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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

oy
i
i

application 61/935,775, filed on February 4, 2014, which is hereby imcorporated

herein by reference in s entirety.

BACKGROUND OF THE INVENTION

Molecular-targeted cancer therapeutics have shown impressive activity io the
clinic. Some of the best noted examples include the tyrosine kinase inhibitors
imatinib in Philadelphia chromosome-positive chronie myelogenous leukemia (CML}
or KiT / PDGFR-mutant gastrointestinal stromal fumors (GISTs) and erlotinib in
EGFR-mutant non-small cell lung cancer (NSCLC) (Krause, .8, and R.A. Van Etten
{2005y N. Engl. J. Med. 353(2y:172-187). Treatment with these agents has led to
dramatic anti-tumor responses in patient populations harboring these molecular
abnormalities. However, despite the impressive initial clinical responses, most
patients eventually progress due to the acquisition of drug resistance (Engelman, JA.
and 1. Settleman (2008} Curr. Opin. Genet. Dev. 18(11:73-79). Identification of
mechanisms of resistance have consequently opened the door 1o more rational drag
combinations and the development of “second-generation” inhibitors that can
potentially overcome or avoid the emergence of resistance.

Medulloblastoma is a primitive neuroectodermal tumor of the cerebellum that
represents the most common brain malignancy in children (Polkinghorm, W.R. and
NI Tarbell (2007} Nat. Clin. Pract, Oncel 4(5y:295-304). One form of treatment for
medulleblastoma is adjuvant radiation therapy. Despite improvements in survival
rates, adjuvant radiation is associated with debilitating side effects, thus supporting
the need for new melecular targeted therapics.

The Hedgehog (Hh) signaling pathway has been directly imphcated in the
pathogencsis of medulioblasioma. Constitutive Hh signaling, most often due to
underlying loss of function mutations in the inhibitory receptor PTCHT, bas been
demonstrated in approximately 30% of sporadic cases (Zorawel, R.H. e ol (2000)

Genes Chromosomes Cancer 27{13:44-51; Kool, M. &f al. (2008) PLoS ONE
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3(R):e3088; Dellovade, 1. of af. (2006) drnu. Rev. Neurosci, 29:539; Rubin, L.L. and
F.J. de Sauvage (2006} Nai. Rev. Drug Discov. 5:1026). Mice heterozygous for Pichl
(Ptch1™) can spontancously develop medulloblastoma and freatment with Hh
pathway inhibitors results in tumor elimination and prolonged survival (Goodrich,

L.V. et al (1997 Science 277(53291:1109-1113; Romer, J.T. et af (2004) Cancer

(881

(ell 6{3):229-240). However, it has recently been observed that a paticnt treated with
the novel Hh pathway inhibitor, GDC-0449 initially showed a dramatic response to
treatment {Charles M. Radin e ol (2009 N. Engl J. Med (sobmitted)), only to fail
{0 have a durable response (o reatment and a relapse of the tumor.

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

N

! novus syndrome (BONS), who are highly susceptible to medulioblastoma (MB)

crend
LA

and BCC. These patients generally possess heterozygous germline mutations in

15 Paiched 1 (FTCHI, which encodes a receptor for Hh ligands (Hahn et al,, 1996;
Johoson et al., 19963, Hb ligand binding relieves PTCHI suppression of the
serpentine transmembrane (TM) signal transducer Smoothened (SMO}. The vast
majority of sporadic BCCs are driven by inactivating mutations and loss of
heterozygosity (LOH) in FTCHI, with most of the remainder harboring activating

20 mutations in SMO (Reifenberger et al., 20035). 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-function mutations in SUFU are also associated with Gorlin Syndrome

[\l
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(Pastorino et al., 2009; Smith ot al,, 2014; Taylor et al,, 2002). Approximately 50% of
sporadic BCUCs also have 7F53 mutations {Jayaraman ot al,, 2014).

Several Hh pathway inbibitors (HPIs) are currently vnder clinical investigation
for both BCC and MB (Amakye et al, 2013). Vismodegib, previously known as
GDC-0449, 1s a SMO inhibitor approved for the treatment of metastatic and locally
30 advanced BCC (Sckulic ot al, 2012). The majority of BCC patierds treated with
vismodegib experience a climical benefit, including both complete and partial

responses {Sckudic et al., 2012},

o]
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However, a preliminary estimate suggests that up to 20% of advanced BCC
paticnts develop resistance to vismodegih within the first year of treatment {Chang
and Oro, 2012). To date, the only functionally characterized rmechanism of acquired
resistance to vismodegib n 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 drog binding in vitro (Yauch et al,, 2009). Four other clinical
SMO mutations were recently reported n vismodegib-resistant BCC, but were not
examined functionally (Brinkhwizen et al,, 2014; Pricl et al., 2014). Several resistance
mechanisms to SMO inhibitors have been delineated from preclinical models,
nchuding additional SMO mutations, amplification of downstream Hh pathway
components such as GLI2, and activation of bypass signaling pathways includmg
phosphatidylinositol 3-kinase (PI3K) kinase and atypical protein kinase C v {aPKC-
Vi) {Atwood et al., 2013; Buonamici et al, 2010; Dijkgraaf et al, 2011, However, it
remams unclear which mechanisms drive resistance in patients.

There is an urgent need i the art to identify additional GDC-(44%-resistant
mutant SMQO proteins and to find compounds that moduiate SMO activity in such
matant SMO proteins te overcomae drug resistance upon treatment with GDC-0449,
There is further a need to a method to diagnose patients who may be resistant to
treatment ¢ither through natural variation of their SMO genotype or through acquired

mutation and resistance.

SUMMARY OF THE DISCLOSURE

The present disclosure refates, in certain cmobodiments, to isolated mutant
SMO mucleic 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 therapics and in particular to
the detection of mutations that are diagnostic and/or prognostic and treatment of drag-
resistant tumors.

In some embodiments, the disclosure provides for an iselated 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

(5]
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a mutant SMO protein comprising an amine acid sequence that is at least 93%
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

(881

sequence comprises a cysteine (C) at amine acid 281, In some embodiments, the
nucleic acid comprises a parental nucleic acid sequence of SEQ 1D NO: 5, wherein
said sequence contains a mutation that alters the sequence encoding amino acid 281 to
encode a different amino acid. In some embodiments, the disclosare provides fora
nucleic acid probe capable of specifically hybridizing (o nucleic acid encoding a

10 mtated SMO protein or fragment thereof incorporating a moutation in the sequence
encoding amino acid 281, fn some embodiments, the probe is complementary 1o 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. Tn some
embodiments, the probe further comprises a detectable label.

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

..
wn

molecole encoding a nwtant SMO protein whercin said aming 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 anyino acid sequence that is at least 95% identical to SEQ D
MNO: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
aming acid sequence of SEQ 1D NO:3 wherein said smino acid sequence comprises a

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

[\l
(881

comprises a parental nucleic acid sequence of SEQ 1D NO:S, wherein said sequence
contains a muiation that alters the sequence encoding amino acid 459 to encode a
differcnt amino acid. In some erbodiments, the disclosure provides for a nucleic acid
probe capable of specifically hybridizing to nucleic acid encoding 8 mutated SMO
protein or fragment thercof incorporating a mutation n the sequence encoding amino
30 acid 459, To some embodiments, the probe is complementary to said vucleic acid
encoding the mutated SMO or said fragment thereot. In some embodiments, the
probe has a length of about 10 to about 50 nucleotides. In some embodiments, the

probe comprises a detoctable label
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In some embodiments, the disclosure provides for an isolated nucleic acid
molecole encoding a nwtant SMO protein whercin said aming acid sequence
comprises an amino acid other than tryptophan at the amino acid position
corresponding o position 535 of the wildtype SMO amino acid sequence. In some
embodiments, the disclosure provides for an isolated nucleie 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 comprises the amino acid sequence of SEQ ID NO:4 wherein said amine acid
sequence conprises a leucine (L) at amine acid 535, In some embodiments, the
nucleie acid molecule comprises a parental nucleic acid sequence of SEQ 1D NG5,
wherein said sequence contains a mutation that alters the sequence encoding amine
acid 535 to encode a different anudno acid. In some embodiments, the disclosure
provides for a nucleic acid probe capable of specifically hybridizing to nucleic acid
encoding a mutated SMQO protein or fragment thereof incorporating a mutation in the
sequence encoding amino acid 535, In some embodiments, the probe is
complementary to said nucleie acid cocoding the mutated SMO or said fragment
thereof. In some embodiments, the probe has a length of about 10 to sbout 50
nucleotides. In 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 aming acid position
corresponding to position 408 of the wildtype SMO amino acid sequence. In some
cembodiments, the disclosure provides for an selated nucleic acid molecule cocoding
a mutant SMO protein comprising an aminge acid sequence that is at least 95%
identical to SEQ D NO: 1 wherein said amino acid sequence comprises an amino
acid other than isoleucine (1} at amino acid 408, Tn some embodiments, the vwtant
SMO protein comprises the amino acid sequence of SEQ 1D NO: 7 wherein said
aming acid sequence comprises a valine (V) at amino acid 408. In some
embodiments, the nucleic acid molecule comprises a parental nucleic acid sequence of
SEQ I3 NO: 5, wherein said scquence contains a mutation that alters the sequence
encoding amine 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 thercof incorporating a
mutation in the sequence encoding amine acid 408, In some embodiments, the probe
is complementary to said nucleic acid encoding the nutated SMO or said fragroent
thereof. In some embodiments, the probe has a length of about 10 to sbout 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 amino acid sequence, wherein the 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
cembodiments, the disclosure provides for an isefated mutant SMQO protein comprising
an amino acid sequence that 15 at least 95% identical to SEQ 1D NO: 2 wherein said
amino acid sequence compriscs an amino acid other than (ryptophan at aming acid
281, Insome cmbodiments, the amine acid sequence conprises an araino acid other
than tryptophan at amino acid 281, In some embodiments, amino acid sequence
comprises ¢ysteine (C) at amino acid 281,

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

In some embodiments, the disclosure provides for an isolated mutant SMO
protein comprising an anmine acid sequence, wherein the 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
cembodiments, the disclosure provides for an isefated mutant SMQO protein comprising
an amino acid sequence that is at least 95% identical to SEQ 1D NO: 4 wherein said
amino acid sequence comprises an amine acid other than {ryptophan at aming acid

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

)
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than tryptophan at amino acid 535, In some embodiments, the amino acid sequence
comprises leucine (L) at amino acid 535.
In some crubodiments, the disclosure provides for an isolated vuatant SMO

protein comprising an amine acid sequence, wherein the amino acid sequence

(881

comprises an amine acid other than isoleucine at the amino acid position
corresponding to position 408 of the wildtype SMO amino acid sequence. Insome
embodiments, the disclosure provides for an isolated mutant SMO protein comptising
an amino acid sequence that is at least 95% identical to SEQ ID NG 7 wherein said
aming acid sequence comprises an amino acid other than iscleucine (1) at amino acid
10 408. To some embodiments, the amino acid sequence comprises an amino acid other
than isoleucine (1) at amino acid 408, In some embodiments, the amino acid sequence
comprises valine (V3 at amino acid 408,

In some embodiments, the disclosure provides for agn isolated antibody that
specifically binds to any of the mutant SMO proteins disclosed herein, wherein said

antibody does not bind wild-type SMO protein,

..
wn

In some embodiments, the disclosure provides for an isolated antibody that
spocifically binds to 2 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 amine acid 281, In some embodiments, the antibody is a

20 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 embodiments, the antibody is conjugated
{0 a detectable label. In some embodiments, the antibody inhibits SMO activity.

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

[\l
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specifically binds to a mutant SMO protein that comprises an amine acid other than
alanine at amine acid 459, wherein said antibody does not bind wild-type SMO
having an alanine at amino acid 459, In some embodiments, the antibody is a
moneclonal antibody, a chimeric antibody, a humanized antibody, a single chain
antibody or an antigen-binding fragment thereof. In some embodiments, the antibody
30 is conjugated to a cytotoxic agend. Tn 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 an isolated antibody that

specifically binds fo a mutant SMO protein that comprises an amino acid other than
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tryptophan at amine acid 535, wherein said antibody does not bind wild-type SMO
having an tryptophan at amine acid 535, In some ebodiments, the antibody is a
monoclonal antibody, a chimeric antibody, a humanized antibody, a single chain

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

(881

1s conjugated to a cytotoxic agent. In some embodiments, the antibody is conjugated
to a detectable label 1n some embodiments, the antibody tnhibits 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
isoleucing at amino 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
1§ conjugated to a cytotoxic agent. In some embodiments, the antibody 18 conjugated
to a detectable label. In some embodiments, the antibody nkubits SMO activity.

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

..
wn

mutated SMO gene in a sample comprising amplifyiog from said sample nucleic acid
corresponding 1o the carboxy-terounus of the first extracellular loop of SMO, ora
fragment thereof suspected of containing a mutation, and comparing the
electrophoretic mobility of the amplified nucleic acid to the electrophoretic mobility
20 of corresponding wild-type SMO gene or fragment thercof. Tn some ernbodiments,

the electrophoretic mobility is determined on polyacrylamide gel.

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

corresponding 1o the amino-terminus of the fust transmembrane domain ¢f SMO, ora

[\l
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fragment thereof suspected of containing a mutation, and comparing the
electrophoretic mobility of the amplified nucleic acid to the electrophoretic mobility
of correspending wild-type SMO gene or fragment thereof. To some embodiments,
the electrophoretic mobility is determined on polyacrylamide gel.

In some cmbodiments, the disclosure provides for a method of detecting a
30 wmtated SMO gene in a sample conprising smplitving from said sample nucleic acid
corresponding to the carboxy-termings of the second transmembrane domain of SMO,
or a fragment thereof suspected of containing a mutation, and comparing the

electrophoretic mobility of the amplified nucleic acid to the electrophoretic mobility
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of corresponding wild-type SMO gene or fragment thereof. In some embodiments,
the electrophoretic mobility is determined on polyacrylamide gel.
In some erobodiments, the disclosure provides for a mothod of detecting a

mutated SMO gene in a sample comprising amplifying from said sample nucleic acid

(881

corresponding to the amimo-terminus of the fifth extracellular loop of SMQO, ¢or a
fragment thereof suspected of containing a mutation, and comparing the
electrophoretic mobility of the amplitied nueleic acid to the clectrophorctic mobility
of corresponding wild-type SMO gene or fragment thereof. In some embodiments,
the electrophoretic mobility is determined on polyacrylamide gel.

10 In some erobodiments, the disclosure provides for a mothod of detecting a
mutated SMO gene in a sample comprising amphifying from said sample nucleic acid
corresponding to the carboxy-terminus of transmembrane domain 6 of SMO, ora
fragment thereof suspected of condaining a mutation, and comparing the
electrophoretic mobility of the amplitied nueleic acid to the clectrophorctic mobility

of corresponding wild-type SMO gene or fragment thereof. In some embodiments,

..
wn

the electrophoretic mobility is determined on polyacrylamide gel.

In some erobodiments, the disclosure provides for a mothod of detecting a
mutated SMO gene in a sample comprising amphifying from said sample nucleic acid
corresponding to the carboxy-terminus of transmembrane domain 7 of SMO, ora

20 {fragment thereof suspected of containing a nutation, and comparing the
electrophoretic mobility of the amplified nueleic 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.

In some crubodiments, the disclosure provides for a method of identifying at

[\l
(881

least one SMO mutation in a sample comprising contacting nueleic acid from said
sampie with a mucleic acid probe that is capable of specifically hybridizing to nucleic
acid encoding a mutated SMO protein, or fragment thereof incorporating a mutation
that alters the sequence encoding amine acid 281 1o an amino acid other than
tryptophan, and detecting said hybridization. In some embodiments, the probe is

30 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 s amplified and contacted with said probe.

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

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

(881

that alters the sequence encoding amino acid 459 1o an amino acid other than alanine,
and detecting said hybridization. In some crabodiments, the probe is detectably
labeled. In some embodiments, the probe 18 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 nucleic acid from said
sampie with a mucleic acid probe that is capable of specifically hybridizing to nucleic
acid encoding a mutated SMO protein, or fragment thereof incorporating a mutation
that alters the sequence encoding amine acid 535 1o an amino acid other than

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

..
wn

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.

In some embodiments, the disclosure provides for 2 method of identifying at

20 least one SMO mutation in 2 saple conprising 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 fragment thereof incorporating 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

[\l
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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
saraple is amplified and countacted with said probe.

In some embodiments, the disclosure provides for a method for identifying 4
timor in a buman subject that is or becomes resistant to treatment with GDC-0449
30 comprising determining the preseuce 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 nuutation at amino acid 281, and wherein said SMO protein

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

16



WO 2015/120075 PCT/US2015/014496

Attorpey Docket No. CIBT-228-W01

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

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

(881

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

In some embodiments, the disclosure provides for a method for identifying a
fumor in a human subject that is resistant to treatment with GDC-0449 comprising
10 detormining the presence of a mutated SMO gene or mutated SMU proteinin a
sample of said tumor, wherein said mutated SMO gene encodes a SMO protein
comprising a muiation at amino acid 459, and wherein said SMQO protein comprises a
mutation at amino acid 459, whereby the presence of said routated SMO gene 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

..
wn

having a tumor that is not or is no longer susceptible to treatmoent with GDC-0449
with a compound that binds said mutated SMO. In seme embodiments, the presence
or absence of said nustation is determined by examining a nucleic acid sample. In
some cmbodiments, the presence or absence of said mutation is determind by
20 cxamining a protein sample.

In some embodiments, the disclosure provides for a method for identifying 4
timor in a buman subject that is resistant to treatment with GDC-0449 comprising
determining the presence of a mutated SMO gene or mutated SMO proteinin a

sanple of said tumor, wherein said moutated SMO gene encodes a SMO protein

[\l
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comprising a mutation at amino acid 535, and wherein said SMQO protein comprises a
mutation at amino acid 535, whereby the presence of said mutated SMO gene or
mutated SMO protein indicates that said tumor is resistant to treatment with a GDC-
(3449, In some embodiments, the method farther comprises treating said subject
having a tumor that is not or is no longer susceptible to treatment with GDC-0449

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

examining a protein sample.

1



WO 2015/120075 PCT/US2015/014496

Attorpey Docket No. CIBT-228-W01

In some embodiments, the disclosure provides for a method for identifying 4
furmor in a human subject that is resistant to treatment with GDC-0449 comprising
determining the presence of a mutated SMO gene or mutated SMO proteinina

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

(881

comprising a mutation at amino acid 408, and wherein said SMQO protein comprises a
mutation at amino acid 408, whereby the presence of said mutated SMO geue 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
having a tumor that is not or is no longer susceptible to treatmoent with GDC-0449
10 with a compound that binds said mutated SMO. In some erobodiments, 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 4

timor in a buman subject that s resistant to treatment with GDC-0449 comprising

..
wn

determining the presence of a mutated SMO gene or mutated SMO protein in a
sanple of said tumor, wherein said moutated SMO gene encodes a SMO protein
comprising a mutation at amino acid 533, 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 tunor Is resistant to treatment with a GDC-
(3449, In some embodiments, the method farther 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 motated SMQO. In some embodiments, the presence

or absence of said nutation is determined by examining a nucleic acid sample. In
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some embodiments, the presence or absence of said mustation is determined by
examining a protein sample.

In some embodiments, the disclosure provides for a method of screening for
compovnds that inhibit signaling of 2 mutant SMO protein that incorporates a
putation 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 nutant SMO indicates that said test compound 1s an

inhihitor 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 SM{O protein that incorporates a
matation at amine acid 281 comprising contacting a ccll that cxpresses said mutant
SMO with 4 test compound and detecting activity of Gh in said cell whereby the
presence of Gli activity indicates that said test compound is not an inhibitor of mutant
SMQO.

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

In some embodiments, the disclosure provides for a method of screening for
compovnds that inhibit signaling of 2 mutant SMO protein that incorporates a
mutation at amino acid 459 comprising contacting a ccll that expresses said mutant
SMO with a test compound and detecting activity of Gli in said ccll whereby the
presence of Gl 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
nhibitor 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 a cell that expresses said mutant
SMO with a test compound and detecting activity of Gl in said cell whereby the
presence of Gh 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
compoands that inhibit signaling of & 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 commpound to said mutant SMO whereby
binding of said test compound to mutant SMO indicates that said test compound is an
nhibitor of mutant SMO.

In some embodiments, the disclosure provides for a method of screening for
compoands that inhibit signaling of & mutant SMO protein that incorporates a
mutation at amino acid 408 comprising contacting a cell that expresses said muotant
SMO with a test compound and detecting activity of Gl in said cell whereby the
presence of Gh activity indicates that said test compound is not an inhibitor of mutant
SMO.

In some erbodiments, the disclosure provides for a method of screening for
compounds that inhibit signaling of a8 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 coropound 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 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 a cell that expresses said mutant
SMO with a test compound and detecting activity of Gli in said cell whereby the
presence of Gl activity indicates that said test compound is not an inhibitor of mutant
SMO.

The disclosure provides isolated mucleic acid molecules encoding a mutant
SMO protein, i one aspect, the nucleic acid molecules encode an amino acid
sequence that is at least 95% identical to SEQ 1D NO:2 wherein said amino acid
sequence comprises an aminge acid at position 281 of SEQ 1D NO:2 that is any amino
acid other than tryptophan (W), In some embodiments, the amino acid at position 281
of SEQ 1D NO:2 15 cysteine (C). In one aspect of the disclosure, the isolated nucleic
acid sequence comprising a parental nucleic acid sequence of SEQ 1D NO:5 (wild-
type SMO), but containing a rutation or mutations at positions 841, 842 and/or 843
that changes the encoded amino acid from tryptophan (W) to a different arinoe 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 amine acid
sequence that is at least 95% identical to SEQ 1D NGO:3 wherein said amino acid
SeCUEnCe 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

(881

SEQ D NO:3 1s valine (V). In one aspect of the disclosure, the isolated nucleic acid
sequence comprising a parental nucleic acid sequence of SEQ 1D NO:S (wild-type
SMO), but containing a mutation or mutations at positions 1375, 1376, and/or 1377
that changes the encoded amino acid from alanine {A) to a different amino acid. In
some embodiments, the mutations result in a change from alanine (A) to valine (V).
10 In some embodiments, the nucleic actd molecules encode an amino acid
scquence that is at least 95% identical to SEQ 1D NO:4 whercin said amino acid
sequence comprises an aming acid at position 535 of SEQ 1D N4 that is any aming
acid other than tryptophan (W), In some embodiments, the amino acid at position 535

of SEQ ID NO:4 15 leucine (L), In one aspect of the disclosure, the isolated mueleic

..
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acid sequence comprising a parental nucleic acid sequence of SEQ ID NQG: § (wild-
type SMO), but containing a mutation of nnutations at positions 1603, 1604, and/or
1605 that changes the encoded amine acid from tryptophan (W) to a different amino
acid. In some embodiments, the nustations result in a change from tryptophan (W) to
feucing (L)

20 In another aspect, the disclosure provides nucleic acid probes capable of
specifically hybridizing to a nucleie acid encoding a mutated SMO protein or
fragment thereof incorporating a mudation in amino acid 281 of SMG. In one
cmbodiment, 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 506

[\l
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mucleotides. In some embodiments, the probe may be deteciably labeled. The probe
differentially 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 2 nucleic acid encoding a mutated SMQO protein or
30 fragment thercof incorporating a mutation in amino acid 459 of SMO. Inone
embodiment, the probe is complementary to the nucleic acid encoding the nustated
SMO or said fragment thereof. The probe may have a length of about 10 to about 306

nucleotides. In some embodiments, the probe may be detectably labeled. The probe

{5
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differentially binds mutant Smo over wild-type Smo (having an alanine at position
4593,
In another aspect, the disclosure provides nucleic acid probes capable of

specifically hybridizing to 4 nucleic acid encoding a nustated SMO protein or

(881

fragment thereof incorporating a mutation in aming acid S35 of SMO. Inone
embodiment, the probe is complementary to the nucleic acid encoding the mwtated
SMO or said fragment thereof. The probe may have a length of about 10 to about S
nuclootides. In some embodiments, the probe may be detectably labeled. The probe
differentially binds mutant Smo over wild-type Smo (having an tryplophan at position

353,

U\

10
In some embodiments, the disclosure provides for mutant SMO nucleie acids,

or fragments thercof. The nucleic acids of the disclosure include isolated mutant
SMO-encoding sequences. In some embodiments nucleic acids comprisc a sequence

that is af feast 809%, 85%, 86%, 87%, 88%, §9%, %1%, 1% %, 939, 94% %

..
wn

86%, 7%, 98%, 9% 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 tryptophan (W) at the
nucleotide position corresponding to nucleotide position 281 of SEQ IDNG: 1. In
some cmbodiments, the nucleic acid encodes cysteine {C) at the amine acid position
20 corresponding to position 281 of SEQ D 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 nucleotide position 841, 842, and/or 843 of SEGID NO: 5
In some embodiments, the percent identity is 5%, 86%, 87%, 88%, 89%, 90%, 91%,

092%, 93%, 94%, 95%, 96%, 97%, 98%, 39% or 100% with SEQ 1D NO:S providing

[\l
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that there is at least one muiation at a nuclestide 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 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
04%, 95%, 96%, 97%, 98%, 99% or 100% identical to the nucleic acid sequence of
SEQ ID NQ: §, and which contain at least one mutation such that the nucleic acid

30 encodes a SMO pelypeptide comprising an amine acid other thao isoleucine (1) at the
aminoe acid position corresponding to position 408 of SEQ ID NO: 1. In some
embodiments, the nucleic acid encodes valine (V) at the aming acid position

corresponding to position 408 of SEQ ID NG: 1. In some embodiments, the nucleic

16
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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 NG: 5. In
some embodiments, the percent identity is 85%, 86%, 87%, 88%, 89%, 90%, 1%,
2%, 93%, 94%, 95%,, 96%, 97%, 98%, 89% or 100% with SEQ 1D NO: 3 providing
that there is at least one mutation at a nucleotide position corresponding to positions
1222, 1223 and/or 1224 of SEQ ID NQG: 5. In some embodiments nucleic acids
comprise a sequence that is at least 80%, 85%, 86%, §7%, 88%, 86%, 90%, 91%,

Y%, 3%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the nucleic acid
sequence of SEQ D NG5 and which countain at least one mutation soch that the
nucieic 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: I In
some cmbodiments, 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 NG 5. In
some embodiments, the percent identity is 85%, 86%, 87%, 88%, 89%, (%, 91°

2%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or 100% with SEQ 1D NO: 5 providing
that there 1s at least one mutation at a nucleotide position corresponding to posifions
1375, 1376, and/or 1377 of SEQ 1D NG: 5. In some embodiments nucleic acids
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 mucleic acid
sequence of SEQ 1D NGS5, and which contain at least one mutation such that the
nucleic acid encodes a SMO polypeptide comprising an aming acid other than serine
(S) at the amino acid position corresponding to position 833 of SEQ IDNO: 1. Tn
some embodiments, the nucleic acid encodes asparagine (N} at the aming acid
position corresponding to position 533 of SEQ 1D NG: 1. In some cmbodiments, the
nucleie acid has at least one nwtation from the parental wild-type SMO at 2
nucleotide position correspondmg to position 1597, 1598 and/or 1599 of SEQ 1D NO:
5. In some embodiments, the percent identity is 85%, 86%, 87%, 88%, 899%, 0%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ 1D NO:S
pmviding that there is at least one mutation at a mucleotide position corresponding 1o
positions 1597, 1598 and/or 1599 of SEQ ID NG: 5. In some embodiments nucleic

acids comprise a sequence that is at least 80%, 85%, 86%, &7%, 88%, 89%, 90%,
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1%, 92%, 9395, 94%, 95%, 96%, 7%, 98%, 99% or 100% identical to the nucleic
acid sequence of SEQ 1D NO:5 and which contain at least one mutation such that the
nucleic acid encodes a SMO pelypeptide comprising an amine acid other thag
tryptophan (W) at an amine acid position corresponding to position 535 of SEQ D
NG: 1. In some embodiments, the nucleic acid encodes leucine (L) at a nucleotide
position corresponding to aming acid position 535 of SEQ ID NO: 1. Insome
embodiments, the nucleic acid has at feast one mutation from the parental wild-type
SMO at 2 nucleotide position corresponding to posttion 1603, 1604, and/or 1605 of
SEQ ID NO: 5. In some embodiments, the percent identity is 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or 100% with SEQ 1D
NGO: S providing that there is at least one mutation at a nucleotide position
corresponding to nucleotide position 1603, 1604, and/or 1608 of SEQ 1D NO: 5

The disclosure also contomplates fragments of such nucleic acids that spao the
region of the mutations described above in fragments that are at least 20 nucleotides
in length. In some embodiments, the nuclectide fragments are 25, 30, 35, 40, 45, 50,
55, 60, 65,70, 75, 80, 83, 60, 95, or 100 nucleotides in length, The fragments may be
any length that spans the region of the mutations described above up to the full length
mutant SMO-encoding nucleic acid molecule.

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

In some embodiments, the SMO protein comprises an amino acid sequence
that i at least 85%, 86%, 87%, 88%, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

7%, 98%, 99% or 100% identical to SEQ D NO: 1, provided that there is a

substitution at arine acid position 281, In some crubodiments, the SMO protein
comprises an aming acid sequence that is at least 85%, 86%, 87%, 88%, &9%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO:
1, provided that the amino acid sequence comprises an amino acid other thag
tryptophan (W) at the amino acid position corresponding to position 281 of SEQ D
NO: 1. In some embodiments, the SMO protein comprises an aming acid sequence
that is at least 85%, 86%, 87%, 88%, 9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
87%, 98%, 99% or 100% identical to SEQ ID 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.

18
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In some embodiments, the SMO protein comprises an amino acid sequence
that is at least 85%, 86%, 87%, 889, 89%, 9(%, 91%, 92%, 93%, 94%, 95%, 96%,
D7%, 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

(881

amino acid sequence that 1s at least 85%, 869, 87%, 88%, 85%, 0%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 130% identical to SEQ 1D NO: 1, provided
that the ammo acid sequence comprises an amino acid other than isoleucine (I} at the
aming acid position corresponding to position 408 of SEQ ID NG: 1. In some
cmbodiments, the SMO protein comprises an amine acid sequence that is at least 85%,
10 86%, 87%, 88%, 9%, 90%, 91%, 92%, 93%, 94%, 5%, 96%, 97%, 98%, 99% or
100% identical to SEQ 1D NO: 1, provided that the SMO protein comprises a valing
(V' at the amino acid position cotresponding to position 408 of SEQ 1D NO: L

In some embodiments, the SMQO protein comprises an amino acid sequence
that is at least 85%%, R6%, §7%, 88%, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
87%, 98%, 99% or 100% identical to SEQ ID NO: 1, provided that there is a mutation

..
wn

at amino acid position 459, T some embodiments, the SMO protein comprises an
amino acid sequence that is at least 85%, 86%, 87%, 88%, 899, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 7%, 98%, 99% or 100% identical to SEQ D NO: 1, provide
that the amino acid sequence comprises an amino acid other than alanine (A) at the

20 amino acid position corresponding to position 459 of SEQ 1D NO: 1. Insome
embodiments, the SMO protein comprises an amino acid sequence that is at least 85%,
R6%, 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 te position 459 of SEQ 1D NO: |,

[\l
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In some embodiments, the SMO protein comprises an amino acid sequence
that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
9%, 98%, 99% or 100% identical to SEQ 13 NO: 1, provided that there is a mutation
at amino acid position 533, In some embodiments, the SMO protein comprises an
aming acid sequence that is at least 85%, 86%, 87%, 88%, &5%, 0%, 91%, 92%,
30 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO: 1, provided
that the amino acid sequence comprises an anino acid other than scrine (5) at the
amino acid position corresponding to position 533 of SEQ ID NO: 1. In some

embodiments, the SMO protein comprises an amine acid sequence that is at least §85%,
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R6%, 7%, 88%, 89%, 90%, 91%, 92%, 3%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identical to SEQ ID NO: 1, provided that the SMO protein comprises a
asparagine (N} at the amino acid position corresponding to position 533 of SEQ 1D

NG 1.

(&)

In some embodiments, the SMO protein comprises an amino acid sequence

that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

7%, 98%, 99% or 100% identical to SEQ D NO: {, provided that there is a mutation

at amino acid position 535, In some embodiments, the SMO protein comprises an

aming acid sequence that is at least 85%, 86%, 87%, 88%, &9%, 9(1%, 91%, 92%,

10 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO: 1, provided
that the amino acid sequence comprises an amino acid other than tryptophan (W) at
the amino acid position corresponding to posttion 535 of SEQ ID NG 1. In some
embodiments, the SMO protein comprises an amine acid sequence that is at least 85%,
R6%, 7%, 88%, 89%, 90%, 91%, 92%, 3%, 94%, 95%, 96%, 97%, 98%, 99% or

15 100% identical to SEQ ID NQG: 1, provided that the SMO protein comprises a leucing
{L) at the amino acid position corresponding to position 535 of SEQ 1D NO: 1.

In some embodiments, the mutant human SMO s shown in SEQ 1D NG:2
wherein amino acid 281 is shown as *“Kaa” which, with respect o this application
stands for any amino acid other than fryptophan (W), In some embodiments, the Xaa

20 is cysteine (C).

In some embodiments, the mutant human SMO is shown in SEQ IDNG: 6
wherein amine acid 408 1s shown as “Xaa” which, with respect to this apphication
stands for any amino acid other than iscleucine (I). In some embodiments, the Xaa is

valine (V).

[\l
(&)

In some embodiments, the mutant lviman SMO 1s shown in SEQ D NG: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 some embodiments, the Xaa is
valing (V).

In some embodiments, the mutant homan SMQO is shown in SEQ IDNG: 7
30 wherein amino acid 533 is shown as “Xaa™ which, with respect to this application
stands for any amino acid other than serine (S). In some embodiments, the Xaa is

asparagine {N).
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In some embodiments, the Xaa is valine (V). In some embodiments, the
mutant human SMO is shown in SEQ 1D NG: 4 wherein amino acid 535 is shown as
“Xaa” which, with respect to this application stands for any aroino acid other than
tryptophan (W), In some embodiments, the Xaa is feucine (L),

The disclosure also provides an isolated mutant SMO protein comprising an
amino acid sequence that is at lcast 95% identical to SEQ 1D NO:Z 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 disclosure also provides an isolated mutant SMO protein comprising an
aming acid sequence that is at least 95% identical to SEQ 1D NO:3 whercin the amino
acid sequence comprises an amino acid at position 459 other than alanine (A). In
some cmbodiments, the amino acid at position 459 is valine (V).

The disclosure also provides an isolated routant SMO protein comprising an
amino acid scquence that is at feast 959 identical to SEQ 1D NO:4 wherein the amino
acid sequence comprises an amino acid at position S35 other than tryptophan (W), In
some embodiments, the amino acid at position 535 is leucine (L)

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
on a mutant SMO having an amino acid other than trypiophen at position 281, but
does not bind to wild-type SMO. In some embodiments, the autibody binds with high
affinity to mutant SMO, but does not bind with high affinity to wild-type SMO. In
some embodiments, the antibody is & monoclonal antibody, a chimeric antibody, a
humanized antibody, a single chain antibody or an antigen-binding fragmont thereof
{e.g., a Fab, a Fab', a F(ab')y, or an Fv fragment). In some cmbodiments, the antibody
1s conjugated to a detectable label. In other embodiments, the antibody is conjugated
to a cytotoxic agent, such as, but not limited to a chemotherapeutic agent, a foxinor a
radioactive isotope. In some erobodiments, the antibody inhibits SMO activity. In
other emboediments, the antibody inhibits only mutant SMO activity.

The disclosure further provides an antibody that specifically binds to the
matant SMO protein of the disclosure wherein the epliope of the antibody is present
on a mutant SMO having an anuino 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 fragmont thereof
{e.g., a Fab, a Fab', a F(ab')y, or an Fv fragment). In some cmbodiments, the antibody

1s conjugated to a detectable label. In other embodiments, the antibody 1s conjugate

(881

to 3 cytotoxic agent, such as, but not limited to a chemotherapeotic agent, a toxinora
radivactive isotope. In some embodiments, the antibody inhibits SMO activity. In
other emboediments, 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
10 onamutant SMO having an anine acid other thao 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 crmbodiments, the antibody is a monoclonal antibody, a chimeric antibody, a
humanized antibody, a single chain antibody or an antigen-binding fragment thereof
15  {eg,aFab, a Fab', a F{ab"),, or an Fv fragment). In some embodiments, the antibody
is conjugated to a deotectable label. In other embodiments, the antibody is conjugated
te a cytotoxic agent, such as, bui not limited to a chemotherapeutic agent, atoxinor a
radioactive isotope. In some embodiments, the antibody inhibite SMO activity. In
other embodiments, the antibody inhibits only mutant SMO activity.
20 The disclosure further provides an antibody that specitically binds to the
mustant SMO protein of the disclosure wherein the epitope of the antibody is present
on a mutant SMO having an amino acid other than tryptophan at position 533, but
does not bind to wild-type SMO. In some embodiments, the antibody binds with high

atfinity to mutant SMO, but does not bind with high affinity to wild-type SMO. Tn

[\l
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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., a Fab, a Fab’, a F(ab'),, or an Fv fragroent). In some embodiments, the antibody
is conjugated to a detectable label. In other embodiments, the antibody 1s conjugated
to a cytotonic agent, such as, but not Hmited to a chemotherapeutic agent, a toxin or a
30 radioactive isotope. In some embodiments, the antibody inhibits SMO activity. In
other embodiments, the antibody inhibits only nutant 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



WO 2015/120075 PCT/US2015/014496

Attorpey Docket No. CIBT-228-W01

on a nutant SMO having an amino acid other than tryptophan at position 335, but
does not bind to wild-type SMO. In some embodiments, the antibody binds with high
atfinity to mutant SMO, but does not bind with high affinity to wild-type SMO. Tn

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

(881

humeanized antibody, a single chain antibody or an antigen-binding fragment thereot
{e.g., a Fab, a Fab', a F(ab'yy, or an Fv fragment). In some embodiments, the antibody
is conjugated to a detectable label. In other embodiments, the antibody 1s conjugated
to a cytotonic 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
10 other emboduments, the antibody inhibits only mutant SMO activity.

The disclosure also provides a3 method of detecting a mutated SMO gene ina
sample comprising amplifying from a sample a nucleic acid encoding the first, sccond,
fifth, sixth or seventh transmembrane domains of SMO, the carboxy-terminus of
transmembrane domain 6 of SMO, the carboxy-terminus of transmembrane domain 7

of SMO, or a fragment thereof suspected of containing a mutation, and comparing the

..
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clectrophoretic mobility of the amplified nucleic acid to the electrophoretic mobility

of corresponding wild-type SMO geue or fragment thereof. In some embodimenis,

the clectrophoretic mobility is determined on polyacrylamide gel. Ton such

embodiments, the electrophoretic mobility of mutant Smeo 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
nucleic acid probe that is capable of specifically hybridizing to a nucleic acid

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

[\l
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detecting hybridization. In some embodiments, the method detects a mutation i the
first, second, fifth, sixth or seventh transmembrane domains of SMO. In some
embodiments, the SMO mutation occurs in Smo at positions 841, 842, and/or 843
{encoding amino acid at position 281) wherein the mutation results 1n a codon
encoding an amino acid other than tryptophan. In some embodiments, the method

30 detects a routation in the carboxy-terminal portion of transmembrane donain 6 of
SMO. In some embodiments, the SMO mutation occurs in Smo at positions 1375,
1376, and/or 1377 (encoding amino acid at position 459) wherein the mutation resulis

in a codon encoding an aming 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 cmbodiments, the SMO mutation cccurs in Smo at positions 1603,
1604, and/or 1605 {encoding amino acid at position 535) wherein the mutation results
m 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 nucieic 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 freatment with a chemotherapeutic agent such as GDC-0446
comprising determining the presence of a mutated SMO gene or mutated SMQO
protein in a samople of the tumor wherein said mutation 18 located in the SMO gene
that encodes a portion of SMO at the membrane surface {e.g., the carboxy-terminal
portion of transmembrane domain 6 of SMQO, or the carboxy-ternyinal portion of
transmembrane domain 7 of SMO) wherchy the presence of the mutated SMO gene or
mutated SMO protein indicates that the tomor is resistant to treatment with the
chemotherapeutic agent, such as, but not fimited to GDC-0449. Insome
cembodiments the chemotherapeutic agent is GDC-0449. n other embodiments, the
chemotherapeutic agent 1s cyclopamine. In some embodiments, the mutation is in a
portion of the SMO gene that encodes aming acid 281 of SMO. In some
embodiments, the nutation causes a change in amino acid 281 of SMU from
tryptophan to another amine acid. In some embodiments the other amino acid is
cysteine (C). In some embodiments, the mutation is in a portion of the SMQO gene that
encodes amine acid 459 of SMO. In some embodiments, the mutation causes a
change in amino acid 459 of SMO from alanine to another amino acid. In some
gmbodiments the other amino acid is valine (V). In some embodiments, the muatation
18 in 8 portion of the SMO gene that eucodes aminoe acid 35 of SMO. In some
embodiments, the mutation causes a change in amino acid 535 of SMO from
tryptophan to another amine acid. In some embodiments the other amino acid is
feucine (L),

The disclosure also provides a method for identifying a tumor in 2 buman
subject that is susceptible to treatment with an SMO inhibitor comprising (1)
determining the presence of a wild-type SMO protein or gene in a sample of the

temor wherchy the presence of a wild-type SMO protein or genc indicates that the
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fmor 1s susceptible to treatment with a SMO inhibitor or (3t} determining the
presence of 8 mutated SMQO protein or gene in a sample of the tumor whercin the
matation results in a change of amino acid at position 281 of SMO, whereby the

presence of a nustated SMO protein or gene indicates that the timor is not susceptible

(881

to treatment with a SMO inhibitor such as GDC-0449. In some embodiments, the
SMO mutation is a change from tryptophan (W) 28 1to any other amino acid. In some
embodiments, the amino acid is cysteie (C).

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)
10 detormining the presence of a wild-type SMO protein or gene 1o a sample of the
tomor whereby the presence of a wild-type SMO protein or gene indicates that the
temor is susceptible to treatment with a SMO inhibitor or (it} determining the
presence of & mutated SMO protein or gene in a sample of the tumor wherein the

mutation results in a change of amino acid at position 459 of SMO, whereby the

..
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presence of a motated SMQO protein or gene indicates that the tumor is not susceptible
{0 treatment with a SMO inhibitor such as GDC-0449. In some embodiments, the
SMO mutation is a change from alanine (A} 459 1o any other amine acid. In some
embodiments, the anuno acid is valine (V).

The disclosure also provides a method for identifying a tumor in a human
20 subjoct that is susceptible to freatment with an SMO inhibitor comprising (1)
determining the presence of a wild-type SMO protein or gene in a sample of the
nimor whereby the presence of & wild-type SMO protein or gene indicates that the
fumor is susceptible to treatment with a SMO inbibitor or (i) determining the

presence of & mutated SMO protein or gene 1o a sample of the fumor wherein the
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mutation results in a change of amine acid at position 535 of SMQ, whereby the
prescnce of a muutated SMO protein or gene indicates that the tumor is not susceptible
to treatment with a SMO inlubitor such as GDC-0449. In some embodiments, the
SMO mutation is a change from tryptophan (W) 535 to any other amino acid. In
some embodiments, the amino acid s leucine (L)

30 The disclosure also provides a method of determining prognosis of paticnt
being treated for a Hedgehog-dependent tumor comprising determining in a sample of

a tamor the presence or absence of 2 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
compared (o the absence of said nwtation using certain Smo inhibitors.

The disclosure further provides a methed of screening for conpounds 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 SMO
with a test compound and detecting binding of the compound to the mutant SMO
whereby binding of the test compound to mutant SMO indicates that the test
compound 15 an inhibitor of mutant SMQO.

The disclosure also provides a method of screening for compounds that inhibit
signaling of a mutant SMO protein that tncorporates a mutation at amino acid 281, at
aminoe acid 459, or at amino acid 535 comprising contacting a cell that expresses the
mutant SMO with a test compound and detecting activity of Gl in the cell whereby
the presence of GH activity indicates that the test compound is not an inhibitor of
mutant SMO. In some embodiments, Gl activity is measured using a Gl protem that
is conjugated to a detectable label. In some embodiments, the detectable labelis a

fluorescent label {e.g., luciferase).

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1G show the amino acid sequences for wildtype human SMQO (1A)
and for several buman owtand SMOs (1B-11). Figure 1A shows SEQ D NO: L
Figure 1B shows SEQ ID NO:2. Figure 1C shows SEQ ID NO: 3. Figure 1D shows
SEQ ID NQO: 4. Figure 1E shows SEQ ID NQ: 5. Figure IF shows SEQ 1D NG: 6,
Figure 1 shows SEQ [D NG 7,

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

Figure 3 show the results of experiments performed to determing the
frequency of a SMO-A439V mutation fo pre-freatment and post-treatment biopsies.

Figure 4 shows the vismodegib binding pocket of 2 SMO mutant having 2
W281 mutation.

Figure SA shows the resulis of experiments performed to determine whether
the SMO-A459V mutant is sensitive to PTCH. Figure 5B shows the results of
experiments performed to determine whether the SMO-A459V mustant is sensitive to

vismodegib, Figure SC shows the resulis of experiments performed to determing
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whether the SMO-A459V, SMO-W2R1C, and SMO-W535L mutants are activating
mutations. Figures 50 shows the results of experiments performed to determine
whether the SMO-W281C mutant is sensitive to PTCH. Figure 5E shows the results
of experiments performed to determine whether the SMO-W2E1C mutant is sensitive
to vismodegib. Figyure 5F shows the results of experiments performed to determine
whether SMO-A455V and SMO-W281C have impaired binding t¢ vismodegib.

Figure 6A shows a schematic of the Hh pathway. Figure 68 shows scan
photographs showing the mitial response and disease progression of a sporadic BCC
from patient 12 (PT12) that metastasized to lung. A red arrow indicates the target
leston 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 paticnt (PT10) that jnttially responded 1o
vismodegib but subsequently relapsed (black arrow) after the indicated length of
treatment. Figure 6D shows Hematoxylin and Hosin (H&E) stained sections of a
locally advanced sporadic BCC from patient 9.1 (PT09.1) before and after 11 mouths
of vismodegib treatment. Note that the relapsed lesion maintaing the histology of the
vntreated tumor. The scale bar represents SO um. Figure 6 is a graph showing GLIT
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 TP53
identified in 12 relapsed BCC patients. Germiline PTCHI variants are reported for
Gorlin BCCs, whereas only somatic mutations are shown for sporadic BCCs. Twe
regionally distinet biopsics were obtained upon regrowth of the same indtial tomor for
PT06, PTOS and PT09. Two separate BCCs developed resistance in patient PT1{.
LOH was determined by minor alicle frequencics from SNP arrays. Green boxes
highlight LOH eveuts followed by copy number gain of the mutant allele. Allele-
specific expression was determined by RNAseq.

Figure 7 is a table showing SMO variants identified in treatment-naive
sporadic BCCs. SMO-AZ39V has not previously been reported (COSMIC/dbSNP),
whereas all others are previously reported oncogenic mutations. Note: targeted
variant calling identified SMO-A239V, however, due to a different read cut-off and

reduced sensitivity, the somatic variant caller VariantTools did not.
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Figure 8A shows a tabular overview of SMO muatations identified in this study.
All mutations were somatic in nature, as they were not detected in cither blood or
other tissue from the same paticnt. Figure 88 shows a comaputational model of

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

(&)

helices; Wang et al., 2013). Previously ancharacterized muotant residoes are
highlighted in green. Figures 8C-E are bar graphs showing the prevalence of SMO
mutations in pre- and post-treatment biopsics. Bar graphs show the incorporation
frequency of gither wild-type (bhue) or motant {red) nucleotides at positions
corresponding to SMO-A459V for PTO3, PT04 and PT12 (8C), SMO-V321M for
10 PT0S (8D), and SMO-L412F for PT11 (8B} 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, PTO4, PT12, PT10
and PT11 (SAO copy numaber is 2 and 25% for PTO9 (SMO copy number is 4).
Incorporation of montant nucleotides was considered to be within the background
5 levels (<5%) of the pyrosequencing assay in all pre-treatment samples. Data from
quadruplicaie assays is plotted relative to the blood control. Error bars represent the
range of the data. Figure 8F shows photographs of 2 locally advanced BCC (white
arrow ) from PT11 that initially responded to vismodegib, but subsequently relapsed
after the indicated length of time.
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, W535L) within the protein domains of SMO. Asterisks highlight previously
reporied oncogenic mutations. TM helices are represented by cylinders.

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

[\l
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of vismodegib (yellow) binding to SMO {grey) and revealing the proximity of W281,
Y321, and 1408 (all green) to the drug-binding pocket. Figure 10B, left shows the
position of V321 and W21 (both green) relative to vismodegib (yellow). Figure 108,
middle shows the C281 nutant from PT0O2 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 (lcft)
to valine (yvight) is predicted to affect the packing of H470 and V404, both of which

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

Figure 11A 15 a graph showing Gli-luciferase reporter activity in CIHIOTY:
cells transfected with the indicated SMO constructs. Values were normalized to
SMO-WT activity and data plotied are mean +/- SD of tripHeates. Figure 11Bisa
graph showing the resolis from Gli-fuciferase reporter assay in C3H10TY celis
wranstected with indicated ratios of PTCHI to SMO expression constructs. Values
were normalized to activity without PTCH co-transtection and data plotted are mean
+/- 8D of triplicates. Figure 11C is a table showing cell surface expression of SMO
drug-binding pocket mutanis in HEK-293 cells. Values shown are the percentage of
viable cells with cell surface expression of SMO, as deternuned by FACS for 10,000
cell evenis and gating on crupty vector transfected cells and propidium odide (P,
Figure 1112 is a graph showing results from methyl-[3Hi-thymidine incorporation of
either untransduced (No virus), Control viras (#(RFP only) or Cre viras ((RFP-IRES-
eGFPere) infected pationt cerebellar granude neuron precursor cells cubtured with or
without SHH. Methyl-{3H]}-thymidine incorporation is expressed in counts per min
{CPM) and data plotted are mean +/- SD of triplicates. Figure 11E is a bar graph
showing the percentage of Pech floxp/loxp Tpi3loxp/loxp Rosa26l.3L-tdTomato
(PPT) cerebellar granuic nevron precursor colls ({CGNPs) positive for tdTomato
expression after infection with the indicated viral constructs, as determined by FACS
for 10,000 ccll events and gating on untransduced cells. Figure 1F 1s a bar graph
showing quantification of human SMO mRNA levels in PPT CGNPs from panel E by
quantitative RT-PCR. Data arc 2-ACt values relative to the murine housckeeping gene
Rpll9 and are plotied as mean +/- SD of triplicates.

Figure 12A 1s a graph showing normalized Gli-hciferase reporter activity in
C3HI0T cells transfocted with indicated SMO constructs, following a dose response
with vismodegib. Values were normalized to untreated activity and data plotted are
mean +/- standard deviation (8D) of triplicates. 1CS0 values were calaudated after
non-linear regression fitting. Figure 12B is a bar graph showing binding of [3H}-
vismodegib to HEK-293 cells transfected with indicated SMO constracts. EV stands
for emipty vector and drug binding was measured in counts per minute {cpm).
Specific binding was calculated after competition with an excess of unlabeled

vismodegib by subtracting non-specific binding from total binding. Data shown are

29

PCT/US2015/014496



WO 2015/120075

(881

10

20

[\l
(881

Attorpey Docket No. CIBT-228-W01

the mean +/- 8D Figure 12C is a diagram of the viral transduction scheme of primary
CONPs. Only transduced CGNPs proliferate in the absence of SHH, aliowing 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
methy - Hl-thymidine incorporation of PPT CGNPs transduced with indicated
virases, following a dose response with vismodegib after removal of SHH ligand.
Each graph shows the same control data. Data plotted are mean +/- SD of triphicates.

Figure 13A 1s a model showing that a total of 21 residues (dark gray balls} are
predicted to have atoms within 4.5A of vismodegib (light gray halls) bound to the
SMO TM structure (gray helices).  Figure 138 is a model showing that N219, D384
and S387 form 4 hydrogen-bonding network {dashed hines). 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 1o C3IH10TY, cells transtfected with indicated
SMO constructs and treated with | uM vismodegib. Values were normalized to
antreated activity levels for each constract and data plotted are mean +/- 5D 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 are highlighted in dark gray.
Figure 148 1s a bar graph showing resulis from a Ghi-luciferase reporter activity in
C3HI0TY: cells transfected with indicated SMO constructs. Values were normalized
to activity levels of SMG-WT and data plotted are mean +/- SD of triplicates.

Figure 15A is a graph showing normalized Gfi-laciferase reporter activity in
CIHIO0TY cells transfected with indicated SMUO constructs, following a dose response
with vismodegib. Data plotted are mean +/- SD of triplicates. Figure 15B is a bar
graph illustrating binding of [3H-vismodegib to HEK-293 cclls transfected with
mdicated SMO construct. Untransfected cells (Un) and cells transfected with ag
empty vector (EV) were fncluded as controls. Drug binding was measured in counts
per mimte {cpm) and specific binding was calculated after competition with an excess
of unlabeled vismodegib by subtracting non-specific binding fror total binding.
Figure 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 10,000 cell events and gating on

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

Figure 16A shows normalized methyl-["H]-thymidine incorporation of PPT
CONNPs transduced with various SMO variants and treated with 360 nM of indicated
compovnds. For each set of data for wildtype (WT) or SMO mutant evaluated, data
for each of the fullowing treatment conditions 18 presented as bars in the following
order from left to rightt vismodegib, LY2940680, LDE22S, and compound 5. Values
were normalized to proliferation levels without drug and data plotted are mean +/- SD
of triplicates. Note that the vesidual proliferation of SMO-WT in the presence of drug
is due to fibroblast and glial contamination of these primary CONP cultures. Figure
168 shows the same data as in 16A, but transduced CGNPs were treated with 1 uM of
either vismodegib or JQ1. Note that there is less residual proliferation in SMO-WT
with JQ1, suggesting that this compound also inhibits Hh-independent cell

proliferation.

DETAILED DESCRIPTION

It is a discovery of the present disclosure that mutational events associaied
with resistance to chemotherapy for hedgchog-dependent tumors oceur o
Smoothened (SMO) which impart vesistance of the timors to treatment with
compovnds that inhibit hedgehog signaling such as eyclopamine and GDC-0449.
The present disclosure provides compositions and methoeds that arc uscful as
progrostics, diagnostics and therapeutics for cancer that 15 dependent or Hedgehog
signaling,

The techniques and procedures described or referenced herein arc generally
well understood and commonly coploved using conventional methodology by those
skilled in the art, such as, for example, the widely utilized methodologies described in
Sambrook ef al., Molecular Cloning: 4 Laboratory Manmud 3rd. edition (2001) Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y .; Current Protocols in
Molecular Biology (F. M. Ausubel, ef af. eds., (2003)); the series dethods in
Erzymology (Academic Press, Incy: POR 20 A Practical Approach (M. .

MacPherson, B, I, Hames and G. R. Taylor eds. (1995)), Harlow and Lang, ods.
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(1988) dntibodies, A Laborvatory Mamual, and Animal Cell Cufture (R, L. Freshney, ed.
{1987y}, (igonucleotide Synthesis (MU J. Gait, ed., 1984); Methods in Molecular
Biofogy, Homana Press; Cell Biology: A Laboratory Notehook {1, E. Cellis, ed., 1998}
Academic Press; Animal Cell Culture (R, 1L Freshnev), ed., 1987); fnfroduction to
Cell and Tissue Culture (1. P, Mather and P, E. Roberts, 1998) Plenum Press; Cell and
Tissue Culture: Laboratory Procedures (A, Doyle, 1. 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 (3. M. Miller
and M. P. Calos, eds., 1987}, PCR: The Polymerase Chain Reaction, (Mullis ef al,,
eds., 1994); Current Protocols in Immunoclogy (J. E. Coligan er af, eds., 1991); Short
Protocols in Molecular Biology {Wiley and Sons, 1999); fmmuncbivlogy (C. A,
Janoway and P. Travers, 1997); dntibodies (P. Finch, 1997); Aniibodies: A Practical
Approach (D. Catty., ed., IRL Press, 1988-1989); Monoclonal dntibodies: A Practical
Approach (P. Shepherd and C. Dean, eds., Oxtord University Press, 2000); Using
Antibodies: A Laboratory Manual (E. Harlow and D. Lane (Celd Spring Harbor
Laboratory Press, 1999); The dntibodies (M. Zanetti and 1. D. Capra, eds., Harwood
Acadenic Publishers, 1993); and Cancer: Principles and Fractice of Oncology (V. T.
DeVita ef al, eds,, 1B, Lippincott Company, 1993). Cited references are
ncorporated by reference in their entirety.

For purpeses of interpreting this specification, the following definitions will
apply and whenever appropriate, terms used in the singular will also include the pharal
and vice versa. In the event that any definition set forth below conflicts with any
document mcorporated herein by refercnce, the definition set forth below shall control.

Before continuing to describe the present disclosure in further detail, 1t 1s to be
vnderstood that this disclosure is not imited to specific compositions or process steps,
as such may vary. it must be noted that, as used in this specification and the
appended claims, the singular form “a”, “an’ and “the” include plural referents unless
the context clearly dictates otherwise.

Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly vnderstoed by one of ordinary skill inthe art 1o
which this disclosure is related. For example, the Concise Dictionary of Biomedicme
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 one of skill with a general dictionary of many of the tcrms
used in this disclosure.

Amino acids may be referred to herein by either their commonly known three

(881

letter symbols or by the one-letter symbols recommended by the TUPAC-IUB
Biochemical NMomenclature Commission. Nucleotides, Hkewise, may be reforred to
by their commonly accepted single-letter codes.

It is convenient to point out here that “and/or” where used herein is to be taken
as specific disclosure of each of the two specified features or components with or
10 without the other. For exampie “A and/or B” is to be taken as specific disclosure of
each of (1} A, (i) B and (31) A and B, just as if each is set out individually herein.

The terms "polypeptide,” "peptide” and "protein” are used interchangeably
herein to refer to a polymer of amino acid residucs. The terms apply 10 amino acid
polymers in which one or more amino acid residue is an artificial chemical mimetic of

a corresponding naturally oceurring amino acid, as well as to naturally ocourring

..
wn

aming acid polymers and non-naturally occurring amino acid polymer. As used
herein, the torm “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

20 covers monoclonal antibodics, polyclonal antibodies, multispecific antibodies {e.g.

bispecific antibodies) formed from at least two intact antibodies, and antibody
fragments so long as they exhibit the desired biclogical activity.

