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(54) Title: MUTANT SMOOTHENED AND METHODS OF USING THE SAME

(57) Abstract: The cmergence of mutations in tyrosine kinascs following
treatment of cancer patients with molecular-targeted therapy represents a ma-
jor mechanism of acquired drug resistance. Here, we describe a mutation in
the serpentine receptor, Smoothened (SMO), which results in resistance to a
Hedgchog (Hh) pathway inhibitor in mcdulloblastoma. A single amino acid
substitution in a conserved glutamic acid residue of SMO maintains Hh sig-
naling, but results in the inability of the Hh pathway inhibitor, GDC-0449, to
bind SMO and suppress the pathway. The invention provides screening
methods to detcct SMO mutations and methods to scrcen for drugs that spe-
cifically modulate mutant SMO exhibiting drug resistance.
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MUTANT SMOOTHENED AND METHODS OF USING THE SAME

[0001] CROSS REFERENCE TO PRIOR APPLICATIONS
[0002] This application claims the benefit of priority to U.S. Ser. No. 61/389,995

filed October 5, 2010 which is hereby incorporated by reference in its entirety.
[0003] FIELD OF THE INVENTION

[0004] The present invention relates to isolated mutant SMO nucleic acids and
proteins 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

diagnostic and/or prognostic and treatment of drug-resistant tumors.
[0005] BACKGROUND OF THE INVENTION

[0006] Molccular-targeted cancer therapeutics have shown impressive activity in the
clinic. Some of the best notcd cxamplcs include the tyrosine kinasc inhibitors
imatinib in Philadclphia chromosome-positive chronic myclogenous lcukemia (CML)
or KIT / PDGFR-mutant gastrointcstinal stromal tumors (GISTs) and erlotinib in
EGFR-mutant non-small cell lung cancer (NSCLC) (Krause, D.S. and R.A. Van Etten
(2005) N. Engl. J. Med. 353(2):172-187). Trcatment with thcse agents has led to
dramatic anti-tumor responses in patient populations harboring these molecular
abnormalities. However, despite the impressive initial clinical 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.

[0007] Medulloblastoma is a primitive neuroectodermal tumor of the cerebellum that
represents the most common brain malignancy in children (Polkinghorn, W.R. and
N.J. Tarbell (2007) Nat. Clin. Pract. Oncol. 4(5):295-304). Despite improvements in
survival rates, the debilitating side effects of adjuvant radiation represent a major

clinical challenge, thus supporting the need for new molecular targeted therapies.
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[0008] 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 PTCHI, has been demonstrated in
approximately 30% of sporadic cases (Zurawel, R H. et al. (2000) Genes Chromosomes
Cancer 27(1):44-51; Kool, M. et al. (2008) PLoS ONE 3(8):e3088; Dellovade, T. et al.
(2006) Annu. Rev. Neurosci. 29:539; Rubin, L.L. and F.J. de Sauvage (2006) Nat. Rev. Drug
Discov. 5:1026). Mice heterozygous for Ptch1l (Ptch1™) can spontaneously develop
medulloblastoma and treatment with Hh pathway inhibitors results in tumor elimination and
prolonged survival (Goodrich, L.V. et al. (1997) Science 277(5329):1109-1113; Romer, J.T.
et al. (2004) Cancer Cell 6(3):229-240). 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 ef al. (2009) N. Engl. J. Med. (submitted)), only to
fail to have a durable response to treatment and a relapse of the tumor.

[0009] There is an urgent need in the art to find compounds that modulate SMO activity in
such mutant SMO proteins to overcome drug resistance upon treatment with GDC-0449.
There is further a need to a method to diagnose patients who may be resistant to treatment
either through natural variation of their SMO genotype or through acquired mutation and

resistance.

[0009a] It isto be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the common
general knowledge in the art, in Australia or any other country.

[0010] SUMMARY OF THE INVENTION

[0010a] A first aspect of the invention provides an isolated nucleic acid molecule encoding
a mutant SMO protein comprising an amino acid sequence that is at least 95% identical to
SEQ ID NO: 1, wherein said amino acid sequence comprises an amino acid other than
glutamic acid at the amino acid corresponding to amino acid 518 of SEQ ID NO: 2.

[0010b] A second aspect of the invention provides a nucleic acid probe capable of
specifically hybridizing to a nucleic acid encoding a mutated SMO protein or fragment
thereof incorporating a mutation in the sequence encoding the amino acid corresponding to
amino acid 518 of SEQ ID NO: 2, wherein said probe differentially binds the nucleic acid
encoding the mutated SMO protein or fragment thereof over a nucleic acid encoding a
wildtype SMO protein or fragment.
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[0010c] A third aspect of the invention provides an isolated mutant SMO protein,
comprising an amino acid sequence that is at least 95% identical to SEQ ID NO: 2, wherein
said amino acid sequence comprises an amino acid other than glutamic acid at the amino acid
corresponding to amino acid 518 of SEQ ID NO: 2.

[0010d] A fourth aspect of the invention provides an isolated antibody that specifically
binds to the mutant SMO protein of the third aspect, wherein said antibody does not bind
wild-type SMO protein having a glutamic acid at position 518.

[0010e] A fifth aspect of the invention provides a method of detecting a mutated SMO gene
in a sample, wherein said mutated SMO gene encodes a mutated SMO protein or fragment
thereof, wherein said mutated SMO protein or fragment thereof comprises a mutation at the
amino acid corresponding to amino acid 518 of SEQ ID NO: 2, wherein said method
comprises amplifying from said sample a nucleic acid corresponding to the carboxy-terminus
of transmembrane domain 6 of SMO protein, and comparing the electrophoretic mobility of
the amplified nucleic acid to the electrophoretic mobility of corresponding wild-type SMO
gene or fragment thereof.

[0010f] A sixth aspect of the invention provides a method of identifying at least one SMO
mutation in a sample comprising contacting nucleic 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, incorporating a mutation that alters the sequence encoding the
amino acid corresponding to amino acid 518 of SEQ ID NO: 2 to an amino acid other than
glutamic acid, and detecting said hybridization.

[0010g] A seventh aspect of the invention provides a method for identifying a tumor in a
human subject that is resistant to treatment with GDC-0449 comprising determining presence
or absence of a mutated SMO gene or mutated SMO protein in a sample of said tumor,
wherein the mutated SMO gene encodes a SMO protein having a mutation at the amino acid
position corresponding to amino acid position 518 of SEQ ID NO: 2, and/or wherein the
mutated SMO protein has a mutation at the amino acid position corresponding to amino acid
position 518 of SEQ ID NO: 2; wherein presence of said mutated SMO gene or mutated
SMO protein indicates that said tumor is resistant to treatment with GDC-0449.

[0010h] An eighth aspect of the invention provides a method of screening for a compound
that inhibits signaling of mutant SMO protein, wherein said mutant SMO protein

3
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incorporates a mutation at the amino acid position corresponding to amino acid position 518
of SEQ ID NO: 2, wherein said method comprises contacting said mutant SMO protein with
a test compound and detecting binding of said compound to said mutant SMO protein
wherein binding of said test compound to mutant SMO protein indicates that said test
compound is an inhibitor of signaling of mutant SMO protein.

[0010i] A ninth aspect of the invention provides a method of screening for a compound
that inhibits signaling of a mutant SMO protein that incorporates a mutation at the amino acid
position corresponding to amino acid position 518 of SEQ ID NO: 2, wherein said method
comprises contacting a cell that expresses said mutant SMO protein with a test compound
and detecting activity of Gli in said cell wherein presence of Gli activity indicates that said
test compound is not an inhibitor of signaling of mutant SMO protein.

[0010j] A tenth aspect of the invention provides a method for treating cancer, comprising
administering to a patient in need thereof a compound that specifically binds to a mutant
SMO protein having a mutation resulting in an amino acid other than glutamic acid at the
amino acid position corresponding to amino acid position 518 of SEQ ID NO: 2.

[0010Kk] An eleventh aspect of the invention provides a method of delaying or preventing
acquired resistance to SMO inhibitors in a patient in need thereof, wherein said patient
expresses a mutant SMO protein having an amino acid other than glutamic acid at the amino
acid position corresponding to amino acid position 518 of SEQ ID NO: 2; wherein said
method comprises administering:

(a) a SMO inhibitor selected from the group consisting of a compound of
Formula I, Formula II and Formula III,

SYEWNSYERNSVE
hd Ci I C

o (o) (o)

HN o) HN o)

N0 Y Ve

/CI z I = |

N Nx
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OH

Formula I Formula 11 Formula III
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and
(b) a PI3K inhibitor.

[00101]

A twelfth aspect of the invention provides use of a compound in the manufacture

of a medicament for treating cancer, wherein the compound specifically binds to a mutant

SMO protein having a mutation resulting in an amino acid other than glutamic acid at the

amino acid position corresponding to amino acid position 518 of SEQ ID NO: 2.

[0010m] A thirteenth aspect of the invention provides use of:

(a) a SMO inhibitor selected from the group consisting of a compound of

Formula I, Formula II and Formula III,

©HCI
N
w

o (o)
HN (o)
HN //0

/CI 74 ]
A N

SO,CH;S @

OH

Formula I Formula II

and
(b) a PI3K inhibitor

0,

Formula III

in the manufacture of a medicament for delaying or preventing acquired resistance to SMO

inhibitors in a patient, wherein said patient expresses a mutant SMO protein having an amino

acid other than glutamic acid at the amino acid position corresponding to amino acid position

518 of SEQ ID NO: 2.

[0011] Disclosed herein are isolated nucleic acid molecules encoding a mutant SMO protein.

