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(57) Abstract: The emergence of mutations in tyrosine kinases following treatment of cancer patients with molecular-targeted ther -
apy represents a major mechanism of acquired drug resistance. Here, mutations in the serpentine receptor, Smoothened (SMO) are
described, which result in resistance to a Hedgehog (Hh) pathway inhibitor, such as in medulloblastoma. Amino acid substitutions in
conserved residues of SMO maintain Hh signaling, but result in the inability of the Hh pathway inhibitor, GDC-0449, to bind SMO
and suppress the pathway. In some embodiments, the disclosure provides for novel mutant SMO proteins and nucleic acids and for
screening methods to detect SMO mutations and methods to screen for drugs that specifically modulate mutant SMO exhibiting drug
resistance.
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MUTANT SMOOTHENED AND METHODS OF USING THE SAME

RELATED APPLICATIONS
This application claims the benefit of priority to United States provisional
application 61/935,775, filed on February 4, 2014, which is hercby incorporated

herein by reference in its entirety.

BACKGROUND OF THE INVENTION

Molecular-targeted cancer therapeutics have shown impressive activity in the
clinic. Some of the best noted examples include the tyrosine kinase inhibitors
imatinib in Philadelphia chromosome-positive chronic myelogenous leukemia (CML)
or KIT / PDGFR-mutant gastrointestinal stromal tumors (GISTs) and crlotinib in
EGFR-mutant non-small cell lung cancer (NSCLC) (Krause, D.S. and R.A. Van Etten
{2005y N. Engl. J. Med. 353(2):172-187). Treatment with these agents has led to
dramatic anti-tumor responses in paticnt populations harboring these molecular
abnormalitics. However, despite the impressive initial clinical responscs, nost
patients eventually progress due to the acquisition of drug resistance (Engelman, J.A.
and 1. Settleman (2008) Curr. Opin. Gener. Dev. 18(13:73-79). Identification of
mechanisms of resistance have consequently opened the door to more rational drug
combinations and the development of “second-generation” inhibitors that can
potentially overcome or avoid the emergence of resistance.

Medulloblastoma is & primitive neurocctodermal tumor of the cerebellum that
represents the most common brain malignancy in children (Polkinghorn, W.R. and
NI Tarbell (2007} Nat. Ciin. Pract. Oncol. 4(5):295-304). One form of treatment for
medulloblastoma is adjuvant radiation therapy. Despite improvements in survival
rates, adjuvant radiation is associated with debilitating side effects, thus supporting
the need for new molecular targeted therapies.

The Hedgehog (Hh) signaling pathway has been directly implicated 1n the
pathogenesis of medulloblasioma. Coustitutive Hh signaling, most often due to
underlying loss of function mutations in the inhibitory receptor PTCHU, has been
demonstrated in approximately 30% of sporadic cases (Zurawel, R.H. ¢ al. (2000)

Genes Chromosomes Cancer 27(1):44-51; Kool, M. er ai. (2008) PLoS ONE
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3(8):e3088; Dellovade, T. ef al. (2006) Arnu. Rev. Newrosci. 29:539; Rubin, L.L. and
F.J. de Sauvage (2006) Nai. Rev. Drug Discov. §:1026). Mice hetcrozygous for Pichl
(Ptch1™) can spontancously develop medufloblastoma and treatment with Hh
pathway inhibitors results in tumor elimination and prolonged survival (Goodrich,
LV, et al {1997 Science 277{(5329):1109-1113; Romer, L. T. et al (2004) Cancer
Cell 6(3):229-240). However, it has recently been observed that a patient trcated 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. (submitied)), only to fail
to have a durable response {0 treatment and a relapse of the tumor.

BCC is the most common human cancer and is predominantly driven by
hyperactivation of the Hh pathway (Oro ct al., 1997; Xic ct al., 1998). The association
between Hh signaling and cancer was first discovered in patients with Gorlin or basal

N \

nevis syndrome {BCNSY, who are highly susceptible to medulloblastoma (MB)

ool
LER

and BCC. These patients generally possess heterozygous germline mutations in
Patched 1 (FTCHI), which encodes a receptor for Hh ligands (Hahn et al., 1996;
Johnson et al., 1996). Hh ligand binding relieves PTCHI suppression of the
serpentine transmembrane (TM) signal transducer Smoothencd (SMO). The vast
majority of sporadic BCCs are driven by inactivating mutations and loss of
heterozygosity (LOH) in PTCHI, with most of the remainder harboring activating
mutations in SO (Reifenberger et al., 2005). SMO promotes the activation and
nuclear localization of GLI transcription factors by inhibition of Suppressor of fused
(SUFU) and Protein kinase A {PKA). SUFU negatively regulates the Hh pathway by
binding and sequestering GLI transcription factors in the cytoplasm (Stone et al.,
1999). Loss-of-tfunction mutations in SUFU are also associated with Gorlin Syndrome
(Pastorino et al., 2009; Smith et al., 2014; Taylor et al., 2002). Approximately 50% of
sporadic BCCs also have 7F33 mutations (Jayaraman et al., 2014).

Several Hh pathway inhibitors (HPIs) arc currently vnder clinical investigation
for both BCC and MB (Amakye et al., 2013). Vismodegib, previously known as
GDC-0449, is a SMQO inhibitor approved for the treatment of metastatic and locally
advanced BCC (Sckulic et al,, 2012). The majority of BCC patients treated with
vismodegib experience a clinical benefit, including both complete and partial

responses (Sekulic et al., 2012).

o]
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However, a preliminary estimate suggests that up to 20% of advanced BCC
patients develop resistance to vismodegib within the first year of treatment (Chang
and Oro, 2012). To date, the only functionally characterized mechanism of acquired
resistance to vismodegib in the clinic came from a patient with metastatic MB. A
SMO-D473H mutation was detected in a biopsy from a relapsed metastatic tumor and
was shown to abrogate drug binding in vitro (Yauch et al., 2009). Four other clinical
SMO mutations were recently reported in vismodegib-resistant BCC, but were not
examined functionally (Brinkhuizen et al., 2014; Pricl et al., 2014). Several resistance
mechanisms to SMO inhibitors have been delineated from preclinical models,
including additional SMO mutations, amplification of downstream Hh pathway
components such as GLI2, and activation of bypass signaling pathways including
phosphatidylinositol 3-kinase (PI3K) kinase and atypical protein kinase C VA (aPKC-
VL) (Atwood et al., 2013; Buonamici et al., 2010; Dijkgraaf et al., 2011). However, it
remains unclear which mechanisms drive resistance in patients.

There is an urgent need in the art to identify additional GDC-0449-resistant
mutant SMO proteins and 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.

It is to 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.

SUMMARY OF THE DISCLOSURE

A first aspect provides a nucleic acid probe capable of specifically hybridizing
to a nucleic acid encoding a mutant SMO protein or fragment thereof comprising a
mutation in the sequence encoding an amino acid corresponding to position 281 of
SEQ ID NO:1, wherein the probe further comprises a detectable label, optionally
wherein the mutant SMO protein or fragment comprises cysteine at position 281,
optionally wherein the probe comprises about 10 to about 50 nucleotides.

A second aspect provides an isolated mutant SMO protein comprising an

amino acid sequence that is at least 95% identical to SEQ ID NO: 1, wherein said

10878476_1 (GHMatters) P103650.AU 28-Nov-18
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amino acid sequence comprises an amino acid other than tryptophan at an amino acid
corresponding to position 281 of SEQ ID NO: 1, optionally comprising the amino
acid sequence of SEQ ID NO: 2.

A third aspect provides an isolated antibody that specifically binds to the
mutant SMO protein of the second aspect, wherein said antibody does not bind wild-
type SMO comprising tryptophan at the amino acid corresponding to position 281 of
SEQID NO: 1.

A fourth aspect 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 mutant
SMO protein, or fragment thereof comprising a mutation that alters the sequence
encoding the amino acid corresponding to position 281 of SEQ ID NO: 1 to an amino
acid other than tryptophan, and detecting said hybridization.

A fifth aspect provides a method for treating a tumor in a subject, wherein
presence of a mutated SMO gene or mutated SMO protein causes said tumor to be or
become resistant to treatment with GDC-0449, wherein said mutated SMO gene
encodes a mutated SMO protein, and wherein said mutated SMO protein comprises a
mutation at an amino acid corresponding to position 281 of SEQ ID NO: 1, the
method comprising administering to the subject a composition that binds said mutated
SMO protein.

A sixth aspect provides use of a composition that binds a mutated SMO
protein in the manufacture of a medicament for treating a tumor in a subject, wherein
presence of a mutated SMO gene or mutated SMO protein causes said tumor to be or
become resistant to treatment with GDC-0449, wherein said mutated SMO gene
encodes a mutated SMO protein, and wherein said mutated SMO protein comprises a
mutation at an amino acid corresponding to position 281 of SEQ ID NO: 1.

A seventh aspect provides a method of screening for compounds that inhibit
signaling of a mutant SMO protein comprising a mutation at an amino acid
corresponding to position 281 of SEQ ID NO: 1, the method comprising 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 said
mutant SMO protein indicates that said test compound is an inhibitor of the mutant

SMO protein.

3a

10878476_1 (GHMatters) P103650.AU 28-Nov-18


P103650.AU

2015214264 28 Nov 2018

10

15

20

25

30

An eighth aspect provides a method of screening for compounds that inhibit
signaling of a mutant SMO protein comprising a mutation at an amino acid
corresponding to position 281 of SEQ ID NO: 1, the method comprising comprising
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 the mutant SMO protein.

A ninth aspect provides a method of inhibiting proliferation or growth of a cell
having aberrant hedgehog signaling, comprising administering to said cell a
bromodomain inhibitor, wherein said cell expresses a mutant SMO protein
comprising a mutation at an amino acid corresponding to position 281 of SEQ ID
NO: 1.

A tenth aspect provides use of a a bromodomain inhibitor in the manufacture
of a medicament for inhibiting proliferation or growth of a cell having aberrant
hedgehog signaling, wherein said cell expresses a mutant SMO protein comprising a
mutation at an amino acid corresponding to position 281 of SEQ ID NO: 1.

An eleventh aspect provides a method of identifying a hedgehog pathway
inhibitor inhibitor, the method comprising: (a) contacting a cell with an amount of a
test agent, wherein the cell is responsive to hedgehog protein or has increased
hedgehog signaling and/or activation of the hedgehog signaling pathway, and wherein
the cell expresses the mutant SMO protein of the second aspect; and b) determining,
as compared to a control, whether the test agent inhibits hedgehog signaling in the cell,
wherein if the test agent inhibits hedgehog signaling in the cell relative to the control,
then the test agent is identified as a hedgehog pathway inhibitor, optionally wherein
hedgehog signaling inhibition is determined using a Glil expression assay.

A twelfth aspect provides a method of identifying a hedgehog pathway
inhibitor, the method comprising: (a) contacting a cell with an amount of a test agent,
wherein the cell is responsive to hedgehog protein or has increased hedgehog
signaling and/or activation of the hedgehog signaling pathway, and wherein the cell
expresses the mutant SMO protein of the second aspect; and b) determining, as
compared to a control, whether the test agent inhibits growth and/or proliferation of
the cell, wherein if the test agent inhibits growth and/or proliferation of the cell

relative to the control, then the test agent is identified as a hedgehog pathway inhibitor.

3b
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The present disclosure relates, in certain embodiments, to isolated mutant
SMO nucleic acids and proteins, such as those related to chemotherapeutic resistance
of tumors and methods of screening for compounds that bind to SMO mutants, or
modulate SMO activity, and to cancer diagnostics and therapies and in particular to
the detection of mutations that are diagnostic and/or prognostic and treatment of drug-
resistant tumors.

In some embodiments, the disclosure provides for an isolated nucleic acid
molecule encoding a mutant SMO protein wherein said amino acid sequence
comprises an amino acid other than tryptophan at the amino acid position
corresponding to position 281 of the wildtype SMO amino acid sequence. In some

embodiments, the disclosure provides for an isolated nucleic acid molecule encoding

3¢
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a mutant SMQO 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 tryptophan at amino acid 281. o some embodiments, the mutant SMO

protein comprises the amino acid sequence of SEQ 1D NO:2 wherein said amino acid

(33

sequence comprises a cysieine (C) at amino acid 281, In some embodiments, the
nucleic acid comprises a parcntal nucleic acid sequence of SE(QQY ID NO:S, whercin
said sequence contains a mutation that alters the sequence encoding amino acid 281 to
encode a different amino acid. In some embodiments, the disclosure provides for a
nucleic acid probe capable of specifically hybridizing to nucleic acid encoding a

10 mutated SMO protein or fragment thereof incorporating a mutation in the sequence
encoding amino acid 281. Tn some embodiments, the probe is complementary to said
nucleic acid encoding the mutated SMO or said fragment thercof. In somc
embodiments, the probe has a length of about 10 to about 50 nucleotides. Tn some
embodiments, the probe further comprises a detectable label.

In some embodiments, the disclosure provides for an isolated nucleic acid

[0l

molecule encoding a mutant SMO protein whercin said amino acid sequence
comprises an amino acid other than alanine at the amino acid position corresponding
to position 459 of the wildtype SMO amino acid sequence. In some embodiments, the
disclosure provides for a isolated nucleic acid molecule encoding a mutant SMO

20 protein comprising an amino acid scquence that is at least 95% identical to SEQ ID
NQO:1 wherein said amino acid sequence comprises an amino acid other than alanine
at amino acid 459. In some embodiments, the mutant SMO protein comprises the
amino acid sequence of SEQ ID NO:3 wherein said amino acid sequence compriscs a

valine (V) at amino acid 459, In some embodiments, the nucleic acid molecule

o
(43

comprises a parental nucleic acid sequence of SEQ ID NO:S. wherein said sequence
contains a mutation that alters the scquence encoding amino acid 459 to encodc a
differcut amino acid. fn some cmbodiments, the disclosure provides for a nucleic acid
probe capable of specitically hybridizing to nucleic acid encoding a mutated SMO
protein or fragment thercof incorporating a mutation in the sequence encoding amine
30 acid 459. To some embodiments, the probe is complementary to said nucleic acid
encoding the mutated SMO or said fragment thercof. o some embodiments, the
probe has a length of about 10 to about 50 nucleotides. In some embodiments, the

probe comprises a detectable label.
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In some embodiments, the disclosure provides for an 1solated nucleic acid
molecule encoding a mutant SMO protein whercin said amino acid sequence
comprises an amino acid other than tryptophan at the amino acid position
corresponding to position 535 of the wildtype SMO amino acid sequence. In some
embodiments, the disclosure provides for an isolated nucleic acid molecule encoding
a mutant SMO protein comprising an amino acid sequence that is at least 95%
identical to SEQ 1D NO: 1 wherein said amino acid sequence comprises an amino acid
other than tryptophan at amino acid 535. In some embodiments, the mutant SMO
protein compriscs the amino acid sequence of SEQ D NO:4 wherein said amino acid
sequence comprises a leucine (L) at amino acid 535, In some embodiments, the
nucleic acid molecule comprises a parental nucleic acid sequence of SEQ 1D NO:5,
wherein said sequence contains a mutation that alters the sequence encoding amino
acid 535 to encode a different amino acid. In some embodiments, the disclosure
provides for a nucleic acid probe capable of specifically hybridizing to nucleic acid
encoding a mutated SMO protein or fragment thereof incorporating a mutation in the
sequence encoding amino acid 535, [n some embodiments, the probe is
complementary to said nucleic acid encoding the mutated SMO or said fragment
thercof. In some embodiments, the probe has a length of about 10 to about 50
nucleotides. Tn some embodiments, the probe further comprises a detectable label.

In some embodiments, the disclosure provides for an isolated nucleic acid
molecule encoding a mutant SMO protein wherein said amino acid sequence
comprises an amino acid other than isoleucine at the amino acid position
correspongding 1o position 408 of the wildtype SMO amino acid sequence. In some
cmbodiments, the disclosure provides for an isolated nucleic acid molecule cncoding
a mutant SMO protein comprising an amino acid sequence that is at least 95%
identical to SEQ} ID NO: { wherein said amino acid sequence comprises an amino
acid other than isolcucine (1) at amino acid 408, In some embodiments, the mutant
SMO protein comprises the amino acid sequence of SEQ 1D NO: 7 whercin said
amino acid sequence comprises a valine (V) at amino acid 408. In some
cembodiments, the nucleic acid molecule comprises a parental nucleic acid sequence of
SEQ ID NO: §, wherein said sequence contains a mutation that alters the sequence
encoding amino acid 408 to encode a different amino acid. In some embodiments, the

disclosure provides for a nucleic acid probe capable of specifically hybridizing to
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nucleic acid encoding a mutated SMO protein or fragment thereof incorporating a
mutation in the sequence encoding amino acid 408, In some embodiments, the probe
is complementary to said nucleic acid encoding the mutated SMO or said fragment
thereof. In some embodiments, the probe has a length of about 10 to about 50
nucleotides. In some embodiments, the probe further comprises a detectable label.

In some embodiments, the disclosure provides for an isolated mutant SMO
protein comprising an anino acid sequence, wherein the amino acid sequence
comprises an amino acid other than tryptophan at the amino acid position
correspongding 1o position 281 of the wildtype SMO amino acid sequence. In some
cmbodiments, the disclosure provides for an isofated mutant SMO protein comprising
an amino acid sequence that 1s at least 95% identical to SEQ 1D NO: 2 wherein said
amino acid sequence compriscs an amino acid other than {ryptophan at amino acid
281. In some cmbodiments, the amino acid sequence comprises an amino acid other
than tryptophan at amino acid 281. In some embodiments, amino acid sequence
comprises cysteine (C) at amino acid 281,

In some embodiments, the disclosure provides for an isolated mutant SMO
protein comprising an amino acid sequence, wherein the amino acid sequence
comprises an amino acid other than alanine at the amino acid position corresponding
to position 459 of the wildtype SMO amino acid scquence. In some embodiments, the
disclosure provides for an isolated mutant SMO protein comprising an amino acid
sequence that s at least 95% identical to SEQ 1D NO: 3 wherein said amino acid
sequence comprises an amino acid other than alanine at amino acid 459. In some
cmbodiments, the amino acid sequence comprises an amino acid other than alanine at
amino acid 459. In some embodiments, the amino acid sequence compriscs valine
(V) at amino acid 459.