An “isolated” antibody is one which has been identified and separated and/or

recovered from a component of its natural environment. Contarninant comeponents of

[\l
(881

its natural environment are materials which would interfere with research, diagnostic
or therapeutic uses for the antibody, and may mclude cozymes, hormones, and other
proteinaceous or nonproteinaceous solutes. o some embodiments, an antibody is
puritied (1) to greater than 95% by weight of antibody as determined by, for example,
the Lowry method, and in some embodiments, to greater than 99% by weight; (ZYioa
30 degree sufficicnt 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 homogenetty by
SDS-PAGE under reducing or nonreducing conditions using, for example, Coomassie

blue or silver stain. Isolated antibody includes the antibody in sity within

33



WO 2015/120075 PCT/US2015/014496

(881

10

..
wn

20

[\l
(881

Attorpey Docket No. CIBT-228-W01

recombinant cells since at least one component of the antibedy’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 abowut
150,000 daltons, composed of two identical light (L) chains and two identical heavy
(H} chains. Each light chain is linked to 8 heavy chain by one covalent disulfide bond,
while the number of disulfide linkages varies among the heavy chains of different
immumnoglobulin isotypes. Each heavy and light chain also has regularly spaced
imtrachain disolfide bridges. Each heavy chain has at one ond a variable domain (Vy)
followed by a number of constant domains. Fach hight chain bas a variable domaio at
one end (Vi) and a constant domain at its other end; the constant domain of the lght
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
aming acid residues are believed to form an interface between the hight chain and
heavy chain variable domains.

The “variable region” or “variable domain™ of an antibody refers to the amino-
terminal domains of the beavy or Hght 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 gencrally the most variable parts of
an antibody and contain the antigen-binding sites.

The term “variable” refers 1o the fact that certain portions of the variable
domains differ extensively in sequence among antibodies and are used in the binding
and specificity of each particular antibody for its particular antigen. However, the
variability 1s not evenly distributed throughout the variable domains of antibodies. It
1s 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 are called the framework regions (FR). The varisble
domains of native heavy and light chaing each comprise four FR regions, largely
adopting a beta-sheet configiration, connected by three HVRs, which form loops
connecting, and in some cascs 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, coniribute to the formation of the antigen-binding site of

antibodies (see Kabat e 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 direcily 1n the binding of an antibody to an antigen, but exhibit
various effector functions, such ag participation of the antibody in antibody-dependent
cellular toxicity.

The “light chains” of antibodies (immunoglobuling} from any vertebrate
species can be assigned to one of two clearly distinet types, calied kappa () and
fambda (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 (immumoglobulins) can be assigned to different classes.
There are five major classes of vnomunoglobuling: Iga, 1gh, 1gE, [gG, and IgM, and
several of these may be further divided into subclasses (isotypes), e.g, 126G, igGy,
1gGy, 126Gy, IgAy, and IgA, . The heavy chain coustant domains that correspond to the
different classes of immunoglobuling are called ¢, 8, g, v, and u, respeoctively. The
subunit structures and three-dimensional configurations of different classes of
mmunoglobuling are well known and deseribed generally in, for example, Abbas ef ol
Cellular and Mol Immunciogy, 4th ed. (W.B. Saunders, Co., 2000). An antibody
may be part of a larger fusion molecule, formed by covalent or non-covalent
association of the antibody with one or more other proteins or peptides.

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

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

“Andthody fragmenis” comprise a portion of an intact antibody, , and in some
embodiments, comprise the antigen binding region thercof. Examples of antibody
fragments inchude Fab, Fab', F(ab"),, and Fv fragments; diabodies; lincar antibodies;
stugle-chain antibody molecules; and nwiltispecific 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 “Fe” fragment, whose name reflects #s ability to erystallize readily. Pepsin
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treatment vields an F(ab’), fragment that has two antigen-combining sites and is still
capable of cross-linking antigen,
“Fv”" s the mininwm antibody fragment which containg a complete antigen-

binding site. In one embodiment, a two-chatn Fv species consists of a dimer of one

(&)

heavy- and one light-chain variable domain 1n tight, non-covalent association. Ina
single-chain Fv (scFv) species, one heavy- and onc light-chain variable domain can be
covalently linked by a tlexible peptide linker such that the hight and heavy chains can
associate in a “dimeric” siructure analogous to that in a two-chain Fv species. It s in
this configuration that the three HVRs of cach variable domain interact (o define an
10 antigen-binding site on the surface of the VH-VL dimer. Collectively, the six HVRs
confer antigen-binding specificity to the antibody. However, even a single variable
domain {or half of an Fv comprising only three HVRs specific for an antigen) has the
ability to recognize and bind antigen, although at a lower affinity than the entive
binding site.

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

..
n

alse 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 CHI domain including
onc of more cysteines from the antibody hinge region. Fab’-SH is the designation

20 herein for Fab” in which the cysteine residue(s) of the constant domains bear a free
thiol group. F{ab’h antibody fragments originally were produced as pairs of Fab’
fragments which have hinge cysteines between them. Other chemical couplings of
antibody fragments are also known.

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

[\l
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domains of antibody, wherein these domains are present in a single polypeptide chain.
Generally, the scFv polypeptide further comprises a polypeptide linker between the
VH and Vi domains which enables the scFv to form the desired structure for antigen
binding. For a review of scFv, see, ez, Plackthiin, in The Pharmacology of
Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., (Springer-Verlag, New
30 York, 1994), pp. 269-315.

The term “disbodies” refers to antibedy fragments with two antigen-binding
sites, which fragments comprise a heavy-chain variable domain (VH) connected to 2

light-chain variable domain (VL) in the same polypeptide chain (VH-VL). By using s

36



WO 2015/120075 PCT/US2015/014496

Attorpey Docket No. CIBT-228-W01

Iinker that is too short to allow pairing between the two domains on the same chain,
the domains are forced to pair with the conmplementary domains of another chaio and
create two antigen-binding sites. Disbodies may be bivalent or bispecific. Diabodies
are described more fully in, for example, EP 404,097, WO 1993/01161; Hudson ef 4/,
Nat. Med. 9:129-134 (2003); and Hollinger ef ¢l Proc. Nad. Acad. Sci. USA 90:
6444-6448 (1993). Triabodics and tetrabodies are also described in Hudson ef af., Nar.
Med. 9:129-134 (2003).

(&)

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

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

..
n

selection of a singfe target binding polypeptide sequence from a plurality of
polypeptide sequences. For exaraple, the selection process can be the sclectionofa
vmiquie clone from a plurality of clones, such as a pool of hybridoma clones, phage
clongs, or recombinant DNA clones. It shouid be understood that a selected target

20 binding sequence can be further aliered, for example, to improve affinity for the target,
to humanize the target binding sequence, to improve its production in cell culture, to
reduce its innpunogenicity in vivo, to create a moltispecific antibody, efc., and that an
antibody comprising the aliered target binding sequence is aiso a3 monocional

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

[\l
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typically mchude different antibodies directed against different determinants
(epitopes), each monoclonal antibody of @ monoclonal antibody preparation is
directed against a single determinant oo an antigen. To addition fo their specificity,
moneclonal antibody preparations are advantageous m that they are typically
gncontaminated by other immumoglobulins.

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

(98]
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disclosure may be made by a variety of techniques, inclading, for example, the
hybridoma method (9, 2., Kohler and Milstein, Nature, 256:495-97 (1975); Hongo e
al., Hybridoma, 14 (3 260 {1995), Harlow et al., Antibodies: A Laboratory
Manual, (Cold Spring Harbor Laboratory Press, Ind ed. 1988); Hammerling ef o/, in:
Monoclonal Antibodies and T-Cell Hybridomas 563-681 (Elsevier, NY,, 1981},
recombinant DNA methods {(see, e.g., U.S. Patent No. 4,816,567}, phage-display
technologies {see, e.g., Clackson ef al., Nature, 352: 624-628 (1991); Marks ef af., J
Mol Riol 222: 581-5897 (1992); Sidhu ef al, J Mol Biol 338(2): 299-310 (2004);
Lee et al., J. Mol. Biof, 340(5): 1073-1093 (2004); Fellouse, Proc. Natl. Acad. Sci.
U84 101(34):12467-12472 (2004); and Lee et al., J. Immunol. Meihods 284(1-2):
119-132(2004), and technologies for producing human or human-like sntibodies in
animals that have parts or all of the human immunogiobulin loct or gones encoding
hurean immunoglobulin sequences (see, e.g., WO 1998/24893; W 1996/34096; WO
1996/33735, WO 1991/10741; Jakobovits ef af., Proc. Natl, dead. Sci. US4 90: 2551
{1993} Jakobovits ef al., Nature 362: 255-258 (1993); Bruggemann et af., Year in
fmmunol, 7:33 (1993); U.S. Patent Nos. 5,545,807; 5,545 806; 5,569,825, 5,625,126;
5.633,425; and 5,661,016; Marks et al., Bio/Technology 10: 779-783 (1997); Lonberg
ef al., Narure 368 856-859 (1994}; Morrison, Nature 368: 812-813 (1994); Fishwild
et af., Nature Riotechnol. 14: 845-851 (1996); Neuberger, Nature Biotechnol, 14: 826
(1996); and Lonberg and Huszar, nferan. Rev. fmmunol 131 65-93 (1995).

The monoclonal antibodies herein specifically include “climeric” 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
te a particular antibody class or subclass, while the remainder of the chain{s) 15
dentical with or homologous to corresponding sequences in antibodies derived from
another specics or belonging to another antibody class or subclass, as weli as
fragments of such antibodics, so long as they exhibit the desired biological activity
{see, 2.2.,U.8. Patent No. 4,816,567; and Morrison ef ¢l., Proc. Natl, Acad. Sci. US4
81:6851-6855 (1984)). Chimeric antibodies include PRIMATIZED® antibodies
wherein the antigen-binding region of the antibody is derived from an antibody
produced by, e.g., immunizing macaque monkeys with the antigen of interest,

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

antibodies that contain minimal sequence derived from non-homan immunoglobulin.
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In one embodiment, 8 humanized antibody is a human iImmunoglobulin (recipien
antibody) in which residues from a HVR of the recipient are replaced by residues
from a HVR of a non-human species (donor antibody) such as mouse, rat, rabbit, or

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

(881

nstances, FR residues of the human immunoglobulin are replaced by corresponding
non-homan residoes. Furthermore, humanized antibodies may comprise regidues 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 homanized
antibody will comprise substantially all of at lcast one, and typically two, variable

10 domains, in which all or substantially all of the hypervariable loops correspond to
those of a non-human innmunoglobuling, and all or substantially all of the FRs are
those of a human immunoglobulin sequence. The humanized antibody optionally will
also comprise at least a portion of an inmnunoglobulin constant region (Fe), typically
that of & human immunogiobulin, For further details, see, e.g., Jones ef al, Nature
321:522-525 (1986); Riechmann ef al., Nature 332:323-329 (1988); and Presta, Curr

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

..
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Allergy, Asthma & Immunol, 1:105-113 (1998); Harris, Biochem. Soc. Transactions
23:1035-1038 (1995); Hurle and Gross, Curr. Op. Bictech. 5:428-433 (1994); and U.S.
Pat. Nos. 6,982,321 and 7,087,409,

20 A “human antibody”™ 1s oue which possesses an amino acid sequence which
corresponds 1o that of an antibody produced by a human and/or has been made using
any of the techniques for making human antibodies as disclosed herein. This
definition of a human antibody specifically cxchides a humanized antibody

comprising non-hman antigen-binding residucs. Human antibodies can be produced

[\l
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using varioos techniques known in the ari, inciuding phage-display libraries.
Hoogenboom and Winter, J. Mol Biol, 227381 (1991); Marks ef a4/, J. Mol Biol,,
222:581 (1991, Also available for the preparation of human monocional antibodies
are methods described in Cole ef al., Monoclonal Antibodies and Cancer Therapy,
Alan R, Liss, p. 77 (1985); Boerner ¢f al., J. fmmunol,, 147(1):86-95 (1991}, See also
30 wvan Dijk and van de Winkel, Curr. Opin. Pharmacol., 5. 368-74 (2001}, Human
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The term “hypervariable region,” “HVR,” or “HV,” when used herein refers to

the regions of an antibody variable domain which are hypervariable in sequence
and/or form structurally defined loops. Generally, antibodics comprise six HVRs;
three in the VH (H1, H2, H3), and three o 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); Johoson and Wy, in Methods in Moleculor
Biology 248:1-25 (Lo, ed., Human Press, Totowa, NJ, 2003). Indeed, naturally
cecurring camelid antibodics consisting of a heavy chain ounly are functional and
stable 1n the abseonce of light chain. See, e.g., Hamers-Casterman ef al., Nature
363:446-448 (1993); Shentf et al, Nature Struct. Biol. 3:7733-736 (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 comomonly used (Kabat ef af,, Sequences of Proteins of
Immunoclogical interest, Sth £d. Public Health Service, National Institutes of Health,
Bethesda, MD, (1991}, Chothis 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
bascd on an apalysis of the availabie complex crystal structures. The residues from
cach of these HVRs are noted below,

Loop € Contact

L1 LLL L30-1.36

L2 LLL L46-1.55

L3 LLL LBS-196

Hl H31-H335B H26-H358 H H30 (Kabat Numbering)
H1 HHH H30 (Chothia Numbering)

H2 HHH H47-HS8

H3 H95-HI0Z HYS-HI0Z HS HO3-HIGE

40
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HVEs may comprise “extended HVRs” as follows: 24-36 or 24-34 (L1}, 46-56
or 50-56 (L.2) and 49-97 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 residues arc
numbered according to Kabat ef o/, supra, for each of these definitions.

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

(881

the HVR residues as herein defined.

The term “variable domam vesidue nombering as in Kabat” or “amino acid
position mumbering as in Kabat,” and variations thereof, refers to the munbering
system used for heavy chain variable domains or light chain variable domains of the

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

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

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

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

“standard” Kabat numbered sequence.

The Kabat nombering system is generally used when referring to a residue 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 bnmunological interest. Sth

Ed. Public Health Service, National Institutes of Health, Bethesda, Md. (1991)). The

“EU numbering system” or “EU index” is generally used when referring to a residuc

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

[\l
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Kabat ef ¢l, supra). The “EU index as in Kabat” refers to the residue numbering of
the buman [gG1 EU antibody. Uniess stated otherwise herein, references to residoe
numbers in the variable domain of antibodics means residue numbering by the Kabat
numbering 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 matured” antibody is one with one or more alterations in one or

more HVRs thereof which resedt in an improvement in the affinity of the antibody for
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antigen, comparced 10 a parent antibody which does not possess those alieration(s). In
one embodiment, an affinity matured antibody bas nanomelar or cven picomolar
atfintties for the target antigen. A ffinity matured antibodics may be produced using

certain procedures known in the art. For example, Marks ef al. Bio/Techmology

(881

1H:779-783 {1992) describes affinity maturation by VH and VL domain shuftling.
Random mutagencsis of HVR and/or framework residues is described by, for example,
Barbas ef al. Proc Nat. dcad. Sci. USA 91:3808-3813 (1994); Schier ef al. Gene
169:147-155 (1995); Yellon ef ¢l J. fmmunol, 155:1994-2004 (19935); Fackson er ol
S Immanol 154(7):3310-9 (1995); and Hawkins ef ¢/, J. Mol Biol 226:889-896
10 (1992).

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

antigen.

..
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An “agonist antibody,” as used herein, is an antibody which partially or fuily
mimics at least one of the functional activitics of a polypeptide of int

“CGrowth inhibitery” antibodies are those that prevent or reduce proliferation
ofa cell expressing an antigen to which the antibody binds. For example, the
antibody may prevent or reduce proliferation of cancer cells that express Smo or
20 mutant in vifre 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 bodies).

[\l
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Antibody “effector functions” refer to those biclogical activities attributable to
the Fc region {a native sequence Fe region or amino acid sequence variant Fo region)
of an antibody, and vary with the antibody isotype. Examples of antibody effector
functions include: Clq binding and complement dependent cytotoxicity (CDC); Fe
receptor binding; antibody-dependent cell-mediated cytotoxicity (ADCC);

30 phagocyiosis; down regulation of cell surface receptors {e.g. B cell receptor); and B
cell activation.

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

mmunoglobulin beavy chain, including native sequence Fe regions and variant Fe
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regions. Although the boundarics of the Fe region of an immumoglobulin heavy chamn
might vary, the human 1gG heavy chain Fe region is usually defined to stretch from an
aming acid residue at position Cys226, or from Pro234, to the carboxyl-teroious

thereof. The C-termuinal ysine (residue 447 according to the EU munbering system)

(881

ot the Fe region may be removed, for example, during production or purification of
the antibody, or by recombinantly enginecring the nucleic acid encoding a heavy
chain of the antibody. Accordingly, a composition of intact antibodies may comprise
antibody popolations with all K447 residues removed, antibody populations with no
K447 restdues removed, and antibody populations having a mixtore of antibodies with
10 and without the K447 residue.

A “fimetional Fe region” possesses an “effector function” of a native secquence
Fc region, Exemplary “effoctor functions” include Clg binding; CDC; Fe receptor
binding; ADCC; phagocyviosis; down regulation of cel surface receptors {eg. B cell
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

..
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asscssed using various assays as disclosed, for example, in definitions herein.

A “native sequence Fe region” comaprises an amino acid sequence identical to
the amino acid sequence of an Fe region found m nature. Native sequence human Fe
regions include a native sequence human {gG1 Fe region (non-A and A allotypes);

20 native sequence human Ig(G? Fe region; native sequence human 1gG3 Fe region; and
native sequence uman {gG4 Fe region as well as naturally occvrring variants thereofl

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

and, in some embodiments, one or more amine acid substitution(s). In some

[\l
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embodiments, the variant Fc region has at least one amino acid substitution compared
to a native sequence Fe region of to the Fe region of a parent polypeptide, e.g. from
about one to about ten amino acid substitutions, and, in some embodiments, from
about onc to about five amine acid substitutions in a native sequence Fe region or in
the Fo region of the parent polypeptide. The variant Fe region herein will in some

30 cmbodiments possess at least about 0% homology with a native sequence Fo region
and/or with an Fe region of a parent polypeptide, and n some embodiments at least
about 90% homology therewith, and in some cmbodiments at least about 95%

homology therowith.
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“Fo receptor” or “FeR” deseribes a veceptor that binds to the Fo region of an
antibody. In some embodiments, an FcR is a native human FeR. In some
cembodiments, an FeR is one which binds an igG antibody (a gamyma receptor) and

mchides receptors of the FeyRE, FeyR1, and FoyRIH subelasses, inchuding allelic

(&)

variants and alterpatively spliced forms of those receptors. FeyRII receptors include
FeyRIIA (an “activating receptor”) and FeyRIIB (an “inhibiting receptor”), which
have stmilar amine acid sequences that differ primarily in the cytoplasmic domains
thereof. Activating receptor FoyRUA contains an immunoreceptor tyrosine-based
activation motif (ITAM) in its cytoplasmic domain. Inhibiting recepior FeyRHB
10 contains an impmunoreceptor tyrosine-based inhibition motif (ITIM) in #s cytoplasmic
domain. {seeg, e.g., Dadron, Annu. Rev. mmunol. 15:203-234 (1997)). FcRs are
reviewed, for example, in Ravetch and Kinet, dnnu. Rev. fmmunol 9:457-92 (1991);
Capel ef al., Immunomethods 4:25-34 {1994); and de Haas ef al, J. Lab, Clin. Med,
126:330-41 {1995}, Other FeRs, including those to be ideniified in the future, are
15 encompassed by the term “FeR” berein.

The term “F¢ receptor” or “FeR™ also includes the neonatal receptor, FeRn,
which 1s responsible for the transfer of maternal 1gGs to the fetus (Guyer ef ol /.
fmmunol, 117587 (1976 and Kim ef af, J. immunol. 24:.249 (1994)) and regulation
of homeostasis of immumoglobuling. Methods of measuring binding to FeRn are
20 known (see, e.g., Ghetie and Ward,, fmmunol Today 18(12):592-598 (1997 Ghetie

et al., Nature Biotechnology, 158(7Ty:637-640 (1997}, Hinton ef ¢l., £ Biol Chem.
279(8)6213-6216 (2004); WO 2004/92219 (Hinton ef ¢l.).
Binding to human FeRn én vive and serum half life of human FeRn high
affinity binding polypeptides can be assayed, e.g., in transgenic mice or transfected
25 human cell lines expressing human FcRn, or in primates to which the polypeptides
with a variant F¢ region are administered. WO 2000/42072 (Presta) describes
antibody variants with improved or diminished binding to FeRs. See also, eg.,
Shields ef «f. J. Biol. Chem. 9(2):6591-6604 (2001).
“Human effector cells” are leukocytes which express one or more Fells and
30 perform effector functions. In certain embodiments, the cells express at least FeyRIH
and perform ADCC effector function(s). Examples of human leukocytes which

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

“Auntibody-dependerd cell-mediated cytotoxicity” or “ADCC” refers to a form
of cytotoxicity m which secreted Ig bound onto Fe receptors (FeRs) present on certain
cytotoxie cells {e.g NK cells, neatrophils, and macrophages) enable these cytotoxic
effector cells to bind specifically to an antigen-bearing target ccll and subsequently
kill the target cell with cytotoxins. The primary cells for mediating ADCC, NK celis,
express FeyRIT only, whereas monoceytes express FeyRE FoyRIL and FoyRIHL FeR
expression on hematopoictic cells is summarized in Table 3 on page 464 of Ravetch
and Kinet, Anmu. Rev. Immunol 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 U5, Patent No. 6,737,056 (Presta), may be performed.
Usefud effector cells for such 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 (USA4) 95.652-656
(1998}

“Complement dependent cytotoxicity” or “CDC™ refers to the lysis of a target
cell in the presence of comploment. Activation of the classical complement pathway
is imitiated by the binding of the first component of the complement system (Clg) to
antibodics {of the appropriate subclass), which are bound to their cognate antigen. To
asscss complement activation, a CDC assay, e.g., as described in Gazzans-Santoro ef
al., J. fmmuncl, Methods 202163 (1996), may be performed. Polypeptide variants
with altered Fe region amino acid sequences (polypeptides with a variant Fe region)
and increased or decreased Clg binding capability are described, ez, in US Patent
Mo, 6,194,551 B and WO 1999/51642, See also, e.g., Idusogic ef al. J. Immunol,
164: 4178-4184 2000),

The term “Fc region-comprising antibody” refers {o an antibody that
comprises an Fe region. The C-terminal lysine (residuc 447 according to the EU
numbering system) of the Fe region may be removed, for example, during purification
ot the antibody or by recombinant engineering of the nucleic acid encoding the
antibody. Accordingly, a composition comprising an antibody having an Fe region
according to this disclosure can comprise an antibody with K447, with all K447

removed, or a mixture of antibodies with and without the K447 residue.
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“Binding affinity” generally refers 1o 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, 2u antigen). Unless indicated otherwise, as

used herein, “binding affinity” refers to intrinsic binding affinity which reflects a 1:1

(881

nteraction 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, tncluding those described herein. Low-affinity antibodies generally bind
antigen slowly and tend to dissociate readily, whercas high-affinity antibodics
10 generally bind antigen faster and tend to remain bound longer. A variety of methods
of measuring binding affinity are known in the art, any of which can be used for
purposes of the present disclosure, Specific illustrative and exemplary cmbodiments
for measuring binding affinity are described in the following.
In one embodiment, the “Kd” or “Kd value” according to this disclosure is
15 measured by a radiolabeled antigen binding assay (RIA) performed with the Fab
version of an antibody of interest and its aniigen as described by the following assay.
Solution binding affinity of Fabs for antigen is measured by cquilibrating Fab with a
minimal concontration of (' “T)-labeled antigen in the presence of a titration series of
unlabeled antigen, then capturing bound antigen with an anti-Fab antibody-coated
20 phate {see, eg., Chen, ef al., 2. Mol Biol 293:865-881(1999Y)). 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 subsequently blocked with 2% (w/v} bovine
serum albumin in PBS for two to five hours at room temperatire (approximately

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

[\l
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mixed with serial dilutions of a Fab of interest (e.g., consistent with assessment of the
anti-VEGF antibody, Fab-12, in Presta of al., Cancer Res. 57:4593-4599 (1997)). The
Fab of interest 1s then incubated overnight; however, the incubation may contimue for
a longer period {e.g., about 65 hours) to ensure that eqoilibrivm is reached. Thereafter,
30 the mixtures are transferred to the capture plate for incubation at room temperature
(e.g., for one hour). The solution is then removed and the plate washed eight times
with 0.1% TWEEN-20" in PBS. When the plates have dried, 150 gl/well of
scintilfant (MICROSCINT-20 ™; Packard) is added, and the plates are counted on 2
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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 are chosen for use in
competitive binding assays.

According to another embodiment, the Kd or Kd value is measured by using

(881

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 ~16
response units (RU}. Briefly, carboxymethylated dextran biosensor chips (CMS,
BIACORE, Inc.) are activated with N-cthyl-N"- (3-dimethylaminopropyl)-
carbodiimide hydrochloride (EDC) and N-hydroxysuccinimide (IWNHS) according to
10 the supplier’s instructions.  Antigen is dituted with 10 oM sodium acetate, pH 4.8, to
5 ug/ml (~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 imjected to block vnreacted groups. For kinetics
measurements, two-fold serial dibitions of Fab (0.78 oM 1o 500 nM) are injected in

PBS with 0.05% TWEEN-20" surfactant (PBST) at 25°C at a flow rate of

..
wn

approximately 25 ul/min. Association rates (kyy) and dissociation rates (k¢ are
calculated using a simple one-to-one Langmuir binding model (BIACORE®
Evahiuation Software version 3.2) by simultancously fitting the association and
dissociation sensorgrams. The cquilibrium dissociation constant (Kd) is calculated as

7

20 the ratio kofekon, See, ez, Chen et al,, /. Mol Biol. 293:865-881 (1699). If the on-

rate excecds 100 M-1 51 by the surface plasmon resonance assay above, then the on-
ratc can be determined by using a fluorescent quenching technique that measures the
merease or decrease in fluorescence emission intensity (excitation = 295 nm; emission
= 340 nm, 16 nm band-pass) at 25°C of a 20 oM anti-antigen antibody (Fab form) in

25  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 fnstroments) or a
8000-series SLM-AMINCO ™ speetrophotometer (ThermoSpeetronic) with a stirred
cuvette.

39 ¢4

An“on-rate,” “rate of assoctation,” “‘association rate,” or “ko” according to
30 this disclosure can also be determined as described above using a BIACORE ®-2000
or a BIACORE "-3000 system (BlIAcore, Inc., Piscataway, NJ).
The term “substantially similar” or “substantially the same,” as used herein,
denotes a sufficiently high degree of similarity between two mmeric values (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 one of skill in the art would consider
the difference between the two values to be of fitle or no biclogical and/or statistical

significance within the context of the biological characteristic measured by said

(881

values (e.g., Kd values). The difference between said two values is, for example, less
than about 50%, less than about 4(9, 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 “substantially different,” as used herein,

enotes a sufficiently 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 valoes to be of statistical significance within the context
of the biclogical characteristic measured by said values (e.g., Kd values). The
difference between said two values is, for example, greater than about 109, greater

than about 20%, greater than about 30%, greater than about 40%, and/or greater than

..
wn

about 50% as a function of the value 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 fn which it is contained.
An “isolated” nucleic acid molecule is a nucleic acid molecule that is

20 separated from at least ene other nucleic acid molecule with which 1t is ordivarily

associated, for example, in its natural covirooment. An isolated nucleic acid molecule

further inchides 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 {ocation that 1s different from us natural chromosomal location

[\l
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An “isolated” protein is a protein that is separated from at least one other
cellular component with which it is ordinarily associated, for example, in its natural
enviromment. In some embodiments, an “isolated” protein s a protein expressed ina
cell 1n which the protein is not normally expressed. In some embodiments, the
isolated protein is a recombinant protein.

30 The torm “vector,” as used herein, is intended to refer 1o a nucieic 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 circodar double stranded PNA

nto which additional DNA segments may be ligated. Another type of vectoris a
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phage vector. Anocther type of vector is 8 viral vector, wherein additional DNA
segments may be Hgated into the viral genome. Certain vociors are capable of
autonomous replication 1o a host cell into which they are fntroduced {e.g., bacterial
vectors having a bacterial origin of replication and episomal mammalian veciors).
(Other vectors {e.g., non-episomal mammalian vectors) can be integrated into the
genome of a host cell upon introduction into the host celf, and thereby are rephicated
along with the host genome. Moreover, certain vectors are capable of directing the
expression of genes to which they are operatively linked. Such vectors are referred to

B3

herein as “recombinant expression vectors,” or simaply, “expression vectors.” In
general, expression vectors of utility in recombinant DNA techniques are ofter in the
form of plasmids. In the present specification, “plasnud” and “vector” may be used
nterchangeably as the plasmid is the most commonly used form of vector.
“Polyouciectide,” or “nucleic acid,” as used interchangeably herein, refer to
polymers of nucleotides of any length, and inchide DNA and RNA. In some
embodiments, the nucleic acid 1s a cBNA molecule, or fragment thereof. The
nucleotides can be deoxyribenucleotides, ribonucleotides, modified nucleotides or
bases, and/or their analogs, or any substrate that can be fncorporated o a polymer
by DNA or RNA pelymerase or by a synthetic reaction. A polymucleotide may
comprise modified nucleotides, such as methylated nucleotides and their analogs. If
present, modification o the nucleotide structure may be imparted before or after
assembly of the pelymer. The sequence of nucleotides may be interrupted by non-
nucleotide components. A polynucleotide may comprise modification(s) made after
synihesis, such as conjugation to a label. Other types of modifications include, for
example, “caps,” substitution of one or more of the naturally occurring nucleotides
with an analeg, internuclectide modifications such as, for example, those with
uncharged linkages {e. g, methyl phosphonates, phosphotriesters, phosphoamidates,
carbamates, efc.) and with charged linkages (e.g., phosphorothioates,
phosphorodithicates, efc.), those containing pendant moieties, such as, for example,
proteins (e.g., nucleases, toxins, antibodies, signal peptides, ply-L-lysing, ew.), those
with intercalators {e.g., acridine, psoralen, efc.), those containing chelators (e.g.,
metals, radicactive metals, boron, oxidative metals, efc.), those containing alkylators,
those with modified linkages (e.g., alpha anomeric nucleic acids, etc.), as well ag

unmodified forms of the polynucleotides(s). Further, any of the hydroxy! 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 o preparg
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

(881

JMINCS Of organic capping group moieties of from 1 to 20 carbon atoms. Other
hydroxyls may alsc be derivatized to standard protecting groups. Polynucleotides can
also contain analogous forms of ribose or deoxyribose sugars that are generally
konown in the art, incloding, for example, 27-C-methyl-, 27-0O-allyl-, 2°-fluoro- or 2°-
azide-ribose, carbocyelic sugar analogs, g-anomeric sugars, epimeric sugars such ag
10 arabinose, xyloses or lyxoses, pyranose sugars, furanose sugars, sedoheptuloses,
acyclic analogs, and basic nucleoside analogs such as methyl riboside. Oue or more
phosphodiesier linkages may be replaced by alternative linking groups. These
alternative linking groups include, but are not fimited to, embodiments wherein
phosphate is replaced by P(O)S (“thicate”), P(S)S (“dithioate™), (OWNR; (“amidate™),
P(OIR, P{OYOR’, CO, or CHZ (“formacetal”), in which each R or R is independently

..
wn

H or substituted or unsubstituted alkyl (1-20 C) optionally containing an cther {(-G-)
linkage, aryl, alkenyl, cycloalkvl, cycloalkenyl or araldyl. Not all Hinkages ina
polynucleotide need be identical. The preceding description apphies o all
polynucleotides referred to herein, including RNA and DNAL

20 “Oligonucheotide,” as used herein, generally refers to short, generally single-
stranded, generally synthetic polynucleotides that are generally, but not necessarily,
less than about 200 nucleotides in length, The terms “oligonuocieotide” and
“polyoucieotide” are not mutually exclusive. The description above for

polynucleotides 18 equally and fully applicable to oligonucleotides.

[\l
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The term “Smo,” or “SMO” or “smoocthened” as used interchangeably herein,
refers to any native smoothened protein or nucleic acid from any vertebrate source,
meluding mammals such as primates (e.g. humans) and rodents {e.g., mice and rats),
unless otherwise indicated. The term encompasses “full-fength,” unprocessed SMO
as well as any form of SMO that resubts from processing in the cell. The term also
30 encompasses 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 hercin, refers to SMO having a mutation in the second

transmembrane of SMQO at position 281 of buman 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 vuatation in the carboxy-ferminal portion of

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

(881

gmbodiments, “mutant SMO” or “rmutant SMQO polypeptide” or “mutant SMO
profein” as used herein, refers to a smoothened polypeptide comprising & mutation at
one or more aming acids corresponding o positions 281, 408, 412, 459, 533 and/or
535 of SEQ I NO: 1. In some embodiments, the muitation at one of more aming
acids corresponding to positions 281, 408, 412, 459, 533 and/or 535 of SEQ 1D NO: 1
10 comprises W281C, 1408V, A459V, S533N and/or WS35L. Similarly, a nutant SMO
protein is described as having variation at any one or more of the foregoing positions
of wildtype homan SMO. The disclosure contemplates that any of the muiant
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 1D NQO: 1 or described relative to any of the other sequence

..
wn

identifiers.

In some crubodiments, as used herein, “treatment” (and variations such ag
“treat” or “treating’’y refers to clinical intervention in an attempt to alter the natural
course of the individual or cel being ireated, and can be performed either for

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

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

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

[\l
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embodiments, antibodies of the disclesure are used to delay development of a disease
or disorder or to slow the progression of a discase or disorder. In some embodiments,
as used herein, “treating” or Mreatroent” or "alleviation” refers to improving,
alleviating, and/or decreasing the severity of one or more symptomns of @ condition
being treated. By way of example, treating cancer refers to improving (improving the
30 patient’s condition), alleviating, delaying or slowing progression or onset, decreasing
the severity of one or more symptoms of cancer. For example, treating cancer

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

"Treating” or "treatend” or "alleviation” refers to improving, alieviating,
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 oft decreasing tumor size, decreasing rate of tumor size increase,
halting increase in size, decreasing the number of metastases, decreasing pain,
mcreasing survival, and increasing progression free survival, "Diagnosing” refers to
the process of identifying or determining the distinguishing characteristics of a
disease or tumor. In the case of cancer, the process of diagnosing is sometimes also
expressed as staging or tumor classification based on severity or discase progression.

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

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

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

A “sterile” formulation is aseptic or free from all living microorganisms and
their spores. An “cffective amount” vefers 10 an amount effective, at dosages and for
periods of time necessary, 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 diseasc state, age, sex, and weight of the
mdividual, and the ability of the substance/molecule, to elicit a desired response in the

mndividual. A therapeutically effective amount cncompasses an amount in which any

Loy
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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 effective, at dosages and for periods of time necessary, 1o achieve the desived

prophylactic result. Typically, but not necessarily, since a prophylactic dose 15 used

(&)

1 subjects prior to or at an earlier stage of disease, the prophylactically effective
amount would be less 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

18%

. . . o : 201 4131 125 <90 g 186 L 153
intended to inchude radioactive isotopes (e.g, A7, 17, I, Y, Re’™, Re’™, Sm’™,

o
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~and radicactive isotopes of Lu), chemotherapeutic agents {e.g.,
methotrexate, adramicin, vinca alkaloids {(vincristine, vinblastine, etoposide),
doxorubicin, melphalen, mitomycin C, chlorambucil, dauncrubicin or other
mtercalating agents, cnzymes and fragmenis thereot such as nucleolytic enzymes,
antibiotics, and toxins such as small molecule toxins or enzymatically active toxing of

bacterial, funeal plant or antmal origin, inclading fragments and/or variants thereof,
: g4, g, £ 2 ;

..
n

and the various antiftimor or anticancer agents disclosed below. (Other cytotoxic
agents arc described below. A tumoricidal agent causes destruction of wmor cells.

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

20 A “chemotherapeutic agent” is a chenical compound useful in the treatment
of cancer. Examples of chemotherapeutic agents include alkylating agents such as
thiotepa and cyclosphosphamide ({CYTOXAN®Y); alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as benzodopa, carboquone, meturedopa,

and uredopa; cthylenimines and methylamelandnes including altretamine,
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tricthylenemelamine, tricthylenephosphoramide, tricthylencthiophosphoramide and
trimethylomelamine; acctogenins (especially bullatacin and bullatacinone); delta-9-
tetrahydrocannabinel (dronabinel, MARINOL®); beta-lapachone; lapachol;
colchicines; betulinic acid; a camptothecn (including the synthetic analogue
topotecan (HYCAMTIN®), CPT-11 {(irinotecan, CAMPTOSAR®),

30 acetylcamptothecin, scopolectin, and 9-aminocampiothecing; bryostating callystating
CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogues);
podophytotoxin; pedophylinic acid; teniposide; cryptophycins (particularly

cryptophycin 1 and cryptophycin 8); dolastatin; duoscarmycin {inchuding the synthetic
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analogues, KW-2189 and CB1-TM1); eleutherobin; pancratistating a sarcodictyin;
spongistatin: nifrogen mustards such as chlorambucil, chlornaphazine,
chiorophosphamide, estramustine, fosfamide, mechlorethamine, mechlorethamine
oxide hydrochloride, melphalan, novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard: nitrosourcas such as carmusting, chiorozotocin,
fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such as the encdiyne
antibiotics {e. g., calicheamicin, especially calicheamicin gammall and calicheamicin
omegall (see, e.g., Nicolaou e al., Angew. Chem Intl. Ed. Engl., 33: 183-186 (1994)};
CDP323, an oral alpha-4 integrin inhibitor; dypemicin, including dypemicin A; an
csperanicin; as well as neocarzinestatin chromophore and related chromoprotein
enediyne antibiotic chromophores), aclacinomysins, actinomycin, authramycm,
araserine, bleomycins, cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycins, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucing,
doxorubicin (including ADRIAMY CIN®, morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrohino-doxorabicin, doxorubicin HCI liposome
imjection (DOXIL®), liposomal doxorubicio TLC B-99 (MYOCET®), peglyiated
Hiposomal doxorubicin {CAELYX®), and deoxydoxorubicin}, eplrubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as mitomycin C, myycophenolic acid,
nogalamycin, olivomycins, peplomycin, porfiromycin, puromycin, quelamycin,
rodorubicin, streptonigrin, strepiozocin, tubercidin, ubenimex, zinostatin, zorubicing
anti-metabolites such as methotrexate, gemcitabine {GEMZAR®), tegafur
{UFTORAL®), capecitabine {(XELODA®), an epothilone, and 5-fhusrouractl (5-FU);
folic acid analogucs such as denopterin, methotrexate, pteropterin, irimetrexate;
purine analogs such as fludarabine, 6-mercaptopuring, thiamiprine, thioguaning;
pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine,
dideoxyuriding, doxifluridine, cnocitabine, floxuridine; androgens such as calusierone,
dromostanclone propionate, epitiostanol, meopitiostane, testolactone; anti-adrenals
such as aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic
acid; aceglatone; aldophosphamide glvcoside; aminolevulinic acid; emiluracil;
amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; demecolcine; diaziquone;
eifornithing; elliptintum acetate; an epothilone; etoglucid; gallium nitrate;
hydroxyures; lentinan; lonidainine; maytansinoids such as maytansine and

ansamitocing; mitoguarone; mitoxantrone; mopidanmol; nitracrine; pentostating
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phenamet; pirarabicin; losoxantrone; 2-cthythydrazide; procarbazine; PSK®
polysaccharide compliex (JHS Natural Products, Eugene, OR); razoxane: rhizoxin;
sizofiran; spiregermanium; tenuazonic acid; triaziquone; 2,2°,27-
trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A, roridin A
and anguidine); urgthan; vindesine (ELDISINE®, FILDESIN®); dacarbazine;
mannomusting; mitobronitol; mitolactol; pipobroman; gacytosing; arabinoside {“Ara-
(7); thiotepa; taxoid, e.g., pachtaxe] (TAXOL®), albumin-enginecred nanoparticle
formglation of paclitaxel (ABRAXANE™), and docetaxel {(TAXOTERE®Y);
chioranbucil; 6-thicguanine; mercapiopurine; methotrexate; platinum agents such as
cisplatin, oxaliplatin {e.g., ELOXATIN®), and carboplatin; vincas, which prevent
tabulin polymerization from forming microtubules, including vinblastine
(VELBAN®), vincristine (ONCOVIN®), vindesine (ELDISINE®, FILDESIN®),
and virerelbine (NAVELBINE®RY, ctoposide (VP-16); Hosfamide; mitoxantrong;
leucovorin; novantrone; edatrexate; davnomycing aminopterin; ibandronate;
topoisomerase inhibitor RFS 2000; diflucromethylomithine (DMFQO); retinoids such
as retinoic acid, including bexarciene {TARGRETIN®Y; bisphosphonates such as
clodronate (for exanple, BONEFOS® or OSTAC®), etidronate (DIDROCALR),
NE-38095, zoledronic acid/zoledronate (ZOMETA®), alendronate (FOSAMAX®),
pamidronate (AREDIA®), tiludronate (SKELID®), or risedronaiec (ACTONEL®R);
troxacitabine (a 1,3-dioxolane nucleoside cytosing analog); antisense oligonucleotides,
particularly those that inhibit expression of genes in signaling pathways implicated in
aberrant cell proliferation, such as, for example, PR C-alpha, Raf, H-Ras, and
cpidermal growth factor receptor (EGF-R); vaccines such as THERATOPE® vaccine
and gene therapy vaccines, for example, ALLOVECTIN® vaccine, LEUVECTING
vaceine, and VAXID® vaccine; topoisomerase | inhibitor {e.g., LURTOTECAN®R);
rmRH {e.g., ABARELIX®}; BAY439006 (soratenib; Bayer); SU-11248 (sonttinib,
SUTENT®, Pfizer); perifosine, COX-2 inhibitor {e.g. celecoxib or ctoricoxib),
proteosome inhibitor (e.g. PS341); bortezomib (VELCADE®R), CCI-779; tpifamib
{R11577); orafenib, ABTS16; Bel-2 mhibitor such as oblimersen sodivm
{GENASENSE®RY; pixantrone; EGFR inhibitors (scc definition below); tyrosine
kinase inhibitors (see definition below); serine-threonine kinase inhibitors such as
rapamycin (strolimuos, RAPAMUNERY; farnesyHransferase inhibitors such as

lonafarnib {SCH 6636, SARASAR™); and pharmaccutically acceptable salts, acids or

(]
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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 cyelophosphamide,
doxorubicin, vineristine, and prednisolone; and FOLFOX, an abbreviation fora
treatment regimen with oxaliplatin (ELOXATIN® combined with 5-FU and

feucovorin,

(&)

Chemotherapeutic agents as defined berein inclade “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,
mciuding, but not Hmited to: anti-estrogens with mixed agonist/antagonist profile,
10 including, tamoxifen (NOLVADEX®), 4-hvdroxytamoxifen, toremitene

(FARESTON®), idoxifene, droloxifene, raloxifene (EVISTA®R), 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,

mcrease ER turnover, and/or suppress ER levels); aromatase inhibitors, including

..
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steroidal aromatase inhibitors such as formestane and excmestane (AROMASIN®),
and nonsteroidal aromatase inhibitors such as anastrazole (ARIMIDEX®}, letrozole
(FEMARA®) and ammoglutethimide, and other aromatase inhibitors inclade
vorozole (RIVISOR®), megestrol acetate (MEGASE®), fadrozole, and 4(5)-

20 imidazoles; lutenizing horreone-releaseing hormone agonists, including leuprohide
(LUPRON® and ELIGARD®), goserchin, buserclin, and tripterelin; sex steroids,
imcluding progestines such as megestrol acetate and medroxyprogesterone acctate,
cstrogens such as diethyistilbestrol and premarin, and androgens/retineids such as

fluoxymesterone, all transretionic acid and fenretinide; onapristone; anti-

[\l
(&)

progesterones; estrogen receptor down-regulators (ERDs); 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
30 composition which inhibits growth of a cell (such as a cell expressing SMO) ecither in
vitro or in vive. Thus, the growth inhibitory agent may be one which sigmificantly
reduces the percentage of colls {such as a cell expressing SMO) in S phase. Examples

of growth inhibitory agenis include agents that block celi cycle progression (at a place
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other than S phase), such as agents that induce G1 arvest and M-phase arrest.
Classical M-phase blockers include the vincas {vincristine and vinblasting), taxanes,
and topoisomerase 1] inhibitors such as doxorubicin, epirubicin, davnorubicin,
etoposide, and bleomyein, Those agents that arvest G 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.
Fuarther information can be found in Mendelsohn and Israel, eds., The Molecular
Rasis of Cancer, Chapter 1, entitled “Cell cycle regulation, oncogenes, and
antineoplastic drugs™ by Murakamdi ef o/ (W .B. Saunders, Philadeiphia, 1995), e.o., p.
13. The taxanes {paclitaxel and docetaxcl) are anticancer drugs both derived from the
yew tree. Docctaxel {TAXOTERE®, Rhone-Poulenc Rorer), derived from the
European yow, is a semisynihetic analogue of paclitaxel {TAXOL®, Bristol-Myers
Squibb). Paclitaxel and docetaxel promote the assermbly of microtubules from tubulin
dimers and stabilize microtubules by preventing depolymerization, which results in
the inhibition of mitosis in cells.

A “guatant 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 SMO that changes the wild-type amino acid at this position to any other aming
acid. In some embodiments, the biclogical activity of SMG is the ability to transduce
a signal upon stivwlation with hedgehog to activation of GH transeription factor,

The term “hedgehog pathway inhibitor,” as used herein, is intended to refer to
an agent that is capable of mhibiting hedgchog signaling in a cell. In particular
cmbodiments, the hedgehog antagonist is capable of inhibiting hedgehog signaling in
a cell that expresses any of the mutant SMO proteins described herein, fn some
embodiments, the hedgchog pathway inhibitor is capable of inhibiting hedgehog
signaling in a cell that expresses a smoothened polypeptide comprising a mutation at
one of ore amine acids corresponding to 281, 408, 439, 533 or 535 of SEQ 1D NO:
1. In some embodiments, the hedgehog pathway inhibitor 1s capable of inhibiting
hedgehog signaling in a cell that expresses a smoothened polypeptide comprising any
of the following routations: W281C, 1408V, A459V, S533N and/or WS35L..

L. Nucleic Acids

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

sequences. 1o some embodiments, the micleic acids encode a mutant SMO protein

(]
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that is partially or fully resistant to vismodegib. In some embodiments, the nucleic
acid cncods a mutant SMO protein that is partially or fully resistant to vismodegib in
a cell having an additional nwtation I 2 geoe encoding a protein in the bedgehog
signaling pathway. In some embodiments, the additional mutation is any of the
patched and/or SUFU mutations deseribed 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

¢ position 239 of the wildtype SMO amino acid sequence. In some embodiments
nucleic acids comprise a sequence that is at least 80%, 85%, 86%, 87%, 88%, 89%,
G{1%, 9196, 92%, 93%, 9495, 95%, 96%, 97%, 98%, 99% or 130% identical to 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 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 nocleic acid encodes valine (V) at the amino acid
position corresponding o position 239 of SEQ ID NG: 1. In some cmbodiments, the
nucieic 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 ID NQ: §
In some embodiments, the percent identity 18 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ 1D NO: 5 providing
that there 1s at least one mutation at a nucleotide position corresponding to positions
718, 716, and/or 717 of SEQ ID NG: 5. In some embodiments, the disclosure
provides for an isolated nucleic acid molecule encoding a mutant SMO protein
wherein said amino acid scquence comprises an amino acid other thao tryptophan at
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
icast B0%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%,
G8%, 99% or 100% identical to the mueleic acid sequence of SEQ 1D NO:S and which
contain at least one mutation such that the nucleic acid encodes a SMQO polypeptide
comprising an amino aciud other than fryptophan (W) at the nucleotide position
corresponding to nucleotide position 281 of SEQ 1D NO: 1. In some embodiments,
the nucleic acid encodes cysteine (C) at the aming acid position corresponding to

position 281 of SEQ [0 NO: 1. In some embodiments, the nucleic acid has at least
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one mutation from the parental wild-type SMO at a nucleotide position corresponding
¢ nucleotide position 841, 842, and/or 843 of SEQ ID NO: 5. In some embodiments,
the percent identity is 85%, 86%, 87%, 88%, 89%, G(1%, 91%, 92%, 93%, 94%, 95%,
86%, 97%, 98%, 99% or 100% with SEQ 1D NO:S providing that there is at least one
mutation at a nucleotide position corresponding o positions 841, 842, and/or 843 of
SEQ IDNO: 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 aming acid position
corresponding to position 408 of the wildtype SMO amino acid sequence. In some
cembodiments nucleic acids 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 sequence of SEQ [D NO: 5, and which contain at least
one mutation such that the nucleic acid encodes a SMO polypeptide comprising an
amino acid other than soleucine (I) 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 4068 of SEQ 1D NO: 1.
In some ershodiments, the nucleic acid has at least one vutation from the parental
wild-type SMO at a nucleotide position corresponding to position 1222, 1223 and/or
1224 of SEQ D NO: 5. In some embodiments, the percent identity is 85%, 86%,
87%, 88%, 89%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
with SEQ 1D NO: § providing that there 1s at least one montation at a nucleotide
position corresponding to positions 1222, 1223 and/or 1224 of SEQ IDNO: 5

some embodiments, the disclosure provides for an isolated nucleic acid molecule
encoding 2 mutant SMO protein wherein said amine acid sequence comprises an
aming acid other than alanine at the amino acid position corresponding to position
459 of the wildtype SMO amino acid sequence. In some embodiments nucleic acids
comprise a sequence that is at least 80%, 83%, 86%, §7%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the nucleic acid
sequence of SEQ ID NG:S5 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 D NO: L

some embodiments, the nucleic acid encodes valine (V) at the amino acid position

corresponding to position 459 of SEQ ID NG: 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 1375, 1376, and/or 1377 of SEQ IDNG: 5. In
some embodiments, the percent identity is 85%, 86%, 87%, 88%, 89%, 90%, 1%,
2%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ 1D NO: 5 providing
that there is at least one muiation at a noclegtide position corresponding to positions
1375, 1376, and/or 1377 of SEQ 1D NO: 5. In some ombodiments, the disclosure
provides for an isolated nucleic acid molecule encoding a mutant SMO protein
wherein said amino acid sequence comprises an amine acid other than serine at the
aming acid position corresponding to position 533 of the wildtype SMO amino acid
sequence. Insome erbodiments nucleic acids comprise a sequence that is at least
8%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 9%, 97%, 98%,
59% o1 100% identical to the nucleic acid sequence of SEQ 1D NO:S, and which
contain at least one mutation such that the nucleic acid encodes a SMO polypeptide
comprising an amino acid other than serine (S) at the amimo acid position
corresponding to position 533 of SEQ ID NO: 1. In some embodiments, the nucleic
acid cncodes asparagine (N} at the amine acid position corresponding to position 533
of SEQ 1D NO: 1. In some embodiments, the nucleic acid has at ieast one mutation
from the parental wild-type SMO at a nuclecotide 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%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%,
59% or 100% with SEQ D NO:S providing that there is at least one outation at a
nuclootide position corresponding to positions 1597, 1598 and/or 1599 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 amine acid other than tryptophan at the aminoe acid position
corresponding to position 535 of the wildtype SMO amino acid sequence. In some
embodiments nucleic acids comprise a sequence that is at feast 80%, 85%, 86%, 87%,
RR%, §9%, 90%, 91%, 92%, 93%, 94%, 5%, 96%, 97%, 98%, 99% or 100%
identical {o the nucleic acid sequence of SEQ ID NG:S and which contain at least one
matation such that the nucleic acid encodes a SMO polypeptide comprising ag anying
acid other than wryptophan (W) at an amino acid position corresponding to position
535 of SEQ ID NG: 1. In some embodiments, the nucleic acid encodes leucine (L) at

a nucleotide position corresponding to amino acid position 535 of SEQ IDNO: 1. 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 I NO: 5. In some cmbodiments, the percent iderdity is 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 6, 99% or 100% with
SEQ D 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

some embodiments rmucleic acids comprise a sequence that is at least 80%, 85%, 86%,
R7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identical (o 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 any one
or more of the amino acid alterations indicated in Table 4 (See, Example 6).

The disclosure also contemplaies fragments of such nucleic acids that spao the
region of the mutations described above 1n fragments that are at least 20 nucleotides
n length. In some embodiments, the nucleotide fragments are 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 80, 95, or 100 nuclectides in length. The fragments may be
any length that spans the region of the mutations described above up o the full length
matant SMO-encoding nucleic acid molecule. Isolated vwtant SMO and fragments
thereof may be used, for example, for hybridization, to generate primers and probes
for the prognostic and diagnostic assays of the disclosure, and for expression in
recomubinant systems (such as o 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 nacleic acid probes which may be used to identify the
mutant SMO nucleic acid molecule in the methods of the disclosure. Nucleic acid
sanyples derived from tissue suspected of having a moutant SMO or from Hssue
wherein the status of SMO is unknown may be screened using a specific probe for
mutant SMO using standard procedures, such as described in Sambrook ef af.,
MOUBECULAR CLONING: A LABORATORY MANUAL, Cold Spring Harbor Laboratory
Press, NY, 1989). Alternatively, the nucleic acid encoding SMO may be amplified
from the tissue and probed with a specific probe of the disclosure to determine the
presence of absence of mutant SMO. PCR methodology is well known in the art
(Sambrook ef af., supra; Dieffenbach ef o, PCR PRIMER: A LABORATORY MANUAL,
Cold Spring Harbor Laboratory Press, NY, 19951,
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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 gencration of anti-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 SMO nacleic acids, or portions thereof, may be used as
hybridization probes for identifying mutant SMO.

Optionally, the length of the probes will be about 20 1o about 50 bases. The
hybridization probes may be derived from at least the nustant region of the full length
mutant SMO nuclectide sequence.

By way of example, a screcning method will comprise isclating the coding
region of nutant SMO using the known DNA sequence to synthesize a selected probe
of about 40 bases. Hybridization probes may be labeled by a variety of labels,
nchuding radionuclcotides such as **P or °S, or enzymatic labels such as afkaline
phosphatase coupled to the probe via avidin/biotin coupling systems. Labeled probes
having a sequence complementary 1o that of the mutant SMO gene of the present
disclosure can be used to screen librarics of human ¢cDNA, genomic DNA or mRNA
to deterovdne which members of such libraries the probe hybridizes to.  Hybrudization
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 siringency, are provided in
Sambrook ef al., supra.

Sequences identified in such library sereening methods can be compared and
aligned to the known sequences for SMO and mutant SMQO. Sequence identity at any
of the first, second, fifth, sixth or seventh transmembrane domains, at the carboxy-
termimal 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 SMU-encoding vucleic 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 (sense) or nuitant

SMO DNA (antisense) sequences. Antisense of 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 mucleotides, and, in some embodiments, from about 14 to 30 nucicotides.

The ability to derive an antisense or 4 sense oligonueleotide, based upon a cDNA

(881

sequence encoding a given protein is described in, for example, Stein and Cohen
(1988} Cancer Res. 48:2659 and van der Krol ef ¢, (1948) RioTechnigues 6:958.

In some embodiments, the disclosure provides for nucleic acids capable of
inhibiting expression of any of the mutant SMO nocleic acids described herein.
Binding of antisense or sense oligonucicotides to target nucleic acid sequences results
10 in the formation of dupiexes that block transcription or translation of the targe
sequence by one of several means, including enhanced degradation of the duplexes,
premature termination of transcription or translation, or by other means. Such
methods are encompassed by the present disclosure. The antisense oligonucleotides
thus may be used to block expression of mutant SMO proteins, wherein those mutant

SMO proteins may play a role in the resistance of cancer in mammals to

..
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chemotherapeutics such as GDC-(448. Antisensc or sensc oligonucicotides further

comprise oligonucleotides having modified sugar-phosphodiester backbones (or other

sugar Hnkages, such as those deseribed in WO 91/06629) and wherein such sugar

linkages are resistant to endogenous nucleases. Such oligonucleotides with resistant
20 sugar linkages are stable in vive (i.e., capable of resisting enzymatic degradation) bur

retain sequence specificity to be able to bind to target nuecleotide sequences.

Specific examples of antisense compounds usefud for inhibiting expression of
mutant SMO proteins inchide oligonucieotides containing modified backbones or

non-natural infermucleoside linkages. Oligonucleotides having modified backbones

[\l
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mclade those that retain a phosphores atom in the backbone and those that do not

have a phosphorus atom in the backbone. For the purposes of this specification, and
as sometimes referenced in the art, modified oligomuciootides that do not have a
phosphorus atom in their internucleoside backbone can also be considered to be
ohigomicleosides. In some embodiment, modified oligonucleotide backbones inchude,
30 for cxample, phosphorothioates, chiral phosphorothioates, phosphorodithioates,
phosphotriesters, aminocalkyiphosphotri-csters, methyl and other alkyl phosphonates

mclading 3'-alkylene phosphonates, 5-alkylene phosphonates and chiral

phosphonates, phosphinates, phosphoramidates inchuding 3'-amino phosphoramidaic
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and aminealkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkyiphosphotriesters, selenophosphates and boranc-phosphates baving normal
3-8 linkages, 2'-5' linked analogs of these, and those having inverted polarity wherein
one or more intermnucleotide nkages is a 3't0 3, 510 5" or 210 2’ linkage. In some
embodiments, oligonucleotides having inverted polarity comprise a single 3't0 3'
linkage at the 3"-most internucleotide linkage i e. a single inverted nucleoside residue
which may be abasic (the nucleobase 1s missing or has a hydroxyl group in place
thercot). 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.5. 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
5,571,799; 5,587,361, §5,194,599; 5,565,555; 5,52 S, 721.218; 5,672,697 and

J
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5,625,050, cach of which is herein incmporaied by reference.

In some embodiments, the nucleic acid comprises modified nucleotides or
madified oligonucicotide backbones. In some embodimends, moditicd
oligonucleotide backbones that do not include a phosphorus atom therein have
backbones that are formed by short chain alkyl or eycloalkyl internucleoside linkages,
mixed heteroatom and alkyl or cycloalkyl imternucleoside linkages, or one or more
short chain heteroatomic or heterocyelic internucieoside hinkages. These include
those having morpholine linkages (formed i part from the sugar portion of a
nucleoside); siloxane backbones; sulfide, sulfoxide and sulfone backbones;
formacetyl and thioformacety! backbones; methylene formaceiyl and thioformacetyl
backbones; riboacetyl backbones; alkene containing backbones; sulfamate backbones;
methyleneimine and methylenchydrazine backbones; sulfonate and sulfonamide
backbones; amide backbones; and others having mixed N, O, 5 and CH.sub.2
component parts. Representative United States patents that teach the preparation of
such oligonucleosides include, but are not mited to: ULS. Patent Nos.: 5,034,506;

5.166,315; 5,185,444; 5,214,134; 5,216,141; 5,235,033, 5,264,562, 5,264,564;
5,405,938; 5,434,257, 5,466,677, 5,470,967, 5,489,677, 5,541,307; 5,561,225;
5,596,086; 5,602,240; 5,610,289; 5,602,240; 5,608,046; 5,610,289; 5,618,704;

64

PCT/US2015/014496



WO 2015/120075 PCT/US2015/014496

Attorpey Docket No. CIBT-228-W01

5,623.070; 5,663,312; §,633,360; 8,677,437, §,792,608; 5,646,269 and 5,677,439,
cach of which is hercin incorporated by reference.
In seme crubodiments of antisense oligemucleotides, both the sugar and the

miernucleoside hinkage, i.e., the backbone, of the nucleotide units are veplaced with

(881

novel groups. The base units are maintained for hybridization with an appropriate

nucleic acid target compound. One such oligomeric compound, an oligonucieotide

mimetic that has been shown 1o have excellent hybridization properties, is referred to

as a peptide nucleie acid (PNA)Y. In PNA compounds, the sugar-backbone of an

oligonucleotide is replaced with an amide containing backbone, in particular an

10 aminocthylglycine backbone. The nucleobases are retained and are bound divectly or
mdirectly to aza nitrogen atoms of the amide portion of the backbone. Representative
Uniled States patents that teach the preparation of PNA compounds inclade, but are
not fimited to, U.S. Patent Nos.: 5,539,082; 5,714,331; and 5,719,262, cach of which
18 herein incorporated by reference. Further teaching of PNA compounds can be

15 found in Nielsen ef ¢l (1991) Science 254:1497-1500.