In one embodiment, the nucleic acid molecules encode an amino acid sequence that is at least

95% identical to SEQ ID NO:2 wherein said amino acid sequence comprises an amino acid at

position 518 of SEQ ID NO:2 that is any amino acid other than glutamic acid (E). In some
embodiments, the amino acid at position 518 of SEQ ID NO:2 is alanine (A) or lysine (K).

In one embodiment, the isolated nucleic acid sequence comprising a parental nucleic acid

sequence of SEQ ID NO:3 (wild-type SMO), but containing a mutation or mutations at

5
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positions 1552, 1553, and/or 1554 that changes the encoded amino acid from glutamic acid
(E) to a different amino acid. In some embodiments, the mutations result in a change from
glutamic acid (E) to alanine (A) or lysine (K).

[0012] Also disclosed are nucleic acid probes capable of specifically hybridizing to a nucleic
acid encoding a mutated SMO protein or fragment thereof incorporating a mutation in amino
acid 518 of SMO. In one embodiment, the probe is complementary to the nucleic acid
encoding the mutated SMO or said fragment thereof. The probe may have a length of about
10 to about 50 nucleotides. In some embodiments, the probe may be delectably labeled. The
probe differentially binds mutant Smo over wild-type Smo (having an glutamic acid at
position 518).

[0013] Also disclosed is an isolated mutant SMO protein comprising an amino acid sequence
of that is at least 95% identical to SEQ ID NO:2 wherein the amino acid sequence comprises
an amino acid at position 518 other than glutamic acid (E). In some embodiments, the amino
acid at position 518 is alanine (A) or lysine (K).

[0014] Also disclosed is an antibody that specifically binds to the mutant SMO protein of the
invention wherein the epitope of the antibody is present on a mutant SMO having an amino
acid other than glutamic acid at position 518, but does not bind to wild-type SMO. In some
embodiments, the antibody binds with high affinity to mutant SMO, but does not bind with
high affinity to wild-type SMO. 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 (e.g., a Fab, a Fab', a F(ab'),, or an Fv fragment). In some
embodiments, the antibody is conjugated to a detectable label. In other embodiments, the
antibody is conjugated to a cytotoxic agent, such as, but not limited to a chemotherapeutic
agent, a toxin or a radioactive isotope. In some embodiments, the antibody inhibits SMO
activity. In other embodiments, the antibody inhibits only mutant SMO activity.

[0015] Also disclosed is a method of detecting a mutated SMO gene in a sample comprising
amplifying from a sample a nucleic acid encoding the carboxyterminus of transmembrane
domain 7 of SMO, or a fragment thereof suspected of containing a mutation, and comparing
the electrophoretic mobility of the amplified nucleic acid to the electrophoretic mobility of
corresponding wild-type SMO gene or fragment thereof. In some embodiments, the
electrophoretic mobility is determined on polyacrylamide gel. In such embodiments, the
electrophoretic mobility of mutant Smo can be differentiated from wild-type Smo.

6691316_1 (GHMatters) P93110.AU MALCOLML 14-Jul-15
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[0016] Also disclosed is a method of identifying at least one SMO mutation in a sample
comprising contacting a nucleic acid from the sample with a nucleic acid probe that is
capable of specifically hybridizing to a nucleic acid encoding a mutated SMO protein, or
fragment thereof incorporating a mutation, and detecting hybridization. In some
embodiments, the method detects a mutation in the carboxy-terminal portion of
transmembrane domain 7 of SMO. In some embodiments, the SMO mutation occurs in Smo
at positions 1552, 1553, and/or 1554 (encoding amino acid at position 518) wherein the
mutation results in a codon encoding an amino acid other than glutamic acid. In some
embodiments the probe is delectably labeled. In some embodiments the probe is an antisense
oligomer. In some embodiments the nucleic acid of the SMO gene or a fragment thereof in
the sample is amplified and contacted with the probe.

[0017] Also disclosed is a method for identifying a tumor in a human subject that is resistant
to treatment with a chemotherapeutic agent such as GDC-0449 comprising determining the
presence of a mutated SMO gene or mutated SMO protein in a sample of the tumor wherein
said mutation is located in the SMO gene that encodes a portion of SMO at the extracellular
membrane surface (e.g., the carboxy-terminal portion of transmembrane domain 7 of SMO)
whereby the presence of the mutated SMO gene or mutated SMO protein indicates that the
tumor is resistant to treatment with the chemotherapeutic agent, such as, but not limited to
GDC-0449. In some embodiments the chemotherapeutic agent is GDC-0449. In other
embodiments, the chemotherapeutic agent is cyclopamine. In some embodiments, the
mutation is in a portion of the SMO gene that encodes amino acid 518 of SMO. In some
embodiments, the mutation causes a change in amino acid 518 of SMO from Asp to another
amino acid. In some embodiments the other amino acid is alanine (A) or lysine (K).

[0018] Also disclosed is a method for identifying a tumor in a human subject that is
susceptible to treatment with an SMO inhibitor comprising (i) determining the presence of a
wild-type SMO protein or gene in a sample of the tumor whereby the presence of a wild-type
SMO protein or gene indicates that the tumor is susceptible to treatment with a SMO
inhibitor or (ii) determining the presence of a mutated SMO protein or gene in a sample of
the tumor wherein the mutation results in a change of amino acid at position 518 of SMO,
whereby the presence of a mutated SMO protein or gene indicates that the tumor is not
susceptible to treatment with a SMO inhibitor such as GDC-0449. In some embodiments, the
SMO mutation is a change from glutamic acid (E) 518 to any other amino acid. In some
embodiments, the amino acid is alanine (A) or lysine (K).

6a
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[0019] Also disclosed is a method of determining prognosis of patient being treated for a
Hedgehog-dependent tumor comprising determining in a sample of a tumor the presence or
absence of a mutation at amino acid 518 whereby the presence of the mutation indicates
poorer prognosis compared to the absence of said mutation using certain Smo inhibitors.

[0020] Also disclosed is a method of screening for compounds that inhibit signaling of a
mutant SMO protein that incorporates a mutation at amino acid 518 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 indicates that the test compound
is an inhibitor of mutant SMO.

[0021] Also disclosed is a method of screening for compounds that inhibit signaling of a
mutant SMO protein that incorporates a mutation at amino acid 518 comprising contacting a
cell that expresses the mutant SMO with a test compound and detecting activity of Gli in the
cell whereby the presence of Gli activity indicates that the test compound is not an inhibitor
of mutant SMO. In some embodiments, Gli activity is measured using a Gli protein that is
conjugated to a detectable label. In some embodiments, the detectable label is a fluorescent

label (e.g., luciferase).

[0022] Also disclosed is a method for treating cancer by administering to a patient in need
thereof a compound that specifically binds to SMO having an amino acid substitution
(mutation) at position 518. In some embodiments, the mutant SMO protein comprises the
substitution from glutamic acid at 518 to any other amino acid. In some embodiments, the
other amino acid is alanine (A) or lysine (K). In some embodiments the compound is an
antibody. In some embodiments, the compound is a small molecule having the structural
formula of Formula I, Formula II and/or Formula III (see below).

[0023] Also disclosed is a method for delaying or preventing drug-induced mutagenesis
comprising administering an inhibitor of SMO and a PI3K inhibitor. In some embodiments
the SMO inhibitor is GDC-0449. In some embodiments the SMO inhibitor is an inhibitor of
a mutant SMO having an amino acid substitution at position 518. In some embodiments the
mutant SMO inhibitor is a compound having the structural formula of Formula I, Formula II
or Formula III (see below).

6b
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[0024] BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 shows that ES18 is a novel residue important for SMO inhibition by GDC-
0449. Panel A: schematic representation of human SMO. Regions targeted by alanine scan
mutagenesis are indicated in light grey. Amino acids important for GDC-0449 binding are
shown in black, while residues critical for drug activity are in grey, Panel B: Gli-luciferase
reporter activity of CH310T1/2 cells transfected with indicated SMO constructs following a
dose response of GDC-0449. Values were normalized to maximum activity levels and
represent means + SDs.

[0026] Figure 2 shows that Compounds 4 (Formula II) and 5 (Formula III) are potent SMO-
D473H and E518K antagonists with good pharmacokinetic properties in mice. Panel A:
chemical structures of various SMO antagonists used in this study. Circles mark the A-, B-
and C-rings of some compounds as indicated for HhAntag. Panel B: compounds screened at
1 uM with % inhibition values of Gli-luciferase activity induced by SMO-WT, SMO-D473H
or ES18K overexpression in C3H10T1/2 cells; Panel C: mean plasma concentration versus
time following a single oral 100 mg kg-1 dose of either compound 4 (squares) or compound 5
(triangles) in mice (n = 24; three animals per time point). The structurally similar, but more
potent compound 4 is cleared more rapidly from the blood stream than compound 5 (#//2 of
21/2 vs. 22 hours).

[0027] DETAILED DESCRIPTION

[0028] It is a discovery of the present invention that mutational events associated with
resistance to chemotherapy for hedgehog-dependent tumors occur in Smoothened

6¢
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(SMO) which impart resistance of the tumors to treatment with compounds that
inhibit hedgehog signaling such as cyclopamine and GDC-0449. The present
invention provides compositions and methods that are useful as prognostics,

diagnostics and therapeutics for cancer that is dependent on Hedgehog signaling.

