT/US2017/016226

made reactive for conjugation with linker reagents by treatment with a reducing agent such as
DTT (dithiothreitol). Each cysteine bridge will thus form, theoretically, two reactive thicl
oucieophiles. Additional nucleophilic groups can be introduced into antibodies through the
reaction of lvsines with 2-iminothiolane (Traut’s reagent) resulting in conversion of an amine
5 into athicl, Reactive thiol groups may be mtroduced into the antibody {or fragment thereof)
by introducing one, two, three, four, or more cysteine residues {e. g, preparing mutant
antibodics comprising one of 1more non-pative cvsteine amino acid residues).
Antibody drug conjugates may also be produced by modification of the antibody to
introduce electrophilic moieties, which can react with nucleophilic substituents on the linker
10 reagent or drug. The sugars of ghvcosylated antibodies may be oxidized, e.g. with periodate
oxidizing reagents, to torm aldehvde or ketone groups which may react with the amine group
of linker reagents or drug moicties. The resulting tmine Schiff base groups may form a stable
linkage, or may be reduced, e.g. by borchydride reagents to form stable aming hinkages. In
one embodiment, reaction of the carbohydrate portion of a glvcosylated antibodv with either
15 glactose oxidase or sodium meta-periodate may yield carbonyi {aldehvde and ketone) groups
in the protein that can react with appropriate groups on the drug (Hermanson, Bioconjugate
Technigues). In another embodiment, proteins containing N-terminal serine or threonine
residues can react with sodium meta-periodate, resulting in production of an aldehvde in
place of the first amino acid {Geoghegan & Stroh, (1992) Bioconjugate Chem. 3:138-146; US
20 5362852). Such aldebyde can be reacted with a drug moiety or linker nucleophile.

Likewise, mucleophilic groups on a drug moicty include, but are not limited to: amine,
thiol, hydroxyl, hydrazide, oxime, hvdrazine, thiosemicarbazone, hydrazine carboxylate, and
arvibhydrazide groups capable of reacting to form covalent bonds with electrophilic groups on
linker motetics and linker reagents including: (1) active csters such as NHS esters, HOBt

25 esters, haloformates, and acid halides; (1t} alkyi and benzyt halides such as haloacetamides;
(i1} aldehydes, ketones, carboxyl, and maleimide groups.

Alternatively, a fusion protein comprising the antibody and cytotoxic agent may be
made, e.g., by recombinant techniques or peptide synthesis. The length of DNA may
comprise respective regions encoding the two portions of the conjugate either adjacent one

30 another or separated by a region encoding a linker peptide which does not destroy the desired
propertics of the conjugate.

In yet another embodiment, the antibody may be conjugated to a “receptor” {such
streptaviding for utilization in tumor pre-targeting wherein the antibody-receptor conjugate is

admunistered to the patient, followed by removal of unbound conjugate from the circulation
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using a clearing agent and then administration of a “higand™ {¢.g., avidin} which is conjugated
to a cytotoxic agent {e. £, a radionucleotide}. A variety of radionuclides are available for the

. . . T - . M2y 131y 131y, 90y,
production of radioconjugated antibodies. Examples include *Bi, "', 7'In, Y, and ™Re.

5 Y. Methods

A. Diagnostic methods and methods of detection of mutant SMO with antibodies

In one aspect, antibodies of the disclosure are useful for detecting the presence of
mutant SMO in a biological sample. The term “detecting” as used herein encompasses
quantitative or gqualitative detection. In certain embodiments, a biclogical sample comprises

10 acell or tissue, such as tumor tissuc.

In one aspect, the disclosure provides a method of detecting the presence of mutant
SMQ 1n a biclogical sample. In certam embodiments, the method comprises contacting the
biological sample with an anti-mutant SMO antibody under conditions permissive for bindimg
of the anti-mutant SMO antibody to mutant SMQ, and detecting whether a complex is formed

15 between the anti-mutant SMO antibody and mutant SMO.

In one aspect, the disclosure provides a method of diagnosing a disorder associated
with expression of mutant SMO or a condition, such as drug resistance, assoctated with
expression of mutant SMO. In certain embodiments, the method comprises contacting a test
cell with an anti-mutant SMO antibody; determining the fevel of expression {either

20 gquantitatively or qualitatively) of mutant SMO by the test cell by detecting binding of the
anti-mutant SMO antibody to mutant SMO; and comparing the level of expression of mutant
SMO by the test cell with the level of expression of mutant SMO by a control cell (e.g., a
normal cell of the same tissue origin as the test cell or a cell that expresses wild-type SMO at
levels comparable to such a normal cell), wherein a higher level of expression of mutant

25 SMQO by the test cell as compared to the control cell mdicates the presence of a disorder
associated with mercased expression of mutant SMQ. In certain embodiments, the test cell is
obtamed from an individual suspected of having a disorder agsociated with increased
expression of mutant SMO. In certain embodiments, the disorder is a cell proliferative
disorder, such as a cancer or a tumor. It is appreciated that in, for example, a tumor sample,

30 there may be heterogeneity in SMQO expression. Thus, it is appreciated that in a sample only
a subset of cells in the sample may express the mutant SMO, and such expression is sufficient
to, for example, be associated with drug resistance. Accordingly, evaluating expression
includes evaluating expression in a sample and detecting mutant SMO protein in a subset of

cells in a sample.
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Exemplary disorders that may be diagnosed or in which drog resistance can be
evaluated using an antibody of the disclosure mnclude, but are not limited to medulloblastoma,
pancreatic cancer basal cell carcinoma.

Certain other methods can be used to detect binding of antibodies to mutant SMO.
Such methods inchide, but are not limited to, antigen-binding assays that are well known in
the art, such as western blots, radicimmunocassays, ELISA {enzyme hinked immunosorbent
assay), “sandwich” immunoassays, inununoprecipitation assays, fluorescent tnmunoassays,
protein A timmunoassays, and immunchistochemistry (IHC).

In certain embodiments, anfibodics are labeled. Labels include, but are not limited to,
labels or moieties that are detected directly (such as fluorescent, chromophoric, electron-
dense, chenuluminescent, and radioactive labels), as well as moieties, such as enzymes or
ligands, that are detected indirectly, e.g., through an enzymatic reaction or molecular
interaction. Exemplary labels inclade, but are not himited to, the radioisctopes R R Sl
"H, and "', flucrophores such as rare carth chelates or fluorescein and its derivatives,
rhodaming and its derivatives, dansyi, umbelliferone, lucenferases, e g, firefly luciferase and
bactertal huciferase (U.S. Pat. No. 4,737 456), luciferin, 2 3-dihvdrophthalazinediones,
horseradish peroxidase (HRP), alkaline phosphatase, B-galactosidase, glucoamylase,
tvsozyme, saccharide oxidases, e.g., glucose oxadase, galactose oxidase, and glucose-6-
phosphate dehvdrogenase, heterocvelic oxidases such as uricase and xanthine oxidase,
coupled with an enzyme that employs hydrogen peroxade to oxadize a dye procursor such as
HRP, lactoperoxidase, or microperoxidase, biotin/avidin, spin labels, bacteriophage labels,
stable free radicals, and the fike.

In certain embodiments, antibodies are immobilized on an insoluble matrix.
Immobilization may entail separating an anti-mutant SMO antibody from any mutant SMO
that remains free in solution. This conventionally 1s accomplished by either msolubilizing the
anti-mutant SMQ antibody before the assay procedure, as by adsorption (o a water-insoluble
matrix or surface {Bennich ef af, U.S. 3,720,760), or by covalent coupling (for example,
using glutaraldehvde cross-linking}, or by insolubilizing the anti-mutant SMO antibody after
formation of a complex between the anti-mutant SMO antibody and mutant SMO, e.g., by
mmmunoprecipitation.

it 1s understood that any of the above embodiments of diagnosis or detection may be
carried out using an immunoconjugate of the disclosure in place of or in addition to an anti-
mutant SMO antibody.

B. Methods of detecting mutant SMO with nucleic acid probes
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In one aspect, nucleic acid probes as described herein are useful for detecting the
presence of mutant SMO nucleic acid in a biological sample. The term “detecting™ as used
herein encompasses quantitative or qualitative detection. In certain embodiments, a
biological sample comprises a cell or tissue, such as tumor fissue.

5 In one aspect, the disclosure provides a method of detecting the presence of mutant
SMG-enceding nucleic acid m a biological sample. In certain embodiments, the method
comprises contacting nucleic acid from the biological sample with a probe as described
herein and hybridizing the probe to the nucleic acid under conditions permissive for
hybridization under stringent conditions, and detocting whether a complex is formed between

10 the probe and the nucleic acid sample.

The mutant SMO-encoding nucleic acid may be detecied using any methodology
known tn the art including, but not limited to the use of probes as described herein, or by
PCR amplification, ftPCR sequencing, single strand conformational polvmorphism {(55CP),
differential restriction digestion of DNA, hvbridization, or any other method known in the art.

15 In these methods, detection of a mutant SMO as desentbed heren in a cell indicates

the presence of a disorder associated with increased expression of mutant SMO (ie..
resistance to treatment with a Smo inhibitor such as GDC-0449). In certain embodiments, the
test cell 1s obtamed from an individual suspected of having a resistant tumor associated with
expression of mutant SMO. As detailed above, it is appreciated that mutations may be in a

20 subset of cells from a sample, such as a subset of cells from a tumor sample.

Exemplary disorders that mayv be diagnosed using an antibody of the disclosure
nclude, but are not limited to medulloblastoma, pancreatic cancer basal cell carcinoma.

. Methods of detecting mutant SMO in cell based assavs

Mutant SMO may be detected in cell based assavs as known in the art including, but

25 not himited to binding of a mutant SMO-detecting antibody 1o the surface of a cell sample,

such as a tamor sample iz vifro Immunohistochemical staining of histological preparations of
tumor samples or tissue suspected of containing mutant SMO. Functional assays in which &
tissuc sample 1s contacted with GD{-0449 and hedgehog to determine whether Hb signaling
occurs {e.g., by measuring activation of pathway components, expression of Gli, and the ike).
30 Any functional assay using the Hh signaling pathway that can be disrupted using GDC-0449
may be used i the method of the disclosure to determine the presence and activity of a

mutant SMGO.

D. Methods of screening for compounds that bind to mutant SMO
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In some embodiments, the disclosure provides for a method of screening for a
hedgchog pathway inhibitor that is capable of inhibiting hedgehog signaling i a cell that
cxpresses any of the mutant SMO proteins disclosed herem. In some embodiments the screen
1s of single agents or a discrete number of agents. In some embodiments, the screen 1s of
pools of agents. In some embodiments, the screen is high-throughput screening. In some
embodiments, the screen is of a library or libraries of compounds {e.g., librarics of small
molecules, librarics of antisense oligonucieotides, or libraries of antibodics or peptides). In
some embodiments, screening may involve a primary assay alone or a primary assay and one
or more secondary assavs. i some embodiments, the agents can be assessed in an assay
{e.g., a hedgchog signaling assay {e.g., by using any of the (7/i/ expression assays described
herein or known i the art to examine Glil nucleic acid or protein expression in response (o
an agenty, a mutant SMO protein binding assay {e.g., by using any of the mutant SMQO
binding assays described herein), a cell proliferation assay {e.g., by using any of the cell
proliferation assavs described herein or known in the art). Use in screening assays 1s an
exerplary use for the mutant SMGO proteins and nucleic acids of the disclosure {¢.g., a mutant
SMO protein can be used in a cell free or ccH based assay; a mutant SMO nucleic acid can be
provided in a vector and used to express a mutant SMO protein in host cells or a host
organism suitable for a screcening assay.

The disclosure provides a method for screening for compounds that bind to mutant
SMO. Without being held to any particular mode of operation, it is expected that much in the
way that GDC-~0449 binds wild-type SMO and doesn’t bind nautant SMO, a compound which
acts as an mhibitor of mutant SMO would bind mutant SMO. Thus, one may express the
mutant SMO protein or a fragment thereof, such as a fragment comprising all or a portion of
transmembrane domain 6 (TM6}, and run binding assays using a library of compounds by
any means known in the art. Also one may use a smaller library of compounds represented
by vartations of GDC-0449 using a modeling approach based on potential contact pomts of
GDC-0449 and then modehing similar contact points for muiant SMO and varniations of GDC-
0449, Such modeling programs and algorithms may be any that are known in the art.
Compounds that bind mutant SMO and wild-tvpe SMO may be 1dentified that are inhibitors
of both wild-type and mutant SMO. Alternatively, compounds may be discovered that bind
to mutant SMO, but which do not bind to wild-type SMO and therefore are inhibitors only for
muiant SMO. In certain embodiments, binding and/or some other readout {¢.g., hedgehog
signaling) are assessed and compare to that for wildtvpe SMO or a suitable control (e g,

empty vector).
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In one embodiment, the compounds to be screened are small molecule compounds
such as variants of GDC-0449. In other embodiments, the compounds that bind mutant SMO
are antibodics that specifically recognize an epitope that 1s in the same region as the binding
stte of GDC-0449 to wild-type SMO. In one embodiment the antibody binds to a region in
the amimo-terminal portion of TM7 of matant SMO and mhibits mutant SMO activity.

Compounds may alternatively, or additionally be screened for their ability to inhibit
mutant SMO activity. In these embodiments, one may assess the ability of these compounds
to inhibit hedgehog signaling in cells expressing mutant SMO. These assays may be
performed in cells that have a hedgehog signaling pathway mtact bat which expressa
recombinant SMO bearing the mutation in place of, or in addition to wild-type SMO. In
these assavs one determines the ability of the cell to have active hedgehog signaling when
mncubated with hedgchog in the presence or ansenee of the candidate inhibitor. I hedgehog
signaling is inhibited in the presence of the candidate compound, such compound isa
hedgehog mhibitor. In some embodinments the cells express both wild-type and mutant SMO
and are mcubated with GDC-0449 and a candidiate inhibitor. In other embodiments, the cells
express only mutant SMO and may be incubated with Hh and the candidate inhibitor alone
(i.e.. in the absence of GDC-0449). The compound is an inhibitor of mutant SMO if Hh
signaling 1s reduced or inhibited m such cells.

In some embodiments, the disclosure provides for a method of wentifying a hedgehog
pathway inhibitor, wherein the method comprises: contacting a cell with an amount of a test
agent, wherein the cell 1s responsive to hedgehog protein or has increased hedgehog signaling
and/or activation of the hedgehog signaling pathway, and wherein the cell expresses any of
the mutant SMO proteins described herein, and b} determining, as comparad to a control,
whether the test agent inhibits bedgehog signaling in the cell, whercin if the test agent inhibits
hedgehog signaling in the cell relative to the control, then the test agent is dentified as a
hedgehog pathway mhibitor. In some embodiments, the control {or basis for comparison) is a
cell expressing a wildtype SMO protein {e.2, a SMQO protein having the aming acid sequence
of SEQ ID NO: 1), In some embodiments, the control is a cell expressing the same mutant
SMO proteins as the cell contacted with the test agent, wherein the control 1s untreated or
treated with a control agent to which the mutant SMO protein is partially or completely
resistant. In some embodiments, the control agent is vismodegib, LY2940680, LDE225
and/or compound 5. In some embodiments, the test agent binds to mutant SMO protem but
not wildtype SMO protein. In some embodiments, the test agent binds to both the mutant

SMO protein and wildtype SMO protein. In some embodiments, the test agent is more
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cffective in inhubiting hedgehog signaling in a cell expressing mutant SMO protein than in a
cell expressing wildtype SMGO protein.

In some embodiments, the disclosure provides for a method of identifying a bedgehog
pathway inlubitor, wherein the method comprises: contacting a cell with an amount of an
agent, wherein the cell 1s responsive to hedgehog protein or has increased hedgehog signaling
and/or activation of the hedgehog signaling pathway, and wherem the cell expresses any of
the mutant SMO proteins described herein, and b) detcumining, as compared to a control,
whether the agent inhibits growth and/or proliferation of the cell, wherein if the agent mhibits
growth and/or profiferation of the cell relative to the control, then the agent is identified as a
hedgehog pathway inhibitor. In some embodiments, the control is a cell expressing a
wildtype SMO protein (e.g, a SMO protein having the amino acid sequence of SEQ 1D NG:
1}, In some embodiments, the control is a cell expressing the same mutant SMO proteins as
the cell contacted with the test agent, wherein the control is untreated or treated with a control
agert to which the mutant SMO protein 1s partially or completely resistant. In some
embodiments, the control agent 1s vismodegib, LY2940680, LDE22S and/or compound 5. In
some embodiments, the tost agent binds to mutant SMO protein but not wildtype SMO
protein. In some embodiments, the test agent binds to both the mutant SMO protein and
wildtvpe SMO protein. In some embodiments, the test agent is more effective m mhibiting
growth and/or proliferation of a cell expressing mutant SMO protein than of a cell expressing
wildtype SMO protein.

In some enthodiments, the cell used in the screening methods described herein is in
culture. In some embodiments, the agent contacted with the cells in the culture 15 safficient
to inhibit, partially or entirely, hedgehog signaling in at least 10%, 13%, 20%, 25%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 1009% of cells n a cell culture. In some embodiments,
the agent contacted with the celis in the culture 1s sufficient to reduce the rate of proliferation
of a cell and/or rate of survival of at feast 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%,
809%, 90%, or 100% of cells in a cell culture, wherein the cells are expressing or
overexpressing hedgehog or have active hedgehog signaling,.

