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MUTANT SMOOTHENED AND METHODS OF USING THE SAME

RELATED APPLICATION
Thig apphication claims the benefit of priority to United States provisional
application senal number 62/112,074, filed February 4, 2015, The disclosure of the

foregoing application is hereby incorporated by reference in its entivety.

BACKGROUND OF THE INVENTION

Molecular-targeted cancer therapeutics have shown impressive activity in the
clintc. Some of the best noted examples include the tyrosine kinase inhibitors
imatinib in Philadelphia chromosome-positive chronic myelogenous leukemia (CML)
or KIT/PDGFR-mutant gastromtestinal stromal tumors (GI&Ts) and erlotinib in
EGFR-mutant non-small cell fung cancer (NSCLC) (Krause, D.S. and R.A. Van Eiten
2005y N. Engl J Med 353(2):172-187}. Treatment with these agents has led to
dramatic anti-tumor responses in patient populations harboring these molecular
abnormalities. However, despite the impressive mitial chinical responses, most
patients eventually progress due to the acquisition of drug resistance (Engelman, J AL
and . Settleman (2008) Curr. Opin. Genet. Dev. 18(1):.73-79). Identification of
mechanisms of resistance have consequently opened the door to more rational drug
cornbinations and the development of “second-generation” inhibitors that can
potentially overcome or avoid the emergence of resistance.

Medulloblastoma is a primitive nevroectodermal tumor of the cercbellum that
represents the most common brain malignancy in children (Polkinghom, W.R. and
NI Tarbell (2007} Nar. Clin. Pract. Oncol. 4(53:295-304). One form of treatment for
medulloblastoma s adjuvant radiation therapy. Despite improvements in survival
rates, adjuvant radiation is associated with debilitating side offects, thus supporting
the need for new molecular targeted therapies.

The Hedgehog (Hh} signaling pathway has been directly implicated in the
pathogenesis of medulloblastoma. Constitutive Hhb signaling, most often due to
underlyimg loss of function mutations in the inhibitory receptor PTCHIU, has been
demonstrated in approximately 309 of sporadic cases (Zurawel, RH. er al. (2000)
Genes Chromosomes Cancer 27{(1):44-51; Kool, M. ef al. (2008} PLoS ONE

3{(8):¢3088; Dellovade, T. ef ol (2006) Anrn. Rev. Newrosci, 29:539; Rubin, L.L. and
t
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F .1 de Sauvage (2006) Nat. Rev. Drug Discov. 5:1026). Mice heterozygous for Ptchl
(Ptch1™) can spontancously develop medulioblastoma and treatment with Hh
pathway inhibitors results in tumor chimination and prolonged survival (Goodrich,
L.V, eral (1997} Science 277{5329y:1109-1113; Romer, 1.T. et af. (2004) Cancer
Cell 6(3).229-240). However, it has recently boen observed that a patient treated with
the novel Hh pathway inhibttor, GDC-0449 inttially showed a dramatic response to

treatment {Charles M. Rudin ef al. (2009) N. Engl J Med. (submutted}), only to fail
to have a durable response to treatment and a relapse of the tumor.

BCC 1s the most common human cancer and is predominantly driven by
hvperactivation of the Hh pathway (Uro et al, 1997; Xic et al., 1998). The association
between Hh signaling and cancer was first discovered in patients with Gorlin or bagal
cell novas syndrome (BUNS), who are highly susceptible to medulloblastoma (MB)
and BCC. These patients generally possess heterozygous germline mutations in
Patched | {(PTCHT), which encodes a receptor for Hh higands (Hahn et al, 1996;
Johnson et al,, 1996}, Hh 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 PTCH /| with most of the remainder harboring activating
mutations i SAO {Reifenberger et al., 2005} SMO promotes the activation and
nuclear localization of GLI transeription factors by inhibition of Suppressor of fused
{(SUFU} and Protein kinase A (PKA}. SUFU negatively regulates the Hh pathwayv by
binding and sequestering GLI transcription factors in the cytoplasm (Stone et al,
1999}, Loss~-of-function mutations in SUFT/ are also associated with Gorlin Syndrome
(Pastorino et al., 2009; Smuth et al., 2014; Tavlor et al., 2002). Approximately 50% of
sporadic BCCs also have 753 mutations (Jayvaraman et al | 2014).

Several Hh pathway mhibitors (HPls) are currently under clinical investigation
for both BCC and MB {Amakye et al, 2013}, Vismodegib, previously known as
GDC-0449, 18 a SMO inhibitor approved for the treatment of metastatic and locally
advanced BCC (Sekalic etal, 2012). The majority of BCC patients treated with
vismodegib expericnce a clinical benefit, including both complete and partial
responses (Sekulic et al., 2012).

However, a preliminary estimate suggests that up to 20% of advanced BCC
patients develop resistance to vismodegth within the first year of treatment (Chang

and Oro, 2012}, To date, the only functionally characterized mechanism of acquired
3
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resistance to vismodegib in the chinic came from a patient with metastatic MB. A
SMO-D473H mutation was detected in a biopsy from a relapsed metastatic tumor and
was shown to abrogate drug binding in vitro (Yauch ¢t al., 2009}, Four other chinical
SMO mutations were recently reported m vismodegib-resistant BCC, but were not
exanmined functionally (Brinkhuizen et al| 2014; Pricl et al | 2014}, Several resistance
mechanisms to SMO inhibitors have been delineated from preclinical models,
meluding additional SMO mutations, amphification of downstream Hh pathway
components such as GLIZ, and activation of bypass signaling pathways including
phosphatidylimositol 3-kinase (PI3K) kinase and atypical protein kinase C vA (aPKC-
i} (Atwood et al., 2013; Buonanuci et al., 2010; Dykgraafet al, 2011}, However, it
remains unclear which mechantsms dnive resistance in patients.

There is an vrgent need i the art to identify additional GDC-0449-resistant
mutant SMO proteins and to find compounds that modulate SMO activity in such
mutant SMO proteins to overcome drag resistance upon treatment with GDC-0449,
There is further a need to a method to diagnose patients who may be resistant to
treatment either through natural variation of their SMO genotype or through acquired

mutation and resistance.

SUMMARY OF THE DISCLOSURE

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

In some embodiments, the disclosure provides for a method of screening for
corapounds that inhibit signaling of a mutant SMO protem that mcorporates a
mutation at amine acid 241 comprising contacting said mutant SMO with a test
compound and detecting binding of said compound to said muiant SMO whereby
binding of said test compound o mutant SMO indicates that said test compound is an
mhibitor of mutant SMO,

In some embodiments, the disclosure provides for a method of screening for
corapounds that inhibit signaling of a mutant SMO protem that mcorporates a
mutation at amino acid 241 comprising contacting a cell that expresses said mutant

3

-
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SMO with a test compound and detecting activity of Gl in said cell wherehy the
presenee of Gli activity indicates that said test compound is not an inhibitor of mutant
SMO.

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

[ O

compounds that inhibit signaling of a mutant SMO protein that incorporates a
mutation at amino acid 469 comprising contacting said mutant SMO with a test
corapound and detecting binding of said compound to said mutant SMO whereby
binding of said test compound o mutant SMQ indicates that said test compound 1s an
mhibitor of mutant SMO.

10 In some embodiments, the disclosure provides for a method of screening for
compounds that inhibit signaling of a mutant SMO protein that mcorporates a
mutation at amine acid 469 comprising contacting a cell that expresses said mutant
SMO with a test compound and detecting activity of Gli in said cell whercbv the
presence of Gl activity indicates that said test compound is not an inhibitor of mutant

SMO.

oy
5

In some embodiments, the disclosure provides for an isolated mutant SMO
protein comprising an amino acid sequence that 1s at least 3% identical to SEQ (D
NO: 6 wheren said amine acid sequence comprises an amino acid other than
threonine at amino acid 241. In some embodiments, the isolated mutant SMO protein
20 comaprses the amino acid sequence of SEQ 1D NO: 6 wherein said aming acid
sequence comprises an amino acid other than threonine at amino acid 241, in some
embodiments, the amino acid sequence comprises methionine (M) at amino acid 241,
In some embodiments, the disclosure provides for an isolated mutant SMO

protein comprising an amino acid sequence that is at least 3% wdentical to SEQ ID

5
>

[O2

NGO 8 wheren said amino acid sequence comprises an anmino acid other than cysteine
{C) at amino acid 469, In some embodiments, the mutant SMO protein comprises the
aming acid sequence of SEQ 1D NO: 8 wherein said amino acid sequence comprises
an aming acid other than cvsteine (C) at amino acid 469, In some embodiments, the
amino acid sequence comprises tyrosine {Y) at amino acid 469,

30 In some embodiments, the disclosure provides for a method of identifving a
hedgehog pathway mhibitor 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 hedgechog signaling

pathway, and wherein the cell expresses any of the mutant SMO proteins disclosed
4
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herein, and b} determining, as compared to a control, whether the test agent inhibits
hedgehog signaling in the cell, wherein if the test agent inhibits hedgehog signaling in
the cell relative to the control, then the test agent is identified as a hedgehog pathway
mhibitor. In some embodiments, the ability of the test agent to inhibit hedgehog
signaling in the cell is deternnined using a Ghil expression assay.

In some embodiments, the disclosure provides for a method of identifying a
hedgchog pathway mbibitor, wherein the method comprises: contacting a cell with an
amount of a test agent, wherein the cell is reaponsive to hedgchog protein or has
mcreased hedgehog signaling and/or activation of the hedgehog signaling pathway,
and wherein the ccll expresses anv of the mutant SMO proteins disclosed herein, and
b} determining, as compared to a control, whether the test agent inhibits growth
and/or proliferation of the cell, wherein if the test agent inhibits growth and/or
proliferation of the cell relative to the control, then the test agent is identified as a
hedgehog pathway mhibitor. In some embodiments, the control is a cell expressing a
wildtype SMO protein. In some embodiments, the control is a cell expressing the
same mutant SMO proteins as the cell contacted with the test agent, wherein the
control is treated with a control agent to which the mutant SMO protein is partially or
completely resistant. In some embodiments, the control agent is vismodegib,
LY2940680, LDEZ2S5 and/or compound 5. In some embodiments, the test agent binds
to putant SMO protein but not wildtyvpe SMO protein. In some embodiments, the test
agent binds to both the mutant SMO protein and wildtype SMO protem. In some
embodiments, the test agent 1s more effective in inhibiting the hedgehog signaling
pathway in a cell expressing mutant SMO protein than in a cell expressing wildtvpe
SMO protein. In some embodiments, the test agent is more effective i inhibiting
growth and/or proliferation of a cell expressing mutant SMO protein than of a cell
expressing wildtype SMO protein.

in some embodiments, the disclosure provides for an 1solated nucleic acid
molecule encoding a mutant SMO protein comprising an aming acid sequence that is
at least 95% identical to SEQ 1D NO: T wheren said amino acid sequence comprises
an anuno acid other than threonine at amino acid 241, In some embodiments, the
mutant SMO protein comprises the amino acid sequence of SEQ 1D NO: 6 wherein
said amine acid sequence comprises a methionine (M) at amino acid 241, In some

embodiments, the nucleic acid comprises a parental nucleie acid sequence of SEQ 1D

L
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NG 5, wherein said sequence contains a mutation that alters the sequence encoding
amino acid 241 to encode a different amino acid.
In some embodiments, the disclosure provides for an isolated nucleic acid

molecule encoding a mutant SMO protem comprising an amino acid sequence that 1s

[ O

at least 953% identical to SEQ 1D NO: 1 wherein said aming acid sequence comprises
an amino acid other than cvsteine (C) at amino acid 469, In some embodiments, the
mutant SMO protein comprises the amino acid sequence of SEQ [D NO: 8 wherem
said aming acid sequence comprises a tyrosing (Y at amine acid 469, In some
embodiments, the 1solated nucleic acid molecule comprises a parental nucleic acid
10 sequence of SEQ 1D NO: 5, wherein said sequence contains a mutation that alters the
sequence encoding amine acid 469 to encode a different aming acid.

In some embodiments, the disclosure provides for a vector comprising any of
the nucleic acids disclosed herein.

In some embodiments, the disclosure provides for a host cell compnising any

oy
5

of the vectors disclosed herein.

In some embodiments, the disclosure provides for a host cell comprising and
capable of expressing any of the vectors disclosed heren.

In some embodiments, the disclosure provides for a method of identifving a
hedgehog pathway mhibitor inhibitor, wherein the method comprises: contacting a
20 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 any of the vectors disclosed herein, and b)
determining, as compared to a controf, whether the test agent inhibits hedgehog

signaling in the cell, wherein if the tost agent inhibits hedgehog signaling in the ccll

5
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relative to the control, then the test agent s identified as a hedgehog pathway inhibitor.

In some emabodiments, the ability of the test agent to inhibit hedgchog
signaling 1o the cell is determined using a Glil cxpression assay.

In some embodiments, the disclosure provides for a method of identifying a
hedgehog pathway mhibitor, wherein the method comprises: contacting a cell with an
30 amount of a test agent, wherein the cell is responsive to hedgehog protein or has
mereased hedgehog signaling and/or activation of the hedgehog signaling pathway,
and wherein the cell expresses any of the vectors disclosed herein, and b} determining,

as compared o a control, whether the test agent wnhibits growth and/or proliferation of

5
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the cell, wherein if the test agent inhibits growth and/or proliferation of the ccll
relative to the control, then the fest agent is identified as a hedgehog pathway inhibiior.
In some embodiments, the disclosure provides for a method of detecting a

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

[ O

corresponding to the carboxy-terminus of the first extracellular loop of SMG, or a
fragment thercof suspected of containing a mutation, and comparing the
electrophoretic mobility of the amplified nucleic acid to the electrophoretic mobility
of corresponding wild-tvpe SMO gene or fragment thereof. In some embodiments,
the electrophoretic mobility is determined on polvacrylamide gel.

10 In some embodiments, the disclosure provides for a method of detecting a
mutated SMO gene in a sample comprising amplifying from said sample nucleic acid
corresponding to the carboxy-termuinus of transmembrane domain 6 of SMO, ora
fragment thercof suspected of containing a mutation, and comparing the

electrophoretic mobility of the amplified nucleic acid to the electrophoretic mobility

oy
5

of corresponding wild-tvpe SMO gene or fragment thereof. In some embodiments,
the electrophoretic mobility is determined on polvacryiamide gel.

In some embodiments, the disclosure provides for a method of identifving at
least one SMO mutation in a sample comprising contacting nocleic acid from said
sample with a nucleic acid probe that is capable of specifically hvbridizing to nucleic
20  acd encoding a mutated SMO protein, or fragment thercof incorporating a mtation
that alters the sequence encoding anino acid 241 1o an amino acid other than
threonine, and detecting said hyvbridization. In some embodiments, the probe 15
detectably labeled. {n some crmbodiments, the probe is an antisense oligomer. In

some embodiments, the SMO gene or a fragment thereof in said nucleic acid said

5
>
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sample 1s amplified and contacted with said probe.

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

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

|8V

that alters the sequence encoding amino acid 469 to an amino acid other than cvsteine,
and detecting said hybridization. In some embodiments, the probe is detectably
labeled. In some embodiments, the probe s an antisense oligomer. In some
crbodiments, the SMO gene or a fragment thereof in said nucleic acid said sample is

amplified and contacted with said probe.
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In some embodiments, the disclosure provides for a method for identifying a
temor in & human subjoct that is resistant to treatment with GDC-0449 comprising
determining the presence of a mutated SMO gene or mutated SMO protein ina

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

[ O

comprising a mutation at amino acid 241, and wherein said SMO protein comprises a
mutation at amino acid 241, whereby the presence of said mutated SMO gene or
mutated SMO protein indicates that said tumor is resistant to treatment with a GDC-
0449 In some embodiments, the method further comprises treating said subiect
having a tumor that is not or is no longer susceptible to treatment with GDC-0449

10 with a compound that binds said mutated SMO. In some embodiments, the presence
or absence of saad mutation is determined by examining a nucleic acid sample. In
some embodiments, the presence or absence of said mutation is determined by
cxamining a protein sample.

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

oy
5

tamor in a human subject that 1s resistant to treatment with GDC-0449 comprising
determining the presence of a mutated SMO gene or mutated SMO protein ina
sample of said tumor, wherein said mutated SMO gene encodes a SMO protein
comprising a mutation at amino acid 469, and wherein said SMO protein comprises a
mutation at aming acid 469, whereby the presence of said mutated SMO gene or

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

or absence of said mutation is determined by examining a nucleic acid sample. In

5
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some embodiments, the presence or absence of said mutation 1s determined by
examining a protein sample.

In some embodiments, the disclosure provides for a method of inhibiting
proliferation or growth of a cell having aberrant hedgehog signaling, comprising
adnministering to saud cell a bromodomain imhibitor, wherein said cell expresses a
30 smoothened protein having a mutation at any onc or more of the amino acid positions
corresponding to amino acid posttions 241 or 469 of SEQ ID NO: 1. In some
embodiments, the cell is in a subject. In some embodiments, the cell 1s a cancer cell.
In some embodiments, the cell further comprises a SUFU nutation. In some

embodiments, the cell is a human cell, and wherein said cell comprises a 10q deletion
3
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mutation that results in the loss of a copy of the SUFU gene. In some embodiments,
the 10g deletion further results in the loss of a copy of the PYEN gene. In some
embodiments, the bromodomain mhibitor 1s I-BET762, JQ1 or JQ2.

In some embodiments, the disclosure provides for a nucleic acid probe capable
of specifically hybndizing to nucleic acid encoding a mutated SMO protein or
fragment thercof incorporating a mutation in the sequence encoding amino acid 24 1.
In some embodiments, the probe 1s complementary {o said nucleic acid encoding the
mutated SMO or said fragment thereof. In some embodiments, the probe has a length
of about 10 to about 30 nuclestides. In some embodiments, the probe further
comprises a detectable label.

In some embodiments, the disclosure provides for a nucleic acid probe capable
of specifically hybndizing to nucleic acid encoding a mutated SMO protein or
fragment thercof incorporating a mutation in the sequence encoding amino acid 469.
In some embodiments, the probe 1s complementary {o said nucleic acid encoding the
mutated SMO or said fragment thereof. In some embodiments, the probe has a length
of about 10 to about 30 nuclestides. In some embodiments, the probe further
comprises a detectable label.

In some embodiments, the disclosure provides for an antibody that specifically
binds to any of the mutant SMO proteins disclosed herein, wherein said antibody does
not bind wild-type SMO having an threoning at ammno acid 241, In some
embodiments, the antibody is a monoclonal antibody, a chimeric antibody, a
humanized antibody, a single chaim antibody or an antigen-binding fragment thercof.
In some embodiments, the antibody 1s conjugated to a cytotoxic agent. In some
embodiments, the antibody 1s conjugated to a detectable label. In some embodiments,
the antibody mhibits SMO activity.

In some embodiments, the disclosure provides for an antibody that specifically
binds to any of the mutant SMO proteins disclosed herein, wherein the epitope of said
antibody does not bind wild-type SMO having a cysteine at aming actd 469, In some
embodiments, 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 antibody 15 conjugated 1o a cviotoxic agent. In some
embodiments, the antibody is conjugated to a detectable label. In some embodiments,

the antibody inhibits SMO activity.

O
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1] show the amino acid sequences for wildtype human SMO (1A}
and for several human mutant SMOs (1B-11). Figure 1A shows SEQ ID NO: 1.
Figure 1B shows SEQ ID NO:2. Figure 1C shows SEQ ID NO: 3. Figure 1D shows
SEQID NO: 4. Figure 1E shows SEQ 1D NQO: 5. Figure 1F shows SEQ D NGO 6.
Figure 1G shows SEQ ID NO: 7. Figure 1H shows SEQ D NO: 8. Figure 11 shows
SEQ IDNO: 9.

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

Figure 3 show the results of experiments performed to determine the
frequency of a SMO-A459V mutation in pre-freatment and post-treatment biopsies.

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

Figure 5A shows the results of experiments performed 1o determine whether
the SM{O-A459V mutant is sensitive to PTCH. Figure 5B shows the results of
experiments performed to determine whether the SMO-A459V mutant is sensttive {o
vismodegib. Figure 5C shows the results of experiments performed to determme
whether the SMO-A459V, SMO-W281C, and SMO-W535L mutants are activating
mutations. Figures 5D 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 1s sensitive
to vismodegib. Figure 3F shows the results of experiments performed to determine
whether SMO-A459Y and SMO-W281C have impaired binding to vismodegib.

Figure 6A shows a schematic of the Hh pathway. Figure 6B 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
lesion in computerized tomography (CT) scans of the chest before treatment (PreRx)
and after 4 (showing a decrease in lesion size) and 37 (revealing disease progression)
months of vismodegib treatment. Figure 6( shows photographs of two locally
advanced BCCs from a Gorlin syndrome patient (PT10) that initially responded to
vismodegib but subsequently relapsed (black arrow} after the indicated length of
treatment. Figure 6D shows Hematoxylin and Hosin (H&H) stained socctions of a
locally advanced sporadic BCC from patient 9.1 (PT09.1) before and after 11 months

of vismodegib treatment. Note that the relapsed lesion maintains the histology of the
10
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vntreated tumor. The scale bar represents 50 um. Figure 6E is a graph showing GLI1
and MEKI67 expression levels in vismodegib-resistant and normal skin biopsies.
Pearson’s correlation coefficient (R} = 0.96. Normalized read counts are shown.
Figure 6F 1s a tabular overview of genetic alterations in Hh pathway genes and TP33
identified in 12 relapsed BCC patients. Germline PTCH1 vanants are reported for
Gorlin BCCs, whereas only somatic nutations are shown for sporadic BCCs. Two
regionally distinct biopsies were obtained upon regrowth of the same inmitial tumor for
PTO6, PTOS and PT09. Two separate BCCs developed resistance in patient PT10,
LOH was determined by minor allele frequencies from SNP arrays. Green boxes
highlight LOH events followed by copy number gain of the mutant aliele. Allele-
specific expression was determined by RNAseq.

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

Figure 8A shows a tabular overview of SMO nuutations identified in this study.
All mutations were somatic in nature, as they were not detected in either blood or
other tissue from the same patient. Figure 8B shows a computational model of
vismodegib (vellow) docked onto the crystal structure of the SMO T™ region {groy
hehices; Wang et al., 2013}, Previously uncharacterized mutant residues are
highlighted in green. Figures 8C-F are bar graphs showing the prevalence of SMO
mutations in pre- and posi-treatment biopsics. Bar graphs show the incorporation
frequency of either wild-type (blue) or mutant (red) nucleotides at positions
corresponding to SMO-A459V for PTO3, PT04 and PT12 (803, SMO-V321M for
PT0Y (8D), SMO-C469Y and SMO-T241M for PT10 (8E) and SMO-L412F for PT11
{8F} as determined by pyrosequencing. Note that SA0 mutations are expected to be
heterozvgous and that SMU copy mumber determines the maximum Y-axis value,
which is 50% for PT03, PTO4, PT12, PT10 and PT11 (SMO copy number is 2} and
25% for PTO9 (SMU copy numiber 15 4}, Incorporation of nutant nucleotides was
considered to be within the background levels (<5%) of the pyrosequencing assay in
all pre-treatment samples. Data from guadruplicate assays is plotted relative to the

blood control. Error bars represent the range of the data. Figure 8G shows

1§
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photographs of a locally advanced BCC (white arrow} from PT11 that witially
responded to vismodegib, but subsequently relapsed after the indicated length of time.

Figurce 9 is a schematic showing the location of mutations identified in
treatment-naive BCCs (light grayv- 52781, resistant BCCs (black) or both (hight gray-
LA12F, W535L) within the protein domains of SMO. Asterisks highlight previousty
reported oncogenic mutations. TM helices are represented by blue cylinders.

Figure 10A shows a computational docking model showing a top down view
of vismodegib (yellow} binding to SMO (grev) and revealing the proxumity of W281,
Y321, 1408 and C469 (all green) to the drug-binding pocket. Figure 10B, left shows
the position of V321 and W2&1 (both green) relative to vismodegib (vellow). Figure
108, middle shows the C281 mutant from PT02 likely disrupts the interaction with
vismodegib. Figure 10B, right shows the M321 mnitant from PTOY is expected to
impact the conformation of W281. Figure 10C shows that the mutation of 1408 (lcft)
to valine (right) 1s predicted to affect the packing of H470 and V404, both of which
mteract with vismodegib. This mustation may cause even greater changes in the
overall protein backbone structure and hence affect drog binding via a second-shell
effect. In all panels mutant residues are highlighted m red text.

Figure 11A 15 a graph showing Gli-luciferase reporter activity in C3H10TY
cells transfected with the ndicated SMO constructs. Values were normalized to
SMO-WT activitv and data plotted are mean +/- SD of triphcates. Figure 11B s a
graph showing the results from G/i-luciferase reporter assay in C3HI10TY: cells
transfocted with indicated ratios of PTCHT to SMO expression constructs. Values
were nommalized to activity without F7TCH/ co-transfection and data plotted are mean
+/- SD of tniphicates. Figure 11 is a table showimg cell surface expression of SMO
drug-binding pocket mutants in HEK-293 cells. Values shown are the percentage of
viable cells with coll surface expression of SMQ, as determined by FACS for 10,000
cell events and gating on empty vector transfected cells and propidium iodide (PI).
Figure 11D 1s a graph showing results from methyl-[3H}-thymidine incorporation of
either untransduced (No virus), Control virus ({RFP only) or Cre virus ((RFP-IRES-
e{5FPere) infected patient cerebeliar granule neuron precursor cells cultured with or
without SHH. Methyl-[3H]-thymudine incorporation 1s expressed in counts per min
{CPM) and data plotted are mean +/~ 5D of triplicates. Figure 11E is a bar graph
showing the pereentage of Preh/loxp/ioxp Tp3toxp/loxp RosaZol.SLtdTomato

{(PPT) cercbellar granule neuron precursor cells (CGNPs) positive for tdTomato
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expression after infection with the mdicated viral constructs, as determined by FACS
for 10,000 cell events and gating on votransduced cells. Figure 11F is a bar graph
showing quantification of human SMO mRNA levels in PPT CGNPs from pancl E by
gquantitative RT-PCR. Data are 2-ACt values relative to the murine housekeeping gene
RpllY and are plotted as mean +/- 5D of triplicates.

Figure 12A 1s a graph showing normalized Gfi-huciferase reporter activity in
C3HI0TY cells transtected with indicated SMO constructs, following a dose response
with vismodegib. Values were normalized to untreated activity and data plotted are
mean +/- standard deviation (5D) of triphicates. 150 values were calculated after
non-lincar regression fitting. Figure 128 is a bar graph showing binding of {3H]-
vismodegib to HEK-293 cells transfected with indicated SM{O constructs. EV stands
for empty vector and drug binding was measured in counts per minute {cpm}.
Specific binding was calculated after competition with an cxcess of unlabeled
vismodegib by subtracting non-specific binding from total binding. Data shown are
the mean -+/- §D. Figure 12C 18 a diagram of the viral transduction scheme of primary
CONPs. Only transduced CGNPs proliferate in the absence of SHH, allowing us to
specifically test the ability of the SMO vanants to promote proliferation in the
presence of vismodegib. Figure 12D are a series of graphs showing normalized
methyl-]"Hi-thymidine incorporation of PPT CGNPs transduced with indicated
viruses, following a dose respounse with vismodegib after removal of SHH ligand.
Each graph shows the same control data. Data plotted are mean +/- SD of tniplicates.

Figure 13A is a model showing that a total of 21 residacs (dark gray balls} are
predicted to have atoms within 4.5A of vismodegib (light gray balls) bound to the
SMO TM structure {gray helices). Figure 13B 1s a model showing that N219, D384
and 5387 form a hydrogen-bonding network {dashed lines). Mutation of any of these
residues is likely to change the shape of the vismodegib-binding pocket. Figure 13C
shows a Gli-luctferase reporter activity in C3H10TY cells transfected with mdicated
SMO constructs and treated with 1 uM vismodegib. Values were normalized to
unéreated activity levels for cach construct and data plotted are mean +/- 8D of
triplicates.

Figure 14A shows a computational model of vismodegib (light gray balls}
docked onto the crvstal structure of the SMO TM region {grey helices; Wang et al.,
2013). Mutant residues distal to the doughbinding pocket are highlighted in dark grayv.

Figure 148 1s a bar graph showing results trom a Ghi-luciferase reporter activity in
i3
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C3HIO0TY cells transtected with indicated SMO constructs. Values were normalized
to activity levels of SMO-WT and data plotted are mean +/- SD of triplicates. Figure
14C 1s a graph showing normalized Gli-luciferase reporter activity in C3HI10TY2 cells
transfected with mdicated SMO constructs, following a dose response with
vismodegib. Data plotted are mean +/- SD of triplicates. Figure 14D is a graph
showing normalized methyl-[3H]}-thymidine mcorporation of PPT CGNPs transduced
with indicated viruses, following a dose response with vismodegib after removal of
SHH ligand. Data plotted arc mean +/- §D of triplicates.

Figurc 15A is a graph showing normalized G/i-huciferase reporter activity in
C3HI0TY: cells transfected with indicated SMO constructs, following a dose response
with vismodegib. Data plotted are mean +/- 5D of triplicates. Figure 13B ts a graph
showing results from a Gli-luciferase reporter assay in C3HI0TY: cells transfected
with indicated ratios of PTCHI to SMO expression constructs. Values were
nommalized to activity without P7CH/ co-transfection and data plotied are mean +/-
SB of triphicates. Figure 15C is a bar graph illustrating binding of [3H|-vismodegib
to HEK-293 cells transfected with indicated SMO construct. Untransfected cells (Un)
and cells transfected with an empty vector (EV) were included as controls. Dirug
binding was measured in counts per minute {cpm) and specific binding was calculated
after competition with an excess of unlabeled vismodegib by subtracting non-specific
binding from total binding. Figurc 15D is a table showing cell surtace expression of
activating SMO mutants in HEK-293 cclls. Values shown are the percentage of
viable cells with ccll surface expression of SMQO, as determined by FACS for 16,000
cell events and gating on empty vector transfocted cells and P1. Figure 15E s a graph
showing normalized methyl-["Hj-thymidine incorporation of PPT CGNPs transduced
with indicated viruses, followmg a dose response with vismodegib after removal of
SHH ligand. Data plotted are mean +/- 5D of triplicates. Two imdependent
experiments are shown,

Figure 16A shows normalized methyl-["H]-thymidine incorporation of PPT
CONPs transduced with vanous SMO variants and treated with 360 nM of indicated
compounds. For gach set of data for wildtype (W) or SMO mutant evaluated, data
for each of the following treatment conditions is presented as bars in the following
order from left to right: vismodegib, LY2940680, LDE225, and compound 5. Values
were normalized to proliferation levels without drug and data plotied are mean +/- SD

of triplicates. Note that the residual proliferation of SMO-W'T in the presence of drug
14
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is due to fibroblast and glial contamination of these primary CGNP cultures. Figure
168 shows the same data as in 16A, but transduced CGNPs were treated with 1 uM of
cither vismodegib or JQ1. Note that there is less residual proliferation in SMO-W'T
with J(1, suggesting that this compound also inhibits Hh-independent cell

proliferation.

DETAILED DESCRIPTION

It 1s a discovery of the present disclosure that mutational events associated
with resistance to chemotherapy for hedgehog-dependent tumors occur in
Smoothened (SMO) which impart resistance of the tumors to treatment with
compounds that inhibit hedgehog signaling such as cyclopamine and GDC-0449.

The present disclosure provides compositions and methods that are useful as
prognostics, diagnostics and therapeutics for cancer that 1s dependent on Hedgehog
signaling.

The techniques and procedures described or referenced herein are generally
well understood and commaonly emploved using conventional methodology by those
skilled 1n the art, such as, for example, the widely utilized methodologies described in
Sambrock ef al , Molecular Cloning: A Laboratory Manual 3rd. edition (2001} Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y .; Current Protocols in
Molecular Biology (F. M. Ausubel, et al. eds., (2003})); the scries Methods in
Enzymology (Academic Press, Incy: PCR 20 A Practical Approach (M. .
MacPherson, B. D, Hames and G. R Tavior eds. (1993}), Harlow and Lane, eds.
(1988} Aniibodies, A Laboratory Manual, and Animal Cell Culture (R. 1. Freshney, ed.
(1987, Oligonuclentide Svnthesis (M. §. Gait, ed., 1984), Methods in Molecular
Biology, Humana Press; Cell Biologv: A Laboratory Notebook (3. E. Cellis, ed., 1998)
Academic Press; Animal Cell Culture (R 1. Freshnev), ed., 1987); Introduction io
Cell and Tissue Culture (§. P. Mather and P. E. Roberts, 1998) Plenum Press; Cell and
Tissue Culture: Laboratory Procedures (A. Doyle, J. B. Griffiths, and D. G, Newell,
eds., 1993-8) §. Wiley and Sons; Handbook of Fxperimental Immunology (. M. Weir
and C. C. Blackwell, eds.); Gene Transfer Vectors for Mammalian Cells (J. M. Miller
and M. P. Calos, eds., 1987}, PCR: The Polvmerase Chain Reaction, (Mullis ef ol
eds., 1994, Current Protocols in Immunoiegy (1. E. Coligan er af., eds., 1991}; Short
Frotocols in Molecular Biology (Wilev and Soms, 1999); Immunobiology (C. A.

Janeway and P. Travers, 1997); Anribodies (P. Finch, 1997); Antibodies: 4 Practical
15
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Approach (D Catty ., ed., IRL Press, 1988-1989); Monoclonai Antibodies: A Practical
Approach (P. Shepherd and . Dean, eds., Oxford Umiversity Press, 2000} Using
Antibodies: A Laboratory Manual (E. Harlow and D. Lane (Cold Spring Harbor
Laboratory Press, 1999); The Antibodies (M. Zanetti and J. D, Capra, eds., Harwood
Academic Publishers, 19953); and Cancer: Principles and Practice of Oncology (V. T.
DeVitaer al | eds., 1B, Lippincott Company, 1993). Cited references are
meorporated by reference m their entirety.

For purposes of interpreting this specification, the following defintions will
apply and whenever appropriate, terms used in the singular will also inchide the plural
and vice versa. In the event that anv definition sct forth below conflicts with any
document incorporated herein by reference, the definition set forth below shall control.

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

Uniess defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this disclosure is related. For example, the Coneise Dictionary of Biomedicine
and Molecular Biology, Juo, Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of
Cell and Molecular Biology, 3rd ed., 1999, Academic Press; and the Oxford
Dictionary Of Biochemustry And Molecular Biclogy, Revised, 2000, Oxford
University Press, provide one of skill with a general dictionary of many of the terms
used in this disclosure.

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

It is convenient to pomt out here that “and/or” where used herein is to be taken
as specific disclosure of cach of the two specificd features or components with or
without the other. For example “A and/or B” 15 to be taken as specific disclosure of
cach of (1) A, (11} B and (111} A and B, just as if cach s set out individually herein.

The terms "polypeptide.” "peptide” and "protein” are used interchangeably

heremn to refer to a polvmer of amino acid residues. The ferms apply to amino acid
16
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polymers in which one or more amino acid residue is an artificial chemical mimetic of
a corresponding naturally occurring amino acid, as well as to naturally occurring
amino acid polvmers and non-naturally occurning amino acid polymer. As used

herein, the term “polvpeptide,” “peptide” and “protein” encompass, at least, any of the

[ O

mutant SMO proteins, variants or fragments thereof described herein.

The term “antibody™ herein 1s used n the broadest sense and specifically
covers monocional antibodies, polvclonal antibodies, multispecific antibodies {e.g.
bispecific antibodies) formed from at least two intact antibodies, and antibody
fragments so long as they exhibit the desired bislogical activity.
10 An “isolated” antibody 1s one which has been identified and separated and/or
recovered from a component of its natural environment. Contaminant components of
its natural environment are materials which would interfere with research, diagnostic
or therapeutic uses for the antibody, and may nclude enzvmes, hormones, and other

proteinaceous or nonproteinaceous solutes. In some embodiments, an antibody 1s

oy
5

purified {1} to greater than 95% by weight of antibody as determined by, for example,
the Lowry method, and 1 some embodiments, to greater than 99% by weight; (2¥toa
degree sufficient to obtam at least 15 residucs of N-terminal or mternal amino acid
sequence by use of, for example, a spinning cup sequenator, or {3} to homogeneity by
SDS-PAGE under reducing or nonreducing conditions using, for example, Coomassie
20 blue orsilver stain. Isolated antibody includes the antibody in sifu within
recombimant cells since at least one component of the antibody’s natural environment
will not be present. Ordmarily, however, isolated antibody will be prepared by at
least one purification step.

“Native anfibodies™ are usually heterotetramenic glvecoproteins of about

5
>

[O2

150,000 daltons, composed of two identical light (1) chains and two identical heavy
{H) chaios. Hach light chain 15 Iinked to a heavy chain by one covalent disulfide bond,
while the mumber of disuifide inkages varies among the beavy chains of different
immunoglobulin isotvpes. Each heavy and light chain also has regularly spaced
mtrachain disulfide bridges. Each heavy chain has at one end a variable domain (Vi)
30 followed by a number of constant domains. Each light chain has a variable domain at
ong end (V1) and a constant domain at its other end; the constant domain of the Hight
chain 13 aligned with the first constant domain of the heavy chain, and the light chain

variablc domain is aligned with the variable domain of the heavy chain. Particular
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amino acid residues are believed to form an imnterface between the light chain and
heavy chain variable domains.

The “variable region” or “variable domain” of an antibody refers to the amino-
terminal domains of the heavy or light chain of the antibody. The vanable domain of

the heavy chain may be referred to as “VH.” The variable domain of the light chain

[ O

may be reforred to as “VL.” These domains are generally the most variable parts of

an antibody and contain the antigen-binding sites.

The term “variable” refers to the fact that certain portions of the variable
domains differ extensively in sequence among antibodies and are used in the binding
10 and specificity of each particular antibody for its particular antigen. However, the
variability s not evenly distributed throughout the variable domains of antibodies. It
is concentrated in three segments called hypervariable regions (HVRs) both in the
light-chain and the heavy-chain variable domains. The more highly conserved
portions of variable domains are called the framework regions (FR). The variable
15 domains of native heavy and light chains each comprise four FR regions, largely
adopting a beta-sheet configuration, connected by three HVRs, which form loops
connecting, and 1n some cases forming part of, the beta-sheet structure. The HVRs
cach chain are held together in close proximity by the FR regions and, with the HVRs
from the other chain, contribute to the formation of the antigen-binding site of
20  amtibodies {(see Kabat ef &, Sequences of Profeins of lrmmunological Inferest, Fifth
Edition, National Institute of Health, Bethesda, MD (1991)). The constant domains
arc not involved directly in the binding of an antibody to an antigen, but exhibit
various effector functions, such as participation of the antibody 1n antibody-dependent
cellular toxicity.

The “light chains” of antibodies (mmuenoglobulins} from any vertebraie
species can be assigned to one of two clearty distinct types, called kappa () and
lambda (3.}, based on the amino acid sequences of their constant domains.

Depending on the amine acid sequences of the constant domains of their
heavy chains, antibodies {immunoglobulins) can be assigned to different classes.

0 There are tive major classes of immunoglobulins: IgA, lgh, IgE, IeG, and IgM, and
several of these may be further divided into subclasses (isotvpes), e.g., IgG), IgGo,
IgGs, Gy, fgA ), and IgA, . The heavy cham constant domains that correspond to the
different classes of immunoglobulins are called o, &, £, v, and u, respectively. The

subunit structures and three-dimensional configurations of different classes of
18
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mmmnunoglobuling are well known and deseribed generally in, for example, Abbas ef ol
Cellular and Mol. Immunology, 4th ed. (W .B. Saunders, Co., 2000}, An antibody
may be part of a larger fusion molecule, formed by covalent or non-covalent
association of the antibody with one or more other proteins or peptides.

The terms “full length antibody,” “intact antibody” and “whole antibody™ are

[ O

used herein interchangeably to refer to an antibody in its substantially intact form, not
antibody fragments as defined below. The terms particularly refer to an antibody with
heavy chains that contain an Fe region.

A “naked antibody™ for the purposes herein is an antibody that is not

10 comjugated to a cytotoxic moiety or radiclabel.

“Antibody fragments” comprise a portion of an mitact antibody, , and in some
embodiments, comprise the antigen binding region thereof. Examples of antibody
fragments include Fab, Fab', F(ab'),, and Fv fragments; diabodics; linear antibodics;

single-cham antibody molecules; and multispecific antibodies formed from antibody

oy
5

fragments.

Papain digestion of antibodies produces two identical antigen-binding
fragments, called “Fab” fragments, each with a single antigen-binding site, and a
residual “Fe™ fragment, whose name reflects its ability to crystallize readily. Pepsin
treatment viclds an F{ab’}, fragment that has two antigen-combining sites and is still
20 capable of cross-linking antigen.

“Fv” 1s the minimum antibody fragment which contains a complete antigen-
binding site. In one embodiment, a two-chain Fv species consists of a dimer of one
heavy- and onc light-chain variable domain in tight, non-covalent association. Ina

single-chain Fv {scFv) species, one heavy- and one light-cham variable domain can be
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covalently linked by a flexible peptide linker such that the light and heavy chains can
associate in a “dimeric” structure analogous 1o that in a two-chain Fv species. ftisin
this configuration that the three HVRs of cach variable domain interact to define an
antigen-binding site on the surface of the VH-VL dimer. Collectively, the six HVRs
confer antigen-binding specificity to the antibody. However, even a single variable
30 domain {or half of an Fv comprising only three HVRSs specific for an antigen) has the
ability to recognize and bind antigen, although at a lower affinity than the entire
binding site.

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

also contams the constant domain of the light chain and the first constant domain
19
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{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
one or more cysteines from the antibody hinge region. Fab™-5H is the designation
herein for Fab’ in which the cvsieine residue(s) of the constant domains bear a free
thiol group. Fiab™), antibody fragments originally were produced as pairs of Fab’
fragments which have hinge cvsteines between them. Other chemical couplings of
antibody fragments are also known.

“Single-chain Fv” or “scFv” antibody fragments comprise the VH and VL
domains of antibody, wherein these domains are present in a single polypeptide chain.
Generally, the scFv polypeptide further comprises a polypeptide linker between the
VH and VL domains which enables the scFv to form the desired structure for antigen
binding. For a review of scFv, see, e.g., Pluckthiin, 1n The Pharmacology of
Monocional Antibodies, vol. 113, Rosenburg and Moore eds., {(Springer-Verlag, New
York, 1994), pp. 269-315.

The term “diabodies” refers to antibody fragments with two antigen-binding
sites, which fragments comprise a heavy-chain variable domain {(VH) connected to a
light-chain vanable domain (VL) m the same polypeptide chain (VH-VL). By using a
hinker that 18 too short to allow pairing between the two domains on the same chain,
the domains are forced to pair with the complementary domaing of another chain and
create two antigen-binding sites. [iabodies may be bivalent or bispecific. Diabodies
are described more fullv in, for example, EP 404,097, WO 1993/01161; Hudson er af.,
Nat. Med. 9:129-134 (2003}; and Hollinger er al., Proc. Natl. Acad. Sci. US4 90;
6444-6448 (1993). Trabodies and tetrabodies are also described in Hudson ef o/, Nar.
Med. 9:129-134 (2003},

The term “monoclonal antibody™ as used herein refers to an antibody obtamned
from a population of substantially homogencous antibodies, 7.¢., the individual
antibodies comprising the population are identical except for possible mutations, e. g,
naturally occurring mutations, that may be present in minor amounts. Thus, the
modifier “monoclonal” indicates the character of the antibody as not being a mixture
of discrete antibodies. In certain embodiments, such a monoclonal antibody typically
meludes an antibody comprising a polvpeptide sequence that bmds a target, wherein
the target-binding polyvpeptide sequence was obtained by a process that inchudes the
selection of a smgle target binding polypeptide sequence from a plurality of

polypeptide seguences. For exampie, the selection process can be the selection of a
20
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unigue clone from a plurality of clongs, such as a pool of hybridoma clones, phage
clones, or recombinant BDNA clones. It should be understood that a selected target
binding sequence can be further altered, for example, to mmprove affinity for the target,
to humanize the target binding sequence, to improve iis production n cell culture, to
reduce ifs immunogenicity 1 vivo, to create a multispecific antibody, efc., and that an
antihody comprising the altered target hinding sequence 1s also a monoclonal
antibody of this disclosure. In contrast to polvclonal antibody preparations, which
typieally mclude different antibodies directed against different determinants
{epitopes), cach monoclonal antibody of a monoclonal antibody preparation is
directed against a single determinant on an antigen. In addition to their specificity,
monoclonal antibody preparations are advantageous in that they are typically
pocontaminated by other immunoglobulins.

The modifier “monoclonal” indicates the character of the antibody as being
obtained from a substantially homogeneous population of antibodies, and is not to be
construed as requiring production of the antibody by any particular method. For
example, the monoclonal antibodies to be used in accordance with the present
disclosure may be made by a vaniety of techmugues, including, for example, the
hybridoma method {e.g., Kohler and Milstein, Nature, 256:495-97 (1973); Hongo ef
al., Hvbridoma, 14 (3): 253-260 {1995), Harlow ef al., Antibodies: A Laboratcry
Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988); Harmamerling 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

cchnologies (see, e.g., Clackson ef al., Nature, 352: 624-628 (1991); Marks eraf., J.
Mol Biol 222: 581-597 (1992); Sidbu er al., J Mol Biol 338(2); 299-310 (2004};
Lec eral | J Mol Biol 340(5). 1073-1093 (2004); Fellouse, Proc. Natl. Acad. Sci.
US4 101(34):12467-12472 (2004}, and Lee ef al., J. Immuncl. Methods 284{(1-2):
119-132{2004), and technologics for producing human or human-like antibodies in
animals that have parts or all of the human immunoglobulin loct or genes encoding
human immunoglobulin sequences (see, e.g., W 1993/24893; W{ 1996/34096, WO
1996/33735;, WO 1991/10741; Jakobovits ef al., Proc. Navl. Acad. Sci. US4 90: 2551
{1993); Jakobovits ef al., Nature 362: 253-258 {1993); Bruggemann et al., Year in
Immunol 7:33 (1993); U.5. Patent Nos. 5,545,807 5,545 806, 5,569 825, 5,625,126,
5,633,425, and 5,661,016, Marks et al., Bio/Technology 10: 779-783 (1992}, Lonberg

et al., Narure 368 856-839 (1994}, Morrison, Norure 368 312-813 (1994}, Fishwild
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et al., Nature Biotechnol 14 845-851 (1996); Neuberger, Nature Biotechnol. 14: 826
{1996}, and Lonberg and Huszar, Intern. Rev. Immunocl 13 65-93 {1993}

The monoclonal antibodies herein specifically include “chimenc” antibodies
m which a portion of the heavy and/or hight chain 1s identical with or homologous to
corresponding sequences in antibodies derived from a particular species or belonging
to a particular antibody class or subclass, while the remainder of the chain{s) is
wdentical with or homologous 1o corresponding sequences in antibodies derived from
another specics or belonging to another antibody class or subclass, as well as
fragments of such antibodics, so long as they extubit the desived biclogical activity
(see¢, 2.2, U.S. Patent No. 4,816,567, and Morrison ef ol., Proc. Natl Acad. Sci. USA
81:6831-6855 (1984}, Chimeric antibodies include PRIMATIZED® antibodies
wherein the antigen-binding region of the antibody is derved from an antibody
produced by, e. g, immunizing macagque monkeys with the antigen of uderest.

“Humanized” forms of non-human (e.g., muring) antibodies are chimeric
antibodies that contaim minimal sequence derived from non-heman immunoglobulin.
in one embodiment, a humanized antibody is a human immunoglsbulin (recipient
antibody} in which residues from a HVR of the recipient are replaced by residues
from a HVR of a non-human species {(donor antibody) such as mouse, rat, rabbit, or
nonhuman primate having the destred specificity, affinity, and/or capacity. In some
mstances, FR residucs of the buman immunoglobulin are replaced by corresponding
non-human residues. Furthermore, humanized antibodies mav comprise residues that
are not found in the recipient antibody or in the donor antibody. These modifications
may be made to further refine antibody performance. In general, a humanized
antibody will comprise substantially all of at least one, and typicaliy two, variable
domains, in which all or substantially all of the hypervariable loops correspond to
those of a non-homan immunoglobulin, and all or substantially ali of the FRs are
those of a hwman mmmunoglobulin sequence. The humanized antibody optionally will
also comprise af least a portion of an mmmumnoglobulin constant region (Fe), typically
that of a human immunoglobulin, For further details, sec, e g, Jones ef ol Nature
321:522-525 (1986} Riechmann ef af., Nature 332:323-329 (1988}); and Presta, Curr.
Op. Struct. Biol. 2:593-596 (1992). Sec also, e.g., Vaswani and Hamilton, 4nn.
Allergy, Asthma & Immunol. 1:105-115 (1998); Harris, Biochem. Soc. Transactions
23:1035-1038 {1995); Hurle and Gross, Curr. Op. Biotech. 5:428-433 (1994); and U.S.

Pat. Nos. 6,982.321 and 7,087 409.
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A “human antibody™ is one which possesses an amino acid sequence which
corrgsponds to that of an antibody produced by a human and/or has been made using
any of the techniques for making human antibodics as disclosed herein. This
definition of a human antibody specifically excludes a humanized antibody
comprising non-human antigen-binding residues. Human antibodies can be produced
using various techniques known in the art, mcluding phage-display libraries.
Hoogenboom and Winter,.J Mol Biol, 227381 (1991); Marks et ol J. Mol Biol,,
222:581 (1991). Also available for the preparation of human monoclonal antibodies
are methods described in Cole ef al., Monoclonal Antibodies and Cancer Therapy.
Alan R Liss, p. 77 (1985); Boerner ef al., J. Invmunol., 147(1:86-93 {1991}, Seec also
van Dijk and van de Winkel, Curr. Opin. Pharmacol., 5: 368-74 (2001}, Human
antibodies can be propaned by administering the antigen o a transgenic ardmal that
has been modified to produce such antibodies in response to antigenic challenge, but

whose endogenous loct have been disabled, e g, imunized xevomice {see, e.g, US.

)

Y

Pat. Nos, 6,075,181 and 6,150,384 regarding XENOMOUSE™ technology). See alse,

qf;.

for example, L ef ol Froc Nodl dead Sci USA, 103.3557-3542 (2006} regarding
human antibodics generated vis g huonan Becell hvbnidoma technology.

The term “hypervanable region,” “HVR,” or “HVY,” when used herein refers to
the regions of an antibody vanable domain which are hypervariable in sequence
and/or form structurally defined loops. Generally, antibodies comprise six HVRs;
three m the VH (HI, H2, H3), and three in the VL (L1, L2, L.3). In native antibodies,
H3 and L3 display the most diversity of the six HVRs, and H3 in particular is
belicved to play a unique role i conferring fine specificity to antibodics. See, e.g.,
Xu et al., Immunity 13:37-45 (2000); Johnson and W, m Methods in Molecular
Biology 248:1-25 (Lo, ed., Human Press, Totowa, NJ, 2003). Indeed, naturally
ocourning camelid antibodies congisting of a heavy chain only are functional and
stable in the absence of light chain. Sece, e.g., Hamers-Casterman ef o/, Nature
363:446-448 (1993); Shenift ef ¢l , Nature Struct. Biol 3:733-736 (1996).

A number of HVR delineations are in use and are encompassed herein. The
Kabat Complementanty Determining Regions (CIDRs}) are based on sequence
variability and are the most commonly used (Kabat ef af., Sequences of Proteins of
Immunological Inferest, Sth Ed. Public Health Service, National Institutes of Health,
Bethesda, MD. (1991)). Chothia refers instead to the location of the structural loops

{Chotlua and Lesk J. Mol. Biol 196:901-917 (1987)). The AbM HVKs represent a
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compromise between the Kabat HVRs and Chothia structural loops, and are used by
Oxtord Molecolar’s AbM antibody modeling scfiware. The “contact” HVRs are
based on an analysis of the available complex cryvstal structures. The residues from
cach of these HVRs are noted below.

Loop € Contact

Lt LLL L30-L36

L2 LLL L46-L33

L3 LLL L89-L96

HI H3I-H35B H26-H35B H H30 (Kabat Numbecring)

H1 HHH H30 (Chothia Numbering)

H2 HHH H47-H5%

H3 HO95-H102 HI95-H102 H9 H93-HIi01

HVRs may comprise “extended HVRs” as follows: 24-36 or 24-34 (L1}, 46-36
or 50-56 (L2) and 89-97 or 89-96 (L3} in the VL and 26-35 (H1}, 50-65 or 49-65 (H2)
and 93-102, 94-102, or 95-102 (H3) in the VH. The variable domain residues are
numbered according to Kabat ef af. | supra, for cach of these definitions.

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

The term “variable domatn residue numbering as i Kabat” or “aming acid
posttion numbering as in Kabat,” and vanations thereof, refers 1o the numbering
system used for heavy chain variable domains or light chain vanable domaing of the
compilation of antibodics 1n Kabat ¢r o/, supra. Using this numbering system, the
actual Iimear amuno acid sequence may contain fewer or addifional amino acids
corresponding to a shortening of, or nsertion into, a FR or HVR of the vanable
domain. For example, a heavy chain variable domain may nclude a single amino
acid mnsert (residuc 52a according to Kabat) after residue 52 of H2 and inserted
residues (e.g. residues 82a, 82b, and 82¢, efe. according to Kabat) after heavy chain
FR residue 82, The Kabat numbering of residugs may be determined for a given
antibody by alignment at regions of homology of the sequence of the antibody with a
“standard” Kabat numbered sequence.

The Kabat numbering system 1s generally ased when referring to a residue in
the vaniable domain (approximately residucs 1-107 of the light chain and residues 1-

113 of'the heavy chain) {c.g, Kabat ef al., Sequences of Immunological Interest. Sth
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Ed. Public Health Service, National Institutes of Health, Bethesda, Md. (1991)). The
“EU numbenng svstem” or “EU index” 1s generally used when referring to a residue
m an immunogiobulin heavy chain constant region (e.g., the EU index reported in
Kabat ef al, supray. The “EU index as in Kabat” refers o the residue numbering of
the human 1gG1 EU antibody. Unlegs stated otherwise herein, references to residue
numbers in the vanable domain of antibodics means residuc numbering by the Kabat
numbering system. Unless stated otherwise herein, references to residue numbers in
the constant domain of antibodics means residue numbering by the EU numbering
system {e.g., see United States Provisional Application No. 60/640,323, Figures for
EU numbering).

