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METHODS AND MONITORING OF TREATMENT WITH A WNT PATHWAY INHIBITOR
CROSS-REFERENCE TO RELATED APPLICATONS

[0001] This application claims priority benefit of U.S. Provisional Application No. 61/760,523, filed
February 4, 2013, which is hereby incorporated by reference herein in its entirety.

FIELD OF INVENTION

[0002] The present invention relates to the field of treating diseases with a Wnt pathway inhibitor.
More particularly, the invention provides methods for treating cancer comprising administering a Wnt
pathway inhibitor, either alone or in combination with other anti-cancer agents, and monitoring for side

effects and/or toxicity.

BACKGROUND OF THE INVENTION

[0003] Cancer is one of the leading causes of death in the developed world, with over one million
people diagnosed with cancer and 500,000 deaths per year in the United States alone. Overall it is
estimated that more than 1 in 3 people will develop some form of cancer during their lifetime. There are
more than 200 different types of cancer, four of which—breast, lung, colorectal, and prostate—account
for almost half of all new cases (Siegel et al., 2011, CA: 4 Cancer J. Clin. 61:212-236).

[0004] Signaling pathways normally connect extracellular signals to the nucleus leading to
expression of genes that directly or indirectly control cell growth, differentiation, survival, and death. Ina
wide variety of cancers, signaling pathways are dysregulated and may be linked to tumor initiation and/or
progression. Signaling pathways implicated in human oncogenesis include, but are not limited to, the Wnt
pathway, the Ras-Raf-MEK-ERK or MAPK pathway, the PI3K-AKT pathway, the CDKN2A/CDK4
pathway, the Bcl-2/TP53 pathway, and the Notch pathway.

[0005] The Wnt signaling pathway has been identified as a potential target for cancer therapy. The
Wnt signaling pathway is one of several critical regulators of embryonic pattern formation, post-
embryonic tissue maintenance, and stem cell biology. More specifically, Wnt signaling plays an
important role in the generation of cell polarity and cell fate specification including self-renewal by stem
cell populations. Unregulated activation of the Wnt pathway is associated with numerous human cancers
where it is believed the activation can alter the developmental fate of cells. The activation of the Wnt
pathway may maintain tumor cells in an undifferentiated state and/or lead to uncontrolled proliferation.

Thus carcinogenesis can proceed by overtaking homeostatic mechanisms which control normal
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development and tissue repair (reviewed in Reya & Clevers, 2005, Nature, 434:843-50; Beachy ¢t al,
2004, Nature, 432:324-31).

[0006] The Wnt signaling pathway was first elucidated in the Drosophila developmental mutant
wingless (wg) and from the murine proto-oncogene int-1, now Wntl (Nusse & Varmus, 1982, Cell,
31:99-109; Van Ooyen & Nusse, 1984, Cell, 39:233-40; Cabrera et al., 1987, Cell, 50:659-63; Rijsewijk
et al., 1987, Cell, 50:649-57). Wnt genes encode secreted lipid-modified glycoproteins of which 19 have
been identified in mammals. These secreted ligands activate a receptor complex consisting of a Frizzled
(FZD) receptor family member and low-density lipoprotein (LDL) receptor-related protein 5 or 6
(LRPS5/6). The FZD receptors are seven transmembrane domain proteins of the G-protein coupled
receptor (GPCR) superfamily and contain a large extracellular N-terminal ligand binding domain with 10
conserved cysteines, known as a cysteine-rich domain (CRD) or Fri domain. There are ten human FZD
receptors, FZD1, FZD2, FZD3, FZD4, FZD5, FZD6, FZD7, FZD8, FZD9, and FZD10. Different FZD
CRDs have different binding affinities for specific Wnt proteins (Wu & Nusse, 2002, J. Biol. Chem.,
277:41762-9), and FZD receptors have been grouped into those that activate the canonical B-catenin
pathway and those that activate non-canonical pathways (Miller et al., 1999, Oncogene, 18:7860-72).
[0007] A role for Wnt signaling in cancer was first uncovered with the identification of Wntl
(originally intl) as an oncogene in mammary tumors transformed by the nearby insertion of a murine
virus (Nusse & Varmus, 1982, Cell, 31:99-109). Additional evidence for the role of Wnt signaling in
breast cancer has since accumulated. For instance, transgenic over-expression of P-catenin in the
mammary glands results in hyperplasias and adenocarcinomas (Imbert et al., 2001, J. Cell Biol., 153:555-
68; Michaelson & Leder, 2001, Oncogene, 20:5093-9) whereas loss of Wnt signaling disrupts normal
mammary gland development (Tepera et al., 2003, J. Cell Sci., 116:1137-49; Hatsell et al., 2003, J.
Mammary Gland Biol. Neoplasia, 8:145-58). In human breast cancer, B-catenin accumulation implicates
activated Wnt signaling in over 50% of carcinomas, and though specific mutations have not been
identified, up-regulation of Frizzled receptor expression has been observed (Brennan & Brown, 2004, J.
Mammary Gland Biol. Neoplasia, 9:119-31; Malovanovic et al., 2004, Int. J. Oncol., 25:1337-42).

[0008] Activation of the Wnt pathway is also associated with colorectal cancer. Approximately 5-
10% of all colorectal cancers are hereditary with one of the main forms being familial adenomatous
polyposis (FAP), an autosomal dominant disease in which about 80% of affected individuals contain a
germline mutation in the adenomatous polyposis coli (APC) gene. Mutations have also been identified in
other Wnt pathway componenis including Axin and B-catenin. Individual adenomas are clonal
outgrowths of epithelial cells containing a second inactivated allele, and the large number of FAP
adenomas inevitably results in the development of adenocarcinomas through additional mutations in
oncogenes and/or tumor suppressor genes. Furthermore, activation of the Wnt signaling pathway,

including loss-of-function mutations in APC and stabilizing mutations in p-catenin, can induce
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hyperplastic development and tumor growth in mouse models (Oshima et al., 1997, Cancer Res., 57:1644-
9; Harada et al., 1999, EMBO J., 18:5931-42).

[0009] Similar to breast cancer and colon cancer, melanoma often has constitutive activation of the
Whnt pathway, as indicated by the nuclear accumulation of B-catenin. Activation of the Wnt/B-catenin
pathway in some melanoma tumors and cell lines is due to modifications in pathway components, such as
APC, ICAT, LEF1 and B-catenin (see e.g., Larue et al., 2006, Frontiers Biosci., 11:733-742). However,
there are conflicting reports in the literature as to the exact role of Wnt/B-catenin signaling in melanoma.
For example, one study found that elevated levels of nuclear B-catenin correlated with improved survival
from melanoma, and that activated Wnt/B-catenin signaling was associated with decreased cell
proliferation (Chien et al., 2009, PNAS, 106:1193-1198).

[0010] Chemotherapy is a well-established therapeutic approach for numerous cancers, but its
efficacy can be limited by side effects and/or toxicity. In addition, targeted therapies such as the anti-
ErbB2 receptor (HER2) antibody trastuzumab (HERCEPTIN), tyrosine kinase inhibitors imatinib
(GLEEVEC), dasatinib (SPRYCEL), nilotibib (TASIGNA), sunitinib (SUTENT), sorafenib
(NEXAVAR), the anti-VEGF antibody bevacizumab (AVASTIN), and anti-angiogenesis drugs sunitinib
(SUTENT) and sorafenib (NEXAVAR), are known to cause, or are likely to cause, side effects and/or
toxicity in subjects who take them. Thus, new methods to identify drug-induced side effects, monitor
those side effects, and/or mitigate those side effects so that effective cancer therapy can continue are still

needed.

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention provides improved methods for treating diseases comprising
administering to a subject a therapeutically effective amount of a Wnt pathway inhibitor. For example, in
one aspect the invention provides methods of screening for, detecting, identifying, monitoring, reducing,
preventing, attenuating, and/or mitigating a skeletal-related side effect and/or toxicity related to treatment
with a Wnt pathway inhibitor. In some embodiments, the methods comprise determining the level of a
bone turnover marker in a sample from a patient who has received, is receiving, will receive, or is being
considered for initial or further treatment with a Wnt pathway inhibitor, including but not limited to an
anti-Frizzled (FZD) antibody or a soluble FZD receptor.

[0012] In another aspect, the invention provides methods of identifying a subject as eligible for
treatment with a Wnt pathway inhibitor, comprising: obtaining a biological sample from the subject,
determining the level of a biomarker in the sample, and identifying the subject as eligible for treatment
with the Wnt pathway inhibitor if the level of the biomarker is below a predetermined level. In some
erhbodiments, the biomarker is a bone turnover marker.. In some embodiments, the biomarker is a bone

resorption biomarker. In some embodiments, the method of identifying a subject as eligible for treatment
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with a Wnt pathway inhibitor, comprises: obtaining a biological sample from the subject, determining the
level of a bone resorption biomarker in the sample, and identifying the subject as eligible for treatment
with the Wnt pathway inhibitor if the level of the bone resorption biomarker is below a predetermined
level. In some embodiments, the bone resorption biomarker is collagen type 1 cross-linked C-telopeptide
(B-CTX).

[0013] In one aspect, the invention provides methods of monitoring a subject receiving treatment
with a Wnt pathway inhibitor for the development of skeletal-related side effects and/or toxicity,
comprising: obtaining a biological sample from the subject receiving treatment, determining the level of a
biomarker in the sample, and comparing the level of the biomarker in the sample to a predetermined level
of the biomarker, wherein an increase in the level of the biomarker indicates development of skeletal-
related side effects and/or toxicity. In some embodiments, the biomarker is a bone turnover marker. In
some embodiments, the biomarker is a bone resorption biomarker. In some embodiments, the method of
monitoring a subject receiving treatment with a Wnt pathway inhibitor for the development of skeletal-
related side effects and/or toxicity, comprises: obtaining a biological sample from the subject receiving
treatment, determining the level of a bone resorption biomarker in the sample, and comparing the level of
the bone resorption biomarker in the sample to a predetermined level of the bone resorption biomarker,
wherein an increase in the level of the bone resorption biomarker indicates development of skeletal-
related side effects and/or toxicity. In some embodiments, the bone resorption biomarker is f-CTX.
[0014] In another aspect, the invention provides methods of detecting the development of skeletal-
related side effects and/or toxicity in a subject receiving treatment with a Wnt pathway inhibitor,
comprising: obtaining a biological sample from the subject receiving treatment, determining the level of a
biomarker in the sample, and comparing the level of the biomarker in the sample to a predetermined level
of the biomarker, wherein an increase in the level of the biomarker indicates development of skeletal-
related side effects and/or toxicity. In some embodiments, the biomarker is a bone turnover marker. In
some embodiments, the biomarker is a bone resorption biomarker. In some embodiments, the method of
detecting the development of a skeletal-related side effect and/or toxicity in a subject receiving treatment
with a Wnt pathway inhibitor, comprises: obtaining a biological sample from the subject receiving
treatment, determining the level of a bone resorption biomarker in the sample, and comparing the level of
the bone resorption biomarker in the sample to a predetermined level of the bone resorption biomarker,
wherein an increase in the level of the bone resorption biomarker indicates development of a skeletal-
related side effect and/or toxicity. In some embodiments, the bone resorption biomarker is B-CTX.

[0015] In another aspect, the invention provides methods for identifying skeletal-related side effects
and/or toxicity in a subject receiving treatment with a Wnt pathway inhibitor, comprising: obtaining a
biological sample from the subject receiving treatment, determining the level of a biomarker in the

sample, and comparing the level of the biomarker in the sample to a predetermined level of the biomarker,
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wherein if the level of the biomarker in the sample is higher than the predetermined level of the biomarker
then a skeletal-related side effect and/or toxicity is indicated. In some embodiments, the biomarker is a
hone turnover marker. In some embodiments, the biomarker is a boue resorption biomarker. In some
embodiments, the method for identifving skeletal-related side effects and/or toxicity in a subject receiving
treatment with a Wnt pathway inhibitor, comprises: cbtaining a biclogical sample from the subject
receiving treatment, determining the level of a bone resorption biomarker in the sample, and comparing
the level of the bone resorption biomarker in the sample to a predetermined level of the bone resorption
biomarker, wherein if the level of the bone resorption biomarker in the sample is higher than the
predetermined level of the bone resorption biomarker then a skeletal-related side effect and/or toxicity is
indicated. In some embodiments, the bone resorption biomarker is B-CTX.

[0016] In another aspect, the invention provides methods for monitoring skeletal-related side effects
and/or toxicity in a subject receiving treatment with a Wnt pathway inhibitor, comprising: obtaining a
biological sample from the subject receiving treatment, determining the level of a biomarker in the
sample, and comparing the level of the biomarker in the sample to a predetermined level of the biomarker,
wherein if the level of the biomarker in the sample is higher than the predetermined level of the biomarker
then a skeletal-related side effect and/or toxicity is indicated. In some embodiments, the biomarker is a
bone turnover marker. In some embodiments, the biomarker is a bone resorption biomarker. In some
embodiments, the method for monitoring skeletal-related side effects and/or toxicity in a subject receiving
treatment with a Wnt pathway inhibitor, comprises: obtaining a biological sample from the subject
receiving treatment, determining the level of a bone resorption biomarker in the sample, and comparing
the level of the bone resorption biomarker in the sample to a predetermined level of the bone resorption
biomarker, wherein if the level of the bone resorption biomarker in the sample is higher than the
predetermined level of the bone resorption biomarker then a skeletal-related side effect and/or toxicity is
indicated. In some embodiments, the bone resorption biomarker is B-CTX.

(8817} In some aspects and/or embodiments of the methods described herein, wherein if the bone
resorption biomarker level (e.g, B-CTX) in a sample increases 2-fold or greater as compared to 4
predetermined level, the subject is administered a therapeutivally effective amount of an anti-resorptive
medication. In some crobodiments, the hone resorption biomarker is B-CTX and the predetermined level
is less than about 1000pg/ml. In some embodiments, the anti-resorptive medication is a bisphosphonate.
[0018] In another aspect, the invention provides methods of reducing skeletal-related side effects
and/or toxicity in a subject receiving treatment with a Wnt pathway inhibitor, comprising: obtaining a
biological sample from the subject receiving treatment, determining the level of a bone resorptive
biomarker in the sample, comparing the level of the bone resorptive biomarker in the sample to a
predetermined level of the bone resorptive biomarker, and administering to the subject a therapeutically

effective amount of an anti-resorptive ‘medication if the level of the bone resorptive biomarker in the
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sample is higher than the predetermined level of the bone resorptive biomarker. In some embodiments,
the increase in the resorptive biomarker is about 1.5-fold or greater, about 2-fold or greater, about 2.5-fold
or greater, or about 3-fold or greater than the predetermined level of the bone resorptive biomarker. In
some embodiments, the bone resorption biomarker is B-CTX. In some embodiments, the anti-resorptive
medication is a bisphosphonate.

[0019} In another aspect, the invention provides methods of preventing or attenuating the
development of skeletal-related side effects and/or toxicity in a subject receiving treatment with a Wnt
pathway inhibitor, comprising: obtaining a biological sample from the subject prior to treatment with the
Wnt pathway inhibitor, determining the level of a bone resorptive biomarker in the sample, comparing the
level of the bone resorptive biomarker in the sample to a predetermined level of the bone resorptive
biomarker, administering to the subject a therapeutically effective amount of an anti-resorptive
medication, and administering to the subject the Wnt pathway inhibitor. In some embodiments, the bone
resorption biomarker is B-CTX. In some embodiments, the anti-resorptive medication is a
bisphosphonate.

[6020] In another aspect, the invention provides methods of ameliorating skeletal-related side effects
and/or toxicity in a subject administered a Wnt pathway inhibitor, comprising: determining the level of a
bone resorptive biomarker in a sample, and administering to the subject a therapeutically effective amount
of an anti-resorptive medication. In some embodiments, the bone resorption biomarker is B-CTX. In
some embodiments, the anti-resorptive medication is a bisphosphonate.

[0021] In another aspect, the invention provides methods of screening a subject for the risk of
skeletal-related side effects and/or toxicity from treatment with a Wnt pathway inhibitor, comprising:
obtaining a biological sample from the subject prior to treatment with the Wnt pathway inhibitor,
determining the level of a bone resorption biomarker in the sample, and comparing the level of the bone
resorption biomarker in the sample to a predetermined level of the bone resorption biomarker, wherein if
the level of the bone resorption biomarker in the sample is higher than the predetermined level then the
subject is at risk for skeletal-related side effects and/or toxicity. In some embodiments, if the subject is at
risk for skeletal-related side effects and/or toxicity, the subject is administered a therapeutically effective
amount of a therapeutic agent directed to the skeletal-related side effect and/or toxicity prior to treatment
with the Wnt pathway inhibitor. In some embodiments, the bone resorption biomarker is B-CTX. In some
embodiments, the therapeutic agent directed to skeletal-related side effects is a bisphosphonate.

[0022] In another aspect, the invention provides methods of treating cancer in a subject, comprising:
administering to the subject a therapeutically effective amount of a Wnt pathway inhibitor, and
determining the level of a bone resorption biomarker in a sample from the subject. In some embodiments,
the method of treating cancer further comprises comparing the level of the bone resorption biomarker in

the sample to a predetermined level of the bone resorption biomarker. In some embodiments, the method
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of treating cancer further comprises comparing the level of the bone resorption biomarker in the sample to
a predetermined level of the bone resorption biomarker, wherein if the level of the bone resorption
biomarker is higher than the predetermined level of the bone resorption biomarker then the subject is at
risk for a skeletal-related side effect and/or toxicity. In some embodiments, the method of treating cancer
further comprises comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bone resorption biomarker, wherein if the level of the bone resorption biomarker is higher
than the predetermined level of the bone resorption biomarker then the subject is administered a
therapeutically effective amount of an anti-resorptive medication. In some embodiments, the bone
resorption biomarker is B-CTX. In some embodiments, the anti-resorptive medication is a
bisphosphonate.

[0023] In another aspect, the invention provides methods of inhibiting tumor growth in a subject,
comprising: administering to the subject a therapeutically effective amount of a Wnt pathway inhibitor,
and determining the level of a bone resorption biomarker in a sample from the subject. In some
embodiments, the method of inhibiting tumor growth further comprises comparing the level of the bone
resorption biomarker in the sample to a predetermined level of the bone resorption biomarker. In some
embodiments, the method of inhibiting tumor growth further comprises comparing the level of the bone
resorption biomarker in the sample to a predetermined level of the bone resorption biomarker, wherein if
the level of the bone resorption biomarker is higher than the predetermined level of the bone resorption
biomarker then the subject is at risk for a skeletal-related side effect and/or toxicity. In some
embodiments, the method of inhibiting tumor growth further comprises comparing the level of the bone
resorption biomarker in the sample to a predetermined level of the bone resorption biomarker, wherein if
the level of the bone resorption biomarker is higher than the predetermined level of the bone resorption
biomarker then the subject is administered a therapeutically effective amount of an anti-resorptive
medication. In some embodiments, the bone resorption biomarker is B-CTX. In some embodiments, the
anti-resorptive medication is a bisphosphonate.

[0024] In some aspects and/or embodiments of the methods described herein, the biological sample is
blood, serum, or plasma. In some embodiments, the biological sample is a “fasting sample”. As used
herein, a “fasting sample” refers to a sample taken from an individual who has not eaten food and has not
drank any liquids for at least 9 — 12 hours. In some embodiments, the predetermined level is about
1500pg/ml or less in a blood, serum, or plasma sample. In some embodiments, the predetermined level is
about 1200pg/ml or less in a blood, serum, or plasma sample. In some embodiments, the predetermined
level is about 1000pg/ml or less in a blood, serum, or plasma sample. In some embodiments, the
predetermined level is about 800pg/ml or less in a blood, serum, or plasma sample. In some
embodiments, the predetermined level is about 600pg/ml or less in a blood, serum, or plasma sample. In

some embodiments, the predetermined level is about 400pg/ml or less in a blood, serum, or plasma
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sample. In some embodiments, the predetermined level of a biomarker (e.g., a bone turnover marker) is
the amount of the biomarker in a sample obtained at an earlier date. In some embodiments, the
predetermined level of a biomarker (e.g., a bone turnover marker) is the amount of the biomarker in a
sample obtained prior to treatment. In some embodiments, the predetermined level of a biomarker (e.g., a
bone turnover marker) is the amount of the biomarker in a sample obtained at an initial screening. In

al

some embodiments, the predetermined level of a biomarker (e.g., a bone turnover marker) is a norn
reference level. In some embodiments, the predetermined level of a biomarker is a baseline level. In
some embodiments, the baseline level is the amount of the biomarker determined at an initial screening
(e.g., prior to treatment). In some embodiments the bone resorption biomarker is B-CTX. In some
embodiments, the predetermined level for B-CTX is about 1000pg/ml or less in blood, serum, or plasma.
[0025] In some aspects and/or embodiments of the methods described herein, a biological sample is
obtained approximately every week, every 2 weeks, every 3 weeks, every 4 weeks, every 5 weeks, or
every 6 weeks.

[0026] In certain embodiments of each of the aforementioned aspects, as well as other aspects and
embodiments described elsewhere herein, the Wnt pathway inhibitor is an antibody that specifically binds
at least one human Wnt protein. Non-limiting examples of anti-Wnt antibodies have been described in,
for example, U.S. Patent Publication No. 2012/0027778 and International Publication WO 2011/088127.
In some embodiments, the Wnt pathway inhibitor is an antibody that specifically binds at least one human
FZD protein. Non-limiting examples of anti-FZD antibodies have been described in, for example, U.S.
Patent No. 7,982,013. In some embodiments, the Wnt pathway inhibitor is a soluble FZD receptor. Non-
limiting examples of soluble FZD receptors have been described in, for example, U.S. Patent Nos.
7,723,477 and 8,324,361 and U.S. Patent Publication No. 2011/0305695.

10027] In some embodiments, the Wnt pathway inhibitor is an antibody comprising: (a) a heavy
chain CDRI1 comprising GFTFSHYTLS (SEQ ID NO:1), a heavy chain CDR2 comprising
VISGDGSYTYYADSVKG (SEQ ID NO:2), and a heavy chain CDR3 comprising NFIKYVFAN (SEQ
ID NO:3), and/or (b) a light chain CDR1 comprising SGDNIGSFYVH (SEQ ID NO:4), a light chain
CDR2 comprising DKSNRPSG (SEQ ID NO:5), and a light chain CDR3 comprising QSYANTLSL (SEQ
ID NO:6).

[0028] In certain embodiments of each of the aforementioned aspects, as well as other aspects and
embodiments described elsewhere herein, the Wnt pathway inhibitor is an antibody comprising (a) a
heavy chain variable region having at least about 90%, at least about 95%, or 100% sequence identity to
SEQ ID NO:7; and/or (b) a light chain variable region having at least about 90%, at least about 95%, or
100% sequence identity to SEQ ID NO:8. In some embodiments, the Wnt pathway inhibitor is antibody
OMP-18R5.
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[0029] In certain embodiments of each of the aforementioned aspects, as well as other aspects and
embodiments described elsewhere herein, the Wnt pathway inhibitor is a recombinant antibody. In some
embodiments, the antibody is a monoclonal antibody, a chimeric antibody, a humanized antibody, or a
human antibody. In some embodiments, the antibody is an antibody fragment comprising an antigen-
binding site. In certain embodiments, the antibody or antibody fragment is monovalent, monospecific, or
bivalent. In some embodiments, the antibody is a bispecific antibody or a multispecific antibody. In
some embodiments, the antibody is an IgG1 antibody. In some embodiments, the antibody is an IgG2
antibody. In certain embodiments, the antibody is isolated. In other embodiments, the antibody is
substantially pure.

[0030] In some embodiments, the Wnt pathway inhibitor is an antibody that binds at least one human
FZD with a dissociation constant (Kp) of about 10nM to about 0.1nM.

[0031] In certain embodiments, the Wnt pathway inhibitor comprises the same heavy and light chain
amino acid sequences as an antibody encoded by a plasmid deposited with ATCC having deposit no.
PTA-9541. In certain embodiments, the Wnt pathway inhibitor comprises the same heavy chain variable
region and light chain variable region amino acid sequences as an antibody encoded by a plasmid
deposited with ATCC having deposit no. PTA-9541. In certain embodiments, the Wnt pathway inhibitor
is encoded by the plasmid having ATCC deposit no. PTA-9541 which was deposited with American Type
Culture Collection (ATCC), at 10801 University Boulevard, Manassas, VA, 20110, under the conditions
of the Budapest Treaty on September 29, 2008. In certain embodiments, the Wnt pathway inhibitor
competes for specific binding to a human FZD with an antibody encoded by the plasmid deposited with
ATCC having deposit no. PTA-9541.

[0032] In any of the aspects and/or embodiments of the methods described herein, the subject has
cancer. In some embodiments, the cancer is selected from the group consisting of: lung cancer, pancreatic
cancer, breast cancer, colon cancer, colorectal cancer, melanoma, gastrointestinal cancer, gastric cancer,
renal cancer, ovarian cancer, liver cancer, endometrial cancer, kidney cancer, prostate cancer, thyroid
cancer, neuroblastoma, glioma, glioblastoma multiforme, cervical cancer, stomach cancer, bladder cancer,
hepatoma, hepatocellular carcinoma (HCC), neuroendocrine cancer, thyroid cancer, adenocarcinoma, and
head and neck cancer. In some embodiments, the cancer is breast cancer. In some embodiments, the
cancer is pancreatic cancer. In some embodiments, the cancer is lung cancer. In some embodiments, the
cancer is non-small cell lung cancer (NSCLC). In some embodiments, the cancer is ovarian cancer. In
some embodiments, the cancer is Tiver cancer. In some embodiments, the cancer is HCC.

[0033] In any of the aspects and/or embodiments of the methods described herein, the subject is
treated with the Wnt pathway inhibitor in combination with one or more additional anti-cancer agents. In
some embodiments, the one or more additional anti-cancer agents are chemotherapeutic agents. In some

embodiments, the additional anti-cancer agent is paclitaxel or albumin-bound paclitaxel. In some
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embodiments, the additional anti-cancer agent is gemcitabine. In some embodiments, the additional anti-
cancer agents are gemcitabine and albumin-bound paclitaxel. In some embodiments, the additional anti-
cancer agent is docetaxel. In some embodiments, the additional anti-cancer agent is carboplatin. In some
embodiments, the additional anti-cancer agents are carboplatin and paclitaxel or albumin-bound
paclitaxel. In some embodiments, the additional anti-cancer agent is sorafenib.