In other embodiments, the cell is n an ammal. In some embodiments, the animal 15 a
mammal or gther vertebrate. In some embodiments, the animal is post-natal. In some
embodiments, the animal is pediatric. In some embodiments, the antmal is adult. When
referring to cells m vitro, the cells may be of any vertebrate species, such as a mammal, such
as rodent, hamster, or human. In vitro or in vivo, a cell may be a cancer cell, suchasa

primary cancer cell, a metastatis cancer cell, or a cancer cell line. in some embodiments. the
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cell 1s a medullablastoma cell. In some embodiments, the cell 1s a basal cell carcinoma cell.
In some embodiments, the cell is anevoid basal cell carcinoma cell. In some embodiments,
the cell 1s a Gorlin’s Syndrome cell.
In some embodiments, the cell comprises one or more mutations 1n a hedgehog

5  signaling pathway gene. In some embodiments, the one or more mutations are in patched. In
some embodiments, the patched mutation is loss-of-function mutation. In some embodiments,
the one or more mutations are in smoothened. In some embodiments, the smoothened
mutation is a smoothened gain-of-function mutation. In some embodiments, the gain-of-
function smoothened mutation results in a constitutively active smoothened protein. In some

10 embodiments, the one or more mutations are in suppressor-of-fitsed, and the ccll has
suppressor-of-fused (SuFu) loss-of-function. In some embodiments, the SuFu mutation
results in a partial loss-of-function of SuFu activity. In some embodiments, the SuFu
mutation results in a full loss-of-function in SuFu activity. In some embodiments, the SuFu
mufation confers resistance to vismodegib.

15 In some embodiments, the agent tested 1n any of the screening methods described
herein is a small molecule. In other embodiments, the agent is a polypeptide. o other
cmbodiments, the agent is an siKNA antagonist.

In some embodiments of any of the screening methods described herein, the mutant
SMQO DNA 18 exogenocusly expressed in a cell. In some embodiments, the mutant SMO DNA

20 1s stably expressed in the cell. In some embodiments, the mutant SMO DNA is transiently
expressed in the cell.

The growth inhibitory effects of the varnous hedgehog pathway mhibitors useable
the disclosure may be assessed by methods known inthe art, ¢.g., using cells which expressa
ouwtant SMO polypeptide cither endogenously or following transfection with the respective

25 mutant SMO gene. For example, appropriate tumor cell bines and cells transfected with
mutant SMO-encoding DNA may be treated with the hedgehog pathway inhibitors of the
disclosure at various concentrations for a few days {e.g., 2-7 days) and stained with crystal
violet, MTT or analvzed by some other colorimetric or lucitferase-based (eg CellTiter(Glo}
assay. Another method of measuring proliferation would be by comparing “H-thymidine

30 uptake by the cells treated in the presence or absence of such hedgehog pathway inhibitors.
After treatment, the cells arg harvested and the amount of radicactivity incorporated into the
DNA quantitated i a scintillation counter. Appropriate positive controls include treatment of
a selected cell hine with a growth inhibitory antibody or small molecule known to inhibit

growth of that cell ine. Growth inhibition of tumor cells in vive can be determined in

96



(T

30

WO 2017/136558 PCT/US2017/016226

various ways known in the art. In some embodiments, the tumor cell 1s one that has one or
more mutations in a hedgehog pathway signaling gene. In some embodiments, such
hedgchog pathway nhibitors will inhibit cell proliferation of a hedgchog-expressing tumor
cell in vitro or in vivo by about 10-25% , by about 25-100%, by about 30-100%, by about 50-
100%, or by about or 70-100% compared to the untreated tumor cell. Growth inhibition can
be measured at a hedgehog pathway inhibitor concentration of about 0.5 1o 30 ug/ml, about
0.5 oM to 200 nM, about 200 nM 1o 1uM, about | pMto 5 uM, or about 5 uM 1o 10 uM, in
cell culture, where the growth inhibition 1s determuined 1-10 days after exposure of the tumor
cells to the antagomist. The antagonist is growth imhubitory m vivo if administration of
antagonist and/or agonist at about 1 pg/keg to about 1060 mg/kg body weight results in
reduction m tumor size or reduction of tumor cell proliferation within about 5 days to 3
months from the first administration of the antibody or small molecule antagonist, in some
embodiments, within about 3 to 30 days.

In some entbodiments, to select for hedgehog pathway inhibitors which induce cell
death, loss of membrane integrity as indicated by, e.g., propidium 1odide (PI), trypan blue or
7AAD uptake may be assessed relative to control. A Pl uptake assay can be performed in the
absence of complement and immune effector cells. In some embodiments, mutant SMO
protein-gxpressing expressing tumor cells are incubated with medium alone or medium
containing the appropriate hedgchog pathway inhibitor. The cells are incubated for a 3 day
time period. Following cach treatment, cells are washed and aliquoted a into 35 mm strainer-
capped 12 x 75 tubes (1 ml per tube, 3 tubes per treatment group) for removal of cell clumps.
Tubes then receive PI {10 ug/ml). Samples may be analvzed using a FACSCAN® flow
cvtometer and FACSCONVERT® CellQuest software (Becton Dickinson), or any other
device used by the skilled worker for analyses. Those hedgehog pathway inhibitors that
induce statistically significant levels of cell death as deternuned by Pl uptake may then be
selected.

In some embodiments, to screen for hedgehog pathway inhibitors which bind to an
opitope on a mutant SMO polypeptide, a routine cross-blocking assay such as that described
in Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, Ed Hardow and David
Lane (1988), can be performed. This assay can be used to determine if a test antibody,
polypeptide, oligopeptide or other organic molecule binds the same sitc orepitope as a
known hedgchog pathway inhibitor. Alternatively, or additionally, epitope mapping can be
performed by methods known in the art. For example, the mutant SMO protein sequence can

be mutagenized such as by alanine scanning or by making chimerae with immunologically
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distinct GPCR proteins, to identify contact residoes. The mutant antigen is mttially tested for
binding with polyclonal antibody to ensure proper folding. In a different method, peptides
corresponding to different regions of a mutant SMO protein can be used in competition
assays with the test antibodies or with a test antibody and an antibody with a characterized or
known epitope.

In some embodiments, the mutant SMO protein or the candidate hedgchog pathway
mhibitor agent 1s immobilized on a solid phase, ¢.g., on a microliter plate, by covalent or non-
covalent attachments.  Non-covalent attachment generally is accomplished by coating the
solid surface with a solution of the mutant SMO protein or candidate hedgehog signaling
agent and dryving. Alternativelv, an immobilized antibody, ¢.g., a monocional antibody,
specific for the target portion of mutant SMO to be immobilized can be used to anchor it to a
solid surface. The assay may be performed by adding the non-immobilized component,
which may be labeled by a detectable label, to the immobilized component, ¢.g., the coated
surface containing the anchored component. When the reaction is coraplete, the non-reacted
components may be removed, ¢.g., by washing, and complexes anchored on the solid surface
are detected. When the originally non-immobilized component carries a detectable label, the
detection of label immobilized on the surface indicates that complexing occurred. Where the
originally non-immobilized component does not carry a label, complexing can be detected,
for example, by using a labeled antibody specifically binding the immobilized complex.

If the candidate hedgehog pathway inhibitor interacts with but does not bind directly
1o a hedgchog signaling polypeptide identified herein, its interaction with that polypeptide
can be assayed by methods well known for detecting protein-protein interactions. Such
assavs melude traditional approaches, such as, e.g., cross-linking, co-immunocprecipitation,
and co-punfication through gradicnts or chromatographic columns. In addition, protein-
protein interactions can be monitored by usmg a veast-based genetic system described by
Fields and co-workers (Fields and Song, Nature (London). 34{:245-246 (1989); Chien et al,
Proc. Natl Acad. Sci USA, 88:9578-9582 (1991)) as disclosed by Chevray and Nathang,
Proc. Natl. Acad. Sci. USA. 89: 5789-5793 (1991). Many transcriptional activators, such as
veast GAL4, consist of two physically discrete modular domains, one acting as the DNA-
binding domain, the other one functioning as the transcription- activation domain. The veast
expression system described in the foregoing publications {generally referred to as the "two-
hybrid svstem") takes advantage of this property, and employs two hybrid proteins, one in
which the target protein is fused to the BDNA-binding domain of GAL4, and another, 1n which

candidate activating proteins are fused to the activation domain. The expression of a GALL-
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LacZ reporter gene under control of a GAL4-activated promoter depends on reconstitution of
(GAL4 activity via protein-protein interaction. Colonies containing interaciing polypeptides
are detected with a chromogenic substrate for B-galactosidase. A complete kit
(MATCHMAKER™) for identifying protein-protein interactions between two specific
5  proteins using the two- hybnid technique is commercially available from Clontech. This
system can also be extended to map protein domains involved in specific protein interactions
as well as to pinpomt amino acid residues that are crucial for these interactions.
The assays can be performed in a variety of formats, including protein-protein binding
assavs, biochemical screening assays, immunocassays, and cell-based assays, which are well
10 characterized in the art.

Agents that interfere with the interaction of hedgehog signaling polvpeptide and other
intra- or extracellvlar components {e.g., Costal-2} can be tested by means well-known by the
skilled worker. In some embodiments, a reaction mixture is prepared containing the motant
SMG polypeptide and an intra- or extraccilular component under conditions and for a time

15 allowing for the mteraction and binding of the two products. In some embodiments, o test
the ability of a candidate compound to inhibit binding, the reaction is run in the absence and
in the presence of the test compound. In addition, a placebo mav be added to a third reaction
mixture, to serve as positive control. The binding {complex formation) between the test
compound and the intra- or extracethilar component present in the mixture is monitored as

20 described hereinabove. The formation of a complex in the control reaction{s) but not in the
reaction mixture containing the test agent mdicates that the test agent interferes with the
interaction of the test compound and ifs reaction partner.

The disclosure conteraplates methods for identifving hedgehog pathway inhibitors
using any one or combination of the foregoing assay steps. in other words various screening

25 assays can be combined to identify antagonists having, for example, a particular activity or to
confirm that an agent that antagonizes mutant SMO m one assay also inhibits hedgehog
signaling in an independent assav. For any assay or method of identification, results may be
compared to one or more appropriate controls, mcluding positive and/or negative controls.

For any of the foregoing assay methods for screening and/or identifving hedgehog

30 pathway inhibitors, agents may be screcned singly or in pools. Agents may be screened from
a library of agents or a set of candidate agents. Suitable agents that mayv be screened inchude,
but are not imited to, antibodies, antibody fragments, peptides, antisense oligonucleotides,

RNA1 and small molecules {e.g., a bromodomain imhibitor}.
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In some embodiments, the cell used in any of the screenimg methods disclosed herein
comprises one or more mutations in a gene that results in an activation or increase hedgehog
signaling. In some embodiments, the one or more nutations are in the patched gene resuliing
in a patched loss of function. In some embodiments, the one or more mutations in the
patched gene result in a mutant gene that encodes a patched protein having one or more of the
following mutations: S616G, 5251, E3R0*, Q853%, W926*, P13875, sp2667, Q501H, 51017,
5108, or A1380V.

In some embodiments, the ong or more mudations in a gene that results in an
activation or increase hedgehog signaling are in smoothened, and the celi has a smoothened
muiation. In some embodiments, the smoothened mutation is a smoothened gain-of-function
mutation. In some embodiments, the gain-of-function smoothencd mutation results ina
constitutively active smoothened protein. See, e.g., WO 2011/028950; WO2012047968 and
WO 2015/120075, cach of which is incorporated by reference.

In some entbodiments, the smoothened protein corprises a mutation at a position
corresponding to position 529 of SEQ ID NO: 1. In some embodiments, the mutation 1s a
(35298 at position 529 or at that corresponding position 1 SEQ 1D NO: 1. In some
embodiments, the smoothened protein comprises a mutation at a position corresponding to
position 529 of SEQ [D NGO: 1, and at [east one additional mutation. In some embodiments,
the additional smoocthened mutation is a muutation at a position corresponding to position 241
of SEQ ID NGO 1, such as a T241M mutation at position 241 or at a position corresponding to
that position of SEQ 1D NO: 1. In some embodiments, the additional smoothened mutation is
a mutation at a position corresponding to position 281 of SEQ 1D NO: 1, such as a W281C
mutation at position 281 or at a position corresponding to that position of SEQID NG 1. In
some embodiments, the additional smoothened mutation 1s a2 mutation at a posttion
corresponding to position 321 of SEQ D NO: 1, such as a V321 M mutation at position 321
or at a position corresponding to that position of SEQ ID NO: 1. In some embodiments, the
additional smoothened mutation is a mutation af a position corresponding to position 408 of
SEQ 1D NO: 1, such as a 1408V mutation at position 408 or at a position corresponding to
that position of SEQ ID NG: 1. In some embodiments, the additional smoocthened mutation is
a mutation at a position corresponding to position 412 of SEQ 1D NO: 1, such as a L412F
mutation at position 412 or at a position corresponding to that posttion sf SEQID NG 1. In
some embodiments, the additional smoothened mutation is a mutation at a position
corresponding to position 459 of SEQ 1D NO: 1, such as a A459V mutation at position 459 or

at a position corresponding to that position of SEQ 1D NO: 1. In some ¢mbodiments, the
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additional smoothened mutation 1s a nuitation at a position corresponding to position 469 of
SEQ ID NO: 1, such as a C469Y mutation at position 469 or at a position corresponding to
that position of SEQ 1D NGO 1. In some embodiments, the additional smoocthened mutation is
a mutation at a position corresponding to position 473 of SEQ ID NO: 1, such as a D473H
mutation at position 473 or at a position corresponding to that position of SEQIDNG: 1. In
some embodiments, the additional smocthened mutation is a mutation at a position
corresponding to position 518 of SEQ 1D NO: 1, such as a E518K or E518A mutation at
position 518 or at a position corresponding to that position of SEQ ID NO: 1. In some
cmbodiments. the additional smoothened mutation is a mutation at a position corresponding
to position 533 of SEQ 1D NO: 1, such as a §533N mutation at position 533 or at a position
corresponding to that position of SEQ 1D NO: 1. In some embodiments, the additional
smoothened mutation is a mutation at a position corresponding to position 535 of SEQ ID
NG: 1, such as a W335L mutation at position 535 or at that corresponding position of SEQ
D NG: 1. In some embodiments, the additional smoothened mutation is a mutation at a
position corresponding 1o position 562 of SEQ 1D NO: 1, such as a R562(Q mutation at
position 562 or at a position corresponding to that position of SEQ IDNO: 1. Insome
cmbodiments, the smoothened murtation has an alternative mutation that renders it resistant to
certam smoothened mhibitors.

In some embodiments, the one or more mutations are in a fedgehog gene and result in
overexpression of a hedgehog protein. In some embodiments, the overexpressed hedgehog
protein is Sonic hedgehog protein. In some embodiments, the overexpressed hedgchog
protein 1s Indian hedgehog protein. In some embodiments, the overexpressed hedgehog
protein is Desert hedgehog protein,

In some embodiments, the one or more mutations are in suppressor-of-fused, and the
cell has suppressor-of-fused (SuFu or SUFU) loss-of-function. In some embodiments, the
results in a logs-of-function in SuFu activity. In some embodiments, the SuFu mutation is i
a medulioblastoma, meningioma, adenocid cystic carcinoma, basal cell carcinoma and
rhabdomyosarcoma cancer cell. In some embodiments, the SuFu mutation is any of the
muiations described in Brugieres et al., 2012, JCO, 30(17).2087-2093, which i3 incorporated
herein in s entirety. In some embodiments, the SuFa mutation is any of the mutations
described 1o Tables 1 or 2 or any of the mutations described in Brogieres et al | 2012, JCO,
30¢1732087-2093 | which 1s incorporated herein m its entirety.

Table 2: Germhine SUFU Mutations
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Age at Histplogic Subtvpe  Asseciated Inheritance  Mutation

Diagngsis Symiptoms of Mutation

of MB

4 years Desmoplastic Developmenial NA Loss of
delay contiguous

genes at 10g

Frontal bossing, IVST—1A—s
hypertelorism T

Na Desmoplastic None NA f431nsA

NA Desmoplastic Meuningioma in NA

radiation feid

8 months MBENM Macrocrania, Inherited ¢. 1022 +
palmar and plantar FG>A
pits

<1 ruonth MBEN Noue Inberited ¢ 72delC

<3 months  MBEN None Inherited ¢.72delC

<1 months  MBEN None Inhented ¢.72insC

6-12 months Desmoplasiic/nodular None Inherited ¢.72insC

<6 months  Desmoplastic/nodular None Inherited ¢.72insC

£2-24 MB NOS None Inherited c.72nsC
months

22 months  Desmoplastic/vodular None NA ¢.846insC

23 months  Desmoplastic/nodular None NA c.1022 +

FG>A

Abbreviatious: MB, medulloblastoma, MBEN, MB with extensive nodularity; NA, not available; NOS,

not otherwise specified.

Table 3. Germhine Pathogenic SUFU Mautations

Exon/intron Type of Nucleotide Change (In - Consequence (In Tumor
Mutation SEQ ID NG: §) SEQID NG 4) Analysis
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Intron 1 Splice — c.182 + 3A>T p. Thrisfs Not
frameshift available
Exon 2 Frameshift  ¢.294 295dupCT p. Tyr99fs Not
available
Intron 2 Splice —s ¢.318-10delT p.Phel(7fs Logs of
frameshift wild-type
allefe
Exon 3 Large ¢.318-7 454+7dup p.GlulGos- UV (e.1022
duplication 7 Gluls2+7dup + 5G>A)
Exon 3 Missense cA22T>( p.Metl4lArg Not
available
Exon 9 Nonsense c. 112301 p.GIn375X Not
available
Exon 9 Frameshift  ¢.1149 1130dupCT p.Cys384fs Loss of
wild-type
allele
Intron 10 Splice —s c.1297-1G>C p.7 Not
frameshitt available

Abbreviation: UV, unknown vanant.