An “affinity matared” antibody 1s one with one or more alterations in one or
more HYRs thereof which result in an improvement in the affinity of the antibody for
antigen, compared to a parent antibody which does not possess those alteration(s). In
one embodiment, an affinity matured antibody has nanomolar or even picomolar
affinities for the target antigen.  Affinity matured antibodics may be produced vsing
certain procedures known i the art. For example, Marks ef of. Bio/Technology
10:779-783 (1992) descnibes affinity maturation by VH and VL domain shuffling.
Random mutagenesis of HVR and/or framework residues is described by, for example,
Barbas ef al. Proc Nat. Acad. Sci. US4 91:3809-3813 (1994); Schier ef al. Gene
169:147-155 (1995); Yelton er ol J. Immunol. 155:1994-2004 (1993); Jackson er o/,
J Imimunol 154(7):3310-9 (1995}, and Hawikins ef af, J Mol Biol 226:385-896
(1992},

A “blocking” antibody or an “antagonist” antibody 15 one which inhibits or
reduces biological activity of the antigen 1t binds. Certain blocking antibodies or
antagonist antibodies substantially or completely inhibit the bislogical activity of the
antigen.

An “agonist antibody,” as used herein, 15 an antibody which partiaily or fully
mimics at least one of the functional activities of a polypeptide of int

“Growth mhibitory™ antibodics are those that prevent or reduce proliferation
of a cell expressing an antigen to which the antibody binds. For example, the
antibody may prevent or reduce profiferation of cancer cells that express Smo or
mutant i vifro and/or in vivo,

Antibodies that “induce apoptosis” are those that induce programmed cell

death as determined by standard apoptosis assays, such as binding of annexin V,
25
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fragmentation of DNA, ccll shrinkage, dilation of endoplasmic reticulum, cell
fragmentation, and/or formation of membrane vesicles {called apoptotic bodics).
Antibody “effector functions” refer to those biological activitics attributable to

the Fc region {a native sequence Fe region or amino acid sequence variant Fe region)

[ O

of an antibody, and vary with the antibody isotype. Hxamples of antibody effector
functions include: Clq binding and complement dependent cytotoxicity (CBC); Fe
receptor binding; antibody-~dependent celi-mediated cyvtotoxicity (ADCC);
phagocytosis, down regulation of cell surface receptors (e.g. B cell receptor); and B
cell activation.

10 The term “Fc region” heren is used to define a C~erminal region of an
nmunoglobulin heavy chain, mcluding native sequence Fe regions and variant Fo
regions. Although the boundaries of the Fe region of an immunoglobulin heavy chain
might vary, the human Ig( heavy chain Fe region 1s usually defined to stretch from an

amino acid residue at position Cys226, or from Pro230, to the carboxyl-terminus

oy
5

thereof, The C-ternunal lysing (residue 447 according to the EU numbering svstem}
of the Fe region may be removed, for example, during production or purification of
the antibody, or by recombinantly engineering the nucleic acid encoding a heavy
chain of the antibody. Accordingly, a composition of intact antibodies may comprise
antibody populations with all K447 residues removed. antibody populations with no
20 K447 residues removed, and antibody populations having a mixture of antibodies with
and without the K447 residue.

A “fimetional Fe region” possesses an “effector function” of a native sequence
Fc region. Exemplary “effector functions™ include Clg binding; CDC; Fe receptor

binding; ADCC; phagocyiosis; down regulation of cell surface receptors (e.g B celi

5
>

[O2

receptor; BCR), ere. Such effector functions generally require the Fe region to be
combined with a binding domain {e.g., an antibody vanable domain) and can be
assessed using various assays as disclosed, for example, in definitions herein.

A “native sequence Fe region” comprises an amino actd sequence identical to
the amino acid sequence of an Fe region found m nature. Native sequence human Fo
30 regions include a native sequence human IgGl Fe region (non-A and A allotypes);
native sequence human IgG2 Fe region; native sequence human 1gG3 Fe region; and
native sequence human fg(ed Fe region as well as naturally occurring variants thereof.

A “vanant Fc region” comprises an amino acid sequence which difters from

that of a native sequence Fc region by virtue of at least one amino acid modification,
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and, in some embodiments, one or more amino acid substitution{s}. In some
embodiments, the variant Fc region has at least one amino acid substitution compared
1o a native sequence Fe region or to the Fe region of a parent polypeptide, e.g. from
about one to about ton amino acid substitutions, and, in some embodiments, from
about one to about five aming acid substitutions in a native sequence Fe region or in
the Fe region of the parent polypeptide. The variant Fe region berein will in some
embodiments possess at least about 80% homology with a native sequence Fe region
and/or with an Fc region of a parent polypeptide, and in some embodiments at least
about 90% homoelogy therewith, and in some embodiments at least about 95%
homology therowith.

“Fe receptor” or “FeR” deseribes a receptor that binds to the Fe region of an
antibody. In some embodiments, an FcR is a native homan FeR. In some
crabodiments, an FcR 1s one which binds an Ig( antibody (a garoma receptor) and
mehudes receptors of the FoyRE FeyRIL and FoyRIH subelasses, inchuding allelic
variants and alteratively sphiced forms of those receptors. FoyRII receptors include
FoyRILA (an “activating receptor”} and FeyRIIB {(an “mhibiting receptor”), which
have similar anuno acid sequences that differ primanily in the cvtoplasmic domains
thereof. Activating receptor FoyRUA contains an immunoreceptor tyrosine-based
activation motif ({TAM) 1o its eytoplasmic domain. Inhibiting receptor FoyRIEB
contains an immunoreceptor tyrosine-based inhibition motif (ITIM} in its cytoplasmic
domain. {see, e.g., Daéron, Annu. Rev. Immunol 15:203-234 {(1997)). FcRs are
reviewed, for example, in Ravetch and Kinet, 4. Rev, fmmunol 9:457-92 (1991);
Capel ef al., Immunomethods 4:25-34 {1994} and de Haas ef ol J Lab. Clin. Med.
126:330-41 (1993}, Other FoRs, including those to be identified in the future, are
encompassed by the torm “FeR” herein.

The term “Fe receptor” or “FeR” also includes the neonatal receptor, FeRa,
which is responsible for the transfer of maternal IgGs to the fetus (Guyer ef al., J.
Immunol Y17:587 (1976} and Kum et /., J Immunc!. 24:249 (1994}) and regulation
of homeostasis of immunoglobuling. Methods of measuring bmding to FcRn are
known (see, e.g., Ghetie and Ward. |, Immunol. Today 18(12):592-398 (1997); Ghetie
et al., Nature Biotechnology, 15(7y:637-640 (1997}, Hinton ef ¢!, 7. Biol Chem.
279(8y:6213-6216 (2004); WO 2004/92219 (Hinton ef ¢l ).
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Binding to human FcRan iz vive and serum half life of human FeRa high
affinity binding polypeptides can be assayed, e.g., in transgenic mice or transfected
human cell lines expressing human FoeRn, or in primates to which the polypeptides
with a variant F¢ region are admimistered. WO 2000/42072 (Presta) describes
antibody variants with improved or diminished binding to FcRs. See also, e g,

Shields er af. J. Biol. Chem. 9(2):6591-6604 (2001).

[ O

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

10 mediate ADCC include peripheral blood mononuclear cells (PBMC), natural killer
{INK) cells, monocyies, evtotoxic T cells, and neutrophils. The effector cells may be
isolated from a native source, e.g., from blood.

“Antibody-dependent cell-mediated cytotoxicity” or “TADCC” refers to a form
of cytotoxicity in which secreted Ig bound onto Fe receptors (FcRs) present on certain

15 cytotoxic cells {e.g. NK cells, neutrophils, and macrophages) enable these cvtotoxic
cffector cells to bind specifically to an antigen-bearing target cell and subsequently
kill the target cell with cytotoxins. The primarv cells for mediating ADCC, NK cclis,
express FeyRIIT only, whereas monocytes express FoyRIE, FoyRIL and FeyRIE FeR
expression on hematopoietic cells is summarized in Table 3 on page 464 of Ravetch

20 and Kinet, Ann. Rev. Immunol 9:457-92 (19913, To assess ADCC activity of a

molecule of interest, an in vitre ADCC agsay, such as that described 1n US Patent No.

5,500,362 or 5,821,337 or U.S. Patent No. 6,737,056 (Presta), may be performed.

Usetl effector eclls for such assays include PBMC and NK cells. Alternatively, or

additionally, ADCC activity of the molecule of inferest may be assessed in vivo, e.g.,

m an animal model such as that disclosed in Clynes ef al. PNAS (UUSA4) 95:652-656

(1998}

[N}
U1

“Complement dependent cviotoxicity” or “CDIC” refers to the lysis of a target
cell in the presence of complement. Activation of the classical complement pathway
is mitiated by the binding of the first component of the complement system {Clg) to

30 antibodies (of the appropriate subclass), which are bound to their cognate antigen. To
assess complement activation, a CDC assay, e.g.. as described m Gazzano-Santoro ef
al., J. fmmunol Methods 202:163 (1996}, may be performed. Polypeptide vanants

with altered Fe region amino acid sequences {polypeptides with a vanant Fe region)
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and increased or decreased Clg binding capability are descnbed, e g, tn US Patent
Ng. 6,194,551 Bl and WO 1999/51642. See also, e.g., Edusogie ef al. J. Immunol.
164: 4178-4184 (2000},

The term “Fe region-comprising antibody™ refers to an antibody that
comprises an Fe region. The C-terminal lysine {residue 447 according to the EU
numbering system) of the Fe region may be removed, for example, during punfication
of the antibody or by recombinant enginecering 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.

“Binding affinity” generally refers to the strength of the sum total of
noncovalent interactions between a single binding site of a molecule {e.g., an
antibody} and its binding partner (e. g, an antigen). Unless indicated otherwise, as
used herein, “binding affinity” refers to intnnsic binding affinity which retlects a 1:1
mteraction between members of a binding pair {e.g., antibody and antigen). The
affiraty of a molecule X for #ts partner Y can generally be represented by the
dissociation constant (kd). Affimity can be measured by common methods known in
the art, including those described herein. Low-affinity antibodies generally bind
antigen slowly and tend to dissociate readily, whereas high-affinity antibodics
generally bind antigen faster and tend to remain bound longer. A varicty of methods
of measuring binding affimity are known in the arf, any of which can be used for
purposes of the present disclosure. Specific iHustrative and exemplary embodiments
for measuring binding affinity are descnbed in the following.

In one embodiment, the “Kd” or “Kd value” according to this disclosure 1s
measured by a radiolabeled antigen binding assay (RIA)} performed with the Fab
version of an antibody of interest and its antigen as described by the following assay.
Solution binding affinity of Fabs for antigen is measured by cquilibrating Fab with a

.. . . o125
mimimal concentration of {

D}-labeled antigen in the presence of a titration series of
undabeled antigen, then capturing bound antigen with an anti-Fab antibody-coated
plate (sce, e.g., Chen, er ol | J. Mol Biol 293:865-881(1999})). To establish
conditions for the assay, MICROTITERY 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

seram albumin in PBS for two to five hours at room temperature (approximately
29
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23°C). In a non-adsorbent plate (Nunc #269620), 100 pM or 26 pM [**I}-antigen are
mixed with senal dilutions of a Fab of interest {e.g., consistent with assessment of the
anti-VEGYF antibody, Fab-12, in Presta ef al., Cancer Res. 57:4593-4599 (1997)). The
Fab of interest is then mcubated overmight; however, the incubation may continue for
a longer period {e.g., about 65 hours) to ensure that ¢quilibriom is reached. Thercafter,
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 pliwell of
scintillant (MICROSCINT-20 ™ Packard) is added. and the plates are counted on a
TOPCOUNT ™ gamma counter (Packard) for ten minutes. Concentrations of each
Fab that give less than or equal to 20% of maximal binding are chosen for use in
competitive binding assays.

According to another embodiment, the Kd or Kd value is measured by using
surface plasmon resonance assays using a BIACORE®-2000 or a BIACORE ®-3000
(BlAcore, Inc., Piscataway, NI} at 25°C with immobilized antigen CMS chips at ~10
response units (RU}. Briefly, carboxymethylated dextran biosensor chips (M3,
BIACQORE, Inc.) are activated with N-ethyl-N '~ (3-dimethylaminopropyl)-
carbodiimide hvdrochlonide (EDNC) and N-hydroxvsuccinimide (NHS) according to
the supplier’s instructions. Antigen is dibuted with 10 mM sodium acetate, pH 4 8, to
5 ng/md (~0.2 uM) before injection at a flow rate of 5 pl/minute to achieve
approximately 10 response units (RU} of coupled protein. Following the injection of
antigen, | M ethanolamine is injected to block vnreacted groups. For kinetics
measurements, two-fold serial dilutions of Fab (0.78 oM to 300 nM) arc injected in
PBS with 0.05% TWEEN-20" surfactant (PBST) at 25°C at a flow rate of
approximately 25 ul/min. Association rates (kgy) and dissociation rates (kqfp) are
calculated using a simple one-to-one Langmuir binding model (BIACORE®
Evaluation Software version 3.2) by simultancously fitting the association and
dissociation sensorgrams. The equilibrium dissociation constant (Kd) is calculated as
the ratio kgfykon See. e.g.. Chen et al, J Mol Biol 293:865-881 (1999). If the on-
rate exceeds 106 M-1 s-1 by the surface plasmon resonance assay above, then the on-
rate can be determined by using a fluorescent quenching technique that measures the
merease or decrease in fluorescence emission intensity {excitation = 295 nm; cmission
= 340 nm, 16 nm band-pass} at 25°C of a 20 nM anti-antigen antibody (Fab form) in

30

PCT/US2016/016614



WO 2016/126972 PCT/US2016/016614

PBS, pH 7.2, in the presence of increasing concentrations of antigen as measured in a
spectrometer, such as a stop-flow equipped spectrophometer (Aviv fnstruments) ora
8000-series SLM-AMINCG ™ spectrophotometer ( ThermoSpectronic) with a stirred

cuvetie.

[ O

An “on-rate,” “rate of asscciation,” “association rate,” or “kun according to
this disclosure can also be determined as described above using a BIACORE “-2000
or a BIACORE "-3000 system (BlAcore, Inc., Piscataway, NJ).

The term “substantially similar” or “substantially the same,” as used herein,
denotes a sufficiently high degree of simiarity between two numeric values (for
10 example, one associated with an antibody of the disclosure and the other associated
with a reforence/comparator antibody}, such that one of skill in the art would consider
the difference between the two values to be of hittle or no biclogical and/or statistical
significance within the context of the biological characteristic measured by said

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

&

oy
5

than about 50%, less than about 409, less than about 309, 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,
denotes a safficiently high degree of difference between two numertc values
{gencrally one associated with a molecule and the other associated with a
20 reference/comparator molecule) such that one of skill in the art would consider the
difference between the two values to be of statistical significance within the context
of the bislogical characteristic measured by said values {e.g., Kd values). The
difference between said two values is, for example, greater than about 10%, greater

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

5
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about 50% as a function of the value for the reference/comparator molecule.
“Purified” means that a molecule is present in & sample at a concentration of at

least 95% by weight, or at least 98% by weight of the sample in which it is contained.
An “isolated” nucleic acid molecule s a nucleic acid molecule that is

separated from at least one other nucleic acid molecule with which if is ordimarily

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

further includes a nucleic acid molecule contained in cells that ordinanly express the

nucleic acid molecule, but the nucleic acid molecule 1s present extrachromosomally or

at a chromosomal location that 1s different from s natural chromosomal location.
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An “isolated” protein is a protein that is separated from at least one other
cellular component with which it 1s ordinarily associated, for example, in #ts natural
environment. In some embodiments, an “isolated” protein is a protein expressed in a

cell 1 which the protein is not normally expressed. In some embodiments, the

[ O

isolated protein is a recombinant protein.

The term “vector,” as used hercin, is intended to refer to a nucleic acid
molecule capable of transporting another nucleic acid to which it has been linked.
One type of vector is a “plasmid,” which refers to a circular double stranded DNA
mnto which additional DNA segments may be ligated. Another type of vectoris a
10 phage vector. Another type of vector is a viral vector, wherein additional DNA
segments may be ligated into the viral genome. Certain vectors are capable of
autonomous replication in a host cell into which thev are introduced {e.g., bacterial
vectors having a bacterial origin of replication and cpisomal mammalian vectors).

Other vectors (e. g, non-episomal mammalian vectors) can be integrated into the

oy
5

genome of a host cell upon introduction into the host cell, and thereby are replicated
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

herein as “recombinant expression vectors,” or simply, “expression vectors.” In
general, expression vectors of utility in recombinant DNA techaiques are often in the
20 form of plasmids. Inthe present specification, “plasmid” and “vector” mav be used
mterchangeably as the plasmid is the most commonly used form of vector.
“Polynucleotide,” or “nucleic acid,” as used interchangeably herein, refer to
polymers of mucleotides of any length, and include DNA and RNA. In some

embodiments, the nucleic acid 15 a cDNA molecule, or fragment thereof. The
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nucleotides can be deoxyribonucleotides, ribonucleotides, modified nucleotides or
bases, and/or their analogs, or any substrate that can be incorporated into a polyvmer
by DNA or RNA polvmerase or by a svothetic reaction. A polvnucheotide may
comprise modified nucleotides, such as methylated nucleotides and their analogs. If
present, modification to the nucleotide structure may be imparted before or after

30 assemblv of the polvmer. The sequence of nucleotides may be interrupted by non-
nucleotide components. A polyvnucleotide may comprise modification{s) made after
synthesis, such as conjugation to a label. Gther types of modifications include, for
cxample, “caps,” substitution of one or more of the naturally occurring mucieotides

with an analog, internucieotide modifications such as, for example, those with
32



WO 2016/126972

[ O

10

5
>

[O2

uncharged linkages {e. g, methyl phosphonates, phosphotriesters, phosphoanidates,
carbamates, efc.) and with charged linkages {e.g., phosphorothicates,
phosphorodithioates, efc.}, those containing pendant moicties, such as, for example,
proteins {e.g., nucleases, toxins, antibodies, signal peptides, piv-L-lvsine, etc.}, those
with intercalators {(e.g., acridine, psoralen, efc.}, those containing chelators {e.g.,
metals, radicactive metals, boron, oxidative metals, efc.), those containing alkvlators,
those with modified Iinkages (e.g., alpha anomeric nucleic acids, efc.), as well as
vnmodified forms of the polynucleotides{s). Further, any of the hyvdroxyl groups
ordinarily present in the sugars may be replaced, for example, by phosphonate groups,
phosphate groups, protected by standard protecting groups, or activated to prepare
additional linkages to additional nucleotides, or may be conjugated to solid or semi-
solid supports. The 5” and 37 termuinal OH can be phosphorylated or substituted with
amines or organic capping group moietics of from 1 to 20 carbon atoms. Other
hydroxyls may also be derivatized to standard protecting groups. Polynucleotides can
also contain analogous forms of ribose or deoxyribose sugars that are generally
known 1 the art, including, for example, 2°-G-methvi-, 2°-0-allvl-, 2”-fluoro- or 2°-
azido-ribose, carbocyclic sugar analogs, g~-anomeric sugars, epimeric sugars such as
arabimose, xyloses or lvxoses, pyranose sugars, furanose sugars, sedoheptuloses,
acychic analogs, and basic nucleoside analogs such as methyl riboside. One or more
phosphodiester linkages mayv be replaced by alternative linking groups. These
alternative hinking groups include, but are not imited to, embodiments wherein
phosphate 1s replaced by P(()S (“thisate™), P(8)S (“dithioate™), (OINR, ("amidate™),
PIOMR, P(OYOR’, CO, or CH2 (Mformacetal™), in which each R or R is independently
H or substituted or unsubstituted alkyl (1-20 C) optionaliv containing an cther (-O-)
hnkage, arvl, alkenyl, cycloalkyl, cycloalkenyl or araldvl. Not all nkagesina
polynuclestide need be identical. The preceding description applies to all
polynucleotides referred to herein, including RNA and DNA.

“Oligonaclectide,” as used herein, generally refers to short, generally single-
stranded, generally synthetic polynuclectides that are generally, but not necessarily,
less than about 200 nucleotides in length. The terms “oligonucleotide™ and
“polynucleotide” are not mutually exclusive. The description above for
polyvnuclestides 1s equally and fully applicable to oligonucleotides.

The term “Smo,” or “SMO” or “smoothened” as used interchangeably herein,

refers 1o any native smoothened protein or nucleic acid from any veriebrate source,
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mcloding mammals such as primates (e.g. humans) and rodents {e.2., mice and rats),
unless otherwise indicated. The torm encompasses “full-length.” unprocessed SMO
as well as any form of SMO that results from processing in the cell. The term also
encommpasses naturally occurrmg vanants of SM(O, e.g., splice vanants or allelic
variants. In some embodiments, “mutant SMO” or “mutant SMO polypeptide”™ or
“mutant SMO protein” as used herein, refers to SMO having a mutation in the first
transmembrane of SMO at position 241 of human SMO, to SMO having a mutation
the second transmembrane of SMO at position 281 of human SMQO, to SMO having a
mutation in the fifth transmembrane domain of SMQO at position 408 of human SMQO,
to SMO having a mutation in transmembrane domain 6 of SMO at position 439 or
469 of human SMGO, and/or to SMQ having a mutation in the carboxy-terminal
portion of transmembrane domain 7 of SMO at position 533 or 535 of human SMO.
In some embodiments, “mutant SMO” or “mutant SMO polypeptide” or “mutant
SMO protein” as used herein, refers to a smoothened polyvpeptide comprising a
mutation at one or more aminoe acids corresponding to positions 241, 281, 408, 412,
459,469, 533 and/or 535 of SEQ ID NQO: 1. In some embodiments, the mutation at
ong or more amino acids corresponding 1o positions 241, 281, 408, 412, 459, 469, 533
and/or 535 of SEQ 1D NO: 1 comprises T241M, W281C, 408V, Ad39V, C469Y,
S333N and/or WS35L, Similarly, a mutant SMO protein s described as having
variation at any one or more of the foregoing position of wildtype human SMO. The
disclosure contemplates that any of the mutant polypepiides or nucleic acids described
herein can be described relative to a sequence wdentifier or described relative to
wildtype buman SMO. Moreover, mmutants can be described relative to SEQ 1D NO: 1
or described relative to any of the other sequence identifiers.

In some embodiments, as used herein, “treatment” (and variations such as
“treat” or “treating”) refers to chinical intervention in an atterapt to alter the natural
course of the individual or cell being treated, and can be performed cither for
prophylasis or during the course of chnical pathology. Desirable effects of treatment
mchude preventing occurrence or recurrence of disease, alleviation of svmptoms,
dinunishment of anv direct or indirect pathological consequences of the disease,
preventing metastasis, decreasing the rate of disease progression, amelioration or
palhation of the disease state, and remission or improved prognosis. In some
embodiments, antibodies of the disclosure are used to delay development of a discase

or disorder or to slow the progression of a disease or disorder. In some embodiments,
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as used heren, “treating” or "treatment” or "alleviation” refers to improving,
alleviating, and/or decreasing the severity of one or more symptoms of a condition
being treated. By way of example, treating cancer refers to improving (traproving the
patient’s condition), alleviating, delaving or slowing progression or onset, decreasing
the severity of one or more symptoms of cancer. For example, treating cancer
mcludes anv onc or more of' decreasing tumor size, decreasing rate of tumor size
merease, halimg increase n size, decreasing the number of metastases, decreasing
pain, mcreasing survival, and increasing progresston free survival.

"Treating" or "treatment” or "alleviation” refers to improving, alleviating,
and/or decreasing the severity of one or more symptoms of a condition being treated.
By way of example, treating cancer refers 1o improving (improving the patient’s
condition), alleviating, delaying or slowing progression or onset, decreasing the
severity of one or more svmptoms of cancer. For exaraple, treating cancer includes
any one or more of: decreasing tumor size, decreasing rate of tumor size increase,
halting increase in size, decreasing the mumber of metastases, decreasing pain,
mereasing survival, and increasing progression free survival. "Diagnosing” refers o
the process of identifving 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 ¢lagsification based on severity or disease progression.

"Driagnosing” refers to the process of identifving or defermining the
distingnishing 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 disease progrossion.

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

The term “pharmacecutical formulation™ refers to a preparation which is in
such form as to permit the biological activity of the active ingredient to be effective,
and which contains no additional components which are unacceptably toxic to a
subject to which the formulation would be adminustered. Such formulations may be

sterile. In certain embodiments, the pharmaceutical formulation is pyrogen free.
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A “sterile” formulation is aseptic or free from all iving microorganisms and
their spores. An “effective amount” refers {o an amount effective, at dosages and for
periods of time necessarv, to achicve 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 discase state, age, sex, and weight of the
mdividual, and the ability of the substance/molecule, to clicit a desired response m the
mdividual. A therapeutically effective amount encompasses an amount in which any
toxie or detrimental effects of the substance/molecule are cutweighed by the
therapeutically beneficial effects. A “prophylactically effective amount”™ refers to an
amount ctfective, at dosages and for periods of time necessary, to achieve the desired
prophyviactic result. Typically, but not necessarily, since a prophylactic dose 1s used
in subjects prior to or at an carlier stage of disease, the prophylactically effective
amount would be less than the therapeuticallv effective amount.

¢ term “‘cviotoxic agent” as used herem refers 1o a substance that inlubits or
prevents a celbilar function and/or causes cell death or destruction. The term is
mtended to inclode radicactive isotopes {e.g., AP TP PP v Re!® Re'™ §m ')
Bi*, P, Pb?" and radiocactive isotopes of Lu), chemotherapeutic agents (e.g..
methotrexate, adriamicin, vinca alkaloids {(vincnstine, vinblastine, etoposide),
doxorubicin, melphalan, mitomycin C, chlorambuci, daunorubicin or other
mtercalating agents, enzvmes and tragments thereof such as nucleolyiic enzymes,
antibiotics, and toxins such as small molecule toxing or enzymatically active toxins of
bactenial, fungal, plant or animal ongin, including fragments and/or varniants thercof,
and the various antitumaor or anticancer agents disclosed below. Other cvtotoxic
agents are described below. A tumoricidal agent causes destruction of tumor cells.

A “toxin” i3 any substance capable of having a detnimental effect on the
growth or proliferation of a cell.

A “chemotherapeutic agent” is a chemical corpound useful in the treatraent
of cancer. Examples of chemotherapeutic agents include alkvlating agents such as
thictepa and cvelosphosphamide (CYTOXAN®); alkyi suifonates such as busulfan,
mmprosulfan and piposulfan; azindines such as benzodopa, carbogquone, meturedopa,
and uredopa; ethylenimines and methylamelamines mchuding altretanmine,
tricthvlencmelamine, tricthylenephosphoramide, triethylenethiophosphoramide and
trmethylomelaminge; acetogenins (especially bullatacin and bullatacinone); delta-9-

tetrabvdrocannabinol {dronabinol, MARINOL®), beta-lapachone; lapachol;
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colchicines; betulinic acid; a camptothecin (including the synthetic analogue
topotecan (HY CAMTIN®), CPT-11 (irinotecan, CAMPTOSAR®R),
acetyicamptothecin, scopolectin, and 9-aminocamptothecin); brvostatin; callystatin;
CC-1063 (including its adozelesin, carzelesin and bizelesin synthetic analogues);
podophyliotoxin; podophyllinic acid; teniposide; cryptophyeins {particularly
cryptophyein 1 and cryptophvcin 8); dolastatin; duocarmycin (including the syuthetic
analogues, KW-2189 and CB1-TMI); eleutherobin; pancratistating a sarcodictyin;
spongistatin; nitrogen mastards such as chlorambucil, chlomaphazine,
chlorophosphamide, estramustine, ifosfamide. mechlorethamine, mechlorethamine
oxide hvdrochloride, melphalan, novembichin, phenesterine, predoumustine,
trofostamide, uracil mustard; nifrosoureas such as carmustine, chlorozotocin,
fotemustine, lomustine, nimustine, and ranimnusting; antibiotics such as the enedivne
antibiotics {¢. g., calicheamicin, especially calicheamicin gammall and calichcamicin
omegall (see, e.g., Nicolaou er al., Angew. Chem Intl. Ed. Engl., 33 183-186 (1994));
CDP323, an oral alpha-4 integrin mhibitor; dynemicin, including dynemicin A; an
esperamicin; as well as neocarzinostatin chromopbore and related chromoprotein
enedivne antibiotic chromophores), aclacinomysins, actinomycin, avthramyvcin,
azasering, bleomyveins, cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycins, dactinomyein, daunorubicin, detorubicin, 6-diazo-3-oxo-L-norleucine,
doxorubicin {including ADRIAMY CIN®, morpholino-doxorubicin,
cvanomorpholino-doxorubicin, 2-pyrrolino-doxorubicn, doxorubicin HCI liposome
mjection {BOXIL®), liposomal doxorubicin TLC D-99 (MY OCET®), peglviated
liposomal doxorubicin (CAELY X®), and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcellomvein, mitomycins such as mitomycin C, mycophenolic acid,
nogalamyein, olivomyeins, peplomyein, porfiromycin, puromyein, qguelamycin,
rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicing
anti-metabolites such as methotrexate, gemcitabine (GEMZAR®), tegafur
(UFTORAL®), capecitabine (XELODA®), an epothilone, and 5-fluorouracil (5-FU);
folic acid analogues such as denopterin, methotrexate, pteropternin, trimetrexate;
purine analogs such as fludarabme, 6-mercaptopurine, thiamiprine, thioguanine;
pyrimidine analogs such as ancitabine, azacitidine, 6-azaunidine, carmofur, cytarabine,
dideoxyurnidine, doxiflunidine, enocitabine, floxuridine; androgens such as calusterone,
dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals

such as aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolimic
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actd; aceglatone; aldophosphamide glycoside; aminclevulinic acid; entluracil;
amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; demecoleine; diaziquone;
clformithine; elliptinium acetate; an epothilone; etoglucid; gallivm nitrate;
hydroxyurea; lentinan; lonidainine; mavtansinoids such as maytansine and
ansamitocing; mitoguazone; mitoxanirone; mopidanmol; nitracrine; pentostating
phenamet; pirarubicin; losoxantrone; 2-cthylhydrazide; procarbazine; PSK®
polysaccharide complex (JHS Natural Products, Eugene, OR); razoxane; thizoxin;
sizofiran; spirogermanium; tenvazonic acid; triaziguone; 2.2°.27-
trichlorotriethylamine; trichothecenes {especially T-2 toxin, verracurin A, roridin A
and anguidine); urcthan; vindesine (ELDISINE®, FILDESIN®); dacarbazine;
mannomustine; mitobronitol; mitolactol; pipobroman; gacvtosine; arabinoside (“Ara-
7} thiotepa; taxoid, e.g., paclitaxel (TAXOL®), albumin-engineered nanoparticle
formulation of paclitaxe] (ABRAXANE™), and docetaxe! (TAXOTERE®);
chloranbucil; 6-thioguanine; mercaptopurine; methotrexate; platinum agents such as
cisplatin, oxaliplatin (e g., ELOXATIN®Y}, and carboplatin; vincas, which prevent
tubulin polvmerization from forming microtubules, including vinblastine
{VELBAN®), vincristing (ONCOVIN®}, vindesine (ELDISINE®, FILDESING),
and vinorelbine (NAVELBINE®Y); ctoposide (VP-16); ifosfamide; mitoxantrong;
leucovoring novantrone; edatrexate; davnomycin; aminopierin; ibandronate;
topoisomerase inhibitor RFS 2000, difluoromethyvlomithine {DMFQO); retinoids such
as retinoic acid, meluding bexarotene (TARGRETIN®Y); bisphosphonates such as
clodronate (for example, BONEFOS® or OSTAC®), etidronate (DIDROCAL®R),
NE-38095, zoledronic acid/zoledronate (ZOMETA®), alendronate (FOSAMAX®),
pamidronate {AREDIA®), tilludronate (SKELID®), or risedronate (ACTONEL®);
troxacitabine (a 1,3-dioxolane nucleoside cviosine analog); antisense oligonucleotides,
particularly those that inhibit expression of genes in signaling pathways implicated in
aberrant cell proliteration, such as, for example, PKC-alpha, Raf, H-Ras, and
epidermal growth factor receptor (EGF-R); vaceines such as THERATOPE® vaccine
and gene therapy vaccines, for example, ALLOVECTIN® vaccine, LEUVECTIN®
vaccine, and VAXID® vaccine; topoisomerase | inhibitor {e.g, LURTOTECAN®R);
mmRH {(e.g., ABARELIX®); BAY 439006 (sorafenib; Baver), SU-11248 (sunitinib,
SUTENT®, Pfizer); perifosine, COX-2 inhibitor {e.g. celecoxib or storicoxib),
protecosome inhibitor (e.g. P5341); bortezonub (VELCADE®), CCI-779; tipifarnib

{R11577); orafenib, ABTS10; Bel-2 inhibitor such as oblimersen sodiom
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(GENASENSE®); pixantrone; EGFR inhibitors {see definition below); tyrosine
kinase inhibitors (see definition below); serine-threonine kinase inhibitors such as
rapamycin (sirolimus, RAPAMUNE®); famesyitransferase inhibitors such as
lonafamib {SCH 6636, SARASAR™); and pharmaceutically acceptable salts, acids or
derivatives of any of the above; as well as combinations of two or more of the above
such as CHOP, an abbreviation for a combined therapy of cyclophosphamide,
doxorubicin, vincristing, and prednisolone; and FOLFOX, an abbreviation for a
treatment regimen with oxaliplatin (ELOXATIN™Y combined with 5-FU and
leucovornn.

Chemotherapeutic agents as defined herein inchude “anti-hormonal agents” or
“endocring therapeutics™ which act to reguiate, reduce, block, or inhibit the effects of
hormones that can promote the growth of cancer. They mayv be hormones themselves,
ncluding, but not hmited to: anti~estrogens with mixed agonist/antagonist profile,
meluding, tamoxifen (NOLVADEXE), 4-hvdroxytamoxifen, toremifene
(FARESTON®), idoxafene, droloxifene, raloxifene (EVISTA®), trioxafene, keoxifene,
and selective ¢strogen receptor modulators (SERMs) sach as SERM3; pure anti-
estrogens without agonist propertics, such as fulvestrant (FASLODEX®), and EMB00
{such agents may block estrogen receptor (ER) dimerization, inhibit DNA binding,
merease ER turnover, and/or suppress ER levels}; aromatase inhibttors, including
steroidal aromatase inhibitors such as formestane and exemestane (AROMASIN®),
and nonsteroidal aromatase inhibifors such as anastrazole (ARIMIDEX®), letrozole
(FEMARA®) and aminoglutethimide, and other aromatase imhibitors include
vorozole {(RIVISOR®), megestrol acctate (MEGASE®R), fadrozole, and 4(5)-
nmidazoles; lutenizing hormone-releaseing hormone agonists, including leuprohide
{(LUPRON® and ELIGARD®R), goserelin, buserslin, and tripterelin; sex steroids,
mehuding progestines such as megestro! acetate and medroxyprogesierone acetate,
estrogens such as dicthvistilbestrol and premarin, and androgens/retinoids such as
fluoxymesterone, all transretionic acid and fenrctinide; onapristone; anti-
progesterones; estrogen receptor down-regulators (ERDsY; anti-androgens such as
flutamide, nilutamide and bicalutanude; 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 mhibitory agent” when used herem refers to a compound or

composition which inhibits growth of a cell {such as a cell expressing SMQO) cither in
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vitro or in vive. Thus, the growth inhibitory agent may be one which significantly
reduces the percentage of cells (such as a cell expressing SMO) in S phase. Examples
of growth inhibitory agents mclude agents that block ccli evcle progression {at a place
other than S phase), such as agents that induce G1 arrest and M-phase arrest.
Clagsical M-phase blockers include the vincas (vincristing and vinblastine), taxanes,
and topoisomerase { inhibitors such as doxorubicin, epirubicin, daunocrubicin,
ctoposide, and bleomyem. Those agents that arrest (51 also spill over into S-phase
arrest, for example, DNA alkviating agents such as tamoxifen, prednisone,
dacarbazine, mechlorethamine, cisplatin, methotrexate, 3-fluorouracil, and ara-C.
Further information can be found m Mendelsohn and Isracl, eds., The Molecular
Basis of Cancer, Chapter 1, entitled “Cell cvcle regulation, oncogenes, and
antineoplastic drugs™ by Murakami ef of. {W.B. Saunders, Philadelphia, 1995}, e.g., p.
13, The taxanes {paclitaxel and docctaxel) are anticancer drugs both derived from the
vew tree. Docetaxel (TAXOTHERE®, Rhone-Poulenc Rover), derived from the
Earopean yew, is a sennsvnthetic analogue of paclitaxel (TAXOL®, Bristol-Myers
Sepuibby. Paclitaxel and docetaxel promote the assembly of microtubules from tebaolin
dimers and stabilize microtubules by preventing depolymerization, which results in
the wnhibition of mitosis in cells.

A “mutant Smo antagonist” is a compound that inhibits the biclogical activity
of a 8MO having an amino acid substitution at position 241, 281, 408, 459, 469, 533,
or 535 of human SMO that changes the wild-type amino acid at this position to any
other amine acid. In some embodiments, the biological activity of SMO 1s the ability
to transduce a signal upon stimulation with hedgehog to activation of Gli transcription
factor.

The term “hedgchog pathway inhibitor,” as used herein, is mtended to refer to
an agent that 1s capable of inhibiting hedgehog signaling in a cell. In particular
crbodiments, the hedgehog antagonist is capable of inlubiting hedgehog signaling in
a cell that expresses any of the mutant SM(O proteins deseribed herein. In some
embodiments, the hedgehog pathway inhibitor is capable of inhibiting hedgehog
signaling in a cell that expresses a smoothened polypeptide comprising a mutation at
ong or more amino acids corresponding to 241, 281, 408, 439, 469, 533 or 535 of
SEQ ID NO: 1 {c.g., to the corresponding position i wildtype human SMO). In some

cmbodiments, the hedgchog pathway mbibitor 1s capable of inhibiting hedgehog
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signaling i a cell that expresses a smoothened polypeptide comprising any of the
following mutations: T241M, W281C, 1408V, A459V, C469Y, 8533N and/or W335L.

I Mucleic Acids

The nucleic acids of the disclosure include isolated mutant SMO-cucoding
sequences. 1n some embodiments, the nucleic acids encode a mutant SMO protein
that 1s partially or fully resistant to vismodegib. In some embodiments, the nucleic
acid encods a mutant SMO protein that is partially or fully resistant to vismodegib in
a ccH having an additional mutation in a gene encoding a protein in the hedgehog
sigialing pathwav. In some embodimenis, the additional mutation is any of the
patched and/or SUFU nmutations described herein,

In some embodiments, the disclosure provides for an isolated nucleic acid
molecule encoding a mutant SMO protein wherein said amino acid sequence
coraprises an amino acid other than alamine at the amino acid position corresponding
to position 239 of the wildtype SMO amino acid sequence. In some embodiments
nucleic acids comprise a sequence that 15 at least 80%, 85%, 86%, &87%, 88%, 89%,
90%, 91%., 92%. 939, 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 polvpeptide comprising an amino acid other than
alamine {A) at the amino acid position corresponding o position 239 of SEQ 1D NO: 1
In some embodiments, such a nucleic acid encodes valine (V) at the amino acid
posttion corresponding to position 239 of SEQ [D NGO 1. In some embodiments, the
nucleic acid has at least one mutation from the parental wild-type SMQO at a
nucleotide position corresponding to position 7135, 716, and/or 717 of SEQ H) NO: 5.
In some embodiments, the percent ideniity i3 83%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ ID NQO: § providing
that there is at least one mutation at a nucleotide position corresponding to positions
715, 716, and/or 717 of SEQ 1D NO: 5. In some embodiments, the disclosure
provides for an tsolated nucleic acid molecule encoding a mutant SMO protein
wheretn said amino acid sequence comprises an aming acid other than threoning at the
amino acid position corresponding to position 241 of the wildtype SMOU amino acid
sequence. In some embodiments nucleic acids comprise a sequence that 1s at least
80%, 85%, 86%, 87%, 88%, 89%0, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%,
99% or 100% identical to the nucleic acid sequence of SEQ 1D NG5, and which

contain at least one mutation such that the nucleic acid encodes a SMO polvpeptide
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comprising an anmino acid other than threonine (1) at the amino acid position
corrgsponding to position 241 of SEQ ID NG 1. In some embodiments, such a
nucleic acid encodes methioning (M} at the amino acid position corresponding to
position 241 of SEQ 1D 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 721, 722, and/or 723 of SEQ ID NG 5 To some embodiments, the percent
wdentity 1s 85%, 86%, 7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
58%, 99% or 100% with SEQ 1D NG: 3 providing that there 1s at least one mutation at
a nucleotide position corresponding to positions 721, 722, and/or 723 of SEQ 1D NO:
5. In some embodiments, the disclosure provides for an isolated nucleic acid
molecule encoding a mutant SMO protein wherein said aming acid sequence
comprises an aning acid other than tryptophan at the amino acid position
corresponding to position 281 of the wildtype SMO amino acid sequence. In some
embodiments nucleic acids comprise a sequence that 1s at least 80%, 85%, 86%, §7%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or 100%
identical to the nucleic acid sequence of SEQ 1D NG5 and which contain at least one
mutation such that the nucleic acid encodes a SMO polypeptide comprismg an amino
acid other than tryptophan (W) at the nucleotide position corresponding to nucleotide
position 281 of SEQ 1D NO: 1. In some embodiments, the nucleic acid encodes
cvsteine {C} at the amino acid position corresponding to position 281 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 nucleotide position 841, 842,
and/or 843 of SEQ ID NO: 5. In some embodiments, the percent identity is 5%,
R6%, §7%, 88%, 89%, 90%, 91%, 92%, 93%, 949, 95%, 96%, 97%, 98%, 99% or
100% with SEQ 1D NO:S providing that there is at least one mutation at a nucleotide
position corresponding to positions 841, 842, and/or 843 of SEQ 1D NG: 5. in some
cmbodiments, the disclosure provides for an isolated nucleic acid molecule cocoding
a mutant SMO protein wherein said amino acid sequence comprises an amino acid
other than iscleucing at the amine acid position corresponding to position 408 of the
wildtype SMO amino acid sequence. In some embodiments nucleic acids comprise a
sequence that s at least 80%, 85%, 86%, 87%, 8§8%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% wdentical to the nucleic acid sequence of
SEQ ID NO: 5, and which contain at feast one mutation such that the nucleic acid

encodes a SMQO polvpeptide comprising an anino acid other than isoleucine (1) at the
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amino 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 NO: 1. In some emboduments, the nucleic
acid has at least one mutation from the parental wild-tvpe SMO at a nucieotide
position corresponding to position 1222, 1223 and/or 1224 of SEQG D NG: 5. In
some embodiments, the percent idemity 18 83%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ 1D NO: 3 providing
that there ig at least one mutation at a nuclestide position corresponding to positions
1222, 1223 and/or 1224 of SEQ ID NO: 5. In some embodiments, the disclosure
provides for an 1solated nucleic acid molecule encoding a mutant SMO protein
wherein said amino acid sequence comprises an amino acid other than alanine at the
aming acid position corresponding to position 439 of the wildtype SMO amino acid
sequence. In some cmbodiments nucleic acids comprise a sequence that is at least
80%, 85%, 86%, 87%, 88%, 9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identical to the nucleic acid sequence of SEQ 1D NG:3 and which
contain at least one nmutation 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 ID NO: 1. In some embodiments, the nucleic
acid encodes valine (V) at the amino acid position corresponding to position 459 of
SEQ ID NO: 1. In some cmbodiments, 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 s
85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% with SEQ ID NO: 5 providing that there 1s at least one mutation at a
nucleotide position corresponding to positions 1375, 1376, and/or 1377 of SEQ ID
NG: 5. In some embodiments, the disclosure provides for an isolated nucleic acid
maolecule encoding a mutant SMO protein wherein said amino acid sequence
comprises an amine acid other than cysteine at the amino acid position corresponding
to position 469 of the wildtype SMO amine acid sequence. In some embodiments
nucleic acids comprise a sequence that is at least 809, 85%, 86%, 87%. 88%. §9%,
0%, 91%, 92%, 93%, 94%, 955, 96%, 97%, 98%, 99% or 100% identical 1o the
nucleic acid sequence of SEQ ID NO: 5, and which contain at least one mutation such
that the nucleie acid encodes a SMO polypeptide comprising an amino acid other than

cysieine () at the amino acid position corresponding to position 469 of SEQ 1D NO:
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1. In some embodiments, the nucleic acid encodes tyrosing {Y) at the amingc acid
position corresponding to position 469 of SEQ [D NG: 1. In some embodiments, the
nucleic acid has at least one mutation from the parental wild-tvpe SMO at a
nucleotide position corresponding to position 1405, 1406 and/or 1407 of SEQ 1D NO:
5. In some embodiments, the percent identity 15 853%, 86%, 87%, B8%, 89%, 90%,
01%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% with SEQ D NO:3
providing that there 1s at least one mutation at a nucieotide position corresponding to
positions 1405, 1406 and/or 1407 of SEQ ID NG: 5. In some embodiments, the
disciosure provides for an isolated nucleic acid molecule encoding a nnitant SMO
protein wherein said amino acid sequence comprises an aming acid other than sering
at the aming acid position corresponding to position 533 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%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or 100% identical to the nucleic acid sequence of SEQ D NO:3, and
which contain at least one mutation such that the nucleic acid encodes a SMQ
polypeptide comprising an aming acid other than serine (5) at the amino acid position
corresponding to position 533 of SEQG ID NG: 1. In some embodiments, the nucleic
acid encodes asparagine (N} at the amino acid position corresponding to position 333
of SEQ 1D NO: 1. In some embodiments, the nucleic acid has at least one mutation
from the parental wild-tvpe SMO at a nucleotide position corresponding to position
1597, 1598 and/or 1599 of SEQ ID NG: 5. In some embodiments, the percent identity
15 85%, 86%, 87%, 88%, &9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% with SEQ 13 NO:5 providing that there is at least one mutation at a
nucleotide position corresponding to positions 1397, 1598 and/or 1599 of SEQ D
NO: 5. In some embodiments, the disclosure provides for an isclated nucleic acid
molecule encoding a mutant SMO protein wherein said amino acid sequence
coraprises an amino acid other than tryptophan at the amino acid position
corrgsponding 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%,
88%, 89%, 90%. 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identical 1o the nucleic acid sequence of SEQ ID NG5 and which contain at least one
mutation sach that the nucleic acid encodes a SMO polypeptide comprising an amino
acid other than trvptophan (W) at an ammo acid position corresponding o position

335 of SEQ ID NG: 1. In some embodiments, the nucleic acid encodes leucine (L) at
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a nucleotide position corresponding to amine acid position 535 of SEQ ID NG: 1.
some embodiments, the nucleic acid has at least one mutation from the parental wild-
type SMO at a nucleotide position corresponding to position 1603, 1604, and/or 1605
of SEQ ID NO: 5. In some embodiments, the percent identity is 5%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99% or 100% with
SEQ D NO: 5 providing that there 15 at least one mutation at a nucleotide position
corresponding to nucleotide position 1603, 1604, and/or 1605 of SEQ ID NG 5
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 nucleic acid scquence of SEQ 1D NG5, 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 contemplates fragments of such nucleic acids that span the
region of the mutations described above in fragments that are at least 20 nucleotides
in length. In some embodiments, the nucleotide fragments are 25, 30, 35, 40, 45, 50,
55, 60, 65,70, 75, 80, 85, 90, 95, or 100 nucleotides m length. The fragments may be
anv length that spans the region of the mutations described above up to the full length
mutant SMQO-encoding nucleic acid molecule. Isolated mutant 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
recombinant systems {such as to generate mutant SMO protemn or portions thereof for
use as immunogens and for use in assays of the disclosure as described heren).

The disclosure provides nucleic acid probes which may be used to identify the
mutant SMO nucleic acid molecule in the methods of the disclosure. Nucleic acid
samples derived from tissue suspected of having a mutant SMO or from tissue
wherein the status of SMO s unknown may be screened using a specific probe for
mutant SMO using standard procedures. such as described in Sambrook ef al.,
MOLECULAR CLONING: A LABORATORY MaNuAL, Cold Spring Harbor Laboratory
Press, NY. 1989). Alternatively, the nucleic acid encoding SMO may be amplified
from the tissuc and probed with a specific probe of the disclosure to determine the
presence of absence of mutant SMO. PCR methodology is well known 1n the art
{Sambrock ef ol | supra; Dietfenbach ef af. | PCR PrRIMER: A LABORATORY MANUAL,
Cold Spning Harbor Laboratory Press, NY, 1995).
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Nucleotide sequences {or their complement} encoding mutant SMO have
various applications in the art of molecular biclogy, including uses 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 iechniques described herein, wherein those mutant
SMUO polypeptides may find use, for example, in the preparation of anti-mutant SMO
antibodies as described herem.

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

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

Bv wav of example, a screening method will comprise isolating the coding
region of mutant SMO using the known DNA sequence to svnthesize a selected probe
of about 40 bases. Hybndization probes may be labeled by a variety of labels,
including radionuclectides such as 7P or °8, or enzymatic labels such as alkaline
phosphatase coupled to the probe via avidin/biotin coupling systems. Labeled probes
having a sequence complementary to that of the mutant SMQO gene of the present
disciosure can be used to screen libraries of human cDBNA, genomic DNA or mRNA
to determine which members of such libraries the probe hybridizes to. Hybridization
products may be resolved on polvacrylamide gels. In addition, the SMO mutations
may be determined using the method described in the Examples. Hybridization
conditions, including moderate stringency and bigh stringency, are provided in
Sambrook er ol supra.

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

Other useful fragments of the SMO-encoding nucleic acids include antisense
or sense ohigonucieotides comprising a smgle-stranded nucleic acid sequence {either
RNA or BNA) capable of binding to target mutant SMO mRNA (sense) or matant
SMO DNA (antisense) sequences. Antisense or sense oligonucleatides, according to

the present disclosure, compnise a tragment of the coding region of mutant SMO
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DNA containing the mutation region. Such a fragment generally comprises at least
about 14 nucleotides, and, in some embodiments, from about 14 to 30 nucleotides.
The ability to derive an antisense or a sense oligonucleotide, based upon a cDNA
sequence encoding a given protem 1s deseribed i, for example, Stein and Cohen
{1988} Cancer Res. 48:2659 and van der Krol ef ol (1988} BioTechniques 6958,

in some embodiments, the disclosure provides for nucleic acids capable of
mhibiting expression of any of the mutant SMO nucleic acids described heremn.
Binding of antisense or sense oligonucleotides to target nucleic acid sequences results
i the formation of duplexes that block transcription or translation of the target
sequence by one of several means, including enhanced degradation of the duplexes,
premature termination of transcription or translation, or by other means. Such
methods are encompassed by the present disclosure. The antisense oligonucleotides
thus may be used to block cxpression of mutant SMO proteins, wherein those nutant
SMO proteins may play a role i the resistance of cancer in mammals to
chemotherapeutics such as GBC-0449. Antisense or sense oligonucleotides further
comprise oligonucleotides having modified sugar-phosphodiester backbones {or other
sugar Iinkages, such as those described m WO 91/06629) and wherein such sugar
hinkages are resistant to endogenous nucleases. Such oligonucleotides with resistant
sugar linkages are stable in vive (1.e., capable of resisting enzymatic degradation) but
retain sequence specificity to be able to bind to target nucleotide sequences.

Specific examples of antisense compounds useful for mhibiting expression of
mutant SMO proteins inclade oligonucleotides containing moditied backbones or
non-natural interucieoside linkages. Oligonucicotides having modified backbones
mehude those that retain a phosphorus atom in the backbone and those that do not
have a phosphorus atom in the backbone. For the purposes of this specification, and
as sometimes referenced in the art, modified oligonucleotides that do not have a
phosphorus atom in their internucleoside backbone can also be considered to be
oligonacleosides.  In some embodiment, modified oligonucleotide backbones include,
for example, phosphorothiocates, chiral phosphorothioates, phosphorodithioates,
phosphotricsters, aminoalkylphosphotri-csters, methy! and other alkvl phosphonates
mehuding 3-alkylene phosphonates, 5'-alkvlene phosphonates and chiral
phosphonates, phosphinates, phosphoramidates including 3'-amino phosphoramidate
and aminoalkviphosphoramidates, thionophosphoramidates, thionoalkviphosphonates,

thionoalkviphosphotriesters, selenophosphates and borano-phosphates having nommal
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3%.5" linkages, 2'-5' linked analogs of these, and those having inverted polarity wherein
one or more internucieotide linkages s a 3't0 3, 5'to 5" or 2'to 2' linkage. In some
embodiments, oligonucleotides having inverted polarity comprise a single 3'10 3’
Iinkage at the 3'-most mtemucleotide linkage 7.¢. a single mverted nucleoside residue
which may be abasic {the nuclecbase is missing or has a hvdroxyl group in place
thereof). Various salts, nuxed salts and free acid forms are also included.
Representative United States patents that teach the preparation of phosphorus-
contaming hinkages include, but are not imited to, U5, Patent Nos . 3,687 808,
4469863, 4476301, 5,023,243, 5,177,196, 5,188,897, 5,264,423, 5276.,019;
5,278,302, 5,286,717, 5,321,131; 5,399,676, 5,405,939, 5,453 496, 5,455,233,
5,466,677, 5,476,925, 5,519,126, 5,536,821; 5,541,306, 5,550,111, 5,563,253
3,571,799, 5,587.361; 5,194 5399, 5,565,555, 5,527,899, 5,721,218, 5,672,697 and
5,625,050, each of which is herein incorporated by reference.

In some embodiments, the nucleic acid comprises modified nucleotides or
modified oligonacleotide backbones. In some embodiments, modified
oligonuclectide backbones that do not mehude 3 phosphorus atom therein have
backbones that are formed by short chain alkyl or cycloalkyl mternucleoside inkages,
mixed heteroatom and alkyl or cycloalkyl mternucleoside linkages, or one or more
short chain heteroatomic or heterooyclic internucleoside linkages. These mclude
those having morpholino linkages {(formed in part from the sugar portion of a
nucleoside); siloxane backbones; sulfide, sulfoxide and sulfone backbones;
formacety] and thioformacetyl backbones; methylene formacety! and thioformacetyl
backbones; niboacetyl backbones; alkene containing backbones; sulfamate backbones;
methvieneimino and methyienchvdrazino backbones; sultonate and sulfonanude
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 limited to; U.S. Patent Nos.: 5,034,506,
5,166315. 5,185,444, 5214134, 5,216,141; 3,235,033, 5,264,562, 5,264,564,
5,405,938, 5,434,257, 5,466,677, 5,470,967, 5,489,677, 5,541,307, 5,561,225,
5,596,086; 5,602,240, 5,610,289; 5,602,240; 5,608,046, 5,610,289, 5,618,704;
5,623,070; 5,663,312, 5,633,360, 5,677 437, 5,792,608; 5,646,269 and 5,677 439,
cach of which is herein incorporated by reference.

in some cmbodiments of antisense oligomucieotides, both the sugar and the

miernucleoside hinkage, i.e., the backbone, of the nucleotide units are replaced with
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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 to have excelient hybridization properties, is referred to
as a peptide nucleic acid (PNA). In PNA compounds, the sugar-backbone of an
oligonucleotide is replaced with an amide containing backbone, in particular an
aminocthylglycine backbone. The nuclcobases are retained and are bound directly or
mdirectly to aza mitrogen atoms of the amide portion of the backbone. Representative
United States patents that teach the preparation of PNA compounds nclude, but are
not limited to, U.S. Patent Nos.: 5,539,082; 5,714,331, and 5,719,262, each of which
1s herein incorporated by reference. Further teaching of PNA compounds can be
found 1n Nielsen ef al (1991) Science 254:1497-1500.