In some embodiments, the disclosurc provides for an isolated mutant SMO
protein comprising an amino acid scquence, whercein the amino acid sequence
comprises an amino acid other than tryptophan at the anuno acid position
corresponding 1o position 535 of the wildtype SMO amino acid sequence. In some
cmbodiments, the disclosure provides for an isofated mutant SMO protein comprising
an amino acid sequence that is at least 95% identical to SEQ 1D NO: 4 wherein said
amino acid sequence compriscs an aming acid other than tryptophan at aming acid

535. In some cmbodiments, the amino acid sequence comprises an amino acid other

5
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than tryptophaun at amino acid 535, In some embodiments, the amino acid sequence
comprises leucine (L) at amino acid 535.

In some embodiments, the disclosure provides tor an isolated mutant SMO
protein comprising an amino acid sequence, wherein the amino acid sequence
comprises an amino acid other than isoleucine at the amino acid position
corresponding to position 408 of the wildtype SMO amino acid scquence. In some
embodiments, the disclosure provides for an isolated mutant SMO protein comprising
an amino acid sequence that is at least 95% identical to SEQ ID NO: 7 wherein said
amino acid sequence comprises an amino acid other than isoleucine (1) at amino acid
408. Tun some embodiments, the amino acid sequence compriscs an amino acid other
than isoleucine (1) at amino acid 408, In some embodiments, the anuino acid sequence
comprises valine (V} at amino acid 408.

In some embodiments, the disclosurc provides for an isolated antibody that
specifically binds to any of the mutant SMO proteins disclosed herein, wherein said
antibody does not bind wild-type SMO protein.

In some embodiments, the disclosure provides for an isolated antibody that
specifically binds to a mutant SMO protein that comprises an amino acid other than
tryptophan at amino acid 281, wherein said antibody does not bind wild-type SMO
having an tryptophan at amino acid 281. In some embodiments, the antibody is a
mounoclonal antibody. a chimeric antibody, a humanized antibody, a single chain
antibody or an antigen-binding fragment thereof. In some embodiments, the antibody
is conjugated to a cytotoxic agent. In some embodiments, the antibody is conjugated
i0 a detectable label. In some embodiments, the antibody inhibits SMO activity.

In some embodiments, the disclosure provides for an isolated antibody that
specifically binds to & mutant SMO protein that comprises an aming acid other than
alanine at amine acid 459, wherein said antibody does not bind wild-type SMO
having an alaninc at amino acid 459. in somc cmbodiments, the antibody is a
monoclonal antibody, a chimeric antibody, a humanized antibody, a single chain
antibody or an antigen-binding fragment thereof. In some embodiments, the antibody
is conjugated to a cytotoxic agent. In some cmabodiments, the antibody is conjugated
to a detectable label. Tn some embodiments, the antibody inhibits SMO activity.

In some embodiments, the disclosure provides for an isolated antibody that

specifically binds to a mutant SMO protein that compriscs an amino acid other than

~I
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tryptophan at amino acid 535, wherein said antibody does not bind wild-type SMO
having an tryptophan at amino acid 535. In some embodiments, the antibody is a
monoclonal antibody, a chimeric antibody, a humanized antibody, a single chain

antibody or an antigen-binding fragment thereof. In some embodiments, the antibody

(33

is conjugated 1o a cytotoxic agent. In some embodiments, the antibody is conjugated
to a detectable label. In somc cmbodiments, the antibody inhibits SMO activity.

In some embodiments, the disclosure provides for an isolated antibody that
specifically binds to a mutant SMO protein that comprises an amino acid other than
isoleucine at amine acid 408, wherein said antibody does not bind wild-type SMO
10 having an isoleucine at amino acid 408, In some embodiments, the antibody is a
monoclonal antibody, a chimeric antibody, a humanized antibody, a single chain
antibody or an antigen-binding fragment thereof. In some embodiments, the antibody
is conjugated to a cytotoxic agent. ln some embodiments, the antibody is conjugated
to a detectable label. In some embodiments, the antibody inhibits SMO activity.

In some embodiments, the disclosure provides for a method of detecting a

[0l

mutatcd SMO gene in a sample comprising amplitying from said sample nucleic acid
corresponding to the carboxy-terminus of the first extracellular foop of SMO, or a
fragment thereof suspected of containing a mutation, and comparing the
electrophoretic mobility of the amplificd nucleic acid to the electrophoretic mobility
20 of corresponding wild-type SMO gene or fragment thercof. In some embodiments,

the electrophoretic mobility is determined on polyacrylamide gel.

In some embodiments, the disclosure provides for a method of detecting a
mutated SMO gene in a sample comprising amplitying from said sample nucleic acid

corresponding to the amino-terminus of the first transmembranc domain of SMO, or a

o
(43

fragment thereof suspected of containing a mutation, and comparing the
electrophoretic mobility of the amplificd nucleic acid to the electrophoretic mobility
ot corresponding wild-type SMO gene or fragment thereof. Tn some emboediments,
the electrophoretic mobility is determined on polyacrylamide gel.

In some embodiments, the disclosure provides for a method of detecting a
30 mutated SMO gene in a sample comprising amplitying from said sample nucleic acid
corresponding to the carboxy-terminus of the second transmembrane domain of SMO,
or a fragment thereof suspected of contamning a mutation, and comparing the

electrophoretic mobility of the amplificd nucleic acid to the electrophoretic mobility
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of corresponding wild-type SMO gene or {ragment thereof. 1n some embodiments,
the electrophoretic mobility is determined on polyacrylamide gel.

fn some embodiments, the disclosure provides tor a method of detecting a
mutated SMO gene in a sample comprising amplifying from said sample nucleie acid
corresponding to the amino-termings of the fifth extracellular loop of SMQO, or a
tragment thereof suspected of containing a mutation, and comparing the
electrophoretic mobility of the amplified nucleic acid to the clectrophoretic mobility
of corresponding wild-type SMO gene or {ragment thercof. 1n some embodiments,
the electrophoretic mobility is determined on polyacrylamide gel.

In some embodiments, the disclosure provides tor a method of detecting a
mutated SMO gene in a sample comprising amplifying trom said sample nucleie acid
corresponding to the carboxy-terminus of transmembrane domain 6 of SMO, ora
tragment thereof suspected ot containing a mutation, and comparing the
electrophoretic mobility of the amplified nucleic acid to the clectrophoretic mobility
of corresponding wild-type SMO gene or {ragment thercof. 1n some embodiments,
the electrophoretic mobility is determined on polyacrylamide gel.

In some embodiments, the disclosure provides tor a method of detecting a
mutated SMO gene in a sample comprising amplifying trom said sample nucleie acid
corresponding to the carboxy-terminus of transmembrane domain 7 of SMO, or a
tragment thereof suspected ot containing a mutation, and comparing the
electrophoretic mobility of the amplified nucleic acid to the clectrophoretic mobility
of corresponding wild-type SMO gene or fragment thereof. In some embodiments,
the electrophoretic mobility is determined on polyacrylamide gel.

fn some cmbodiments, the disclosure provides for 2 method of identitying at
least one SMO mutation in a sample comprising contacting mucleic acid from said
sample with a nucleic acid probe that is capable of specifically hybridizing to nucleic
acid encoding a mutated SMO protein, or tragment thereof incorporating a mutation
that alters the sequence encoding amino acid 281 to an amino acid other than
tryplophan, and detecting said hybridization. Tn some embodiments, the probe is
detectably labeled. In some embodiments, the probe is an antisense oligomer. In
some embodiments, the SMO gene or a fragment thereof in said nucleic acid said

sample is amplified and contacted with said probe.

9
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In some embodiments, the disclosure provides for a method of identifyving at
least one SMO mutation in a sample comprising contacting nucleic acid from said
sample with a nuclcic acid probe that is capable of specifically hybridizing to nucleic

acid encoding a mutated SMO protein, or fragment thercof incorporating a mutation

(33

that alters the sequence encoding amino acid 459 to an amino acid other than alanine,
and detecting said hybridization. In some embodiments, the probe is detectably
labeled. In some embodiments, the probe is an antisense oligomer. In some
embodiments, the SMO gene or a fragment thereof in said nucleic acid said sample is
amplified and contacted with said probe.

10 In some embodiments, the disclosure provides for a method of identifying at
least one SMO mutation in a sample comprising contacting nmucleic acid from said
sample with a nucleic acid probe that is capablc of specifically hybridizing to nucleic
acid encoding a mutated SMO protein, or tragment thereof incorporating a mutation
that alters the sequence encoding amino acid $35 to an amino acid other than

tryplophan, and detecting said hybridization. In some embodiments, the probe is

[0l

detcctably labeled. In some embodiments, the probe is an antisense oligomer. In

some embodiments, the SMO geune or a tragment thercof in said nucleic acid said

sample is amplified and contacted with said probe.

In some embodiments, the disclosurc provides for a method of identifying at

20 least one SMO mutation in a sample comprising contacting nucleic acid from said

sample with a nucleic acid probe that 1s capable of specifically hybridizing to nucleic

acid encoding a mutated SMQC protein, or fragment thereof incorperating a mutation

that alters the sequence encoding amine acid 408 to an amino acid other than

isoleucine, and detecting said hybridization. In some embodiments, the probe is

o
(43

detectably labeled. In some embodiments, the probe is an antisense oligomer. In
some cmbodiments, the SMO gene or a fragment thercof in said nucleic acid said
samaple is amplified and contacted with said probe.

In some embodiments, the disclosure provides for a method for identifying a
temor in a human subject that 1s or becomes resistant to treatment with GDC-0449
30 comprising determining the presence of a mutated SMO gene or mutated SMO
protein in a sample of said tumor, wherein said mutated SMO gene encodes a SMO
proicin comprising a mutation at amino acid 281, and wherein said SMO protein

comprises a mutation at amino acid 281, whereby the presence of said mutated SMO

10
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gene or mutated SMQO protein indicates that said tumor is resistant to treatment with a
GDC-0449. In some embodiments, the method further comprises trcating said subject
having a tumor that is not or is no longer susceptible to treatment with GDC-0449

with a compound that binds said mutated SMO. In some embodiments,the presence

(33

or absence of said mutation is determined by examining a nucleic acid sample. In
some cmbodiments, the presence or absence of said mutation is determined by
examining a protein sample.

In some embodiments, the disclosure provides for a method for identifying a
timor in a human subject that is resistant to treatment with GDC-0449 comprising
10 determining the presence of a mutated SMO gene or mutated SMO proteinin a
sample of said tumor, wherein said mutated SMO gene encodes a SMO protein
comprising a mutation at aming acid 459, and whercin said SMO protein comprises a
mutation at amino acid 459, whereby the presence of said mutated SMO genc or
mutated SMO protein indicates that said tumor is resistant to treatment with a GDC-

(449. In some embodiments, the method forther comprises treating said subject

[0l

having a tumor that is not or is n¢ longer susceptible to treatment with GDC-0449
with a compound that binds said mutated SMO. n some embodiments, the presence
or absence of said mutation is determined by examining a nucleic acid sample. In
some embodiments. the presence or absence of said mutation is detcrmind by
20 cxamining a protein sample.

In some embodiments, the disclosure provides for a method for identifying a
teernor in a buman subject that 1s resistant to treatment with GDC-0449 comprising
detcrmining the presence of a mutated SMO gence or mutated SMO protein in a

sample of said tumor, whercin said mutated SMO gene encodes a SMO protein

o
(43

comprising a mutation at amino acid $35, and whercin said SMO protein comprises a
mutation at amino acid 535, whereby the presence of said mutated SMO genc or
mutated SMO protein indicates that said tumor is resistant to treatment with a GDC-
0449. Insome embodiments, the method further comprises treating said subject
having a tanor that is not or is no longer susceptible to treatment with GDC-0449

30 with a compound that binds said mutated SMQ. In some embodiments, the presence
or absence of said mutation is determined by examining a nucleic acid sample. In
some embodiments, the presence or absence of said mutation is determined by

examining a protein sample.
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In some embodiments, the disclosure provides for a method for identifying a
timor in a human subject that is resistant to treatment with GDC-0449 comprising
determining the prescnce of a mutated SMO gene or mutated SMO protein in a

sample of said tumor, wherein said mutated SMO gene encodes a SMO protein

(33

comprising a mutation at amino acid 408, and wherein said SMQO protein compriscs a
mutation at amino acid 4%, whereby the presence of said mutated SMO gene or
mutated SMO protein indicates that said tumor is resistant to treatment with a GDC-
0449. In some embodiments, the method forther comprises treating said subject
having a tumor that is not or is n¢ longer susceptible to treatment with GDC-0449
10 with a compound that binds said mutated SMO. In some embodiments, the presence
or absence of said mutation is determined by examining a nucleic acid sample. In
some cmbodiments, the presence or absence of said mutation is determined by
examining a protein sample.

In some embodiments, the disclosure provides for a method for identifying a

temor in a human subject that is resistant {o treatment with GDC-0449 comprising

[0l

determining the prescnce of a mutated SMO gene or mutated SMO protein in a
sample of said tumor, wherein said mutated SMO gene encodes a SMO protein
comprising a mutation at amino acid $33, and wherein said SMO protein comprises a
mutation at amino acid 533, whereby the presence of said mutated SMO gene or

20 mutated SMO protein indicates that said tumor is resistant to treatment with a GDC-
0449. Insome embodiments, the method further comprises treating said subject
having a tumor that is not or is no longer susceptible to treatment with GDC-0449
with a compound that binds said mutated SMO. In somc embodiments, the presence

or absence of said mutation is determined by cxamining a nucleic acid samplc. In

o
(43

some embodiments, the presence or absence of said mutation is determined by
examining a protein sample.

In some embodiments, the disclosure provides for a method of screening for
compounds that inhibit signaling of a mutant SMO protein that incorporates a
mutation at amino acid 281 comprising contacting said mutant SMO with a test
30 compound and detecting binding of said compound to said mutant SMO wherchy
binding of said test compound to mutant SMQO indicates that said test compound 1s an

mhibitor of mutant SMO.
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In some embodiments, the disclosure provides for a method of screening for
compounds that inhibit signaling of a mutant SMO protein that incorporates a
mutation at amine acid 281 comprising contacting a cell that cxpresses said mutant
SMO with a test compound and detecting activity of Ghi in said cell whereby the
presence of Gli activity indicates that said test compound is ot an inhibitor of nutant
SMO.

In some embodiments, the disclosure provides for a method of screening for
compounds that inhibit signaling of a mutant SMO protein that incorporates a
mutation at amino acid 459 comprising contacting said mutant SMO with a test
compound and detecting binding of said compound to said mutant SMO wherchy
binding of said test compound to mutant SMO indicates that said test compound 1s an
inhibitor of mutant SMO.

In some embodiments, the disclosure provides for a method of screening for
compounds that inhibit signaling of a mutant SMO protein that incorporates a
mutation at amino acid 459 comprising contacting a cell that expresses said mutant
SMO with a test compound and detecting activity of Gli in said cell whereby the
presence of Gli activity indicates that said test compound is not an inhibitor of mutant
SMO.

In some embodiments, the disclosure provides for a method of screening for
compounds that inhibit signaling of a mutant SMO protein that incorporates a
mutation at amino acid 535 comprising contacting said mutant SMO with a test
compound and detecting binding of said compound t¢ said mutant SMO whereby
binding of said test compound to mutant SMO indicates that said test compound is an
inhibitor of mutant SMO.

In some embediments, the disclosure provides for a method of screening for
compounds that inhibit signaling of a mutant SMO protein that incorporates a
mutation at amino acid 535 comprising contacting a cell that expresses said mutant
SMO with a test compound and detecting activity of Gl in said cell whereby the
presence of Gli activity indicates that said test compound is not an inhibitor of mutant
SMO.

In some embodiments, the disclosure provides for a method of screening tor
compounds that inhibit signaling of a mutant SMO protein that incorporates a

mutation at amino acid 408 comprising contacting said mutant SMO with a test
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compound and detecting binding of said compound to said mutant SMO whereby
binding of said test compound to mutant SMO indicates that said test compound is an
inhibitor of mutant SMO.

In some embodiments, the disclosure provides for a method of screening for
compounds that inhibit signaling of a mutant SMO protein that incorporates a
mutation at amino acid 40¥ comprising contacting a cell that expresses said mutant
SMO with a test compound and detecting activity of Gl in said cell whereby the
presence of Gli activity indicates that said test compound is not an inhibitor of mutant
SMO.

In some cmbodiments, the disclosure provides for a method of screening for
compounds that inhibit signaling of a mutant SMO protein that incorporates a
mutation at amino acid 533 comprising contacting said mutant SMO with a test
compound and detecting binding of said cormpound to said mutant SMO whereby
binding of said test compound to mutant SMQ indicates that said test compound is an
inthibitor of mutant SMO.

In some embodiments, the disclosure provides for a mcthod of scrcening for
compounds that inhibit signaling of a mutant SMO protcin that incorporates a
mutation at amino acid 533 comprising contacting a cell that expresses said mutant
SMO with a test compound and detecting activity of Gli in said cell wherchy the
presence of Gh activity indicates that said test compound is not an inthibitor of mutant
SMO.

The disclosure provides isolated nucleic acid molecules encoding a mutant
SMO protein. In one aspect, the nucleic acid molecules encode an amino acid
sequence that is at lcast 95% identical to SEQ 13 NO:2 wherein said amino acid
sequence comprises an amino acid at position 281 of SEQ 1D NQO:2 that is any amino
acid other than trypiophan (W). In some embodiments, the amino acid at position 281
of SEQ 1D NO:2 is cysteine {C). In one aspect of the disclosure, the isolated nucleic
acid sequence comprising a parental nucleic acid sequence of SEQ ID NO:§ (wild-
type SMO), but containing a mutation or mutations at positions 341, 842 and/or 843
that changes the cncoded amino acid from tryptophan (W) to a different amino acid.
{n some embodiments, the mutations result in a change from tryptophan (W) to

cysteine (C).

14
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In some embodiments, the nucleic acid molecules encode an amino acid
sequence that is at least 95% identical to SEQ ID NO:3 wherein said amino acid
sequence comprises an amino acid at position 459 of SEQ 1D NO:3 that is any amino
acid other than alanine {A). In some embodiments, the amino acid at position 459 of
SEQ 1D NO:3 is valine (V). In one aspect of the disclosure, the isolated nucleic acid
sequence comprising a parental nucleic acid sequence of SEQ D NO:S (wild-type
SMO), but containing a mutation or mutations at positions 1375, 1376, and/or 1377
that changes the encoded amine acid from alanine (A) to a different amino acid. In
some embodiments, the mutations result in a change from alanine (A) to valine (V).