[0034] Where aspects or embodiments of the invention are described in terms of a Markush group or
other grouping of alternatives, the present invention encompasses not only the entire group listed as a
whole, but also each member of the group individually and all possible subgroups of the main group, and
also the main group absent one or more of the group members. The present invention also envisages the

explicit exclusion of one or more of any of the group members in the claimed invention.

BRIEF DESCRIPTION OF THE FIGURES

[0035] Figure 1. Inhibition of breast tumor growth in vivo with intermittent dosing of a Wnt pathway
inhibitor. Mice were treated with paclitaxel (-®-), 5mg/kg OMP-18R5 in combination with paclitaxel (-
m-), 10mg/kg OMP-18R5 in combination with paclitaxel (- &-), 25mg/kg OMP-18RS in combination with
paclitaxel (-¥-), or 45mg/kg OMP-18R5 in combination with paclitaxel (-#-). Data is shown as tumor
volume (mm?®) over days post-treatment. OMP-18R5 was administered intraperitoneally once every three

weeks (indicated by arrows) and paclitaxel was administered at 10mg/kg once a week.

[0036] Figure 2. Inhibition of breast tumor growth in vivo with intermittent dosing of a Wnt pathway
inhibitor. Mice were treated with paclitaxel (-®-), 25mg/kg OMP-18R5 in combination with paclitaxel

once every 4 weeks (- ¥-), 25mg/kg OMP-18RS in combination with paclitaxel once every 2 weeks (-4-),
or 25mg/kg OMP-18R5 in combination with paclitaxel once a week (-¢-). Data is shown as tumor
volume (mm’) over days post-treatment. OMP-18RS was administered intraperitoneally and paclitaxel
was administered at 15mg/kg once a week.

[0037] Figure 3. Effect of OMP-18R5 on bone formation in mice.

[0038] Figure 4. Effect of zoledronic acid on bone formation in mice treated with OMP-18R35.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The present invention relates to treating diseases with a Wnt pathway inhibitor. More
particularly, the invention provides methods for treating cancer comprising administering a Wnt pathway
inhibitor, either alone or in combination with other anti-cancer agents, and monitoring for skeletal-related
side effects and/or toxicity, including those related to the Wnt pathway inhibitor.

[0040] The anti-FZD antibody OMP-18R5 was administered to subjects in a Phase la single agent

dose escalation trial. The data from this early trial, as well as results from animal studies suggested that
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administration of a Wnt pathway inhibitor such as an anti-FZD antibody or a FZD8-Fc soluble receptor
may result in skeletal-related side effects and/or toxicity in certain patients. Furthermore, the Phase la
study showed that increased B-CTX levels may be an early indicator that a patient being treated with a
Wht pathway inhibitor is at risk of developing skeletal-related side effects and/or toxicities, allowing for
intervention with appropriate medications.

[0041] These results made it desirable to develop risk mitigation and monitoring strategies for
skeletal-related side effects and/or toxicities as described herein for subjects receiving treatment with a
Wnt pathway inhibitor (e.g., an anti-FZD antibody or a soluble FZD receptor) as a single agent or in

combination with additional anti-cancer agents.

I. Definitions

16642} To facilitate an understanding of the present invention, a number of terms and phrases are
defined below.
{80431 The terms “antagonist” and “antagonistic” as used herein refer to any molecule that partially

or fully blocks, inhibits, reduces, or neutralizes a biological activity of a target and/or signaling pathway
(e.g., the Wnt pathway). The term “antagonist” is used herein to include any molecule that partially or
fully blocks, inhibits, reduces, or neutralizes the activity of a protein (e.g., a FZD protein or a Wnt
protein). Suitable antagonist molecules specifically include, but are not limited to, antagonist antibodies,
antibody fragments, soluble receptors, or small molecules.

[0044] The terms “modulation” and “modulate” as used herein refer to a change or an alteration in a
biological activity. Modulation includes, but is not limited to, stimulating or inhibiting an activity.
Modulation may be an increase or a decrease in activity (e.g., a decrease in Wnt pathway signaling), a
change in binding characteristics, or any other change in the biological, functional, or immunological
properties associated with the activity of a protein, pathway, or other biological point of interest.

[0045] The term “antibody” as used herein refers to an immunoglobulin molecule that recognizes and
specifically binds a target, such as a protein, polypeptide, peptide, carbohydrate, polynucleotide, lipid, or
combinations of the foregoing, through at least one antigen recognition site within the variable region of
the immunoglobulin molecule. As used herein, the term encompasses intact polyclonal antibodies, intact
monoclonal antibodies, single chain antibodies, antibody fragments (such as Fab, Fab', F(ab')2, and Fv
fragments), single chain Fv (scFv) antibodies, multispecific antibodies such as bispecific antibodies,
monospecific antibodies, monovalent antibodies, chimeric antibodies, humanized antibodies, human
antibodies, fusion proteins comprising an antigen-binding site of an antibody, and any other modified
immunoglobulin molecule comprising an antigen recognition site (e.g., antigen-binding site) as long as the
antibodies exhibit the desired biological activity. An antibody can be any of the five major classes of
immunoglobulins: IgA, 1gD, IgE, IgG, and IgM, or subclasses (isotypes) thereof (e.g., IgG1, IgG2, IgG3,
IgG4, IgA1 and IgA2), based on the identity of their heavy-chain constant domains referred to as alpha,
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delta, epsilon, gamma, and mu, respectively. The different classes of immunoglobulins have different and
well-known subunit structures and three-dimensional configurations. Antibodies can be naked or
conjugated to other molecules, including but not limited to, toxins and radioisotopes.

[0046] The term “antibody fragment” refers to a portion of an intact antibody and refers to the
antigenic determining variable regions of an intact antibody. Examples of antibody fragments include, but
are not limited to, Fab, Fab', F(ab")2, and Fv fragments, linear antibodies, single chain antibodies, and
multispecific antibodies formed from antibody fragments. “Antibody fragment” as used herein comprises
an antigen-binding site or epitope-binding site.

[0047] The term “variable region” of an antibody refers to the variable region of an antibody light
chain, or the variable region of an antibody heavy chain, either alone or in combination. The variable
regions of the heavy and light chains each consist of four framework regions (FR) connected by three
complementarity determining regions (CDRs), also known as “hypervariable regions”. The CDRs in each
chain are held together in close proximity by the framework regions and, with the CDRs from the other
chain, contribute to the formation of the antigen-binding sites of the antibody. There are at least two
techniques for determining CDRs: (1) an approach based on cross-species sequence variability (i.e., Kabat
et al., 1991, Sequences of Proteins of Immunological Interest, 5th Edition, National Institutes of Health,
Bethesda MD), and (2) an approach based on crystallographic studies of antigen-antibody complexes (Al-
Lazikani et al., 1997, J. Mol. Biol., 273:927-948). In addition, combinations of these two approaches are
sometimes used in the art to determine CDRs.

[0048] The term “monoclonal antibody” as used herein refers to a homogeneous antibody population
involved in the highly specific recognition and binding of a single antigenic determinant or epitope. This
is in contrast to polyclonal antibodies that typically include a mixture of different antibodies directed
against a variety of different antigenic determinants. The term “monoclonal antibody” encompasses both
intact and full-length monoclonal antibodies as well as antibody fragments (e.g., Fab, Fab', F(ab")2, Fv),
single chain (scFv) antibodies, fusion proteins comprising an antibody portion, and any other modified
immunoglobulin molecule comprising an antigen recognition site (antigen-binding site). Furthermore,
“monoclonal antibody” refers to such antibodies made by any number of techniques, including but not
limited to, hybridoma production, phage selection, recombinant expression, and transgenic animals.

[0049] The term “humanized antibody” as used herein refers to forms of non-human (e.g., murine)
antibodies that are specific immunoglobulin chains, chimeric immunoglobulins, or fragments thereof that
contain minimal non-human sequences. Typically, humanized antibodies are human immunoglobulins in
which residues of the CDRs are replaced by residues from the CDRs of a non-human species (e.g., mouse,
rat, rabbit, or hamster) that have the desired specificity, affinity, and/or binding capability (Jones et al.,
1986, Nature, 321:522-525; Riechmann et al., 1988, Nature, 332:323-327; Verhoeyen et al., 1988,

Science, 239:1534-1536). In some instances, the Fv framework region residues of a human
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immunoglobulin are replaced with the corresponding residues in an antibody from a non-human species
that has the desired specificity, affinity, and/or binding capability. The humanized antibody can be further
modified by the substitution of additional residues either in the Fv framework region and/or within the
replaced non-human residues to refine and optimize antibody specificity, affinity, and/or binding
capability. In general, the humanized antibody will comprise substantially all of at least one, and typically
two or three, variable domains containing all or substantially all of the CDRs that correspond to the non-
human immunoglobulin whereas all or substantially all of the framework regions are those of a human
immunoglobulin consensus sequence. The humanized antibody can also comprise at least a portion of an
immunoglobulin constant region or domain (Fc), typically that of a human immunoglobulin.

[0050] The term “human antibody™ as used herein refers to an antibody produced by a human or an
antibody having an amino acid sequence corresponding to an antibody produced by a human. A human
antibody may be made using any of the techniques known in the art. This definition of a human antibody
specifically excludes a humanized antibody comprising non-human CDRs.

[0051] The term “chimeric antibody” as used herein refers to én antibody wherein the amino acid
sequence of the immunoglobulin molecule is derived from two or more species. Typically, the variable
region of both light and heavy chains corresponds to the variable region of antibodies derived from one
species of mammals (e.g., mouse, rat, rabbit, etc.) with the desired specificity, affinity, and/or binding
capability, while the constant regions correspond to sequences in antibodies derived from another species
(usually human).

[0052] The phrase “affinity-matured antibody” as used herein refers to an antibody with one or more
alterations in one or more CDRs thereof that result in an improvement in the affinity of the antibody for
antigen, compared to a parent antibody that does not possess those alterations(s). The definition also
includes alterations in non-CDR residues made in conjunction with alterations to CDR residues. Preferred
affinity-matured antibodies will have nanomolar or even picomolar affinities for the target antigen.
Affinity-matured antibodies are produced by procedures known in the art. For example, Marks et al.,
1992, Bio/Technology 10:779-783, describes affinity maturation by VH and VL domain shuffling.
Random mutagenesis of CDR and/or framework residues is described by Barbas et al., 1994, PNAS,
91:3809-3813; Schier et al., 1995, Gene, 169:147-155; Yelton et al., 1995, J Immunol. 155:1994-2004;
Jackson et al., 1995, J. Immunol., 154:3310-9; and Hawkins et al., 1992, .J. Mol. Biol., 226:889-896. Site-
directed mutagenesis may also be used to obtain aftinity-matured antibodies.

[0053] The terms “epitope™ and “antigenic determinant” are used interchangeably herein and refer to
that portion of an antigen capable of being recognized and specifically bound by a particular antibody.
When the antigen is a polypeptide, epitopes can be formed both from contiguous amino acids and
noncontiguous amino acids juxtaposed by tertiary folding of a protein. Epitopes formed from contiguous

amino acids (also referred to as linear epitopes) are typically retained upon protein denaturing, whereas
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epitopes formed by tertiary folding (also referred to as conformational epitopes) are typically lost upon
protein denaturing. An epitope typically includes at least 3, and more usually, at least 5 or 8-10 amino
acids in a unique spatial conformation.

[0054] The terms “selectively binds™ or “specifically binds” mean that a binding agent or an antibody
reacts or associates more frequently, more rapidly, with greater duration, with greater affinity, or with
some combination of the above to the epitope, protein, or target molecule than with alternative substances,
including unrelated or related proteins. In certain embodiments “specifically binds” means, for instance,
that an antibody binds a protein with a Ky, of about 0.1mM or less, but more usually less than about 1uM.
In certain embodiments, “specifically binds” means that an antibody binds a target at times with a Kp of at
least about 0.1uM or less, at other times at least about 0.01uM or less, and at other times at least about
1nM or less. Because of the sequence identity between homologous proteins in different species, specific
binding can include an antibody that recognizes a protein in more than one species (e.g., human FZD and
mouse FZD). Likewise, because of homology within certain regions of polypeptide sequences of different
proteins, specific binding can include an antibody (or other polypeptide or binding agent) that recognizes
more than one protein. It is understood that, in certain embodiments, an antibody or binding moiety that
specifically binds a first target may or may not specifically bind a second target. As such, “specific
binding” does not necessarily require (although it can include) exclusive binding, i.e. binding to a single
target. Thus, an antibody may, in certain embodiments, specifically bind more than one target. In certain
embodiments, multiple targets may be bound by the same antigen-binding site on the antibody. For
example, an antibody may, in certain instances, comprise two identical antigen-binding sites, each of
which specifically binds the same epitope on two or more proteins. In some embodiments, an antibody
may be multispecific and comprise at least two antigen-binding sites with differing specificities. By way
of non-limiting example, a bispecific antibody may comprise one antigen-binding site that recognizes an
epitope on one protein and further comprise a second, different antigen-binding site that recognizes a
different epitope on a second protein. Generally, but not necessarily, reference to binding means specific
binding.

[0055] As used herein the term “soluble receptor” refers to an N-terininal extracellular fragment (or a
portion thereof) of a receptor protein preceding the first transmembrane domain of the receptor that can be
secreted from a cell in soluble form.

[0056] As used herein the term “FZD soluble receptor” or “soluble FZD receptor” refers to an N-
terminal extracellular fragment of a FZD receptor protein preceding the first transmembrane domain of
the receptor that can be secreted from a cell in soluble form. FZD soluble receptors comprising the entire
N-terminal extracellular domain (ECD) as well as smaller fragments are encompassed by the term. Thus,

FZD soluble receptors comprising the Fri domain are also included in this term.
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[0057] The terms “polypeptide” and “peptide” and “protein” are used interchangeably herein and
refer to polymers of amino acids of any length. The polymer may be linear or branched, it may comprise
modified amino acids, and it may be interrupted by non-amino acids. The terms also encompass an amino
acid polymer that has been modified naturally or by intervention; for example, disulfide bond formation,
glycosylation, lipidation, acetylation, phosphorylation, or any other manipulation or modification, such as
conjugation with a labeling component. Also included within the definition are, for example,
polypeptides containing one or more analogs of an amino acid (including, for example, unnatural amino
acids), as well as other modifications known in the art. It is understood that, because the polypeptides of
this invention may be based upon antibodies, in certain embodiments, the polypeptides can occur as single
chains or associated chains (e.g., dimers).

[0058] The terms “polynucleotide” and “nucleic acid” are used interchangeably herein and refer to
polymers of nucleotides of any length, and include DNA and RNA. The nucleotides can be
deoxyribonucleotides, ribonucleotides, modified nucleotides or bases, and/or their analogs, or any
substrate that can be incorporated into a polymer by DNA or RNA polymerase.

[0059] The terms “identical” or percent “identity” in the context of two or more nucleic acids or
polypeptides, refer to two or more sequences or subsequences that are the same or have a specified
percentage of nucleotides or amino acid residues that are the same, when compared and aligned
(introducing gaps, if necessary) for maximum correspondence, not considering any conservative amino
acid substitutions as part of the sequence identity. The percent identity may be measured using sequence
comparison software or algorithms or by visual inspection. Various algorithms and software that may be
used to obtain alignments of amino acid or nucleotide sequences are well-known in the art. These
include, but are not limited to, BLAST, ALIGN, Megalign, BestFit, GCG Wisconsin Package, and
variations thereof. In some embodiments, two nucleic acids or polypeptides of the invention are
substantially identical, meaning they have at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, and in some embodiments at least 95%, 96%, 97%, 98%, 99% nucleotide or amino acid residue
identity, when compared and aligned for maximum correspondence, as measured using a sequence
comparison algorithm or by visual inspection. In some embodiments, identity exists over a region of the
sequences that is at least about 10, at least about 20, at least about 40-60 residues, at least about 60-80
residues in length or any integral value therebetween. In some embodiments, identity exists over a longer
region than 60-80 residues, such as at least about 80-100 residues, and in some embodiments the
sequences are substantially identical over the full length of the sequences being compared, such as the
coding region of a nucleotide sequence.

[0060] A “conservative amino acid substitution” is one in which one amino acid residue is replaced
with another amino acid residue having a similar side chain. Families of amino acid residues having

similar side chains have been defined in the art, including basic side chains (e.g., lysine, arginine,
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histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine), non-polar side chains (e.g., alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g.,
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,
histidine). For example, substitution of a phenylalanine for a tyrosine is a conservative substitution.
Preferably, conservative substitutions in the sequences of the polypeptides and antibodies of the invention
do not abrogate the binding of the polypeptide or antibody containing the amino acid sequence, to the
antigen(s), i.¢., the one or more RSPO protein(s) to which the polypeptide or antibody binds. Methods of
identifying nucleotide and amino acid conservative substitutions which do not eliminate antigen binding
are 'well-known in the art.

[0061] The term “vector” as used herein means a construct, which is capable of delivering, and
usually expressing, one or more gene(s) or sequence(s) of interest in a host cell. Examples of vectors
include, but are not limited to, viral vectors, naked DNA or RNA expression vectors, plasmid, cosmid, or
phage vectors, DNA or RNA expression vectors associated with cationic condensing agents, and DNA or
RNA expression vectors encapsulated in liposomes.

[0062] A polypeptide, antibody, polynucleotide, vector, cell, or composition which is “isolated” is a
polypeptide, antibody, polynucleotide, vector, cell, or composition which is in a form not found in nature.
Isolated polypeptides, antibodies, polynucleotides, vectors, cells, or compositions include those which
have been purified to a degree that they are no longer in a form in which they are found in nature. In
some embodiments, a polypeptide, antibody, polynucleotide, vector, cell, or composition which is isolated
is substantially pure.

[0063] The term “substantially pure” as used herein refers to material which is at least 50% pure (i.e.,
free from contaminants), at least 90% pure, at least 95% pure, at least 98% pure, or at least 99% pure.
[0064] The terms “cancer” and “cancerous” as used herein refer to or describe the physiological
condition in mammals in which a population of cells are characterized by unregulated cell growth.
Examples of cancer include, but are not limited to, carcinoma, blastoma, sarcoma, and hematologic
cancers such as lymphoma and leukemia.

[0065] The terms “tumor” and “neoplasm” as used herein refer to any mass of tissue that results from
excessive cell growth or proliferation, either benign (non-cancerous) or malignant (cancerous) including
pre-cancerous lesions.

[0066] The term “metastasis” as used herein refers to the process by which a cancer spreads or
transfers from the site of origin to other regions of the body with the development of a similar cancerous
lesion at the new location. A “metastatic” or “metastasizing” cell is one that loses adhesive contacts with
neighboring cells and migrates (e.g., via the bloodstream or lymph) from the primary site of disease to

invade neighboring body structures.
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[0067] The terms “cancer stem cell” and “CSC” and “tumor stem cell” and “tumor initiating cell” are
used interchangeably herein and refer to cells from a cancer or tumor that: (1) have extensive proliferative
capacity; 2) are capable of asymmetric cell division to generate one or more types of differentiated cell
progeny wherein the differentiated cells have reduced proliferative or developmental potential; and (3) are
capable of symmetric cell divisions for self-renewal or self-maintenance. These properties confer on the
cancer stem cells the ability to form or establish a tumor or cancer upon serial transplantation into an
immunocompromised host (e.g., a mouse) compared to the majority of tumor cells that fail to form
tumors. Cancer stem cells undergo self-renewal versus differentiation in a chaotic manner to form tumors
with abnormal cell types that can change over time as mutations occur.

[0068] The terms “cancer cell” and “tumor cell” refer to the total population of cells derived from a
cancer or tumor or pre-cancerous lesion, including both non-tumorigenic cells, which comprise the bulk of
the cancer cell population, and tumorigenic stem cells (cancer stem cells). As used herein, the terms
“cancer cell” or “tumor cell” will be modified by the term “non-tumorigenic” when referring solely to
those cells lacking the capacity to renew and differentiate to distinguish those tumor cells from cancer
stem cells.

[0069] The term “tumorigenic” as used herein refers to the functional features of a cancer stem cell
including the properties of self-renewal (giving rise to additional tumorigenic cancer stem cells) and
proliferation to generate all other tumor cells (giving rise to differentiated and thus non-tumorigenic tumor
cells).

[0070] The term “tumorigenicity” as used herein refers to the ability of a random sample of cells
from the tumor to form palpable tumors upon serial transplantation into immunocorﬁpromised hosts (e.g.,
mice). This definition also includes enriched and/or isolated populations of cancer stem cells that form
palpable tumors upon serial transplantation into immunocompromised hosts (e.g., mice).

[0071] The term “subject” refers to any animal (e.g., a mammal), including, but not limited to,
humans, non-human primates, canines, felines, rodents, and the like, which is to be the recipient of a
particular treatment. Typically, the terms “subject” and “patient” are used interchangeably herein in
reference to a human subject.

[0072] The term “pharmaceutically acceptable” refers to a product or compound approved (or
approvable) by a regulatory agency of the Federal government or a state government or listed in the U.S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, including humans.

[0073] The terms “pharmaceutically acceptable excipient, carrier or adjuvant” or “acceptable
pharmaceutical carrier” refer to an excipient, carrier or adjuvant that can be administered to a subject,
together with at least one binding agent (e.g., an antibody) of the present disclosure, and which does not
destroy the activity of the binding agent. The excipient, carrier, or adjuvant should be non-toxic when

administered with a binding agent in doses sufficient to deliver a therapeutic effect.
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[0074] The terms “effective amount” or “therapeutically effective amount” or “therapeutic effect”
refer to an amount of a binding agent, an antibody, polypeptide, polynucleotide, small organic molecule,
or other drug effective to “treat” a disease or disorder in a subject or mammal. In the case of cancer, the
therapeutically effective amount of a drug (e.g., an antibody) has a therapeutic effect and as such can
reduce the number of cancer cells; decrease tumorigenicity, tumorigenic frequency, or tumorigenic
capacity; reduce the number or frequency of cancer stem cells; reduce the tumor size; reduce the cancer
cell population; inhibit and/or stop cancer cell infiltration into peripheral organs including, for example,
the spread of cancer into soft tissue and bone; inhibit and/or stop tumor or cancer cell metastasis; inhibit
and/or stop tumor or cancer cell growth; relieve to some extent one or more of the symptoms associated
with the cancer; reduce morbidity and mortality; improve quality of life; or a combination of such effects.
To the extent the agent, for example an antibody, prevents growth and/or kills existing cancer cells, it can
be referred to as cytostatic and/or cytotoxic.

[06075] The terms “treating” or “treatment” or “to treat” or “alleviating” or “to alleviate” refer to both
1) therapeutic measures that cure, slow down, lessen symptoms of, and/or halt progression of a diagnosed
pathologic condition or disorder and 2) prophylactic or preventative measures that prevent or slow the
development of a targeted pathologic condition or disorder. Thus those in need of treatment include those
already with the disorder; those prone to have the disorder; and those in whom the disorder is to be
prevented. In some embodiments, a subject is successfully “treated” according to the methods of the
present invention if the patient shows one or more of the following: a reduction in the number of or
complete absence of cancer cells; a reduction in the tumor size; inhibition of or an absence of cancer cell
infiltration into peripheral organs including the spread of cancer cells into soft tissue and bone; inhibition
of or an absence of tumor or cancer cell metastasis; inhibition or an absence of cancer growth; relief of
one or more symptoms associated with the specific cancer; reduced morbidity and mortality; improvement
in quality of life; reduction in tumorigenicity; reduction in the number or frequency of cancer stem cells;
or some combination of effects.

[0076] As used in the present disclosure and claims, the singular forms “a”, “an” and “the” include
plural forms unless the context clearly dictates otherwise.

[0077] It is understood that wherever embodiments are described herein with the language
“comprising” otherwise analogous embodiments described in terms of “consisting of” and/or “consisting
essentially of” are also provided. It is also understood that wherever embodiments are described herein
with the language “consisting essentially of” otherwise analogous embodiments described in terms of
“consisting of” are also provided.

[0078] As used herein, reference to “about” or “approximately” a value or parameter includes (and
describes) embodiments that are directed to that value or parameter. For example, description referring to

“about X includes description of “X”.
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[0079] The term “and/or” as used in a phrase such as “A and/or B” herein is intended to include both
A and B; A or B; A (alone); and B (alone). Likewise, the term “and/or” as used in a phrase such as “A, B,
and/or C” is intended to encompass each of the following embodiments: A, B, and C; A, B, or C; A or C;

AorB;BorC; A and C; A and B; B and C; A (alone); B (alone); and C (alone).

II. Wnt pathway inhibitors

[0080] The present invention provides Wnt pathway inhibitors for use in methods of inhibiting tumor
growth and/or for use in methods of treating cancer.

[0£81] In certain embodiments, the Wnt pathway inhibitors are agents that bind one or more human
Frizzled proteins (FZD). These agents are referred to herein as “FZD-binding agents”. In some
embodiments, the FZD-binding agents specifically bind one, two, three, four, five, six, seven, eight, nine,
or ten FZD proteins. In some embodiments, the FZD-binding agent binds one or more FZD proteins
selected from the group consisting of FZD1, FZD2, FZD3, FZD4, FZD5, FZD6, FZD7, FZD8, FZD9, and
FZD10. In some embodiments, FZD-binding agent binds one or more FZD proteins comprising FZD1,
FZD2, FZD5, FZD7, and/or FZD8. In certain embodiments, FZD-binding agent binds FZD7. In certain
embodiments, FZD-binding agent binds FZD5 and/or FZD8. In certain embodiments, the FZD-binding
agent specifically binds FZD1, FZD2, FZDS5, FZD7, and FZD8. Non-limiting examples of FZD-binding
agents can be found in U.S. Patent No. 7,982,013.

[0082] In certain embodiments, the FZD-binding agent is a FZD antagonist. In certain embodiments,
the FZD-binding agent is a Wnt pathway antagonist. In certain embodiments, the FZD-binding agent
inhibits Wnt signaling. In some embodiments, the FZD-binding agent inhibits canonical Wnt signaling.
[0083} In some embodiments, the FZD-binding agents are antibodies. In some embodiments, the
FZD-binding agents are polypeptides. In certain embodiments, the FZD-binding agent is an antibody or a
polypeptide comprising an antigen-binding site. In certain embodiments, an antigen-binding site of a
FZD-binding antibody or polypeptide described herein is capable of binding (or binds) one, two, three,
four, five, or more human FZD proteins. In certain embodiments, an antigen-binding site of the FZD-
binding antibody or polypeptide is capable of specifically binding one, two, three, four, or five human
FZD proteins selected from the group consisting of FZD1, FZD2, FZD3, FZD4, FZD5, FZD6, FZD',
FZD8, FZD9 and FZD10. In some embodiments, when the FZD-binding agent is an antibody that binds
more than one FZD protein, it may be referred to as a “pan-FZD antibody”.