In some embodiments, antisense oligonucleotides incorporate
phosphorothioate backbones and/or heteroatom backbones, and m particular ~-CH;-
NH-G-CHy-, -CH:-N(CH;)-0-CH,- (known as a methylene (methyvlimino) or MMI
backbone), ~-CH;-O-N{CH33-CHy-, ~CH-N{CH;)-N(CH3)-CH,- and -0-N{CH;)}-CH;-
CHa,- (wherein the native phosphodiester backbone is represented as -O-P-O-CH,-)
described in the above referenced .S, Patent No. 5,489,677, and the amide
backbones of the above referenced U.S. Patent No. 3,602,240, In some embodiments,
antisense oligonuclestides have morpholino backbone structures of the above-
referenced U.S. Patent No. 5,034,506

Modified oligonucleotides may also contain one or more substituted sugar
moieties. In some embodiments, oligonucleotides comprise one of the following at
the 2' position: OH; F; O-alkyl, S~alkyl, or N-alkyl; O-alkenvl, 8-alkevnyi, or N-
alkenyl; O-alkynyl, S-alkyvnvl or N-alkynyl; or O-alkyvl-O-alkyl, wherein the alkyl,
alkenyl and alkynyl may be sabstituted or unsubstituted C1 to C10 alkyl or €2 to C10
alkenv] and alkyoyl. In some embodiments, the oligonuclectides are
OH{CH )0 1CH:, O(CHL)LOCH:, O(CH o NH,, O(CH2).CH;, O(CH,)L,ONH,, and
O{(CH W ON[(CH:)CH;3 ), where n and m are from 1 to about 10, In some
embodiments, antisense sligonucleotides comprise one of the following at the 2
position: C1 to C10 lower alkyl, substituted lower alkyl, atkenyl, alkynyl, alkaryl,
aralkvl, O-alkaryi or O-aralkyi, SH, SCH;, OCN, {1, Br, CN, CFs5, OCF;, SOCH;,
SO CHs, ONGy, NGOy, Ns, NHy, heterocycloalkyl, heterocvcloalkaryl,
aminoalkylamino, polyvalkylamino, substituted stlyl, an RNA cleaving group, a

reporter group, an mtercalator, a group for improving the pharmacokinetic properties
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of an cligonuclectide, or a group for improving the pharmacodynamic properties of an
oligonucleotide, and other substituents having sinilar properties. In some
embodiments, a modification includes 2'-methoxyethoxy (2'-0-CH,CH,OCH:, also
known as 2'-0~2-methoxyethyl) or 2-MOE) (Martin ef ol (19938) Helv. Chim. Acta
78:486-504) i.¢e., an alkoxyalkoxy group. In some embodiments, a modification
ncludes 2'-dimethylaminooxyvethoxy, i.e.. a G(CH,),ON(CHs ), group, also known as
2-DMAQE, as described mn examples hereinbelow, and 2'-
dimethylaminoethoxyethoxy {also known in the art as 2'-0-
dimethylaminoethoxyethyl or 2'-BMAEQE), i.e., 2'-0-CHy-O-CHy-N(CH,).

In some embodiments, a modification includes Locked MNucleic Acids (LNAs)
i which the 2'-hydroxy! group 1s linked to the 3' or 4' carbon atom of the sugar ring
thereby forming a bicyclic sugar moiety. The linkage is, in some embodiments, a
methelyne (-CH;-), group bridging the 2' oxygen atom and the 4' carbon atom
wherein n 1s 1 or 2. LNAgs and preparation thercof are described in WO 98/39352 and
WO 99/14226.

In some embodiments, modifications include 2'-methoxy (2'-0-CH3), 2'-
aminopropoxy (2'-OCH,CH,CHNH,), 2'-allyl (2'-CH,-CH=CH;), 2'-0-alivl {(2'-O-
CH,-CH=CH,} and 2'-fluoro (2'-F}. The 2'-modification may be in the arabino (up}
position or ribo (down) position. In some embodiments, a 2'-arabino modification is
2'-F. Sinular modifications may also be made at other posttions on the
oligonucleotide, particularly the 3' position of the sugar on the 3' terminal nucleotide
or in 2'-53" linked oligonucleotides and the 5' position of 3' terminal nucleotide.
Oligonucleotides may also have sugar nimetics such as evclobuty! moicties in place
of the pentofuranosyl sugar. Representative U.S. patents that teach the preparation of
such modified sugar structures include, but are not limited to, U5, Patent Nos.
4,981,957, 5,118,800, 5,319,080; 5,359,044, 5,393 878; 5,446,137, 5,466,786,
3,514,785, 5,519,134, 5,567.811. 5,576,427, 5,591,722, 5,597,909, 5,610,300,
5,627,053, 5,639,873, 5,646,265; 5,658,873, 5,670,633, 3,792,747, and 5,700,920,
sach of which is herein incorporated by reference in ifs entirety.

In some embodiments, oligonucleotides may also include nucleobase {often
referred to in the art simply as “base”™) modifications or substitutions. As used herem,
“unmodified” or “natural” nuclecbases clade the purine bases adenine (A) and
guaning (G}, and the pyrimidine bases thymine (1), cytosine (C) and uracil (U},

Modified nuclecobases include other synthetic and natural nucieobases such as 5-
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methyleytosine (S-me-C), S-hyvdroxymethyl cvtosine, xanthine, hyvpoxanthine, 2-
aminoadentine, f-methyl and other alkyl dertvatives of adenine and guaning, 2-propyl
and other alkyl denivatives of adenine and guanine, 2-thiouracil, Z-thiothymine and 2-
thiocytosine, S-halouracil and cviosine, S-propynyl (-C=C-CH; or -CH:-C=CH) uracil
and cyiosine and other altkyoy! derivatives of pyrimidine bases, 6-azo uracil, cytosine
and thymine, S-uracil (pseudouracil), 4-thiouracil, 8~-halo, 8-amino, 8-thiol, 8-
thicalkyl, 8-hydroxyl and other 8-substituted adenines and guamnes, S-halo
particularly 5-bromo, S-triflucromethyl and other S-substituted uracils and cytosines,
7-methyiguanine and 7-methvladenine, 2-F-adenine, 2-amino-adenine, $-azaguanine
and 8-azaadenine, 7-deazaguanine and 7-deazaadenine and 3-deazaguanine and 3-
deazaadenine. Further modified nucleobases mclude tricyclic pyrimidines such as
phenoxazine ovtidine (1H-pyamido]5.4-bi{1 4}benzoxazin-2(3H}-one}, phenothiazine
cvtidinge {1H-pyrinudo}5,4-b}{1,4]benzothiazin-2(3H)-one), G-clamps such as a
substituted phenoxazine cytiding {e.g., 9-(Z-aminocthoxy)-H-pyrimidoef5,4-

bl L 4lbenzoxazin-2{3H}-one}, carbazole cytidine (2H-pyninudol4,5-blindol-2-one),
pyridoindole cyvtidine (H-pyrido[3'.2"4 5 ipvrrolo| 2, 3-d|pyrimidin-2Z-one). Modified
nucleobases may also include those in which the purine or pyrimidine base 1s replaced
with gther heterocycles, for example 7-deaza-adenine, 7-deazaguanosine, 2~
aminopyridine and 2-pyridone. Further mucleobases wnclude those disclosed in U LS.
Patent No. 3,687,808, those disclosed in THE CONCISE ENCYCLOPEDIA OF POLYMER
SCIENCE AND ENGINEERING, Kroschwitz, L1, ed., John Wiley & Sons, 1990, pp. 838-
859, and those disclosed by Englisch ef o/, ANGEWANDTE CHEMIE, INTERNATIONAL
Epimion, Wilev-VCH, Germany, 1991, 30:613. Certain of these nuclcobases are
particularly uscful for increasing the binding affinity of the oligomeric compounds of
the disclosure. These include 3-substituted pyrimidines, 6-azapyrinidines and N-2,
N-6 and -6 substituted purines, including 2Z-aminopropyladening, S-propyayluracil
and S-propvoyvicviosine. S-methyicyvtosine substitutions have been shown to increase
nucleic acid duplex stability by 0.6-1.2 °C. {Sanghvi ef a/. ANTISENSE RESEARCH AND
APPLICATIONS, CRC Press, Boca Raton, 1993, pp. 276-278) and are possible base
substitutions, even more particularly when combined with 2'-O-methoxyethyl sugar
modifications. Representative U.S. patents that teach the preparation of modified
nucleobases mchude, 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, 3,175,273, 5,367,066, 5,432.272;

5.457.187; 5.459.255: 5,484,008: 5,502,177: 5,525,711; 5,552,540; 5,587,469
51



WO 2016/126972

[ O

10

5,594,121, 5,596,091, 5,614,617, 5,645,985, 5,830,653, 5,763,588, 6,005,096,
5,681,941 and 5,750,692, each of which is herein incorporated by reference.

Another moditication of antisense oligonucleotides involves chemically
Iinking to the oligonucleotide one or more moicties or conjugates which enhance the
activity, cellular distabution or cellular uptake of the cligonuclestide. The
compounds of the disclosure can include conjugate groups covalently bound to
functional groups such as primary or secondary hvdroxyl groups. Conjugate groups
of the disclosure include imtercalators, reporter molecules, polvamines, polvamides,
polyethyiene glycols, polyethers, groups that enhance the pharmacodynamic
properties of oligomers, and groups that cuhance the pharmacokinctic properties of
oligomers. Typical conjugates groups mclude cholesterols, limds, cation lipds,
phospholipids, cationic phospholipids, biotin, phenazine, folate, phenanthridine,
anthraguinone, acriding, fluoresceins, rhodamines, coumarins, and dyes. Groups that
enhance the pharmacodynamic properties, in the context of this disclosure, include
groups that improve oligomer aptake, enhance oligomer resistance to degradation,
and/or strengthen sequence-specific hybridization with RNA. Groups that enhance the
pharmacokinetic properties, in the context of this disclosure, include groups that
mmprove oligomer uptake, distribution, metabolism or exceretion. Conjugate moietics
melude but are not limited to lipid moieties such as a cholesterol moiety (Letsinger e/
al. (1989 Proc. Natl. Acad. Sci. UUSA 86.6553-6556), cholic acid (Mancharan er o/,
{1994} Bioorg. Med. Chem. Letr. 4:1053-1060), a thioether, e.g., hexyl-S-trityvithiol
(Manoharan ef al. (1992) Ann. N.Y. Acad. Sci. 660:306-309; Manocharan ef ¢/, (1993)
Bioorg. Med. Chem. Leti. 3.2765-2770), a thiocholesterol {Oberhauser er af. (1992)
Nucl. Acids Res. 20:533-538), an aliphatic chain, e.g., dodecandiol or undecyl
residues (Saison-Behmoaras er o (1991) FAMBO J 10:1111-1118; Kabanov ef ¢l
{1990) FEBS Letr. 259:327-330; Svinarchuk ef al. (1993) Biochimie 75:49-54, a
phospholipid, e.g., di-hexadecyl-rac-glveerol or tricthvl-ammoniom 1,2-di-0O-
hexadecyl-rac-glycero-3-H-phosphonate (Manoharan e al. (1993) Tetrahedron Lett.
36:3651-3654; Shea ef al. {1990} Nucl. Acids Kes. 18.3777-3783}, a polvamine or a
polyethyiene glveol chaim (Manoharan er o/, (1995) Nucleosides & Nucleotides
14:969-973), or adamantane acetic acid (Manoharan ef al. {1995) Terrahedron Lett.
36:3651-3654), a palmityl motety (Mishra ef al. (1995} Biochim. Biophys. Acta
1264:229-237). or an octadecylamine or hexylamino-carbonyl-oxvcholesterol moiety.

Oligonucleotides of the disclosure may also be conjugated to active drug substances,
32

PCT/US2016/016614



WO 2016/126972

[ O

10

for example, aspirm, warfarin, phenylbutazone, tbuprofen, suprofen, fenbufen,
ketoprofen, (8)-{+}-pranoprofen, carprofen, dansyisarcosine, 2.3,5-triiodobenzoic acid,
flufenamic acid, folinic acid, a benzothiadiazide, chlorothiazide, a diazepine,
mdomethicin, a barbiturate, a cephalosporin, a sutfa drug, an antidiabetic, an
antibactenial or an antibiotic. Oligomucleotide-drug conjugates and their preparation
are described in U8, Patent Nos.: 4,828,979 4948 882: 5,218,105; 5,525,465;
5,541,313, 5,545,730, 5,552,538, 5,578,717, 5,580,731, 5,580,731 5,591,584,
5,109,124, 5,118,802, 5,138,045; 5,414,077, 5,486,603, 5,512,439, 5,578,718,
5,608,046, 4,587,044 4,605,735, 4,667,025, 4,762,779, 4,789,737, 4 824 941,
4,835,263; 4,876,335, 4,904,582, 4,958,013, 5,082,830, 5,112,963, 5,214,136
5,082,830, 5,112,963; 5,214,136, 5,245,022, 5254 469, 5258.506, 5,262,536;
5,272,250, 5.292 873, 5.317.098; 5,371,241, 5,391,723, 5,416,203, 5,451,463,
53,510,475, 5,512,667, 5,514,785, 5,565,552, 5,567,810 5,574,142 5,585,481,
5,587,371, 5,595,726, 5,597,696, 5,599,923; 5,599,928; 5,688,241 and 6,656,730,
each of which s herein mcorporated by reference.

It 1s not necessary for all positions 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 micleoside within an
chigonucleotide. The present disclosure also includes antisense compounds which are
chimeric compounds. “Chimeric” antisense compounds or “chimeras,” in the context
of this disclosure, are antisense compounds, particularly oligonucleotides, which
contamn two or more chemically distinct regions, each made up of at least one
monomer unit, i.e., a nucleotide in the case of an oligonucleotide compound. These
oligonucleotides typically contain at least one region wherein the oligonucleotide is
modified so as to confer upon the oligonucleotide mercased resistance to nuclease
degradation, increased cellolar 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 RNADNA or RNARNA hyvbrids. By way of example,
RNase H is a cellular endonuclease which cleaves the RNA strand of an RNADNA
duplex. Activation of RNase H, therefore, resulis in cleavage of the RNA target,
therchy greatly enhancing the efficiency of oligonucleotide mhibition of gene
expression. Consequently, comparable results can often be obtained with shorter
oligonucleotides when chimeric oligonucleotides are used, compared to

phosphorothicate deoxyoligonucieotides hybndizing to the same target region.
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Chimeric antisense compounds of the disclosure may be formed as composite
structures of two or more cligonucleotides, modified oligonucleotides,
oligonucleosides and/or oligonucleotide mimetics as described above. In some
embodiments, chimertc antisense oligonucleotides mcorporate at least one 2' modified
sugar {e.g., 2'-0-(CH,},-0-CH>) at the 3' termunal to confer nuclease resistance and a
region with at feast 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-(CH;),-0-CH)
at the 3'-terminal and at the 5" terminal separated by at least ong region having at least
4 contiguous 2'-H sugars and, in some embodiments, incorporate phosphorothioate
backbone linkages. Representative United States patents that teach the preparation of
such hybnd structures include, but are not himited to, U.S. Patent Nos.: 5,013,830,
3,149.797, 5,220,007, 5,256,775, 5,366,878, 5,403,711, 5,491,133, 5,565,350,
5,623,065, 5,652,355, 5,652,356; and 5,700,922, each of which is herein incorporated
by reference in its entirety.

The antisense compounds used in accordance with this disclosure may be
conveniently and routinely made through the well-known technique of sohid phase
synthesis. Hguipment for such syathesis is sold by several vendors including, for
example, Applied Bissystems {Foster City, Calif}. Any other means for such
synthesis known in the art may additionally or altematively be cmploved. It 1s well
known to use sinular technigues to prepare ohigonucleotides such as the
phosphorothicates and alkvlated derivatives. The compounds of the disclosure may
also be admixed, encapsulated, conjugated or otherwise associated with other
molecules, molecule structures or mixtures of compounds, as for example, liposomes,
receptor targeted molecules, oral, rectal, topical or other formulations, for assisting in
uptake, distribution and/or absorption. Representative United States patents that teach
the preparation of such uptake, distribution and/or absorption assisting formulations
mciude, bat are not hmited to, U.S. Patent Nos.: 5,108,921, 5,354,844, 5416,016;
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, 5,213,804, 5,227,170, 5264221, 5,356,633,
5,395,619, 5,416,016, 5,417,978, 5,462,854, 5,469,854, 5,512,295, 5,527.528;
5,534,259; 5,543,152, 5,556,948, 5,380,575, and 3,595,756, cach of which is herein

mcorporated by reference.
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Other examples of sense or antisense oligonucleotides imchude those
cligonuclectides which are covalently linked to organic moietigs, such as those
descnbed in WO 90/10048, and other moicties that increase affintty of the
ohigonucleotde for a target nucleic acid sequence, such as poly-(L-lvsing). Further

stifl, intercalating agents, such as ellipticine, and alkvlating agents or metal complexes

[ O

may be attached to sense or antisense oligonucleotides to modify binding specificities
of the antisense or sense oligonucieotide for the target nucleotide sequence.

Antisense or sense oligonuclectides may be mitroduced into a cell contaiming
the target nucleic acid sequence by any gene transfer method, including, for example,

10 CaPOs-mediated DNA transfoction, electroporation, or by using gene transfer vectors
such as Epstein-Barr viras. In one embodiment, an antisense or sense ohigomucleotide
is inserted into a suitable retroviral vector. A cell containing the target nucleic acid
sequence 18 contacted with the recombinant retroviral vector, either in vive or ex vivo.
Surtable retroviral vectors include, but are not himited to, those derived from the

15  murine retrovirus M-MuLV, N2 (a retrovirus derived from M-Mul V), or the double
copy vectors designated DCTSA, BCTSB and DCTSC (see WO 90/13641).

Sense or antisense oligonucleotides also may be miroduced inio a cell
containing the target nuclectide sequence by formation of a conjugate with a ligand
binding molecule, as described in WO 91704753 Suitable ligand binding molecules

20  inchude, but are not linuted to, cell surface receptors, growth factors, other cyiokines,
ot other higands 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 1o its corresponding molecule or

receptor, or block entry of the sense or antisense ohigonucieotide or its conjugated

5 wversion into the cell.

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

0 lipase.

Antigense or sense RNA or DNA molecules are generally at least about 5
nucleotides o length, altematively at least about 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19,20, 21,22, 23, 24, 25,26, 27,28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,

80, 83, 90, 93, 100, 105, 110, 115, 120, 123, 130, 135, 140, 145, 150, 153, 160, 163,
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170, 175, 180, 185, 190, 195, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300,
310, 320, 330, 340, 330, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470,
480, 490, 500, 510, 520, 330, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640,
650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, 810,
820, 830, 840, 50, 860, 870, 880, 890. 900, 910, 920, 930, 940, 950, 960, 970, 980,
990, or 1000 nucleotides in length, wherein in this context the term “about” means the
referenced nucleotide sequence length plus or mimus 10% of that referenced length.

Nucleotide sequences encoding a mutant SMO can also be used to construct
hyvbridization probes for mapping the gene which encodes that SMO and for the
genetic analysis of individuals with genetic disorders. The nucleotide sequences
provided herein mav be mapped to a chromosome and specific regions of a
chromosome using known techniques, such as iz sifw hybridization, Hnkage analysis
against known chromosomal markers, and hyvbndization screening with hibraries.

A potential mutant SMO antagonist is an antisense RNA or DNA construct
prepared using antisense technology, where, e.g., an antisense RNA or BNA molecule
acts to block directly the translation of mRNA by hybndizing 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
methods are based on binding of a polyaucleotide to BNA or RNA. For example
nucleic acids encoding mutant SMO herein, are used to design an antiscnse RNA
oligonucleotide of from about 10 to 40 base pairs in length. A DNA oligonucleotide
ts designed to be complementary to a region of the gene mvolved in transcription
{triple helix ~ see Lec ef al. (1979) Nucl. Acids Res. 6:3073; Cooney ef al. (1988}
Science 241:456; Dervan er af. (1991) Science 251:1360}), thereby preveniing
transcription and the production of mutant SMO. The antisense RNA oligomucleotide
hybrdizes io the mRNA 7 vive and blocks transiation of the mRNA molecule into
the mutant SMO (Okano (1991) Neurochem. 56:560); OLIGODEOXYNUCLEQTIDES 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
antisense RNA or DNA may be expressed 7 vivo to inhibit production of the mutant
SMO. When antisense DNA is used, oligodeoxvribonucleotides derived from the
translation-inttiation site, ¢.2., between about -10 and +10 positions of the target gene

nucleotide sequence, may be used m some embodiments.
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Any of the nucleic acids are suitable for use in expressing mutant SMO
proteins and identifving natural targets or binding partners for the expressed mutant
smoothened proteins {e.g., a smoothened protein having a T241M, W21, 408V,
A439V, C469Y, S533N and/or WS35L mutation relative to wildtype SMO, such as
wildtype human SMO)}. The nucleic acids may also be used to study mutant
smoothened bioactivity, to purify mutant smocthened and 1ts binding partners from
various cells and tissues, and to identify additional components of the hedgehog

signaling pathway.

. Small Molecules

Potential antagonists of muitant SMO include small molecules that bind to the
site occupied in wild-type SMO by GDC-0449, thereby blocking the biclogical
activity of muutant SMO. Examples of small molecules include, but are not imited 1o,
small peptides or peptide-like molecules, e.g., soluble peptides, and svnthetic non-
peptidyl organic or inorganic compounds.

Ribozymes are enzymatic RNA molecules capable of catalvzing the specific
cleavage of RNA. Ribozymes act by sequence-specific hybridization to the
complementary target RNA, followed by endonucleolvtic cleavage. Specific
ribozyme cleavage sites within a potential RNA target can be identified by knowa
techniques. For further details see, e.g., Rossi {1994) Current Biology, 4:469-471,
and PCT publication No. W 97/33351 (published September 18, 1997).

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

cae small molecules can be identificd by any one or more of the scrcening
assays discussed hereinabove and/or by any other screening technigues well known

for those skilled mn the art.

HI, Proteins
The disclosure provides isolated mutant SMO proteins. Wild-type human

SMO i1s shown in SEQ ID NG: 1. In some embodiments, the mutant SMO proteins
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arc partially or fully resistant to vismodegib. In some embodiments, the mutant SMQO
proteins are partially or fully resistant to vismodegib in a celi having an additional
mutation in a gene encoding a protein in the hedgehog signaling pathway. In some
embodiments, the additional mutation is any of the paiched and/or SUFU mutations
described herein.

in some embodiments, the disclosure provides for an isolated mutant SMO
protein comprising an amino acid sequence, wherein the amino acid sequence
comprises an aming acid other than alamine at the ammne acid position corresponding
to position 239 of the wildtype SMO amino acid sequence. In some embodiments, the
SMO protein comprises an amino acid sequence that 1s at least 83%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ D NO: 1, provided that there is a substitution at amino acid position 239, In
some embodiments, the SMO protein comprises an ammo acid scquence that is at
east 859% 8() /o &7 )/0 8 /6, 899 90 )/0 919 /0 e 20/ 93)/0 949 /0 96 )/0 97% 76, 030/6,
99% or 100% identical to SEQ ID 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 NG: 1. In some embodimems, the SMO
protein comprises an amne acid sequence that is at least 85%, 86%, 87%, 88%, 89%,
00%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ
1D NO: 1, provided that the SMO protein camprises a valine {V) at the anvino acid
posttion corresponding to position 239 of SEQ D NO: 1

In some embodiments, the disclosure provides for an isolated mutant SMO
protein comprising an amino acid sequence, wherein the amino acid sequence
comprises an anmino acid other than threonine at the anuno acid position
corresponding to position 241 of the wildtype SMO amino acid sequence. 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%, 93%, 96%, 97%, 98%, 99% or
100% identical to SEQ 1D NO: 1, provided that there 1s a substitution at amino acid
position 241, 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 to SEQ ID NO: 1, provided that the
aming acid sequence comprises an antino acid other than threonine (T) at the amino
acid position corresponding to position 241 of SEQ D NG: 1. In some embodiments,

the SMO proten comprises an amino acid sequence that is at least 85%, 86%, 87%,
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88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or 100%
wdentical to SEQ ID NO: 1, provided that the SMO protein comprises a methioning
(M} at the amino acid position corresponding to position 241 of SEQ 1D NOG: 1.

In some embodiments, the disclosure provides for an isolated mutant SMO
protein comprising an amino acid sequence, wherein the amino acid sequence
coraprises 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 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 1D NG: 1, provided that there is a substitution at amino acid
position 281, In some embodiments, the SMQO proteim 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 1D NO: 1, provided that the
amino acid sequence comprises an amino acid other than tryptophan (W) at the amino
actd position corresponding to position 281 of SEQ ID NG: 1. In some embodiments,
the SMO pmtein comprises an amino acid sequence that is at least 85%, 86%, 87%,
88%, §9%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or 100%
wdentical to SEQ ID NO: 1, provided that the SMO protein comprises a cysteine {C) at
the aminoc acid position corresponding to position 281 of SEQ 2 NG 1.

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 1soleucine at the amino acid position
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 859,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identical to SEQ ID NG: 1, provided that there 15 3 mutation at amino acid
position 408, In some embodiments, the SMO protein compriscs an anino acid
sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%. 989%, 99% or 100% identical to SEQ ID NG 1, provided that the
amino acid sequence comprises ap amino acid other than isoleucine (1) at the amino
acid position corresponding to position 408 of SEQ ID NG: 1. In some embodiments,
the SMQ 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%
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wdentical to SEQ ID NG 1, provided that the SMO protein comprises a valine (V) at
the amino acid position corresponding to position 408 of SEQ [D NO: 1.

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
SMO protein comprises an aminge acid sequence that s 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 there is a nmtation at amino acid position 459, In some
embodiments, the SMO protein comprises an amino acid sequence that is at least 5%,
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 amino acid sequence comprises an
aming acid other than alanine {A) at the amino acid position corresponding to position
459 of SEQ ID NO: 1. In some embodiments, the SMO protein comprises an aming
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%. 989%, 99% or 100% identical to SEQ ID NG 1, provided that the
SMO protein comprises a valine (V) at the amino acid position corresponding to
position 459 of SEQ ID NG: 1.

In some embodiments, the disclosure provides for an 1solated mutant SMO
protein comprising an amino acid sequence, wherein the amino acid sequence
coraprises an amino acid other than cysteine at the amino acid position comresponding
to position 469 of the wildtype SMO amino acid sequence. 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 B NO: 1, provided that there is a motation at amino acid position 469. 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%, 93%, 96%, 97%, 98%, 99% or
100% identical to SEQ 1D NO: 1, provided that the aming acid sequence comprises an
amino acid other than cysteine (C} at the amino acid position corrgsponding to
position 469 of SEQ ID NO: 1. In some embodiments, the SMO protein comprises an
amine acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 9%, 1%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NQ: 1, provided
that the SMO protein comprises a tyrosing (Y ) at the amino acid position

corresponding to posttion 469 of SEQ D NG 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 amine acid other than serine at the amino acid position corresponding to
position 533 of the wildtype SMO amino acid sequence. 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 [D NO: 1, provided that there is a mutation at amino acid position 533, 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 1D NO: 1, provided that the amino acid sequence comprises an
amino acid other than serine {S) at the amino acid position corresponding to position
333 of SEQ 1D NO: 1. In some embodiments, the SMO protein comprises an aming
acid sequence that is at least 85%, 6%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% 1dentical to SEQ ID NO: 1, pmwd;d that the
SMO protein camprﬁses a asparagine {N} at the amino acid position corresponding to
position 533 of SEQ ID NO: 1.

In some embodiments, the disclosure provides for an isolated mutant SMO
protein comprising an amino acid sequence, wherein the amino acid sequence
comprises an anino acid other than trytophan at the amino acid position
corresponding to position 335 of the wildtype SMO amino acid sequence. 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 1D NG: 1, provided that there 1s a nwitation at anine acid
position 535, 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%,
05%. 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO: 1, pmvided that the
aming acid sequence comprises an anino acid other than tryptophan (W) at the amino
actd position corresponding to position 335 of SEQ ID 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%, 97%, 98%, 99% or 100%
identical to SEQ ID NG: 1, provided that the SMO protein comprises a leucine (L) at
the amino acid position corresponding to position 335 of SEQ 1D NG: 1.

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

that 1s at least 85%, 86%, 87%, 88%, 88%, 90%, 91%, 929, 93%, 94%, 95%, 96%,
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97%, 98%, 99% or 100% identical to SEQ 1D NO: 1, provided that the SMO protein
comprises at least one of the amino acid mutations indicated in Table 4 (See, Example
6.

In some embodiments, the mutant human SMO is shown 10 SEQ ID NG 6
wherein amino acid 241 is shown as “Xaa” which, with respect to this application
stands for any amino acid other than threomine (1), In some embodiments, the Xaa is
methionine (M),

In some embodiments, the mutant uman SMO s shown in SEQ ID NO:2
wheretn amino acid 281 is shown as “Xaa” which, with respect to this application
stands for any amino acid other than tryptophan (W), In some embodiments, the Xaa
is cysteine (C).

In some erabodiments, the mutant homan SMO is shown in SEQ ID NG 7
wherein amino acid 408 1s shown as “Xaa” which, with respect to this application
stands for any amino acid other than isolencine {§). In some embodiments, the Xaa is
vahineg (V}.

In some embodiments, the mutant hvwman SMO 1s shown in SEQ H3 NG:3
wherein amino acid 459 1s shown as “Xaa” which, with respect to this application
stands for any amino acid other than alanine (A). In some embodiments, the Xaa is
valine (V).

in some embodiments, the mutant human SMO 1s shown in SEQ IDNO: 8
wherein amino acid 469 1s shown as “Xaa” which, with respect to this application
stands for any amino acid other than cysteine (). In some embodiments, the Xaa is
tyrosing {Y).

In some embodiments, the mutant human SMO is shown in SEQ D NG 9
wherein amino acid 533 1s shown as “Xaa” which, with respect to this application
stands for any amino acid other than serine {5}, In some embodiments, the Xaa g
asparagine {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 amine acid other than
trvptophan (W). In some embodiments, the Xaa is leucine (L),

In some embodiments, any of the mutant SMQO proteins lack the N-terminal

methionine corresponding to position 1 of any of SEQ 1D NOs; 1-9.
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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 transtected into host cells, which may be prokaryotic or eukaryotic cells
depending on the proposed use of the protein.  Full length or fragments of mutant
SMUO {in which the fragments contain at icast a first transmembrane of SMO and
posttion 241 of human SMO, a second transmembrane domam 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 or 469 of
human SMQO, and/or the seventh transmembrane of SMO and position 533 or 535 of
human SMO ) may be used as immungogens to produce antibodies of the disclosure, or
to punfy antibodies of the disclosure, for example.

in some embodiments, the SMO protein or fragment thercof has at least one of
the same biological activities of a wildtype SMO polvpeptide (e.g., a SMO protein
having the amino acid sequence of SEQ 1D NO: 1), In some embodiments, a mutant
SMO protein {e.g., a SMO protein having a mutation at amino acid positions
corresponding to amino acids 241 or 459 of SEQ 1D NO: 1) has mcreased basal
biological activity as compared to wildiype SMQO protein {e.g., a SMO protein having
the aminoc acid sequence of SEQ ID NO: 1}, By the terms "biological activity”,
"bioactivity” or "functional” is meant the ability of the SMO protein or fragment
thereof to carry out at least one of the fimetions associated with wildtype SMO
proteins, for example, transducing the hedgehog signaling pathway and/or inducing
Glil expression. In certain embodiments, the SMO protein binds kinesin motor
protein Costal-2. The terms "biological activity”, "bicactivity”, and "functional” are
ased mterchangeably herein.

In some embodiments, any of the SMO proteins {e.g., any of the mutant SMO
proteins described heroin) is capable of transducing hedgehog signaling. By the terms
“has the ability” or “is capable of” 13 meant the recited protein will carry out the stated
bicactivity under suitable conditions {e.g., physiclogical conditions or standard
laboratory conditions). In certain embodiments, the 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 mutant SMO proteins deseribed herein) has the ability
or is capable of facilitating hedgehog signaling, the SMO protein is capable of

facilitating hedgehog signaling 10 a cell under normal physiological conditions. One
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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 carrving out a recited bicactivity.

In some embodiments, the SMO and mutant SMO proteins described herein
comprise a smoothened gaim-of-function mutation. In some embodiments, the gain-
of-function smoothened mutation resulis in a constitutively active smoothened protein.
In certain embodiments, the mutation in Smoothened comprises a mutation at any of
the specific positions, such as position corresponding to a particular position in SEQ
1D NO: 1, as set forth above with respect to the screening assay. See, e.g., WO
2011/0628950 and W2012047968, cach of which is incorporated by reference. In
some embodiments, the smoothened mutation is a mutation at a position
corresponding to position 535 of SEQ ID NG: 1. In certain embodiments, the
mutation is a mutation at 3 position corresponding o position 552 of SEG 1D NG 1.
In certain cmibodiments, the mutation is W335L at position 535 or at that
corresponding posttion in SEQ ID NG 1. In some embodiments, the smoothened
mutation is a mutation corresponding to position R562( of SEQ 1D NG: 1 (a R562Q
mutation at position 562 or at a position corresponding to position 5362 of SE{} {D
NG 1. In some embodiments, the smoothened mutation is 2 mutation at a position
corresponding to position 412 of SEQ 1D NG: 1, such as a L412F at such a position of
SEQ ID NO: 1. In some embodiments, the smoothened mutation has a mutation that
renders it resistant to certain smoothened inhibitors. In some embodiments, the
smoothened protein comprises an alternative amino acid alteration at amino acid
position 318 of SEQ ID NG 1 or at a position corresponding to position 518 of SEQ}
IDNG: 1. In some embodiments, the anuno acid alteration 1s E518K or E518A
substitution at the amino acid position corresponding to anuno acid position 318 of
SEQ IB NQO: 1. In some embodiments, the smoothened protein comprises an amino
acid aleration at anmino acid position 473 of SEQ 1D NG: 1 or at a position
corresponding to posttion 473 of SEQ 1D NO: 1

In some embodiments, any of the SMO proteins described herein (2. 2., anv of
the mutant SMO proteins described herein} is fused to another agent. fn some
embodiments, the SMO protein is fused to another polvpeptide.

Any of the mutant SMO proteins described herein are suitable for use in
wdentifying natural targets or binding partners for mutant smoothened proteins {e.g., a
smoothened protein having a T24 1M, W281C, 1408V, A439V, C469Y, S533N and/or

W535L mutation). The mutant SMO proteims may also be used to study mutant
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smoothened bioactivity, to purtfy mutant smoothened and its binding partners from
various cells and tissues, and to identify additional components of the hedgehog

signaling pathway.

IV, Antibodies

A, Anti-mutant SMO Antibodies

In one aspect, the disclosure provides antibodies that bind to SMQO,
particularly mutant SMO. In some embodiments, any of the antibodies disclosed
herein specifically bind any of the mutant SMO polypeptides described herein. For
example, a mutant SMO polypeptide comprises an epitope specifically bound by
antibodies of the disclosure. In some embodiments, the antibodies specifically bind
SMO protein that comprises an amino acid sequence that is at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or 100%
wdentical to SEQ D NO: 1, provided that there 1s a mutation at an amino acid position
corrgsponding to positions 241, 281, 408, 459, 469, 533 and/or 535 of SEQ 1D NO: 1.
In some embodiments, the antibodies do not specifically bind a SMO protein having
the amino acid sequence of SEQ ID NG: 1 or preferentially bind a moutant SMO
protein in comparison to a SMO protein having the amino acid sequence of SEQ ID
NOG: 1 (e.g., binding is selective for a mutant SMO protein). In some embodiments,
the antibodics do not bind a SMO protein that lacks a mutation at any one of the
amino acid positions corresponding to positions 241, 281, 408, 459, 469, 533 and/or
535 of SEQ ID NQ: L.

In one embodiment, an anti-SMO antibody 15 a monoclonal antibody. In one
embodiment, an anti-SMO antibody 15 an antibody fragment, e.g., a Fab, Fab’-SH, Fv,
sclFvy, or (Fab’}), fragment. In one embodiment, an anti-mutant SMO antibody s a
chimerig, humanized, or human antibody. In one embodiment, an anti-SMO antibody
is purificd. In certain emobodiments, a composition is a pharmaceutical formulation
for the treatment of cancer.

I. Antibody Fragments

The present disclosure encompasses antibody fragments. Antitbody fragments
may be generated by traditional means, such as enzvmatic digestion, or by
recombinant techniques. In certain circumstances there are advantages of using

antihody fragments, rather than whole antibodics. The smaller size of the fragments

63



WO 2016/126972

[ O

10

5
>

[O2

allows for rapid clearance, and may lead to improved access fo solid tumors. Fora
review of certain antibody fragments, see Hudson ef o/ (2003) Nar. Med. 9.129-134.
Yarious technigues have been developed for the production of antibody
fragments. Traditionally, these fragments were derived via proteolvic digestion of
mtact antibodies {see, e.g., Mornimoto ef al., Journal of Biochemical and Biophysical
Methods 24:107-117 (1992); and Brennan ef al., Science, 22981 (1985)). However,
these fragments can now be produced directly by recombinant host cells. Fab, Fv and
Schv antibody fragments can all be expressed in and secreted from ¥, cofi, thus
atlowing the facike production of large amounts of these fragments. Antibody
fragments can be isolated from the antibody phage libraries discussed above.
Alternativelv, Fab'-SH fragments can be directly recovered from Z. coli and
chemically coupled to form Fab'), fragments (Carter ef ol., Bio/Technology 10:163-
167 {1992)). According to another approach, F{ab'), fragments can be isolated divectly
from recombinant host cell culture. Fab and F(ab'y, fragment with imcreased in vivo
half-life comprising salvage receptor binding epitope residues are deseribed in U S,
Pat. No. 5,869,046, Other techniques for the production of antibody fragments will be
apparent to the skilled practitioner. In certain embodiments, an antibody is a single
chain Fv fragment (scFv). Sce WO 93/16185; U5, Pat. Nos. 5,571,894; and
5,587,458, Fv and scFv are the only species with intact combining sites that are
devoid of constant regions; thus, they may be suitable for reduced nonspecific binding
during i vivo use. scFv fusion proteins may be constructed to vield fusion of an
effector protein at either the amino or the carboxy terminus of an sckFv. See Anfibody
Fngineering, ed. Borrebacck, supra. The antibody fragment may also be a “hinear

antibody”, e.g., as described in U.S. Pat. No. 5,641,870, for example. Such linear

8
antibodies may be monospecific or bispecific.

2. Humanized Antibodies

The disclosure encompasses humanized antibodies. Various methods for
humanizing non-human antibodies are known in the art. For example, a humanized
antibody can have one or more amino acid residues introduced into it from a source
which is non-human. These non-human amino acid residues are ofien referred to as
“import” restdues, which are typically taken from an “wmport” variable domain.
Humanization can be essentially performed following the method of Winter and co-
workers {(fones ef al. (1986) Nature 321:522-525; Riechmann ef al. {1988} Nature

332:323-327; Verthoeyen ef ol (1988) Science 239:1534-1536), by substituting
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hypervariable region sequences for the corresponding scquences of a human antibody.
Accordingly, such “humanized” antibodics are chimeric antibodies (U.S. Patent No.
4,816,567) whercin substantially less than an intact human vaniable domain has been

substituted by the corresponding sequence from a non-human species. In practice,

[ O

humanized antibodies are typically human antibodies in which some hypervariable
region residucs and possibly some FR residues are substituted by residues from
analogous sites in rodent antibodies.

The choice of human variable domains, both light and heavy, to be ssed in
making the humanized antibodies can be important to reduce antigenicity. According
10 to the so-called “best-fit” method, the sequence of the variable domain of a rodent
antibody 1s screened against the entirg library of known human variable-domain
sequences. The human sequence which is closest to that of the rodent is then accepted
as the human tramework for the humanized antibody. See, e.g., Stmas er af. (1993}

Immunol 151:2296; Chothia et o/ (1987).J Mol Biol 196:901. Another method

oy
5

uses a particular framework derived fiom the consensus sequence of all human
antibodies of a particular subgroup of light or heavy chains. The same framework
may be used for several different humanized antibodies. See, e g, Carter ef al. (1992}
Proc. Natl Acad. Sci. USA, 89:4285; Presta ef . (19933 J. Immunol. | 151.2623.

It is further generally desirable that antibodies be humanized with retention of
20 high affinity for the antigen and other favorable biological properties. To achieve this
goal, according to one method, humanized antibodics are prepared by a process of
analysis of the parental sequences and various conceptual humanized products using
three-dimensional models of the parental and humanized sequences. Three-

dimensional immunoglobulin models are commonly available and are familar to
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those skilled in the art. Computer programs are avatlable which illustrate and display
probable three-dimensional conformational structures of selected candidate

immmunoglobulin sequences. Inspection of these displays permits analvsis of the likely

role of the residues in the finctioning of the candidate immunoglobulin sequence, i.e.,
the analysis of residues that influence the ability of the candidate immunoglobulin to
30 bind tts antigen. fo this way, FR residues can be sclected and combined trom the
recipient and import sequences so that the desired antibody characteristic, such as
mereased affinity for the target antigends), is achieved. In general, the hypervarniable
region residucs are directly and most substantially involved 1n influcncing antigen

binding.
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3. Human Antibodies
Human antibodies of the disclosure can be constructed by combining Fv clone
variable domain sequence(s) selected from human-derived phage display libraries

with known human constant domain sequence(s} as described above. Altematively,

[ O

human monoclonal antibodies of the disclosure can be made by the hybridoma
method. Human myeloma and mouse-human heteromyeloma cell lines for the
production of human monoclonal antibodies have been described, for example, by
Kozbor J Immunol. | 133: 3001 (1984); Brodeur ef ol , Monoclonal Antibody
FProduction Techniques and Applications, pp. 51-63 (Marcel Dekker, Inc., New York,
10 1987 and Boemer et af., J. Immunol | 147 86 (1991},

It is now possible to produce transgenic animals {¢.g. mice) that are capable,
upon immunization, of producing a full repertoire of human antibodies in the absence
of endogenous tmmunoglobulin production. For example, it has been described that

the homozygous deletion of the antibody heavy-chain joining region (JH) gene in

oy
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chimeric and germ-line mutant mice results in complete mhibition of endogenous
antibody production. Transfer of the human germ-line immunoglobulin gene array n
such germ-tine mutant mice will result in the production of human antibodies upon
antigen challenge. See, e.g., Jakobovits ef ol Proc. Natl. Acad. Sci USA, 90: 2551
{1993); Jakobovits ef af., Nature, 362: 255 {(1993); Bruggermann ¢f o/, Year in
20 Immunol, 7. 33 (1993).

Gene shuffling can also be used to derive human antibodies from non-human,
e.g. rodent, antibodies, where the human antibody has stmilar affinities and
specificitics to the starting nov~-human antibody. According to this method, which is

also called “epitope imprinting”, either the heavy or light chain variable region of a
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non-human antibody fragment obtained by phage display techniques as described
herein 1s replaced with a repertoire of haman V domain genes, creating a population
of non-human chain/human chain scFv or Fab clumeras. Sclection with antigen
results 1 1solation 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

30 corresponding non-human chain in the primary phage display clone, 7.e. the epitope
governs (imprints) the choice of the human chain pariner. When the process is
repeated in order to replace the remaining non-human chatn, a human antibody is
obtained (see PCT WO 93/06213 published April 1, 1993}, Unlike traditional

humanization of non-human antibodies by CDR grafiing, this technigue provides
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completely human antibodies, which have no FR or CDR residues of non-human
oTigii.

4. Bispecific Antibodies

Bispecific antibodies are monocional antibodies that have binding specificities

for at least two different antigens. In certain embodiments, bispecific antibodies are

[ O

buman or humanized antibodics. In certain embodiments, one of the binding
gpecificities 1s for SMO and the other 1s for any other antigen. In certain
embodiments, bispecific antibodies may bind to two different epitopes of SMQ.
Bispecific antibodies may also be used to localize cytotoxic agents to cells which

10 express SMO. These antibodics possess a SMO-binding arm and an arm which binds
a cytotoxic agent, such as, e g., saporin, anti-interferon-g, vinca alkalowd, ricin A
chain, methotrexate or radicactive isotope hapten. Bispecific antibodies can be
prepared as full length antibodies or anttbody fragments {¢.g. F(ab'"); bispecific
antibodies}.

15 Methods for making bispecific antibodies are known 1o the art. Traditionally,
the recombinant production of bispecific antibodics s based on the co-expression of
two immunoglobulin beavy cham-light chain pairs, where the two heavy chains have
different specificitics (Milstein and Cuello, Novure, 305: 537 (198333, Because of the
random assortment of immmumoglobulin heavy and light chains, these hyvbridomas

20  {quadromas) produce a potential mixture of 10 different antibody molecules, of which

only one has the correct bispecific structure. The punification of the correct molecule,

which s usually dong by affimity chromatography steps, is rather cumbersome, and

the product vields are low. Similar procedures are disclosed in WO 93/08829

published May 13, 1993, and in Traunecker ef al., FMBO J, 10: 3635 (1991}

According to a different approach, antibody variable domaims with the desired
binding specificities (antibody-antigen combining sites) are fused to immunoglobulin
constant domain sequences. The fusion, for example, is with an immunoglobulin
heavy chain constant domain, compnsing at least part of the hinge, CH2, and CH3
regions. In certain embodiments, the first heavy-chain constant region (CH1),

0 countaiing the sitc necessary for light chain binding, 1s present in at least one of the
fusions. DNAs encoding the immunoglobulin heavy chain fusions and, 1f desired, the
nmunoglobulin light chain, are inserted mto separate expression vectors, and are co-
transfected into a suitable host organism. This provides for great flexability in

adjusting the mutual proportions of the three polypeptide fragments m embodiments
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when unequal ratios of the three polypeptide chaimns used in the construction provide
the optimum vields. I is, however, possible to msert the coding sequences for two or
all three polypeptide chains in one expression vector when the expression of at least
two polvpeptide chains m equal ratios results n high vields or when the ratios are of
no particular significance.

In onc embodiment of this approach, the bispecific antibodies are composed of
a hybrid immunoglobulin heavy chain with a first binding specificity in one arm, and
a hybrid immunoglobalin heavy chain-light chain pair {(providing a second binding
specificity} in the other arm. 1t was found that this asymmetnce structure facilitates the
separation of the desired bispecific compound from unwanted mmunoglobulin chain
combinations, as the presence of an immunoglobulin light chain m only one half of
the bispecific molecule provides for a facile wav of separation. This approach is
disclosed in WO 94/04690. For further details of generating bispecific antibodics see,
for example, Suresh ef of, Methods in Enzymology, 121:210 (1986},

According to another approach, the interface between a pair of antibody
molecules can be engineered to maxamize the percentage of heterodimers which are
recovered from recombimant cell culture. The mterface comprises at least a part of the
Cy3 domarn of an antibody constant domain. In this methed, one or more small
aming acid side chains from the wterface of the first antibody molecule are replaced
with farger side chains {e.g. tyrosine or tryptophan). Compensatory “cavities” of
wdentical 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
{¢.z. alanine or threonine}. This provides a mechanism for increasing the vield of the
heterodimer over other unwanted end-products 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 antibodics have, for example, been proposed to target
immune system cells to unwanted cells (US Patent No. 4,676,980), and for treatment
of HIV infection {WO 91/00360, WO 92/00373, and EP (03085}, Heteroconjugate
antibodies may be made using any convenient cross-linking method. Suitable cross-
hinking agents are well known n the art, and are disclosed in US Patent No. 4,676,980,
along with a number of cross-linking technigues.

Technigues for gencrating bispecific antibodies from antibody fragments have

ajso been described i the hierature. For example, bispecific antibodies can be
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prepared using chemical inkage. Bremnan ef o/, Science, 229: 81 (1985) describe a
procedure wherein intact antibodies are protecivtically cleaved to generate F(ab'),
fragments. These fragments are reduced in the presence of the dithiol complexing
agent sodium arsenite {o stabilize vicinal dithiols and prevent intermolecular disnlfide
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 mercaptoethylamine and 1s nuxed with an equimolar amount
of the other Fab'-TNB derivative to form the bispecific antibody. The bispecific
antibodies produced can be used as agents for the selective immobilization of
enzZyInes.

Recent progress has facibitated the direct recovery of Fab'-5H fragments from
£. coli, which can be chemically coupled to form bispecific antibodies. Shalaby e o/,
J. Exp. Med., 175: 217-225 (1992} describe the production of a fully humanized
bispecific antibody Fab'y; molecule. Each Fab' fragment was separately secreted
from E. coli and subjected to directed chemical coupling in vitro to form the
bispecific antibody. The bispecific antibody thus formed was able to bind to celis
overexpressing the HER? receptor and normal human T cells, as well as trigger the
Ivtic activity of human evtotoxic bymphocytes agamst human breast tomor targets.

Various technigues for making and isolating bispecific antibody fragments
directly from recombinant cell culture have also been described. For example,
bispecific antibodics have been produced using lencine zippers. Kostelny eraf., J
Immunol. | 148(5):1547-1553 (1992). The leucine zipper peptides from the Fos and
Jon proteins were linked to the Fab' portions of two different antibodics by gene
fusion. The antibody homodimers were reduced at the hinge region to form
monomers and then re-oxidized to form the antibody heterodimers. This method can
also be utilized for the production of antibody homodimers. The “diabody”™
technology described by Hollinger ef al,, Proc. Natl Acad. Sci. USA, 90:6444-6448
(1993} has provided an alternative mechanism for making bispecific antibody
fragments. The fragments comprise a heavy-chain variable domain (VH) connected
1o a light-chain variable domain (VL) by a lmker which is too short to allow pairing
between the two domains on the same chain. Accordingly, the VH and VL domains
of one fragment are forced to pair with the complementary VL and VH domains of

another fragment, thercby forming two antigen-binding sites. Another strategy for

71



WO 2016/126972

[ O

10

5
>

[O2

making bispecific antibody fragments by the ase of single-chain Fv (sFv) dimers has
also been reported. Sce Gruber ef al. . Immunol | 152:5368 (1994},

Antibodies with more than two valencies are contemplated. For example,
trispecific antibodics can be prepared. Tutt ef ol J Tmpmnol. 147: 60 (1991).

5. Multivalent Antibodies

A multivalent antibody may be internalized {and/or catabolized) faster than a
bivalent antibody by a cell expressing an antigen to which the antibodies bind. The
antibodies of the present disclosure can be multivalent antibodies (which are other
than of the IgM class) with three or more antigen binding sites {e.g. tetravalent
antibodies), which can be readily produced by recombinant expression of nucleie acid
encoding the polypeptide chains of the antibody. The multivalent antibody can
comprise a dimerization domain and three or more antigen binding sites. In cortain
cmbodiments, the dimerization domain comprises {or consists of} an Fo region or a
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 cight antigen binding
sites. In one such embodiment, a multivalent antibody comprises (or consists of} four
antigen binding sites. The multivalent antibody comprises at feast one polypeptide
chain (for example, two polvpeptide chains), wherein the polvpeptide chain{s)
comprise two or more variable domains. For instance, the polypeptide chain{s) may
comprise VD I-{(X1in -VD2-{X2n -Fc, wherein VD1 is a first vanable domain, VD2
ts a second variable domain, Fe 1s one polypeptide chain of an Fe region, X1 and X2
represent an amino acid or polvpeptide, and nis O or 1. For instance, the polvpeptide
chain(s) may comprise: VH-CHI-flexible hinker-VH-CHI-Fc region chain; or VH-
CHI1-VH-CHI-Fo region chain. The multivalent antibody herein may further
comprise at least two (for example, four) hight chain variable domain polypeptides.
The multivalent antibody herein may, for instance, comprise from about two to about
eight light chain variable domain polypeptides. The light chain variable domain
polypeptides contermplated here comprise a hight chain variable domain and,
optionally, further comprise a CL domain.

6. Single-Domain Antibodies

In some embodiments, an antibody of the disclosure is a single-domain
antthody. A single-domain antibody is a single polyeptide chain compuising all or a

portion of the heavy chamn variable domam or all or a portion of the light chain
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variable domain of an antibody. In certain embodiments, a single-domain antibody s
a human single-domain antibody {Domantig, Inc., Waltham, MA; see, g, U S,
Patent No. 6,248,516 B1). In onc embodiment, a single-domain antibody consists of
all or a portion of the heavy chain vanable domain of an antibody.

7. Antibody Vanants

In some embodiments, amino acid sequence modification(s} of the antibodics
described herein are contemplated. For example, 1t 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 appropnate
changes into the nucleotide sequence encoding the antibody, or by peptide synthesis.
Such modifications include, for example, deletions from, and/or inserhions into and/or
substitutions of, residues within the amino acid sequences of the antibody. Any
combination of deletion, insertion, and substitution can be made to arrive at the final
construct, provided that the final construct possesses the desired charactenistics. The
amino acid alterations may be introduced in the subject antibody amine acid sequence
at the time that sequence is made.

A usetul method for identification of cerfain residues or regions of the
antibody that are possible locations for mutagenesis is called “alanine scanning
mutagenesis” as described by Cunningham and Wells (1989) Scienice, 244:1081-10835.
Here, a residuc or group of target residucs are identified (6. g, charged residucs such
as arg, asp, his, lvs, and glu) and replaced by a neutral or negatively charged anuno
acid {e.g., alanine or polyalaning) to affect the interaction of the amino acids with
antigen. Those amino acid locations demonstrating functional sensitivity to the
substitutions then are refined by introducing further or other variants at, or for, the
sites of substitution. Thas, while the site for mtroducing an amino acid sequence
variation is predetermined, the nature of the mutation per se need not be
predeterouined. For example, to analyze the performance of a mutation at a given site,
ala scanning or random mutagenesis is conducted at the target codon or region and the
expressed immuonoglobulins are screened for the desired activity.

Amino acid sequence inscertions include anino- and/or carboxyl-terminal
fusions ranging in length from one residue to polypeptides containing a hundred or
more residues, as well as intrasequence 1nsertions of single or multiple amino acid
residues. Examples of terminal insertions include an antibody with an N-terminal

methionvl residue. Other insertional variants of the antibody molecule include the
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fusion to the N- or C-terminus of the antibody to an enzyme {e.g. for ABEPT)ora
polypeptide which increases the serum half-life of the antibody.