In some embodiments, the nucleic acid molecules encode an amino acid
sequence that is at least 95% identical to SEQ [D NO:4 wherein said amino acid
sequence comprises an amino acid at position 535 of SEQ ID NQO:4 that is any amino
acid other than trypiophan (W), In some embodiments, the amino acid at position 535
of SEQ 1D NO:4 is leucine (L), In one aspect of the disclosure, the 1solated nucleic
acid sequence comprising a parental nucleic acid sequence of SEQ ID NO: S {wild-
type SM(), but containing a muitation or mutations at positions 1643, 1604, and/or
1605 that changes the encoded amino acid from tryptophan (W) to a different amino
acid. In some embodiments, the mutations result in a change from tryptophan (W) to
leucine (L.

In another aspect, the disclosure provides nucleic acid probes capable of
specifically hybridizing to a nucleie acid encoding a mutated SMQO protein or
fragment thereof incorporating a mutation in amino acid 281 of SMQO. In one
embodiment, the probe is complementary to the nucleic acid encoding the mutated
SMO or said fragmeut thercof. The probe may have a length of about 10 to about 50
nucleotides. In some embodiments, the probe may be detectably labeled. The probe
differcutially binds mutant Smo over wild-type Smo (having a tryptophan at position
281).

In another aspect, the disclosure provides nucleic acid probes capable of
specifically hybridizing to a nucleic acid encoding a mutated SMQO protein or
fragment thereof incorporating a mwutation in amino acid 459 of SMO. fn one
embodiment, the probe is complementary to the nucleic acid encoding the nustated
SMQO or said fragment thereof. The probe may have a length of about 10 to about 30

nucleotides. In some embodiments, the probe may be detectably labeled. The probe
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difterentially binds mutant Smo over wild-type Smo (having an alanine at position
459;.

[n another aspect, the disclosurc provides nucleic acid probes capable of
specifically hybridizing to a nucleic acid encoding a mutated SMQ protein or
fragment thereof incorporating a mutation in amino acid S35 of SMO. n 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 SO
nucleotides. In some embodiments, the probe may be detectably labeled. The probe
diffcrentially binds mutant Smo over wild-type Smo (having an tryplophan at position

350

wh

[n some embodiments, the disclosure provides for mutant SMO nucleic acids,
or fragments thereof. The nucleic acids of the disclosure include isolated mutant
SMO-encoding sequences. In some embodiments nucleic acids comprisc a sequence
that is at least 80%, 85%, 86%, 87%, &%, §9%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 130% identical to the nucleic acid sequence of SEQ ID
NO:5 and which contain at least one mutation such that the nucleic acid encodes a
SMO polypeptide comprising an amino acid other than tryptophan (W) at the
nucleotide position corresponding to nucleotide position 281 of SEQ ID NO: 1. In
some embodiments, the nucleic acid encodes cysteine (C} at the amino acid position
cortesponding to position 281 of SEQ 1D NO: 1. In some embodiments, the nucleic
acid has at least one nutation from the parental wild-type SMO at a nucleotide
position corresponding to nucleotide position 841, 842, and/or 843 of SEQ ID NO: 5
In some embodiments, the percent identity is 5%, 86%, 87%, &8%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ ID NO:5 providing
that there 18 at least one mutation at a nucleotide position corresponding to positions
841, 842, and/or 843 of SEQ ID NO: 5. In some embodiments nucleic acids comprise
a sequence that is at least &%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 9R%, 99% or 100% identical to the nucleic acid sequence of
SEQ ID NO: 3, and which contain at least one mutation such that the nucleic acid
encodes a SMO polypeptide comprising an amino acid other than isoleucine (1) at the
amino acid position corresponding to position 408 of SEQ ID NO: 1. In some
embodiments, the nucleic acid encodes valine (V) at the amino acid position

corresponding to position 408 of SEQ ID NO: 1. In some embodiments, the nucleic
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acid has at least one mutation from the parental wild-type SMO at a nucleotide
position corresponding to position 1222, 1223 and/or 1224 of SEQ ID NO: 5. In
some embodiments, the percent identity is 859, 86%, 87%, 88%6, 89%, 9%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ ID NO: 5 providing
that there is at least one mutation at a nucleotide position corresponding to positions
1222, 1223 and/or 1224 of SEQ ID NO: §. In some embodiments nucleic acids
comprise a sequence that is at least 80%, 85%, 86%., §7%, 88%, 89%, 90%, 91%,
92%. 93%. 94%, 95%, 96%, 97%, 98%. 99% or 100% identical 1o the nucleic acid
sequence of SEQ ID NO:5 and which contain at least one mutation such that the
nucleic acid encodes a SMO polypeptide comprising an amino acid other than alanine
(A) at the amino acid position corresponding to position 459 of SEQ IDNO: {. In
some embodiments, the nucleic acid encodes valine (V) at the amino acid position
corresponding to position 459 of SEQ ID NO: 1. In some embodiments, the nucleic
acid has at least one mutation from the parental wild-type SMO at a nucleotide
position corresponding to position 1375, 1376, and/or 1377 of SEQ ID NO: 5. In
some cmbodiments, the percent identity s 85%, 86%, 87%, 88%0, 89%. 9%, 91%,
92%, 93%. 94%, 95%, 96%, 97%, 98%0, 99% or 100% with SEQ 1D NQ: 5 providing
that there 1s at least one mutation at a nucleotide position corresponding to positions
1375, 1376, and/or 1377 of SEQ 1D NO: 5.
comprise a sequence that is at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%

92%., 93%, 94%%, 95%. 96%, 97%, 98%. 99% or 100% identical to the nucleic acid

in some embodiments nucleic acids

sequence of SEQ ID N5, and which contain at [east one mutation such that the
nucleic acid encodes a SMO polypeptide comprising an amino acid other than scrine
(S) at the amino acid position corresponding to position 533 of SEQ ID NO: 1.

some cmbodiments, the nucleic acid encodes asparagine (N) at the amino acid
position corresponding to position 533 of SEQ ID NO: 1. In some embodiments, the
nucleic acid has at least one nutation from the parental wild-type SMO at a
nucleotide position corresponding to position 1597, 1598 and/or 1599 of SEQ 1D NO:
5. In some cmbodiments, the percent 1dem11y is 85%, 86%, 87%., §8%, 89%, 9(0%,
91%, 92%., 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ 13 NO:5
providing that there is at least one mutation at a nucleotide position corresponding to
positions 1597, 1598 and/or 1599 of SEQ ID NO: 5. In some embodiments nucleic

acids comprisc a sequence that is at least 80%, 85%., 86%, &7%, 88%, 89%, 90%,
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G1%., 92%, 9395, 94%, 95%, 96%, 97%, 98%, 99% or 100°%5 1dentical 1o the nucleic
acid sequence of SEQ 1D NO:5 and which contain at least onc mutation such that the
nucleic acid encodes a SMO polypeptide comprising an amino acid other than
tryptophan (W) at an amino acid position corresponding to position 535 of SEQ D
NQO: 1. In some embodiments, the nucleic acid encodes leucine (L) at a nucleotide
position corresponding to amino acid position 535 of SEQ ID NO: 1. In some
embodiments, the nucleic acid has at least one mutation from the parental wild-type
SMO at a nucleotide position corresponding to position 1603, 1604, and/or 1605 of
SEQ ID NO: 5. In some embodiments, the percent identity is 85%, 86%, 87%, &%,
89%, 90%, 91%, 92%%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ 1D
NQO: § providing that there is at least one mutation at a nucleotide position
corresponding to nucleotide position 1603, 1604, and/or 1605 of SEQ ID NO: 5

The disclosure also contemplates fragments of such nucleic acids that span the
region of the mutations deseribed 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 tragments may be
any length that spans the region of the mutations described above up to the tull length
mutant SMO-encoding nucleic acid molecule.

In some embodiments, the disclosure provides for mutant SMO proteins, or
fragments thereof.

In somie embodiments, the SMO protein comprises an anino acid sequence
that is at least 85%, 6%, §7%, 88%, 89%, 9(1%, 91%, 92%, 93%, 94%, 95%, 96%,
07%., 98%. 99% or 100% identical to SEQ ID NO: i, provided that thercis a
substitution at amino acid position 2¢1. fn some cmbodiments, the SMO protein
comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, &9%, 9(1%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO:
1, provided that the amino acid sequence compriscs an amino acid other than
tryptophan {W) at the amino acid position corresponding to position 281 of SEQ ID
NO: 1. In some embodiments, the SMO protein comprises an amino acid sequence
that is at least 85%, 86%0, 87%, 88%6, 89%6, 90%, 91%, 92%, 93%. 94%, 95%, 96%
97%, 98%, 99% or 100% identical to SEQ 1D NO: 1, provided that the SMO protein
comprises a cysteine (C) at the amino acid position corresponding to position 281 of

SEQ 1D NO: 1.
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In some embodiments, the SMO protein comprises an amino acid sequence
that s at least 85%, 86%6, 87%. 88%, 89%0, 9(%. 91%, 92%0, 93%. 94%, 5%, 96%,.
97%., 98%. 99% or 100% identical to SEQ 1D NO: 1, provided that there is a mutation
at amino acid position 408. In some embodiments, the SMO protein comprises an
amino acid sequence that is at feast 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%
93%, 94%, 95%, 96%, 97%, 98%, 99% or 13(% identical to SEQ} ID NO: i, provided
that the amino acid sequence comprises an amino acid other than isoleucine (1) at the
amino acid position corresponding to position 408 of SEQ ID NO: 1. In some
cmbodiments, the SMO protein compriscs an amino acid sequence that is at lcast 85%,

%o, 87%., 88%, 89%0, 90%., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or

100% identical to SEQ 1D NO: 1, provided that the SMO protein comprises a valine
(V) at the amino acid posttion corresponding to position 408 of SEQ 1D NO: 1.

In some embodiments, the SMO protein comprises an amino acid sequence
that 1s at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%., 94%, 95%, 96%,
97%. 98%. 99% or 100% identical to SEQ ID NO: i, provided that there is a mutation
at amino acid position 459. In some embodiments, the SMO protein comprises an
amino acid sequence that is at least 85%, 86%%, 87%, 88%, &9%%, 9(%, 91%, 92%,
093%, 94%, 95%, 6%, 97%, 98%, 99% or 100% identical to SEQ 1D NO: |, provided
that the amino acid sequence comprises an amino acid other than alanine (A) at the
amino acid position corresponding 1o position 459 of SEQ 1D NO: 1. Insome
embodiments, the SMO protein comprises an amino acid sequence that is at least 85%,
86%0, 87%, 88%, 89%, 90%. 91%, 92%., 93%. 94%, 95%., 96%, 97%, 98%, 99% or
100% identical to SEQ ID NO: 1, provided that the SMO protein comprises a valine
(V) at the amino acid position corresponding to position 459 of SEQ D NO: 1.

In some embodiments, the SMO protein comprises an amino acid sequence
that is at least 85%, 86%, 87%, §&%. 89%, 20%, 91%, 92%, 93%, 94%. 95%, 96%
97%, 98%, 99% or 100% identical 1o SEQ 1D NO: 1, provided that there is a mutation
at amino acid position 533. In some ecmbodiments, the SMO protein comprises an
amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
093%, 94%, 95%, 6%, 97%, 98%, 99% or 100% identical to SEQ ID NO: I, provided
that the amino acid sequence comprises an amino acid other than serine (S) at the
amino acid position corresponding 1o position 533 of SEQ ID NO: 1. In some

embodiments, the SMO protein comprises an amino acid sequence that is at least 85%,
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R6%, 87%, 88%, 9%, 90%, 919, 92%, Y3%, 949, 05%, 96%, 97%, 98%, 99% or
100% identical to SEQ ID NQO: 1, provided that the SMO protein comprises a
asparagine (N} at the amino acid position corresponding to position 533 of SEQ 1D
NO: 1.

In some embodiments, the SMQO protein comprises an amino acid sequence
that is at least 85%, 86%, 87%, 8&%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%., 98%, 99% or 100% 1dentical to SEQ ID NOQ: {, provided that there is a nutation
at amino acid position 535. In sone embodiments, the SMO protein comprises an
amino acid sequence that is at least 85%, &6%, 87%, 88%, &9%, 9(1%, 91%, 92%,

93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% tdentical to SEQ 1D NO: 1, provided
that the amino acid sequence comprises an amino acid other than tryptophan (W) at
the amino acid position corresponding to position 535 of SEQ ID NO: 1. In some
embodiments, the SMO protein comprises an amino acid sequence that is at least 85%,
R6%, 87%, 88%%, R9%., 90%, 919, 92%, Y3%, 949, 05%, 96%, 97%, 98%, 99% or
100% identical to SEQ ID NO: I, provided that the SMO protein comprises a leucine
{L) at the aniino acid position corresponding to position 535 of SEQ 1B NO: 1.

In some cmbodiments, the mutant human SMO is shown in SEQ 1D NG:2
wherein amino acid 281 is shown as *“Xaa” which, with respect to this application
stands for any amino acid other than tryptophan (W). In some embodiments, the Xaa
is cysteine (C).

In some embodiments, the mutant human SMQO is shown 10 SEQ IDNO: 6
wherein amino acid 408 1s shown as “Xaa” which, with respect 1o this application
stands for any amino acid other than isoleucine (I). In some embodiments, the Xaa is
valine (V).

In some embodiments, the mutant hviman SMO 1s shown in SEGQ ID NO:3
wherein amino acid 459 is shown as “Xaa” which, with respect to this application
stands for any amino acid other than alanine (A). In somc cmbodiments, the Xaa is
valine (V).

In some embodiments, the mutant haman SMQ is shown in SEQ ID NQG: 7
wherein amino acid 533 is shown as “Xaa™ which, with respect to this application
stands for any aming acid other than serine {S). In some embodiments, the Xaa is

asparagine {(N).
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In some embodiments, the Xaa 1s valine (V). In some embodiments, the
mutant human SMQ is shown in SEQ 1D NO: 4 whercin amino acid 535 is shown as
“¥Xaa” which, with respect to this application stands for any amino acid other than
tryptophan (W), In some embodiments, the Xaa 1s leucine (L).

The disclosure also provides an isolated mutant SMO protein comprising an
amino acid sequence that is at least 95% identical to SEQ 1D NO:2 wherein the amino
acid sequence comprises an amino acid at position 281 other than tryptophan (W). In
some embodiments, the amino acid at position 281 is cysteine (C).

The disclosurc also provides an isolated mutant SMQO protein comprising an
amino acid scquence that is at least 95% identical to SEQ 1D NO:3 wherein the amino
acid sequence comprises an amino acid at position 459 other than alanine (A). In
some embodiments, the amino acid at position 459 is valine (V).

The disclosure also provides an isolated mutant SMO protein comprising an
amino acid sequence that is at least 95% identical to SEQ 1D NO:4 wherein the amino
acid sequence comprises an amino acid at position 535 other than tryptophan (W). In
some embodiments, the amino acid at position 535 is leucine {L).

The disclosurc further provides an antibody that specifically binds to the
mutant SMO protein of the disclosure wherein the epitope of the antibody 1s present
on a mutant SMO having an amino acid other than tryptophan at position 281, but
does not bind to wild-type SMO. In some ecmbodiments, 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 tfragment thercof
{e.g., aFab, a Fab', a F(ab')y, or an Fv fragment). In somc cmbodiments, the antibody
is conjugated 1o 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. fn somc embodiments, the antibody inhibits SMO activity. In
other embodiments, the antibody inhibits only mutant SMO activity.

The disclosure further provides an antibody that specifically binds to the
mutant SMO protein of the disclosurc wherein the epitope of the antibody is present
on a mutant SMO having an anuno acid other than tryptophan at position 408, 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
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some embodiments, the antibody is a monoclonal antibody, a chimeric antibody, a
humanized antibody, a single chain antibody or an antigen-binding fragment thercof
{e.g., aFab, a Fab', a F(ab'}),, or an Fv fragment). In some embodiments, the antibody
1s conjugated to a detectable label. In other embodiments, the antibody is conjugated
to a cytotoxic agent, such as, but not Hmited 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.

The disclosure further provides an antibody that specifically binds to the
mutant SMO protein of the disclosurc wherein the epitope of the antibody is present
on a mutant SMQ having an anino acid other than alanine at position 459, 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 cmbodiments, 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.

The disclosure further provides an antibody that specitically binds to the
mutant SMO protein of the disclosure wherein the epitope of the antibody is present
on a mutant SMO having an aming acid other than iryptophan at position 533, 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 10 wild-type SMO. In
some embodiments, the antibody 1s 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). ln some embodiments, the antibody
is conjugated to a detectable label. {n other embodiments, the antibody 1s conjugated
t 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.

The disclosure further provides an antibody that specifically binds to the

mutant SMO protein of the disclosure wherein the epitope of the antibody is present
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on a mutant SMQO having an amino acid other than tryptophan at position 535, but
does not bind to wild-type SMO. In some cmbodiments, the antibody binds with high
atfinity to mutant SMO, but docs not bind with high affinity to wild-type SMO. In

some embodiments, the antibody is a monoclonal antibody, a chimeric antibody, a

(33

humanized antibody, a single chain antibody or an antigen-binding fragment thereof
(e.g., a Fab, a Fab', a F(ab"}y, or an Fv fragment). In some embodiments, the antibody
is conjugated to a detectable label. In other embodiments, the antibody 1s conjugated
to a cylotoxic agent, such as, but not himited to a chemotherapeutic agent, a toxin or a
radioactive isotope. In some embodiments, the antibody inhibits SMO activity. In
10 other cmbodiments, the antibody inhibits only mutant SMO activity.

The disclosure also provides a method of detecting a mutated SMO gene ina
sample comprising amplifying from a sample a nucleic acid encoding the first, second,
tifth, sixth or scventh transmembrane domains of SMO, the carboxy-terminus of

transmembrane domain 6 of SMO, the carboxy-terminus of transmembrane domain 7

[0l

of SMO, or a fragment thereof suspected of containing a mutation, and comparing the
electrophorctic 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 i1s determined on polyacrylamide gel. Tn such
embodiments, the electrophoretic mobility of mutant Smo can be differentiated from
20 wild-type Smo.

The disclosure further provides a method of identifying at least one SMO
mutation in a sample comprising contacting a nucleic acid from the sample with a
nuocleic acid probe that is capable of specifically hybridizing to a nucleic acid

encoding a mutated SMO protein, or fragment thercof incorporating a mutation, and

o
(43

detecting hybridization. In some embodiments, the method detects a mutation in the
first, second, fifth, sixth or seventh transmembrane domains of SMQ. In some
embodiments, the SMO mutation occurs in Smo at positions 841, 842, and/or 8§43
(encoding amino acid at position 281) wherein the mutation results in a codon
encoding an amino acid other than tryptophan. In some embodiments, the method

30 dctects a mutation in the carboxy-terminal portion of transmembranc domain 6 of
SMQO. Insome embodiments, the SMO mutation occurs in Smo at positions {373,
1376, and/or 1377 (encoding amino acid at position 459) wherein the mutation results

in a codon encoding an amine acid other than alanine. In some embodiments, the
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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 1603,
1604, and/or 1605 (encoding amino acid at position 535) whercin the mutation results
in a codon encoding an amino acid other than tryptophan. In some embodiments the
probe is detectably labeled. In some embodiments the probe is an antisense oligomer.
In some cmbodiments the nucleic acid of the SMO gene or a fragment thereof in the
sample is amplified and contacted with the probe.