[0029] The techniques and procedures described or referenced hercin are generally
well understood and commonly cmploycd using conventional methodology by thosc
skilled in the art, such as, for example, the widely utilized methodologies described in
Sambrook et al., Molecular Cloning: A Laboratory Manual 3rd. edition (2001) Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.; Current Protocols in
Molecular Biology (F. M. Ausubel, et al. cds., (2003)); the scrics Methods in
Enzymology (Academic Press, Inc.): PCR 2: A Practical Approach (M. J.
MacPhcerson, B. D. Hamcs and G. R. Taylor cds. (1995)), Harlow and Lanc, cds.
(1988) Antibodies, A Laboratory Manual, and Animal Cell Culture (R. 1. Frcshney, cd.
(1987));, Oligonucleotide Synthesis (M. J. Gait, ed., 1984); Methods in Molecular
Biology, Humana Prcss; Cell Biology: A Laboratory Notebook (J. E. Cellis, ed., 1998)
Acadcmic Press; Animal Cell Culture (R. 1. Freshney), cd., 1987); Introduction to
Cell and Tissue Culture (J. P. Mathcr and P. E. Roberts, 1998) Plenum Press; Cell and
Tissue Culture: Laboratory Procedures (A. Doyle, J. B. Griffiths, and D. G. Ncewell,
cds., 1993-8) J. Wiley and Sons; Handbook of Experimental Immunology (D. M. Weir
and C. C. Blackwell, cds.); Gene Transfer Vectors for Mammalian Cells (J. M. Millcr
and M. P. Calos, eds., 1987); PCR: The Polvmerase Chain Reaction, (Mullis et al.,
cds., 1994); Current Protocols in Immunology (J. E. Coligan et al., cds., 1991); Short
Protocols in Molecular Biology (Wilcy and Sons, 1999); Immunobiology (C. A.
Jancway and P. Travcers, 1997); Antibodies (P. Finch, 1997); Antibodies: A Practical
Approach (D. Catty., ed., IRL Press, 1988-1989); Monoclonal Antibodies: A Practical
Approach (P. Shepherd and C. Dcean, cds., Oxford University Press, 2000); Using
Antibodies: A Laboratory Manual (E. Harlow and D. Lanc (Cold Spring Harbor
Laboratory Press, 1999); The Antibodies (M. Zanctti and J. D. Capra, cds., Harwood
Acadcmic Publishers, 1995); and Cancer: Principles and Practice of Oncology (V. T.
DeVita et al., eds., J.B. Lippincott Company, 1993). Citcd rcfercncces arc

incorporated by refercnce in their cntirety.
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[0030] For purposes of interpreting this specification, the following definitions will apply and
whenever appropriate, terms used in the singular will also include the plural and vice versa.
In the event that any definition set forth below conflicts with any document incorporated
herein by reference, the definition set forth below shall control.

[0030a] Throughout this specification, the word “comprise” or variations such as
“comprises” or “comprising” will be understood to imply the inclusion of a stated integer or
groups of integers but not the exclusion of any other integer or group of integers.

[0031] The term "antibody" herein is used in the broadest sense and specifically covers
monoclonal antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific
antibodies) formed from at least two intact antibodies, and antibody fragments so long as
they exhibit the desired biological activity.

[0032] An "isolated" 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 enzymes, hormones, and other
proteinaceous or nonproteinaceous solutes. In some embodiments, an antibody is 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 least 15 residues of N-terminal or internal amino 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 silver stain. Isolated antibody
includes the antibody in situ within recombinant cells since at least one component of the
antibody's natural environment will not be present. Ordinarily, however, isolated antibody
will be prepared by at least one purification step.

[0033] "Native antibodies" are usually heterotetrameric glycoproteins of about 150,000
daltons, composed of two identical light (L) chains and two identical heavy (H) chains. Each
light chain is linked to a heavy chain by one covalent disulfide bond, while the number of
disulfide linkages varies among the heavy chains of different immunoglobulin isotypes.

Each heavy and light chain also has regularly spaced intrachain disulfide bridges. Each
heavy chain has at one end a variable domain (Vy) followed by a number 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 first constant domain of
the heavy chain, and the light chain variable domain is aligned with the variable domain of
the heavy chain. Particular
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amino acid residues are believed to form an interface between the light chain and

heavy chain variable domains.

[0034] The “‘variable region” or “variable 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 domain of the light chain
may be rcferrcd to as “VL.” These domains are gencrally the most variablc parts of

an antibody and contain the antigen-binding sites.

[0035] Thc term “variablc” refers to the fact that certain portions of the variablc
domains differ cxtensively in sequence among antibodics and are used in the binding
and specificity of each particular antibody for its particular antigen. However, the
variability is not evenly distributed throughout the variable domains of antibodics. It
is conccentrated in three segments called hypervariable regions (HVRS) both in the
light-chain and the heavy-chain 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 in 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 to the formation of the antigen-binding site of
antibodies (see Kabat et al., Sequences of Proteins of Immunological 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 in antibody-dependent

cellular toxicity.

[0036] The “light chains” of antibodies (immunoglobulins) from any vertebrate
species can be assigned to one of two clearly distinct types, called kappa (k) and

lambda (1), based on the amino acid sequences of their constant domains.

[0037] Depending on the amino acid sequences of the constant domains of their
heavy chains, antibodies (immunoglobulins) can be assigned to different classes.
There are five major classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and

several of these may be further divided into subclasses (isotypes), e.g., IgGy, 1gGo,
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IgGs, IgGy, IgA |, and IgA, . The heavy chain constant domains that correspond to the
different classes of immunoglobulins are called o, J, €, v, and p, respectively. The
subunit structures and three-dimensional configurations of different classes of
immunoglobulins 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.

[0038] The terms “full length antibody,” “intact antibody” and “whole antibody” are
used herein interchangeably 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 Fc region.

[0039] A ““naked antibody” for the purposes herein is an antibody that is not

conjugated to a cytotoxic moiety or radiolabel.

[0040] “Antibody fragments” comprise a portion of an intact antibody, preferably
comprising the antigen binding region thereof. Examples of antibody fragments
include Fab, Fab', F(ab"),, and Fv fragments; diabodies; linear antibodies; single-chain

antibody molecules; and multispecific antibodies formed from antibody fragments.

[0041] Papain digestion of antibodies produccs two identical antigen-binding
fragments, called “‘Fab” fragments, each with a single antigen-binding site, and a
residual “Fc” fragment, whosc namc reflects its ability to crystallize readily. Pepsin
treatment yiclds an F(ab’), fragment that has two antigen-combining sites and is still

capablc of cross-linking antigen.

[0042] “Fv” is the minimum 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 one light-chain variable domain in tight, non-covalent association. In a
single-chain Fv (scFv) species, one heavy- and one light-chain variable domain can be
covalently linked by a flexible peptide linker such that the light and heavy chains can
associate in a “‘dimeric” structure analogous to that in a two-chain Fv species. It is in
this configuration that the three HVRs of each variable domain interact to define an
antigen-binding site on the surface of the VH-VL dimer. Collectively, the six HVRs

confer antigen-binding specificity to the antibody. However, even a single variable
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domain (or half of an Fv comprising only three HVRs specific for an antigen) has the
ability to recognize and bind antigen, although at a lower affinity than the entire

binding site.

[0043] The Fab fragment contains the heavy- and light-chain variable domains and
also contains the constant domain of the light chain and the first constant domain
(CH1) of the heavy chain. Fab’ fragments differ from Fab fragments by the addition
of a few residues at the carboxy terminus of the heavy chain CH1 domain including
one or more cysteines from the antibody hinge region. Fab’-SH is the designation
hcrein for Fab’ in which the cysteine residuc(s) of the constant domains bear a free
thiol group. F(ab’), antibody fragments originally were produced as pairs of Fab’
fragments which have hinge cysteines between them. Other chemical couplings of

antibody fragments arc also known.

[0044] “Single-chain Fv” or “scFv” antibody fragments comprise the VH and VL
domains of antibody, wherein these domains are present in a single polypeptide chain.
Generally, the scFv polypeptide further comprises a polypceptide linker between the
VH and VL domains which enables the scFv to form the desired structure for antigen
binding. For a review of scFv, see, e.g., Pluckthiin, in The Pharmacology of
Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., (Springer-Verlag, New
York, 1994), pp. 269-315.

[0045] The term “diabodies” refers to antibody fragments with two antigen-binding
sites, which fragments comprise a heavy-chain variable domain (VH) connected to a
light-chain variable domain (VL) in the same polypeptide chain (VH-VL). By using a
linker that is too 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
are described more fully in, for example, EP 404,097; WO 1993/01161; Hudson et al.,
Nat. Med. 9:129-134 (2003); and Hollinger et al., Proc. Natl. Acad. Sci. USA 90:
6444-6448 (1993). Triabodies and tetrabodies are also described in Hudson et al., Nat.
Med. 9:129-134 (2003).

[0046] The term “monoclonal antibody” as used herein refers to an antibody obtained

from a population of substantially homogeneous antibodies, i.e., the individual

11
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antibodies comprising the population are identical except for possible mutations, e.g.,
naturally occurring mutations, that may be present in minor amounts. Thus, the
modifier “monoclonal” indicates the character of the antibody as not being a mixture
of discrete antibodies. In certain embodiments, such a monoclonal antibody typically
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
unique 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 culture, to
reduce its immunogenicity in vivo, to create a multispecific antibody, etc., and that an
antibody comprising the altered target binding sequence is also a monoclonal
antibody of this invention. In contrast to polyclonal antibody preparations, which
typically include different antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal antibody preparation is
directed against a single determinant on an antigen. In addition to their specificity,
monoclonal antibody preparations are advantageous in that they are typically

uncontaminated by other immunoglobulins.

[0047] The modifier “monoclonal” indicates the character of the antibody as being
obtained from a substantially homogencous population of antibodies, and is not to be
construed as rcquiring production of the antibody by any particular mecthod. For
cxamplc, thc monoclonal antibodics to be used in accordance with the present
invention may be made by a variety of tcchniques, including, for cxample, the
hybridoma mcthod (e.g., Kohlcr and Milstcin, Nature, 256:495-97 (1975); Hongo et
al., Hvbridoma, 14 (3): 253-260 (1995), Harlow et al., Antibodies: A Laboratory
Manual, (Cold Spring Harbor Laboratory Prcss, 2nd ed. 1988); Hammcrling et al., in:
Monoclonal Antibodies and T-Cell Hvbridomas 563-681 (Elscvicr, N.Y., 1981)),
recombinant DNA mcthods (sce, e.g., U.S. Patent No. 4,816,567), phage-display
technologics (sec, e.g., Clackson et al., Nature, 352: 624-628 (1991); Marks et al., J.
Mol. Biol. 222: 581-597 (1992); Sidhu et al., J. Mol. Biol. 338(2): 299-310 (2004);
Lee et al., J. Mol. Biol. 340(5): 1073-1093 (2004); Fcllouse, Proc. Natl. Acad. Sci.