[0084] In certain embodiments, the FZD-binding agent (e.g., antibody) specifically binds the
extracellular domain (ECD) within the one or more human FZD proteins to which it binds. In certain
embodiments, the FZD-binding agent specifically binds within the Fri domain (also known as the
cysteine-rich domain (CRD)) of the human FZD protein to which it binds. Sequences of the Fri domain
of each of the human FZD proteins are known in the art and are provided as SEQ ID NO:13 (FZD1), SEQ
ID NO:14 (FZD2), SEQ ID NO:15 (FZD3), SEQ ID NO:16 (FZD4), SEQ ID NO:17 (FZDs), SEQ ID
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NO:18 (FZD6), SEQ ID NO:19 (FZD7), SEQ ID NO:20 (FZD), SEQ ID NO:21 (FZD9), and SEQ ID
NO:22 (FZD10).

[0085] In certain embodiments, the FZD-binding agent binds one, two, three, four, five, or more FZD
proteins. In some embodiments, the FZD-binding agent specifically binds one, two, three, four, or five
FZD proteins selected from the group consisting of FZD1, FZD2, FZD5, FZD7, and FZD8. In some
embodiments, the FZD-binding agent specifically binds at least FZD5 and FZD8.

[0086] In some embodiments, the FZD-binding agent binds at least one human FZD protein with a
dissociation constant (Kp) of about 1uM or less, about 100nM or less, about 40nM or less, about 20nM or
less, about 10nM or less, about 1nM or less, or about 0.1nM or less. In some embodiments, a FZD-
binding agent binds at least one FZD protein with a Kp of about 10nM or less. In some embodiments, a
FZD-binding agent binds at least one FZD protein with a K, of about 1nM or less. In some embodiments,
a FZD-binding agent binds at least one FZD protein with a Kp of about 0.1nM or less. In certain
embodiments, a FZD-binding agent binds each of one or more (e.g., 1, 2, 3, 4, or 5) of FZD1, FZD2,
FZDS, FZD7, and FZD8 with a Ky of about 40nM or less. In certain embodiments, the FZD-binding
agent binds to each of one or more of FZD1, FZD2, FZD5, FZD7, and FZD8 with a Kp of about 10nM or
less. In certain embodiments, the FZD-binding agent binds each of FZDI1, FZD2, FZDS5, FZD7, and
FZD8 with a Kp, of about 10nM. In some embodiments, the Ky, of the binding agent (e.g., an antibody) to
a FZD protein is the K determined using a FZD-Fc fusion protein comprising at least a portion of the
FZD extracellular domain or FZD-Fri domain immobilized on a Biacore chip.

[0087] In certain embodiments, the FZD-binding agent binds one or more (for example, two or more,
three or more, or four or more) human FZD proteins with an ECs, of about 1M or less, about 100nM or
less, about 40nM or less, about 20nM or less, about 10nM or less, or about 1nM or less. In certain
embodiments, a FZD-binding agent binds to more than one FZD protein with an ECs of about 40nM or
less, about 20nM or less, or about 10nM or less. In certain embodiments, the FZD-binding agent has an
ECso of about 20nM or less with respect to one or more (e.g., 1, 2, 3, 4, or 5) of the following FZD
proteins: FZD1, FZD2, FZD5, FZD7, and FZD8. In certain embodiments, the FZD-binding agent has an
ECs; of about 10nM or less with respect to one or more (e.g., 1, 2, 3, 4, or 5) of the following FZD
proteins: FZD1, FZD2, FZD5, FZD7, and FZD8. In certain embodiments, the FZD-binding agent has an
ECs, of about 40nM or less or 20nM or less with respect to binding of FZDS5 and/or FZDS8.

[0088] In certain embodiments, the Wnt pathway inhibitor is a FZD-binding agent which is an
antibody. In some embodiments, the antibody is a recombinant antibody. In some embodiments, the
antibody is a monoclonal antibody. In some embodiments, the antibody is a chimeric antibody. In some
embodiments, the antibody is a humanized antibody. In some embodiments, the antibody is a human
antibody. In certain embodiments, the antibody is an IgGl antibody. In certain embodiments, the

antibody is an IgG2 antibody. In certain embodiments, the antibody is an antibody fragment comprising
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an antigen-binding site. In some embodiments, the antibody is monovalent, monospecific, or bivalent. In
some embodiments, the antibody is a bispecific antibody or a multispecific antibody. In some
embodiments, the antibody is conjugated to a cytotoxic moiety. In some embodiments, the antibody is
isolated. In some embodiments, the antibody is substantially pure.

[0089] The FZD-binding agents (e.g., antibodies) of the present invention can be assayed for specific
binding by any method known in the art. The immunoassays which can be used include, but are not
limited to, competitive and non-competitive assay systems using techniques such as Biacore analysis,
FACS analysis, immunofluorescence, immunocytochemistry, Western blot analysis, radioimmunoassays,
ELISA, “sandwich” immunoassays, immunoprecipitation assays, precipitation reactions, gel diffusion
precipitin reactions, immunodiffusion assays, agglutination assays, complement-fixation assays,
immunoradiometric assays, fluorescent immunoassays, and protein A immunoassays. Such assays are
routine and well-known in the art (see, e.g., Ausubel et al., Editors, 1994-present, Current Protocols in
Molecular Biology, John Wiley & Sons, Inc., New York, NY).

[0090] For example, the specific binding of an antibody to a human FZD protein may be determined
using ELISA. An ELISA assay comprises preparing antigen, coating wells of a 96 well microtiter plate
with antigen, adding to the well the FZD-binding agent (e.g., an antibody) conjugated to a detectable
compound such as an enzymatic substrate (e.g. horseradish peroxidase or alkaline phosphatase),
incubating for a period of time and detecting the presence of the FZD-binding agent bound to the antigen.
In some embodiments, the FZD-binding antibody or agent is not conjugated to a detectable compound,
but instead a second conjugated antibody that recognizes the FZD-binding antibody or agent (e.g., an anti-
Fc antibody) is added to the well. In some embodiments, instead of coating the well with the antigen, the
FZD-binding antibody or agent can be coated to the well and a second antibody conjugated to a detectable
compound can be added following the addition of the antigen to the coated well. One of skill in the art
would be knowledgeable as to the parameters that can be modified to increase and/or optimize the signal
detected as well as other variations of ELISAs that may be used.

[0091] In another example, the specific binding of an antibody to a human FZD protein may be
determined using FACS. A FACS screening assay may comprise generating a cDNA construct that
expresses an antigen as a fusion protein, transfecting the construct into cells, expressing the antigen on the
surface of the cells, mixing the FZD-binding antibody or other FZD-binding agent with the transfected
cells, and incubating for a period of time. The cells bound by a FZD-binding antibody or other FZD-
binding agent may be identified by using a secondary antibody conjugated to a detectable compound (e.g.,
PE-conjugated anti-Fc antibody) and a flow cytometer. One of skill in the art would be knowledgeable as
to the parameters that can be modified to optimize the signal detected as well as other variations of FACS

that may enhance screening (e.g.. screening for blocking antibodies).
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[0092] The binding affinity of an antibody or other binding-agent to an antigen (e.g., a FZD protein)
and the off-rate of an antibody-antigen interaction can be determined by competitive binding assays. One
example of a competitive binding assay is a radioimmunoassay comprising the incubation of labeled
antigen (e.g., "H or '?’I), or fragment or variant thereof, with the antibody of interest in the presence of
increasing amounts of unlabeled antigen followed by the detection of the antibody bound to the labeled
antigen. The affinity of the antibody for an antigen (e.g., a FZD protein) and the binding off-rates can be
determined from the data by Scatchard plot analysis. In some embodiments, Biacore kinetic analysis is
used to determine the binding on and off rates of antibodies or agents that bind an antigen (e.g., a FZD
protein). Biacore kinetic analysis comprises analyzing the binding and dissociation of antibodies from
chips with immobilized antigen (e.g., a FZD protein) on their surface.

[0093] In certain embodiments, the invention provides a Wnt pathway inhibitor which is a FZD-
binding agent (e.g., an antibody) that comprises a heavy chain CDR1 comprising GFTFSHYTLS (SEQ ID
NO:1), a heavy chain CDR2 comprising VISGDGSYTYYADSVKG (SEQ ID NO:2), and a heavy chain
CDR3 comprising NFIKYVFAN (SEQ ID NO:3). In some embodiments, the FZD-binding agent further
comprises a light chain CDR1 comprising SGDNIGSFYVH (SEQ ID NO:4), a light chain CDR2
comprising DKSNRPSG (SEQ ID NO:5), and a light chain CDR3 comprising QSYANTLSL (SEQ ID
NO:6). In some embodiments, the FZD-binding agent' comprises a light chain CDR1 comprising
SGDNIGSFYVH (SEQ ID NO:4), a light chain CDR2 comprising DKSNRPSG (SEQ ID NO:5), and a
light chain CDR3 comprising QSYANTLSL (SEQ ID NO:6). In certain embodiments, the FZD-binding
agent comprises: (a) a heavy chain CDR1 comprising GFTFSHYTLS (SEQ ID NO:1), a heavy chain
CDR2 comprising VISGDGSYTYYADSVKG (SEQ ID NO:2), and a heavy chain CDR3 comprising
NFIKYVFAN (SEQ ID NO:3), and (b) a light chain CDR1 comprising SGDNIGSFYVH (SEQ ID NO:4),
a light chain CDR2 comprising DKSNRPSG (SEQ ID NO:5), and a light chain CDR3 comprising
QSYANTLSL (SEQ ID NO:6).

[0094] In certain embodiments, the invention provides a FZD-binding agent (e.g., an antibody) that
comprises: (a) a heavy chain CDR1 comprising GFTFSHYTLS (SEQ ID NO:1), or a variant thereof
comprising 1, 2, 3, or 4 amino acid substitutions; (b) a heavy chain CDR2 comprising
VISGDGSYTYYADSVKG (SEQ ID NO:2), or a variant thereof comprising 1, 2, 3, or 4 amino acid
substitutions; (c) a heavy chain CDR3 comprising NFIKYVFAN (SEQ ID NO:3), or a variant thereof
comprising 1, 2, 3, or 4 amino acid substitutions; (d) a light chain CDR1 comprising SGDNIGSFYVH
(SEQ ID NO:4), or a variant thereof comprising 1, 2, 3, or 4 amino acid substitutions; (e) a light chain
CDR2 comprising DKSNRPSG (SEQ ID NO:5), or a variant thereof comprising 1, 2, 3, or 4 amino acid
substitutions; and (f) a light chain CDR3 comprising QSYANTLSL (SEQ ID NO:6), or a variant thereof
comprising 1, 2, 3, or 4 amino acid substitutions. In certain embodiments, the amino acid substitutions are

conservative substitutions.



WO 2014/121196 PCT/US2014/014443
-23-

[0095] In certain embodiments, the invention provides a FZD-binding agent (e.g., an antibody) that
comprises a heavy chain variable region having at least about 80% sequence identity to SEQ ID NO:7,
and/or a light chain variable region having at least 80% sequence identity to SEQ ID NO:8. In certain
embodiments, the FZD-binding agent comprises a heavy chain variable region having at least about 85%,
at least about 90%, at least about 95%, at least about 97%, or at least about 99% sequence identity to SEQ
ID NO:7. In certain embodiments, the FZD-binding agent comprises a light chain variable region having
at least about 85%, at least about 90%, at least about 95%, at least about 97%, or at least about 99%
sequence identity to SEQ ID NO:8. In certain embodiments, the FZD-binding agent comprises a heavy
chain variable region having at least about 95% sequence identity to SEQ ID NO:7, and/or a light chain
variable region having at least about 95% sequence identity to SEQ ID NO:8. In certain embodiments,
the FZD-binding agent comprises a heavy chain variable region comprising SEQ ID NO:7 and/or a light
chain variable region comprising SEQ ID NO:8. In certain embodiments, the FZD-binding agent
comprises a heavy chain variable region comprising SEQ ID NO:7 and a light chain variable region
comprising SEQ ID NO:8. In certain embodiments, the FZD-binding agent comprises a heavy chain
variable region consisting essentially of SEQ ID NO:7 and a light chain variable region consisting
essentially of SEQ ID NO:8.

[0096] In certain embodiments, the invention provides a FZD-binding agent (e.g., an antibody) that
comprises: (a) a heavy chain having at least 90% sequence identity to SEQ ID NO:9 (with or without the
signal sequence) or SEQ ID NO:11; and/or (b) a light chain having at least 90% sequence identity to SEQ
ID NO:10 (with or without the signal sequence) or SEQ ID NO:12. In some embodiments, the FZD-
binding agent comprises: (a) a heavy chain having at least 95% sequence identity to SEQ ID NO:9 (with
or without the signal sequence) or SEQ ID NO:11; and/or (b) a light chain having at least 95% sequence
identity to SEQ ID NO:10 (with or without the signal sequence) or SEQ ID NO:12. In some
embodiments, the FZD-binding agent comprises a heavy chain comprising SEQ ID NO:9 (with or without
the signal sequence) or SEQ ID NO:11, and/or a light chain comprising SEQ ID NO:10 (with or without
the signal sequence) or SEQ ID NO:12. In some embodiments, the FZD-binding agent comprises a heavy
chain comprising SEQ ID NO:11 and a light chain comprising SEQ ID NO:12. In some embodiments,
the FZD-binding agent comprises a heavy chain consisting essentially of amino acids 20-463 of SEQ ID
NO:9 and a light chain consisting essentially of amino acids 20-232 of SEQ ID NO:10. In some
embodiments, the FZD-binding agent comprises a heavy chain consisting essentially of SEQ ID NO:11
and a light chain consisting essentially of SEQ ID NO:12.

[0097] In certain embodiments, the invention provides a Wnt pathway inhibitor which is a FZD-
binding agent (e.g., an antibody) that specifically binds at least one of FZD1, FZD2, FZD5, FZD7 and/or
FZD8, wherein the FZD-binding agent (e.g., an antibody) comprises one, two, three, four, five, and/or six

of the CDRs of antibody OMP-18R5. Antibody OMP-18R5 (also known as 18RS and vantictumab), as
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well as other FZD-binding agents, has been previously described in U.S. Patent No. 7,982,013. DNA
encoding the heavy chain and light chain of the OMP-18R5 IgG2 antibody was deposited with the ATCC,
under the conditions of the Budapest Treaty on September 29, 2008, and assigned ATCC deposit
designation number PTA-9541. In some embodiments, the FZD-binding agent comprises one or more of
the CDRs of OMP-18R5, two or more of the CDRs of OMP-18R5, three or more of the CDRs of OMP-
18RS5, four or more of the CDRs of OMP-18R35, five or more of the CDRs of OMP-18R5, or all six of the
CDRs of OMP-18RS5.

[0098] The invention provides polypeptides which are Wnt pathway inhibitors. The polypeptides
include, but are not limited to, antibodies that specifically bind human FZD proteins. In some
embodiments, a polypeptide binds one or more FZD proteins selected from the group consisting of FZD1,
FZD2, FZD3, FZD4, FZDS5, FZD6, FZD7, FZD8, FZD9, and FZD10. In some embodiments, a
polypeptide binds FZD1, FZD2, FZD5, FZD7, and/or FZD8. In some embodiments, a polypeptide binds
FZD1, FZD2, FZD5, FZD7, and FZD8.

[0099] In certain embodiments, a polypeptide comprises one, two, three, four, five, and/or six of the
CDRs of antibody OMP-18RS. In some embodiments, a polypeptide comprises CDRs with up to four
(i.e., 0, 1, 2, 3, or 4) amino acid substitutions per CDR. In certain embodiments, the heavy chain CDR(s)
are contained within a heavy chain variable region. In certain embodiments, the light chain CDR(s) are
contained within a light chain variable region.

[0100] In some embodiments, the invention provides a polypeptide that specifically binds one or
more human FZD proteins, wherein the polypeptide comprises an amino acid sequence having at least
about 80% sequence identity to SEQ ID NO:7, and/or an amino acid sequence having at least about 80%
sequence identity to SEQ ID NO:8. In certain embodiments, the polypeptide comprises an amino acid
sequence having at least about 85%, at least about 90%, at least about 95%, at least about 97%, or at least
about 99% sequence identity to SEQ ID NO:7. In certain embodiments, the polypeptide comprises an
amino acid sequence having at least about 85%, at least about 90%, at least about 95%, at least about
97%, or at least about 99% sequence identity to SEQ ID NO:8. In certain embodiments, the polypeptide
comprises an amino acid sequence having at least about 95% sequence identity to SEQ ID NO:7, and/or
an amino acid sequence having at least about 95% sequence identity to SEQ ID NO:8. In certain
embodiments, the polypeptide comprises an amino acid sequence comprising SEQ ID NO:7, and/or an
amino acid sequence comprising SEQ ID NO:8.

[0101] In some embodiments, a FZD-binding agent comprises a polypeptide comprising a sequence
selected from the group consisting of: SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ
ID NO:11, and SEQ ID NO:12.

[0102] In certain embodiments, a FZD-binding agent comprises the heavy chain variable region and

light chain variable region of the OMP-18R5 antibody. In certain embodiments, a FZD-binding agent
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comprises the heavy chain and light chain of the OMP-18R5 antibody (with or without the leader
sequence).

{0103] In certain embodiments, a FZD-binding agent comprises, consists essentially of, or consists
of, the antibody OMP-18RS5.

[0104] In certain embodiments, a FZD-binding agent (e.g., antibody) competes for specific binding
to one or more human FZD proteins with an antibody that comprises a heavy chain variable region
comprising SEQ ID NO:7 and a light chain variable region comprising SEQ ID NO:8. In certain
embodiments, a FZD-binding agent (e.g., antibody) competes for specific binding to one or more human
FZD proteins with an antibody that comprises a heavy chain comprising SEQ ID NO:9 (with or without
the signal sequence) and a light chain comprising SEQ ID NO:10 (with or without the signal sequence).
In certain embodiments, a FZD-binding agent (e.g., antibody) competes for specific binding to one or
more human FZD proteins with an antibody that comprises a heavy chain comprising SEQ ID NO:11 and
a light chain comprising SEQ ID NO:12. In certain embodiments, a FZD-binding agent (e.g., antibody)
competes for specific binding to one or more human FZD proteins with an antibody that comprises a
heavy chain variable region and a light chain variable region encoded by the plasmid deposited with
ATCC having deposit no. PTA-9541. In certain embodiments, a FZD-binding agent competes with
antibody OMP-18R5 for specific binding to one or more human FZD proteins. In some embodiments, a
FZD-binding agent or antibody competes for specific binding to one or more human FZD proteins in an in
vitro competitive binding assay.

[0105] In certain embodiments, a FZD-binding agent (e.g., an antibody) binds the same epitope, or
essentially the same epitope, on one or more human FZD proteins as an antibody of the invention. In
another embodiment, a FZD-binding agent is an antibody that binds an epitope on one or more human
FZD proteins that overlaps with the epitope on a FZD protein bound by an antibody of the invention. In
certain embodiments, a FZD-binding agent (e.g., an antibody) binds the same epitope, or essentially the
same epitope, on one or more FZD proteins as antibody OMP-18RS. ' In another embodiment, the FZD-
binding agent is an antibody that binds an epitope on one or more human FZD proteins that overlaps with
the epitope on a FZD protein bound by antibody OMP-18RS.

[0106] In certain embodiments, the Wnt pathway inhibitors are agents that bind one or more human
Wat proteins. These agents are referred to herein as “Wnt-binding agents”. In certain embodiments, the
agents specifically bind one, two, three, four, five, six, seven, eight, nine, ten, or more Wnt proteins. In
some embodiments, the Wnt-binding agents bind one or more human Wnt proteins selected from the
group consisting of Wntl, Wnt2, Wnt2b, Wnt3, Wnt3a, Wnt4, Wnt5a, Wnt5b, Wnt6, Wnt7a, Wnt7b,
Whnt8a, Wnt8b, Wnt9a, Wnt9b, Wntl10a, Wnt10b, Wntl1, and Wntl6. In certain embodiments, a Wnt-
binding agent binds one or more (or two or more, three or more, four or more, five or more, etc.) Wnt

proteins selected from the group consisting of Wntl, Wnt2, Wnt2b, Wnt3, Wnt3a, Wnt7a, Wnt7b, Wnt8a,
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Wnt8b, Wnt10a, and Wnt10b. In certain embodiments, the one or more (or two or more, three or more,
four or more, five or more, etc.) Wnt proteins are selected from the group consisting of Wntl, Wnt2,
Wnt2b, Wnt3, Wnt3a, Wnt8a, Wnt8b, Wnt10a, and Wnt10b.

[0107] In certain embodiments, the Wnt-binding agent is a Wnt antagonist. In certain embodiments,
the Wnt-binding agent is a Wnt pathway antagonist. In certain embodiments, the Wnt-binding agent
inhibits Wnt signaling. In some embodiments, the Wnt-binding agent inhibits canonical Wnt signaling.
[0108] In some embodiments, the Wnt-binding agent is an antibody. In some embodiments, the
Whit-binding agent is a polypeptide. In certain embodiments, the Wnt-binding agent is an antibody or a
polypeptide comprising an antigen-binding site. In certain embodiments, an antigen-binding site of a
Wht-binding antibody or polypeptide described herein is capable of binding (or binds) one, two, three,
four, five, or more human Wnt proteins. In certain embodiments, an antigen-binding site of the Wnt-
binding antibody or polypeptide is capable of specifically binding one, two, three, four, or five human
Wht proteins selected from the group consisting of Wntl, Wnt2, Wnt2b, Wnt3, Wnt3a, Wnt7a, Wnt7b,
Wnt8a, Wnt8b, Wnt10a, and Wntl0b. Non-limiting examples of Wnt-binding agents can be found in
International Publication WO 2011/088127.

[0109] In certain embodiments, a Wnt-binding agent binds to the C-terminal cysteine rich domain of
one or more human Wnt proteins. In certain embodiments, the Wnt-binding agent binds a domain within
the one or more Wnt proteins to which the agent or antibody binds that is selected from the group
consisting of: SEQ ID NO:46 (Wntl), SEQ ID NO:47 (Wnt2), SEQ ID NO:48 (Wnt2b), SEQ ID NO:49
(Wnt3), SEQ ID NO:50 (Wnt3a), SEQ ID NO:51 (Wnt7a), SEQ ID NO:52 (Wnt7b), SEQ ID NO:53
(Wnt8a), SEQ ID NO:54 (Wnt8b), SEQ ID NO:55 (Wntl0a), and SEQ ID NO:56 (Wnt10b).

[0110] In certain embodiments, the Wnt-binding agent binds one or more (e.g., two or more, three or
more, or four or more) Wnt proteins with a Kp, of about 1uM or less, about 100nM or less, about 40nM or
less, about 20nM or less, or about 10nM or less. For example, in certain embodiments, a Wnt-binding
agent described herein that binds more than one Wnt protein, binds those Wnt proteins with a K, of about
100nM or less, about 20nM or less, or about 10nM or less. In certain embodiments, the Wnt-binding
agent binds each of one or more (e.g., 1, 2, 3, 4, or 5) Wnt proteins with a Kp of about 40nM or less,
wherein the Wt proteins are selected from the group consisting of: Wntl, Wnt2, Wnt2b, Wnt3, Wnt3a,
Wnt7a, Wnt7b, Wnt8a, Wnt8b, Wnt10a, and Wnt10b. In some embodiments, the Ky of the binding agent
(e.g., an antibody) to a Wnt protein is the Kp determined using a Wnt fusion protein comprising at least a
portion of the Wnt C-terminal cysteine rich domain immobilized on a Biacore chip.

[0111] In certain embodiments, the Wnt-binding agent binds one or more (for example, two or more,
three or more, or four or more) human Wnt proteins with an ECs, of about 1pM or less, about 100nM or
less, about 40nM or less, about 20nki or less, about 10nM or less, or about 1nM or less. In certain

embodiments, a Wnt-binding agent binds to more than one Wnt with an ECs, of about 40nM or less, about
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20nM or less, or about 10nM or less. In certain embodiments, the Wnt-binding agent has an ECs, of
about 20nM or less with respect to one or more (e.g., 1, 2, 3, 4, or 5) of Wnt proteins Wnt1, Wnt2, Wnt2b,
Wnt3, Wnt3a, Wnt4, Wnt5a, Wnt5b, Wnt6, Wnt7a, Wnt7b, Wnt8a, Wnt8b, Wnt9a, Wnt9b, Wntl0a,
Wnt10b, Wntl1, and/or Wnt16. In certain embodiments, the Wnt-binding agent has an ECs, of about
10nM or less with respect to one or more (e.g., 1, 2, 3, 4, or 5) of the following Wnt proteins Wntl, Wnt2,
Wnt2b, Wnt3, Wnt3a, Wnt8a, Wnt8b, Wnt10a, and/or Wnt10b.

[0112] In certain embodiments, the Wnt pathway inhibitor is a Wnt-binding agent which is an
antibody. In some embodiments, the antibody is a recombinant antibody. In some embodiments, the
antibody is a monoclonal antibody. In some embodiments, the antibody is a chimeric antibody. In some
embodiments, the antibody is a humanized antibody. In some embodiments, the antibody is a human
antibody. In certain embodiments, the antibody is an IgGl antibody. In certain embodiments, the
antibody is an IgG2 antibody. In certain embodiments, the antibody is an antibody fragment comprising
an antigen-binding site. In some embodiments, the antibody is monovalent, monospecific, or bivalent. In
some embodiments, the antibody is a bispecific antibody or a multispecific antibody. In some
embodiments, the antibody is conjugated to a cytotoxic moiety. In some embodiments, the antibody is
isolated. In some embodiments, the antibody is substantially pure.

[0113] The Wnt-binding agents (e.g., antibodies) of the present invention can be assayed for specific
binding by any method known in the art as described herein for FZD-binding agents.

[0114] For example, the specific binding of an antibody to a human Wnt protein may be determined
using ELISA. An ELISA assay comprises preparing antigen, coating wells of a 96 well microtiter plate
with antigen, adding to the well the Wnt-binding agent (e.g., an antibody) conjugated to a detectable
compound such as an enzymatic substrate (e.g. horseradish peroxidase or alkaline phosphatase),
incubating for a period of time and detecting the presence of the Wnt-binding agent bound to the antigen.
In some embodiments, the Wnt-binding antibody or agent is not conjugated to a detectable compound, but
instead a second conjugated antibody that recognizes the Wnt-binding antibody or agent (e.g., an anti-Fc
antibody) is added to the well. In some embodiments, instead of coating the well with the antigen, the
Want-binding antibody or agent can be coated to the well and a second antibody conjugated to a detectable
compound can be added following the addition of the antigen to the coated well. One of skill in the art
would be knowledgeable as to the parameters that can be modified to increase and/or optimize the signal
detected as well as other variations of ELISAs that may be used.