The disclosure also provides a method for identifying a tumor in a human
subject that is resistant to treatment with a chemotherapeutic agent such as GDC-0446
comprising determining the prescuce of a mutated SMO genc or mutated SMO
protein in a sample of the tumor wherein said mutation 1s located in the SMO gene
that encodes a portion of SMO at the membrane surface {e.g.. the carboxy-tcrminal
portion of transmembrane domain 6 of SMO, or 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 temor 1s resistant 1o treatment with the
chemotherapeutic agent, such as, but not limited to GDC-0449. In some
cmbodiments the chemotherapeutic agent is GDC-0449. 1n other cmbodiments, the
chemotherapeutic agent i1s cyclopamine. In some embodiments, the mutation 1s ina
portion of the SMO gene that encodes aming acid 281 of SMO. In some
embodiments, the mutation causes a change in amino acid 281 of SMO from
tryptophan to another amino acid. In some embodiments the other amino acid 15
cysteine (C). In some embodiments, the mutation is in a portion of the SMO gene that
encodes amino acid 459 of SMO. In some embodiments, the mutation causcs a
change in amino acid 459 of SMO from alanine to another amino acid. 1n some
embodiments the other amino acid is valine (V). In some embodiments, the mutation
is in a portion of the SMO genc that encodes amino acid 535 of SMO. Insome
embodiments, the mutation causes a change in amino acid 535 of SMO from
tryptophan to another amino acid. In some embodiments the other amino acid 15
leucine {L).

The disclosurc also provides a method for identifying a tumor in a human
subject that is susceptible to treatment with an SMO inhibitor comprising ()
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
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tumor is susceptible to treatment with a SMQO inhibitor or (it} 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 281 ot 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 tryptophan (W) 2&1to any other amino acid. In some
embodiments, the amino acid is cysteine (C).

The disclosure also provides a method for identifying a tumor in & human
subject that is susceptible to treatinent with an SMO inhibitor comprising (i)
determining the presence of a wild-type SMO protein or gene in a sample ot the
tumor whereby the presence of a2 wild-type SMO protein or gene indicates that the
tumor is susceptible to treatment with a SMO inhibitor or (it} determining the
presence ot a mutated SMO protein or gene in a sample of the tumor wherein the
mutation results in a change of anuno acid at position 459 of SMQ, whereby the
presence of a mutated SMQ protein or genc indicates that the tamor is not susceptible
to treatment with a SMO inhibitor such as GDC-0449. In some embodiments, the
SMO mutation is a change from alanine (A) 459 to any other amino acid. In sonme
embodiments, the amino acid is vahine (V).

The disclosure also provides 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
tenor whereby the presence of a wild-type SMO protein or gene indicates that the
fumor 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 535 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 GI3C-0449, In some embodiments, the
SMO mutation is 2 change from tryptophan (W) 535 to any other ammo acid. In
some embodiments, the amino acid is feucine (L),

The disclosure also provides 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 281, at amino acid 459,
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or amino acid 535 whereby the presence of the mutation indicates poorer prognosis
comparcd to the absence of said mutation using certain Smo inhibitors.

The disclosure further provides a method of screening for compounds that
mhibit signaling of a mutant SMO protein that incorporates a mutation at amino acid
281, at amino acid 459, or at amino acid 535 comprising contacting the mutant SMC
with a test compound and detecting binding of the compound 1o the mutant SMO
whereby binding of the test compound to mutant SMO ndicates that the test
compound 1s an inhibitor of mutant SMQO.

The disclosurce also provides a mcthod of screening for compounds that inhibit
signaling of a mutant SMO protein that incorporatces a mutation at amino acid 281, at
amino acid 459, or at amino acid 535 comprising contacting a cell that expresses the
mutant SMO with a test compound and detecting activity of Gli in the cell whercby
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 Gl protein that
is conjugated to a detectable label. In some embodiments, the detectable label is a

fluorescent label {(e.g., luciferase).

BRIEF DESCRIPTION OF THE DRAWINGS

Figurcs 1A-1G show the amino acid sequences for wildtype human SMO (1A)
and for several human mutant SMOs (18-11). Figurc 1A shows SEQ 1D NO: 1,
Figure §B shows SEQ ID NO:2. Figure 1C shows SEQ ID NO: 3. Figure 1D shows
SEQ ID NO: 4. Figure 1E shows SEQ ID NO: 5. Figure IF shows SEQ ID NQ: 6.
Figure 1 shows SEQ D NO: 7.

Figure 2 shows the results of experiments performed to determine hedgehog
pathway signaling levels i vismodegib-resistant BCCs.

Figurc 3 show the results of experiments performed to detcrmine the
frequency of a SMU-A459V mutation in pre-treatment and post-trcatment biopsies.

Figure 4 shows the vismodegib binding pocket of a SMO mutant having a
W28 mutation.

Figure 5A shows the results of experiments performed to determine whether
the SMO-A459V mutant is sensitive to PTCH. Figure 5B shows the results of
experiments performed to detcrmine whether the SMO-A459V mutant 1s sensitive 1o

vismodegib. Figurc SC shows the resulls of experiments performed to determine
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whether the SMO-A459V, SMO-W2R1C, and SMO-WS351 mutants are activating
mutations. Figures S shows the results of cxperiments performed to determine
whether the SMO-W281C mutant is sensitive to PTCH. Figure SE shows the results
of experiments performed to determine whether the SMO-W251C mutant is sensitive
to vismodegib. Figure 5F shows the results of experiments performed to determine
whether SMO-A45%V and SMO-W2E1C have impaired binding to vismodegib.

Figure 6A shows a schematic of the Hh pathway. Figure 6B shows scan
photographs showing the initial response and disease progression of a sporadic BCC
from patient 12 (PT12) that metastasized to lung. A red arrow indicates the target
lesion in computerized tomography (CT) scans of the chest before treatment (PreRx;)
and after 4 (showing a decrease in lesion size) and 37 (revealing disease progression)
months of vismodegib treatment. Figure 6C shows photographs of two locally
advanced BCCs from a Gorlin syndrome patient (PT10) that initially responded to
vismodegib but subsequently relapsed (black arrow) after the indicated length of
treatment. Figure 6D shows Hematoxylin and Eosin (H&E) stained secuons of a
locally advanced sporadic BCC from patient 9.1 (PT09.1) before and after 11 months
of vismodegib treatment. Note that the relapsed lesion maintains the histology of the
untreated tumor. The scale bar represents SO wm. Figure 6E is a graph showing GLI1
and MKI67 expression levels in vismodegib-resistant and normal skin biopsies.
Pearson’s correlation coefficient (R) = 0.96. Normalized read counts are shown.
Figure 6F is a tabular overview of genetic alterations in Hh pathway genes and TP33
identified in 12 relapsed BCC patients. Germline PTCH1 vanants are reported for
Gorlin BCCs, whercas only somatic mutations arc shown for sporadic BCCs. Two
regionally distinct biopsies were obtained upon regrowth of the same initial tumor for
PTO06. PTOE and PT09. Twao separate BCCs developed resistance in patient PT10.
LOH was determined by minor allele frequencies from SNP arrays. Green boxes
highlight LOH events followed by copy number gain of the mutant allcle. Allele-
specific expression was determined by RNAseq.

Figure 7 is a table showing SMQO variants identified in treatment-naive
sporadic BCCs. SMO-A239V has not previously been reported (COSMIC/dbSNP),
whereas all others are previously reported oncogenic mutations. Note: targeted
variant calling identified SMQG-A239V, however, due to a different read cut-off and

reduced sensitivity, the somatic variant caller VariantTools did not.

N
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Figure 8A shows a tabular overview of SMO mutations identified in this study.
All mutations were somatic in nature, as they were not detected in either blood or
other tissue from the same paticnt. Figure 8B shows a computational model of

vismodegib (yellow) docked onto the erystal structure of the SMO TM region (grey

(33

helices; Wang et al., 2013). Previously uncharacterized mutant residaes are
highlighted in green. Figures 8C-E are bar graphs showing the prevalence of SMO
mutations in pre- and post-treatment biopsies. Bar graphs show the incorporation
frequency of either wild-type (blue) or mutant {red) nucleotides at positions
corresponding {0 SMO-A459V tor PTO3, PTG4 and PT12 (8C), SMO-V321M for
10 PTO9 (8D). and SMO-L412F for PT11 (8E) as determined by pyrosequencing. Note
that SMO mutations are expected to be heterozygous and that SMO copy number
determines the maximum Y-axis value, which is 50% for PTO3, PT04, PT12, PT10
and PT11 (SMO copy nwmber is 2) and 25% for PT09 (SMO copy number is 4).
Incorporation of mutant nucleotides was counsidered to be within the background
15 levels (<5%) of the pyrosequencing assay in all pre-treatment samples. Data from
guadruplicate assays is plotted relative to the blood control. Error bars represent the
range of the data. Figure 8F shows photographs ot a locally advanced BCC (white
arrow) from PT11 that mitially responded to vismodegib, but subsequently relapsed
after the indicated length of {ime.
20 Figure 9 is a schematic showing the location of mutations identified in
treatment-naive BCCs (light gray- S2781), resistant BCCs (black) or both (light gray-
L412F, WS35L) within the protein domains of SMQ. Asterisks highlight previously
reported oncogenic mutations. TM helices are represented by cylinders.

Figure 10A shows a computational docking model showing a top down view

o
(43

of vismodegib (yellow) binding to SMQ (grey) and revealing the proximity of W281,
V321, and 1408 (all green) to the drug-binding pocket. Figure 10B. left shows the
position of V321 and W281 (both green) relative to vismodegib (yellow). Figure 108,
middle shows the C281 mutant from PTO2 hikely disrupts the interaction with
vismodegib. Figure 10B, right shows the M321 mutant from PTO9 is expected to

30 impact the conformation of W21, Figure 10C shows that the mutation of 1408 (left)
to valine (right} is predicted to atfect the packing of H470 and V404, both of which

mteract with vismodegib. This mutation may cause even greater changes in the
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overall protein backbone structure and hence affect drug binding via a second-shell
ctfect. In all panels mutant residues arc highlighted in red text.

Figure 11A is a graph showing Gli-luciferase reporter activity in CIH10TY:
cells transfected with the indicated SMO constructs. Values were normalized to
SMO-WT activity and data plotted are mean /- SD of triplicates. Figure [1Bisa
graph showing the results from Gli-luciferase reporter assay in C3H10TY: celis
transtected with indicated ratios of PTCH1 to SMO expression constructs. Values
were normalized to activity without PTCH] co-transfection and data plotted are mean
+/- SD of triplicates. Figurc 11T is a table showing ccll surface cxpression of SMO
drug-binding pocket mutants in HEK-293 cells. Values shown are the percentage of
viable cells with cell surface expression of SMQ, as determined by FACS for 10,000
cell events and gating on empty vector transfected cells and propidium iodide (P1).
Figure 11D is a graph showing results from methyl-[3H]}-thymidine incorporation of
erther untransduced (No virus), Control virus (tRFP only) or Cre virus (tRFP-IRES-
c¢GFPcre) infected patient cerebellar granule nearon precursor cells cultured with or
without SHH. Methyl-[3H]-thymidine incorporation is expressed in counts per min
{CPM) and data plotted are mean +/- SD of triplicates. Figure FE is a bar graph
showing the percentage of Pichfloxp/loxp TpS3loxp/loxp Rosa26L.5L-tdTomato
(PPT) cerebellar granule neuron precursor cells (CGNPs) positive for tdTomato
expression after infection with the indicated viral constructs, as determined by FACS
for 10,000 cell events and gating on untransduced cells. Figure 1iF is a bar graph
showing quantification of human SMO mRNA levels in PPT CGNPs from panel E by

guantitative RT-PCR. Data arc 2-ACt valucs relative to the murine housekeeping gence

Rpl19 and arc plotted as mean +/- SD of triplicates.

Figure 12A is a graph showing normalized Gii-luciferase reporter activity in
C3H10T% cells transtected with indicated SMO constructs, following a dosc response
with vismodegib. Valucs were normalized to untreated activity and data plotted are
mean +/- standard deviation (SD) of triplicates. 1CS0 values were calculated after
non-linear regression fitting. Figure 12B is a bar graph showing binding of [3H}-
vismodegib to HEK-293 cells transfected with indicated SMO constructs. EV stands
for empty vector and drug binding was measured in counts per nunute (cpm).

Specific binding was calculated after competition with an excess of unlabeled

vismodegib by subtracting non-specific binding from total binding. Data shown are
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the mean +/- SD. Figure 12C is a diagram of the viral transduction scheme of primary
CGNPs. Only transduced CGNPs proliferate in the absence of SHH, allowing us to
specifically test the ability of the SMO variants to promote proliferation in the
presence of vismodegib. Figure 12D are a series of graphs showing normalized
methyl-[*H]-thymidine incorporation of PPT CGNPs transduced with indicated
viruses, following a dosc response with vismodegib after removal of SHH ligand.
Fach graph shows the same control data. Data plotted are mean +/- SD of triplicates.

Figure 13A is a model showing that a total of 21 residues (dark gray balls} are
predicted to have atoms within 4.5A of vismodegib (light gray balls) bound to the
SMO TM structure (gray helices).  Figure 138 is a model showing that N219, D384
and S387 form a hydrogen-bonding network {dashed lines). Mutation of any of these
residues is likely to change the shape of the vismodegib-binding pocket. Figure 13C
shows a Gli-luciferase reporter activity in C3H10TYS cells transtected with indicate
SMQO constructs and treated with I uM vismodegib. Values were normalized to
untreated activity levels for each construct and data plotted arec mean +/- SD of
iriplicates.

Figure 14A shows a computational model of vismodegib (light gray balls)
docked onto the crystal structure of the SMO TM region (grey helices; Wang et al.,
2013). Mutant residucs distal to the drugbinding pocket arc highlighted in dark gray.
Figurc 148 is a bar graph showing results from a Gli-luciterase reporter activity in
C3HI0TY cells transfected with indicated SMO constructs. Values were normalized
to activity levels of SMO-WT and data plotted are mean +/- SD of triplicates.

Figure 15A is a graph showing normalized Gli-luciferase reporter activity in
C3HIO0TY cells transtected with indicated SMO constructs, following a dose response
with vismodegib. Data plotied are mean +/- SD of triplicates. Figure 15B is a bar
graph illustrating binding of [3Hi-vismodegib to HEK-293 cclls transtected with
indicated SMO construct. Untransfected cells (Un) and cells transfected with an
empty vector (EV) were included as controls. Drug binding was measured in counts
per minute {cpm) and specific binding was calculated after competition with an excess
of unlabelcd vismodegib by subtracting non-specific binding from total binding.
Figare 15C is a table showing cell surface expression of activating SMO mutants in
HEK-293 cells. Values shown are the percentage of viable cells with cell surface

expression of SMO, as determined by FACS for 10,800 cell cvents and gating on

30



WO 2015/120075

(33

10

20

o
(43

Attorney Bocket No. CIBT-225-W01

empty vector transfected cells and PL. Figure 15D is a graph showing normalized
methyl-[*H]-thymidinc incorporation of PPT CGNPs transduced with indicated
viruses, following a dose response with vismodegib after removal of SHH ligand.
Data plotted are mean +/- S of triplicates. Two independent experiments are shown.

Figurc 16A shows normalized methyl-[*H]-thymidine incorporation of PPT
CGNPs transduced with various SMO variants and treated with 500 oM of indicated
compounds. For each set of data for wildtype (WT) or SMO mutant evaluated, data
for cach of the following treatment conditions 1s presented as bars in the following
order from left to right: vismodegib, LY29406%0, LDE22S, and compound S. Valucs
were normalized to proliferation levels without drug and data plotted are mean +/- SD
of triplicates. Note that the residual proliferation of SMO-WT in the presence of drug
is due to fibroblast and glial contamination of these primary COGNP culturcs. Figure
168 shows the same data as in 16A, but transduced CGNPs werce treated with 1 uM of
erther vismodegib or JQ1. Note that there is less residual proliteration in SMO-WT
with J31, suggesting that this compound also inhibits Hh-independent cell

proliferation.

DETAILED DESCRIPTION

It is a discovery of the present disclosure that mutational events associated
with resistance to chemotherapy tor hedgchog-dependent tumors oceur in
Smoothened (SMO) which impart resistance of the tumors to treatment with
compounds that inhibit hedgehog signaling such as cyclopamine and GDC-0449.
The present disclosure provides compositions and mcthods that arc uscful as
prognostics, diagnostics and therapeutics for cancer that is dependent on Hedgehog
signaling,

The techniques and procedures described or referenced herein arc generally
well understood and commeoenly employed using conventional methodology by those
skilled in the art, such as, for example, the widely utilized methodologies deseribed in
Sambrook et al., Molecuiar Cloning: 4 Laboratory Manual 3rd. edition (2001) Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.; Current Protocols in
Moleculiar Biology (F. M. Ausubel, ef al. eds., (2003)); the series 3eihods in
Enzymology (Academic Press, Inc.): PCR 2: A Practical Approach (M. L.
MacPherson, B. Db, Hames and G. R. Taylor eds. (1995)), Harlow and Lane, cds.
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(1988) Antibodies, A Laboratory Manual, and Animal Cell Culture (R. 1. Freshney, ed.
(1987)); Oligonucleotide Synthesis (M. J. Gait, ed., 1984); Methods in Molecular
Biology, Humana Press; Cell Biology: A Laboratory Notebook (J. E. Cellis, ed., 1998)
Academic Press; Animal Cell Culture (R. 1. Freshney), ed., 1987); Introduction to
Cell and Tissue Culture (J. P. Mather and P. E. Roberts, 1998) Plenum Press; Cell and
Tissue Culture: Laboratory Procedures (A. Doyle, J. B. Griffiths, and D. G. Newell,
eds., 1993-8) J. Wiley and Sons; Handbook of Experimental Immunology (D. M. Weir
and C. C. Blackwell, eds.); Gene Transfer Vectors for Mammalian Cells (J. M. Miller
and M. P. Calos, eds., 1987); PCR: The Polymerase Chain Reaction, (Mullis et al.,
eds., 1994); Current Protocols in Immunology (J. E. Coligan et al., eds., 1991); Short
Protocols in Molecular Biology (Wiley and Sons, 1999); Immunobiology (C. A.
Janeway and P. Travers, 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. Dean, eds., Oxford University Press, 2000); Using
Antibodies: A Laboratory Manual (E. Harlow and D. Lane (Cold Spring Harbor
Laboratory Press, 1999); The Antibodies (M. Zanetti and J. D. Capra, eds., Harwood
Academic Publishers, 1995); and Cancer: Principles and Practice of Oncology (V. T.
DeVita et al., eds., J.B. Lippincott Company, 1993). Cited references are
incorporated by reference in their entirety.