In some cmbodiments, antisense oligonucleotides fncorporate
phosphorothioate backbones and/or heteroatom backbones, and in particular -CHp-
NH-O-CHy-, -CHz-N(CH3)-O-CHy- (known as a methylene (methylimino) or MMI
backbone}, CH;OI\(CH",\)CH'), CH;N(CH;)N{CH@)CH) and ON(CH;)CH')

20 CH»- (whercin the native phosphodiester backbone s represented as -O-P-0O-CHj-)
described in the above referenced ULS. Patent No. 5,489,677, and the amide
backbones of the above referenced U.S. Pailent No. 5,602,240, In some embodiments,
antisense oligonucleotides have morpholine backbone stractures of the above-

referenced U.S. Patent No. 5,034,506.
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Modified oligonocleotides may also contain one or more sabstituted sugar
moictics. In some crmbodiments, oligonucicotides comprise one of the following at
the 2' position: OH; F; O-alkyl, S-alkyl, or N-alkyl, O-alkenyl, S-alkeyayl, or N-
alkenyl; O-alkynyl, S-alkynyl or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyi,
alkenyl and alkynyl may be substituted or unsubstituted C1 to C10 alkyl or C2 10 C10
30 alkenyl and alkynyl In some embodimends, the oligonucleotides are
OUCH RO nCHs, O(CH),OCH,, O{CH )NH, O(CH2).CHs, O(CHZ),0ONH;, and
G(CH L ON[{CH),CHi ), where 1 and m are from 1 to about 10, In some

embodiments, antisense oligonucieotides comprise one of the following at the 2’
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position: Cl to C10 lower alkyl, substituted lower alkyl, alkenyl, alkynyl, alkaryl,
aralkyl, Q-alkaryl or O-aralkyl, SH, SCH;, OCN, CL, Br, CN, CF;, OCF;, SOCH;,
850y CHy, ONQOy, NOy, Ns, NH;, heterocycloalkyl, heterocycloalkarvl,

aminoalkylamine, polyalkylamino, substituted silyl, an RNA cleaving group, a

(&)

reporter group, an intercalator, a group for improving the pharmacokinetic properties
of an oligonucieotide, or a group for improving the pharmacodynamic properties of an
ohigonucleotide, and other substituents having similar properties. In some
embodiments, a modification includes 2'-methoxyethoxy (2-0-CHCH,OCH,, also
known as 2'-0-(2-methoxyethyly or 2'-MOE) (Martin er af. {1995} Helv. Chim. Acia
10 78:486-504) i.e, an alkoxyalkoxy group. In some embodiments, a modification
melades 2-dimethylamincoxyethoxy, i.e., a O(CH0OMN(CHs ) group, also known as
2-DMAQE, as described in examples hereinbelow, and 2'-
dimethylaminocthoxyethoxy {also known in the art as 2-0-
dimethylaminocthoxyethyl or 2-DMAEQOE}, 1.e., 2-0-CHp-O-CHp-N{CH3).
i5 In some embodiments, a modification includes Locked Nucleie Acids (ENAs)
in which the 2'-hydroxy! group is linked to the 3' or 4' carbon atom of the sugar ring
therchy forming a bicyclic sugar moicty, The Hnkage is, in some embodimenis, a
methelyne (-CHy-), group bridging the 2 oxygen atom and the 4’ carbon atom
wherein nis 1 or 2. LNAs and preparation thercof are described in WO 98/39352 and
20 WO 99/14226.
In some embodiments, modifications include 2'-methoxy (2'-0O-CH3), 2"-
aminopropoxy (2-OCHCHCHoNH,), 2'-allyl (2-CH,-CH=CH;}, 2"-G-allyl {(2'-O-
CHy-CH=CH,} and 2'-floore {2'-F). The 2'-modification may be in the arabino {(up)

position ot ribo (down) position. fo some embodiments, a 2'-arabino modification is

[\l
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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 ohigonucheotides and the 5' position of 5" torminal nucleotide.
Oligonucleotides may also have sugar mimetics such as cyclobuty! moieties in place
of the pentoturanosy! sugar. Representative U.S. patents that teach the preparation of

30 such modificd sugar structures include, but are not lunited to, U.S. Patent Nos.:

4,981,957, 5,118,800; 5,319,080; 5,359,044; 5,393 §78; 5,446,137; 5,466,784,
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; §5,646,265; S,658,873; 5,670,633; 5,792,747; and 5,700,920,
cach of which is herein incorporated by reference in ils entirety.

In some erbodiments, oligomucleotides may also include nucieobase (otion
referred to in the art simply as “base”) modifications or substitutions. As used herein,
“unmodified” or “nateral” nucleobases mehide the purine bases adenine (A) and
guanine {5}, and the pyrimidine bases thymine (T), cytosine () and uracil (1),
Modified micleobases include other synthetic and natural nucleobases such as 3-
methyleytosine (5-me-C), S-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-
amincadening, 6-methy! and other alkyl derivatives of adenine and guanine, 2-propyl
and other alkyl derivatives of adenine and guanine, 2-thicuract, 2-thiothymine and 2-
thiocytosing, S-halouracil and cytosine, S-propynyl (-C=C-CHj or -CHy-C=CH} uracil
and cytosine and other alkynyl derivatives of pyrimidine bases, 6-azo uracil, cyiosine
and thymine, 5-uracil {pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thicl, §-
thioatkyl, 8-hydroxyl and other 8-substitisted adenines and guanines, 5-halo
particularly S-bromo, 5-triflusromethy! and other 5-substituted uracils and cytosines,
7-methylguanine and 7-methyladenine, 2-F-adenine, 2-amino-adeninge, 8-azaguanine
and 8-azaadening, 7-deazaguaning and 7-deazaadenine and 3-deazaguanine and 3-
deazaadenine. Further moditied nucleobases mnclude tricychic pyrimidines such as
phenoxazine cytidine (1 H-pyrimido[5,4-bi{ 1. 4ibonzoxazin-2{3H}-one), phenothiazine
cytidine (1 H-pyrimido[5,4-b][1 4ibenzothiazin-2(3H-one), G-clamps such as a
substituted phenoxazine cytidine {e.g., 9-(2-aminoethoxy)-H-pyrimido[5,4-
b1, 41benzoxazin-2(3H }-one), carbazole cytidine CH-pyrimidof4,5-blindol-2-one),
pyridoindole cytidine (H-pyrido[3,2":4,5 pyrroiof2.3-djpyrimidin-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 nucleobases include those disclosed in ULS.
Patent No. 3,687,808, those disclosed in THE CONCISE ENCYCLOPEDIA OF POLYMER
SCIENCE AN ENGINERRING, Kroschwitz, L1, ed., John Wiley & Sons, 1994, pp. 858-
859, and those disclosed by Englisch ef ¢/, ANGEWANDTE CHEMIE, INTERNATIONAL
EDTioN, Wiley-VCH, Germany, 1991, 30:613. Certain of these nucleobases are
particularly usefid for fncreasing the binding affinity of the oligomeric compounds of
the disclosure. These include S-substituted pyrimidines, 6-azapyrimidines and N-2,

N-6 and O-6 substituted puorines, including 2-aminopropyladenine, 5-propynyloracil
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and S-propynyleytosine. S-methyleytosine substinstions have been shown to increase
nucleic acid duplex stability by 0.6-1.2 °C. (Sanghvi ef af. ANTISENSE RESEARCH AND
APPLICATIONS, CRC Press, Boca Raton, 1993, pp. 276-278) and are possible base
substitutions, even more particularly when combined with 2'-O-methoxyethy] sugar
modifications. Representative U.S. patents that teach the preparation of modified
mucleobases include, but are not limited to: U.S. Patent No. 3,687,808, as well as U.S.
Patent Nos.: 4,845,205; 5,130,302; 5,134,066; 5,175,273; 5,367,066; 5,432,272;
5.457,187; 5,459,255; §,484,908; §,502,177; §,528,711; 5,552,540; 5,587,469;
5,594,121, §5,596,091; 5,614,617; 5,645,985; 5,830,653; 5,763,588, 6,005,096;
3,681,941 and 5,750,692, cach of which is herein jncorporated by referenc
Another modification of antisense oligonucleotides involves chemically

inking to the oligonucleotide one or more moigtics 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 hydroxyi groups. Conjugate groups
of the disclosure inchude iniercalators, reporter molecules, polyamines, polyamides,
polyethylenc glycols, polyethers, groups that enhance the pharmacodynamic
properties of oligomers, and groups that enhance the pharmacokimetic properties of
oligomers. Typical conjugates groups include cholesterols, Hipids, cation lipids,
phospholipids, cationic phospholipids, biotin, phenazine, folate, phenanthriding,
anthraquinene, acridine, fluoresceins, rhodamines, coumaring, and dyes. Groups that
enhance the pharmacodynamic properties, in the context of this disclosure, include
groups that improve oligomer uptake, enbance oligomer resistance to degradation,
and/or strengthen sequence-specific hybridization with RNA. Groups that enhance the
pharmacokinetic properties, in the context of this disclosare, include groups that
improve oligomer uptake, distribution, metabolism or excretion. Conjugate moieties
mclude but are not Hmited to lipid moicties such as a cholesterol moicty (Letsinger ef

al (1989 Proc. Natl Acad. Sci. US4 86:6553-6556), cholic acid (Mancharan ef al.
{1994} Bivorg. Med. Chem. Lett. 4:1053-1060), a thioether, e.g., hexyl-S-tritylthiol
{(Manoharan ef af. (1992} dnn. N.Y. Acad. Sci. 660:306-309; Mancharan e af. (1993}
Bicorg. Med. Chem. Lett, 3:2765-277(), a thiccholesterol (Oberhauser ef ol (1992)
Nucl, Acids Res. 20:533-538), an abiphatic chain, e.g., dodecandiol or undecyl

residues (Saison-Behmoaras of ¢f. (1991 EMBO J. 10:1111-1118; Kabanov ef o/
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(1990) FEBS Lete. 259:3271-330; Svinarchuk et af. (1993) Biochimie 75:49-54, a
phospholipid, e.g., di-hexadecyl-rac-glycerol or triethyi-ammonium 1,2-di-O-
hexadecyl-rac-glycero-3-H-phosphonate (Mancharan et af. (1995) Ferrahedron Leit.
36:3651-3654; Shea et al. {1990) Nucl Acids Res. 18:3777-3783), a polyamine or a
polyethylene glycol chain (Manoharan ef of. (199S5) Nucleosides & Nucleotides
14:969-973), or adamantane acetic acid (Manoharan ef i, (1995} Tetrahedron Lett,
36:3651-3654), a palmityl moiety (Mishea et al. (1995) Biochim. Biophys. Acta
1264:229-237), or an octadecylamine or hexylaminge-carbonyl-oxycholesterol moiety.
Oligonucleotides of the disclosure may also be conjugated to active drug substances,
for example, aspirin, warfarin, phenylbutazone, ibuprofen, suprofen, fenbufen,
ketoprofen, (S)-(+)-pranoprofen, carprofen, dansylsarcosine, 2,3, 5-tritiedobenzoic acid,
flufenamic acid, folinic acid, a benzothiadiazide, chlorothiazide, a diazeping,
mdomethicin, a barbiturate, a cephalosporin, a sulfa drug, an antidiabetic, an
antibacterial or an antibiotic. Oligonucleotide-drug conjugates and their preparation
are described in U.S. Patent Nos.: 4,828,979 4 948 BR2Z: 5,218,105, 5,525,465;
5.541.313; 5,545,730; §,552,538; 5,578,717, 5,580,731, 5,580,731, 5,591,584;
5.009,124; 5,118,802; 5,138,045; 5,414,077, 5,486,603, 5,512,439; 5,578,718;
5.608,046; 4,587,044, 4,605,735; 4,667,025, 4,762,779, 4,789,737, 4,824,941
4,835,263; 4,876,335; 4,904,582, 4,958,013; 5,082,830; 5,112,963, 5
LRZ,830; 5,112,963; 5,214,136; 5,245,022; 5,254 ,469; 5,258,506; 5,262,5:
272,
510,
587,

o
]

Q\
w#w

[5]
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50; 5,292,873; 5,317,098; 5,371,241, 5,391,723, 5
475,

o
s
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[5]
S

; 5,512,667, 5,514,78S; 5,565,552; 5,567,810; 5,574,142; 5,585,481;
71; 5,395,726: §,397,696; §,599,923; 5,599,928; 5,688,941 and 6,656,730
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cach of which is berein incorporated by reference.

It 1s not necessary for all posttions in a given compound to be uniformly
modified, and in fact more than one of the aforementioned modifications may be
meorporated in a single compound or even at a single nucleoside withio an
ohgonucleotide. The present disclosure alse includes antisense compounds which are
chimeric compounds. “Chimeric” antisense compounds or “chimeras,” in the context
of this disclosure, are antisense compounds, particularly oligonucleotides, which
contain two or more chemically distinet regions, cach made up of at lcast one
monomer unit, /e, a nucleotide in the case of an oligonucisotide compound. These

oligonucleotides typically contain at least one region wherein the oligonucleotide is
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maodified so as to confer upon the oligonucleotide increased resistance to nuclease

degradation, increased cellular uptake, and/or increased binding affinity for the target
nucleic acid.  An additional region of the oligonucleotide may serve as a substrate for
enzymes capable of cleaving RNAIDNA or RNACRNA hybrids. By way of example,

RNase H is a cellular endonuclease which cleaves the RNA strand of an RNA:DNA

(881

duplex. Activation of RNasc H, therefore, resalts in cleavage of the RINA target,
therchy greatly enhancing the efficiency of oligonucleotide inhibition of gene
expression. Consequently, comparable results can often be obtained with shorter
ohigonucleotides when chimeric oligonucieotides are used, compared to

10 phosphorothioate deoxyoligonucleotides hybridizing to the same target region.
Chimeric antisense compounds of the disclosure may be formed as composite
structures of two or more oligonucleotides, modified oligonucleotides,
cligorucleosides and/or oligonucieotide mimetics as described above. v some
embodiments, chimeric antisense oligonucleotides incorporate at least one 2" modified

sugar {e.g., 2-O-(CHy}-0O-CHs) at the 3' terminal to confer nuclease resistance and a

o""
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ogion with at least 4 contiguous 2'-H sugars to confer RNase H activity, Such
compounds have also been referred to in the art as hybrids or gapmers.  In some
embodiments, gapmers have a region of 2' modified sugars (e.g., 2'-0-(CHz)-0-CH3}
at the 3'-torminal and at the 5 terminal separated by at least one region having at least
20 4 contiguous 2'-H sugars and, in some embodimends, incorperate phosphorothicate
backbone linkages. Representative United States patents that teach the preparation of
such hybrid stroctures imnclude, but are not limited to, U.S. Patent Nos.: 5,013,830
5.149.797; 5,220,007; 5,256,775 5,366,878; 5,403,711; 5,491,133; 5,565,350,

s

3,623,065, 5,652,355, 5,652,356, and 5,700,922, cach of which is herein incorporated

[\l
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by reference in its entirety.

The antisense compounds used in accordance with this disclosure may be
conveniently and routinely made through the well-known tochnique of solid phase
synthesis. Equipment for such synthesis is sold by several vendors including, for
example, Applied Biosystems (Foster City, Calif). Any other means for such
30 synthesis known io the art may additionally or alternatively be coploved. 1t is well
known to use similar techmiques to prepare oligonucleotides such as the
phosphorothicates and alkylated derivatives. The compounds of the disclosure may

also be admixed, encapsulated, conjugated or otherwise associated with other
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molecules, molecule stractares or mixtures of compounds, as for example, liposomes,
coeptor targeted molecules, oral, rectal, topical or other formulations, for assisting in
uptake, distribution and/or absorption. Representative United States patents that teach
the preparation of such uptake, distribation and/or absorption assisting formulations
mclade, bat are not limited to, U.S. Patent Nos.: 5,108,921; 5,354,844, 5,416,616;
5,459,127; 5,521,291, 5,543,158; 5,547,932; 5.583,020; 5.591,721; 4,426,330:
4,534,899; 5,013,556; 5,108,921; §,213,804; 5,227 170; 5,264,221, 5,356,633;
5,395,619; 5,416,016; §,417,978; 5,462,854; 5,469,854; 5,512,295; 5,527,528,
334,259, 5,543,152; 5,556,948; 5,580,575; and 5,595,756, cach of which is hercin

(881

\3
\C
b.)

10 incorporated by reference.
Other examples of sense or antisense oligonucleotides inchude those
oligonucleotides which are covalently hinked to organic moietics, such as those
described in WO 90710048, and other moieties that increase atfinity of the

ohgonucleotide for a target nucleic acid sequence, such as poly-(L-lysine). Further

..
wn

still, intercalating agents, such as cllipticine, and alkylating agents or metal complexes
may be attached to sense or antisensc oligonucleotides (o modify binding specificities
of the antisense or sense oligonucleotide for the target nucleotide sequence.

Antisense or sense oligonucleotides may be mtroduced into a cell containing
the target nucleic acid sequence by any gene transfer method, including, for example,
20 CaPOs-mediated DNA transfection, clectroporation, or by using gene transfer vectors
such as Epstein-Barr viras. In one embodiment, an antisense or sense oligonucleotide
is inserted into a suitable retroviral vector. A cell containing the target nucleic acid
sequence is contacted with the recombinant retroviral vector, cither in vive or ex vivo.

Suitable retroviral vectors include, but are not limited to, those derived from the

[\l
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murine retrovirus M-MulV, N2 (a retrovirus derived from M-Mul V), or the double
copy vectors designated DCTSA, DUTSE and DCTSC (see WO 90/13641),

Sense or antisense oligonucleotides alse may be introduced into a cell
containing the target nucleotide sequence by formation of a conjugate with a ligand
binding molecule, as described in WO 91/04753. Suitable ligand binding molecules
30 mchade, but are not Hmited to, cell surface receptors, growth factors, other cytokines,
or other ligands that bind to cell surface receptors. In some embodiments,
conjugation of the ligand binding molecule does not substantially interfere with the

ability of the ligand binding molecule to bind to its corresponding molecule or
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receptor, of block entry of the sense or antisense oligonucleotide or its conjugated
version nto the cell.
Alternatively, a sense or an antisense oligonucieotide may be introduced into a

cell containing the target mucleic acid sequence by formation of an oligonucleotide-

(881

lipid complex, as described in WO 90/10448. The sense or antisense oligonucleotide-
lipid complex is, in some embodiments, dissociated within the cell by an endogenous
lipase.
Antisense or sense RNA or DNA molecules are generally at least about §
nucleotides in longth, alternatively at least about 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
10 17,18, 19,20, 21, 22, 23, 24, 25, 26, 27,28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 70,75,
80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 138, 140, 145, 150, 155, 160, 165,
170, 175, 180, 185, 190, 195, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300,
310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470,
480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640,
15 650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 788, 790, 800, 810,
820, 830, 840, 850, 860, 870, 880, 880, 900, 910, 920, 930, 940, 950, 960, 974, 980,
990, or 1000 nucleotides in length, wherein in this context the term “about” means the
referenced nucleotide sequence length plus or minus 10% of that referenced length.
Nucleotide sequences encoding a mutant SMO can also be used to construct
20 hybridization probes for mapping the gene which encodes that SMO and for the
genetic analysis of individuals with genetic disorders. The nucleotide sequences
provided herein may be mapped to a chromosome and specific regions of 8
chromosome using known technigues, such as in sifw hybridization, Hinkage analysis

against known chromosomal markers, and hybndization screcning with libraries.
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A potential muotant SMO antagonist is an antisense RNA or DNA construct
prepared using antisense technology, where, e.g., an antisense RNA or PNA moelecule
acts to block directly the franslation of mRNA by hybridizing to targeted mRNA and
preventing protein translation. Antisense technology can be used to control gene
expression through triple-helix formation or antisense DNA or RNA, both of which
30 methods are based on binding of 2 polynucleotide to DNA or RNA. For exanple
nucleic acids encoding mutant SMO herein, are used fo design an antisense RNA
sligonucleotide of from abowt 10 to 40 base pairs in length. A DNA oligonucleotide

1s designed to be complementary to a region of the genc involved io transcription
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(iriple helix - see Lee ef al (1979) Nucl. deids Res. 5:3073; Cooney et af. {1988}
Science 241:456; Dervan ef ¢f. (1991) Science 251:1360), thereby preventing
transcription and the production of mutant SMO. The antisense RNA oligonucleotide
hybridizes to the mRNA in vive and blocks transiation of the mENA molecule nto
the mutant SMO (Okane (1991} Newrochem. 56:360); QLIGODEOXYNUCLEOTIDES AS
ANTISENSE INHIBITORS OF GENE EXPRESSION, CRC Press, Boca Raton, FL, 1988).
The oligonucleotides described above can also be delivered to cells such that the
antiscnse RNA or DNA may be expressed in vive to inhibit production of the mutant
SMO. When antisense DNA is used, oligodeoxyribonucleotides derived from the
translation-initiation site, e.g., between about -10 and +106 positiens of the target gene
nucleotide sequence, may be used m some embodiments.

Auny of the nucleic acids are suitable for use in cxpressing mutant SMO
proteins and identifying natural targets or binding partners for the expressed mutant
smoothened proteins (e.g., 4 smoothened protein having a W2R1C, 1408V, A459V,
S533N and/or WS35L mutation). The nucleic acids may also be ased to study mutant
smoothened bicactivity, to purity mutant smoothened and s binding partners from
various cells and tissues, and to identity additional components of the hedgehog

signaling pathway.

. Small Molecules

Potential antagonists of nustant SMO include small molecules that bind to the
stte occupied itn wild-type SMO by GDC-0449, thercby blocking the biclogical
activity of mutant SMO. Exanples of small molecules include, but are not limited to,
small peptides or peptide-like molecules, e.g., seluble peptides, and synthetic non-
peptidyl organic or inorganic compouonds.

Ribozymes are enzymatic RNA molecules capable of catalyzing the specific
cleavage of RNA. Ribozymes act by sequence-specific bybridization to the
complementary target RNA, followed by endonucleolytic cleavage. Specific
ribozyme cleavage sites within a potential RNA target can be identified by known
techniques. For further details see, e.g., Rossi {1994) Current Biology, 4:469-471,
and PCT publication No. WO 97/33551 (published Scptember 18, 1997).

Nucleic acid molocules in triple-helix formation used to inhibit transeription

should be single-stranded and composed of deoxyoucieotides. The base composition
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of these oligonucleotides is designed such that 1t promotes triple-helix formation via
Hoogsteen base-pairing nufes, which generally require sizeable stretches of purines or
pyrimidines on one strand of a duplex. For further details sce, e.g., PCT publication

No. WO 97/33551, supra.

(881

These small molecules can be identified by any one or more of the screening
assays discussed hereinabove and/or by any other screening technigques well known

for those skilled in the art.

HI, Proteins
10 The disclosure provides isolated mutant SMO proteins. Wild-type buman
SMO 18 shown in SEG 1D NO: 1. In some embodiments, the mutant SMO proteins
are partially or fully resistant to vismodegib. In some embodiments, the mutant SMO
proteins are partially or fully resistant fo vismodegib in a cell having an additional
mutation in a gene epcoding a protein in the hedgehog signaling pathway. In some

embodiments, the additional mutation is any of the paiched and/or SUFU mmstations

..
wn

described herein.

In some crubodiments, the disclosure provides for an isolated vuatant SMO
protein comprising an amino acid sequence, wherein the amino acid seguence
comprises an amino acid other than alanine at the amine acid position corresponding

20 to position 239 of the wildtype SMO amino acid sequence. To some embodiments, the
SMO protein comprises an amino acid sequence that is at Jeast 85%, 86%, §7%, 88%,
R8%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ ID NO: 1, provided that there is 3 substitution at amino acid position 239, In
some embodiments, the SMO protein comprises an amine acid sequence that is at

least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

[\l
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99% o1 100% identical to SEQ 1D NO: 1, provided that the amino acid sequence
comprises an amino acid other than alanine (A) at the amino acid position
corresponding to position 239 of SEQ ID NO: 1. In some embodiments, the SMO
protein comprises an aming acid sequence that is at least 85%, §6%, 87%, 88%, §9%,

30 90%, 91%., 92%, 3%, 94%, 95%, 96%, 97%, 98%, 99% or 100% wdentical to SEQ
D NO: 1, provided that the SMO protein comprises a valine (V) at the amino acid

position corresponding to position 239 of SEQ D NO: 1.
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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 tryptophan at the amino acid position

corresponding o position 281 of the wildtype SMO amino acid sequence. In some

(881

embodiments, the SMO protein comprises an amine acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identical 1o SEQ 1D NO: 1, provided that there is a substitution at amino acid
position 281, In some embodiments, the SMGO protein comprises an amino acid
sequence that is af least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,

10 93%, 96%, 97%, 98%, 99% or 100% identical 1o SEQ 1D NO: 1, provided that the
aminoe acid sequence comprises an amino acid other than tryptophan (W) at the amino
acid position corresponding to position 281 of SEQ 1D NO: §. In some cmbodiments,
the SMO protein comprises an amino acid sequence that is at least 85%, 86%, 87%,

88%, §9%, 9095, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 14(%

..
wn

identical to SEQ ID NO: 1, provided that the SMO protein comprises a cysteine (C) at
the amino acid position corresponding (o position 281 of SEQ ID NG: L

In some crubodiments, the disclosure provides for an isolated vuatant SMO
protein comprising an amino acid sequence, wherein the amino acid sequence
comprises an aming acid other than isoleucine at the amino acid position
20 corresponding to position 408 of the wildtype SMO amino acid sequence. fn some
embodiments, the SMO protein comprises an amino acid sequence that is at least §5%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 85%, 96%, 97%, 98%, 99% or
100% identical to SEQ ID NQO: 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 least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 1, provided that the

[\l
(881

amino acid sequence comprises an anyinoe acid other than isoleucine (1} at the amino
acid position corresponding to position 408 of SEQ ID NO: 1. In some embodiments,
the SMO protein comprises an amino acid sequence that is at least 85%, 86%, 87%,

30 88%, 89%, 9%, 919, 92%, 93%, 949, 953%, 96%, 97%, 98%, 99% or 100%
dentical to SEQ [D NO: 1, provided that the SMO protein comprises a valine (V) at
the amino acid position corresponding to posttion 408 of SEQ IDNO: 1.
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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 sequence. In some embodiments, the

(881

SMO protein comprises an amino acid sequence that 1s at least §5%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, §5%, 96%, 97, 98%, 99% or 100% identical to
SEQ ID NO: 1, provided that there is a mutation at amino acid position 439, In some
embodimems, the SMO protein comprises an aminge acid sequence that is at least 85%,
6%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
10 100% identical to SEQ 1D NO: 1, 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 ID NGt 1. In some embodiments, the SMO protein comprises an aming
acid sequeonce that is at least 85%, 86%, 87%, R8%, §9%, 90%, 91%, 92%, 93%, 94%

5%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 1, provided that the

5
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SMO protein comprises a valine (V) at the amino acid position corresponding to
position 459 of SEQ ID NG: 1

In some crubodiments, the disclosure provides for an isolated vuatant SMO
protein comprising an amino acid sequence, wherein the amino acid sequence
comprises an amine acid other than serine at the amino acid position corresponding to
20 position 533 of the wildtype SMO amino acid sequence. fn some embodimemsﬂ the
SMO protein comprises an amino acid sequence that 1s at least 85%, 86%, 87%, 88%,
R8%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ ID NO: 1, provided that there is a muotation at amino acid position 533, In some
embodiments, the SMO protein comprises an andne acid sequence that is at feast 85%,

86%, 87%, 887, 89%, 90%, 91%, 52%, 93%, 94%, 95%, 96%, 97%, 98%, 9% or

[\l
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100% identical to SEQ 1D NO: 1, provided that the amino acid sequence comprises an
aming acid other than serine (S) at the amino acid position corresponding to position
533 of SEQ 1D NO: 1. In some embodiments, the SMO protein comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
30 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO: 1, provided that the
SMO protein comprises a asparagine (N} at the amino acid position corresponding to

position 533 of SEQ ID NC: |
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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 tryptophan at the amino acid position
corresponding o position 535 of the wildtype SMO amino acid sequence. In some
embodiments, the SMO protein comprises an amine acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identical 1o SEQ 1D NG: 1, provided that there is a pustation at amino acid
position 535, In some embodiments, the SMO protein comprises an amino acid
sequence that is af least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,

03%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO: 1, provided that the
aminoe acid sequence comprises an amino acid other than tryptophan (W) at the amino
acid position corresponding to position 535 of SEQ 1D NO: §. In some cmbodiments,
the SMO protein comprises an amino acid sequence that is at least 85%, §6%, 87%,
RR%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identical to SEQ ID NQG: 1, provided that the SMO pmtein comprises a leucine (L) at
the amino acid position corresponding to position 535 of SEQ ID NG: L

In some crobodiments, the SMO protein comprises an amino acid sequence
that 1s at least 85%, 86%, 87%, 88%, 9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
G7%, 98%, 99% or 100% identical to SEQ 1D NO: i, provided that the SMO protein
comprises at least ene of the amino acid mutations indicated in Table 4 (See, Example
).

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

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

In some embodiments, the mutant human SMO is shown in SEQ 1D NO:3
wherein amino acid 459 is shown as *“Kaa” which, with respect o this application
stands for any aming acid other than alanine (A). In some embodiments, the Xaa is

valine (V}.
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In some embodiments, the mutant human SMO is shown in SEQ IDNG: 7
wherein amino acid 533 is shown as “Xaa” which, with respect (o this application
stands for any amino acid other than serine (S). In some crobodiments, the Xaa is
asparaging {N).

In some embodiments, the Xaa is valine (V). In some embodiments, the
mutant human SMO is shown in SEQ 1D NO: 4 wherein amino acid 535 is shown ag
“Xaa” which, with respect to this application stands for any amino acid other than
ryptophan (W), In some embodiments, the Xaa is leucine (L),

In some cmbodiments, any of the mutant SMO proteins lack the N-terminal
methionine corresponding to position 1 of any of SEQ 1D NOs; 1-9.

Mutant SMO and fragments thereof may be produced in recombinant systems
as is well known in the art using the mutant SMO nucleic acids described herein
Such nucleic acids may be incorporated into expression vectors as are well-known in
that art and transfected into host cells, which may be prokaryotic or eukaryotic cells
depending on the proposed use of the protein. Full length or fragments of mutant
SMO {in which the fragments contain at lcast, a sccond fransmembrane domain of
SMO and position 281 of human SMO, a fifth transmembrane domain of SMO and
position 408 of human SMO, a sixth transmembrane domain of SMO and position
459 of human SMO, and/or the seventh transmembrane of SMO and position 533 or
535 of human SMO.} may be used as inumumogens to produce antibodies of the
disclosure, or to purify antibodies of the disclosure, for example.

In some cmbodiments, the SMO protein or fragment thereof has at least one of
the same biclogical activitics of a wildtype SMO polypeptide (e.g., a SMO protein
having the amino acid sequence of SEQ 1D NO: 11 In some embodiments, a mutant
SMO protein {e.g., a SMO protein having a mutation at amine acid positions
corresponding to aming acids 439 of SEQ ID NO: 1} has increased basal biclogical
activity as compared to wildtype SMO protein {e.g., a SMO pretein having the amino
acid sequence of SEQ 1D NO: 1), By the terms "biological activity”, "bloactivity” or
"functional” is meant the ability of the SMO protein or fragment thereof to carry out
at least one of the functions associated with wildtype SMO proteins, for example,
transducing the hedgehog signaling pathway and/or inducing Ghl expression. In

certain embodiments, the SMO protein binds kinesin motor protein Costal-2. The
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terms "biological activity”, "hioactivity”, and "functional” are used mterchangeably
herein.

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

In some embodiments, the SMO and mutant SMO proteins described herein
comprise 3 smoothened gaim-of-function mutation. In some embediments, the gain-
of-function smoothened mutation resulis in a constitutively active smoothened protein.
In certain embodimerds, the mutation in Smoothened comprises a mutation at any of
the specific positions, such as position corresponding to a particular position in SEQ
13 NO: 1, as set forth above with respect to the screening assay. See, e.g., WO
201 1/028950 and WOZ201204796%, cach of which is incorporated by reference. In
some embodiments, the smoothened mutation 13 a mutation at a position
corresponding 1o position 535 of SEQ 1D NG: 1. In certain embodiments, the
mutation is a mutation at a position corresponding to position 562 of SEQ 1D NO: 1.
In certain embodimerts, the routation is WS35L, at position 535 or at that
corresponding position in SEQ ID NO: . In some embodiments, the smoothened
mutation is a mutation corresponding to position R5620 of SEQ 1D NO: 1 (a R562Q
mtation at position 562 or at 2 position corresponding to position 562 of SEQ 1D
MNO: L In some embodiments, the smoothened nustation is 8 mutation at a position
corresponding {o position 412 of SEQ D NO: 1, such as a L412F at such a position of
SEQ 1D NO: 1. Insome embodiments, the smoothened mutation has a nwtation that
renders it resistant t0 cerfain smoothened inhibitors. In some embodiments, the
smoothened protein comprises an alternative amino acid alteration at amino acid

position 518 of SEQ 1D NG 1 or at a posttion corresponding to position 518 of SEQ
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1D NG: 1. In some embodiments, the amine acid alteration 15 E518K or EST18A
substitution at the amino acid position corresponding to amino acid position 518 of
SEQ I3 NO: 1 In seme embodiments, the smoeothened protein comprises an aming

acid alteration at amino acid position 473 of SEQ 1D NG: 1 or at a position

(881

corresponding to position 473 of SEQ ID NG 1.

In some embodiments, any of the SMO proteins described herein {e.g., any of
the mutant SMO proteins described herein) 1s fused to another agent. In some
embodiments, the SMO protein 1s fused to another polvpeptide,

Any of the mutant SMO proteins described herein are suitable for use in
10 identifying natural targets or binding partners for mutant smoothened proteins {eg., a
smoothened protein having a W281C, [408V, A459V, S5333N and/or WS33L
mutation}). The mutant SMO proteins may also be used to study nwiant smoocthened
bicactivity, to purify mutant smoothened and its binding partoers from various cells

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

1V.  Antibodies

A, Andi-routant SMO Antibodies

In one aspect, the disclosure provides antibodies that bind to SMQO,
particularly mutant SMO. In some embodiments, any of the antibodies disclosed

20 herein specifically bind any of the mutant SMO polypeptides described herein, For

example, a mutant SMO polypeptide comprises an epitope specifically bound by
antibodics of the disclosure. In some embodiments, the antibodies specifically bind
SMO protein that comprises an amine acid sequence that is at least 85%, 86%, 87%,

88%, 89%, 80%, 1%, 92%, 93%, %4%, 95%, 96%, 97%, 98%, 99% or 100%

[\l
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wdentical to SEQ 1D NO: 1, provided that there is a mutation at an aming acid position
corresponding to positions 281, 408, 459, 533 and/or 535 of SEQ 1D NO: 1. Insome
embodiments, the antibodies do not specifically bind a SMO protein having the amino
acid sequence of 3EQ ID NO: 1 or preferentially bind a mutant SMO protein m
comparison to a SMO protein having the amino acid sequence of SEQ IDNO: 1 {e.g.,
30 binding is selective for a mwtant SMO protein). Insome embodiments, the antibodics
do not bind a SMO protein that lacks a mutation at any one of the amino acid

positions corresponding to posttions 281, 408, 459, 533 and/or 533 of SEQ ID NG 1.

&G
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In one embodiment, an anti-SMO antibody 15 @ monoclonal antibody. In one
embodiment, an anti-SMO antibody is an antibedy fragment, e.g., a Fab, Fab’-SH, Fv,
sckv, or (Fab”), fragment. In one embodiment, an anti-mutant SMO antibody s a

chimeric, humanized, or human antibody. In one embodiment, an anti-SMO antibody

(881

1s purified. In certain embodiments, a composition is a pharmaceutical formulation
for the freatment of cancer.

i. Antibody Fragments

The present disclosure encompasses antibody fragments. Antibody fragments
may be generated by traditional means, such as enzymatic digestion, or by
10 recombinant techniques. In certain civcumstances there are advantages of using
antibody fragments, rather than whole antibodics. The smaller size of the fragments
allows for rapid clearance, and may lead to improved access to solid tumors. Fora
review of certain andibody fragmenis, see Hudson ef ¢f. (2003) Nar. Med. 9:129-134.

Various technigues have been developed for the production of antibody

fragments. Traditionally, these fragments were derived via proteclytic digestion of

..
wn

¥

intact antibodies (see, e.g., Morimote ef al., Journal of Riochemical and Riophysical

these fragments can now be produced directly by recombinant host cells. Fab, Fv and
ScFv antibody fragments can all be expressed in and secreted from £, cofi, thus

20 allowing the facile production of large amounts of these fragments. Auntibody
fragments can be isolated from the antibody phage libraries discussed above.
Alternatively, Fab'-SH fragments can be directly recovered from £, ¢ofi and
chemically coupied o form F(ab"), fragments {Carter ef af., Bio/Technology 10:163-

167 (1992)). According to another approach, Flab'h fragments can be isolated directly

[\l
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from recombinant host cell culture. Fab and F(ab'y, fragment with increased in vivo
half-life comprising salvage receptor binding epiiope residues are described in U.S.
Pat. No. 5,869,046, Other techniques for the production of antibody fragments will be
apparent to the skilled practitioner. In certain embodiments, an antibody 1s a single
chain Fv fragment {scFv), See WO 93/16185; U5, Pat. Nos. 5,571,894; and

30 5587458, Fv and scFv arc the only species with intact combining sites that are
devoid of constant regions; thus, they may be suitable for reduced nonspecific binding
during in vive use. scFv fusion proteins may be constructed to yield fusion of an

effector protein at cither the amino or the carboxy termings of an scFv. See Antibody
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Engineering, ed. Bosrehacek, supra. The antibody fragment may also be a “linear
antibody”, e.g., as described in U8, Pat. No. 5,641,870, for example. Such lingar
antibodies may be monospecific or bispecific,

2. Humanized Antibodies

The disclosure encompasses humanized antibodies. Various methods for
huwmanizing non-human antibodies are known in the art. For example, a bumanired
antibody can have one or more amino acid residucs introduced into it from a source
which is non-human. These non-homan aming acid residues are often referred 1o as
“import” residues, which are typically taken from an “import” variable domain.
Humanization can be cssentially performed following the method of Winter and co-
workers (fones ef ¢l (1986) Nawre 321:522-528; Riechmann er af. (1988) Nature
332:323-327; Verhoeyen ef ai. (1988} Science 239:1534-1536), by substituting
hypervariable region sequences for the corresponding sequences of a human antibody.
Accordingly, such “humanized” antibodies are chimeric antibodies (U.S. Patent No.
4,816,567} wherein substantially less than an intact lunan variable domain has been
substituted by the correspending sequence from a non-human species. In practice,
humanized antibodies are typically human antibodics in which some hypervariable
region residues and possibly some FR residues are substituted by residucs from
anafogous sites in rodent antibodies.

The choice of human variable domains, both light and heavy, 1o be used in
making the humanized antibodies can be important to reduce antigenicity. According
i the so-called “best-fit” method, the sequence of the variable domain of a rodent
antibody is screened against the entire library of known human variable-domain
sequences. The buman segquence which is closest to that of the rodent is then accepted
as the human framework for the humanized antibody. See, e.g., Sims ef ¢f, (1993) 7.
Immunod 151:2296; Chothia of ¢l (1987) .0 Mol Biol. 196:901. Another method
uses a particular framework derived from the consensus sequence of all uman
antibodics of a particalar subgroup of light or heavy chains, The same framework
may be used for several different humanivzed antibodies. See, e.g., Carter ¢f ¢f, {1992)
Proc. Natl. Acad. Sci. US4, 89:4285; Presta ef al. (1993) J. fmmunol,, 1512623,

It 1s further generally desirable that antibodies be humanized with retention of
high affinity for the antigen and other favorable biological properties. To achicve this

goal, according to one method, humanized antibodies are prepared by a process of
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analysis of the parental sequences and various conceptual hurmanized products using
three-dimensional models of the parental and humanized sequences. Three-
dimensional immunoglobulin models are commonly available and arc familiar to

those skilled in the art. Computer programs are available which illustrate and display

(881

probable three-dimensional conformational structures of selected candidate
immunoglobulin sequences. Inspection of these displays permits analysis of the likely
role of the residues in the functioning of the candidate immumoglobulin sequence, ie.,
the analysis of residues that infhience the ability of the candidate tmmanoglobulin to
bind its antigen. In this way, FR residues can be selecied and combined from the
10 recipient and import scquences so that the desired antibody characteristic, such as
mereased affinity for the target antigen(s), is achieved. In gencral, the hypervariable
region residues are directly and most substantially involved in influencing antigen
binding.

3. Human Antibodies

Human antibodies of the disclosure can be constructed by combining Fv clone

..
wn

variable domain sequence(s) sclected from human-derived phage display libraries
with knowr human constant domain sequence(s) as described above. Alternatively,
humen monoclonal antibodies of the disclosure can be made by the hybridoma
method. Homan myeloma and mouse-human heteromycloma ccll lines for the

20 production of human monoclonal antibodics have been described, for example, by
Kozbor J. fmmunol,, 133: 3001 (1984); Brodeur ef al., Monoclonal Antibody
Production Technigues and Applications, pp. 5$1-63 (Marcel Dekker, Inc., New York,
1987); and Boerner ef ¢f., J. fmmunol., 147: 86 (1991).

It is now possible to produce transgenic anbmals (e.g. mice) that are capable,

[\l
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vpon immmunization, of producing a full repertoire of human antibodies in the absence
of endogenous immunoglobulin production. For example, it has been described that
the homozygous deletion of the antibody heavy-chain joining region (JH) gene in
chimeric and germ-line mutant mice results in complete inhibition of endogenous
antibody production. Transter of the human germ-line immunoglobulin gene array in
30 such germ-line nwtant mice will result in the production of human antibodies upon
antigen challenge. See, ez, Jakobovits et al, Proc. Natl. Acad. Sci USA, 90 2551
(1993); Jakobovits ef af., Naawe, 362: 255 (1993); Bruggermann ef al., Year in

Tmmunol, 7. 33 (1993},
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Gene shuffling can also be used to derive human antibodics from non-human,
e.g. rodent, antibodies, where the human antibody has similar affinities and
specificities to the starting non-human antibody. According to this method, which s
also called “cpitope imprinting”, cither the heavy or light chain variable region of a
non-human antibody fragment obtained by phage display techniques as deseribed
herein is replaced with a repertoire of human V domain genes, creating 2 population
of non-hurman cham/human chain scFv or Fab chimeras. Selection with antigen
results in isolation of a non-human chain/human chain chimeric scFv or Fab wherein
the human chain restores the antigen binding site destroyed upon removal of the
corresponding non-human chain in the primary phage display clone, i.e. the epitope
governs {imprints) the choice of the lwmman chain partner. When the process is
repeated in order to replace the remaining non-human chain, a human antibody is
obhtained (sec PCT WO 93/06213 published April 1, 1993). Unlike traditional
humanization of non-human antibodies by CDR grafting, this technigue provides
completely human antibodies, which have no FR or CER residucs of non-human
origin.

4. Bispecific Antibodies

Bispecific antibodies are monoclonal antibodies that have binding specificitics
for at least two different antigens. In certain embodiments, bispecific antibodies are
huroan or humanized antibodies. ¥o certain embodimerds, one of the binding
specificities is for SMO and the other is for any other antigen. In certain
embodiments, bispecific antibodies may bind to two different epitopes of SMO.
Bispecific antibodics may also be used to localize cytotoxic agents to cells which
express SMO. These antibodies possess a2 SMO-binding arm and an arm which binds
a cytotoxic agent, such as, e.g., saporin, anti-interferon-a, vinca alkaloid, ricin A
chain, methotrexate or radicactive isotope hapten. Bispecific antibodies can be
prepared as full iength antibodics or antibody fragments (e.g. F(ab"), bispecific
antibodies).

Methods for making bispecific antibodies are known in the art. Traditionally,
the recombinant production of bispecific antibodies is based on the co-cxpression of
two mmmunoglobulin heavy chain-light chain pairs, where the two heavy chains have
different specificities {Milstein and Cuello, Nature, 305: S37 (1983)). Because of the

random assortment of immunoglobulin heavy and light chains, these hybridomas
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{quadromas} produce a potential mixture of 10 different antibody molecules, of which
only one has the correct bispecific structure. The purification of the correct molecule,
which is usually done by affinity chromatography steps, is vather cumbersome, and
the product yields are low. Similar procedures are disclosed i WO 93/08829
published May 13, 1993, and in Traunecker et al., EMBC.J, 10: 3655 (1991).

According to a different approach, antibody variable domains with the desired
binding specificities (antibody-antigen combining sites) are fused to imnumoglobulin
constant domain sequences. The fusion, for example, 1s with an immumoglobulin
heavy chain constant domain, comprising at least part of the hinge, CHZ, and CH3
regions. In certain embodiments, the first heavy-chain constant region (CH1),
containing the site necessary for light chain binding, 1s present in at least one of the
fusions. DINAs encoding the inununoglobulin heavy chain fusions and, if desired, the
mmmunoglobulin light chain, are inserted into separate expression vectors, and are co-
transtected mto a suitable host organism. This provides for great flexibility in
adjusting the mutial proportions of the three polypeptide fragments in embodiments
when unequal ratios of the three polypeptide chains used in the construction provide
the optimoum yields. It is, however, possible to insert the coding sequences for two or
all three polypeptide chains in one expression vector when the expression of at least
two poelypeptide chains in equal ratios results in high yiclds or when the ratios are of
no particular significance.

In one embodiment of this approach, the bispecific antibodies are composed of
a hybrid immunocglobulin heavy chain with a first binding specificity in one arm, and
a hybrid immunoglobulin beavy chain-light chain pair {providing a sccond binding
spocificity ) in the other arm. ¥t was found that this asymmetric structure facilitates the
separation of the desired bispecific compound from umwanted tmmunoglobulin chain
combinations, as the presence of an immunoglobulin light chain in only one half of
the bispecific molecule provides for a facile way of separation. This approach is
disclosed in WO 94/04690. For further details of generating bispecitic antibodies see,
for example, Suresh er al., Methods in Enzymology, 121210 (1986).

According to another approach, the interface between a pair of antibody
molecules can be engineered to maximize the percentage of heterodimers which are
recovered from recombinant cell culture. The interface comprises at least a part of the

Cy3 domain of an antibody constant domain. In this method, one or more small
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amino acid side chains from the interface of the first antibody molecule are replaced
with larger side chains {e.g. tyrosine or ryptophan). Compensatory “cavities” of
identical or similar size to the large side chain{s) are created on the interface of the
second antibody molecule by replacing large amino acid side chains with smaller ones
(e.g. alanine or threonine). This provides a mechanism for increasing the yield of the
heterodimer over other unwanted end-producis such as homodimers.

Bispecific antibodies include cross-linked or “heteroconjugate” antibodies.
For example, one of the antibodies in the heteroconjugate can be coupled to avidin,
the other to biotin, Such antibodies have, for example, been proposed to target
imamme systom cells to unwanted cells (US Patent No. 4,67

of HIV infection (WO 81/00360, W0 92/00373, and EP (3089). Heteroconjugate

6,980), and for treatment

antibodies may be made using any convenicont cross-finking method. Suitable cross-
linking agents are well known in the art, and are disclosed in US Patent No. 4,676,980,
along with a mumber of cross-hnking technigues.

Techniques for generating bispecific antibodies from antibody fragments have
also been described in the fiterature. For example, bispecific antibodies can be
prepared using chemical linkage. Breunan ef o/, Science, 229: 81 (1985) describe a
procedure wherein intact antibodies are proteolytically cleaved to generate Flab'y
fragments. These fragments are reduced in the presence of the dithiol complexing
agent sodium arsenite to stabilize vicinal dithiols and prevent intermolecular disulfide
formation. The Fab' fragments generated are then converted to thionitrobenzoate
{TNB) derivatives. One of the Fab-TNB derivatives is then reconverted to the Fab'-
thiol by reduction with mercaptocthylamine and is mixed with an equimolar smount
of the other Fab-TNB derivative to form the bispecitic antibody. The bispecific
antibodies produced can be used as agents for the selective immobilization of
ENZYINCS.

Recent progress bas facilitated the divect recovery of Fab'-5H fragments from
E. coli, which can be chemically coupled to form bispecific antibodies, Shalaby ef 4/,
J Exp. Med., 175: 217-225 (1992) describe the production of a fully humanized
bispecific antibody F{ab'; molecule. Fach Fab' fragment was separately secreted
from £. coli and subjected to divected chemical coupling in vitro to form the

bispecific antibody. The bispecific antibody thus formed was able to bind to cells
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overexpressing the HERZ receptor and normal human T cells, as well as trigger the
tytic activity of human cytotoxic lymphocytes against human breast tomor targets.
Various technigues for making and isolating bispecific antibody fragments

directly from recombinant cell culture have also been described. For example,

(881

bispecific antibodies have been produced using leucine zippers. Kostelny of i, J
Immunol, 148(5):1547-1553 {1992). The leucine zipper peptides from the Fos and
Jum proteins were linked to the Fab' portions of two different antibodies by gene
fusion. The antibody homodimers were reduced at the hinge region to form
monomets and then re-oxidized to form the antibody heterodimers. This method can
10 also be utilized for the production of antibody homodimers. The “diabody”
technology described by Hollinger ef ¢l, Proc. Natl, Acad. Sci. US4, 90:6444-6448
(1993} has provided an alternative mechanism for making bispecific antibody
fragments. The fragraents conmprisc a heavy-chain variable domain (VH) connected
to 4 hight-chain variable domain (VL) by a Hnker which is too short to allow pairing

between the two domains on the same chain. Accordingly, the VH and VL domains

..
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of onc fragment are forced to pair with the complomentary VL and VH domains of
another fragoment, thereby forming two antigen-binding sites. Another strategy for
making bispecific antibody fragments by the use of single-chain Fv (sFv) dimers has
also been reported. See Gruber ef all, J fmmunol,, 152:5368 (19943,
20 Autibodics with more than two valencies are contemplated. For example,

trispecific antibodies can be prepared. Tutt ef ol /. fmmunol 147: 60 (1991).

5. Multivalent Antibodies

A mldtivalent antibody may be internalized (and/or catabolized) faster than a

bivalent antibody by a cell expressing an antigen to which the antibodies bind. The
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antibodies of the present disclosure can be muldtivalent antibodies (which are other
than of the 1gM class} with three or more antigen binding sites (e.g. tetravalent
antibodies}, which can be readily preduced by recombinant expression of nucleic acid
encoding the polypeptide chains of the antibody. The multivalent antibody can
comprise a dimerization domain and three or more antigen binding sites. In certain

30 cmbodiments, the dimerization domain comprises (or consists of) an Fe regionor g
hinge region. In this scenario, the antibody will comprise an Fe region and three or
more antigen binding sites amino-terminal to the Fe region. In certain embodiments, a

multivalent antibody comprises {or consists of) three to about eight antigen binding
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sttes. In one such embodiment, a multivalent antibody comprises {or consists of) four
antigen binding sites. The multivalent antibody comprises at ieast one polypeptide
chain (for example, two polypeptide chaing), wherein the polypeptide chainds)

comprise two or more variable domaius. For instance, the polypeptide chainds) may

(881

comprise VDI-{X1n -VD2-(X2m -Fc, wherein VD1 is a first variable domain, VD2
is & second variable domain, Fe is one polypeptide chain of an Fe region, X1 and X2
represent an amino acid or polypeptide, and nis 0 or 1. For instance, the polypeptide
chain{s) may comprise: VH-CHI-flexible Einker-VH-CH1-Fe region chain; or VH-
CHI1-VH-CHI-Fc region chain. The multivalent antibody herein may further

10 comprise at lcast two (for example, four) Hight chain variable domain polypeptides.
The multivalent antibody herein may, for instance, comprise from about two to about
cight light chain variable domain polypeptides. The light chain variable domain
polypeptides contemplated here comprise a light chain variable domain and,
optionally, further comprise a CL domain.

6. Single-Domain Antibodies

..
wn

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

20 a human single-domain antibody (Domantis, Tnc., Waltham, MA; see, e.g, U.S,
Patent No. 6,248,516 B1). In one embodiment, a single-domain antibody consists of
all or a portion of the heavy chain variable domain of an antibody.

7. Antibody Variants

In some embodiments, amino acid sequence modification(s) of the antibodies

[\l
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described herein are contemplated. For example, it may be desirable to improve the
binding affinity and/or other biological properties of the antibody. Amino acid
sequence variants of the antibody may be prepared by introducing appropriate
changes into the nucleotide sequence encoding the antibody, or by peptide synthesis.
Such modifications include, for example, deletions from, and/or insertions nto and/or
30 substuutions of, residues within the amino acid sequences of the antibody. Any
combination of deletion, insertion, and substitution can be made to arrive at the final

construct, provided that the final construct possesses the desired characteristics. The
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aming acid alterations may be infroduced in the subject antibody amine acid sequence
at the time that sequence is made.
A useful method for identification of certain residues or regions of the

antibody that are possible locations for mutagenesis is called “alanine scanning

(881

mutagenesis” as described by Counningham and Wells (1989) Science, 244:1081-1085.
Here, a residue or group of target residucs are identified {e.g., charged residues such
as arg, asp, his, lys, and ghu) and replaced by 4 neutral or negatively charged amino
acid {e.g., alanine or polyalanine) to affect the mteraction of the amino acids with
antigen. Those amino acid locations demonsirating functional sensitivity o the

10 substiutions then are retined by introducing further or other variands at, or for, the
sites of substitution. Thus, while the site for introducing an amine acid sequence
variation is predetermined, the nature of the mutation per se need not be
predetermoined. For example, to analyze the performance of a mutation at a given site,
ala scanning or random mutagenests is conducted at the target codon or region and the

expressed immumoglobuling are sereened for the desired activity.

..
wn

Amino acid sequence insertions include amino- and/or carboxyl-terminal
fusions ranging in length from one residue to polypeptides containing a hundred or
more residues, as well as intrasequence insertions of single or multiple amino acid
residucs. Examples of terminal insertions inciude an antibody with an N-terminal

20 methionyl residue. Other insertional variants of the antibody molecule inchude the
fusion fo the M- or C-terminus of the antibody to an enzyme {e.g. for ADEPTyora
polypeptide which increases the serum half-life of the antibody.

In certain embodiments, an antibody of the disclosure is altered to increase or

decrease the extent to which the antibody is glycosylated. Glycosylation of
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polypeptides is typically cither N-linked or O-linked. N-hnked refers o the
aitachment of a carbohydrate motety to the side chain of an asparagine residue. The
tripeptide sequonces asparagine-X-serine and asparagine- X-threonine, where X is any
amino acid except proline, are the recognition sequences for enzymatic attachment of
the carbohydrate moiety to the asparagine side chain. Thus, the presence of either of
30 these tripeptide sequences in a polypeptide creates a potential gliveosylation site. O-
linked glycosylation refers to the attachment of one of the sugars N-
aceylgalactosamine, galactose, or xylose to a hydroxyamino acid, most commonly

sering or threonine, although S-hydroxyproline or 5-hydroxylysine may also be used.

8%



WO 2015/120075 PCT/US2015/014496

Attorpey Docket No. CIBT-228-W01

Addition or deletion of glycosylation sites 1o the antibody is convendently
accomplished by aliering the amino acid sequence such that one or more of the above-
described tripeptide sequences (for N-linked glycosylation sites) is created or

removed. The alteration may also be made by the addition, deletion, or substitution of

(881

one of more serine or threonine residucs to the sequence of the original antibody (for
O-linked glycosylation sites).
Where the antibody comprises an Fe region, the carbohydrate attached thercto
may be aliered. Native antibodies produced by mammalian cells typically comprise a
branched, biantennary oligosaccharide that is generally attached by an N-linkage to
10 Asn297 of the CH2Z domain of the Fe region. See, eg., Wright ef al. (1997) TIBTECH
15:26-32. The oligosaccharide may include various carbohyvdrates, e.g., mannose, N-
acetyl glucosamine (GleNAc), galactose, and sialic acid, as well as a fucose attached
to a GleNAc in the “stem” of the biantennary oligosaccharide structure. 1o some
embodiments, modifications of the oligosaccharide in an antibody of the disclosure
5 may be made in order to create antibody variants with certain improved properties.
For example, antibody variants arc provided baving a carbohydrate struciure
that lacks fucose attached (directly or indirectly) to an Fc region. Such varianis may
have improved ADCC function. See, e.g., US Patent Publication Nos., US
2003/G157108 (Presta, L.}, US 2004/0093621 {(Kyowa Hakko Kogyo Co., Ltd).
20 Examples of publications related to “defucosylated” or “fucose-deficient” antibody
variants include: US 2003/0157108; WO 2000/61739; WO 2001/29246; US
2003/0115614; US 2002/0164328; US 2004/0093621; US 2004/0132140; US
2004/0110704; US 2004/0110282; US 2004/0109865; WO Z2003/085119;: WO
2003/084570; WO 2005/035586; WO Z2005/035778,;, WO2005/053742;
W02002/031140; Okazaki ef ¢l J. Mol Riol 336:1239-1249 (2004); Yamane-
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Chnuki ef gl Biotech, Riveng. 87. 614 (2004}, Examples of cell fines capable of
producing defucosylated antibodics include Lect3 CHO celis deficient in protein
fucosylation (Ripka ef al. drch. Biochem. Biophys. 249:533-545 (1986); US Pat Appl
No US 2003/0157108 Al, Presta, L; and WO 2004/056312 Al, Adams ef .,

30 especially at Exanple 11), and knockout cell lines, such as alpha-1,6-
fucosyltransferase gene, FUTS, knockout CHO cells {see, 2.g., Yamane-Ohnuki ef al.
Biotech. Biveng. 87: 614 (2004); Kanda, Y. 1 al, Bivtechnol. Biceng., 94(4):680-688
(2006); and WQO2003/085107).
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Antibodies variants are further provided with bisected oligosaccharides, e.g.,
in which a bianiennary oligosaccharide attached to the F¢ region of the antibody is
bisected by GleNAc. Such antibody variants may have reduced fucosylation and/or
mproved ADCC function. Examples of such antibody variants are described, e.g., in
WO 2003/011878 (Jean-Mairet ef af.); US Patent No. 6,602,684 (Umana ef al}; and
US 2005/0123546 (Umana ef af.). Antibody variants with at least one galactose
residue in the oligosaccharide attached to the Fe region are also provided. Such
antibody variants may have improved CDC function. Such antibody variants are
described, e.g., in WO 1997/30087 (Patel ¢ ol ), WO 1998/58964 (Rajy, S.); and WO
1999/22764 (Raju, 8.},

In certain embodiments, an antibody variant comprises an Fe region with one
or more amine acid substitutions which further improve ADCC, for example,
substitutions at positions 298, 333, and/or 334 of the Fe region (Fu numbering of
residaes). Such substitutions may occur m combination with any of the variations
described above.