[0115] In another example, the specific binding of an antibody to a human Wnt protein may be
determined using FACS. A FACS screening assay may comprise generating a cDNA construct that
expresses an antigen as a fusion protein, transfecting the construct into cells, expressing the antigen on the
surface of the cells, mixing the Wnt-binding antibody with the transfected cells, and incubating for a

period of time. The cells bound by the Wnt-binding antibody may be identified by using a secondary
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antibody conjugated to a detectable compound (e.g., PE-conjugated anti-Fc antibody) and a flow
cytometer. One of skill in the art would be knowledgeable as to the parameters that can be modified to
optimize the signal detected as well as other variations of FACS that may enhance screening (e.g.,
screening for blocking antibodies).

[0116] The binding affinity of a Wnt-binding agent to an antigen (e.g., a Wnt protein) and the off-
rate of an antibody-antigen interaction can be determined by competitive binding assays such as those
described above for FZD-binding agents.

[0117] In certain embodiments, the Wnt-binding agent is a soluble receptor. In certain embodiments,
the Wnt-binding agent comprises the extracellular domain of a FZD receptor protein. In some
embodiments, the Wnt-binding agent comprises a Fri domain of a FZD protein. In some embodiments, a
soluble receptor comprising a FZD Fri domain can demonstrate altered biological activity (e.g., increased
protein half-life) compared to a soluble receptor comprising the entire FZD ECD. Protein half-life can be
further increased by covalent modification with polyethylene glycol (PEG) or polyethylene oxide (PEO).
In certain embodiments, the FZD protein is a human FZD protein. In certain embodiments, the human
FZD protein is FZD1, FZD2, FZD3, FZD4, FZD5, FZD6, FZD7, FZD8, FZD9, or FZD10. Non-limiting
examples of soluble FZD receptors can be found in U.S. Patent Nos. 7,723,477 and 7,947,277; and U.S.
Patent Publication No. 2011/0305695.

[0118] The predicted Fri domains for each of the human FZD1-10 proteins are provided as SEQ ID
NOs:13-22. The predicted minimal Fri domains for each of the human FZD1-10 proteins are provided as
SEQ ID NOs:23-32. Those of skill in the art may differ in their understanding of the exact amino acids
corresponding to the various Fri domains. Thus, the N-terminus and/or C-terminus of the domains
outlined above and herein may extend or be shortened by 1, 2, 3,4, 5, 6, 7, 8, 9, or even 10 amino acids.
[0119] In certain embodiments, the Wnt-binding agent comprises a Fri domain of a human FZD
protein, or a fragment or variant of the Fri domain that binds one or more human Wnt proteins. In certain
embodiments, the human FZD protein is FZD1, FZD2, FZD3, FZD4, FZD5, FZD6, FZD7, FZD8, FZD9,
or FZD10. In certain embodiments, the human FZD protein is FZD4. In certain embodiments, the human
FZD protein is FZD5. In certain embodiments, the human FZD protein is FZD8. In certain embodiments,
the human FZD protein is FZD10. In certain embodiments, the FZD protein is FZD4 and the Wnt-
binding agent comprises SEQ ID NO:16. In certain embodiments, the FZD protein is FZDS5 and the Wnt-
binding agent comprises SEQ ID NO:17. In certain embodiments, the FZD protein is FZD7 and the Wnt-
binding agent comprises SEQ ID NO:19. In certain embodiments, the FZD protein is FZD8 and the Wnt-
binding agent comprises SEQ ID NO:20. In certain embodiments, the FZD protein is FZD10 and the
Whnt-binding agent comprises SEQ ID NO:22. In certain embodiments, the FZD protein is FZD8 and the
Wnt-binding agent.comprises SEQ ID NO:33.
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[0120] In some embodiments, the Wnt-binding agent comprises a Fri domain comprising the
minimal Fri domain of FZD1 (SEQ ID NO:23), the minimal Fri domain of FZD2 (SEQ ID NO:24), the
minimal Fri domain of FZD3 (SEQ ID NO:25), the minimal Fri domain of FZD4 (SEQ ID NO:26), the
minimal Fri domain of FZD5 (SEQ ID NO:27), the minimal Fri domain of FZD6 (SEQ ID NO:28), the
minimal Fri domain of FZD7 (SEQ ID NO:29), the minimal Fri domain of FZD8 (SEQ ID NO:30), the
minimal Fri domain of FZD9 (SEQ ID NO:31), or the minimal Fri domain of FZD10 (SEQ ID NO:32).
In some embodiments, the Wnt-binding agent comprises a Fri domain comprising the minimal Fri domain
of FZD8 (SEQ ID NO:30).

[0121] In some embodiments, the Wnt-binding agent comprises a Fri domain consisting essentially
of the Fri domain of FZD1, the Fri domain of FZD2, the Fri domain of FZD3, the Fri domain of FZDA4,
the Fri domain of FZD5, the Fri domain of FZD6, the Fri domain of FZD7, the Fri domain of FZD8, the
Fri domain of FZD9, or the Fri domain of FZD10. In some embodiments, the Wnt-binding agent
comprises a Fri domain consisting essentially of the Fri domain of FZD8.

[0122] In some embodiments, the Wnt-binding agent comprises a sequence selected from the group
consisting of: SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID
NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID
NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID
NO:30, SEQ ID NO:31, SEQ ID NO:32, and SEQ ID NO:33. In some embodiments, the Wnt-binding
agent comprises a Fri domain consisting essentially of SEQ ID NO:20. In some embodiments, the Wnt-
binding agent comprises a Fri domain consisting essentially of SEQ ID NO:33.

[0123] In certain embodiments, the Wnt-binding agent comprises a variant of any one of the
aforementioned FZD Fri domain sequences that comprises one or more (e.g., one, two, three, four, five,
six, seven, eight, nine, ten, etc.) conservative substitutions and is capable of binding Wnt protein(s).
[0124] In certain embodiments, a Wnt-binding agent, such as an agent comprising a Fri domain of a
human FZD receptor, further comprises a non-FZD polypeptide. In some embodiments, a FZD soluble
receptor may include FZD ECD or Fri domains linked to other non-FZD functional and structural
polypeptides including, but not limited to, a human Fc region, protein tags (e.g., myc, FLAG, GST), other
endogenous proteins or protein fragments, or any other useful protein sequence including any linker
region between a FZD ECD or Fri domain and a second polypeptide. In certain embodiments, the non-
FZD polypeptide comprises a human Fe region. The Fc region can be obtained from any of the classes of
immunoglobulin, IgG, IgA, IgM, IgD and IgE. In some embodiments, the Fc region is a human IgGl Fe
region. In some embodiments, the Fc region is a human IgG2 Fc region. In some embodiments, the Fe
region is a wild-type Fc region. In some embodiments, the Fc region is a mutated Fc region. In some
embodiments, the Fc region is truncated at the N-terminal end by 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino

acids, (e.g., in the hinge domain). In some embodiments, an amino acid in the hinge domain is changed to
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hinder undesirable disulfide bond formation. In some embodiments, a cysteine is replaced with a serine to
hinder or block undesirable disulfide bond formation. In some embodiments, the Fc region is truncated at
the C-terminal end by 1, 2, 3, or more amino acids. In some embodiments, the Fc region is truncated at
the C-terminal end by 1 amino acid. In certain embodiments, the non-FZD polypeptide comprises SEQ
ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38. In certain embodiments,
the non-FZD polypeptide consists essentially of SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID
NO:37, or SEQ ID NO:38. In certain embodiments, the non-FZD polypeptide consists essentially of SEQ
ID NO:36 or SEQ ID NO:37.

[0125] In certain embodiments, a Wnt-binding agent is a fusion protein comprising at least a minimal
Fri domain of a FZD receptor and a Fc region. As used herein, a “fusion protein” is a hybrid protein
expressed by a nucleic acid molecule comprising nucleotide sequences of at least two genes. In some
embodiments, the C-terminus of the first polypeptide is linked to the N-terminus of the immunoglobulin
Fc region. In some embodiments, the first polypeptide (e.g., a FZD Fri domain) is directly linked to the
Fc region (i.e. without an intervening linker). In some embodiments, the first polypeptide is linked to the
Fc region via a linker.

[0126] As used herein, the term “linker” refers to a linker inserted between a first polypeptide (e.g., a
FZD component) and a second polypeptide (e.g., a Fc region). In some embodiments, the linker is a
peptide linker. Linkers should not adversely affect the expression, secretion, or bioactivity of the
polypeptide. Linkers should not be antigenic and should not elicit an immune response. Suitable linkers
are known to those of skill in the art and often include mixtures of glycine and serine residues and often
include amino acids that are sterically unhindered. Other amino acids that can be incorporated into useful
linkers include threonine and alanine residues. Linkers can range in length, for example from 1-50 amino
acids in length, 1-22 amino acids in length, 1-10 amino acids in length, 1-5 amino acids in length, or 1-3
amino acids in length. Linkers may include, but are not limited to, SerGly, GGSG, GSGS, GGGS,
S(GGS)n where n is 1-7, GRA, poly(Gly), poly(Ala), ESGGGGVT (SEQ ID NO:57), LESGGGGVT
(SEQ ID NO:58), GRAQVT (SEQ ID NO:59), WRAQVT (SEQ ID NO:60), and ARGRAQVT (SEQ ID
NO:61). As used herein, a linker is an intervening peptide sequence that does not include amino acid
residues from either the C-terminus of the first polypeptide (e.g., a FZD Fri domain) or the N-terminus of
the second polypeptide (e.g., the Fc region).

[0127] In some embodiments, the Wnt-binding agent comprises a FZD Fri domain, a Fc region and a
linker connecting the FZD Fri domain to the Fc region. In some embodiments, the FZD Fri domain
comprises SEQ ID NO:20, SEQ ID NO:30, or SEQ ID NO:33. In some embodiments, the linker
comprises ESGGGGVT (SEQ ID NO:57) or LESGGGGVT (SEQ ID NO:58).

[0128] In some embodiments, the Wnt-binding agent comprises a first polypeptide comprising SEQ
ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID
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NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID
NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID
NO:31, SEQ ID NO:32, or SEQ ID NO:33; and a second polypeptide comprising SEQ ID NO:34, SEQ ID
NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38, wherein the first polypeptide is directly
linked to the second polypeptide. In some embodiments, the Wnt-binding agent comprises a first
polypeptide comprising SEQ ID NO:20 and a second polypeptide comprising SEQ ID NO:34, SEQ ID
NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38. In some embodiments, the Wnt-binding
agent comprises a first polypeptide comprising SEQ ID NO:20 and a second polypeptide comprising SEQ
ID NO:36 or SEQ ID NO:37. In some embodiments, the Wnt-binding agent comprises a first polypeptide
consisting essentially of SEQ ID NO:20 and a second polypeptide consisting essentially of SEQ ID
NO:36 or SEQ ID NO:37. In some embodiments, the Wnt-binding agent comprises a first polypeptide
comprising SEQ ID NO:30 and a second polypeptide comprising SEQ ID NO:34, SEQ ID NO:35, SEQ
ID NO:36, SEQ ID NO:37, or SEQ ID NO:38. In some embodiments, the Wnt-binding agent comprises a
first polypeptide comprising SEQ ID NO:30 and a second polypeptide comprising SEQ ID NO:36 or SEQ
ID NO:37. In some embodiments, the Wnt-binding agent comprises a first polypeptide comprising SEQ
ID NO:33 and a second polypeptide comprising SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID
NO:37, or SEQ ID NO:38. In some embodiments, the Wnt-binding agent comprises a first polypeptide
comprising SEQ ID NO:33 and a second polypeptide comprising SEQ ID NO:36, SEQ ID NO:37, or SEQ
ID NO:35. In some embodiments, the Wnt-binding agent comprises a first polypeptide consisting
essentially of SEQ ID NO:33 and a second polypeptide consisting essentially of SEQ ID NO:36, SEQ ID
NO:37, or SEQ ID NO:35.

[0129] In some embodiments, the Wnt-binding agent comprises a first polypeptide comprising SEQ
ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID
NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID
NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID
NO:31, SEQ ID NO:32, or SEQ ID NO:33; and a second polypeptide comprising SEQ ID NO:34, SEQ ID
NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38, wherein the first polypeptide is connected to
the second polypeptide by a linker. In some embodiments, the Wnt-binding agent comprises a first
polypeptide comprising SEQ ID NO:20 and a second polypeptide comprising SEQ ID NO:34, SEQ ID
NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38. In some embodiments, the Wnt-binding
agent comprises a first polypeptide comprising SEQ ID NO:20 and a second polypeptide comprising SEQ
ID NO:36 or SEQ ID NO:37. In some embodiments, the Wnt-binding agent comprises a first polypeptide
consisting essentially of SEQ ID NO:20 and a second polypeptide consisting essentially of SEQ ID
NO:36 or SEQ ID NO:37. In some embodiments, the Wnt-binding agent comprises a first polypeptide
comprising SEQ ID NO:30 and a second polypeptide comprising SEQ ID NO:34, SEQ ID NO:35, SEQ
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ID NO:36, SEQ ID NO:37, or SEQ ID NO:38. In some embodiments, the Wnt-binding agent comprises a
first polypeptide comprising SEQ ID NO:33 and a second polypeptide comprising SEQ ID NO:34, SEQ
ID NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38. In some embodiments, the Wnt-binding
agent comprises a first polypeptide comprising SEQ ID NO:33 and a second polypeptide comprising SEQ
ID NO:36, SEQ ID NO:37, or SEQ ID NO:35. In some embodiments, the Wnt-binding agent comprises a
first polypeptide consisting essentially of SEQ ID NO:33 and a second polypeptide consisting essentially
of SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:35.

[0130] In some embodiments, the Wnt-binding agent comprises a first polypeptide that is at least
95% identical to SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ
ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID
NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID
NO:30, SEQ ID NO:31, SEQ ID NO:32, or SEQ ID NO:33; and a second polypeptide comprising SEQ 1D
NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38, wherein the first polypeptide
is directly linked to the second polypeptide. In some embodiments, the Wnt-binding agent comprises a
first polypeptide that is at least 95% identical to SEQ ID NO:20 and a second polypeptide comprising
SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38. In some
embodiments, the Wnt-binding agent comprises a first polypeptide that is at least 95% identical to SEQ
ID NO:30 and a second polypeptide comprising SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID
NO:37, or SEQ ID NO:38. In some embodiments, the Wnt-binding agent comprises a first polypeptide
that is at least 95% identical to SEQ ID NO:33 and a second polypeptide comprising SEQ ID NO:34, SEQ
ID NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38.

[0131] In some embodiments, the Wnt-binding agent comprises a first polypeptide that is at least
95% identical to SEQ ID NO:13, SEQ ID N0:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ
ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID
NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID
NO:30, SEQ ID NO:31, SEQ ID NO:32, or SEQ ID NO:33; and a second polypeptide comprising SEQ ID
NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38, wherein the first polypeptide
is connected to the second polypeptide by a linker. In some embodiments, the Wnt-binding agent
comprises a first polypeptide that is at least 95% identical to SEQ ID NO:20 and a second polypeptide
comprising SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38. In some
embodiments, the Wnt-binding agent comprises a first polypeptide that is at least 95% identical to SEQ
ID NO:30 and a second polypeptide comprising SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID
NO:37, or SEQ ID NO:38. In some embodiments, the Wnt-binding agent comprises a first polypeptide
that is at least 95% identical to SEQ ID NO:33 and a second polypeptide comprising SEQ ID NO:34, SEQ
ID NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38.
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[0132] FZD proteins contain a signal sequence that directs the transport of the proteins. Signal
sequences (also referred to as signal peptides or leader sequences) are located at the N-terminus of nascent
polypeptides. They target the polypeptide to the endoplasmic reticulum and the proteins are sorted to
their destinations, for example, to the inner space of an organelle, to an interior membrane, to the cell
outer membrane, or to the cell exterior via secretion. Most signal sequences are cleaved from the protein
by a signal peptidase after the proteins are transported to the endoplasmic reticulum. The cleavage of the
signal sequence from the polypeptide usually occurs at a specific site in the amino acid sequence and is
dependent upon amino acid residues within the signal sequence. Although there is usually one specific
cleavage site, more than one cleavage site may be recognized and/or used by a signal peptidase resulting
in a non-homogenous N-terminus of the polypeptide. For example, the use of different cleavage sites
within a signal sequence can result in a polypeptide expressed with different N-terminal amino acids.
Accordingly, in some embodiments, the polypeptides described herein may comprise a mixture of
polypeptides with different N-termini. In some embodiments, the N-termini differ in length by 1, 2, 3, 4,
5,6,7,8,9, 10, or more amino acids. In some embodiments, the N-termini differ in length by 1, 2, 3, 4,
or 5 amino acids. In some embodiments, the polypeptide is substantially homogeneous, i.e., the
polypeptides have the same N-terminus. In some embodiments, the signal sequence of the polypeptide
comprises one or more (e.g., one, two, three, four, five, six, seven, eight, nine, ten, etc.) amino acid
substitutions and/or deletions. In some embodiments, the signal sequence of the polypeptide comprises
amino acid substitutions and/or deletions that allow one cleavage site to be dominant, thereby resulting in
a substantially homogeneous polypeptide with one N-terminus.

[0133] In some embodiments, the Wnt-binding agent comprises an amino acid sequence selected
from the group consisting of: SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID
NO:43, SEQ ID NO:44, and SEQ ID NO:45.

[0134] In certain embodiments, the Wnt-binding agent comprises the sequence of SEQ ID NO:39. In
certain embodiments, the agent comprises the sequence of SEQ ID NO:39, comprising one or more (e.g.,
one, two, three, four, five, six. seven, eight, nine, ten, etc.) conservative substitutions. In certain
embodiments, the agent comprises a sequence having at least about 90%, about 95%, or about 98%
sequence identity with SEQ ID NO:39. In certain embodiments, the variants of SEQ ID NO:39 maintain
the ability to bind one or more human Wnt proteins.

[0135] In certain embodiments, the Wnt-binding agent comprises the sequence of SEQ ID NO:40. In
some embodiments, the Wnt-binding agent is SEQ ID NO:40. In certain alternative embodiments, the
agent comprises the sequence of SEQ ID NO:40, comprising one or more (e.g., one, two, three, four, five,
six, seven, eight, nine, ten, etc.) conservative substitutions. In certain embodiments, the agent comprises a

sequence having at least about 90%, about 95%. or about 98% sequence identity with SEQ ID NO:40. In
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certain embodiments, the variants of SEQ ID NO:40 maintain the ability to bind one or more human Wnt
proteins.

[0136] In certain embodiments, the Wnt-binding agent comprises the sequence of SEQ ID NO:41. In
some embodiments, the Wnt-binding agent is SEQ ID NO:41. In certain alternative embodiments, the
agent comprises the sequence of SEQ ID NO:41, comprising one or more (€.g., one, two, three, four, five,
six, seven, eight, nine, ten, etc.) conservative substitutions. In certain embodiments, the agent comprises a
sequence having at least about 90%, about 95%, or about 98% sequence identity with SEQ ID NO:41. In
certain embodiments, the variants of SEQ ID NO:41 maintain the ability to bind one or more human Wnt
proteins.

[0137] In some embodiments, the Wnt-binding agent is OMP-54F28 (also referred to as 54F28). In
some embodiments, the Wnt-binding agent is not OMP-54F28.

[0138] In certain embodiments, a Wnt-binding agent is a polypeptide comprising an amino acid
sequence selected from the group consisting of: SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID
NO:42, SEQ ID NO:43, SEQ ID NO:44, and SEQ ID NO:45. In certain embodiments, the polypeptide
comprises an amino acid sequence selected from the group consisting of SEQ ID NO:39, SEQ ID NO:40,
and SEQ ID NO:41. In some embodiments, a polypeptide consists essentially of an amino acid sequence
selected from the group consisting of: SEQ ID NO:39, SEQ ID NO:40, and SEQ ID NO:41. In certain
embodiments, the polypeptide comprises the amino acid sequence of SEQ ID NO:39. In some
embodiments, the polypeptide comprises the amino acid sequence of SEQ ID NO:40. In certain
embodiments, the polypeptide comprises the amino acid sequence of SEQ ID NO:41. In certain
embodiments, the polypeptide comprises the amino acid sequence of SEQ ID NO:42. In certain
embodiments, the polypeptide comprises the amino acid sequence of SEQ ID NO:43. In certain
embodiments, the polypeptide comprises the amino acid sequence of SEQ ID NO:44. In certain
embodiments, the polypeptide comprises the amino acid sequence of SEQ ID NO:43.

[0139] In some embodiments, the polypeptide is a substantially purified polypeptide comprising an
amino acid sequence selected from the group consisting of SEQ ID NO:39, SEQ ID NO:40, and SEQ ID
NO:41. In some embodiments, the polypeptide is a substantially purified polypeptide comprising SEQ ID
NO:41. In certain embodiments, the substantially purified polypeptide consists of at least 90% of a
polypeptide that has an N-terminal sequence of ASA. In some embodiments, the nascent polypeptide
comprises a signal sequence that results in a substantially homogeneous polypeptide product with one N-
terminal sequence.

[0140] In certain embodiments, a Wnt-binding agent comprises a Fc region of an immunoglobulin.
Those skilled in the art will appreciate that some of the binding agents of this invention will comprise
fusion proteins in which at least a portion of the Fc region has been deleted or otherwise altered so as to

provide desired biochemical characteristics, such as increased cancer cell localization, increased tumor
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penetration, reduced serum half-life, or increased serum half-life, when compared with a fusion protein of
approximately the same immunogenicity comprising a native or unaltered constant region. Modifications
to the Fc region may include additions, deletions, or substitutions of one or more amino acids in one or
more domains. The modified fusion proteins disclosed herein may comprise alterations or modifications
to one or more of the two heavy chain constant domains (CH2 or CH3) or to the hinge region. In other
embodiments, the entire CH2 domain may be removed (ACH2 constructs). In some embodiments, the
omitted constant region domain is replaced by a short amino acid spacer (e.g., 10 aa residues) that
provides some of the molecular flexibility typically imparted by the absent constant region domain.

[0141] In some embodiments, the modified fusion proteins are engineered to link the CH3 domain
directly to the hinge region. In other embodiments, a peptide spacer is inserted between the hinge region
and the modified CH2 and/or CH3 domains. For example, constructs may be expressed wherein the CH2
domain has been deleted and the remaining CH3 domain (modified or unmodified) is joined to the hinge
region with a 5-20 amino acid spacer. Such a spacer may be added to ensure that the regulatory elements
of the constant domain remain free and accessible or that the hinge region remains flexible. However, it
should be noted that amino acid spacers may, in some cases, prove to be immunogenic and elicit an
unwanted immune response against the construct. Accordingly, in certain embodiments, any spacer added
to the construct will be relatively non-immunogenic so as to maintain the desired biological qualities of
the fusion protein.

[0142] In some embodiments, the modified fusion proteins may have only a partial deletion of a
constant domain or substitution of a few or even a single amino acid. For example, the mutation of a
single amino acid in selected areas of the CH2 domain may be enough to substantially reduce Fc binding
and thereby increase cancer cell localization and/or tumor penetration. Similarly, it may be desirable to
simply delete that part of one or more constant region domains that control a specific effector function
(e.g., complement Clq binding). Such partial deletions of the constant regions may improve selected
characteristics of the binding agent (e.g., serum half-life) while leaving other desirable functions
associated with the subject constant region domain intact. Moreover, as alluded to above, the constant
regions of the disclosed fusion proteins may be modified through the mutation or substitution of one or
more amino acids that enhances the profile of the resulting construct. In this respect it may be possible to
disrupt the activity provided by a conserved binding site (e.g., Fc binding) while substantially maintaining
the configuration and immunogenic profile of the modified fusion protein. In certain embodiments, the
modified fusion proteins comprise the addition of one or more amino acids to the constant region to
enhance desirable characteristics such as decreasing or increasing effector function, or provide for more
cytotoxin or carbohydrate attachment sites.

[0143] It is known in the art that the constant region mediates several effector functions. For

example, binding of the C1 component of complement to the Fc region of IgG or IgM antibodies (bound
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to antigen) activates the complement system. Activation of complement is important in the opsonization
and lysis of cell pathogens. The activation of complement also stimulates the inflammatory response and
can also be involved in autoimmune hypersensitivity. In addition, the Fc region of an immunoglobulin
can bind to a cell expressing a Fc receptor (FcR). There are a number of Fc receptors which are specific
for different classes of antibody, including IgG (gamma receptors), IgE (epsilon receptors), IgA (alpha
receptors) and IgM (mu receptors). Binding of antibody to Fc receptors on cell surfaces triggers a number
of important and diverse biological responses including engulfment and destruction of antibody-coated
particles, clearance of immune complexes, lysis of antibody-coated target cells by killer cells, release of
inflammatory mediators, placental transfer, and control of immunoglobulin production.

[0144] In some embodiments, the modified fusion proteins provide for altered effector functions that,
in turn, affect the biological profile of the administered agent. For example, in some embodiments, the
deletion or inactivation (through point mutations or other means) of a constant region domain may reduce
Fc receptor binding of the circulating modified agent, thereby increasing cancer cell localization and/or
tumor penetration. In other embodiments, the constant region modifications increase or reduce the serum
half-life of the agent. In some embodiments, the constant region is modified to eliminate disulfide
linkages or oligosaccharide moieties.

[0145] In certain embodiments, a modified fusion protein does not have one or more effector
functions normally associated with an Fec region. In some embodiments, the agent has no antibody-
dependent cell-mediated cytotoxicity (ADCC) activity, and/or no complement-dependent cytotoxicity
(CDC) activity. In certain embodiments, the agent does not bind to the Fc receptor and/or complement
factors. In certain embodiments, the agent has no effector function.