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.

Before continuing to describe the present disclosure in further detail, it is to be
understood that this disclosure is not limited to specific compositions or process steps,
as such may vary. It must be noted that, as used in this specification and the

[P ENT)
a

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

In the claims which follow and in the description of the invention, except
where the context requires otherwise due to express language or necessary implication,
the word “comprise” or variations such as “comprises” or “comprising” is used in an
inclusive sense, i.e. to specify the presence of the stated features but not to preclude

the presence or addition of further features in various embodiments of the invention.
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Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this disclosure is related. For example, the Concise Dictionary of Biomedicine
and Molecular Biology, Juo, Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of
Cell and Molecular Biology, 3rd ed., 1999, Academic Press; and the Oxford
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Dictionary Of Biochemistry And Molecular Biology, Revised, 2000, Oxford
University Press, provide onc of skill with a general dictionary of many of the terms
usced in this disclosure.

Amino acids may be referred to herein by either their commonly known three
letter symbols or by the one-letter symbols recommended by the TUPAC-TUB
Biochemical Nomenclature Commission. Nucleotides, likewise, may be referred to
by their commouly accepted single-letter codes.

It is convenient to peint out herc that “and/or” where used herein is to be taken
as specific disclosure of cach of the two specificd featurcs or components with or
without the other. For example “A and/or B” is to be taken as specific disclosure of
each of () A, (i} B and (i11) A and B, just as if each is set out individually herein.

n o

The terms "polypeptide,” "peptide” and "protein” arc uscd intcrchangeably
herein to refer to a polymer of amino acid residues. The terms apply o amino acid
polymers in which one or more amino acid residue is an artificial chemical mimetic of
a corresponding naturally occurring aming acid, as well as to naturally occurring
amino acid polymers and non-naturally occurring amino acid polymer. As used
herein, the term “polypeptide,” “peptide’ and “protein” encompass, at least, any of the
mutant SMO proteins, variants or fragments thereof described herein.

The term “antibody” herein is used in the broadest sense and specifically
covers monoclonal antibodics, polyclonal antibodics, multispecific antibodies {e.g.
bispecitic antibodies) formed from at least two intact antibodies, and antibody
fragments so long as they exhibit the desired biological activity.

An “isolated” antibody is one which has been identificd and separated and/or
recovered from a component of its natural environment. Contaminant componcats of
its natural environment are matcrials which would interfere with research, diagnostic
or therapeutic uses for the antibody, and may include enzymes, hormones, and other
proteinaceous or nonproteinaceous solutes. fn some embodinments, an antibody is
puritied (1) to greater than 95% by weight of antibody as determined by, for example,
the Lowry methaed, and in some embodiments, to greater than 99% by weight; (2)to a
degree sufticicnt to obtain at least 15 residucs 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, Coomassi

blue or silver stain. Isolated antibody inclades the antibody in situ within
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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.

“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 1sotypes. Each heavy and light chain also has regularly spaced
intrachain disulfide bridges. Each heavy chain has at onc cnd a variable domain (Vi)
followed by a number of constant domains. Each light chain has a variable domain at
one end (Vy) 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
amino acid residues are believed to form an interface between the light chain and
heavy chain variable domains.

The “variablc 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 referred to as “VL.” These domains are generally the most variable parts of
an antibody and contain the antigen-binding sites.

The term “variable” refers to the fact that certain portions of the variable
domains differ extensively in sequence among antibodies and are used in the binding
and specificity of cach particular antibody for its particular antigen. However, the
variability is not cvealy distributed throughout the variable domains of antibodics. [t
is concentrated 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 arc called the framework regions (FR). The variable
domains of native heavy and light chains cach comprise four FR regions, largely
adopting a beta-sheet configuration, connected by three HVRs, which form foops
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

antibodics (sec Kabat et al., Sequences of Proteins of Immunological Interest, Fifth
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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 eftector functions, such as participation of the antibody in antibody-dependent
cellular toxicity.

The “light chains™ of antibodies (immunoglobulins} from any vertebrate
specics can be assigned to one of two clearly distinct types, called kappa (x) and
lambda (1), based on the amino acid sequences of their constant domains.

Depending on the amino acid sequences of the constant domains of their
heavy chains, antibodies (immunoglobulins) can be assigned to different classes.
There arc five major classes of immunoglobulins: 1g4, 1gD, IgE, IgG, and IgM, and
several of these may be further divided into subclasses (isotypes), e.g., 1gGy, 1gGo,
1gGa, 1264, IgAy, and 1gA,. The heavy chain constant domains that correspond to the
different classes of immunoglobulins are called o, 8, €, v, and u, respectively. The
subunit structures and three-dimensional configurations of different classes of
mmunoglobuling are well known and described generally in, for example, Abbas ef 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
assoctation of the antibody with one or more other proteins or peptides.

93

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 F¢ region.

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

“Antibody fragments” comprise a portion of an intact antibody, , and in some
embodiments, comprise 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.

Papain digestion of antibodies produces two identical antigen-binding
fragments, called “Fab” fragments, cach with a single antigen-binding site, and a

residual “Fc” fragment, whose name reflects its ability to crystallize readily. Pepsin

w
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treatment yields an F(ab’), fragment that has two antigen-combining sites and is still
capable of cross-linking antigen.
“Fv” s the minimum antibody fragment which contains a complete antigen-

binding site. [n one embodiment, a two-chain Fv species consists of a dimer of one

(33

heavy- and onc light-chain variable domain m tight, non-covalent association. Ina
single-chain Fv (scFv) specics, 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
assoctate in a “dimeric” structure analogous to that in a two-chain Fv species. It is in
this configuration that the threc HVRs of cach variablc domain interact {0 define an
10 antigen-binding sitc on the surface of the VH-VL dimer. Collectively, the six HVRs
confer antigen-binding specificity to the antibody. However, even a single variable
domain {or haif 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 entirc
binding site.

The Fab fragment contains the heavy- and light-chain variable domains and

[0l

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
onc or more cysteines from the antibody hinge region. Fab’-SH is the designation

20 herein 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.

“Single-chain Fv™ or “scFv” antibody fragments comprise the VH and VL

o
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domains of antibody, wherein these domains are present in a single polypeptide chain.
Gencerally, the seFv polypeptide further comprises a polypeptide linker between the
VH and VL domains which cnables the scFv to form the desired structure tor antigen
binding. For a review of scFv, see, e.z., Pluckthiin, in The Pharmacology of
Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., (Springer-Verlag, New
30 York, 1994), pp. 269-315.

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
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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. [iabodies may be bivalent or bispecific. Diabodies
are described more fully 1n, for example, EP 404,097, WO 1993/01 161; Hudson ef a/,,
Nat. Med. 9:129-134 (2003); and Hollinger ef ¢f., Proc. Natl. Acad. Sci. USA 90:
6444-6448 (1993). Triabodics and tetrabodics are also described in Hudson ef a/., Nat.

Med. 9:129-134 (2003).

(33

The term “monoclonal antibody™ as used herein refers to an antibody obtained
from a population of substantially homogencous antibodics, i.e., the individual
10 antibodies comprising the population are identical except for possible mutations, e.g.,
naturally occurring mutations, that may be prescut in minor amounts. Thus, the
modifier “monoclonal” indicates the character of the antibody as not being a mixturce
of discrete antibodies. In certain embodiments, such a monoclonal antibody typically
includes an antibody comprising a polypeptide scquence that binds a target, wherein

the target-binding polypeptide sequence was obtained by a process that includes the

[0l

sclection of a single target binding polypeptide sequence from a plurality of
polypeptide sequences. For exarple, the sclection process can be the sclection 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

20 binding sequence can be further altered, for examiple, to improve affinity for the target,
to humanize the target binding scquence, to improve its production in cell culture, to
reduce its mamunogenicity in vive, to crcate a multispecific antibody, efc., and that an
antibody comprising the altered target binding sequence is also a monoclonal

antibody of this disclosurc. In contrast to polyclonal antibody preparations, which

o
(43

typically include different antibodics directed against different determinants
(epitopes), cach 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
gncontaminated by other immunoglobudins.

30 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 requiring production of the antibody by any particular method. For

example, the monoclonal antibodies to be used in accordance with the present

w
~3



WO 2015/120075 PCT/US2015/014496

(33

10

20

o
(43

Attorney Bocket No. CIBT-225-W01

disclosure may be made by a variety of techniques, inclading, for example, the
hybridoma method (e.g.. Kohler and Milistein, Naiure, 256:495-97 (1975); Hongo et
al.. Hybridoma, 14 (3): 253-260 (1995), Harlow et al., Antibodies: A Laboratory
Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling ef a/., in:
Monoclonal Antibodies and T-Cell Hybridomas 563-681 (Elsevier, N.Y ., 19813,
recombinant DNA methods (see, e.g., U.S. Patent No. 4,816,567), phage-display
technologies (sce, e.g., Clackson et ai., Nature, 352: 624-628 {1991); Marks et al., J
Mol Riol. 222: 581-597 (1992); Sidhu et al., J. Mol. Biol. 338(2): 299-310 (2004);
Lee ef al., ] Mol Biol 340(5): 1073-1093 (2004); Fellouse, Proc. Natl. Acad. Sci.
{/SA 101(34):12467-12472 (2004); and Lec et al., J. Immunol. Methods 284(1-2):
119-132(2004), and techno!ogies for producing human or human-like antibodies in
animals that have parts or all of the human immunoglobulin loci or genes encoding
huan immunoglobulin sequences (see, e.g., WO 1998/24893; WO 1996/34096; WO
1996/33735: WO 1991/10741; Jakobovits ef al., Proc. Natl. Acad. Sci. US4 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;
5.033,425: and 5,661,016; Marks et al., Bio/Technology 10: 779-783 (1992): Lonberg
el al., Nature 368: 356-859 (1994); Morrison, Nafure 368: §12-813 (1994); Fishwild
et al., Nature Biotechnol. 14: 845-851 (1996); Neuberger, Nature Biotechnol. 14: 826
(1996); and Lonberg and Huszar, niern. Rev. fmmurnol. 13: 65-93 (1995).

The monoclonal antibodies herein specitically include “chumeric” antibodies
in which a portion of the heavy and/or light chain is identical with or homologous to
corresponding sequences in antibodies derived from a particular species or belonging
to a particular antibody class or subclass, while the remainder of the chain(s} is
identical with or homologous to corresponding sequences in antibodies derived from
another specics or belonging to another antibody class or subclass, as well as
fragments ot such antibodies, so long as they exhibit the desired biological activity
(see, e.g.,U.S. Patent No. 4,816,567; and Morrison ef dl., Proc. Natl Acad. Sci. US4
R1:6851-6855 (1984)). Chimeric antibodies include PRIMATIZED® antibodies
wherein the antigen-binding region of the antibody is derived from an antibody
produced by, e.g., immunizing macaque monkeys with the antigen of interest.

“Humanized” forms of non-human (e.g., murine) antibodics are chimeric

antibodies that contain minimal sequence derived from non-human immunoglobulin.
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In one embodiment, a humanized antibody is a human immunoglobulin (recipient
antibody) in which residues from a HVR of the recipient arc replaced by residues
from a HVR of a non-human specics (donor antibody) such as mouse, rat, rabbit, or

nonhuman primate having the desired specificity, affinity, and/or capacity. In some

(33

mstances, FR residues of the human immunoglobulin are replaced by corresponding
non-human residues. Furthermore, humanized antibodics 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
antibody will comprise substantially all of at Icast one, and typically two, variable

10 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
thosc of a human immunoglobulin sequence. The humanized antibody optionally will
also comprise at least a portion of an immunoglobulin constant region (Fe), typically
that of a human immunoglobulin, For further details, see, e.g., Jones et al., Nature
321:522-525 (19%6); Riechmann ef al., Nature 332:323-329 (1988); and Presta, Curr.

Op. Struct. Biol. 2:593-596 (1992). Sce also, e.g., Vaswani and Hamilton, Ana.

[0l

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.

20 A “human antibody™ is one which possesses an amino acid sequence which
corresponds to that of an antibody produced by a human and/or has been made using
any of the techniques for making human antibodies as disclosed herein. This
definition of @ human antibody specifically cxcludes a humanized antibody

comprising non-hwnan antigen-binding residucs. Human antibodics can be produced

o
(43

using various techniques known in the art, including phage-display libraries.
Hoogenboom and Winter, .J. Mol Biol., 227:381 {1991); Marks et al., J. Mol. Biol.,
222:581 (1991). Also available for the preparation of human monoclonal antibodies
are methods described m Cole ef af., Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, p. 77 (1985); Boerner ef gi., J. fmmunol., 147(1):86-95 (1991). See also
30 van Dijk and van de Winkel, Curr. Opin. Pharmacol., 5: 368-74 (2001). Human
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: XENOMOUSE™ technology). Sce alse,

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 stracturally 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,

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.,

Xueral., fmmunity 13:37-45 (2000); Johnson and Wu, in Methods in Molecular

Biologyv 248:1-25 (Lo, ed., Human Press, Totowa, NJ, 2003). Indeed. naturally

occurring camelid antibodics consisting of a heavy chain only arc functional and

stable in the absence of light chain. See, e.g., Hamers-Casterman et al., Nature

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

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 the most commonly used (Kabat et al., Sequences of Proteins of

Immunological Interest, Sth £d. Public Health Service, National Institutes of Health,

Bethesda, MD. (19913}). Chothia refers instead to the location of the structural loops
(Chothia and Lesk J. Mol Biol. 196:901-917 (1987)). The AbM HVRs represent a

compromise between the Kabat HVRs and Chothia structural loops, and are used by

Onford Molecular’s AbM antibody modeling software. The “contact” HVRs are

based on an analysis of the avatlable complex crystal sinuctures. The residues from

cach of these HVRs are noled betow.

Loop € Contact

L1
L2
L3
Hi
HI
H2
H3

LLE L306-L36

LLL 146-1.55

LLL L89-L96

H31-H358 H26-H35B H H30 (Kabat Numbering)
HHH H30 (Chothia Numbering)

HHH H47-HS8

HO95-H102 H9S5-H102 HY H93-HIG1

40
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HVRs may comprise “extended HVRS” as follows: 24-36 or 24-34 (L.1), 46-56
or 50-56 (L2) and 89-97 or 9-96 (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 residucs are
numbered according to Kabat ef ¢/., supra, for each of these definitions.

“Framework™ or “FR” residues are those variable domain residues other than

(33

the HVR residues as herein defined.

The term “variable domaim residuc 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

10 compilation of antibodics in Kabat ef af., supra. Using this numbering system, the
actual linear amino acid sequence may contain fewer or additional anuno acids
corresponding to a shortening of, or insertion into, a FR or HVR of the variable
domain. For cxample, a heavy chain variable domain may include a single amino
acid msert (residue 52a according to Kabat) after residue 52 of H2 and inserted

residucs (e.g. residues 82a, 82b, and &2¢, etc. according to Kabat) after heavy chain

[0l

FR residue 82. The Kabat numbering of residucs may be determined for a given

antibody by alignment at regions of homology of the sequence of the antibody with a

“standard” Kabat numbered sequence.

The Kabat numbering system is gencrally used when referring to a residuge in

20 the variable domain {approximately residues 1-107 of the light chain and residues |-

113 of the heavy chain) (e.g, Kabat et 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 o a residuc

in an immunoglobulin heavy chain constant region {e.g., the EU index reported in

o
(43

Kabat ef al., supra). The “EU index as in Kabat” refers to the residue numbering of
the human 1gG1 EU antibody. Unless stated otherwise hercin, references to residue
munbers in the variable domain of antibodics mcans residuce numbering by the Kabat
numbermg system. Unless stated otherwise herein, references to residue mumbers in
the constant domain of antibodies means residue numbering by the EU numbering
30 system {e.g., sec United States Provisional Application No. 60/640,323, Figures for
EU numbering).

An “affinity maturcd” antibody is onc with ¢ne or more alterations in one or

more HVRs thereof which result in an improvement in the affinity of the antibody for
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antigen, compared to a parent antibody which does not possess those alteration(s). In
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one embodiment, an affinity matured antibody has nanomolar or cven picomolar
affinitics for the target antigen. A ffinity matured antibodiecs may be produced using
certain procedures known in the art. For example, Marks ef ¢l Bio/Technology
1:779-783 (1992} describes affinity maturation by VH and VL domain shuffling.
Random mutagencsis of HVR and/or framework residues is described by, for cxample,
Barbas et ¢l Froc Nat. Acad. Sci. USA 91:3809-3813 (1994); Schier et al. Gene
169:147-155 (1993); Yelton et al. J. Immunol. 155:1994-2004 (1995); Jackson ef af.,
A Immunol. 154(7):3310-9 (1995); and Hawkins ef ¢/, J. Mol Bioi 226:889-896
{1992).

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

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 int

“(Growth inhibitory™ antibodics are thosc 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 cxpress Smo or
mutant in vifrro and/or in vive.

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 bodics).

Antibody “effector functions” refer to those biological activities attributable 10
the Fc region (a native sequence Fc region or amino acid scquence variant Fe region)
of an antibody, and vary with the antibody isotype. Examples of antibody effcctor
functions include: Ciqg binding and complement dependent cytotoxicity (CDC); Fe
receptor binding; antibody-dependent cell-mediated cytotoxicity (ADCC);
pbagocytosis; down regulation of cell surface receptors {e.g. B cell receptor); and B
cell activation.

The term “Fc region” herein is used to define a C-terminal region of an

immunoglobulin heavy chain, including native scquence Fe regions and variant Fc
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regions. Although the boundaries of the Fe region of an immumnoglobubin heavy chain
might vary, the homan IgG heavy chain Fe region is usually defined to stretch from an
amino acid residue at position Cys226, or trom Pro230, to the carboxyl-ternminus
thereof. The C-terminal lysine (residue 447 according to the EU numbering system)
of the Fe region may be removed, for example, during production or parification of
the antibody, or by recombinanily engincering the nucleic acid encoding a heavy
chain of the antibody. Accordingly, a composition of intact antibodies may comprise
antibody populations with all K447 residues removed, antibody populations with no
K447 residucs removed, and antibody populations having a mixtore of antibodies with
and without the K447 residuc.