In certain embodiments, an antibody of the disclosure is altered {o increase or
decrease the extent to which the antibody 1s glveosyiated. Glycosylation of
polypeptides is typically either N-linked or O-linked. N-linked refers to the
attachment of a carbohydrate moiety to the side chain of an asparagine residue. The
tripepiide sequences asparagine-X-serine and asparagine-X-threonine, where X is any
amino acid except proling, are the recognition sequences for enzymatic attachment of
the carbchydrate moicty to the asparagine sude chain. Thus, the presence of either of
these tripeptide sequences in a polypeptide creates a potential ghycosylation site. O-
hnked glyvcosylation refers to the attachment of one of the sugars N-
aceyligalactosamine, galactose, or xylose to a hydroxvaming acid, most commonly
serine ot threonine, although S-bydroxyproline or 5-hvdroxvylysine may also be used.

Addition or deletion of glvcosylation sites to the antibody is conveniently
accomplished by altering the amino acid sequence such that ong or more of the above-
described tripeptide sequences (for N-linked glycosylation sites) is created or
removed. The alieration may also be made by the addition, deletion, or substitution of
one or more serine or threonine residues to the sequence of the origimal antibody (for
O-linked glycosylation sites).

Where the antibody comprises an Fe region, the carbohydrate attached thereto
may be altered. Native antibodics produced by mammalian cells typically comprise a
branched, biantennary oligosaccharide that 1s generally attached by an N-linkage to
Asn297 of the CHZ domain of the Fe region. Sce, e.g., Wright ef ol (1997 TIBTECH
15:26-32. The oligosaccharide may include various carbohydraies, e g., mannose, N-
acetyl glucosamime (GlcNAc), galactose, and sialic acid, as well as a fucose attached
to a GleNAc 1n the “stem” of the biantennary oligosaccharide structure. In some
cmbodiments, modifications of the oligosaccharide 1n an antibody of the disclosure
may be made in order to create antibody vanants with certain improved propertics.

For example, antibody variants are provided having a carbohydrate structure
that lacks fucose attached (directly or indirectly) to an Fc region. Such variants may
have tmproved ADCC function. See, e.g., US Patent Publication Nos. US
2003/0157108 (Presta, L.); US 2004/0093621 (Kyowa Hakko Kogyo Co., Lid).
Examples of publications related to “defucosyiated” or “fucose-deticient” antibody

variants inchude: US 2003/0157108; WO 2000/61739; W( 2001/29246; US
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2003/0113614; US 2002/0164328; US 2004/0093621; US 2004/0132140; US
2004/0110704; US 2004/0110282; US 2004/0109863; WO 2003/085119: WO
2003/084370; WO 2005/035586; WO 2005/035778; WO2005/053742;
WO2002/031140; Okazaki er ol J Mol Biol 336:1239-1249 (2004); Yamane-
Ohnuki ef af. Biotech. Bioeng 87 614 (2004). Examples of cell lines capable of
producing defucosylated antibodies include Lecl3 CHO cells deficient in protein
fucosylation (Ripka ef ol Arch. Biochem. Biophys. 249:533-545 (1986); US Pat Appl
No US 2003/0157108 Al, Presta, L; and W 2004/056312 A1, Adams et al.,
especially at Example 11), and knockout cell lines, such as alpha-1.6-
fucosvltransferase gene, FUTS, knockout CHO cels (see, e g, Yamane-Ohnuki er ol
Biotech. Bioeng. 87: 614 (2004); Kanda, Y. ef al, Biotechnol. Biveng., 94{4).680-688
{2006); and WO2003/085107).

Antibodies variants are further provided with bisected oligosaccharides, e.g.,
m which a biantermary oligosaccharide attached to the Fe region of the antibody 1s
bisected by GleNAc. Such antibody varants may have reduced fucosylation and/or
improved ADCC function. Examples of such antibody variants are described, e.g., in
WO 2003/011878 (ean-Mairet ef ol ); US Patent No. 6,602,684 (Umana er al}; and
US 20035/0123546 {Umana of al.}. Antibody variants with at feast one galactose
residue in the oligosaccharide attached to the F¢ region are also provided. Such
antihody variants may have improved CDC function. Such anuibody variants are
described, e.g., in WO 1997/30087 (Patel ef of.); WO 1998/58964 (Raju, $.); and WO
1999/22764 (Raju, 5.).

In certain embodiments, an antibody varant comprises an Fe region with one
or more amino acid substitutions which further improve ADCC, for example,
substitutions at positions 298, 333, and/or 334 of the Fe region (Eu numbering of
residues}. Such substitutions may occur in combination with any of the variations
described above.

In certain embodiments, the disclosure contemplates an antibody variant that
possesses some but not all effector functions, which make it a desirable candidate for
many applications in which the half life of the antibody in vivo 1s utmportant vet
certain effector functions (such as compiement and ADCC) are unnecessary or
deletertons. In certain embodiments, the Fo activities of the antibody are measured to
ensure that only the desired propertics are maintained. /r vitro and/or in vivo

cviotoxicity assays can be conducied to confirm the reduction/depletion of CDC
75
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and/or ADCC activities. For example, Fc receptor (FeR) binding assays can be
conducted to ensure that the antibody tacks FoyR binding (hence likely lacking ADCC
activity), but retains FcRo binding ability. The primary cells for mediating ADCC,
NK cells, express Fo(RII only, whereas monocyies express Fo(RI, Fo(RI and Fo(RIL
5  FcR expression on hematopoietic cells is summarized in Table 3 on page 464 of
Ravetch and Kinet, Annu. Rev. Immunol 9:457-92 (1991}, Non-limiting examples of
in vitro assays to assess ADCC activity of a molecule of interest is descenbed in U.S.
Patent No. 5,500,362 (see, e.g. Hellstrom, L., er /. Proc. Nat'l Acad. Sci. USA
33:7059-7063 {1986)) and Hellstrom, L er al, Proc. Nat'l Acad. Sci. 154 82:1499-

10 1502 (1985); 5,821,337 {see Bruggemann, M. e af , J Fxp. Med 166:1351-1361
(1987}, Altematively, non-radioactive assays methods may be employed (see, for
example, ACTT™ non-radioactive cviotoxicity assay for flow cyvtometry
{CellTechnology, Inc. Mountain View, CA; and CytoTox 96" non-radicactive
cyvtotoxicity assay (Promega, Madison, W1}, Useful effector cells for such assays

15 mclude penpheral blood mononuclear ceils (PBMC) and Natural Killer (NKJ cells.
Alternatively, or additionally, ADCC activity of the molecule of mterest may be
assessed in vivo, e.g., in a animal model such as that disclosed in Clynes ef al. Proc.
Nat'l Acad. Sci. USA 95.652-656 (1998). Clg binding assays may also be carried out
to contfirm that the antibody is unable to bind Clq and hence lacks CDC activity. To

20 assess complement activation, a CDC assavmay be performed (see, for example,
Gazzano-Santoro ef al ., J. immunol. Methods 202:163 (1996}, Cragg, M.S. efal,
Blood 101:1045-1052 (2003); and Cragg, M.S. and MJ. Glennie, Blood 103:2738-
2743 (2004)). FcRn binding and in vive clearance/half life determunations can also be
performed using methods known 1o the art (see, for example, Petkova, SB. efal, fnr'l

Smmunol 18(12):1759-1769 (2006)).

[N}
U1

{Other antibody variants having one or more amuno acid substitutions are
provided. Sites of interest for substitutional mutagenesis include the hypervariable
regions, but FR alterations are also contemplated. Conservative substitutions are
shown in Table I under the heading of “preferred substitutions.” More substantial

30 changes, denominated “exemplary substitutions” are provided i 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 screened, e.g., for a desired
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activity, such as improved antigen binding, decreased immunogenicity, improved

ADCC or CDC, ete.

TABLE |

Original Exemplary Preferred
Residue Substitutions Substitution
8

Ala{A) Val; Leu; lle Val
Arg (R) Lys; Gln; Asn Lvs
Asn (N} Gin; His; Asp, Lys; Arg Gin
Asp (I Ghu; Asn Glo
Cys (C) Ser; Ala Ser
Gln () Asn; Glu Asn
Glu (B) Asp; Gln Asp
Gly (G} Ala Ala
His (H) Asn; Gln; Lys; Arg Arg
e (D) Leu; Val; Met; Ala; Leu

Phe; Norleucine
Leu (L) MNorleucing; Ile; Val; [15

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

Tyr

Pro (P} Ala Ala
Ser (8) Thr Thr
Thr {T) Wal; Ser Ser
Trp (W) Tyr; Phe Tvr
Tyr (Y} Trp; Phe; Thr; Ser Phe
Val (V) Ile; Leu; Met; Phe; Leu

Ala; Norleucine

5 Modifications in the biological properties of an antibody may be accomplished

bv selecting substitutions that aftect (a) the structure of the polypeptide backbone
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the area of the substitution, for example, as a sheet or helical conformation, (b) the
charge or hvdrophobicity of the molecule at the target site, or (¢} the bulk of the side
chain. Amino acids may be grouped according to similaritics in the properties of their
side chains (in A. L. Lehmnger, in Biochemustry, second ed., pp. 73-75, Worth
Publishers, New York (1975)):

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

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

(3) acidic: Asp (D), Glu (E)

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

Alternatively, naturally occurnng residues may be divided into groups based
on common side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, He;
(2} neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

3y acidic: Asp, Glu;

{4) basic: His, Lvs, Arg:

(5} residues that influence chain ortentation: Gly, Pro;
{6} aromatic: Trp, Tyr, Phe.

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

One type of substitutional variant involves substituting one or more
hypervariable region residues of a parent antibody {(e.g. a humanized or human
antibody). Generally, the resulting variant(s}) selected for further development will
have modified {e.g., improved) biological properties relative to the parent antibody
from which thev are gencrated. An exemplary substitutional variant 1s an affinity
matured antibody, which may be conventently generated using phage display-based
affiraty maturation techniques. Briefly, several hypervariable region sites {e.g. 6-7
sites) arc mutated to gencrate all possible anmino acid substifutions at cach site. The
antibodies 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-displaved variants are then screened for their

biological activity {e.g. binding affinity). In order to wdentify candidate hypervanable
78
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region sites for modification, scanming mutagenesis {¢.g., alaning scanning) can be
performed to identify hypervariable region residues contributing significantly to
antigen binding. Alernatively, or additionally, it mayv be bencficial to analyze a

crvstal structure of the antigen-antibody complex to identify contact points between

[ O

the antibody and antigen. Such contact residues and neighbonng residuecs are
candidates for substitution according to techniques known in the art, including those
claborated herein. Once such vaniants are generated, the panel of vanants 1s subjected
to screening using technigues known in the art, including those described herein, and
variants with superior propertics in ong or more relevant assays may be selected for
10 further development.

Nucleic acid molecules encoding amino acid sequence variants of the antibody
are preparcd by a variety of methods known in the art. These methods include, but
arc not limited to, tsolation from a natural source (in the case of naturally occurring

ammno acid sequence variants) or preparation by oligonucleotnide-mediated (or site-

oy
5

directed} mutagencesis, PCR mutagenesis, and cassette mutagenesis of an carlier
prepared variant or 2 non-variant version of the antibody.

It may be desirable to mtroduce one or more amino acid modifications in an
Fc region of antibodies of the disclosure, thereby generating an Fe region variant.
The Fe region variant may comprise a human Fc region sequence {e.g., a human Ig(G1,
20 1gG2, 1g(G3 or 1gG4 Fe region) comprising an amino acid modification {e.g. a
substitution) at one or more amino acid positions including that of a hinge cysteme.

In accordance with this description and the teachings of the art, it is
contemplated that in some embodiments, an antibody of the disclosure may comprise

ong or more alterations as compared to the wild type counterpart antibody, £.2. n the

5
>

[O2

Fe region. These antibodics would nonetheless retain substantially the same
characteristics required for therapeutic utility as compared to their wild type
counterpart. For example, 1t 15 thought that certain alterations can be made m the Fe
region that would reselt in altered (i.e., cither improved or dimimished) Clg binding
and/or Complement Dependent Cytotoxicity {CDC), e.g |, as described in

30 WO99/51642. Sce also Duncan & Winter, Noture 322:738-40 (198%); UK. Patent No.
5,648.260; U.S. Patent No. 5,624,821, and W094/29351 concerning other examples
of Fc region vanants, WO00/42072 (Presta) and W0 2004/056312 (Lowman)
describe antibody variants with improved or dinvnished binding to FeRs. The content

of these patent publications are specifically incorporated herein by reference. See,
75



WO 2016/126972

[ O

10

5
>

[O2

also, Shields ef o/ J. Biol. Chem. 9(2): 6391-6604 (2001}, Antibodics with increased
half lives and tmproved binding to the neonatal Fe receptor (FeRa), which is
respounsible for the transter of matemal 1gGs to the fetus (Guyver ef ol J fmmunol
117:387 (1976) and Kam ef al., ./ Immunol 24:249 (1994)), are described in
USZ005/0014934A1 (Hinton e7 ¢/ ). These antibodies comprise an Fc region with one
or more substitutions therein which improve binding of the Fe region to FeRuo.
Polypeptide vanants with altered Fe region amino acid sequences and mcreased or
decreased Clg binding capability are described in US patent No. 6,194,551B1,
WO09/51642 . The contents of those patent publications are specifically incorporated
herein by reference. Sce, also, Idusogic er of. J. fmmunol. 164: 4178-4184 (2000).

In another aspect, the disclosure provides antibodies comprising modifications
in the interface of Fe polvpeptides comprising the Fc region, wherein the
maodifications factlitate and/or promote heterodimerization. These modifications
comprise introduction of a protuberance mio a first Fe polypeptide and a cavity into a
second Fe polvpeptide, wherein the protuberance is positionable in the cavity so as to
promote complexing of the first and second Fe polypeptides. Methods of generating
antibodies with these modifications are known n the art, 2.2, as descnbed in U.S. Pat.
No. 5,731,168,

In yet another aspect, it may be desirable to create cysteine engineered
antibodies, e.g., “thioMAbs,” in which one or more residucs of an antibody are
substituted with cysteine residues. In particular embodiments, the substituted residues
oocur at accessible sites of the antibody. By substituting those residues with cysteine,
reactive thiol groups are thereby positioned at accessible sites of the antibody and
may be used to conjugate the antibody to other moieties, such as drug moieties or
hnker-drug moieties, as described farther herein. In certain embodiments, any one or
more of the following residues may be substituted with cysieine: V205 (Kabat
numbering} of the light cham; A118 (EU numbenng) of the heavy chain; and 5400
(EU numbering) of the heavy chain Fer

8. Antibody Derivatives

The antibodies of the present disclosure can be further modified to contain
additional nonproteinaceous moieties that are known in the art and readily available.
In some embodiments, the moieties suitable for derivatization of the antibody are
water soluble polyvmers. Non-hmiting examples of water soluble polyvmers inchide,

but are not imited to, polyethylene glycol (PEG), copolvmers of cthylene
&0
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glycol/propylene glveol, carboxymethyleellulose, destran, polyvinyl alcohol,
polyvinyi pyrrolidone, poly-1, 3-dioxolane, poly-1,3.6-trioxane, ethviene/maleic
anhydride copolvmer, polvaninoacids (either homopolymers or random copolymers),
and dextran or poly(n-viny! pyrrohidone)polvethviene glveol, propropylene glyeol
homopolymers, prolypropylene oxide/ethylene oxide co-polyvmers, polvoxyethylated
polyols {e.g., glveerol), polyviny! aleohol, and mixtures thereof. Polvethvlene giveol
propionaldehyde may have advantages in manufacturing due to its stability m water,
The polvmer 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, thev can be the same or different molecules. fn general, the
number and/or type of polymers used for dertvatization can be determined based on
considerations including, but not limited o, the particular properties or functions of
the antibody to be improved, whether the antibody derivative will be used in a therapy
under defined conditions, efc.

In another embodiment, conjugates of an antibody and nonproteinaceous
moiety that may be selectively heated by exposure to radiation are provided. In one
embodiment, the nonproteinaceous moiety is a carbon nanotube (Kam et al., Proc.
Natl. Acad. Sci. US4 102: 11600-11605 (2005}, The radiation may be of any
wavelength, and inchudes, but 1s not imited to, wavelengths that do not hamm ordinary
cells, but which heat the nonproteinaceous motety to a temperature at which cells
proximal to the antibodv-nonproteinaceous moiety are killed.

B. Certain Methaods of Making Antibodies

i. Certain Hybridoma-Based Methods

Monoclonal antibodies of the disclosure can be made using the hyvbridoma
method first described by Kohler ef af., Nature, 256:495 (1975), and further described,
e.g2., in Hongo ef al., Hybridoma, 14 (3): 253-260 (1993}, Harlow et al., dntibodies: 4

Laborarory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988);

Hammerling ef ¢l , in: Monoclonal Antibodies and T-Cell Hybridomas 563-681
(Elsevigr, NY ., 1981}, and Ni, Xiandai Mianyixue, 26{4}:265-268 (2006} regarding
human-human hybridomas.

Additional methods include those described, for example, m U.S. Pat. No.
7,189,826 regardimg production of monoclonal humen natural IgM antibodics from
hybrnidoma cell lincs. Human hvbridoma technology (Trioma technology) is

described in Vollmers and Brandlein, Histology and Histopathology, 20(33:927-937
&1
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(2003} and Vollmers and Brandlein, Methods and Findings in Experimental and
Clinical Pharmacology, 27(33:185-91 (20035},

For various other hybridoma techniques, see, e.g., US 2006/258841; US
2006/183887 (fully human antibodies), US 2006/059575; US 2005/287149; US
2005/100546; US 2005/026229; and U.S. Pat. Nos. 7,078,492 and 7,153,507 An
exemplary protocol for producing monoclonal antibodies using the hybridoma method
is described as follows. In one embodiment, a mouse or other appropuate host animal,
such as a hamster, is immaunized to clicit lymphocytes that produce or are capable of
producing antibodies that will specifically bind to the protein used for immunization.
Antibodies are raised in antmals by multiple subcutancous (s¢) or intraperitoneal (ip)
mjections of a polypeptide comprising mutant SMO or a fragment thereof, and an
adjuvant, such as monophosphoryl lipid A (MPL)Archalose dicrvnomycolate (TDM)
{Ribi immunochem. Kesearch, Inc., Hamilion, MT). A polypeptide comprising
mutant SMO or a fragment thercof may be prepared using methods well known m the
art, such as recombinant methods, some of whach are further described hercin, Serum
from mmunized animals is assayed for anti-mutant SMO antibodies, and booster
mmunizations are optionally administered. Lymphocytes from animals producing
anti-mutant SMO antibodies are isolated. Alternatively, lymphocytes may be
immunized in vitro,

Lymphoeytes are then fused with myeloma cells using a suitable fusing agent,
such as polvethyvlene glveol, to form a hvbndoma cell. See, e.g., Goding, Monocional
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 cells, and are sensitive 1o a medium such
as HAT medinm. Exemplary myeloma cells include, but are not limited to, murine
myveloma lines, such as those derived from MOPC-21 and MPC-11 mouse tumors
available from the Salk Institute Cell Distribution Center, San Diego, California USA,
and SP-2 or X63-Ag8-653 cells available from the American Type Culture Collection,
Rockville, Marviand USA. Humean myeloma and mouse-human heteromyeloma cell
lines also have been descrtbed for the production of human monoclonal antibodics
{Kozbor, J fmmunol., 133:3001 (1984); Brodeur ef af., Monoclonal Antibody
Production Techniques and Applications, pp. 51-63 (Marcel Dekker, Inc., New York,

1987)).
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The hybnidoma cells thus prepared arc seeded and grown in a suttable culture
mediam, e.g., a medium that contains one or more substances that inhibit the growth
or survival of the unfused, parental myeloma cells. For example, if the parental
myveloma cells lack the enzyme hyvposanthine guanine phosphoribosyl transferase
{HGPRT or HPRT), the culture mediun for the hybridomas typically will inchude
bvpoxanthine, aminopterin, and thymidine (HAT medium}, which substances prevent
the growth of HGPRT-deficient cells. In some embodiments, serum-free hybridoma
cell culture methods are used to reduce use of animal-derived serum sach as fetal
bovine serum, as descrbed, for example, 1n Even ef &/, Trends in Biotechnology,
24(3), 105-108 (2006).

Oligopeptides as tools for improving productivity of hybridoma cell cultures
are described in Franck, Trends in Monoclonal Antibody Research, 111-122 (2005},
specifically, standard culture media are enriched with certain amino acids (alanine,
sering, asparagine, proline), or with protein hyvdrolyzate fractions, and apopiosis may
be significantly suppressed by synthetic oligopeptides, constituted of three to six
amino acid residues. The peptides are present at miliimolar or higher concentrations.

Culture medium in which hvbridoma cells are growing may be assayed for
production of monoclonal antibodies that bind to mutant SMO. The binding
specificity of monoclonal antibodics produced by hybridoma cells may be determined
by immmunoprecipitation or by an in vifro binding assay, such as radictnmunoassay
{RIA) or enzyme-linked immunoadsorbent assay (ELISA). The binding affinity of
the monoclonal antibody can be determined, for example, by Scatchard analysis. See,
e.g., Munson ef al., Anal. Biochem., 107:220 (1980},

After hybridoma cells are identified that produce antibodies of the desired
specificity, affinity, and/or activity, the clones may be subcloned by hmiting dilution
procedures and grown by standard methods. Sece, 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 antibodies secreted by the subclones arg suitably separated from the
culture medium, ascites fluid, or serimm by conventional invnunoglobulim purification
procedures such as, for example, protein A-Sepharose, hydroxylapatite
chromatography, gel electrophoresis, dialysis, or affinity chromatography. One
procedure for isolation of proteins from hybridoma cells is described in US

2005/176122 and U.S. Pat. No. 6,919,436, The method mcludes using minimal salts,
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such as Ivotropic salts, in the binding process and, in some embodiments, also using
small amounts of organic solvents in the elution process.

2. Certain Library Screening Methods

Antibodies of the disclosure can be made by using combimatorial Iibraries 1o
screen for antibodies with the desired activity or activitics. For example, a variety of
methods are known in the art for gencrating phage display libraries and screening
such libranies for antibodies possessing the desired binding characteristics. Such
methods are deseribed generally in Hoogenboom ef af. in Methods in Molecular
Biology 178:1-37 (O"Brien ef ¢/, ed., Human Press, Totowa, NJ, 2001}, For example,
one method of generating antibodics of mterest is through the use of a phage antibody
bibrary as described in Lee ef ol | J. Mol Biol. (2004), 340(5):1073-93.

In principle. synthetic antibody clones are selected by screening phage
librarics containing phage that display various fragments of antibody variable region
{Fv} fused to phage coat protein. Such phage hibrarnics are panned by atfinity
chromatography agatnst the desired antigen. Clones expressing Fv fragments capable
of binding to the desired antigen are adsorbed to the antigen and thus separated from
the non-binding clones 1n the library. The binding clones are then eluted from the
antigen, and can be further enriched by additional cyeles of antigen adsorption/elution.
Any of the antibodies of the disclosure can be obtaimed by designing a suitable
antigen sercening procedure to sclect for the phage clone of interest followed by
construction of a full length antibody clone using the Fv sequences from the phage
clone of interest and sutable constant region (Fe} sequences described in Kabat ef of |
Sequences of Proteins of Immumological Interest, Fifth Edition, NIH Publication 91-
3242, Bethesda MD (1991), vols. 1-3.

In certain embodiments, the antigen-binding domain of an antibody is formed
from two variable (V) regions of about 110 amine acids, one each from the light (VL)
and heavy (VH) chains, that both present three hypervanable loops (HVERs) or
complementarity-determining regions (CPRs). Variable domains can be displayed
functionally on phage, either as single-chain Fv (scFv) fragments, in which YH and
Wi are 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 er al., Ann. Rev. Immunol., 12: 433-455 (1994}, As used herein,
scFv encoding phage clones and Fab encoding phage clones are collectively referred

to as “Fv phage clones” or “Fv clones.”
&4
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Repertoires of VH and VL genes can be separately cloned by polvmerase
chain reaction (PCR) and recombined randomly in phage libraries, which can then be
searched for antigen-binding clones as described in Winter er af., Amn. Rev. Immunol.,
12: 433-455 (1994). Libranes from immunized sources provide high-affinity
antibodies to the immunogen without the requurement of constructing hybridomas.
Alternatively, the naive repertoire can he cloned to provide a single source of human
antibodies to a wide range of non-self and also sclf antigens without any
mmmnunization as described by Griffiths er al., EMBO J, 12: 725-734 (1993). Finally,
naive libraries 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 vanable CDR3 regions and to accomplish rearrangement i vifro as
described by Hoogenboom and Winter, J Aol Biol 227: 381-388 (1992},

in certain embodiments, filamentous phage is used to display antibody
fragments by fusion to the minor coat protein plil. The antibody tfragments can be
displayed as single chain Fv fragments, in which VH and VL domains are connected
on the same polypeptide chain by a flexible polypeptide spacer, e g as described by
Marks et al., J. Mol Biol, 222: 581-5397 (1991}, or as Fab fragments, in which one
chain 1s fused to pHl and the other i1s secreted into the bacterial host ccll periplasm
where agsembly of a Fab-coat protein stracture which becomes displayed on the
phage surface bv displacing some of the wild type coat proteins, €. g as described m
Hoogenboom et al., Nucl. Acids Res., 19 4133-4137 (1991).

In general, nucleic acids encoding antibody gene fragments are obtained from
mmune cells harvested from humans or animals. If a library biased in favor of anti-
mutant SMO clones is desired, the subject 1s immumnized with mutant SMO to
generate an antibody response, and spleen cells and/or circulating B cells other
peripheral blood bymphocytes (PBLs) are recovered for library construction. In one
crbodiment, a human antibody gene fragment library biased in favor of anti-nwtant
SMO clones is obtained by generating an anti-mutant SMO antibody response in
transgenic mice carrying a functional buman mmunoglobulin gene array {and lacking
a functional endogenous antibody production system) such that mutant SMO
mmunization gives nise to B cells producing human antibodies against mutant SMO.
The generation of human antibody-producing transgenic mice is described below.

Additional enrichment for anti-mutant SMO reactive cell populations can be

obtained by using a switable screening procedure to isolate B cells expressing mutant
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SMO-specific membrane bound antibody, e. g, by cell separation using mutant SMQO
affinity chromatography or adsorption of cells to fluorschrome-labeled mutant SMO
followed by flow-activated cell sorting (FACS).

Alternatively, the use of spleen cells and/or B cells or other PBLs from an
poimmunized donor provides a better representation of the possible antibody
repertoire, and also permits the construction of an antibody library using any animal
(human or non-human) species in which mutant SMO 1s not antigenic. For hibraries
meorporating v vitro antibody gene construction, stem cells are harvested from the
subject to provide nucleic acids encoding unrearranged antibody gene segments. The
mmmune cells of interest can be obtained from a variety of animal specics, such as
human, mouse, rat, lagomorpha, lupnine, caning, feline, porcine, bovine, equine, and
avian specias, efc.

Nucleic acid encoding antibodv vanable gene segments {including VH and VL

53

17

segments) are recovered from the cells of interest and amplified. In the case of
rearranged VH and VL gene hibraries, the desired DNA can be obtained by isolating
genomic DNA or mRNA from lvmphocytes followed by polymerase chain reaction
{(PCR) with primers matching the 5' and 3' ends of rearranged VH and VL genes as
described in Orlandi ef af., Proc. Natl. Acad. Sci. (USA), 86: 3833-3837 (1989},
thereby making diverse V gene repertoires for expression. The V genes can be
amplified from cDNA and genonic DNA, with back primers at the 5' end of the exon
encoding the mature V-domain and forward primers based within the J-segment as
described in Orandi ef /. (1989) and m Ward er o/, Nature, 341 544-546 (1989).
However, for amplifving from ¢DNA, back primers can also be based in the leader
exon as described i Jones ef al., Bioiechnol., 9: 88-89 {1991}, and forward primers
within the constant region as described in Sastry ef al., Proe. Natl Acad. Sci. (USA),
86: 5728-5732 {1989}, To maximize complementarity, degeneracy can be
mcorporated 1o the primers as deseribed in Orlandt ef of. (1989) or Sastry ef @i, (1989).
In certain embodiments, library diversity is maximized by using PCR primers targeted
to each V-gene family in order to amphfy all available VH and VL arrangements
present in the immune cell nucleic acid sample, e.z. as described in the method of
Marks et al., J. Mol Biol, 222: 581-397 (1991} or as described in the method of
Orum ef @l Nucleic Acids Res., 21: 4491-4498 (1993}, For cloning of the amplified
DNA info cxpression vectors, rare restriction sites can be introduced within the PCR

primer as a tag at one end as described in Orandi er ol (1989), or by further PCR
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amplification with a tagged primer as described in Clackson er al., Nature, 352: 624-
62% (1991}

Repertoires of svnthetically rearranged V genes can be denived i vitre from V
gene segments. Most of the human VH-gene segments have been cloned and
sequenced {reported 1n Tomlinson ef &, J Mol Biol, 227. 776-798 (1992}, and
mapped {(reported in Matsuda ef al., Narure Genet,, 3. 88-94 {(1993); these cloned
segments (including 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 descnbed in Hoogenboom and Winter, J Mol Biol,
227 381-388 (1992}, VH repertoires can also be made with all the sequence diversity
focused in a long H3 loop of a single length as described in Barbas ef af., Proc. Nail.
Acad. Sci. US4, 89: 4457-4461 (1992). Human Vx and VX segments have been
cloned and sequenced {reported in Wilhiamas and Winter, Fur. J. fmmunol |, 23; 1456-
1461 (1993)) and can be used to make synthetic light chain repertowres. Synthetic V
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 encoding DNAs, germline V-gene segments can be rearranged i vitre according
to the methods of Hoogenboom and Winter, J Mol Biol, 227 381-388 (1992).

Repertoires of antibody fragments can be constructed by combining VH and
V1. gene repertoires together in several wavs. Each repertoire can be created in
different vectors, and the vectors recombined i vifro, e.g., as described m Hogrefe ef
al  Gene, 128: 119-126 (1993}, or in vivo by combinatonal infection, e.g., the lox®P
system described in Waterhouse ef al., Nucl Acids Res., 21: 2265-2266 (1993). The
in vivo recombmation approach exploits the two-chain nature of Fab fragments to
overcome the limit on library size imposed by &, coli transformation efficiency.
Naive VH and VL repertoires are cloned separately, one into a phagemid and the
other into a phage vector. The two libraries are then combined by phage infection of
phagemid-containing bacteria so that each ccll contatns a different combination and
the library size is Himited only by the number of cells present {about 10' clones).
Both vectors contain iz vivo recombination signals so that the VH and VL genes arce
recombined onto a single replicon and are co-packaged mito phage virions. These
huge libraries provide large numbers of diverse antibodies of good affinity (Kg' of

about 107° M),
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Alternatively, the repertoires may be cloned sequentially into the same vector,
e.g. as described in Barbas ef @l Proc. Natl Acad. Sci. US4, 88: 7978-7982 (1991},
o1 assembled together by PCR and then cloned, e.g. as described in Clackson er af. |
Nature, 352: 624-628 (1991). PCR assembly can also be used to join VH and VL
DNAs with DNA encoding a flexible peptide spacer to form single chain Fv (scFv}
repertoires. In vet another technique, “in cell PCR assembly” is used to combine VH
and VL genes within lvmphocytes by PCR and then clone repertoires of linked genes
as described m Embleton ef af, Nuci. Acids Res., 20: 3831-3837 {1992).

The antibodies produced by naive libraries {cither natoral or synthetic) can be
of moderate affinity (Kd'l of about 10% 0 107 M'l)Q, but affinity maturation can also be
mimicked iz vifro by constructing and reselecting from secondary libraries as
described in Winter er af. (1994). supra. For example, mutation can be introduced at
random in vitre by using error-prone polymerase (reported i Leung er al., Technigue,
§: 11-13 (1989)) in the method of Hawkins ef of., J Mol Biol, 226; 889-896 (1992}
or in the method of Gram ef o/, Proc. Natl. Acad. Sci USA, 89: 3576-3580 (1992},
Additionally, affinity maturation can be performed by randomly mutating one or more
CDRs, e.g. using PCR with primers carrving random sequence spanning the CDR of
mterest, in selected individual Fv clones and sereening for higher affinity clones. WO
5607754 (published 14 March 1996} described a method for inducing mutagenesis in
a complementarnty determining region of an invnunoglobulin 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 repertoires of natarally occurring V
domain vanants obtained from unimmunized donors and screen for higher affinity in
several rounds of chain reshuffling as descrnibed 1 Marks ef al., Biofechnol., 10: 779~
783 (1992} This technmique allows the production of antibodies and antibody
fragments with affinities of about 107 M or less.

Screening of the libraries can be accomplished by various technigues known
in the art. For example, muatant SMO can be used to coat the wells of adsorption
plates, expressed on host cells affixed to adsorption plates or used 10 ¢cell sorting, or
conjugated to biotin for capture with streptavidin-coated beads, or used in any other
method for panning phage display libraries.

The phage library samples are contacted with immobilized mutant SMO under
conditions suitable for binding at least a portion of the phage particles with the

adsorbent. Normally, the conditions, including pH, ionic strength, temperatare and
&8
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the like are selected to mimic physiclogical conditions. The phages bound to the solid
phase are washed and then cluted by acid, e.g. as deseribed in Barbas ef ol Froc. Natl,
Acad. Sci USA, 88: 7978-7982 {1991), or by alkali, e.g. as described in Marks ef ol J.
Mol Biol, 222: 381-597 (1991}, or by mutant SMO antigen competition, 2.g. in a
procedure similar to the antigen competition method of Clackson e ol |, Nature, 352:
624-628 (1991). Phages can be enriched 20-1,000-fold in a single round of selection.
Moreover, the enniched phages can be grown in bacterial culture and subjected to
further rounds of sclection.

The efficiency of selection depends on many factors, including the kinetics of
dissociation during washing, and whether multiple antibody fragments on a single
phage can simultancously engage with antigen. Antibodies with fast dissociation
kinetics {and weak binding affinities) can be retained by use of short washes,
multivalent phage display and high coating density of antigen in solid phase. The
high density not only stabilizes the phage through multivalent interactions, but favors
rebinding of phage that has dissociated. The selection of antibodies with slow
dissociation kinetics (and good binding affinities) can be promoted by use of long
washes and monovalent phage display as described i Bass ef af., Proteins, 8: 309-
314 (1990} and 1n WO 92/09690, and a low coating density of antigen as described in
Marks ef al., Biotechnol., 10: 779-783 (1992},

it 1s possible to sclect between phage antibodies of different affinitics, even
with affinities that differ shightly, for mutant SMO. However, random mutation of a
selected antibody {e.g. as performed in some affinity matoration techniques) is likely
to give nise to many mutants, most binding to antigen, and a fow with higher affinity.
With himiting mutant SMO, rare high affinity phage could be competed out. To retain
all higher affinity mutants, phages can be incubated with excess biotinylated muitant
SMO, but with the biotinviated mutant SMO at a concentration of lower molarity than
the target molar affinity constant for mutant SMO. The high affinity-binding phages
can then be captured by streptavidin-coated paramagnetic beads. Such “equilibrium
capture” allows the antibodies to be selected according to their affinities of binding,
with sensitivity that permits 1solation of mutant clones with as little as two~told higher
affinity from a great excess of phages with lower affinitv. Conditions used in
washing phages bound to a solid phase can also be manipulated to diseriminate on the

basis of dissociation kinetics.

&9

PCT/US2016/016614



WO 2016/126972

[ O

10

Anti-mutant SMO clones may be selected based on activity. In certain
embodiments, the disclosure provides anti-mutant SMO antibodies that bind to living
cells that naturally express mutant SMO, such as GDC-0449-resistant tumor cells. In
one embodiment, the disclosure provides anti-mutant SMO antibodies that bind to the
same region as that bound by GDC-0449 in wild type SMO. Fv clones corresponding
to such anti-mutant SMO antibodics can be sclected by (1) 1solating anti-mutant SMO
clones from a phage library as described above, and optionally amplifving the isolated
population of phage clones by growing up the population in a suitable bacterial host;
{2) selecting rmutant SMQO and a second protein against which blocking and non-
blocking activity, respectively, is desired; (3) adsorbing the anti-mutant SMO phage
clones to tmmobilized mutant SMO; {4} using an excess of the second protein to ehite
any undesired clones that recognize mutant SMGO-binding determinanis which overlap
or are shared with the binding determinants of the second protein; and (5) eluting the
ciones which remaimn adsorbed following step (4). Optionally, clones with the desired
blocking/non-blocking properties can be further enriched by repeating the selection
procedures described herein one or more times.

DNA encoding hybridoma-derived monoclonal antibodics or phage display Fv
clones of the disclosure is readily isolated and sequenced using conventional
procedures {e.g. by using oligonucicotide primers designed to specifically amplify the
heavy and light chain coding regions of interest from hybridoma or phage DNA
template). Once isolated, the DNA can be placed into expression vectors, which are
then transfected mnto host cells such as 7 coli cells, sinman COS cells, Chinese
hamster ovary {CHO) cells, or myeloma cells that do not otherwise produce
mmunoglobulin protein, to obtain the synthesis of the desired monoclonal antibodies
i the recombinant host cells. Review articles on recombinant expression in bacteria
of antibody-encoding DNA include Skerraef ol , Curr. Opinion in Immunol. | 5. 256
{1993} and Pluckthun, /mmunol Revs, 130: 151 (1992).

DNA encoding the Fv clones of the disclosure can be combined with known
DNA sequences encoding heavy chain and/or light chain constant regions {e.g. the
appropriatc DNA sequences can be obtained from Kabat er /., supra) to form clones
encoding full or partial length heavy and/or hight chams. It will be appreciated that
constant regions of any 1sotype can be used for this purpose, mcloding IgG, IgM, IgA,
1gD}, and gk constant regions, and that such constant regions can be obtained from

any human or animal species. An Fv clone derived from the varable domain DNA of
90
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one animal {such as haman} 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 definttion of “chimeric” and “hybrid” antibody as
used herein. In certain embodiments, an Fv clone dertved from human vanable DNA
is fused to human constant region DNA to form coding sequence(s) for full- or
partial~length human heavy and/or hight chains.

DNA encoding anti-mutant 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 hyvbridoma clone {e.z. as in the method of Morrison ef af.,
Proc. Natl. Acad. Sci. USA, 81: 6851-6855 (1984}1). DNA encoding a hybnidoma- or
Fv clone-derived antibody or fragment can be further modified by covalently joining
to the inmunoglobulin coding sequence all or part of the coding sequence for a non-
mmunoglobulin polypeptide. Tn this manner, “chimeric” or “hybnd” antibodics are
prepared that have the binding specificity of the Fv clone or hybridoma clone-derived
antibodies of the disclosure.

3. Vectors, Host Cells, and Recombinant Methods

Antibodies may also be produced using recombinant methods. For
recombinant production of an anti-mutant SMQO antibody, nucleic acid encoding the
antihody 1is 1solated and inserted into a replicable vector for further cloning
(amplification of the DNA) or for expression. DNA encoding the antibody may be
readily isolated and scquenced using conventional procedures (e.g., by using
oligonucleotide probes that are capable of binding specifically to genes encoding the
heavy and hght chams of the antibody). Manv vectors are available. The vector
components generally include, but are not imited to, one or more of the following: a
signal sequence, an origin of replication, one or more marker genes, an enhancer
clement, a promoter, and a transcription terounalion Sequence.

a) Signal sequence component

An antibody of the disclosare may be produced recombinantly not only
directly, but also as a fusion polypeptide with a heterclogous polypeptide, which is, in
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, 10 some crmbodiments.is one that is recognized and processed {7.e.,

cleaved by a signal peptidase) by the host cell. For prokarvotic host cells that do not
91
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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
veast secretion the native signal sequence may be substituted by, e.g., the veast
mvertase leader, o factor leader (including Saccharomyces and Kiuyveromyces -
factor leaders), or acid phosphatase leader, the . albicans glucoamylase leader, or the
signal described in WO 90/13646. In mammalian cell expression, mammalian signal
sequences as well as viral secretory leaders, for example, the herpes simplex g
signal, are available.

b} Origin of replication

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 one that enables the vector to rephicate independently
of the host chromosomal DNA, and includes origins of replication or autonomously
replicating sequences. Such sequences are well known for a vaniety of bactena, veast,
and virases. The origin of replication from the plasmid pBR322 is suitable for most
Gram-negative bacteria, the 2 plasouid origin is suitable for veast, and various viral
origins (8V40, polvoma, adenovirus, VSV or BPV) are useful for cloming vectors in
mammalian cells. Generally, the origin of replication component is not needed for
mammalian expression vectors {the SV40 origin may tvpically be vsed only because it
contains the carly promoter).

¢) Selection gene component

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

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

Another example of suitable selectable markers for mammalian cells are those

that enable the identification of cells competent to take up antibody-encoding nucleic
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acid, such as DHFR, ghitamine synthetase (G8), thymidine kinase, metallothiongin-I
and -11, e.g., primate metallothionein genes, adencsine deaminase, ornithine
decarboxvlase, erc.

For example, cells transformed with the BDHER gene are identified by
culturing the transformants in a culfure mediom containing methotrexate (Mix), a
competitive antagonist of DHFR. Under these conditions, the DHFR genc is
amplified along with anv other co-transformed nucleic acid. A Chinese hamster
ovary {CHO) cell ne deficient in endogenous DHFR activity (e.g., ATCC CRL-
5096} may be used.

Alernatively, cells transtormed with the GS gene are identified by culturing
the transformants in a culture medium contaming L-methionine sulfoximine (Msx), an
mhibitor of G8. Under these conditions, the GS gene is amphified along with any
other co~transformed nucleic acid. The GS selection/amplification system may be
used in combination with the DHIFR selection/amplification svstem described above.

Alternatively, host cells (particularly wild-type hosts that contain endogenous
DHFR} transformed or co-transformed with BNA sequences encoding an antibody of
mterest, wild-type DHFR gene, and another selectable marker such as aminoglveoside
3'-phosphotransferase {APH) can be selected by cell growth in mediom contaiming a
selection agent for the selectable marker such as an aminoglvcosidic antibiotic, e. g,
kanamycin, neomyein, or G418, See U.S. Patent No. 4,963,199,

A suitable selection gene for use m veast 1s the frp1 gene present n the yeast
plasmid YRp7 (Stinchcomb ef al., Nature, 282:39 (1979)}. The frpl gene provides a
selection marker for a mutant strain of veast lacking the ability to grow in tryptophan,
for example, ATCC No. 44076 or PEP4-1. Jones, Genetics, 85:12 (1977}, The
presence of the #rpl lesion in the veast host cell genome then provides an effective
environment for detecting transformation by growth in the absence of tryptophan.
Simularly, Leu2-deficient veast strains (ATCC 20,622 or 38,626) arc complemented
by known plasmids bearing the Leu? gene.

In addition, vectors derived from the 1.6 pum circular plasmid pKB1 can be
used for transtormation of Kiuyveromyces yeasts. Alternatively, an expression system
for large-scale production of recombinant calt chvmosin was reported for K Jactis.
Van den Berg, Bio/Technology, 8:135 (1990). Stable multi-copy expression vectors

for secretion of mature recombinant human serum albumin by industrial strains of
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Kluyveromyces have also been disclosed. Fleer er al, Bio/Technology, 9:968-975
(1991).

d) Promoter component

Expression and cloning vectors generally contain a promoter that 1s recognized
by the host organism and is operably linked to nucleic acid encoding an antibody.
Promoters suitable for use with prokarvotic hosts include the phod promoter , B-
lactamase and lactose promaoter systems, alkaline phosphatase promoter, a tryptophan
{trp) promoter system, and hybrid promoters such as the tac promoter. However,
other known bacterial promoters are suitable. Promoters for use n bacterial systems
also will contain a Shine-Balgamo (5.1} sequence operably linked to the DNA
encoding an antibody.

Promoter sequences are known for eukarvotes. Virtually all cukarvotic genes
have an A'T-rich region located approximately 25 to 30 bases upstream from the site
where transcription is mitiated. Another sequence found 70 to 80 bases upstrea
from the start of transcription of many genes i1s a CNCAAT region where N may be
any mucleotide. At the 3' end of most cukaryotic genes 15 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 inseried mio cukarvotic expression vectors,

Examples of suitable promoter seqacnces for use with yeast hosts mclude the
promoters for 3-phosphoglycerate kinase or other glveslytic enzymes, such as enoclase,
glveeraldehyde-3-phosphate dehvdrogenase, hexokinase, pyruvate decarboxvlase,
phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase,
pyruvate kinase, triosephosphate isomerase, phosphoglucose isomerase, and
glucokinase.

Other veast promoters, which are inducible promoters having the additional
advantage of transcription controlled by growth conditions, are the promoter regions
for alcohol dehydrogenase 2, isocytochrome €, acid phosphatase, degradative
enzymes associated with nitrogen metabolism, metallothionen, glyveeraldehvde-3-
phosphate dehydrogenase, and enzymes responsible for maltose and galactose
ptifization. Suitable vectors and promoters for usc in yeast expression are further
described 1n EP 73,657, Yeast enhancers also are advantageously used with veast
promoters.

Antibody transcription from vectors in mammalian host cells can be controlled,

for example, by promoters obtained from the genomes of viruses such as polvoma
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virus, fowlpox virus, adenovirus {such as Adenovirus 2}, bovine papilloma virus,
avian sarcoma viras, cytomegalovirus, a retrovirus, hepatitis-B virgs, Simian YVirug 40
{8V 40), or from heterologous manumalian promoiers, . g, the actin promater or 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 are conveniently obtained as
an $V40 restriction fragment that also contams the SV40 viral origin of replication.
The immediate early promoter of the human cytomegalovirus is conveniently
obtained as a Hindll] E restriction fragment. A system for expressing DNA in
mammalian hosts using the bovine papilloma virus as a vector is disclosed i U.S.
Patent No. 4,419,446, A modification of this system 1s described in U.S. Patent No.
4,601,978, See also Reyes ef aof., Nature 297:598-601 {1982} on expression of human
B-interferon ¢cDNA in mouse cells under the control of a thymidine kinase promoter
from herpes simplex virus. Alternatively, the Rous Sarcoma Virus long torminal
repeat can be used as the promoter.

¢} Enhancer clement component

Transcription of a DNA encoding an antibody of this disclosure by higher
eukarvotes 1s often increased by inserting an enhancer sequence into the vector. Many
enhancer sequences are now known from mammalian genes (globin, elastase, albumin,
o~fetoprotein, and msulin}. Typically, however, one will use an enhancer from a
eukaryotic cell virus. Examples include the 5V 40 enhancer on the late side of the
replication onigin {(bp 100-270), the cyiomegalovirus early promoter enhancer, the
polvoma enhancer on the late side of the replication origin, and adenovirus enhancers.
See also Yantv, Nafure 297:17-18 {1982) on enhancing ¢lements for activation of
cukaryotic promoters. The enhancer may be spliced mto the vector at a position 5’ or
3' 1o the antibody-encoding sequence, but s, in some embodiments, located at a site 3°
from the promoter.

£} Transcription termination component

Expression vectors used in eukarvotic host cells {(veast, fungi, insect, plant,
animal, human, or nucleated cells from other multicellular organisms) will also
contain sequences necessary for the termination of transcription and for stabilizing the
mENA. Such sequences are commaonly available from the 3" and, occasionally 3',

untransiated regions of eukarvotic or viral DNAs or ¢cDBNAs. These regions contain
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nucleotide segments transcribed as polyadenylated fragments in the untransiated
portion of the mRNA encoding antibody. Une useful transcription termination
component is the bovine growth hormone polvadenyiation region. See W094/11026
and the expression vector disclosed therein.

2} Selection and transformation of host cells

Suitable host cells for cloning or cxpressing the DNA 1 the vectors herein are
the prokaryote, veast, or higher eukarvote cells described above. Switable prokaryotes
for this purpose include cubacteria, such as Gram-negative or Gram-positive
organisms, for example, Entercbacteriaceae such as Fscherichia, e.g. | E. coli,
Fnterobacter, Erwinia, Klehsiella, Proteus, Salmonella, e.g., Salmonella typhimurium,
Serratia, e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B. subtilis
and B. licheniformis (e.g., B. licheniformis 41P disclosed in DD 266,710 published 12
Aprid 1989}, Pseudomonas such as P. aeruginosa, and Strepiomyces. One possible £
coli cloning host 1s £, coli 294 (ATCC 31,446), although other strams such as K. cofi
B. F coli X1776 (ATCC 31,337y, and £ cofi W3110 {ATCC 27,325) are suitable.
These examples are Hlustrative rather than himiting.

Full length antibody, antibody fusion proteins, and antibody fragments can be
produced in bacterta, in particular when glycosylation and Fo effector function are not
needed, such as when the therapeutic antibody is conjugated to 3 cytotoxic agent (e.g.,
a toxin) that by itself shows cffectiveness in tumor cell destruction. Full length
antibodies have greater half life in circulation. Production in £ ¢ofi 1s faster and
more cost efficient. For expression of antibody fragments and polypeptides in
bacteria, see, e.g., U.S. 5,648 237 (Cartereral ), US. 5,789,199 (lolveial ), US.
5,840,523 (Summons ef af.), which describes transiation imtiation region (TiR) and
signal sequences for optimizing expression and secretion. See also Charlton, AMethods
inn Molecular Biclogy, Vol 248 (B X .C. Lo, ed., Humana Press, Totowa, NJ, 2003},
pp. 245-254, deseribing expression of antibody fragments in 7. cofi. After expression,
the antibody may be 1solated from the /. coli cell paste i a soluble fraction and can
be purificd through, e. g . a protein A or G column depending on the isotype. Final
purification can be carried out similar to the process for punfying antibody expressed
e.g,. in CHO celis.

In addition to prokaryotes, eukaryotic microbes such as filamentous fimgi or
veast are suitable cloning or expression hosts for antibodv-encoding vectors.

Saccharomyces cerevisiae, or common baker’s yeast, 13 the most commonly used
96
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among lower cukaryotic host microorganisms. However, a number of other genera,
species, and strains are commonly available and usefil herein, such as
Schizosaccharomyces pombe;, Kluyveromyces hosts such as, e.g., K. laciis, K. fragilis
(ATCC 12,424), K bulgaricus (ATCC 16,043}, K wickeramii {(ATCC 24 178), K.
waltii (ATCC 56,300}, K drosophilarum (ATCC 36,906), K. thermotolerans, and K

[ O

marxianus; yarrowia (EP 402,226); Pichia pasioris (EP 183,070y, Candida;
Trichoderma reesia (EP 244,234}, Neurospora crassa, Schwanniomyces such as
Schwanmiomyces vecidentalis; and filamentous fungi such as, e g, Neurospora,
FPenicillium, Tolypocladium, and Aspergilius hosts such as 4. nidulans and A. niger.
10 For a review discussing the use of yeasts and fulamentous fungi for the production of
therapeutic proteins, see, e.g., Gemgross, Nat. Biotech. 22:1409-1414 (2004).
Certain fungi and yeast strains may be sclected i which glycosylation
pathways have been “bumanized,” resulting in the production of an antibody with a

partially or fully human glycosviation pattern. See, e.g., Lief ol , Nat. Biotech.

il

oy
5

24:210-215 {2006) {describing humanization of the glycosvlation pathway in Pichia
pastorisy, and Gerngross ef al., supra.

Suitable host cells for the expression of givcosylated antibody are also derived
from multicellular organisms {(invertebrates and vertebrates). Examples of
mvertebrate cells include plant and insect cells. Numerous baculoviral strains and
20 wvariants and corresponding pernussive insect host cells from hosts such as Spodopfera
Jrugiperda (caterpillar), Aedes aegyvpti (mosquito}, dedes albopictus (mosquito),
Dvosophila melanogaster (frutfly), and Bombyx mori have been dentified. A varety
of viral strains for transfection are publicly available, e.g., the L-1 variant of

Autographa californica NPV and the Bm-3 strain of Bombyxc mori NPV, and such
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viruses may be used as the virus herein according to the present disclosure,
particulatly for transfection of Spodoprera frugiperda cells.

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

Vertebrate cells may be used as hosts, and propagation of vertebrate ¢ells in
culture (tissue culturc) has become a routine procedure. Examples of useful

mammalian host cell lines are monkey kidney CV1 Iine transformed by SV40 (COS-7,
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ATCC CRL 1651); homan embryonic kidney hine {293 or 293 cells subcloned for
growth in suspension culture, Graham ef af, J Gen Virol 36:59 (1977)) ; baby
hamster kidney celis (BHE, ATCC CCL 10); mouse serioli cells (TM4, Mather, Biol
Reprod. 23:243-251 {1980} ); monkey kidnev cells ({CV1 ATCC CCL 70); African
green monkey kidney cells {VERG-76, ATCC CRL-1587); human cervical carcinoma
cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo
rat hiver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL
75); human liver cells (Hep G2, HB 8065}, mouse mammary tumor (MMT 060562,
ATCC CCLS ), TRIE cells (Mather er af,, Annals N.Y. Acad. Sci. 383:44-68 (1942));
MRC 5 celis; F54 cells; and a human hepatoma line (Hep G2}, Other useful
mammalian host cell lines include Chingse hamster ovary (CHO) cells, imcluding
DHFR CHO cells (Urlaub ef af., Proc. Natl Acad. Sci. USA 77:4216 (1980)); and
myeloma cell lines such as NS0 and Sp2/0. For a review of certain mammalian host
cell lines suitable for antibody production, see, e.g., Yazaki and Wu, Methods in
Molecular Biology, Vol 248 (B K. C. Lo, ed., Humana Press, Totowa, NJ, 2003), pp.
255-268.