In certain embodiments, the disclosure conteraplates an antibody variant that
possesses some but not all effector functions, which make #t a desirable candidate for
many applications in which the half hfe of the antibody in vive is important yet
certain effector functions (such as complement and ADCC) are unneccssary or
deleterious. o certain embodiments, the Fe activities of the antibody are measured to
ensure that only the desired properties are maintained. /v vitro and/or in vive
cytotexicity assays can be conducted to confirm the reduction/depletion of CDC
and/or ADCC activities. For exanple, Fc receptor (FeR ) binding assays can be
conducted to ensure that the antibody lacks FeyR binding (hence Hkely lacking ADCC
activity), but retains FeRn binding sbility. The primary celis for mediating ADCC,
NK cells, express Fe{RIIT only, whereas monocytes express Fo(RI, Fe(RH and Fe(RIIL
FcR expression on hematopoietic cells is summarized i Table 3 on page 464 of
Raveich and Kinet, Annu. Rev. Immunol. 9:457-92 (1991}, Non-limiting examples of
in vifro assays to assess ADCC activity of a molecule of interest is described in U.S.
Patent No. 5,500,362 (see, e.g. Hellstrom, L., ef al. Proc. Nat'l Acad. Sei. USA
R3:7059-7063 (1986} and Helistrom, T et ¢l Proc. Nat'l Acad. Sci. USA 82:1495-
1502 {1985); 5,821,337 (sec Bruggemann, M. ef al., J. Exp. Med 166:1351-1361

(1987}, Alternatively, non-radicactive assays methods may be employed (see, for
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example, ACTI™ non-radicactive cytotoxicity assay for flow cytometry
(CellTechnology, Inc. Mountain View, CA; and CytoTox 96" non-radivactive
cytotoxicity assay (Promega, Madison, W), Useful effector colls for such assays
melade peripheral blood mononuclear cells (PBMC) and MNatural Killer (NK) cells.
Alternatively, or additionally, ADCC activity of the molecule of mterest may be
assessed in vive, e.g., in a animal model such as that disclosed in Clynes ef ¢/, Proc.
Nat'l Acad. Sci. US4 95:652-656 (1998). Clqg binding assays may also be carried out
to confirm that the antibody is ynable {0 bind Clg and hence lacks CDC activity. To
assess complemend activation, a CDC assaymay be performed (sce, for example,
Gazzano-Santoro &f al., J. immunol, Methods 202:163 (1996); Cragg, M.S. et af.,,
Blood 101:1045-1052 (2003); and Cragg, M.S. and M.J. Glennde, Blood 103:2738-
2743 (2004)). FcRn binding and in vivo clearance/half life determinations can also be
performed using methods known in the art (see, for example, Petkova, S.8B. er al, fnfl.
fmmunol, 18(12).1759-1769 (20063).

Other antibody variants having one or more amino acid substitutions are
provided. Sites of interest for substitutional mutagenesis include the hypervariable
regions, but FR alterations are also contemplated. Counscrvative substitutions are
shown in Table | under the heading of “preferred substitutions.” More substantial
changes, denominated “exemplary substitutions” are provided in Table 1, or as further
described below in reference to amino acid classes. Amino acid substitutions may be
mtroduced into an antibody of interest and the products sercened, e.g., for a desired
activity, such as improved antigen binding, decreased immunogenicity, improved

ADCC or CBC, efc.

PCT/US2015/014496

TABLE 1

Original Exemplary Preferred

Residue Substitutions Substitution
$

Ala (A) Val; Lew; He YVal

Arg (R) Lys; Gln; Asn Lys

Asn (N} Gl His; Asp, Lys; Arg Gin

Asp (B} Glo; Asn Glu

Cys () Ser; Ala Ser

Gin {(Q) Asn; Glo Asn
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{riginal Exemplary Preferred

Residue Substitutions Substitution
8

Gha (E) Asp; Gln Asp

Gly {G) Ala Ala

His (H) Asny Gin; Lys; Arg Arg

He (D Lew; Val; Met; Ala; Leu

Phe; Norleucine

Leu(L) Norleucine; He; Val; ile
Met; Ala; Phe

Lys (K} Arg; Gl Asn Arg
Met (M) Lew; Phe; Jle Leu
Phe (F) Trp; Ley; Val; Ile; Ala; Tyr
Tyr
Pro (P) Ala Ala
Ser (8) Thr Thr
Thr (T} Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr {Y) Trp: Phe; Thr; Ser Phe
Yal (V) {le; Lew, Met; Phe; Leu

Ala; Norleucine

Modifications in the biological properties of an antibody may be accomplished
by sclecting substitutions that affect (a} the structure of the polypeptide backbone in

the arca of the substitution, for example, as a sheet or helical conformation, (b) the

U

charge or hydrophobicity of the molecule at the target site, or (¢} the bulk of the side
chain. Amino acids may be grouped according to similarities in the properties of their
side chains (in A. L. Lehninger, in Biochemistry, sccond ed., pp. 73-75, Worth
Publishers, New York (1975)):

(1} non-polar: Ala (A}, Val(V), Lea (L), ke (I}, Pro (P}, Phe (F), Trp (W),
10 Met (M)

(2} vmcharged polar: Gly (G), Ser (S), Thr (T}, Cys (C), Tyr (Y}, Asn (N}, Glo
Q)
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(3} acidic: Asp (D), Gla ()
{4} basic: Lys (K), Arg (R), His(H}
Alternatively, returally occurning residues may be divided into groups based

on common side-chain properties:

(881

(1} hydrophobic: Norleucing, Met, Ala, Val, Loy, He;
(2} neutral hydrophilic: Cys, Ser, Thr, Asn, Glu;

{3} acidic: Asp, Ghy;

{4

hasic: His, Lys, Arg;

L]

esidues that influence chain orientation: Gly, Pro;
10 {(6) aromatic: Trp, Tyr, Phe.
Non-conservative substitutions will entail exchanging @ member of one of
these classes for another class. Such substituted residues also may be introduced into
the conservative substitution sites or, inte the remaining (non-conserved} sites.

One type of substitutional variant involves substituting one or more

..
wn

hypervariable region residacs of a parent antibody (e.g. a humanized or lnoman
antibody). Generally, the resuiting variant(s) sclected for further development will
have meodified {e.g., improved) biological properties relative to the parent antibody
from which they are generated. An exemplary substinitional variant is an affimty
matured antibody, which may be conveniently generated using phage display-based
20 affinity mataration techniques. Bricfly, several hypervariable region sites (e.g. 6-7
sttes) are mutated 1o generate all possible amine acid substitutions at each site. The
antibodics thus generated are displayed from filamentous phage particles as fusions to
at least part of a phage coat protein (e.g., the gene HI product of M13) packaged

within cach particle. The phage-displayed variants are then screened for their

[\l
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biological activity (e.g. binding affinity). In order to identify candidate hypervariable
region sites for modification, scanning muitagenesis {e.g., alanine scanning) can be
performed to identity bypervariable region residues contributing siguificantly 1o
antigen binding. Alternatively, or additionally, it may be beneficial to analyze 4
crystal structure of the antigen-antibody complex to identify contact points between
30 the antibody and antigen. Such contact residues and neighboring residues arce
candidates for substitution accordmg to techmiques known in the art, including those
giaborated herein. Once such variants are generated, the panel of vanants is subjected

to screening using technigues known in the art, including those described herein, and
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variauts with superior properties in one or more relevant assays may be selected for
further development.
Nucleic acid molecules encoding amine acid sequence variants of the antibody

are prepared by a variety of methods known in the art. These methods include, but

(881

are not limited to, isolation from a natural source (in the case of naturally occurring
aming acid sequence variants) or preparation by cligonuclectide-mediated (or site-
divected) mutagenesis, PCR mutagenesis, and cassette nuitagenesis of an carlier
prepared variant or a non-variant version of the antibody.

It may be desirable to introduce one or more amine acid modifications in an
10 Feregion of antibodies of the disclosure, thereby generating an Fe region variant.
The Fe region variant may comprise a human Fe region sequence {e.g., a human fgG1,
1g(G2, 1g(3 or 1g(4 Fc region} comprising an amino acid modification {e.g. a3
substitution) at one or more amine acid positions including that of a hinge cysteine.

In accordance with this description and the teachings of the art, it is

contemplated that in some embodiments, an antibody of the disclosare may comprise

..
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one or more alicrations as compared to the wild type counterpart antibody, e.g. in the
Fc region. These antibodies would nonctheless retain substantially the same
characteristics required for therapeutic wtility as compared to their wild type
counterpart. For example, it is thought that certain alterations can be made in the Fe
20 region that would result in altered (e, cither improved or diminished) Clg binding
and/or Complement Dependent Cytotoxicity (CDC), e.g., as described in
W{59/51642. See alse Duncan & Winter, Nafure 322:738-40 (1988); U.S. Patent No.
5,648,260; U.S. Patent No. 5,624,821, and W94/29351 concerning other examples

of F¢ region variants, WO00/42072 (Presta) and WO 2004/056312 (Lowman}

[\l
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describe antibody variants with improved or dimmished binding to FcRs. The content
of these patent publications are specifically incorporated herein by reference. Sce,
also, Shiclds ef ¢ J. Biol Chem. 9(2): 6591-6604 (2001). Antibodics with increased
half lives and tmproved binding to the neonatal Fe receptor (FeRn), which is
responsible for the transfer of maternal 1gGs to the fetus (Gayer er ol J. fmmunol.

30 117:5387 {1976y and Kim ef al., J fmmunol, 24:249 (1994}, are described in
US2005/0014934A1 (Hinton ef al.). These antibodies comprise an Fe region with one
or more sabstitutions therein which tmprove binding of the Fe region to FeRn.

Polypeptide variants with altcred Fc region amino acid sequences and increased or

95
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decreased Clg binding capability are described 1n US patent No. 6,194,55181,
W{99/51642. The contents of those patent publications are specifically incorporated
herein by reforence. See, also, dusogie ef al. J. Immunol. 164 4178-4184 (2000).

In another aspect, the disclosure provides antibodies comprising modifications

(881

1 the interface of Fe polypeptides comprising the Fe region, wherein the
modifications facilitate and/or promote heterodimerization. These modifications
comprise introduction of a protuberance into a first Fe polypeptide and a cavity into a
second Fo polypeptide, whersin the protuberance is positionable in the cavity s¢ as to
promote complexing of the first and sccond Fe polypeptides. Methods of generating
10 antibodies with these modifications are known in the art, e.g., as described in U.S. Pat.
No. 5,731,168.

In yet another aspect, it may be desirable to create cysteine engingered
antibodies, e.g., “thicMAbs,” in which one or more residues of an antibody are

substitited with cysteine residues. In particular embodiments, the substinuted residucs

..
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occur at accessible sites of the antibody. By substituting those residues with eysteine,
reactive thiol groups are thereby positioned at accessible sites of the antibody and
may be used to conjugate the antibody to other motieties, such as drug moieties or
hinker-drug moieties, as described further herein, In certain embodiments, any one or
more of the following residues may be substituied with cysteine: V205 (Kabat
20 mursbering) of the light chain; A118 (EU numbering) of the heavy chain; and S400
(EU mumbering) of the heavy chain For

8. Antibody Derivatives

The antibodies of the present disclosure can be further modified to contain

additional nonproteinacecous maoictics that are known o the art and readily available.

[\l
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In some embodiments, the moietics suitable for derivatization of the antibody are
water soluble polymers. Non-limiting examples of water soluble polymers include,
but are not limited to, polyethylene glyeol (PEG), copolymers of ethylene
glycol/propylene glyeol, carboxymethylcellulose, dextran, polyvinyl aleohol,
polyviny! pyrrolidone, poly-1, 3-dioxolane, poly-1,3,6-trioxane, cthylenc/maleic

30 anhydride copolymer, pelyaminoacids {etther hemopoelymers or random copolymers),
and dextran or poly(n-vinyl pyrrolidone)polycthylene glycol, propropylene glveol
homopolymers, prolypropylene oxide/ethylene oxide co-polymers, polyoxyethylated

polyols {e.g., glycerol), polyvinyl alcohol, and mixtures thereof. Polyethylene glycol
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propionaldehyde may have advantages in manufacturing due to s stability in water.
The polymer may be of any molecular weight, and may be branched or unbranched.
The number of polymers attached to the antibody may vary, and if more than one
polymer are attached, they can be the same or different molecules. In general, the
number and/or type of polymers used for derivatization can be determined based on
considerations inchiding, but not Hiited to, the particular properties or functions of
the antibody to be improved, whether the antibody derivative will be used n a therapy
under defined conditions, efe.

In another embodiment, conjugates of an antibody and nonproteinaccous
moiety that reay be selectively heated by exposure to radiation are provided. In one
embodiment, the nonproteinaceous moiety 1 a carbon nanotube (Kam ef af., Proc.
Neatl dcad Sci US4 102: 11600-11605 (2005)). The radiation may be of any
wavelength, and includes, but is not lunited to, wavelengths that do not barm ordinary
cells, but which heat the nonproteinaccous moiety to a temperature at which cells
proximal to the antibody-nonproteinaceous moiety are killed.

B. Certain Metheds of Malking Antibodies

1. Certain Hybridoma-Based Methods

Monoclonal antibodies of the disclosure can be made using the hybridoma
method first described by Kohler ef ¢l Nature, 256:495 (1975), and further described,
e.g., inHongo et af., Hvbridoma, 14 (33 253-260 (1995), Harlow et ai., Antibodies: A
Laboratory Manual, {Cold Spring Harbor Laboratory Press, Znd ed. 1988);
Hammerling ef o, in: Monoclonal Antibodies and T-Cell Hybridomas 563-681
{Elsevier, N.Y., 1981}, and Ni, Xiandai Mianyixue, 26{4}:265-268 {2006) regarding
human-human hybridomas,

Additional methods include those described, for example, in 1.8, Pat. No.
7,189,826 regarding production of monoclonal human vatoral IgM antibodies from
hybridoma cell fines. Human hybridoma technology (Trioma technology) is
described i Vollmers and Brandlein, Hisiology and Histopathology, 20(3):927-937
{2005} and Volbmers and Brandlein, Methods and Findings in Experimental and
Clinical Pharmacology, 27(3):185-91 (2005).

For various other hybridoma technigues, see, e.z., US 2006/258841; US
2006/183887 (fully human antibodies), US 2006/059575; US 2005/287149; US
20035/1003546; US 2005/026229; and U.S. Pat. Nos. 7,074,492 and 7,153,507, An
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exemplary protocel for producing monoclonal antibodies using the hybridoma method
is described as follows. In one embodiment, a mouse or other appropriate host animal,
such as a hamster, is invounized to chictt lymphocytes that produce or are capable of

producing antibodies that will specifically bind to the protein used for immunization.

(881

Antibodies are raised in animals by multiple subcutaneous (sc) or intraperitoneal (ip)
injections of a polypeptide comprising mutant SMO or a fragment thereof, and an
adjuvant, such as monophosphoryl ipid A (MPL)trehalose dicrynomycolate (TDM)
{Ribi Immnunochem. Research, Ine., Hamilton, MT). A polypeptide comprising
mutant SMO or a fragment thereof may be prepared using methods well known in the
10 art, such as recombinant methods, some of which are further described herein. Serum
from immumized animals is assayed for anti-mutant SMO antibodies, and booster
mmunizations are optionafly adminisiered. Lymphocytes from animals producing
anti-mutant SMO antibodies are isolated. Alternatively, lymphocyics may be

immunized in vifro.

..
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Lymphocytes are then fused with myeloma cells using a suitable fusing agent,
such as polyethylenc glycol, to form a hybridoma cell. See, e.g., Goding, Monoclonal
Antibodies: Principles and Practice, pp.59-103 {Academic Press, 1986). Myeloma
cells may be used that fuse efficiently, support stable high-level production of
antibody by the selected antibody-producing celis, and are sensitive to 3 medium such
20 as HAT meduim. Exemplary myeloma cells include, but are not limited 1o, murine
myeloma Hines, such as those derived from MOPC-21 and MPC-11 mouse tumors
available from the Salk Institute Cell Distribution Center, San Dicgo, California USA,
and SP-2 or X63-Ag8-653 cells available from the American Type Colture Collection,

Rockville, Maryviand USA. Huoman myyeloma and mouse-human heteromyeioma cell

[\l
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tines also have been described for the production of homan monoclonal antibodies
(Kozbor, J. fmmunol., 133:3001 (1984 Brodeur of al., Monociona! Antibody
Froduction Technigues and Applications, pp. 51-63 (Marcel Dekker, Inc., New York,
1987)).

The hybridoma cells thus prepared are sceded and grown in a suitable culture
30 medim, eg., a medium that cordains one or more substances that inhibit the growth
ot survival of the anfused, parental myeloma cells. For example, if the parental
mycloma cells lack the enzyme hypoxanthine guanine phosphoribosy! transferase

(HGPRT or HPRT), the culture medium for the hybridomas typically will include
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hypoxanthine, aminopterin, and thymidine (HAT medium), which substances prevent
the growth of HGPRT-deficient celis. In some embodiments, scrum-free hybridoma
cell culture methods are used to reduce use of animal-derived serum such as fetal
bovine serum, as described, for example, in Even ef af., Trends in Biotechnology,
24(3), 105-108 (2006).

Oligopeptides as tools for improving productivity of hybridoma cell cultures
are described in Franek, Trends in Monoclonal Antibody Research, 111-122 (20053,
Specifically, standard culture media are enriched with certain amine acids (alaning,
serine, asparaging, proline), or with protein hydrolyzate fractions, and apoptosis may

¢ significantly suppressed by synthetic oligopeptides, constituted of three to six
amino acid residues. The peptides are present at millimolar or higher concentrations.

Culture medium in which hybridoma cells are growing may be assayed for
production of monoclonal antibodics that bind to vwtant SMO. The binding
specificity of monoclonal antibodies produced by hybridoma cells may be determined
by mmmmoprecipitation or by an én vidro binding assay, such as radicimmunoassay
{RIA} or enzyme-linked immunoadsorbent assay (ELISA). The binding affinity of
the moneclonal antibody can be determined, for example, by Scatchard amalysis. See,
e.g., Mumson of @f., Anal. Biochem., 107.220 (1980},

After hybridoma cells are identified that produce antibodics of the desired
specificity, affinity, and/or activity, the clones may be subeloned by limiting dilution
procedures and grown by standard methods. See, e.g., Goding, supra. Suitable
culture media for this purpose inchude, for example, D-MEM or RPMI-1640 medium.
In addition, hybridoma cells may be grown in vive as ascites tumors in an animal.
Monoclonal antibodics secreted by the subclones are suitably separated from the
cultore mediom, ascites fhid, or senm by conventional innunoglobulin purification
procedures such as, for example, protoin A-Sepharose, bydroxylapatite
chromatography, gel elecirophoresis, dialysis, or affinity chromatography. Une
procedure for isolation of proteins from hybridoma cells is described in US
2005/176122 and U.S. Pat. No. 6,919,436, The method imnchides using minimal salts,
such as lyotropic salts, o the binding process and, in some embodiments, alse using
small amounts of organic solvents n the elution process.

2. Certain Library Screening Metheds

9
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Antibodies of the disclosure can be made by using combinatorial libraries to
screen for antibodies with the desired activity or activities. For cxample, a variety of
methods are known 1o the art for generating phage display libraries and screening

such libraries for antibodies possessing the desired binding characteristics. Such

(&)

methods are deseribed generally in Hoogenboom et al. in Methods in Molecular
Biology 178:1-37 (O Brien ef ¢l cd., Human Press, Totowa, NI, 2001). For example,
one method of generating antibodics of interest is through the use of a phage antibody
hibrary as described in Lee of ¢f., J. Mol Biol. (2004), 340(5):1073-93.

In principle, synthetic antibody clones are selected by screening phage
10 lbrarics containing phage that display various fragraents of antibody variable region
(Fv) fused to phage coat protein. Such phage Libraries are panned by affinity
chromatography agaiost the desired antigen. Clones expressing Fv fragments capable
of binding to the desired antigen arc adsorbed 1o the antigen and thus separated from
the non-binding clones in the library. The binding clones are then eluted from the

antigen, and can be further enriched by additional cycles of antigen adsorption/elation.

..
n

Any of the antibodies of the disclosure can be obtained by designing a suitable
antigen screening procedure to sclect for the phage clove of interest followed by
construction of a full length antibody clone using the Fv sequences from the phage
clong of interest and suitable constant region {Fc) sequences described in Kabat ef g/,
20 Seguences of Proteins of Immunological Interest, Fifth Edition, NIH Publication 91-

3242, Bethesda MDD {1991, vols. 1-3.

In certain embodiments, the antigen-binding domain of an antibody is formed
from two variable (V) regions of about 110 amino acids, one each from the light (VL)

and heavy {VH) chains, that both present three hypervariable toops (HVRS) or
vivip f ¥p P8 { ,

[\l
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complementarity-determining regions (CDRs}). Variable domains can be displayed
functionally on phage, either as single-chain Fv (scFv) fragments, in which VH and
V1 arc covalently linked through a short, flexible peptide, or as Fab fragments, in
which they are each fused to a constant domain and interact non-covalently, as
described m Winter ef al., 4nn. Rev. fmmunol,) 12: 433-455 {1994}, As used herein,
30 scFv encoding phage clones and Fab encoding phage clones are collectively referred
to as “Fv phage clones” or “Fv clones.”

Repertoires of VH and VL genes can be separately cloned by polymerase

chain reaction (PCR) and recombined randomly in phage libraries, which can then be
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searched for antigen-binding clones as described in Winter er af., Ann. Rev. Immunol.,
12: 433-455 (1994). Libraries from inumumnized sources provide bigh-affinity
antibodies to the imrounoegen without the requirement of constructing hybridomas.

Alternatively, the natve repertoire can be cloned to provide a single source of human

(881

antibodies to a wide range of non-sclf and also sclf antigens without any
immunization as described by Griffiths er of,, EMBO J, 12: 725-734 (1993). Finally,
natve hibraries can also be made synthetically by cloning the unrearranged V-gene
segments from stem cells, and using PCR primers containing random sequence to
encode the highly variable CDR3 regions and to accomplish rearrangement in vifro as
10 described by Hoogenboom and Winter, J. Mol Biol., 227: 381-38R {1992).

In certain embodiments, filamentous phage is used to display antibody
fragments by fusion to the minor coat protein plli. The antibody fragments can be
displayed as single chain Fv fragments, in which VH and VI domains arc connected
on the same polypeptide chain by a tlexible polypeptide spacer, e.g. as described by

Marks et al., J Mol Biol, 222: 581-597 (1991), or as Fab fragments, in which one

..
wn

chain is fused to plli and the other is secreted into the bacterial host cell periplasm
where assembly of a Fab-coat protein structure which bocomes displayed oun the
phage surface by displacing some of the wild type coat proteins, e g. as described n
Hoogenboom ef al., Nucl, Acids Res., 19: 4133-4137 (1991},

20 In general, nucleic acids enceding antibody gene fragments are obtained from
mnmume cells harvested from humans or animals. 1 a library biased in favor of anti-
mutant SMQO clones is desired, the subject s inmumnized with mutant SMO o
generate an antibody response, and spleen cells and/or circulating B cells other

peripheral blood lymphocytes (PBLs) arc recovered for library construction. Inone

[\l
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embodiment, a2 buman antibody gene fragment library biased n favor of anti-mutant
SMO clones is obtained by generating an anti-mutant SMO antibody response in
transgenic mice carrying a functional human immunoglobulin gene array (and lacking
a functional endogenous antibody production system) such that mutant SMO
imunization gives rise to B cells producing human antibodics against mutant SMO.
30 The generation of human antibody-producing transgenic mice is described below.
Additional enrichment for anti-mutant SMO reactive cell populations can be
ohtained by using a suitable screening procedure to isolate B cells expressing mutant

SMQO-specific membrane bound antibody, e.g., by cell separation using mutant SMQO
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affinity chromatography or adsorption of cells to fluorochrome-labeled mutant SMO
followed by flow-activated celi sorting (FACS).
Alternatively, the use of spleen cells and/or B cells or other PBLs from an

vmimmunized donor provides a better representation of the possible antibody

(881

repertoire, and also permits the construction of an antibody library using any animal
(human or non-homan) species in which mutant SMO s not antigenic. For libraries
meorporating i virre antibody gene construction, stem cells are harvested from the
subject to provide nucleic acids encoding vurearranged antibody gene segments. The
immune cells of interest can be obtained from 2 varicty of animal species, such as
10 human, mouse, rat, lagomorpha, lupring, canine, feline, porcine, bovine, equine, and
avian specics, efe.

Nucleic acid encoding antibody variable gene scgments (incloding VH and VL
segments) are recovered from the cells of interest and amplified. In the case of
rearranged VH and VL gene libraries, the desired DNA can be obtained by isolating

genomic DNA or mBNA from Iymphocytes followed by polymerase chain reaction

..
wn

{(PCR} with primers matching the §' and 3' ends of rearranged VH and VL gencs as
described in Orlandi ef al., Proc. Nail. Acad. Sci. (USA), 86: 3833-3837 (1989),
thereby making diverse V gene repertoires for expression. The V genes can be
amplificd from ¢DNA and genomic DNA, with back primers at the 5" end of the exon
20 encoding the mature V-domain and forward primers based within the J-segment as
described in Ovlandi er al. (1989) and in Ward ef al., Nature, 341 544-546 (1989).
However, for amplifying from ¢DNA, back primers can also be based in the leader
exon as described in Jones ef ¢f., Rivfechnol., 9: 88-89 {1991}, and forward primers

within the constant region as described in Sastry ef al., Proc. Natl, Acad. Sci. {US4),

[\l
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86: 5728-5732 (1989). To maximize complementarity, degeneracy can be
incorporated in the primers as described in Orlandi ef af. (1949} or Sastry e af. {1989).
In certain eroboediments, library diversity is maximized by using PCR privoers targeied
to cach V-gene family in order to ampiify all available VH and VL arrangements
present in the immune cell nucleie acid sample, e.g. as described in the method of

30 Marks ef al, J Mol Biol, 222: 581-597 (1991} or as described in the method of
Orum ef al., Nucleic Acids Res., 21: 4491-4498 (1993). For clening of the amplitied
DNA into expression vectors, rare restriction sites can be introduced within the PCR

primer as a tag at one ond as described in Orlandi ef ¢l. (1989), or by further PCR
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amplification with a tagged primer as described in Clackson e ol Nature, 352: 624-
628 {1991).
Repertoires of synthetically rearranged V genes can be derived in vitro from V

gene scgments. Most of the human VH-gene segments have been cloned and

(881

sequenced (reported in Tombinson ef al., J Mol Rinl, 227. 776-798 (1992)), and
mapped (reported in Matsuda ef af., Nafure Genet,, 3: 88-94 (1993); these cloned
segments (inclading all the major conformations of the H1 and H2 loop) can be used
to generate diverse VH gene repertoires with PCR primers encoding H3 loops of
diverse sequence and length as described in Hoogenboom and Winter, /. Mol Biol,
10 227:3R1-388 (1992). VH repertoires can also be made with all the sequence diversity
focused 0 a long H3 loop of a single length as described in Barbas er al, Froc. Nadl.
Acad. Sci. USA, 89: 4457-4461 (1992}, Human Vi and V2 segments have been
cloned and sequenced (reported in Williams and Winter, Fur. J. Immunol., 23: 1456-

1461 (1993)) and can be used to make synthetic Hght chain repertoires. Synthetic V

..
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gene repertoires, based on a range of VH and VL folds, and L3 and H3 lengths, will
encode antibodies of considerable structural diversity. Following amplification of V-
gene cucoding DN As, germline V-gene segments can be rearranged in vitro according
to the methods of Hoogenboom and Winter, J. Mol Biol, 227: 381-388 {1992},
Repertoires of antibody fragmenis can be constructed by combining VH and
20 VL geoe repertoires together in several ways. Fach repertoire can be created in
different vectors, and the vectors recombined in vitro, e.g., as described in Hogrefe ef
al, Gene, 128: 119-126 (1993}, or in vive by combinatorial infection, e g, the loxP
system described in Waterhouse ef al., Nucl. Acids Res., 21: 2265-2266 (1993), The

in vivo recombination approach exploeits the two-chain nature of Fab fragments to

[\l
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gvercome the Hmit on library size imposed by £. ¢ofi transformation efficiency.
Naive VH and VL repertoires are cloned separately, one into a phagemid and the
other Undo & phage vector. The two libraries arc then combined by phage jnfection of
phagemid-containing bacteria so that each cell contains a different combination and
the library size is limited only by the number of cells present (about 10' clones).

30 Both vectors contain in vivo recombination signals so that the VH and VL genes are
recombined onto a single replicon and are co-packaged into phage virions. These
huge libraries provide large numbers of diverse antibodies of good affinity (Ky' of

about 107 M),
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Alernatively, the repertoires may be cloned sequentially into the same vector,
e.g. as described in Barbas ef af., Proc. Natl. Acad. Sci. USA, 88: 7978-7982 {1991},
or assembled together by PCR and then cloned, e.g. as described in Clackson ef ¢l

Nature, 352: 624-628 (1991). PCR assembly can also be used to join VH and VL

(881

DNAs with DNA encoding 8 flexible peptide spacer to form single chain Fv (seFv}
repertoires. In vet another techoigque, “in celi PCR assemably™ is used to combine VH
and VL genes within lymphocytes by PCR and then clone repertoires of linked genes
as described in Embleton ef al., Nucl Acids Res., 20: 3831-3837 (1992},
The antibodics produced by naive librarics (cither natural or synthetic) can be
10 of moderate affinity (Ky of about 10° to 107 M™), but affinity maturation can also be
mimicked in vifro by constructing and reselecting from secondary hibrarics as
described in Winter ef af. {1994), supra. For example, mutation can be introduced at
random ix vifro by using ervor-prone polymerase (reported in Leung ef al., Technigue,
1: 11-15 (1989)) in the method of Hawkins ef al., J. Mol Biol, 226: 889-896 (1992}
15 orin the method of Gram ef al., Proc. Natl Acad. Sci US4, 89: 3576-3580 {1992},
Additionally, affinity matiration can be performed by randomly mutating one or more
CDRs, e.g. using PCR with primers carrying random seguence spanring the CDR of
mierest, in selected individaal Fv clones and screening for higher affinity clones. WO
5607754 (published 14 March 1996} described a method for inducing mutagenesis in
20 acomplementarity determining region of an tmownoglobulin light chain to create a
Library of light chain genes. Another effective approach is to recombine the VH or
VL domains selected by phage display with reperioires of naturally occurring V
domain variants obtained from unimmunized donors and screen for higher affinity in

several rounds of chain reshuffling as described in Marks et af., Biotechnol,, 10: 779-

[\l
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783 (1992). Ths technique allows the production of antibodies and antibody
fragments with affinitics of about 10 M or less.

Sereening of the libraries can be accomplished by various technigues known
m the art. For example, nuatant SMO can be used to coat the wells of adsorption
plates, expressed on host cells affixed to adsorption plates or used in cell sorting, or
30 comjugated to biotin for capture with streptavidin-coated beads, or used in any other
method for panming phage display libraries.

The phage hibrary samples are contacted with immobilized mutant SMO under

conditions suitable for binding at icast a portion of the phage particies with the
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adsorbent. Normally, the conditions, including pH, ionic strength, temperature and
the fike are selected to mimic physiological conditions. The phages bound to the solid
phase are washed and then eluted by acid, e.g. as described in Barbas ef ¢/, Proc. Nail

Acad. Sci US4, 88: T9TR-7982 (1991), or by alkah, e.g. as described in Marks et @/, J.

(881

Mol Biol, 222: 581-597 (1991), or by mutant SMQ antigen competition, e.g. ina
procedure similar {o the antigen competition method of Clackson o ¢f., Nature, 352:
624-628 (1991). Phages can be enriched 20-1,000-fold in a single round of selection.
Moreover, the enriched phages can be grown in bacterial colture and subjected to
farther rounds of selection.

10 The efficiency of selection depends on many factors, including the kinetics of
dissociation doring washing, and whether multiple antibody fragments on a single
phage can simultancously cngage with antigen. Antibodies with fast dissociation
kinetics (and weak binding affinities) can be retained by usc of short washaes,
multivalent phage display and high coating density of antigen in solid phase. The

15 high density not only stabilizes the phage through multivalent interactions, but favors
rebinding of phage that has dissociated. The sclection of antibodies with slow
dissociation kinetics {and good binding affinities) can be promoted by use of tong
washes and monovalent phage display as described in Bass et al., Proteins, 8: 309-
314 (1990} and in WO 92/09690, and a low coating density of antigen as described in

20 Marks er af., Biotechnol,, 10: 779-783 (1992),

1t 15 possibie to select between phage antibodies of different attinities, even

with affinities that differ slightly, for motant SMO. However, random mutation of a

selected antibody {e.g. as performed in some affinity maturation {echniques) is likely

te give rise to many mutards, most binding to antigen, and a few with higher affinity.

[\l
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With limiting mutant SMQ, rare high affinity phage could be competed out. To retain
ail higher affinity muutants, phages can be incubated with excess bictinylated mutant
SMQO, but with the biotinylated moutant SMO at a concentration of lower meolarity thao
the target molar affinity constant for mutant SMO. The high affinity-binding phages
can then be captured by streptavidin-coated paramagnetic beads. Such “equilibrivm
30 capture” allows the antibodics to be selected according to their affinities of binding,
with sensitivity that permits isolation of mutant clones with as little as two-fold higher

affinity from a great excess of phages with lower affinity. Conditions used in
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washing phages bound to a solid phase can also be manipulated to diseriminate on the
basis of dissociation kinetics.

Anti-mutant SMO clones may be selected based on activity. In certain
embodiments, the disclosure provides anti-mutant SMO antibodies that bind to hving
cells that naturally express mutant SMO, such as GDC-(449-resistant tumor cells. In
one embodiment, the disclosure provides anti-mutant SMQO antibodics that bind to the
same region as that bound by GDC-0449 n wild type SMO. Fv clones corresponding
to such anti-muitant SMO antibodies can be selected by (1) isolating anti-mutant SMO
ciongs from g phage library as described above, and optionally amplifying the isclated
popufation of phage clones by growing up the population in a suitable bacterial host;
(2) selecting mutant SMO and a second protein against which blocking and non-
blocking activity, respectively, is desired; (3} adsorbing the anti-mutant SMO phage
clones to immobilized mutant SMO; (4) using an excess of the second protein to clute
any undesired clones that recognize mutant SMO-binding determinants which overlap
or are shared with the binding determinants of the second protein; and (5) cloting the
clones which remain adsorbed following step (4). Optionally, clones with the desired
blocking/mon-blocking properties can be further enriched by repeating the selection
procedures described herein one or more times.

DNA encoding hybridoma-derived monoclonal antibodies or phage display Fv
clones of the disclosure 1s readily isolated and sequenced using conventional
procedures (e.g by using ohigomucleotide primers designed to specifically amplify the
heavy and light chain coding regions of interest from hybridoma or phage DNA
template). Once isolated, the DINA can be placed into expression vectors, which are
then transfected into host cells such as £, cofi cells, simian COS cells, Chinese
hamster ovary (CHO) cells, or myeloma cells that do not otherwise produoce
immunoglobulin protein, to obtain the synthesis of the desired monoclonal antibodies
1 the recombinant host cells. Review articles on recombinant expression in bacteria
of antibody-encoding DNA include Skerra er o, Curr. Opinion in fmmunol., 5: 256
{1993} and Pluckthun, /mmunol Revs, 130: 151 (1992).

DDNA encoding the Fv clones of the disclosure can be combined with known
DNA sequences encoding heavy chain and/or light chain constant regions {e.g. the
appropriate DNA sequences can be obtained from Kabat ef o/, sopra) to form clones

encoding full or partial length heavy and/or light chains. It will be appreciated that
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constant regions of any isotype can be used for this purpose, including 1gG, IgM, IgA,
1gD, and {gE constant regions, and that such constant regions can be obtained from
any hwwan or animal species. An Fv clone derived from the variable domain DNA of

one animal (such as human) species and then fused to constant region DNA of another

(&)

animal species to form coding sequence(s) for “hybrid,” full length heavy chain
and/or light chain is included in the definition of “chimeric” and “hybrid” antibody as
used herein. In certain embodiments, an Fv ¢lone derived from human variable DNA
is fused to human constant region DNA to form coding sequence(s) for full- or
partial-length human heavy and/or fight chains,

10 DNA encoding anti-vutand SMO antibody derived from a hybridoma of the
disclosure can also be modified, for example, by substituting the coding sequence for
human heavy- and light-chain constant domains in place of homologous murine
sequences derived from the hybridoma clone (e.g. as in the method of Morrison ef 4l
Proc. Nadl. Acad. Sci. USA, 81: 6851-6855 (1984)). DNA encoding a hybridoma- or

Fv clone-derived antibody or fragment can be further modified by covalently joining

..
n

to the immumoglobulin coding sequence all or part of the coding sequence for a non-
immunoglobulin polypeptide. To this manner, “chimeric” or “hybrid” antibodics are
prepared that have the binding specificity of the Fv clone or hybridoma clone-derived
antibodies of the disclosure.
20 3. Vectors, Host Cells, and Becombinant Methads

Antibodies may also be produced asing recombinant methods. For
recombinant production of an anti-mutant SMO antibody, mucleic acid encoding the
antibody 18 isolated and inserted into a replicable vector for further cloning

{amplification of the DNA) or for expression. DNA encoding the antibody may be

[\l
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readily isolated and sequenced using conventional procedures {e.g., by using
oligonucleotide probes that are capable of binding specifically to genes encoding the
heavy and light chains of the antibody). Many vectors are available. The vector
components generally include, but are not limited to, one or more of the following: a
signal sequence, an origin of repheation, one or more marker genes, an enhance

30 clement, a promoter, and a franscription terodnation sequence.

a) Signal sequence component

An antibody of the disclosure may be produced recombinantly not only

directly, but also as a fusion polypeptide with a heterologous polypeptide, which is, in
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some embodiments, a signal sequence or other polypeptide having a specific cleavage
site at the N-terminus of the mature protein or polypeptide. The heterologous signal
sequence selected, in some cmbodiments,is one that is recognized and processed (i.e.,

cleaved by a signal peptidase) by the host cell. For prokaryotic host cells that do not

(881

recognize and process a native antibody signal sequence, the signal sequence is
substituted by a prokaryotic signal sequence selected, for example, from the group of
the alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotoxin I leaders. For
yeast secretion the native signal sequence may be substituted by, e.g., the yeast

mvertase leader, o factor leader (including Saccharomyces and Kluyveromyces -

[y

10 factor leaders), or acid phosphatase leader, the C. afbicans ghucoamylase leader, or the
signal described in WO 90/13646. In manunaliao cell expression, marmamalian signal
sequences as well as viral secretory leaders, for example, the herpes simplex gD
signal, arc available.

b) Origin of replication

NN
(2

Both expression and cloning vectors contain a nucleic acid sequence that
enables the vector to replicate in one or more selected host cells. Generally, in
cloning vectors this sequence is once that cnables the vector to replicate independently
of the host chromoesomal DNA, and includes origins of replication or autonomously
replicating sequences. Such sequences are well known for a variety of bacteria, yeast,
20 and viroses. The origin of replication from the plasmid pBR322 is suitable for most

(Gram-uegative bacteria, the 2¢ plasmid origin is suitable for yeast, and various viral
origins (8V40, polyoma, adenovirus, VSV or BPV) are useful for cloning vectors in
mammalian cells. Generally, the origin of replication component is not needed for
mammalian expression vectors (the SV40 origin may typically be used only because it
25 countains the carly promoter).
¢) Selection gene component
Expression and cloning vectors may contain a selection geue, alse termed a
sclectable marker. Typical selection genes encode proteins that {(a) confer resistance
to antibiotics or other toxins, e.g., ampicillin, ncomycin, methotrexate, or tetracyehine,
30 (b) complement auxotrophic deficiencies, or (¢} supply critical nutrients not available
from complex media, e.g.. the gene encoding D-alanine racemase for Bacilli.
One example of a selection scheme utilizes a drug to arrest growth of a host

cell. Those cells that are successfully transformed with a heterclogous gene produce a
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protein conferring drug resistance and thus survive the selection regimen. Examples
of such dominant selection use the drugs neonycin, mycophenolic acid and
hygromycin.

Another example of suitable selectable markers for mammalian cells are those

(881

that gnable the identification of cells competent to take up antibody-encoding nucleic
acid, such as DHFR, glutamine synthetase (G8), thymidine kinase, metallothionein-1
and -1, e.g., primate metaliothionein genes, adenosine deaminase, omithine
decarboxylase, efc.

For example, cells transformed with the DHFR gene are identified by
10 culturing the wransformards in a culture medium containing methotrexate (Mix), a
competitive antagonist of DHFR. Under these conditions, the DHFR gene is
amplificd along with any other co-transformed nueleic acid. A Chinese hamster
ovary (CHO) cell Hine deficiont in endogenous DHFR activity {e.g., ATCC CRL-

5396} may be used.

..
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Alterpatively, cells transformed with the OGS gene are identified by culturing
the transtormants in a culture medivm containing L-methionine sulfoximine {Msx), an
inhibitor of GS. Under these conditions, the G5 gene is amplified along with any
other co-transformed nucleic acid. The GS selection/amplification system may be
used i combination with the DHEFR selection/amplification system described above.
20 Alternatively, host cells (particularly wild-type hosts that contain endogencus
DHFR) transformed or co-transformed with DNA sequences encoding an antibody of
mterest, wild-type DHFR gene, and another selectable marker such as aminoglycoside
3'-phosphotransfcrase (APH) can be selected by cell growth in mediom containing a

selection agent for the sclectable marker such as an aminoglycosidic antibiotic, e.g.,

[\l
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kanamycin, neomycin, or G418, See U5, Patent No. 4,965,169,

A suitable selection gone for use in yeast is the frpl gone present in the yeast
plasoid YRp7 (Stinchcomb ef al., Nature, 282:39 (1979}). The wpl gene provides a
selection marker for a mutant strain of yeast lacking the ability to grow in tryptophan,
for example, ATCC No. 44076 or PEP4-1. Jones, Genetics, 85:12 (1977}, The
30 presence of the il lesion in the yeast host cell genome then provides an cffective
environment for detecting transformation by growth in the absence of tryptophan.
Similarly, LeuZ-deficient yeast strains (ATCC 20,622 or 38,626) are complemented

by known plasmids bearing the Leu? gene.

169



WO 2015/120075 PCT/US2015/014496

Attorpey Docket No. CIBT-228-W01

In addition, vectors derived from the 1.6 pm circular plasmid pk.D1 can be
used for transformation of Kluyveromyces yeasts. Alternatively, an cxpression system
for large-scale production of recombinant calf chymosin was reported for K. [actis.

Van den Berg, Bio/Technology, 8:135 (1990}, Stable mulfi-copy expression vectors

(&)

for secretion of mature recombinant human seram albumin by industrial strains of
Kiuyveromyces have alse been disclosed. Fleer ef all, Bio/Technology, 9:968-975
(1991}

d) Promoter component

Expression and cloning vectors generally contain a promoter that is recognized
10 by the host organism and is operably linked to mucleic acid encoding an antibody.
Promoters suitable for use with prokaryotic hosts include the phod promoter , B-
lactamase and lactose promoter systems, alkaline phosphatase promoter, a tryptophan
{trp) promoter system, and hybrid promoters such as the tac promoter. However,

other known bacterial promoters arc suitable. Promoters for use in bacterial systems

JUN
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also will contain a Shine-Dalgarno (8.D.) sequence operably linked to the DNA
encoding an antibody.

Promoter sequences are known for eukaryotes. Virtually all cularyotic genes
have an AT-rich region located approximately 25 to 30 bases upstream from the site
where transcription is inttiated.  Another sequence found 70 to 80 bases upstream
20 {from the start of transeription of many genes 1s a CNCAAT region where N may be

any nucleotide. At the 3' end of most cukaryotic genes is an AATAAA sequence that

may be the signal for addition of the poly A tail to the 3’ end of the coding sequence.

All of these sequences are suitably mserted into eukaryotic expression vectors.

Examples of suitable promoter sequences for use with yeast bosts include the

25  promoters for 3-phosphoglyeerate kinase or other glycelytic enzymes, such as enolase,
glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase,
phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase,
pyruvate kinase, triosephosphate isomerase, phosphoglucose isomerase, and

ghacokinase.

3
-

Other yeast promoters, which are inducible promoters having the additional
advantage of transcription controlled by growth conditions, are the promoter regions
for alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, degradative

enzymes associated with nitrogen metabolism, metallothionein, glyceraldehyde-3-
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phosphate dehydrogenase, and enzymes responsible for maliose and galactose
gtilization. Suitable vectors and promoters for use in yeast expression are further
described in EP 73,657, Yeast enhancers also are advantageously used with yeast
promoters.

Antibody transcription from vectors in mammalian host cells can be controlled,
for example, by promoters ohtained from the genomes of viruses such as polyoma
virus, fowlpox virus, adenovirus (such as Adenovirus 2), bovine papilloma virus,
avian sarcoma vinis, cytomegalovins, a retrovirus, hepatitis-B virus, Simian Virus 40
{SV40), or from heterologous mammalian promoters, e.g., the actin promoter o1 an
immunoglobulin promoter, from heat-shock promoters, provided such promoters are
compatible with the host cell systems.

The carly and late promoters of the SV40 virus arc convenicntly obtained as
an SV40 restriction fragment that also contains the SV440 viral origin of replication.
The immediate carly promoter of the human cytomegalovirus is conveniently
obtained as a HindllI E restriction fragment. A system for expressing DNA in
mammaiian hosts using the bovine papilloma virus as a vector is disclosed in U.S.
Patont No. 4,419,446, A modification of this system is described in U5, Patent No.
4,601,978, See also Royes ef o, Nature 297.598-601 (1982} on expression of human
B-interferon cDNA i mouse cells under the control of a thymidine kinase promoter
from herpes simplex virus. Alterpatively, the Rous Sarcoma Virgs long terminal
‘epeat can be used as the promoter.

¢) Enhancer element component

Transcription of a DNA encoding an antibody of this disclosure by higher
cukaryotes is often increased by inscrting an enhancer sequence into the vector. Many
enhancer sequences are now koown from mammalian genes (globin, clastase, albumin,
g-fetoprotein, and insulin). Typically, however, one will use an enhancer from a
eukaryotic cell virns. Examples include the SV40 enhancer on the late side of the
replication origin (bp 100-270), the cytomegalovirus carly promoter enbancer, the
polyoma enhancer on the late side of the replication origin, and adenovirus enhancers.
See also Yaniv, Nasure 297:17-18 (1982) on enhancing elements for activation of
cukaryotic promoters. The enhancer may be spliced into the vector at a position 5" or
3' to the aniibody-encoding sequence, but is, in some embodiments, located at a site 5°

from the promoter.
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) Transcription termination component

Expression vectors used in eukaryotic host cells {yeast, fungi, insect, plant,
animal, human, or nucleated celis from other multicellular organisms) will also
contain sequences necessary for the termination of transcription and for stabilizing the
mRNA. Such sequences are commonly available from the 5" and, cccasionally 3/,
uniransiated regions of eukaryotic or viral DNAs or ¢cDNAs. These regions contain
nucleotide segments transcribed as polyadenylated fragments in the untranslated
portion of the mRNA encoding antibody. One useful transcription termination
component is the bovine growth hormone polyadenylation region. Seec W94/11026
and the expression vector disclosed therein,

¢) Selection and transformation of host cells

Suitable host celis for cloning or expressing the DNA in the vectors herein are
the prokaryote, veast, or higher eukaryote cells described above. Suitable prokaryetes
for this purpose include cubacteria, such as Gram-negative or Gram-positive
organisms, for example, Enterobacteriaceae such as Escherichia, eg., E. coll,
Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g., Salmonella iyphimurium,
Serraiia, e.g., Sevratia marcescans, and Shigella, as well as Sacilli such as 8. subrifis
and 8. lickeniformis (e.g., B. lickeniformis 41P disclosed in DD 266,710 published 12
April 1989}, Pseudomonas such as . aeruginosa, and Streptomyees. One possible £,
coli cloning host is F. coli 294 (ATCC 31,446), although other strains such as £, cofi
B, F. coli X1776 (ATCC 31,537), and £, coli W3110 (ATCC 27,325) are suitable.
These examples are llustrative rather than limiting.

Full length antibody, antibody fusion proteiuns, and sntibody fragments can be
produced in bacteria, in particular when glycosylation and Fe effector function are not
needed, such as when the therapeutic antibody is conjugated to a cyvtotoxic agent {(e.g.,
g toxin) that by itself shows effectiveness in tumor cell destruction. Full length
antibodics have greater half life fn circulation. Production in £ cofi is faster and
maore cost efficient. For expression of antibody fragments and polypeptides in
bacteria, see, e.g., U8, 5,648,237 (Carter ef al), U.5. 5,789,199 (Joly ef ¢f}, U.S.
5.840,523 (Stmmons 1 al.), which describes translation initiation region (TIR} and
signal sequences for optinyizing expression and secretion. See also Charlton, Methods
in Molecular Biology, Vol 248 (BXK.C. Lo, ed., Humana Press, Totowa, NJ, 2003},

pp. 245-254, describing expression of antibody fragments in £, cofl. After expression,
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the antibody may be isolated from the £, ¢oli cell paste in a soluble fraction and can
be purified through, e.g., a protein A or G colomn depending on the isotype. Final
purification can be carried out stmilar to the process for purifying antibody expressed
e.g., m CHO cells.

In addition to prokaryotes, eularyotic microbes such as filamentous fungi or
yeast are suitable cloning or expression hosts for antibody-cncoding vectors.
Saccharomyces cerevisiae, or commmon baker’s yeast, is the most commonly used
among lower eukaryotic host microorganisms. However, a number of other genera,
species, and strains are commonly available and useful herein, such as
Schizosaccharomyces pombe;, Kluyveromyces hosts such as, e.g., K lactis, K fragilis
(ATCC 12,424y, K. bulgaricus (ATCC 16,045, K wickeramii (ATCC 24,178}, K.
wadtii {ATCC 56,500), K drosophiiarum (ATCC 36,906}, K. thermotolerans, and K
marxianus; varrowia (EP 402,226); Pichia pastoris (EP 183,070); Candida;
Trichoderma reesia (BP 244,234Y; Neurospora crassa;, Schwanniomyces such as
Schwanniomyces ccecidentalis; and filamentous fungi such as, e.g., Newrospora,
Penicillium, Tolvpociadium, and Aspergillus hosts such as 4. nidulans and 4. niger.
For a review discussing the use of yeasts and filamentous fungi for the production of
therapeutic proteins, see, e.g., Gerngross, Nat. Siotech. 22:1409-1414 (2004

Certain fungi and yeast strains may be selected in which glycosylation
pathways have been “humanized,” resulting in the production of an antibody with a
partially or fully human glyveosylation pattern. See, e.z., Ui ef al., Nat. Biotech.
24:210-215 (2006) {describing humanization of the glycosylation pathway in Pickia
pastorisy, and Gemgross ef af., supra.

Suitable host cells for the expression of glycosylated antibody are also derived
from multicellular organisms (invertebrates and vertebrates). Examples of
wverichrate cells include plant and insect celis. Numerous baculoviral strains and

variants and corresponding permissive insect host cells trom hosis such as Spodopiera

Sfrugiperda {caterpillar), dedes aegypri (mosquito), Aedes albopictus (Mosquito),

Drosophile melanogaster (fraitfly), and Bombvx mori have been identified. A variety
of viral strains for transfoction are publicly available, e.g., the L-1 vanant of
Autographa californica NPV and the Bm-5 strain of Bombyx mori NPV, and such
viruses may be used as the virus hercin according to the present disclosure,

particularly for transfoction of Spodoprera frugiperda cells.
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Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, duckweed
{Lemnaceae), alfalfa (M. sruncatuia), and tobacco can also be utilized as hosts. See,
e.g., US Patent Nos. 5,959,177, 6,040,498, 6,420,544, 7,125,978, and 6,417,429

(describing PLANTIBODIES ™ technology for producing antibodies in transgenic
. g £} p £ g

(881

plants).

YVertebrate cells may be used as hosts, and propagation of vertebrate cells in
culture (tissue culture) has become a routine procedure. Examples of usetul
mammahian host cell Hnes are monkey kidney CV1 line transformed by SV40 (C0OS-7,
ATCC CRL 1651); human embryonic kidoey line (293 or 293 cells subcloned for
10 growth in suspension culture, Graham et af, J. Gen Virol 36:59 (19773 ; baby

hamster kidoey cells (BHK, ATCC CCL 10); mouse sertoli cells (TM4, Mather, Biol,
Reprod, 23:243-251 (1980) ); monkey kidoey celis (CV1 ATCC CCL 70); African
green monkey kidoey cells {(VERO-76, ATCC CRL-1587); human cervical carcinoma
cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo
15 rat iver celis (BRE 3A, ATCC CRL 1442); human hmg cells (W138, ATCC CCL
753 human liver cells (Hep GZ, HB 80635); mouse mammary tumor (MMT 060562,
ATCC CCLATY, TR cells (Mather et al,, dnnals N.Y. Acad. Sci. 383:44-68 (1982));
MR § cells; F34 cells; and a human hepatoma hine (Hep G2). Other useful
mammalian host celi lines include Chinese hamster ovary {CHQO) cells, including
20 DHFR CHO cells (Urlaub ef al, Proc. Natl. dcad. Sci. USA 77:4216 (1980)); and
myeloma cell ines such as NSO and Sp2/0. For a review of certain mammahian host
cell lines suitable for antibody production, see, e.g., Yazaki and Wu, Methods in
Molecular Biology, Vol 248 (BK.C. Lo, ed., Humana Press, Totowa, NI, 20603}, pp.
255-268.

[\l
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Host cells are transformed with the above-described expression or cloning
vectors for antibody production and cultured in conventional nutrient media medified
as appropriate for inducing promoters, sclecting transformanis, or anplifying the
genes encoding the desired sequences.

h) Culturing the host cells
30 The host cells used to produce an anttbody of this disclosure may be cultured
m a variety of media. Commercially available media sach as Ham’s F10 (Sigma),
Minimal Essential Mediom ((MEM), (Sigma), RPMI-1640 (Sigma), and Dulbecco’s
Maodified Eagle’s Medium ((DMEM), Sigma} are suitable for colturing the hosi cells.
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In addition, any of the media described in Ham ef al, Meth. £nz. 58:44 {1979},
Barnes ef al., Anal. Biochem 102:255 (3980, U.S. Pat. Nos. 4,767,704, 4,657 866;
4,927 762; 4,560,655; or 5,122,469, WO 90/03430; WO 87/00195; or U.S. Patent Re.

30,985 may be used as culture media for the host cells. Any of these media may be

(881

supplemented as necessary with hormones and/or other growth factors (sach as
nsulin, transferrin, or epidermal growth factor), salts {such as sodium chloride,
calcium, magnesiom, and phosphate), buffers (such as HEPES), nucleotides (such as
adenosine and thymidine), antibiotics (such as GENTAMYCIN™ drug), trace
clements {defined as inorganic compounds usually present at final concentrations in
10 the micromolar range), and glacose or an equivalent energy source. Any other
necessary supplements may also be included at appropriate concentrations that would
be known to those skilled in the art, The colture conditions, such as temperature, pH,
and the like, are those previously used with the host cell sclected for expression, and
will be apparent to the ordinanily skilled artisan.
i5 i} Purification of antibody
When using recombinant techniques, the antibody can be produced
mtraccularly, in the periplasmic space, ot directly seercted jnto the mediura. {the
antibody 1s produced intraccthularly, as a first step, the particulate debris, cither host
cells or fysed fragments, are removed, for exampie, by centrifugation or ultrafiltration.
20 Carter et al., Rio/Technology 10:163-167 (1992) describe a procedure for isolating
antibodics which are secreted 1o the periplasmic space of E. cofi. Briefly, cell paste is
thawed in the presence of sodium acetate {(pH 3.5), EDTA, and
phenyimethylsuifonyifluoride (PMSF) over about 30 min. Ccll debris can be removed

by centrifugation. Where the antibody is secreted into the medium, supernatants from

[\l
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such expression systems are generally first concentrated using a commercially
gvailable protein concentration filter, for example, an Amicon or Millipore Pellicon
ultrafiltration unit. A protease inhibitor such as PMSF may be included in any of the
foregoing steps to inhibit proteolysis and antibiotics may be inchuded to prevent the
growth of adventitious contaminants.

30 The antibody composition prepared from the cells can be purified using, for
example, hydroxylapatite chromatography, hydrophobic interaction chromatography,
gel electrophoresis, dialysis, and affinity chromatography. The suitability of protein

A as an affinity figand depends on the species and isotype of any immunoglobulin Fe
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domain that is present in the antibody. Protein A can be used to purity antibodies that
arc based on human vi, v2, or v4 heavy chains (Lindmark e al, J. fmmunol. Meih.
62:1-13 (1983}). Protein G is recommended for all mouse isotypes and for human v3
{Guss ef ¢l (1986 FMRO J 5:1567-1575). The matrix to which the affinity ligand is
5 attached is most often agarose, but other matrices are avatlable. Mechanically stable
matrices such as controlled pore glass or poly(styrencdivinyl} benzene allow for faster
flow rates and shorter processing times than can be achieved with agarose. Where the
antibody comprises a Cy3 domain, the Bakerbond ABX™ resin (J. T. Baker,
Phillipsburg, NJ} is useful for purification. Other techniques for protein purification
10 such as fractionation on an jon-exchange column, ethanol precipitation, Reverse
Phase HPLC, chromatography on silica, chromatography on heparin SEPHAROSE™
chromatography on an anion ot cation exchange resin (such as a polyaspartic acid
column), chromatofocusing, SDS-PAGE, and ammonium sulfate precipitation are

also available depending on the antibody to be recovered.

.
(W3]

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

20 In general, various methodologies for preparing antibodies for use n rescarch,
testing, and clinical arc well-cstablished in the art, consistent with the above-
described methodologies and/or as deemed appropriate by one skilled o the art fora
particular antibody of interest.