In some embodiments, the Sulu mutation comprises a mutation at a position
corrgsponding to any of the following amino acid positions in SEQ 1D NO: 4: position 15,
184, 123, 295, 187. In certain embodiments, the SuFu mutation comprises any one or more
of: P15L, Q184X RI123C, L2955, or P187L, where the mutation 1s at that position or at the
position corresponding 1o the stated position in SEQ ID NG 4. In some embodiments, the
SuFU mutation is any of the mutations corresponding to ¢.1022+1G>A (IVSE-1G>T),
¢. 72410, ¢.72msC, 143msA, ¢.846msC, or IVSI-1A>T of SEQ ID NO: 5. In some
embodiments, the SuFu mutation 1s any of the mutations described in Taylor et al (2002) Nat

Genet 31:306-310 (e g, IVSE-1G>T (=¢.1022 +1G>A), 1129del, P15L and Ng's two {all
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+LOH}}, Slade et al (2011) Fam Cancer 10:337-342, 2011 {e.2., ¢. 1022 +1G> A ¢ 848msC);
Pastorino ot al {2009} Am J Med Genet A 149A:1539-1543 (e gz, ¢. 1022 +1G>A) Ng et al
(2005) Am J Med Genet A 134:399-403 {e.g., 143insA; IVS1-1A>T); Kyima et al (2012)
Fam Cancer 11; 565-70 {e.g., ¢.350C>T (Q184X)); Aavikko et al (2012) Am J Hum Genet
91: 520-526 {e.g., ¢ 367C>T (R123C)); Stephens et al (20133 § Clin Invest 123 2965-2968
{e.g., x881 88Zins( (L29545)): or Retfenberger et al (2005) Brit | Dermatology 152: 43-51
{e.g., ¢360C>T (PIRTLY).

In some embodiments, the cell s a human cell and has a chromosome 10 duplication
and/or a deletion of a portion of 10q, wherein said portion contains SUFU and PTEN. In
some embodiments, the ccll comprises a Fs1017 SUFU mutation.

In some embodiments, the cell used in any of the screening methods described herem
is a cell in which the hedgehog signaling pathway 1s active. In some embodiments, the cell is
a cell in which the hedgehog signaling pathway is constitutively active. In some
embodiments, the cell is a cell that has been stimulated with hedgehog protein or hedgehog
agonist. In some embodiments, the activity of the hedgehog pathway in a cell 1s determined
by montoring Glil fevels or activity m a Ghi-luciferase reporter assay .

in some embodiments, the cell used 10 any of the screening methods described herein
1s a cell in culture. In some embodiments, the disclosure provides for a method comprising
contacting a culture comprising a phurality of cells. In some embodiments, the cellisina
vertebrate. In some embodiments, the cell is 1n a mammal, and contacting the cell comprises
adnunistering the hedgehog signaling inhibitor to the mammal. In some embodiments, the
mammal is a human subject. In some embodiments, the cell is a cancer cell and/or the
mammal is a mammal diagnosed with cancer. In some embodiments, the cancercell isa
cancer cell selected from the group consisting of) a colon, lung, prostate, skin, blood, liver,
kidney, breast, bladder, bone, brain, medulloblastoma, sarcoma, basal cell carcinoma, gastric,
ovanan, esophageal, pancreatic, or testicular cancer cell. In some embodiments, the cancer
cell 1s a medulioblastoma cell, a basal cell carcinoma cell, or a nevoid basal cell cell
carcinoma cell (Gorlin svadrome cell).

In certain embodiments, once an agent 1s 1dentified as a hedgehog pathway mhibitor,
the agent can then be formulated and further evaluated in a cell or animal-based assay. For
example, the agent can be tested in a cell or amimal-based cancer model to evaluate efficacy

as an anfi~cancer agent.

V1. Methods of Treatment
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In some embodiments, the present disclosure relates to methods of modulating a
differentiation state, survival, and/or proliferation of a cell expressing a smoothened protein
having anv of the smoothened mutations described herein. In some embodiments, the cell is
in a subject (e.g., a human patient). In some embodiments, the cell 15 in culture, and the

5  method comprises an i vifro method. In certain embodiments, the cell 1s a cancer cell. In

certamn embodiments, the cell is characterized by unwanted or abnormal ccll proliferation. In
some embodiments, the cell comprises or has been predetermined to express a smoothened
protein comprising any of the smoothened mutations described herein. In certain
embodiments, the cell has been predetermined to express a smoothened polypeptide

10 comprsing a mutation, relative to wild tvpe human SMO, at an anuno acid corresponding to
529 of SEQ ID NO: 1. In some embodiments, the cell has been predetermined to express a
smoothened polypeptide comprising at least two mutations, wherein at least one of the
mutations is at an amine acid corresponding to amino acid position 329 of SEQ ID NG: 1,
and wherein the polypeptide further comprises a mutation at any one or more of the amino

15 acid positions corresponding to 241, 281, 321, 408, 412, 439, 469, 473, 518, 533 and/or 333
of SEQ ID NG: 1. In some embodiments, the cell expresses a smoothened polypeptide
comprising a 53298 mutation of SEQ 1D NO: 1, and optionally any of the following
substitutions: T241M, W2B1C, V321M, 408V, A459V, C469Y, D473H, E518K, E518A
SS533N, and/or WS35L.

20 In some embodiments, the disclosure provides for a method of reducing hedgehog
signaling in a cell, wherein the cell expresses a smoothened protemn having any of the
smoothened mutations described herein, whercin the cell is responsive to hedgehog protein or
comprises one or more mutations in a hedgehog signaling pathway gene {e.g., a component
of the hedgehog signaling pathway), wherein the one or more mutations results in increased

25 hedgehog signaling and/or activation of the hedgehog signaling pathway in the absence of
ligand, wherein the method comprises the step of contacting the cell with an effective amount
of an agent, wherein the agent is a hedgehog pathway inhibitor. In some embodiments, the
agent 1s a compound that selectively binds and inhibits the mutant smoothened protein. In
some embodiments, the agent inhibits a component of the hedgehog signaling pathway that

30 acts downstream of the mutant smoothened protein in the cell. In other embodiments, the
agent is a bromodomain inhibitor,

in some embodiments, the disclosure provides for a method of treating a subject
having a cancer with an anti-cancer therapeutic agent, wherein said subject comprises and/or

has been determined to express a mutant SMO protein, wherein said mutant SMO protein has
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an aminoe actd other than glvcine at position corresponding to position 529 of SEQ ID NG: 1.
In some embodiments, the disclosure provides for a method of inhibiting hedgehog signaling
in a cell, wherein the cell expresses a mutant SMO protein baving an amino acid other than
glvcine at the position corresponding to position 329 of SEQ ID NO: 1. Insome
5  embodiments, the disclosure provides for a method of diagnosing a subject having a cancer,
comprising the steps of’ a) obtaining a sample from the subject, b) testing said sample for the
presence of a nucleic acid encoding a mautant SMO protein baving an amino acid other than
glveine at the position corresponding to position 529 of SEQ 1D NO: 1, wherem if said
sample comprises said mutant SMO protein, said subject has cancer. In some embodiments,
10 the cancer is a basal cell carcinoma. o some embodiments, the mutant SMO protein has a
serine at the amino acid position corresponding to amino acid position 329 of SEQ ID NO: L.
In some embodiments, the cancer comprises a smoothened protein having an additional
mutation at at least one amino acid position selected from the group of amino acid positions
corresponding to 241, 281, 321, 408, 412, 459, 469, 473, 518, 533 and/or 535 of SEQ ID
15 NO: L
In some embodiments, the disclosure provides for a method of inhibiting unwanied
growth, proliferation or survival of a cell, wherein the cell expresses a smoothened protein
having any of the smoothened mutations described herem, wherein the cell is responsive to
hedgehog protein or comprises one or more matations in a hedgehog signaling pathway gene,
20 wherein the one or more mutations results in increased hedgehog signaling and/or activation
of the hedgehog signaling pathway in the absence of ligand, wherein the method comprises
the step of contacting the cell with an effective amount of an agent, wherein the agentisa
hedgchog pathway inhibitor. In some cmbodiments, the agent is an agent that sclectively
binds and inhibits the mutant smoothened protein. In some crobodiments, the agent mhibiis a
25 component of the hedgehog signaling pathway that acts downstream ot the mutant
smoothened protein in the cell. In some embodiments, the agent is a bromodomain inhibitor.
In some embodiments, the disclosure provides for a method of inhibiting growth,
proliferation or survival of a tumor ccll, wherein the tumor cell expresses a smoothened
protein having any of the smoothened mutations described herein, wherein the cell s
30 responsive to hedgehog protein or comprises one or more mutations in a hedgehog signaling
pathway gene, wherein the one or more mutations results i increased hedgehog signaling
and/or activation of the hedgehog signaling pathway m the absence of higand, wherein the
method comprises the step of contacting the cell with an effective amount of an agent,

wheretn the agent is a hedgehog pathway inhibitor. In some embodiments, the agent is an
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agent that selectively binds and inhibits the mutant smoothened protein. In some
embodiments, the agent irhibits a component of the hedgehog signaling pathway that acts
downstream of the mutant smoothened protein i the cell. In other embodiments, the agent is
a bromodomain inhibitor. In some embodiments, the method comprises admimstering an
agent to a patient i need thereof,

In some embodiments, the cell treated with any of the methods disclosed herein
COMPrises one Of more mutations in a gene that resulis in an activation or increase hedgehog
signaling. In some cmbodiments, the one or more mutations are in the patched gene resuliing
in a patched loss of function. In some embodiments, the one or more mutations in the
patched gene result in a moutant gene that encodes a patched protein having one or more of the
following mutations: 8616G, fs251, E380%, Q853* Waz6*, PI3878, sp2667, Q501H, 51017,
fs108, or A1380V.

In some embodiments, the one or more motations in a geng that results in an
activation or increase hedgehog signaling are in smoothened, and the cell bas a smoothened
mutation. In some embodiments, the smoothened mutation 1s a smoothened gan-of-function
mutation. In some embodiments, the gain-of-function smoothened mutation resuftsin a
constitutively active smoothened protein. See, e.g., WO 2011/028950, W(02012047968 and
WO 2015/120075, each of which 1s mcorporated by reference. In some embodiments, the
smoothened mutation 1s a mutation at the amino acid position corresponding to position 529
of SEQ ID NO: 1, such as 2 85295 mutation at position 529 or a corresponding position of
SEQ D NO: 1. In some embodiments, the SMO protein comprises an amino acid scquence
that s at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
098%, 99% or 100% 1dentical to SEQ 1D NO: 1, provided that there is a substitution at amino
acid position 529, and wherein the protein further comprises at least one additional mutation
at any one or more of the amino acid positions corresponding to 241, 281, 321, 408, 412, 439,
469,473, 518, 533 and/or 535 of SEQ 1D NO: 1. In some embodiments, the SMO protein
comprises an amino acid sequence that s at least 85%, 86%, 87%, 88%, 89%, 90%. 91%,
92%, 93%, 949, 95%, 96%, 97%:, 98%, 99% or 100% identical to SEQ 1D NO: 1, provided
that the amino acid sequence comprises an amino acid other than glyeine (G) at the amimno
acid position corresponding to position 529 of SEQ ID NG: 1, and wherein the amino acid
sequence further comprises any one or more of the following substitutions: T241M, W281C,
V32iM, M08V, A459V, C469Y, D473H, ESIBK, E518A, S533N, and/or WS35L.

In some embodiments, the one or more mutations are in a fedgehog gene and result in

overexpression of a hedgehog protein. In some embodiments, the overexpressed hedgehog
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protein is Sonic hedgehog protein. In some embodiments, the overexpressed hedgehog
protein i1s Indian hedgehog protein. In some embodiments, the overexpressed hedgehog
protein 1s Diesert hedgehog protein.

In some embodiments, the one or more mutations are in suppressor-of-fused, and the
cell has suppressor-of-fused (SuFu or SUFU) loss-of-function. In some embodiments, the
results in a logs-of-function in SuFu activity. Inn some embodiments, the SuFu mutation 15 1n
a medulloblastoma, meningioma, adenoid cystic carcinoma, basal cell carcinoma and
rhabdomyosarcoma cancer cell. In some embodiments, the SuFu mutation is any of the
mutations described in Brugieres etal |, 2012, JCG, 30(17):2087-2093, which is incorporated
herein in its entirety.

in some embodiments, the SuFu mutation is any of the mutations described in Tables
2 or 3 or any of the mutations described m Brugieres et al | 2012 JCO, 30(17):2087-2093 |
which is mcorporated herein in #s entirety.

Table 2: Germline SUFU Mutations

Age at Histologic Subtype  Associated Inheritance Mutation

Diagnosis Svmptoms of Muiation

of MR

4 years Desmoplastic Developmenial NA Loss of
delay contiguous

genes at 10g

Frontal bossing, IVSI—1A-s
hypertelorism T

NA Desmoplastic MNone MNA f431n8A

NA Desmoplastic Meningioma in NA

radiation feid

8 months MBEM Macrocrania, Inherited c.1022 +
palmar and plantar 1G>A
pits

<1 mouth MBEN None Inhierited ¢.72delC

<3 months  MBEN None Inherited ¢.72deiC

<1 months MBEN None Inherited ¢.72insC

6-12 mounths  Desruoplastic/nodular None Inhented ¢.72insC
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<6 months

12-24 MB NOS

months
22 months

23 months

Desmoplastic/nodular

Besmoplastic/nodular

Desmoplastic/nodular

None Inherited
None Inherited
None NA
None NA

PCT/US2017/016226

¢.846ins

c. 1022 +
1G>A

Abbreviations: MB, medulloblastoma, MBEN, MB with extensive nodularity; NA, not available; NOS,

not otherwise specified.

Table 3. Germbine Pathogenic SUFU Mutations

Exon/Intron Type of Nucleotide Change {(In  Consequence {In Tumor
Mutation SEQ ID NG: 5) SEQIDNG 4 Analysis
Intron i Splice —s c.182 + 3A>T p. Thr35fs Not
frameshift available
Exon 2 Frameshift  ¢.294 295dupCT p. Tyrv9fs Not
available
Intron 2 Splice — ¢.318-10delT p.Phel07fs Loss of
frameshift wild-tvpe
allele
Exon 3 Large ¢.318-7 454+7dup p.Glul06- UV (c.1022
duplication T Glul52+%dup +5(G>A)
Exon 3 Migsense c.422T>0G pMetldlAsg Not
available
Exon 9 Nonsense c.1123C>T p.Gln375X Not
available
Exon ¢ Frameshift  ¢.1149 1130dupCT p.Cvs384fs Loss of

wild-tvpe

allele
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Intron 10 Splice — ¢ 1297-1G>C p.7 Not
frameshift available

Abbreviation: UV, unknown variant.

In some embodiments, the SuFo mutation comprises a mutation at a position
corresponding to any of the following amino acid positions in SEQ 1D NO: 4: position 15,
184, 123,295, 187. In certain embodiments, the SuFu mutation comprises any one or more
of: P15L, Q184X R123C, L.295f%, or P187L, where the mutation is at that position or at the
position corresponding to the stated position in SEQ 1D NG: 4. In some embodiments, the
SuFU mutation is any of the mutations corresponding to ¢ 1022+1G>A (IVS8-1G>T),
¢.72delC, ¢.72msC, 143msA, ¢.846msC, or IVSI-1A>T of SEQ ID NG: 5. In some
embodiments, the SuFu mutation is any of the mutations described i Taylor et al (2002) Nat
Genet 31:306-310 (e.g., IVSE-1G>T (= 1022 +1G>A), 1129del, PISL and Ng's two (all
+L0OH)): Slade et al (2011) Fam Cancer 10:337-342, 2011 (e.g., ¢ 1022 +1G>A; ¢.848msC);
Pastorino et al (20093 Am J Med Genet A 149A:1539-1543 {e.g., ¢.1022 +1G>AY, Ng et al
(20053 Am | Med Genet A 134:399-403 {e.g., 143insA; IVS1-1A>T); Kiima et al (2012}
Fam Cancer 11; 565-70 {e.g., ¢.550C>T (Q184X)); Aavikko ¢t al (2012) Am J Hum Genet
01: 520526 {e.g., ¢.367C>T (R123C)); Stephens et al (2013) J Clin Invest 123: 2965-2968
{e.g., x881 882insG (L295{%)); or Reifenberger et al (2005) Brit | Demmatology 152: 43-51
{e.g., cS60C>T (P18TLY).

In some embodiments, the cell is 2 human cell and has a chromosome 10 duplication
and/or a deletion of a portion of 10q, wherein said portion contains SUFU and PTEN. In
some cmbodiments, the cell comprises a Fs1017 SUFU mutation.

In some embodiments, the cell treated with any of the methods described hercinis a
cell in which the hedgehog signaling pathway is active. In some embodiments, the cell is a
cell in which the hedgehog signaling pathway is constitutively active. In some embodiments,
the cell 1s a cell that bas been stimulated with hedgchog protein or hedgehog agonist. In
some embodiments, the activity of the hedgehog pathway in a cell is determined by
momtoring Glil levels or activity in a Gli-luciferase reporter assay.

In some embodiments, the cell treated with any of the methods described hereinis a
cell in culture. In some embodiments, the disclosure provides for a method comprising

contacting a culture comprising a plurality ot cells. In some embodiments, the cell isina

110



WO 2017/136558 PCT/US2017/016226

vertebrate. In some embodiments, the cell is in a mammal, and contacting the cell comprises
administering the hedgehog signaling inhibitor to the mammal. In some embodiments, the
manunal is a human subject. o some embodiments, the cell 1s a cancer cell and/or the
mammal 1s a mammal diagnosed with cancer. In some embodiments, the cancer cell is a

5 cancer cell selected from the group consisting of a colon, hung, prostate, skin, blood, liver,
kidney, breast, bladder, bone, brain, medulloblastoma, sarcoma, basal cell carcinoma, gastrig,
ovanan, esophageal, pancreatic, or testicular cancer cell. In some embodiments, the cancer
cell 1s a medulioblastoma cell, a basal cell carcinoma cell, or a nevoid basal cell celi
carcinoma cell {Gorlin syndrome cell).