A “functional Fe region” possesses an “eftector function” of a native sequence
Fc region. Exemplary “cffector functions™ include Clq binding; CDC; Fc receptor
binding; ADCC; phagocytosis: down regulation of ccll surface receptors {e.g. B ccll
receptor; BCR), ete. Such effector functions generally require the Fe region to be
combined with a binding domain {e.g., an antibody variable domain) and can be
asscssed using various assays as discloscd, for cxample, in definitions herein.

A “native scquence Fe region” comprises an amino acid scquence identical to
the amino acid sequence of an Fc region found in nature. Native sequence human Fe
regions include a native sequence human [gG1 Fe region {(non-A and A allotypes);
native sequence human fgG2 Fe region; native sequence human I1gG3 Fe region: and
native sequence human fgG4 Fe region as well as naturally occurring variants thereof.

A “variant Fc region™ comprises an amino acid sequence which differs from
that of a native sequence Fe region by virtue of at least onc amino acid modification,
and, in some embodiments, onc or more amino acid substitution(s). In some
embodiments, the variant Fc region has at least one amino acid substitution compared
to a native sequence Fe region or to the Fe region of a parent polypeptide, e.g. from
about onc to about ten amino acid substitutions, and, in some embodiments, from
about one to about five amino acid substitutions in a native sequence Fe region or in
the Fc region of the parent polypeptide. The variant Fc region herein will in some
crbodiments possess at [cast about 80% homology with a native scquence Fe region
and/or with an Fc region of a parent polypeptide, and in some embodiments at least
about 909% homology therewith, and in some embodiments at least about 95%

homology thercwith.
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“F¢ receptor” or “FeR™ describes a receptor that binds to the Fe region of an
antibody. In some embodiments, an FeR is a native human FeR. In some
embodiments, an FeR is one which binds an 1gG antibody (a gamma receptor) and
includes receptors of the FcyR1, FeyRII, and FeyRIH subclasses, including allelic
variants and alternatively spliced forms of those receptors. FeyRI receptors include
FeyRIIA (an “activating receptor’” and FeyRUB (an “inhibiting receptor”). which
have similar amino acid sequences that differ primarily in the cytoplasmic domains
thereof. Activating receptor FeyRIIA contains an immunoreceptor tyrosine-based
activation motif (ITAM) in its cytoplasmic domain. Inhibiting receptor FeyRIB
contains an immunoreceptor tyrosine-based inhibition motif (ITIM) in its cytoplasmic
domain. {see, e.g., Daéron, Annu. Rev. Immunol. 15:203-234 (1997)). FcRs arc
reviewed, for example, in Ravetch and Kinet, Annw. Rev. Immunol 9:457-92 (1991);
Capel et al., Immuriomethods 4:25-34 (1994); and de Haas et «l., J. Lab. Clin. Med.
126:330-41 (1995). Other FeRs, including those to be ideniified in the future, are
encompassed by the term “FeR” herein.

The term “Fc receptor” or “FeR™ also includes the neonatal receptor, FcRn,
which 1s responsible for the transfer of maternal 19Gs to the fetus (Guyer ef al., /.
Immunol. 117587 (1976) and Kim et al,, J. Immunol. 24:249 (19941} and regulation
of homeostasis of immunoglobulins. Methods of measuring binding to FeRn are
known (see, e.g.. Ghetie and Ward., fmmunol. Today 18(12):592-598 (19971, Ghetie
et al., Nature Biotechnology, 15(7):637-640 (1997); Hinton ef al., /. Biol. Chem.
279(8):6213-6216 (2004): WO 2004/92219 (Hinton ef ¢l.).

Binding to human FcRn in vivo and serum half life of human FeRn high
atfinity binding polypeptides can be assayed. ¢.¢.. in transgenic mice or transfected
huoman cell lines expressing hwman FeRn, or in primates to which the polypeptides
with a vartant Fe region are administered. WO 2000/42072 (Presta) describes
antibody variants with improved or diminished binding to FeRs. Sec also, e.g.,
Shiclds ef ¢f. J. Biol. Chem. 9(2):6591-6604 (2001).

“Human effector cells” are leukocytes which express one or more FeRs and
perform effector functions. In certain embodiments, the cells express at least FeyRIII
and perform ADCC effector function(s). Examples of human leukocytes which

mediate ADCC include peripheral bloed monomuclear cells (PBMC), natural killer
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(NK) cells, monocytes, cytotoxic T cells, and newtrophils. The effector cells may be
isolated from a native source, e.g., from blood.

“Antibody-dependent cell-mediated cytotoxicity™ or “ADCC” refers to a form
of eytotoxicity m which secreted Ig bound onto Fe receptors (FeRs) present on certain
cytotoxic cells (e.g. NK cells, neatrophils, and macrophages) enable these cytotoxic
effector cells to bind specifically to an antigen-bearing target cell and subsequently
kill the target cell with eytotoxins. The primary cells for mediating ADCC, NK cells,
express FeyRII only, whereas monoeytes express FeyRI FeyRI, and FeyRIH. FeR
expression on hematopoietic cells is summarized in Table 3 on page 464 of Ravetch
and Kinet, Anru. Rev. fmmunol 9:457-92 (1991). To assess ADCC activity of a
molecule of interest, an in vifro 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 sach assays include PBMC and NK cells. Alternatively, or
additionally, ADCC activity of the molecule of interest may be assessed in vivo, e.g.,
m an animal model such as that disclosed in Clynes et al. PNAS (US4) 95.652-656
(199%).

“Complement dependent cytotoxicity” or “CDC™ refers to the lysis of a target
cell in the presence of complement. Activation of the classical complement pathway
is initiated by the binding of the first component of the complement system (Clg) 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 et
al., J. Immunol. Methods 202:163 (1996), may be performed. Polypeptide variants
with aliered Fe region amino acid sequences (polypeptides with a variant Fc region)
and increased or decreased Clq binding capability are described, e.g., in US Patent
MNo. 6,194,551 Bl and WO 1999/51642. See also, e.g., Idusogic ef al. J. Immunol,
164: 417R-4184 (2000).

The term “Fc region-comprising antibody” refers {o an antibody that
comprises an Fe region. The C-terminal lysine (residuce 447 according to the EU
numbering system) of the Fe 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 disclosure can comprise an antibody with K447, with all K447

removed, or a mixture of antibodies with and without the K447 residue.
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“Binding affinity” generally refers 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 othcrwise, as

used herein, “binding affinity”™ refers to intrinsic binding affinity which reflects a 1:1
& pe=l o o o

(33

mteraction 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, whercas high-affinity antibodies

10 generally bind antigen faster and tend to remain bound longer. A varicty of mcthods
of measuring binding affinity are known i the art, any of which can be used for
purposcs of the present disclosure. Specific illustrative and cxemplary embodiments
for mcasuring binding affinity are described in the following.

In one embodiment, the “Kd” or “Kd value™ according to this disclosure is
o

[0l

measured by a radiolabeled antigen binding assay (RIA) performed with the Fab
version of an antibody of inicrest 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 ('**1)-labeled antigen in the presence of a titration series of
unlabeled antigen. then capturing bound antigen with an anti-Fab antibody-ceated
20 plate (sce, e.g., Chen, ef al., J. Mol. Biol. 293:865-881(1999)). To cstablish
conditions for the assay, MICROTITER™ multi-well plates { Thermo Scientific) are
coated overnight with 5 pg/ml of a capturing anti-Fab antibody (Cappel Labs) in 50
mM sodium carbonate (pH 9.6), and subscquently blocked with 2% (w/v) bovine
scrum albumin in PBS for two to five hours at room tempcerature {approximately

23°C). In a non-adsorbent plate (Nunc #269620), 100 pM or 26 pM [***T]-antigen arc

o
(43

mixed with scrial dilutions of a Fab of intercst (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 equilibrivm is reached. Thercafter,
30 the mixtures are transferred to the capture plate for incubation at room temperaturc
(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 ul/well of
scintillant (MICROSCINT-20 ™ Packard) is added, and the plates are counted on a
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TOPCOUNT ™ gamma counter (Packard) for ten minutes. Concentrations of cach
Fab that give less than or equal to 20% of maximal binding arc chosen for use in
competitive binding assays.

According to another embodiment, the Kd or Kd value is measured by using
surface plasmon resonance assays using a BIACORE®-2000 or a BIACORE *-3000
(BlAcore, Inc., Piscataway, NI} at 25°C with immobilized antigen CMS chips at ~10
response units (RU). Briefly, carboxymethylated dextran biosensor chips (CMS,
BIACORE, Inc.) are activated with N-ethyl-V’- (3-dimethylaminopropyl)-
carbodiimide hydrochloride (EDC) and N-hydroxysuccinimide (NHS) according to
the suppliet’s instructions.  Antigen is diluted with 10 mM sodium acetate, pH 4.8, to
S ug/mi (~0.2 uM) 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 unreacted groups. For kinctics
measurements, two-fold serial dilutions of Fab (0.78 nM to 500 nM) are injected in
PBS with 0.05% TWEEN-20" surfactant (PBST) at 25°C at a flow rate of
approximately 25 ul/min. Association rates (kyy) and dissociation rates (k,ff) are
calculated using a simple one-to-one Langmuir binding model (BIACORE®
Evaluation Software version 3.2) by simultancously fitting the association and
dissociation senscrgrams. The equilibrium dissociation constant (Kd) is calculated as

the ratio Kofp'kon, See, e.g., Chen et al., ./ Mol. Biol 293:865-881 (1999). Hf the on-

rate excecds 100 M-1 s-1 by the surface plasmon resonance assay above, then the on-
rate can be determinced by using a fluorescent quenching technique that mcasures the
increase or decrease m fluorescence cmission intensity (excitation = 295 nm; emission
=340 nm, 16 nm band-pass) at 259C 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 fnstruments) or a
8000-series SLM-AMINCG ™ spectrophotometer (ThermoSpectronic) with a stirred
cuvetic.

9% &

An “on-rate,” “rate of association,” “association rate,” or “ko,” according to

this disclosure can also be determined as described above using a BIACORE ®-2000

G

or a BIACORE 7-3000 system (Bl Acore, Inc., Piscataway, NJ).
The term “substantially similar” or “substantially the same,” as used herein,

denotes a sufficiently high degree of similarity between two numeric vatues (for
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example, one associated with an antibody of the disclosure and the other associated
with a reference/comparator antibody). such that onc 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 ot the biological characteristic measured by said

(33

values (e.g., Kd values). The difference between said two values is, for example, less
than about 50%, less than about 4(:%, less than about 30%, less than about 20%,
and/or less than about 10% as a function of the reference/comparator value.

The phrase “substantially reduced,” or “substantiafly different,” as used herem,
denotes a sutficiently high degree of difference between two numeric values
10 (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 valucs (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

[0l

about 50% as a function of the valuc for the reference/comparator molecule.
“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.
A “isolated” nucleic acid molecule is a nucleic acid molecule that is

20 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 ditterent from its natural chromosomal location.

o
(43

An “isolated” protein is a protein that is separated from at least one other
cellular component with which it is ordinarily associated, for cxample, in its natural
enviromment. In some embodiments, an “isolated” protein is a protein expressed in a
cell in which the protein is not normally expressed. In some embodiments, the
isolated protein is a recombinant protein.

30 The term “‘vector,” as used herein, 1s intended to refer to a nucleic acid
molecule capable of transporting another nucleic acid to which it has been linked.
One type of vector is a “plasmid,” which refers to a circular double stranded DNA

into which additional DNA segments may be ligated. Another type of vector is a
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phage vector. Another type of vector is a viral vector, wherein additional DNA
segments may be ligated into the viral genome. Certain vectors are capable of
autonomous replication in a host cell into which they are introduced (e.g., bacterial

vectors having a bacterial origin of replication and episomal mammalian vectors).

(33

Other vectors (e.¢., non-episemal mammalian vectors) can be integrated into the
genome of a host cell upon introduction into the host cell, and thereby are replicated
along with the host genome. Moteover, certain vectors are capable of directing the
expression of genes to which they are operatively linked. Such vectors are referred to
herein as “recombinant expression vectors,” or simply, “expression vectors.” In
10 general, expression vectors of utility in recombinant DNA techniques are often in the
form of plasmids. In the present specification, “plasnud” and “vector” may be used
interchangeably as the plasmid is the most commonly used form of vector.
“Polyaucleotide,” or “nucleic acid,” as used interchangeably herein, refer to
polymers of nucleotides of any length, and include DNA and RNA. In some

embodiments, the nucleic acid is a cBNA molecule, or fragment thereof. The

[0l

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
20 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

cxample, “caps,” substitution of one or more of the naturally occurring nucleotides

o
(43

with an analog, intermucleotide modifications such as, for example, those with
uncharged linkages {e.g., methyl phosphonates, phosphotriesters, phosphoamidates,
carbamates, efc.) and with charged linkages (e.g.. phosphorothioates,
phosphorodithioates, etc.), those containing pendant moictics, such as, for example,
proteins (e.g., nucleases. toxins, antibodies. signal peptides, ply-L-lysine, ezc.). those
30 with intercalators {e.g., acridine, psoralen, eic.), thosc containing chelators {e.g.,
metals, radioactive metals, boron, oxidative metals, efc. ), those containing alkylators,
thosc with modified linkages (e.g., alpha anomeric nucleic acids, efc.), as well as

unmodified forms of the polynucleotides(s). Further, any of the hydroxyl groups
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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 ot ribose or deoxyribose sugars that are generally
known in the art, including, for example, 2°-O-methyl-, 2°-0-allyl-, 2°-fluoro- or 2°-
azido-ribose, carbocyclic sugar analogs, g-anomeric sugars, cpimeric sugars such as
arabinose, xyloscs or lyxoscs, pyranose sugars, furanosc 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
altcrnative linking groups includc, but are not limited to, embodiments whercin
phosphate is replaced by P(O)S (“thioate™). P(S)S (“dithioate™), (OINR; (“amidate™),
P(O)R, PIOYOR’, CO, or CH2 (“formacetal”), in which each R or R’ is independently
H or substituted or unsubstituted alkyl (1-20 C} optionally containing an cther (-G-)
linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl or araldyl. Not all linkages ina
polynucleotide need be identical. The preceding description applies to all
polynucleotides referred to herein, including RNA and DNA.

“Oligonucleotide,” as used herein, gencrally refers to short, generally single-
stranded, generally synthetic polynucleotides that are generally, but not necessarily,
less than about 200 nucleotides in length. The terms “oligonucleotide™ and
“polynucleotide’™ are not mutually exclusive. The description above for
polynucleotides is cqually and fully applicable to oligonucleotides.

The term “Smo.” or “SMO” or “smoothened™ as used interchangeably herein,
refers to any native smoothenced protein or nucleic acid from any vericbrate 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 results from processing in the cell. The term also
cncompasses naturally occurring variants of SMO, e.g., splice variants or allelic
variants. In some embodiments, “mutant SMO” or “mutant SMO polypeptide” or
“mutant SMQO protein” as used herein, refers to SMO having a mutation in the second

transmembrane of SMQO at position 281 of human SMO, to SMO having a mutation in
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the fifth transmembrane domain of SMO at position 408 of human SMO, to SMO
having a mutation in transmembrane domain 6 of SMO at position 459 of human
SMO, and/or to SMO having a mutation in the carboxy-terminal portion of

transmembrane domain 7 of SMO at position 533 or 535 of human SMO. In some

(33

embodiments, “matant SMO” or “mutant SMQ polypeptide” or “mutant SMO
protein” as used herein, refers to a smoothened polypeptide comprising a mutation at
one or more amino acids corresponding to positions 281, 408, 412, 459, 533 and/or
535 of SEQ ID NO: 1. In some embodiments, the mutation at one or more amino
acids corresponding to positions 281, 408, 412, 459, 533 and/or 535 of SEQ I[P NO: 1
10 comprises W281C, 408V, A459V, SS33N and/or W535L.. Similarly, a mutant SMO
protein is described as having variation at any one ot more of the foregoing positions
of wildtype human SMQ. The disclosure contemplates that any of the mutant
polypeptides or nucleic acids described herein can be described relative to a sequence
identifier or described relative to wildtype human SMO. Moreover, mutants can be

described relative to SEQ ID NQO: | or described relative 1o any of the other sequence

[0l

identifiers.

In some embodiments, as used herein, “treatment” (and variations such as
“treat” or “treating”’) refers to clinical intervention in an attempt to alter the natural
course of the individual or cell being treated, and can be performed cither for

20 prophylaxis or during the course of clinical pathology. Desirable cffects of treatment

include preventing occurrence or recurrence of disease, alleviation of symptoms,
diminishment of any direct or indirect pathological consequences of the discase,
preventing metastasis, decreasing the rate of discase progression, amelioration or

palliation of the discase state, and remission or improved prognosis. In some

o
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embodiments, antibodies of the disclosure are used to delay development of a discase
or disorder or to slow the progression of a disease or disorder. In some embodiments,
as used herein, “treating” or "treatment” or "alleviation” refers to improving,
alleviating, and/or decreasing the severity of one or more synptoms of a condition
being treated. By way of examiple, treating cancer refers to improving {improving the
30 patient’s condition), allcviating, delaying or slowing progression or onset, decreasing
the severity of one or more symptoms of cancer. For example, treating cancer

inclades any one or more of: decreasing tumor size, decreasing rate of tumor size
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increase, halting increase in size, decreasing the number of metastases, decreasing
pain, increasing survival, and increasing progression free survival.

"Treating” or "treatment” or "alleviation” refers to improving, alleviating,
and/or decreasing the severity of one or more symptoms of a condition being treated.
By way of example, treating cancer refers to improving {improving the patient’s
condition), alleviating, delaying or slowing progression or onsct, decreasing the
severity of one or more symptoms of cancer. For example, treating cancer includes
any one or more of: decreasing tumor size, decreasing rate of tumor size increase,
hakiing increcase in size, decrcasing the number of metastases, decreasing pain,
increasing survival, and increasing progression free survival., "Diagnosing” refers to
the process of identifymg or determining the distinguishing characteristics of a
discase or tumor. In the case of cancer, the process of diagnosing is somectimes also
expressed as staging or tumor classitication based on severity or discase progression.