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

by Cubtuning the host cells

The host cells used to produce an antibody of this disclosure may be cultured
m a vanety of media. Conunercially available media such as Ham’s F10 (Sigma),
Mimimal Essential Medium ((MEM), (Sigma), RPMI-1640 (Sigma), and Dulbecco’s
Modified Eagle’s Medium ((DMEM), Sigma) are suitable for culturing the host cells.
In addition, any of the media descnbed in Ham ef o/, Merh. Fnz 58:44 {1979,
Barnes er al., Anal. Biochem 102:255 (1980}, U.S. Pat. Nos. 4,767,704, 4,657 866;
4.927.762; 4 560,655, or 5,122 465, WO 90/03430;, W 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
supplcmented as necessary with hormones and/or other growth factors (such as
msulin, transferrin, or epidermal growth factor), salts (such as sodium chioride,
calcium, magnesium, and phosphate), buffers (such as HEPES), nucleotides (such as
adenosine and thvmidine), antibiotics (such as GENTAMY CIN™ drug), trace

elements (defined as norganic compounds usually present at tinal concentrations in
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the micromolar range), and ghicose or an equivalent energy source. Any other
necessary supplements may also be inchuded at appropriate concentrations that would
be known to those skilled 1o the art. The culture conditions, such as temperature, pH,
and the iike, are those previously used with the host cell selected for expression, and
will be apparent to the ordinarily skilled artisan.
1} Purtfication of antibody
When using recombinant techniques, the antibody can be produced

mtracellnlarly, m the periplasmic space, or directly secreted into the mediam. If the
antibody is produced intraceliularly, as a first step, the particulate debris, either host
cells or bysed fragments, arc removed, for example, by centrifugation or ultratiitration.
Carter ef al., Bio/Technology 10:163-167 (1992} describe a procedure for isolating
antibodies which are secreted to the penplasmic space of £ coli. Briefly, cell pasic is
thawed in the presence of sodium acetate (pH 3.5), EDTA, and
phenyimethylisulfonvifluoride (PMSF) over about 30 min. Cell debris can be removed
by centrifugation. Where the antibody is secreted into the medium, supematants from
such expregsion systems are generally first concentrated using a commercially
available protein concentration filter, for example, an Amicon or Millipore Pellicon
pltrafiltration unit. A protease inhubitor such as PMSE mav be included in any of the
foregoing steps to inhibit proteclysis and antibiotics may be included to prevent the
growth of adventitious contaminants.

¢ antibody composition prepared from the cells can be purified using, for
example, hvdroxylapatite chromatography, hyvdrophobic interaction chromatography,
gel clectrophoresis, dialysis, and affinity chromatography. The suitability of protein
A as an affinity higand depends on the species and isotype of any immunoglobulin Fe
domain that is present in the antibody. Protein A can be used to purify antibodies that
arc based on human v1, v2, or v4 heavy chams (Lindmark et o, J. Immuncl. Meih.
62:1-13 (1983})). Protein G is recommended for all mouse 1sotypes and for human 3
{Guss ef ¢ {1986} FMBO 7 5:1567-1575}. The matrix to which the affinity ligand 1s
attached 1s most often agarose, but other matrices are available. Mechanically stable
matrices such as controlied pore glass or poly(styrenedivinyl) benzene allow for faster
flow rates and shorter processing times than can be achieved with agarcse. Where the
antibody comprises a Cyu3 domain, the Bakerbond ABX™ resin (J. T. Baker,

Phillipsburg, NI} 1s useful for purification. Other techniques for protein purification
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such as fractionation on an ion-exchange column, ethanol precipitation, Reverse
Phase HPLL, chromatography on silica, chromatography on heparin SEPHAROSE™
chromatography on an anion or cation exchange resin (such as a polyaspartic acid
colurmn), chromatofocusing, SDS-PAGE, and ammonium sulfate precipitation are
also available depending on the antibody to be recovered.

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 clotion buffer at a pH between about 2.5-4.5, in
some cmbodiments, performed at low salt concentrations {e.g., from about 0-0.25M
salt}.

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

C. Immunoconjugates

The disclosure also provides immunoconjugates {interchangeably referred to
as “antibody-drug conjugates,” or “ADCs™) comprising an antibody conjugated to one
or more cytotoxic agents, such as a chemotherapeutic agent, a drug, a growth
mhibitory agent, a foxin {e.£., a protein toxin, an enzymatically active toxin of
bacterial, fungal, plant, or anumal origin, or fragments thereof), or a radicactive
isotope {i.e., a radioconjugate).

Immunoconjugates have been used for the local delivery of cyvtotoxic agents,
i.e., drugs that kill or inhubit the growth or proliferation of cells, in the treatment of
cancer {Lambert, J. (2003) Curr. Opinion in Pharmacology 5:543-549; Wu et al
(2005} Nature Biotechnology 23¢9} 1137-1146; Payne, G. (2003} 1 3:207-212; Syrigos
and Epenetos {1999} Anticancer Research 19:605-614; Niculescu-Buvaz and Springer
{1997y Adv. Drug Deliv. Rev. 26:151-172; U S, Pat. No. 4,975,278).
Immunoconjugates allow for the targeted delivery of a drug motety to a tumor, and
mtracetlular accumuldation thergin, where systemic adounistration of unconjugated
drugs may result in unacceptable levels of toxicity to nommal celis as well as the tumor
cells sought to be elimmated (Baldwin er al., Lancef {Mar. 15, 1986) pp. 603-05;
Thorpe {1985} “Antibody Carricrs Of Cytotoxic Agents In Cancer Therapy: A
Review,” in Monoclonal Antibodies '84.: Biological And Clinical Applications (A.

Pinchera et al., eds} pp. 475-306. Both polvclonal antibodies and monoclonal
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antibodies have been reported as useful in these strategices (Rowland ef ol | (1986)
Cancer Immunol. Immunother. 21:183-87). Drugs used in these methods include
daunomvcin, doxorubicin, methotrexate, and vindesine {Rowland er a/., (1986) supra).
Toxins used in antibody-~toxin conjugates include bacterial toxing such as diphthena
toxin, plant toxins such as ricin, small molecule toxins such as geldanamycin
{Mandler et al (2000 J Nat. Cancer Inst 92(19):1573-1581; Mandler ¢t al (2000}
Bicorganic & Med. Chem. Letters 10:1025-1028; Mandler ¢t al (2002) Bioconjugaie
Chem. 13:786-791), maytansmoids (EP 1391213 Liu ef of., (1996} Proc. Natl. Acad
Sei. US4 93:8618-8623), and calicheamicin {Lode et al (1998} Caricer Res. 58:2928;
Hinman et al (1993) Cancer Res. 53:3336-3342). The toxins may exert their
cvtotoxic effects by mechanisms including tubulin binding, BDNA binding, or
topoisomerase inhibition. Some ¢yvitotoxic drugs tend to be inactive or less active
when conjugated to large antibodics or protein receptor higands.

ZEVALIN® {ibritumomab tiuxetan, Biogen/Idec} 1s an antibody-radicisctope
conjugate composed of a murme IgG1 kappa monoclonal antibody directed against
the CP20 antigen found on the surface of normal and malignant B lymphocevtes and
1i1in or 90Y radioisotope bound by a thiourea hinker-chelator (Wiseman et al (2000)
Fur. Jour. Nucl 8ed 27(7y.766-77; Wiserman et al (2002) Blood 99(12):4336-42,;
Witzig et al (2002} J. Clin. Oncoel. 20{10%:24533-63; Witzig ¢t al (2002) J. Ciin. Oncol.
20{15):3262-69). Although ZEVALIN has activity against B-cell non-Hodgkin's
Lymphoma {NHL), administration results in severe and prolonged cytopenias i most
patients. MYLOTARG™ (gemtuzamab ozogamicin, Wveth Pharmaceuticals), an
antibody-drug conjugate composed of a huCD33 antibody linked to calicheamicin,
was approved in 2000 for the treatment of acute myeloid leukemia by mjection
{Drugs of the Furure (2000) 25(7):686; US Patent Nos. 4970198, 5079233, 5585089,
5606040, 5693762, 5730116; 5767285, 5773001, Cantuzumab mertansine
{Immunogen, Inc.), an antibody-drug conjugate composed of the hu{’242 antibody
hinked via the diselfide hinker SPP to the mavtansinoid drug moicty, DM, s
advancing into Phase 1T trials for the treatment of cancers that express CanAg, such as
colon, pancreatic, gastric, and other cancers. MLN-2704 (Millenmium Pharm., BZL
Biologics, Immunogen Inc ), an antibody-drug conjugate composed of the anti-
prostate specific membrane antigen {(PSMA) monoclonal antibody linked to the

mayvtansinoid drug moiety, DM, is under development for the potential treatment of
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prostate tumors. The aaristatin peptides, auristatin E (AE) and monomethylauristatin
{MMAE), synthetic analogs of dolastatin, were conjugated o chimeric monoclonal
antibodics cBRY6 (specific to Lewis Y on carcinomas) and cAC10 (specific to CD30
on hematological malignancies) (Doronina et al (2003) Natwre Biotechnol 21(7).778-
784} and arc under therapeutic development.

In certain embodiments, an mmunoconjugate comprises an antibody and a
chemotherapeutic agent or other toxin. Chemotherapeutic agents useful m the
generation of immumoconjugates are described herein (e. g, above). Enzymatically
active toxins and fragments thercof that can be used include diphtheria A chain,
nonbinding active fragments of diphtheria toxin, exotoxin A chain (from
Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-
sarcin, Aleurites fordit proteins, dianthin proteins, Phytolaca americana proteins
{PAPL PAPH, and PAP-S5), momordica charantia mhibitor, curcin, crotin, sapaonaria
officinalis inhubitor, gelonin, mitogellin, restrictocin, phenomyein, enomyvein, and the
tricothecenes. See, e.g, WO 93/21232 pablished October 28, 1993, A variety of
radionuclides are available for the production of radioconjugated antibodies.
Examples include *VBi, 'L, Ylin, 7Y, and "**Re. Conjugates of the antibody and
cytotoxic agent are made using a variety of bifunctional protein-coupling agents such
as N-succinimidyl-3-(2-pyridyldithiol} propionate (SPDP), imincthiolane (IT),
bifunctional derivatives of imidoesters (such as dimethyl adipioudate HC), active
esters {such as disuccinimidyl suberate), aldehydes (such as glutaraldehvde), bis-azido
compoands {such as bis {p-azidobenzovl) hexanediamine), bis-diazoniim derivatives
{such as bis-{p-diazoniumbenzovl)-cthvienediamine), ditsocvanates (such as toluene
2.6~diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-2,4-
dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in
Vitetta ef ol , Science, 238 1098 (1987). Carbon-14-labeled 1-isothiocvanatobenzyl-
3-methyldicthylene tnamimepentaacetic acid (MX-DTPA) 1s an exemplary chelating
agent for conjugation of radionuclectide to the antibody. See W(94/11026.

Conjugates of an antibody and one or more small molecule foxins, such asa
calichcamicin, mavtansimoids, dolastatins, aurostatins, a trichothecene, and CC1065,
and the denvatives of these toxins that have toxin activity, are also contemplated
herein.

1. Maytassine and maytansineids
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In some embodiments, the immungconjugate comprises an antibody (full
length or fragments) conjugated to one or more maytansinoid molecules.

Maytansinoids arc mitototic inhibitors which act by inhibiting tubulin
polymenzation. Mavtansine was first isolated from the east Afican shrub Maytenus
serrata (U.S. Patent No. 3,896,111} Subsequently, it was discovered that certain
microbes also produce maytansinoids, such as mavtansino! and C-3 maytansinol
esters {U.S. Patent No. 4,131,042}, Synthetic mayviansinol and denvatives and
analogues thereof are disclosed, for example, in 1S, Patent Nos. 4,137 230,
4248 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, 4317821, 4.322.348; 4,331,598
4,361,650, 4,364,866, 4,424,219, 4,450,254; 4,362 663; and 4,371,533,

Maytansinoid drug moicties are atiractive doug moigties in antibody drug
conjugates because they are: (i) relatively accessible to prepare by fermentation or
chemical modification, derivatization of fermentation products, (it} amenable to
dertvatization with functional groups suitable for conjugation through the non-
disulfide inkers to antibodies, (111} stable in plasma, and (iv) effective against a
variety of tumor cell lines.

Immmuanoconjugates containing maytansinoids, methods of making same, and
their therapeutic use are disclosed, for example, in U.S. Patent Nos. 5,208,020,
5,416,064 and Furopean Patent EP 0 423 235 B1, the disclosures of which are hereby
expressly mcorporated by reference. Liu ef af, Proc. Natl. Acad. Sci. USA 93:8618-
8623 (1996} described immunoconjugates comprising a maytansinoid designated
DM linked to the monoclonal antibody €242 directed against human colorectal
cancer. The conjugate was found to be highly cvtotoxic towards cultured colon
cancer cells, and showed antitumor activity in an i vive tumor growth assay. Chari ef
al., Cancer Research 52:127-131 (1992} describe immunoconjugates in which a
mayvtansinoid was conjugated via a disulfide binker to the e antibody A7 binding
to an antigen on human colon cancer cell lings, or to another murine monoclonal
antibody TA 1 that binds the HER-2/neu oncogene. The cvtotoxicity of the TA 1-
maytansinoid conjugate was tested 77 vifro on the human breast cancer cell line SK-
BR-3, which expresses 3 x 105 HER-2 surface antigens per cell. The drug conpugate
achieved a degree of eviotoxicity similar to the free maytansinoid drag, which could
be increased by increasing the number of maytansinoid molecules per antibody

molecule. The A7-mayiansinoid conjugate showed low sysiemic cytotoxicity in mice,
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Antibody-maytansinoid conjugates are prepared by chemically hnking an
antibody t¢ a maytansinoid molecule withowt significantly diminishing the biclogical
activity of either the antibody or the maytansinoid molecule. See, e g, U.S. Patent No.
5,208,020 (the disclosure of which is hereby expressly incorporated by reference).

An average of 3-4 maytansinoid molecoles conjugated per antibody molecule has
shown efficacv in enhancing cviotoxicity 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 cvtotoxicity over the use of naked
antibody. Maviansinoids are well known in the art and can be svinthesized by known
cchniques or isolated from natural sources. Suitable maytansinoids are disclosed, for
example, in U.S. Patent No. 5,208,020 and 1n the other patents and nonpatent
publications referred to hercinabove. In some embodiments, maytansinoids are
mayvtansinol and maytansinol analogues modified in the aromatic ring or at other
posttions of the mavtansinol molecule, such as various maytansinol esters.

There arc many linking groups known in the art for making antibody-
mavtansinoid conjugates, including. for example, those disclosed in U.S. Patent No.
5,208,020 or EP Patent 0425 235 Bl, Chan et ol , Cancer Research 52:127-131
{1992}, and U 8. Patent Application No. 10/960,602, filed Oct. &, 2004, the
disclosures of which are hereby expressly mcorporated by reference. Antibody-
mayvtansinoid conjugates compusing the linker component SMCC may be prepared as
disclosed in 1.5, Patent Application No. 10/960,602, filed Oct. 8, 2004. The linking
groups nclode disulfide groups, thioether groups, acid labile groups, photolabile
groups, peptidase labile groups, or esterase labile groups, as disclosed in the above-
identified patents, disulfide and thioether groups may be used in some embodiments.
Additional hinking groups arc described and exemplificd herein.

Conjugates of the antibody and maytansinoid may be made using a variety of
bifunctional protein coupling agents such as N-succinimidyi-3~(Z-pyridyldithio)
propignate (SPDP), succinimidyl-4-(N-maletmidomethyl) cvclohexane-1-carboxylate
(SMCC), immothiolane (0T}, lifunctional derivatives of imidoesters {such as dimethyl
adipimidate HCH), active esters (such as disuccinimidyl suberate), aldchydes (such as
glutaraldehyde), bis-azido compounds {such as bis {p-azidobenzoyl) hexanediaming),
bis-diazontum dertvatives (such as bis-(p-diazoniumbenzoyl)-cthylenediamine),
diisocyanates {such as toluene 2,6-diisocyanate), and bis-active fluorine compounds

{such as 1,5-difluore-2 4-dinitrobenzene). In some embodiments, coupling agents
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mclade N-sucemimidyl-3-(2-pyridyldithio) propionate (SPDP) (Carlsson er al |
Biochem. J. 173:723-737 (1978)) and N-succinimidyl-4-(2-pyrdylthio}pentanoate
{SPP) to provide for a disulfide linkage.

The linker may be attached to the mayviansinoid molecule at vanous positions,
depending on the tvpe of the link. For example, an ester linkage may be formed by
reaction with a hydroxyl group using conventional coupling techniques. The reaction
may occur at the -3 position having a hydroxyl group, the C-14 position modified
with hydroxymethyl, the C-15 position modified with a hvdroxyl group, and the C-20
position having a hvdroxyl group. In one embodiment, the linkage is formed at the C-
3 position of maytansinol or a maytansinol analogue.

2. Auristatins and dolastatins

In some embodiments, the immunoconjugate comprises an antibody
conjugated to dolastatins or dolostatin peptidic analogs and derivatives, the aunstatins
{UUS Patent Nos. 5635483; 5780588). Dolastatins and auristating have been shown fo
mterfere with microtubule dynamics, 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 antifungal activity (Pettit et al (1998)
Antimicrob. Agents Chemother. 42:2961-2965). The dolastatin or auristatin drug
moicty may be attached to the antibody through the N {amino} terminus or the €
{carboxv!} terminus of the peptidic drug moiety (WO 02/088172).

Exemplary auristatin embodiments include the N-terminus linked
monomethylauristatin drug moicties DE and DF | disclosed in “Monomethylvaling
Compounds Capable of Conjugation to Ligands™, US Ser. No. 10/983,340, filed Nov.
5, 2004, the disclosure of which 1s expressly mcorporated by reference m its entivety.

Typically, peptide-based drug moietics can be prepared by forming a peptide
bond between two or more amino acids and/or peptide fragments. Such peptide bonds
can be prepared, for example, according to the liquid phase synthesis method {sec E.
Schroder and K. Litbke, “The Peptides”, volume 1, pp 76-136, 1965, Academic Press}
that 1s well known in the field of peptide chemistryv. The auristatin/dolastatin drug
moicties may be prepared according to the methods of US 5635483; US 5780588,
Pettit et al (1989} . Am. Chem. Soc. 111:5463-34635; Pettit et al (1998) Anti-Cancer
Drog Design 13:243-277, Pettit, G R, ef ¢/, Synthesis, 1996, 719-725; and Pettit et al
{1996} J. Chem. Soc. Perkin Trans. 1 5:859-863. See also Doronina (2003) Nat

Biotechnol 21(7).778-784; “Monomethylvaline Compounds Capable of Conjugation
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to Ligands™, US Ser. No. 10/983 340, filed Nov. §, 2004, hereby incorporated by
reference in its entirety {disclosing, e.g., linkers and methods of preparing
monomcthvlvaline compounds such as MMAE and MMAF conjugated to linkers).

3. Calicheamicin

In other embodiments, the immunoconjugate comprises an antibody
conjugated to one or more calichcamicin molecules. The calicheamicin family of
aniibiotics are capable of producing double-stranded DNA breaks at sub-picomolar
concentrations. For the preparation of conjugates of the calicheamicin family, see
US. patents 5,712,374, 5,714,586, 5,739,116, 5,767 285, 5,770,701, 5,770,710,
5,773,001, 5,877,296 (all to American Cyanamid Company). Structural analogues of
calicheamicin which may be used include, but are not limited to, y1L, o21, o3F N-
acetyl-y 1, PSAG and 811 (Hinman ¢f o/ , Cancer Resgarch 53:3336-3342 {1993),
Lode ef af., Cancer Research 58:2925-2928 {1998) and the aforementioned U.S.
patenis to American Cyanamid). Another anti-tumor drug that the antibody can be
conjugated is QFA which s an antifolate. Both calicheamicin and QFA have
mtracetular sites of action and do not readily cross the plasma membrane. Thercfore,
cellular uptake of these agents through antibody mediated internalization greatly
enthances their cytotoxic effects.

4, Other eytotoxic agents

Other antitumor agents that can be conjugated to the antibodics include BCNU,
streptozoicm, vineristine and 3-fluorouracil, the family of agents known collectively
L1-E33288 complex described in US. patents 5,053,394, 5,770,710, as well as
esperamicing (U5, patent 5,877,296).

Enzymatically active toxins and fragments thereof which can be used include
diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain
{from Pscudomonas agruginosa), ricin A chain, abrin A chain, modeccin A chain,
alpha-sarcin, Aleurites fordu proteins, dianthin proteins, Phytolaca americana proteins
(PAPL, PAPI] and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria
officinalis inhibitor, gelonin, mitogellin, restriciocin, phenomycin, enomyein and the
tricothecencs. See, for example, WO 93/21232 published October 28, 1993,

The present disclosure further contemplates an mmmunoconjugate formed
between an antibody and a compoand with nucleolytic activity {e.g., a ribonuclease or

a DNA endonuclease such as a deoxyribonuclease; DiNase).
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For selective destruction of the tumor, the antibody may comprise a highly
radicactive atom. A variety of radioactive isctopes are available for the production of
radioconjugated antibodics. Examples include At 1P V7 Y7, Re'™, Re'™, S’
Bi*", P, Pb™" and radicactive isotopes of Lu. When the conjugate is used for
detection, it mav comprise a radioactive atom for scintigraphic studies, for example
tc9%m or 1123, or a spin label for nuclear magnetic resonance (NMR) imaging (also
known as magnetic resonance imaging, mri), such as iodine~123 again, 1oding-131,

mdium-111, fluorine-19, carbon-13, nitrogen-15, oxygen-17, gadolimium, manganese

o1 iron.

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 aming acid precursors involving, for example,
fluoring-19 in place of hydrogen. Labels such astc” m or ['7, Re'™, Re'™ and In'"
can be attached via a cvsieine residue n the peptide. Yiirum-90 can be attached via a
fysing residue. The IDDOGEN method (Fraker et al (1978) Biochem. Biophys. Res.
Commun. 80: 49-37} can be used to mcorporate 1odine-123. “Monoclonal Antibodics
m Immumoscintigraphy” (Chatal CRC Press 1989) describes other methods in detail.

Conjugates of the antibody and cytotoxic agent may be made using a variety
of bifunctional protein couphing agents such as N-succinimidyl-3-(2-pyridyldithio)
propronate {(SPDP), succinimidyl-4-(N-maleimidomethyl) cvelohexanc-1-carboxvlate
{(SMCC), iminothiolane (FT), bifunctional derivatives of imidoesters (such as dimethyi
adiptmidate HCLY, active esters (such as disuccinimidyl suberate), aldehvdes (such as
glutaraldehyde), bis-azido compounds (such as bis (p-azidobenzovl) hexanediaming),
bis-diazonium derivatives (such as bis-(p~-diazoniumbenzoyi)-cthylenediamine),
diisocyanates (such as toluene 2 6-diisocvanate), and bis-active fluorine compounds
{such as 1.5-difluorc-2 4-dinitrobenzene}. For example, a ricin immunotoxio ¢an be
prepared as described in Vitetta ef @/, Science 238:1098 (1987} Carbon-~14-labeled
l-isothiocyanatobenzyl-3-methyldicthylene tnammepentaacetic acid (MX-DTPA} is
an exemplary chelating agent for conjugation of radionucleotide to the antibody. See
W0O94/11026. The linker may be a “cleavable linker” facilitating release of the
cvtotoxic drug n the cell. For example, an acid-labile binker, peptidase-sensitive
hinker, photolabile linker, dimethyvl linker or disulfide-containimg linker (Chan er o/

Cancer Research 52:127-131 (1992); U.S. Patent No. 5,208,020) may be used.
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The compounds expressly contemplate, but are not limited to, ADC prepared
with cross-linker reagents: BMPS, EMCS, GMBS, HBVS, LC-SMCC, MBS, MPBH,
SBAP, SIA, SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-KMUS,
sulfo-MBS, sulfo-5IAB, sulfo-SMCC, and sulfo-SMPB, and SVSEB (succimmidyl-{4-
vinyisulfonejbenzoate} which are commercially available {e.g., from Pierce
Biotechnology, Inc., Rockford, L., U.S.A}. Seec pages 467-498, 2003-2004
Applications Handbook and Catalog.

8. Preparation of antibody drug conjugates

In the antibody drug conjugates (ADC), an antibody (Ab) is conjugated to one
or more drug moteties (1), e g about 1 to about 20 drug moieties per antibody (p =1
to about 20}, through a linker (L), The ADC of the formuda shown below may be
prepared by several routes, employing organic chemistry reactions, conditions, and
reagents known to those skilled i the art, including: (1} reaction of a nucieophilic
group of an antibody with a bivalent hinker reagent, to form Ab-L, via a covalent bond,
followed by reaction with a drug moigty D; and {2} reaction of a nucleophilic group of
a drug moiety with 3 bivalent Hnker reagent, to form D-L, via a covalent bond,
followed by reaction with the nucleophilic group of an antibody. Additional methods
for preparing ADC are described herem.

Ab—-(1-D),

The linker may be composed of one or more linker components. Exemplary
linker components include 6-malemidocaprovl (*MC™), maleinidopropanoy! ("MP”),
valine-citrulline (“val-cit”), alanine-phenyialanme (“ala-phe™), p-
aminobenzyloxycarbouy! (“PAB™}, N-Succinimidyl 4-(2-pyridylthio) pentancate
(“SPP”), N-Succinimidyl 4-(N-malcimidomethyl) cyclohexane-1 carboxvlate
{("SMCC), and N-Succimimidyl (4-iodo-acetyl) amimobenzoate (“STAB”). Additional
linker components are known in the art and some are described herein. See also
“Monomethylvaline Compounds Capable of Conjugation to Ligands”, US Ser. No.
10/983,340, filed Nov. 3, 2004, the contents of which are hercby incorporated by
reference in s entirety.

In some embodiments, the linker may comprise amine acid residucs.
Exemplary amino acid linker components include a dipeptide, a tripeptide, a
tetrapeptide or a pentapeptide. Exemplary dipeptides include: valine-citrulling {vc or
val-cit), alamine~-phenvlalanine (af or ala-phe). Exemplary tripeptides mclude:

glycine-valing-citeulline {gly-val-cit} and glvcine-glycine-glycine (ghy-gly-gly).
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Amino acid residues which comprise an amino acid linker component include those
oocurring naturaily, as well as minor amino acids and non-naturaily occurring amino
acid analogs, such as citruilline. Amino acid linker components can be designed and
optimized in their selectivity for enzvmatic cleavage by a particular enzymes, for
example, a tumor-associated protease, cathepsin B, € and D, or a plasmin protease.

Nucleophilic groups on antibodies include, but are not limited to: (i) N~
terminal amine groups, (11} side chain amine groups, e.g lysine, (111) side chain thiol
groups, €.2. cysteine, and {iv) sugar hydroxyl or amino groups where the antibody 1s
glvcosyvlated. Aming, thiol, and hydroxyl groups are nucleophilic and capable of
reacting to form covalent bonds with electrophilic groups on linker moicties and
hnker reagents including: (i) active esters such as NHS esters, HOBt esters,
haloformates, and acid halides; (i1} alkyl and benzy! halides such as haloacetamides;
{ui1) aldehydes, ketones, carboxyl, and maleimide groups. Certain antibodics have
reducible interchain disulfides, i.e. cysteine bridges. Antibodies may be made
reactive for conjugation with linker reagents by treatment with a reducing agent such
as DT (dithiothreitol). Each cysteine bridge will thus form, theoretically, two
reactive thiol nucleophiles. Additional nucleophilic groups can be introduced into
antibodics through the reaction of lyvsines with Z-imincthiolane (Traut’s reagent)
resulting in conversion of an amine into a thiol. Reactive thiol groups may be
mtroduced mto the antibody (or fragment thereof) by introducing one, two, three, four,
or more cvsteine residues (e g, preparing mutant antibodies comprising one or more
non-native cysteine amino acid residues).

Antibody drug conjugates may also be produced by modification of the
antibody to introduce electrophilic moieties, which can react with nucleophilic
substituents on the linker reagent or drog. The sugars of glycosviated antibodics may
be oxadized, e g with periodate oxidizing reagents, to form aldehyde or ketone groups
which may react with the anmine group of hinker reagents or drug moieties. The
resulting imine Schiff base groups may form a stable linkage, or may be reduced, e.g.
by borohydride reagents to form stable amine linkages. In one embodiment, reaction
of the carbohydrate portion of a glveosylated antibody with either glactose oxidase or
sodium meta~-pertodate may vield carbonyl {aldehyde and ketone) groups in the
protein that can react with appropriate groups on the drug (Hermanson, Bioconjugate
Techniques). In another embodiment, proteins containing N-terminal serine or

threonine residues can react with sodium meta-periodate, resuiting i production of an
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aldehyde 1n place of the first amino acid (Geoghegan & Stroh, (1992} Bioconjugate
Chere. 3:138-146; US 5362852}, Such aldehvde can be reacted with a drug motety or
linker nucleophile.

Likewise, nucleophilic groups on a drug moiety include, but are not limited to:
amine, thiol, hydroxyvl, hydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine
carboxylate, and arvihvdrazide groups capable of reacting to form covalent bonds
with electrophilic groups on linker moieties and hinker reagents including: (1) active
esters such as NHS esters, HOBt esters, haloformates, and acid halides; (i1} alkyl and
benzyl halides such as haloacetamides; (11} aldehvdes, ketones, carboxyl, and
malecimide groups.

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

In yet ancther embodiment, the antibody may be conjugated to a “receptor”
{such streptaviding} for utilization in tumor pre-targeting wherein the antibody-receptor
conjugate 1s administered to the patient, followed by removal of unbound conjugate
from the circulation using a clearing agent and then admimistration of a “ligand™ (e . g.,
avidin} which is conjugated to a cytotoxic agent (.., a radionucleotide). A variety of
radionuclides are available for the production of radioconjugated antibodies.

. 2py: 13y 151y 90 186
Examples include “"Bi, L In, Y. and “Re.

V. 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 motant SMO 10 a biological sample. The term “detecting” as used herem
encompasses quantitative or qualitative detection. In certain embodiments, a
biological sample comprises a cell or tissue, such as tumor tissue.

In one aspect, the disclosure provides a method of detecting the presence of
mutant SMQO i a biological sample. In certain cmbodiments, the method comprises
contacting the biological sample with an anti-mutant SMO antibody vader conditions

permissive for binding of the anti-mutant SMO antibody to mutant SMO, and
110
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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

[ O

coraprises contacting a test cell with an anti-nnutant SMO antibody; determining the
tevel of expression (either quantitatively or qualitativelv) of mutant SMO by the test
cell by detecting binding of the anti-mutant SMO antibody to mutant SMO; and
comparing the level of expression of mutant SMO by the test cell with the level of
10 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 SMQO 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 presence of a disorder associated

with mcreased expression of nutant SMO. In certain emnbodiments, the test cell is

oy
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obtained from an mdividual suspected of having a disorder associated with increased
expression of motant SMO. In certain embodiments, the disorder is 3 cell
profiferative disorder, such as a cancer or a tumor, It is appreciated that in, for
example, a tumor sample, there may be heterogencity m SMO expression. Thus, 1t is
appreciated that in a sample only a subset of cells in the sample may express the
20 outant SMO, and such expression is sufficient to, for example, be associated with
drug resistance. Accordingly, evaluating expression includes evaluating expression m
a sample and detecting mutant SMQ protein in a subset of cells in a sample.
Excmplary disorders that may be diagnosed or in which drug resistance can be

evaluated using an antibody of the disclosure mclude, but are not limited to
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medulloblastoma, pancreatic cancer basal cell carcinoma.

{Certain other methods can be used to detect binding of antibodies to mutant
SMO. Such methods include, but are not imited to, antigen-binding assays that arc
well known in the art, such as western blots, radicimmunocassays, ELISA (enzyme
linked immunosorbent assay}, “sandwich” tmmunoassays, immunoprecipitation
30 assays, fluorescent immunoassays, protein A immunoassays, and
immunohistochenistry (JHC),

In certain embodiments, anitbodics are labeled. Labels include, but are not
himited to, labels or moieties that are detected directly (such as fluorescent,

chromophoric, electron~-dense, chemiluninescent, and radioactive labels), as well as
IR
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moieties, such as enzymes or ligands, that are detected mdirectly, e. g, through an
enzymatic reaction or molecular interaction. Exemplary labels include, but are not
limited to, the radioisotopes P, *C, 7L "H. and "Y1, fluorophores such as rare earth
chelates or fluorescein and 1is denvatives, thodamine and its derivatives, dansyl,
usmbelliferone, luceriferases, e.g., firefly luciferase and bacterial huciferase (US. Pat.
No. 4,737,456}, luciferin, 2,3-dihvdrophthalazinediones, horseradish peroxidase
{(HRP), alkaline phosphatase, B-galactosidase, glucoamyvlase, lysozyvme, saccharide
oxidases, e.g., ghicose oxidase, galactose oxidase, and glucose-6-phosphate
dehydrogenase, heterocyelic oxidases such as uricase and xanthine oxidase, coupled
with an enzyme that emplovs hvdrogen peroxide to oxidize a dve precursor such as
HRP, lactoperoxidase, or microperoxidase, biotin/avidin, spin labels, bacteriophage
labels, stable free radicals, and the hike.

In certamn embodiments, anttbodies are inumobilized on an insoluble matnx.
Immobilization may entail separating an anti-mutant SMO antibody from any mutant
SMO that remains free in solution. This conventionally 1s accomplished by either
msolubilizing the anti-mutant SMO antibody before the assay procedure, as by
adsorption to a water-imsoluble matrix or surface (Benmich ef @/, U.S. 3,720,760}, or
by covalent coupling (for example, using glataraldehyde cross-linking}, or by
msolubilizing the anti-mutant SMO antibody after formation of a complex between
the anti-outant SMO antibody and mutant SMO, e.g., by tomunoprecipitation.

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

B. Mcthods of detecting mutant SMO with nucleic acid probes

In one aspect, nucleic acid probes as described herein are useful for detecting
the presence of mutant SMO nucleic acid in a biological sample. The term
“detecting” as used herein encompasses quantitative or qualitative detection. In
certain embodiments, a bislogical sample compnises a cell or tissue, such as tumor
tissuc.

In one aspect, the disclosure provides a method of detecting the presence of
mutant SMU-encoding nucleic acid in a biological sample. In certain embodiments,
the method comprises contacting mucleic acid from the biological sample with a probe

as described herein and hybridizing the probe to the nucleic acid under conditions
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permissive for hybridization under stringent conditions, and detecting whether a
complex i1s formed between the probe and the nucleic acid sample.

The owtant SMO-encoding nucleic acid mav be detected using any
methodology known n the art including, but not imited to the use of probes as
described hergin, or by PCR amplification, tPCR sequencing, single strand
conformational polymorphism (55CP), differential restriction digestion of DNA,
hybndization, or anv 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 imereased expression of mutant
SMO (i.e., resistance to treatment with a Smo inhibitor such as GDC-0449). In
certain embodiments, the test cell is obtaingd from an mndivideal suspected of having a
resistant tumor associated with expression of mutant SMO. As detailed above, it is
appreciated that mutations may be in a subset of cells from a sample, such as a subset
of cells from a tumor sample.

Exemplary disorders that may be diagnosed using an antibody of the
disclosure include, but arc not limited to medulloblastoma, pancreatic cancer basal
cell carcinoma.

. Methods of detecting mutant SMO in cell based assays

Mutant SMO may be detected in cell based assays as known in the art
mcluding, but not limited to binding of 2 mutant SMO-detecting antibody to the
surface of a cell sample, such as a tumor sample in vifro Immunohistochemical
staining of histological preparations of tumor samples or tissue suspected of
contating mutant SMO. Functional assays in which a tissue samople is contacted with
GDC-0449 and hedgehog to determine whether Hb signaling occurs {e.g., by
measuring activation of pathway components, expression of Gh, and the like). Any
functional assay using the Hh signaling pathway that can be disrupted using GDC-
(0449 may be used in the method of the disclosure to determine the presence and
activity of a mutant SMO.

D. Methods of screening for compounds that bind to mutant SMO

In some embodiments, the disclosure provides for a method of screening fora
hedgehog pathway mhibitor that i1s capable of inhibiting hedgehog signaling 1n a cell
that expresses any of the mutant SMO proteins disclosed hergin. In some
crbodiments the screen is of single agents or a discrete number of agents. In some

embodiments, the screen 1s of pools of agents. In some embodiments, the screen is
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high-throughput screening. In some embodiments, the sereen 18 of a library or
libraries of compounds {(¢.g.. libraries of small molecules, libraries of antisense
oligonucleotides, or libraries of antibodies or peptides). in some embodiments,
screening may mvolve 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.,
a hedgchog signaling assay {e.g., by using any of the (5//{ expression assays described
herein or known in the art to examine Ghil nucleic acid or protein expression in
response to an agent), a mutant SMO protein binding assay {e.g., by using any of the
mutant SMO binding assays described herein), a cell proliferation assay {e.g.. by
using any of the cell proliferation assays described hercin or known in the art). Use in
screening assays 1s 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
assayv; a mutant SMO nucleic acid can be provided in a vector and used to express a
mutant SMO proten in host cells or a host organism suitable for a screcening assay.

The disclosure provides a method for screening for compounds that bind to
mutant SMO. Without being held to any particular mode of operation, it is expected
that much in the way that GDC-0449 binds wild-type SMO and doesn’t bind mutant
SMO, a compound which acts as an mhibitor of mutant SMO would bind mutant
SMO. Thus, one may express the mutant SMQO protein or a fragment thercof, such as
a fragment compnsing all or a portion of transmembrane domain 6 (TM6), and run
binding assays using a library of compounds by any means known in the art. Also
one may use a smaller library of compounds represented by variations of GBC-0449
using a modeling approach based on potential contact points of GDC-0449 and then
modeling similar contact points for mutant SMO and vanations of GD(C-0449. Such
modeling programs and algorithms may be any that arc known in the art. Compounds
that bind muotant SMO and wild-type SMO may be identified that are inhibitors of
both wild~-type and mutant SMO. Alternativelv, compounds may be discovered that
bind to mutant SMO, but which do not bind to wild-type SMQO and therefore are
mhibitors only for mutant SMO. In certain embodiments, binding and/or some other
readout {¢.g., hedgehog signaling) arc assessed and compare to that for wildtype SMO
or a suitable control {¢.g., empty vector).

In one embodiment, the compounds to be screened are small molecule
corpounds such as varants of GDC-0449. In other ermbodiments, the compounds

that bind mutant SMQ are antibodies that specifically recognize an epitope that is in
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the same region as the binding site of GDC-0449 to wild-type SMQO. In one
embodiment the antibody binds io a region in the carboxy-terminal portion of TM6 of
mutant SMO and inhibits mutant SMO activity.

Compounds may alternatively, or additionally be screened for their ability to
imhibit mutant SMO activity. In these embodiments, one may assess the ability of
these compounds to inhibit hedgehog signaling in cells expressing mutant SMQO.
These assays may be performed in cells that have a hedgehog signaling pathway
mtact but which express a recombinant SMQO bearing the mutation in place of, or in
addition to wild-type SMO. In these assays ong determines 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 mhibited in the presence
of the candidate compound, such compound is a hedgehog mhibitor. In some
embodiments the cells express both wild-type and mutant SMO and are incubated
with GDC-0449 and a candidiate inhibitor. In other embodiments, the cells express
only ruutant SMO and may be incobated with Hh and the candidate inhibitor alone
{i.e., in the absence of GDC-0449). The compound is an inhibitor of mutant SMQO if
Hh signaling 1s reduced or inhibited n such cells.

In some embodiments, the disclosure provides for a method of identifving a
hedgehog pathway inhibitor, wherein the method comprises: contacting a cell with an
amount of a test agent, wherein the cell 1s responsive to hedgehog protein or has
mereased hedgehog signaling and/or activation of the hedgehog signaling pathway,
and wheregin the cell expresses any of the mutant SMO proteins described herein, and
b} determining, as compared to a control, whether the test agent inhibits hedgehog
signaling in the cell, wherein if the test agent inhibits hedgehog signaling in the cell
relative to the control, then the test agent s identified as a hedgehog pathway inhibitor.
In some ¢mbodiments, the control {or basis for comparison) 1s a cell expressing a
wildtype SMO protein {e.g, a SMO protein having the amuno acid sequence of SEQ
D NG: 1) In some embodiments, the control is a cell expressing the same mutant
SMO proteins as the cell contacted with the test agent, wherem the control is
untreated or treated with a control agent to which the mutant SMO protein is partially
or completely resistant. In some embodiments, the control agent 1s vismodegib,
LY2540680, LDE225 and/or compound 3. In some embodiments, the test agent binds
to putant SMO protein but not wildtyvpe SMO protein. In some embodiments, the test

agent binds to both the mutant SMO protein and wildtype SMO protem. In some
Tis
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embodiments, the test agent 1s more effective i inhibiting hedgehog signaling in a
cell expressing nuitant SMO 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
mecreased hedgehog signaling and/or activation of the hedgehog signaling pathway,
and wherein the cell expresses any of the mutant SMO proteins described herein, and
b} determining, as compared to a control, whether the agent inhibits growth and/or
proliferation of the cell, wherein if the agent inhibits growth and/or proliferation of
the ccll refative to the control, then the agent 1s identified as a hedgehog pathway
mhibitor. In some embodiments, the control is a cell expressing a wildtype SMO
protein {e.g, a SMO protein having the amino acid sequence of SEG IDNG: 1), In
some embodiments, the control is a cell expressing the same mutant SMO proteins as
the cell contacted with the test agent, wherein the control is untreated or treated with a
control agent to which the mutant SMO protein ts partially or completely resistant. In
some embodiments, the control agent is vismodegib, LY 2940680, LDE225 and/or
compound 5. 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
mutant SMO protein and wildivpe SMO protein. In some embodiments, the test agent
is more cffective in inhibiting growth and/or proliferation of a cell expressing nutant
SMO proten than of a cell expressing wildtype SMO pr

In some embodiments, the cell used in the screening methods described herein
1s in culture. In some embodiments, the agent contacted with the cells m the culture is
sufficient to mhibit, partially or entirely, hedgehog signaling in af least 10%, 15%,
20%, 23%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% of cells in a celi culture.
In some embodiments, the agent contacted with the cels 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%, 50%, 60%, 70%, 80%, 90%, or 100% of cells in a cell culture,
wherein the cells are expressing or overexpressing hedgehog or have active hedgehog
signaling,

In other embodiments, the cell 15 m an amimal. In some embodunents, the
amimal 18 3 mammal or other vertebrate. In some embodiments, the animal 1s post-
natal. In some embodiments, the animal 1s pediatric. In some embodiments, the

animal 1s adult. When referring to cells in vitro, the cells may be of any vertebrate
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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 cell, or a
cancer celf line. In some embodiments, the cell is a medullablastoma cell. In some
embodiments, the cell 1s a basal cell carcinoma cell. In some embodiments, the cell 15

a nevoid basal cell carcinoma cell. In some embodiments, the cell is a Gorlin’s

[ O

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 mutations
are in patched. In some embodiments, the patched mutation s loss-of-function

10 mutation. In scme embodiments, the one or more mutations are in smoothened. In
some embodiments, the smoothened motation is a smoothened gain-of-function
mutation. In some embodiments, the gain-of-function smoothened mutation resulis in
a constitutively active smoothencd protein. In some embodiments, the one or more

mutations are in suppressor-of-fused, and the cell has suppressor-of-fused (SufFu)
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loss-of-function. In some embodiments, the SuFu mutation results in a partial losg-of-
function of SuFu activity. o some ermbodiments, the SuFu mutation resulis in a full
loss-of-function in SuFu activity. In some embodiments, the SuFu mutation confers
resistance to vismodegib,

In some embodiments, the agent tested in any of the screening methods
20  described herein i1s a small molecule. In other embodiments, the agentisa
polypeptide. In other embodiments, the agent 1s an siRNA antagonist.

In some embodiments of any of the screening methods described herein, the
mutant SMO DNA 1s exogenously expressed in a cell. In some embodiments, the

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

The growth mhibitory effects of the various hedgehog pathway inhibitors
uscable in the disclosure may be assessed by methods known in the art, ¢.g., using
cells which express a mutant SMO polypeptide cither endogenously or following
transfection with the respective mutant SMO gene. For example, appropriaie tumor
30 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 davs) and stained with crystal violet, MTT or analvzed by some other
colorimetric or luctferase-based (cg CellTiterGlo) assayv. Anocther method of

measuring proliferation would be by comparing “H-thymidine uptake by the cells
117



WO 2016/126972

[ O

10

treated n the presence or absenece of such hedgehog pathway inhibitors. After
treatment, the cells are harvested and the amount of radioactivity incorporated into the
DNA guantitaied in a scintillation counter. Appropriate positive controls include
treatment of a selected cell line with a growth inhibitory antibody or small molecule
konown to inhibit growth of that cell line. Growth inhibition of tumor cclls n vivo can
be determined in 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 embodiments, such hedgehog pathway imhibitors will inhibit cell proliferation
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 30-100%, or by about or 70-100% compared
to the untreated tumor cell. Growth inhibition can be measured at a hedgehog
pathway inhibitor concentration of about 0.5 to 30 pg/ml, about 0.5 nM to 200 oM,
about 200 nM to 1uM, about 1 pM to 5 pM, or about 5 uM to 10 pM, in cell culture,
where the growth inhibition 1s deternuned 1-10 days afler exposure of the tumor cells
to the antagonist. The antagonist is growth mhibttory in vive if admimstration of
antagonist and/or agonist at about 1 pg/ke to about 100 mg/ke body weight resulis in
reduction i tumor size or reduction of tumor cell proliferation withmm about 5 davs to
3 months from the first admmistration of the antibody or small molecule antagonist, in
some embodiments, within about 3 to 30 days.

in some embodiments, to select for hedgehog pathway inhibitors which induce
cell death, loss of membrane integrity as mdicated by, e.g., propidium iodide {PI),
trypan blue or TAAD uptake may be assessed relative to control. A P uptake assay
can be performed in the absence of complement and iounune effector cells. In some
embodiments, mutant SMO protein-expressing expressing tumor cells are incubated
with mediom alone or medium contamning 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
tabes per treatment group) for removal of cell chumps. Tubes then receive PI (10
pg/ml). Samples may be analyzed using a FACSCAN® flow cytometer and
FACSCONVERTY CellQuest software {Becton Dickinson), or any other device used
by the skilled worker for analyses. Those hedgehog pathway mhibitors that induce
statistically significant levels of cell death as deternuined by P uptake may then be

selected.

18
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In some embodiments, to screen for hedgehog pathway inhibitors which bind
to an epitope on a mutant SMO polypeptide, a routine cross-blocking assay such as
that descrbed in Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory,
Ed Harlow and Dawvid Lane (1988), can be performed. This assay can be used to
determine if a test antibody, polypeptide, oligopeptide or other organic molecule
binds the same site or epitope as a known hedgebog pathway inhibitor. Altiematively,
or additionally, epitope mapping can be performed by methods known in the art. For
gxample, the mutant SMQO protein sequence can be mutagenized such as by alanine
scanning of by making chimerae with immunologically distinct GPCR proteins, to
wdentify contact residues. The mutant antigen is initially tested for binding with
polvclonal antibody to ensure proper folding. In a different method, peptides
corresponding to different regions of a mutant SMO protein can be used 1n
corpetition assays with the test antibodies or with a test antibody and an antibody
with a characterized or known epitope.

In some embodiments, the mutant SMO protein or the candidate hedgehog
pathway inhibitor agent is tmmobilized on a solid phase, ¢.g.. on a microliter plate, by
covalent or non-covalent attachments. Non-covalent attachment generally 15
accomplished by coating the sohid surface with a solution of the mutant SMO protein
or candidate hedgehog signaling agent and drying. Alternatively, an immobilized
antihody, ¢.g., a monoclonal antibody, specific for the target portion of mutant SMO
to be immobilized can be used to anchor it 1o a solid surface. The assay may be
performed by adding the non-immobilized component, which may be labeled by a
detectable label, to the inumobilized component, ¢.g., the coated surface containing the
anchored component. When the reaction is complete, the non-reacted components
may be removed, ¢.g., by washing, and complexes anchored on the sohid surface are
detected. When the originally non-mmmobilized compounent carrigs a detectable label,
the detoction of label immobilized on the surface indicates that complexing occurred.
Where the origmally non-immobilized component does not carry a label, complexing
can be detected. for example, by using a labeled antibody specifically binding the
mmmobilized complex.

If the candidate hedgehog pathway inhibitor mteracts with but does not bind
directly to a hedgehog signaling polvpeptide identified herein, its interaction with that
polypeptide can be assayed by methods well known for detecting protein-protein

mieractions. Such assays include traditional approaches., such as, ¢.g., cross-linking,
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co-tmmunoprecipitation, and co-purification through gradients or chromatographic
columns. o addition, protein- protein mteractions can be monitored by using a yeast-
based genctic system described by Fields and co-workers (Fields and Song, Nature
{London). 340:245-246 (1989); Chien et al, Proc. Natl. Acad. Sc1. USA, 88:9578-
0582 {1991}) as disclosed by Chevray and Nathans, Proc. Natl. Acad. Sci. USA. 89
5789-5793 (1991). Many transcriptional activators, such as ycast GAL4, consist of
two physically discrete modular domaing, one acting as the DNA -binding domain, the
other one functioning as the transcription- activation domain. The yeast expression
system described in the foregoing publications (generally referred to 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 GALA, and
another, in which candidate activating proteins are fused to the activation domain.
The expression of a GAL1-Lac’ reporter gene under control of a GAL4-activated
promoter depends on reconstitution of GAL4 activity via protein-protein interaction.
Colomies containing interacting polypeptides are detected with a chromogenic
substrate for B-galactosidase. A complete kit (MATCHMAKER™) for identifying
protein-protein interactions between two specific proteins using the two- hvbrd
techmique 1s commercially available from Clontech. Thigs system can also be extended
to map protein domains involved in specific protein interactions as well as to pinpoint
amino acid residues that are crucial for these interactions.

The assays can be performed n a vanety of formats, including protein-protein
binding assays, biochemical screening assays, immunoassays, and cell-based assavs,
which are well characterized in the art.

Agents that interfere with the mteraction of hedgehog signaling polvpeptide
and other mtra- or extracellular components {e.g., Costal-2)} can be tested by means
well-known by the skilled worker. In some embodiments, a reaction mixture is
prepared containing the mutant SMO polypeptide and an intra- or extracellular
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 rcaction is run in the absence and in the presence of the test
compound. In addition, a placebo may be added to a third reaction mixture, to serve
as positive contrel. The binding (complex formation) between the test compound and
the intra- or extraccliular component present in the mixture s monitored as described

hereinabove. The formation of a complex m the control reaction{s} but not in the
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reaction mixture containing the test agent indicates that the test agent interferes with
the interaction of the test compound and its reaction partner,

The disclosure contemplates methods for identifving hedgehog pathway
mhibitors using any one or combination of the foregoing assay sieps. In other words
various screening assays can be combined to identify antagonists having, for example,
a particular activity or to confirm that an agent that antagonizes mutant SMO 1 one
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,
mcluding positive and/or negative controls.

For any of the foregoing assay methods for screening and/or identifying
hedgehog pathway inhibitors, agents may be screened singly or in pools. Agents may
be screened from a library of agents or a set of candidate agents. Suitable agents that
mayv be screened include, but are not himited to, antibodies, antibody fragments,
peptides, antisense oligonucleotides, RNA1 and small molecules {e.g., a bromodomain
inhibitor).

In some embodiments, the cell used in any of the screening methods disclosed
herein comprises one or more mutations in a gene that results 10 an activation or
mercase 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 nutations in the patched gene result in a mutant gene that encodes a
patched protein having one or more of the following mutations: $616G, 5251, E380%,
Q853*% W926*, PI387S, sp2667, GSO1H, 1017, 5108, or A1380V.

In some embodiments, the one or more mutations in a gene that results in an
activation or increase hedgehog signaling are in smoothened, and the cell has a
smoothened mutation. In some embodiments, the smoothenced mutation 1s a
smoothened gain-of-function mutation. In some embodiments, the gain-of-function
smoothened mutation results in a constitutively active smoothened protein. See, e.g.,
WO 20117028950 and WO2012047968, cach of which 1s incorporated by reference.
In some embodiments, the smocthened mutation is 3 mutation at a posttion
corresponding to position 533 of SEQ 1D NO: 1. In certain embodiments, the
mutation is a mutation at a position corresponding {o position 562 of SEQ D NO: 1.
In certain embodiments, the mutation is W535L at position 535 or at that
corresponding posttion in SEQ D NG 1. o some embodiments, the smoothened

mutation is a mutation corresponding to position R562( of SEQ ID NO: | (a R562Q
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mutation at position 562 or at a position corresponding to position 362 of SEQ 1D
NG 1. In some embodiments, the smoothened mutation 1s a mwutation at a position
corresponding to position 412 of SEQ 1D NO: 1, such as a L412F at such a position of
SEGQ ID NG: 1. In some embodiments, the smoothened mutation has an alternative
mutation that renders it resistant to certain smoothened inhubitors. In some
cmbodiments, the smoothened protein comprises an amino acid alteration at amino
acid position 318 of SEQ I3 NO: | or at a posttion corresponding to position 318 of
SEQ ID NG: 1. In some embodiments, the amino acid alteration is ES18K or ES18A
substitution at the amino acid position corresponding to amingo acid position 518 of
SEQ ID NO: 1. In some embodiments, the smoothened protein comprises an amino
acid alteration at amino acid position 473 of SEQ 1D NO: 1 or at a position
corresponding to position 473 of SEQ 1D NG: 1.

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

In some embodiments, the one or more mutations are in suppressor-of-fissed,
and the cell has suppressor-of-fused (SuFu or SUFU) loss-of-function. In some
embodiments, the results in a loss-of-function in SuFu activity. In some embodiments,
the SuFu mutation is in a medulloblastoma, meningioma, adenoid cvstic carcinoma,
basal cell carcinoma and rhabdomyosarcoma cancer cell. In some embodiments, the
SuFu mutation is any of the mutations described in Brugieres et al, 20612, JCO,
30(17):2087-2093, which is incorporated herein in its entirety. In some embodiments,
the Sulu mutation 1s any of the mutations described 1n Tables 1 or 2 or any of the
mutations described in Bragieres et al | 2012, ICO, 30(17):2087-2093 | which ig
mcorporated herein in its entirety.

Table 1: Germhine SUFU Mutations

Age at Histolepic Subtype  Associated Inheritance DMutation

Diagnosis Sympioms of Mutation

of MB

4 years Desmaoplastic Developmental  NA Loss of
delay contiguous



WO 2016/126972
NA Desmoplastic

8 months

<1 mouth

<3 months

<1 months

Desmoplastic

MBEN

MBEN

MBEN

MBEN

6-12

months

<6 months

12-24

months

22 months

23 months

MB NO

Desuoplastic/nodular

Desuoplastic/nodular

Desmoplastic/nodular

Desmoplastic/nodular

Froutal bossing,

hypertelorism
None

Meningioma in

radiation field

Macrocrania,
palmar and

plantar pits
None
None

None

None

None

MNone

MNone

None

Inherited

Inherited

Inherited

Inherted

Inherited

Inherted

Inherited

PCT/US2016/016614

genes at 10g

143insA

c.1022 +
1G>A

¢.72delC
¢.72delCC
c. 728

¢. 728

¢. 72 s

¢.72insC

¢.84¢insC

¢.1022 +
1G>A

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

available; NOS, not otherwise specified.