10 In some embodiments, the hedgehog pathway mhibitor used 10 anv of the methods
disclosed herein is a polynucieotide molecule that inhibits the expression of any of the mutant
smoothened proteins described herein. In some embodiments, the polvnuclectide molecule s
an antisense cligonuclectide that specifically hybridizes to a nucleic acid encoding any of the
mutant smoothened proteins disclosed herein. In some embodiments, the antiscnse molecule

15 does not hvbrdize to a nucleic acid that encodes a wildtype smoothened protein {e.g., a
nucleic acid that encodes a protein having the sequence of SEQ ID NG: 1), In some
embodiments, the hedgchog pathway inhibitor 1s a RN A1 antagonist that targets the mRNA
transcript encoding any of the mutant smoothened polyvpeptides disclosed hin some
embodiments, the RNA1 antagonist is an siRNA. In some embodiments, the siRNA s 19-23

20 nuclectides in length. In some embodiments, the siRNA is double stranded, and includes
short overhang(s) at one or both ends. In some embodiments, the siRNA targets an mRNA
transcript encoding any of the mutant smoothened polvpeptides disclosed herein. In some
embodiments, the RMNA: or siRNA does not target an mRNA transcript that encodes a
wildtype smoothened protein {e.g., a nucleic acid that encodes a protein having the sequence

25 of SEQID NO: 1). In some embodiments, the RNA1 comprises an shRNA.

In some embodiments, the hedgehog pathway whibttor used i any of the methods
disclosed herein is a small molecule that specifically binds to any of the mutant smoothened
polypeptides described herein. In some embodiments, the small molecule binds to a
polvpeptide that acts downstream of smoothened in the hedgehog signaling pathway. In

30 some embodiments, the small molecule binds to a polypeptide in a pathway distinct from the
hedgehog signaling pathway. In some embodiments, the small molecule is a bromodomain
whibitor. In some embodiments, the bromodomain inhibitor 15 a BRD4 mhibitor. In some
embodiments, the bromodomain inhibitor is any of the bromodomain inhibitors described in

Ciceri et al , 2014, Nature Chemical Biclogy, 10:305-312; Mulleret al |, 2014, Med Chem
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Commun, 5:288-296; Garnier et al | 2014, 24(2):185-199, which are each incorporated herein
in their entirety. In some embodiments, the bromodomain inhibitor is [-BET762, 101, 02,
BRD4 by BI-2536 and TG-101348,

In some embodiments, the hedgehog pathway mhibitor used 1n anv of the methods
disclosed herein is an antibody that specifically binds to any of the mutant smoothened
polypeptides described herein. In some embodiments, the antibody binds to a polypeptide
that acts downstream of smoothened 1n the hedgehog signaling pathway. In some
embodiments, the antibody is a monoclonal antibody.

In some embodiments, the cell contacted with an agent according to any of the
methods described herein is also contacted with an additional inhibitor of the hedgehog
signaling pathway {e.g.. a HPD). In some embodiments, the additional inhibitor of the
hedgehog signaling pathway is a veratrum-type steroidal alkaloid. In some embodiments, the
veratrum-type steroidal alkaloid is cvclopamine, or KAAD-cyclopaming or any functional
derivatives thereof (e.g., IP1-269609 or [PI-926). In some embodiments, the veratrum-type
steroidal atkaloid is jervine, or any functional denvatives thereof. In some embodiments, the
additional mhibitor is vismodegth, sonidegib, BMS-833923, PF-04449913, or LY 2940680, or
any functional denvatives thereof. In some crmbodiments the additional inhibitoris a
smoothened mhibitor chemically unrelated to veratrum alkaloids or vismodegib, mcluding
but not hmited to:; sonidegib, BMS-833923, PF-04449913 LY 2940680, Erivedgs, BMS-
%33023 (X1.319), LDE22S (Erismodegib), PF-04449913, NVP-LDE225, NVP-LE(Q506,
TAK-441, X1L-319, LY 2940680, SEN450, ftraconazole, MRT-10, MRT-83, or PF-
(34449913.). In some embodiments, the additional inhibitor 1s any of the compounds
disclosed in Amakye, et al., Nature Medicine, 19(11):1410-1422 (which is incorporated
herein in its entirety). In some embodiments, the additional inhibitor of the hedgehog
signaling pathway is an antibody. In some embodiments, the antibody is an antibody that
binds, such as specifically binds, hedgehog proteins. In some embodiments, the additional
inhibitor of the hedgehog signaling pathway is an RNAI antagonist.

Subjects in need of treatment or diagnosis mclude those already with aberrant
hedgehog signaling as well as those prone to having or those in whom aberrant hedgehosg
signaling is to be prevented. For example, a subject or mammal s successfully "treated" for
aberrant hedgehog signaling if, according to the method of the present disclosure, after
receiving a hedgehog pathway inhibitor, the patient shows observable and/or measurable
reduction in or absence of one or more of the following: reduction in the number of tumor

cells or absence of such cells; reduction in the tumor size; inhibition (i.¢., slow to some extent
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and, in some embodiments, stop) of tumor cell infiltration into peripheral organs including
the spread of cancer into soft tissue and bone; inhibition (i.¢., slow to some extent and, in
some embodiments, stop) of tumor metastasis; inhibition, to some exient, of tumor growth;
and/or relief to some exient, of one or more of the symptoms associated with the specific
5  cancer; reduced morbidity and mortality, and improvement in quality of life issues. To the
extent such hedgchog pathway mhibitors may prevent growth and/or kill existing cancer cells,
it may be cytostatic and/or cyvtotoxic. Reduction of these signs or symptoms may also be felt
by the patient. Additionally, successtul exposure to the hedgehog pathway mhibitor
{particularly in cases where no tumor response is measurable} can be monitored by Glil
10 expression either in skin punch biopsies or hair follicles (as done for vismodegib).
In certain embodiments, the subject treated with any of the hedgehog pathway
inhibitors disclosed herein expresses a mutant smoothened protein that 1s resistant {o
vismodegib. In some embodiments, the subject expresses a smoothened protein comprising
any of the smoothened mutations described herein. In cortain crabodiments the subiect
15 expresses a smoothened polypeptide comprising a mutation at an amino acid corresponding
1o 529 of SEQ 12 NG: 1. In some embodiments the subject expresses a smoothened
polypeptide comprising a mutation at an amino acid corresponding to G5298 of SEQ D NO:
1. Tn some embodiments, the subject expresses a smoothened polypeptide comprising a
mutation at an amino acid corresponding to 529 of SEQ 1D NGO 1, wherein the polypeptide
20 further comprises at ieast one additional mutation at any one or more of the aming acid
positions corresponding to 241, 281, 321, 408, 412, 459, 469, 473, 518, 533 and/or 535 of
SEQ ID NO: 1. In some embodiments, the subject expresses a smoothened polypeptide
comprising a G3295 mutation of SEQ 1D NO: 1, and wherein the polypeptide further
comprises anv onc or more of the following substitutions: T241M, W281C, V321M, 1408V,
25 A4S9V, C469Y, D4T3H, ESISK, ES18A, S533N, and/or W333L. In some embodiments,
prior to being treated with any of the treatment methods described herem, the subject has
been determuined to express a smoothenad protein comprising any of the smoothened
mutations described herein. In certamn embodiments, prior to being treated with any of the
treatment methods described herein, the subject has been determined to express a smoothened
30 polvpeptide comprising a mutation at an amino acid corresponding to 329 of SEQ ID NG: L.
In some embodiments, piior to being treated with any of the treatment methods described
herein, the subject has been determined to express a smoothened polypeptide comprising a
mutation at an amino acid corresponding to 65295 of SEQ D NO: 1. In some embodiments,

prior to being treated with any of the treatment methods described herein, the subject has
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been determined to express a smoothened polypeptide comprising a mutation at an aning
acid corresponding to 529 of SEQ 1D NG: 1, wherein the polypeptide further comprises at
least one additional mutation at any one or more of the amino acid positions corresponding to
241, 281,321, 408, 412, 459, 469, 473, 518, 533 and/or 535 of SEGIDNG: 1. Insome

5  embodiments, prior to being treated with any of the treatment methods descnibed herein, the
subject has been determined to express a smoothened polyvpeptide comprising a G5298
mutation of SEQ 1D NO: 1, wherein the polvpeptide further comprises any one or more of the
following substitutions: T241M, W281C, V321M, 408V, A459V, C469Y, D473H, ESI8K,
E518A, 8333N, and/or W535L.

10 The above parameters for assessing successful treatment and improvement in the
disease are readily measurable by routine procedures fanuliar {o a physician. For cancer
therapy, efficacy can be measured, for example, by assessing the time to disease progression
(TTP) and/or determining the response rate (RR). Matastasis can be determined by staging
tests and tests for calcium level and other enzymes to determine the extent of metastasis. CT

15 scans can also be done to look for spread to regions outside of the tumor or cancer. The
disclosure described herein relating to the process of prognosing, diagnosing and/or treating
involves the determination and cvaluation of, for example, Ghil expression.

"Mammal" tfor purposes of the treatment of, alleviating the symptoms of or diagnosis
of a disease (e.g., cancer) refers to any animal classified as a mammal, including humans,

20 domestic and farm animals, and zoo, sports, or pet animals, such ag dogs, cats, cattle, horses,
sheep, pigs, goats, rabbits, ferrets, etc. In some embodiments, the mammal 15 human, In
some embodiments, the mammal is post-natal. In some embodiments, the mammal s
pediatric. In some cmbodiments. the mammal is adult.

Administration "in combination with" one or more further therapeutic agents includes

25 simwltaneous {concurrent) and consecutive admunistration in any order,

In certain embodiments, a hedgehog pathway mhibitor s used in the treatment of a
cancer seiected from anv of the cancers described herein or a cancer in which one or more
cells of a tumor comprises a mutation in a hedgehog pathway component, such as any of the
muiations described herein. It should be generally appreciated and is specifically noted

30 herein that tumors comprise cells that may have a level of heterogeneity. Accordingly, not all
cells in a tumor necessarily comprise a particular deleterious mutation. Accordingly, the
disclosure contemplates methods in which a cancer or tumor bemg treated comprises cells
having a mutation in a component of the hedgehog pathway, such as any of the mutations

described herein, even if such a mutation 1s not present in every cell of the tumor.
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It 1 further contemplated that use of hedgehog pathway inhibitors may be specifically
targeted to disorders where the affected tissue and/or cells exhibit high hedgehog pathway
activation. Expression of Gli genes activated by the hedgehog signaling pathway, including
Gl and GNi2, most consistently correlate with hedgehog signaling across a wide range or
tissues and disorders, while Ghi3 is somewhat less so. The G/ genes encode transcription
factors that activate expression of many genes needed to elicit the full effects of hedgehog
signaling. However, the Gli3 transcription factors can also act as a repressor of hedgehog
cffector genes, and therefore, expression of Ghi3 can cause a decreased effect of the hedgehog
signaling pathway. Whether Gli3 acts as a transcriptional activaior or repressor depends on
post-iranslational cvents, and therefore it is expected that methods for detecting the activating
form {versus the repressing torm) of GIi3 protein {such as westermn blotting) would aiso be a
reliable measure of hedgehog pathway activation. The Glil gene is strongly expressed ina
wide array of cancers, hyperplasias and immature lungs, and serves as a marker for the
relative activation of the hedgehog pathway. In addition, tissues such as immature lung, that
have high Ghi gene expression, are strongly affected by hedgehog inhibitors. Accordingly, it
is contemplated that the detection of Gli gene expression may be used as a powerful
predictive ool to identity tissucs and disorders that will particularlv benefit from treatment
with g hedgehog antagonist. In some embodiments, Ghil expression levels are detected,
either by direct detection of the transcript or by detection of protein levels or activity.
Transcripts may be detected using any of a wide range of techniques that depend primarily on
hybridization or probes 1o the Glil transcrpts or to ¢DINAs synthesized thercfrom. Well
known techniques include Northern blotting, reverse-transeriptase PCR and microarray
analvsis of transcnpt levels. Methods for detecting Gli protein levels include Western
blotting, immunoprecipitation, two-dimensional polvacrviamide gel electrophoresis (2D
SDS- PAGE - in some embodiments compared against a standard wherein the position of the
Gli proteins has been determined), and mass spectroscopy. Mass spectroscopy may be
coupled with a series of purification steps to allow high-throughput identification of many
different protein levels in a particular sample. Mass speciroscopy and 2D SDS-PAGE can
also be used o identify post-transcriptional modifications to proteins imcluding proteolviic
events, ubiquitination, phosphorylation, lipid modification, etc. Gl activity may also be
assessed by analvzing binding to substrate DNA or in vitro transcriptional activation of target
promoters. Gel shift assay, DNA footprinting assayvs and DMNA-protein crosslinking assays

are all methods that may be used to assess the presence of a protein capable of binding to GU
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binding sites on DNA . J Mol Med 77(6):459-68 (1999}, Cell 100(4): 423-34 (2000);
Development 127(19): 4923-4301 (20003,

Because Glil is so ubiquitously expressed duning hedgehog activation, any degree of
(Glil overexpression should be useful in deternmining that a hedgehog pathway intubitor will
be an effective therapeutic. In some embodiments, Gl should be expressed at a level at
feast twice as high as in a normal control cell/tissus/subject. In some embodiments, Glil
oxpression is four, six, eight or ten times as high as in a normal cell/tissue/subject.

In certain embodiments, Gl transcript levels are measured, and diseased or
disordered tissues showing abnormally hugh Glil levels are treated with a hedgehog pathway
inhibitor. In other embodiments, the condition being treated 1s known to have a significant
correlation with aberrant activation of the hedgehog pathway, even though a measurement of
Glil expression levels 1s not made mn the tissue being treated. Premature lung tissue, lung
cancers {e.g., adeno carcinomas, bronco-alveolar adenocarcinoma, small cell carcinomas),
breast cancers {¢.g., inferior ductal carcinomas, inferior lobular carcinomas, tubular
carcinomas}, prostate cancers {¢.g., adenocarcinomas), and benign prostatic hyperplasias all
show strongly elevated Glil expression levels m certain cases. Accordingly, Glil expression
levels are a powerful diagnostic device to deternune which of these tissues should be treated
with a Hedgehog pathwav inhibitor. In addition, there is substantial correlative evidence that
cancers of the urothelial cells {e g, bladder cancer, other urogenital cancers) will also have
clevated gli-l levels in certain cases. For example, it is known that loss of heterozvgosity on
chromosome 9922 is common in bladder cancers. The Pichl genc is located at this position
and Ptehl loss of function is probably a partial cause of hyperproliferation, as in many other
cancer types. Accordingly, such cancers would also show high Glil expression and would be
particularly amenable to treatment with a hedachog antagonist.

In certain embodiments, any of the hedgehog pathway inhibitors described herein are
used for treating a subject having a tumor having a ptch-1 and/or pteh-2 mutation e.g, a
patched-1 or patched-2 loss of function mutation. Expression of ptch-1 and pteh-2 is also
activated by the hedgehog signaling pathway, but not typically to the same extent as ghi genes,
and as a result are inferior to the ghi genes as markers of hedgehog pathway activation. In
certain tissues, only one of pich-1 or ptch-2 1s expressed although the hedgehog pathway is
highly active. For example, in testicular development, desert hedgehog plays an important
roie and the hedgehog pathway s activated, but only pic-2 1s expressed. Accordingly, these

genes may be mdividually voreliable as markers for hedgehog pathway activation, although
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simultangous measurement of both genes 1s contemplated as a more useful mdicator for
tissues to be treated with a hedgehog antagonist,
in light of the broad invelvement of hedgehog signaling o the formation of ordered
spatial arrangements of differentiated tissucs in vertebrates, the hedgehog pathway inhibitors
5  ofthe present disclosure could be used in a process for generating and/or maintaining an
array of different vertebrate tissue both 1o vitro and in vive. The Hedgehog pathway inhibitor,
can be, as appropniate, any of the preparations described above.
In some embodiments, the hedgehog pathway inhibitors can be used as part of a
treatment regimen for malignant medulloblastoma and other primary CNS malignant
10 neuroectodermal tumors. Medulloblastoma, a primary brain tumor, is the most commeon
brain tumor n children. A medulloblastoma is a pamitive neuroectodermal (PNET) tumor
arising in the posterior fossa. They account for approximately 25% of all pediatric brain
tomors. Histologically, thev are small round cell tumors commoniy arranged in a true rosctie,
but may display some differentiation to astrocvies, ependymal cells or neurons. PNETs may
15 anse in other areas of the brain including the pineal gland (pineoblastoma} and cercbrum.
Those arising 1 the supratentorial region generally have a worsened prognosis.

Medulloblastom/PNETs are known to recur anywhere in the CNS after resection, and
can cven metastasize to bone. Pretreatment evaluation should therefore mclude and
examination of the spinal cord to exclude the possibility of "dropped metastases”.

20 Gadolinium-enhanced MRI has largely replaced myelography for this purpose, and CSF
cvtolozy is obtained postoperatively as a routine procedure.

In some embodiments, the hedgehog pathway inhibitors are used as part of a
treatment program for ependvmomas. Ependymomoas account for approximately 10% of the
pediatric brain tumors in children. Grossly, they are tumors that arise from the ependymal

25 hmng of the ventricles and microscopically form rosettes, canals, and perivascular roseties.
In the CHOP scries of 51 children reported with epenvmomas, % were histologically benign,
approximately 2/3 arose from the region of the 4™ ventricule, and one third presented in the
supratentorial region. Age at presentation peaks between birth and 4 years. The median age
i3 about 5 vears. Because so many children with this disease are babies, thev often require

30 multimodal therapy.

In some embodiments, the hedgehog pathway inhibitors of the present disclosure,
based on the mvolvement of hedgehog signaling 1o various tumors, or expression of
hedgehog or its receptors m such tissues dunng development, can be used to mmhibit growth of

a tumor having dysregulated hedgehog activity. Such tumors inclode, but are not hmited to:
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tumors related to Gorhin's syndrome (6. g., medulloblastoma, meningioma, etc ), tumors
associated with a ptch mutation {¢.g.. hemangiona, rhabdomyosarcoma, ete. ), umors
resulting from Glil amplification {e.g., glioblastoma, sarcoma, ¢ic.}, tumors resulting from
Smo dystunction {¢.g., basal cell carcinoma, ete.), tumors connected with TRCS, apic

5  homolog (¢.g., renal carcinoma, thyroid carcinoma, etc ), Ext-1 related tumors {e.g., bone
caneer, ote.), Sfx-induced tumors {e.g., lung cancer, chondrosarcomas, ete.), tumors
overexpressing a hedgehog protein, and other tumors {¢.g., breast cancer, urogenital cancer
{¢.g.,, kidnev, bladder, ureter, prostate, ¢tc.), adrenal cancer, gastrointestinal cancer (e.g.,
stomach, intesting, ctc ).