[0146] In some embodiments, the Wnt-binding agent (e.g., a soluble receptor) described herein is
modified to reduce immunogenicity. In general, immune responses against completely normal human
proteins are rare when these proteins are used as therapeutics. However, although many fusion proteins
comprise polypeptides sequences that are the same as the sequences found in nature, several therapeutic
fusion proteins have been shown to be immunogenic in mammals. In some studies, a fusion protein
comprising a linker has been found to be more immunogenic than a fusion protein that does not contain a
linker:  Accordingly, in some embodiments, the polypeptides of the invention are analyzed by
computation methods to predict immunogenicity. In some embodiments, the polypeptides are analyzed
for the presence of T-cell and/or B-cell epitopes. If any T-cell or B-cell epitopes are identified and/or
predicted, modifications to these regions (e.g., amino acid substitutions) may be made to disrupt or
destroy the epitopes. Various algorithms and software that can be used to predict T-cell and/or B-cell
epitopes are known in the art. For example, the software programs SYFPEITHI, HLA Bind, PEPVAC,
RANKPEP, DiscoTope, ElliPro, and Antibody Epitope Prediction are all publicly available.
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[0147] In some embodiments, a cell producing any of the Wnt-binding agents (e.g., soluble
receptors) or polypeptides described herein is provided. In some embodiments, a composition comprising
any of the Wnt-binding agents (e.g., soluble receptors) or polypeptides described herein is provided. In
some embodiments, the composition comprises a polypeptide wherein at least 80%, 90%, 95%, 97%,
98%, or 99% of the polypeptide has an N-terminal sequence of ASA. In some embodiments, the
composition comprises a polypeptide wherein 100% of the polypeptide has an N-terminal sequence of
ASA. In some embodiments, the composition comprises a polypeptide wherein at least 80% of the
polypeptide has an N-terminal sequence of ASA. In some embodiments, the composition comprises a
polypeptide wherein at least 90% of the polypeptide has an N-terminal sequence of ASA. In some
embodiments, the composition comprises a polypeptide wherein at least 95% of the polypeptide has an N-
terminal sequence of ASA.

[0148] The polypeptides described herein can be recombinant polypeptides, natural polypeptides, or
synthetic polypeptides. It will be recognized in the art that some amino acid sequences of the invention
can be varied without significant effect on the structure or function of the protein. If such differences in
sequence are contemplated, it should be remembered that there will be critical areas on the protein which
determine activity. Thus, the invention further includes variations of the polypeptides which show
substantial activity or which include regions of FZD proteins, such as the protein portions discussed
herein. Such mutants include deletions, insertions, inversions, repeats, and type substitutions.

[0149] Of course, the number of amino acid substitutions: a skilled artisan would make depends on
many factors, including those described above. In certain embodiments, the number of substitutions for
any given soluble receptor polypeptide will not be more than 50, 40, 30, 25, 20, 15, 10, 5 or 3.

[0150] Fragments or portions of the polypeptides of the present invention can be employed for
producing the corresponding full-length polypeptide by peptide synthesis; therefore, the fragments can be
employed as intermediates for producing the full-length polypeptides. These fragments or portion of the
polypeptides can also be referred to as “protein fragments” or “polypeptide fragments”.

[0151] A “protein fragment” of this invention is a portion or all of a protein which is capable of
binding to one or more human Wnt proteins or one or more human FZD proteins. In some embodiments,
the fragment has a high affinity for one or more human Wnt proteins. In some embodiments, the fragment
has a high affinity for one or more human FZD proteins. Some fragments of Wnt-binding agents
described herein are protein fragments comprising at least part of the extracellular portion of a FZD
protein linked to at least part of a constant region of an immunoglobulin (e.g., a Fc region). The binding
affinity of the protein fragment can be in the range of about 10! to 10> M, although the affinity can vary
considerably with fragments of different sizes, ranging from 107 to 10> M. In some embodiments, the
fragment is about 100 to about 200 amino acids in length and comprises a binding domain linked to at

least part of a constant region of an immunoglobulin.
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[0152] In some embodiments, the Wnt pathway inhibitors are polyclonal antibodies. Polyclonal
antibodies can be prepared by any known method. In some embodiments, polyclonal antibodies are raised
by immunizing an animal (e.g., a rabbit, rat, mouse, goat, donkey) by multiple subcutaneous or
intraperitoneal injections of an antigen of interest (e.g., a purified peptide fragment, full-length
recombinant protein, or fusion protein). The antigen can be optionally conjugated to a carrier such as
keyhole limpet hemocyanin (KLH) or serum albumin. The antigen (with or without a carrier protein) is
diluted in sterile saline and usually combined with an adjuvant (e.g., Complete or Incomplete Freund’s
Adjuvant) to form a stable emulsion. After a sufficient period of time, polyclonal antibodies are
recovered from blood and/or ascites of the immunized animal. The polyclonal antibodies can be purified
from serum or ascites according to standard methods in the art including, but not limited to, affinity
chromatography, ion-exchange chromatography, gel electrophoresis, and dialysis.

[0153] In some embodiments, the Wnt pathway inhibitors are monoclonal antibodies. Monoclonal
antibodies can be prepared using hybridoma methods known to one of skill in the art (see e.g., Kohler and
Milstein, 1975, Nature, 256:495-497). In some embodiments, using the hybridoma method, a mouse,
hamster, or other appropriate host animal, is immunized as described above to elicit from lymphocytes the
production of antibodies that will specifically bind the immunizing antigen. In some embodiments,
lymphocytes can be immunized in vifro. In some embodiments, the immunizing antigen can be a human
protein or a portion thereof. In some embodiments, the immunizing antigen can be a mouse protein or a
portion thereof.

[0154] Following immunization, lymphocytes are isolated and fused with a suitable myeloma cell
line using, for example, polyethylene glycol, to form hybridoma cells that can then be selected away from
unfused lymphocytes and myeloma cells. Hybridomas that produce monoclonal antibodies directed
specifically against a chosen antigen may be identified by a variety of methods including, but not limited
to, immunoprecipitation, immunoblotting, and in vitro binding assay (e.g., flow cytometry, FACS,
ELISA, and radioimmunoassay). The hybridomas can be propagated either in in vitro culture using
standard methods (J.W. Goding, 1996, Monoclonal Antibodies: Principles and Practice, 3rd Edition,
Academic Press, San Diego, CA) or in vivo as ascites tumors in an animal. The monoclonal antibodies
can be purified from the culture medium or ascites fluid according to standard methods in the art
ncluding, but not limited to, affinity chromatography, ion-exchange chromatography, gel electrophoresis,
and dialysis.

JOI85] In certain embodiments, monoclonal antibodies can be made using recombinant DNA
techniques as known to one skilled in the art. The polynucleotides encoding a monoclonal antibody are
isofated from mature B-cells or hybridoma cells, such as by RT-PCR using oligonuclestide primers that
specifically amplify the genes encoding the heavy and light chains of the antibody, and their sequence is

determined using conventional techniques. The isolated polynucleotides encoding the heavy and light
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chains are then cloned into suitable expression vectors which produce the monoclonal antibodies when
transfected into host cells such as E. coli, simian COS cells, Chinese hamster ovary (CHO) cells, or
myeloma cells that do not otherwise produce immunoglobulin proteins. In other embodiments,
recombinant monoclonal antibodies, or fragments thereof, can be isolated from phage display libraries
(see e.g., McCafferty et al., 1990, Nature, 348:552-554; Clackson et al., 1991, Nature, 352:624-628; and
Marks et al., 1991, J. Mol. Biol., 222:581-597).

[0156] The polynucleotide(s) encoding a monoclonal antibody can further be modified in a number
of different manners using recombinant DNA technology to generate alternative antibodies. In some
embodiments, the constant domains of the light and heavy chains of, for example, a mouse monoclonal
antibody can be substituted for those regions of, for example, a human antibody to generate a chimeric
antibody, or for a non-immunoglobulin polypeptide to generate a fusion antibody. In some embodiments,
the constant regions are truncated or removed to generate the desired antibody fragment of a monoclonal
antibody. Site-directed or high-density mutagenesis of the variable region can be used to optimize
specificity, affinity, etc. of a monoclonal antibody.

[0157] In some embodiments, the Wnt pathway inhibitor is a humanized antibody. Typically,
humanized antibodies are human immunoglobulins in which residues from the CDRs are replaced by
residues from a CDR of a non-human species (e.g., mouse, rat, rabbit, hamster, etc.) that have the desired
specificity, affinity, and/or binding capability using methods known to one skilled in the art. In some
embodiments, the Fv framework region residues of a human immunoglobulin are replaced with the
corresponding residues in an antibody from a non-human species that has the desired specificity, affinity,
and/or binding capability. In some embodiments, the humanized antibody can be further modified by the
substitution of additional residues either in the Fv framework region and/or within the replaced non-
human residues to refine and optimize antibody specificity, affinity, and/or capability. In general, the
humanized antibody will comprise substantially all of at least one, and typically two, variable domain
regions containing all, or substantially all, of the CDRs that correspond to the non-human
immunoglobulin whereas all, or substantially all, of the framework regions are those of a human
immunoglobulin consensus sequence. In some embodiments, the humanized antibody can also comprise
at least a portion of an immunoglobulin constant region or domain (Fc), typically that of a human
immunoglobulin. In certain embodiments, suck humanized antibodies are used therapeutically because
they may reduce antigenicity and HAMA (human anti-mouse antibody) responses when administered to a
human subject.

[0158] In certain embodiments, the Wnt pathway inhibitor is a human antibody. Human antibodies
can be directly prepared using various techniques kiiown in the art. In some embodiments, immortalized
human B lymphocytes immunized in vitro or isolated from an immunized individual that produces an

antibody directed against a target antigen can be generated (see, e.g., Cole et al., 1985, Monoclonal
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Antibodies and Cancer Therapy, Alan R. Liss, p. 77; Boemer et al., 1991, J. Immunol., 147:86-95; and
U.S. Patent Nos. 5,750,373; 5,567,610; and 5,229,275). In some embodiments, the human antibody can
be selected from a phage library, where that phage library expresses human antibodies (Vaughan et al.,
1996, Nature Biotechnology, 14:309-314; Sheets et al., 1998, PNAS, 95:6157-6162; Hoogenboom and
Winter, 1991, J Mol. Biol., 227:381; Marks et al., 1991, J. Mol. Biol., 222:581). Alternatively, phage
display technology can be used to produce human antibodies and antibody fragments in vitro, from
immunoglobulin variable domain gene repertoires from unimmunized donors. Techniques for the
generation and use of antibody phage libraries are described in U.S. Patent Nos. 5,969,108; 6,172,197,
5,885,793; 6,521,404; 6,544,731; 6,555,313; 6,582,915; 6,593,081; 6,300,064; 6,653,068; 6,706,484; and
7,264,963; and Rothe ¢t al., 2008, J. Mol. Bio., 376:1182-1200. Affinity maturation strategies including,
but not limited to, chain shuffling (Marks et al., 1992, Bio/Technology, 10:779-783) and site-directed
mutagenesis, are known in the art and may be employed to generate high affinity human antibodies.
[0159] In some embodiments, human antibodies can be made in transgenic mice that contain human
immunoglobulin loci. These mice are capable, upon immunization, of producing the full repertoire of
human antibodies in the absence of endogenous immunoglobulin production. This approach is described
in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; and 5,661,016.

[0160] This invention also encompasses bispecific antibodies that specifically recognize at least one
human FZD protein or at least one Wnt protein. Bispecific antibodies are capable of specifically
recognizing and binding at least two different epitopes. The different epitopes can either be within the
same molecule (e.g., two different epitopes on human FZD5) or on different molecules (e.g., one epitope
on FZD5 and a different epitope on a second protein). In some embodiments, the bispecific antibodies are
monoclonal human or humanized antibodies. In some embodiments, the antibodies can specifically
recognize and bind a first antigen target, (e.g., a FZD protein) as well as a second antigen target, such as
an effector molecule on a leukocyte (e.g., CD2, CD3, CD28, CD80, or CD86) or a Fc receptor (e.g.,
CD64, CD32, or CD16) so as to focus cellular defense mechanisms to the cell expressing the first antigen
target. In some embodiments, the antibodies can be used to direct cytotoxic agents to cells which express
a particular target antigen. These antibodies possess an antigen-binding arm and an arm which binds a
cytotoxic agent or a radionuclide chelator, such as EOTUBE, DPTA, DOTA, or TETA.

[0161] Techniques for making bispecific antibodies are known by those skilled in the art, see for
example, Millstein et al., 1983, Nature, 305:537-539; Brennan et al., 1985, Science, 229:81; Suresh et al.,
1986, Methods in Enzymol., 121:120; Traunecker et al., 1991, EMBO J., 10:3655-3659; Shalaby et al.,
1992, J. Exp. Med., 175:217-225; Kostelny et al., 1992, J. Immunol., 148:1547-1553; Gruber et al., 1994,
J. Immunol., 152:5368; U.S. Patent No. 5,731,168; and U.S. Patent Publication No. 2011/0123532.

Bispecific antibodies can be intact antibodies or antibody fragments. Antibodies with more than two
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valencies are also contemplated. For example, trispecific antibodies can be prepared (Tutt et al., 1991, J.
Immunol., 147:60). Thus, in certain embodiments the antibodies are multispecific.

[0162] In certain embodiments, the antibodies (or other polypeptides) described herein may be
monospecific. For example, in certain embodiments, each of the one or more antigen-binding sites that an
antibody contains is capable of binding (or binds) a homologous epitope on different proteins. In certain
embodiments, an antigen-binding site of a monospecific antibody described herein is capable of binding
(or binds), for example, FZD5 and FZD7 (i.e., the same epitope is found on both FZDS5 and FZD7
proteins).

[0163] In certain embodiments, the Wnt pathway inhibitor is an antibody fragment comprising an
antigen-binding site. Antibody fragments may have different functions or capabilities than intact
antibodies; for example, antibody fragments can have increased tumor penetration. Various techniques
are known for the production of antibody fragments including, but not limited to, proteolytic digestion of
intact antibodies. In some embodiments, antibody fragments include a F(ab')2 fragment produced by
pepsin digestion of an antibody molecule. In some embodiments, antibody fragments include a Fab
fragment generated by reducing the disulfide bridges of an F(ab')2 fragment. In other embodiments,
antibody fragments include a Fab fragment generated by the treatment of the antibody molecule with
papain and a reducing agent. In certain embodiments, antibody fragments are produced recombinantly.
In some embodiments, antibody fragments include Fv or single chain Fv (scFv) fragments. Fab, Fv, and
scFv antibody fragments can be expressed in and secreted from E. coli or other host cells, allowing for the
production of large amounts of these fragments. In some embodiments, antibody fragments are isolated
from antibody phage libraries as discussed herein. For example, methods can be used for the construction
of Fab expression libraries (Huse et al.,, 1989, Science, 246:1275-1281) to allow rapid and effective
identification of monoclonal Fab fragments with the desired specificity for a FZD or Wnt protein or
derivatives, fragments, analogs or homologs thereof. In some embodiments, antibody fragments are linear
antibody fragments. In certain embodiments, antibody fragments are monospecific or bispecific. In
certain embodiments, the Wnt pathway inhibitor is a scFv. Various techniques can be used for the
production of single-chain antibodies specific to one or more human FZD proteins or one or more human
Wnt proteins.

[0164] It can further be desirable, especially in the case of antibody fragments, to modify an antibody
in order to increase its serum half-life. This can be achieved, for example, by incorporation of a salvage
receptor binding epitope into the antibody fragment by mutation of the appropriate region in the antibody
fragment or by incorporating the epitope into a peptide tag that is then fused to the antibody fragment at
either end or in the middle (e.g., by DNA or peptide synthesis). In some embodiments, an antibody is

modified to decrease its serum hali-life.
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[0165] Heteroconjugate antibodies are also within the scope of the present invention.
Heteroconjugate antibodies are composed of two covalently joined antibodies. Such antibodies have, for
example, been proposed to target immune cells to unwanted cells (U.S. Patent No. 4,676,980). It is also
contemplated that the heteroconjugate antibodies can be prepared in vitro using known methods in
synthetic protein chemistry, including those involving crosslinking agents. For example, immunotoxins
can be constructed using a disulfide exchange reaction or by forming a thioether bond. Examples of
suitable reagents for this purpose include iminothiolate and methyl-4-mercaptobutyrimidate.

[0166] For the purposes of the present invention, it should be appreciated that modified antibodies
can comprise any type of variable region that provides for the association of the antibody with the target
(i.e., a human FZD protein or a human Wnt protein). In this regard, the variable region may comprise or
be derived from any type of mammal that can be induced to mount a humoral response and generate
immunoglobulins against the desired tumor-associated antigen. As such, the variable region of the
modified antibodies can be, for example, of human, murine, non-human primate (e.g. cynomolgus
monkeys, macaques, etc.) or rabbit origin. In some embodiments, both the variable and constant regions
of the modified immunoglobulins are human. In other embodiments, the variable regions of compatible
antibodies (usually derived from a non-human source) can be engineered or specifically tailored to
improve the binding properties or reduce the immunogenicity of the molecule. In this respect, variable
regions useful in the present invention can be humanized or otherwise altered through the inclusion of
imported amino acid sequences.

[0167] In certain embodiments, the variable domains in both the heavy and light chains are altered by
at least partial replacement of one or more CDRs and, if necessary, by partial framework region
replacement and sequence modification and/or alteration. Although the CDRs may be derived from an
antibody of the same class or even subclass as the antibody from which the framework regions are
derived, it is envisaged that the CDRs will be derived preferably from an antibody from a different
species. It may not be necessary to replace all of the CDRs with all of the CDRs from the donor variable
region to transfer the antigen binding capacity of one variable domain to another. Rather, it may only be
necessary to transfer those residues that are necessary to maintain the activity of the antigen-binding site.
[0168] Alterations to the variable region notwithstanding, those skilled in the art will appreciate that
the modified antibodies of this invention will comprise antibodies (e.g., full-length antibodies or
immunoreactive fragments thereof) in which at least a fraction of one or more of the constant region
domains has been deleted or otherwise altered so as to provide desired biochemical characteristics such as
increased tumor localization and/or increased serum half-life when compared with an antibody of
approximately the same immunogenicity comprising a native or unaltered constant region. In some
embodiments, the constant region of the modified antibodies will comprise a human constant region.

Modifications to the constant region compatible with this invention comprise additions, deletions or



WO 2014/121196 PCT/US2014/014443
43 -

substitutions of one or more amino acids in one or more domains. The modified antibodies disclosed
herein may comprise alterations or modifications to one or more of the three heavy chain constant
domains (CH1, CH2 or CH3) and/or to the light chain constant domain (CL). In some embodiments, one
or more domains are partially or entirely deleted from the constant regions of the modified antibodies. In
some embodiments, the modified antibodies will comprise domain deleted constructs or variants wherein
the entire CH2 domain has been removed (ACH2 constructs). In some embodiments, the omitted constant
region domain is replaced by a short amino acid spacer (e.g., 10 amino acid residues) that provides some
of the molecular flexibility typically imparted by the absent constant region.

[0169] In some embodiments, the modified antibodies are engineered to fuse the CH3 domain
directly to the hinge region of the antibody. In other embodiments, a peptide spacer is inserted between
the hinge region and the modified CH2 and/or CH3 domains. For example, constructs may be expressed
wherein the CH2 domain has been deleted and the remaining CH3 domain (modified or unmodified) is
joined to the hinge region with a 5-20 amino acid spacer. Such a spacer may be added to ensure that the
regulatory elements of the constant domain remain free and accessible or that the hinge region remains
flexible. However, it should be noted that amino acid spacers may, in some cases, prove to be
immunogenic and elicit an unwanted immune response against the construct. -Accordingly, in certain
embodiments, any spacer added to the construct will be relatively non-immunogenic so as to maintain the
desired biological qualities of the modified antibodies.

[0170] In some embodiments, the modified antibodies may have only a partial deletion of a constant
domain or substitution of a few or even a single amino acid. For example, the mutation of a single amino
acid in selected areas of the CH2 domain may be enough to substantially reduce Fc binding and thereby
increase cancer cell localization and/or tumor penetration. Similarly, it may be desirable to simply delete
the part of one or more constant region domains that control a specific effector function (e.g. complement
Clq binding). Such partial deletions of the constant regions may improve selected characteristics of the
antibody (serum half-life) while leaving other desirable functions associated with the subject constant
region domain intact. Moreover, as alluded to above, the constant regions of the disclosed antibodies may
be modified through the mutation or substitution of one or more amino acids that enhances the profile of
the resulting construct. In this respect it may be possible to disrupt the activity provided by a conserved
binding site (e.g., Fc binding) while substantially maintaining the configuration and immunogenic profile
of the modificd antibody. In certain embodiments, the modified antibodies comprise the addition of one
or more amino acids to the constant region to enhance desirable characteristics such as decreasing or
increasing effector function or provide for more cytotoxin or carbohydrate attachment sites.

[0171] It is known in the art that the constant region mediates several effector functions. For
example, binding of the C1 component of complement to the Fc region of IgG or IgM antibodies (bound

to antigen) activates the complement system. Activation of complement is important in the opsonization
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and lysis of cell pathogens. The activation of complement also stimulates the inflammatory response and
can also be involved in autoimmune hypersensitivity. In addition, the Fc region of an antibody can bind a
cell expressing a Fc receptor (FcR). There are a number of Fc receptors which are specific for different
classes of antibody, including IgG (gamma receptors), IgE (epsilon receptors), IgA (alpha receptors) and
IgM (mu receptors). Binding of antibody to Fc receptors on cell surfaces triggers a number of important
and diverse biological responses including engulfment and destruction of antibody-coated particles,
clearance of immune complexes, lysis of antibody-coated target cells by killer cells, release of
inflammatory mediators, placental transfer, and control of immunoglobulin production.

[0172] In certain embodiments, the Wnt pathway inhibitors are antibodies that provide for altered
effector functions. These altered effector functions may affect the biological profile of the administered
antibody. For example, in some embodiments, the deletion or inactivation (through point mutations or
other means) of a constant region domain may reduce Fc receptor binding of the circulating modified
antibody (e.g., anti-FZD antibody) thereby increasing cancer cell localization and/or tumor penetration.
In other embodiments, the constant region modifications increase or reduce the serum half-life of the
antibody. In some embodiments, the constant region is modified to eliminate disulfide linkages or
oligosaccharide moieties. Modifications to the constant region in accordance with this invention may
easily be made using well known biochemical or molecular engineering techniques well within the
purview of the skilled artisan.

[0173] In certain embodiments, a Wnt pathway inhibitor is an antibody does not have one or more
effector functions. For instance, in some embodiments, the antibody has no ADCC activity, and/or no
CDC activity. In certain embodiments, the antibody does not bind an Fc receptor, and/or complement
factors. In certain embodiments, the antibody has no effector function.

[0174] The present invention further embraces variants and equivalents which are substantially
homologous to the chimeric, humanized, and human antibodies, or antibody fragments thereof, set forth
herein. These can contain, for example, conservative substitution mutations, i.e. the substitution of one or
more amino acids by similar amino acids. For example, conservative substitution refers to the substitution
of an amino acid with another within the same general class such as, for example, one acidic amino acid
with another acidic amino acid, one basic amino acid with another basic amino acid or one neutral amino
acid by another neutral amino acid. What is intended by a conservative amino acid substitution is well
known in the art and described herein.

[0175] Thus, the present invention provides methods for producing an antibody. In some
embodiments, the method for producing an antibody comprises using hybridoma techniques. In some
embodiments, a method for producing an antibody that binds a human FZD protein is provided. In some
embodiments, a method for producing an antibody that binds a human Wnt protein is provided. In some

embodiments, the method of generating an antibody comprises screening a human phage library. In some
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embodiments, the antibody is identified using a membrane-bound heterodimeric molecule comprising a
single antigen-binding site. In some non-limiting embodiments, the antibody is identified using methods
and polypeptides described in U.S. Patent Publication No. 2011/0287979.

[0176] The present invention further provides methods of identifying an antibody that binds at least
one FZD protein. In some embodiments, the antibody is identified by screening by FACS for binding to a
FZD protein or a portion thereof. In some embodiments, the antibody is identified by screening using
ELISA for binding to a FZD protein. In some embodiments, the antibody is identified by screening by
FACS for blocking of binding of a FZD protein to a human Wnt protein. In some embodiments, the
antibody is identified by screening for inhibition or blocking of Wnt pathway signaling.

[0177] The present invention further provides methods of identifying an antibody that binds at least
one Wnt protein. In some embodiments, the antibody is identified by screening by FACS for binding to a
Whnt protein or a portion thereof. In some embodiments, the antibody is identified by screening using
ELISA for binding to a Wnt protein. In some embodiments, the antibody is identified by screening by
FACS for blocking of binding of a Wnt protein to a human FZD protein. In some embodiments, the
antibody is identified by screening for inhibition or blocking of Wnt pathway signaling.

[0178] In some embodiments, a method of generating an antibody to at least one human FZD protein
comprises screening an antibody-expressing library for antibodies that bind a human FZD protein. In
some embodiments, the antibody-expressing library is a phage library. In some embodiments, the
antibody-expressing library is a mammalian cell library. In some embodiments, the screening comprises
panning. In some embodiments, antibodies identified in a first screening, are screened again using a
different FZD protein thereby identifying an antibody that binds the first FZD protein and a second FZD
protein. In some embodiments, the antibody identified in the screening binds the first FZD protein and at
least one other FZD protein. In certain embodiments, the at least one other FZD protein is selected from
the group consisting of FZD1, FZD2, FZD3, FZD4, FZD5, FZD6, FZD7, FZD8, FZD9, and FZD10. In
certain embodiments, the antibody identified in the screening binds FZD1, FZD2, FZD5, FZD7, and
FZD8. In some embodiments, the antibody identified in the screening is a FZD antagonist. In some
embodiments, the antibody identified by the methods described herein inhibits the Wnt pathway. In some
embodiments, the antibody identified in the screening inhibits p-catenin signaling.

[0179] In some embodiments, a method of generating an antibody to at least one human Wnt protein
comprises screening an antibody-expressing library for antibodies that bind a human Wnt protein. In
some embodiments, the antibody-expressing library is a phage library. In some embodiments, the
antibody-expressing library is a mammalian cell library. In some embodiments, the screening comprises
panning. In some embodiments, antibodies identified in a first screening, are screened again using a
different Wnt protein thereby identifying an antibody that binds a first Wnt protein and a second Wnt

protein. In some embodiments, the antibody identified in the screening binds a first Wnt protein and at
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least one other Wnt protein. In certain embodiments, the at least one other FZD protein is selected from
the group consisting of Wntl, Wnt2, Wnt2b, Wnt3, Wnt3a, Wnt7a, Wnt7b, Wnt8a, Wnt8b, Wnt10a, and
Wnt10b. In some embodiments, the antibody identified in the screening is a Wnt antagonist. In some
embodiments, the antibody identified by the methods described herein inhibits the Wnt pathway. In some
embodiments, the antibody identified in the screening inhibits B-catenin signaling.

[0180] In certain embodiments, the antibodies described herein are isolated. In certain embodiments,
the antibodies described herein are substantially pure.