Tabie 2. Germline Pathogenic SUFT/ Mutations

Intron 1

Exon/Intron Type of Nucleotide Change  Conseguence (In Tumor
Mutation (In SEQ 1D NG: 44) SEQIDNG: 43) Analysis
Splice ¢.182 +3A>T p. Thrs5fs Not
—frameshift available
Frameshift  ¢294 295dupCT P Tyr9ofs Not

Exon 2
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Intron 2

Exon 3

Exon 3

Exon 9

Exon 9

Intron 10

Splice

—ifrarmeshift

Large

duplication

Missense

Nonsense

Frameshift

Splice

—iframeshift

¢.318-10delT

¢.318-7 454+7dup

¢ 112307

¢.1149 1150dupCT

¢.1297-1G>C

p.Phe 10715

p.Glul06-

? GlalS2+dup

p.Metldl Arg

p.GIn375X

p.Cys384fs

available
Loss of
wild-type

allele

uv
(c.1022 +

S5GA)

Not
available

Not

available
Loss of
wild-type
allele

Not

available

Abbreviation: UV, unknown variant.

In some embodiments, the SuFu mutation comprises a mutation at a position

corresponding to any of the following amine acid positions in SEQ 1D NO: 10

5 position 15, 184, 123, 295, 187, In certain ermbodiments, the SuFu mutation

comprises any one or more of: PISL, Q184X RI23(C, L.295fs, or P187L, where the

mutation is at that position or at the position corresponding to the stated position in

SEQ ID NO: 10, In some embodiments, the SuFU mutation is any of the mutations
corresponding to ¢ 1022+1G>A (JVE8-1G>T), ¢.72delC, ¢ 72imsC, 143insA,
10 ¢.846insC, or IVS1-1A->T of SEQ ID NG: 11 In some embodiments, the SuFu

mutation is any of the mutations described in Taylor et al (2002} Nat Genet 31:306-
310 {e.g, IVSE-1G>T (=¢. 1022 +1G>A), 1129del, PI15L and Ng's two (all +LOH)):
Slade et al (2011) Fam Cancer 10:337-342, 2011 {e.g, ¢. 1022 +1G>A; ¢.848ins();
Pastorino ot al (2009) Am } Med Genet A 149A:1539-1543 {e.g., ¢ 1022 +1G>A) Ng
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gt al (2005} Am § Med Genet A 134:369-403 {e.g., 143insA; IVST-1A>T); Kipima et
al {2012} Fam Cancer 11: 365-70 {e.g., ¢ 350C>T {Q184X)); Aavikko et al (2012}
Am J Hum Genet 91 320-526 {e.g., ¢.367C>T (R123C)); Stephens et al (2013) J Chin
Invest 123: 2965-2968 (e .z, x881 882ms( (L2951%)): or Reifenberger et al (2003}
Brit ] Dermatology 152: 43-31 {e.g., ¢360C>T (PI187L)).

{n some embodiments, the cell 1s a human cell and has a chromosome 10
duplication and/or a deletion of a portion of 10q, wherein said portion contains SUFU
and PTEN. In some embodiments, the cell comprises a Fs1017 SUFU mutation.

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

In some embodiments, the cell used m any of the sercening methods described
herein is a cell in culture. In some embodiments, the disclosure provides for a method
comprising contacting a culture comprising a plurality of celis. In some embodiments,
the cell 1s 1n a vertebrate. In some embodiments, the cell is in a mammal, and
contacting the cell comprises administering the hedgehog signaling inhibitor to the
mammal. In some embodiments, the mammal 15 a human subject. In some
embodiments, the cell is a cancer cell and/or the mammal is a mammal diagnosed
with cancer. In some cmbodiments, the cancer cell is a cancer cell selected from the
group consisting ot a colon, lung, prostate, skin, blood, hiver, kidnev, breast, bladder,
bone, brain, medulloblastoma, sarcoma, basal cell carcinoma, gastric, ovarnan,
esophageal, pancreatic, or testicular cancer cell. In some embodiments, the cancer
cell 15 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
mhibitor, the agent can then be formulated and further evaluated in a cell or animal-
based assay. For example, the agent can be tested in a cell or animal-based cancer

model to evaluate efficacy as an anti-cancer agent.

Vi Methods of Treatment
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In some embodiments, the present disclosure relates to methods of modulating
a differentiation state, survival, and/or proliferation of a cell expressing a smoothened
protein having anv of the smoothened mutations described herein. In some
embodiments, the cell 1s in a subject {e.g., a human paticnt). In some embodiments,
the cell is in culture, and the method comprises an in vitro method. In certain
cmbodiments, the cell 1s a cancer cell. In certain ecmbodiments, the cell is
charactenized 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 hergin. In certain embodiments, the cell
has been predetermined to express a smoothened polypeptide comprising a mutation,
relative to wild type human SMQO, at an amino acid corresponding {0 any one or more
of 241, 281, 408, 459, 469, 533 and/or 535 of SEQ ID NO: 1. In some embodiments,
the ccll expresses a smoothened polypeptide comprising any of the following
substitutions at an amino acid corresponding to T241M, W281C, 1408V, A430V,
C469Y, §533N and/or WS35L of SEQ IDNG: 1.

In some embodimenis, 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
hedgehog protein or comprises one or more mutations in a hedgchog signaling
pathway gene (¢.g., a component of the hedgehog signaling pathway), wherein the
one or more mutations results in increased hedgehog signaling and/or activation of the
hedgehog signaling pathway 1n the absence of ligand, wherein the method comprises
the step of contacting the ccll with an effective amount of an agent, wherein the agent
18 a hedgehog pathway mhibitor. In some embodiments, the agent is a compound that
selectively binds and inhibits the mutant smoothened protein. In some embodiments,
the agent inhibits a component of the hedgehog signaling pathway that acts
dowunstream of the mmtant smoothened protein in the cell. In other cmbodiments, the
agent 15 a bromodomain mmhibitor,

In some embodiments, the disclosure provides for a method of treating a
subject baving a cancer with an anti-cancer therapeutic agent, wherein said subject
comprises and/or has been deternuned to express a mutant SMO protein, wheremn said
mutant SMO protein has an amino acid other than alanine at position corresponding to
position 239 of SEG D NO: 1. in some cmbodiments, the disclosure provides for a

method of inhubiting hedgehog signaling in a cell, wherein the cell expresses a mutant
126

PCT/US2016/016614



WO 2016/126972 PCT/US2016/016614

SMO protein having an amine acid other than alanine at the position corresponding to
position 239 of SEQ ID NO: 1. In some embodiments, the disclosure provides fora
method of diagnosing a subject having a cancer, comprising the stops of: a) obtaming

a sample from the subject, b) testing said sample for the presence of a nucleic acid

[ O

encoding a mutant SMO protein having an amino acid other than alanine at the
position corresponding to position 239 of SEQ (D NO: |, whercein if said sample
comprises said mutant SMO protem, said subject has cancer. In some embodiments,
the cancer is a basal cell carcinoma. In some embodiments, the nustant SMO protein
has a valine at the amino acid position corresponding to amino acid position 239 of
10 SEQIDNG: 1.

In some embodiments, the disclosure provides for a method of inhibiting
powanted 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 1s responsive to hedgehog protein or comprises one or more

oy
5

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 hgand, wheremn the method comprises the step of
contacting the cell with an effective amount of an agent, wherein the agent is a
hedgehog pathway inhibitor. In some embodiments, the agent is an agent that

20  selectively binds and inhibits the mutant smoothened protein. In some embodiments,
the agent inhibits a component of the hedgehog signaling pathway that acts
downstream of the mutant smoothened protein in the cell. In some embodiments, the
agent 1s a bromodomain inhibitor.

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

5
>

[O2

growth, proliferation or survival of a tumor cell, whercin the tumor cell expresses a
smowothened protein having any of the smoothened muutations described herein.
wherein the cell is responsive to hedgehog protein or comprises one or more
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
30 pathway in the absence of ligand, wherein the method comprises the step of
contacting the cell with an effective amount of an agent, wherein the agentis a
hedgehog pathway mhibitor. In some embodiments, the agent 1s an agent that
selectively binds and inhibits the mutant smoothened protein. In some embodiments,

the agent inhibits a component of the hedgehog signaling pathway that acts
127
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downstream of the mutant smoothened protein in the cell. In other embodiments, the
agent 15 a bromodomain mhibitor. In some embodiments, the method comprises
administering an agent to a patient in need thercof,

In some embodiments, the cell treated with any of the methods disclosed
herein comprises one or more mutations m a gene that results in an activation or
mecrease 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 1 the patched gene result in 3 mutant gene that encodes a
patched protein having onc or more of the following mutations: 56166, 5251, E380%,
QR33* WO26* PI3R7S, sp2667, Q501H, f51017, f5108, or A1380V.

In some embodiments, the one or more mutations in a gene that results in an
activation or increase hedgehog signaling are in smoothened, and the cell has a
smoothened mutation. In some embodiments, the smoothened mutation 1s a
smoothened gain-of-function mutation. In some embodiments, the gain-of-function
smoothened mutation results in a constitutively active smoothened protein. See, e.g.,
WO 20117028950 and WO2012047968, cach of which is incorporated by reference.
In some embodiments, the smoothencd mutation is a mutation at a position
corresponding to position 535 of SEQ ID NG: 1. In certain embodiments, the
mutation is a mutation at 3 position corresponding o position 552 of SEG 1D NG 1.
In certain cmibodiments, the mutation is W335L at position 535 or at that
corresponding posttion in SEQ ID NG 1. In some embodiments, the smoothened
mutation is a mutation corresponding to position R562( of SEQ 1D NG: 1 (a R562Q
mutation at position 562 or at a position corresponding to position 362 of SEQ 1D
NG 1. In some embodiments, the smoothened mutation is 2 mutation at a position
corresponding to position 412 of SEQ 1D NG: 1, such as a L412F at such a position of
SEQ ID NO: 1. In some embodiments, the smoothened mutation hag an alternative
mutation that renders it resistant to certain smoothened inhibitors. In some
embodiments, the smoothened protein comprises an amino actd alteration at amino
acid position 318 of SEQ 1D NO: 1 or at a position corresponding to position 518 of
SEQ ID NO: 1. In some embodiments, the amino acid alteration 1s ES 18K or E518A
substitution at the amino acid position corresponding to anuno acid position 318 of
SEQ IB NQO: 1. In some embodiments, the smoothened protein comprises an amino
acid alteration at amino acid position 473 of SEQ 1D NG: 1 or at a position

corresponding to position 473 of SEQ 1D NO: 1.
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In some embodiments, the one or more mutations are in a hedgehiog geng and
result in overexpression of a hedgehog protein. In some embodiments, the
overexpressed hedgehog protein is Sonic hedgehog protein. In some embodiments,
the overexpressed hedgehog protein is Indian hedgehog protem. In some
embodiments, the overexpressed hedgehog protein 1s Desert hedgehog protein.

in some cmabodiments, the one or more mutations arc in suppressor-of-fused,
and the cell has suppressor-of-fused (SulFu or SUFU} loss-of-function. In some
embodiments, the results in a loss-of-function i SuFu activity. In some embodiments,
the SuFu mutation is in a medulloblastoma, meningioma, adencid cystic carcinoma,
basal cell carcinoma and rhabdomyosarcoma cancer cell. In some embodiments, the
SuFu mutation 15 any of the mutations described m Brugieres et al., 2012, JCO,
30(173:2087-2093, which is incorporated hergin in ifs entirety.

in some embodiments, the SuFu mutation is any of the mutations described m
Tables 1 or 2 or any of the mutations described in Brugieres et al, 2012, JCO,
30(173:2087-2093 | which 1s mmcorporated hergin in its entirety.

Table 1: Gemmline SUFU Mutations

Age at Histologic Subivpe  Associated Inheritance Mutation

Biagnosis Svmptoms of Mudation

of MB

4 years Desmoplastic Developmental  NA Loss of
delay contiguous

genes at 10q

Froutal bossing, V81—
hypertelorism f AT
NA Desmoplastic MNone NA 143insA
NA Desmoplastic Meningiomain  NA
radiation field
8 months  MBEN Macrocrania, Inherited c.1022 +
palinar and 1G>A

plantar pits

<1 mont MBEN None Inherited ¢.72delC
<3 months MBEN None Inheriied ¢.72delC
<} months MBEN None Inherited ¢.72insC
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6-12 Desmoplastic/nodular None Inberited
monthsg

<6 months Desmoplastic/nodular None Inberited
§2-24 MB NOS None Inberited
nonths

22 months  Desmeplastic/uodalar None NA

23 months  Desmoplastic/nodular None NA

PCT/US2016/016614

¢.72insC

¢.72insC

¢.72insC

¢.846insC

c.1022 +
1G>A

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

available; NOS, not otherwise specificd.

5 Table 2. Germline Pathogenic SUFU Mutations

Exon/Intron Tvpe of

Nucleotide Change

Consequence (In Tumor

Mutation (Iln SEGQG ID NG: 44) SEQIDNG: 43) Analysis
Intron | Splice c.182 +3A>T p. Thr55fs Not
—frameshift available
Exon 2 Frameshift  ¢294 295dupCT p. Tyr9uts Not
available
Intron 2 Splice ¢.318-10delT p.Phe107fs Lossof
~frameshift wild-type
allele
Exon 3 Large ¢318-7 454+7dup p.Ghul06- uv
duplication T Ghis24+7%dup {1022 +
3G>A)
Exon 3 Missense c 422G p.MetldlArg Not
available
Exon 9 Nonsense c.1123C>T p.Gln375X Not
available

136



WO 2016/126972 PCT/US2016/016614

Exon 9 Frameshift ¢ 1149 _1150dupCT  p.Cys3844% Loss of
wild-type
allele

Intron 10 Splice ¢ 1297-1G>C p.? Not

—frameshift available

Abbreviation: UV, unknown varant.

in some cmabodiments, the SuFu mutation comprises a mutation at a position
corresponding to any of the followimg amino acid positions in SEQ 1D NO: 10:

5 position 15, 184, 123,295 187, In certain embodiments, the SuFu mutation
comprises any onc or more oft PI5L, 184X, R123C, L2955, or P187L, where the
mutation is at that position or at the posttion corresponding to the stated position in
SEQ IB NG: 10. In some embodiments, the SuFU mutation is any of the mutations
corresponding to ¢ 1022+1G>A (VS8-1G>T), ¢ 72delC, ¢ 72iasC, 143insA,

10 ¢c.846msC, or IVS1-1A->T of SEQ ID NG: 11, In some embodiments, the SuFu
mutation is any of the mutations described in Tavior et al (2002) Nat Genet 31:306-
310 e g, IVER-1G>T (=¢. 1022 +1G>A), 1129del, P153L and Ng's two (all +LOH));
Slade et al (2011) Fam Cancer 10:337-342, 2011 {e.g., ¢. 1022 +1G>A; ¢ 848ins();
Pastorino ¢t al (2009) Am J Med Genet A 149A:1539-1543 {e.g., ¢. 1022 +1G>A); Ng

15 etal (2005) Am J Med Genet A 134:399-403 (e g., 143msA; IVSI-1A>T); Kijima et
al (2012} Fam Cancer 11: 365-70 {e.g., ¢ S50C>T (Q184X)); Aavikko et al (2012)
Am J Hum Genet 91; 520-526 {e.g., ¢.367C>T {(R123C)); Stephens et al (2013} ) Clin
Invest 123: 2965-2968 {e.g., x881 88Zins(s (1.295fs}); or Reifenberger et al (2005)
Brit § Dermatology 152: 43-31 {e.g., c560C>T (P187L)).

20 In some embodiments, the cell 1s a human cell and has a chromosome 10
duplication and/or a deletion of a portion of 10g, wherein said portion contains SUFU
and PTEN. In some embodiments, the cell comprises a Fs1017 SUFU mutation.

In some embodiments, the cell treated with any of the methods described
herein is a cell in which the hedgehog signaling pathway is active. In some

25 embodiments, the cell is a cell in which the hedgehog signaling pathway 1s
constitutively active. In some embodiments, the cell is a cell that has been stimulated
with hedgehog protein or hedgehog agonist. In some embodiments, the activity of the
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hedgehog pathway in a cell is determined by monitoring Glil levels or activity in a
Gli-luciferase reporter assay.

In some embodiments, the cell treated with any of the methods described
herein is g cell in culture. In some embodiments, the disclosure provides for a method
comprising contacting a celture compnsing a plurality of cells. In some embodiments,
the cell 1s in a vertebrate. In some embodiments, the cell 1s in 2 mammal, and
contacting the cell comprises administering the hedgehog signaling inhibitor to the
mammal. In some embodiments, the mammal 1s a human subiect. In some
embodiments, the cell is a cancer cell and/or the mammal is a mammal diagnosed
with cancer. In some cmbodiments, the cancer cell is a cancer cell selected from the
group consisting of a colon, lung, prostate, skin, blood, bver, kidney, breast, bladder,
bone, brain, medulloblastoma, sarcoma, basal cell carcinoma, gastric, ovanan,
esophageal, pancreatic, or testicular cancer cell. In some embodiments, the cancer
cell 1s a 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
methods disclosed herein is a polynucieotide molecule that inhabits the expression of
any of the mutant smoothened proteins desceribed herein. In some embodiments, the
polynuclestide molecule is an antisense oligonucleotide that specifically hybridizes to
a nucleic acid encoding any of the mutant smoothened proteins disclosed herein. In
some embodiments, the antisense molecule does not hvbridize to a nucleic acid that
encodes a wildtype smoothened protein (e.g., a nucleic acid that encodes a protein
having the sequence of SEQ 1D NO: 1), In some cmbodiments, the hedgehog
pathway inhibitor is 3 RNA1 antagomst that targets the mRNA transcript encoding any
of the mutant smoothened polvpeptides disclosed hin some embodiments, the RNA1
antagonist s an siRNA. In some embodiments, the siRNA 15 19-23 nucleotides in
length. In some embodiments, the siRNA is double stranded, and includes shoit
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 mBNA transcript that
encodes a wildtype smoothened protein {e. 2., a nucleic acid that encodes a protein
having the sequence of SEQ 1B NO: 1}, In some embodiments, the RNA1 comprises
an shRNA.

PCT/US2016/016614
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In some embodiments, the hedgehog pathway mhibitor 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 polvpeptide that acts downstream of smoothened i the hedgehog
signaling pathway. In some embodiments, the smali molecule binds to a polypeptide
mn a pathway distinet from the hedgchog signaling pathway. In some embodiments,
the small molecule is a bromodomain whibitor. In some embodiments, the
bromodomain inhibitor 1s 2 BRD4 wnhibitor. In some embodiments, the bromodomain
ihibitor 1s any of the bromodomain inhibitors described in Ciceri et al |, 2014, Nature
Chenucal Biology, 10:305-312; Muller et al., 2014, Med Chem Comnuun, 5.288-296;
Gamier et al, 2014, 24(2):185-199, which are cach incorporated herein in their
entirgty. In some embodiments, the bromodomain inhibitor is I-BET762, JQ1, J(2,
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 mutant
smoothened polypeptides described herein. In some embodiments, the antibody binds
to a polvpeptide that acts downstream of smoothened in the hedgehog signaling
pathway. In some embodiments, the antibody 18 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 additional
inhibitor of the hedgehog signabing pathway is a veratrum-type steroidal alkaloid. In
some cmbodiments, the veratrum-type sterowdal alkaloid is cyclopamine, or KAAD-
cvelopaming or any functional denvatives thergof (e. g, 1P1-269609 or IPI-926). In
some embodiments, the veratram-type steroidal alkaloid is jervine, or any functional
derivatives thereof. In some embodiments, the additional inhibitor is vismodegib,
sonitdegib, BMS-833923, PF-04449913, or LY 2940680, or any functional derivatives
thereof. In some embodiments the additional inhibitor 1s a smoothened inhibitor
chemically unrelated to veratrum alkaloids or vismodegib, including but not imited
to: sonidegth, BMS-833923, PF-04449913, LY 2940680, Frivedge, BMS-833923
(XL319), LDE22S (Erismodegib), PF-04449913, NVP-LDE225, NVP-LEQ306,
TAK-441, XL-319, LY-2940680, SEN450, Hraconazole, MRT-10, MRT-83, or PF-
04449913 ). In some embodiments, the additional inhibitor 15 any of the compounds

disclosed in Amakve, et al., Nature Medicine, 19(11):1410-1422 (which s
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meorporated herein in its entirety). In some embodiments, the additional inhibitor of
the hedgchog signaling pathway is an antibody. In some embodiments, the antibody
1s an antibody that binds, such as specifically binds, hedgehog proteins. In some

embodiments, the additional inhibitor of the hedgehog signaling pathway 1s an RNA:

[ O

antagonist,

Subjects in need of treatment or diagnosis include those already with aberrant
hedgehog signaling as well as those prone to having or those in whom aberrant
hedgehog signaling is to be prevenied. For example, a subject or mammal is
successfilly "treated” for aberrant hedgehog signaling if, according to the method of
10 the present disclosure, after receiving a hedgehog pathway inhubitor, the paticnt shows
observable and/or measurable reduction in or absence of one or more of the
following: reduction in the numaber of tumor cells or absence of such ceclls; reduction
in the tumor size; inhibition (i.¢., slow to some extent and, in some embodiments,

stop} of tumor cell infiltration into peripheral organs including the spread of cancer

oy
5

mto soft tissue and bone; mhibition (1.¢., slow to some extent and, in some
embodiments, stop} of tumor metastasis; inhibition, to some extent, of tumor growth;
and/or relief to some extent, of one or more of the symptoms associated with the
specific cancer; reduced morbidity and mortality, and mmprovement i quality of life
issues. To the extent such hedgehog pathway mhibitors may prevent growth and/or
20 lall existing cancer cclis, it may be cviostatic and/or cytotoxic. Reduction of these
signs or sympioms may also be felt by the patient. Additionally, successful exposure
to the hedgehog pathway inhibitor (particularly in cases where no tumor response is
measurable) can be monitored by Glil expression either in skin punch biopsics or hair

follicles {as done for vismodegib).
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In certain embodiments, the subject treated with any of the hedgehog pathway
imhibitors disclosed herein expresses a mitant smoothened protein that is resistant to
vismodegib. fn 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
30 at an amino acid corresponding to any onc or more of 241, 281, 408, 459, 469, 533
and/or 535 of SEQ ID NO: 1. In some embodments the subject expresses a
smoothened polvpeptide comprising a mutation at an amine acid corresponding to
T241M, W2B1C, 1408V, A439V, C469Y, 8533N and/or W335L of SEQ ID NO: 1.

In some embodiments, prior to bemg treated with any of the treatment methods
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described herein, the subject has been determmed 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 desenbed
herein, the subject has been determined to express a smoothened polypeptide
comprising a mutation at an amino acid corresponding to any one or more of 241, 281,
408, 459, 469, 533 and/or 535 of SEQ 1D NO: 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 polvpeptide comprising a mutation at an amino
acid corresponding to T24 1M, W281C, 1408V, A459V, (469Y 8533N and/or
WA3SL of SEQ D NO: 1

The above parameters for assessing successful treatment and improvement in
the disease are readily measurable by rowtine procedures 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
determine the extent of metastasis. CT scans can also be done to lock for spread to
regions outside of the tumor or cancer. The disclosure described herein relating to the
process of progrosing, diagnosing and/or treating mvolves the determination and
evaluation of, for example, Glil expression.

"Mammal" for purposes of the treatment of, alleviating the symptoms of or
diagnosis of a disease {e.g., cancer) refers to any animal classified as a mammal,
mcluding humans, domestic and farm animals, and zoo, sports, or pet animals, such as
dogs, cats, cattle, horses, sheep, pigs, goats, rabbits, ferrets, etc. In some
embodiments, the mammal is human. In some embodiments, the mammal 1s post-
natal. In some embodiments, the mammal is pediatric. In some embodiments, the
mammal is adult.

Administration "in combination with" one or more further therapeutic agents
mcludes simultancous {concurrent} and consecutive administration in any order,

In certain embodiments, a hedgehog pathway mhubitor is used in the treatment
of a cancer selected from any of the cancers described herein or a cancer i which one
or more cells of a tumor comprises a mutation in a hedgehog pathway component,
such as any of the mutations described herein. It should be gencrally appreciated and
is specifically noted herein that turmors comprise cells that may have a level of
heterogeneity. Accordingly, not all cells in a tumor necessarily comprise a particular
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deleterious mutation. Accordingly, the disclosure contemplates methods in which a
cancer or tumor being treated comprises cells having a mutation in a component of the
hedgehog pathway, such as any of the mutations described hercin, even if such a
mutation is not present i every cell of the tumor,

It 15 further contemplated that use of hedgehog pathway inhibitors may be
specifically tarseted to disorders where the affected tissue and/or cells extubit hugh
hedgehog pathway activation. Expression of Ghi genes activated by the hedgehog
signaling pathway, inchuding Glil and G2, most consistently correlate with
hedgehog signaling across a wide range or tissues and disorders, while Gli3 is
somewhat fess so. The (/i genes encode transcription factors that activate expression
of many genes needed to elicit the full effects of hedgehog signaling. However, the
GH3 transcription factors can alsc act as a repressor of hedgehog effector genes, and
thercfore, expression of G3 can canse a decreased effect of the hedgehog signaling
pathway. Whether Gli3 acts as a transcriptional activator or repressor depends on
post-translational events, and therefore it 1s expected that methods for detecting the
activating form {versus the repressing form) of Ghi3 protein {such as western blotting)
would also be a rehiable measure of hedgehog pathway activation. The Ghil gene 1s
strongly expressed i a wide array of cancers, hyperplasias and immature hungs, and
serves as a marker for the relative activation of the hedgehog pathway. In addition,
tissues such as tmmature lung, that have high GH genc expression, are strongly
affected by hedgehog inlubitors. Accordingly, it is contemplated that the detection of
Gl gene expression may be used as a powerful predictive tool to identity tissues and
disorders that will particularly benefit from treatment with a hedgehog antagonist. In
some embodiments, Glil 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 primanly on hybridization or
probes to the Ghil transcripts or to cDNAs synthesized therefrom. Well known
techniques include Northern blotting, reverse-transcriptase PCR and microarray
analysis of transcript levels. Methods for detecting Gli protein fevels include Western
blotting, immunoprecipitation, two-dimensional polyacrylamide gel electrophoresis
(2D SDS- PAGE — 1n some embodiments compared against a standard wherein the
position of the Gl proteins has been determined), and mass spectroscopy. Mass
spectroscopy may be coupled with a series of purification steps to allow high-

throughput identification of many different protein levels in a particular sample.
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Mass spectroscopy and 2D SDS-PAGE can also be used to identify post-
transcriptional modifications to proteins including proteolvtic events, ubiquitination,
phosphorylation, lipid modification, ctc. Gli activity may also be assessed by
analyzing binding to substrate DNA or in vitro transcriptional activation of target
promoters. Gel shift assay, DNA footprinting assays and DNA-protein crosshinking
assavs arc all methods that may be used to assess the presence of a protein capable of
binding to GU binding sites on DNA, J Mol Med 77(6):459-68 (1999); Cell 100(4);
423-34 (2000}, Development 127(19): 4523-4301 {2000).

Because (il is so ubiquitously expressed during hedgehog activation, anv
degree of Ghil overcxpression should be useful in determining that a hedgehog
pathway mhibitor will be an effective therapeutic. In some embodiments, Glil should
be expressed at a level at least twice as high as m a normal control cell/tissue/subject.
In some embodiments, Glil expression is four, six, ¢ight or ten times as highasina
normal cell/tissue/subject.

In certain embodiments, Gl transcript levels are measured, and diseased or
disordered tissues showing abnormally high Glil levels are treated with a hedgehog
pathway inhibitor. In 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 lung tissue, lung cancers (¢.g., adeno carcinomas, bronco-alveolar
adenocarcinoma, smali cell carcinomas), breast cancers {e.g., inferior ductal
carcinomas, inferior lobular carcinomas, tubular carcinomas), prostate cancers (6.g.,
adenocarcinomas), and benign prostatic hyvperplasias all show strongly elevated Glil
expression levels m certain cases. Accordingly, Glil expression levels are a powerful
diagnostic device to determine which of these tissues should be treated with a
Hedgehog pathway inhibitor. In addition, there is substantial correlative evidence that
cancers of the urothelial cells (e.g., bladder cancer, other urogenital cancers) will also
have elevated ghi-l levels in certain cases. For example, it is known that loss of
heterozygosity on chromosome 9g22 1s common in bladder cancers. The Pichl gene
15 located at this position and Ptchi loss of function is probably a partial cause of
hyperproliferation, as in many other cancer types. Accordingly, such cancers would
also show high Ghil expression and would be particularly amenable to treatment with

a hedgchog antagonist.

137

PCT/US2016/016614



WO 2016/126972 PCT/US2016/016614

[ O

10

oy
5

20

5
>

[O2

In certain embodiments, any of the hedgehog pathway mhibitors described
herein are used for treating a subject having a tumor having a ptch-1 and/or pich-2
mutation, e.g., a patched-~1 or patched-2 loss of function mutation. Expression of
pich-1 and ptch-2 1s also activated by the hedgehog signaling pathway, but not
typically to the same extent as gli genes, and as a result are inferior to the ghi genes as
markers of hedgechog pathway activation. fn certain tissues, only one of ptch-1 or
ptch-2 1s expressed although the hedgehog pathway is highly active. For example, in
testicular development, desert hedgehog plays an important role and the hedgehog
pathway is activated, but only ptc-2 is expressed. Accordingly, these genes may be
mdividually wucliable as markers for hedgchog pathway activation, although
simultancous measurement of both genes s contemplated as a more useful indicator
for tissues to be treated with a hedgehog antagonist.

in hight of the broad mvolvement of hedgehog signaling in the formation of
ordered spatial arrangements of differentiated tissucs m 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 vivo.
The Hedgehog pathway mhibitor, can be, as appropriate, any of the preparations
described above.

In some embodiments, the hedgehog pathway inhibitors can be used as part of
a treatment regimen for malignant medulloblastoma and other primary CNS
malignant neuroectodermal tumors. Medulloblastoma, a primary brain tumor, is the
most common brain tumor in children. A medulloblastoma 1s a primitive
neurocctodermal (PNET) tumor arising in the posterior fossa. They account for
approximately 25% of all pediatric brain tumors. Histologically, thev are small round
cell tumors commonly arranged in a true rosette, but may display some differentiation
to astrocytes, ependymal cells or neurons. PNETs may arise in other argas of the
brain mcluding the pincal gland (pincoblastoma) and cerebrum. Those arising n the
supratentorial region generally have a worsened prognosis.

Medulloblastom/PNETs are known to recur anywhere in the UNS afier
resection, and can cven metastasize to bone. Pretreatment evaluation should therefore
melude and examination of the spinal cord to exclude the possibility of "dropped
metastases”. Gadolimtom-enhanced MRI has largely replaced myelography for this

purpose, and CSF cyiology 1s obtained postoperatively as a routine procedure.
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In some embodiments, the hedgehog pathway mhibitors are used as part of a
treatment program for ependymomas. Ependyvmomoas account for approximately
10% of the pediatric brain tumors mn children. Grossly, they are tumors that arise

from the ependymal lining of the ventricles and mucroscopically form roseties, canals,

[ O

and perivascular rosettes. In the CHOP series of 51 children reported with
cpenymomas, ¥ were histologically benign, approximately 2/3 arose from the region
of the 4™ ventricule, and one third presented in the supratentorial region. Age at
presentation peaks between birth and 4 vears. The median age is about S vears.
Because so many children with this disease are babices, they often require multimodal
10 therapy.

In some embodiments, the hedgehog pathway inhibitors of the present
disclosure, based on the mvolvement of hedgehog signaling in various tumors, or
expression of hedgehog or its receptors m such tissues during development, can be

used to inlubit growth of a tumor having dysregulated hedgehog activity. Such
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taemors include, but are not limited to: tomors related to Gorlin's syndrome (e.g.,
medulloblastoma, meningioma, etc.), tumors associated with a pteh mutation {e.g.,
hemangiona, rhabdomyosarcoma, ete.), tumors resulting from Ghl amplification (e.g.,
ghoblastoma, sarcoma, ete.), tumors resulting from Smo dyvsfunction {e.g., basal cell
carcinoma, ¢tc.}, tumors connected with TRCE, a pte homolog {e.g., renal carcinoma,
20  thyroid carcinoma, etc.}, Ext-1 related tumors (e g., bone cancer, etc.}, Sfi/x-~induced
tumors {e.g., lung cancer, chondrosarcomas, etc.), tumors overexpressing a hedgehog
protein, and other tumors {g.g., breast cancer, urogemital cancer {e.g .., kidney, bladder,
urcter, prostate, etc.), adrenal cancer, gastrointestinal cancer (¢ .g., stomach, intestine,

gte.d.
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In some embodiments, the hedgehog pathway inhibitors of the present
disclosure may also be used to treat several forms of cancer. These cancers inchude,
but arc not imited to: prostate cancer, bladder cancer, lung cancer (jncluding small
cell and non-small cell}, colon cancer, kidney cancer, liver cancer, breast cancer,
cervical cancer, endometrial or other uterine cancer, ovarian cancer, testicular cancer,
30 cancer of the penis, cancer of the vagina, cancer of the urethra, gall bladder cancer,
esophageal cancer, or pancreatic cancer. Additional cancer types mclude cancer of
skeletal or smooth muscle, stomach cancer, cancer of the small intestine, cancer of the
salivary gland, anal cancer, rectal cancer, thyroid cancer, parathyroid cancer, pituitary

cancer, and nasopharyngeal cancer. Further exemplary forms of cancer which can be
139
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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 Gli expressing cells. In one embodiment, the cancer 1s not charactenzed

[ O

by a mutation in patched-1. In some embodiments, the cancer is characterized by a
smoothened and/or SuFu mutation.

In certain embodiments, the hedgehog pathway inhibitors may be used to treat
a subject having basal cell carcinoma. In particular embodiments, the basal cell
carcinoma 1s nevoid basal cell carcinoma. In particular embodiments, the subject has
10 Gorlin’s Syndrome.

The foregoing are merely exemplary of 1n vitro and in vivo uses for hedgehog
pathway inhibitors of the disclosure. Hedgehog pathway mhibitors are also suitable
for use in dentifving natural targets or binding partners for mutant smoothened

proteins {e.g., a smoothened protein having a T241M, W281C, 1408V, A450V,
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C469Y, S§533N and/or WS35E mutation}, to study mutant smoothened bicactivity, to
purify mutant smocthened and #s binding partners from various cells and tissues, and
to identify additional components of the hedgehog signaling pathway.

In certain embodiments, the hedgehog pathway inhibitor is any of the
antibodies disclosed. An antibody of the disclosure may be used in, for example, in
20 vitro, ex vivo, 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 tamor eclls either in vivo or in vitro,
the method comprising exposing a cell to an antibody of the disclosure under

conditions permissive for binding of the antibody to mutant SMO. In certain
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embodiments, the cell 1s a myelogenous leskenua cell, a lang cancer cell, a gastric
cancer cell, a breast cancer cell, a prostate cancer cell, a renal cell cancer cell, and &
glioblastoma cell. In one embodiment, an antibody of the disclosure can be used for
hibiting an activity of mutant SMQ, the method comprising exposing mutant SMO
to an antibody of the disclosure such that the activity of mutant SMO is nhibited.

30 In one aspect, the disclosure provides methods for treating cancer comaprising
administering to an individual an effective amount of an antibody of the disclosure.
In certain embodiments, a method for treating cancer comprises admimstering to an

ndividual an effective amount of a pharmaceutical formulation comprising an
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antibody of the disclosure and, optionally, at least one additional therapeutic agent,
such as those provided below.
Antibodies of the disclosure can be used either alone or in combination with

other compositions in a therapy. For instance, an antibody of the disclosure may be
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co-administered with at least one additional therapeutic agent and/or adjuvant. In
certain embodiments, an additional therapeutic agent is an anti-VEGY antibody.
Such combination therapies noted above encompass combined administration
{where two or more therapeutic agents are included 1n the same or separate
formudations), and separate administration, in which ¢ase, admimistration of the
10 antibody of the disclosure can occur prior to, simultancously, and/or following,
administration of the additional therapeutic agent and/or adjovant. Antibodies of the
disclosure can also be used in combination with radiation therapy.
in onc embodiment, an antibody of the disclosure is used in a method for

binding mwutant SMO m an individual suffering from a disorder associated with
S
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mcreased mutant SMO expression and/or activity, the method comprising
administering to the individual the antibody such that mmutant SMO in the mdividual is
bound. In one embodiment, the mutant SMO 1s human mutant SMO, and the
mdividual 1s human,

An antibody of the disclosure (and any additional therapeutic agent or
20  adjuvant) can be administered by any suitable means, including parcnteral,
subcutancous, intraperitoneal, infrapulmonary, and intranasal, and, if desired for local
treatment, intralesional administration. Parenteral mfusions include intramuscular,
mtravenous, intraarterial, intraperitoneal, or subcutancous admimistration. In addition,

the antibody s suitably adnunistered by pulse infusion, particularly with deciining
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doses of the antibody. Dosing can be by any suitable route, e.g2. by injections, such as
miravenous or subcutancous injections, depending in part on whether the
administration is brief or chronic.

The location of the binding target of an antibody of the disclosure mayv be
taken into consideration in preparation and administration of the antibody. When the
30 binding target is an intracchular molecule, cortain erabodiments of the disclosure
provide for the antibody or antigen-binding fragment thereof to be introduced mto the
cell where the binding target s located. In one embodiment, an antibody of the
disclosure can be expressed intracellularly as an intrabody. The term “intrabody,” as

used herein, refers 1o an antibody or antigen-binding portion thereot that 15 expressed
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mtracellularty and that 1s capable of selectively binding to a target molecule, as
described, e.g., in Marasco, Gene Therapy 4 11-15 (1997); Kontermann, Methods 34:
163-170 (2004); U.S. Patent Nos. 6,004,940 and 6,329,173; U 8. Patent Application
Pubhication No. 2003/0104402, and PCT Publication No, W(QO2003/077945. See also,
for example, W096/07321 published March 14, 1996, conceming the use of geng
therapy to generate intraceliular antibodies.

Intracellular expression of an intrabody may be effected by introducing a
nucleie acid encoding the desired antibody or antigen-binding portion thereof {lacking
the wild-type leader sequence and secretory signals normally agsociated with the gene
encoding that antibody or antigen-binding fragroent) mto 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
capablc of binding to an intracellular target polypeptide and modulating the activity of
the target polypeptide. Any standard method of introducing nucleic acids o a cell
may be used, meluding, but not limited to, microinjection, ballistic injection,
slectroporation, calcium phosphate precipitation, liposomes, and transfection with
retroviral, adenoviral, adeno-associated viral and vaccinia vectors carrving the nucleic
acid of mt

In certain embodiments, nucleic acid {opticnally contained in a vector) may be
mtroduced mto a patient’s cells by in vive and ex vive mcthods. Tn one example of in
vivo dehvery, nucleic acid 1s injected directly nto the patient, e. g, at the site where
therapeutic intervention is reqaired. In a further example of in vive delivery, nucleic
acid 1s introduced nto a cell using transfection with viral vectors (such as adenovirus,
Herpes simplex 1 virus, or adeno-associated virus}y and hipid-based systems (useful
Epids for lipid-mediated transfer of the gene are BOTMA, DOPE and DC-Chol, for
example}. For review of certain gene marking and gene therapy protocols, see
Anderson ef ¢l Science 256:808-813 (19923, and WO 93/25673 and the references
cited theretn. In an example of ex vive treatment, a patient’s cells are removed,
nmucleic acid is introduced into those isolated cells, and the modified cells are
administered to the patient either directly or, for exampie, encapsulated within porous
membranes which are implanted into the patient (see, e.g., U.S. Patent Nos. 4,892,538
and 5,283,187). A commonly used vector for ex vive delivery of a nucleic acid 1s a

retroviral vector.
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In another embodiment, internalizing antibodies are provided. Antibodies can
possess certain characteristics that enhance delivery of angibodies into cells, or can be
modified to possess such charactenistics. Techniques for achicving this are known m
the art. For example, cationization of an antibody is known to facilitate its uptake into
cells {see, e.g., UK. Patent No. 6,703,019). Lipofections or iposomes can also be
used to deliver the antibody into cells. Where antibody fragments are used, the
smallest mhibitory fragment that specifically binds to the target protein may be
advantageous. For example, based upon the variable-region sequences of an antibody,
peptide molecules can be designed that retain the ability to bind the target protein
sequence. Such peptides can be synthesized chemically and/or produced by
recombmant DNA technology. See, e.g., Marasco ef al., Proc. Natl Acad. Sci. USA,
00: 7889-7893 {1993},

Entry of antibodics into target cells can be enhanced by other methods known
m the art. For example, certain sequences, such as those dernved from HIV Tat or the
Antennapedia homeodomain protein are able to direct efficient uptake of heterclogous
proteins across cell membranes. See, e.g., Chen ef &l Proc. Natl Acad. Scii USA
(1999}, 96:4325-4329,

When the binding target of an antibody 1s located in the brain, certain
embodiments of the disclosure provide for the antibody {o traverse the blood-brain
barrier. Several art-known approaches exist for transporting molecules across the
blood-bram barrier, including, but not limited to, physical methods, lipid-based
methods, stem cell-based methods, and receptor and channel-based methods.

Physical methods of transporting an antibody across the blood-brain barrier
mehude, but are not limited to, circurnventing the blood-bram barmer entirely, or by
creating openings in the blood-brain barrter. Circumvention methods include, but are
not limited to, direct injection into the brain (see, e g., Papanastassiou ef of., Gene
Therapy 9: 398-406 (2002)), interstitial infusion/convection-enhanced debivery (see,
e.g., Boboeral, Proc. Natl. Acad. Sci. USA 91: 2076-2080 (1994})}, and implanting a
delivery devige in 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 mclude, but are not limited 1o, ulirasound (see, e.2., U.S. Patent Publication No.
2002/0038086), osmotic pressure {e.g., by administration of hypertonic mannitol
{(Neuwwelt, E. A, Implication of the Blood-Brain Barrier and its Manipulation, Yols 1

& 2, Plenum Press, N.Y. (1989)), permeabilization by, e.g., bradvkinin or
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permeabilizer A-7 (sce, e.g., U.S. Patent Nos. 5,112,596, 5,268,164, 5,506,206, and
5,686,416}, and transfection of neurons that straddle the blood-brain barrier with
vectors containing genes encoding the antibody (see, ez, U.S. Patent Publication No.
2003/0083299),

Lipid-based methods of transporting an antibody acrogs the blocd-brain barrier
nclude, but are not himited 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 barner (see, e.g., U.S. Patent Application Publication
Ng. 20020025313}, and coating the antibody 1o low-density lipoprotein particies {see,
e.g.. U8, Patent Application Publication No. 20040204354) or apolipoprotein E (see,
e.g., U.S. Patent Application Publication No. 20040131682}

Stem-cell based methods of transporting an antibody across the blood-brain
barrier entail genctically engincering neural progenitor cells (NPCs) to express the
antibody of mterest and then implanting the stem cells into the brain of the mdividual
to be treated. See Behrstock ef al. (2005) Gene Ther. 15 Dec. 2005 advanced onling
publication (reporting that NPCs genctically engineered to express the neurotrophic
factor GDNF reduced symptoms of Parkinson disease when implanted into the brains
of rodent and primate models}.

Receptor and channel-based methods of transporting an antibody across the
blood-brain barrier include, but are not limited to, using glucocorticoid blockers to
merease permeability of the blood-brain barrier (see, e.g., U.S. Patent Apphication
Publication Nos. 2002/0065259, 2003/0162695, and 20035/0124533); activating
potasstum channels (sce, e.g., U.S. Patent Application Publication No. 2005/0089473),
mhibiting ABC drug transporters {(see, e.g., LS. Patent Application Publication No.
2003/6073713); coating antibodies with a transferrin and moedulating activity of the
oneg or more transferrio receptors {see, e.g., U.S. Patent Application Publication No.
2003/0129186), and cationizing the antibodies (see, e.g., U.S. Patent No. 5,004,697).

Antibodies of the disclosure would be formulated, dosed, and admunistered in
a fashion consistent with good medical practice. Factors for consideration in this
context include the particular disorder being treated, the particular mammal being
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 schedoling of
administration, and other factors known to medical practitioners. The antibody need

not be, but 1s optionally formulated with one or more agents currently used to prevent
144
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or treat the disorder in question. The effective amount of such other agents depends
on the amount of antibody present in the formulation. the type of disorder or treatment,
and other factors discussed above. These are generally used in the same dosages and
with adminisiration routes as described herein, or about from 1 to 99% of the dosages
described herein, or in any dosage and by any route that is empirically/clinically
determined to be appropriate.

For the prevention or treatment of disease, the appropriate dosage of an
antibody of the disclosure {when used alone or in combination with ong or more other
additional therapeutic agents) will depend on the type of discase to be wreated, 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
clinical history and response to the antibody, and the discretion of the attending
physician. The antibody is suitably administered to the patient at one tune or over a
series of treatments. Depending on the type and severity of the disease, about 1 ng/kg
to 13 mg/kg {¢.g. 0.1mg/kg-10mg/kg) of antibody can be an initial candidate dosage
for administration to the patient, whether, for example, by one or more separate
adnunistrations, or by continuous infusion. One typical daily dosage mught range
from about 1 pe/kg to 100 mg/kg or more, depending on the factors mentioned above.
For repeated administrations over several davs or longer, depending on the condition,
the treatment would generally be sustained untd a desired suppression of disease
symptoms occurs. One exemplary dosage of the antibody would be in the range from
about 0.05 mg/kg to about 10 mgikg. Thus, one or more doses of about 0.5 mg/ke,
2.0 mg/g, 4.0 mg/kg or 10 mg/ke (or any combination thereot) may be admunistered
to the patient. Such doses may be admimistered intermittently, e.g. every week or
every 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 mitial higher loading dose, followed by
one or more lower doses may be administered. An exemplary dosing regimen
comprises administering an mitial loading dose of about 4 mg/kg, followed by a
weekly mantenance dose of about 2 mg/kg of the antibody. However, other dosage
regimaens may be usetul. The progress of this therapy s casily monttored by
conventional techmques and assays.

It 1s understood that any of the above therapeutic methods may be carried out
using an tomunoconjugate of the disclosure in place of or in addition to an anti-

mutant SMO antibody.
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Vii. Pharmaceutical Formulations
In some embodiments, any of the hedgehog pathway inhibttors described
herein or hedgehog pathway inhibitors in accordance with the disclosure may be

formulated n a pharmaceutical composition.

[ O

Pharmaceutical compositions of the hedgehog pathway inhibitors used m
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
carricrs, excipients or stabilizers (Remington: The Science of Practice of Pharmacy.
20th edition, Gennarc, A etal, BEd., Philadelphia College of Pharmacy and Science
10 (2000)), 1n the form of lvophilized formulations or aqucous solutions. Acceptable
carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations emaployed, and inchude buffers such as acetate, Tris, phosphate, citrate,
and other organic acids; antioxidants mcluding ascorbic acid and methionine;

preservatives (such as octadecvidimethyibenzyl ammonium chioride; hexamethonium
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chloride; benzatkonium chloride, benzethonium chlonde; phenol, butyl or benzyl
alcohol; atky! parabens such as methy! or propyl paraben; catechol; resorcingi;
cvelohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10
residues) polypeptides: proteins, such as serum albomin, gelatin, or immunoglobuling;
hydrophilic polvmers such as polyvinvipvirohidone; amino acids such as glycine,

20  glutamine, asparagine, histidine, arginine, or lvsing; monosaccharides, disaccharides,
and other carbohydrates imcluding glucose, mannose, or dextrins; chelating agents
such as EDTA; tonicifiers such as trehalose and sodium chlonide; sugars such as
sucrose, mannitol, trehalose or sorbitol; surfactant such as polysorbate; sali-forming

counter-ions such as sodium; metal complexes {e.g., Zn-protein complexes); and/or

5
>

[O2

non-ionic surfactants such as TWEEN®, PLURONICS® or polyethvlene glycol (PEG).
In some embodiments, any of the formulations of hedgehog pathway
mhibitors in accordance with the present disclosure and/or described herein may also
contamn more than one active compound as necessary for the particular indication
being treated, in some embodiments, those with complementary activities that do not
30 adverscly affect cach other. t should be recognized that, in certain embodiments, a
hedgehog pathway mhibitor 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
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separately, the disclosure contemplates that they can be adouinistered at the same or
differing times and, in certain ¢mbodiments, may be combined and administered
stmultancously.

For example, 1n addition to the preceding therapeutic agent(s). it may be
desirable to include in the formulation, an additional antibody, e.g.. a second such
therapeutic agent, or an antibody to some other target {(¢.g., a growth factor that
affects the growth of a tumor). In some embodiments, 1t may be desirable to include
in the formulation a hedgehog inhibitor {e.g., robotkimin}. Alternatively, or
additionally, the composition may further comprise a chemotherapeutic agent,
cytotoxic agent, cyvtokine, growth inhibitory agent, anti- hormoonal agent, and/or
cardioprotectant. Such molecules are suitably present i combination in amounts that
are effective for the purpose intended. In some embodiments, the additional active
compound 1s a steroidal alkaloid. In some embodiments, the steroidal alkalowd 1s
cvclopanune, or KAAD-cyclopaming or jervine or any functional derivative thereof
{e.g., IPL-269609 or IPI-926). In some embodiments, the additional active compound
is vismodegib, sonidegib, BMS-833923 PF-04449913, or LY 2940630 or any
derivative thereof. In some embodiments, the additional active compound s any of
the compounds disclosed in Amakye, et al., Nature Medicine, 19(11}:1410-1422
{whichi is incorporated herein in its entirety). In some embodiments the additional
active compound is another smoothened nhibitor chenucallv unrelated to veratrum
alkaloids or vismodegib, including but not hmited to: Erivedge, BMS-833923
(XL319), LDE225 (Erismodegib), PF-04449913, NVP-LDE225, NVP-LEQS506,
TAK-441, XL-319, LY-2940680, SEN450, ftraconazole, MRT-10, MRT-83, or PF-
04449913} As noted above, the disclosure contemplates formulations in which a
second active agent i1s 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 agents arc present in two separate formulations or compaosttions.

In some embodiments, anv of the hedgehog pathway inhibitors of the
disclosure, such as those described herein, may also be entrapped in microcapsules
prepared, for example, by coacervation technigues or by interfacial polymerization,
for example, hvdroxymethylcellulose or gelatin-microcapsules and poly-
{methyvimethacylate) microcapsules, respectively, in colloidal drug delivery systems

{for example, liposomes, albumin microspheres, microcmulsions, nano-particles and
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nanocapsules) or in macroemulsions. Such technigues are disclosed i Remington:
The Science and Practice of Pharmacy, supra.
In some embodiments, any of the hedgehog pathway inhubitors of the

disclosure are formulated m sustained-release preparations. Swuitable examples of

[ O

sustained- release preparations include semi-permeable matrices of solid hyvdrophobic
polymers containing the antibody, which matrices are m the form of shaped articles,
e.g., films, or microcapsules. Examples of sustained-release matrices mclude
polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or
poty(vinvialcohol}), polvlactides (U8, Pat. No. 3,773,919}, copolymers of L-glutamic
10 acid and vy cthyl-L-glutamate, non- degradable ethyiene-vinyl acetate, degradable
lactic acid-glycolic acid copolymers such as the LUPRON DEPOT® (injectable
microspheres composed of lactic acid-glvcolic acid copolymer and leuprolide acetate),
and poly-D{-}-3-hydroxybutyric acid.

The amount of the compositions of the disclosure tor use in the methods of the
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present disclosure can be determined by standard clinical techniques and may vary
depending on the particular indication or use. Effective doses may be extrapolated
from dose-response curves denved from in vitro or animal model test systems.

In certain embodiments, compositions of the disclosure, including
pharmaceutical preparations, are non-pyrogenic. In other words, in certain
20  embodiments, the compositions are substantially pyrogen free. In one embodiment
the formulations of the disclosure are pyvrogen-free formulations that are substantially
free of endotoxins and/or related pyvrogenic substances. Endotoxins include toxins
that are confined inside a microorganism and are released only when the

microorganisms are broken down or die. Pyrogenic substances also mclude fover-
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mducing, thermostable substances (glvcoproteins} from the outer membrane of
bacteria and other microorganisms. Both of these substances can cause fever,
bypotension and shock if administered to humans. Due to the potential harmdul
effects, even low amounts of endotoxins must be removed from intravenously
adounistered pharmaceutical drug solutions. The Food & Drug Admimistration

30 (“FDA”) has set an upper limit of 5 endotoxin units (EU) per dose per kilogram body
weight i a single one hour period for intravenous drug apphications {The United
States Pharmacopeial Convention, Pharmacopeial Forum 26 (13223 (2000}, When
therapeutic proteins are administered m relatively large dosages and/or over an

extended period of time {e.g., such as for the patient’s entire life), cven small amounts
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of harmful and dangerous endotoxin could be dangerous. In certain specific
embodiments, the endotoxin and pyrogen levels in the composition are less then 10
Ell/mg, or less then 5 EU/mg, or less then 1 EU/mg, or less then 0.1 EUfmg, or less

then 0.01 EU/mg, or less then 0.001 EU/mg.

[ O

In some emabodiments, the hedgehog pathway inhibitors are formulated in
sterile formulations. This is readily accomplished by filtration through sterile
filtration membranes.

X, Articles of Manufacture and Kits

In some embodiments, the hedgehog pathway inhibitors of the present
10 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 SMQO polypeptides, may be prepared as an article of manufacture. In
some embodiments, the article of manufacture comprises a contaimer and a label or

package msert on or associated with the container indicating a use for the mhibition in
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whole or m part of hedgehog signaling, or aliernatively for the treatment of a disorder
or condition resulting from activation of the hedgehog signaling pathway. In other
embodiments, the article of manufacture comprises a container and a label or package
msert on or associated with the container indicating a use in a screening assay.
Suitable containers include, for example, bottles, vials, syringes, etc. The containers
20 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 sofution bag or a vial having a stopper picrceable by a hypodermic

mjection needle). At least one active agent in the composition is a hedgehog pathway
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mhibitor. The label or package insert will further comprise nstructions for
administering the hedgehog pathway inhibitor or for use the SMO polypeptide or
nucleic acid or vector or host cell.. Additionallv, the article of manufacture may
further comprise a second container comprising a pharmaceuticallv-acceptable buffer,
such as bactenostatic water for injection {BWFI), phosphate-buffered saline, Ringer's
30 solution and dextrose solution. The article of manufacture may further mclude other
materiais desirable from a commercial and user standpoint, including other buffers,
diluents, filters, needles, and syringes.

In some cmbodiments, kits are provided that are useful for various other

purpoeses, ¢.g., for mutant SMO protem-expressing cell killing assays, for purnification
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or immunoprecipitation of hedgehog signaling polypeptide from cells. For isolation
and purification of mutant SMO protein, the kit can contain the respective mutant
SMO protein-binding reagent coupled to beads {c.g., sepharose beads). Kits can be

provided which contain such molecules for detection and quantitation of mutant SMO

[ O

protein i vitro, .., in an ELISA or a Western blot. In some embodiments, as with
the article of manufacture, the kit comprises a container and a label or package insert
on or associated with the container. In some embodiments, the container holds a
composition comprising at least one such hedgehog pathway inhibitor reagent useable
with the disclosure. In some embodiments, additional containers may be included that
10 contain, ¢.g., diluents and buffers, control antibodics. In some embodiments, the label
or package insert may provide a description of the composition as well as tnstructions

for the intended in vitro or diagnostic use.