10 in some embodinments, the hedgehog pathway inhibitors of the present disclosure may
also be used to treat several forms of cancer. These cancers include, but are not limited to:
prostate cancer, bladder cancer, hing cancer {(including small cell and non-small cell), colon
cancer, kidney cancer, biver cancer, breast cancer, cervical cancer, endometnial or other
utering cancer, ovarian cancer, testicular cancer, cancer of the penis, cancer of the vagina,

15 cancer of the urethra, gall bladder cancer, esophageal cancer, or pancreatic cancer.
Additional cancer types include cancer of skeletal or smooth muscle, stomach cancer, cancer
of the small intestine, cancer of the salivary gland, anal cancer, rectal cancer, thyroid cancer,
parathyroid cancer, pitaitary cancer, and nasopharyngeal cancer. Further exemplary forms of
cancer which can be treated with the hedgehog antagonists of the present disclosure include

20 cancers comprising hedgehog expressing cells. Stll further exemplary forms of cancer which
can be treated with the hedgehog antagonists of the present disclosure include cancers
comprising Gl expressing cells. In one embodiment, the cancer is not characterized by a
mutation in patched-1. In some embodiments, the cancer is characterized by a smoothened
and/or SuFu mutation.

25 In certain embodiments, the hedgehog pathway inhibitors may be used to treat a
subject having basal cell carcinoma. In particular embodiments, the basal cell carcinoma is
nevoid basal cell carcinoma. In particular embodiments, the subject has Gorlin’s Syndrome.

The foregoing are merely exemplary of in vitro and in vivo uses for hedgehog
pathway nhibitors of the disclosure. Hedgehog pathway mhibitors are alse suttable for use

30 i identifying natural targets or binding partners for mutant smoothened proteins {e.g., a
smoothened protein having a 5298 mutation, alone or in combination with any one or more
of T241M, W281C, V321M, 1408V, Ad59V, C469Y, D473H, ESIBK, ESISA S533N, and/or

W335L mutations), to study mutant smoothened bioactivity, to punfy mutant smoothened
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and its binding partners from vartous cells and tissaes, and to identify additional components
of the hedgehog signaling pathway.
in certain embodiments, the hedgebog pathway inhibitor is any of the antibodics
disclosed. An antibody of the disciosure may be used in, for example, in vifro, ex vive, and in
5  vive therapeutic methods. In one aspect, the disclosure provides methods for treating cancer,
inhibiting uawanted cellular proliferation, nhibiting metastasis of cancer and inducing
apoptosis of tumor cells either in vive or in vitro, the method comprising exposing a ccll to an
antibody of the disclosure under conditions permissive for binding of the antibody to mutant
SMO. In certain embodiments, the cell is a myclogenous leukemia cell, a lung cancercell, a
10 gastric cancer cell, a breast cancer cell, a prostate cancer cell, a renal cell cancer cell, and a
gliobiastoma cell. In one embodiment, an antibody of the disclosure can be used for
inhibiting an activity of mutant SMO, the method comprising exposing mutant SMO to an
antibody of the disclosure such that the activity of mutant SMO is inhibited.
In one aspect, the disclosure provides methods for treating cancer comprising
15 admunistering to an ndividual an effective amount of an antibody of the disclosure. In
certain embodiments. a method for treating cancer comprises administering to an individual
an effective amount of a pharmaceutical formulation comprising an antibody of the disclosure
and, optionally, at least one additional therapeutic agent, such as those provided below.
Antibodies of the disclosure can be used either alone or in combmation with other
20 compositions in atherapy. For instance, an antibody of the disclosure may be co-
adnunistered with at Jeast one additional therapeutic agent and/or adjuvant. In certain
embodiments, an additional therapeutic agent is an anti-VEGF antibody.
Such combination therapies noted above encompass combined administration (where
two or more therapeutic agents are included in the same or separate forrmaulations), and
2% separate administration, m which case, administration of the antibody of the disclosure can
occur prior to, simugltancously, and/or following, admmistration of the additional therapeutic
agent and/or adjuvant. Antibodies of the disclosure can also be used in combination with
radiation therapy.
In one embodiment, an antibody of the disclosure is used in a method for binding
30 mutant SMO i an individual suffering from a disorder associated with increased mutant
SMO expression and/or activity, the method comprising administering to the individeal the
antibody such that mutant SMO in the individual 1s bound. In one embodiment, the mutant

SMQ is human mutant SMO, and the individual is human.
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An antibody of the disclosure (and any additional therapeutic agent or adjuvant) can
be administered by any suitable means, inchuding parenteral, subcutaneous, intraperitoneal,
intrapulmonary, and intranasal, and, if desired for local treatment, 1ntralesional administration.
Parenteral infusions include mtramuscular, intravenous, mtraarterial, intraperitoneal, or

5  subcutancous admunistration. In addition, the antibody 1s suitably administered by pulse
infusion, particolarly with declining doses of the antibody. Dosing can be by any suitable
route, €.g. by injections, such as intravenous or subcutancous wjections, depending m part on
whether the administration is brief or chronic,

The location of the binding target of an antibody of the disclosure may be taken into

10 consideration in preparation and administration of the antibody. When the binding target is
an intracelular molecule, certain embodiments of the disclosure provide for the antibody or
antigen-binding fragment thereof to be introduced into the cell where the binding target is
focated. In one embodiment, an antibody of the disclosure can be expressed intracellularly as
an intrabody. The term “mntrabody,” as used herein, refers to an antibody or antigen-binding

15 portion thereof that 1s expressed intracelivlarly and that is capable of selectively binding to a
target molecule, as described, e.g., in Marasco, Gene Therapy 4: 11-15 (1997); Kontermann,
Methods 34; 163-170 (2004); U8, Patent Nos. 6,004,940 and 6,329,173, U.S. Patent
Application Publication No. 2003/0104402, and PCT Publication No. WO2003/077945. See
also, for example, W0O96/07321 published March 14, 1996, concerning the use of gene

20 therapy to gencrate intracellular antibodies.

Intracellular expression of an intrabody may be effected by ntroducing a nucleic acid
encoding the desired antibody or antigen-binding portion thereof (lacking the wild-type
leader sequence and secretory signals normally associated with the gene encoding that
antibody or antigen-binding fragment) mio a target cell. One or more nucleic acids encoding

25 all or a portion of an antibody of the disclosure can be delivered to a target cell, such that one
or more intrabodies are expressed which are capable of binding to an intracellular target
polypeptide and modulating the activity of the target polypeptide. Any standard method of
introducing nucleic acids into a cell may be used, including, but not limited to, microinjection,
ballistic mjection, electroporation, calcium phosphate precipitation, liposomes, and

30 mansfection with retroviral, adenoviral, adenc-associated viral and vaccinia vectors carrving
the nucleic acid into a cell.

In certain embodiments, nucleic acid {optionally contained in a vector) may be
introduced into a patient’s cells by i vivo and ex vive methods. In one example of in vive

delivery, nacleic acid is mjected directly into the patient, e.g., at the site where therapeutic
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mtervention is required. In a further example of in vive delivery, nacleie acid 1s introduced
into a cell usimg transfection with viral vectors (such as adenovirus, Herpes simplex  virus,
or adeno-associated virus) and lipid-based systems {uscful lipids for bipid-mediated transfer
ot the gene are DOTMA, DOPE and DC-Chol, for example). For review of certain gene
marking and genc therapy protocols, see Anderson ef of., Science 256:808-813 (1992), and
WO 93/25673 and the references cited therein. In an example of ex vive treatment. a patient’s
cells are removed, nucleie acid 1s introduced 1o those 1sodated cells, and the modified cells
are administered to the patient either directly or, for example, encapsulated within porous
membranes which are implanted into the patient {sce, e.g.. U.S. Patent Nos. 4,892 538 and
5.283.187). A commonly used vector for ex vivo delivery of a nucleic acid is a retroviral
veotor.

In another embodiment, internalizing antibodies are provided. Antibodies can possess
certain characteristics that enhance delivery of antibodies imnto cells, or can be modified o
possess such characteristics. Techniques for achieving this are known in the art. For
example, cationization of an antibody 18 known to facilitate its uptake mto cells (see, e.g, US.
Patent No. 6,703,019}, Lipofections or Eposomes can also be used to deliver the antibody
into cells. Where antibody fragments arc used, the smallest inhibitory fragment that
specifically binds to the target protein may be advantageous. For example, based upon the
variable-region sequences of an antibody, peptide molecules can be designed that retain the
ability to hind the target protein sequence. Such peptides can be synthesized chemically
and/or produced by recombinant DNA technology. See, e.g., Marasco ef al., Froc. Nati,
Acad. Sci. USA, 90: 7889-7893 (1993).

Entry of antibodics into target cells can be enhanced by other methods known in the
art. For example, certain sequences, such as those derived from HIV Tat or the Antennapedia
homeodomain protein are able to direct efficient uptake of heterologous protems across cell
membrancs. See, e.g., Chen er al., Proc. Natl Acad. Sci. USA (1999}, 96:4325-4329,

When the binding target of an antibody is located in the brain, certain embodiments of
the disclosure provide for the antibody to traverse the blood-brain barrier. Several art-known
approaches exist for transporting molecules across the blood-bramn barmer, ncluding, but not
limited to, physical methods, lipid-based methods, stem cell-based methods, and receptor and
channel-based methods.

Physical methods of transporting an antibody across the blood-brain barrier mclude,
but are not limited to, circumventing the blood-brain barrier entirely, or by creating opemings

in the blood-brain barner. Circumvention methods include, but are not limited to, direct
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tmjection into the brain (see, e.g., Papanastassiou ef al., Gene Therapy 9. 398-406 (2002)),
interstitial infusion/convection-enhanced delivery {see, e.g., Bobo et af., Proc. Natl dcad Sci.
{/SA 91: 2076-2080 (1994)), and implanting a delivery device in the brain (sec, e.g., Gill ef
al., Nature Med. 9. 589-595 (2003); and Ghadel Wafers™, Guildford Pharmaceutical).
Methods of creating openimgs i the barrier include, but are not imited to, ultrasound (see,
e.g.. U.S. Patent Publication No. 2002/0038086), osmotic pressuie {e.g., by administration of
hypertonic mannitol (Neuwelt, E. A | Implication of the Blood-Brain Barrier and its
Manipulation, Vols 1 & 2, Plenum Press, NY . (1989}, permeabilization by, ¢.2., bradvkinin
or permeabilizer A-7 (see, e.g., U.S. Patent Nos. 5,112,596, 5,268 164, 5,506,206, and
3,686,416}, and transfection of neurons that straddle the blood-brain barrer with vectors
containing genes encoding the antibody (see, e.g., U.S. Patent Publication No. 2003/0083299).

Lipid-based methods of transporting an antibody across the blood-brain barrier
include, but are not hmited to, encapsulating the antibody in liposomes that are coupled to
antibody binding fragments that bind to receptors on the vascular endothelium of the blood-
brain barrier (see, e.g., U.S. Patent Application Publication No. 20020025313), and coating
the antibody in low-density lipoprotein particles (sec, e.g.. U.S. Patent Application
Publication No. 20040204354) or apolipoproten E (sec, e.g., U.S. Patent Application
Publication No. 20040131692).

Stem-cell based methods of transporting an antibody across the blood-bram barrier
entail genctically engineering neural progenitor cells (NPCs) to express the antibody of
mterest and then implanting the stem cells into the brain of the individual to be treated. See
Behrstock er al. (2005} Gene Ther. 15 Diec. 2003 advanced online publication (reporting that
NP{s genetically enginecred to express the neurotrophic facior GBNF reduced symptoms of
Parkinson disease when implanted into the brains of rodent and primate models).

Receptor and channcl-based methods of transporting an antibody across the blood-
brain barrier include, but are not limited to, using glacocorticoid blockers to increase
permeability of the blocd-brain barrier {see, e.g, U.S. Patent Application Publication Nos.
2002/0065259, 2003/0162695, and 2005/0124533); activating potassium channels (see, e.g.,
U.S. Patent Application Publication No. 2005/0089473), mmhibiting ABC drug transporters
(see, e.2., U .S, Patent Application Publication No. 2003/0073713); coating antibodies with a
transferrin and modelating activity of the one or more transferrin receptors (see, e.g., US.
Patent Application Publication No. 2003/0129186), and catiomzing the antibodies (sce, e.g

U.S. Patent No. 5,004,697,

122



WO 2017/136558 PCT/US2017/016226

Antibodies of the disclosure would be fornmdated, dosed, and admimsicred m a
fashion consistent with good medical practice. Factors for consideration in this context
inchude the particular disorder being treated, the particular mammal being treated, the chinical
condition ot the individual patient, the cause of the disorder, the site of delivery of the agent,

5  the method of administration, the scheduling of administration, and other factors known to
medical practitioners. The antibody need not be, but is optionally formulated with one or
more agents currently used to prevent or treat the disorder o question. The effective amount
of such other agents depends on the amount of antibody present in the formulation, the type
of disorder or treatment, and other factors discussed above. These are generally used in the

10 same dosages and with admunistration routes as described herein, or about from 1 to 99% of

the dosages described herein, or in any dosage and by any route that 1s empirically/chinically
determined to be appropriate.

For the prevention or treatment of disease, the appropriate dosage of an antibody of
the disclosure (when used alone or in combination with one or more other additional

15 therapeutic agents) will depend on the tvpe of disease to be treated, the tvpe of antibody, the

severity and course of the disease, whether the antibody is administered for preventive or
therapeutic purposes, previous therapy, the patient’s clinical historv and response to the
antibody, and the discretion of the attending physician. The antibody 1s suitably administered
to the patient at one time or over a series of treatments. Depending on the type and severity

20 ofthe discase, about 1 pg/kg to 15 mg/kg {e.g. 0.1mg/keg-10mg/kg) of antibody can be an

nitial candidate dosage for admimstration to the patient, whether, for example, by one or
more separate admimstrations, or by continpous infusion. One typical daily dosage might
range from about 1 pg/kg to 100 me/kyg or more, depending on the factors mentioned above.
For repeated administrations over several days or longer, depending on the condition, the

25 treatment would generally be sustained until a desired suppression of disease sympioms

occurs. One exemplary dosage of the antibody would be i the range from about 0.05 mg/kg
to about 10 mg/kg. Thas, one or more doses of about 0.5 me/kg, 2.0 mg/kg, 4.0 mg/kg or 10
mg/kg (or anv combination thercof) may be administered to the patient. Such doses may be
adminisiered intermittently, e.g. every week or every three weeks {e.2. such that the patient

30 receives from about two to about twenty, or e.g. about six doses of the antibody). An initial

higher loading dose, followed by one or more lower doses mayv be administered. An
exemplary dosing regimen comprises administering an imitial loading dose of about 4 mg/ke,

followed by a weekly maintenance dose of about 2 mg/kg of the antibody. However, other
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dosage regimens may be useful. The progress of this therapy s eastly monitored by
conventional techniques and assays.
it is understood that any of the above therapeutic methods may be carried out using an

mmunoconjugate of the disclosure 1n place of or m addition o an anti-mutant SMO antibody.

5
Vi. Pharmaceutical Formulations
In some embodiments, any of the hedgehog pathway mbibitors described herein or
hedgehog pathway inhibitors in accordance with the disclosure may be formulated in a
pharmaceutical composition.
10 Pharmaceutical compositions of the hedgebog pathway mnhibitors used in accordance

with the present disclosure may be prepared for storage by mixing the agent(s) having the
desired degree of purity with optional pharmaceutically acceptable carmiers, excipients or
stabilizers {Remington: The Science of Practice of Pharmacy. 20th edition, Gennaro, A, ¢t al |
Ed., Philadelphia College of Pharmacy and Science (2000)), in the form of lyophilized

15 formulations or agueous solutions. Acceptable carriers, excipients, or stabihizers are nonfoxic
to recipiends at the dosages and concentrations employed, and include buffers such as acetate,
Tris, phosphate, citrate, and other organic acids; antioxidants including ascorbic acid and
methioning; preservatives (such as octadecyldimethyibenzyl ammonium chloride;
hexamethoniom chlonde; benzalkonnum chloride, benzethonmiom chloride; phenol, butvl or

20 benzyi alcchol; alkyl parabens such as methyl or propy! paraben; catechol; resorcinol;
cvclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues)
polvpeptides; proteins, such as serum albamin, gelatin, or immunoglobuling; hydrophilic
polviners such as polyvinylpyrrolidone: amino acids such as glycine, ghutamine, asparagine,
histidine, arginine, or {vsing; monosaccharnides, disaccharides, and other carbohydrates

25 wmcluding glucose, mannose, or dextring; chelating agents such as EDTA . tonicitiers such as
trehalose and sodium chloride; sugars such as sucrose, mannitol, trehalose or sorbitol;
surfactant such as polysorbate; sakt-forming counter-ions such as sodivim; metal complexes

{c.g.. Zn-protein complexes); and/or non-ionic surfactants such as TWEENY, PLURONICS®
or polvethylene glveol (PEG).

30 In some embodiments, any of the formulations of hedgehog pathway inhibitors in
accordance with the present disclosure and/or described herein may also contain more than
one active compound as necessary for the particular indication being treated, in some
embodiments, those with complementary activities that do not adversely affect each other. It

should be recognized that, in certain embodiments, a hedgehog pathway irhibitor and a
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second active agent are formulated together {e.g., a formulation or composition contains both
agents). In other embodiments, the two {or more) active agents are formulated s¢parately
such that the separate formulations can be marketed, sold. stored, and used together or
separately. When formulated separately, the disclosure contemplates that they can be

5  administered at the same or differing times and, in certain embodiments, may be combined
and administered simultancously.