12
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USA 101(34):12467-12472 (2004); and Lee et 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 immunoglobulin loci or genes encoding
human immunoglobulin sequences (see, e.g., WO 1998/24893; WO 1996/34096; WO
1996/33735; WO 1991/10741; Jakobovits et al., Proc. Natl. Acad. Sci. USA 90: 2551
(1993); Jakobovits et al., Nature 362: 255-258 (1993); Bruggemann et al., Year in
Immunol. 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 et al., Bio/Technology 10: 779-783 (1992); Lonberg
et al., Nature 368: 856-859 (1994); Morrison, Nature 368: 812-813 (1994); Fishwild
et al., Nature Biotechnol. 14: 845-851 (1996); Neuberger, Nature Biotechnol. 14: 8§26
(1996); and Lonberg and Huszar, Intern. Rev. Immunol. 13: 65-93 (1995).

[0048] Thc monoclonal antibodies herein specifically include “chimeric” antibodics
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 spccics or belonging
to a particular antibody class or subclass, while the remainder of the chain(s) is
identical with or homologous to correcsponding scquences in antibodics derived from
another spccics or belonging to another antibody class or subclass, as well as
fragments of such antibodics, so long as thcy cxhibit the desired biological activity
(scc, e.g.,U.S. Patent No. 4,816,567; and Morrison et al., Proc. Natl. Acad. Sci. USA
81:6851-6855 (1984)). Chimeric antibodics include PRIMATIZED® antibodics
wherein the antigen-binding region of the antibody is derived from an antibody

produccd by, e.g., immunizing macaquc monkcys with the antigen of interest.

[0049] “Humanized” forms of non-human (e.g., murine) antibodies are chimeric
antibodies that contain minimal sequence derived from non-human immunoglobulin.
In one embodiment, a humanized antibody is a human immunoglobulin (recipient
antibody) in which residues from a HVR of the recipient are replaced by residues
from a HVR of a non-human species (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 immunoglobulin are replaced by corresponding
non-human residues. Furthermore, humanized antibodies may comprise residues that
are not found in the recipient antibody or in the donor antibody. These modifications

may be made to further refine antibody performance. In general, a humanized
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antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the hypervariable loops correspond to
those of a non-human immunoglobulin, and all or substantially all of the FRs are
those of a human immunoglobulin sequence. The humanized antibody optionally will
also comprise at least a portion of an immunoglobulin constant region (Fc), typically
that of a human immunoglobulin. For further details, see, e.g., Jones et al., Nature
321:522-525 (1986); Riechmann et al., Nature 332:323-329 (1988); and Presta, Curr.
Op. Struct. Biol. 2:593-596 (1992). See also, e.g., Vaswani and Hamilton, 4nn.
Allergy, Asthma & Immunol. 1:105-115 (1998); Harris, Biochem. Soc. Transactions
23:1035-1038 (1995); Hurle and Gross, Curr. Op. Biotech. 5:428-433 (1994); and U.S.
Pat. Nos. 6,982,321 and 7,087,409.

[0050] A “human antibody” is onc which posscsses an amino acid scquence which
corrcsponds to that of an antibody produccd by a human and/or has been madc using
any of the techniques for making human antibodics as disclosed herein. This
definition of a human antibody specifically cxcludes a humanized antibody
comprising non-human antigen-binding rcsidues. Human antibodics can be produced
using various techniques known in the art, including phagc-display libraries.
Hoogcnboom and Winter, J. Mol. Biol., 227:381 (1991); Marks et al., J. Mol. Biol.,
222:581 (1991). Also availablc for the preparation of human monoclonal antibodies
arc methods described in Colc et al., Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, p. 77 (1985); Bocrner et al., J. Immunol., 147(1):86-95 (1991). Sce also
van Dijk and van de Winkel, Curr. Opin. Pharmacol., 5: 368-74 (2001). Human
antibodics can be prepared by administering the antigen to a transgenic animal that
has been modified to produce such antibodies in response to antigenic chalienge, but
whose cndogenous loct have been disabled, e.g., immmunized xenomice {sec, eg., U.S.
Pat. Nos. 6.075.181 and 6,130,584 regarding XENOMOUSE™ technologyi. $ce also,
for cxample, Li et af., Proc. Natl. 4dcad. Sci. USA, 103:3557-3562 {2006} regarding

wvan antibodics gencrated via a human B-ccll hybnidoma technology.
buman antibodics gencrated via a human B-cell hybnidoma technology

[0051] The term “hypervariable region,” “HVR,” or “HV,” when used herein refers to
the regions of an antibody variable domain which are hypervariable in sequence
and/or form structurally defined loops. Generally, antibodies comprise six HVRs;

three in the VH (H1, H2, H3), and three in the VL (L1, L2, L3). In native antibodies,
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H3 and L3 display the most diversity of the six HVRs, and H3 in particular is
believed to play a unique role in conferring fine specificity to antibodies. See, e.g.,
Xu et al., Immunity 13:37-45 (2000); Johnson and Wu, in Methods in Molecular
Biology 248:1-25 (Lo, ed., Human Press, Totowa, NJ, 2003). Indeed, naturally
occurring camelid antibodies consisting of a heavy chain only are functional and
stable in the absence of light chain. See, e.g., Hamers-Casterman et al., Nature

363:446-448 (1993); Sheriff et al., Nature Struct. Biol. 3:733-736 (1996).

[0052] A number of HVR delineations are in use and are encompassed herein. The
Kabat Complementarity Determining Regions (CDRs) are based on sequence
variability and arc thc most commonly uscd (Kabat et al., Sequences of Proteins of
Immunological Interest, Sth Ed. Public Health Service, National Institutes of Health,
Bcthesda, MD. (1991)). Chothia rcfers instead to the location of the structural loops
(Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). Thec AbM HVRs represent a
compromisc betwcen the Kabat HVRs and Chothia structural loops, and are uscd by
Oxford Molccular’s AbM antibody modcling softwarc. The “contact” HVRs arc
based on an analysis of the availablc complex crystal structurcs. The residucs from

cach of thesc HVRSs are noted below.

[0053] Loop Kabat AbM Chothia  Contact

[0054] L1 L24-L34 L24-L34 L26-L32 L30-L36
[0055] L2 L50-L56 L50-L56 L50-L52  L46-L55
[0056] L3 L89-L97 L89-L97 L91-L96  L89-LI96
[0057] H1 H31-H35B H26-H35B H26-H32 H30-H35B
[0058]  (Kabat Numbering)

[0059] HI H31-H35 H26-H35 H26-H32 H30-H35
[0060] (Chothia Numbering)

[0061] H2 HS50-H65 HS0-H5S8 HS3-HSS  H47-HS¥
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[0062] H3 HO95-H102 H95-H102 H96-H101 H93-HI101

10063] HVRs may comprise “cxtcnded HVRs” as follows: 24-36 or 24-34 (L1), 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, 94-102, or 95-102 (H3) in the VH. The variable domain residues are

numbered according to Kabat et al., supra, for each of these definitions.

[0064] “Framework” or “FR” residues are those variable domain residues other than

the HVR residucs as herein defined.

[0065] The term “variable domain residue numbering 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 et al., supra. Using this numbering system, the
actual linear amino acid sequence may contain fewer or additional amino acids
corresponding to a shortening of, or insertion into, a FR or HVR of the variable
domain. For example, a heavy chain variable domain may include a single amino
acid insert (residue 52a according to Kabat) after residue 52 of H2 and inserted
residues (e.g. residues 82a, 82b, and 82c, etc. according to Kabat) after heavy chain
FR residue 82. The Kabat numbering of residues 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.

[0066] The Kabat numbering system is generally used when referring to a residue in
the variable domain (approximately residues 1-107 of the light chain and residues 1-
113 of the heavy chain) (e.g, Kabat ez al., Sequences of Immunological Interest. Sth
Ed. Public Health Service, National Institutes of Health, Bethesda, Md. (1991)). The
“EU numbering system” or “EU index” is generally used when referring to a residue
in an immunoglobulin heavy chain constant region (e.g., the EU index reported in
Kabat et al., supra). The “EU index as in Kabat” refers to the residue numbering of
the human IgG1 EU antibody. Unless stated otherwise herein, references to residue
numbers in the variable domain of antibodies means residue numbering by the Kabat
numbering system. Unless stated otherwise herein, references to residue numbers in

the constant domain of antibodies means residue numbering by the EU numbering
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system (e.g., see United States Provisional Application No. 60/640,323, Figures for
EU numbering).

[0067] An “affinity matured” antibody is one with one or more alterations 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 cmbodiment, an affinity matured antibody has nanomolar or cven picomolar
affinities for the target antigen. Affinity matured antibodies may be produced using
certain procedures known in the art. For example, Marks et al. Bio/Technology
10:779-783 (1992) describes aftinity maturation by VH and VL domain shuffling.
Random mutagenesis of HVR and/or framcwork residues is described by, for cxamplc,
Barbas et al. Proc Nat. Acad. Sci. USA 91:3809-3813 (1994); Schier et al. Gene
169:147-155 (1995): Yelton et al. J. Immunol. 155:1994-2004 (1995); Jackson et al.,
J. Immunol. 154(7):3310-9 (1995); and Hawkins et al, J. Mol. Biol. 226:889-896
(1992).