[0181] In some embodiments of the present invention, the Wnt pathway inhibitors are polypeptides.
The polypeptides can be recombinant polypeptides, natural polypeptides, or synthetic polypeptides
comprising an antibody, or fragment thereof, that bind at least one human FZD protein or at least one Wnt
protein. It will be recognized in the art that some amino acid sequences of the invention can be varied
without significant effect on the structure or function of the protein. Thus, the invention further includes
variations of the polypeptides which show substantial activity or which include regions of an antibody, or
fragment thereof, against a human FZD protein or a Wnt protein. In some embodiments, amino acid
sequence variations of FZD-binding polypeptides or Wnt-binding polypeptides include deletions,
insertions, inversions, repeats, and/or other types of substitutions.

[0182] The polypeptides, analogs and variants thereof, can be further modified to contain additional
chemical moieties not normally part of the polypeptide. The derivatized moieties can improve the
solubility, the biological half-life, and/or absorption of the polypeptide. The moieties can also reduce or
eliminate any undesirable side effects of the polypeptides and variants. An overview for chemical
moieties can be found in Remington: The Science and Practice of Pharmacy, 22° " Edition, 2012,
Pharmatceutical Press, London.

[0183] The isolated polypeptides described herein can be produced by any suitable method known in
the art. Such methods range from direct protein synthesis methods to constructing a DNA sequence
encoding polypeptide sequences and expressing those sequences in a suitable host. In some embodiments,
a DNA sequence is constructed using recombinant technology by isolating or synthesizing a DNA
sequence encoding a wild-type protein of interest. Optionally, the sequence can be mutagenized by site-
specific mutagenesis to provide functional analogs thereof.

[0184] In some embodiments, a DNA sequence encoding a polypeptide of interest may be
constructed by chemical synthesis using an oligonucleotide synthesizer. Oligonucleotides can be
designed based on the amino acid sequence of the desired polypeptide and selecting those codons that are
favored in the host cell in which the recombinant polypeptide of interest will be produced. Standard
methods can be applied to synthesize a polynucleotide sequence encoding an isolated polypeptide of
interest. For example, a complete amino acid sequence can be used to construct a back-translated gene.

Further, a DNA oligomer containing a nucleotide sequence coding for the particular isolated polypeptide
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can be synthesized. For example, several small oligonucleotides coding for portions of the desired
polypeptide can be synthesized and then ligated. The individual oligonucleotides typically contain 5' or 3'
overhangs for complementary assembly.

[0185] Once assembled (by synthesis, site-directed mutagenesis, or another method), the
polynucleotide sequences encoding a particular polypeptide of interest can be inserted into an expression
vector and operatively linked to an expression control sequence appropriate for expression of the protein
in a desired host. Proper assembly can be confirmed by nucleotide sequencing, restriction enzyme
mapping, and/or expression of a biologically active polypeptide in a suitable host. As is well-known in
the art, in order to obtain high expression levels of a transfected gene in a host, the gene must be
operatively linked to transcriptional and translational expression control sequences that are functional in
the chosen expression host.

[0186] In certain embodiments, recombinant expression vectors are used to amplify and express
DNA encoding binding agents (e.g., antibodies or soluble receptors), or fragments thereof, against a
human FZD protein or a Wnt protein. For example, recombinant expression vectors can be replicable
DNA constructs which have synthetic or cDNA-derived DNA fragments encoding a polypeptide chain of
a FZD-binding agent, a Wnt-binding agent, an anti-FZD antibody or fragment thereof, an anti-Wnt
antibody or fragment thereof, or a FZD-Fc soluble receptor operatively linked to suitable transcriptional
and/or translational regulatory elements derived from mammalian, microbial, viral or insect genes. A
transcriptional unit generally comprises an assembly of (1) a genetic element or elements having a
regulatory role in gene expression, for example, transcriptional promoters or enhancers, (2) a structural or
coding sequence which is transcribed into mRNA and translated into protein, and (3) appropriate
transcription and translation initiation and termination sequences. Regulatory elements can include an
operator sequence to control transcription. The ability to replicate in a host, usually conferred by an
origin of replication, and a selection gene to facilitate recognition of transformants can additionally be
incorporated. DNA regions are “operatively linked” when they are functionally related to each other. For
example, DNA for a signal peptide (secretory leader) is operatively linked to DNA for a polypeptide if it
is expressed as a precursor which participates in the secretion of the polypeptide; a promoter is operatively
linked to a coding sequence if it controls the transcription of the sequence; or a ribosome binding site is
operatively linked to a coding sequence if it is positioned so as to permit translation. In some
embodiments, structural elements intended for use in yeast expression systems include a leader sequence
enabling extracellular secretion of translated protein by a host cell. In other embodiments, where
recombinant protein is expressed without a leader or transport sequence, it can include an N-terminal
methionine residue. This residue can optionally be subsequently cleaved from the expressed recombinant

protein to provide a final product.
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[0187] The choice of an expression control sequence and an expression vector depends upon the
choice of host. A wide variety of expression host/vector combinations can be employed. Useful
expression vectors for eukaryotic hosts include, for example, vectors comprising expression control
sequences from SV40, bovine papilloma virus, adenovirus, and cytomegalovirus. Useful expression
vectors for bacterial hosts include known bacterial plasmids, such as plasmids from E. coli, including
pCR1, pBR322, pMB9 and their derivatives, and wider host range plasmids, such as M13 and other
filamentous single-stranded DNA phages.

[0188] Suitable host cells for expression of a FZD-binding or Wnt-binding agent (or a protein to use
as an antigen) include prokaryotes, yeast cells, insect cells, or higher eukaryotic cells under the control of
appropriate promoters. Prokaryotes include gram-negative or gram-positive organisms, for example E.
coli or Bacillus. Higher eukaryotic cells include established cell lines of mammalian origin as described
below. Cell-free translation systems may also be employed. Appropriate cloning and expression vectors
for use with bacterial, fungal, yeast, and mammalian cellular hosts are described by Pouwels et al. (1985,
Cloning Vectors: A Laboratory Manual, Elsevier, New York, NY). Additional information regarding
methods of protein production, including antibody production, can be found, e.g., in U.S. Patent
Publication No. 2008/0187954, U.S. Patent Nos. 6,413,746 and 6,660,501, and International Patent
Publication No. WO 2004/609823.

[0189] Various mammalian culture systems are used to express recombinant polypeptides.
Expression of recombinant proteins in mammalian cells may be preferred because such proteins are
generally correctly folded, appropriately modified, and biologically functional. Examples of suitable
mammalian host cell lines include COS-7 (monkey kidney-derived), L-929 (murine fibroblast-derived),
C127 (murine mammary tumor-derived), 3T3 (murine fibroblast-derived), CHO (Chinese hamster ovary-
derived), HeLa (human cervical cancer-derived), BHK (hamster kidney fibroblast-derived), HEK-293
(human embryonic kidney-derived) cell lines and variants thereof. Mammalian expression vectors can
comprise non-transcribed elements such as an origin of replication, a suitable promoter and enhancer
linked to the gene to be expressed, and other 5' or 3' flanking non-transcribed sequences, and 5' or 3' non-
translated sequences, such as necessary ribosome binding sites, a polyadenylation site, splice donor and
acceptor sites, and transcriptional termination sequences.

[0190] Expression of recombinant proteins in insect cell culture systems (e.g., baculovirus) also
offers a robust method for producing correctly folded and biologically functional proteins. Baculovirus
systems for production of heterologous proteins in insect cells are well-known to those of skill in the art
(see, e.g., Luckow and Summers, 1988, Bio/Technology, 6:47).

[0191] Thus, the present invention provides cells comprising the FZD-binding agents or the Wnt-
binding agents described herein. In some embodiments, the cells produce the binding agents (e.g.,

antibodies or soluble receptors) described herein. In certain embodiments, the cells produce an antibody.
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In certain embodiments, the cells produce antibody OMP-18R5. In some embodiments, the cells produce
a soluble receptor. In some embodiments, the cells produce a FZD-Fc soluble receptor. In some
embodiments, the cells produce a FZD8-Fc soluble receptor. In some embodiments, the cells produce
FZD8-Fc soluble receptor OMP-54F28.

[0192] The proteins produced by a transformed host can be purified according to any suitable
method. Standard methods include chromatography (e.g., ion exchange, affinity, and sizing column
chromatography), centrifugation, differential solubility, or by any other standard technique for protein
purification. Affinity tags such as hexa-histidine, maltose binding domain, influenza coat sequence, and
glutathione-S-transferase can be attached to the protein to allow easy purification by passage over an
appropriate affinity column. Isolated proteins can also be physically characterized using such techniques
as proteolysis, mass spectrometry (MS), nuclear magnetic resonance (NMR), high performance liquid
chromatography (HPLC), and x-ray crystallography.

[0193] In some embodiments, supernatants from expression systems which secrete recombinant
protein into culture media can be first concentrated using a commercially available protein concentration
filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit. Following the concentration step,
the concentrate can be applied to a suitable purification matrix. In some embodiments, an anion exchange
resin can be employed, for example, a matrix or substrate having pendant diethylaminoethyl (DEAE)
groups. The matrices can be acrylamide, agarose, dextran, cellulose, or other types commonly employed
in protein purification. In some embodiments, a cation exchange step can be employed. Suitable cation
exchangers include various insoluble matrices comprising sulfopropyl or carboxymethyl groups. In some
embodiments, a hydroxyapatite media can be employed, including but not limited to, ceramic
hydroxyapatite (CHT). In certain embodiments, one or more reverse-phase HPLC steps employing
hydrophobic RP-HPLC media, e.g., silica gel having pendant methyl or other aliphatic groups, can be
employed to further purify a binding agent. Some or all of the foregoing purification steps, in various
combinations, can also be employed to provide a homogeneous recombinant protein.

[0194] In some embodiments, recombinant protein produced in bacterial culture can be isolated, for
example, by initial extraction from cell pellets, followed by one or more concentration, salting-out,
aqueous ion exchange, or size exclusion chromatography steps. HPLC can be employed for final
purification steps. Microbial cells employed in expression of a recombinant protein can be disrupted by
any convenient method, including freeze-thaw cycling, sonication, mechanical disruption, or use of cell
lysing agents.

[0195] Methods known in the art for purifying antibodies and other proteins also include, for
example, those described in U.S. Patent Publication Nos. 2008/0312425, 2008/0177048, and
2009/0187005.
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[0196] In certain embodiments, the Wnt-binding agent or the FZD-binding agent is a polypeptide
that is not an antibody. A variety of methods for identifying and producing non-antibody polypeptides
that bind with high affinity to a protein target are known in the art. See, e.g., Skerra, 2007, Curr. Opin.
Biotechnol., 18:295-304; Hosse et al., 2006, Protein Science, 15:14-27; Gill et al., 2006, Curr. Opin.
Biotechnol., 17:653-658; Nygren, 2008, FEBS J., 275:2668-76; and Skerra, 2008, FEBS J., 275:2677-83.
In certain embodiments, phage display technology may be used to produce and/or identify a FZD-binding
or Wnt-binding polypeptide. In certain embodiments, the polypeptide comprises a protein scaffold of a
type selected from the group consisting of protein A, protein G, a lipocalin, a fibronectin domain, an
ankyrin consensus repeat dorain, and thioredoxin.

[0197] In certain embodiments, the binding agents can be used in any one of a number of conjugated
(i.e. an immunoconjugate or radioconjugate) or non-conjugated forms. In certain embodiments,
antibodies can be used in a non-conjugated form to harness the subject’s natural defense mechanisms
including complement-dependent cytotoxicity and antibody dependent cellular toxicity to eliminate the
malignant or cancer cells.

[0198] In some embodiments, the binding agent is conjugated to a cytotoxic agent. In some
embodiments, the cytotoxic agent is a chemotherapeutic agent including, but not limited to, methotrexate,
adriamicin, doxorubicin, melphalan, mitomycin C, chlorambucil, daunorubicin or other intercalating
agents. In some embodiments, the cytotoxic agent is an enzymatically active toxin of bacterial, fungal,
plant, or animal origin, or fragments thereof, including, but not limited to, diphtheria A chain, nonbinding
active fragments of diphtheria toxin, exotoxin A chain, ricin A chain, abrin A chain, modeccin A chain,
alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPL, PAPII, and
PAP-S), Momordica charantia inhibitor, curcin, crotin, Sapaonaria officinalis inhibitor, gelonin,
mitogellin, restrictocin, phenomycin, enomycin, and the tricothecenes. In some embodiments, the
cytotoxic agent is a radioisotope to produce a radioconjugate or a radioconjugated antibody. A variety of
radionuclides are available for the production of radioconjugated antibodies including, but not limited to,
Wy, 125 Bl 1By Mg,y Blin, 1Rh, *Sm, *'Cu, *'Ga, 1%Ho, ""Lu, *Re, *¥Re and *’Bi. In some
embodiments, conjugates of an antibody and one or more small molecule toxins, such as a calicheamicin,
maytansinoids, a trichothene, and CC1065, and the derivatives of these toxins that have toxin activity, can
be produced. In certain embodiments, conjugates of an antibody and a cytotoxic agent are made using a
variety of bifunctional protein-coupling agents such as N-succinimidyl-3-(2-pyridyidithiol) propionate
(SPDP), iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCL),
active esters (such as disuccinimidyl suberate), aldehydes (such as glutareldehyde), bis-azido compounds
(such as bis(p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as bis-(p-
diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as toluene 2,6-diisocyanate), and bis-active

fluorine compounds (such as 1,5-difluoro-2,4-dinitrobenzene).
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[0199] In certain embodiments, the Wnt pathway inhibitor (e.g., antibody or soluble receptor) is an
antagonist of at least one Wnt protein (i.e., 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 Wnt proteins). In certain
embodiments, the Wnt pathway inhibitor inhibits activity of the Wnt protein(s) to which it binds. In
certain embodiments, the Wnt pathway inhibitor inhibits at least about 10%, at least about 20%, at least
about 30%, at least about 50%, at least about 75%, at least about 90%, or about 100% of the activity of the
human Wnt protein(s) to which it binds.

[0200] In certain embodiments, the Wnt pathway inhibitor (e.g., antibody or soluble receptor)
inhibits binding of at least one human Wnt to an appropriate receptor. In certain embodiments, the Wnt
pathway inhibitor inhibits binding of at least one human Wnt protein to one or more human FZD proteins.
In some embodiments, the at least one Wnt protein is selected from the group consisting of: Wntl, Wnt2,
Wnat2b/13, Wnt3, Wnt3a, Watd, WntSa, Wnt5b, Wnt6, Wnt7a, Wnt7b, Wnt8a, Wnt8b, Wnt9a, Wnt9b,
Whnt10a, Wnt10b, Wntl11, and Wntl6. In some embodiments, the one or more human FZD proteins are
selected from the group consisting of: FZD1, FZD2, FZD3, FZD4, FZDS5, FZD6, FZD7, FZD8, FZD9,
and FZD10. In certain embodiments, the Wnt pathway inhibitor inhibits binding of one or more Wnt
proteins to FZD1, FZD2, FZD4, FZD5, FZD7, and/or FZD8. In certain embodiments, the Wnt pathway
inhibitor inhibits binding of one or more Wnt proteins to FZD8. In certain embodiments, the inhibition of
binding of a particular Wnt to a FZD protein by a Wnt pathway inhibitor is at least about 10%, at Jeast
about 25%, at least about 50%, at least about 75%, at least about 90%, or at least about 95%. In certain
embodiments, an agent that inhibits binding of a Wnt to a FZD protein, also inhibits Wnt pathway
signaling. In certain embodiments, a Wnt pathway inhibitor that inhibits human Wnt pathway signaling is
an antibody. In certain embodiments, a Wnt pathway inhibitor that inhibits human Wnt pathway signaling
is a FZD-Fc soluble receptor. In certain embodiments, a Wnt pathway inhibitor that inhibits human Wnt
pathway signaling is a FZD8-Fc soluble receptor. In certain embodiments, a Wnt pathway inhibitor that
inhibits human Wnt pathway signaling is soluble receptor OMP-54F28.

[0201] In certain embodiments, the Wnt pathway inhibitors (e.g., antibody or soluble receptor)
described herein are antagonists of at least one human Wnt protein and inhibit Wnt activity. In certain
embodiments, the Wnt pathway inhibitor inhibits Wnt activity by at least about 10%, at least about 20%,
at least about 30%, at least about 50%, at least about 75%, at least about 90%, or about 100%. In some
embodiments, the Wnt pathway inhibitor inhibits activity of one, two, three, four, five or more Wnt
proteins. In some embodiments, the Wnt pathway inhibitor inhibits activity of at least one human Wnt
protein selected from the group consisting of: Wntl, Wnt2, Wnt2b, Wnt3, Wnt3a, Wnt4, Wnt5a, Wnt5b,
Wnt6, Wnt7a, Wnt7b, Wnt8a, Wnt8b, Wnt9a, Wnt9b, Wnt10a, Wnt10b, Wntl1, and Wnt16. In some
embodiments, the Wnt-binding agent binds at least one Wnt protein selected from the group consisting of
Wntl, Wnt2, Wnt2b, Wnt3, Wnt3a, Wnt7a, Wnt7b, Wnt8a, Wnt8b, Wnt10a, and Wnt10b. In certain
embodiments, the at least one Wt protein is selected from the group consisting of Wntl, Wnt2, Wnt2b,
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Wnt3, Wnt3a, Wnt8a, Wnt8b, Wnt10a, and Wnt10b. In certain embodiments, a Wnt pathway inhibitor
that inhibits human Wnt activity is an antibody. In certain embodiments, a Wnt pathway inhibitor that
inhibits human Wnt activity is a FZD-Fc soluble receptor. In certain embodiments, a Wnt pathway
inhibitor that inhibits human Wnt activity is a FZD8-Fc soluble receptor. In certain embodiments, a Wnt
pathway inhibitor that inhibits human Wnt activity is soluble receptor OMP-54F28.

[0202] In certain embodiments, the Wnt pathway inhibitor described herein is an antagonist of at
least one human FZD protein and inhibits FZD activity. In certain embodiments, the Wnt pathway
inhibitor inhibits FZD activity by at least about 10%, at least about 20%, at least about 30%, at least about
50%, at least about 75%, at least about 90%, or about 100%. In some embodiments, the Wnt pathway
inhibitor inhibits activity of one, two, three, four, five or more FZD proteins. In some embodiments, the
Wnt pathway inhibitor inhibits activity of at least one human FZD protein selected from the group
consisting of: FZD1, FZD2, FZD3, FZD4, FZD5, FZD6, FZD7, FZD8, FZD9, and FZD10. In certain
embodiments, the Wnt pathway inhibitor inhibits activity of FZD1, FZD2, FZD4, FZDS, FZD7, and/or
FZD8. In certain embodiments, the Wnt pathway inhibitor inhibits activity of FZD8. In some
embodiments, the Wnt pathway inhibitor is an anti-FZD antibody. In certain embodiments, the Wnt
pathway inhibitor is anti-FZD antibody OMP-18R3.

[0203] In certain embodiments, the Wnt pathway inhibitor described herein is an antagonist of at
least one human Wnt protein and inhibits Wnt signaling. In certain embodiments, the Wnt pathway
inhibitor inhibits Wnt signaling by at least about 10%, at least about 20%, at least about 30%, at least
about 50%, at least about 75%, at least about 90%, or about 100%. In some embodiments, the Wnt
pathway inhibitor inhibits signaling by one, two, three, four, five or more Wnt proteins. In some
embodiments, the Wnt pathway inhibitor inhibits signaling of at least one Wnt protein selected from the
group consisting of Wntl, Wnt2, Wnt2b, Wnt3, Wnt3a, Wnt7a, Wnt7b, Wnt8a, Wnt8b, Wntl0a, and
Wntl0b. In certain embodiments, a Wnt pathway inhibitor that inhibits Wnt signaling is an antibody. In
certain embodiments, a Wnt pathway inhibitor that inhibits Wnt signaling is a soluble receptor. In certain
embodiments, a Wnt pathway inhibitor that inhibits Wnt signaling is a FZD-Fc soluble receptor. In
certain embodiments, a Wnt pathway inhibitor that inhibits Wnt signaling is a FZD8-Fc soluble receptor.
In certain embodiments, a Wnt pathway inhibitor that inhibits Wnt signaling is soluble receptor OMP-
54F28.

[0204] In certain embodiments, a Wnt pathway inhibitor described herein is an antagonist of p-
catenin signaling. In certain embodiments, the Wnt pathway inhibitor inhibits B-catenin signaling by at
least about 10%, at least about 20%, at least about 30%, at least about 50%, at least about 75%, at least
about 90%, or about 100%. In certain embodiments, a Wnt pathway inhibitor that inhibits p-catenin
signaling is an antibody. In certain embodiments, a Wnt pathway inhibitor that inhibits B-catenin

signaling is an anti-FZD antibody. In certain embodiments, a Wnt pathway inhibitor that inhibits p-
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catenin signaling is antibody OMP-18R5. In certain embodiments, a Wnt pathway inhibitor that inhibits
B-catenin signaling is a soluble receptor. In certain embodiments, a Wnt pathway inhibitor that inhibits -
catenin signaling is a FZD-Fc soluble receptor. In certain embodiments, a Wnt pathway inhibitor that
inhibits B-catenin signaling is a FZD8-Fc soluble receptor.

[0205] In certain embodiments, the Wnt pathway inhibitor described herein inhibits binding of at
least one Wnt protein to a receptor. In certain embodiments, the Wnt pathway inhibitor inhibits binding
of at least one human Wnt protein to one or more of its receptors. In some embodiments, the Wnt
pathway inhibitor inhibits binding of at least one Wnt protein to at least one FZD protein. In some
embodiments, the Wnt-binding agent inhibits binding of at least one Wnt protein to FZD1, FZD2, FZD3,
FZD4, FDZ5, FDZ6, FDZ7, FDZ8, FDZ9, and/or FZD10. In certain embodiments, the inhibition of
binding of at least one Wnt to at least one FZD protein is at least about 10%, at least about 25%, at least
about 50%, at least about 75%, at least about 90%, or at least about 95%. In certain embodiments, a Wnt
pathway inhibitor that inhibits binding of at least one Wnt to at least one FZD protein further inhibits Wnt
pathway signaling and/or B-catenin signaling. In certain embodiments, a Wnt pathway inhibitor that
inhibits binding of at least one human Wnt to at least one FZD protein is an antibody. In certain
embodiments, a Wnt pathway inhibitor that inhibits binding of at least one human Wnt to at least one FZD
protein is an anti-FZD antibody. In certain embodiments, a Wnt pathway inhibitor that inhibits binding of
at least one human Whnt to at least one FZD protein is antibody OMP-18RS. In certain embodiments, a
Wht pathway inhibitor that inhibits binding of at least one human Wnt to at least one FZD protein is a
soluble teceptor. In certain embodiments, a Wnt pathway inhibitor that inhibits binding of at least one
human Wnt to at least one FZD protein is a FZD-Fc soluble receptor. In certain embodiments, a Wnt
pathway inhibitor that inhibits binding of at least one human Wnt to at least one FZD protein is a FZD8-
Fc soluble receptor. In certain embodiments, a Wnt pathway inhibitor that inhibits binding of at least one
human Whnt to at least one FZD protein is FZD8-Fc soluble receptor OMP-54F28.

[0206] In certain embodiments, the Wnt pathway inhibitor described herein blocks binding of at least
one Wnt to a receptor. In certain embodiments, the Wnt pathway inhibitor blocks binding of at least one
human Wat protein to one or more of its receptors. In some embodiments, the Wnt pathway inhibitor
blocks binding of at least one Wnt to at least one FZD protein. In some embodiments, the Wnt pathway
inhibitor blocks binding of at least one Wnt protein to FZD1, FZD2, FZD3, FZD4, FDZ5, FDZ6, FDZ7,
FDZ8, FDZ9, and/or FZD10. In certain embodiments, the blocking of binding of at least one Wnt to at
least one FZD protein is at least about 10%, at least about 25%, at least about 50%, at least about 75%, at
least about 90%, or at least about 95%. In certain embodiments, a Wnt pathway inhibitor that blocks
binding of at least one Wnt protein to at least one FZD protein further inhibits Wnt pathway signaling
and/or B-catenin signaling. In certain embodiments, a Wnt pathway inhibitor that blocks binding of at

least one human Wnt to at least one FZD protein is an antibody. In certain embodiments, a Wnt pathway
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inhibitor that blocks binding of at least one human Wnt to at least one FZD protein is an anti-FZD
antibody. In certain embodiments, a Wnt pathway inhibitor that blocks binding of at least one human Wnt
to at least one FZD protein is antibody OMP-18R5. In certain embodiments, a Wnt pathway inhibitor that
blocks binding of at least one human Wnt to at least one FZD protein is a soluble receptor. In certain
embodiments, a Wnt pathway inhibitor that blocks binding of at least one human Wnt to at least one FZD
protein is a FZD-Fc soluble receptor. In certain embodiments, a Wnt pathway inhibitor that blocks
binding of at least one human Wnt to at least one FZD protein is a FZD8-Fc soluble receptor. In certain
embodiments, a Wnt pathway inhibitor that blocks binding of at least one human Wnt to at least one FZD
protein is soluble receptor OMP-54F28.

[0207] In certain embodiments, the Wnt pathway inhibitor described herein inhibits Wnt pathway
signaling. It is understood that a Wnt pathway inhibitor that inhibits Wnt pathway signaling may, in
certain embodiments, inhibit signaling by one or more receptors in the Wnt signaling pathway but not
necessarily inhibit signaling by all receptors. In certain alternative embodiments, Wnt pathway signaling
by all human receptors may be inhibited. In certain embodiments, Wnt pathway signaling by one or more
receptors selected from the group consisting of FZD1, FZD2, FZD3, FZD4, FDZ5, FDZ6, FDZ7, FDZ3,
FDZ9, and FZD10 is inhibited. In certain embodiments, the inhibition of Wnt pathway signaling by a
Wnt pathway inhibitor is a reduction in the level of Wnt pathway signaling of at least about 10%, at least
about 25%, at least about 50%, at least about 75%, at least about 90%, or at least about 95%. In some
embodiments, a Wnt pathway inhibitor that inhibits Wnt pathway signaling is an antibody. In some
embodiments, a Wnt pathway inhibitor that inhibits Wnt pathway signaling is an anti-FZD antibody. In
some embodiments, a Wnt pathway inhibitor that inhibits Wnt pathway signaling is antibody OMP-18RS.
In some embodiments, a Wnt pathway inhibitor that inhibits Wnt pathway signaling is a soluble receptor.
In some embodiments, a Wnt pathway inhibitor that inhibits Wnt pathway signaling is a FZD-Fc soluble
receptor. In some embodiments, a Wnt pathway inhibitor that inhibits Wnt pathway signaling is a FZD8-
Fc soluble receptor. In some embodiments, a Wnt pathway inhibitor that inhibits Wnt pathway signaling
is soluble receptor OMP-54F28.