C. Immuneconjugates

25 The disclosure also provides tromunoconjugates (interchangeably referred to
as “antibody-drug conjugates,” or “ADCs”) conyprising an antibody conjugated 1o one
or more cytotoxic agents, such as a chemotherapeutic agent, a drag, a growth
nhibitory agent, a toxin (e.g., a protein toxin, an enzymatically active toxin of
bacterial, fungal, plant, or animal origin, or fragments thoreof), or a radicactive

30 sotope (e, a radioconjugate).

Immenoconjugates have been used for the local delivery of cytotoxic ageunts,
i.e., drugs that kill or inhibit the growth or proliferation of cells, in the treatment of

cancer (Lambert, §. (2005} Curr. Opinion in Pharmacology 5:543-549; Wu et al
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(2005) Nature Bivtechnology 23(9):1137-1146; Payne, G. (2003} 1 3:207-212; Syrigos
and Epeneios (1999} Anficancer Reseqrch 19:605-614; Niculescu-Duvaz and Springer
(1997 Adv. Drug Deliv. Rev. 26:151-172; 1U.S. Pat, No. 4,975,278).
Immunoconjugates allow for the targeted delivery of a drug moiety 1o a tumor, and
ntracelludar accumudation therein, where systemic administration of unconjugated
drugs may resuli in unacceptable levels of toxicity to normal cells as well as the tumor
cells sought to be ehiminated (Baldwin e al., Lancet {Mar. 15, 1986) pp. 603-03;
Thorpe {1935) “Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A
Review,” in Monoclonal Antibodies '84: Biological And Clinical Applications (A,
Pinchera et al., eds) pp. 475-506. Both polyclonal antibodies and monoecional
antibodies have been reported as usetul in these strategies (Rowland ef af., (1986)
Cancer Immunol, Immunother. 21:183-87). Drugs used in these methods include
daunomycin, doxorubicin, methotrexate, and vindesine (Rowland er af., (1986) supra).
Toxins used n antibody-toxin conjugates inchude bacterial toxins sach as diphtheria
toxin, plant toxins such as ricin, small molecule toxins such as geldanamycin
{Mandler et al (Z000) .J. Nat. Cancer Inst. 92{19):1573-1581; Mandler et al (2000}
Bivorganic & Med. Chem. Letters 10:1025-1028; Mandler et al (2002) Bioconjugaie
Chem. 13:786-791), maytansinoids (EP 1391213; Lin ef &/, (1996) Proc. Narl. Acad.
Sci, US4 93:8618-8623), and calicheamicin (Lode ot al (1998} Cancer Res. 58:2928;
Hinman et al (1993) Cancer Res. 53:3336-3342). The toxins may exert thewr

cytotoxic effects by mechanisms inchuding tubulin binding, DNA binding, or
topoisomerase inhibition, Some cytotoxic drugs tend to be inactive or less active
when conjugated to large antibodics or protein receptor ligands.

ZEVALIN® (ibritumomab tiuxetan, Biogen/Idec) is an antibody-radicisotope
conjugate composed of a murine IgG1 kappa monocional antibody divected against
the CD20 antigen found on the surface of normal and malignant B lymphocytes and
111in or 90Y radicisotope bound by a thiourea linker-chelator (Wiseman ot al {(2000)
Eur. Jour. Nucl. Med. 27(7y.766-77; Wiseran et al (2002) Rlood 99(121:4336-42;
Witzig et al (2002 Clin. Oneol. 20(10%:2453-63; Witzig et al (20023 4. Clin. Oncol.
20(15):3262-69). Although ZEVALIN has activity against B-cell non-Hodgkin’s
Lymphoma (NHL), adiministration results in severe and prolonged cytopenias in most
patients. MYLOTARG™ (gemtuzomab ozogamicin, Wyeth Pharmaceuticals), an

antibody-drog conjugate composed of a huCD33 antibody linked to calicheamiein,
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was approved in 2000 for the treatment of acute myeloid leukemia by injection
{Drugs of the Future (2000) 25(7):686; US Patent Nos. 4970198; 5079233; 5585089;
3606040; 5693762, 5739116; 5767285, 5773001). Cantuzumab mertansine

(Immunogen, inc.}, an antibody-drug conjugate composed of the huC242 antibody

(&)

tinked via the disulfide linker SPP 1o the maytansinoid drug moisty, DM1, is
advancing into Phase 1 trials for the treatment of cancers that express CanAg, such as
colon, pancreatic, gastric, and other cancers. MLN-2704 (Millennium Pharm., BZL
Biologics, bnmnunogen Inc.), an antibody-drog conjugate composed of the anti-
prostate specific membrane antigen (PSMA) monoclonal antibody Hnked to the

10 maytansineid drug moeicty, DM, is under development for the potential treatment of
prostate tumors, The aoristatin peptides, auristatin E (AE) and monomethylauristatin
(MMAE), synthetic analogs of dolastatin, were conjugated to chimeric monocional
antibodics ¢BRI6 {specific to Lewis Y on carcinomas) and cACT0 (specific to CD30

o C
on hematological malignancies) (Doronina et al (2003) Nature Bictechnol 21(7y.778-

..
n

784} and are under therapeutic development.

In certain embodiments, an immunoconjugaie comprises an antibody and a
chemotherapeutic agent or other toxin, Chemotherapeutic agents usefil in the
generation of mumoconjugates are described herein {e.g., above). Enzymatically
active toxins and fragments thercof that can be used include diphtheria A chain,

20 nonbinding active fragraerds of diphtheria toxin, exotoxin A chain (from
Pseudomonas agruginesa), ricin A chain, abrin A chain, modecein A chain, alpha-
sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins
{(PAPL PAPIL and PAP-5}, momordica charantia inhibitor, curcin, crotin, sapaonaria

officinalis nhibiter, gelonin, mitogellin, restrictocin, phenomyein, enomycin, and the

[\l
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tricothecenss. See, ez, WO 93/21232 published Getober 28, 1993, A variety of
radionuclides are available for the production of radioconjugated antibodies.

B, Y, and "*Re. Conjugates of the antibody and

Examoples inchude 781, 1,
cytotoxic agent are made using a variety of bifimctional protein-coupling agents such
as N-succinimidyl-3-(2-pyridyldithiol} propionate (SPDP), iminothiolane (IT),

30 bifunctional derivatives of imidoesters (such as dimethy! adipimidate HC), active
esters (such as disuccinimidyl suberate), aldehydes (such as glutaraldehyde), bis-azido
compooands {such as bis (p-azidobenzovl) hexanediamine}, bis-diszonion derivatives

(such as bis-(p-diazoniumbenzoyf)-cthylenediamine), ditsocyanates (such as toluene
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2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5-difluore-2,4-
dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in
Vitetta ef al., Science, 238: 1098 (1987}, Carbou-14-labeled 1-isothiocyanatobenzyi-
3-methyidicthylene triaminepentaacetic acid (MX-I3TPA) is an exemplary chelating
agent for conjugation of radionucleotide to the antibody. See W(O94/11026.

Conjugates of an antibody and one or more small molecule toxing, such as a
calicheamicin, maytansinoids, dolastating, aurostating, a trichothecene, and CCI065,
and the derivatives of these toxins that have toxin activity, are also contemplated
herein.

1. bMaytansine and maytansinoids

In some embodiments, the immunoconjugate comprises an antibody (full
length or fragments) conjugated to one or more maytansineid molecules.

Maytansinoids are mitototic inhibitors which act by inhibiting tubulin
polymerization. Maytansine was first isolated from the east African shrub Maytenus
serrata (U.S. Patent No. 3,896,111}, Subsequently, it was discovered that certain
microbes also produce maytansinoids, such as maytansino! and C-3 maytansined
esters (U5, Patent No. 4,151,042). Synthetic mavtansino! and derivatives and
analogues thereof are disclosed, for example, in ULS. Patent Nos. 4,137,230,
4,248 870; 4,256,746; 4,260,608; 4,265,814; 4,294,757; 4,307,016; 4,308,268;
4,308,269; 4,309,428; 4,313,946; 4,315,929; 4,317,872 1; 4,322.348; 4,331,59§;
4,361,650, 4,364,866, 4,424,219; 4,450,254, 4,362,663; and 4,371,533,

Maytansinoid drug moieties are attractive drug meoicties in antibody drug
conjugates because they are: (i) relatively accessible to prepare by fermentation or
chemical modification, derivatization of fermentation products, (it} amenable to
derivatization with fonctional groups suitable for conjugation through the non-
disuifide hinkers to antibodies, (iii) stable in plasma, and (iv) effective against a
variety of tumor cell lines.

Inmunocoenjugates containing maytansinoids, methods of making same, and
their therapeutic use are disclosed, for gxample, in U.S. Patent Nos. 5,208,020,
5,416,064 and European Patent EP 0 425 235 B1, the disclosures of which are hereby
expressly meorporated by reference. Liu et af, Proc. Natl, Acad. Sei. USA 93:8618-
8623 (1996) described immunoconjugates comprising a maytansinoid designated

DM linked to the monoclonal antibody C2472 directed against human colorectal
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cancer. The conjugate was found to be highly cytotoxic towards cultured colon
cancer cells, and showed antitumor activity in an in vive tumor growth assay. Chari ef

al., Cancer Research 52:127-131 (1992) describe tomunoconjugates in which a

maytansinoid was conjugated via a disulfide bnker to the murine antibody A7 binding

(881

to an antigen on uman colon cancer cell lines, or to another nuurine monocional
antibody TA.1 that binds the HER-2/ncu oncogene. The cyiotoxicity of the TA -
maytansinoid conjugate was tested iz vifro on the lumman breast cancer cell Iine SK-
BR-3, which expresses 3 x 105 HER-2 surface antigens per cell. The drug conjugate
achieved a degree of cytotoxicity similar to the free mayiansinoid drug, which could
10 beincreased by increasing the number of maytansinoid molecules per antibody
molecule. The A7-maytansinoid conjugate showed low systemic cytotoxicity in mice.
Auntibody-maytansinoid conjugates are prepared by chemically linking an
antibody to a maytansinoid melecule without significantly dimivishing the biological
activity of cither the antibody or the maytansinoid mwolecule. See, e.g., U.S. Patent No.

5,208,020 {the disclosure of which is hereby expressly incorporated by reference).

..
wn

An average of 3-4 maytansineid molecules conjugated per antibody molecule has
shown efficacy o enhancing cyiotoxicity of target cells without negatively affecting
the function or solubility of the antibody, although even one molecule of
toxin/antibody would be expected to enhance cytotoxicity over the use of naked

20 antibody. Maytansinoids are well known in the art and can be synthesized by known
techmiques or isolated from natural sources. Suitable maytansinoids are disclosed, for
example, in U.S. Patent No. 5,208,020 and in the other patents and nonpatent
publications referred to hercinabove. In some embodiments, maytansinoids are

maytansinel and maytansinol analogues moditied in the aromatic ring or at other

[\l
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positions of the maytansinol molecule, such as various maytansinol esters.

There are many linking groups known in the art for making antibody-
maytansinoid conjugates, including, for example, those disclosed in 1S, Patent No.
5,208,020 or BEP Patent 0425 235 B, Chart ef ol., Cancer Research 52:127-131
{1992), and U.S. Patent Applhication No. 18/96{,602, filed Oct. &, 2004, the
30 disclosures of which are hereby expressly incorporated by reference. Antibody-
maytansinoid conjugates comprising the linker component SMCC may be prepared as
disclosed in U5, Patent Application No. 1/960,602, filed Oct. 8, 2004, The linking

groups include disulfide groups, thicether groups, acid labile groups, photolabile
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groups, peptidase labile groups, or esterase labile groups, as disclosed in the above-
identified pateunts, diselfide and thicether groups may be used in some embodiments.
Additional linking groups are described and exemplified berein.

Conjugates of the antibody and maytansineid may be made using a variety of
bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio}
propionate (SPDP), suceinimidyl-4-{N-maleimidomethyl) cyclohexane-1-carboxylate
(SMCC), iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl
adipimidate HCI), active esters (such as disuccinimidyl soberate), aldehydes (sach as
ghutaraldebyde), bis-azido compounds {such as bis {p-azidobenzoyl) hexancdiamine),
bis-diazontum derivatives (such as bis-(p-diazoniumbenzoy)-cthylenediamine),
diisocyanates (such as tolucne 2,6-diisocyanate), and bis-active fluorine compounds
(such as 1,5-difluoro-2,4-dinitrobenzene). In some embodiments, coupling ageuts
melade N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP) (Carlsson ef af,
Biochem. J. 173:723-737 (1978)) and N-succinimidyl-4-(Z-pyridylthio)pentanocate
{SPP) to provide for a disulfide linkage.

The linker may be attached to the mayiansinoid molecule at various positions,
depending on the type of the link. For exaraple, an ester linkage may be formed by
reaction with a hydroxyi group using conventional coupling techmiques. The reaction
may occur at the C-3 position having a hydroxyl group, the C-14 position modified
with hydroxymethyi, the C-15 position modified with a hyvdroxyl group, and the C-20
position having a hydroxyl group. In one embodiment, the Hukage 1s formed at the C-
3 position of maytansinol or a maytansinol analogue.

2, Auristatins and dolastatins

In some crobodiments, the immunoconjugate comprises an antibody
conjugated to dolastating or dolostatin peptidic analogs and derivatives, the auristating
(US Patent Nos. 5635483; 5780588). Dolastatins and auristatins have begn shown to
wmterfere with microtubule dypamics, GTP hydrolysis, and nuclear and cellular
division (Wovke et al (2001) Antimicrob. Agents and Chemother. 45(12):3580-3584)
and have anticancer (US 5663149} and antifangal activity (Pettit et al (1998}
Antimicrob. Agents Chemaother. 42:2961-2965). The delastatin or auristatin drog
moiety may be attached to the antibody through the N {amino) terminus or the C

(carboxyl) terminus of the peptidic drug motety (WO 02/088172).
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Exemplary auristatin embodiments include the N-terminus linked
monomethylawistatin drug moietics DE and DF, disclosed in “Monomethylvaline
Compounds Capable of Conjugation to Ligands”, US Ser. No. 10/983,340, filed Nov.
5, 2004, the disclosure of which is expressly ncorporated by reference in its entirety.

Typically, peptide-based drug moieties can be prepared by forming a peptide
bond between two or more aming acids and/or peptide fragments. Such peptide bonds
can be prepared, for example, according to the liquid phase synthesis method (sec E.
Schrdder and K, Libke, “The Peptides”, volume 1, pp 76-136, 1965, Academic Press)
that is well known in the field of peptide chemistry. The auristatin/dolastatin drug
moicties may be prepared according 1o the methods of: US 5635483; US S7R05¥8;
Pettit et al (1989} J. Am. Chem. Soc. 111:5463-5465; Pettit ot al (1998) Anti-Cancer
Drrug Design 13:243-277; Pettit, G.R., ef ol Synthesis, 1996, 719-725; and Pettit ot al
(1996} 1. Chem. Soc. Perkin Trans. 1 5:459-863. Sce also Doronina (2003) Nat
Biotechnol 21(7:778-784; “Monomethylvaline Compounds Capable of Conjugation
to Ligands”, US Ser. No. 10/983,340, filed Nov. 5, 2004, hereby incorporated by
reference in its entirety {disclosing, e.g., linkers and methods of preparing
monomethylvaline compounds such as MMAE and MMAF conjugated 1o finkers).

3. Calicheamicin

In other embodiments, the immumoconjugate comprises an antibody
conjugated to one or more calicheamicin molecules. The calicheamicin family of
antibiotics are capable of prodocing double-stranded DNA breaks at sub-picomolar
concentrations. For the preparation of conjugates of the calicheamicin family, sce
ULS. patents 5,712,374, 5,714,586, 5,739,116, 5,767,285, 5,770,701, 5,770,710,

Y

3,773,001, 5,877,296 (all to American Cyanamid Company). Structural analogues of
calicheamicin which may be used include, but are not imited to, v11, 21, o31, N-
acetyl-y 11, PSAG and 811 (Hinman ef al., Cancer Rescarch 53:3336-3342 (1993),
Lode et af., Cancer Research 58:2925-2928 (199%) and the aforementioned ULS.
patents to American Cyanamid). Ancother anti-tumor drug that the antibody can be
conjugated is QFA which is an antifolate. Both calicheamicin and QFA have
intraceliular sites of action and do not readily cross the plasma membrane. Therefore,
cellular uptake of these agents through antibody mediated internalization greatly
enhances their cytotoxic effects.

4. (ther cytotoxic agents
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Other amtitumor agents that can be conjugated to the antibodies fnclude BCNU,
strepiozoicin, vineristine and S-fluorouracil, the family of agents known collectively
LL-E33288 complex described in U.S. patonts 5,053,394, 5,770,710, as well as
esperanyicing (U.S. patent 5,877,296},

Enzymatically active toxins and fragments thereof which can be used inchude
diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain
{(from Pscudomonas acruginosa), ricin A chain, abrin A chain, modeccin A cham,
alpha-sarcin, Aleurites fordit proteins, dianthin proteins, Phytolaca americana proteins
{(PAPL PAPIL and PAP-5}, momordica charantia inhibitor, curcin, crotin, sapaonaria
officinalis inhibiter, gelonin, mitogellin, restrictocin, phenomyein, enomycin and the
tricothecenss. See, for example, WO 93/21232 published October 28, 1993,

The present disclosure further contemplates an immunoconjugate formed
between an antibody and a compound with nucleolytic activity {e.g., a ribonuclease or
a DNA endonuclesase such as a deoxyribonuciease; DNase).

For selective destruction of the tomor, the antibody may comprise a highly
radicactive atom. A varicty of radioactive isotopes are available for the production of
radioconjugated antibodies. Examples include Atm, Im, iw‘s, YQO? Rei%ﬂ Remﬂ Smls}’,
Bi*, P Pb™ and radicactive isotopes of Lu. When the conjugate is used for
detection, it may comprise a radioactive stom for scintigraphic studies, for example
€99 or 1123, or a spin label for nuclear magnetic resonance (NMR) troaging (also
known as magnetic resonance imaging, mri), such as 1odine-123 again, ioding-131,
indiom-111, floorine-19, carbon-13, nitrogen-15, oxyvgen-17, gadoliniim, mangancse
Of irom.

The radio- or other labels may be incorporated in the conjugate in known ways.
For example, the peptide may be biosynthesized or may be synthesized by chemical
amino acid synthesis using suitable amino acid precursors involving, for example,
fluoting-19 in place of hydrogen, Labels such as te”m or I', Re'™, Re!™ and in'!
can be attached via a cysteine residue in the peptide. Yitrium-90 can be attached via 2
lysine residue. The IODOGEN method (Fraker et al (1978) Biochem. Biophys. Res.
Comrmun. 80: 49-57) can be used to incerporate iodine-123. “Monoclonal Antibodics
m {mmuonoscintigraphy” {Chatal, CRC Press 1989) describes other methods i detail.

Conjugates of the antibody and cytotoxic agent may be made using a variety

of bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyidithio)
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propionate (SPDP), suceinimidyl-4-{N-maleimidomethyl) cyclohexane- 1-carboxylate
{(SMC(C), iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl
adipimidate HCI), active esters {(such as disuccininmidyl suberate), aldehydes (such as

ghutaraldehyde), bis-azido compounds {such as bis (p-azidobenzoyl) hexanediamine),

(881

bis-diazoniom derivatives (such as bis-{p-diazoniumbenzoyl)-ethylenediaming),

diisocyanaics {such as toluene 2,6-diisecyanate}, and bis-active fluorine compounds

{such as 1,5-difluoro-2 4-dinitrobenzene). For example, a ricin imnumotoxin can be

prepared as described in Vitetta of of., Science 238:1098 {1987). Carbon-14-labeled

1-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-DTPA) is

10 an exemplary chelating agent for conjugation of radionucientide to the antibody. Sec
W094/11026. The linker may be a “cleavable linker” facilitating release of the
cytotoxic drug in the cell. For example, an acid-labile linker, peptidase-sensitive
linker, photolabile linker, dimethyl bnker or disulfide-containing linker (Chari ef al.,
Cancer Research 52:127-131 (1992); U.5. Patent No. 5,208,020} may be used.

5 The compounds expressly contemplate, but are not Hmited to, ADC prepared
with cross-linker reagents: BMPS, EMCS, GMBS, HBVS, LC-SMCC, MBS, MPBH,
SBAP, SIA, SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, suifo-KMUS,
sulto-MBS, sulfo-SIAR, sulfo-SMCC, and sulfo-SMPB, and SVSB (succinimidyi-(4-
vinylsulfongybenzoate) which are conumercially available (e g., from Pierce

20 Biotechnology, Tuc., Rockford, 1., U.S.A). Sce pages 467-498, 2003-2004

Apphications Handbook and Catalog.

3, Preparation of antibody drug conjugates
In the antibody drug comjugates {ADC), an antibody (Ab) is conjugated o ong

ot more drug moiecties (1), e.g. about 1 to about 20 drug moicties per antibody {p = 1

[\l
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to about 20}, through a linker (L), The ADC of the formula shown below may be
prepared by several routes, employing organic chemisiry reactions, conditions, and
reagents known to those skilled in the art, inclading: (1) reaction of a nucleophilic
group of an antibody with a bivalent linker reagent, to form Ab-L, via a covalent bondg,
followed by reaction with a drug moiety D; and (2) reaction of a mucleophilic group of
30 adrug moiety with a bivalent linker reagent, to form -1, via a covalent bond,
followed by reaction with the nucleophilic group of an antibody. Additional methods
for preparing ADC are deseribed herein

Ab—{(L-D),
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The Hnker may be composed of one or more linker components. Exemplary
linker components include 6-maleimidocaproyl (“"M{™}), maleimidopropancyl (“MP”),
valine-citrulline (“val-cit”), alanine-phenylalanine (“ala-phe™), p-
aminobenzyloxycarbonyl (“PAB™), N-Succinimudyl 4-(2-pyridyithio) pentanoate
(“SPP™), N-Saceimimidyl 4-(N-maletmidomethyl) cyelohexane-1 carboxylate
(“SMCC), and N-Succinimidy] (4-iodo-acctyl) aminobenzoate (“SIAR”). Additional
Iinker components are known in the art and some are described herein. See also
“Monomethylvaline Compounds Capable of Corgugation to Ligands”, US Ser. No.
10/943,340, filed Nov. 5, 2004, the contents of which are hereby incorporated by
reforence in its entirety.

In some embodiments, the linker may comprise amino acid residues.
Exemplary amine acid linker components include a dipeptide, a tripeptide, a
tetrapeptide or a pentapeptide. Exemplary dipeptides inchude: valine-citrulline (ve or
val-cit), alanine-phenylalanine (af or ala-phe). Exemplary tripeptides include:
glycine-valine-citrulline (gly-val-cit) and glycine-glyeine-glycine (gly-gly-gly}.
Amino acid residucs which comprise an amino acid linker component inchude those
occurring naturally, as well as minor anino acids and non-naturally occurting amino
acid analogs, such as citrulline. Ammo acid Hnker components can be designed and
optimized in their selectivity for enzymatic cleavage by a particular enzymes, for
example, a tumor-associated protease, cathepsin B, C and D, or a plagmin protease.

Nucleophilic groups on antibodies include, but are not himited to: (1) N-
terminal amine grovups, (1) side chain amine groups, e.g. lysine, (it} side chain thiol
groups, e.g. cysteine, and (iv) sugar hydroxyl or amino groups where the antibody is
glycosylated. Amine, thiol, and hydroxyl groups are nucleophilic and capable of
reacting to form covalent bonds with electrophilic groups on linker moteties and
tinker reagents including: (i) active esters such as NHS esters, HOB? esters,
haloformates, and acid halides; (i) alky! and benzyl balides such as haloacetamides;
(111} aldehydes, ketones, carboxyl, and maletmide groups. Certain antibodies have
reducible interchain disulfides, i e. cysicing bridges. Auntibodies may be made
reactive for conjugation with linker reageuts by treatment with a reducing agent such
as DTT {(dithiothreitol). Fach cysteine bridge will thus form, theorenically, two
reactive thiol nucleophiles. Additional nucleophilic groups can be mtroduced into

antibodies through the reaction of lysines with 2-iminothiolanc {Traut’s reagent)
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resulting e conversion of an amine into a thiol, Reactive thiol groups may be
imtroduced into the antibody (or fragment thereof) by introducing one, two, three, four,
or more cysteine residues (e.g., preparing mutant antibodies comprising one or more

non-native cysteine anino acid residues).

(&)

Antibody drug conjugates may also be produced by modification of the
antibody to introduce electrophilic moicties, which can react with nucleophilic
substituents on the Hnker reagent or drug. The sugars of glycosylated antibodics may
be oxidized, e.g. with periodate oxidizing reagents, to form aldehyde or ketone groups
which may react with the amine group of linker reagents or drug moietics. The
10 resulting imine Schiff base groups may form a stable linkage, or oay be reduced, e.g.
by borohvdride reagents to form stable amine linkages. In one embodiment, reaction
of the carbohydrate portion of a glycosylated antibody with either glactose oxidase or
sodivm meta-periodate may vield carbony] (aldchyde and ketone) groups in the
protein that can react with appropriate groups on the drog (Hermanson, Bioconjugate

Techniques}. In another embodiment, proteins containing N-terminal serine or

..
n

threonine residues can react with sodium meta-periodate, resulting in production of an
aldchyde n place of the first amino acid {Geoghegan & Stroh, (1992) Bioconjugate
Chem. 3:138-146; US 5362832). Such aldehyde can be reacted with a drug moiety or
finker nucloophile,

20 Likewise, nucleophilic groups on a drug moicty include, but are not limited to:
amine, thiol, hvdroxyl, hydraride, oxime, hydrazine, thiosemicarbarone, hydrazine
carboxylate, and arythydrazide groups capable of reacting to form covalent bonds
with electrophilic groups on linker moictics and linker reagents incloding: (i) active

esters such as NHS esters, HOB1 esters, haloformates, and acid halides; (if) alky! and

[\l
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benzyl halides such as haloacetamides; (111} aldehydes, ketones, carboxyl, and
maleimide groups.

Alternatively, a fusion protein comaprising the antibody and cytotoxic agent
may be made, e.g., by recombinant technigues or peptide synthesis. The length of
DNA may comprise respective regions encoding the two portions of the conjugate
30 cither adjacent one another or separated by a region encoding @ linker peptide which
does not destroy the desired properties of the conjugate.

In yet another embodiment, the antibody may be conjugated to a “receptor”

(such streptaviding for utilization in tumor pre-targeting wherein the antibody-receptor
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conjugate is administered to the patient, followed by removal of unbound conjugate
from: the circulation using a clearing agent and then administration of a “ligand” (e.g.,
avidin) which is conjugated to a cytotoxic agerd {(e.g., a radionucieotide). A variety of
radionuclides are available for the production of radioconjugated antibodies.

. 22gy; 1317 151y 90 186
Examples inclade B, 'L, Plin, ™Y, and “Re.

Y. Methods

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

In one aspect, antibodies of the disclosure are useful for detecting the presence
of mutant SMO in a biclogical sample. The term “detecting” as used herein
gncompasses quantitative or qualitative detection, In certain embodiments, a
biclogical sample comprises a cell or tissue, such as timmor tissue.

In one aspect, the disclosure provides a method of detecting the presence of
mutant SMQO in a biological sample. In certain embodiments, the method comprises
contacting the biological sample with an anti-mutant SMO antibody under conditions
permissive for binding of the anti-routant SMO antibody to vuatant SMO, and
detecting whether a complex is formed between the anti-mutant SMO antibody and
mutant SMO.

In one aspect, the disclosure provides a method of diagnosing a disorder
associated with expression of mutant SMO or a condition, such as drug resistance,
associated with expression of motant SMO. In certain embodiments, the method
comprises contacting a test coll with an anti-mutant SMO antibody; determining the
level of expression (either quantitatively or qualitatively) of mutant SMO by the test
cell by detecting binding of the anti-mutant SMO antibody to mutant SMQ; and
comparing the level of expression of mutant SMO by the test cell with the fevel of
expression of mutant SMO by a control cell (e.g., a normal cell of the same tissue
origin as the test cell or a cell that expresses wild-type SMO at levels comparable to
such a normal cell}, wherein a higher level of expression of mutant SMO by the test
cell as compared to the control cell indicates the prosence of a disorder associated
with increased expression of nutant SMO. In certain embodiments, the test cell is
ohtained from an dividual suspected of having a disorder associated with increased

expression of mutant SMO, In certain embodiments, the disorder is a cell

—
o]
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profiferative disorder, such as a cancer or a tumor. {t s appreciated that in, for
cxample, a tumor sampic, there may be heterogencity in SMO expression. Thus, i is
appreciated that in a sample only a subset of celis in the sample may cxpress the

mutant SMO, and such expression 1s sufficient 1o, for example, be associated with

(881

drug resistance. Accordingly, evaluating expression includes evaluating expression in
a sampic and detecting mutant SMO protein in a subset of cells in 3 sample.
Exemplary disorders that may be diagnosed or in which drug resistance can be
evaluated using an antibody of the disclosure include, but are not limited o
medulioblastoma, pancreatic cancer basal cell carcinoma.
10 Certain other methods can be used 1o detect binding of antibodies to mutant
SMO. Such methods include, but are not Himited to, antigen-binding assays that are
well known in the ant, such as wesiern blots, radioimmunoassays, ELISA (enzyme
finked inununosorbent assay), “sandwich” immunoassays, immunoprecipitation
assays, floorescent immunoassays, protein A immumoassays, and

immunohistochemistry (IHC).

..
wn

In certain embodiments, antibodics are labeled. Labels include, but are not
Hrotted to, tabels or moicties that are detected divectly (such as fluorescent,
chromophoric, electron-dense, chemiluninescent, and radioactive labels), as well as
moigtics, such as enzymes or ligands, that are detected indirectly, e.g., through an
20 enzymatic reaction or molecular teraction. Excraplary labels include, but are not

32

s - 4 1257 Byy 3
hmited to, the radioisotopes 7P, B0, 1P OH, and Hlugrophores such as rare earth
chelates or fluorescein and its derivatives, thodamine and its derivatives, dansyl,
umbclliferone, huceriferases, e.g., firefly iuciferase and bacterial luciferase (ULS. Pat.

No. 4,737,456), luciferin, 2,3-dihydrophthalazinediones, horseradish peroxidase

[\l
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(HRP), alkaline phosphatase, B-galactosidase, glacoamylase, lysozyme, saccharide
oxidases, e.g., ghicose oxidase, galactose oxidase, and ghicose-6-phosphate
dehydrogenase, heterocyclic oxidases such as uricase and xanthine oxidase, coupled
with an enzyme that employs hydrogen peroxide to oxidize a dye precursor such as
HRP, lactoperaxidase, or microperoxidase, biotin/avidin, spin labels, bacteriophage
30 labels, stable free radicals, and the like.

In certain embodiments, antibodies are immobilized on an insoluble matrix,
Immobilization may entail scparating an anti-mutant SMO antibody from any muotant

SMQO that remains free in solution. This conventionally is accomplished by either
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msolubilizing the anti-mutant SMO antibody before the assay procedure, as by
adsorption to a water-insoluble matrix or surface (Benmnich er o/, U.S. 3,720,760), or
by covalent coupling (for example, using glutaraldehyde cross-linking), or by
msolubilizing the anti-mutant SMO antibody after formation of a complex between
the anti-mutant SMO antibody and mutant SMO, e g, by immunoprecipitation,

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

B. Methods of detecting mutant SMO with mueleic acid probes

In ome aspect, nuckeic acid probes as described herein are useful for detecting
the presence of mutant SMO mucleic acid m a biological sample. The term
“detecting” as used herein encompasses quantitative or qualitative detection. In
certain embodiments, a biclogical sample comaprises a cell or tissue, such as tumor
tissue.

In one aspect, the disclosure provides a method of detecting the presence of
mutant SMQO-encoding nuocleic acid in a biological sample. In certain embodiments,
the method comprises contacting vucleic actd from the biological sample with a probe
as described herein and hybridizing the probe to the nucleic acid under conditions
permissive for hybridization under stringent conditions, and detecting whether a
complex is formed between the probe and the nucieic acid sample.

The mutant SMO-encoding nucleic acid may be detected using any
methodology known in the art including, but not limited to the use of probes as
described herein, or by PCR amplification, rtPCR sequencing, single strand
conformational polymorphisra (S8CP), differential restriction digestion of DNA,
hybridization, or any other method known in the art.

In these methods, detection of a mutant SMO as described herein in a cell
mdicates the presence of a disorder associated with increased expression of mutant
SMO (i.e., resistance to treatment with a Smo inhibitor such as GDC-0449). In
certain embodiments, the test cell 13 obtained from an mdividual suspected of having a
resistant wimor associated with expression of mutant SMO. As detailed above, it is
appreciated that mutations may be n a subset of cells from a sample, such as a subset

ot cells from a tumor sample.
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Exemplary disorders that may be diagnosed using an antibody of the
disclosure include, but are not limited to medulloblastoma, pancreatic cancer basal
cell carcinoma.

C. Methods of detecting mutant SMO in cell based assays

Mutant SMO may be detected in cell based assays as known in the ant
nclading, but not limited to binding of a mutant SMO-detecting antibody to the
surface of a cell sample, such as a tmor sample in vigro Imnwmohistochemical
staining of histological preparations of tumor samples or tissue suspected of
containing mutant SMO. Functional assays 1n which a tissue sample is contacted with
GDC-0449 and hedgehog o determine whether Hh signaling occurs {e.g., by
measuring activation of pathway components, expression of Gl and the Hike). Any
functional assay using the Hh signaling pathway that can be disrupted using GDC-
(3449 may be used in the method of the disclosure to determine the presence and
activity of a mutant SMO.

D. Methods of screening for compoumds that bind to mutant SMO

In some cmbodiments, the disclosure provides for a method of screening fora
hedgchoeg pathway inhibitor that is capable of inhibiting hedgehog signaling in a cell
that expresses any of the nuatant SMO proteins disclosed herein. Tn some
embodiments the screen is of single agents or a discrete nomber of agents. In some
embodiments, the screen is of pools of agents. 1o some erabodinments, the screen is
high-throughput screening. In some embodiments, the screen is of a Bibrary or
Libraries of compounds (e.g., libraries of small molecules, libraries of antisense
oligonucieotides, or libraries of antibedies or peptides). In some embodiments,
screening roay nvolve a primary assay alone or a primary assay and one or more
secondary assays. In some embodiments, the agents can be assessed in an assay {e.g.,
3 hedgehog signaling assay (e.g., by using any of the (Ui cxpression assays described
herein or known in the art to examine Ghl nucleic acid or protein cxpression in
response to an agent), a nutant SMO protein binding assay {e.g., by using any of the
mutant SMO binding assays described herein), a cell proliferation assay {2.g., by
using any of the cell proliferation assays described hereim or known in the art). Uscin
screening assays is an exemplary use for the mutant SMO proteins and nucleic acids

of the disclosure (e.g., a mutant SMO protein can be used in a cell free or cell based

[—
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assay; a mutant SMO nucleic acid can be provided in 8 vector and used to express a
mutant SMO protein in host cells or a host organism suiiable for a screcening assay.

The disclosure provides a method for scroening for compounds that bind to
mutant SMO. Without being held to any particular mode of operation, it is expected
that moch in the way that GDC-0449 binds wild-type SMO and doesn’™t bind nustant
SMQ, a compound which acts as an inhibitor of mutant SMO would bind mutant
SMO. Thus, one may cxpress the mutant SMO protein or a fragment thereof, such as
a fragment comprising all or a portion of transmembrane domain 6 (TM6), and run
binding assays using a library of compounds by any means konown in the art. Also
one may usc a smaller library of compounds represented by variations of GDC-0449
using a modeling approach based on potential contact points of GDC-0449 and then
modeling similar contact points for mutant SMO and variations of GDC-0448. Such
modeling progrars and algorithms may be any that are known in the art. Compounds
that bind mutant SMO and wild-type SMO may be identified that are inhibitors of
both wild-type and muatant SMO. Alternatively, compounds may be discovered that
bind to mutant SMO, but which do not bind to wild-type SMO and thereforg are
nhibitors only for rautant SMQO. In certain embodimenis, binding and/or some other
readout {e.g., hedgehog signaling) are assessed and compare to that for wildtype 3MO
or a suitable control (e.g., empty vector).

In one embodiment, the conpounds 1o be screened are small molecule
compounds such as variants of GDC-0449. In other embodiments, the compounds
that bind muatant SMO are antibodies that specifically recognize an epitope that is in
the same region as the binding site of GDC-0449 1o wild-type SMO. Inone
cmbodiment the antibody binds to a region in the carboxy-terminal portion of TM6 of
mutant SMO and inhibits mutant SMQO activity.

Compounds may aliernatively, or additionally be screened for their ability to
whibit putant SMO activity. In these embodiments, one may asscss the ability of
these compounds to inhibit hedgehog signaling in cells expressing mutant SMO.
These assays may be performed in cells that have a hedgehog signaling pathway
intact but which express a recombinant SMO bearing the mutation in place of, or in
addition to wild-type SMO. In these assays one determyines the ability of the cell to
have active hedgchog signaling when incubated with hedgehog in the presence or

ansence of the candidate inhibitor. If hedgehog signaling is inhibited in the prescnce
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of the candidate compound, sach compound is a hedgehog inhibitor. In some
cmbodiments the cells express both wild-type and mwtant SMO and are incubated
with GDC-0449 and a candidiate inhibitor. Tn other embodiments, the colls oxpress

only nutant SMO and may be incubated with Hh and the candidate inhibitor alone
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(i.e., in the absence of GDC-0449). The compoumd is an inhibitor of mutant SMQO if
Hh signaling is reduced or inhibited in such cells.

In some embodiments, the disclosure provides for a method of identifying 4
hedgehog pathway inhibitor, wherein the method comprises: contacting a cell with an
amount of a test agent, wherein the cell is respounsive to hedgehog protein or bas
10 imcreased hedgehog signaling and/or activation of the hedgehog signaling pathway,
and wherein the cell expresses any of the mutant SMO proteins deseribed herein, and
b} determining, as compared to a control, whether the test agent inhibits hedgehog
signaling in the cell, wherein if the tost agent indibits hedgebog signaling in the celf

relative to the control, then the test agent is identified as a hedgehog pathway inhibitor,
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In some embodiments, the control (or basis for companison) 1s a cell expressing a
wildtype SMO protein (e.g, 3 SMO protein baving the amino acid sequence of SEQ
D NGO 1), In some embodiments, the control is a cell expressing the same nutant
SMO proteins as the cell contacted with the test agent, whercin the control 1s
unircated or treated with a control agent to which the mutant SMO protein is partially
20 or completely resistant. To sorae embodiments, the control agent is vismoedegib,

LY 2940680, LDE225 and/or compound 3. In some embodiments, the test agent binds
to mutant SMO protein but not wildtype SMO protein. In some embodiments, the test
agent binds to both the motant SMO protein and wildtype SMO protein. In some

cmbodiments, the test agent is more effective in inhibiting hedgehog signaling ina
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cell expressing mustant SMQ protein than in a cell expressing wildtype SMO protein.
In some embodiments, the disclosure provides for a method of identifying a
hedgehog pathway inhibitor, wherein the method comprises: contacting a cell with an
amount of an agent, wherein the cell is responsive to hedgehog protein or has
mcreased hedgehog signaling and/or activation of the hedgehog signaling pathway,
30 and wherein the cel expresses any of the mutant SMO proteins described herein, and
b} determining, as compared to a control, whether the agent inhibits growth and/or
profiferation of the cell, wherein if the agent tnhibits growth and/or proliferation of

the cell relative to the control, then the agent is identified as a hedgehog pathway

——
(]
oo



WO 2015/120075 PCT/US2015/014496

(881

10

..
wn

20

[\l
(881

Attorpey Docket No. CIBT-228-W01

mhibitor. In some embodiments, the control is a cell expressing a wildtype SMO
protein {e.g, a SMO protein having the aming acid sequence of SEQ IDNO: 1), In
some embodiments, the control is a cell expressing the same mutant SMO preteins as
the cell contacted with the test agent, wherein the control is untreated or treated with a
control agent to which the mutant SMO protein 1s partially or completely resistant. In
some cmbodiments, the control agent is vismodegib, LY 2940680, LDE22S and/or
compound 5. In some embodiments, the test agent binds to mutant SMO protein but
not witdtype SMO protein. In some embodiments, the test agent binds to both the
mutant SMQO protein and wildtype SMO protein. In some cmbodiments, the test agent
is more cffective in indibiting growth and/or proliferation of a cell expressing nurtand
SMO protein than of a cell expressing wildtype SMO pr

In some embodiments, the ccll used in the screening methods described herein
1§ in culture. In some embodiments, the agent contacted with the cells in the culture is
sufficient to inhibit, partially or entirely, hedgehog signaling in at least 10%, 15%,
20%, 25%, 30%, 40%, 50%, 6%, 70%, 80%, 9(%, or 160% of cells in a cell culture.
In some embodiments, the agent contacted with the cells in the culture is sufficient to
reduce the rate of proliferation of a cell and/or rate of survival of at least 10%, 15%,
20%, 25%, 30%, 40%, S0%, 60%, 70%, 80%, 90%, or 100% of cells m a cell culure,
wherein the cells are expressing or overexpressing hedgehog or have active hedgehog
signaling.

In other embodiments, the cell 18 1n an animal. In some embodiments, the
antmal is @ mammal or other vertebrate. In some embodiments, the animal is post-
natal, In some embodiments, the animal is pediatric. In some embodiments, the
animal is adult, When referving to celis in vitro, the celis maay be of any vertchrate
species, such as a mammal, such as rodent, hamster, or human. In vitro or in vivo, a
cell may be a cancer cell, such as a primary cancer cell, a metastatis cancer ecll, or a
cancer cell line. In some embodiments, the cell 15 a meduliablastoma cell, In some
embodiments, the cell is a basal cell carcinoma cell. In some embodiments, the cell is
a nevoid basal cell carcinoma cell. In some embodiments, the cell is a Gorlin'g
Syndrome cell.

In some embodiments, the cell comprises one or more mutations in a
hedgehog signaling pathway gene. In some embodiments, the one or more nuutations

are in patched. In some embodiments, the paiched mutation is loss-of-function

—
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muttation. {n some embodiments, the one or more nuiations are in smoothened. In
some embodiments, the smoothened mutation is 3 smoothened gaim-of-function
matation. In some embodiments, the gain-of-function smoothened mutation resulis in

a constitutively active smoothened protein. In some embodiments, the one or more

(881

mutations are in suppressor-of-fused, and the cell has suppressor-of-fused (SuFu)
foss-of-function. In some embodiments, the SuFu mutation resolts in a partial logs-of-
function of Sufu activity. In some embeodiments, the Suffu mutation results in a full
loss-of-function in SeFu activity. In some embodiments, the SuFu mustation confers
esistance o vismodegib.
10 In some embodiments, the agent tested in any of the screening methods
described herein 1s a small molecule. In other emboediments, the agentis a
polypeptide.  In other embodiments, the agent is an siRNA antagonist,

In some embodiments of any of the screening methods described hercin, the
mutant SMO DNA s exogenously expressed in a cell. In some embodiments, the

mutant SMO DNA is stably expressed i the cell. In some embodiments, the mutant

..
wn

SMO DNA is transiently expressed in the cell

The growth inhibitory cffects of the various hedgehog pathway inhibitors
useable in the disclosure may be assessed by methods known in the art, e.g., using
cells which express a mutant SMO polypeptide cither endogenocusly or following

20 transtection with the respective nuutant SMO gene. For example, appropriate tiror

cell lines and cells transfected with mutant SMO-encoding DNA may be treated with
the hedgehog pathway inhibitors of the disclosure at various concentrations for a few
days {¢.g., 2-7 days) and stained with crystal violet, MTT or analyzed by some other

~

celovimetric or luciferase-based (og CellTiterGlo) assay. Another method of

[\l
(881

measuring proliferation would be by comparing “H-thymidine aptake by the cells
treated in the presence or absence of such hedgehog pathway inhibitors. After
treatment, the celis are harvested and the amount of radioactivity incorporated into the
DNA quantitated in a scintillation counter.  Appropriate positive controls fnclude
reatment of a selected cell line with a growth inhibitory antibody or small molecule
30 koown to inhibyt growth of that cell Hue. Growth inbibition of tumor cells in vive can
be determined m various ways known in the art. In some embodiments, the tumor
cell is one that has one or more mutations in a hedgehog pathway signaling gene. In

some cmbodiments, such hedgehog pathway inhibitors will inhibit cell proliferation

m
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of a hedgehog-expressing tumor cell in vitro or in vivo by about 10-25% | by about
25-100%, by about 30-100%, by about 50-100%, or by about or 70-100% compared
to the untreated fumor cell. Growth inhibition can be measured at 2 hedgehog

pathway inhibitor concentration of about 0.5 to 30 pg/ml, about 0.5 nM fo 200 nM,

(&)

about 200 nM to 1M, about 1 uM to 5 uM, or aboot 5§ M to 10 pM, in cell enlture,

where the growth inhibition is determined 1-10 days after exposure of the tumor colls

to the antagonist. The antagonist is growth inhibitory in vive if administration of

antagonist and/or agonist at about 1 pg/kg to about 100 mg/kg body weight results in

reduction in tumor size o1 reduction of tumor cell proliferation within about § days to

10 3 months from the first administration of the antibody or small molecule antagonist, in
some embodiments, within about § to 30 days.

In some embodiments, to sclect for hedgebog pathway inhibitors which induce
cell death, loss of membrane indegrity as indicated by, c.g., propidium todide (P1,
trypan bhue or 7TAAD uptake may be assessed relative to control. A PI uptake assay

15 can be performed in the absence of complement and immume effector cells. In some
cmbodiments, matant SMO protein-cxpressing expressing tumor cells are incubated
with medium alone or mediurn containing the appropriate hedgehog pathway inhibitor.
The cells are incubated for a 3 day time period. Following cach treatment, cells are
washed and aliquoted a into 35 mm strainer-capped 12 x 75 tubes {1 ml per tube, 3

20 tubes per treatment group) for removal of cell clumps. Tubes then receive P10

pg/ml). Samples may be analyzed using a FACSCAN" flow cytometer and
"ACSCONVERT® CellQuest software {Becton Dickinson), or any other device used
by the skilled worker for analyses. Those hedgchog pathway inhibitors that induce
statistically significant levels of cell death as determined by P uptake may then be

selected.

[\l
(&)
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In some embodiments, to screen for hedgehog pathway inhibitors which bind
o an epiiope on a mutant SMO polypeptide, a routine cross-blocking assay such as
that described in Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory,
Ed Harlow and David Lane {1988}, can be performed. This assay can be used to
30 determing if a test antibody, polypeptide, oligopeptide or other organic molecule
binds the same site or epitope as a known hedgehog pathway inhibitor. Alternatively,
or additionally, epitope mapping can be performed by methods known in the art. For

example, the mutant SMQO protein sequence can be mutagenized such as by alanine
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scamning or by making chimerae with fomnonologically distinct GPCR proteins, to
identify contact residues. The mutant antigen is initially tested for binding with
polyclonal antibody to ensure proper folding. in a different method, peptides
corresponding to different regions of a nutant SMO protein can be used in
competition assays with the test antibodies or with a test antibody and an antibody
with a characierized or known epitope.

In some embodiments, the mutant SMO protein or the candidate hedgehog
pathway inhibitor agent is immobilized on a solid phase, ¢.g., on a microliter plate, by
covalent or non-covalent attachments. Non-covalent atiachmont generally is
accomplished by coating the solid surface with a solution of the mutant SMO protein
or candidate hedgehog signaling agent and drying. Alteratively, an immobilized
antibody, ¢.g., 8 monoclonal antibody, specific for the target portion of mutant SMO
to be immobilized can be used to anchor if 0 a solid surface. The assay may be
performed by adding the non-imumobilized component, which may be labeled by a
detectable label, to the immobilized component, ¢.g., the coated surface containing the
anchored component. When the reaction is complete, the non-reacted components
may be romoved, ¢.g., by washing, and cormaplexes anchored on the solid surface arce
detected. When the originally non-immobilized component carries a detectable label,
the detection of label immobilized on the surface indicates that complexing occurred.
Where the originally non-tamobilized component does not carry a label, complexing
can be detected, for example, by using a labeled antibody specifically binding the
immoebilized complex.

If the candidate hedgehog pathway inhibitor interacts with but does not bind
directly te a hedgehog signaling polypeptide identified herein, s interaction with that
polypeptide can be assayed by methods well known for detecting protein-protein
nteractions. Such assays inchlude traditional approaches, such as, ¢.g., cross-linking,
co-tmmunoprecipitation, and co-purification through gradiends or chromatographic
columns, In addition, protein- protein interactions can be monitored by using a yeast-
based genetic system described by Fields and co-workers (Fields and Song, Nature
{London). 340:245-246 (1989); Chien ot al, Proc. Natl. Acad. Sci. USA, RB:9578-
0582 (1991)) as disclosed by Chevray and Nathans, Proc. Natl, Acad. Sci. USA. 89:
§789-5793 (1991}, Many transcriptional activators, such as yeast GAL4, consist of

two physically discrete modular domains, one acting as the DNA-binding domain, the

rd
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other one fimctioning as the transcription- activation domain. The yeast expression
system described in the foregoing publications {generally referred {0 as the "two-
hybrid system™} takes advantage of this property, and employs two hybrid proteins,

one in which the target protein is fused to the DNA-binding domain of GAL4, and

(&)

another, in which candidate activating proteins are fused to the activation domain.
The expression of a GALT-LacZ reporter gene under control of a GAL4-activaied
promoter depends on reconstitution of GAL4 activity via protein-protein interaction,
Colonies containing tnteracting polypeptides are detected with a chromogenic
substrate for i-galactosidase. A complete kit (MATCHMAKER™) for identifying
10 protem-protein interactions between two specific proteins using the two- hybrid
technique is commercially available from Clontech. This system can also be extended
to map protcin domains involved in specific protein interactions as well as (o pinpoint
amino acid residues that are crucial for these interactions.

The assays can be performed in a variety of formats, inclading protein-protein

binding assays, biochemical screening assays, immuonoassays, and cell-based assays,

..
n

which arc wel characterized in the art.

Agents that interfere with the irteraction of hedgehog signaling polypeptide
and other intra- or extracellular components {e.g., Costal-2) can be tested by means
well-known by the skilled worker. In some crabodiments, a reaction mixture is

20 prepared containing the mutant SMO polypeptide and an intra- or extraccliular
component under conditions and for a time allowing for the interaction and binding of
the two products. In some embodiments, to test the ability of a candidate compound
to inhibit binding, the reaction is ron in the absence and in the presence of the test

compound. In addition, a placebo may be added to = third reaction mixture, to serve

[\l
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as positive control. The binding {complex formation) between the test compound and
the intra- or extraccHular component present in the mixture is monitored as described
hercinabove. The formation of a conplex in the control reaction(s) but not in the
reaction mixture containing the test agent indicates that the test agent interferes with
the interaction of the test compound and 1is reaction partner.

30 The disclosure contemplates methods for identifving hedgehog pathway
mhibitors using any one or combination of the foregoing assay steps. In other words
varipus screening assays can be combined to identify antagonists having, for example,

a particular activity o1 to confirm that an agent that anlagonizes mustant SMO in one

—
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assay also inhibits hedgehog signaling in an independent assay. For any assay or
method of identification, results may be compared to one or more appropriate controls,
nchuding positive and/or negative controls,

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

(881

hedgehog pathway inhibitors, agents may be screened singly or inpools. Agents may
be screened from a library of agents or a set of candidate agents. Suitable agents that
may be screened mnclude, but are not Hnuted to, antibodies, antibody fragments,
peptides, antisense oligonucleotides, RNAI and smali molecules (2.g., a bromodomain
inhibitor).

10 In some crbodiments, the coll used in any of the screening methods disclosed
herein comprises one or more mutations in a gene that results in an activation or
increase hodgehog signaling, In some embodiments, the one or more mutations are in
the patched gene resulting in a patched loss of function. In some embodiments, the
one or more mutations in the patched gene result in a rootant gene that encodes a
patched protein having ong or more of the following mutations; S616G, 251, E380%,

(3853%, WO2Z6%, PI38TS, sp2667, 501H, 1017, 5108, or A1380V.

..
wn

In some crobodiments, the one or more mutations in a gene that results in an
activation or increase hedgehog signaling are in smooihened, and the cell has a
smoothened mutation. In some embodiments, the smoothened mtation is a
20 smoothened gain-of-function mutation. In some emwbodiments, the gain-of-function
smoothened mutation resubts in a constitutively active smoothened protein. See, ez,
WO 201 /028950 and WO2012047968, each of which is incorporated by reference.
In some embodiments, the smoothened mutation is a mutation at a position

corresponding to position 535 of SEQ 1D NO: 1. In certain embodiments, the

[\l
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mutation 1s a mutation at a position corresponding to position 562 of SEQ ID NG: 1.
In certain cmobodiments, the mutation is W335L at position 535 or at that
corresponding posttion in SEQ 1D NO: 1. In some embodimenis, the smoothoned
mutation is & mutation corresponding to position R362Q of SEQ ID NQO: 1 (a R§820Q
putation at position 362 or at a position corresponding to position 562 of SEQ ID

30 NO: 1. Insome embodiments, the smoothened mutation is a mutation at a position
corresponding to position 412 of SEQ ID NO: 1, such as a L412F at such a position of
SEQ IDNO: 1. In some embodiments, the smoothened mutation has an aliernative

mutation that renders i resistant to certain smoothened inhibitors. In some
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embodiments, the smoothened protein comprises an amino acid alteration at amino
acid position 518 of SEQ 1D NG: 1 or at a position corresponding to position 518 of
SEQ ID NO: 1. Insome embodiments, the amino acid alteration is ES18K or ES18A
substitution at the amino acid position corresponding to amino acid position S18 of
SEQ D NO: 1. In some embodiments, the smoothened protein comprises an anino
acid alteration at amino acid position 473 of SEQ ID NO: 1 or at a position
corresponding to position 473 of SEQ ID NG: 1.

In some embodiments, the one or more mutations are in 8 fedgehog gene and
osult in overcxpression of a hedgebog protein. In some embodiments, the
overexpressed hedgehog protein is Sonic hedgehog protein. In some cmbodiments,
the overexpressed hedgehog protemn 1s Indian hedgehog protein. In some
embodiments, the overexpressed hedgehog protein is Desert hedgehog protein.

In some embodiments, the one or more mutations are n suppressor-of-fised,
and the cell has sappressor-of-fused (Sufu or SUFU} loss-of-function. In some
embodiments, the results 1n a loss-of-function in SuFu activity. In some embodiments,
the SuFu mutation is in a medulloblastoma, meningioma, adenoid cystic carcinoma,
basal cell carcinoma and rhabdomyosarcoma cancer coll. In some embodiments, the
SuFu mutation is any of the mutations described in Brogieres et al., 2012, JCO,

3 E712087-2093, which s incorporated herein in its entirety, In some embodiments,
the SuFu mutation is any of the nuxtations described in Tables 1 or 2 or any of the
mutations described in Brugieres et al., 2012, JCO, 30(173:2087-2093 , which is
mcorporated herein in its entirety.

Table 1: Germibine SUFU Mutations

Agpe at Histologic Subtype  Asssclated Inheritance Mutation

Diagnosis Symptens 3f Mutation

of MB

4 years Desraoplastic Developmental  NA Loss of
delay contiguous

genes at 10g

Frontal bossing, VST

hypertelorism 1A—T
NA Desnioplastic None NA 143insA
NA Diesraoplastic Meuingioma in NA
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& months

<3 month

<3 monihs

<1 months

6-12

months

<6 months

12-24

nionths

22 months

23 months

MBEN

MBEN
MBEN
MBEN

Desmoplastic/nodular

Desmoplastic/nodular

MB NOS

Desmoplastic/uodalar

Diesmoplastic/nodular

radiation field

Magcrocrauia,
palmar and

plattar piis
None

None

None

None

None

None

Nong
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Tuberiied

Inherited

Tuberited

Inhertted

Inherited

Inherited

Inherited

WA

NA

¢.72¢elC

¢.72insC

¢ 72i0s5C

¢.846ins

¢.1022 +

1G>A

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

available; NOS, not otherwise specified.

5 Table 2. Germline Pathogenic SUFU Mutations

Intron |

Exon 2

Intron 2

Type of

Mautation

Splice

Nuecleotide Change
{In SEQ ID NQO: 44)

—sframeshift

Frameshift

Splice

¢.294 295dupCT

¢.318-10delT

~frameshift

Cousequence (In

SEQ 1D NO: 43)

p. Thrs5fs

p. Tyro9fs

p.Pheld7fs

Tumor

Analysis

Mot

available

Not

available

Loss of

wild-type
allele
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Exon 3 Large ¢.318-7 454+2dvwp  p.Gluido- uv
duplication ? GlulS2+%dup (. 1022 +
SG>A)
Exon 3 Missense c4221>G p.MetidiArg Not
available
Exon 9 MNonsense ¢ 12307 p.Gin375X% Not
available
Exon 9 Frameshift  ¢.1149 1150dupCT  p.Cys3848s Loss of
wild-type
allele
Intron 14 Splice ¢.1297-1G6>C p.? Not
—frameshift available

Abbreviation: UV, unknown variant.
In some cmbodiments, the SeFu mutation comprises a mutation at a position
corresponding o any of the following aming acid positions in SEQ 1D NO: 8: position
5 15,184, 123, 293, 187, In certain embodiments, the SuFu mutation compriscs any
one of more of P151, Q184X R123C, L2954, or P187L., where the mutation 1s at
that posttion or at the position corresponding to the stated position o SEQ 18 NO: 8.
In some embodiments, the SuFU mutation is any of the mutations corresponding to
c10224+1G>A (IVSB-1G>T), ¢.72delC, ¢.72insC, 1431054, ¢.846insC, or TVS1-1A-
10 2T ef SEGQ ID NO: 9. Insome embodiments, the SuFu mutation is any of the
mutations described in Taylor et al {2002) Nat Genet 31:306-310 {e.g., IVS8-1G>T
{(=c.1022 +1G>A), 1129del, PI5E and Ng's two {all +L.OH)); Slade et al (2011) Fam
Cancer 10:337-342, 2011 {e.g., ¢.1022 +1G>A; ¢.848insC); Pastoring et al 20{09) Am
J Med Genet A 149A:1539-1543 (e.g., ¢. 1022 +1G>A); Ng ot al (2005) Am J Med
15 QGenet A 134:399-403 {e.g., 143ins4; IVS1-1A>T); Kijima ot al (2012) Fam Cancer
11: 565-70 {e.g., ¢.550C>T (Q184X)); Aavikko et al (2012 Am J Hum Genet 81:
520526 (e.g., ¢.367C>T (R1230)); Stephens et al (2013} J Chin Invest 123: 2965-
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2068 {e.g., k881 882ins( (L.2954s)); or Retfenberger et al (2005) Brit J Dermatology
152: 4351 {eg., cSO6OC>T (PI18TL)).

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

In some embodiments, the cell used in any of the sercening methods described
herein is 4 cell m which the hedgehog signaling pathway s active. In some
embodiments, the cell is a cell in which the hedgehog signaling pathway is
censtitutively active. In some embodiments, the cell is a cell that has been stimulated
with hedgehog protein or hedgehog agonist. In some embodiments, the activity of the
hedgehog pathway in a cell is determined by monttoring Gl levels or activity ina
Gli-luciferase reporter assay.