[0068] A “blocking” antibody or an ‘““antagonist” antibody is one which inhibits or
reduces biological activity of the antigen it binds. Certain blocking antibodies or
antagonist antibodies substantially or completely inhibit the biological activity of the

antigen.

[0069] 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 interest.

[0070] “Growth inhibitory” 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 vitro and/or in vivo.

[0071] 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 apoptotic bodies).

[0072] Antibody “effector functions” refer to those biological activities attributable to

the Fc region (a native sequence Fc region or amino acid sequence variant Fc region)
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of an antibody, and vary with the antibody isotype. Examples of antibody effector
functions include: C1q binding and complement dependent cytotoxicity (CDC); Fc
receptor binding; antibody-dependent cell-mediated cytotoxicity (ADCC);
phagocytosis; down regulation of cell surface receptors (e.g. B cell receptor); and B

cell activation.

[0073] The term “Fc region” herein is used to define a C-terminal region of an
immunoglobulin heavy chain, including native sequence Fc regions and variant Fc
regions. Although the boundaries of the Fc region of an immunoglobulin heavy chain
might vary, the human IgG hcavy chain Fc rcgion is usually defined to stretch from an
amino acid residue at position Cys226, or from Pro230, to thc carboxyl-terminus
thereof. The C-terminal lysine (residue 447 according to the EU numbering system)
of the Fc region may be removed, for example, during production or purification of
the antibody, or by recombinantly engincering the nucleic acid encoding a hcavy
chain of the antibody. Accordingly, a composition of intact antibodies may comprise
antibody populations with all K447 residues removed, antibody populations with no
K447 residues removed, and antibody populations having a mixture of antibodics with

and without the K447 rcsidue.

[0074] A “functional Fc region” possesses an “effector function” of a native sequence
Fc region. Exemplary *“effector functions” include Clq binding; CDC; Fc receptor
binding; ADCC; phagocytosis; down regulation of cell surface receptors (e.g. B cell
receptor; BCR), efc. Such effector functions generally require the Fc 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 definitions herein.

[0075] A *“native sequence Fc region” comprises an amino acid sequence identical to
the amino acid sequence of an Fc region found in nature. Native sequence human Fc
regions include a native sequence human IgG1 Fc region (non-A and A allotypes);

native sequence human IgG2 Fc region; native sequence human IgG3 Fc region; and

native sequence human IgG4 Fc region as well as naturally occurring variants thereof.

[0076] A “‘variant Fc region” comprises an amino acid sequence which differs from
that of a native sequence Fc region by virtue of at least one amino acid modification,

preferably one or more amino acid substitution(s). Preferably, the variant Fc region
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has at least one amino acid substitution compared to a native sequence Fc region or to
the Fc region of a parent polypeptide, e.g. from about one to about ten amino acid
substitutions, and preferably from about one to about five amino acid substitutions in
a native sequence Fc region or in the Fc region of the parent polypeptide. The variant
Fc region herein will preferably possess at least about 80% homology with a native
sequence Fc region and/or with an Fc region of a parent polypeptide, and most
preferably at least about 90% homology therewith, more preferably at least about 95%
homology therewith.

[0077] “Fc receptor’” or “FcR” describes a rcceptor that binds to the Fc region of an
antibody. In some ecmbodiments, an FcR is a nativc human FcR. In some
embodiments, an FcR is one which binds an IgG antibody (a gamma receptor) and
includes receptors of the FcyRI, FcyRII, and FcyRIII subclasses, including allelic
variants and alternatively spliced forms of those receptors. FcyRII receptors include
FcyRIIA (an “activating receptor”) and FcyRIIB (an “inhibiting receptor”), which
have similar amino acid sequences that diffcr primarily in the cytoplasmic domains
thereof. Activating receptor FcyRIIA contains an immunoreceptor tyrosine-based
activation motif (ITAM) in its cytoplasmic domain. Inhibiting receptor FcyRIIB
contains an immunoreceptor tyrosine-based inhibition motif (ITIM) in its cytoplasmic
domain. (see, e.g., Daéron, Annu. Rev. Immunol. 15:203-234 (1997)). FcRs are
reviewed, for example, in Ravetch and Kinet, Annu. Rev. Immunol 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 FcRs, including those to be identified in the future, are

encompassed by the term “FcR” herein.

[0078] The term “Fc receptor” or “FcR” also includes the neonatal receptor, FcRn,
which is responsible for the transfer of maternal IgGs to the fetus (Guyer et al., J.
Immunol. 117:587 (1976) and Kim et al., J. Immunol. 24:249 (1994)) and regulation
of homeostasis of immunoglobulins. Methods of measuring binding to FcRn are
known (see, e.g., Ghetie and Ward., Immunol. Today 18(12):592-598 (1997), Ghetie
et al., Nature Biotechnology, 15(7):637-640 (1997); Hinton et al., J. Biol. Chem.
279(8):6213-6216 (2004); WO 2004/92219 (Hinton et al.).
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[0079] Binding to human FcRn in vivo and serum half life of human FcRn high
affinity binding polypeptides can be assayed, e.g., in transgenic mice or transfected
human cell lines expressing human FcRn, or in primates to which the polypeptides
with a variant Fc region are administered. WO 2000/42072 (Presta) describes
antibody variants with improved or diminished binding to FcRs. See also, e.g.,

Shields et al. .J. Biol. Chem. 9(2):6591-6604 (2001).

[0080] “Human effector cells™ are leukocytes which express one or more FcRs and
perform effector functions. In certain embodiments, the cells express at least FcyRIII
and perform ADCC effector function(s). Examples of human leukocytes which
mediate ADCC include peripheral blood mononuclear cells (PBMC), natural killer
(NK) cells, monocytes, cytotoxic T cells, and neutrophils. The effector cells may be

isolated from a native source, ¢.g., from blood.

[0081] “Antibody-dependent cell-mediated cytotoxicity” or “ADCC” refers to a form
of cytotoxicity in which secreted Ig bound onto Fc receptors (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 FcyRIII only, whereas monocytes express FcyRI, FeyRII, and FcyRIII. FcR
expression on hematopoietic cells is summarized in Table 3 on page 464 of Ravetch
and Kinet, Annu. Rev. Immunol 9:457-92 (1991). To assess ADCC activity of a
molecule of interest, an in vitro ADCC assay, such as that described in US Patent No.
5,500,362 or 5,821,337 or U.S. Patent No. 6,737,056 (Presta), may be performed.
Useful effector cells for such assays include PBMC and NK cells. Alternatively, or
additionally, ADCC activity of the molecule of interest may be assessed ir vivo, e.g.,
in an animal model such as that disclosed in Clynes et al. PNAS (USA) 95:652-656
(1998).

[0082] “Complement dependent cytotoxicity” or “CDC” refers to the lysis of a target
cell in the presence of complement. Activation of the classical complement pathway
1s initiated by the binding of the first component of the complement system (C1q) to
antibodies (of the appropriate subclass), which are bound to their cognate antigen. To
assess complement activation, a CDC assay, e.g., as described in Gazzano-Santoro e?

al., J. Immunol. Methods 202:163 (1996), may be performed. Polypeptide variants
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with altered Fc region amino acid sequences (polypeptides with a variant Fc region)
and increased or decreased C1q binding capability are described, e.g., in US Patent
No. 6,194,551 B1 and WO 1999/51642. See also, e.g., Idusogie et al. J. Immunol.
164: 4178-4184 (2000).

[0083] The term “Fc region-comprising antibody” refers to an antibody that
compriscs an Fc region. The C-terminal lysine (residue 447 according to the EU
numbering system) of the Fc region may be removed, for example, during purification
of the antibody or by recombinant engineering of the nucleic acid encoding the
antibody. Accordingly, a composition comprising an antibody having an Fc region
according to this invention can comprisc an antibody with K447, with all K447

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

[0084] “Binding affinity” generally rcfers to the strength of the sum total of
noncovalent interactions between a single binding site of a molecule (e.g., an
antibody) and its binding partner (e.g., an antigen). Unless indicated otherwise, as
uscd herein, “binding affinity” refers to intrinsic binding affinity which reflects a 1:1
interaction between members of a 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-affinity antibodies
generally bind antigen faster and tend to remain bound longer. A variety of methods
of measuring binding affinity are known in the art, any of which can be used for
purposes of the present invention. Specific illustrative and exemplary embodiments

for measuring binding affinity are described in the following.

[0085] In one embodiment, the “Kd” or “Kd value” according to this invention is
measured by a radiolabeled antigen binding assay (RIA) performed with the Fab
version of an antibody of interest and its antigen as described by the following assay.
Solution binding affinity of Fabs for antigen is measured by equilibrating Fab with a

minimal concentration of ( 125

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, et al., J. Mol. Biol. 293:865-881(1999)). To establish

conditions for the assay, MICROTITER® multi-well plates (Thermo Scientific) are
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coated overnight with 5 ug/ml of a capturing anti-Fab antibody (Cappel Labs) in 50
mM sodium carbonate (pH 9.6), and subsequently blocked with 2% (w/v) bovine
serum 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 [1251]-anti,gen are
mixed with serial dilutions of a Fab of interest (e.g., consistent with assessment of the
anti-VEGF antibody, Fab-12, in Presta et al., Cancer Res. 57:4593-4599 (1997)). The
Fab of interest is then incubated overnight; however, the incubation may continue for
a longer period (e.g., about 65 hours) to ensure that equilibrium is reached. Thereafter,
the mixtures are transferred to the capture plate for incubation at room temperature
(e.g., for one hour). The solution is then removed and the plate washed eight times
with 0.1% TWEEN-20™ in PBS. When the plates have dried, 150 pl/well of
scintillant (MICROSCINT-20 ™; Packard) is added, and the plates are counted on a
TOPCOUNT ™ gamma counter (Packard) for ten minutes. Concentrations of each
Fab that give less than or equal to 20% of maximal binding are chosen for use in

competitive binding assays.