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

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

20  Clinical responses to targeted therapies {¢.g., cancer therapies) can be short-lived due
to the acquisition of genetic alterations that confer drug resistance. Identification of
resistance mechanisms will guide novel therapeutic strategies. Inappropriate Hh
signaling is linked to several cancers, including basal cell carcinoma (BCC). Loss-of-

function mutations in PTCH (~90%} and activating mutations in SMO (~10%; are the

5
>

[O2

primary drivers in BCC. Clinical mechanisms of resistance to vismodegib {(GDC-
0449} were identified using exome, RNA and copy number analysis of relapsed basal
cell carcinomas.

As shown in Figure 2, vismodegib resistance was associated with elevated
hedgehog pathway signaling in patients with vismodegib-resistant BCCs. The results
30 of exome sequencing and copy number analysis® of vismodegib-resistant BCCs are
shown below in Table 3.

Table 3
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MG PTCH.spc1504 (germline) SMO WS535L

IT SMO WS35L (somatic) Unknown

KL PTCHIP1387S PTCH1.Q853% Unknown

*PT PTCH Fs1017 (Frameshift SMO W2BIC
20764 germline} and LOH) (G=1)

*PT PTCHI A1380V SUFU Fs241
20741

T PTCH1.5616G (splicing and LOH) Het. SUFU
20849 deletion, Het. PTEN

deletion

*PT PTCH1 Q501H (splicing and LOH) SMO A459V
20840 {(C>T)

*PT PTCHI Fs108 (Frameshift and LOH) SMO . A459Y
20842 (C>T)

Genotyping revealed a third instance of a SMO-A439V mutation in an
additional vismodegib-resistant tumor. SMO-A459V 1s a recurrent mutation found in
post-treatment biopsies in three out of nine resistant patients analyzed. The SMO-
A459Y mutation was present only after treatment, and absent from 42 independent
treatment-naive BCC samples. (See Figure 3.) The SMO-A459V mutation was
capable of activating SMQ.

A SMO-W281C mutation was also detected in relapsed BCCs. As shown in
Figure 4, SMO-W281C 1s 1n the vismodegib binding pocket.

WT-SMO, SMO-W281C, SMO-A459V, PTCH or empty vector (EV) were
co-transtected in C3H10TE/2 cells with a GLIT luciferase reporter. SMO-A459V was
shown 1o be an activating mutation that has decreased sensitivity to PTCHI and
vismodegib. (Figures SA-5C. Errors bars represent standard deviation.) SMO-W281C
1s as sensitive to PTCH inhibition as SMO-WT. (Figures SB-5E. Errors bars represent
standard deviation.} 293 cells, transfected with indicated constructs, were incubated

with 5 nM ["H]-vismodegib with or without S0 pM cold vismodegib. Specific
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binding = Total — non-gpectfic binding. (Figure 5E. Errors bars represent standard
deviation.)

There appear to be two sub-groups of clinical SMO mutations. 1) Activating,
with reduced drug sensitivity {including A459V and W535L) and 2) Mutations that
maintain Ptch sensitivity, vet disrupt the conformation of the vismodegib binding
pocket (including D473H and W281C).

Example 2: Genomic analysis of vismodegib-resistant and untreated BCCs

To identify mutations associated with vismodegib resistance, whole exome
sequencing {WES) was performed of BCCs from Gorlin syadrome (n=5) and sporadic
{n=6) patients, and targeted SMO scquencing of a formalin-fixed paraffin-embedded
(FFPE)} sample from a further Gorlin patient. All patients initially expenienced a
chinical benefit on vismodegib but subsequently progressed while undergoing
treatment.

Two distinet biopsies from four of the patients were collected such that a fotal
of sixicen biopsies from vismodegib-resistant BOCs were analvzed. Patients were
mitially diagnosed with metastatic (Figure 6B) or kocally advanced BCC (Figure 6C)
and 1t was confirmed histologically that the drug-resistant lesions were BCCs (Figure
6D). For comparison, tumors from untreated Gorlin syndrome {n=16) and sporadic
{n=27) BCC patients were subjected to WES. Two distingt biopsies were obtained
from five of the Gorlin paticuts giving 48 untreated BCC biopsies in total. The mean
somatic mutation rate of untreated BCC samples from Gorlin patients was
33.5/megabase {Mb), varving from 6.2-68.9/Mb, and for sporadic patients was
50.5/Mb with a range of 2.4-162.2/Mb. These rates are high 1o comparison to other
cancers, including melanoma (Lawrence et al., 2013). Global analvsis of the somatic
mutation spectrum revealed a predominance of cytosme to thymine (C>T) transition
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 Hb target gene G117 was expressed 10-fold higher {DES¢q2, p <
0.003) than in a collection of nommal skin samples (Figure 6E). Additionally, L1/
expression levels were highly correlated (R=0.96) with expression levels of the
proliferation marker AMKI67, consistent with reactivation of Hh signaling driving BCC
regrowth. Therefore, analvsis was focused on identifying genetic mechanisms that

reactivate Hh signaling {o bypass SMO mhibition by vismodegib. To this end,
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mutations in selected cancer genes (Kandoth et al., 2013} and canonical Bh pathway
components were identified. Next, genome-wide copy number alterations and LOH
m vismodegib-resistant BCCs were determined using single nucleotide polymorphism
(SNP; n=11) and comparative genomic hybnidization (CGH; n=4) arravs.

Example 3: PTCH! and SMO mutations in BOCC initiation

Consistent with previous reports on BCC genctics (Javaraman et al., 2014
Reifenberger et al,, 2003), all of the relapsed Gorlin (100%) and the majority of
sporadie (75%) BCCs displayed mutations in the tumor sappressor PTCHT), which
cocur throughout the length of the gene and are probably deleterious: seven are
truncating, four are likely to affect exon splicing and two are predicted to be
deletertous by the Condel algorithm (Gonzalez-Perez and Lopez-Bigas, 2011). The
Gorlin patient BCC (PT12) was also likely to have mitiated by alterations in PTCH /.
The relapsed sporadic tumors without PTCH alterations {(n=2} harbored the known
oncogenic mutation SMO-W335L (Xie et al,, 1998). These PTCH! and SMO
variants are likely to be the imitiating events in the BCCs that first responded and
subsequently displaved vismodegib resistance.

A similar trend for the frequency of PTCH/ vanants was observed m the
untreated Gorlin (30%) and sporadic (78%) BCCs, and identified known oncogenic
SMO mutations in three sporadic cases {Figure 7). Relapsed BCCs showed a similar
frequency of 7453 vanants between Gorlin (50%) and sporadic (57%) cases, whereas
mn the untreated cohort 77353 vanants were observed more frequentiy in sporadic
BCCs (59%;) than Gorlin BCCs {24%), which could reflect the higher mutation rates
observed in the untreated sporadic BCCs.

Example 4: Vismodegib-dependent selection of SMO variants

Surprisingly, the majority of relapsed tumor biopsies harbored mutations in
the drug target SMG (11/16; 69%) and most co-occurred with PYCH variants. By
corparison, SMO variants were corpletely absent tfrom untreated Gorlin BCCs and
present in only 4/27 (15%;} vatreated sporadic BCCs. The SMO mutations identified
mn relapsed BCCs are outlined in Figure 8A. SMO-L412F, SMO-WS535L and SMO-
S333N nwtations were previously reported as oncogenic drivers (Reifenberger ot al.,
1998; Sweeney et al., 2014; Xie¢ et al., 1998), while SMO-W231C and SMO-V32 1M
were recently identified in vismodegib-resistant BCCs (Brinklunsizen et al, 2014).
Four SMO mutations were discovered including, SMO-T241M, SMO-408Y, SMO-

A459Y and SMG-C469Y that were not observed in the untreated BCC cohort or in
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previous genomic analyses of Hh-driven cancers (Brastianos et al, 2013; Clark et al |
2013; Javaraman et al | 2014; Kool et al, 2014; Reifenberger et al, 1998}, strongly
mmplicating them in vismodegib resistance. All SMO mutations from this studyv are
situated within the T™M region (Figures 8B and 94} and confer aming acid
substitutions m residues that are highly conserved among SMO proteins from several
species, likely 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
would be observed. To assess drug dependent selection of SMO mutants, detection of
mutations in pre-treatment tumors and the proportion of tumor cells harbored SMO
mutations after treatment was examined. To this end, pre-treatment FFPE tumor
samples that were available from six patients were sequenced and analyzed tor post-
treatment tumor clonality, SMO-A459V was detected in post-treatment biopsies from
three patients, but was not detectable above background levels in corrgsponding pre-
treatment biopsies (Figure 8C). Similady, the nuclectide changes corresponding to
SMO-V321M, SMO-T241M and SMO-C469Y were only detectable above
background levels in post-treatment samples, consistent with drug-induced sclection
of SMO mutant cells that arose de nove or were initially present at levels below the
detection himit of the assay (Figures 8D and 8E). Interestingly, the previously
reported SMO-L4 12F mutation was readily detected i both pre- and postireaiment
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 a higher level of contamnating
normal tissue in the post-treatment sample. Copy number and SNP array analvsis
revealed that this tumor was initially diploid for PTCH7 and acquired P7TCH! copy
number loss after treatment. Without wishing to be bound by theory, the fact that this
patient mitially responded to vismodegib (Figure 8H) raises the possibility that
reduced PTCH1 levels (through copy loss), in the context of this oncogenic mutation,
might promote tumor regrowth while on drug.

To address whether SMO mutations were present in dominant clones in the
relapsed BCCs, the tomor cell fractions of PTCH T and SMO variants were calculated
using allele frequencies from WES, as well as copy number and tumor content

mformation derived from SNP arrays (Greenman et al., 2010; Nik-Zamnal et al |, 2012;
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Stierngvist et al., 2011). Heterozygous germline PTCH T mutations were accounted
for 1n contaminating normal skin in biopsies from Gorlin patients and, where
observed, subsequent LOH n turor cells. Except for PT09, SAMO was diploid in
relapsed BCCs, therefore, the expected allele frequencies of fully clonal heterozygous
SMO variants was 50% of the tumor content, which were then compared with the
observed allele frequency. PTCH ! mutations were present in >80% of tumor cells,
consistent with deleterious events in PTCUH T being the oncogenic drivers m these
tamors. Based on normal contamination and observed allele frequencies, all SAMO
mutations were estimated io be present in >60% of tumor cells in these vismodegib-
resistant BCCs, counsistent with their selection upon drug treatment.
Example 5: Mutations in the drug-binding pocket of SMO confer resistance to
vismodegib

To gain insight into the propertics of the SMO mutations discovered in this
study, the recently solved crystal structure of the SMO TM region was utilized (Wang
gtal, 2013}, Computational docking of vismodegib onto the SMO structure revealed
that SMO-W281, SMO-V321, SMO-1408 and SMG-C469 are located in proximity of
the drug-bmding pocket (DBP; Figure 104A). 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 sulfur of the SMO-W281C mutant (Figure 108, middle
panel). Furthermore, mutation of valine 321 to methiommne 1s ikely to interfere with
the positioning of W281, exerting a secondary cffect on drug binding (Figure 10B,
right panel). Unlike W281, residue 1408 does not directly contact the drug in the
tested computational model; instead 1t packs against the binding pocket residues H470
and V404 with its delta methy] group, which when lost is expected to affect binding
by changing the conformations of these residues (Figure 10C). It was predicted that
substitution of C469 to a bulky tyrosine would clicit steric effects on the binding
pocket, disrupting its conformation,

To test the functional impact of mutations in the DBP, a Gli-luciferase based
Hh reporter assay was used. The DBP mutations increased the 1C50 of vismodegib
12 10 49-fold over that of SMO-WT, which had an IC50 of 80 nM (Figure 12A). It
should be noted that these IC50 values are over-estimates due to overexpression of
SMO in this assav (Dijkeraaf et al., 2011). Although cach DBP mutant displaved a

small (<1.5 fold) increase 1n basal activity compared to SMO-WT (Figure 114), all
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but SMQO-1408V were readily inhibited by PTCH1 overexpression (Figure 11B). The
binding of |3H]-labeled vismodegib to SMO-1408V and SMO-W281C was next
tested, which respectivelv exhibited the smallest and largest increases in 1C50 (Figure
12A). Both mutants were expressed at cell surface levels similar to SMO-WT, but
displaved impaired vismodegib binding (Figures 12B and 11}

it has been demonstrated in preclinical tumor models that the Hh pathway
must be inhibited >90% at the transcriptional level to mduce tumor regression (Wong
gtal, 2011} To better understand the impact of these SMO mutations on cell
proliferation mn the presence of vismodegib, an assay for viral transduction of
cerebellar gramile neuron precursor (CGNP) celis was developed. It has previously
been noted that Hh-driven tumor cells rapidly lose their Hh pathway dependence
during culturing {Sasai et al, 2006}, However, CGNPs proliferate /7 vive na Hh
dependent manner and maintain their Hh patbway dependence in culture for a finite
period (Wechsler-Reya and Scott, 1999). CGNPs isolated from Preks/loxp/loxp
1p53losp/loxp Rosa26LSL-tdTomato (PPT) pups were infected with lentiviral
constructs expressing a SMO variant together with an enhanced green fluorescent
protein (eGFP)-Cre fusion protemn (Figure 12C). The Cre recombinase induces loss of
Pichi and thus ensuares that only transduced CGNPs can proliferate in the absence of
exogenous Sonic hedgebog ligand (SHH; Figure 11D). This allowed us to test the
ability of the various SMO mutants to promote proliferation in the presence of
vismodegib and other nhibitors, after removal of SHH ligand. Prohiferation by
methyl-{3H}-thymidine incorporation was monttored, while Cre-dependent tandem
dimer {td) Tomato expression enabled visualization and quantification of infected
cells. This system also enabled better model patient genetics because most of the
SAMO mutations were 1dentified m tumors that harbored 7P53 mutations and were
driven by loss of PTCHI. PPT CGNPg infocted with SMO-WT and Cre had an 1C50
of ~22 nM and proliferation was maximally inhibited at 100 oM vismodegib. In
contrast, all DBP muitations had a dramatic effect on vismodegib sensitivity, with
mfected cells continuing to proliferate at high levels of vismodegib >1 1 M; Figure
128}, Surprisingly, cells infected with either SMO-W281C or SMO-C468Y
continued to proliferate at near untreated ievels even in the presence of 5 u M
vismodegib possibly reflecting the direct role of these residues in drug binding. It

was confirmed that CGNPs were infected at similar frequencies by fluorescence-

156



WO 2016/126972 PCT/US2016/016614

[0

10

activated cell sorting (FACK) analysis for Cre-dependent td Tomato reporter
expression, and that the SMO variants were expressed at equivalent levels by
quantifative reverse transcription {gRT) PCR.
Example 6: Predicting resistance to vismodegib through mutation of the SM0
drug binding pocket

To investigate whether other DBP mutations could promote drug resistance, a
computational model was used to wdentifv the 21 SMO residues with atoms locate
within 4.5A of vismodegib (Figure 13A). An algorithm was used to identify 160
different single nucleotide variants that resulted in non-synonymous changes to these
DBP residues, including SMO-W281C and $SMO-{408V from this studv (Table 4).
Table 4: Identification of SMO residues with atoms within 4.5 Angstroms of both
vismodegib and LY 2940680

AA AA | Codon | Non-synonymous AA IG>T/A | Mutation comrments
Position single nucleotide changes | changes
changes
219N AAC TAC, GAC, CAC, YVIDHT | None N219D reduced
ATC, AGC, ACC, LS. TK, sensitivity to
AAA, AAG K vismodegit and
LIDE-225 (This s
and Buonarici et al,
2010)
22V | L CTC ATC, TTC, GTC, LFVH, | F L221R reduced
CAC, CGC, CCC RF sensitivity to LDE-
225 (Buonamici ¢t al,
2010)
BGIM | ATG TTG, GTG, CTG, LVLE T
AAG, AGG, ACG, JTLL
ATA, ATT, ATC I
I8 IW | TGG AGG, GGG, CGG, RGR* | #* W281C, this study
TAG, TTG, TCG, RN S and Brinkhuizen et
TGA, TGT, TG RN al. 2014
375 | L TG ATG, GTG, CAG, M,V.Q, | None
CGG, CCG RP
34D GAC AAC, TAC, CAC, NYH N 384N reduced
GTC, GG, GCC, V. G.A, sensitivity 1o
GAA, GAG EE vismodegib and
LDE-225 (This study
and Buonamici et al.
2010)
38911 ATT TTT, GTT, CTT, FVY. LN | None
AAT, AGT, ACT, ST M
ATG
391 | F TTT ATT, GTT, CTT, LV,LY, | None
TAT, TGT, TCT, CSLL
TTA, TTG
394 1Y TAC AAC, GAC, CAC, N.DH, | None
TTC, TGC, TCC, F.CS*,
TAA, TAG *
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400 | R a7 AGT, TGT, GGT, SCGHIC R400A, partially
CAT, CTT, CCT P functional (Dijkgraal
etal 2011)
408 | 1 ATC TTC, GTC, CTC, FYV.LN | MNone 1408V, this study
AALC, AGC, ACC, LT M
ATG
476 | H CAC AAC, TAC, GAC, NY.D, Y H470A not expressed
CTC, CGC, CCC. LRPQ {Dijkgraaf et al.
CAA, CAG QO 20611
4771 Q CAG AAG, TAG, GAG, K*EL | E
CTG, CGG, CCG, REBH,
CAT, CAC H
48 | W | TGG AGG, GGG, CGG, RGR* | * WA4S0A not
TAG, TTG, TCG, L.S5*.C expressed, (Dijkgraal
TGA, TGT, TGC ,C etal 2011
481 | E GAG AAG, TAG, CAG, K*xQViK
GTG, GGG, GCG, LG.AD,
GAT, GAC D
484 | F TTC ATC, GTC, CTC, LVLY, | None
TALC, TGC, TCC, C.S,L.L
TTA TTG
315 L (OIMA ATT, TTT, GTT, LFVH, | F L515A expressed,
CAT, CGT, CCT RP activating, sensitive
to 1 mM inhibition
by vismodagib
(Dijkgraal et al 201 H)
518 { E GAG AAG, TAG, CAG, K*QVIK E518K and E518A
GTG, GGG, GCG, SGAD, reduced sensitivity to
GAT, GAC D vismedegib
{Dijkgraaf et al.
2011
528 i N AAC TAC, GAC, CAC, Y.DH]I | None NS21A not
ATC, AGC, ACC, LS TK, expreessed (Dijkgraal
AAA, AAG K ctal 2011y
522 1L CTG ATG, GTG, CAG, MYV.G, | None
CGG, CCG RP
5251 M ATG TTG, GTG, CTG, LVLE (I
AAG, AGG, ACG, RTLL
ATA, ATT, ATC 1
241 11 ACG TCG, GCG. CCG, SAPK | M T241M, this study
AAG, ATG, AGG SR
21V GTG ATG, TTG, CTG, M.L.L, M V321M, this study
GAG, GGG, GCG EGA and Brinkliaizen et
al. 2014
3871 S AGT TGT, GOT, CGT, C,G.R, N S387N reduced
AAT, ATT, ACT, N,LF.R, sensitivity to
AGA, AGG R vismeodegib and
[.DE-225 (This study
and Buonamaci ¢t al.
2010y
459 1 A GCC ACC, TCC, CCC, TSPD |V A459YV, this study
GAC, GTC, GGC NG
469 1 C TGC AGC, GG, CGC, SSGRY | Y C469Y, this study
TAC, TTC, TCC, .85,
TGA, TGG W
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4731 D GAC AAC, TAC, CAC, NYH, | N D473H ( Yauch et al.
i GTC, GGC, GCC, V.G A, 2609) All aaexcept P
GAA, GAG EE reduce sensitivity to
vismodegib
(Dijkgraaf et al.
2011)

The anino acids corresponding to positions 219, 221, 281, 384, 408 and 518 of SEQ
1D NG: 1 are in the vismodegib binding pocket. The amino acids corresponding to

positions 241, 321, 387, 459469 and 473 of SEQ 1D NO: 1 are associated with

U1

clinical mutations but arc 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 D473 forms a hydrogen-bonding network with several residues
that do directly contact vismodegib including R400, H470, £518 and N521 (Wang et
al., 2013; Yanch et al, 2009). SMOES18 was previously identified by alanine scan
10 mutagenesis as a residue that affects vismodegib sensitivity when mutated (Dijkgraaf
et al., 2011}, This approach also identified residues that were previously implicated in
preclinical models of resistance to the SMO inhibitor sonidegib (LDE223) including
N219 and 3384 (Table 4; Buonamuci et al., 2010}, which are predicted to stabilize the
SMUO conformation through a hvdrogen bonding network (Figure 13B). Surprisingly,
15 SMO-N219D, SMO-D384N and SMO-S387N all displaved reduced sensitivity to
vismodegib compared to SMO-WT in the Gliluciferase based Hh reporter assay
(Figare 13C). Moreover, i was found that the SMO mhibitor LY 2940680 and
vismodegth share 14 contact residues (Table 43, Without wishing to be bound by
theory, this suggests that chemically distinct inhibitors wnteract with overlapping SMO
20 residucs and that crossresistance between inhibitors might occur in the clinic.
Example 7: SMO mutations beyond the drug-binding pocket confer vismodegib
resistance
SMO mutations located distally with respect to the vismodegib-binding pocket
were also associated with vismodegib resistance (Figure 14A). Interestingly, both

SMO-T241M and SM{O-A459V display increased basal activity over SMO-WT,

S
(1

atbeit to a lesser extent than the established oncogenic mutations (Figure 14B). Ths
clevated activity correlated with reduced sensitivity to inhibition by both vismodegib
{Figures 14C and 15A) and PTCHI overexpression {(Figure 153B), with SMO-T241M
and SMO-A4359V shifting the IC50 of vismodegib approximately 3- and 9-fold,

30 respectively. Additionally, all activating mutants tested dispiaved impaired
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vismodegib binding despite comparable levels of cell surface expression to SMO-WT
(Figures 15C and 15D).

A PPT CGNP assay was used to mmvestigate the impact of non-DBP SMO
mutations on proliferation in the presence of vismodegib. SMO-T241M, SMO-
A459V and SMOWS35L expressing CGNPs continued to proliferate at high
concentrations of vismodegib {(Figurcs 14D and 15E). These data arc consistent with
mutations ouiside the DBP destabilizing the SMOU architecture to promote activation
and reduce affimity for antagonists, as has been observed for GPCRs (Getheretal,
1997}, However, it cannot be ruled out potential allosteric effects on the DBP by
these mutations, for example, in the case of SMO-T24 1M, which only slightly
mereased basal activity (Figure 8B). Several BCCs (from PTO1, PT07 and PT11) that
were PTCH ] wild-type and harbored oncogenic SMO mnutations mitially responded to
treatment despite the fact that these SMO mutations reduce sensitivity to vismodegib
mhibition (Figure 15A). This could suggest a role for PTCH loss-of-function m the
sensitivity of SMO mutants to vismodegib.

Example §: Therapeutic eptions {o overcome vismodegib resistance

Having established that multiple SMO mutations can confer resistance o
vismodegib, whether chemically distinet SMO mhabitors could overcome vismodegib
resistance was next addressed. LY2940680 and LDE225 are currently in clinical
trials for various cancers {Clinicaltrials. gov) and compound 3 is a SMO inhibitor that
showed preclinical efficacy against SMG-D473H (Dykgraafet al,, 2011). While all
compouands sinnilarly inhibited the proliferation of SMO-WT expressing PPT CGNPs,
SMO-mutant cxpressing cells continued to proliferate, albeit to differing extents
{Figure 16A}. This observed crossresistance between the various SMO inhibttors is
congistent with the stractural predictions, and suggests that combining SMO
antagonists is not a suitable therapeutic option to overcome acquired resistance.
Moreover, the identification of recurrent SUFU and GLI2 vanants in relapsed tumors
could additionally argue for targeting Hh pathway components downstream of SMQO.
While GLI inhibitors developed so far lack potency and bicavailability, recent studies
found that the bromodomain-containing protein BRD4 occupies GLI promoters and is
required for transcriptional output of the Hh pathway (Long et al, 2014; Tang et al,
2014). PPT CGNPs expressing vismodegib-resistant SMO muotants showed reduced

proliferation the presence of the bromodomain inhibitor JQ1 (Figure 16B).
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Materials and Methods for Examples 2-9

Patient and iissue specimens

Specimens from vismodegib-treated patients were coliected after receiving
writien mformed consent according fo federal guidelines and as approved by
mstituiional review boards (IRB) of contributing centers participating in the chinical
studics SHH39235¢, 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 prior, investigator-
assessed, clinical benefit on therapy, as described previcusly (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 IRBs.

Genomic analyses

DNA from 15 vismodegib-resistant BCCU samples, 48 untreated BCCs and 52
matched blood samples were subjected to WES. WES of tumor biopsies wag
achicved with a munimum average coverage of more than 67-fold. Copy number
changes were assessed for vismodegib-resistant BCCs by SNP or CGH arrays. RNA
from 11 resistant BCC samples was subjected to RNA-seq. DNA from 7 FFPE
samples was analvzed by pyrosequencing. RNA-seq data from five normal skin
samples (procured from ProteoGenex) were used as baseline gene expression for
comparisons with BCC patient samples.

Animals

All mice were housed and maintained according to protocols approved by the
Genentech Inc. institutional animal care and use comnutiee, which conformed to the
antmal-use guidelines of Genentech Ine. and to Califormia State legal and cthical
practices.

“unciional analyvses

SMO mutants were gencrated in pRKS-SMO vectors as described (Bijkgraaf
etal, 2011; Yauch et al., 2009) and were either utilized in Gli-luciferase reporter
assays as described (Dykgraafetal., 2011) or cloned nto lentiviral vectors for
transduction of primary CGNP cultures. Proliferation was assayed using methyl-{3H]-
thymiding incorporation {Kool et al., 2014} Binding of [3H]-vismodegib to SMO
mutanis was carried out in HEK- 293 celis as described (Dijkgraaf et al., 201 1).

Patient samples
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Relapsed tumor samples were collected after receiving written mformed
consent according to federal and instibutional review board (RB} guidelines on
contributing contors. Untreated sporadic BCC samples were obtained according to
University of Michigan IRB-approved protocols HUMO0069052 and HUMO0050085.
Untreated Gorlin patient samples were obtained according to the Stanford University
IR B approved protocol 2012-029.

Histology

FFPE and O.C.T. compound (Tissue-Tek) embedded 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

Frozen BCC tumors were homogenized in RLT plus bysis buffer {Qiagen)
using ¢ither a Bullet Blender (Next Advance) or Tissue Lyzer (Qiagen). Nucleic
acids were isolated with the Allprep DNA/RNA Mini Kit (Qiagen) following the
manufacturer’s protocol. FFPE tumor sections were macrodissected, deparaffinized
and extracted using the Allprep DNA/RNA FFPE Kit (Qiagen}.

Fxome capiure and sequencing

Exome capture was performed using Agilent SurcSelect (Santa Clara, CA)
Human All Exome kit {50 Mb). Exome capture libranies were sequenced on HiSeq
2000 (Illununa, CA) to generate 2 x 75 bp paired-end data.

Variant calling

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
10 -B 2 -1 1 ~pamrmax~-dna=1000 --terminal-threshold=1000 --gmap-mode=none --
clip-overlap”™. Local realignment was performed uvsing the GATK Indel Realigner
{DePrsto et al, 2011} Duplicated reads were removed using Picard. Somatic variant
calling on tumor and matched normal samples file was performed using
VariantTools? with default parameters
{http//www bioconductor org/packages/release/bioc/html/Variant Tools 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
cffect 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.
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RNA sequencing and data analvsis

RNA-seq libraries were prepared using TruSeq RNA Sample Preparation kit
(Hlumina, CA). The hibraries were multiplexed three per lane and sequenced on
HiSeq 2000 to 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 -8B 2
-t 1 =N 1 -w 200000 -E 1 -- pairmax-ma=200000 --clip-overlap”. Expression counts
per gene were obtained by counting the number of reads aligning concordantly within
a pair and uniquely to cach gene locas as defined by NCBY and Ensembi gene
annotations, and RefSeg mRNA sequences. Differential gone oxpression analysis was
performed using the Bioconductor BESeq2 package (Anders and Huber, 2010},

Seguence data processing

All sequencing reads were evaluated for quality using the Bioconductor
sShortRead package (Morgan et al., 2009). To confirm that all samples were identified
correctly, all exome and RNA-seq data vanants were cross-compared and checked for
genetic consistency using the Bioconductor VariantTools? package. All patient
paired samples matched correctly and did not match with any other patient using a
cutoff of 90%,

Comparative genomic hybridization (CGH)

Tuwmor samples were assayed on Agilent Human Genome CGH 1M
microarrays. Human male genomic DNA (Promega P/N G1471) was used as
reference. Individual log? ratios of background subtracted signal intensitics were
obtained trom 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? ratio values for each probe were
segmented using the cghFLasso algorithm (Tibshirani and Wang, 2008} one sample
and chromosome at a time. Segmentation was performed using the parameters
lambdal =0 and lambda2 = 1000 * the fraction of probes on the current chromosome.
All probes within the genomic bounds of a given segment were given the mean copy
number value of probes within that scgment.

SNP Array

Humina HumanOmni 2.5-8 arravs were processed using a previously used,
maodified version of a method developed by (Rudin ot al., 2012}, As before, a large

panel of normal samples was used to leamn the behavior of the two probes for each
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SNP. For the current analysis, 450 HapMap normal samples were used. As before,
the raw signal for cach probe in each sample was transformed onto a scale where 0, 1.
or 2 true underlving copics 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 (CNR, Formulda 1) and Thera (Formula
2}, CNR can be interpreted as the ratio of the total copy number at a given locus to
the overall sample ploidy, 1.¢., average copy number across the genome. The CNR
values were corrected for the GC content wave effect (Diskin et al.|, 2008} using 1Mb
windows for genome GC content.

Formula |1 CNR=(A+B}/4

Foromula 2; Theia=2/x* arctan(B/4)

CNR and Theta were then input to PICNIC s pre-processing step, which
estimates o, the background value for CNR when zero copics are present; x, the
fraction of signal coming from normal cell contamination; and ¢, global ploidy or the
mean copy mimber across all interrogated SNP posttions. This estimation requiires an
mitial segmentation of CNR along the genome. In the present work, cghFlLasso
(211 VitPath with lambdal = 0 and lambdaZ = 1000, (Tibshirani and Wang, 2008))
was used, which has been found to provide a more accurate segmentation than either
CBS (Venkatraman and Olshen, 2007} or PECNIC s internal algorithm . Further,
PICNIC s procedure tor estimating o, 7, and ¢ was corrected 1o use a sex-specific
expected copy number (pi} for chromosomes X and Y. Finally PICNIC s oniginal
prior distributions for these three parameters were found to be inappropriate for this
array platform. Instead, a was modcled as a Gaussian with amean ot .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 of 0.35.

Once o, 7, and ¢ were estimated for each sample, PICNIC s HMM was
applicd to scgment the data and generate mteger allele-specific copy number. Genome
segments where the lesser of the allele-specific copy number was equal o 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

that 1s behieved not to be a reflection of the biological reality. To address ths, the
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mteger estimate of total copy number prodoced by PICNIC s HMM was replaced
with the unconstrained value produced by cghFLasso {CNR). To produce reported
total copy number and adjust for normal comtamination, estimates of «, &, and 8, and
were applied to the cghFlasso results as per PICNIC:

Formuda 3. 6= (1- a)/{(2 wy+ H{1- 7}

[ O

Formula 4.

Tumor cell fractions

Tumor cell fractions were calculated as described {(Nik-Zainal et al | 2012).
Briefly, umor cells carrving a given mutation were determined using the following

10 fornwla:

where r 1s the fraction of cells in a biopsy that are tumor cells, as determined
by SNP array; 7 15 the munbar of roads reporting the variand alicle oot of £ total reads
acriss the base of interest; and /1y and sy are the copv number of the genome at that
15 base w the tumor and normal genomes respectively. All frequencies were converted
to percentages. Some twmor cell frequencies were greater than 100% because this
model does not account for germiine routations or copy noutral LOH. For verified
gerroline nurations, the formula was adjusted to account for muant reads at 2

different ratio w the contaminating Gesue:

20 R
Vismodesib binding model

The erystal structure of SMO with LY 2940680 bound (PDB ID: 4JK V) served

as a starting pomnt for docking. The Schrodinger suite of programs available in
Maestro version 9.5 {Schrodinger, Inc.} was used to carry out protein preparation with
25 PrepWiz, higand preparation of vismodegib with Ligprep, and docking with Glide
Standard Precision, retaining defaslt parameters for all steps except for the following
modifications in the Glide docking step. Fifty poses were included for performing
post-docking muinimization, with strain correction terms turned on. The top ten poses
were written out for analysis, all of which gave similar binding modes. The pyndme
30 and the adjacent ortho-chlorophenyl rings staved m approximately the same positions,

with variations 1 the amide forsion angles cansing slight variations in the positions of
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the methviselfone and its attached ring. The top pose was selected for figures i this
study, but the variations described above would not have changed any interpretations
regarding mutational effects. Figures 2B, 3A-C, 5A-B and 6A were prepared using
MOE 2013.0801 (Chenical Computing Group, Inc.). The surface areas shown for the
binding pocket and the He-408 interaction are solvent-accessible.

Mutation-specitic PCR {(BSP) primers were designed usimg PyroMark Agssay
Design software v2.0 ((hagen). PCR primers were synthesized with a 57 biotin label
on gither the forward or reverse primer to facilitate binding of the PCR product to
Streptavidin Sepharose beads. Sequencing primers were designed in the reverse
direction of the 5~ biotin-labeled PCR primer using PyroMark Assay Design software
v2.0 ((hagen}. Genomic DNA (20 ng) was amplified in a 25 pl reaction using
Platimum PCR Supermix (Invitrogen) and 20 pl of PCR product was used for
sequencing on the Pyromark (324 ((hagen). PCR products were incubated with
Streptavidin Sepharose beads for 10 minutes followed by washes with 70% ethanol,
Pyromark denaturation solution, and Pyromark wash buffer. Denatured PCR products
were then sequenced using 0.3 uM sequencing primer. Pyrograms were visnalized
and evaluated for sequence quality, and percent mutant at SMO positions T241, L1412,
A349 and C469 was determined using PyroMark software version 2.0.4 {Qiagen).

Co mbe S
oy number assay

Genomic DNA was isolated from blood, pre- and post-treatment tamor
samples, and 10 ng per reaction was used as template in quadruphicate Tagman assays
{Applied Biosystems/Life Technologies) to determine PTUH/ and RNASE F
{reference) copy number with CopyCaller software (Applied Biosystems/Lite
Technologies).

Real-Time RT-PCR

One to four pg of total RNA was roverse transcribed using the high capacity
c¢DNA kit (Applied Biosystems/Life Technologies). Quantitative PCR reactions were
performed using the TagMan Universal PCR Master Mix {Applied Biosvstems/Life
Technologics). Gene-specific Tagman prmer/probe sequences are available upon
request.

Plasmids

SMO pomt mutants were generated in pRES-SMO with the QuikChange [f

site-Directed Mutagenesis Kit (Stratagene). SMO point mutants were cloned into
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30

pRES5-8470-Flag and pRK7-gD-SMC-mye. pRK3-PTCHT and pRKS5-eGFP were
previously described by (Yauch et al |, 2009). The Hh luciferase reporter Gli-BS
construct was previously described by (Murone et al., 1999) and the Renilla
transfection control plasmid pRL-TKis from Promega. pGEIGC 18 a HIV-based sclf-
inactivating lentiviral vector that was created by replacing the Zeo™~ UMV -tGFP-
IRES-Puro”-shRNA-WRE content of pGIPZ (Open Biosystems) with a fragment
containing the EF 1 promoter, a muluple cloning site (MCS), an internal ribosome
entry site {IRES) and Cre-recombinase fused to the C terminus of enhanced green
fluorescent protein {¢GFP-Cre; Harfe et al., 2004}, All constructs were confirmed by
sequencing; cloning details, vector maps and sequence files are available upon request.

Luciferase reporter assay

{C3HI0TY: cells {ATCC) were seeded indo six-well plates at 1.75 x 10ES
cells/well in DMEM High Glucose with 4mM glutamine, 10 mM Hepes pH 7.2 and

10% FBS. After 16 b cells were transfected with 400 ng of expression construct, 400
ng of 8x-Gli-BS and 200 ng of pRL-TK per well using Geneluice Transfection
Reagent (Novagen). For the PTCHI inhubition experiments, cells were transfected
with 200 ng SMO cxpression construct and an additional 200 ng of DNA contaimng
varying ratios of PTCHI to empty vector. Six hours later, cells from ong well were
trypsinized and redistributed over four wells of a 12-well plate. After 16 hours the
FBS content of the culture medium was reduced to 0.5% to induce formation of
primary cilia, and small molecule Hh inhibitors were added at indicated
concentrations. Firefly luciferase activity was determuned 24 hours later with the
Dual-Glo Luciferase Assay System (Promega) and read using a Wallac EnVision
plate reader (Perkin Elmer). Values were divided by remila luciferase activities to
normalize for transfection efficiency. Individaal experiments were carried out in
duplicate or triplicate and repeated at least once. Dose response data were fitto a 4-

parameter equation in GraphPad Prism:,

-2

ket
3
|

{reapldendtae XY~

where Y’ is normalized Gli-luciferase signal or normalized thvmidine
meorporation calculated as a fraction of control that did not mclode mhibitor, and *X°
is the inhibitor concentration. The top and bottom (B) values were constrained to be
cqual for cach sample. "H’ is the Hill Slope.

£ Hl-vismodesib binding assay
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2 x 10E6 HEK-293 cells were seeded into 10-cm plates and transfected 16
hours later with 3 ug of either empty vector or SMO expression construct using
Geneluice (Novagen). Cells were harvested 40 hours later in PBS with 1 M EDTA
and fixed i PBS with 4% PFA for 10 mumutes at room temperature (RT), afier which
they were washed 3x in PBS with I mM EDTA and plated into 96-well plates at
100,000 cells per well. Cells were incubated for | hour at RT with 5 nM [’H}-
vismodegib (Selcia) in the absence or presence of 50 uM unlabeled vismodegib, and
were subsequently transferred to a filter plate (Perkin Elmer) using a Filtermate Cell
harvester {Perkin Elmer). Forty um of MicroScint fluid (Perkin Elmer) was added per
well and counts per nunute were assessed using a PerkinElmer TopCount NXT. Al
samples were analyzed in triphicate. Specific binding was calenlated after competition
with an excess of unlabeled vismodegib by subtracting non-specific binding from
total binding.

FACS analvsis of ¢D-SMO cell surface expression

Ix10E6 HEK-293 cells were seeded mto 10-cm plates and transfected 6 hours
later with 3 ug of gD-SMO expression construct using Geneduice (Novagen). Cells
were dislodged 48 hours later in PBS with | mM EDTA and sequentially incubated
for 30 min with anti-gDl antibody (3B6, at 1 pg/ml), followed by two 20 min
mcubations with 1:100 biotin-SP conjugated Affinipure goat anti-mouse i and 1:50
R-Phycoervihrin-conjugated Streptavidin (both Yackson Ioununoresearch Labs). Cells
were resuspended in propidium iodide (500 ng/ml) and analyzed on a HTS
FacsCalibur (BD Biosciences).

Virus production ond titerine

HEK-293T cclls were plated on 15-cm dishes at 1.3x10E6 cells/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-SMQO,
12 pg of the packaging vector ARS (Zufferey er al., 1997), 3 pg of the envelope
vector p¥VSV-( {Clontech) and the transfection reagent GeneJuice (Novagen). The
culture medium was replaced 12 hours after transfection and viral supematant was
collected 24 hours later, filtered through a 0.45 pm PES filter (Nalgene) and stored at
4 °C until further processing. Viral supematants were concentrated 200-fold by
sltracentrifugation at 100,000 x g for 1 hours 30 min {(Zufferey and Trono, 2000}
Viral peliets were resuspended in CGNP media and stored at -80 °C. Viral titers were

determined on HEK-293T cells that were plated at 2x10° cells/well in six-well plates.
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Cells were allowed to adhere for 12 hr, after which the medium was replaced with 2
ml of cither 1:400 or 1:400¢ diluted 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
calculate the viral titer. Viral supematants remained on the ceils for 60 hr, after which
the cells were harvested and analyzed for fluorescent protein expression by FACS.
Viral titers were caleulated m transducing units (TU)nd according to the cquation
[cell number / 100 x 9% fluorescent cells] x 1000 per pl of viral concentrate (Zufferey
and Trono, 2000}, Only transductions that resulted 1n fewer than 15% fluorescent cells
were used for titer caloulations.

The Prehlloxp strain was a kind gift from R Téfigard and . Teghind
{(Karolinska Institutet, Stockholm, Sweden; Kasper et al., 2011). The 7053 strain
was a kind gift from A. Berns (Netherlands Cancer mstitute, Amsterdam, The
Netherdands: Jonkers et al., 2001). The Rosa 261950 arain was purchased from
Jackson Labs (Stock number: 007909; Madisen ¢t al., 2010). All mice were housed
and maintained according to the animal-use guidelines of Genentech Inc., conforming
to California State legal and ethical practices.

Isolation and transduciion of CGNPs

- ~ Xp/ <LSL. mato X/
Cerebella from post-natal day 5-7 Prchl™PO RosaoetSt-dTomao yy, g slowplowp

mice were dissociated in 0.03% Trypsin for 10 min at 37 °C. Cells were collected by
centrifugation at 514 x g for 10 nun at 4 °C, resuspended in CGNP media (Neurobasal
medium {Life Techunologies) containing 1x B27 (without vitamin A; Life
Technologies), 0.45% glucose (Sigma Aldnch), 25 mM KCI, 0.4% bovine serum
atbumin (Sigma Aldnch), 2 mM glutamine, 100 U/ml Penicillin (Life Technologies),
100 pg/ml Streptomycein (Life Technologies), 200 ng/mi octylated recombinant SHH}
and filtered through a 0.45 wm filter (Falcon). Cells were plated in poly-{-lysine
coated 6~-well plates (Coming) at 5x10E5 celis/well and infected with fentivirus at a
multiplicity of infection (MOI) of 1. After 24 hr, cells were harvested by
trypsimization, collected in CGNP media and replated for downstream applications.

Methyl-{3H|-thymidine incorporation

To examine the effects of HPIs on proliferation, virally transduced CGNPs
were plated i poly-D-lysing-coated 96-well plates (Corning) at 25,000 cells/well in
CGNP media without SHH. Inbibitor concentrations were tested in triplicate wells

and were 25, 50, 100, 250, 500, 1000 and 5000 nM for vismodegib, 500 oM for
169

PCT/US2016/016614



WO 2016/126972 PCT/US2016/016614

LDE225, 500 oM for LY 2940680, 500 aM for compound 5, 1 uM for IQT and 0.1%
for DMSO (highest concentration vehicle control). After 24 hr, cells were pulsed with
1 uCi/mi methyl-['H]-thymidine (Amershar/GE Healthcare) and cultured for an
additional 16-24 hr. Cells were harvested onto 96-well filter plates {Perkin Elmer)

psing a Filtermate Cell Harvester (Perkin Elmer), and mcorporated radicactivity was

[ O

guantified by liguid scintiliation spectrophotometry on a TopCount NXT
(PerkinElmer),
Compounds
GDC-0449, compound 5 and J(Q-1 were prepared as described 1 1n
10 WO2006028956, W02007059157 and Filippakopoulos et al, 2010, LDEZZS (Y-
16582Y and LY 2940680 (HY -13242) were from MedchemExpress.
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INCORPORATION BY REFERENCE

All publications and patents mentioned herein are herchy incorporated by
reference n their entirety as if each individual publication or patent was specifically
and individually indicated to be meorporated by reference.

While specific embodiments of the sabject disclosure have been discussed, the
above specitication is dlustrative and not restrictive. Many vanations of the disclosure
will become apparent to those skilled 1n the art spon review of this specification and
the claims below. The full scope of the disclosure should be determined by reference
to the clamms, along with their full scope of equivalents, and the specification, along
with such variations. The foregoing Examples are for itlustrative purposes only and
should not be construed to hmit the scope of the disclosure which is defined by the

appended claimsg,
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SEQUENCE LISTING

SEQ ID NO: 1 - Heman wildtype smoothened amino acid sequence {GenBank
Accesion No. NP_005622 1)

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Glu Leu Pro Leu Leu Gly Leu Leu Leu
Lew Leu Leu Leu Gly Asp Pro Gly Arg Glv 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
Glu Glu Ala His Gly Lys Leu Val Leu Trp Ser Gly Leu Arg Asn Ala Pro Arg Cys Tip
Ala Val He Glo Pro Leu Leu Cys Ala Val Tyr Met Pro Lys Cyvs Glu Asn Asp Arg Val
Glu Len Pro Ser Arg Thr Leu Cys Gln Ala Thr Arg Gly Pro Cys Ala Tle Val Glu Arg
Glu Arg Gly Trp Pro Asp Phe Leu Arg Cys Thr Pro Asp Arg Phe Pro Glo Gly Cys
Thr Asn Glu Val Gin Asn Hle Lys Phe Asn Ser Ser Gly Gin Cys Glu Val Pro Leu Val
Arg Thr Asp Asn Pro Lys Ser Trp Tyvr Glu Asp Val Glu Gly Cys Glv He Gln Cys Gin
Asn Pro Leu Phe Thr Glu Ala Gla His Gl Asp Met His Ser Tyr Ile 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 Aso Ala Cys Phe Phe Val Gly
Ser Hle Gly Trp 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 Leu Ser Cys Val He Hle
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 Thr Thr Tyr Gln Pro Leu Ser Gly Lys Thr
Ser Tyr Phe His Leu Lea Thr Trp Ser Leu Pro Phe Val Lew Thr Val Ala He Leu Ala
Val Ala Gin Val Asp Glv Asp Ser Val Ser Gly lie Cys Phe Val Gly Tyvr Lys Asn Tyr
Arg Tyr Arg Ala Gly Phe Val Leu Ala Pro Ile Gly Leu Val Leu He Val Gly Gly Tyr
Phe Lea He Arg Gly Val Met Thr Leu Phe Ser Ie Lys Ser Asn His Pro Gly Leu Leu
Ser Glu Lvs Ala Ala Ser Lys e Asn Glu Thr Met Leu Arg Leu Gly Hle Phe Gly Phe
Leu Ala Phe Gly Phe Val Leu Hle Thr Phe Ser Cys His Phe Tyr Asp Phe Phe Asn Gin
Ala Gla Trp Ghu Arg Ser Phe Arg Asp Tyr Val Leu Cys Gln Ala Asn Val Thr He Gly
Lew Pro Thr Lys Gln Pro He Pro Asp Cys Glu fle Lys Asn Arg Pro Ser Leu Leu Val
Glu Lys lic Asn Leu Phe Ala Met Phe Gly Thr Gly Ile Ala Met Ser Thr Trp Val Trp
Thr Lys Ala Thr Leu Leu He Trp Arg Arg Thr Trp Cys Arg Lewn Thr Gly Gin Ser Asp
Asp Glu Pro Lys Arg He Lys Lys Ser Lvs Met e Ala Lyvs Ala Phe Ser Lys Arg His
Glu Lew Leu Gin Asn Pro Gly Gln Glu Leu Ser Phe Ser Met His Thr Val Ser His Asp

Gly Pro Val Ala Gly Leu Ala Phe Asp Leu Asn Glu Pro Ser Ala Asp Val Ser Ser Ala
178
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Trp Ala Gln His Val Thr Lys Met Val Ala Arg Arg Gly Ala Hle Leou Pro Gln Asp He
Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro Glu Glu Glo Ala Ase Leu Trp Leu Val
Glu Ala Glu fle Ser Pro Glu Leu Glo Lvs Arg Len Gly Arg Lvs Lys Lys Arg Arg Lys
Arg Lys Lys Gla Val Cys Pro Leu Ala Pro Pro Pro Glu Leu His Pro Pro Ala Pro Ala
Pro Ser Thr lle Pro Arg Leu Pro Gin Leu Pro Arg Gln Lys Cys Leu Val Ala Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cvs 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 Gln Gly Leu Gly Pro le His Ser Arg Thr Asn Leu Met Asp
Thr Glu Leuw Met Asp Ala Asp Ser Asp Phe

SEQ B NQO: 2 - Human smoothened amino acid seqaence having mutation at amino
acid position 281 of SMO

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Glu Leu Pro Leu Leu Glv Leu Leu Leu
Leu Leu Len Leu Gly Asp Pro Gly Arg Gly Ala Ala Ser Ser Gly Asn Ala Thr Glv 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 Gin
Glu Glu Ala His Gly Lyvs Lew Val Lew Tip Ser Gly Leu Arg Asn Ala Pro Arg Cys Tip
Ala Val He Gln Pro Lew Leu Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Glu Leu Pro Ser Arg Thr Leu Cys Gin Ala Thr Arg Gly Pro Cys Ala lle Val Glu Arg
Glu Arg Gly Trp Pro Asp Phe Leu Arg Cys Thr Pro Asp Arg Phe Pro Glu Gly Cys
Thr Asn Ghs Val Gin Asn He Lys Phe Asn Ser Ser Gly Gln Cys Glu Val Pro Leu Val
Arg Thr Asp Asn Pro Lys Ser Trp Tvr Glu Asp Val Glu Gly Cys Gly lle Gin Cys Gln
Asn Pro Len Phe Thr Glu Ala Glu His Gln Asp Met His Ser Tyr lle Ala Ala Phe Gly
Ala Val Thr Gly Leuw Cys Thr Leu Phe Thr Leu Ala Thr Phe Val Ala Asp Trp Arg
Asn Ser Asn Arg Tvr Pro Ala Val {le Leu Phe Tyr Val Asn Ala Cys Phe Phe Val Gy
Ser fle Gly Xaa Leu Ala Gln Phe Met Asp Gly Ala Arg Arg Glu He Val Cys Arg Ala
Asp Gly Thr Met Arg Lea Gly Glu Pro Thr Ser Asn Gl Thr Leu Ser Cys Val He He
Phe Val Hle Val Tyr Tyvr 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 Leu Thr Trp Ser Leu Pro Phe Val Leu Thr Val Alalle Leu Ala
Val Ala Gln Val Asp Gly Asp Ser Val Ser Gly Hle 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 Tvr

Phe Leu Hle Arg Gly Val Met Thr Leu Phe Ser He Lvs Ser Asn His Pro Gly Leu Len
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Ser Glu Lys Ala Ala Ser Lys Ile Asn Glu Thr Met Leu Arg Leu Gly He Phe Gly Phe
Lew Ala Phe Gly Phe Val Leu He Thr Phe Ser Cys His Phe Tyr Asp Phe Phe Asn Gin
Ala Glo Trp Glu Arg Ser Phe Arg Asp Tyr Val Leu Cys Gln Ala Asn Val Thr He Gly
Leu Pro Thr Lys Glin Pro He Pro Asp Cys Glu fle Lys Asn Arg Pro Ser Leu Leu Val
Glu Lvs {le 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 Cyvs Arg Leu Thr Gly Gin Ser Asp
Asp Glu Pro Lys Arg Hle Lys Lys Ser Lys Met Ile Ala Lys Ala Phe Ser Lvs Arg His
Glu Lou Leu Gln Asn Pro Gly Gla Glu Lewn Ser Phe Ser Met His Thr Val Ser His Asp
Gly Pro Val Ala Gly Leu Ala Phe Asp Leu Asn Glu Pro Ser Ala Asp Val Ser Ser Ala
Trp Ala Gin His Val Thr Lys Met Val Ala Arg Arg Gly Ala fle Leu Pro Gin Asp He
Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro Glu Glu Gln Ala Asn Leu Trp Leo Val
Glu Ala Glu He Ser Pro Glu Leu Gln Lvs Arg Leu Gly Arg Lvs Lvs Lvs Arg Arg Lys
Arg Lyvs Lvs Glu Val Cys Pro Leu Ala Pro Pro Pro Glu Leu His Pro Pro Ala Pro Ala
Pro Ser Thr Tle Pro Arg Leu Pro Gin Leu Pro Arg Gln Lys Cys Leu Val Ala Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cys Arg Gln Gly Ala Trp Thr Leo 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 Glv Arg Arg Gin Glv Leu Gly Pro le His Ser Arg Thr Asn Leu Met Asp
Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ H3 NO: 3 Human smoothened amino acid sequence having mutation at amino
actd position 459 of SMO

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Glo Leu Pro Leu Leu Gly Leu Leo Leu
Leu Leu Leu Leu Gly Asp Pro Glv 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 Leuw 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 Gin
Glu Glu Ala His Gly Lys Leu Val Leu Trp Ser Gly Leu Arg Asn Ala Pro Arg Cyvs Trp
Ala Val He Glo Pro Leu Leo Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Glu Leu Pro Ser Arg Thr Leu Cvs Gln Ala Thr Arg Gly Pro Cys Ala Jle Val Glu Arg
Glu Arg Glv Trp Pro Asp Phe Leu Arg Cys Thr Pro Asp Arg Phe Pro Glu Gly Cys
Thr Asn Glu Val Gin Asn le Lys Phe Asn Ser Ser Gly Gln Cys Glu Val Pro Leu Val
Arg Thr Asp Asn Pro Lys Ser Trp Tyr Glu Asp Val Gl Gly Cys Gly lle Glo Cys Gln
Asn Pro Leo Phe Thr Glu Ala Glu His Gln Asp Met Hig Ser Tyr He Ala Ala Phe Gly