For example, in addition 1o the preceding therapeutic agent(s), it may be desirable to
include in the formulation, an addittonal antibody, e.g., a second such therapoutic agent, or an
antibody to some other target {e.g., a growth factor that affects the growth of a tumor). In

10 some embodiments, it may be desirable to include m the formulation a hedgehog inhibitor
(e.g., robotkinin). Altematively, or additionally, the composition may further comprise a
chemotherapeutic agent, cyictoxic agent, cvicking, growth mhibitory agent, anti- hormonal
agent, and/or cardioprotectant. Such molecules are suitably present in combination in
amounts that are effective for the purpose mtended. In some embodiments, the additional

15 active compound 1s a steroidal alkaloid. In some embodiments, the steroidal alkaloid is
cvelopamine, or KAAD-cyclopamine or jervine or anv functional derivative thereof {e. g,
IP1-269609 or 1P1-926). In some embodiments, the additional active compound is
vismodegib, sonidegib, BMS-833923, PF-04449913, or LY 2940680 or any derivative thereof,
In some embodiments, the additional active compound is any of the compounds disclosed in

20 Amakyve, ¢t al., Natare Medicing, 19(11):1410-1422 (whicht is mcorporated herein in its
entirety}. In some embodiments the additional active compound is another smoothened
inhibitor chenucally unrelated to veratrum alkaloids or vismodegib, inchuding but not limited
to: Erivedge, BMS-833923 (XL319), LDE225 (Erismodegib), PF-04449913, NVP-LDE225,
NVP-LEQ506, TAK-441, X1.-319, LY-2940680, SEN450, ltraconazole, MRT-10, MRT-83,

25 or PF-04449913). As noted above, the disclosure contemplates formulations in which a
second active agent 1s formulated together with a hedgehog pathway inhibitor (e.g., as a
single formmulation compnsing two active agents}, as well as embodiments in which the two
active agents are present in two separate formulations or compositions.

In some embodiments, any of the hedgehog pathway inlubitors of the disclosure, such

30 as those described herein, may also be entrapped i microcapsules prepared, for example, by
coacervation technigques or by interfacial polymenzation, for example,
hydroxymethyicellulose or gelatin-microcapsuies and poly-(methvimethacylate)
microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes,

albumin microspheres, microemulsions, nans-particles and nanocapsules) or in
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macroemelsions. Such techmigues are disclosed in Remington: The Science and Practice of
Pharmacy, supra.
in some embodiments, any of the hedgehog pathway inhibitors of the disclosure are
formulated in sustained-release preparations. Suitable examples of sustained- release
5  preparations mchide semi-permeable matrices of solid hydrophobic polvmers containing the
antibody, which matrices arc in the form of shaped articles, ¢.g., films, or microcapsules.
Exaraples of sustained-release matrices melude polvesters, hydrogels (for example, polv(Z-
hydroxyethyl-methacrylate}, or polv{vinyvlalcohol}}, polvlactides (U.5. Pat. No. 3,773,919},
copolymers of L-glutamic acid and v ¢thyl-L-glutamate, non- degradable ethylene-vinyl
10 acetate. degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT®
(injectable microspheres composed of lactic acid-glycolic acid copolyvmer and leuprohde
acetate), and poly-B{-)-3-hvdroxybutyric acid.
The amount of the compositions of the disclosure for use in the methods of the
present disclosure can be determined by standard clinical technigques and may vary depending
15 onthe particular indication or use. Effective doses may be extrapolated from dose-response
curves derived from in vitro or animal model test systems.
in certain embodiments, compositions of the disclosure, including phammaceutical
preparations, are non-pyrogenic. In other words, in certain embodiments, the compositions
are substantially pyrogen free. In one embodiment the formulations of the disclosure are
20 pyrogen-free formulations that are substantially free of endotoxins and/or related pyrogenic
substances. Endotoxins inciude toxins that are confined inside a microorganism and are
relecased onlv when the microorganisms are broken down or die. Pyrogenic substances also
include fever-inducing, thermostable sabstances (glvcoproteins) from the cuter membrane of
bacteria and other microorganisms. Both of these substances can cause fever, hypotension
25 and shock if adnunistered to humans. Due to the potential harmful effects, even low amounts
of endotoxins must be removed from intravenously administered pharmaceutical drag
solutions. The Food & Drug Administration (“FDA”) has set an apper himit of 5 endotoxin
units (EU} per dose per kilogram body weight in a single one hour period for intravenous
drug apphications (The United States Pharmacopeial Convention, Pharmacopeial Forum 26
30 (1):223 (2000)). When therapeuatic proteins are administered in relatively large dosages
and/or over an extended period of time (e.g., such as for the patient’s entire life), even small
amounts of harmful and dangerous endotoxin could be dangerous. In certain specific

embodiments, the endotoxin and pyrogen levels n the composttion are less then 10 EU/mg,
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or less then 5 EU/mg, or less then | EU/mg, or less then 0.1 EU/Ang, or less then 0.01 ElU/mg,
or less then 0.001 EU/mg.
In some embodiments, the hedgehog pathway inhibitors are formulated 1o sterde

formulations. This 1s readily accomplished by filtration through sterile filtration membranes.

IX. Articles of Manufacture and Kits

In some enthodiments, the hedgehog pathway imnhubitors of the present disclosure,
such as the hedgehog pathway mhibitors disclosed herein are prepared m an article of
manufacture. Stmilardy, polvpeptides and nucleic acids of the disclosure, such as mutant
SMO polypeptides, may be prepared as an article of manufacture. in some embodiments, the
arficle of manufacture comprises a container and a label or package msert on or associated
with the contamer indicating a use for the inhibition in whole or in part of hedgehog signaling,
or alternatively for the treatment of a disorder or condition resulting from activation of the
hedgehog signaling pathway. In other cmbodiments, the article of manufacture comprises a
container and a label or package insert on or associated with the confainer indicating a use in
a screcning assay. Suitable contatners include, for example, bottles, vials, syringes, etc. The
containers may be formed from a variety of materials such as glass or plastic. In some
embodiments, the container holds a composition which is effective for treating the cancer
condition and may have a sterile access port (for example the container may be an
intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection
needle). At least one active agent in the composition is a hedgehog pathway inhibitor. The
label or package insert will further comprise nstructions for administering the hedgehog
pathway irhibitor or for use the SMO polypeptide or nucleic acid or vector or host cell.
Additionally, the article of manufacture may further comprise a second container comprising
a pharmaceutically-acceptable buffer, such as bacteniostatic water for igjection (BWET},
phosphate-buffered saline, Ringer's solution and dextrose solution. The article of
manufacture may further include other materials desirable from a commercial and user
standpoint, including other buffers, diluents, filters, needles, and syringes.

In some embodiments, kits are provided that are usetul for vanous other purposes,
¢.g., for mutant SMQO protem-expressing cell killing assays, for purification or
immunoprecipitation of hedgehog signaling polypeptide from cells. For isolation and
purification of mutant SMO protein, the kit can contain the respective mutant SMO protein-
binding reagent coupled to beads (e.g., sepharose beads). Kits can be provided which contain

such molecules for detection and quantitation of mutant SMO protein in vitro, ¢.g., in an
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ELISA or a Western blot. In some embodiments, as with the article of manufacture, the kit
comprises a container and a label or package insert on or associated with the container. In
some embodiments, the container holds a composition comprising at [east one such bedgchog
pathway inlubitor reagent useable with the disclosure. In some embodiments, additional

5 containers may be mncluded that contain, ¢.g., diluents and buffers, control antibodies. In
some embodiments, the label or package insert may provide a description of the composition

as well as instructions for the mntended in vitro or diagnostic use.

EXAMPLES

10 The disclosure now being generally described, it will be more readily understood by
reference to the following examples, which are mcluded merelv for purposes of ilustration of
certain aspects and embodiments of the present disclosure, and are not intended to limit the
disclosure.

Example 1: Mutational analysis of vismodegib-resistant Basal Cell Carcinomas.

15 Chnical responses to targeted therapies {e.g., cancer therapies) can be short-hived due
o the acquisition of genctic alterations that confer drog resistance. Identification of resistance
mechanisms will guide novel therapeutic strategies. Inappropnate Hh signaling is linked to
several cancers, including basal cell carcinoma (BCCO). Loss-of-function mutations m PTCH
(~90%} and activating mutations in SMO (~109%}) are the primary drvers in BCC. Clinical

20 mechanisms of resistance to vismodegib (GDC-0449) were identified by assessing
vismodegibseunsitivity and mutation status of BCCs from patients using the FoundationOne™
nexi-generation sequencing {(NGS) platform. Figure 1 hists characteristics of the mBCC
{metastatic basal cell carcinoma) patients treated with vismodegib.

As shown in Figure 2, median exon coverage for cach tumor biopsy specimen ranged

25 from 460- 1o 92 1-told coverage. The rate of somatic mutation in the BCCs ranged from 3.99-
63 .89, which is higher relative to that observed in other cancers {Lawrence et al., 2013).
Analysis of the somatic mutation spectrum revealed a predominance of C to T nucleotide
transition mutations, indicative of UV light-~induced mutagenesis (Miller, J. Mol. Bio. 1985},

Ag shown in Figure 3, mutations in MYCN (P44L/F, P60L, P237L), LRPIB, PTCHI,

30 SMO and TERT (promoter} were the most commonly detected mutational variants observed.
No mutant alleles for SUFU or GLIT were observed. However several genes known to be
found in patent samples with acquired resistance to vismodegib (PRKACA, GLI2, and GLI3

(Sharpe et al., Cancer Cell 2013), are not contamed in the FoundationUne™ panel.
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Example 2: SMO Variant analysis identifics novel G5298 mutation

Mutations iin SMO were observed in 5 of the 7 post-progression specimens {from 4 of
5 patients) that were collected. SMO mutations that have been described to confer resistance
to vismodegib (V321M and T241M; Sharpe et al., Cancer Cell 2013) were observed n 3/4
samples that contained a SMO mutation (Figore 4).

One novel SMO mutation, G5298, was identified in a post progression biopsy. The
G529 amino acid is a highly conserved residue located outside of the drug binding pocket
{DBP} in the 7th transmembrane domain {TM7} of SMQ, suggesting that this residue is
functionally relevant {(Figure 3). Based on computational modeling, G529 is spatially
adjacent to residues that, when mutated, are known 1o be oncogenic or confer resistance 1o
vismodegib (Figure 6). Without wishing to be bound by theory, these mutations may disrupt
helix packing, leading to increased conformational flesibility of SMO, and thereby reduce the
affiraty for antagonists (Sharpe et al, Cancer Cell 2015} Consistent with this hypothesis, in
vifro experiments demonstrated that the SMO G5298 mutant had increased basal activity and
reduced sensitivity to vismodegib {Figure 7).

Patient 002 appeared to acquire two mutations in SMO in residues known to confer
resistance to vismodegib (T241M, V321M; Figure 4). These mutations appeared to have
been acquired during disease progression, as these mutations were not detected m the pre-
treatment biopsy. These observations confirm that SMO mutations are the most common
somatic genetic alterations responsible for vismodegtb resistance in patients with metastatic
BCC.

Ag discussed above, the progression biopsy sample from patient 002 contained the
T241M and V321M mutations that were present at similar allele frequencies, while the
progression biopsy trom patient 011 contained mutations in G5298 and V321M at different
allele tfrequencies (Figure 4). In the cases where two separate biopsies were collected
contemporancously at progression (patient/sample IDs 011-P-1, 011-P-11, 005-P-1, and 005-P-
it}, there was discordance in the detection of SMO outations as well as the respective allele
frequencies in the time matched, paired samples. For example, in patient 011, the V321M
muiation was detected n only one of the paired biopsies and, turther, the allele frequency of
the V321M muotation varied {11% and 39%;) between the contemporancously collected
progression specimens. Without wishing to be bound by theory, these observations are
consistent with the outgrowth of two distinct resistant subclones and supports the notion of

genetic heterogencity in drug resistance.
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Materials and Methods for Examples 1 and 2
Patient treatment histories
008: 72-year-old female patient with metastatic basal cell carcinoma (mBCC). No
prior surgery for BCC was reported. Prior systemic therapy for metastatic BCC included the
5  following agent: anthracveling chemotherapy. Sites of metastases at the time of screening
included soft tissue i the right hemi pelvis. Measurable lesions were identified on the
skin/soft tissue next to the nght 08 iltum, next to the right fomur and ventral surface of the
08 sacrum. Non-measurable lesions were identified on the bone destruction region in O8S
thium and 08 sacrum. The patient received her first dose of 150 mg vismodegib Study Day 1.
10 The patient received a total of 20 cyeles and was on S during this time. On Study Day 673,
an overall response assessment showed disease progression and study treatment with
vismodegib was discontinued on Study Day 763. Based on the confirmed last dose of study
drug, administration of vismodegib ended on Study Day 763 due to disease progression.
001: 77 vear old male paticnt with metastatic basal cell carcinoma (mBCC). Prior
15 surgery for BCC mcluded 6 skin neoplasm excisions. No prior topical or systemic therapy
for BCC was reported. Siies of metastases at the tume of screening included skin of head.
Measurable lesions were identificd on skin of head (lymph nodes |besides trachea and
wnfracarinal]}. The patient recetved hig first dose of 150 mg vismodegib on Study Day 1.
The patient presented a PR on target lesions on Study day 397 and was in PR unti] cyele 19,
20 On Stady Day 516, an overall response assessment revealed discase progression. Based on
confirmed last dose of study drug, administration of vismodegib ended on Study Day 332 duc
to progression of disease.
002: 55-vear-old female patient with metastatic basal cell carcinoma (mBC{). Prior
surgery for BCC included skin neoplasm excision. No prior topical or systemic therapy for
25 BCC was reported. Sites of metastases at the time of screening (24-Jan-2012) included bone.
Measurable lesions were dentified on hung {8 5 right side and § 10 left side), os sacrum,
vertebral 9 rib, nght ferur, occipital, and fymph nodes (mediastenum, retrocaval). The
patient received her first dose of 150 mg vismodegib on Study Day 1. The paticnt prescnted
with a PR on cycle 7 on Study day 172, The patient continue 1in PR until cycle 15, On Study
30 Day 399, an overall response assessment showed disease progression. Based on confirmed
last dose of study drug, administration of vismeodegib ended onStady Day 533 dug to discase
progression.
011: 52 vear old male patient with metastatic basal cell carcinoma (mBCC). No prior

surgery for BCC was reported. No prior topical or systemic therapy for BCC was reported.
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Sites of metastases at the time of screening included bone and hing. Measurable lesion was
identificd on the skin of trunk. The patient received his first dose of 150 mg vismodegib on
Study Day 1. The patient was on stable disease during his treatment (cycle 11) on Study day
282. In anew evaluation on Study Day 310, an overall response assessment revealed
progressive discase. Vismodegtb was permanently discontinued at this date due to discase
progression, with the last dose administered on the same day Study Day 310.

005: 65-year-old female patient with metastatic basal cell carcinoma (mBCC). Prior
surgery for BCC included skin neoplasm excision. Prior radiation directed to head and neck
{(total dose: 30 Gy). No prior topical or systemic therapy for BCC was reported. Sites of
metastasis at the time of screening included neck, sternum and left clavicle. Measurable
lesions were identitied on neck (supraclavicular region), lung (segment 10 and 3). Non-
measurable lesion was identified on sternocleidomastoid muscle and bone (eft clavicle and
sternum}. The patient received her first dose of 150 mg vismodegib on Study Day 1. During
the treatment, the paticnt was on 5D until cycle 13, On Study Day 336, an overall response
assessment showed progressive discase with new lesions in lungs (5810 and §3 region} and
sites of locally advanced disease included skin of neck {sternum and left clavicle). Based on
confirmed last dose of study drug, adnunistration of vismodegib ended on Studv Day 309,

Genomic profiling

FoundationOne™ genomic profiling was conducted as per the service provider’s
protocol {Foundation Medicine, Cambridge, MA).