[0086] According to another embodiment, the Kd or Kd valuc is measurcd by using
surfacc plasmon rcsonance assays using a BIACORE®-2000 or a BIACORE ®-3000
(BIAcorg, Inc., Piscataway, NJ) at 25°C with immobilized antigen CM5 chips at ~10
response units (RU). Briefly, carboxymethylated dextran bioscnsor chips (CMS5,
BIACORE, Inc.) are activated with N-cthyl-V - (3-dimcthylaminopropyl)-
carbodiimide hydrochloride (EDC) and N-hydroxysuccinimide (NHS) according to
the supplier’s instructions. Antigen is diluted with 10 mM sodium acctatc, pH 4.8, to
5 pg/ml (~0.2 pM) before injection at a flow rate of 5 ul/minute to achieve
approximately 10 response units (RU) of coupled protein. Following the injection of
antigen, 1 M cthanolamine is injected to block unrcacted groups. For kinetics
mcasurcments, two-fold scrial dilutions of Fab (0.78 nM to 500 nM) arc injectcd in
PBS with 0.05% TWEEN-20"™ surfactant (PBST) at 25°C at a flow ratc of

approximately 25 pl/min. Association ratcs (ko) and dissociation rates (ko ff) arc

calculated using a simple one-to-one Langmuir binding modcl (BIACORE ®
Evaluation Software version 3.2) by simultaneously fitting the association and
dissociation sensorgrams. The cquilibrium dissociation constant (Kd) is calculated as

the ratio ko fp'kon. See, e.g., Chen et al., J. Mol. Biol. 293:865-881 (1999). If the on-

rate exceeds 100 M-1 s-1 by the surface plasmon resonance assay above, then the on-
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rate can be determined by using a fluorescent quenching technique that measures the

increase or decrease in fluorescence emission intensity (excitation = 295 nm; emission

=340 nm, 16 nm band-pass) at 250C of a 20 nM 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.

99 ¢

[0087] An “on-rate,” “rate of association,” “association rate,” or “k,,” according to
this invention can also be determined as described above using a BIACORE ®.2000 or

a BIACORE ®-3000 system (BIAcore, Inc., Piscataway, NJ).

[0088] The term “substantially similar” or “substantially the same,” as used herein,
denotes a sufficiently high degree of similarity between two numeric values (for
example, one associated with an antibody of the invention and the other associated
with a reference/comparator antibody), such that one of skill in the art would consider
the difference between the two values to be of little or no biological 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 is, for example, less
than about 50%, less than about 40%, less than about 30%, less than about 20%,

and/or less than about 10% as a function of the reference/comparator value.

[0089] The phrase “substantially reduced,” or “substantially different,” as used herein,
denotes a sufficiently high degree of difference between two numeric values
(generally one associated with a molecule and the other associated with a
reference/comparator molecule) such that one of skill in the art would consider the
difference between the two values to be of statistical significance within the context

of the biological characteristic measured by said values (e.g., Kd values). The
difference between said two values is, for example, greater than about 10%, greater
than about 20%, greater than about 30%, greater than about 40%, and/or greater than

about 50% as a function of the value for the reference/comparator molecule.

[0090] “Purified” means that a molecule is present in a sample at a concentration of at

least 95% by weight, or at least 98% by weight of the sample in which it is contained.
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[0091] An “isolated” nucleic acid molecule is a nucleic acid molecule that is
separated from at least one other nucleic acid molecule with which it is ordinarily
associated, for example, in its natural environment. An isolated nucleic acid molecule
further includes a nucleic acid molecule contained in cells that ordinarily express the
nucleic acid molecule, but the nucleic acid molecule is present extrachromosomally or

at a chromosomal location that is different from its natural chromosomal location.

[0092] The term “vector,” as used herein, is intended to refer to a nucleic acid
molecule capable of transporting another nucleic acid to which it has been linked.
Onc typc of vector is a “plasmid,” which refers to a circular doublc stranded DNA
into which additional DNA scgments may be ligated. Another type of vector is a
phage vector. Another type of vector is a viral vector, wherein additional DNA
segments may be ligated into the viral gcnome. Certain vectors arc capable of
autonomous replication in a host ccll into which they arc introduced (e.g., bactcrial
vectors having a bacterial origin of replication and episomal mammalian vectors).
Other vectors (e.g., non-episomal mammalian vectors) can be integrated into the
genome of a host cell upon introduction into the host ccll, and thercby are replicated
along with the host gcnome. Moreover, certain vectors are capablc of directing the
cxpression of gences to which they arc opcratively linked. Such vectors are referred to
herein as “recombinant expression vectors,” or simply, “expression vectors.” In
general, expression vectors of utility in recombinant DNA techniques are often in the
form of plasmids. In the present specification, “plasmid” and “vector” may be uscd

intcrchangeably as the plasmid is the most commonly used form of vector.

[0093] “Polynucleotide,” or “nucleic acid,” as used interchangeably herein, refer to
polymers of nucleotides of any length, and include DNA and RNA. The nucleotides
can be deoxyribonucleotides, ribonucleotides, modified nucleotides or bases, and/or
their analogs, or any substrate that can be incorporated into a polymer by DNA or
RNA polymerase or by a synthetic reaction. A polynucleotide may comprise
modified nucleotides, such as methylated nucleotides and their analogs. If present,
modification to the nucleotide structure may be imparted before or after assembly of
the polymer. The sequence of nucleotides may be interrupted by non-nucleotide
components. A polynucleotide may comprise modification(s) made after synthesis,

such as conjugation to a label. Other types of modifications include, for example,
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“caps,” substitution of one or more of the naturally occurring nucleotides with an
analog, internucleotide modifications such as, for example, those with uncharged
linkages (e.g., methyl phosphonates, phosphotriesters, phosphoamidates, carbamates,
etc.) and with charged linkages (e.g., phosphorothioates, phosphorodithioates, etc.),
those containing pendant moieties, such as, for example, proteins (e.g., nucleases,
toxins, antibodies, signal peptides, ply-L-lysine, etc.), those with intercalators (e.g.,
acridine, psoralen, etc.), those containing chelators (e.g., metals, radioactive metals,
boron, oxidative metals, etc.), those containing alkylators, those with modified
linkages (e.g., alpha anomeric nucleic acids, etc.), as well as unmodified forms of the
polynucleotides(s). Further, any of the hydroxyl groups ordinarily present in the
sugars may be replaced, for example, by phosphonate groups, phosphate groups,
protected by standard protecting groups, or activated to prepare additional linkages to
additional nucleotides, or may be conjugated to solid or semi-solid supports. The 5’
and 3’ terminal OH can be phosphorylated or substituted with amines or organic
capping group moieties 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-, 2°-O-allyl-, 2’-fluoro- or 2’-azido-ribose, carbocyclic
sugar analogs, a-anomeric sugars, epimeric sugars such as arabinose, xyloses or
lyxoses, pyranose sugars, furanose sugars, sedoheptuloses, acyclic analogs, and basic
nucleoside analogs such as methyl riboside. One or more phosphodiester linkages
may be replaced by alternative linking groups. These alternative linking groups
include, but are not limited to, embodiments wherein phosphate is replaced by P(O)S
(“thioate”), P(S)S (“dithioate”), (O)NR> (“amidate”), P(O)R, P(O)OR’, CO, or CH2
(“formacetal”), in which each R or R’ is independently H or substituted or
unsubstituted alkyl (1-20 C) optionally containing an ether (-O-) linkage, aryl, alkenyl,
cycloalkyl, cycloalkenyl or araldyl. Not all linkages in a polynucleotide need be
identical. The preceding description applies to all polynucleotides referred to herein,
including RNA and DNA.

[0094] “Oligonuclcotidc,” as uscd herein, gencrally refers to short, generally single-
strandcd, generally synthetic polynuclcotides that arc gencrally, but not ncccessarily,

less than about 200 nuclcotides in length. The terms “oligonucleotide’ and
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“polynucleotide” are not mutually exclusive. The description above for

polynucleotides is equally and fully applicable to oligonucleotides.

[0095] The term “Smo,” or “SMQO” as used herein, refers to any native SMO from

any vertebrate source, including 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 rcsults from processing in the cell.
The term also encompasses naturally occurring variants of SMO, e.g., splice variants
or allelic variants. “Mutant Smo” as used herein refers to SMO having a mutation in
the carboxy-tcrminal portion of transmembrane 7 of SMO at position 518 of human

SMO.

[0096] As used hercin, “trcatment” (and variations such as “trcat” or “treating”) refcrs
to clinical intervention in an attcmpt to alter the natural coursc 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 include preventing occurrence or
recurrence of discase, alleviation of symptoms, diminishment of any dircct or indirect
pathological consequences of the disease, preventing metastasis, decreasing the rate of
disease progression, amelioration or palliation of the discase state, and remission or
improved prognosis. In some embodiments, antibodies of the invention are used to
delay development of a disease or disorder or to slow the progression of a disease or

disorder.

[0097] An “individual,” “subject,” or “patient” is a vertebrate. 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 is a human.

[0098] The term *“pharmaceutical formulation” refers to a preparation which is in
such form as to permit 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.
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[0099] A “sterile” formulation is aseptic or free from all living 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 prophylactic result.