[0208] In certain embodiments, the Wnt pathway inhibitor described herein inhibits activation of -
catenin. It is understood that a Wnt pathway inhibitor that inhibits activation of B-catenin may, in certain
embodiments, inhibit activation of B-catenin by one or more receptors, but not necessarily inhibit
activation of B-catenin by all receptors. In certain alternative embodiments, activation of B-catenin by all
human receptors may be inhibited. In certain embodiments, activation of B-catenin by one or more
receptors selected from the group consisting of FZD1, FZD2, FZD3, FZD4, FDZS, FDZ6, FDZ7, FDZ8,
FDZ9, and FZD10 is inhibited. In certain embodiments, the inhibition of activation of B-catenin by a
Wht-binding agent is a reduction in the level of activation of B-catenin of at least about 10%, at least about

25%, at least about 50%, at least about 75%, at least about 90%, or at least about 95%. In some
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embodiments, a Wnt pathway inhibitor that inhibits activation of P-catenin is an antibody. In some
embodiments, a Wnt pathway inhibitor that inhibits activation of B-catenin is an anti-FZD antibody. In
some embodiments, a Wnt pathway inhibitor that inhibits activation of B-catenin is antibody OMP-18R5.
In some embodiments, a Wnt pathway inhibitor that inhibits activation of B-catenin is a soluble receptor.
In some embodiments, a Wnt pathway inhibitor that inhibits activation of B-catenin is a FZD-Fc soluble
receptor. In some embodiments, a Wnt pathway inhibitor that inhibits activation of B-catenin is a FZD8-
Fc soluble receptor. In some embodiments, a Wnt pathway inhibitor that inhibits activation of B-catenin is
soluble receptor OMP-54F28.

[6209] In vivo and in vitro assays for determining whether a Wnt pathway inhibitor inhibits B-catenin
signaling are known in the art. For example, cell-based, luciferase reporter assays utilizing a TCF/Luc
reporter vector containing multiple copies of the TCF-binding domain upstream of a firefly luciferase
reporter gene may be used to measure B-catenin signaling levels in vitro (Gazit et al., 1999, Oncogene, 18;
5959-66; TOPflash, Millipore, Billerica MA). The level of B-catenin signaling in the presence of one or
more Wnt proteins (e.g., Wnt(s) expressed by transfected cells or provided by Wnt-conditioned media) in
the presence of a binding agent is compared to the level of signaling without the binding agent present. In
addition to the TCF/Luc reporter assay, the effect of a binding agent (or candidate agent) on B-catenin
signaling may be measured in vitro or in vivo by measuring the effect of the agent on the level of
expression of B-catenin-regulated genes, such as c-myc (He et al., 1998, Science, 281:1509-12), cyclin D1
(Tetsu et al., 1999, Nature, 398:422-6), and/or fibronectin (Gradl et al. 1999, Mol. Cell Biol., 19:5576-87).
In certain embodiments, the effect of a binding agent on B-catenin signaling may also be assessed by
measuring the effect of the agent on the phosphorylation state of Dishevelled-1, Dishevelled-2,
Dishevelled-3, LRP5, LRP6, and/or f-catenin.

[0210] In certain embodiments, a Wnt pathway inhibitor has one or more of the following effects:
inhibit proliferation of tumor cells, inhibit tamor growth, reduce the frequency of cancer stem cells in a
tumor, reduce the tumorigenicity of a tumor, reduce the tumorigenicity of a tumor by reducing the
frequency of cancer stem cells in the tumor, trigger cell death of tumor cells, induce cells in a tumor to
differentiate, differentiate tumorigenic cells to a non-tumorigenic state, induce expression of
differentiation markers in the tumor cells, prevent metastasis of tumor cells, or decrease survival of tumor
cells.

[0211] In certain embodiments, a Wnt pathway inhibitor is capable of inhibiting tumor growth. In
certain embodiments, a Wnt pathway inhibitor is capable of inhibiting tumor growth in vivo (e.g., in a
xenograft mouse model, and/or in a human having cancer). In some embodiments, the tumor is a tumor
selected from the group consisting of colorectal tumor, colon tumor, pancreatic tumor, lung tumor,
ovarian tumor, liver tumor, hepatocellular tumor, thyroid tumor, breast tumor, kidney tumor, prostate

tumor, gastrointestinal tumor, melanoma, cervical tumor, neuroendocrine tumor, bladder tumor,
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glioblastoma, and head and neck tumor. In certain embodiments, the tumor is melanoma. In certain
embodiments, the tumor is a colorectal tumor. In certain embodiments, the tumor is a pancreatic tumor.
In certain embodiments, the tumor is a breast tumor. In certain embodiments, the tumor is a lung tumor.
In some embodiments, the tumor is an ovarian tumor. In some embodiments, the tumor is a liver tumor.
In certain embodiments, the tumor is a neuroendocrine tumor. In certain embodiments, the tumor is a
Whnt-dependent tumor.

[0212] In certain embodiments, a Wnt pathway inhibitor is capable of reducing the tumorigenicity of
a tumor. In certain embodiments, a Wnt pathway inhibitor is capable of reducing the tumorigenicity of a
tumor comprising cancer stem cells in an animal model, such as a mouse xenograft model. In certain
embodiments, the number or frequency of cancer stem cells in a tumor is reduced by at least about two-
fold, about three-fold, about five-fold, about ten-fold, about 50-fold, about 100-fold, or about 1000-fold.
In certain embodiments, the reduction in the number or frequency of cancer stem cells is determined by
limiting dilution assay using an animal model. Additional examples and guidance regarding the use of
limiting dilution assays to determine a reduction in the number or frequency of cancer stem cells in a
tumor can be found, e.g., in International Publication No. WO 2008/042236, and U.S. Patent Publication
Nos. 2008/0064049 and 2008/0178305.

[0213] In certain embodiments, the Wnt pathway inhibitors described herein are active in vivo for at
least 1 hour, at least about 2 hours, at least about 5 hours, at least-about 10 hours, at least about 24 hours,
at least about 2 days, at least about 3 days, at least about 1 week, or at least about 2 weeks. In certain
embodiments, the Wnt pathway inhibitor is an IgG (e.g., IgG1 or IgG2) antibody that is active in vivo for
at least 1 hour, at least about 2 hours, at least about 5 hours, at least about 10 hours, at least about 24
hours, at least about 2 days, at least about 3 days, at least about 1 week, or at least about 2 weeks. In
certain embodiments, the Wnt pathway inhibitor is a fusion protein that is active in vivo for at least 1 hour,
at least about 2 hours, at least about 5 hours, at least about 10 hours, at least about 24 hours, at least about
2 days, at least about 3 days, at least about 1 week, or at least about 2 weeks.

[0214] In certain embodiments, the Wnt pathway inhibitors described herein have a circulating half-
life in mice, cynomolgus monkeys, or humans of at least about 5 hours, at least about 10 hours, at least
about 24 hours, at least about 2 days, at least about 3 days, at least about 1 week, or at least about 2 weeks.
In certain embodiments, the Wnt pathway inhibitor is an IgG (e.g., IgG1 or IgG2) antibody that has a
circulating half-life in mice, cynomolgus monkeys, or humans of at least about 5 hours, at least about 10
hours, at least about 24 hours, at least about 2 days, at least about 3 days, at least about 1 week, or at least
about 2 weeks. In certain embodiments, the Wnt pathway inhibitor is a fusion protein that has a
circulating half-life in mice, cynomolgus monkeys, or humans of at least about 5 hours, at least about 10
hours, at least about 24 hours, at least about 2 days, at least about 3 days, at least about 1 week, or at least

about 2 weeks. Methods of increasing (or decreasing) the half-life of agents such as polypeptides and
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antibodies are known in the art. For example, known methods of increasing the circulating half-life of
IgG antibodies include the introduction of mutations in the Fc region which increase the pH-dependent
binding of the antibody to the neonatal Fc receptor (FcRn) at pH 6.0 (see, e.g., U.S. Patent Publication
Nos. 2005/0276799, 2007/0148164, and 2007/0122403). Known methods of increasing the circulating
half-life of antibody fragments lacking the Fc region include such techniques as PEGylation.

III. Methods of use and pharmaceutical compositions

[0215] The present invention provides methods of treating diseases such as cancer with a Wnt
pathway inhibitor, while screening for, monitoring, reducing, preventing, attenuating, and/or mitigating
side effects and/or toxicities, including, but not limited to skeletal-related side effects and/or toxicities
associated with the Wnt pathway inhibitor. Side effects and/or toxicities associated with cancer treatment
may include, but are not limited to, fatigue, vomiting, nausea, diarrhea, pain, hair loss, neutropenia,
anemia, thrombocytopenia, cardiovascular-related complications, skeletal-related complications, and any
combination thereof. As used herein, “skeletal-related complications” (e.g., skeletal-related side effects
and/or toxicities) include but are not limited to, osteopenia, osteoporosis, bone fractures (including silent
fractures), and combinations thereof. Thus, in some aspects and/or embodiments of the methods
described herein, the screening for, monitoring, reducing, preventing, attenuating, and/or mitigating
skeletal-related side effects and/or toxicities is screening for, monitoring, reducing, preventing,
attenuating, and/or mitigating bone density loss and/or fracture risk. Often bone density loss is
asymptomatic and/or early signs of skeletal-related side effects are not evident with, for example, bone
density scanning.

[0216] Bone metabolism is a continuous dual process of bone formation and bone destruction. Bone
destruction is referred to as bone resorption and is carried out by osteoclasts, while bone formation is
carried out by osteoblasts. In adults, the dual processes of bone formation and bone destruction are in
balance, maintaining a constant, homeostatically controlled amount of bone. Bone metabolism may be
assessed and/or monitored by measurement of biomarkers (e.g., enzymes, proteins, and/or degradation
products) released during bone formation and bone resorption. These biomarkers are often referred to as
“bone turnover markers”, and include bone formation markers and bone resorption markers. Bomne
formation biomarkers include serum total alkaline phosphatase, serum bone-specific alkaline phosphatase,
serum osteocalcin, serum procollagen type 1 amino-terminal propeptide (PINP) and serum procollagen
type 1 carboxy-terminal propeptide (P1CP). Bone resorption biomarkers include, urinary hydroxyproline,
urinary total pyridinoline (PYD), urinary free deoxypryidinoline (DPD), urinary collagen type 1 cross-
linked N-telopeptide (NTX), urinary or seruin collagen type 1 cross-linked C-telopeptide (CTX), bone
sialoprotein (BSP), and tartrate-resistant acid phosphatase 5b.

[0217] Approximately 90% of the organic matrix of bone is type 1 collagen, a helical protein that is

cross-linked at the N- and C-terminal ends of the molecule. During bone resorption, osteoclasts secrete a
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mixture of acid and neutral proteases that degrade the collagen fibrils into molecular fragments including
C-telopeptide (CTX). As bone ages, the alpha form of aspartic acid present in CTX converts to the beta
form (B-CTX). B-CTX is released into the bloodstream during bone resorption and serves as a specific
marker for the degradation of mature type 1 collagen.

[0218] Bone turnover markers have been used to monitor anti-resorptive therapies (¢.g., hormone
replacement therapies and bisphosphonate therapies) in post-menopausal women, as well as in individuals
diagnosed with osteopenia. In addition, bone turnover markers may be used to assess drug-induced
osteoporosis resulting from therapy with hormonal and non-hormonal drugs. These drugs may include,
but are not limited to, glucocorticoids, thyroid hormone, aromatase inhibitors, ovarian suppressing agents,
androgen deprivation therapy, thiazolidinediones, selective serotonin reuptake inhibitors, anticonvulsants,
heparins, oral anticoagulants, loop diuretics, calcineurin inhibitors, anti-retroviral therapy, and proton
pump inhibitors. Bone turnover markers have not previously been used to assess the effect of Wnt
pathway inhibitors. Accordingly, in some embodiments, the present invention provides methods for using
bone turnover markers to monitor skeletal-related side effects and/or toxicities in subjects being treated
with a Wnt pathway inhibitor. In some embodiments, the methods use a bone formation biomarker to
monitor and/or detect decreased levels of bone formation. In some embodiments, the methods use a bone
resorption biomarker to monitor and/or detect increased levels of bone resorption. In some embodiments,
monitoring the level of a bone formation biomarker gives an early indication of decreased levels of bone
formation and/or increased risk of bone fracture, osteopenia, and/or osteoporosis. In some embodiments,
monitoring the level of a bone resorption biomarker gives an early indication of increased levels of bone
resorption and/or increased risk of bone fracture, osteopenia, and/or osteoporosis. In some embodiments,
the methods detect skeletal-related side effects and/or toxicities prior to any evidence of skeletal
dysfunction as evaluated by bone density scans.

[0219] In certain embodiments, the skeletal-related side effects and/or toxicities that are detected,
identified, monitored, reduced, prevented, attenuated, and/or screened for are skeletal-related side effects
and/or toxicities caused by, associated with, and/or related to administration of a Wnt pathway inhibitor or
treatment with a Wnt pathway inhibitor. In certain embodiments, the skeletal-related side effects and/or
toxicities are related to the Wnt pathway inhibitor. In certain embodiments, the skeletal-related side
effects and/or toxicities are related to the activity of the Wnt pathway inhibitor. In certain embodiments,
the skeletal-related side effects and/or toxicities are related to a Wnt pathway inhibitor that is an anti-FZD
antibody. In certain embodiments, the skeletal-related side effects and/or toxicities are related to a Wnt
pathway inhibitor that is anti-FZD antibody OMP-18R5. In certain embodiments, the skeletal-related side
effects and/or toxicities are related to the Wnt pathway inhibitor that is a FZD soluble receptor. In certain
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that is a FZD8-Fc soluble receptor. In certain embodiments, the skeletal-related side effects and/or
toxicities are related to the Wnt pathway inhibitor that is FZD8-Fe soluble receptor OMP-34F28.

fh22sy The invention provides methods for selecting a subject for treatment with 2 Wat pathway
inhibitor, comprising: determining the level of a biomarker in a sample, and selecting the subject for
treatment with the Wnt pathway inhibitor if the level of the biomarker is below a predetermined level. In
some embodiments, the methods for selecting a subject for treatment with a Wnat pathway inhibitor
comprise: obtaining a biological sample from the subject, determining the level of a biomarker in the
sample, and selecting the subject for treatment with the Wnt pathway inhibitor if the level of the
biomarker is below a predetermined level. In some embodiments, the biomarker is a bone turnover
marker. In some embodiments, the bone turnover marker is a bone resorption biomarker. In some
embodiments, the bone resorption biomarker is B-CTX.

[0221] In some embodiments, the method of selecting a subject for treatment with a Wnt pathway
inhibitor comprises: obtaining a biological sample from the subject, determining the level of a bone
turnover marker in the sample, and selecting the subject for treatment with the Wnt pathway inhibitor if
the level of the bone turnover marker is below a predetermined level. In some embodiments, the
biological sample is urine, blood, serum, or plasma. In some embodiments, the bone turnover marker is a
bone resorptive biomarker. In some embodiments, the bone resorption biomarker is urinary
hydroxyproline, urinary total pyridinoline (PYD), urinary free deoxypyridinoline (DPD), urinary collagen
type 1 cross-linked N-telopeptide (NTX), urinary or seram collagen type 1 cross-linked C-telopeptide
(CTX), bone sialoprotein (BSP), or tartrate-resistant acid phosphatase 5b. In some embodiments, the bone
resorptive biomarker is CTX or B-CTX. Thus, in some embodiments, the methods of selecting a subject
for treatment with a Wnt pathway inhibitor, comprising: obtaining a biological sample from the subject,
determining the level of B-CTX in the sample, and selecting the subject for treatment with the Wnt
pathway inhibitor if the level of B-CTX is below a predetermined level.

[0222] The invention provides methods of identifying a subject as eligible for treatment with a Wnt
pathway inhibitor, comprising: determining the level of a biomarker in a sample, and identifying the
subject as eligible for treatment with the Wnt pathway inhibitor if the level of the biomarker is below a
predetermined level. In some embodiments, the methods of identifying a subject as eligible for treatment
with a Wnt pathway inhibitor comprise: obtaining a biological sample from the subject, determining the
level of a biomarker in the sample, and identifying the subject as eligible for treatment with the Wnt
pathway inhibitor if the level of the biomarker is below a predetermined level. In some embodiments, the
biomarker is a bone turnover marker. In some embodiments, the biomarker is a bone resorption
biomarker. In some embodiments, the bone resorption biomarker is urinary hydroxyproline, urinary total
pyridinoline (PYD), urinary free deoxypyridinoline (DPD), urinary collagen type 1 cross-linked N-
telopeptide (NTX), urinary or serum collagen type 1 cross-linked C-telopeptide (CTX), bone sialoprotein
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(BSP), or tartrate-resistant acid phosphatase 5b. In some embodiments, the bone resorption biomarker is
CTX. In some embodiments, the bone resorption biomarker is f-CTX. In some embodiments, the
methods of identifying a subject as eligible for treatment with a Wnt pathway inhibitor comprise:
obtaining a biological sample from the subject, determining the level of B-CTX in the sample, and
identifying the subject as eligible for treatment with the Wnt pathway inhibitor if the level of B-CTX is
below a predetermined level.

[0223] The invention also provides methods of monitoring a subject receiving treatment with a Wnt
pathway inhibitor for the development of skeletal-related side effects and/or toxicity, comprising:
determining the level of a biomarker in a sample, and comparing the level of the biomarker in the sample
to a predetermined level of the biomarker, wherein an increase in the level of the biomarker indicates
development of skeletal-related side effects and/or toxicity. In some embodiments, the methods of
monitoring a subject receiving treatment with a Wnt pathway inhibitor for the development of skeletal-
related side effects and/or toxicity comprise: obtaining a biological sample from the subject receiving
treatment, determining the level of a biomarker in the sample, and comparing the level of the biomarker in
the sample to a predetermined level of the biomarker, wherein an increase in the level of the biomarker
indicates development of skeletal-related side effects and/or toxicity. In some embodiments, the skeletal-
related side effect and/or toxicity is an increased risk of bone fracture. In some embodiments, the
skeletal-related side effect and/or toxicity is osteopenia or osteoporosis. In some embodiments, the
biomarker is a bone turnover marker. In some embodiments, the biomarker is a bone resorption
biomarker. In some embodiments, the bone resorption biomarker is urinary hydroxyproline, urinary total
pyridinoline (PYD), urinary free deoxypyridinoline (DPD), urinary collagen type 1 cross-linked N-
telopeptide (NTX), urinary or serum collagen type 1 cross-linked C-telopeptide (CTX), bone sialoprotein
(BSP), or tartrate-resistant acid phosphatase 5b. In some embodiments, the bone resorption biomarker is
CTX. In some embodiments, the bone resorption biomarker is -CTX. In some embodiments, a method
of monitoring a subject receiving treatment with a Wnt pathway inhibitor for the development of skeletal-
related side effects and/or toxicity, comprises: obtaining a biological sample from the subject receiving
treatment, determining the level of B-CTX in the sample, and comparing the level of B-CTX in the sample
to a predetermined level of B-CTX, wherein an increase in the level of B-CTX indicates development of
skeletal-related side effects and/or toxicity.

[0224] The invention also provides methods of detecting the development of skeletal-related side
effects and/or toxicity in a subject receiving treatment with a Wnt pathway inhibitor, comprising:
determining the level of a biomarker in a sample, and comparing the level of a biomarker in the sample to
a predetermined level of the biomarker, wherein an increase in the level of the biomarker indicates
development of skeletal-related side effects and/or toxicity. In some embodiments, the methods of
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with a Wnt pathway inhibitor comprise: obtaining a biological sample from the subject receiving
treatment, determining the level of a biomarker in the sample, and comparing the level of a biomarker in
the sample to a predetermined level of the biomarker, wherein an increase in the level of the biomarker
indicates development of skeletal-related side effects and/or toxicity. In some embodiments, the skeletal-
related side effect and/or toxicity is an increased risk of bone fracture. In some embodiments, the
skeletal-related side effect and/or toxicity is osteopenia or osteoporosis. In some embodiments, the
biomarker is a bone turnover marker. In some embodiments, the biomarker is a bone resorption
biomarker. In some embodiments, the bone resorption biomarker is urinary hydroxyproline, urinary total
pyridinoline (PYD), urinary free deoxypyridinoline (DPD), urinary collagen type 1 cross-linked N-
telopeptide (NTX), urinary or serum collagen type 1 cross-linked C-telopeptide (CTX), bone sialoprotein
(BSP), or tartrate-resistant acid phosphatase 5b. In some embodiments, the bone resorption biomarker is
CTX. In some embodiments, the bone resorption biomarker is B-CTX. In some embodiments, the
methods of detecting the development of skeletal-related side effects and/or toxicity in a subject receiving
treatment with a Wnt pathway inhibitor comprise: obtaining a biological sample from the subject
receiving treatment, determining the level of B-CTX in the sample, and comparing the level of 8-CTX in
the sample to a predetermined level of B-CTX, wherein an increase in the level of B-CTX indicates
development of skeletal-related side effects and/or toxicity.

[0225] The invention also provides methods for identifying skeletal-related side effects and/or
toxicity in a subject receiving treatment with a Wnt pathway inhibitor, comprising: determining the level
of a biomarker in a sample, and comparing the level of the biomarker in the sample to a predetermined
level of the biomarker, wherein-if the level of the biomarker in the sample is higher ‘than the
predetermined level of the biomarker then a skeletal-related side effect and/or toxicity is indicated. In
some embodiments, the methods for identifying skeletal-related side effects and/or toxicity in a subject
receiving treatment with a Wnt pathway inhibitor comprise: obtaining a biological sample from the
subject receiving treatment, determining the level of a biomarker in the sample, and comparing the level
of the biomarker in the sample to a predetermined level of the biomarker, wherein if the level of the
biomarker in the sample is higher than the predetermined level of the biomarker then a skeletal-related
side effect and/or toxicity is indicated. In some embodiments, the skeletal-related side effect and/or
toxicity is an increased risk of bone fracture. In some embodiments, the skeletal-related side effect and/or
toxicity is osteopenia or osteoporosis. In some embodiments, the biomarker is a bone turnover marker. In
some embodiments, the biomarker is a bone resorption biomarker. In some embodiments, the bone
resorption biomarker is urinary hydroxyproline, urinary total pyridinoline (PYD), urinary free
deoxypyridinoline (DPD), urinary collagen type 1 cross-linked N-telopeptide (NTX), urinary or serum
collagen type 1 cross-linked C-telopeptide (CTX), bone sialoprotein (BSP), or tartrate-resistant acid
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the bone resorption biomarker is B-CTX. In some embodiments, a method for identifying a skeletal-
related side effect and/or toxicity in a subject receiving treatment with a Wnt pathway inhibitor comprises:
obtaining a biological sample from the subject receiving treatment, determining the level of f-CTX in the
sample, and comparing the level of B-CTX in the sample to a predetermined level of B-CTX, wherein if
the level of B-CTX in the sample is higher than the predetermined level of B-CTX then a skeletal-related
side effect and/or toxicity is indicated.

[0226] The invention also provides methods for monitoring skeletal-related side effects and/or
toxicity in a subject receiving treatment with a Wnt pathway inhibitor, comprising: determining the level
of a biomarker in a sample, and comparing the level of the biomarker in the sample to a predetermined
level of the biomarker, wherein if the level of the biomarker in the sample is higher than the
predetermined level of the biomarker then skeletal-related side effects and/or toxicity is indicated. In
some embodiments, the methods for monitoring skeletal-related side effects and/or toxicity in a subject
receiving treatment with a Wnt pathway inhibitor comprise: obtaining a biological sample from the
subject receiving treatment, determining the level of a biomarker in the sample, and comparing the level
of the biomarker in the sample to a predetermined level of the biomarker, wherein if the level of the
biomarker in the sample is higher than the predetermined level of the biomarker then skeletal-related side
effects and/or toxicity is indicated. In some embodiments, the skeletal-related side effect and/or toxicity
is an increased risk of bone fracture. In some embodiments, the skeletal-related side effect and/or toxicity
is osteopenia or osteoporosis. In some embodiments, the biomarker is a bone turnover marker. In some
embodiments, the biomarker is a bone resorption biomarker. In some embodiments, the bone resorption
biomarker is urinary hydroxyproline, urinary total pyridinoline (PYD), urinary free deoxypyridinoline
(DPD), urinary collagen type 1 cross-linked N-telopeptide (NTX), urinary or serum collagen type 1 cross-
linked C-telopeptide (CTX), bone sialoprotein (BSP), or tartrate-resistant acid phosphatase 5b. In some
embodiments, the bone resorption biomarker is CTX. In some embodiments, the bone resorption
biomarker is p-CTX. In some embodiments, a method for monitoring cardiotoxicity in a subject receiving
treatment with a Wnt pathway inhibitor comprises: obtaining a biological sample from the subject
receiving treatment, determining the level of B-CTX in the sample, and comparing the level of B-CTX in
the sample to a predetermined level of B-CTX, wherein if the level of f-CTX in the sample is higher than
the predetermined level of B-CTX then a skeletal-related side effect and/or toxicity is indicated.

[0227] The invention also provides methods of reducing skeletal-related side effects and/or toxicity
in a subject receiving treatment with a Wnt pathway inhibitor, comprising: determining the level of a
biomarker in a sample from the subject, comparing the level of the biomarker in the sample to a
predetermined level of the biomarker, and administering to the subject a therapeutically effective amount
of an anti-resorptive medication such as a bisphosphonate if the level of the biomarker in the sample is
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skeletal-related side effects and/or toxicity in a subject receiving treatment with a Wnt pathway inhibitor
comprise: obtaining a biological sample from the subject receiving treatment, determining the level of a
biomarker in the sample, comparing the level of the biomarker in the sample to a predetermined level of
the biomarker, and administering to the subject a therapeutically effective amount of an anti-resorptive
medication such as a bisphosphonate if the level of the biomarker in the sample is higher than the
predetermined level of the biomarker. In some embodiments, the skeletal-related side effect and/or
toxicity is an increased risk of bone fracture. In some embodiments, the skeletal-related side effect and/or
toxicity is osteopenia or osteoporosis. In some embodiments, the biomarker is a bone turnover marker. In
some embodiments, the biomarker is a bone resorption biomarker. In some embodiments, the bone
resorption biomarker is urinary hydroxyproline, urinary total pyridinoline (PYD), urinary free
deoxypyridinoline (DPD), urinary collagen type 1 cross-linked N-telopeptide (NTX), urinary or serum
collagen type 1 cross-linked C-telopeptide (CTX), bone sialoprotein (BSP), or tartrate-resistant acid
phosphatase 5b. In some embodiments, the bone resorption biomarker is CTX. In some embodiments,
the bone resorption biomarker is B-CTX. In some embodiments, a method for reducing skeletal-related
side effects and/or toxicity in a subject receiving treatment with a Wnt pathway inhibitor comprises:
obtaining a biological sample from the subject receiving treatment, determining the level of p-CTX in the
sample, and comparing the level of B-CTX in the sample to a predetermined level of B-CTX, and
administering to the subject a therapeutically effective amount of an anti-resorptive medication if the level
of B-CTX in the sample is higher than the predetermined level of -CTX. In some embodiments, the anti-
resorptive medication is a bisphosphonate.