GLI-Luciferase reporter assay

C3H10TY: cells (ATCC) were seeded into six-well plates at 1.75 x 10E5 cells/well in
DMEM High Glacose with 4mM glutamine, 10 mM Hepes pH 7.2 and 10% FBS. Afier 16
hours, cclis were transfocted with 400 ng of expression construct, 400 ng of 9x-GH-BS and
200 ng of pRL-TK per well using Geneluice Transfection Reagent (Novagen). Six hours
later, cells from one well were trypsinized and redistributed over four wells of a 12-well plate.
After 16 hours the FBS content of the culture medium was reduced to 0.5% to induce
formation of primary cilia, and small molecule Hh inhibitors were added at indicated
concentrations. Firefly luciferase activity was determined 24 hours later with the Dual-Glo
Luciferase Assay System (Promega) and read using a Wallac EnVision plate reader (Perkin
Elmer). Values were divided by renilla luciferase activities to normalize for transfection
efficiency. Individual experiments were carried out in duplicate or triplicate and repeated at

least once. Dose response data were fit to a 4-parameter equation in GraphPad Prisme
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where “Y” is normalized, Gli-tuciferase signal or nommalized thymidine incorporation
calcudated as a fraction of control that did not include mhibitor, and “X” 13 the mhubitor

concentration. The top values were constrained to be equal for cach sample. “H” 1s the Hill

5  Slope.
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INCORPORATION BY REFERENCE
All publications and patents mentioned herein are hereby incorporated by reference in
30 their entirety as if cach individual publication or patent was specifically and mdividually
indicated to be icorporated by reference.
While specific embodiments of the subject disclosure have been discussed, the above

specification is dlustrative and not restrictive. Many variations of the disclosure will become
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apparent to those skilled in the art upon review of this specification and the claims below.
The full scope of the disclosure should be determined by reference to the claims, along with
their full scope of equivalents, and the specification, along with such variations. The
foregoing Examples are for llustrative purposes only and should not be construed to limit the

scope of the disclosure which 1s defined by the appended claims.
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SEQUENCE LISTING

SEQ ID NO: 1 -- Human wildtype smoothened anuine acid sequence {GenBank Accesion No.
NP _005622.1)

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Glu Len Pro Len Leu Gly Leu Leu Leu Leu Leu
Leu Leu Gly Asp Pro Gly Arg Gly Ala Ala Ser Ser Gly Asn Ala Thr Gly Pro Gly Pro Arg
Ser Ala Gly Gly Ser Ala Arg Arg Ser Ala Ala Val Thr Gly Pro Pro Pro Pro Leu Ser His Cys
Gly Arg Ala Ala Pro Cys Glu Pro Leu Arg Tyr Asn Val Cys Leu Gly Ser Val Leu Pro Tyr
(ly Ala Thr Ser Thr Leu Leu Ala Gly Asp Ser Asp Ser Gln Glu Glu Ala His Gly Lys Len
Val Leu Trp Ser Glv Leu Arg Asn Ala Pro Arg Cys Trp Ala Val lie Gln Pro Leu Leu Cys Ala
Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val Glu Leu Pro Ser Arg Thr Len Cys Gin Ala
Thr Arg Gly Pro Cys Ala Hle Val Glu Arg Glu Arg Glv Trp Pro Asp Phe Leu Arg Cys Thr
Pro Asp Arg Phe Pro Glu Gly Cys Thr Asn Glu Val Gln Asn e Lys Phe Asn Ser Ser Gly
Gin Cys Glu Val Pro Leu Val Arg Thr Asp Asn Pro Lys Ser Trp Tyr Ghu Asp Val Glu Gly
Cys Gly Hle Gln Cys Gin Aso Pro Leu Phe Thr Glu Ala Glu His Gln Asp Met His Ser Tyr fle
Ala Ala Phe Gly Ala Val Thr Gly Leu Cys Thr Leu Phe Thr Leu Ala Thr Phe Val Ala Asp
Trp Arg Asn Ser Asn Arg Tyr Pro Ala Val Hle Leu Phe Tyvr Val Asn Ala Cys Phe Phe Val
Gly Ser lle Gly Trp Leu Ala Gin Phe Met Asp Gly Ala Arg Arg Glu lle Val Cys Arg Ala Asp
Gly Thr Met Arg Leu Gly Glu Pro Thr Ser Asn Glu Thr Leu Ser Cys Val He fle Phe Val Hle
Val Tyr Tyr Ala Lew Met Ala Gly Val Val Trp Phe Val Val Len Thr Tyr Ala Trp His Thr Ser
Phe Lys Ala Lew Gly Thr Thr Tyvr Gln Pro Leu Ser Gly Lys Thr Ser Tyr Phe His Leu Leu Thr
Trp Ser Leu Pro Phe Val Leu Thr Val Ala He Leu Ala Val Ala Gin Val Asp Gly Asp Ser Val
Ser Gly Hle Cys Phe Val Gly Tyr Lys Asn Tyvr Arg Tyvr Arg Ala Gly Phe Val Lee Ala Pro lle
Gly Leu Val Leu He Val Gly Gly Tyr Phe Leun He Arg Gly Val Met Thr Leu Phe Ser He Lvs
Ser Asn His Pro Gly Leu Leu Ser Glu Lvs Ala Ala Ser Lys He Asn Glu Thr Met Leu Arg Leu
Gly lle Phe Gly Phe Leu Ala Phe Gly Phe Val Leu [le Thr Phe Ser Cys His Phe Tyr Asp Phe
Phe Asn Gln Ala Ghu Trp Gla Arg Ser Phe Arg Asp Tyr Val Leu Cys Gln Ala Asn Val Thr
He Gly Len Pro Thr Lys Gln Pro tle Pro Asp Cys Glu He Lvs Asn Arg Pro Ser Leu Leu Val
Glu Lvs llc Asn Leu Phe Ala Met Phe Gly Thr Gly lle Ala Met Ser Thr Trp Val Trp Thr Lvs
Ala Thr Leu Leu Ile Trp Arg Arg Thr Trp Cys Arg Leu Thr Gly Gln Ser Asp Asp Glu Pro
Lys Arg He Lys Lys Ser Lys Met Hle Ala Lys Ala Phe Ser Lys Arg His Glu Lea Leu Gln Asn
Pro Gly Gln Glu Leu Ser Phe Ser Met His Thr Val Ser His Asp Gly Pro Val Ala Gly Leu Ala
Phe Asp Leu Asn Glu Pro Ser Ala Asp Val Ser Ser Ala Trp Ala Gin His Val Thr Lys Met Val
Ala Arg Arg Gly Ala He Leu Pro Gln Asp He Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro
Gla Glu Gl Ala Asn Leu Trp Leu Val Glu Ala Glu He Ser Pro Glo Leu Gln Lyvs Arg Len
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Gly Arg Bys Lys Lys Arg Arg Lvs Arg Lys Lys Glo Val Cys Pro Leu Ala Pro Pro Pro Glu
Leun His Pro Pro Ala Pro Ala Pro Ser Thr Hle Pro Arg Leu Pro Gln Leu Pro Arg Gl Lys Cys
Leu Val Ala Ala Gly Ala Trp Gly Ala Gly Asp Ser Cvs Arg Gin Gly Ala Trp Thr Len Val
Ser Asn Pro Phe Cys Pro Glu Pro Ser Pro Pro Gin Asp Pro Phe Leu Pro Ser Ala Pro Ala Pro
Val Ala Trp Ala His Gly Arg Arg Gln Gly Lew Gly Pro He His Ser Arg Thr Asn Leu Met
Asp Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ ID NO: 2 -~ Human smoothened amino acid sequence having mutation at aming acid
position 529 of SMO

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Glu Len Pro Leu Leu Gly Leu Leu Leu Leu Leu
Len Leu Gly Asp Pro Gly Arg Gly Ala Ala Ser Ser Gly Asn Ala Thr Gly Pro Gly Pro Arg
Ser Ala Gly Gly Ser Ala Arg Arg Ser Ala Ala Val Thr Gly Pro Pro Pro Pro Leu Ser His Cys
Gly Arg Ala Ala Pro Cys Glu Pro Lev Arg Tyr Asn Val Cys Lew Gly Ser Val Leu Pro Tvr
Gly Ala Thr Ser Thr Leu Leu Ala Gly Asp Ser Asp Ser Glo Glu Glu Ala His Glv Lys Leu
Val Leu Trp Ser Gly Leu Arg Asn Ala Pro Arg Cys Trp Ala Val fle Gln Pro Leu Leu Cys Ala
Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val Glu Leua Pro Ser Arg Thr Leu Cys Gln Ala
Thr Arg Gly Pro Cys Ala fle Val Glu Arg Glu Arg Gly Trp Pro Asp Phe Leu Arg Cys Thr
Pro Asp Arg Phe Pro Glu Gly Cys Thr Asn Glu Val Gin Asn lle Lys Phe Asn Ser Ser Gly
Gin Cys Glu Val Pro Leu Val Arg Thr Asp Asn Pro Lys Ser Trp Tyr Glu Asp Val Glu Gly
Cys Gly He Gla Cys Gin Asn Pro Leu Phe Thr Glu Ala Glu His Gln Asp Met His Ser Tyr lle
Ala Ala Phe Glv Ala Val Thr Gly Leu Cys Thr Leu Phe Thr Leu Ala Thr Phe Val Ala Asp
Trp Arg Asn Ser Asn Arg Tyr Pro Ala Val Ile Leu Phe Tyvr Val Asn Ala Cys Phe Phe Val
(Gly Ser lle Gly Trp Leu Ala Gln Phe Met Asp Gly Ala Arg Arg Glu lie Val Cys Arg Ala Asp
Gly Thr Met Arg Leu Gly Glu Pro Thr Ser Asn Glu Thr Leu Ser Cys Val He fle Phe Val fle
Val Tyr Tyr Ala Leu Met Ala Gly Val Val Trp Phe Val Val Leu Thr Tyr Ala Trp His Thr Ser
Phe Lys Ala Lew Gly Thr Thr Tvr Gln Pro Lea Ser Gly Lys Thr Ser Tvr Phe His Lea Leu Thr
Trp Ser Lev Pro Phe Val Lou Thr Val Alalle Leu Ala Val Ala Gln Val Asp Gly Asp Ser Val
Ser Gly He Cys Phe Val Gly Tyr Lys Asn Tyr Arg Tyr Arg Ala Gly Phe Val Leu Ala Pro fle
Gly Leu Val Leu He Val Glv Gly Tyr Phe Leu lle Arg Gly Val Met Thr Leu Phe Ser fle Lys
Ser Asn His Pro Gly Leu Leu Ser Glu Lys Ala Ala Ser Lys He Asn Glu Thr Met Lea Arg Leu
(ly lle Phe Gly Phe Leu Ala Phe Gly Phe Val Leu lle Thr Phe Ser Cys His Phe Tyr Asp Phe
Phe Asn Gln Ala Glu Trp Glu Arg Ser Phe Arg Asp Tyvr Val Leu Cys Gln Ala Asn Val Thr
{le Gly Leu Pro Thr Lys Gln Pro e Pro Asp Cys Glu He Lys Asn Arg Pro Ser Leu Leu Val
Glu Lys lle Asn Leu Phe Ala Met Phe Gly Thr Xaa lle Ala Met Ser Thr Trp Val Trp Thr Lys
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Ala Thr Leu Leu He Trp Arg Arg Thr Trp Cys Arg Leu Thr Gly Gln Ser Asp Asp Gla Pro
Lvs Arg He Lys Lys Ser Lys Met le Ala Lys Ala Phe Ser Lys Arg His Glu Leo Leu Gin Asn
Pro Gly Gin Glu Leu Ser Phe Ser Met His Thr Val Ser His Asp Glv Pro Val Ala Gly Leu Ala
Phe Asp Leu Asn Glu Pro Ser Ala Asp Val Ser Ser Ala Trp Ala Gin His Val Thr Lys Met Val
Ala Arg Arg Gly Ala He Leu Pro Gln Asp He Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro
Gla Glu Gl Ala Asn Leu Trp Leu Val Glu Ala Glu He Ser Pro Glo Leu Gln Lyvs Arg Len
Gly Arg Lys Lys Lys Arg Arg Lvs Arg Lys Lys Glu Val Cys Pro Leu Ala Pro Pro Pro Glu
Leu His Pro Pro Ala Pro Ala Pro Ser Thr lie Pro Arg FLeu Pro Gln Lew Pro Arg Gln Lys Cys
Len Val Ala Ala Gly Ala Trp Gly Ala Gly Asp Ser Cys Arg Gin Gly Ala Trp Thr Leu Val
Ser Asn Pro Phe Cys Pro Glu Pro Ser Pro Pro Gin Asp Pro Phe Leu Pro Ser Ala Pro Ala Pro
Val Ala Trp Ala His Gly Arg Arg Gin Gly Leu Gly Pro lle His Ser Arg Thr Asn Leu Met
Asp Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ ID NO: 3(WT SMO) atggccgetg coogeccage gogeessccy gageiceoge cctgpagat
gotgotgotg cigeigcingg ZR0acceese Coggggoocy SCcicgagey S8aacgeeac cuggectasy
coteggages CoeecsEeag CECgaggasy agegeeecey teactggoce tecgecgeng etgagecact
2CLLCCLLaC tgececeige gagecgotge gotacaacgt gigcctgaae teggtactac cotacggeac cacetiecaca
clgetggeeg gagacticgga cloccaggag gaagegeacg geaagetegt gotctggtog ggccteogga atgeceoeey
cligetggeca gigatecage cectgetgte tgeogtatac atgeccaagt gigagaatga ccggglgeag ctgeccageo
gtaccetelg ccaggocace cgaggoeccct gtgecategt ggagagggag cgggactggac ctgacticcet gegetgeact
cetgaccget tecctgaagg ctgeacgaat gaggtgcaga acatcaagtt caacagtica goecagigeg aagtgecctt
ggttcggaca gacaacceca agagetgeta cgaggacgtyg gagegctgeg geatecagie ccagaacceg cteticacag
aggctgagea ccaggacaty cacagctaca tegeggoctt cggegeccgte acgggcectct geacgctett caccetggec
acattegtzg ctgactgges gaactegaat cgotacecty cigttatict clictacgtc aatgogtect tettigtegs
cageatigge tggeiggoce agttcatgga tggtocccge cgagagateg tetgeegige agatggcace atgaggetty
gogagoccac ciccaatgag actctgtocet gogteatcat ctiigicate gigtactacg coctgatggoe {ggtetgett
tggtitgtos tcctcaccta tgoctggeac acticctica aageoctggg caccacctac cagoctetet cgggeaagac
ctectacttc cacctgetea cotggteact ceoctttgic cteaciglog caatectige fgigacgcag gtasatgegg
actetgtgag tggeattiet ttigtegoct acaagaacta cogatacegt gegggcticg tectggocce aateggecty
gigcteateg tggoaggota cttccieatc cgaggagtca tgactetgtt ctocatcaag ageaaccace cegggctect
gagtoagaag getgecagea agatcaacga gaccatgetg cgectgggea tittiggott cotggecttt goctitatac
teattacett cagetgecac tictacgact teticaacca ggcteagtes gagogeagoet toogggacta tgtactatgt
caggocaatg tgaccategg getgeccace aageagececa teoctgacty tgagatcaag aategecega geoticiggt

goagaagalc aaccteitig ccatgitigg aactiggeate geeatgagea cotgegloty gaccaaggece acgetgetca
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tetggaggce tacctgglpe aggtigactg gpcagagtea cgatgageca aagoeggatea agaagageaa gatgatigec
aaggcectict ctaageggcea cgagetccig cagaaccoag gocaggagcet giccttcage atgeacactg tgteccacga
cggoccegte goggactige ootttgacet caatigagece teagetgaty tetectetge ctgggacccag catgicacca
agatggteoc teggagaggea goecatactge cocaggatat tictgtcace cotgiggeaa ctecagigoee cecagaggaa
caagecaace tgiggoiget tgaggcagag atcteoccag agotgoagaa gogeciggec Cggaagansa agagsageaa
gaggaagaag gaggtetoce cgeiggoger gocoeetgag cticaccece ctgecectge coccaglace attectcgac
tgccteaget geoceggeag aaatgectyg tggotgeagg toccigggea gotgggaact citgocgaca gegageatog
accotggict ccaacocat! ctgoccagag cecagicoee ctcaggatee atticigoce agtgeacegg ceccegtgge
atgggcicat ggecgecgac agggcectgpg goctaticac fcccgeacca acctgatgga cacagaacte atggatgcag

actcggactt ctga

SEQ D NG: 4- human Suppressor of Fused (SuFu} amino acid sequence (GenBank
Accesion No. NM (16169.2)

MAELRPSGAPGPTAPPAPGPTAPPAFASLFPPGLHAIYGECRRLYPDQPNPLOY
TAIVKYWLGGPDPLDYVSMYRNVGSPSANIPEHWHYISFGLSDLYGDNRVHEFTGT
DGPSGFGFELTFRLKRETGESAPPTWPAELMOQGLARYVFQSENTFCSGDHVSWHSPL
DNSESRIQHMLLTEDPOMOQPVQTPFGVVTFLOQIVGVCTEELHSAQOWNGOQGILELLR
TYPIAGGPWLITDMRRGETIFEIDPHLOQERVDKGIETDGSNLSGVSAKCAWDDLSRPP
EDDEDSRSICIGTQPRRLSGKDTEQIRETLRRGLEINSKPVEPPINPQRONGLAHDRAPS
RKDSLESDSSTAIIPHELIRTROQLESVHLKFNOQESGALIPLCLRGRLLHGRHFTYKSITG
DMAITFVSTGVEGAFATEEHPY AAHGPWLOQILLTEEFVEKMLEDLEDLTSPEEFKLPK.
EYSWPEKKLKVSILPDVVFDSPLH

SEQ [ NO: 5- human Suppressor of Fused (SuFu) ¢BNA sequence (GenBank
Accession No. NM_016169.2)