]

"Diagnosing” refers to the process of identifying or determining the
distinguishing characteristics of a diseasc or tumor. In the case of cancer, the process
of diagnosing is sometimes also expressed as staging or tumor classitication based on
severity or disease progression.

An “mdividual,” “subject,” or “patient” is a vertebrate, such as a human. In
certain embodiments, the vertebrate is a mammal. Mammals include, but are not
limited to, farm animals (such as cows), sport animals, pets (such as cats, dogs, and
horses), primates, mice and rats. In certain embodiments, 3 mammal is 3 human,

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
subjeet 10 which the formulation would be administered. Such formulations may be
sterile. in certain embodiments, the pharmaceutical formulation is pyrogen free.

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

A “therapeutically effective amount” of a substance/molecule of the disclosure
may vary according to factors such as the disease state, age, sex, and weight of the
mdividual, and the ability of the substance/molecule, to elicit a desired response in the

individual. A therapeutically effective amount encompasses an amount in which any

h
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toxic or detrimental effects of the substance/molecule are outweighed by the
therapeutically beneficial effects. A “prophylactically effective amount” refers to an
amount cffcetive, at dosages and for periods of time necessary, to achicve the desired
prophylactic result. Typically, bat not necessarily, since a prophylactic dose is vsed
i subjects prior to or at an earlier stage of disease, the prophylactically effective
amouit would be Icss than the therapeutically effective amount.

The term “cytotoxic agent” as used herein refers to a substance that inhibits or
prevents a cellolar function and/or causes cell death or destraction. The term is
intended to include radioactive isotopes {e.g., At™ 7, 170 1'% v R Re'™, Sm'™,
Bi*?, P Pb”? and radicactive isotopes of Lu), chemotherapeutic agents (e.g.,
methotrexate, adriamicin, vinca alkaloids (vineristing, vinblasting, etoposide),
doxorubicin, melphalan, mitomycin C. chlorambucil. daunorubicin or other
intercalating agents, cnzymes and fragments thercof such as nuclcolytic cnzymes,
antibtotics, and toxins such as small molecule toxins or enzymatically active toxing of
bacterial, fungal, plant or animal origin, inclading 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.

A “toxin” is any substance capable of having a detrimental etfect on the
growth or prolifcration of a ccil.

A “chemotherapeutic agent™ is a chemical compound usctul 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, carboguone, meturcdopa,
and uredopa; cthylenimines and methylamelamines including altretamine,
triethylenemelamine, triethylencphosphoramide, triethylenethiophosphoramide and
trimethylomelamine; acctogenins (especially bullatacin and bullatacinone); delta-9-
tetrahydrocannabinol (dronabinol, MARINCL®); beta-lapachone; tapachol;
colchicines; betulinic acid; a camptothecin (including the syothetic analogue
topotecan (HYCAMTIN®), CPT-11 {irinotecan, CAMPTOSAR®),
acctylcamptothecin, scopolectin, and 9-aminocamptotheciny; bryostatin; callystatin;
CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogues);
podophyllotoxin; pedophythinic acid; teniposide; cryptophycins (particularly

cryptophycin I and cryptophyein 8); dolastatin; duocarmycin {inchiding the synthetic
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analogues, KW-2189 and CB1-TM1); eleutherobin; pancratistating a sarcodictyin;
spongistatin; nitrogen mustards such as chlorambucil, chlornaphazine,
chiorophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine

oxide hydrochloride, melphalan, novembichin, phenesterine, prednimustine,

(33

trofosfamide, uracil mustard; nitrosourcas such as carmustine, chlorozotocin,
fotemustine, lomustine, nimustine, and ranimnusting; aniibiotics such as the enediyne
antibiotics {e. g., calicheamicin, especially calicheamicin ganunall and calicheamicin
omegall (see, e.g., Nicolaou et ¢l., Angew. Chem Inil. Ed. Engl. 33: 183-186 (1994));
CDP323, an oral alpha-4 integrin inhibitor; dynemicin, including dynemicin A; an

10 csperamicin; as well as ncocarzinostatin chromophore and related chromoprotein
enediyne antibiotic chromophores), aclacinomysins, actinomycin, authramycm,
azascrine, blcomycins, 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 (MYGCET®), peglylated

[0l

liposomal doxorubicin (CAELYX®), and deoxydoxorubicin}, epirubicin, csorubicin,
idarubicin, marcellomycin, mitomycins such as mitomycin C, mycophenolic acid,
nogalamycin, olivomycins, peplomycin, porfiromycin, puromycin, quelamycin,

20 rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate, gemcitabine (GEMZAR®), tegafur
(UFTORAL®), capecitabine (XELCODA®), an epothilone, and 5-fluorouracil (5-FU);
folic acid analogucs such as denopierin, methotrexate, pteropterin, trimetrexate;

purinc analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine;

o
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pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, ¢ytarabine,
dideoxyuriding, doxifluridine, enocitabine, floxuridine; androgens such as calusicrone,
dromostanolone propionate, cpitiostanol, mepitiostane, testolactone; anti-adrenals
such as aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic
acid; aceglatone; aldophosphamide glycoside; aminolevulinic acid; emiluracil;

30 amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; demecolcine; diaziquone;
elfornithine; elliptintum acctate; an epothilone; etoglucid; gatlium nitrate;
hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and

ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitracrine; pentostating;
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phenamet; pirarubicin; losoxantrone; 2-ethylhydrazide; procarbazine; PSK®
polysaccharide complex (JHS Natural Products, Eugene, OR); razoxanc; rhizoxin;
sizofiran; spirogermanium; tenuazonic acid; triaziguone; 2,2°,2°-
trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A, roridin A

and anguidine); urethan; vindesine (ELDISINE®, FILDESIN®); dacarbazine;

(33

mannomustine; mitobronitol; mitolactol; pipobroman: gacytosine; arabinoside {(*“Ara-
C™); thiotepa; taxoid, e.g., paclitaxe] (TAXOL®R), albumin-engineered nanoparticle
formalation of paclitaxel (ABRAXANE™). and docetaxel (TAXOTERE®);
chloranbucil; 6-thioguanine; mercaptopurine; methotrexate; platinum agents such as

10 cisplatin, oxaliplatio {e.g., ELOXATIN®), and carboplatin; vincas, which prevent
tubulin polymerization from forming microtubules, including vinblastine
(VELBAN®), vincristine (ONCOVIN®), vindesine (ELDISINE®), FILDESIN®),
and vinorelbine (NAVELBINE®RY); etoposide (VP-16); ifosfamide; mitoxantronc;
leucovorin; novantrone; edatrexate; daunomycin; aminopterin; 1tbandronate;

15 topoisomerase inhibitor RFS 2000; diflucromethylorithine (DMFQO); retinoids sach
as retinoic acid, including bexarotene {TARGRETIN®); bisphosphonates such as
clodronate (for example, BONEFOS® or OSTAC®), etidronate (DIDROCAL®R),
NE-58095, zoledronic acid/zoledronate {(ZOMETA®R), alendronate (FOSAMAX®R),
pamidronate (AREDIA®), tiludronate (SKELID®), or risedronaic (ACTONEL®R);

20 troxacitabine {(a 1,3-dioxolanc nucleoside cytosine analog); antisense oligonucicotides,
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® vaceine

and gene therapy vaccings, for example, ALLOVECTIN® vaccine, LEUVECTIN®

o
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vaccine, and VAXID® vaccine; topoisomerase | inhibitor {e.g., LURTOTECAN®R);
rmRH {e.g., ABARELIX®}; BAY 439006 (sorafenib; Bayer): SU-11248 (sunitinib,
SUTENTw®, Pfizer); perifosine, COX-2 inhibitor (e.g. celecoxib or etoricoxib),
proteosome inhibitor (e.g. PS341); bortezomib (VELCADE®R); CCI-779; tipifarnib
(R11577); orafenib, ABT510; Bcl-2 inhibitor such as oblimersen sodivim

30 (GENASENSE®RY): pixantrone; EGER inhibitors (sec definition below); tyrosine
kinase mhibitors (see definition below); serine-threonine kinase inhibitors such as
rapamycin (sirolimus, RAPAMUNER); farnesyltransferase inhibitors such as

lonafarnib (SCH 6636, SARASAR’™); and pharmaceutically acceptable salts, acids or

wh
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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 FOLFUX, an abbreviation for a
treatment regimen with oxaliplatin (ELOXATIN'™) combined with 5-FU and
leucovorin.

Chemotherapeutic agents as defined hercin inclode “anti-hormonal agents™ or
“endocrine therapeutics”™ which act to regulate, reduce, block, or inhibit the effects of
hormones that can promote the growth of cancer. They may be hormones themselves,
including, but not limited to: anti-estrogens with mixed agonist/antagonist protile,
including, tamoxifen (NOLVADEX®), 4-hydroxytamoxifen, torcmifenc
(FARESTON®), idexifene, droloxifene, raloxifene (EVISTA®), trioxitene, keoxifene,
and selective estrogen receptor modulators (SERMs} such as SERM3; pure anti-
estrogens without agonist properties, such as fulvestrant (FASLODEX®), and EME00
{such agents may block estrogen receptor (ER) dimerization, inhibit DNA binding,
increase ER turnover, and/or suppress ER levels); aromatase inhibitors, including
steroidal aromatase inhibitors such as formestanc and exemestane {AROMASIN®)),
and nonsteroidal aromatase inhibitors such as anastrazole (ARIMIDEX®), letrozole
(FEMARA®) and anunoglutethimide, and other aromatase inhibitors inclade
vorozole (RIVISOR®), megestrol acctate (MEGASE®), fadrozole, and 4(5)-
imidazoles; lutenizing hormone-relcaseing hormone agonists, including leuprolide
(LUPRON® and ELIGARD®R), goserelin, buserelin, and tripterelin; sex steroids,
including progestines such as mcgestrol acetate and medroxyprogesterone acetate,
cstrogens such as diethylstilbestrol and premarin, and androgens/retinoids such as
fluoxymesterone, all transretionic acid and fenretinide; onapristone; anti-
progesterones; estrogen receptor down-regulators (ERPs): anti-androgens such as
flutamide, nilutamide and bicalutamide; and pharmaceutically acceptable salts, acids
or derivatives of any of the above; as well as combinations of two or more of the
above.

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) cither in
vitro or in vive. Thus, the growth inhibitory agent may be one which significantly
reduces the percentage of cells (such as a cell expressing SMO) in S phase. Examples

of growth inhibitory agents include agents that block cell cycle progression (at a place
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other than S phase), such as agents that induce G1 arrest and M-phase arrest.
Classical M-phase blockers include the vincas (vincristine and vinblastine), taxanes,
and topoisomerasc {I inhibitors such as doxorubicin, epirubicin, daunorubicin,
etoposide, and bleomycin. Those agents that arrest G1 also spill over into S-phase
arrest, for example, DNA alkylating agents such as tamoxifen, prednisone.
dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-fluorouracil, and ara-C.
Farther information can be found in Mendelsohn and Israel, eds., The Molecular
Basis of Cancer, Chapter 1, entitled “Cell cycle regulation, oncogenes, and
antineoplastic drugs™ by Murakami e¢ o/, {W.B. Saunders, Philadelphia, 1995), e.o., p.
13. The taxanes (paclitaxel and docctaxcl) are anticancer drugs both derived from the
yvew tree. Docetaxel (TAXOTERE®, Rhone-Poulene Rorer), derived from the
European yew, is a semisynthetic analogue of paclitaxel (TAXOL®, Bristol-Myers
Squibb). Paclitaxel and docetaxel promote the assembly of microtubules from tubulin
dimers and stabilize microtubules by preventing depolymerization, which results in
the inhibition of mitosis in cells.

A “mutant Smo antagonist” is a compound that inhibits the biological activity
of'a SMO having an amino acid substitution at position 281, 408, 459, 533, or 535 of
human SMQO that changes the wild-type amino acid at this position to any other amino
acid. In some embodiments, the biological activity of SMO is the ability to transduce
a signal upon stimulation with hedgehog to activation of Gli transeription factor.

The term “hedgehog pathway inhibitor,” as used herein, is intended to refer to
an agent that is capable of inhibiting hedgehog signaling in a cell. In particular
embodiments, the hedgchog antagonist is capable of inhibiting hedgehog signaling in
a cell that expresses any of the mutant SMO proteins described herein. fn some
embodiments, the hedgehog pathway inhibitor is capable of inhibiting hedgehog
signaling in a celf that expresses a smoothened polypeptide comprising a mutation at
onc or more amino acids corresponding to 281, 408, 459, 533 or 535 of SEQ 1D NO:
1. In some embodiments, the hedgehog pathway inhibitor is capable of inhibiting
hedgehog signaling in a cell that expresses a smoothenced polypeptide comprising any
of the following mutations: W2EIC, 1408V, A459V, SS33N and/or WS351.

1. Nucleic Acids

The nucleic acids of the disclosure include isolated mutant SMO-encoding

sequences. In some embodiments, the nucleic acids encode a mutant SMO protein

h
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that is partially or fully resistant to vismodegib. In some embodiments, the nucleic
acid encods a mutant SMO protein that is partially or fully resistant to vismodegib in
a cell having an additional nurtation in a gene encoding a protein in the hedgchog

signaling pathway. In some embodiments, the additional mutation is any of the

(33

patched and/or SUFU mutations described herein.

In some embodiments, the disclosure provides for an isolated nucleic acid
molecule encoding a mutant SMO protein wherein said amino acid sequence
comprises an amino acid other than alanine at the amino acid position corresponding
i¢ position 239 of the wildtype SMO amino acid sequence. In some embodiments
10 nucleic acids comprise @ sequence that is at least 80%, 85%, 86%, 87%, 88%, 89%,

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the
nucleic acid sequence of SEQ ID NQ:5, and which contain at least one mutation such
that the nucleic acid encodes a SMO polypeptide comprising an amino acid other than
alanine (A) at the amino acid position corresponding to position 239 of SEQ ID NO: 1.

In some embodiments, such a nucleic acid encodes valine (V) at the amino acid

[0l

positien correspending to position 239 of SEQ ID NO: 1. In some embediments, the
nucleic acid has at least one mutation from the parental wild-type SMO at a
nucleotide position corresponding to position 715, 716, and/or 717 of SEQ 1D NO: 5
In some cinbodiments, the percent identity is 85%, 86%0, 87%, 88%, 8§9%, 90%, 91%,
200 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ ID NO: 5 providing
that there is at least one mutation at a nucleotide position corresponding to positions
715, 716, and/or 717 of SEQ ID NO: 5. In some embodiments, the disclosure
provides for an isolated nucleic acid molecule encoding a mutant SMO protein

wherein said amino acid sequence compriscs an amino acid other than tryptophan at

o
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the amino acid position corresponding to position 281 of the wildtype SMO aming
acid sequence. In some embodiments nucleic acids comprise a sequence that is at
least 80%, 85%, &6%, 87%, 88%, 89%, 9%, 91%, 92%, 93%, 94%, 95%0, 96%. 97%,
98%, 99% or 100% identical to the nucleic acid sequence of SEQ ID NO:5 and which
contain at least one mutation such that the nueleic acid encodes a SMO polypeptide
30 comprising an amino acid other than tryptophan (W) at the nucleotide position
corresponding to nucleotide position 281 of SEQ ID NO: 1. In some embodiments,
the nucleic acid encodes cysteine {C) at the aming acid position corresponding to

position 281 of SEQ ID NC: 1. In some embodiments, the nucleic acid has at least
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one mutation from the parcntal wild-type SMO at a nucleotide position corresponding
to nucleotide position 841, 842, and/or 843 of SEQ ID NO: 5. 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:5 providing that there is at least one
mutation at a nucleotide position corresponding to positions 841, 8§42, and/or 843 of
SEQ ID NO: 5. In some embodiments, the disclosure provides for an isolated nucleic
acid molecule encoding a mutant SMO protein wherein said amino acid sequence
comprises an amino acid other than isoleucine at the amino acid position
corresponding to position 408 of the wildtype SMO amino acid sequence. In some
cmbodiments nucleic acids comprise a sequence that is at least 80%, 85%, 6%, 87%,
88%, 89%. 90%, 919, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identical to the nucleic acid sequence of SEQ ID NO: 5, and which contain at least
one mutation such that the nucleic acid encodes a SMO polypeptide comprising an
amino acid other than isoleucine (1) at the amino acid position corresponding to
position 408 of SEQ ID NO: 1. In some embodiments, the nucleic acid encodes
valine {V}) at the amino acid position corresponding to position 408 of SEQQ ID NO: 1.
In some embodiments, the nucleie acid has at least one mutation from the parental
wild-type SMO at a nucleotide position corresponding to position 1222, 1223 and/or
1224 of SEQ ID NO: 5. In some embodiments, the percent identity is 85%, 86%,
R7%, 88%, 89%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
with SEQ ID NO: § providing that there is at least one mutation at a nucleotide
position corresponding to positions 1222, 1223 and/or 1224 of SEQ ID NO: 5. In
some embodiments, the disclosure provides for an isolated nucleic acid molecule
cncoding a mutant SMO protein wherein said amino acid sequence compriscs an
amino acid other than alanine at the amino acid position corresponding to position
459 of the wildtype SMO amino acid sequence. In some embodiments npucleic acids
comprise a sequence that is at least 80%, 85%, 86%, 8§7%, 88%, 89%, 90%, 9

92%., 9394, 94%%, 95%. 96%, 97%, 9R%., 99% or 100% identical to the nuckeic acid
sequence of SEQ ID N(O:5 and which contain at least one mutation such that the
nucleic acid encodes a SMO polypeptide comprising an amino acid other than alanine
(A) at the amino acid position corresponding to position 459 of SEQ IDNO: {. In
some embodiments, the pucleic acid encodes valine (V) at the amino acid position

corresponding to position 459 of SEQ ID NO: 1. In some embodiments, the nucleic
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acid has at least one mutation from the parental wild-tvpe SMO at a nucleotide
position corresponding to position 1375, 1376, and/or 1377 of SEQ IDNO: 5. In
some embodiments, the percent identity is 85%, 86%, 87%, 88%6, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ ID NO: 5 providing
that there is at least one mutation at a nucleotide position corresponding to positions
1375, 1376, and/or 1377 of SEQ 1D NO: 5. In some embodiments, the disclosure
provides for an isolated nucleie acid molecule encoding a mutant SMO protein
wherein said amino acid sequence compriscs an amino acid other than serine at the
amino acid position corresponding to position 533 of the wildiype SMO amino acid
sequence. Jn some crabodiments nucleic acids comprise a sequence that is at least
80%, 85%. 86% 0, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identical to the nucleic acid sequence of SEQ 1D NO:S, and which
contain at fcast onc mutation such that the nucleic acid encodes a SMO polypeptide
comprising an amino acid other than serine (S) at the anuno acid position
corresponding 10 position 533 of SEQ ID NO: 1. In some embodiments, the nucleic
acid encodes asparagine (N} at the amino acid position corresponding to position 533
of SEQ ID NO: 1. In somc embodiments, the nucleic acid has at feast one mutation
from the parental wild-type SMO at a nucleotide position corresponding to position
1597, 1598 and/or 1599 of SEQ ID NO: 5. In some embodiments, the percent identity
is 85%, 86%, 87%, 88%, 9%, 90%, 91%, 92%, 93%, 94%, 95%, 36%, 97%, 98%,
99% or 100% with SEQ D NO:S providing that there is at Jeast one mutation at a
nucleotide position corresponding 1o positions 1597, 1598 and/or 1599 of SEQ ID
NO: 5. In some cmbodiments, the disclosure provides for an isolated nucleic acid
molecule encoding a mutant SMO protein whercin said amino acid scquence
comprises an amino acid other than tryptophan at the amino acid position
corresponding to position 535 of the wildtype SMO amino acid scquence. In some
embodiments nucleic acids comprisc a sequence that is at least 80%, 85%, 86%, 87%
’%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identical 10 the nucleic acid sequence of SEQ ID NO:S and which contain at feast one
mutation such that the nuclcic acid encodes a SMO polvpeptide comprising an amino
acid other than tryptophan (W) at an amino acid position corresponding to position
535 of SEQ ID NO: 1. In some embodiments, the nucleic acid encodes feucine (L) at

a nucleotide position corresponding to amino acid position 535 of SEQ ID NO: L. In
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some embodiments, the nucleic acid has at least one mutation from the parental wild-
type SMQO at a nucleotide position corresponding to position 1603, 1604, and/or 1605
of SEQ 1D NO: 5. In some embodiments, the percent identity is 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%, 99% or [00% with
SEQ ID NO: 5 providing that there is at least one mutation at a nucleotide position
corresponding to nucleotide position 1603, 1604, and/or 1605 of SEQ 1D NO: 5. In
some embodiments nucleic acids comprise a sequence that is at least 80%, 85%, 86%,
R7%, §8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identical {o the nucleic acid sequence of SEQ 1D NO:5, and which contain at least one
mutation such that the nucleic acid encodes a SMO polypeptide comprising any one
or more of the anmino acid alterations indicated in Table 4 (See, Example 6).