Ala Val Thr Gly Leu Cys Thr Leu Phe Thr Leu Ala Thr Phe Val Ala Asp Trp Arg
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Asn Ser Asn Arg Tyr Pro Ala Val e Lea Phe Tyr Val Asn Ala Cys Phe Phe Val Gly
Ser e Gly Trp Leu Ala Gln Phe Met Asp Glyv Ala Arg Arg Glu He Val Cys Arg Ala
Asp Gly Thr Met Arg Leu Gly Glu Pro Thr Ser Asn Glu Thr Leu Ser Cys Val He He
Phe Val fle Val Tyr Tyvr Ala Len Met Ala Gly Val Val Trp Phe Val Val Leu Thr Tyr
Ala Trp His Thr Ser Phe Lys Ala Leu Gly Thre Thr Tyr Gin Pro Leu Ser Gly Lys Thr
Ser Tvr Phe His Leu Leu Thr Trp Ser Leu Pro Phe Val Leu Thr Val Alaltle Leu Ala
Val Ala Gln Val Asp Gly Asp Ser Val Ser Gly fle Cys Phe Val Gly Tyr Lys Asn Tyr
Arg Tyr Arg Ala Glv Phe Val Lew Ala Pro e Gly Leu Val Leo He Val Gly Gly Tvr
Phe Leu Hle Arg Gly Val Met Thr Leu Phe Ser fle Lys Ser Asn His Pro Glv Leu Leu
Ser Glu Lys Ala Ala Ser Lys fle Asn Glo Thr Met Leu Arg Leu Gly He Phe Gly Phe
Leo Xaa Phe Gly Phe Val Leu He Thr Phe Ser Cys His Phe Tyr Asp Phe Phe Asn Gln
Ala Glu Trp Glu Arg Ser Phe Arg Asp Tyvr Val Leu Cys Gln Ala Asn Val Thr He Gly
Leu Pro Thr Lys Gln Pro He Pro Asp Cys Glu He Lys Asn Arg Pro Ser Leu Leu Val
Glu Lys Ile Asn Leu Phe Ala Met Phe Gly Thr Gly lle Ala Met Ser Thr Trp Val Trp
Thr Lys Ala Thr Leu Leo He Trp Arg Arg Thr Trp Cyvs Arg Lea Thr Gly Gin Ser Asp
Asp Glu Pro Lys Arg Hle Lys Lys Ser Lys Met {le Ala Lys Ala Phe Ser Lys Arg His
Glu Len Leu Gin Asn Pro Gly Gln Glu Leu Ser Phe Ser Met His Thr Val Ser His Asp
Gly Pro Val Ala Gly Leu Ala Phe Asp Leu Asn Glu Pro Ser Ala Asp Val Ser Ser Ala
Trp Ala 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
Glu Ala Glu He Ser Pro Glu Leu Gin Lys Arg Leu Gly Arg Lys Lys Lys Arg Arg Lys
Arg Lvs Lys Ghu Val Cys Pro Leu Ala Pro Pro Pro Glu Lew His Pro Pro Ala Pro Ala
Pro Ser Thr lic Pro Arg Len Pro Gin Leu Pro Arg Gin Lvs Cys Leu Val Ala Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cys Arg Gin Glv 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 Glv Arg Arg Gin Gly Leu Glv Pro [le His Ser Arg Thr Asn Leu Met Asp
Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ ID NO: 4 Homan smoothened aming acid sequence having mutation at aning
acid position 535 of SMO

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Glu Leu Pro Leu Leu Gly Leu Leu Leu
Leo Leu Leu Leu Gly Asp Pro Gly Arg Glv Ala Ala Ser Ser Gly Asn Ala Thr Gly Pro
Gly Pro Arg Ser Ala Gy 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
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Gly Ser Val Len Pro Tyr Gly Ala Thr Ser Thr Leu Leu Ala Gly Asp Ser Asp Ser Gln
Glu Glu Ala His Gly Lys Leu Val Leu Trp Ser Gly Leu Arg Asn Ala Pro Arg Cys Tip
Ala Val He Glo Pro Leu Leu Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Glu Len Pro Ser Arg Thr Leu Cys Gln Ala Thr Arg Gly Pro Cys Ala Tle Val Glu Arg
Glu Arg Gly Trp Pro Asp Phe Leu Arg Cys Thr Pro Asp Arg Phe Pro Glo Gly Cys
Thr Asn Glu Val Gln Asn le Lvs Phe Asn Ser Ser Gly Gin Cys Glu Val Pro Len Val
Arg Thr Asp Asn Pro Lys Ser Trp Tyvr Glu Asp Val Glu Gly Cys Gly He Gln Cys Gin
Asn Pro Leu Phe Thr Glu Ala Gla His Gl Asp Met His Ser Tyr Ile 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 Tyvr Pro Ala Val lle Leu Phe Tyr Val Aso Ala Cys Phe Phe Val Gly
Ser Hle Gly Trp 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 Leu Ser Cys Val He Hle
Phe Val le Val Tvr 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 Gln Pro Leu Ser Gly Lys Thr
Ser Tyr Phe His Leu Lea Thr Trp Ser Leu Pro Phe Val Lew Thr Val Ala He Leu Ala
Val Ala Gin Val Asp Gly Asp Ser Val Ser Gly lic Cys Phe Val Gly Tyvr Lys Ase Tyr
Arg Tyr Arg Ala Gly Phe Val Leu Ala Pro Ile Gly Leu Val Leu He Val Gly Gly Tyr
Phe Lea He Arg Gly Val Met Thr Leu Phe Ser Ie Lys Ser Asn His Pro Gly Leu Leu
Ser Glu Lvs Ala Ala Ser Lys e Asn Glu Thr Met Leu Arg Leu Gly Hle Phe Gly Phe
Leu Ala Phe Gly Phe Val Leu Hle Thr Phe Ser Cys His Phe Tyr Asp Phe Phe Asn Gin
Ala Glu Trp Glu Arg Ser Phe Arg Asp Tyr Val Leu Cys Gin Ala Asn Val Thr [le Gly
Leu Pro Thr Lys Gln Pro He Pro Asp Cys Glu Hle Lys Asn Arg Pro Ser Lea Leu Val
Glu Lys lic Asn Leu Phe Ala Met Phe Glv Thr Gly He Ala Met Ser Thr Xaa Val Trp
Thr Lys Ala Thr Leu Leu He Trp Arg Arg Thr Trp Cys Arg Lewn Thr Gly Gin Ser Asp
Asp Glu Pro Lys Arg He Lys Lys Ser Lvs Met e Ala Lyvs Ala Phe Ser Lys Arg His
Glu Lew Leu Gin Asn Pro Gly Gln Glu Leu Ser Phe Ser Met His Thr Val Ser His Asp
Gly Pro Val Ala Gly Leu Ala Phe Asp Leu Asn Glu Pro Ser Ala Asp Val Ser Ser Ala
Trp Ala Gln 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 Glo Ala Ase Leu Trp Leu Val
Glu Ala Glu fle Ser Pro Glu Leu Glo Lvs Arg Len Gly Arg Lvs Lys Lys Arg Arg Lys
Arg Lys Lys Gla Val Cys Pro Leu Ala Pro Pro Pro Glu Leu His Pro Pro Ala Pro Ala
Pro Ser Thr Ile Pro Arg Len Pro Gin Leu Pro Arg Gln Lvs Cys Leu Val Ala Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cvs 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
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Trp Ala His Gly Arg Arg Gln Gly Leu Gly Pro le His Ser Arg Thr Asn Lea Met Asp
Thr Glu Leuw Met Asp Ala Asp Ser Asp Phe

SEQ ID NG: 5 (WT SMO) atggecgetg cecgeocage gogggegecg gageicecge foctgggact
getgetgctg cigetgelge ggoacceggg cCegResecg eccicgagce gaaacscgac cgggectegg
ceicggages C2ggCaaIan CoCLagLany ageecgecgg tgaciggece tecgecgecg clgagceract
goggeeggge tgeeccctge gageogetge gotacaacgt gtgectggge togglgeige octacgggge
cacctecaca ctgetggocg gagaciegga clcocaggag gaagogeacg goaagetegt gotctggicy
ggccicogga atgeococog ctgetggeca gigatecage ceotgotgtyg tocogtatac atgeocaagt
gigagaaiga ccgggiggag ctgeccagoee glaccetetg cecaggecace cgaggcecceot gtgecatogt
ggagaggeag cgegocteec ctgacticct gegetgeact ectgaccgcet tocctgaage clgeacgaat

gagetocaga acatcaagtt caacagtica ggccagigeg aagtgeoctt ggticggaca gacaaccoca

agagcigata cgaggacgty saggacigeg gealccagte ccagaacocg cicticacag aggetgagea

ccaggacate cacagetaca tegeggocett cggggocgte acgggoctet geacgetett caceciggee

acattegteg ctgactggceg gaacicgaat cgotaceoty cigttatict ctictacgtc aatgegtgcet tetligtgss
cagoattgge tggetggoce agitcatgga tgglgocoge cgagagateg totgoegige agatggcace
atgagactig gegagcccac cfccaatgag actetgtect gegteateat cttigicate gtgtactacy
coctgatggc tgatgteatt tegttigtes tectcaccta igectggcac actioctica aagecctggg caccacetac
cagecteict cgggoaagac oloctactte cacctgctea cetggteact coectttgte cicactgige caatectige
tgtgocecag glggalggge actotgigag tgecatiiat thgtgonct acaagaacta ccgatacegt
geggecticg tgctggcece aatcggoctg gigcteateg tgggasocia cttecicate cgaggagtca
tgactcigtt ctocatcaag ageaaccacce ceggactact gagtgagaag getgecagea agatcaacga
gaccatgetg cgectgggca titttggctt cotggecttt ggotitgtee teattacett cagetgecac tictacgact
icttcaacca ggetgagigg gagegceagoet teegggacta tgtgctatgt caggocaaty igaccategg
getgeccace aageagocca toectgactg tgagatcaag aatcgeccga gectictggt ggagaagate
aaccigtitg ceatgtitge aactggeate gecatgagea cotgggictg gaccaaggoc acgetgetca
tetggagacg tacctggtge agatigactg ggoagagiga cgatgageca aageggatca agaagagcaa
gatgattoce aaggocttct ctaageggca cgagetectyg cagaacecag gecaggaget gicettcage
atgcacactg tgteccacga cggaeecgts geggactisg cottigacct caatgagece tcagetgaty
tetectetge cigggoccag catgteacca agatggigac toggagagga gecatactge cocaggaiat
ttetgicace cotgiggcaa clecagigeo cocagageaa caagecaace tgiggciggt tgagocagay
atctececag agetgeagaa gegeclggge Cogaagaaga agageageas gageaagaag gaggtetore
cgotggogce gececcigag cttcacceoe ctgeocetge ceocagtace attectegac tgocteaget

geocoggcag aaatgecige tegctgcagg tgoctgggea gotgggoact ctigecgaca gggagosigg
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acccetgetot ceaacceatt ctgeccagag cocagtocee cteaggatec atitetgece agigeacogg
ceoceglggo atgggcteat ggocgecgac agggoctggg gectattoac tecegeacca accigaigga

cacagaactc atggatgeag acteggactt ¢iga

SEQ D NO: 6 -- Human smoothened amino acid sequence having mutation at anuing
acid position 241 of SMO

Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Glu Leu Pro Len Leu Glyv Leu Leu Leu
Leu Leu Leu Leu Gly Asp Pro Gly Arg Gly Ala Ala Ser Ser Gly Asn Ala Thr Gly Pro
Gly Pro Arg Ser Ala Gly Gly Ser Ala Arg Arg Ser Ala Ala Val Thr Gly Pro Pro Pro
Pro Leu Ser His Cys Gly Arg Ala Ala Pro Cys Glu Pro Leu Arg Tyr Asn Val Cys Leun
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 Lyvs Lev Val Lew Trp Ser Gly Leu Arg Asn Ala Pro Arg Cys Tip
Ala Val lle Gin Pro Leu Leu Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Glu Leu Pro Ser Arg Thr Leu Cys Gln Ala Thr Arg Gly Pro Cys Ala lle Val Glu Arg
Glu Arg Gly Trp Pro Asp Phe Leu Arg Cvs Thr Pro Asp Arg Phe Pro Ghu Gly Cys
Thr Asn Ghi Val Gln Asn Hle Lys Phe Asn Ser Ser Gly Gln Cys Glu Val Pro Leu Val
Arg Thr Asp Asn Pro Lys Ser Trp Tvr Glu Asp Val Glu Gly Cys Gly lle Gin Cys Gln
Asn Pro Lea Phe Thr Glu Ala Glu His Gln Asp Met His Ser Tyr lle Ala Ala Phe Gly
Ala Val Xaa 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 fle Gly Trp Leu Ala Gln Phe Met Asp Gly Ala Arg Arg Glu He Val Cys Arg Ala
Asp Gly Thr Met Arg Lea Gly Glu Pro Thr Ser Asn Gl Thr Leu Ser Cys Val He He
Phe Val fle Val Tyr Tyr Ala Leu Met Ala Gly Val Val Trp Phe Val Val Leu Thr Tyr
Ala Trp His Thr Ser Phe Lys Ala Leu Gly Thr Thr Tyr Gin Pro Leu Ser Glv Lys Thr
Ser Tvr Phe His Lew Lew Thr Trp Ser Leu Pro Phe Val Leu Thr Val Alalle Leu Ala
Val Ala Gin Val Asp Glv Asp Ser Val Ser Gly {le Cys Phe Val Gly Tyr Lys Asn Tyvr
Arg Tvr Arg Ala Gly Phe Val Leu Ala Pro fle Gly Len Val Leu He Val Gly Giy Tyr
Phe Leu Hle Arg Gly Val Met Thr Leu Phe Ser lle Lys Ser Asn His Pro Gly Les Leu
Ser Glu Lys Ala Ala Ser Lys {le Asn Glu Thr Met Leu Arg Leu Gly He Phe Gly Phe
Leu Ala Phe Gly Phe Val Leu le Thr Phe Ser Cvs His Phe Tvr Asp Phe Phe Aso Gin
Ala Glu Trp Glu Arg Ser Phe Arg Asp Tyvr Val Leu Cyvs Glo Ala Asn Val Thr He Gly
Lea Pro Thr Lys Gln Pro He Pro Asp Cys Glu Hle Lys Asn Arg Pro Ser Leu Leu Val
Glu Lvs {le Asn Leu Phe Ala Met Phe Gly Thr Gly lle Ala Met Ser Thr Trp Val Trp

Thr Lys Ala Thr Leu Len He Trp Arg Arg Thr Trp Cyvs Arg Len Thr Gly Gin Ser Asp
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Asp Glu Pro Lys Arg He Lys Lys Ser Lys Met le Ala Lvs Ala Phe Ser Lys Arg His
Glu Leu Leu Gin Asn Pro Gly Gl Glu Leu Ser Phe Ser Met His Thr Val Ser His Asp
Gly Pro Val Ala Glv Leu Ala Phe Asp Leu Asn Glu Pro Scr Ala Asp Val Ser Ser Ala
Trp Ala Gin His Val Thr Lys Met Val Ala Arg Arg Gly Ala Tle Leu Pro Gin Asp He
Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro Glu Glu Gln Ala Asn Leu Trp Leo Val
Glu Ala Glu He Ser Pro Glu Leu Gin Lys Arg Leu Gly Arg Lys Lvs Lys Arg Arg Lys
Arg Lys Lvs Glu Val Cys Pro Leu Ala Pro Pro Pro Glu Leu His Pro Pro Ala Pro Ala
Pro Ser Thr lle Pro Arg Leu Pro Gln 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 Gln Glv Leu Gly Pro e His Ser Arg Thr Asn Leu Met Asp
Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ D NO: 7 -- Human smoothened amino acid sequence having mutation at amino
actd position 408 of SMO
Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Glu Leu Pro Len Leu Gly Leu Leu Leu
Leu Leu Leu Leu Gly Asp Pro Glv 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 Leun
Gly Ser Val Len Pro Tvr Gly Ala Thr Ser Thr Leu Leu Ala Gly Asp Ser Asp Ser Gln
Glu Glu Ala His Gly Lys Leu Val Leu Trp Ser Gly Leu Arg Asn Ala Pro Arg Cys Trp
Ala Val He Glo Pro Leu Leo Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Glu Len Pro Ser Arg Thr Leu Cys Gin Ala Thr Arg Gly Pro Cys Ala lle Val Glu Arg
Glu Arg Gly Trp Pro Asp Phe Leu Arg Cys Thr Pro Asp Arg Phe Pro Glu Gly Cys
Thr Asn Glo Val Gin 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 Glo Gly Cys Gly Hie Gln Cys Gin
Asn Pro Leu Phe Thr Glu Ala Glu His Gin Asp Met His Ser Tyr Ue 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 Tvr Pro Ala Val lle Leu Phe Tyr Val Asn Ala Cys Phe Phe Val Gly
Ser e Gly Trp Leu Ala Gln Phe Met Asp Gly Ala Arg Arg Glu He Val Cys Arg Ala
Asp Glv Thr Met Arg Leu Gly Glu Pro Thr Ser Asn Gla Thr Leu Ser Cys Val He Hle
Phe Val lle Val Tyr Tyr Ala Lea Met Ala Gly Val Val Trp Phe Val Val Lew Thr Tyr
Ala Trp His Thr Ser Phe Lys Ala Leu Gly Thr Thr Tyr Gin Pro Lev Ser Gly Lys Thr
Ser Tyr Phe His Leu Len Thr Trp Ser Leu Pro Phe Val Leu Thr Val Alafle Leu Ala
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Val Ala Gln Val Asp Gly Asp Ser Val Ser Gly lle Cys Phe Val Gly Tyvr Lys Asn Tyr
Arg Tvr Arg Ala Gly Phe Val Leu Ala Pro Xaa Gly Leu Val Leu He Val Gly Gly Tyvr
Phe Len fle Arg Gly Val Met Thr Leu Phe Ser lle Lys Ser Aso His Pro Glv Leu Leun
Ser Glu Lys Ala Ala Ser Lys fle Asn Glu Thr Met Leu Arg Leu Gly He Phe Gly Phe
Leu Ala Phe Gly Phe Val Leu Ile Thr Phe Ser Cys His Phe Tvr Asp Phe Phe Asn Gin
Ala Glu Trp Glu Arg Scr Phe Arg Asp Tyr Val Leu Cys Gin Ala Asn Val Thr lle Gly
Lew Pro Thr Lys Gin Pro He Pro Asp Cys Glu Hle Lvs Asn Arg Pro Ser Leu Leu Val
Glu Lys e Asn Leu Phe Ala Met Phe Gly Thr Gly lle Ala Met Ser Thr Trp Val Tip
Thr Lys Ala Thr Leu Leu He Trp Arg Arg Thr Trp Cys Arg Leu Thr Gly Gla Ser Asp
Asp Glu Pro Lys Arg He Lys Lys Ser Lys Met fle Ala Lys Ala Phe Ser Lys Arg His
Glu Lea Leu Gin Asn Pro Gly Gln Glu Leu Ser Phe Ser Met His Thr Val Ser His Asp
Gly Pro Val Ala Glv Leu Ala Phe Asp Leu Asn Glu Pro Ser Ala Asp Val Ser Ser Ala
Trp Ala Glo His Val Thr Lys Met Val Ala Arg Arg Gly Ala lie Leu Pro Gln Asp Hle
Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro Glu Glu Gln Ala Asn Leu Trp Leun Val
Glu Ala Glu He Ser Pro Glu Lew Gln Lys Arg Leu Gly Arg Lys Lys Lys Arg Arg Lys
Arg Lys Lvs Glu Val Cyvs Pro Leu Ala Pro Pro Pro Giu Leu His Pro Pro Ala Pro Ala
Pro Ser Thr Ile Pro Arg Len Pro Gin Leu Pro Arg Gln Lvs Cys Leu Val Ala Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cyvs Arg Gln Gly Ala Trp Thr Leu Val Ser Asn Pro Phe
Cys Pro Glu Pro Ser Pro Pro Gln Asp Pro Phe Len Pro Ser Ala Pro Ala Pro Val Ala
Trp Ala His Gly Arg Arg Glo Gly Leu Gly Pro Ile His Ser Arg Thr Asn Leu Met Asp
Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ 1D NO: 8 -~ Human smoothened amino acid sequence having mutation at amino
acid position 469 of SMO

Mot Ala Ala Ala Arg Pro Ala Arg Gly Pro Ghu Leu Pro Leu Leu Gly Leu Leu Leu
Lew Leu Leu Leu Gly Asp Pro Gly Arg Glv 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 Gla Pro Leu Arg Tyr Asn Val Cys Leu
Gly Ser Val Lew Pro Tvr Gly Ala Thr Ser Thr Leu Leu Ala Gly Asp Ser Asp Ser Gin
Glu Glu Ala His Gly Lys Leu Val Leu Trp Ser Gly Leu Arg Asn Ala Pro Arg Cys Tip
Ala Val He Gln Pro Leu Leu Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Glu Lea Pro Ser Arg Thr Leu Cys Gln Ala Thr Arg Gly Pro Cys Ala Hle Val Glu Arg
Glu Arg Gly Trp Pro Asp Phe Leu Arg Cvs Thr Pro Asp Arg Phe Pro Glo Gly Cys

Thr Asn Gl Val Gin Asn He Lys Phe Asn Ser Ser Gly Gin Cys Giu Val Pro Leu Val
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Arg Thr Asp Asn Pro Lys Ser Trp Tyvr Glu Asp Val Ghu Gly Cys Gly He Gln Cys Gin
Asn Pro Leu Phe Thr Glu Ala Glo His Gln Asp Met His Ser Tyr Hle 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 Tvr Pro Ala Val lle Leu Phe Tyr Val Asn Ala Cys Phe Phe Val Gly
Ser fle Gly Trp Leu Ala Glo 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 Glu Thr Leu Ser Cys Val lle 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 Thr Thr Tyr Gin Pro Lo Ser Gly Lys Thy
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 Glv Asp Ser Val Ser Gly lie Cys Phe Val Gly Tyvr Lys Asn Tyr
Arg Fyr Arg Ala Gly Phe Val Leu Ala Pro Hle Gly Leu Val Leu He Val Gly Gly Tvr
Phe Leu He Arg Gly Val Met Thr Leu Phe Ser lle Lys Ser Asn His Pro Glv Leu Leu
Ser Glo Lvs Ala Ala Ser Lys He Asn Glu Thr Met Leu Arg Leu Gly He Phe Gly Phe
Leu Ala Phe Glv Phe Val Leu Hle Thr Phe Ser Xaa His Phe Tyr Asp Phe Phe Asn Gln
Ala Gla Trp Ghu Arg Ser Phe Arg Asp Tyr Val Leu Cys Gln Ala Asn Val Thr Hle Gly
Lew Pro Thr Lys Gln Pro He Pro Asp Cys Glu fle Lys Asn Arg Pro Ser Leu Leu Val
Glu Lys Ile Asn Leu Phe Ala Met Phe Gly Thr Gly Ile 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 Lvs Arg He Lys Lys Ser Lys Met Hle Ala Lvs Ala Phe Ser Lys Arg His
Glu Lew Leu Gin Asn Pro Gly Gln Glu Leu Ser Phe Ser Met His Thr Val Ser His Asp
Gly Pro Val Ala Gly Leu Ala Phe Asp Leu Asn Glu Pro Ser Ala Asp Val Ser Ser Ala
Trp Ala Gln 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 Glo Ala Asn Leu Trp Leu Val
Glu Ala Glu fle Ser Pro Glu Leu Gln Lys Arg Len Gly Arg Lys Lvs Lys Arg Arg Lys
Arg Lys Lys Gle Val Cys Pro Leu Ala Pro Pro Pro Ghu Leu His Pro Pro Ala Pro Ala
Pro Ser Thr Ile Pro Arg Leun Pro Gin Len Pro Arg Gln Lyvs Cys Leu Val Ala Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cvs Arg Gin 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 Glv Leu Gly Pro Ue His Ser Arg Thr Asn Leu Met Asp
Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ B NQO: 9 - Human smoothened amino acid seqaence having mutation at amino

acid position 533 of SMO
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Met Ala Ala Ala Arg Pro Ala Arg Gly Pro Glo Leu Pro Leu Leu Gly Leu Leo Leu
Lew Leu Leun 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 Gin
Glu Glu Ala His Gly Lys Leu Val Leu Trp Ser Gly Leu Arg Asn Ala Pro Arg Cyvs Trp
Ala Val He Gin Pro Leu Leu Cys Ala Val Tyr Met Pro Lys Cys Glu Asn Asp Arg Val
Glu Lou Pro Ser Arg Thr Leu Cys Gln Ala Thr Arg Gly Pro Cys Ala lle Val Glu Arg
Glu Arg Glv Trp Pro Asp Phe Leu Arg Cys Thr Pro Asp Arg Phe Pro Glu Gly Cys
Thr Asn Ghu Val Gln Aso fle Lys Phe Aso Ser Ser Gly Gln Cys Glu Val Pro Leu Val
Arg Thr Asp Asn Pro Lys Ser Trp Tyr Glu Asp Val Gl Gly Cys Gly lle Glo Cys Gln
Asn Pro Leo Phe Thr Glu Ala Glu His Gln Asp Met Hig Ser Tyr He 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 Leu Phe Tyr Val Asn Ala Cys Phe Phe Val Gly
Ser Hle Gly Trp 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 Glu Thr Leu Ser Cys Val He lle
Phe Val fle Val Tyr Tyvr Ala Len 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 Leo Ser Gly Lys Thr
Ser Tvr Phe His Leu Leu Thr Trp Ser Leu Pro Phe Val Leu Thr Val Ala lle Leu Ala
Val Ala Gin Val Asp Gly Asp Ser Val Ser Gly fle Cys Phe Val Gly Tyr Lys Asn Tyr
Arg Tyvr Arg Ala Gly Phe Val Leu Ala Pro lle Gly Len Val Leu He Val Gly Gly Tyr
Phe Leu Hle Arg Gly Val Met Thr Leu Phe Ser lle Lys Ser Asn His Pro Glv Les Leu
Ser Glu Lys Ala Ala Ser Lys fle Asn Glo Thr Met Leu Arg Leu Gly He Phe Gly Phe
Leu Ala Phe Gly Phe Val Leu lle Thr Phe Ser Cvs His Phe Tyr Asp Phe Phe Asn Gin
Ala Glu Trp Gla Arg Ser Phe Arg Asp Tyr Val Leu Cvs Gln Ala Asn Val Thr e Gly
Lew Pro Thr Lys Gln Pro He Pro Asp Cys Glu e Lvs Asn Arg Pro Ser Leu Leu Val
Glu Lys fle Asn Leu Phe Ala Met Phe Gly Thr Gly He Ala Met Xaa Thr Trp Val Trp
Thr Lys Ala Thr Leu Leo He Trp Arg Arg Thr Trp Cyvs Arg Lea Thr Gly Gin Ser Asp
Asp Glu Pro Lys Arg He Lys Lys Ser Lys Met fle Ala Lvs Ala Phe Ser Lvs Arg His
Glu Leu Leu Gin Asn Pro Gly Glu Glu Len Ser Phe Ser Met His Thr Val Scr His Asp
Gly Pro Val Ala Gly Leu Ala Phe Asp Leu Asn Glu Pro Ser Ala Asp Val Ser Ser Ala
Trp Ala Gln His Val Thr Lys Met Val Ala Arg Arg Glv Ala He Leu Pro Gin Asp He
Ser Val Thr Pro Val Ala Thr Pro Val Pro Pro Glu Glu Gln Ala Asn Leu Trp Leu Val

Glu Ala Glu He Ser Pro Glu Leu Gin Lys Arg Leu Gly Arg Lys Lys Lys Arg Arg Lys
183
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Arg Lvs Lys Ghu Val Cys Pro Leu Ala Pro Pro Pro Glu Leu His Pro Pro Ala Pro Ala
Pro Ser Thr lic Pro Arg Leu Pro Gln Leu Pro Arg Gln Lys Cys Leu Val Ala Ala Gly
Ala Trp Gly Ala Gly Asp Ser Cys Arg Gin Gly Ala Trp Thr Leu Val Ser Asn Pro Phe
Cys Pro Glu Pro Ser Pro Pro Gln Asp Pro Phe Leu Pro Ser Ala Pro Ala Pro Val Ala
Trp Ala His Glv Arg Arg Gin Gly Leu Glv Pro [le His Ser Arg Thr Asn Leu Met Asp
Thr Glu Leu Met Asp Ala Asp Ser Asp Phe

SEQ ID NG: 10- human Suppressor of Fused {(SuFu} amino acid sequence
{GenBank Accesion No. NM_016169.2)

MAELRPSGAPGPTAPPAPGPTAPPAFASLFPPGLHATYGECRRLYPDQP
NPLOVTAIVKYWLGGPDPLDY VSMYRNVGSPSANIPEHWHYISFGLSDLYGD
NRVHEFTGTDGPSGFGFELTFRLKRETGESAPPTWPAELMQGLARYVFQSEN
TFCSGDHYSWHSPLDNSESRIQHMLLTEDPOMOPVQTPFGVVTFLOIVGVCTE
ELHSAQQWNGQGILELLRTVPIAGGPWLITDMRRGETIFEIDPHLOERVDEGIE
TDGSNLSGVSAKCAWDDLSRPPEDDEDSRSICIGTQPRRLSGKDTEQIRETLRR
GLEINSKPVLPPINPOQRONGLAHDRAPSRKDSLESDSSTAHPHELIRTROLESY
HLKFNQESGALIPLCLRGRLLHGRHFTYKSITGDMAITFVSTGVEGAFATEEHP
YAAHGPWLGILLTEEFVEKMLEDLEDLTSPEEFKLPKEY SWPEKKLKVSILPD
VVFDSPLH

SEQ ID NO: 1i- human Suppressor of Fused (SuFul ¢cDNA sequence
{GenBank Accession No. NM_(16169 2}

CGCCGTGCGCAGGCGCGGAGCTAGACCTCGCTGCAGCCCCCATCGC
CTCOGGGOGAGTCTCACCCACCGAGTCCGCCCGUTGGCCCGTCAGTGCTICTCC
CCGTCGTTIGCCCTCTCCAGTTCCCCCAGTGCCTGUCCTACGCACCCCGAT
GGCGGAGCTGLGGLCTAGCGGCGCLCCCCGGLCCCACCGLGLCCCOGGLCe
CTGGCCCGACTGCCCCCCCGGCCTICGCTTCGCTCTTICCCCCGGGALCTGC
ACGCCATCTACGGAGAGTGCCGCCGOCTTITACCCTGACCAGCCGAACCCG
CTCCAGGTTACCGCTATCGTCAAGTACTGGTIGGGTGGCCCAGACCCCTTG
GACTATGTTAGCATGTACAGGAATGTGGGGAGCCCTTICTGCTAACATCCC
CGAGCACTGGCACTACATCAGCTTCGGCCTGAGTGATCTCTATGGTGACA
ACAGAGTCCATGAGTITACAGGAACAGATGGACCTAGTGGTTTTIGGLTTT
GAGTTGACCTITCGTCTGAAGAGAGAAACTGGGGAGTCTGCCCCACCAAC

ATGGCCCGCAGAGTTAATGCAGGGCTTGGCACGATACGTOTTICCAGTCAG
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AGAACACCTTCTGCAGTGGGGACCATOTGTCCTGGCACAGCCCTTTGGAT
AACAGTGAGTCAAGAATTCAGCACATGUTGCTGACAGAGGACCCACAGAT
GCAGCCCOTGCAGACACCCTTIGGGGTAGTTACCTICCTCCAGATCGTTIGG
TOGTCTGCACTGAAGAGCTACACTCAGCCCAGCAGTGGAACGGGCAGGGCA
TCCTGGAGCUTGCTGCGGACAGTGCCTATTGUTGGCGGCCCOTGGCTGATA
ACTGACATGCGGAGGGGAGAGACCATATITGAGATCGATCCACACCTGCA
AGAGAGAGTTGACAAAGGCATCGAGACAGATGGCTCCAACCTGAGTGOT
GTCAGTGCCAAGTGTGUCTGGGATGACCTGAGCCGGUCCCCCCGAGGATGA
CGAGGACAGCCGCGAGUATCTGCATCGGCACACAGCCCCGGCGACTUTCTG
GCAAAGACACAGAGCAGATCCGGGAGACCCTGAGGAGAGGACTCGAGAT
CAACAGCAAACCTGTCCTTCCACCAATCAACCCTCAGCGGCAGAATGGEC
TCGCCCACGACCGGGUCCCGAGCCGCAAAGACAGUCTGGAAAGTGACAG
CTCCACGGCCATCATTCCCCATGAGCTGATTICGCACGCGGCAGCTTGAGA
GCOGTACATCTGAAATTCAACCAGGAGTCCGGAGCCCTCATTICCTCTCTGCC
TAAGGGGCAGGUTCCTGCATGGACGGCACTTITACATATAAAAGTATCACA
GGTGACATGGCCATCACGTTTGTCTCCACGGGAGTGGAAGGUGUCTTIGC
CACTGAGGAGCATCCTTACGCGGCTCATGGACCCTOGOTTACAAATICTGTT
GACCGAAGAGTTTGTAGAGAAAATGTIGGAGGATTTAGAAGATTTGACTT
CTCCAGAGGAATTCAAACTTCCCAAAGAGTACAGCTGGCCTGAAAAGAAG
CTGAAGGTCTCCATCCTGCCTGACGTGUTOGTTCGACAGTCCOGLTACACTAG
CCTGGGOTGOGGCCCTGCAGGGOGCCAGCAGGGAGCCCAGCTGCTCCCCAGT
GACTTCCAGTGTAACAGTTGTOGTCAACGAGATCTCCACAAATAAAAGGAC
AAGTGTGAGGAAGACTGCGCAGTGCCACCCCGCAGCCCAGTGOGGTGCCA
TGCACAGGCCACAGGCCCTCCACCTCACCTCCAGCTCAGGGGCCGCACCC
CGCCGCTGOCTAAGCCTTGTCGACCCATCAGGCCAGTGAGTGGGCAAATGC
GGACCCTCCCTGCUTGCAGCCTGUCACAGATTICTGGTTTGAGGTITGACTCT
GGACCCTGOCTGTGCCCCTAGGTGGAGACAGCCCTCTTICTCACCTACCCC
CTGCCGCACAGCCCAGCAGGAGGGAGGCGGACAGCCAGATGCAGAGCGA
GTGCATGCACTTCCCAGCTCATCTCTGGAAGCCTTIGCTACTCAAGCTCCT
CTGGCCGCGGAACAATTICCTCTGATCATGTTTIGOTTTTCTICTICCTTATTT
TATITIGTAGAAACCGOGOTGOTATTTITATIGCTCTGCAAAGATGTCCAGAA
GCCATOTATATAATOGTTITITAAACAGAACTTCATTCCOCGTTGAACTTIC
GCATTCTCTGACAGAGGCCTAGGGUTGTATCTCTCCCTGGGCTGCCACCAG
AGAAGGTGCTTGGTOTTICGCCTGCCAGCCCAGAGCCCTGOAGGAGCOGGC
190
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TGCACAGAGAGGCTTTTCTTCCCAGCTGOGGCCTCATGGAGCCCGGGGLAG
GGGGAGAGTAGAGACACTCCCTIGTGCAGUTTIGAGCCTAGTTTAGCTGG
GGCCAGGGAGGGUTGCTACTOGTTTICCAAGTGAATGGOTCTCAAAGACTTY
GOTGACCCCAGCCTCATCTTCTAGGCCTTITCCATCCAACCAGGCCTACCT
GGGAGAGGGTGAGGTTCAGCACATCACACACCATCCCCACTGTCATTICAG
GGCCTGGOGTCTCCAGCTCTGTAACCAGTCCTGTCCCATTTICCTCAGTCCCT
GGGCCTCCCAGCCTTCAGGCTGTAGGGCTGCCTTACTAAAATTGAAAAAT
CCACCTCTTAACATCTCTITCACTTTGGTTITTIGCTAACACTGUTCTCTGUTG
CCCTCCCATCCTCCCTGTATCCATTCATGCCCTATCTTTCATTICTCCACTCC
TAATCCCTCTCCTTICTGGCATCCTGGOCTCTCGTGGTCCTCAGCCCCTCAC
CCCCAGTACTGCAGATCTCACAGTITGUCTTCCAGAAGCCAGCCTATCTCT
AGCCCATGOTITIGGAGTTCCTUTCOGGGTTATCTCCCACGCCTGACCTGGA
ACCAGCAAGCCCCTTTCCTGCCTTCTTACCCCCAACTCTAGGGATGGGACT
GTTACAATACTTCAAGATCACTCTTTACACCTCTICAAAGCAAAGTCATGA
CAATGCAGGGCTCCTCATTIGUTCCCATCTGCCTCTGCTGCACACACAGGCA
CCAGCAGGGATGCCACAGGAGTGCCCACAGGGTGCAGGACTCCACTGATG
AGAGATCCAGCCAAAGAGCTGCCCCCAGGGOGTATGAGGGCACCAGOTGE
GTTCTCCAGOGGAGCAGGAGTTGCGACCTCCATGUAGCCACTAGGCCTGGCC
TCCTCTACACATCCCCAGGGUTATCTGOTTAATTCCATCAAGUTCAGAGTT
AAAAGGCATATCAGCCTGGAGTATTTGGGAGAGACTGGCTGCAGATCCCC
GCCAGCCAAGATGCAAGCCACTCGGOACCTGATGTCGGCAGCTGTGCCTC
TACTGCCCTCGAGGACTTACCAGAGGGAGCCCTACTGGCCTTCCCCCACCA
CAGCAGCCCTGCCTGTGAAGUTCTTIGTTTCTGACATTITCACAGGCAGAGAG
GTGCCATCAGTTCGOCTCCATTICCTTIGCCACCATGACCAGCCTCTOCCTGA
ACTCTCTCTTIGCTCGGGACCTGCCTCGAGOGGCTCCCTGCTGCAGTTCGCOGT
ACTTCCATCTGCTGOGOTGCCTCCATCGTTGOTTIGGGTGGGGATGOGGCATT
TTCTGAGCTAAGCTTTGTCATTAGTTTGTGAAGCACCTGGTCAGCAACCTG
CCCCAGACCTGOAGGUTCTTTGTGGACTGAAGGTAGACACCAGCCAGCAT
GGTGGCCCTGTTCTGGGGUAGCAGGGTAAGGCAGGAGGAAGTGGGTGAG
CTCCGAGATCGATGAGCACATGAAGCCTGTGGCCCCTTCGTACCTGCAATA
TCTCAGGAGCCTCACGCTCACCCAAGATCOTGCAGGGGCCAGGUTCCATC
TCACTGGUTCTGAGGGCAGGACAGGGTATCACACATTITCTCACCAGGCCT
CCTTTCCTATGGGCATTGGTGCCTCCCAGAGUTTTCTTIGGGCTGCTGGLTG
OGTGAGAGAGCGACCCTTAAAGAAGATCAAGCCAAGCTGACCTTIGGACCCTG
191
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TCCAGCACAGCTTICTGGCACAGGATGUTTGOTGAATGTACCCTTITOTTTCC
CTCCCTGCAGCTCTGAGGGAGCCCCTGACCTTGTAGTGGGTGGAGGAGGT
AAGGGGUCTCCCTCCCTAAATCTGCCTCTTICTGCAAGCTACTTGGAGACTT
GCCTAGTTIGTACCCACCCCTCCAGGTCCCTGUTGCTAGAGCTTICTGAGAAG
GGCCTTICCCTTICCTCTTIGCCTGUCTATATAAGGCAGGUTCCTGTGGCTCT
GCTGGCTCAGTGTGGGCTGCAGGAGCGACTGCAGACTCAGCTGCAATICIC
AGGGOGGOTTTGGGAGGCTTOTGCGAGGTCTCAGGCCTGTGTGGGGAGCTG
GTGCCTCTTCCTGCCCGTATCTTTCTCTTICCAAGGGCAGTGCTCCAAGGCA
GGGACTGGAGAAGUCAAGGGCGAGAGTCTAAAAGGGCTAGAGCATITITA
AAAATAGACACAGGGTCTTIGGGACTGOGGTTTICGGATTIGAGTTGCAAGCA
GGOAGAAAACCTGAAGGTCGOTGCCCCTATGOGGUTGACCAGTAGAGAA
TITCCITTACTGTATTITIGTIGTCTGGTCTTICCCTTICTGGCTTCTAGGACAT
CCATGCCAGGTGAGGTGCCTGGOTCCCTGTTACAAGTCAGGAGCCCTGTA
GGGAGACCCCTCCTTTTOTACAAGTACCTGAATGCTGCGACAAGCAGATT
TTTGTAAAATTITATATTAGTTITTAATGTCAGTGGCGACTCGOGTTCCTGG
GGCTGCAGCCAGUCTGGGACTITIGTAAGAATTTTTGGGTGACTCACTTAG
ATGTCOGTTTCCTICTITGCCCCCTCTICCTCTCTGTAATCTAAGTGCATTAAA
CATCTTTGCAG
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What is claimed is:

I A method of screening for compounds that inhibit signaling of a
mutant SMO protein that incorporates a mutation at amino acid 241 comprising
contacting said mutant SMO with a test compound and detecting binding of said
corpound to said mutant SMO whereby binding of said test compound to mutant

SMO indicates that said test compound 1s an nhibitor of mutant SMQO.

2. A method of screening for compounds that inhibit signaling of a
mutant $SMO protein that incorporates a mutation at amino acid 241 comprising
contacting a cell that expresses said mutant SMO with a test compound and detecting
activity of Gli in said cell whereby the presence of Gli activity indicates that said test

corapound 15 not an inhibitor of mwtant SMO.

3. A method of sereening for compounds that inhibit signaling of a
mutant SMO protein that incorporates a mutation at anuno acid 469 comprising
contacting said mutant SMO with a test compound and detecting binding of said
compound to said mutant SMQO whereby binding of said test compound to mutant

SMO indicates that said test compound is an inhibitor of mutant SMO.

4. A method of screening for compounds that inhibit signaling of a
mutant SMO protein that incorporates a mutation at amino acid 469 comprising
contacting a cell that expresses said mutant SMO with a test compound and detecting
activity of Gli n said cell whereby the presence of Gh activity indicates that said test

compound s not an inhibitor of mutant SMO,

5. An isolated mutant SMO protein comprising an amino acid sequence
that 1s at least 95% identical to SEQ ID NO: 6 wherein said amino acid sequence

comprises an amino acid other than threonine at aminoe acid 241,

6. The 1solated mutant SMO protein of claim 5 comprising the amino
acid sequence of SEQ 1D NO: 6 wherein said aminge acid sequence comprises an

amino acid other than threonine at amwno acid 241.
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7. The isolated mutant SMO protein of claim 5 or 6 wherein said amino

acid sequence comprises methioning (M) at amino acid 241,

8. An isolated mutant SMO protein comprising an anino acid sequence

that is at least 95% identical to SEQ ID NO: 8 wherein said amino acid sequence

[ O

comprises an amino acid other than cysteine {C) at amino acid 469,

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

10 amino acid other than cysteine {(C) at amino acid 469,

16, The isolated mutant SMO protein of claim 8 or 9 wherein said aming

acid sequence comprises tyrosine (Y) at amino acid 469,

15 11, A method of identifving a hedgehog pathway inhubitor 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 mutant SMO protein of any of claims 5-10, and b} determining, as

20 compared to a control, whether the test agent inhibits bedgchog signaling i the cell,
wherein if the test agent inhibits hedgehog signaling in the cell relative to the control,

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

12. The method of claim 11, wherein the ability of the test agent to mhibit

hedgehog signaling in the cell 15 determined using a Glil expression assay.

N
t

13, A method of identitving a hedgehog pathway 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 mercased hedgehog signaling and/or activation

30 ofthe hedgehog signaling pathway, and wherein the cell expresses the mutant SMO
protein of any of 5-10, and b) deternmining, as compared to a control, whether the test
agent inhibtts growth and/or proliferation of the cell, wherein 1f the test agent inhubits
growth and/or proliferation of the cell relative to the control, then the test agent is

identified as a hedgehog pathway inhibttor.
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14, 'The method of any of claims 11-13, wherein the control is a cell

expressing a wildtype SMO protein.

15.  The method of any of claims 11-13, wherein the control is a cell
expressing the same mutant SMO proteins as the cell contacted with the test agent,
wherein the control is treated with a control agent to which the mutant SMO protein is

partially or completely resistant.

i6. The method of claim 15, wherein the control agent is vismodegib,

LY2540680, LDE225 and/or compound 3.

17.  The method of any of claims 11-16, wherein the test agent binds to

mutant SMO proten but not wildtype SMO protein.

18, The method of any of claims 11-16, wherein the test agent binds to

both the mutant SMQO protein and wildtype SMO protemn.

19, The method of clamm 11 or 12, wherein the test agent s more effective
i inhibiting the bedgchog signaling pathway in a cell expressing mutant SMO protein

than 11 a cell expressing wildtype SMO protein.

20. The method of claim 13, wherein the test agent is more effective in
mhibiting growth and/or proliferation of a cell expressing mutant SMO protein than of

a cell expressing wildtype SMO protein.

21, Ansolated nucleic acid molecule encoding a mutant SMO protemn
comprising an amino acid sequence that 1s at least 95% identical to SEQ IDNG: 1
wherein said amine acid sequence comprises an aming acid other than threonine at

amino acid 241,

22. The 1solated nucleic acid molecule of claim 21 wheremn the mutant
SMO protein comprises the amino acid sequence of SEQ D NO: 6 wherein said

ammno acid sequence comprises a methionine (M) at amino acid 241,
195
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23, The isolated nucleic acid molecule of claim 21 comprising a parental
nucleic acid sequence of SEQ H3 NO: 5, wherein said sequence contains a mutation

that alters the sequence encoding amino acid 241 to encode a different amino acid.

10

5

24, Ansolated nucleic acid molecule encoding a mutant SMO protein
coraprising an amino acid sequence that is at least 93% identical to SEQ IDNO: |
wherein said amino acid sequence comprises an amino acid other than cvstene {(C) at
amino acid 469,

25.  The isolated nucleic acid molecule of claim 24 wherein the mutant
SMO protein comprises the amino acid sequence of SEQ ID NO: § wherein said
amine acid sequence comprises a tyrosine (Y ) at anino acid 469,

15 26.  The isolated nucleic acid molecule of claim 24 comprising a parental
nucleic acid sequence of SEQ 1D NO: 5, wherein said sequence contains a omutation
that alters the sequence encoding amino acid 46% to encode a different amino acid.

27, A vector comprising the nucleic acid of any of claims 21-23 or 24-26.

23, A host cell comprising the vector of claim 27,

29. A host cell comprising and capable of cxpressing the vector of ¢laim
27.

30. A method of identifving a hedgehog pathway inhibitor inhibttor,

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

0 expresses the vector of claim 27, and b) determining, as compared to a control,
whether the test agent mhibits hedgehog signaling in the cell, wherem if the test agent
mhibits hedgehog signaling in the cell relative to the control, then the test agent is

wlentified as a hedgehog pathway imhibitor.
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31, The method of claim 30, wherein the ability of the test agent to inhibit

hedgehog signaling in the cell 1s determined using a Glil expression assay.

32, A method of identifying a hedgehog pathway inhibitor, wherem the
method comprises: contacting a cell with an amount of a test agent, wherein the cell is
responsive to hedgehog protein or has mereased hedgehog signaling and/or activation
of the hedgehog signaling pathway, and wherein the ccll expresses the vector of claim
27, and b) determining, as compared to a control, whether the test agent inhibits
growth and/or proliferation of the cell, wherein if the test agent inhibits growth and/or
proliferation of the cell relative to the control, then the tost agent 15 wdentificd as a

hedgehog pathway mhibitor.

33, A method of detecting a mutated SMO gene in a sample comprising
amplifying from said sample mucleic acid corresponding to the carboxy-terminus of
the first extracelinlar loop of SMQ, or a fragment thereof suspected of containing a
mutation, and companng the electrophoretic mobility of the amplified nucleic acid to
the clectrophoretic mobility of corresponding wild-type SMO gene or fragment

thereof.

34, The method of claim 33, whercin the clectrophoretic mobility is

determined on polvacrvliamide gel.

35, A method of detecting a mutated SMO gene in a sample comprising
amplifving from said sample nucleic acid corresponding to the carboxy-terminus of
transmenmbrane domain 6 of SMO, or a fragment thereof suspected of containming a
mutation, and comparing the electrophoretic mobility of the amplified nucleic acid to
the clectrophoretic mobility of corresponding wild-type SMO gene or fragment

thereof.

36, 'The method of claim 35 wherein the electrophorctic mobility is

determined on polyacrylamide gel.

37. A method of identifving at least one SMO mutation in a sample

cormprising comtacting nucleic acid from said sample with a nucleic acid probe that is
197
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capable of specifically hybridizing to nucleic acid encoding a mutated SMO protein,
or fragment thereof incorporating a mutation that alters the sequence encoding anming

acid 241 to an amino acid other than threonine, and detecting said hybnidization.

5 38.  The method of claim 37, wherein said probe is detectably labeled.
39, The method of claim 37 or 38, wherein said probe is an antisense
cligomer.
10 40.  The method of any of claims 37-39, wherein the SMO gene or a

fragment thereof in said nucleic acid said sample is amplified and contacted with said

probe.

41, A method of identifving at least one SMO mutation in a sample

15 comprising contacting nucleic acid from said sample with a nucleic acid probe that is
capable of specifically hybridizing to nucleic acid encoding a mutated SMO protein,
or fragment thereof incorporating a mutation that alters the sequence encoding amino

acid 469 to an amino acid other than cysteine, and detecting said hvbridization.

20 42, The method of claim 41, wherein said probe is detectablv labeled.
43, 'The method of claim 40 or 41, wherein said probe s an antisense
oligomer.
5 44, The method of any of claims 40-43, wherein the SM{ gene or a

fragment thereof in said nucleic acid said sample is amplified and contacted with said

probe.

45. A method for identifving a tumor in a human subject that is resistant to
0 treatment with GDC-0449 comprsing determining the presence of a mutated SMO
gene or mutated SMO protein 1n a sample of said tumor, wherein said mutated SMO
gene encodes a SMO protein comprising a mutation at amine acid 241, and wherein

said SM{ protein comprises a mutation at amino acid 241, wherebv the presence of
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said mutated SMO gene or mutated SMO protein indicates that said tumor is resistant

to treatment with a GDC-0449.

46.  The method of claim 43 further comprising treating said subject having
a turnor that is not or 1S no longer susceptible to treatment with GBC-0449 with a

corapound that binds said mutated SMO.

47.  'The method of claim 45 or 46, wherein the presence or absence of said

mutation is determined by examining a nucleic acid sample.

48.  The method of any of claims 45-47, wherein the presence or absence

of said mutation 1s determined by examining a protein sample.

49, A method for identifving a tamor n a human subject that 1s resistant to
treatment with GDC-0449 compnising determining the presence of a muutated SMO
gene or mutated SMO protein in a sample of said tumor, wherein said mutated SMO
gene encodes a SMO protein comprising a mutation at amino acid 469, and wherein
said SMO protein comprises a mutation at amino acid 469, whereby the presence of
said mutated SMO gene or mutated SMO protein indicates that said tumor is resistant

to treatment with a GDC-0449.

50.  The method of claim 49 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.

31, The method of claim 49 or 50, wherein the presence or absence of said

mutation is determined by examining a nucleic acid sample.

52.  'The method of any of claims 49-51, wherein the presence or absence

of said mutation is determined by examining a protein sample.

53, A method of inhibiting proliferation or growth of a cell having aberrant
hedgehog signaling, comprising administering to said cell a bromodomain mhibitor,

wherein said cell expresses a smoothened protein having a mutation at any one or
199
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more of the amino acid positions corresponding to ammnoe acid positions 241 or 469 of

SEQ IDNO: 1.

34, The method of claim 33, wherein the cell 15 in a subject.

35, The method of claim 53 or 54, wherein the cell 1s a cancer cell.

56.  The method of claim 55, wherein the cell further comprises a SUFU
mutation.

57. The method of claim 56, wherein the cell is a human cell, and wherein

said cell comprises a 10¢ deletion mutation that results in the loss of a copy of the

SUFU gene.

58.  'The method of claim 57, wherein the 10g deletion further results in the

loss of a copy of the PTEN gene.

59, The method of any of claims 53-38, wherein the bromodomain

mhibitor 1s I-BET762, JQ1 or JQ2.
60. A nucleic acid probe capable of specifically hybnidizing to nucleic acid
encoding a mutated SMO protein or fragment thereof incorporating a mutation in the

sequence encoding aming acid 241,

61,  The probe of claim 60 wherein said probe is complementary to said

nucleic acid encoding the mutated SMO or said fragment thereof.

62.  'The probe of claim 60 having a length of about 10 to about 50

nucleotides.

63, The probe of claim 60 further comprising a detectable label.

200
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64. A nucleic acid probe capable of specifically hyvbridizing to nucleic acid
encoding a mutated SMO protein or fragment thereof incorporating 3 mutation in the

sequence encoding aming acid 469,

65.  The probe of claim 64 wherein said probe is complementary to said

nucleic acid encoding the mutated SMO or said fragment thereof.

66.  The probe of claim 64 having a length of about 10 to about 50

nucleotides.

67.  The probe of claim 64 further comprising a detectable label.

58.  An antibody that specifically binds to the mutant SMO protein of any
of claims 5-7, wherein said antibody does not bind wild-tvpe SMO having an

threonine at amino acid 241,

69, The antibody of claim 68, wherein said antibody 1s a monoclonal
antibody, a chimerie antibody, a humanized antibody, a single chain antibody or an

antigen-binding fragment thereof.

7G.  The antibody of claim 68 or 69, wherein said antibody is conjugated to

a cytotoxic agent.

71 The antibody of claim 68 or 69, wherein said antibody s conjugated to

a detectable label.

72.  The antibody of any of claims 68 1o 71, wherein said antibody mhibits

SMO activity.

73, An antibody that specifically binds o the mutant SMO protein of any
of claims 8-10, wherein the epitope of said antibody does not bind wild-type SMO

having a cysteine at amino acid 469.

PCT/US2016/016614
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74.  The antibody of claim 73, wherein said antibody is a monoclonal
antibody, a chimeric antibody, a humanized antibody, a single chain antibody or an

antigen-binding fragrment thereof.

5 75.  The antibody of claim 73 or 74, wherein said antibody 1s conjugated to
a cyvtotoxic agent.
76.  'The antibody of claim 73 or 74, wherein said antibody s conjugated to
a detectable label.
10
77.  The antibody of any of claims 73-76, wherein said antibody inhibits
SMO activity.
15
20
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-77
SMO mutants and there uses.

1.1. claims: 1, 2, 5-7, 21-23, 37-40, 45-48, 60-63,
68-72(completely); 11-20, 27-32, 53-59(partially)

Methods for screening for compositions that inhibit
signaling of a mutant SMO protein having a mutation on
position 241. Isolated nucleic acid encoding the mutant SMO.
Vector comprising said nucleic acid. Hist cell comprising
the vector. Host cell capable of expressing the vector.
Method of identifying a hedgehog pathway inhibitor using
said cell. Method of identifying at least one SMO mutation
using a hybridization probe capable of identifying a
mutation at amino acid position 241. Method for identifying
a tumor in a human having a mutation at position 241 of the
SMO protein. Method of inhibiting proliferation cell growth
comprising administrating a bromodomain inhibitor to a cell
wherein the cell expresses the 241 mutant. Nucleic acid
specifically hybridizing to a nucleic acid encoding the 241
mutated SMO protein. Antibody specific for the 241 SMO
mutant.

1.2. claims: 3, 4, 8-10, 24-26, 41-44, 49-52, 64-67,
73-77(completely); 11-20, 27-32, 53-59(partially)

As for subject 2 now the mutation is at position 469.

1.3. claims: 33-36

Method of detecting a mutated SMO gene by amplifying the
carboxy terminus encoding nucleic acid of the first
extracellular loop of the SMO protein.
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