CGCCGTGCGCAGGLGUGGAGCTAGACCTCGUTGCAGCCCCCATCGUCTCG
GGGAGTCTCACCCACCGAGTCCGCCLGUTGGCCCGTCAGTGCTCTCCCCGTCGTT
TGCCCTCTCCAGTTCCCCCAGTGCCTGUCCTACGCACCCCGATGGUGGAGCTGLG
GCCTAGCGOGCGCCCCCGOCCCCACCGUGCCCCCGGCCCCTGGCCCGACTOGCCCCC
CCOGCCTTCGCTTCGUTCTTTCCCCCGGGACTGCACGCCATCTACGGAGAGTGCC
GCCGCCTTTACCCTGACCAGUCGAACCCGCTCCAGGTTACCGCTATCGTCAAGTA
CTGGTTGOOGTGGCCCAGACCCCTTGGACTATGTTAGCATGTACAGGAATGTGGGEG
AGCCCTTCTGCTAACATCCCCGAGCACTGGCACTACATCAGCTTCGGCCTGAGTG
ATCTCTATGGTGACAACAGAGTCCATGAGTTTACAGGAACAGATGGACCTAGTG
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GTTTTGOGCTTITGAGTTGACCTTTCGTCTGAAGAGAGAAACTGGGGAGTCTGCCCC
ACCAACATGOCCCGCAGAGTTAATGCAGGGCTTIGGCACGATACGTGTTCCAGTC
AGAGAACACCTTCTGCAGTGGGGACCATGTGTCCTGGCACAGCCCTITGGATAAC
AGTGAGTCAAGAATTCAGCACATGUTGCTGACAGAGGACCCACAGATGCAGCCC
GTGCAGACACCCTTTIGGOGTAGTTACCTTCCTCCAGATCGTIGGTGTUTGCACTG
AAGAGCTACACTCAGCCCAGCAGTGGAACGGGCAGGGUATCCTGGAGUTGCTGE
GOACAGTGCCTATTIGCTGGCGGCCCCTGGCTGATAACTGACATGCGGAGGGGAG
AGACCATATTTGAGATCGATCCACACCTGCAAGAGAGAGTTGACAAAGGCATCG
AGACAGATGGUTCCAACCTGAGTGOTGTCAGTGCCAAGTGTGCCTGGGATGACT
TCGAGCCGOGCCCCCCGAGGATGACGAGGACAGCCGGAGCATCTGCATCGGCACAC
AGCCCCGOGCOGACTCTCTGGCAAAGACACAGAGCAGATCCGGGAGACCCTGAGGA
GAGGACTCGAGATCAACAGCAAACCTGTCCTTCCACCAATCAACCCTCAGCGGO
AGAATGGCCTCGCCCACGACCGOGUCOCCGAGLCGCAAAGACAGCUTGGAAAGTG
ACAGCTCCACGGCCATCATTICCCCATGAGCTGATTCGCACGCGGCAGCTTIGAGAG
CGTACATCTGAAATTCAACCAGGAGTCCGGAGCCCTCATTCCTCTCTGCCTAAGG
GGCAGGCTCCTGCATGCGACGGCACTITACATATAAAAGTATCACAGGTGACATG
GCCATCACGTTTGTCTCCACGGCGAGTGGAAGGUGCCTTTGCCACTGAGGAGCATC
CTTACGCGGCTCATGGACCCTOOTTACAAATTCTGTTGACCGAAGAGTTIGTAGA
GAAAATGTTGGAGGATTTAGAAGATTTGACTTCTCCAGAGGAATTCAAACTTCCC
AAAGAGTACAGCTGGCCTCGAAAAGAAGCTGAAGGTCTCCATCCTGCCTGACGTG
GTGTTCGACAGTCCGCTACACTAGCUTGGGCTGGGCCCTGCAGGGGLCAGCAGG
GAGCCCAGUTGCTCCCCAGTGACTTCCAGTGTAACAGTTOTGTCAACGAGATCTC
CACAAATAAAAGGACAAGTGTGAGGAAGACTGUGCAGTGCCACCLCCGCAGCCCA
GTGGGGTGCCATGCACAGGCCACAGGUCCTCCACCTCACCTCCAGCTCAGGGGC
CGCACCCCGCCGCTGUGUTAAGCCTTOTGACCCATCAGGCCAGTGAGTGGGCAAA
TGCGGACCCTCCCTGCCTGCAGCCTGCACAGATTCTGOTTTGAGGTITGACTCTG
GACCCTGGCTGTGCCCCTAGGTGGAGACAGUCCTCTTICTCACCTACCCCCTGCC
GCACAGCCCAGCAGGAGGGAGGCGGACAGCCAGATGCAGAGCGAGTGGATGCA
CTTCCCAGCTCATCTCTGGAAGCCTTIGCTACTCAAGCTCCTCTGGCCGCGGAAC
AATTCCTCTGATCATGTTTIGOGTTTTICTTICTTCCTTATTITTATTITGTAGAAACCGGG
TGOTATITTATTIGCTCTGCAAAGATGTCCAGAAGCCATGTATATAATGTTTITITAA
ACAGAACTTCATTICCCOCGTTGAACTTTICGCATTCTCTGACAGAGGCCTAGGGCTG
TATCTCTCCCTGGOGCTGCCACCAGAGAAGGTGCTIGGTGTTCGCCTGCCAGCCCA
GAGCCCTGGAGGAGCCGGCTGCACAGAGAGGCTTITICTTCCCAGCTGGGCCTGAT
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GOAGCCCGGOGCAGGGGOAGAGTAGAGACACTCCCTTOGTGCAGCTTTGAGCCTA
GTTTAGCTGGGGCCAGGOGAGGGUTGCTACTGTTTTCCAAGTGAATGOGTCTCAAA
GACTTGGTGACCCCAGCCTCATCTTCTAGGCCTTTITCCATCCAACCAGGCCTACCT
GGOGAGAGGOTOGAGOGTTICAGCACATCACACACCATCCCCACTGTCATTCAGGGCC
TGOGOTCTCCAGCTCTGTAACCAGTCCTOGTCCCATTITCCTCAGTCCCTGGGCCTCCC
AGCCTTCAGGCTGTAGGGCTGUCUTTACTAAAATTGAAAAAT
CCACCTCTTAACATCTCTTTCACTTTGGTTTTIGCTAACACTGCTCTCTGCTGCCCTC
CCATCCTCCCTOTATCCATTCATGCCCTATCTTICATICTCCACTCCTAATCCCTCT
CCTTTCTIGGCATCCTGOCCTCTCGTGUTCCTCAGUCCCCTCACCCCCAGTACTGCAG
ATCTCACAGTTTGCCTTCCAGAAGCCAGCCTATCTCTAGCCCATGGTTTTGGAGTT
CCTCTCGGUTTATCTCCCACGCCTGACCTGGAACCAGCAAGCCCCTTTCOTGCCTT
CTTACCCCCAACTCTAGGGATGGGACTGTTACAATACTTICAAGATCACTCTTTAC
ACCTCTTCAAAGCAAAGTCATGACAATGCAGGGUTCCTCATTIGCTCCCATUTGCC
TCTGCTGCACACACAGGCACCAGCAGGGATGCCACAGGAGTGCCCACAGGGTGL
AGGACTCCACTGATGAGAGATCCAGCCAAAGAGCTGCCCCCAGGGOTATCGAGGG
CACCAGCTGGOTTICTCCAGGGAGCAGGAGTTGCACCTCCATGGAGCCACTAGGC
CTGGCCTCCTCTACACATCCCCAGGGUTATCTGGTTAATTCCATCAAGCTCAGAG
TTAAAAGGCATATCAGCCTGGAGTATITGOGGAGAGACTGGCTGCAGATCCCCGE
CAGCCAAGATGCAAGCCACTCGOGGACCTGATGTCGOGCAGCTGTGCCTCTACTGCC
CTGAGGACTTACCAGAGGGAGCCCTACTGGCCTTCCCCCACCACAGCAGCCCTGL
CTGTGAAGCTCTTGTTITCTGACATITCACAGGCAGAGAGGTGCCATCAGTTICGCC
TCCATTCCTTIGCCACCATGACCAGCCTCTCCCTGAACTCTCTCTTGCTCGGGACCT
GCCTGAGGGCTCCCTGUTGCAGTTCGCCOTACTICCATCTGCTGGGTGCCTCCATC
GTTGGTIGGOTGGGGATGOOGGCATTTTCTGAGUTAAGCTTTIGTCATTAGTTIGTG
AAGCACCTGOGTCAGCAACCTGCCCCAGACCTGGAGGOTUTTTOTGGACTGAAGG
TAGACACCAGCCAGCATGGTGGCCCTOTTCTGGGOGGAGCAGGGTAAGGCAGGAG
GAAGTGGGTCGAGCTCCGAGATCGATCGAGCACATGAAGCCTGTGGCCCCTTCGTAL
CTGCAATATGTCAGGAGCCTCACGUTCACCCAAGATCCTGCAGGGGCCAGGCTCC
ATCTCACTGGCTCTGAGGGCAGGACAGGGTATCACACATTICTCACCAGGCCTCC
TTTCCTATGGGCATTGGTOGCCTCCCAGAGGTITCTTIGGGUTGCTGGUTGGTGAGA
GAGGACCCTTAAAGAAGATCAAGCCAAGCTGACCTTGGACCCTGTCCAGCACAG
CTTCTGGCACAGGATOGCTIGOTGAATGTACCCTTICTITCCCTCCCTGCAGCTCTG
AGGGAGCCCCTGACCTTIGTAGTGOGOGTGGAGGAGGTAAGGGGCCTCCCTCOCTAA
ATCTGCCTCTICTGCAAGCTACTTIGGAGACTIGCCTAGTTGTACCCACCCCTCCAG
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GTCCCTGGTGCTAGAGUTTCTGAGAAGGGCCTTITCCCTTTCCTCTTIGCCTGOTAT
ATAAGGCAGGUTCCTGTGGCTCTGUTGGLTCAGTGTGGGCTGCAGGAGGACTGL
AGACTCAGCTGCAATTICTGAGGGGGOTTTGGGAGGCTTGTGCGAGGTCTCAGGC
CTGTGTGOGGOGAGCTGOGTGCCTCTTCCTGCCCGTATCTITCTCTTCCAAGGGCAGTG
CTCCAAGGCAGGGACTGGAGAAGCCAAGGGGAGAGTCTAAAAGGGUTAGAGCA
TITTTAAAAATAGACACAGGGTCTTGGGACTGGGOTTTCGGATTGAGTTGCAAGC
AGGGAGAAAACCTGAAGGTCGGTGCCCCTATGGOGCTGACCAGTAGAGAATTTC
CTITACTGTATTTTIGTGTCTGGTCTTCCCTTITCTGGCTTCTAGGACATCCATGCCA
GGTGAGGTGCCTGGOTCCCTGTTACAAGTCAGGAGCCCTGTAGGGAGACCCCTCC
TTTTGTACAAGTACCTGAATGCTGCGACAAGCAGATTTTTGTAAAATTTTATATTA
GTITITAATGTCAGTGGCOGACTCOOTTICCTGGOGCTGCAGCCAGCCTGGGACTTT
TOGTAAGAATTITIGGOGTCGACTCACTTAGATGTCOGTTICCTTCTTIGCCCCCTCTTCC
TCTCTGTAATCTAAGTGCATTAAACATCTTIGCAG

147



WO 2017/136558 PCT/US2017/016226

What 1s claimed 1s:
L. Anisolated nucleic acid molecule encoding a mutant SMO protein comprising
an amino acid sequence that is at least 95% identical to SEQ 1D NG 1 wherein said amino

acid sequence comprises an amino acid other than glycine at amino acid 529,

5
2. 'The isolated nucleic acid molecule of claim 1 wherein the mutant SMO
protein comprises the amino acid sequence of SEQ 1D NO:2 wherein said ammno acid
sequence comprises a serine {(S) at amino acid 529.
10 3. The 1solated nucleic acid molecule of claim 1 comprising a parental nucleic

acid sequence of SEQ 1D NG:3, wherein said sequence contains a mutation that alters the

sequence encoding amino acid 529 to encode a different amino acid.

4. A nucleic acid probe capable of specifically hybridizing to nucleic acid
15 encoding a mutated SMO protein or fragment thereof incorporating a mutation in the

sequence encoding amino acid 529,

5. The probe of claim 4 wherein said probe is complementary to said nucleic acid

encodimg the mustated SMQO or said fragment thereof.

20
6. The probe of claim 4 having a length of about 10 to about 50 nucleotides.
7. The probe of claim 4 further comprising a detectable label
25 8. An isolated mutant SMO protein comprismg an amino acid sequence that is at

least 95% identical to SEQ 1D NO: 2 wherein said amino acid sequence comprises an amino

acid other than glycine at amino acid 529,

9. The 1solated mutant SMO protein of claim 8 comprising the amino acid
30 sequence of SEQ 1D NO: 2 wherein said amino acid sequence comprises an amino acid other

thanglycine at amino acid 529.

10. The 1solated mutant SMO protein of claim 8 or 9 wherein said amino acid

sequence comprises serine (S} at amino acid 329,
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11, Anisolated antibody that specifically binds to the mutant SMQO protein of any
of claims % to 10, wherein said antibody does not bind wild-type SMO having a glyvcine at

amino acid 529.

12. The antibody of claim 11, wherein said antibody 1s a monoclonal antibody, a
chimeric antibody, a humanized antibody, a single chain antibody or an antigen-binding

fragment thereof

13. The antibody of claim 11 or 12, wherein said antibody is conjugated to a

cyiotoxic agent,

14 The antibody of claim 11 or 12, wherein said antibody is conjugated to a

detectable label.

15, The antibody of any of claims 11 to 14, wherem said antibody inhibits SMO

activity.

16, A method of identifying at least one SMO mutation in a sample comprising
contacting nueleic acid from said sample with a nucleic acid probe that is capable of
specifically hybridizing to nucleic acid encoding a mutated SMO protein, or fragment thereof
mcorporating a mutation that alters the sequence encoding amino acid 529 to an amino acid

other than glycine, and detecting said hybridization.

17. The method of claim 16 wherein said probe is detectably labeled.
8. The method of claim 16 wherein saad probe is an antisense oligomer.
19.  'The method of claim 16 wherein the SMO gene or a fragment thereof 1o said

nucleic acid said sample is amplified and contacted with said probe.

28, A methed for identifyving a tumor in a human subject that is or becomes
resistant 1o treatment with GDC-0449 comprising determining the presence of a mutated
SMQ gene or motated SMO protein in a sample of said tamor, wherein said muitated SMO

gene encodes a SMO protein comprising a omutation at amino acid 529, and wherem said

149
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SMO protein comprises a mutation at aming acid 329, wherchy the presence of said mutated
SMO gene or mutated SMO protein indicates that said fumor is resistant to treatment with a

GDC-0449,

21 The method of claim 20 further comprising treating said subject having a
tumor that is not or is no longer susceptible to treatment with GDC-0449 with a compound

that binds said nustated SMO.

22 The method of claim 20 wherein the presence or absence of said mutation is

determined bv examining a nucleic acid sample.

23, The method of claim 20 wherein the presence or absence of said mutation is

determined by examining a protein sample.

24. A method of screening for compounds that inhibit signaling of a mutant SMO
protein that incorporates a mutation at amino acid 529 comprising contacting said mutant
SMO with a test compound and detecting binding of said compound to said mutant SMO
whereby binding of said test compound to mutant SMQO indicates that said test compound 1s

an mhibitor of mutant SMO.

25, A method of screening for compounds that inhibit signaling of a mutant SMO
protein that incorporates a mutation at amino acid 329 comprising contacting a cell that
expresses said mutant SMO with a test compound and detecting activity of Gli in said cell
whereby the presence of Gli activity indicates that said test compound is not an inhibitor of

mutant SMG.

26. A method of inhibiting proliferation or growth of a cell having aberrant
hedgehog signaling, comprising administering to said cell a bromodomain inhibitor, wherein
said cell expresses a smoothened protein having a mutation at amino acid position 329 of

SEQ ID NO: 1.

27, The method of claim 26, wherein the cell 1s 1n a subject.

28. The method of claim 26 or 27, wherein the cell is a cancer cell.
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29, The method of claim 28, wheremn the cell further comprises a SUFU mutation.

30. The method of claim 29, wherein the cell is a human cell, and wherein said

cell comprises a 10q deletion mutation that results in the loss of a copy of the ST/FU genc.

31, 'The method of claim 30, wheremn the 10q deletion further results in the loss of

a copy of the PTEN gene.

32 The method of any of claims 26-31, wherein the bromodomain inhibitor 1s [-

BET76Z, JQ1 or JQ2L.

33. A method of identifying a hedgehog pathway inhibitor, wheremn the method
comprises: contacting a cell with an amount of a test agent, wherein the cell is responsive to
hedgehog protein or has increased hedgchog signaling and/or activation of the hedgehog
signaling pathway, and wherein the cell expresses the mutant SMO protein of any of claims
8-10, and determining, as compared to a control, whether the test agent inhibits hedgehog
signaling in the cell, wherein if the test agent mhibits hedgehog signaling in the cell relative

to the control, then the test agent 1s identified as a hedgehog pathway inhibitor.

34, The method of claim 33, wherein the ability of the test agent to hibit

hedgehbog signaling 1 the cell is determined using a Glil expression assay.

35, A mcthod of identitving a hedgchog pathway inhibitor, wherein the method
comprises: contacting a coll with an amount of a test agent, wherein the cell is responsive to
hedgehog protein or has increased hedgehog signaling and/or activation of the hedgehog
signaling pathway, and wherein the cell expresses the mutant SMO protein of any of 8-10,
and determining, as compared o a control, whether the test agent inhubits growth and/or
proliferation of the cell, wherein if the test agent inhibits growth and/or proliferation ot the

cell relative to the control, then the test agent is 1dentified as a hedgehog pathway inhibitor.

36. The method of any of claims 33-35, wherein the control is a cell expressing a
wildtype SMO protein.
37. The method of any of claims 33-35, wherein the control 1s a cell expressing

the same mutani SMO proteins as the cell contacied with the test agent, wherein the control is
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treated with a control agent to which the mutant SMO protein is partially or completely

resistant.

38, The method of claim 37, wherein the control agent 1s vismodegib, LY 2940680,

LBE225 and/or compound 5.

39.  'The method of any of claims 33-38, wherein the tost agent binds to mutant

SMO proten but not wildtype SMO protein.

40.  The method of any of claims 33-38, wherein the test agent binds to both the

muiant SMO protein and wildtype SMO protein.

41.  The method of claim 33 or 34, wherein the test agent is more effective in
mhibiting the hedgehog signaling pathway in a cell expressing mutant SMO protein than in a

cell expressing wildtype SMO protein.

42 The method of claim 33, whercin the test agent is more effective in inhibiting
growth and/or proliferation of a cell expressing mutant SMO protem than of a cell expressing

wildtype SMO protein.

43. A vector comprising the nucleic acid of any of claims 1-3.

44. A host cell comprising the vector of claim 43.

45, Ahost cell compnising and capable of expressing the vector of claim 43,
46. A method of identifying a hedgehog pathway inhibitor, whercin the method

comprises: a) contacting a cell with an amount of a test agent, wherem the coll is responsive
to hedgehog protein or has increased hedgehog signaling and/or activation of the hedgehog
signaling pathway, and wherein the cell expresses the vector of claim 43, and b) determining,
as compared to a conirol, whether the {est agent inhibits hedgehog signaling n the cell,
wherein if the test agent inhibits hedgehog signaling in the cell relative to the control, then

the test agent is identified as a hedgehog pathway inhibitor.

PCT/US2017/016226
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47, The method of claim 46, wherein the ability of the test agent to mhibit

hedgehog st

4]

naling in the cell is determined using a Glil expression assay.

48. A method of identifving a hedgehog pathway inhibitor, wherein the method

(T

comprises: a) contacting a cell with an amount of a test agent, wherem the cell is responsive
to hedgehog protein or has increased hedgehog signaling and/or activation of the hedgchog
signaling pathway, and wherein the cell expresses the vector of claim 43, and b) determining,
as compared to a control, whether the test agent mhibits growth and/or proliferation of the
cell, wherein if the test agent inhibits growth and/or proliferation of the cell relative to the

10 control, then the test agent is identified as a hedgehog pathway inhibitor,
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