In some embodiments, the cell used in any of the screening methods described
herein is a cell in culture. In some embodiments, the disclosure provides for a method
comprising contacting a colture comprising a phirality of cells. In some embodiments,
the cell is in a vertebrate. In some cmbodiments, the cell is in a mammal, and
condacting the cell comprises administering the hedgebog signaling inbibitor to the
mammal. In some embodiments, the mammal is a human subject. In some
embodiments, the cell is a cancer celf and/or the mammal 1s 3 mammal diagnosed
with cancer. In some embodiments, the cancer cell is a cancer cell selected from the
group consisting of: a colon, lung, prostate, skin, blood, hiver, kidney, breast, bladder,
bone, brain, medulloblastoma, sarcoma, basal cell carcingma, gastric, ovarian,
esophageal, pancreatic, or testicular cancer cell. In some embodiments, the cancer
cell s a medulloblastoma cell, a basal cell carcinoma cell, or a nevoid basal cell cell
carcinoma cell (Gorlin syndrome cell},

In certain embodiments, once an agent is identified as a hedgehog pathway
wmhibitor, the agent can then be formulated and further evaluated 1o a cell or animal-
based assay. For example, the agent can be tested in a cell or animal-based cancer

model to evaluate efficacy as an anti-cancer agent.

Vi Methods of Treatment
In some embodiments, the present disclosure relates to methods of modulating

a differentiation state, survival, and/or proliferation of 3 cell expressing a smoothened
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protein having any of the smwothened mutations described herein. In some
cmbodiments, the cell is in a subject (e.g., 2 human paticat). In some embodiments,
the cell is in culture, and the method comprises an in vitro method. In certain
embodiments, the cell is a cancer ¢ell. In certain embodiments, the cell 1s
characterized by unwanted or abnormal cell proliferation. In some embodiments, the
cell comprises or has been predetermined to express a smoothened protein comprising
any of the smoothened mutations described herein. In certain embodiments, the cell
has been predeterniined to express a smoothened polypeptide comprising a mutation,
relative to wild type human SMQO, at an amino acid corresponding to any one or more
of 281, 408, 459, 5333 and/or 535 of SEQ 1D NO: 1. Insome embodiments, the cell
expresses a smoothened polypeptide comprising any of the following substitutions at
an amino acid corresponding to W281C, 1408V, A459V, S533N and/or W535L of
SEQ I NO: 1.

In some embodiments, the disclosure provides for a method of reducing
hedgehog signaling in a cell, wherein the cell expresses a smoothened protein having
any of the smoothened mutations described herein, wherein the cell is responsive to
hedgeheg protein or comprises one or more mutations in a hedgehog signaling
pathway gene (e.g., a component of the hedgehog signaling pathway), wherein the
one of more mutations results in increased hedgehog signaling and/or activation of the
hedgehog signaling pathway in the abscoce of ligand, wherein the method conyprises
the step of contacting the cell with an effective amount of an agent, wherein the agent
is a hedgehog pathway inhibitor. In some embodiments, the agent s a compound that
selectively binds and inhibits the mutant smoothenced protein. In some embodiments,
the agent Inhibits a component of the hedgehog signaling pathway that acis
downstream of the mutant smoothened protein in the cell. In other cmbodiments, the
agent is a bromodomain inhibitor.

In some embodiments, the disclosure provides for a method of treating a
subject having a cancer with an anti-cancer therapeutic agent, wherein said subject
comprises and/or has been determined to express a mutant SMO protein, wherein said
matant SMO protein bas an amino acid other than alanine at position corresponding to
position 239 of SEQ [ NO: 1. In some embodiments, the disclosure provides for a
method of inhibiting hedgehog signaling in a cell, wherein the cell expresses a mutant

SMQO protein having an amino acid other than alanine at the position corresponding to
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position 239 of SEQ 1D NO: 1. In some embodiments, the disclosure provides for a
method of diagnosing a subject having a cancer, comprising the steps of: a) obtaining
a sample from the subject, b} testing said sample for the presence of a nucleic acid
encoding a mutant SMO protein having an amino acid other than alanine at the
position corresponding to position 239 of SEQ 1D NO: |, wherein if said sample
comprises said mutant SMO protein, said subject has cancer. In some embodiments,
the cancer is a basal cell carcinoma. In some embodiments, the mutant SMO protein
has a valine at the amino acid position corresponding to aming acid position 239 of
SEQ IDNO: L

In seme crubodiments, the disclosure provides for a method of mbibiting
vnwanted growth, proliferation or survival of a cell, wherein the cell expresses a
smoothened protein having any of the smoothened mutations described herein,
wherein the cell is responsive to hedgehog protein or comprises one or 1more
mutations in a hedgehog signaling pathway gene, wherein the one or more mutations
results in increased hedgehog signaling and/or activation of the hedgehog signaling
pathway in the absence of ligand, wherein the method comprises the siep of
contacting the cell with an effective amount of an agent, wherein the agentis 2
hedgehog pathway imhibitor. In some embodiments, the agent is an agent that
selectively binds and inhibits the mutant smoothened protein. In some embodimonts,
the agent inhibits a component of the bedgehog signaling pathway that acts
downstream of the mutant smoothened protein in the cell. In some embodiments, the
agent is a bromodomain inhibitor.

In some embodiments, the disclosure provides for a method of inhibiting
growth, proliferation or survival of a tumor cell, wherein the tumor cell expresses a
smoothened protein having any of the smoothened mutations described herein,
wherein the cell is responsive to hedgehog protein or comprises one or more
mutations in a hedgebog signaling pathway gene, wherein the one or more mutations
results in increased hedgehog signaling and/or activation of the hedgehog signaling
pathway in the absence of igand, wherein the method comprises the step of
contacting the cell with an effective amount of an agent, wherein the agent is 2
hedgehog pathway imhibitor. In some embodiments, the agent is an agent that
sclectively binds and inhibits the mutant smoothened protein. In some embodiments,

the agent inhibits a component of the hedgehog signaling pathway that acts
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downstream of the mutant smoothened protein in the cell. In other embodiments, the
agent is a bromodomain inhibitor. In some ermbodiments, the method comprises
administering an agent to a paticnt in need thereof.

I some embodiments, the cell treated with any of the methods disclosed

(881

herein comprises one or more mutations in a gene that results in an activation or
increase hedgehog signaling. In some embodiments, the one or more mutations are in
the patched gene resulting in a patched loss of function. In some embodiments, the
one or more mutations in the patched gene result in a muotant gene that encodes a
patched protein having one or more of the following mutations: S616G, 251, E380%,
10 Q853% W926*%, PI38TS, sp2667, Q501H, fs1017, 8108, or A1380V.

In some embodiments, the one or more mutations n a gene that results in an
activation or increasc hedgchog signaling are in smicothened, and the cell has a
smoothened mutation, In some embodiments, the smoothened mutation 15 a
smoothened gain-of-function mutation. In some embodiments, the gain-of-fimetion
smoothened mnitation results in a constitutively active smoothened protein. See, e g,

WO 201 1/028950 and WO2Z012047968, cach of which is mcorporated by reference.

..
wn

In some embodiments, the smoothened vwatation is a mutation at a position
corresponding to position 535 of SEQ 1D NO: 1. In certain embodiments, the
mutation is a mutation at a position corresponding to position 562 of SEQ ID NG: 1.
20 Incertain erobodiments, the nustation 18 W335L at position 535 or at that
corresponding position in SEQ ID NO: 1. In some embodiments, the smoothened
putation is a mutation corresponding to position R562Q of SEQ ID NG: | (a RS62Q
mutation at position 362 or at a position corresponding to position 562 of SEQ ID

NO: 1. In some embodiments, the smoothened mutation is a mutation at a position

[\l
(881

corresponding to position 412 of SEQ ID NG: 1, such as a L412F at such a position of
SEQ IDNO: 1. In some embodiments, the smoothened mutation has an alicrnative
mutation that renders it resistant to certain smoothened inhibitors. In some
embodiments, the smoothened protein comprises an amino acid alteration at amino
acid position $18 of SEQ ID NG: 1 or at a position corresponding to position 518 of
30 SEQ 3 NO: 1. Insome embodiments, the amino acid alteration is ES18K or ES18A
substitution at the amino acid position corresponding to amino acid position S18 of

SEQ D NO: 1. In some embodiments, the smoothened protein comprises an anino
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acid alteration at amino acid position 473 of SEQ 1D NO: | or at a position
corresponding to position 473 of SEQ ID NG: 1
In some embodiments, the one or more mutations are in a hedgehog gene and

result in overexpression of a hedgehog protein. In some embodiments, the

(881

gverexnpressed hedgehog protein is Sonic hedgehog protein. In some embodiments,
the overcxpressed hedgehog protein is Indian hedgehog protein. In some
embodiments, the overexpressed hedgehog protein s Desert hedgehog protem.

In some embodiments, the one or more mutations are n suppressor-of-fised,
and the cell has sappressor-of-fused (SuFu or SUFU) loss-of-function. Tn some
10 cmbodiments, the resulis in a loss-of-function in SuFy activity. In some cmbodiments,
the SuFu mutation is in a medulloblastoma, meningioma, adenoid cystic carcinoma,
basal celf carcinoma and rhabdomyosarcoma cancer cell. In some embodiments, the
Subu mutation is any of the mutations described in Brugieres et al., 2012, ICQ,
30(17y:2087-2093, which is incorporated herein in its entirety.

In some embodiments, the SeFu mutation is any of the mutations deseribed in

..
wn

Tables 1 or 2 or any of the mutations described in Brugieres ot al,, 2012, ICO,
30(17):2087-2093 , which is incorporated herein in its entirety.

Table 1 Germbine SUFU Mutations

Age at Histolepic Subiype  Asspciated faheritance Mutation

Diagnoesis Svmpisis of Mutation

of M3

4 years Desmoplastic Developmental NA Loss of
delay coniignous

geues at 19q

Frontal bossing, IVSt—

hypertelorisnt 1A-T
MNA Desmopiastic None NA {431n8A
NA Desmoplastic Meningiomain = NA

radiaiion field

S months  MBEN Macrocrania, Inherited ¢.i022 +
palmar and 1G>A

plantar pits

<i month  MBEN None Tuherited ©.72delC
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<3 months MBEN None [nherited ¢.72delC
<i montis  MBEN None Tuhevited ¢.72msC
6-12 Desmoplastic/nodular None Inherited ¢.72msC
wouths

<6 months  Desmoplastic/nodular None Inherited ¢.72msC
12-24 MEB NOS Noue Interited ¢.72tsC
months

22 months  Desmoplastic/nodular Noue NA ¢.846insC
23 months  Desmoplastic/uodalar Noue WA ¢.1022 +

1G>A

Abbreviations: MB, medulloblasioma; MBEN, MB with extensive nodularity; NA, not

available; NOS, wot otherwise specitied.

5 Table 2. Germline Pathogenic SUFU Mutations
Exon/intron Type of Nucleotide Change  Consequence (In - Tumor

Mutation {(In SEQ IDNG:44) SEQIDNO:43) Anvalysis

Intron 1 Splice ¢. 182 + 3A>T p. ThrS5fs Not
—sframeshift available
Exon 2 Frameshift  ¢.294 295dupCT p. Tyr9ofs Not
available
Intron 2 Splice ¢.318-10delT p.Phe 10785 Loss of
~frameshift wild-type
allele
Exon 3 Large ¢318-7 454+7dap  p.Gluilé- UV
duplication 7 Ghls2+Tdup (¢ 1022 +
3G=A)
Exon 3 Missense 422> p.MetldlArg Not
available
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Exon 9 Nonsense ¢. 1i23C>T p.Gin375X Not
available
Exon 9 Frameshift  ¢.1149 1150dupCT  p.Cys3848s Loss of
wild-type
allele
fntron 10 Sphice ¢ 1297-1G6>C p.? Not
—frameshift available

Abbreviation: UV, unknown variant.

In some embodiments, the SuFu mutation comprises 8 muitation at a position

corresponding to any of the following amino acid positions in SEQ ID NO: &: position
5 15,184,123, 295, 187, In cortain embodiments, the SuFu mutation comprises any

one or more of P15L, QIR4X, R123(C, L2954, or PI87L, where the mutation is at

that position or at the position corresponding to the stated position in SEQ ID NO: 8.

In some embodiments, the SuFU mutation is any of the mutations corresponding (o

cA022+1G>A (JVSR-1G>T), ¢.72delC, ¢.72insC, 143insA, ¢.846insC, or IVSI-1A-
10 >Tof SEQ ID NG: 8. In some embodiments, the SuFg mustation is any of the
mutations described in Taylor et al (2002) Nat Gonet 31:306-310 (e.g., IVSE-1G>T
(=c. 1022 +1G>A), 1129del, PI5L and Ng's two {all +LLOH)); Slade ot al (2011} Fam
Cancer 1:337-342, 2011 {e.g., ¢.1022 +1G>A; ¢.848ins(); Pastorino et al (2009 Am
I Med Genet A 149A:1539-1543 {e.g., ¢. 1022 +1G>A); Ng et al (2005} Am J Med
Genet A 134:399-403 {eg, 143msA; IVS1-1A>T); Kijima et al (2012) Fam Cancer
1:365-70 (e g, ¢.550C>T (Q184X)); Aavikko et al (2012 Am J Hum Genet 21:
520526 {e.g., ¢.367C>T {R123CY); Stephens et al (2013) J Chin Invest 123: 2965
2908 {e.g., x881 88Zins(G (L.2954s)); or Reifenberger ot al (2005) Brit | Dermatology
152:43-51 {e.g., c560C>T (PISTL)).

&

[,
n

20 In some embodiments, the cell 19 a human cell and has a chromosome 10
doplication and/or a deletion of a portion of 10q, wherein said portion contains SUFU
and PTEN. To some embodiments, the cell comprises a Fs1017 SUFU mutation.

fn some embodiments, the cell treated with any of the methods deseribed

herein is a cell in which the hedgehog signaling pathway is active. In some
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embodiments, the cell is a cell in which the hedgehog signaling pathway is
censtitutively active. In some embodiments, the cell is a cell that has been stimulated
with hedgehog protein or hedgehog agonist. In some embodiments, the activity of the

hedgehog pathway in a cell is determined by monttoring Gl levels or activity ina

(881

Gli-luciferase reporter assay.

In some embodiments, the ccll treated with any of the methods described
herein is a cell in culture. In some embodiments, the disclosure provides for a method
comprising contacting a culture comprising a phurality of cells. In some embodiments,
the cell is in a vertebrate. In some embodimenis, the cell is in 2a mammal, and
10 contacting the cell comprises administering the hedgehog signaling inbibitor to the
mammal. In some embodiments, the mammal is a human subject. In some
embodiments, the cell is a cancer celf and/or the mammal 1s 3 mammal diagnosed
with cancer. In some embodiments, the cancer cell is a cancer cell selected from the

group consisting of: a colon, lung, prostate, skin, blood, hiver, kidney, breast, bladder,

..
wn

bone, brain, medulloblastoma, sarcoma, basal cell carcingma, gastric, ovarian,
esophageal, pancreatic, or testicular cancer cell. In some embodiments, the cancer
cell s a medulloblastoma cell, a basal cell carcinoma cell, or a nevoid basal cell cell
carcinoma cell {Gorlin syndrome cell).

In some embodiments, the hedgehog pathway inhibitor used in any of the
20 methods disclosed berein is a polynucleotide molecule that inhibits the expression of
any of the mutant smoothened proteins described herein. In some embodiments, the
polynucleotide molecule is an antisense oligonucleotide that specifically hybridizes to
a nucleic acid encoding auy of the mutant smoothened proteins disciosed herein. In

some embodiments, the antisense molecule does not hybridize to a nucleic acid that

[\l
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encodes a wildtype smoothened protein (e.g., a nucleic acid that encodes a protein
having the sequence of SEQ D NO: 1), In some cmbodiments, the hedgehog
pathway inhibitor is a RNA1 antagonist that targets the mRNA transeript encoding any
of the mutant smoothened polypeptides disclosed hin some embodiments, the RNAG
antagonist is an siRNA. In some embodiments, the siRNA is 19-23 nucleotides in

30 length. In some embodiments, the siRNA is double stranded, and includes short
overhang(s) at one or both ends. In some embodiments, the siRNA targets an mRNA
transcript encoding any of the mutant smoothened polypeptides disclosed herein, In

some cmbodiments, the RNAI or siRNA does not target an mRNA transcript that
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encodes a wildtype smoothened protein (e.g., a nucleic acid that encodes a protemn
having the sequonce of SEQ ID NG: 1), In some embodiments, the RNAT comprises
an shRNA.

In some embodiments, the hedgehog pathway inhibitor used in any of the
methods disclosed herein is a small molecule that specifically binds to any of the
mutant smoothened polypeptides described herein. In some embodiments, the small
molecule binds to a polypeptide that acts downstream of smoothened in the hedgehog
signaling pathway. In some embodiments, the small molecule binds to a polypeptide
in a pathway distinct from the hedgchog signaling pathway. In some embodiments,
the small molecule 1s 2 bromodomain inhibitor. In some embodiments, the
bromodomain inhibitor is a BRID4 inhibitor. In some embodiments, the bromodomain
inhibitor is any of the bromodomain inhibitcrs described in Ciceri et al,, 2014, Nature
Chemical Biology, 10:305-312; Muller et al,, 2014, Med Chem Commun, 5:288-296;
Garmier ot al,, 2014, 24(2):185-199, which are cach incorporated herein in their
entirety, In some embodiments, the bromodomain imhibitor is -BET762, JG1, J(Q2,
BRD4 by BI-2536 and TG-101348.

In some embodiments, the hedgehog pathway inhibitor used in any of the
methods disclosed herein is an antibody that specifically binds to any of the nustant
smoothened polypeptides described hercin, In some embodiments, the antibody binds
1o a polypeptide that acts downstream of smoothened in the hedgehog signaling
pathway. In some embodiments, the antibody is a monoclonal antibody.

In some embodiments, the cell contacted with an agent according to any of the
methods described herein is also contacted with an additional inhibitor of the
hedgehog signaling pathway (e.g., a HPI).  In some embodiments, the addutional
mhibitor of the hedgehog signaling pathway is 3 veratnum-type steroidal alkaloid. In
some cmbodiments, the veratriun-type steroidal alkaloid is cyclopamine, or KAAD-
cyclopamine or any functional derivatives thercof (e g, IP1-269609 or IP1-926). In
some embodiments, the veratrurn-type steroidal alkaloid is jervine, or any functional
derivatives thereof. In some embodiments, the additional inhubitor is vismedegib,
sonidegib, BMS-833923, PF-04449913, or LY 2940680, or any functional derivatives
thereof. In some embodiments the additional inhibitor is a smoothened imhibitor
chemically vorelated to veratrum alkaloids or vismodegib, including but not limited

to: sonidegih, BMS-833923, PF-(14449913, 1.Y2940680, Erivedge, BMS-833923
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(XL319), LDE22S (Erismodegib}, PF-04449913, NVP-LDE22S, NVP-LEQS06,
TAK-441, X1.-319, LY-2940680, SEN430, Itraconazole, MRT-10, MRT-83, or PF-
(34449913, In some cobodimends, the additional inhibitor is any of the compounds
disclosed in Amakye, et al., Nature Medicine, 19(11):1410-1422 (which is
mcorporated herein in s entirety). In some embodiments, the additional inhibitor of
the hedgchog signaling pathway is an antibody. In some embodiments, the antibody
is an antibody that binds, such as specifically binds, hedgehog proteins. In some
embodiments, the additional inhibitor of the hedgehog signaling pathway is an RNAI
antagonist.

Subjects in need of treatroent or diagnosis inchude those alrcady with aberrant
hedgehog signaling as well as those prone to having or those in whom aberrant
hedgehog signaling is to be prevented. For example, a subject or mammal is
successfully "treated” for aborrant hedgehog signaling #f, according to the method of
the present disclosure, after receiving a hedgehog pathway inhibitor, the patient shows
observable and/or measurable reduction in or absence of one or more of the
following: reduction in the number of tumor cells or absence of such cells; reduction
n the fumor size; inhibition (i.e., slow t0 some extent and, in some embodiments,
stop) of tumor cell infilivation into peripheral organs imcluding the spread of cancer
into soft tissue and bone; inhibition {(i.c., slow to some extent and, in some
embodiments, stop) of fumor metastasis; inhibition, to some extent, of fumor growtih;
and/or relief to some extent, of one or more of the symptoms associated with the
specific cancer; reduced morbidity and mortality, and improvement in quality of life
issues. To the extent such hedgehog pathway inhibitors may prevent growth and/or
kill existing cancer celis, it may be cytostatic and/or cytetoxic. Reduction of these

signs or symptoms may aiso be felt by the patient. Additionally, saccessful exposure
to the hedgchog pathway nhibitor {particularly in cases where no tumor response is
measurable) can be monitored by Glil expression either in skin punch biopsies or hair
follicles {as done for vismodegib).

In certain embodiments, the subject treated with any of the hedgehog pathway
inhibitors disclosed hercin expresses a mutant smoothened protein that is resistant to
vismodegib. Tn some embodiments, the subject expresses a smoothened protein
comprising any of the smoothened mutations described herein. In certain

embodiments the subject expresses a smoothened polypeptide comprising a mutation
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at an amino acid corvesponding to any one or more of 281, 408, 459, 533 and/or 535
of SEG 1D NO: 1. In some embodiments the subject expresses a smoothened
polypeptide comprising a mutation at an amino acid cortesponding to W281C, 1408V,

A4SHY, 8333N and/or WS3SL of SEQ 1D NQG: 1. In some embodiments, prior to

(&)

being treated with any of the treatment methods described herein, the subject has been
determined to express a smoothened protein comprising any of the smoothened
mutations described herein. In certain embodiments, prior to being treated with any
of the treatment methods described herein, the subject has been determined to express
a smoothened polypeptide comprising a mutation at an amino acid corresponding to
10 any one or more of 281, 408, 459, 533 and/or 535 of SEQ IDNO: 1. Insome
embodiments, prior to being treated with any of the treatment methods described
herein, the subject has been determined to cxpress 3 smoothened polypeptide
comprising a mutation at an amino acid cortesponding to W281C, 1408V, A450V,
S533N and/or WS35L of SEQ 1D NO: L

The above parameters for assessing successful treatment and improvement in

..
n

the discase are readily measurable by routine proceduores familiar to a physician. For
cancer therapy, efficacy can be measured, for example, by assessing the time to
disease progression (TTP) and/or determining the response rate {RR). Metastasis can
be determined by staging tests and tests for calcium level and other enzymes to

20 determine the extent of metastasis. C7T scans can also be done to fook for spread to
regions outside of the tumor or cancer. The disclosure described herein relating to the
process of prognosing, diagnosing and/or treating invelves the determination and
cvaluation of, for example, Glil expression.

"Mammal" for purposes of the treatment of, alleviating the symptoms of or

[\l
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diagnosis of a disease (e.g., cancer) refers to any animal classified as a mammal,
including humans, domestic and farm animals, and zoo, sports, or pet animals, such as
dogs, cats, cattle, horses, sheep, pigs, goats, rabbits, ferrets, efe. In some
embodiments, the mammal is human, In some embodiments, the mammal is post-
natal. In some embodiments, the mammal is pediatric. In some embodiments, the

30 mammal is adult.

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

mclades simultancous (concurrent) and consecutive administration in any order.
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In certain embodiments, & hedgehog pathway inhibitor is used in the treatment
of a cancer selected from any of the cancers described herein or a cancer in which one
or more cells of a tumor comprises a nmpation in a hedgehog pathway component,

such as any of the mutations described herein. It should be generally appreciated and

(881

1s specifically noted herein that tomors comprise cells that may have a level of
heterogencity. Accordingly, not all cells in a tumor necessarily comprise a particular
deleterious mutation. Accordingly, the disclosure contemplates methods in which a
cancer of tamor being treated comprises cells having a mutation in a component of the
hedgehog pathway, such as any of the mutations described herein, even ifsuch a

10 wmatation is not preseut inevery cell of the fumor.

It 1s further contemplated that use of hedgehog pathway mhibitors may be
specifically targeted to disorders where the affected tissue and/or colls exhibit high
hedgehog pathway activation. Expression of Gl genes activated by the hedgehog
signaling pathway, including Ghil and GH2, most consistently correlate with

hedgehog signaling across a wide range or tissues and disorders, while GH3 15

..
wn

somewhat fess so. The G genes encode franscription factors that activate expression
of many genes needed to elicit the full effocts of hedgehog signaling. However, the
(i3 transeription factors can also act as a repressor of hedgehog effector genes, and
therefore, cxpression of GH3 can cause a decreased cffect of the hedgehog signaling
20 pathway. Whether GH3 acts as a transcriptional activator or repressor depends on

post-transiational events, and therefore 1t 18 expected that methods for detecting the
activating form (versus the repressing form) of Gl3 protein (such as western blotting)
would also be a reliable measure of hedgehog pathway activation. The Glil gene is

strongly expressed in a wide array of cancers, byperplasias and vromature fungs, and

[\l
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serves as a marker for the relative activation of the hedgehog pathway. In addition,
tissucs such as immatore lung, that have high Gl gene expression, are strongly
affected by hedgehog imhibitors. Accordingly, it is contemplated that the detection of
(Gli gene expression may be used as a powertl predictive tool 1o identity tissues and
disorders that will particularly benefit from treatment with a hedgehog antagonist. In
30 some embodiments, Ghl expression levels are detected, either by direct detection of
the transcript or by detection of protein levels or activity. Transcripts may be detected
using any of a wide range of techniques that depend primarily on hybridization or

probes o the Glil transcripis or to ¢DNAs synthesized therefrom. Well known
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techmiques include Northern blotting, reverse-transeriptase PCR and microarray
analysis of transcript levels. Methods for detecting Ghi protein levels include Western
blotting, mmunoprecipitation, two-dimensional polyvacryiamide gel electrophoresis
(2D SDS- PAGE — in some embodiments compared against a standard wherein the
position of the GH proteins has been determined), and mass spectroscopy. Mass
spactroscopy may be coupled with a series of purification steps to allow high-
throughput identification of many different protein levels in a particalar sample.
Mass spectroscopy and 2D SDS-PAGE can also be used to identify post-
ranscriptionaf modifications to proteins including proteolytic evenis, ubiquitination,
phosphorylation, lipid modification, ctc. GH activity may also be assessed by
analyzing binding to substrate DNA or in vitro transcriptional activation of target
promoters. (el shift assay, DNA footprinting assays and DNA-protein crossiinking
assays arc all methods that may be used to assess the presence of a protein capable of
binding to GU binding sites on DNAL J Mol Med 77(6):459-68 (19993; Cell 106(4):
423-34 (2000); Development 127(19): 4923-4301 (20060).

Because Glil is so ubiguitously cxpressed during hedgehog activation, any
degree of Glil overexprossion should be usetul in determining that a hedgebog
pathway inhibitor will be an effective therapeutic. In some embodiments, Gl should
be expressed at a lovel at least twice as high as in 8 normal control cell/tissuc/subject.
In some embodiments, Ghl cxpression is four, six, eight o7 ten times as highasina
normal cell/tissue/subiect.

In certain embodiments, Glil transcript levels are measured, and discased or
disordered tissucs showing abnormally high Glil levels arc treated with a hedgebog
pathway inhibitor. Tn other embodiments, the condition being treated is known to
have a significant correlation with aberrant activation of the hedgehog pathway, even
though a measurement of Glil expression levels is not made in the tissue being treated.
Premature hung tissue, lung cancers (¢.g., adeno carcinomas, bronco-alveolar
adenocarcinoma, small cell carcinomas), breast cancers {(e.g., mferior ductal
carcinomas, tnferior lobular carcinomas, tubular carcinomas), prostate cancers (g.g.,
adenocarcinomas), and benign prostatic hyperplasias ali show strongly clevated GHl
expression levels in certain cases. Accordingly, Gl expression levels are a powerful
diagnostic device to determine which of these tissues should be treated with a

Hedgechog pathway inhibitor. In addition, there is substantial correlative evidence that
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cancers of the urothehial cells {e.g., bladder cancer, other urogenital cancers) will also
have elevated gli-1 levels in certain cases. For example, it is known that loss of
hetorozygosity on chromosome 9622 is conunon in biadder cancers. The Pichl gene
1s located at this position and Pichl loss of function is probably a partial cause of
hyperproliferation, as in many other cancer types. Accordingly, such cancers woold
also show high Glil expression and would be particularly amenable (o treatment with
a hedgehog antagonist.

In certain embodiments, any of the hedgehog pathway inhibitors described
herein arc used for treating a subject having s tumor having a ptch-1 and/or ptch-2
matation, e.g., a patched-1 or patched-2 Joss of function mutation. Expression of
pteh-1 and pich-2 is also activated by the hedgehog signaling pathway, but not
typicaily to the same extent as gli genes, and as a result are inferior to the ghi genes as
markers of hedgehog patitway activation. In certain tissues, only one of pich-1 or
pich-2 s expressed although the hedgehog pathway is highly active. For example, m
testicalar development, desert hedgehog plays an important role and the hedgehog
pathway is activated, but only pte-2 is expressed. Accordingly, these genes may be
ndividually unreliable as markers for hedgehog pathway activation, although
sinuiltaneous measurement of both genes 18 contemplated as a more useful indicator
for tissues to be treated with 3 hedgehog antagonist.

In light of the broad mvolvement of hedgehog signaling in the formation of
ordered spatial arrangements of differentiated tissues in vertebrates, the hedgehog
pathway inhibitors of the present disclosure could be used in a process for generating
and/or maintaining an array of different vertebrate tissue both in vitro and in vive.
The Hedgehog pathway inhibitor, can be, as appropriate, any of the proparations
described above.

In some embodiments, the hedgehog pathway inhibitors can be used as part of
a treatment regimen for malignant medulioblastoma and other primary CNS
malignant neuroectodermal tumors., Medulloblastoma, a primary brain tumor, is the
most comumon brain tumor in children, A medullchlastoma is a prinntive
neurocctodermal {PNET) tumor arising in the posterior fossa. They account for
approximately 25% of all pediatric brain timors. Histologically, they are small roomd
cell tumors commonly arranged in a true rosetie, but may display some differentiation

to astrocytes, ependymal cells or necurons. PNETs may arise in other arcas of the
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brain including the pmeal gland (pineoblastoma) and cerebrum. Those arising in the
supratentorial region generally have a worsened prognosis.
Medulloblastom/PNETs are known to recur anywhere 1o the CNS after

resection, and can even metastasize to bone. Pretreatment evaluation should therefore

(881

nclude and examination of the spinal cord to exclude the possibility of "dropped
metastases”. Gadolinium-enhanced MRI has largely replaced myelography for this
purpose, and CSF cytology is obtained postoperatively as a routine procedure.

In some embodiments, the hedgehog pathway inhibitors are used as part of a
reatment program for ependymomas. Ependymomoas account for approximately
10 10% of the pediatric brain tumors in children. Grossly, they are tumors that arise
from the ependymal lining of the ventricles and microscopically form rosettes, canals,
and perivascular roscites. In the CHOP series of 51 children reported with
epenymomas, ¥ were histologically beuign, approximately 2/3 arose from the region
of the 4" ventricule, and one third presented in the supratentorial region. Age at

presentation peaks between birth and 4 years. The median age is about 5 years.

..
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Because so many children with this disease are babies, they often require multimodal

therapy.

In some embodiments, the hedgehog pathway inhibitors of the present
20 disclosure, based ou the involvement of hedgehog signaling in various tumors, or
expression of hedgehog or its receptors in such tissues during development, can be
ased to inhibit growth of a tumor having dysregudated hedgehog activity. Such
tumors inclode, bot are not Himited to: kimors related to Gorlin's syndrome (e.3.,

medulloblastoma, meningioma, efc.), tumors associated with a pich nwtation (o.g.,

[\l
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hemangiona, rhabdomyosarcoma, etc.), tumors resulting from GHI amphification (e.g.,
glioblastoma, sarcoma, ¢ic.}, tumors resulting from Smo dysfunction (c.g., basal ccll
carcinoiaa, otc.), tumors connected with TRCS, a pic homolog (e.g., renal carcinoma,
thyroid carcinoma, ete.), Ext-1 related tumors {¢.g., bone cancer, efc.), Sft/x-induced
nimors {e.g., lung cancer, chondrosarcomas, etc.), tumors overexpressing a hedgehog
30 protein, and other tumors {c.g., breast cancer, urogenital cancer {¢.g.,, kiduey, bladder,
ureter, prostate, etc.), adrenal cancer, gastrointestinal cancer (e.g., stomach, intestine,

gte.).
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In some embodiments, the hedgehog pathway inhibitors of the present
disclosure may also be used to treat soveral forms of cancer. These cancers include,
but arc not limited to: prostate cancer, bladder cancer, lung cancer (including small
cell and non-small cell), colon cancer, kidney cancer, hiver cancer, breast cancer,
cervical cancer, endometrial or other uterine cancer, ovarian cancer, testicular cancer,
cancer of the penis, cancer of the vagina, cancer of the wrethra, gall bladder cancer,
esophageal cancer, or pancreatic cancer. Additional cancer types include cancer of
skeletal or smooth muscie, stomach cancer, cancer of the small intestine, cancer of the
salivary gland, anal cancer, rectal cancer, thyroid cancer, parathyroid cancer, pituitary
cancer, and nasopbaryngeal cancer. Further exemplary forms of cancer which can be
treated with the hedgehog antagonists of the present disclosure include cancers
comprising hedgehog expressing cells. Still further exemplary forms of cancer which
can be treated with the hedgehog antagonists of the present disclosure include cancers
comprising Gl expressing cells. In one embodiment, the cancer is not characterized
by a mustation i patched-1. In some embodiments, the cancer is characterized by a
smoothened and/or SuFu notation.

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

The foregoing arc merely exemplary of in vitro and in vivo uses for hedgehog
pathway inhibitors of the disclosure. Hedgehog pathway inhibitors are also suitable
for wse in identifying natural targets or binding partners for mutant smovthened
proteins {e.g., a smoeothened protein having a W281C, 1408V, A459V, 8533N and/or
WS3SL mutation), to study mutant smoothened bioactivity, to purify mutant
smoothened and its binding partners from various cells and tissues, and to identify
additional coraponents of the hedgehog signaling pathway.

In certain embodiments, the hedgehog pathway inhibitor is any of the
antibodics disclosed. An antibody of the disclosure may be used in, for example, in
vitra, ex vive, and in vive therapeutic methods. In one aspect, the disclosure provides
methods for treating cancer, inhibiting unwanted cellular proliferation, inhibiting
metastasis of cancer and inducing apoptosis of temor cells either i vive or in vitro,

the method comprising exposing a cell to an antibody of the disclosure under

15
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conditions permissive for binding of the antibody to mutant SMO. In certain
cmbodiments, the cell is a myelogenous levkemia cell, 8 fong cancer cell, 8 gasiric
cancer cell, a breast cancer cell, a prostate cancer cell, a renal coll cancer cell, and a
ghioblastoma cell. In one embodiment, an antibody of the disclosure can be used for
mhibiting an activity of mutant SMQO, the method comprising exposing motant SMO
to an antibody of the disclosure such that the activity of mutant SMO is inhibited.

In one aspect, the disclosure provides methods for treating cancer comprising
administering to an individual an effective amount of an antibody of the disclosure.
In certain embodiments, a method for treating cancer comprises administering o an
ndividual an effective amount of a pharmaceutical formulation comprising an
antibody of the disclosure and, optionally, at least one additional therapeutic agent,
such as those provided below.

Autibodies of the disclosure can be used either alone or in combination with
other compositions in a therapy. For instance, an antibody of the disclosure may be
co-administered with at least one additional therapeutic agent and/or adjuvant. In
certain embodiments, an additional therapeutic agent is an anti-VEGF antibody.

Such combination therapics noted above encompass corsbined administration
(where two or more therapeutic agents are mcladed in the same or separate
formmilations), and separate administration, in which case, administration of the
antibody of the disclosure can occur prior to, simultancously, and/or following,
administration of the additional therapeutic agent and/or adjuvant. Axntibodies of the
disclosure can also be used in combination with radiation therapy.

In one embodiment, an antibody of the disclosure is used in a method for
binding vuatant SMO in an individual suffering from a disorder associated with
mereased mutant SMO expression and/or activity, the method comprising
administering to the individual the antibody such that mutant SMO i the individual is
bound. In onc embodiment, the mutant SMO is human mutant SMO, and the
mdividual is human.

An antibody of the disclosure {and any additional therapeutic agent or
adjuvand) can be adnunistered by any suitable meauns, including parenteral,
subcutancous, intraperitoneal, intrapulmonary, and intranasal, and, if desired for local
treatment, intralesional administration. Parenteral infusions include intramuscular,

intravenous, intragrigrial, intraperiioncal, or subcutancous administration. In addition,
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the antibody is suitably administered by pulse infusion, particularly with declining
doses of the antibody. Dosing can be by any suitable route, e.g. by injections, such as
intravenous of subcutancous injections, depending in part on whether the

administration is brief or chronic.

(881

The location of the binding target of an antibody of the disclosure may be
taken into consideration in preparation and adminisiration of the antibody. When the
binding target is an intracellalar molecule, certain embodiments of the disclosure
provide for the antibody or antigen-binding fragment thereof to be introduced into the
cell where the binding target is located. In one cmbodiment, an antibody of the
10 disclosure can be expressed indracellularly as an jntrabody. The torm “intrabody,” as
used herein, refers to an antibody or antigen-binding portion thereof that is expressed
wtracellularly and that is capabic of selectively binding to a target molecule, as
described, e g, in Marasco, Gene Therapy 4: 11-15 (1997); Kontermann, Methods 34:
163-170 (2004); U.S. Patent Nos. 6,004,940 and 6,329,173; U.S. Patent Application
Publication No. 2003/(104402, and PCT Pueblication No. WOZ0(3/077945. See also,

..
wn

for cxample, W(O96/07321 published March 14, 1996, concerning the use of gene
therapy to generate intracctiular antibodies.
Intracellular expression of an intrabody may be effected by mtroducing a

nucleic acid encoding the desired antibody or antigen-binding portion thercof {lacking
20 the wild-type leader sequence and secretory signals normally associated with the gene

encoding that antibody or antigen-binding fragment) into a target cell. One or more

nucleic acids encoding all or a portion of an antibody of the disclosure can be

delivered to a target cell, such that one or more intrabodies are expressed which are

capable of binding to an intracellular target polypeptide and modulating the activity of

[\l
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the target polypeptide. Any standard method of introducing nucleic acids into a cell
may be used, mcluding, but not Himited to, microinjection, ballistic injection,
electroporation, calcium phosphate precipitation, liposomes, and transtection with
retroviral, adenoviral, adeno-associated viral and vaccinia vectors carrying the nucleic
acid of mt

30 In certain embodiments, nucleic acid (optionally contained in a vector) may be
mtroduced mto a patient’s cells by in vive and ex vive methods. Tn one example of in
vivo delivery, nocleic acid is injected directly into the patient, e.g., at the site where

therapeutic intervention is required. o a further example of in vive delivery, nucleic
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acid 18 introduced into a cell using transfection with viral vectors (such as adenovirus,
Herpes simplex | virus, or adeno-associated virus) and hpid-based systems (useful
ipids for hipid-mediated transfer of the gene are DOTMA, DOPE and DC-Chol, for

example). Forreview of certain gene marking and gene therapy protocols, see

(&)

Anderson ef al., Science 256:308-813 (1992), and WO 93/25673 and the references
cited thercin. In an example of ex vive treatment, a paticnt’s cells are removed,
muclete acid 1s introduced into those isolated cells, and the modified cells are
administered to the patient either directly or, for example, encapsulated within porous
membranes which are implanted into the patient (see, e.g., U.8. Patent Nos. 4,892,538
10 and 5,283,187} A corvmoenly used vector for ex vive delivery of a oucleic acid s a
retroviral vector.

In another embodiment, internalizing antibodics are provided. Antibodics can
possess certain characteristics that enhance delivery of antibodies into cells, or can be

r

maodified to possess such characteristics. Technigues for achieving this are known in

the art. For example, cationization of an antibody is known to facilitate its uptake into

..
n

oy

cells (see, e.g., U.S, Patent No. 6,703,019). Lipofections or posomes can also be
used to deliver the antibody into celis. Where antibody fragrments are used, the
smallcst inhibitory fragment that specifically binds to the target protein may be
advantageous. For example, based upon the variable-region sequences of an antibody,

20 peptide molecules can be designed that retain the ability to bind the target protein
sequence. Such peptides can be synthesized chemically and/or produced by
recombinant DNA technology. See, eg., Marasce ef al., Proc, Natl Acad. Sci. USA,
90: 7889-7893 (1993).

Entry of antibodies into target cells can be enhanced by other methods known

[\l
(881

1 the art. For example, certain sequences, sach as those derived from HIV Tat or the
Antennapedia homeodomain protein are able to direct efficicnt uptake of heterologous
proteins across cell membranes. See, e.g., Chen ef af., Proc. Nail. Acad. Sci. US4
(1999), 96:4325-4329.

When the binding target of an antibody 15 located in the brain, certain
30 cmbodiments of the disclesure provide for the andibody to traverse the blood-brain
barrier. Several art-known approaches exist for transporting molecules across the
blood-brain barrier, including, but not limited to, physical methods, lipid-based

methods, stem cell-based methods, and receptor and channel-based methods.
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Physical methods of transporting an antibody across the blood-bram barrier
imciude, but are not limited to, circumventing the blood-brain barrier entirely, or by
creating openings in the blood-brain barner. Circumvention methods include, but are
not Hmited to, divect injection into the brain (see, 2.g., Papanastassiou ef al., Gene
Therapy 9; 398-406 (2002}, interstitial infusion/convection-enhanced delivery (see,
e.g., Bobo et al., Proc. Natl, Acad. Sci. USA 91: 2076-2080 (1994)), and implanting a
delivery device i the brain (see, e.g., Gill ef al., Nature Med. 9: 589-595 (2003); and
(Gliadel Wafers™, Guildford Pharmaceutical}. Methods of creating openings in the
barrier include, but are not limited o, ultrasound (see, e.g., U.S, Patent Publication No.
2002/0038086), osmotic pressure {e.g., by adminisiration of hypertonic mannitol
(Neawelt, E. A, Inplication of the Blood-Brain Barrier and its Manipulation, Vols 1
& 2, Plenum Press, N.Y. (1989)), permeabilization by, e.g., bradykinio or
permeabilizer A-7 (see, eg., U.S. Patent Nos, 5,112,596, 5,268,164, 5,506,206, and
5,686,416}, and transfection of neurons that straddie the blood-brain barrier with
veetors containing genes encoding the antibody (sec, e.g., U.S. Patent Publication No.
2003/0083299).

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

Stem-cell based methods of transporting an andibody across the blood-brain
barrier entail genetically engineering neural progenitor cells (NPCs) to express the
antibody of imterest and then implanting the stem cells into the brain of the individual
1o he treated. See Behrstock ef al. (2005) Gene Ther. 15 Dec. 2005 advanced online
publication (reporting that NPCs genetically engineered to express the neurotrophic
factor GDNF redaced symptoms of Parkinson disease when implanted into the brains
of rodent and privaate models).

Receptor and channel-based methods of transporting an antibody across the
blood-brain barrier inchude, but are not bmited to, using glucecorticoid blockers to

increase permeability of the blood-brain barrier (see, e.g., U.S. Patent Application

161
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Publication Nos, 2002/0065259, 2003/0162698, and 2008/0124533); activating
potassivm channels (see, ez, U.S. Patent Application Publication No. 2005/0089473),
nhibiting ABC drug transporters (see, e.g., U.S. Patent Application Publication No.

2003/0073713); coating antibodies with a transferrin and modulating activity of the

(&)

one of more transferrin receptors (see, e.g., U.S. Patent Application Publication No.
2003/G129186), and cationizing the antibodics (see, e.g., U.S. Patent No. 5,004,697
Antibodies of the disclosure would be fommiated, dosed, and admpustered in
a fashion consistent with good medical practice. Factors for consideration in this
context include the particular disorder being treated, the particular manunal being
10 treated, the chinical condition of the individual patient, the cause of the disorder, the
site of delivery of the agent, the method of administration, the scheduling of
administration, and other factors known to medical practitioners. The antibody need
not be, but is optionally formulated with one or more agents currently used to prevent

or treat the disorder in question. The effective amount of such other agents depends

..
n

on the amoeunt of antibody present in the formulation, the type of disorder or treatment,
and other factors discussed above. These are generally used in the same dosages and
with administration routes as described herein, or about from 110 999 of the dosage
described herein, or in any dosage and by any route that is empirically/clinically
determined to be appropriate.

20 For the prevention oy treatment of discase, the appropriate dosage of an
antibody of the disclosure (when used alone or in combination with one or more other
additional therapeutic agents) will depend on the type of disease to be treated, the type
of antibody, the severity and course of the disease, whether the antibody is

administered for preventive or therapeutic purposes, previous therapy, the patient’s

[\l
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clinical history and response to the antibody, and the discretion of the attending
physician. The antibody is suitably administered to the patient at one time or gver a
series of treatments. Depending on the type and severity of the discase, about 1 ugikg
to 1S mg/kg {e.g. 0.img/kg-10mg/kg) of antibody can be an initial candidate dosage
for admmistration to the patient, whether, for example, by one or more separate

30 administrations, or by continuous infusion. One typical daily dosage might range
from about | pg/kg to 100 mg/kg or more, depending on the factors mentioned above.
For repeated administrations over several days or longer, depending on the condition,

the treatment would generally be sustained vuntil a desired suppression of discase
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symptoms occurs. One exemplary dosage of the antibody would be in the range from
about .05 mg/kg to about 10 mg/kg. Thus, one or more doscs of about .5 mg/keg,
2.0 mg/kg, 4.0 mg/kg or 10 mg/kg (or any corbination thereof) may be adovnistered
to the patient. Such doses may be adnunistered intermitiently, e.g. every week or
gvery three weeks (e.g. such that the patient receives from about two to about twenty,
or e.g. about six doses of the antibody). An initial higher loading dose, foliowed by
one or more lower doses may be administered. An exemplary dosing regimen
comprises administering an initial loading dose of about 4 mg/kg, followed by a
weekly maintenance dose of about Z mg/kg of the antibody. However, other dosage
regimens may be useful. The progress of this therapy is easily monttored by
conventional techniques and assays.

It 1s understood that any of the above therapeutic methods may be carried out
using an inmunoconjugate of the disclosure in place of or in addition to an anti-
mutant SMO antibody.

VIi. Pharmaceuntical Fermulations

In some embodiments, any of the hedgchog pathway inhibitors described
herein or hedgchog pathway inhibitors in accordance with the disclosure may be
formulated in a pharmaceutical composition.

Pharmaceutical compositions of the hedgehog pathway inhibitors used in
accordance with the present disclosure may be prepared for storage by mixing the
agent(s) having the desired degree of purity with optional pharmaceutically acceptable
carriers, excipients or stabilizers (Remington: The Science of Practice of Pharmacy.
20th edition, Gennaro, A. et al, Ed., Philadelphia College of Pharmacy and Science
{2000}, 1n the form of lvephilized formwulations or agueous solutions. Acceptable
carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as acetate, Tris, phosphate, citrate,
and other organic acids; antioxidants including ascorbic acid and methioning;
preservatives (such as cctadecyldimethylbenzyl ammonium chloride; hexamethoniom
chloride; benzalkoninm chioride, benzethonium chloride; phenol, butyl or benzyl
alcohol; alkyl parabens such as methyl or propyf paraben; catechol; resorcinol;
cyclohexanol; 3-pentanocl; and m-cresol); low molecalar weight (less than about 10
residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobuolins;

hydrophilic polymers such as polyvinyipyrrolidone: amino acids such as glycine,
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glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides,
and other carbohydrates tucluding ghicose, mannose, or dexirins; chelating agents
such as EDTA; tonicifiers such as trehalose and sodiurs chloride; sugars such as
sucrose, mannitol, trehalose or sorbitol; surfactant such as polysorbate; salt-forming
counter-ions such as sodium; metal complexes (e.g., Zn-protein complexes); and/or
non-ionic surfactants such as TWEENY, PLURONICS® or polyethylene glycol (PEG).

In some embodiments, any of the formulations of hedgehog pathway
inhibitors in accordance with the present disclosure and/or described herein may also
contain more than one active compound as necessary for the particular indication
being freated, in some cmbodiments, those with complementary activities that do not
adversely affect each other. It should be recognized that, in certain embodiments, a
hedgehog pathway inhibitor and a second active agent are formulated together {e.g., a
formulation or composition contains both agents). In other embodiments, the two {(or
more) active agents are formulated separately such that the separate formulations can
be marketed, sold, stored, and used together or separately. When formulated
separately, the disclosure contermplates that they can be administered at the same oy
differing times and, in certain combodiments, may be combined and administered
simultancously,

For example, in addition to the preceding therapoutic agent(s), it may be
desirable to include in the fornwldation, an additional antibody, ¢.g., a second such
therapeutic agent, or an antibody 10 some other target (e.g., a growth factor that
affects the growth of a tumor). In some embodiments, it may be desirable to include
in the formulation a hedgehog inhibitor (e.g., robotkinin). Alternatively, or
additionally, the composition may turther comprise a chemotherapeutic agent,
cytotoxie agent, eytokine, growth inhibitory agent, anti- hormonal agent, and/or
cardioprotectant. Such molecules are suitably present in combination in amounts that
arc effective for the purpose intended. In some cmbodiments, the additional active
compound 15 a steroidal alkaleid. In some embodiments, the steroidal alkaloid is
cyclopamine, or KAAD-cyclopamine or jervine or any fimctional derivative thereof
{e.g., IP1-269609 or IP1-926). Insome cmbodiments, the additional active compound
1s vismodegib, sonidegib, BMS-833923, PF-(4449813, or LY 2940680 or any
derivative thereof. In some embodiments, the additional active compound is any of

the compounds disclosed in Amakye, et al., Nature Medicine, 19(11):1410-1422
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{whichi 1s incorporated hercin in its entirety). [n some embodiments the additional
active compound is another smoothened inhibitor chemically unrefated to veratrum
alkaloids or vismodegib, including but not limited to: Ertvedge, BMS-833923
(XL319), LDE225 (Erismodegib), PF-04449913, NVP-LDEZ2Z5, NVP-LEQS086,

AK-441, XL-319, LY-2940680, SEN4SQ, Ttraconazole, MRT-1(3, MRT-83, or PF-
(3:4449913). As noted above, the disclosure contemplates formulations in which
second active agent is formulated together with a hedgehog pathway inlubitor (e.g., as
a single formulation comprising two active agents), as well as embodiments in which
the two active agenis arc present in two scparate formulations or composiiions.

In some crubodiments, any of the hedgehog pathway inhibitors of the
disclosure, such as those described herein, may also be entrapped in microcapsules
prepared, for example, by coacervation techpiques o1 by interfacial polymerization,
for examiple, bydroxymethyleellulose or gelatin-microcapsules and poly-
(methylmethacylate) microcapsules, respectively, 1n colloidal drog delivery systems
{for example, liposomes, albumin microspheres, microemulsions, nano-particles and
nanocapsules) or in macroenmlsions. Such techniques are disclosed in Remington:
The Science and Practice of Pharmacy, supra.

In some embodiments, any of the hedgehog pathway inhibitors of the
disclosure are formulated in sustained-refease preparations. Suitable cxamples of
sustained- release preparations include semi-permeable matrices of solid bydrophobic
polymers contaiming the antibody, which matrices are in the form of shaped articles,
e.g., films, or microcapsules. Examples of sustained-release matrices include
polyesters, hydrogels {for cxample, poly(Z-hydroxyethyl-methacrylate), or
poly(vinvialcohol)), polvlactides (U.S. Pat. No. 3,773,919), copolymers of L-glatamic
acid and v ethyl-L-glutamate, non- degradable ethylene-vinyl acetate, degradable
lactic acid-glycolic acid copolymers sach as the LUPRON DEPOT" (injectable
microspheres composed of lactic acid-glyeolic acid copolymer and leuprolide acetate),
and poly-D{-)-3-hydroxybutyric acid.

The amount of the compositions of the disclosure for vse in the methods of the
present disclosure can be determined by standard clinical technigues and may vary
depending on the particular indication or use. Effective doses may be extrapolated

from dose-response curves derived from in vitro or animal model test systems.
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In certain embodiments, compositions of the disclosure, including
pharmaceutical preparations, are non-pyrogenic. In other words, in certain
cmbodiments, the compositions are substantially pyrogen frec. In onc embodiment

the formulations of the disclosure are pyrogen-free formulations that are substantially

(881

free of endotoxins and/or related pyrogenic substances. Endotoxins inchude toxing

that are confined inside s microorganism and are released only when the

microorganisms are broken down or die. Pyrogenic substances also include fover-
mducing, thermostable sabstances (ghycoproteins} from the outer membrane of
bacteria and other microorganisms. Both of these substances can cause fever,

10 hypotension and shock if administered to hwsans. Duce to the potential harmiul
gffects, even low amounts of endotoxins must be removed from intravenously
administered pharmaceutical drug solutions. The Food & Drug Administration

(“FI3A”} has set an upper fimit of § endotoxin units (EU} per dose per kilogram body

weight in a single one hour period for intravenous drug applications {The United

..
wn

States Pharmacopeial Convention, Pharmacopeial Forum 26 (11:223 (2000)). When
therapeutic proteins arc administered in relatively large dosages and/or over an
extended pericd of time {(e.g., such as for the paticnt’s entire life), even small amournds
of harmful and dangerous endotoxin could be dangerous. In certain specific
embodiments, the endotoxin and pyrogen levels in the composition are less then 10
20 Ei/fmg, orless then 5 BEU/mg, or less then 1 EU/mg, or less then 0.1 EU/mg, or less
then 0.01 Ell/mg, or less then (0.001 Ell/mg.

In some embodiments, the hedgehog pathway inhibitors are formulated in
sterile formulations. This is readily accomplished by filiration through sterile

filtration membranes,

Do
[#a)

X, Articles of Manufacture and Kits

In some embodiments, the hedgehog pathway inhibitors of the present
disclosure, such as the hedgehog pathway inhibitors disclosed herein are prepared in
an article of manufactare. Similarly, polypeptides and nucleic acids of the disclosure,
such as mutant SMQ polypeptides, may be prepared as an article of manufactore. In
30 some embodiments, the article of manufacture comprises a container and a label or
package insert on or associated with the container indicating a use for the inhibition in
whole or n part of hedgehog signaling, or alternatively for the treatment of a disorder

or condition resulting from activation of the hedgehog signaling pathway. In other
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embodiments, the article of manufacture comprises a container and a label or package
msert on or associated with the container indicating 2 use in a scregning assay.
Suitable containers include, for example, bottles, vials, syringes, etc. The containers
may be formed from a variety of materials such as glass or plastic. In some
embodiments, the container holds a composition which is effective for treating the
cancer condition and may have a sterile access port {for example the container may be
an intravenous solution bag or a vial having a stopper pierceable by a hypodermic
mjection necdle). At least one active agent in the composttion is a hedgehog pathway
inhibitor. The label or package insert will further comprise instroctions for
administering the hedgehog pathway inhibitor or for use the SMO polypeptide or
nucleic acid or vector or host cell.. Additionally, the article of manufacture may
further comprise a sccond container comprising a pharmaccutically-acceptable buffer,
such as bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer's
solution and dextrose solotion. The article of manufacture may finrther include other
materials desirable from a commercial and oser standpoint, including other buffers,
diluents, filters, needles, and syringes.

In seme crubodiments, kits are provided that are useful for various other
purposes, ¢.g., for mutant SMO protein-expressing cell killing assays, for purification
or immunoprecipitation of hedgehog signaling polypeptide from cells. For isolation
and purification of mutant SMO protein, the kit can condain the respective mutant
SMO protein-binding reagent coupled to beads (c.g., sepharose beads). Kits can be
provided which contain such molecules for detection and quantitation of mutant SMO
protein in vitro, .g., in an ELISA or a Western blot. in some embodiments, as with
the article of mamafacture, the kit comprises a container and a label or package tnsert
on or associated with the container. In some embodiments, the container heids a
composition comprising at least one such hedgehog pathway inhibitor reagent useable
with the disclosure. In some cobodiments, additional containers may be included that
contain, ¢.g., diluents and buffers, control antibodies. In some embodiments, the label
or package insert may provide a deseription of the composition as well as instructions

for the intended in vitro or diagnostic use.

EXAMPLES

167



WO 2015/120075 PCT/US2015/014496

Attorpey Docket No. CIBT-228-W01

The disclosure now being generally described, 1t will be more readily
understood by reference to the following examples, which are included merely for
purposes of ilustration of certain aspocts and embodiments of the present disclosure,

and are not intended to limit the disclosure.

(&)

Example 1
Genetic analysis of vismeodegib-resisiant Basal Cell Carcinomas. Clinical
responses o targeted therapies (e.g., cancer therapies) can be short-lived duoe to the
acquisition of genetic alterations that confer drug resistance. Identification of
resistance mechanisms will guide novel therapeutic strategics. Inappropriate Hh
10 sigealing is linked to several cancers, including basal cell carcinoma (BCC). Loss-of-
fumction mutations in PTCH (~90%) and activating mutations in SMO (~10%j are the
primary drivers in BCC. Clinical mechanisms of resistance to vismodegib (GDC-
(3449} were wlentified using cxome, RNA and copy number analysis of relapsed basal
cell carcinomas.
5 As shown in Figure 2, vismodegib resistance was associated with elevated
hedgehog pathway signaling in patients with vismodegib-resistant BCCs. The resulis
of exome sequencing and copy number analysis™ of vismodegib-resistant BCCs are

shown below in Table 3.

Table 3

MG PTCH Lspe 1504 (germline) SMO.WS35L0

JT SMO.WS535L {somatic) Unknown

KL PTCHILPI3RTS,PTCHI.Q853% Unknown

*PT PTCHI Fsi017 (Frameshifi SMO W2RIC
20764 {germiine) and LOH) {(G>T)

*PT PTCHLAI3R0V SUFL Fs241
20741

*PT PTCH1.5616G (splicing and LOH} Het. SUFU
20849 deletion, Het, PTEN

deletion

168



WO 2015/120075

(93]

U

oo
(B3]

Attorpey Docket No. CIBT-228-W01

) PTCHIL.QS501H (sphicing and LOH) SMO.A459V
20840 (C>T)

*PT PTCHI1.Fs108 (Frameshift and LOH) SMO . A459Y
20842 (C>T)

Genotyping revealed a third instance of a SMO-A459V mutation in an
additional vismodegib-resistant tumor. SMO-A459V is 3 recurrent mutation found in
post-treatment biopsies in three out of nine resistant patients analyzed. The SMO-
A4S59V montation was present only afier treatment, and absent from 42 independent
treatment-naive BCC samples. {Sec Figure 3.3 The SMO-A459V mutation was
capable of activating SMO.

A SMO-W281C nuatation was also detected n relapsed BCCs. As shown in
Figire 4, SMO-W2B1C 1s in the vismodegib binding pocket.