The disclosure also contemplates fragments of such nucleic acids that span the
region of the mutations described above in fragments that are at least 20 nucleotides
in fength. 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 tull length
mutant SMO-encoding nucleic acid molecule. Isolated nmutant SMO and fragments
thereof may be used, for example, for hybridization, to gencrate primers and probes
for the prognostic and diagnostic assays of the disclosure, and for expression in
recombinant systems (such as to gencrate mutant SMO protein or portions thereof for
use as immunogens and for use in assays of the disclosure as described herein),

The disclosure provides nucleic acid probes which may be used to identify the
mutant SMO nucleic acid molecule in the methods of the disclosure. Nucleic acid
samples derived from tissue suspected of having a mutant SMO or from tissue
wherein the status of SMQO is unknown may be screened using a specific probe for
mutant SMO using standard procedures, such as described in Sambrook et al.,
MOLECULAR CLONING: A LABORATORY MANUAL, Cold Spring Harbor Laboratory
Press, NY, 1989). Alternatively, the nucleic acid encoding SMQO may be amplified
from the tissue and probed with a specific probe of the disclosure to determine the
presence of absence of mutant SMO. PCR mecthodology is well known in the art
(Sambrook ef al., supra; Dieffenbach et al, PCR PRIMER: A LABORATORY MANUAL,

Cold Spring Harbor Laboratory Press, NY, 199S).
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Nucleotide sequences {or their complement) encoding mutant SMO have
various applications in the art of molecular biology, including uscs as hybridization
probes, and in the generation of anfi-sense RNA and DNA probes. Mutant SMO-
encoding nucleic acid will also be useful for the preparation of mutant SMO
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.

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

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

By way of example, a screcning 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 varicty of labels,
inchuding radionucleotides such as **P or *°S, or enzymatic labels such as alkaline
phosphatase coupled to the probe via avidin/biotin coupling systems. Labeled probes
having a sequence complementary to that of the mutant SMO gene of the present
disclosure can be used to screen libraries of human ¢DNA, 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. arc provided in
Sambrook ef al., supra.

Sequences identified n such library screening methods can be compared and
aligned to the known sequences for SMO and mutant SMO. Sequence identity at any
of the first, second, fifth, sixth or seventh transmembranc domains, at the carboxy-
terminal region of transmembrane domain 6, or the carboxy-terminal region of
transmembrane domain 7 can be determined using methods known in the art.

Other useful fragments of the SMO-cncoding nucleic acids include antisense
or sense oligonucleotides comprising 4 single-stranded nucleie acid sequence (either
RNA or DNA) capable of binding to target mutant SMO mRNA (sensc) or mutant

SMO PNA (antisense) sequences. Antisense or sense oligonucleotides, according to
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the present disclosure, comprise a fragment of the coding region of mutant SMO
DNA containing the mutation region. Such a fragment gencrally compriscs at least
about 14 nuclcotides, and, in some embodiments, from about 14 to 30 nucleotides.
The ability to derive an 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 ef ¢/, (1988) RioTechnigues 6:958.

In some embodiments, the disclosure provides for nucleic acids capable of
inhibiting expression of any of the mutant SMQO nacleic acids described herein.
Binding of antisense or sense oligonucleotides to target nucleic acid sequences results
in the formation of duplexcs that block transcription or translation of the target
sequence by one of several means, including enhanced degradation of the duplexes,
premature termination of transcription or translation, or by other means. Suoch
mcthods ate encompassed by the present disclosure. The antisense oligonucleotides
thus may be used to block expression of mutant SMQO proteins, wherein those mutant
SMO proteins may play a role i the resistance of cancer in mammals to
chemotherapeutics such as GDC-(1449. Antisensc or sensc oligonucleotides further
comprise oligonucleotides having modificd sugar-phosphodicster backbones (or other
sugar linkages, such as those described in WO 91/06629) and wherein such sugar
linkages arc resistant to endogenous nucleases. Such oligonucleotides with resistant
sugar linkages are stable in vivo (i.c., capable of resisting enzymatic degradation) but
retain sequence specificity to be able to bind to target nucleotide sequences.

Specific examples of antisense compounds useful for inhibiting expression of
mutant SMQO proteins include oligonucleotides containing modificd backbones or
non-natural internuclcoside 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 purposcs of this specification, and
as sometimes referenced in the art, modified oligonuclcotides that do not have a
phosphorus atom in their internucleoside backbone can also be considered to be
oligonucleosides. 1n some embodiment, modified oligonucleotide backbones include,
for cxample, phosphorothioates, chiral phosphorothioates, phosphorodithioatcs,
phosphotriesters, aminoalkylphosphotri-esters, methyl and other alkyl phosphonates
including 3'-alkylene phosphonates, 5'-alkylene phosphonates and chiral

phosphonates, phosphinates, phosphoramidates including 3'-amino phosphoramidate
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and anunoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
ihionoalkyiphosphotriesiers, selenophosphates and borano-phosphates having normal

-§' linkages, 2'-8' linked analogs of these, and those having inverted polarity wherein
one or more internucleotide linkages isa 3'to 3, 5" to 5' or 2' to 2' linkage. In some
embodiments, oligonucleotides having inverted polarity comprise a single 3'to 3°
linkage at the 3'-most intcrnucleotide 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.

In some embodiments, the nucleic acid comprises modified nucleotides ot
modified oligonucleotide backbones. 1n some embodiments, moditied
oligonucleotide backbones that do not include a phosphorus atom therein have
backbones that are formed by short chain alkyl or cycloalkyl internucleoside linkages,
mixed heteroatom and alkyl or cycloalkyl internucleoside linkages, ot one or more
short chain heteroatomic or heterocyclic internucleoside linkages. These include
those having morpholino linkages {formed in part from the sugar portion of a
nucleoside); siloxane backbones; sulfide, sulfoxide and sultfone backbones;
formacctyl and thioformacety! backbones; methylene formacetyl and thioformacetyl
backbones; riboacetyl backbones; alkene containing backbones; sulfamate backbones;
methyleneimino and methylenchydrazino backbones; sulfonate and sulfonamide
backbones; amidc backbones; and others having mixed N, O, S and CH.sub.2
component parts. Representative United States patents that teach the preparation of
such oligonucleosides include, but are not hmited to: U.S. Patent Nos.: 5,034,506;
5.166,315: 5,185.444: 5,214,134; §,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;
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5,623,070; 5,663,312; 5,633,360; 5,677,437; 5,792,608 5,646,269 and 5677439,
cach of which is hercin incorporated by reterence.

In some embodiments of antisense oligonucleotides, both the sugar and the
mternucleoside hinkage, i.e., the backbone, of the nucleotide units are replaced with
novel groups. The base units are maintained for hybridization with an appropriate
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
aminocthylglycine backbone. The nucleobases arc retaincd and arc bound dircetly or
mndirectly to aza nitrogen atoms of the amide portion of the backbone. Representative
Uniled States patents that {icach the preparation of PNA compounds inclade, but are
not luvited to, U.S. Patent Nos.: 5,539.082; 5.714.331; and 5,719,262, cach of which
is herein incorporated by reference. Further teaching of PNA compounds can be
found in Nielsen ef al.{1991) Science 254:1497-1500.

In some embodiments, antisense oligonucleotides incorporate
phosphorothioate backbones and/or heteroatom backbones, and in particular -CHj-
NH-O-CHy-, -CH3-N(CH1)-O-CHy- (known as a methylene (methylimino) or MMI
backbone}), -CH;-O-N{CH;}-CHj-, -CH,-N(CH;3)-N(CH1)-CHy- and -O-N(CH1)-CH;-
CHa- (whercin the native phosphodicster backbone is represented as -O-P-O-CH;-)
described in the above referenced .S, Patent No. 5,489,677, and the amide
backbones of the above referenced U.S. Patent No. 5,602,240. In some embodiments,
antisense oligonucleotides have morpholino backbone structures of the above-
reterenced U.S. Patent No. 5,034,506.

Modified oligonucleotides may also contain one or more substituted sugar
moietics. In some embodiments, oligonuclcotides comprisc one of the following at
the 2' position: OH; F; O-alkyl, S-alkyl, or N-alkyl; O-alkenyl, S-alkeynyl, or N-
alkenyl; O-alkymyl, S-alkynyl or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl,
alkenyl and alkynyl may be substituted or vnsubstituted C1 to C10 alkyl or C2 10 C10
alkenyl and alkynyl. In some embodiments, the oligonucleotides are
O[(CH)OTmCHa, O(CHL),OCHs, O(CH,),NH;, O(CH2).CH;, O(CH2),ONH;, and
O(CH)ON[{ CH,),CH3}},, where n and m are from 1 to about 10. In some

embodiments, antisense oligonucleotides comprisc one of the following at the 2
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position: C1 to C10 lower alkyl, substituted lower alkyl, alkenyl, alkynyl, alkaryl,
aralkyl, O-alkaryl or O-aralkyl, SH, SCH;, OCN, Cl, Br, CN, CF;, OCF;, SOCH;,
80y CHi, ONOy, NOy, Na, NH;, heterocycloalkyl, heterocycloalkaryl,
aminoalkylamino, polyalkylamino, substituted silyl, an RNA cleaving group, a
reporter group, an intercalator, a group for improving the pharmacokinetic propertics
of an oligonucleotide, or a group for improving the pharmacodynamic properties of an
oligonucleotide, and other substituents having similar properties. In some
embodiments, a modification includes 2'-methoxyethoxy (2°-O-CH,CHOCH;, also
known as 2'-0-(2-methoxyethyl) or 2'-MOE) (Martin er o/, (1995} Helv. Chim. Acta
78:446-504) i.e., an altkoxyalkoxy group. In some embodiments, a moditication
inclades 2-dimethylaminooxyethoxy, i.e., a O(CH2)ON(CHi)» group, also known as
2'-DMAGQE, as described in examples hercinbelow, and 2'-
dimethylaminocthoxyethoxy {also known in the art as 2'-0O-
dimethylaminoethoxyethyl or 2-DMAEOE), e, 2'-0-CH»-O-CH)-N{CH3).

In some embodiments, a modification includes Locked Nucleic Acids (LINAS)
in which the 2'-hydroxyl group is linked to the 3' or 4' carbon atom of the sugar ring
thereby forming a bicyelic sugar moiety. The linkage is, in some ecmbodiments, a
methelyne (-CHj-), group bridging the 2’ oxygen atom and the 4' carbon atom
wherein nis 1 or 2. LNAs and preparation thercof arc described in WO 9839352 and
WO 99/14226.

In some embodiments, modifications include 2'-methoxy (2-0-CH3), 2'-
aminopropoxy (2'-OCH;CHyCHoNH,), 27-allyl (2'-CH,-CH=CH,), 2'-O-allyl (2-G-
CH;-CH=CH;) and 2'-fluoro {2'-F). The 2'-modification may be in the arabino (up)
position or ribo {down) position. In some erabodiments, a 2'-arabino modification is
2-F. Similar modifications may also be made at other positions on the
oligonucleotide, particularly the 3' position of the sugar on the 3' terminal nucleotide
or in 2'-5" linked oligonucleotides and the 5' position of 5 terminal pucleotide.
Oligonucleotides may also have sugar mimetics such as cyclobutyl moieties in place
of the pentofuranosyl sugar. Representative U.S. patents that teach the preparation of
such moditied sugar structures include, but are not limited to, U.S, Patent Nos.:
4.981,957; 5,118,800; 5,319,080; 5,359,044; 5,393,878; 5,446,137; 5,466,786;
5,514,785, 5,519,134, 5,567,811; 5,576,427; 5,591,722; 5,597,909; 5.610,300;
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5,627,053; 5,639,873; 5,646,2065; 5,658,873: 5,670,633: 5,792.747; and 5,700,920,
cach of which is hercin incorporated by reference in its entirety.

In some embodiments, oligonucicotides may also include nucleobase {otten
referred to in the art simply as “base”) modifications or substitutions. As used herein,
“ummodificd” or “natural” nucleobases include the purine bases adenine (A) and
guanine {(G), and the pyrimiding bases thymine (T), cytosine {C) and uracil (U).
Modified nucleobases include other synthetic and natural nucleobases such as 5-
methyleytosine (5-me-C), S5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-
amineadenine, 6-methy] and other alkyl derivatives of adenine and guanine, 2-propyl
and other alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-
thiocytosine, S-halouracil and cytosine, S-propyny! (-C=C-CH3 or -CH,-C=CH) uracil
and cytosine and other alkynyl derivatives of pyrimidine bascs, 6-azo uracil. cytosine
and thymine, 5-uracil (pscudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiof, 8-
thioalkyl, 8-hydroxyl and other 8-substituted adenines and guanines, 5-halo
particularly S-bromg, 5-trifluoromethyl and other 5-substitated uracils and cytosines,
7-mcthylguanine and 7-mcthyladenine, 2-F-adenine, 2-amino-adeninge, 8-azaguanine
and 8-azaadenine, 7-deazaguanine and 7-deazaadenine and 3-dcazaguanine and 3-
deazaadenine. Further moditied nucleobases include tricyclic pyrimidines such as
phenoxazine cytidine (1H-pyrimido[3,4-b]{1.4ibenzoxazin-2(3H)-one), phenothiazine
cytidine (1H-pyrimido[5.4-b][ 1,4 jbenzothiazin-2(3H)-one), G-clamps such as a
substituted phenoxazine cytidine (e.g., 9-(2-aminoethoxy)-H-pyrimido[5,4-
b][1.4]benzoxazin-2(3H}-one), carbazole cytidine (2H-pyrimido[4,5-b]indol-2-onc),
pyridoindole cytidine (H-pyrido[3',2":4,5]pyrrolo{2.3-d]pyrimidin-2-one). Modified
nucleobases may also include those in which the purine or pyrimidine base is replaced
with other heterocycles, for example 7-deaza-adenine, 7-deazaguanosine, 2-
aminopyridine and 2-pyridone. Further nuclcobases include those disclosed in U.S.
Patent No. 3,687,808, those disclosed in THE CONCISE ENCYCLOPEDIA OF POLYMER
SCIENCE AND ENGINEERING, Kroschwitz, F1., ed., John Wiley & Sons, 1990, pp. 858-
859, and those disclosed by Englisch ef ¢f., ANGEWANDTE CHEMIE, INTERNATIONAL
EDRITION, Wiley-VCH, Germany, 1991, 30:613. Certain of these nucicobascs are
particularly useful for increasing the binding affinity of the oligomeric compounds of
the disclosure. These inclade S-substituted pyrimidines, 6-azapyrimidines and N-2,

N-6 and (-6 substituted purines, including 2-aminopropyladenine, 5-propynyluracil
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and S-propynylcytosine. 5-methyicytosine substitutions have been shown to increase
nucleic acid duplex stability by 0.6-1.2 °C. (Sanghvi et /. ANTISENSE RESEARCH AND
APPLICATIONS, CRC Press, Boca Raton, 1993, pp. 276-278) and arc possiblc base
substitutions, even more particularly when combined with 2'-O-methoxyethy! sugar
modifications. Representative U.S. patents that teach the preparation of modificd
nucleobases include, but are not limited to: U.S. Patent No. 3,687,808, as well as U.S.
Patent Nos.: 4,845,205; 5,130,302; 5,134,066; 5,175,273; 5,367,066, 5,432,272;
5.457.187; 5.459.255; 5,484,908; §,502,177; §,525.711; §,552,540; 5,587,469;
5.594.121, 5,596,091; 5.614.617; 5,645,985; 5,83(3,653; 5,763,588; 6,005,096;

/}

3,681,941 and 5,750,692, cach of which is herein incorporated by reference

Another modification of antisense oligonucleotides involves chemically
linking to the oligonucleotide onc or more moietics or conjugates which enhance the
activity, cellular distribution or cellular uptake of the oligonucleotide. The
compounds of the disclosure can include conjugate groups covalently bound to
functional groups such as primary or secondary hydroxyl groups. Conjugate groups
of the disclosure include intercalators, reporter molecules, polyamines, polyamides,
polycthylene glycols, polyethers, groups that enhance the pharmacodynamic
properties of oligomers, and groups that enhance the pharmacokinetic properties of
oligomers. Typical conjugates groups include cho<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>