[0100] A “therapeutically effective amount” of a substance/molecule of the invention
may vary according to factors such as the disease state, age, sex, and weight of the
individual, and the ability of the substancc/molecule, to elicit a desired response in the
individual. A therapeutically effective amount encompasses an amount in which any
toxic or detrimental effects of the substance/molecule are outweighed by the
therapcutically beneficial effects. A “prophylactically cffective amount” refers to an
amount effcctive, at dosages and for periods of timce nccessary, to achieve the desired
prophylactic result. Typically, but not necessarily, since a prophylactic dose is used
in subjccts prior to or at an carlier stage of discase, the prophylactically cffcctive

amount would be less than the therapeutically cffective amount.

[0101] The term “cytotoxic agent” as used herein refers to a substance that inhibits or
prevents a cellular function and/or causcs cell dcath or destruction. The term is
intended to include radioactive isotopes (e.g., Atm, 1131, 1125, YQO, Rel%, Relgg, Smm,
Bi?'2, P*, Pb*"? and radioactive isotopes of Lu), chemotherapeutic agents (e.g.,
methotrexate, adriamicin, vinca alkaloids (vincristine, vinblastine, etoposide),
doxorubicin, melphalan, mitomycin C, chlorambucil, daunorubicin or other
intercalating agents, enzymes and fragments thereof such as nucleolytic enzymes,
antibiotics, and toxins such as small molecule toxins or enzymatically active toxins of
bacterial, fungal, plant or animal origin, including fragments and/or variants thereof,
and the various antitumor or anticancer agents disclosed below. Other cytotoxic

agents are described below. A tumoricidal agent causes destruction of tumor cells.

[0102] A “toxin” is any substance capable of having a detrimental effect on the

growth or proliferation of a cell.

[0103] A *““‘chemotherapeutic agent” is a chemical compound useful in the treatment
of cancer. Examples of chemotherapeutic agents include alkylating agents such as

thiotepa and cyclosphosphamide (CYTOXAN®); alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as benzodopa, carboquone, meturedopa,

and uredopa; ethylenimines and methylamelamines including altretamine,
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triethylenemelamine, triethylenephosphoramide, triethylenethiophosphoramide and
trimethylomelamine; acetogenins (especially bullatacin and bullatacinone); delta-9-
tetrahydrocannabinol (dronabinol, MARINOL®), beta-lapachone; lapachol,
colchicines; betulinic acid; a camptothecin (including the synthetic analogue
topotecan (HY CAMTIN®), CPT-11 (irinotecan, CAMPTOSAR®),
acetylcamptothecin, scopolectin, and 9-aminocamptothecin); bryostatin; callystatin;
CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogues);
podophyllotoxin; podophyllinic acid; teniposide; cryptophycins (particularly
cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin (including the synthetic
analogues, KW-2189 and CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin;
spongistatin; nitrogen mustards such as chlorambucil, chlornaphazine,
chlorophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine
oxide hydrochloride, melphalan, novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosoureas such as carmustine, chlorozotocin,
fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such as the enediyne
antibiotics (e. g., calicheamicin, especially calicheamicin gammall and calicheamicin
omegall (see, e.g., Nicolaou et al., Angew. Chem Intl. Ed. Engl., 33: 183-186 (1994));
CDP323, an oral alpha-4 integrin inhibitor; dynemicin, including dynemicin A; an
esperamicin; as well as neocarzinostatin chromophore and related chromoprotein
enediyne antibiotic chromophores), aclacinomysins, actinomycin, authramycin,
azaserine, bleomycins, cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycins, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine,
doxorubicin (including ADRIAMY CIN®, morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin, doxorubicin HCI liposome
injection (DOXIL®), liposomal doxorubicin TLC D-99 (MYOCET®), peglylated
liposomal doxorubicin (CAELY X®), and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as mitomycin C, mycophenolic acid,
nogalamycin, olivomycins, peplomycin, porfiromycin, puromycin, quelamycin,
rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate, gemcitabine (GEMZAR®), tegafur
(UFTORAL®), capecitabine (XELODA®), an epothilone, and 5-fluorouracil (5-FU);,
folic acid analogues such as denopterin, methotrexate, pteropterin, trimetrexate;
purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine;

pyrimidinc analogs such as ancitabinc, azacitidine, 6-azauridine, carmofur, cytarabinc,
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dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens such as calusterone,
dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals
such as aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic
acid; aceglatone; aldophosphamide glycoside; aminolevulinic acid; eniluracil;
amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; demecolcine; diaziquone;
elfornithine; elliptinium acetate; an epothilone; etoglucid; gallium nitrate;
hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin,
phenamet; pirarubicin; losoxantrone; 2-ethylhydrazide; procarbazine; PSK®
polysaccharide complex (JHS Natural Products, Eugene, OR); razoxane; rhizoxin;
sizofiran; spirogermanium; tenuazonic acid; triaziquone; 2,2°,2’-
trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A, roridin A
and anguidine); urethan; vindesine (ELDISINE®, FILDESIN®); dacarbazine;
mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside (“Ara-
C”); thiotepa; taxoid, e.g., paclitaxel (TAXOL®), albumin-engineered nanoparticle
formulation of paclitaxel (ABRAXANE™), and docetaxel (TAXOTERE®);
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®), vincristine (ONCOVIN®), vindesine (ELDISINE®, FILDESIN®),
and vinorelbine (NAVELBINE®); etoposide (VP-16); ifosfamide; mitoxantrone;
leucovorin; novantrone; edatrexate; daunomycin; aminopterin; ibandronate;
topoisomerase inhibitor RFS 2000; difluoromethylomithine (DMFQ); retinoids such
as retinoic acid, including bexarotene (TARGRETIN®); bisphosphonates such as
clodronate (for example, BONEFOS® or OSTAC®), ctidronate (DIDROCAL®),
NE-58095, zoledronic acid/zoledronate (ZOMETA®), alendronate (FOSAMAX®),
pamidronate (AREDIA®), tiludronate (SKELID®), or risedronate (ACTONEL®);
troxacitabine (a 1,3-dioxolane nucleoside cytosine 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-R); vaccines such as THERATOPE® vaccine
and gene therapy vaccines, for example, ALLOVECTIN® vaccine, LEUVECTIN®
vaccine, and VAXID® vaccine; topoisomerase 1 inhibitor (e.g., LURTOTECAN®);
mRH (e.g., ABARELIX®); BAY439006 (sorafcnib; Baycr); SU-11248 (sunitinib,
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SUTENT®, Pfizer), perifosine, COX-2 inhibitor (e.g. celecoxib or etoricoxib),
proteosome inhibitor (e.g. PS341); bortezomib (VELCADE®); CCI-779; tipifamib
(R11577); orafenib, ABT510; Bcl-2 inhibitor such as oblimersen sodium
(GENASENSE®); pixantrone; EGFR inhibitors (see definition below); tyrosine
kinase inhibitors (see definition below); serine-threonine kinase inhibitors such as
rapamycin (sirolimus, RAPAMUNE®); farnesyltransferase inhibitors such as
lonafarnib (SCH 6636, SARASAR™); and pharmaceutically 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, vincristine, and prednisolone; and FOLFOX, an abbreviation for a
treatment regimen with oxaliplatin (ELOXATIN™) combined with 5-FU and

leucovorin.

[0104] Chcmotherapeutic agents as defined hercin includce “anti-hormonal agents” or
“cndocrinc therapcutics” which act to regulate, reduce, block, or inhibit the cffccts of
hormoncs that can promotc the growth of cancer. They may be hormoncs themsclves,
including, but not limited to: anti-estrogens with mixcd agonist/antagonist profilc,
including, tamoxifcn (NOLVADEX®), 4-hydroxytamoxifen, torcmifene
(FARESTON®), idoxifene, droloxifenc, raloxifene (EVISTA®), trioxifene, kecoxifence,
and sclective cstrogen receptor modulators (SERMs) such as SERM3; pure anti-
cstrogens without agonist propertics, such as fulvestrant (FASLODEX®), and EM&00
(such agents may block cstrogen receptor (ER) dimcrization, inhibit DNA binding,
incrcasc ER turmnovcr, and/or suppress ER lcvels); aromatasc inhibitors, including
stcroidal aromatasc inhibitors such as formcstanc and cxcmestanc (AROMASIN®),
and nonstcroidal aromatasc inhibitors such as anastrazolc (ARIMIDEX®), Ictrozolc
(FEMARA®) and aminoglutcthimidc, and othcr aromatasc inhibitors includc
vorozole (RIVISOR®), mcgestrol acctatc (MEGASE®), fadrozolc, and 4(5)-
imidazolcs; lutcnizing hormonc-relcascing hormonc agonists, including lcuprolide
(LUPRON® and ELIGARD®), goscrelin, buscrelin, and triptercling scx stcroids,
including progestincs such as megestrol acctatc and medroxyprogesteronc acctatc,
cstrogens such as dicthylstilbestrol and premarin, and androgens/retinoids such as
fluoxymestcronc, all transrctionic acid and fenrctinide; onapristonc; anti-
progcstcroncs; cstrogen receptor down-regulators (ERDs); anti-androgens such as

flutamidc, nilutamidc and bicalutamidc; and pharmaccutically acceptablc salts, acids
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or derivatives of any of the above; as well as combinations of two or more of the

above.