WT-SMO, SMO-W281C, SMO-A459V, PTCH or empty vector (EV) were
co-transfocted in C3H10TH/2 cells with a GLIT luciferase reporter. SMO-A459V was
shown to be an activating mutation that has decreased sensitivity to PTCHI and
vismodegib. {Figures SA-5C. Errors bars represent standard deviation.) SMO-W281C
1§ as sepstiive to PTCH inhibition as SMO-WT. (Figures SD-5E. Errvors bars represent
standard deviation.) 293 cells, transfected with indicated constructs, were incubated
with § M [Hl-vismodegib with or without SO uM cold vismodegib. Speeific
binding = Total — non-specific binding. (Figure 5E. Errors bars represent standard
deviation.)

There appear to be two sab-groups of clinical SMO mustations. 1) Activating,
with reduced drug sensitivity (including A459V and WS35L) and 2) Mutations that
maintain Pteh sensitivity, yet disrupt the conformation of the vismodegib binding
pocket (ncluding D473H and W2RICY,

Example 2: Genomic analysis of vismeodegib-resistant and untreated
BCCs

To identify mutations associated with vismodegib resistance, whole exome
sequencing (WES) was performed of BCCs from Gorlin syndrome (w=3) and sporadic
(n=6) patients, and targeted SMO scquencing of a formalin-fixed paraffin-cmbedded

(FFPE) sample from a further Gorlin patiend. All paticnts initially experienced 2
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clinical benefit on vismodegib but subsequently progressed while undergoing
freatment.
Two distinet biopsies from four of the paticnts were collected such that a total

of sixteen biopsies from visynodegib-resistant BCCs were analyzed. Patients were

by

(881

mitially diagnosed with metastatic (Figure 6B} or lpcally advanced BCC (Figure 6C)
and it was confirmed histologically that the drug-resistant lesions were BCCs (Figure
613). For comparison, tumors from untreated Gorlin syndrome (n=16) and sporadic
{n=27) BCC patients were subjected to WES. Tweo distingt biopsies were obtained
from five of the Gorlin patients giving 48 untreated BCC biopsies in total. The mean

10 somsatic mutation rate of untreated BCC samples from Gorlin paticnts was

cancers, inchuding melancma (Lawrence et al,, 2013}, Global analysis of the somatic

mutation spectrum revealed a predominance of eytosine to thymine (C>T) transition

..
wn

mutations in both cohorts, indicative of ultraviolet light-induced mutagenesis (Miller,
1985},

Transcriptional analysis of relapsed BCC biopsies (n=11) using RNA-seq,
revealed that the Hh target gene GLIT was expressed 1{-fold higher (DESeq2, p <
{3.003) than in a collection of normal skin samples (Figure 6E). Additionally, GL{

20 expression levels were highly correlated (R=0.96) with expression levels of the
profiferation marker ME/67, consistent with reactivation of Hh signaling driving BCC
regrowth. Therefore, analysis was focused on identifying genetic mochanisms that
reactivaie Hh signaling to bypass SMQO inhibition by vismodegib. To this end,

matations in sclected cancer genes (Kandoth ot al, 2013) and canonical Hh patbway

[\l
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components were identified. Next, genome-wide copy number alterations and LOH
in vismodegib-resistant BCCs were determined using single nucleotide polymorphism
(SNP; =11} and comparative genomic hybridization (CGH; n=4} arrays.

Example 3: PTCHT and SMO wmutations in BCC initiation

Consistent with previouos reports on BCC genetics (Jayaraman ot al., 2014;
30 Retfenberger et al, 2005), all of the relapsed Gorlin (100%) and the majority of
sporadic (75%) BCCs displayed mutations in the tumor suppressor PTCH D, which
secur throughout the length of the gene and are probably deleterious: seven are

truncating, four are Hkely to affect exon splicing and two arc predicted to be

—
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deleterious by the Condel algorithm (Gonzalez-Perez and Lopez-Bigas, 201 1), The
(Gorlin patient BCC (PT12} was also likely to have initiated by alterations in PTCHI.
The relapsed sporadic tumors without PTCH T alterations {(0=2) harbored the known
oncogenic mutation SMO-WS3SL (e et al, 1998). These PTCHT and SMO
variants are Hkely to be the initiating events in the BCCs that first responded and
subsequently displayed vismodegib resistance.

A similar trend for the frequency of PTCHT variants was observed in the
untreated Gorlin {90%) and sporadic (78%) BCCs, and identified known encogenic
SMO mutations in three sporadic cases {Figure 7). Relapsed BCCs showed a similar
frequency of TP353 variants between Gorlin (50%) and sporadic (57%) cases, whereas
m the untreated cohort TP53 variants were observed more frequently in sporadic
BCCs (59%) than Gorlin BCCs (24%}, which could reflect the higher mutation rates
chserved in the votreated sporadic BCCs.

Fxamople 4; Vismodegib-dependent selection of SMO variants

Surprisingly, the majority of relapsed tumor biopsies harbored mutations in
the drug target SMO (11/16; 69%) and most co-occurred with PTUH T variants, By
comparison, SMO variants were corpletely absent from untreated Gorlin BCCs and
present in only 4/27 (15%) amtreated sporadic BCCs. The SMO mutations identified
in relapsed BCCs are outlined in Figore 8A. SMO-L412F, SMO-WS35L and SMO-
S533N nwrtations were previously reported as oncogenic drivers (Reifenberger et al,,
1998; Sweeney et al., 2014; Xie et al,, 1998}, while SMO-W281C and SMO-V321M
were recently identified in vismodegib-resistant BCCs (Brinkhuizen et al,, 2014).
Four SMO mutations were discovered including, SMO-1408Y and SMO-A459V that
were not observed o the untreated BCC cohort or in previous genonic analyses of
Hhb-driven cancers (Brastianos et al,, 2013; Clark et al., 2013; Jayvaraman et al,, 2014;
Koof et al., 2014; Reifenberger et al., 1998}, strongly implicating them in vismodegib
resistance. All SMO vurtations from this study are situated within the TM region
(Figures 8B and 9A) and confer amino acid substitutions in residues that are highly
conserved among SMO proteins from several species, hikely reflecting their
importance in SMO function.

Resistance mechanisms can be acquired de nove or more likely by selection of
minor subclones present in the pre-treatment tumor. In both scenarios, it was

expected that enrichment of alterations responsible for drug-resistance with treatment
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would be observed. To assess drug dependent sclection of SMO mutants, detection of
mutations it pre-treatment tumors and the proportion of tumor cells harbored SMO
matations after treatment was examined. To this cod, pre-treatment FFPE tumor

samples that were available from six patients were sequenced and analyzed for post-

(881

treatment tumor clonality. SMO-A439V was detected in posi-treatment biopsies from
three patients, but was not detectable above background kevels in corresponding pre-
treatment biopsies (Figure 8C). Similarly, the nucleotide changes corresponding to
SMO-V3ZIM were only detectable above background levels in post-treatment
samples, consistent with drog-induced selection of SM{(? mutant colls that arose de

10 movo or were initially present at levels below the detection Himit of the assay (Figures
8D and 8B}, Interestingly, the previously reported SMO-L412F mutation was readily
detected in both pre- and postireatment samples from patient PT11, suggesting that
this variant was likely to be the oncogenic driver for this tumor (Figure 8F). Note that

the frequency of mutant nucleotides appears to decrease upon treatment; this is due to

..
wn

a higher level of contaminating normal tissae in the post-treatment sample. Copy
pumber and SNP array analysis revealed that this fumor was initially diploid for
PTCHT and acquived PTCHT copy number loss after freatment. Without wishing to
be bound by theory, the fact that this patient fninally responded to vismodegib (Figure
8H} raises the possibility that reduced PTCHU levels {through copy loss), in the
20 countext of this oncogenic nutation, might promote tumor regrowth while on drug.

To address whether SMO mutations were present in dominant clones in the
relapsed BCCs, the tumor cell fractions of PTCHT and SMO variants were calenlated
using allele frequencies from WES, as well as copy nomber and tumor content

nformation derived from SNP arrays (Greenman et al., 2010; Nik-Zainal et al, 20172;

[\l
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Stjerngvist et al,, 201 1). Heterozygous germline PTCH T mutations were accounted
for in contaminating normal skin in biopsics from Gorlin patients and, where
chserved, subsequent LOH in tumor cells. Except for PT09, SMO was diploid in
relapsed BCCs, therefore, the expected allele frequencies of fully clonal heterozygous
SMO variants was 509 of the tumor content, which were then compared with the

30 observed allele frequency., PTCHT mutations were present in >80% of tumor cells,
consistent with deleterious events in PTUHT being the oncogenic drivers in these

tamors. Based on normal contamination and observed allele frequencies, all SMO
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mutations were estimated to be present in >60% of tumor cells in these vismodegib-
-esistant BCCs, consistent with their selection upon drug treatment,

Example 5: Mutations in the drug-binding pocket of SMO confer
vesistance to vismodegib

To gain insight into the properties of the SMO mutations discovered tn this
study, the recently solved crystal structure of the SMO TM region was utifized (Wang
et al, 2013). Computational docking of vismodegib onto the SMO structure revealed
that SMO-W281, SMO-V321 and SMO-140R are located in proximity of the drag-
binding pocket (DBP; Figure 10A). The aromatic indole of SMO-W281 forms an
edge-to-face pi-stacking interaction with the pyridine ring of vismodegib and helps to
form a narrow and hydrophobic pocket, which is disrupted by substitution for the less
bulky suifur of the SMO-W281C mutant (Figure 10B, middie panel). Furthermore,
mutation of valine 321 to methionine is likely to interfere with the positioning of
W281, exerting a secondary effect on drug binding (Figure 161, right panel). Unlike
W281, residue 1408 does not directly contact the drug in the tested computational
model; instead it packs against the binding pockoet residues H470 and V404 with its
delta methyl group, which when lost is expected to affect binding by changing the
conformations of these residues (Figure 10C).

To test the functional impact of mutations in the DBP, 8 Gii-luciferase based
Hh reporter assay was used. The DBEP routations increased the 1C50 of vismodegib
12 to 49-fold over that of SMO-WT, which had an 1IC50 of 80 oM (Figure 12A). It
should be noted that these IC5{ values are over-estimates due to overexpression of
SMO in this assay (Dijkgraaf et al, 2011}, Although cach DBP mutant displayed a
small (<1.5 fold) increase in basal activity compared to SMO-WT (Figure 114}, all
but SMO-1408Y were readily inhibited by PTCHI overexpression (Figure 11B}). The
binding of [3H]-labeled vismodegib to SMO-1408V and SMO-W281C was next
tested, which respectively exhibited the smallest and largest increases 1o 1C50 (Figure
12A3. Both mutants were expressed at cell surface levels similar to SMO-WT, but
displayed tmpaired vismodegib binding (Figures 12B and ).

It has been demonsirated in preclinical tomor models that the Hh pathway
must be inhibited >90% at the transcriptional level to induce tumor regression {Wong
et al., 2011}, To better understand the mpact of these SMO mutations on cell

proliferation in the presence of vismodegib, an assay for viral fransduction of
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cerebellar granule neuron precursor {CGNP) cells was developed. 1t has previously
been noted that Hh-driven tumor cells rapidly lose thewr Hb pathway dependence
during cubturing (Sasai et al., 2006). However, CGNPs proliferate in vivo in a Hh

dependent manner and maintain their Hh pathway dependence in calture for a finite

(881

period (Wechsler-Reya and Scott, 1999). CGNPs iselated from Pichlloxp/loxp
TpS3loxp/loxp RosaZ6LSL-tdTomato (PPT) pups were infected with lentiviral
constructs expressing a SMO variant together with an enhanced green flucrescent
protein (eGFP)-Cre fusion protein (Figure 12C). The Cre recombinase induces loss of
Pichi and thus ensures that only transduced CGNPs can proliferate in the sbsence of
10 exogenous Sonic hedgehog ligand (SHH; Figure 11D). This allowed us to test the
ability of the varicus SMO mutants to promote proliferation in the presence of
vismodegib and other inhibitors, after removal of SHH ligand. Proliferation by
methyl-{3H}-thymidine incorporation was monitered, while Cre-dependent tandem
dimer (td) Tomato expression enabled visuahzation and quantification of miccted
15 cells. This system also enabled better model patient genetics because most of the
SM{ mutations were identificd in tumors that harbored TP53 mutations and were
driven by loss of PPCH{. PPT CONPs infocted with SMO-WT and Cre had an 1050
of ~22 nM and profiferation was maximally inhibited at 100 oM vismodegib. Tn
contrast, all DBP mutations had a dramatic cffect on vismodegib seusitivity, with
20 infected cells continuing to proliferate at high levels of vismodegib (>1 1 M; Figure
12D). Surprisingly, cells infected with either SMO-W281C continued to profiferate at
near untreated levels even in the presence of 5 1 M vismodegib possibly reflecting
the direct role of these residues in drog binding. |t was confirmed that CGNPs were
wmfected at similar frequencies by fluerescence-activated cell sorting (FACS) analysis
25 for Cre-dependent tdTomato reporter expression, and that the SMO variants were
expressed at equivalent levels by quantitative reverse transcription (gRT) PCR.
Example 6: Predicting resistance to vismodegib throngh mutation of the
SHMO drug binding pocket
To investigate whether other DBP mutations could promuote drug resistance, a
30 computational model was used to identify the 21 SMQO residues with atoms located
within 4.5A of vismodegib (Figare 13A). An algorithm was used to identify 160
different single nucleotide variants that resulted 1n non-synonymous changes to these

DBP residues, including SMO-W2R1C and SMQO-1408V from this study (Table 4).

i
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Table 4. Identification of SMO residues with atoms within 4.5 Angstroms of both
vismodegib and LYZ2944688

AA AA | Codon | Non-synonymous AA G>T/A | Mutation comments
Position single nucleotide changes | changes
changes
219N AAC TAC, GAC, CAC, YBLHT | None W219D reduced
ATC, AGC, ACLC, L9 TLK, sensttivity to
AAMA, AAG K vismodegis and
LIE-225 (This study
and Buonamici ¢t al.
20103
221 { L CTC ATC, TTC, GTC, LFVH, | F L221R reduced
CAC, CGC, CCC R,P sensitivity to LDE-
225 (Buonamici ¢t al.
2010)
2301 M ATG TTG, GTG, CTG, LVEEK |
AAG, AGG, AL, RN RN
ATA, ATT, ATC i
I8 W TGG AGG, GGG, CGG, ROR> | #* W281C, this study
TAG, TTG, TCG, RTINS and Brinkhuizen et
TGA, TGT, TGC R al, 2014
325 { L CTG ATG, GTG, CAG, M, V.G, | None
CGG, CCG RP
384D GAC AAC, TAC, CAC, NY.H, | N 384N redaced
GTC, GGL, GCC, V.G.A, sensitivity 0
GAA, GAG EE visrodegth and
LDE-225 (This study
and Buonamici et al.
2010y
3RS I ATT TTT, GTT, 17, F VLN | Noung
AAT, AGT, ACT, STM
ATG
391 { F TTT ATT, GTT, CTT, LV,LY, | None
TAT, TGT, TCT, CSLL
TTA, TTG
3941 Y TAC AAC, GAC, CAC, N,D.H, | None
TTC, TGC, TCC, F.CS,*,
TAA, TAG *
400 | B CGT AGT, TGT, GGT, SCGHC R400A, partially
CAT, CTT, CCT L P functional {Dijkgraafl
etal 201 1)
408 | | ATC T, GTC, CTC, FV LN | None T408V, this study
AAC, AGC, ACC, S, TM
ATG
470 | H CAC AAC, TAC, GAC, NYD, Y H470A not expressed
CTC, CGC, CCC, LRFPQ {Dijkgraaf et al.
CAA, CAG ke 2011
477 1 Q CAG AAG, TAG, GAG, KH*EL B
CTG, CGG, COG, JRPH,
CAT, CAC H
480 | W | TGG AGG, GGG, CGG, ROR> | #* WABGA not
TAG, TTG, TCG, RTINS expressed, (Thjkgraat
TGA, TGT, TGC R ctal 2011
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481 | B GAG AAG, TAG, CAG, KXQVIK
G37YG, GGG, GCG, GAD,
GAT, GAC D
484 1 F TrC ATC, GTC, CTC, LVLY, | Nong
TALC, TG, TCC, CS,LL
TLA, TTG
515 { L CTT ATT,FTT, GTT, LFVH, | F ESISA expressed,
CAT, CGT, CCT RP activating, sensitive
to 1 mM mhibition
by vismodegib
{Dijkgraaf et 21,201 1)
SIS | E GAG AAG, TAG, CAG, K*QV I K FS18K and ES18A
GTG, GGG, GG, LOA, reduced sensiivity to
GAT, GAC i) vismaodesib
{Dijkgraaf et al.
2011
S21 N AAC TAC, GAC, CAC, Y, D HT | None N52iAnot
ATC, AGC, ACC, S TK, expreessed (Dijkgraat
AAMA, AAG K et al 2011
22110 16 ATG, GTG, CAG, MV, | None
CGG, CCG BP
D5IM L ATG | TTG, GTG, CTG, LVELE ]
AAG, AGG, AL, JUTLL
ATA, ATT, ATC i
321V GTG ATYG, TTG, CTG, MLL, I M V321M, this study
GAG, GGG, GCG EGA and Brinkhmzen ¢t
al. 2014
387 1S AGT TGT, GGT, CGT, CGER, | N S387N reduced
AAT, ATT, ACT, NLLTLR, sensttivity to
AGA, AGG R vismodegis and
LIE-225 (This study
and Buonamio et al.
2010}
439 1 A GCC ACC, TCC, CCC, TSFD |V A450V, this study
GAC, GTC, GGL NG
473 1D | GAC | AAC, TAC, CAC, MY | N D473H ( Yauch et al.
GTC, GGC, GCC, V.GLA, 2009y All aa except P
GAA, GAG R reduce sensitivity to
visnodegit
{Injkgraat et al,
2011)

The amino acids corresponding to positions 219, 221 281, 384, 408 and S18 of SEQ

1D NO: 1 are in the vismodegib binding pocket. The amino acids cortesponding to

positions 321, 387, 459 and 473 of SEQ 1D NO: | are associated with clinical

(881

mutations but are not found within 4.5 Angstroms of vismodegib when bound to SMO.

SMO-D473 was not identified with this method, but the SMO crystal structure

revealed that 13473 forms a hydrogen-bonding network with several residues that do

directly contact vismodegib inchiding R400, H470, E518 and N521 (Wang et al,,

2013; Yauch et al,, 2009). SMOES518 was previcusly identified by alanine scan

m
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mutagenesis as a residae that affects vismodegib sensitivity when vuntated (Dijkgraat
ct al,, 2011). This approach also identified residues that were previcusly implicated in
preclinical models of resistance to the SMO inhibitor sonidegih (LDE225) including

NZ19 and D384 (Table 4; Buonamici et al., 2010}, which are predicted to stabilize the

(&)

SMO conformation through a hydrogen bonding network (Figure 13B). Surprisingly,
SMO-N21S0, SMO-D384N and SMO-5387N all displayed reduced sensitivity to
vismodegib compared to SMO-WT in the Gliluciferase based Hh reporter assay
{(Figure 13C). Morcover, it was found that the SMO inhibitor LY2940680 and
vismodegib share 14 contact residues {Table 4). Without wishing t¢ be bound by
10 theory, this suggests that chemically distinct inhibitors interact with overlapping SMO
residues and that crossresistance between mhibitors might ocour n the chinic.
Example 7: SMO mutations beyond the drug-binding pocket confer
vismmodegih resistance
SMO mutations located distally with respect to the vismodegib-binding pocket
5 were also associated with vismodegib resistance (Figure 14A). Interestingly, SMO-
A459V displayed increased basal activity over SMO-WT, albeit {0 a lesser extent than
the cstablished oncegenic mutations (Figure 148). This elevated activity correlated
with reduced sensitivity to inhibition by both vismodegib (Figures 15A) and PTCH/
overexpression, with SMO-A459V shifting the 1C50 of vismodegib approximately 9-
20 fold, respectively. Additionally, all activating moutants tested displayed impaired
vismodegib binding despite comparable levels of cell surface expression to SMO-WT
{Figures 158 and 15C).
A PPT CONP assay was used to investigate the impact of non-DBP SMO

matations on proliferation in the presence of vismodegib. SMO-A459V and

[\l
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SMOWS35L expressing CONPs continued to proliferate at high concentrations of
vismodegib (Figares 14C and 15D). These data are consistent with mutations outside
the DBP destabilizing the SMO architecture to promote activation and reduce affinity
for antagonists, as has been observed for GPCRs {Gether ot al, 1997). However, it
cannot be ruled out potential allosteric effects on the DBP by these mutations.

30 Several BCCs (from PTO1, PTO7 and PT11) that were PTUHT wild-type and harbored
oncogenic SMO mutations initially responded to treatiment despite the fact that these

SMO mutations reduce sensitivity to vismodegib inhibition (Figure 1SA). This could
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suggest a role for PTCHT loss-of-function in the sensitivity of SMO nutants to
vismodegib.
Example 8: Therapeutic options to overcome vismodegib resistance

Having established that multiple SMO mustations can confer resistance to

(881

vismodegib, whether chemically distinet SMO inhibitors could overcome vismodegib
resistance was next addressed. LYZ2940680 and LDE22ZS5 are currently in clinical
trials for various cancers {Chimicaltrials.gov) and compound 5 is a SMO inhibitor that
showed prechinical efficacy against SMO-D473H (Dijkgraaf et al, 2011). While all
compounds similarly inhibited the proliferation of SMO-WT expressing PPT CGNPs,
10 SMO-moutant expressing cells continued to proliferate, albeit to differing extonts
(Figure 16A). This observed crossresistance between the various SMO inhibitors is
consistent with the structural predictions, and suggests that combining SMO
antagounists is not a suitable therapeutic option to overcore acquired resistance.
Moreover, the identification of recurrent SUFU/ and GLI2 variants in relapsed tumors
15 could additionally argue for targeting Hh pathway components downstream of SMO.
While GLI inhibitors developed so far lack potency and bicavailability, recent studies
found that the bromodomain-comaining protein BRD4 occupies GLI promoters and is
required for transcriptional output of the Hb pathway (Long et al, 2014; Tang et al,,
2014). PPT CGNPs expressing vismodegib-resistant SMO mutants showed reduced

20 proliferation the presence of the bromodomain inhibitor JQ1 (Figure 16B).

Materials and Methods for Examples 2-9

Patient and tissue specimens

anccimens from vismodegib-trested pationts were collected aftor receiving

[\l
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written informed consent according to federal guidelines and as approved by
nsittutional review boards (IRB) of coniriboting conders participating in the clinical
studics SHH3925z, SHH4476g and STEVIE. For analysis of vismodegib resistance
mechanisms, biopsies were obtained at time of disease progression from 12 patients
with locally-advanced or metastatic BCC, who experienced a prioy, investigator-

30 assessed, clinical benefit on therapy, as described previously (LoRusso et al., 2011
Sekulic et al, 2012). Biopsies from 43 untreated patients were collected and
sequenced for comparison according to protocols approved by University of Michigan

and Stanford University IR Bs.
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Genomic analyses

DNA from {5 vismodegib-resistant BCC samples, 48 untreated BCCs and 52

matched blood samples were subjccted to WES. WES of tumor biopsics was

achieved with a yoindomam average coverage of more than 67-fold. Copy number

(881

changes were assessed for vismodegib-resistant BCCs by SNP or CGH arrays. RNA
from 11 resistant BCC samples was subjected to RNA-seg. DNA from 7 FFPE
samples was analyzed by pyrosequencing. RNA-seq data from five normal skin
samples (procured from ProteoQenex) were used as baseline gene expression for
comparisons with BCC paticnt samples.

10

All mice were housed and mamtained according to protocols approved by the
Genentech Inc. institutional animal care and use commitiee, which conformed to the
animal-use guidelnes of Gonentech Inc. and to Califormia State logal and ethical
praciices.

Functional analvses

..
wn

SMO mutants were generated in pRES-SM vectors as described (Dijkgraaf
ctal, 2011; Yauch ct al., 2009) and were cither utilized in Gfi-luciforase roporier
assays as described {(Dijkgraaf et al., 2011) or cloned into lentiviral vectors for
transduction of primary CONP culturcs. Proliferation was assayed using methyl-[3H]-

20 thymidine incorporation (Kool et al., 2014}, Binding of [3H]-vismodegib to SMO
mistants was carried out in HER- 293 cells as described (Dijkgraat et al., 2011},

Fuatient samples

Relapsed tamor saroples were collected after roceiving written tuformed

3

consent according to federal and institutional review board (IRB) guidehines on

[\l
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contributing centers. Untreated sporadic BCC samples were obtained according to
University of Michigan IRB-approved protocols HUMOOGGG9G5Z and HUMO00SH0E3.
Untreated Gorlin patient samples were obtained according to the Stanford University
IR B approved protocol 2012-029,

Histology
30 FFPE and O.C.T. compound {Tissuc-Tek} cmbedded samples were sectioned
and H&E stained according to standard procedures. Images were acquired using a
Zeiss Axioskop 2 microscope (Zeiss).

DNA and RNA isolation

—
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Frozen BCC tumors were homogenized in RLT plus lvsis buffer {Qiagen)
using cither a Bullet Blender {Next Advance) or Tissue Lyzer (Qiagen). Nucleic
acids were iselated with the Allprep DNA/RNA Mint Kit (Qiagen) following the
manufacturer’s protocel. FEPE tumor sections were macrodissected, deparaffinized
and extracted using the Aliprep DNA/RNA FFPE Kit ((Jiagen).

Exome capture gnd sequencing

Exome capture was performed using Agilent SureSelect (Santa Clara, CA}
Human All Exome kit {50 Mb}. Exome capture libraries were sequenced on HiSeg
2000 (Humina, CA) to generate 2 x 75 bp paired-cnd data.

Exome-Seq reads were aligned to the UCSC human genome (GRCh37/hg19)
using gsnap (Wu and Nacu, 2010) version 2013-10-10 with the parameters “~-M 2 -n
13 -B 2 -1 1 ~-pairmax-dna=1000 --terminal-threshold=1000 --gmap-mode=none --
clip-overlap”. Local realignment was performed using the GATK Indel Realigner
{DePristo et al,, 2011). Daplicated reads were removed using Picard. Somatic variant
calling on tumor and matched normal samples file was performed using
VariantTocls? with detault parameters
{(http://www bioconductor.org/packages/release/bioc/himl/VariantTools. html).
Known germline variations represented in dbSNP Build 131 (Sherry et al., 2001) but
absent in COSMIC v62 (Forbes et al., 2010) were filtered out for all samples. The
effect of all nonsynonymous somatic mutations on gene function was predicted using
Condel (Gonzalez-Perez and Lopez-Bigas, 2011). All variants were annotated using
Ensembl Release 63.

RNA sequencing and datq angivsis

RNA-seq libraries were prepared vsing TruSeq RNA Sample Preparation kit
(Iflumina, CA}. The librarics were multiplexed three per lanc and sequenced on
HiSeq 2000 1o obtain at least ~30 million paired-end (2 x 75 bp} reads per sample.
RNA-seq reads were aligned to the UCSC human genome (GRCh37/hg19) using
gsnap (Wu and Nacu, 2010) version 2013-10-10 with the parameters “-M 2 -n 10 -B 2
-t 1-N 1 -w 200000 -E 1 -- patrmax-roa=200000 --clip-overlap”. Expression counts
per gene were obtained by counting the nomber of reads aligning concordantly within

a pair and uniquely to cach gene locus as defined by NCBI and Ensembi gene
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anmotations, and RefSeq mRNA sequences. Differential genc expression analysis was
performed using the Bioconductor DESeq? package (Anders and Huber, 2810}

S(?Q’ wence data DPOCEssing

All sequencing reads were evaluated for quality using the Bioconductor
ShortRead package (Morgan et al,, 2009). To confirm that all samples were identified
correctly, all exome and RNA-seq data variants were cross-compared and checked for
genetic consistency using the Bioconductor VariantTools2 package. All patient
paired samples matched correctly and did not match with any other patient using a
cutoff of 90%.

Comparative genomic hvhridization (CGH)

Tumor samples were assayed on Agilent Human Genome CGH IM
microarrays. Human male genomic DNA (Promega P/N G1471) was used as
reference. Individual log2 ratios of background subtracted signal jutensities were
obtained from the Agilent Feature Extraction software version 10.7. The log? ratios
were corrected for the GC content wave effect (Diskin ot al,, 2008} using 1Mb
windows for genome GC content. The resulting log?2 ratio values for cach probe were
segmented using the cghFLasso algorithun (Tibshirani and Wang, 2008} one sample
and chromosome at a time.  Segmentation was performed using the parameters
fambdal =0 and lambdaZ = 1000 * the fraction of probes on the current chromosome.
All probes within the genomic bounds of a given segrent were given the mean copy
number value of probes within that secgment.

SNP drray

Hlumina HumanOmnd 2.5-8 arrays were processed using a previously used,
modified version of a method developed by (Rudin et al., 2012). As before, a large
panel of normal samples was used to leam the behavior of the two probes for each
SNP. For the current analysis, 450 HapMap normal samples were used. As before,
the raw signal for cach probe in cach sample was transformed onto a scale where 0, 1,
or 2 true underlying copies of a given allele mapped to 1, 2, or 3, as required by
PICNIC s hidden Markov model. These values for the probes A and B for each allele
were used to calculate the Copy Number Ratio (CHR, Formuba 1) and Theta (Formula
2). CNR can be interpreted as the ratio of the total copy mummber at a given locus to

the overall sample ploidy, t.e., average copy number across the genome. The ONR
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values were corrected for the GC content wave effect (Diskin et al,, 2008) using IMb
windows for genome GC content,

Formula 1. CNR={4+R}/4

Formula 2: Theta=2/n* arctan(R/4)

UNR and Theta were then input to PICNIC s pre-processing step, which
estimates g, the background value for CNR when zero copies are present; #, the
fraction of signal coming from normal cell contamination; and ¢, global ploidy or the
mean copy number across all interrogated SNP positions. This estimation requires an
imitial segmentation of CNK along the genome. 1o the present work, cghFLasso
(LZL.1VuPath with lambdal = 0 and lambda? = 1000, (Tibshirant and Wang, 2008})
was used, which has been found to provide a more accurate segmentation than either
CBS (Venkatraman and Olshen, 2007) or PICNIC’s nternal algorithm. Further,
PICNICs procedure for estimating o, 7, and ¢ was corrected to use a sex-specific
expected copy number (pi) for chromosomes X and Y. Finally PICNIC’s original
prior distributions for these three parameters were found to be nappropriate for this
array platform. Insicad, o was modeled as a Gaussian with a mean of 0.7 and a
standard deviation of 0.05; 7 was modeled as a beta distribution with alpha parameter
of 0.05 and a beta parameter of 100; and ¢ was modeled as a gamma distribution with
shape parameter of 6.7143, and a scale parameter 0 0.35.

Once a, 7, and ¢ were ostimated for each sample, PICNIC s HMM was
applied to segment the data and generate mteger allele-specific copy number. Genome
segments where the lesser of the allele-specific copy mumber was equal to zero are
regions of LOH.

Although the HMM fit was generally quite accurate for most chromosomes in
most samples, it was observed that CNR occasionally fell between the values expected
for two adjacent imtegers. This produced jittcring between two adjacent HMM states
that 18 belicved not to be a reflection of the biological reality. To address this, the
mteger estimate of total copy number produced by PICNIC s HMM was replaced
with the anconstrained value produced by eghFLasso (CNR). To produce reported
total copy number and adjust for normal contamination, estimates of o, 7, and 8, and
were applied to the cghFLasso results as per PICNIC:

Formaula 3. &= (1~ a)/((2 wyt+ ¢(1- 7}

Formula 4.
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Tumor cell fractions

Tumor cell fractions were calculated as described (Nik-Zainal et al, 2012}
Bricfly, tumor cells carrying a given swtation were determined using the following

foromla;

(91

U

Vismodegih binding model

The crystal stracture of SMO with LY2940680 bound (PDB ID: 4JK V) served
as a starting point for docking. The Schrodinger suite of programs available in
Maestro version 9.5 (Schrodinger, Inc.) was used to carry out protoin preparation with
PrepWiz, ligand preparation of vismodegib with Ligprep, and docking with Ghde

20 Standard Precision, retaining defaolt parameters for all steps exeept for the following
modifications in the Glide docking step. Fifty poses were included for performing
post-docking minimization, with strain correction terms turned on. The top ten poses
were written out for analysis, all of which gave similar binding modes. The pyridine
and the adjaceunt ortho-chiorophenyl rings stayed in approximately the same positions,

25 with variations i the amide torsion angles causing slight variations in the positions of
the methylsalfone and its attached ring. The top pose was selected for figures in this
study, but the variations described above would not have changed any interpretations
regarding vutational effecis. Figures 2B, 3A-C, 5A-B and 6A ware prepared using
MOE 2013.0801 (Chemical Computing Group, Ine.). The sarface areas shown for the

30 binding pocket and the He-408 interaction are solvent-accessible.

Pyrosequencing
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Mutation-specific PCR (BSP) primers were designed using PyroMark Assay
Design software v2.0 (Qiagen). PCR primers were synthesized with a 57 biotin label
on cither the forward or reverse primer to facilitate binding of the PCR product 1o
Streptavidin Sepharose beads. Sequencing primers were designed in the reverse
direction of the §°- biotin-labeled PCR primer osing PyroMark Assay Design software
v2.0 {Qiagen). Genomic DNA (20 ng} was amplified in 8 25 pl reaction using
Platinum PCR Supermix (Invitrogen) and 20 uf of PCR product was used for
sequencing on the Pyromark (24 {Qiagen). PCR products were incubated with
Streptavidin Sepharose beads for 10 minutes followed by washes with 70% cthanol,
Pyromark denaturation solation, and Pyromark wash buffer. Denatured PCR. products
were then sequenced using 0.3 uM sequencing primer. Pyrograms were visualized
and cvaluated for sequence quality, and percent mwutant at SMO positions L412 and
AS549 was determined using PyroMark software version 2.0.4 {(Qiagen).

Copy number assay

Genomic DNA was isolated from blood, pre- and post-treatment tumor
samples, and 10 ng per reaction was uscd as teruplate 1o quadruplicate Taqman assays
{Applied Biosystems/Life Technologies} to determine PTUHT and RNASE P
(reference) copy number with CopyCaller seftware (Applied Biosystems/Life
Technologies).

Real-Time RT-PUR

One to four pg of total RNA was reverse transcribed using the high capacity
cDNA kit (Applicd Biosystems/Life Technologies). Quantitative PCR reactions were
performed using the TagMan Universal PCR Master Mix (Applied Biosystems/Life
Technologics). Gene-specific Tagman primer/probe sequences are available upon
request.

Plasmids

SMO point martanis were generated in pRKS-SMG with the QuikChange I
Site-Directed Mutagenesis Kit (Stratagene). SMO point nustants were cloned into
pRKS-SMO-Flag and pRK7-gD-SM-myc. pRES-FTCHI and pRES-eGFP were
previously described by (Yauch ot al., 2009). The Hh luciferase reperter GE-BS
construct was previously described by (Murone et al., 1999) and the Renilla
transfection conirol plasmid pRL-TKis from Promega. pGEIGC is a HIV-based self-

inactivating lentiviral vector that was created by replacing the Zeo™-CMV,~tGFP-

184
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IRES-Puro™-shRNA-WRE content of pGIPZ (Open Biosystems) with a fragment
containing the EF Lo promoter, a multiple cloning site (MCS), an internal ribosome
entry site (IRES) and Cre-reconbinase fused to the C teroinus of enhanced green
fluorescent protein {¢GFP-Cre; Harfe et al, 2004). Al constructs were confirmed by
sequencing; cloning details, vector maps and sequence files are available apon request.

Luciferase reporier assay

C3H10TY celis (ATCC) were seeded into six-well plates at 1.75 x 10ES
cells/well in DMEM High Gloacose with 4mM glutamine, 10 mM Hepes pH 7.2 and
10% FBS. After 16 h cells were transfected with 400 ug of cxpression construct, 400
ng of 9x-GH-BS and 200 ng of pRL-TK per well using Geneluice Transfection
Reagent (Novagen). For the PTCHI inhibition experiments, cells were transtected
with 200 ng SMO cxpression construct and an additional 200 ng of DNA containing
varying ratios of PTCH1 to emapty vector. Six bours later, cells from one well were
trypsinized and redistributed over four wells of a 12-well plate. After 16 hours the
FBS content of the cultore medium was reduced to 0.5% to induce formation of
primary cilia, and small molecule Hh inbibitors were added at indicated
concerndrations. Firefly luciferase activity was determyined 24 hours later with the
Dual-Glo Luciferase Assay Systern (Promega) and read using a Wallac EnVision
plate reader (Perkin Elmer). Values were divided by renilla luciferase activities to
noymalize for transfection efficiency. lndividual experiments were carried out in
duphicate or triplicate and repeated at least once. Dose response data were fit to a 4-

parameter equation in GraphPad Prism,

where ‘Y’ is normalized Gli-luciferase signal or normalized thymidine
mcorporation calculated as a fraction of control that did vot include inhibitor, and "X
1s the inhibitor concentration. The top and bottom (B} values were constrained to be
equal for each sample. ‘H’ is the Hill Slope.

!3 Hi-vismodegib binding assay

2 x 10E6 HEK-293 cells were seeded into H-cm plates and transfected 16
hours later with 3 pg of either empty vector or SMQO expression constract using
Geneluice (Novagen). Cells were harvested 40 hours later in PBS with 1 mM EDTA

and fixed in PBS with 4% PFA for 10 roinutes at room temperature {RT), after which

—
0
e
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they were washed 3x in PBS with 1 mM EDTA and plated into 96-well plates at
100,000 cells per well. Cells were incubated for 1 hour at RT with § nM ["H)-
vismodegib (Sclcia) in the absence or presence of 50 uM unlabeled vismodegih, and

were subsequently transferred to a filter plate (Perkin Elmer) using a Filtermate Cell

(881

harvester (Perkin Elmer). Forty wm of MicreScint flaid (Perkin Elmer) was added per
well and counts per minute were assessed using a PerkinBElmer TopCount NXT. All
samples were analyrzed in triplicate. Specific binding was calculated after competition
with an excess of unlabeled vismodegih by subtracting non-specific binding from
total binding,

10 FACS analyvsis of gi3-SMO cell surface expression

Ix10ES6 HEK-293 cells were seeded into 10-cm plates and transfected 6 hours
fater with 3 pg of gB-SMO expression construct using GenelJuice (Novagen). Celis
were dislodged 48 hours later in PBS with | ;M EDTA and sequerdially incubated
for 30 min with anti-gD» antibody (5B6, at | ug/ml), followed by two 20 muin

5 mcobations with 1:100 biotin-SP conjugated Affinipure goat anti-mouse IgG and 1:50
R-Phycoerythrin-conjugated Streptavidin (both Jackson Immumorescarch Labs)., Cells
were resuspended 1o propidium iodide (500 ng/ml) and avalyzed ona HTS
FacsCalibur (BD Biosciences).

Virus produciion and titering

20 HEK-293T cclis were plated on 15-cm dishes at 1L.5x10E6 celis/plate in
DMEM High Glucose with 10% heat inactivated FBS 24 hours prior to transfection.
Lentiviral supernatants were prepared by co-transfection using 6 ug of pGEIGC-5MO,
12 pg of the packaging vector ABY (Zufferey er al., 1997), 3 pg of the euvelope

veeter pVSV-G {Clontech) and the transtection reagent Geneluice (Novagen). The

[\l
(881

cultore wediom was replaced 12 hours after transfection and viral supernatant was
collected 24 hours later, filtered through a .45 pm PES filter (Nalgene) and stored at
4 °C untdd further processing. Viral supernatants were concentrated 200-fold by
ultracentrifugation at 100,000 x g for | hours 30 min (Zufferey and Trono, 2000).
Viral peHets were resuspended in CGNP media and stored at -80 °C. Viral tilers werg
30 determined on HEK-2937T cells that were plated at 2x10° cells/well in six-well plates.
Cells were allowed to adhere for 12 hy, after which the medivm was veplaced with 2
mi of either 1:400 or 1:4000 dihuted viral concentrate. The number of cells per well

was counted at the time of virus addition and the average of six wells was used to

186
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calcalate the viral titer. Viral supernatants remained on the cells for 60 hr, after which
the cells were barvested and analyzed for fluorescent protein expression by FACS.
Viral titers were calculated in transducing units (TUYmd according to the equation

[cell number / 100 x % fluorescent cells] x 1000 per pl of viral concentrate (Zufferey

(881

and Trono, 2000). Only transductions that resulted in fower than 15% fluorescent cells
were used for titer calculations.

The Prohlloxp strain was a kind gift from R, Téftgard and 5. Teghmd
{Karofinska Instituiel, Stockholm, Sweden; Kasper ot al., 2011). The Tp53" strain
10 was a kind gift from A. Berns (Netherlands Cavncer institute, Amsterdam, The

S Tomato

Netherlands; Jonkers et al,, 2001}, The Rosals" strain was purchased from
Jackson Labs (Stock pumber: (07909; Madisen et ek, 2610}, Al mice were housed
and maintained according to the snimal-use guidelines of Genentech o, conforming
to California State legal and cthical practices.

i5 Isolation and transduction of CGNPs

. ‘ loxp/loxp LS td Tomato 2loxp/ioxp
Cerebella from post-natal day S-7 Pich /" Rasg 26" SHTT0me 1y glospfiose

mice were dissociated i 0.05% Trypsin for 10 min at 37 *C. Cells were collected by
centrifugation at 514 x g for 10 min at 4 °C, resuspended in CONP media (Neurobasal
medium (Life Technologies) containing Ix B27 (without vitamin A; Life

20 Technologies), 0.43% glucose (Sigma Aldrich), 25 mM KCI, 0.4% bovine serum
albumin (Sigma Aldrich), 2 mM glutamine, 100 U/ml Penicillin {Life Technologies),
100 pg/ml Streptomycin (Life Technologies), 200 ng/mi octylated recombinant SHH)
and filtered through a 0.45 um filter (Falcon). Cells were plated in poly-S-lysine

coated 6-well plates (Corning) at Sx10ES cells/well and infected with lentivirus at a

[\l
(881

multiplicity of infection (MOD of 1. After 24 hr, cells were harvested by
trypsinization, collected in CONP media and replated for downstream applications.

Methyl-{3H|-thymidine incorporatien

To examine the effects of HPIs on profiferation, virally transduced CGNPs
were plated in poly-D-lysine-coated 86-well plates (Corping) at 25,000 cells/well in
30 CONP media without SHH. Inhibitor concentrations were tested i triphicate wells
and were 25, 50, 100, 250, 500, 1000 and 5000 nM for vismodegib, 500 nM for
LBE225, 500 aM for LY2940680, 500 oM for compound 5, T uM for JQ1 and 0.1%

for DMSO (highest concentration vehicle conirol). After 24 by, cells were pulsed with

—
0
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1 uCi/mi methyl-["H]-thymidine (Amersham/GE Healthcare) and cultured for an
additional 16-24 br. Cells were harvested onto 96-well filter plates (Perkin Elmer)
using a Filtermate Cell Harvester (Perkin Elmer), and incorporated radicactivity was
qguantified by Hguid scintiliation spectrophotometry on a TopCount NXT

(PerkinElmer).

(881

Compoungs
GDC-0449, compound 5 and JQ-1 were prepared as described inin
WO2006028956, W02007059157 and Filippakopoulos et al., 2010, LDE22S (BY-
N2y and LY 2940680 (HY-13242) were from MedchemExpress.
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INCORPORATION BY REFERENCE

All publications and patents mentioned herein are hereby incorporated by

reference in their entirety as if each individual publication or patent was specifically

and individually indicated to be incorporated by reference.

While specific ershodiments of the subject disclosure bave been discussed, the

above specification is illustrative and not restrictive. Many variations of the disclosure

will become apparent 1o those skilled in the art upon review of this specification and

the clairas below. The full scope of the disclosure should be determined by reference

to the claims, along with their full scope of equivalents, and the specification, along

with such variations. The foregoing Examples are for illustrative purposes only and

should not be construed to himit the scope of the disclosure which is defined by the

appended claims.
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SEQUENCE LISTING

SEQ ID NO: | -- Human wildtype smoothened amino acid sequence (GenBank
Accesion No, NP_005622.1)

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Glu Leu Pro Len Leu Gly Leu Leu Leu
Lew Leu Len Leu Gly Asp Pro Gly Arg Gly Ala Ala Ser Ser Gly Asn Ala Thr Gly Pro
Gly Pro Arg Ser Ala Gly Gly Ser Ala Arg Arg Ser Ala Ala Val Thr Gly Pro Pro Pro
Pro Leu Ser His Cys Gly Arg Ala Ala Pro Cys Ghu Pro Leu Arg Tyr Asn Val Cys Len
Gly Ser Val Leu Pro Tyr Gly Ala Thr Ser Thr Leu Leu Ala Gly Asp Ser Asp Ser Gin
(Glu Glu Ala His Gly Lys Lew Val Lew Trp Ser Gly Lew Arg Asa Ala Pro Arg Cys Trp
Ala Val e Gin Pro Leu Leu Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Gla Leu Pro Ser Arg Thr Leu Cys Gln Ala Thr Arg Gly Pro Cys Ala lle Val Glu Arg
Glua Arg Gly Trp Pro Asp Phe Leu Arg Cys Thr Pro Asp Arg Phe Pro Ghu Gly Cys
Thr Asn Ghi Vai Gln Aso He Lys Phe Asa Ser Ser Gly Gin Cys Ghu Val Pro Len Val
Arg Thr Asp Asn Pro Lys Ser Trp Tyr Glu Asp Val Glu Gly Cys Gly He Gln Cys Ghn
Asn Pro Lea Phe Thr Glu Ala Glu His Gln Asp Met His Ser Tyr lle Ala Ala Phe Gly
Ala Val Thr Gly Leu Cys Thr Leu Phe Thr Leu Ala Thr Phe Val Ala Asp Trp Arg
Asn Ser Asn Arg Tyr Pro Ala Val Tle Leou Phe Tyr Val Asn Ala Cys Phe Phe Val Gly
Ser fle Gly Trp Leu Ala Gin Phe Met Asp Gly Ala Arg Arg Gha He Val Cys Arg Ala
Asp Gly Thr Met Arg Leo Gly Gla Pro Thr Ser Asn Ghu Thr Leu Ser Cys Val lle Ile
Phe Val He Val Tyr Tyr Ala Leu Met Ala Gly Val Val Trp Phe Val Val Leu Thr Tyr
Ala Trp His Thr Ser Phe Lys Ala Leu Gly Thr Thr Tyr Gin Pro Leu Ser Gly Lys Thr
Ser Tyr Phe His Leu Low Thr Trp Ser Leu Pro Phe Val Leu Thr Val Ala He Lou Ala
Val Ala Glo Val Asp Gly Asp Ser Val Ser Gly He Cys Phe Val Gly Tyr Lys Asa Tyr
Arg Tyr Arg Ala Gly Phe Val Leu Ala Pro e Gly Leu Val Leu He Val Gly Gly Tyr
Phe Leu ile Arg Gly Val Met Thr Leu Phe Ser He Lys Ser Asn His Pro Gly Leo Leu
Ser Glu Lys Ala Ala Ser Lys He Asa Glo Thr Met Leu Arg Leu Gly lle Phe Gly Phe
Leu Ala Phe Gly Phe Val Leu le Thr Phe Ser Cys His Phe Tyt Asp Phe Phe Asn Gin
Ala Glu Trp Glo Arg Ser Phe Arg Asp Tyr Val Leu Cys Ghn Ala Asn Val Thr e Gly
Lee Pro Thr Lys Gin Pro He Pro Asp Cys Glu Hle Lys Asn Arg Pro Ser Leu Leu Val
(Glu Lys Ile Asn Leu Phe Ala Met Phe Gly Thr Giy Ue Ala Met Ser Thr Trp Val Trp
Thr Lys Ala Thr Leu Leu He Trp Arg Arg Thr Trp Cys Arg Lea Thr Gly Gin Ser Asp
Asp Gha Pro Lys Arg Ile Lys Lys Ser Lys Met e Ala Lys Ala Phe Ser Lys Arg His
Glu Lou Leu Gin Asn Pro Gly Glo Glo Leu Ser Phe Ser Met His Thr Val Ser His Asp
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Gly Pro Val Ala Gly Leu Ala Phe Asp Leu Asn Gla Pro Ser Ala Asp Val Ser Ser Ala
Tip Ala Glo His Val Thr Lys Met Val Ala Arg Arg Gly Ala e Leu Pro Gln Asp He
Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro Glu Glu Gln Ala Asn Leu Trp Leu Val
Gla Ala Glu He Ser Pro Glu Leo Gin Lys Arg Leu Gly Arg Lys Lys Lys Arg Arg Lys
Arg Lys Lys Ghu Val Cys Pro Leu Ala Pro Pro Pro Gln Leu His Pro Pro Ala Pro Al
Pro Ser Thy He Pro Arg Leu Pro Gin Leu Pro Arg Gin Lys Cys Leu Val Als Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cys Arg Gln Gly Ala Trp Thr Leu Val Ser Asn Pro Phe
Cys Pro Glu Pro Ser Pro Pro Gln Asp Pro Phe Leo Pro Ser Ala Pro Ala Pro Val Ala
Tip Ala His Gly Arg Arg Gin Gly Leou Gly Pro Ile His Ser Arg Thr Asn Lou Met Asp
Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SE D NO: 2 -- Human smoothened amino acid sequence having mutation at amino
acid position 281 of SMO

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Gl Leu Pro Leu Leu Gly Leu Leu Len
Lee Leu Leu Leu Gly Asp Pro Gly Arg Gly Ala Ala Ser Ser Gly Asn Ala Thr Gly Pro
(Gly Pro Arg Ser Ala Gly Gly Ser Ala Arg Arg Ser Ala Ala Val Thr Gly Pro Pro Pro
Pro Leu Ser His Cys Gly Arg Ala Ala Pro Cys Glu Pro Leu Arg Tyr Aso Val Cys Leu
Gly Ser Val Len Pro Tyr Gly Ala Thr Ser Thr Leu Leu Ala Gly Asp Ser Asp Ser Gln
Gla Glu Ala His Gly Lys Leu Val Leu Trp Ser Gly Lew Arg Asn Ala Pro Arg Cys Tip
Ala Val ile Gin Pro Leu Leu Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Gl Leu Pro Ser Arg Thr Leu Cys Gln Ala Thr Arg Gly Pro Cys Ala fle Val Glu Arg
Gl Arg Gly Trp Pro Asp Phe Lea Arg Cys Thr Pro Asp Arg Phe Pro Glo Gly Cys
Thr Aso Gle Val Gin Asn Hie Lys Phe Asn Ser Ser Gly Gin Cys Glu Val Pro Leu Val
Arg Thr Asp Asn Pro Lys Ser Trp Tyr Glu Asp Val Glu Gly Cys Gly Hle Gln Cys Gln
Asn Pro Leu Phe Thr Glu Als Glo His Gln Asp Met His Ser Tyr lle Ala Ala Phe Gly
Ala Val Thr Gly Leu Cys Thr Leo Phe Thr Leu Ala Thy Phe Val Ala Asp Trp Arg
Asn Ser Asn Arg Tyr Pro Ala Val Ue Leu Phe Tyr Val Asn Ala Cys Phe Phe Val Gly
Ser He Gly Xaa Leu Ala Gln Phe Met Asp Gly Ala Arg Arg Glu He Val Cys Arg Ala
Asp Gly Thr Met Arg Leu Gly Glu Pro Thr Ser Asn Glo Thr Leo Ser Cys Val e lle
Phe Val lle Val Tyr Tyr Ala Leu Met Ala Gly Val Val Trp Phe Val Val Leu Thr Tyr
Ala Trp His Thr Ser Phe Lys Ala Leu Gly Thy Thr Tyr Gln Pro Leu Ser Gly Lys Thr
Ser Tyr Phe His Leu Leo Thr Trp Ser Leu Pro Phe Val Lea Thr Val Ala He Leu Ala
YVal Ala Gln Val Asp Gly Asp Ser Val Ser Gly tic Cys Phe Val Gly Tyr Lys Asn Tyr
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Arg Tyr Arg Ala Gly Phe Val Leu Ala Pro He Gly Leu Val Leu He Val Gly Gly Tyr
Phe Leu He Arg Gly Val Met Thr Leu Phe Ser He Lys Ser Asn His Pro Gly Leou Leu
Ser Glu Lys Ala Ala Ser Lys He Asn Glu Thre Met Leu Arg Leu Gly Hle Phe Gly Phe
Lew Ala Phe Gly Phe Val Leu fle Thr Phe Ser Cys His Phe Tyr Asp Phe Phe Asn Gln
Ala Glo Trp Ghe Arg Ser Phe Arg Asp Tyr Val Leu Cys Gln Ala Asn Val Thr lle Gly
Lew Pro Thr Lys Gin Pro He Pro Asp Cys Glu He Lys Asn Arg Pro Ser Leu Leu Val
Gl Lys He Asn Leu Phe Ala Met Phe Gly Thr Gly lle Ala Met Ser Thr Trp Val Trp
Thr Lys Ala Thr Leu Leu He Trp Arg Arg Thr Trp Cys Arg Leu Thr Gly Gln Ser Asp
Asp Glu Pro Lys Arg He Lys Lys Ser Lys Met lic Ala Lys Ala Phe Ser Lys Arg His
Glu Leu Leu Gln Asn Pro Gly Gln Glu Leu Ser Phe Sex Met His Thr Val Ser His Asp
Gly Pro Val Ala Gly Leu Ala Phe Asp Leu Asn Gl Pro Ser Ala Asp Val Ser Ser Ala
Trp Ala Gin His Val Thr Lys Met Val Ala Arg Arg Gly Ala Ile Leu Pro Glo Asp He
Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro Glu Glu Glo Ala Asn Leu Trp Leu Val
Gl Ala Glu He Ser Pro Glu Leu Gin Lys Arg Leu Gly Arg Lys Lys Lys Arg Arg Lys
Arg Lys Lys Gla Val Cys Pro Len Ala Pro Pro Pro Ghi Leo His Pro Pro Ala Pro Ala
Pro Ser Thr e Pro Arg Lew Pro Gin Leu Pro Arg Gin Lys Cys Leu Val Ala Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cys Arg Gln Gly Ala Trp Thr Leu Val Ser Asn Pro Phe
Cys Pro Glu Pro Ser Pro Pro Gln Asp Pro Phe Leu Pro Ser Ala Pro Ala Pro Val Ala
Trp Ala His Gly Arg Arg Gin Gly Leu Gly Pro lie His Ser Arg Thr Asn Len Met Asp
Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ ID NO: 3 Human smoothened amino acid sequence having mutation at amino
acid position 459 of SMO

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Gl Len Pro Leu Leu Gly Leu Leu Leu
Lew Leu Len Leu Gly Asp Pro Gly Arg Gly Ala Ala Ser Ser Gly Asn Ala Thr Gly Pro
Gly Pro Arg Ser Ala Gly Gly Ser Ala Arg Arg Ser Ala Ala Val Thr Gly Pro Pro Pro
Pro Leu Sor His Cys Gly Arg Als Ala Pro Cys Glu Pro Leu Arg Tyr Asn Val Cys Lew
Gly Ser Val Leu Pro Tyr Gly Ala Thr Ser Thr Leu Leu Ala Gly Asp Ser Asp Ser Gin
Ghs Glu Ala His Gly Lys Lew Val Leu Trp Ser Gly Lew Arg Asn Ala Pro Arg Cys Trp
Ala Val e Gin Pro Leu Leu Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Gla Leu Pro Ser Arg Thr Leu Cys Gln Ala Thr Arg Gly Pro Cys Ala lle Val Glu Arg
Glua Arg Gly Trp Pro Asp Phe Leu Arg Cys Thr Pro Asp Arg Phe Pro Ghu Gly Cys
Thr Asn Ghi Vai Gln Aso He Lys Phe Asa Ser Ser Gly Gin Cys Ghu Val Pro Len Val
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Arg Thr Asp Asn Pro Lys Ser Trp Tyr Ghlu Asp Val Glu Gly Cys Gly e Gln Cys Gln
Asn Pro Leo Phe Thr Glu Ala Glu His Gln Asp Met His Ser Tyr lie Ala Ala Phe Gly
Ala Val Thr Gly Leu Cys Thr Leu Phe Thr Leu Ala Thr Phe Val Ala Asp Trp Arg
Asn Ser Asn Arg Tyr Pro Ala Val {le Leu Phe Tyr Val Asn Ala Cys Phe Phe Val Gly

(881

Ser He Gly Trp Len Ala Gln Phe Met Asp Gly Ala Arg Arg Glu He Val Cys Arg Ala
Asp Gly Thr Met Arg Leu Gly Glo Pro Thr Ser Asn Glu Thr Leu Ser Cys Val ile lle
Phe Val lle Val Tyr Tyr Ala Leu Met Ala Gly Val Val Trp Phe Val Val Len Thr Tyr
Ala Trp His Thr Ser Phe Lys Ala Leu Gly Thr Thr Tyr Gln Pro Leo Ser Gly Lys Thr
Ser Tyr Phe His Leu Leu Thr Trp Ser Leu Pro Phe Val Lou Thy Val Ala lle Leu Ala
10 Val Ala Gln Val Asp Gly Asp Ser Val Ser Gly He Cys Phe Val Gly Tyr Lys Asa Tyr
Arg Tyr Arg Ala Gly Phe Val Leu Ala Pro {le Gly Len Val Leu He Val Gly Gly Tyr
Phe Leu ile Arg Gly Val Met Thr Leu Phe Ser He Lys Ser Asn His Pro Gly Leu Leu
Ser Glu Lys Ala Ala Ser Lys e Asn Gla Thr Met Leu Arg Leu Gly le Phe Gly Phe
Leu Xaa Phe Gly Phe Val Leu He Thr Phe Ser Cys His Phe Tyr Asp Phe Phe Asn Gln
15 Ala Glu Trp Gla Arg Ser Phe Arg Asp Tyr Val Lea Cys Gln Ala Asn Val Thr Hle Gly
Lew Pro Thr Lys Gin Pro He Pro Asp Cys Glu He Lys Asn Arg Pro Ser Leu Leu Val
Glu Lys fle Asn Leu Phe Ala Met Phe Gly Thr Giy Ue Ala Met Sor Thr Trp Val Trp
Thr Lys Ala Thr Leu Leu He Trp Arg Arg Thr Trp Cys Arg Lea Thr Gly Gin Ser Asp
Asp Gla Pro Lys Arg He Lys Lys Ser Lys Met Ile Ala Lys Ala Phe Ser Lys Arg His
20 Gl Leu Leu Glo Asn Pro Gly Glo Glu Leu Ser Phe Ser Met His Thr Val Ser His Asp
Gly Pro Val Ala Gly Leu Ala Phe Asp Leu Asn Gla Pro Ser Ala Asp Val Ser Ser Ala
Trp Ala Gin His Val Thr Lys Met Val Ala Arg Arg Gly Ala He Leu Pro Glo Asp He
Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro Glu Glu Gin Ala Asa Leu Trp Leu Val
Glu Ala Glu He Ser Pro Gla Leu Gin Lys Arg Leu Gly Arg Lys Lys Lys Arg Arg Lys
Arg Lys Lys Ghu Val Cys Pro Leu Ala Pro Pro Pro Gln Leu His Pro Pro Ala Pro Al