[0105] A *‘growth inhibitory agent” when used herein refers to a compound or
composition which inhibits growth of a cell (such as a cell expressing SMO) either in
vitro or in vivo. Thus, the growth inhibitory agent may be one which significantly
reduces the percentage of cells (such as a cell expressing SMO) in S phase. Examplcs
of growth inhibitory agents include agents that block cell cycle progression (at a place
other than S phase), such as agents that induce G1 arrest and M-phase arrest.
Classical M-phasc blockers include the vincas (vincristine and vinblastine), taxancs,
and topoisomcrasc [ inhibitors such as doxorubicin, cpirubicin, daunorubicin,
ctoposide, and blecomycin. Those agents that arrest G1 also spill over into S-phase
arrest, for cxample, DNA alkylating agents such as tamoxifen, prednisone,
dacarbazinc, mechlorcthamine, cisplatin, mcthotrexate, S-fluorouracil, and ara-C.
Further information can be found in Mcndclsohn and Israel, cds., The Molecular
Basis of Cancer, Chapter 1, entitled “Ccll cycle rcgulation, oncogenes, and
antincoplastic drugs” by Murakami et a/. (W.B. Saundcrs, Philadclphia, 1995), e.g., p.
13. The taxancs (paclitaxel and docetaxcl) are anticancer drugs both derived from the
yew trce. Docetaxel (TAXOTERE®, Rhonc-Poulenc Rorer), derived from the
European yew, is a scmisynthetic analogue of paclitaxcl (TAXOL®, Bristol-Myers
Squibb). Paclitaxcl and docctaxel promotc the asscmbly of microtubules from tubulin
dimers and stabilize microtubulcs by preventing depolymcrization, which results in

the inhibition of mitosis in cells.

[0106] A “mutant Smo antagonist” is a compound that inhibits the biological activity
of a SMO having an amino acid substitution at position 518 of human SMO that
changes the wild-type glutamic acid at this position to any other amino acid. The
biological activity of SMO is the ability to transducer a signal upon stimulation with

hedgehog to activation of Gli transcription factor.
[0107] L. Nucleic Acids

[0108] The nucleic acids of the invention include isolated mutant SMO-encoding
sequences. The nucleic acids comprisc a sequence that is at Icast 80% identical to the

nucleic acid sequence of SEQ ID NO:3 and which contain at lecast onc mutation from
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this sequence to encode any amino acid at position 518 other than glutamic acid (E).
In some embodiments, the nucleic acid encodes alanine (A) or lysine (K) at position
518. In some embodiments, the nucleic acid has at least one mutation from the
parental wild-type SMO at nucleotide 1552, 1553, and/or 1554. In some
embodiments, the percent identity is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%., 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ ID NO:3 providing that
there is at least one mutation at position 1552, 1553, and/or 1554. The invention 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 nucleotide fragments are 25, 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 mutant SMO-
encoding nucleic acid molecule. Isolated mutant SMO and fragments thereof may be
uscd, for cxamplc, for hybridization, to generatc primers and probes for the prognostic
and diagnostic assays of the invention, and for expression in recombinant systems
(such as to generate mutant SMQO protein or portions thereof for use as immunogens

and for usc in assays of thc invention as described herein).

[0109] The invention provides nucleic acid probes which may be used to identify the
mutant SMO nuclcic acid molccule in thec methods of the invention. Nuclcic acid
samplcs derived from tissuc suspected of having a mutant SMO or from tissuc
whcrein the status of SMO is unknown may be screened using a specific probe for
mutant SMO using standard proccdurcs, such as described in Sambrook et al.,
MOLECULAR CLONING: A LABORATORY MANUAL, Cold Spring Harbor Laboratory
Prcss, NY, 1989). Altcrnatively, the nuclceic acid encoding SMO may be amplified
from the tissuc and probed with a spccific probe of the invention to detcrmine the
presence of absence of mutant SMO. PCR mcthodology is well known in the art
(Sambrook et al., supra; Dicffenbach et al., PCR PRIMER: A LABORATORY MANUAL,
Cold Spring Harbor Laboratory Prcss, NY, 1995).

[0110] Nuclcotide scquences (or their complement) encoding mutant SMO have
various applications in the art of molccular biology, including uses as hybridization
probces, and in the gencration of anti-scnsc RNA and DNA probes. Mutant SMO-

cncoding nucleic acid will also be uscful for the preparation of mutant SMO
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polypeptides by the recombinant techniques described herein, wherein those mutant
SMO polypeptides may find use, for example, in the preparation of anti-mutant SMO

antibodies as described herein.

[0111] The full-length mutant SMO nucleic acids, or portions thercof, may be used as
hybridization probes for identifying mutant SMO.

[0112] Optionally, the length of the probes will be about 20 to about 50 bases. The
hybridization probes may be dcrived from at Icast the mutant region of the full length

mutant SNO nucleotidc scquence.

[0113] 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 bases. Hybridization probes may be labeled by a variety of labels,
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
invention can be used to screen libraries of human ¢cDNA, genomic DNA or mRNA to
determine which members of such libraries the probe hybridizes to. Hybridization
products may be resolved on polyacrylamide gels. In addition, the SMO mutations
may be determined using the method described in the Examples. Hybridization
conditions, including moderate stringency and high stringency, are provided in

Sambrook et al., supra.

[0114] Sequences identified in such library screening methods can be compared and
aligned to the known sequences for SMO and mutant SMO. Sequence identity at the
carboxy-terminal region of transmembrane domain 7 can be determined using

methods known in the art.

[0115] Other useful fragments of the SMO-encoding nucleic acids include antisense
or sense oligonucleotides comprising a single-stranded nucleic acid sequence (either
RNA or DNA) capable of binding to target mutant SMO mRNA (sense) or mutant
SMO DNA (antisense) sequences. Antisense or sense oligonucleotides, according to
the present invention, comprise a fragment of the coding region of mutant SMO DNA
containing the mutation region. Such a fragment generally comprises at least about 14

nucleotides, preferably from about 14 to 30 nucleotides. The ability to derive an
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antisense or a sense oligonucleotide, based upon a cDNA sequence encoding a given
protein is described in, for example, Stein and Cohen (1988) Cancer Res. 48:2659 and
van der Krol et al. (1988) BioTechnigues 6:958.

[0116] Binding of antisense or sense oligonucleotidcs to target nucleic acid sequences
results in the formation of duplexes that block transcription or translation of the target
scquence by one of scveral means, including enhanced degradation of the duplexes,
premature termination of transcription or translation, or by other means. Such
methods are encompasscd by the present invention. The antisense oligonucleotides
thus may bc uscd to block cxpression of mutant SMO protcins, wherein those mutant
SMO protcins may play a rolc in the resistance of cancer in mammals to
chemotherapeutics such as GDC-0449. Antisense or scnse oligonucleotides further
comprise oligonuclcotides having modified sugar-phosphodiester backbonces (or other
sugar linkagcs, such as thosc dcscribed in WO 91/06629) and wherein such sugar
linkagcs are rcsistant to endogenous nucleascs. Such oligonucleotides with resistant
sugar linkagcs are stablc in vivo (i.e., capable of resisting enzymatic degradation) but

retain scquence spccificity to be able to bind to target nucleotide sequences.

[0117] Specific examples of preferred antisense compounds uscful for inhibiting
expression of mutant SMO proteins include oligonucleotides containing modified
backbones or non-natural internucleoside linkages. Oligonucleotides having modified
backbones include those that retain a phosphorus atom in the backbone and those that
do not have a phosphorus atom in the backbone. For the purposes of this specification,
and as sometimes referenced in the art, modified oligonucleotides that do not have a
phosphorus atom in their internucleoside backbone can also be considered to be
oligonucleosides. Preferred modified oligonucleotide backbones include, for
example, phosphorothioates, chiral phosphorothioates, phosphorodithioates,
phosphotriestcrs, aminoalkylphosphotri-esters, methyl and other alkyl phosphonates
including 3'-alkylene phosphonates, 5'-alkylene phosphonates and chiral
phosphonates, phosphinates, phosphoramidates including 3'-amino phosphoramidate
and aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkylphosphotriesters, selenophosphates and borano-phosphatcs having normal
3'-5' linkages, 2'-5' linked analogs of these, and those having inverted polarity wherein

one or morc internucleotide linkages is a 3'to 3', 5'to 5' or 2' to 2' linkage. Preferred
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oligonucleotides having inverted polarity comprise a single 3' to 3' linkage at the 3'-
most internucleotide linkage i.e. a single inverted nucleoside residue which may be
abasic (the nucleobase is missing or has a hydroxyl group in place thereof). Various
salts, mixed salts 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, 5,453,496; 5,455,233; 5,466,677, 5,476,925; 5,519,126;
5,536,821; 5,541,306; 5,550,111; 5,563,253; 5,571,799, 5,587,361; 5,194,599;
5,565,555, 5,527,899, 5,721,218; 5,672,697 and 5,625,050, each of which is herein

incorporated by reference.

[0118] Prcferrcd modificd oligonucleotide backboncs that do not includc a
phosphorus atom therein have backbones that are formed by short chain alkyl or
cycloalkyl internuclcoside linkages, mixed hetcroatom and alkyl or cycloalkyl
internuclcoside linkagcs, or onc or morc short chain heteroatomic or heterocyclic
internuclcoside linkages. Thesc include thosc having morpholino linkages (formed in
part from the sugar portion of a nuclcosidc); siloxanc backbongs; sulfide, sulfoxidc
and sulfonc backboncs; formacctyl and thioformacctyl backboncs; mcthylene
formacctyl and thioformacctyl backboncs; riboacctyl backbones; alkene containing
backboncs; sulfamate backbones; mcthyleneimino and methylenehydrazino
backbones; sulfonate and sulfonamidc backbonces; amidc backbonces; and othcers
having mixed N, O, S and CH.sub.2 component parts. Representative United States
patents that tcach the preparation of such oligonucleosides include, but arc not limited
to: U.S. Patent Nos.: 5,034,506, 5,166,315; 5,185,444, 5,214,134, 5,216,141,
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 is hercin incorporatcd by

refercnce.

[0119] In other preferred antisense oligonucleotides, both the sugar and the
internucleoside linkage, i.e., the backbone, of the nucleotide units are replaced with

novel groups. The base units are maintained for hybridization with an appropriate
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nucleic acid target compound. One such oligomeric compound, an oligonucleotide
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
aminoethylglycine backbone. The nucleobases are retained and are bound directly or
indirectly to aza nitrogen atoms of the amid<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>