[\l
(881

Pro Ser Thy He Pro Arg Leu Pro Gin Leu Pro Arg Gin Lys Cys Leu Val Als Ala Gly

Ala Trp Gly Ala Gly Asp Ser Cys Arg Gln Gly Ala Trp Thr Leu Val Ser Asn Pro Phe

Cys Pro Glu Pro Ser Pro Pro Gin Asp Pro Phe Leu Pro Ser Ala Pro Ala Pro Val Ala

Trp Ala His Gly Arg Arg Gin Gly Leu Gly Pro e His Ser Arg Thr Asn Leu Met Asp
30 Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ D NO: 4 Human smoothened aming acid sequence having mutation at amino

acid position 535 of SMO
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Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Gl Leu Pro Leu Leu Gly Leu Leu Len
Leu Leu Leu Leu Gly Asp Pro Gly Arg Gly Ala Ala Ser Ser Gly Asn Ala Thr Gly Pro
Gly Pro Arg Ser Ala Gly Gly Ser Ala Arg Arg Ser Ala Ala Val Thr Gly Pro Pro Pro
Pro Leu Ser His Cys Gly Arg Ala Ala Pro Cys Glu Pro Leu Arg Tyr Asn Val Cys Leu
Gly Ser Val Leu Pro Tyr Gly Ala Thr Ser Thr Leu Leo Ala Gly Asp Ser Asp Ser Gln
Gluo Glu Ala His Gly Lys Leu Val Leu Trp Ser Gly Leu Arg Asa Ala Pro Arg Cys Tip
Ala Val ile Gin Pro Leu Leu Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Ghi Lea Pro Ser Arg Thr Leu Cys Gin Ala Thr Arg Gly Pro Cys Ala Tle Val Glu Arg
Glu Arg Giy Trp Pro Asp Phe Leu Arg Cys Thr Pro Asp Arg Phe Pro Glo Gly Cys
Thr Asn Glu Val Gln Asn He Lys Phe Asn Ser Ser Gly Gin Cys Glu Val Pro Leu Val
Arg Thr Asp Asn Pro Lys Ser Trp Tyr Glu Asp Val Glu Gly Cys Gly He Gln Cys Gin
Asn Pro Leu Phe Thr Glu Ala Glo His Glin Asp Met His Ser Tyr lle Ala Ala Phe Gly
Ala Val Thr Gly Leu Cys Thr Leu Phe Thr Leu Ala Thr Phe Val Ala Asp Trp Arg
Asn Ser Asn Arg Tyr Pro Ala Val lle Leu Phe Tyr Val Asn Ala Cys Phe Phe Val Gly
Ser He Gly Trp Leu Ala Gln Phe Met Asp Gly Ala Arg Arg Ghille Val Cys Arg Ala
Asp Gly Thr Met Arg Leou Gly Ghu Pro Thr Ser Asn Glo Thr Leu Ser Cys Val ie ke
Phe Val Hle Val Tyr Tyr Ala Leu Met Ala Gly Val Val Trp Phe Val Val Leu Thr Tyr
Ala Trp His Thr Ser Phe Lys Ala Leu Gly Thy Thr Tyr Gln Pro Leu Ser Gly Lys Thr
Ser Tyr Phe His Leu Lew Thr Trp Ser Leu Pro Phe Val Leu Thr Val Ala He Leu Ala
Val Ala Gin Val Asp Gly Asp Ser Val Ser Gly He Cys Phe Val Gly Tyr Lys Asn Tyr
Arg Tyr Arg Ala Gly Phe Val Leu Ala Pro He Gly Leu Val Leu He Val Gly Gly Tyr
Phe Leo He Arg Gly Val Met Thr Lew Phe Ser He Lys Ser Asn His Pro Gly Leu Len
Ser (lu Lys Ala Ala Ser Lys le Asn Glu Thr Met Leo Arg Leu Gly lie Phe Gly Phe
Leu Ala Phe Gly Phe Val Leu e Thr Phe Sor Cys His Phe Tyr Asp Phe Phe Asn Gin
Ala Glo Trp Ghe Arg Ser Phe Arg Asp Tyr Val Leu Cys Gln Ala Asn Val Thr lle Gly
Lew Pro Thr Lys Gin Pro He Pro Asp Cys Glu He Lys Asn Arg Pro Ser Leu Leu Val
Glu Lys e Asn Leu Phe Ala Met Phe Gly Thr Giy Hle Ala Met Ser Thr Xaa Val Trp
Thr Lys Ala Thr Lea Leu He Trp Arg Arg Thr Trp Cys Arg Leu Thr Gly Gin Ser Asp
Asp Ghlu Pro Lys Arg Tle Lys Lys Ser Lys Met Tle Ala Lys Ala Phe Ser Lys Arg His
Glu Leu Leu Gln Asn Pro Gly Gln Glu Leu Ser Phe Sex Met His Thr Val Ser His Asp
Gly Pro Val Ala Gly Leu Ala Phe Asp Len Asn Gl Pro Ser Ala Asp Val Ser Ser Ala
Trp Ala Gln His Val Thr Lys Met Val Ala Arg Arg Gly Ala Ile Leu Pro Gln Asp He
Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro Glu Glo Glo Ala Asn Leu Trp Leu Val
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Glu Ala Glu He Ser Pro Glu Leu Gln Lyvs Arg Leu Gly Arg Lvs Lys Lys Arg Arg Lys
Arg Lys Lys Gla Val Cys Pro Leu Ala Pro Pro Pro Giu Leu His Pro Pro Ala Pro Ala
Pro Ser Thr Hle Pro Arg Leu Pro Gin Leu Pro Arg Gin Lys Cys Leu Val Ala Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cys Arg Gln Gly Ala Trp Thr Leu Val Ser Asn Pro Phe
Cys Pro Glu Pro Ser Pro Pro Gin Asp Pro Phe Leu Pro Ser Ala Pro Ala Pro Val Ala
Trp Ala His Gly Arg Arg Gin Gly Leu Gly Pro lle His Ser Arg Thr Asn Leu Met Asp
Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

(&)

SEQ ID NQO: 5 (WT SMO) atggecgetg cocogoocage gegegesccg gagetecege tectggegot
10 getgetgelg ctgetgetgg gggacceggg cogggggacg goCiogageg Sgascgrgas Cgggectegg
CCtegeageg CEELCEERag CECgagLagy ageglggege tgaciggece teegoeegeeg cigagocact
SCEBCCREEC 1ZCCCoCtge gageogetge gotacaacgt gtgeciggee teggigetge octacgggse
cacctecaca ofgetggecg gagactogga cleccaggag gaagegeacy geaagetegt gotetggics
gaectocgga atgececeeg otgetgggea gigatecage cootgetgtg igeegtatae atgeccaagt

tgagaatga ccgggtggag ctgeccagee gtacccictg ccaggocace cgaggocect gigeeategt

o
1o}

gagaggeag cggggctogc cigacticet gegotgeact ceigaccgcet tecetgaagg cigeacgaat

JQ

aggizcaga acateaagit caacagitea ggecagigeg aagigecctt ggticggaca gacaaccecs

[ie]

agagetggta cgaggacgty gaggecipyg geafccaglig coagaacceg cicticacag aggetgagea
ccaggacatg cacagotacs fegoeggectt cggggocgic acgggccict geacgeictt caceciggoec

20 acaltegteg ctgactggey gaacicgaat cgotaceoty cigttatict ctictacgic aatgegiget tetitgiges
cageattgge tggetggece agticatgga 1ggtgcoecge cgagagalcy etgeegige agatggeace
atgaggoettg gegageccal ciocaatgag acicigioct gogteateat ctitgicate gigtactacg
coctgatgoc tggigtooti toottigiog fcotcaccta igoctggeac actiecttca aagecctggg caccacotac

cagectetet cgggeaagac ctoctacite caccigetca cotggteact ceccettigic cicaciglgg caatectige

[\l
(&)

tgtggegeag giggatggog actctgigag (ggoattipl tigiggoct acaagaacta cogatacegt

goggacticg igoiggecoe aateggectg gtgcicaleg tggeaggcta cticcicate cgaggagics

tgacteigli ctecatcaag ageaaccace cegggotget gagtgagaag getgecagea agateaacga

gaccatgetg cgectgggea ttttggott cotggecttt ggottigtae tcattacctt cagetgocae tictacgact

toltcaaccea ggotgagigg gagegoaget toegggacta {gigctatot caggoeaaty tgacealcgy

30 getgeccace gageagecca teeeigacty tgagateaag aatcgoecega gectictggt ggagaagate
aaccigiity cealgtitgg aaciggeate goeeatgagea cotggglcty gaccaaggee acgetgeies

fetggaggceg tacciggtee aggtigacig gocagagiga cgatgagoca aageggalca agaagageaa
g84gg LERZACIZ §oCagagig g 28 K[adgag

=

gatgatigeo aaggectict ctaageggea cgagelcelg cagaacecag gecaggagel giceticage
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atgeacacig tgicecacga cggaecegiy goggectige cottigacet caatgagoce cagetgaty
tclcctotge ctggoeccag catgicacea agatggigge {cggagagea goecalactge cocoaggatat
tictgicaco cotgtggeaa clocagigee cocagaggan caagecaace tgiggoetgg! tgaggeagag

atctecceag ageigeagaa gegectggec Cgganganga agagoagsan gagoaagasg gagatetece

Cgetggegee goececigag cticaccoce ctgocecige coccagtace aticctegac tgectcaget
gococggeag aaalgeetgg tggctgeagg tgoctgggoea goigggeoact cligecgaca gggagcgisy

accctggtct ceaacecatt ctgeecagag eceagiecee cleaggatee atficigece agigoacegy
coceegtgec atgggcicat ggocgocgac aggaectggg goctatteac tecogeacca acctgatgea

cacagaacic atggatgcag actcggacti ciga

SE D NO: 6 - Human smoothened amino acid sequence having mutation at amino
acid position 408 of SMO

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Gl Leu Pro Leu Leu Gly Leu Leu Len
Lee Leu Leu Leu Gly Asp Pro Gly Arg Gly Ala Ala Ser Ser Gly Asn Ala Thr Gly Pro
(Gly Pro Arg Ser Ala Gly Gly Ser Ala Arg Arg Ser Ala Ala Val Thr Gly Pro Pro Pro
Pro Leu Ser His Cys Gly Arg Ala Ala Pro Cys Glu Pro Leu Arg Tyr Asn Val Cys Leu
Gly Ser Val Leu Pro Tyr Gly Ala Thr Ser Thr Leu Leu Ala Gly Asp Ser Asp Ser Gln
Gla Glu Ala His Gly Lys Leu Val Leu Trp Ser Gly Lew Arg Asn Ala Pro Arg Cys Tip
Ala Val ile Gin Pro Leu Leu Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Gl Leu Pro Ser Arg Thr Leu Cys Gln Ala Thr Arg Gly Pro Cys Ala fle Val Glu Arg
Gl Arg Gly Trp Pro Asp Phe Lea Arg Cys Thr Pro Asp Arg Phe Pro Glo Gly Cys
Thr Aso Gle Val Gin Asn Hie Lys Phe Asn Ser Ser Gly Gin Cys Glu Val Pro Leu Val
Arg Thr Asp Asn Pro Lys Ser Trp Tyr Glu Asp Val Glu Gly Cys Gly Hle Gln Cys Gln
Asn Pro Lew Phe Thr Glu Als Glo His Gln Asp Met His Ser Tyr lle Ala Ala Phe Gly
Ala Val Thr Gly Leu Cys Thr Leo Phe Thr Leu Ala Thy Phe Val Ala Asp Trp Arg
Asn Ser Asn Arg Tyr Pro Ala Val Ue Leu Phe Tyr Val Asn Ala Cys Phe Phe Val Gly
Ser He Gly Trp Leu Ala Gin Phe Met Asp Gly Ala Arg Arg Ghu lle Val Cys Arg Ala
Asp Gly Thr Met Arg Leu Gly Glu Pro Thr Ser Asn Glo Thr Leo Ser Cys Val e lle
Phe Val lle Val Tyr Tyr Ala Leu Met Ala Gly Val Val Trp Phe Val Val Leu Thr Tyr
Ala Trp His Thr Ser Phe Lys Ala Leu Gly Thy Thr Tyr Gln Pro Leu Ser Gly Lys Thr
Ser Tyr Phe His Leu Lea Thr Trp Ser Leu Pro Phe Val Lea Thr Val Ala He Leu Ala
YVal Ala Gln Val Asp Gly Asp Ser Val Ser Gly tic Cys Phe Val Gly Tyr Lys Asn Tyr
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Arg Tyr Arg Ala Gly Phe Val Leu Ala Pro Xaa Gly Leu Val Leu e Val Gly Gly Tyr
Phe Leu He Arg Gly Val Met Thr Leu Phe Ser He Lys Ser Asn His Pro Gly Leou Leu
Ser Glu Lys Ala Ala Ser Lys He Asn Glu Thre Met Leu Arg Leu Gly Hle Phe Gly Phe
Lew Ala Phe Gly Phe Val Leu fle Thr Phe Ser Cys His Phe Tyr Asp Phe Phe Asn Gln
Ala Glo Trp Ghe Arg Ser Phe Arg Asp Tyr Val Leu Cys Gln Ala Asn Val Thr lle Gly
Lew Pro Thr Lys Gin Pro He Pro Asp Cys Glu He Lys Asn Arg Pro Ser Leu Leu Val
Gl Lys He Asn Leu Phe Ala Met Phe Gly Thr Gly lle Ala Met Ser Thr Trp Val Trp
Thr Lys Ala Thr Leu Leu He Trp Arg Arg Thr Trp Cys Arg Leu Thr Gly Gin Ser Asp
Asp Glu Pro Lys Arg He Lys Lys Ser Lys Met e Ala Lys Ala Phe Ser Lys Arg His
Glu Leu Leu Gln Asn Pro Gly Gln Glu Leu Ser Phe Sex Met His Thr Val Ser His Asp
Gly Pro Val Ala Gly Leu Ala Phe Asp Leu Asn Gl Pro Ser Ala Asp Val Ser Ser Ala
Trp Ala Gin His Val Thr Lys Met Val Ala Arg Arg Gly Ala Ile Leu Pro Glo Asp He
Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro Glu Glu Glo Ala Asn Leu Trp Leu Val
Gl Ala Glu He Ser Pro Glu Leu Gln Lys Arg Leu Gly Arg Lys Lys Lys Arg Arg Lys
Arg Lys Lys Gla Val Cys Pro Len Ala Pro Pro Pro Ghi Leo His Pro Pro Ala Pro Ala
Pro Ser Thr e Pro Arg Leu Pro Gin Leu Pro Arg Gin Lys Cys Leu Val Ala Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cys Arg Gln Gly Ala Trp Thr Leu Val Ser Asu Pro Phe
Cys Pro Glu Pro Ser Pro Pro Gln Asp Pro Phe Leu Pro Ser Ala Pro Ala Pro Val Ala
Trp Ala His Gly Arg Arg Gin Gly Leu Gly Pro lie His Ser Arg Thr Asn Len Met Asp
Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ ID NO: 7 -~ Human smoothened amino acid seqoence having mutation at amino
acid position 533 of SMO

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Gl Len Pro Leu Leu Gly Leu Leu Leu
Lew Leu Len Leu Gly Asp Pro Gly Arg Gly Ala Ala Ser Ser Gly Asn Ala Thr Gly Pro
Gly Pro Arg Ser Ala Gly Gly Ser Ala Arg Arg Ser Ala Ala Val Thr Gly Pro Pro Pro
Pro Leu Sor His Cys Gly Arg Als Ala Pro Cys Glu Pro Leu Arg Tyr Asn Val Cys Lew
Gly Ser Val Leu Pro Tyr Gly Ala Thr Ser Thr Leu Leu Ala Gly Asp Ser Asp Ser Gin
Ghs Glu Ala His Gly Lys Lew Val Leu Trp Ser Gly Lew Arg Asn Ala Pro Arg Cys Trp
Ala Val e Gin Pro Leu Leu Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Gla Leu Pro Ser Arg Thr Leu Cys Gin Ala Thr Arg Gly Pro Cys Ala lle Val Glu Arg
Glua Arg Gly Trp Pro Asp Phe Leu Arg Cys Thr Pro Asp Arg Phe Pro Ghu Gly Cys
Thr Asn Ghi Vai Gln Aso He Lys Phe Asa Ser Ser Gly Gin Cys Ghu Val Pro Len Val
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Arg Thr Asp Asn Pro Lys Ser Trp Tyr Glu Asp Val Glu Gly Cys Gly He Gln Cys Ghn
Asn Pro Leo Phe Thr Glu Ala Glu His Gln Asp Met His Ser Tyr lie Ala Ala Phe Gly
Ala Val Thr Gly Leu Cys Thr Leu Phe Thr Leu Ala Thr Phe Val Ala Asp Trp Arg
Asn Ser Asn Arg Tyr Pro Ala Val {le Leu Phe Tyr Val Asn Ala Cys Phe Phe Val Gly
Ser He Gly Trp Len Ala Gln Phe Met Asp Gly Ala Arg Arg Glu He Val Cys Arg Ala
Asp Gly Thr Met Arg Leu Gly Glo Pro Thr Ser Asn Glu Thr Leu Ser Cys Val ile ke
Phe Val lle Val Tyr Tyr Ala Leu Met Ala Gly Val Val Trp Phe Val Val Len Thr Tyr
Ala Trp His Thr Ser Phe Lys Ala Leu Gly Thr Thr Tyr Gln Pro Leo Ser Gly Lys Thr
Ser Tyr Phe His Leu Leou Thr Trp Ser Leu Pro Phe Val Lou Thy Val Ala e Leu Ala
Val Ala Gln Val Asp Gly Asp Ser Val Ser Gly He Cys Phe Val Gly Tyr Lys Asn Tyr
Arg Tyr Arg Ala Gly Phe Val Leu Ala Pro fle Gly Leu Val Leu He Val Gly Gly Tyr
Phe Leu ile Arg Gly Val Met Thr Leu Phe Ser He Lys Ser Asn His Pro Gly Leu Leu
Ser Glu Lys Ala Ala Ser Lys e Asn Gla Thr Met Leu Arg Leu Gly le Phe Gly Phe
Leu Ala Phe Gly Phe Val Leu lle Thr Phe Ser Cys His Phe Tyr Asp Phe Phe Asn Gin
Ala Glu Trp Glo Arg Ser Phe Arg Asp Tyr Val Len Cys Gln Als Asn Val Thr e Gly
Lew Pro Thr Lys Gin Pro He Pro Asp Cys Glu He Lys Asn Arg Pro Ser Leu Leu Val
Glu Lys fle Asn Len Phe Ala Met Phe Gly Thr Gly He Ala Met Xaa Thr Trp Val Trp
Thr Lys Ala Thr Leu Leu He Trp Arg Arg Thr Trp Cys Arg Lea Thr Gly Gin Ser Asp
Asp Gha Pro Lys Arg He Lys Lys Ser Lys Met Ile Ala Lys Ala Phe Ser Lys Arg His
Glu Leou Leu Gln Asn Pro Gly Glo Glu Leu Ser Phe Ser Met His Thr Val Ser His Asp
Gly Pro Val Ala Gly Leu Ala Phe Asp Leu Asn Gla Pro Ser Ala Asp Val Ser Ser Ala
Trp Ala Gin His Val Thr Lys Met Val Ala Arg Arg Gly Ala lle Lea Pro Gln Asp He
Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro Glu Glu Gin Ala Asa Leu Trp Leu Val
Glu Ala Glu He Ser Pro Gla Leu Gin Lys Arg Leu Gly Arg Lys Lys Lys Arg Arg Lys
Arg Lys Lys Ghu Val Cys Pro Leu Ala Pro Pro Pro Gln Leu His Pro Pro Ala Pro Al
Pro Ser Thy He Pro Arg Leu Pro Gin Leu Pro Arg Gin Lys Cys Leu Val Als Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cys Arg Gln Gly Ala Trp Thr Leu Val Ser Asn Pro Phe
Cys Pro Glu Pro Ser Pro Pro Gin Asp Pro Phe Leu Pro Ser Ala Pro Ala Pro Val Ala
Trp Ala His Gly Arg Arg Gin Gly Leu Gly Pro e His Ser Arg Thr Asn Leu Met Asp
Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ ID NQC: 8- human Suppressor of Fused (SuFo) amino acid sequence

(GenBank Accesion No. NM_016169.23
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MAELRPSGAPGPTAPPAPGPTAPPAFASLEPPGLHAIYGHCRRLYPDQP
NPLOQVTAIVKYWLGGPDPLDY VSMYRNVGSPSANIPEHWHYISFGLSDLYGD
NRVHEFTGTDGPSGFGFELTFRUKRETGESAPPTWPARLMQGLARYVFQSEN
TEFCSGDHVEWHSPLDNSESRIQHMLLTEDPOMOPVQTPFOVVTFLOIVGVCTE
ELHSAQOQWNGQGILELLRTVPIAGGPWLITDMRRGETIFEIDPHLQERVDEGIE
TDGSNLSGVSAKCAWDDBLSRPPEDDEDSRSICIGTOPRRLSGKDTEQIRETLRR
GLEINSKPVLPPINPOQRONGLAHDRAPSRKDSLESDSSTAHPHELIRTRQLESY
BLKFNQESGALIPLCLRGRLLHGRHFTYKSITGDMAITFVSTGVEGAFATEEHP
YAAHGPWLOQILLTEEFVEKMLEDLEDLTSPEEFKLPKEYSWPEKKLKVSILPD
10 VVFDSPLH

(881

SEQ 1D NO: 9- human Suppressor of Fused (SuFuo) cDNA sequence

(GenBank Accession No. NM_016169.2)
CGCCGTCGCGCAGGCGCOGAGCTAGACCTCGCTGCAGCCCCCATCGL
15 CTCGGGGAGTCTCACCCACCGAGTCCGCCCGUTGGCCOGTCAGTGCTICTCC
CCOTCGTTTGCCCTCTCCAGTTCCCCCAGTGCCTGCCCTACGCACCCCGAT
GGUGGAGCTGCGGCCTAGCGGCGCCCCCGGCCCCACCGLGLCCCCGGLCC
CTGGCCCGACTGCCCCCCCGGCCTTCGCTTCGCTCTTTCCCCCGGGACTGO
ACGCCATCTACGGAGAGTGCCGCCGCCTTTACCCTGACCAGCCGAACCCG
20 CTCCAGGTTACCGCTATCGTCAAGTACTGGTTGGGTGGCCCAGACCCCTTG
GACTATGTTAGCATGTACAGGAATGTGGGGAGCCCTTCTGCTAACATCCC
CGAGCACTGGCACTACATCAGCTTCOGGCCTGAGTGATCTCTATGGTGACA
ACAGAGTCCATGAGTTTACAGGAACAGATGGACCTAGTGGTTTTGGCTIT
GAGTTGACCTTTCGTCTGAAGAGAGAAACTGGGGAGTCTGCCCCACCAAL
ATGGCCCGCAGAGTTAATGCAGGGCTTOGCACGATACGTGTTCCAGTCAG
AGAACACCTTCTGCAGTGGGGACCATGTGTCCTGGCACAGCCCTTTGGAT
AACAGTGAGTCAAGAATTCAGCACATGCTGCTGACAGAGGACCCACAGAT
GCAGCCCGTGCAGACACCOTTTGGGOTAGTTACCTTCCTCCAGATCGTTGG
TCTCTGCACTCGAAGAGCTACACTCAGCCCAGCAGTGCGAACGGGCAGGGCA
30 TCCTGGAGCTGCTGCGGACAGTGCCTATTGUTGGCGGCCCCTGGCTGATA
ACTGACATGCGGAGGGGAGAGACCATATTITGAGATCGATCCACACCTGCA
AGAGAGAGTTGACAAAGGUATCGAGACAGATGGCTCCAACCTGAGTGOT
GTCAGTGCCAAGTGTGCCTGGGATGACCTGAGCCGGCCCCCCGAGGATGA

[\l
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COAGGACAGCCGGAGCATCTOGCATCGGCACACAGCCCCGGCGACTCTCTG
GCAAAQACACAGAGCAGATCCGOGAGACCCTGAGGAGAGGACTCGAGAT
CAACAGCAAACCTOTCCTTCCACCAATCAACCCTCAGCGGUAGAATGGLEC
TCGCCCACGACCOGOGCCCCGAGCCGCAAAGACAGCCTGGAAAGTGACAG
CTCCACGGCCATCATTCCCCATCAGCTCGATTCGCACGCGGCAGCTTGAGA
GCCTACATCTGAAATTCAACCAGCAGTCOGGAGCCCTCATTCCTCTCTGLEC
TAAGCGOGCAGGCTCCTGCATGGACGGCACTTTACATATAAAAGTATCACA
GOTCGACATGGCCATCACGTTITGTCTCCACGGUGAGTGOAAGGCGCCTTTGC
CACTCAGGAGCATCCTTACGUGGUTCATGGACCCTOGOTTACAAATTCTGTT
GACCGAAGAGTTTGTAGAGAAAATGTTGGAGGATTTAGAAGATTTGACTT
CTCCAGAGGAATTCAAACTTCCCAAAGAGTACAGCTGGCCTGAAAAGAAG
CTCGAAGOGTCTCCATCCTGCCTCACGTGGTOTTCOACAGTCCGCTACACTAG
CCTGGGCTGGOGCCCTGCAGGGGCCAGCAGGUAGCCCAGCTGCTCCCCAGT
GACTTCCAGTGTAACAGTTGTGTCAACGAGATCTCCACAAATAAAAGGAC
AAGTGTCGAGGAAGACTGCGCAGTGCCACCCCGCAGCCCAGTGGOOTGCCA
TGCACAGGCCACAGGCCCTCCACCTCACCTCCAGCTCAGGGGLCGCACCC
CGCCOCTGOCTAAGCCTTGTCGACCCATCAGGCCAGTOAGTGGGCAAATGC
GCACCCTCCCTGCCTOGCAGCCTGCACAGATTCTGOTTTCGAGGTTTGACTCT
GOACCCTGGUTCTGCCCCTAGOTGGAGACAGCCCTCTTTICTCACCTACCCC
CTGCCGCACAGCCCAGCAGGAGGGAGGCGUACAGCCAGATGCAGAGCGA
OGTGOGATGCACTTCCCAGCTCATCTCTGGAAGCCTTTGCTACTCAAGCTCCT
CTGGCCOGCOGAACAATTCCTCTGATCATGTTTGGTTTTCTICTICCTTATTT
TATTTTGTAGAAACCGGGTGGTATTTITATTGCTCTGCAAAGATGTCCAGAA
GCCATGTATATAATGTTTITTTAAACAGAACTTCATTCCCCGTTGAACTTYC
GCATTCTCTGACAGAGGCCTAGOGGCTCTATCTCTCCCTCGOUTGCCACCAG
AGAAGOTGCTTGGTGTTCGCUTGCCAGCCCAGAGCCOTGCAGGAGUCGEC
TGCACAGAGAGGCTTTTCTTCCCAGUTGGGCCTGATGGAGLCCCGGGGLIAG
GGOGAGAGTAGAGACACTCCCTTOTGCAGCTTTCGAGCCTAGTTTAGCTGG
GOUCAGGCGAGGGOTGCTACTGTTTTCCAAGTGAATGGGTCTCAAAGACTT
GOTGACCCCAGCCTCATCTTCTAGGCCTTITCCATCCAACCAGGUCTACCT
GGGAGAGGGTCGAGGTTCAGCACATCACACACCATCCCCACTUGTCATTCAG
GGCCTGOOTCTCCAGCTCTGTAACCAGTCCTGTCCCATTICCTCAGTCCCT
GGGCCTCCCAGCCTTCAGGCTGTAGGGUTGCUTTACTAAAATTGAAAAAT
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CCACCTCTTAACATCTCTTTCACTTTGOGTTTTGCTAACACTGCTCTOTGOTG
CCCTCCCATCCTCCCTGTATCCATTCATGCCCTATCTTTCATTCTCCACTCC
TAATCCCTCTCCTTICTGGCATCCTGGCOCTCTCGTGUTCCTCAGCCCCTCAL
CCCCAGTACTOGCAGATCTCACAGTTITGCCTTCCAGAAGCCAGCCTATCTCT
AGCCCATGOGTTTITGCGAGTTCCTCTCGOGTTATCTCCCACGCCTGACCTGUA
ACCAGCAAGCCCCTTTCCTGCCTTCTTACCCCCAACTCTAGGGATGGGACT
GTTACAATACTTCAAGATCACTCTTTACACCTCTTCAAAGCAAAGTCATGA
CAATGCAGGGCTCCTCATTGCTCCCATCTGCCTCTGOTGCACACACAGGCA
CCAGCAGGGATGCCACAGGAGTGCCCACAGGGTOLCAGUACTCCACTGATG
10 AGAGATCCAGCCAAAGAGCTGCCCCCAGOGOGTATGAGGGLACCAGUTGE
GTTCTCCAGGGAGCAGGAGTTGOACCTCCATGGAGCCACTAGGCOTGGCC
TCCTCTACACATCCCCAGGGCTATCTGOTTAATTCCATCAAGCTCAGAGTT
AAAAGGCATATCAGCCTGOAGTATITGGGAGAGACTGGCTGCAGATCCCC
GCCAGCCAAGATGCAAGCCACTCOGOGACCTGATGTCGGCAGCTOTGCCTC
15  TACTGCCCTGAGGACTTACCAGAGGOAGCCCTACTGGCCTTCCCCCACCA
CAGCAGCCCTGCCTOTGAAGCTCTTGTITCTGACATTITCACAGGCAGAGAG
GTGCCATCAGTTCGLCTCCATTCCTTGCCACCATCGACCAGCCTCTCCCTGA
ACTCTCTCTTGCTCGGGACCTGCOTGAGGGCTCCCTOGCTGCAGTTCGCCGT
ACTTCCATCTGCTGGGTGCCTCCATCGTTGOTTGGOTGGGOATGGOGCATT
20 TTCTGAGCTAAGCTTTGTCATTAGTTTGTGAAGCACCTGGTCAGCAACCTG
CCCCAGACCTGOGAGGOTCTTTGTOOACTGAAGGTAGACACCAGCCAGCAT
GOTGGCCCTOTTCTGGCGOAGCAGGGTAAGGCAGGAGGAAGTGOOTOAG
CTCCOAGATGATCGAGCACATCGAAGCCTGTGOCCCCTTCGTACCTGCAATA
TCTCAGGAGCCTCACGCTCACCCAAGATCCTGCAGGGGCCAGGUTCCATC
TCACTGGCTCTGAGGGCAGGACAGGOGTATCACACATTTCTCACCAGGCCT
CCTTTCCTATGGGCATTGOTCGCCTCCCAGAGGTTTCTTGGGCTGCTGGUTG
GTGAGAGAGGACCCTTAAAGAAGATCAAGCCAAGCTGACCTTGGACCCTG
TCCAGCACAGCTTCTGGCACAGGATGCTTGGTGAATOGTACCCTTTICTTTCC
CTCCCTGCAGCTCTGAGGGAGCCCCTGACCTTGTAGTOOGUTGGAGGAGGT
30 AAGOGGCCTCCCTCCCTAAATCTGCCTCTTCTGCAAGCTACTTOGGAGACTT
GCCTAGTTGTACCCACCCCTCCAGOUTCCCTGOTGCTAGAGCTICTGAGAAG
GGCCTTTCCCTTTCCTCTTTGCCTGCTATATAAGGCAGGUTCCTOTGGOTCT
GCTGGCTCAGTGTGOGUTGCAGGAGGACTCGCAGACTCAGUTGCAATTCTG
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AGGOGGGOTTTGGCAGGCTTOGTGCGAGUTCTCAGGCCTGTOTGGGGAGCTG
GTGCCTCTTCCTGCCCOTATCTTTCTCTTCCAAGGOCAQTGUTCCAAGGCA
GOOACTGOAGAAGCCAAGGGGAGAGTCTAAAAGGGUTAGAGCATTTTTA
AAAATAGACACAGOGOGTCTTGGGACTGOGOGTTTCGGATTGAGTTGCAAGCA
GGOAGAAAACCTGAAGOTCGOTGCCOCTATGOOOCTOACCAGTAGAGAA
TITCCTTTACTGTATTITITGTOTCTGCTCTTCCCTTTCTGOUTTCTAGGACAT
CCATGCCAGGTCGAGGTOCCTGOOTCCCTOTTACAAGTCAGOAGCCCTGTA
GOGAGACCCCTCOTTTTGTACAAGTACCTGAATGCTGCGACAAGCAGATT
TTTGTAAAATTTTATATTAGTTTTTAATGTCAGTGGCGACTCGGTTCCTGG
10 GGCTGCAGCCAGCCTGGGACTITTGTAAGAATTTTTIGGGTCGACTCACTTAG
ATGTCGTTTCCTTICTTGCCCCCTOTTCCTCTCTOTAATCTAAGTGCATTAAA
CATCTTTGCAG

(881
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An isolated nucleic acid molecule cncoding a mtant SMO protein

comprising an amino acid sequence that is at least 95% tdentical to SEQ 1D NO:1
wherein said amine acid sequence comprises an aming acid other than tryptophan at
amino acid 281,

2.

The isolated nucleic acid moleculeof claim 1 wherein the mutant SMO
10

protein comprises the amino acid sequence of SEQ ID NO:2 wherein said amino acid
sequence comprises a cysteine () at amino acid 281,

B3
A
.

The isolated nucleic acid moleculeof claim 1 comprising a parental

-
wn

nucleic acid sequence of SEQ 1D NQO:5, wherein said sequence containg a mutation
c nt\/

that alters the sequence encoding amino acid 281 to encode a different amino acid.
4.

A nucleic acid probe capable of specifically hybridizing to nucleic acid
encoding a mutated SMQO protein or fragment thercof incorporating a mutation in the
sequence encoding amino acid 281

(;

The probe of claim 4 wherein said probe is complementary to said
20 mucleic acid encoding the routated SMO or said fragment thereof.
6.
nucleotides.

The probe of elaim 4 having a length of about 10 to about 50

[\l
(881

'\1

The probe of claim 4 further comprising a detectable label.
8

An isolated nucleie acid molecule encoding a mutant SMQO protein
30

aming acid 459,

comprising an amino acid sequence that is at jeast 95% identical to SEQ 1D NO:
wherein said amino acid sequence comprises an aming acid other than alanine at

269
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9. The isolated nucleic acid meleculeof claim ® wherein the mutant SMO
protein comprises the amino acid sequence of SEQ ID NO:3 wherein said amine acid

sequence conprises a vakine (V) at amino acid 459,

10, The isolated nucleic acid moleculeof claim 8 comprising a parental
nucleic acid sequence of SEQ 1D NO:5, wherein said sequence contains 3 mutation

that alters the sequence encoding amino acid 459 to encode a different amino acid.
11, A nueleic acid probe capable of specifically hybridizing to nucleic acid
encoding 2 mutated SMQO protein or fragment thercof incorporating a mwtation in the

sequence encoding amino acid 459,

12, The probe of claim 11 wherein said probe is complementary 1o said

nucleic acid encoding the mutated SMO or said tragment thereof

13.  The probe of claim 11 having a iength of about 1{} to about 50

nucleotides.
14.  The probe of claim 11 further comprising a detectable label.
15, Anisolated nucleic acid molecule encoding a mutant SMO proten

comprising an aming acid sequence that is at least 95% identical to SEQ 1D NG: 1
wherein said amino acid sequence compriscs an amine acid other than tryptophan at

amino acid 535.

16. The 1solated nucleic acid moleculeof claim 15 wherein the mutant
SMO protein comprises the amino acid sequence of SEQ 1D NO:4 wherein said

>

amino acid sequence comprises a leucine (L) at amino acid 535,

17.  The isolated nucleic acid moleculeof claim 18 comprising a parental
nucleie acid sequence of SEQ ID NO:S, wherein said sequence contains a mutation

that alters the sequence encoding amino acid 535 to encode a different amino acid.
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18 A nucleic acid probe capable of specifically hybridizing to nucleic acid

encoding a mutated SMQO protein or fragment thercof incorporating a mutation in the

sequence encoding amino acid 535,

5 19, The probe of claim 18 wherein said probe is complementary to said
nucleic acid encoding the mutated SMO or said fragment thereof,
20.  The probe of claim 18 having a length of about 10 to about SO
nucleotides.
10
21, The probe of claim 4 further comprising a detectable label,
22, Aunisolated nucleic acid molecule encoding a mutant SMQO protein
comprising an amino acid sequence that is at jeast 95% identical to SEQ ID NO: 1
15 wherein said amino acid sequence comprises an aming acid other than 1solencine (1)

at amino acid 408.

23, The 1solated nucleic acid molecule of claim 22 wherein the mutant
SMQO protein comprises the aming acid sequence of SEQ 1D NO: 6 wherein said

20 amino acid sequence comprises a valine (V) at amino acid 408,

24.  The isolated nucleic acid molecule of claim 22 comprising a parental
nucleic acid sequence of SEQ 1D NO: 5, wherein said scquence contains a mutation

that alters the sequence encoding amino acid 408 to encode a different amino acid.

25
25. A nucleie acid probe capable of specifically hybridizing to nucleic acid
encoding a mutated SMO protein or fragment thercof incorporating a mutation in the
sequence encoding aminoe acid 408,
30 26, The probe of claim 25 wherein said probe is complementary to said

nucleie acid encoding the mutated SMO or said fragment thereof.
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27 The probe of claim 25 having a length of about 10 to about 50

nucleotides.

28, The probe of claim 25 further comprising a detectable label.

(&)

29.  Aunisolasted mutant SMO protein comprising an amino acid sequence

that is at least 95% identical to 3EQ 1D NO: 2 wherein said amino acid sequence

comprises an amino acid other than tryptophan at amino acid 281,

10 30, The isolated vuatant SMO protein of claim 29 comprising the amino
acid sequence of SEQ 1D NO: 2 wherein said amino acid sequence comprises an

amino acid other than tryptophan at amino acid 281.

31, The isolated mutant SMO protein of claim 29 or 30 wherein said

aming acid sequence comprises cysteine {C) at amino acid 281.

..
n

32 An isolated mutant SMO protein comprising an amsino acid sequence
that is at least 95% identical to SEQ ID NO: 3 wherein said amino acid sequence
comprises an aming acid other than alanine at amino acid 459,

20

33, The isolated mutant SMO protein of claim 32 comprising the aminoe

acid sequence of SEQ ID NG 3 wherein satd amino acid sequence comprises an

amine acid other than alanine at amino acid 459.

[\l
(881

34, The isolated mutant SMO protein of claim 32 or 33 wherein said

amino acid sequence comprises valine (V) at amino acid 459,

35, Anisolated mutant SMO protein comprising an amine acid sequence
that i3 at least 95% identical to SEQ 1D NO: 4 wherein satd amino acid sequence

30 comprises an amino acid other than tryptophan at amino acid 535,

2
o
[\
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36, The isolated mutant SMO protein of claim 35 comprising the aminoe
acid sequence of SEQ ID NG: 4 wherein said amino acid sequence compriscs an

aming acid other than tryptophan at amino acid 535,

37.  The isolated mutant SMO protein of claim 35 or 36 wherein said

amino acid sequence comprises leucine (L) at amino acid 538,

38. Anisclated mutant SMQO protein comprising an amino acid sequence
that is at least 95% identical to SEQ ID NO: 6 wherein said amino acid sequence

comprises an amine acid other than isoleucine (1) at amino acid 408,

39.  The isolated mutant SMO protein of claim 3% comprising the aming
acid sequence of SEQ 1D NOG: 6 wherein said amino acid sequence comprises an

amino acid other than 1soleucine (1) at amino acid 408,

40.  The isolated mutant SMO protein of claim 38 or 39 wherein said

aming acid sequence comprises valine (V) at anrinoe acid 408,

41, Anisolsted antibody that specifically binds to the mutant SMO protein
of any of claims 29 to 31, wherein said antibody does not bind wild-type SMO having

an tryptophan at amino acid 281,

42, The aniibody of claim 41, wherein said antibody is a monoclonal
antibody, a chimeric antibody, a humanized antibody, a single chain antibody or an

antigen-binding fragmoent thereofl

43, The antibody of claim 41 or 42, wherein said antibody is conjugated to

a cytotoxic agent.

44,  The antibody of clatm 41 or 42, wherein said antibody is conjugated to

a detectable label.

2
ot
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45, The antibedy of any of claims 41 to 44, wherein said antibody nhibits

SMO activity,

46. An antibody that specifically binds to the mutant SMO protein of any

(&)

of clatms 32-34, wherein the antibody does not bind wild-type SMQO having an

alanine at amino acid 459.

47.  The antibody of claim 46, wherein said antibody 1s a monoclonal
antibody, a chimeric antibody, a humanized antibody, a single chain antibody or an

10 antigen-binding fragment thereof.

48. The antibody of claim 46 or 47, wherein said antibody is conjugated to

a cytotoxic agent.

i5 498, The antibody of claim 46 or 47, wherein said antibody 1s conjugated to

a detectable label.

S, The antibody of any of claims 46 to 49, wherein said antibody mhibits

SMQO activity.

20
51, An antibody that specifically binds to the mutant SMO protein of any
of claims 35-37 , wherein the antibody does not bind wild-type SMQO having a
ryptophan at amino acid 535.
25 52. The antibody of claim 39, wherein said antibody 18 8 monoclonal

antibody, a chimeric antibody, a humanized antibody, a single chain antibody o1 an

antigen-binding fragment thercot,

53,  The antibody of claim 51 or §2, wherein said antibody 1S conjugated to

30 acytotoxic agent.

S4.  The antibody of claim 51 or 52, wherein said antibody is conjugated to

a detectable label.
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35, The antibody of any of claimus 51 to 54, wherein said antibody inhibits

SMO activity.

(881

S6.  An antibody that specifically binds to the mutant SMO protein of claim
38-40, wherein the antibody docs not bind wild-type SMO having an isoleucine at

amino acid 408.

37.  The antibody of claim 56, wherein said antibody is a monoclonal
10 antibody, 2 chimeric antibody, a humanized antibody, a single chain antibody or an

antigen-binding fragment thereof

58, The antibody of claim 56 or 57, wherein said auntibody is conjugated to

a cytotoxic agent.

39, The antibody of claim 56 or 57, wherein said antibody is conjugated to

a detectable label.

60.  The antibody of any of claims 56 or 57, whercin said antibody inhibits

20 SMOQ activity.

6l A method of detecting a mutated SMO gene in a sample comprising
amplifying from said sample nucleic acid corresponding to the carboxy-terminus of

the first extracellular loop of SMO, or a fragment thercot suspected of containing a

[\l
(881

mutation, and comparing the electrophoretic mobility of the amplified nocleic acid to
the clecirophoretic mobility of corresponding wild-type SMG gene or fragment

thereof

62.  The method of claim 43, wherein the electrophoretic mobility s

30 detormined on polvacryiamide gel.

63. A method of detecting a mutated SMO gene 1n 8 sample comprising

amplifying from said sample nucleic acid corresponding to the amino-terminus of the

]
i
whn
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first transmernbrane domain of SMO, or a fragment thereof suspected of containing a
mutation, and comparing the clectrophoretic mobility of the amplified nucleic acid to
the clectrophoretic mobility of corresponding wild-type SMO gene or fragment

thereof.

64.  The method of claim 63, wherein the clecirophoretic mobility is

determined on polyacrylamide gel.

65. A method of detecting a pautated SMO gene in a sample comprising
amplifying from said sample nucleic acid corresponding to the carboxy-terminus of
the second transmembrane domain of SMO, or a fragment thereof suspected of
containing a nnyation, and comparing the clectrophoretic mobility of the amplificd
nucleic acid to the electrophoretic mobility of corresponding wild-type SMO gene or

fragment thereof.

66, The method of claim 635, wherein the electrophoretic mobility is

determined on polyacrylamide gel.

67. A method of detecting a mutated SMO gene in a sample comprising
amplifying from said sample nucleic acid corresponding to the andno-terminus of the
fifth extracellular loop of SMO, or a fragment thereof suspected of containing a
mutation, and comparing the electrophoretic mobility of the amplified mucleic acid to
the electrophoretic mobility of corresponding wild-type SMO gene or fragment

thereof.

68.  The method of claim 67 wherein the electrophoretic mobility is

determined on polyacrylamide gel.

69, A method of detecting a mutated SMO gene in a sample comprising
amplifying from said sample nucleic acid corresponding to the carboxy-terminus of
transmembrane domam 6 of SMO, or a fragment thereof suspected of containing a

mutation, and comparing the electrophoretic mobility of the amplified nocleic acid to

PCT/US2015/014496
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the electrophoretic mobility of corresponding wild-type SMO gene or fragment

7G. The method of claim 69 wherein the electrophoretic mobility is

determined on polyacrylamide gel.

71, A method of detecting a mutated SMO gene in a sample comprising
amplifying from said sample nucleic acid corresponding to the carboxy-terminus of
ransmembrane domain 7 of SMO, or a fragment thereof suspecied of containing a
matation, and comaparing the clectropherctic mobility of the amplified nucleic acid to
the clectrophoretic mobility of corresponding wild-type SMO gene or fragment

thereof

72.  The method of claim 71 wherein the electrophorcetic mobility is
determined on polyacrylamide gel.

73, A method of identifying at least one SMO muation 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 fragment thereof incorporating a mwuitation that alters the sequence encoding amino

acid 281 to an amino acid other than tryptophan, and detecting said hybridization.

74.  The method of claim 73 wherein said probe is detectably labeled.

75.  The method of claim 73 wherein said probe is an antisense oligomer.
76. The method of claim 73 wherein the SMO gene or a fragment thereof

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

77. A method of identifying at least one SMO mutation in a sample
comprising contacting nucleic acid from said sample with a nucleic acid probe that is

capable of specifically hybridizing to nucleic acid encoding a mutated SMO protein,

2
o
~
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or fragment thereof incorporating a nuitation that alters the sequence encoding amino

acid 459 to an amino acid other than alanine, and detecting said hybridization.

8. The method of claim 77 wherein said probe is detectably labeled.

(881

79.  The method of claim 77 wherein said probe is an antisense oligomer.

80.  The method of claim 77 wherein the SMO gene or a fragment thereof
in said nucleic acid said sample is amplified and contacted with said probe.
10
a1 A method of identitfying at least one SMO mutation n a sample
comprising contacting nucleic acid from said sample with a nuocleic acid probe that is
capable of specifically hybridizing to nucleic acid encoding a mautated SMO protein,

or fragment thereof incorporating a nustation that alters the sequence encoding amino

..
wn

acid 535 to an amino acid other than tryptophan, and detecting said hybridization.

%2, The method of claim 81 whercin said probe is detectably labeled.

o
3

The method of claim 81 wherein said probe is an antisense oligomer.
20
84.  The method of claim 81 wherein the SMO gene or a fragment thereof

in said nucleie acid said sample is amplified and contacted with said probe.

85. A method of identifying at least one SMO mutation in a sample

[\l
(881

comprising contacting mucleic acid from said sample with a nocleic acid probe that is
capable of specifically hybridizing to nucleic acid encoding a mutated SMO protein,
or fragment thereof incorporating a mwuitation that alters the sequence encoding amino

acid 408 to an amino acid other than isoleucine, and detecting said hybridization.

30 %6,  The method of claim 85, wherein said probe is detectably labeled.

87.  The method of claim 85 or 86, wherein said probe is an antisense

2
et
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88,  The method of any of claims 85-87, wherein the SMU gencor a
fragraent thercof in said nucleic acid said sample is amplified and contacted with said

probe.

89. A method for identifying a tumor in a human subject that is or
becomes resistant to treatment with GDC-0449 comprising determining the presence
of a mustated SMO gene or mutated SMO protein in a sampie of said tumor, wherein
said mutated SMO gene encodes a SMO protein comprising a mutation at amino acid
281, and wherein said SMO protein comprises a nutation at amino acid 281, whereby
the presence of said mutated SMO gene or mutated SMO protein indicates that said

tumor is resistant to treatment with a GDC-0449.

90.  The method of claim 89 further comprising treating said subject having
a turnor that is not or is no longer susceptible to treatment with GDC-0449 with a

compound that binds said muated SMO,

91.  The method of claim 89 wherein the prescnce or absence of said

mutation is determined by examining a nucleic acid sampie.

92, The method of claim 89 wherein the presence or absence of said

mutation is determined by examining a protein sample.

93, A method for identifving a fumor in a buman subject that is resistant {0
treatment with GDC-0449 comprising determining the presence of a muitated SMO

gene or nnstated SMO protein in a sample of said tumor, wherein said mutated SMO

v

gene encodes a SMO protein comprising a mutation at amino acid 459, and wherein
said SMO protein comprises a mutation at amino acid 459, wherchy the presence of
said muotated SMO gene or mutated SMO protein indicates that said tomor s resistant

to treatment with a GDC-044%.
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94.  The method of claim 93 further comprising treating said subject having
a tumor that is not or is ne longer susceptible to treatmont with GDC-0449 with a

compound that binds said mutated SMO.

95.  The method of claim 93 wherein the presence or absence of said

mutation is determined by examining a nucleic acid sampie.

96.  The method of claim 93 wherein the presence or absence of said

mutation is determind by examining 8 protein sample.

97. A method for identifving a tumor n a human subject that is resistant {0
treatment with GDC-0449 comprising determining the prescnee of a mutated SMO
gene or nmrated SMO protein in a sample of said tumor, wherein said mutated SMO

rene encodes a SMO protein comprising a mutation at amino acid 5353, and wherein

[§13

said SMO protein comprises a mutation at amino acid 535, whereby the presence of
said mutated SMO gene or mutated SMO proiein indicates that said tumor is resistant

to treatment with a GDC-044%.

98.  The method of claim 97 further comprising treating said subject having
a tumor that is not or 1s no longer susceptible to treatment with GDC-0449 with a

compound that binds said mutated SMO.

99, The method of claim 97 wherein the presence or absence of said

mnatation s determined by exarsining 2 nucleic acid sample.

100, The method of claim 97 wherein the presence or absence of said

mutation is determined by examining & protein sample.

101, A method for identifying a tumor in a human subject that is resistant to
treatment with GDC-0449 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 protein comprising a muitation at amino acid 408, and wherein

said SMQO protein comprises a mutation at amino acid 408, wherehy the presence of
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said mutated SMO gene or mutated SMO protein indicates that said tumor 1S resistant

{o treatment with a GDC-0449,

102, The method of claim 101 further comprising treating said subject
having a tumor that is not or is no longer susceptible to treatment with GDC-0449

with a compound that binds said mutated SMO.

103.  The method of claim 101 or 102, wherein the presence or absence of

said mutation is determined by examining a nucleic acid sample.

134, The method of any of claims 101-103, wherein the presence or ahsence

of said mutation is determined by examining a protein sample,

105, A method for identifying a tumor in a human sabject that is resistant to
treatment with GDC-0449 comprising determining the presence of a muotated SMO
gene or mutated SMO protein in a sample of said tumor, wherein said mutated SMO
gene cucodes a SMO protein comprising & nutation at ammino acid 533, and wherein
said SMO protein comprises a nutation at amino acid 533, whereby the presence of
said mutated SMO gene or mutated SMO protein indicates that said tumor is resistant

to treatment with a GDC-0449.

106.  The method of claim 105 frther comprising treating said subject
having a tumor that is not or is no longer susceptible to treatmoent with GDC-0449

with a compound that binds said ntated SMO,

147, The method of claim 10§ or 106, wherein the presence or absence of

said mutation is determined by examining a nucleic acid sample.

108.  The method of any of claims 115-107, wherein the presence or absence

of said mutation is determined by examining a proiein sample.
109, A method of sereening for compounds that inhibit signaling of a
mutant SMO protein that incorporates a mutation at amino acid 281 comprising

71
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contacting said mutant SMO with a test compound and detecting binding of said
compound to said mutant SMO whereby binding of said test compound to mutant

SMUO indicates that said test compound is an ighibitor of mutant SMO.

1183, A method of sereening for compounds that inhibit signaling of a
mutant SMO protein that incorporates a mutation at amino acid 281 comprising
contacting a cell that expresses said mutant SMO with a test compound and detecting
activity of Gh in said cell whereby the presence of Gl activity indicates that said test

compound is not an inhibitor of nwtant SMO.

i, A method of sereening for compounds that inhibit signaling of 8
mutant SMO protein that incorporates a mutation at amino acid 459 comprising
contacting said routant SMO with a test compound and detecting binding of said
compovnd to said nutant SMO whereby binding of said test compound 1o mutant

SMO indicates that said test compound is an inhbitor of mutant SMO.

112, A method of screening for compounds that inlubit signaling of a
mutant SMO protein that incorporates a mutation at amino acid 459 comprising
contacting a ccll that expresses said mutant SMO with a test compound and detecting
activity of Gli in said cell whereby the preseuce of G activity indicates that said test

compound is not an inhibitor of mutant SMO,

113. A method of screening for compounds that inhibit sigoaling of a
muatant SMO protein that incorporates a mutation at anino acid 535 comprising
contacting said mutant SMO with a test compoond 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,

114, A method of screening for compounds that inhibit signaling of a
muatant SMO protein that incorporates a mutation at anino acid 535 comprising
contacting a cell that expresses said mutant SMO with a test cormpound and detecting
activity of Gl in said cell whereby the presence of Gl activity indicates that said test

compound is not an inhibitor of mutant SMQ,

o)
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115, A method of screening for compounds that inhibit sigoaling of a
muatant SMO protein that incorporates a mutation at anine acid 408 comprising

contacting said mutant SMO with a test compound and detecting binding of said

(881

compoond to said mutant SMO whereby binding of said test compound to mutant

SMQO indicates that said test compound is an inhibitor of mutant SMQO.

116, A method of screening for compounds that inhibit signaling of a

mutant SMO protein that incorporates a mutation at amino acid 408 comprising
10 contacting a cell that expresses said mutant SMO with a test compound and detecting
activity of Gl in said cell whereby the presence of GH activity indicates that said test

compound is not an inhibitor of mutant SMQ,

117, A method of screening for compounds that inhibit signaling of 4
15 mutant SMO protein that incorporates a motation at amino acid 533 comprising
contacting said mutant SMO with 3 test compound and detecting binding of said
compound to said mutant SMO whereby binding of said test compound to nwtant

SMO indicates that said test compound is an inhibitor of mutant SMO.

20 118. A method of screening tfor compounds that inbibit signaling of a
mutant SMO protein 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 GH in said cell whereby the presence of Gl activity indicates that said test

compound 18 not an inhibitor of vwtant SMO.

25
119, A method of inhibiting proliferation or growth of a cell having aberrant
hedgehog signaling, coroprising administering to said cell a bromodomain inhibitor,
wherein said cell expresses a smoothened protein having a nutation at any one of
more of the aming acid positions corresponding to amino acid positions 281, 408, 459,
30 533, 0r 535 of SEQ IDNO: 1.

12, The method of claim 119, wherein the cell 1s in a subject.
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121, The method of claim 119 or 120, wherein the cell is a cancer cell.

122, The method of claim 121, wherein the cell further comprises & SUFL/

mutation.

123, The method of claim 122, wherein the cell is a human cell, and
wherein said cell comprises a 10g deletion mutation that results in the loss of a copy

of the SUFU gene.

124, The method of clain 123, wherein the 10q deletion further results in

the loss of a copy of the PTEN gene.

125, The method of any of claims 119-124, wherein the bromodomain

inhibitor is FBET762, JO1 or JQ2.

126. A method of identifying a hoedgehog pathway inhibitor inhibitor,
wherein the method comprises: contacting a cell with an amount of a test agent,
wherein the cell is responsive to hedgehog protein or has increased hedgehog
signaling and/or activation of the hedgehog signaling pathway, and wherein the cell
expresses the routant SMO protein of any of clatros 22-304, and b) determining, as
compared to a control, whether the test agent inhibits hedgehog signaling i the cel,
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.

127, The method of claim 126, wherein the ability of the test agent to inhibit

hedgehog signaling in the cell is determined using a Ghil expression assay.

128. A method of identifying a hedgehog pathway inhibitor, wherein the
method comprises: contacting a cell with an amount of 4 test agent, wherein the cell is
esponsive to hedgehog protein or has increased hedgehog signaling and/or activation
of the hedgehog signaling pathway, and wherein the coll expresses the mutant SMO
protein of any of 29-40, and b} determining, as compared to a control, whether the test

agent tnhibits growth and/or proliferation of the cell, wherein if the test agent inhibits

224
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growth and/or proliferation of the cell relative to the control, then the test agent is

identified as a hedgehog pathway inhibitor.

1249, The method of any of claims 126-128, wherein the control is a cell

expressing a wildtype SMO protein.

130, The method of any of claims 126-128, wherein the control is a cell
expressing the same mutant SMO proteins as the cell contacted with the test agent,
wherein the control is {reated with a control agent to which the mutant SMG protein is

partially or completely resistant.

131,  The method of claim 130, wherein the controf agent is vismodegib,

LY 2940680, LDE?25 and/or compound 5.

132, The method of any of claims 126-131, wherein the test agent binds to

mutant SMQO protein but not wildtype SMO protein.

133, The method of any of claims 126-131, wherein the test agent binds to

both the motant SMO protein and wildtype SMO protein.

134,  The method of claim 126 or 127, wherein the test agent is more
effective in inhibiting the hedgehog signaling pathway in a cell expressing mutant

SMO protein than in a cell expressing wildtype SMO protein.

135, The method of claim 128, wherein the test agent 1s more effective in
inhibiting growth and/or proliferation of a cell expressing mutant SMO protein than of

a coll expressing wildtype SMO protein.

136, A vector comprising the nucleic acid of any of claims 1-3, 8-9, 15-17,

or 22-24.

Pt
53
~4

A host cell comprising the vector of claim 136.

225
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138, A host cell comprising and capable of expressing the vector of claim

136.

139, A method of identitving a hedgehog pathway inlubitor inhibitor,
wherein the method comprises: contacting a cell with an amount of a test agent,
wherein the cell is responsive to hedgehog protein or has increased bedgehog
signaling and/or activation of the hedgehog sigualing pathway, and whercin the cell
expresses the vector of claim 136, 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 1o the control, then the test agent is

identified as a hedgehog pathway inhibitor,

140}, The method of claim 139, wherein the ability of the tost agent to inhibit

hedgehog signaling in the cell is determined using a Ghil expression assay.

141, A method of identifying a hedgehog pathway inhibitor, wherein the
method comprises: contacting a cell with an amount of a test agent, whercin the cell is
responsive to hedgehog protein or has increased hedgehog signaling and/or activation
ot the hedgehog signaling pathway, and wherein the cell expresses the vector of claim
136, and b} determining, as compared to 2 control, whether the test agent inhibits
growth and/or proliferation of the cell, wherein if the fest agent inhibits growth and/or
profiferation of the cell relative 10 the control, then the test agent is identified as

hedgehog pathway inbibitor.

226
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