[0228] The invention also provides methods of preventing or attenuating the development of skeletal-
related side effects and/or toxicity in a subject receiving treatment with a Wnt pathway inhibitor,
comprising: determining the level of a biomarker in a sample from the subject, comparing the level of the
biomarker in the sample to a predetermined level of the biomarker; administering to the subject a
therapeutically effective amount of an anti-resorptive medication, and administering to the subject the
Wht pathway inhibitor. In some embodiments, the methods of preventing or attenuating the development
of skeletal-related side effects and/or toxicity in a subject receiving treatment with a Wnt pathway
inhibitor comprise: obtaining a biological sample from the subject prior to treatment with the Wnt
pathway inhibitor, determining the level of a biomarker in the sample, comparing the level of the
biomarker in the sample to a predetermined level of the biomarker; administering to the subject a
therapeutically effective amount of an anti-resorptive medication, and administering to the subject the
Wnt pathway inhibitor. In some embodiments, the skeletal-related side effect and/or toxicity is an
increased risk of bone fracture. In some embodiments, the skeletal-related side effect and/or toxicity is
osteopenia or osteoporosis. In some embodiments, the biomarker is a bone turnover marker. In some
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biomarker is urinary hydroxyproline, urinary total pyridinoline (PYD), urinary free deoxypyridinoline
(DPD), urinary collagen type 1 cross-linked N-telopeptide (NTX), urinary or serum collagen type 1 cross-
linked C-telopeptide (CTX), bone sialoprotein (BSP), or tartrate-resistant acid phosphatase 5b. In some
embodiments, the bone resorption biomarker is CTX. In some embodiments, the bone resorption
biomarker is B-CTX. In some embodiments, a method of preventing or attenuating the development of a
skeletal-related side effect and/or toxicity in a subject receiving treatment with a Wnt pathway inhibitor
comprises: obtaining a biological sample from the subject prior to treatment with the Wnt pathway
inhibitor, determining the level of B-CTX in the sample, comparing the level of B-CTX in the sample to a
predetermined level of B-CTX; administering to the subject a therapeutically effective amount of an anti-
resorptive medication if the level of B-CTX in the sample is higher than the predetermined level of -
CTX; and administering to the subject the Wnt pathway inhibitor.

[0229] In some embodiments of the methods described herein, the predetermined level is about
1500pg/ml or less in a blood, serum, or plasma sample. In some embodiments, the predetermined level is
about 1200pg/ml or less in a blood, serum, or plasma sample. In some embodiments, the predetermined
level is about 1000pg/ml or less in a blood, serum, or plasma sample. In some embodiments, the
predetermined level is about 800pg/ml or less in a blood, serum, or plasma sample. In some
embodiments, the predetermined level is about 600pg/ml or less in a blood, serum, or plasma sample. In
some embodiments, the predetermined level is about 400pg/ml or less in a blood, serum, or plasma
sample. In the context of predetermined levels of B-CTX, the term “about” means the referenced amount
plus or minus 10% of that referenced amount.

[0230] In some embodiments, the predetermined level of a biomarker (e.g., a bone resorption
biomarker or B-CTX) is the amount of the biomarker in a sample obtained at an earlier date. In some
embodiments, the predetermined level of a biomarker (e.g., a bone resorption biomarker or B-CTX) is the
amount of the biomarker in a sample obtained at an initial screening. In some embodiments, the
predetermined level of a biomarker (e.g., a bone resorption biomarker or p-CTX) is the amount of the
biomarker in a sample obtained prior to treatment. In some embodiments, the predetermined level of a
biomarker (e.g., a bone resorption biomarker or B-CTX) is the amount of the biomarker in a sample
obtained at an initial screening. In some embodiments, the predetermined level of a biomarker (e.g., a
bone resorption biomarker or B-CTX) is a normal reference level. In some embodiments, the
predetermined level of a biomarker (e.g., a bone resorption biomarker or f-CTX) is a baseline level. In
some embodiments, the baseline level is the amount of the biomarker determined at an initial screening.
In some embodiments, the baseline level is the amount of the biomarker determined prior to treatment.
[0231] In some embodiments, if the B-CTX level in the sample is increased 2-fold or greater (i.e., a
doubling or greater) as compared to a predetermined level, the subject is administered a therapeutically
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sample is increased 2-fold or greater (i.e., a doubling or greater) as compared to a baseline level, the
subject is administered a therapeutically effective amount of an anti-resorptive medication.

[0232] In any of the methods described herein, a biological sample is obtained approximately every
week, every 2 weeks, every 3 weeks, every 4 weeks, every 5 weeks, or every 6 weeks.

[0233] In some embodiments of any of the methods described herein, the subjects are evaluated
using a DEXA (dual energy X-ray absorptiometry) bone density scan. This technique is the most
commonly used test for measuring bone mineral density (BMD). The DEXA output includes a T-score,
which compares the subject’s bone density to a 30-35 year old person, and a Z-score, which compares the
subject’s bone density to the average bone density of someone their age and gender. The T-score is used
to determine if an individual has osteopenia or osteoporosis according to a standard scale. A T-score
greater than -1 is considered normal bone density; a T-score between -1 and -2.5, is considered
osteopenia; a T-score less than -2.5 is considered osteoporosis; and a T-score less than -2.5 and 1+
osteoporotic fractures is considered severe (established) osteoporosis. In some embodiments, a skeletal-
related side effect and/or toxicity is indicated if the T-score declines to less than -2.5 in the total femur or
vertebrae L.1-L4. In some embodiments, a skeletal-related side effect and/or toxicity is indicated if the T-
score declines to less than -2.0 in the total femur or vertebrae L1-L4. In some embodiments, a skeletal-
related side effect and/or toxicity is indicated if the T-score declines to less than -1.5 in the total femur or
vertebrae L1-L4. In some embodiments, a skeletal-related side effect and/or toxicity is indicated if the T-
score declines to less than -1.0 in the total femur or vertebrae L1-L4.

[0234] The invention also provides methods of ameliorating skeletal-related side effects and/or
toxicity in a subject administered a Wnt pathway inhibitor, comprising: administering to the subject a
therapeutically effective amount of an anti-resorptive medication.

[0235] The invention also provides methods of screening a subject for the risk of skeletal-related side
effects and/or toxicity from treatment with a Wnt pathway inhibitor, comprising: determining the level of
a biomarker in a sample from the subject, and comparing the level of the biomarker in the sample to a
predetermined level of the biomarker, wherein if the level of the biomarker in the sample is higher than
the predetermined level of the biomarker then the subject is at risk for skeletal-related side effects and/or
toxicity. In some embodiments, the methods of screening a subject for the risk of skeletal-related side
effects and/or toxicity from treatment with a Wnt pathway inhibitor comprise: obtaining a biological
sample from the subject prior to treatment with the Wnt pathway inhibitor, determining the level of a
biomarker in the sample, and comparing the level of the biomarker in the sample to a predetermined level
of the biomarker, wherein if the level of the biomarker in the sample is higher than the predetermined
level of the biomarker then the subject is at risk for skeletal-related side effects and/or toxicity. In some
embodiments, the skeletal-related side effect and/or toxicity is an increased risk of bone fracture. In some
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embodiments, the biomarker is a bone turnover marker. In some embodiments, the biomarker is a bone
resorption biomarker. In some embodiments, the bone resorption biomarker is urinary hydroxyproline,
urinary total pyridinoline (PYD), urinary free deoxypyridinoline (DPD), urinary collagen type 1 cross-
linked N-telopeptide (NTX), urinary or serum collagen type 1 cross-linked C-telopeptide (CTX), bone
sialoprotein (BSP), or tartrate-resistant acid phosphatase 5b. In some embodiments, the bone resorption
biomarker is CTX. In some embodiments, the bone resorption biomarker is B-CTX. In some
embodiments, a method of screening a subject for the risk of a skeletal-related side effect and/or toxicity
from treatment with a Wnt pathway inhibitor comprises: obtaining a biological sample from the subject
prior to treatment with the Wnt pathway inhibitor, determining the level of B-CTX in the sample, and
comparing the level of B-CTX in the sample to a predetermined level of B-CTX, wherein if the level of p-
CTX in the sample is higher than the predetermined level of B-CTX then the subject is at risk for a
skeletal-related side effect and/or toxicity. In some embodiments, the predetermined level of B-CTX is a
value determined at an initial screening. In some embodiments, the predetermined level of B-CTX is from
about 400 to 1200pg/ml. In some embodiments, if the subject is at risk for a skeletal-related side effect
and/or toxicity, the subject is administered a therapeutically effective amount of an anti-resorptive
medication prior to treatment with the Wnt pathway inhibitor.

[0236] In some embodiments of the methods described herein, the anti-resorptive medication is a
bisphosphonate. It is believed that bisphosphonates prevent loss of bone mass by “inducing” osteoclasts
to undergo apoptosis and thereby inhibiting the digestion of bone. In some embodiments, the
bisphosphonate is selected from the group consisting of: etidronate, clodronate, tiludronate, pamidronate,
neridronate, olpadronate, alendronate (FOSAMAX), ibandronate (BONIVA), risedronate (ACTONEL),
and zoledronic acid (RECLAST). In some embodiments, the bisphosphonate is zoledronic acid. In some
embodiments, the anti-resorptive medication is anti-RANKL antibody denosumab (PROLIA).

[0237] In any of the methods described herein, the Wnt pathway inhibitor is an anti-FZD antibody.
In any of the methods described herein, the Wnt pathway inhibitor is an anti-Wnt antibody. In any of the
methods described herein, the Wnt pathway inhibitor is a FZD soluble receptor.

[0238] In certain embodiments of any of the methods described herein, the Wnt pathway inhibitor is
an antibody comprising: (a) a heavy chain CDR1 comprising GFTFSHYTLS (SEQ ID NO:1), a heavy
chain CDR2 comprising VISGDGSYTYYADSVKG (SEQ ID NO:2), and a heavy chain CDR3
comprising NFIKYVFAN (SEQ ID NO:3), and (b) a light chain CDR1 comprising SGDNIGSFYVH
(SEQ ID NO:4), a light chain CDR2 comprising DKSNRPSG (SEQ ID NO:5), and a light chain CDR3
comprisiitg QSYANTLSL (SEQ ID NO:6).

[0239] In certain embodiments of any of the methods described herein, the Wnt pathway inhibitor is
an antibody comprising a heavy chain variable region comprising SEQ ID NO:7 and a light chain variable
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[0240] In certain embodiments, the Wnt pathway inhibitor comprises the same heavy chain variable
region and the same light chain variable region sequences as OMP-18R5. In some embodiments, the Wnt
pathway inhibitor is antibody OMP-18R5. OMP-18R5 is an IgG2 human monoclonal antibody that binds
human FZD1, FZD2, FZD5, FZD7, and FZD8 receptors and has been previously described in U.S. Patent
No. 7,982,013.

[0241] In certain embodiments, the Wnt pathway inhibitor comprises the same heavy and light chain
amino acid sequences as an antibody encoded by a plasmid deposited with ATCC having deposit no.
PTA-9541. In certain embodiments, the Wnt pathway inhibitor is encoded by the plasmid having ATCC
deposit no. PTA-9541 which was deposited with American Type Culture Collection (ATCC), at 10801
University Boulevard, Manassas, VA, 20110, under the conditions of the Budapest Treaty on September
29, 2008. In certain embodiments, the Wnt pathway inhibitor competes for specific binding to a human
FZD with an antibody encoded by the plasmid deposited with ATCC having deposit no. PTA-9541.
[0242] In certain embodiments of any of the methods described herein, the Wnt pathway inhibitor is
a FZD soluble receptor. In some embodiments, the Wnt pathway inhibitor is a FZD8 soluble receptor
comprising SEQ ID NO:20, SEQ ID NO:30, or SEQ ID NO:33. In some embodiments, the Wnt pathway
inhibitor is a FZD8 soluble receptor comprising SEQ ID NO:20. In some embodiments, the Wnt pathway
inhibitor is a FZD8 soluble receptor comprising SEQ ID NO:30. In some embodiments, the Wnt pathway
inhibitor is a FZD8 soluble receptor comprising SEQ ID NO:33.

[0243] In certain embodiments of any of the methods described herein, the Wnt pathway inhibitor is
a FZD-Fc soluble receptor. In some embodiments, the Wnt pathway inhibitor is a FZD8-Fc soluble
receptor. In some embodiments, the Wnt pathway inhibitor is a FZD8-Fc soluble receptor comprising
SEQ ID NO:39, SEQ ID NO:40, or SEQ ID NO:41. In some embodiments, the Wnt pathway inhibitor is
a FZD8-Fc soluble receptor comprising SEQ ID NO:39. In some embodiments, the Wnt pathway
inhibitor is a FZD8-Fc soluble receptor comprising SEQ ID NO:40. In some embodiments, the Wnt
pathway inhibitor is a FZD8-Fc soluble receptor comprising SEQ ID NO:41. In some embodiments, the
Whnt pathway inhibitor is OMP-54F28. In some embodiments, the Wnt pathway inhibitor is not OMP-
54F28.

[0244] In some embodiments, the subject has cancer. In some embodiments, the cancer is selected
from the group consisting of: lung cancer, breast cancer, colon cancer, colorectal cancer, melanoma,
pancreatic cancer, gastrointestinal cancer, renal cancer, ovarian cancer, liver cancer, hepatocellular
carcinoma (HCC), endometrial cancer, kidney cancer, prostate cancer, thyroid cancer, neuroendocrine
cancer, neuroblastoma, glioma, glioblastoma multiforme, cervical cancer, stomach cancer, bladder cancer,
hepatoma, and head and neck cancer. As used herein, “lung cancer” refers to all lung cancers including
non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). In certain embodiments, the

cancer is a hematological cancer, such as a lymphoma or leukemia. In some embodiments, the cancer is
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breast cancer. In certain embodiments, the cancer is NSCLC. In certain embodiments, the cancer is
ovarian cancer. In certain embodiments, the cancer is pancreatic cancer. In some embodiments, the
cancer is liver cancer. In certain embodiments, the cancer is not a neuroendocrine cancer.

[0245] Thus, the invention also provides methods of treating cancer. In some embodiments, the
methods comprise a method of treating cancer in a subject in need thereof, comprising: (a) administering
to the subject a therapeutically effective amount of a Wnt pathway inhibitor; and (b) determining the level
of a bone resorption biomarker in a sample from the subject. In some embodiments, a method of treating
cancer comprises (a) administering to the subject a therapeutically effective amount of a Wnt pathway
inhibitor; (b) determining the level of a bone resorption biomarker in a sample from the subject; and (c)
comparing the level of the bone resorption biomarker in the sample to a predetermined level of the bone
resorption biomarker. In some embodiments, a method of treating cancer comprises (a) administering to
the subject a therapeutically effective amount of a Wnt pathway inhibitor; (b) determining the level of a
bone resorption biomarker in a sample from the subject; and (c) comparing the level of the bone
resorption biomarker in the sample to a predetermined level of the bone resorption biomarker; wherein if
the level of the bone resorption biomarker in the sample is higher than the predetermined level of the bone
resorption biomarker then the subject is at risk for a skeletal-related side effect and/or toxicity. In some
embodiments, a method of treating cancer comprises (a) administering to the subject a therapeutically
effective amount of a Wnt pathway inhibitor; (b) determining the level of a bone resorption biomarker in a
sample from the subject; and (c) comparing the level of the bone resorption biomarker in the sample to a
predetermined level of the bone resorption biomarker; wherein if the level of the bone resorption
biomarker in the sample is higher than the predetermined level of the bone resorption biomarker then the
subject is administered a therapeutically effective amount of an anti-resorptive medication.

[0246] The invention also provides methods of inhibiting tumor growth. In some embodiments, the
methods comprise a method of inhibiting tumor growth in a subject in need thereof, comprising: (a)
administering to the subject a therapeutically effective amount of a Wnt pathway inhibitor; and (b)
determining the level of a bone resorption biomarker in a sample from the subject. In some embodiments,
a method of inhibiting tumor growth comprises (a) administering to the subject a therapeutically effective
amount of a Wnt pathway inhibitor; (b) determining the level of a bone resorption biomarker in a sample
from the subject; and (¢) comparing the level of the bone resorption biomarker in the sample to a
predetermined level of the bone resorption biomarker. In some embodiments, a method of inhibiting
tumor growth comprises (a) administering to the subject a therapeutically effective amount of a Wnt
pathway inhibitor; (b) determining the level of a bone resorption biomarker in a sample from the subject;
and (c) comparing the level of the bone resorption biomarker in the sample to a predetermined level of the
bone resorption biomarker; wherein if the level of the bone resorption biomarker in the sample is higher

than the predetermined level of the bone resorption biomarker then the subject is at risk for a skeletal-
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related side effect and/or toxicity. In some embodiments, a method of inhibiting tumor growth comprises
(a) administering to the subject a therapeutically effective amount of a Wnt pathway inhibitor; (b)
determining the level of a bone resorption biomarker in a sample from the subject; and (c) comparing the
level of the bone resorption biomarker in the sample to a predetermined level of the bone resorption
biomarker; wherein if the level of the bone resorption biomarker in the sample is higher than the
predetermined level of the bone resorption biomarker then the subject is administered a therapeutically
effective amount of an anti-resorptive medication.

[0247} In some embodiments, the biological sample is a body fluid. In some embodiments, the
biological sample is blood, plasma, serum, or urine. In some embodiments, the biological sample is a
venous whole blood specimen. In some embodiments, the biological sample is a venous whole blood
specimen using EDTA or heparin as an anticoagulant. In some embodiments, the biological sample is a
plasma specimen. In some embodiments, the biological sample is a plasma specimen using EDTA or
heparin as an anticoagulant. Samples of body fluids may be obtained by any method known in the art. In
some embodiments, the biological sample is a frozen tissue sample or is fresh tissue sample.

[0248] Assays for measuring or determining the level of a bone resorption biomarker (e.g., B-CTX)
in a sample are known to those of skilled in the art. For example, in some embodiments an immunoassay
that quantitatively measures p-CTX levels in whole blood or plasma specimens is used. In some
embodiments, the sample contains EDTA as an anticoagulant. In some embodiments, the sample contains
heparin as an anticoagulant. In some embodiments, the immunoassay comprises two highly specific
monoclonal antibodies against the amino acid sequence of EKAHD-B-GGR of B-CTX, wherein the
aspartic acid residue is p-isomerized. In order to obtain a specific signal in the immunoassay, two chains
of EKAHD-B-GGR must be cross-linked. In some embodiments, a sample and appropriate controls are
placed into streptavidin-coated microtiter wells, followed by a solution containing biotinylated
monoclonal antibodies against the amino acid sequence of EKAHD-B-GGR of B-CTX. After incubation
and washing, a chromogenic substrate solution is added to microtiter wells. After incubation, the reaction
is stopped. Absorbance of the microtiter wells is read and the B-CTX concentration is determined.

[0249] In some embodiments, the Wnt pathway inhibitor is administered as an initial dose of about
0.5mg/kg. For example, antibody OMP-18R5 is diluted with 5% dextrose in water (USP) to a total
volume of 250mL. The OMP-18RS5 is delivered through a 0.22-micron filter over 30 minutes as an
intravenous infusion. In some embodiments, subsequent doses are administered in a similar manner.
[6250] In another aspect of the invention, the methods described herein may further comprise
administering one or more additional therapeutic agents. An additional therapeutic agent can be
administered prior to, concurrently with, and/or subsequently to, administration of the Wnt pathway

inhibitor. Pharmaceutical compositions comprising a Wnt pathway inhibitor and an additional therapeutic
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agent(s} are also provided. In some embodiments, the one or more additional therapeutic agents comprise
1, 2, 3, or more additional therapeutic agents.

{8251} Combination therapy with at least two therapeutic agents often uses agents that work by
different mechanisms of action, although this is not required. Combination therapy using agents with
different mechanisms of action may result in additive or synergetic effects. Combination therapy may
allow for a lower dose of each agent than is used in monotherapy, thereby reducing side effects and/or
toxicities. Combination therapy may increase the therapeutic index of one or both of the therapeutic
agents. Combination therapy may decrease the likelihood that resistant cancer cells will develop. In some
embodiments, combination therapy comprises a therapeutic agent that primarily affects (e.g., inhibits or
kills) non-tumorigenic cells and a therapeutic agent that primarily affects (e.g., inhibits or kills)
tumorigenic CSCs. Thus, in some embodiments, the Wnt pathway inhibitor is administered in
combination with at least one additional therapeutic agent. In some embodiments, an anti-FZD antibody
is administered in combination with at least one additional therapeutic agent. In some embodiments, the
anti-FZD antibody OMP-18RS5 is administered in combination with at least one additional therapeutic
agent. In some embodiments, a FZD soluble receptor is administered in combination with at least one
additional therapeutic agent. In some embodiments, the FZD8-Fc soluble receptor is administered in
combination with at least one additional therapeutic agent.

[0252] Therapeutic agents that may be administered in combination with the Wnt pathway inhibitor
include chemotherapeutic agents. Thus, in some embodiments, the method or treatment involves the
administration of a Wnt pathway inhibitor of the present invention in combination with a
chemotherapeutic agent or cocktail of multiple different chemotherapeutic agents. Treatment with a Wnt
pathway inhibitor (e.g., an antibody or soluble receptor) can occur prior to, concurrently with, or
subsequent to administration of chemotherapies. Combined administration can include co-administration,
either in a single pharmaceutical formulation or using separate formulations, or consecutive
administration in either order but generally within a time period such that all active agents can exert their
biological activities simultaneously. Preparation and dosing schedules for such chemotherapeutic agents
can be used according to manufacturers' instructions or as determined empirically by the skilled
practitioner.  Preparation and dosing schedules for such chemotherapy are also described in The
Chemotherapy Source Book, 4th Edition, 2008, M. C. Perry, Editor, Lippincott, Williams & Wilkins,
Philadelphia, PA.

[0253] Chemotherapeutic agents useful in the instant invention include, but are not limited to,
alkylating agents such as thiotepa and cyclophosphamide (CY TOXAN); alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including altretamine, triethylenemelamine,

trietylenephosphoramide, triethylenethiophosphaoramide and trimethylolomelamime; nitrogen mustards
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such as chiorambucil, chlornaphazine, cholophosphamide, estramustine, ifosfarnide, mechlorethamine,
mechlorethamine  oxide thydrochloride, melphalan, novembichin, phenesterine, predmimustine,
trofosfamide, wracil mustard; nitrosureas such as carmustine, chlororotocin, folemustine, lomustine,
nimustine, ranimustine; antibiotics such as aclacinomysins, actinomycin, authramycin, azaserine,
bleomycins, cactinomyein, calicheamicin, carabicin, caminomyein, carzinophilin, chromomyeins,
dactinomycin, daunorubicin, detorubicin, 6-diazo-S-oxo-L-norleucine, doxorabicin, epirubicin,
esorubicin, idarubicin, marcellomyein, mitomyeins, mycophenolic acid, nogalamycin, olivomyeins,
peplomycin, potfiromyein, puromycin, quelamyein, rodorubicin, streptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate and S-fluorcuracii (5-FU}; folic
acid analogues such as denopterin, methotrexate, pleropterin, irimetrexate; purine analogs such as
fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, 6-azauridine, carmofur, cytosine arabinoside, dideoxyuridine, doxifluridine, enocitabine,
floxuridine, 5-FU; androgens such as calusterone, dromostanolone propionate, epitiostanol, mepitiostane,
testolactone; anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic acid replenishers such as
folinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic acid; amsacrine; bestrabucil;
bisantrene; edatraxate; defofamine; demecolcine; diaziquone; elformithine; elliptinium acetate; etoglucid;
gallium nitrate; hydroxyurea; lentinan; lonidamine; mitoguazone; mitoxantrone; mopidamol; nitracrine;
pentostatin; phenamet; pirarubicin; podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK; razoxane;
sizofuran; spirogermanium; tenuazonic acid; triaziquone; 2,2'.2"-trichlorotriethylamine; urethan;
vindesine; dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside
(Ara-C); taxoids, e.g. paclitaxel (TAXOL) and docetaxel (TAXOTERE); chlorambucil; gemcitabine; 6-
thioguanine; mercaptopurine; platinum analogs such as cisplatin and carboplatin; vinblastine; platinum,;
etoposide (VP-16); ifosfamide; mitomycin C; mitoxantrone; vincristine; vinorelbine; navelbine;
novantrone; teniposide; daunomycin; aminopterin; ibandronate; CPT11; topoisomerase inhibitor RFS
2000; difluoromethylornithine (DMFO); retinoic acid; esperamicins; capecitabine (XELODA); and
pharmaceutically acceptable salts, acids or derivatives of any of the above. Chemotherapeutic agents also
include anti-hormonal agents that act to regulate or inhibit hormone action on tumors such as anti-
estrogens including, for example, tamoxifen, raloxifene, aromatase inhibiting 4(5)-imidazoles, 4-
hydroxytamoxifen, trioxifene, keoxifene, LY117018, onapristone, and toremifene (FARESTON); and
anti-androgens such as flutamide, nilutamide, Dbicalutamide, leuprolide, and goserelin; and
pharmaceutically acceptable salts, acids or derivatives of any of the above. In certain embodiments, the
additional therapeutic agent is cisplatin. In certain embodiments, the additional therapeutic agent is
carboplatin. In certain embodiments, the additional therapeutic agent is paclitaxel. In certain
embodiments, where the chemotherapeutic agent administered in combination with a Wnt pathway

inhibitor is carboplatin, the cancer or tumor being treated is lung cancer or a lung tumor.
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[0254] In certain embodiments, the chemotherapeutic agent is a topoisomerase inhibitor.
Topoisomerase inhibitors are chemotherapeutic agents that interfere with the action of a topoisomerase
enzyme (e.g., topoisomerase I or II). Topoisomerase inhibitors include, but are not limited to,
doxorubicin HCI, daunorubicin citrate, mitoxantrone HCI, actinomycin D, etoposide, topotecan HCI,
teniposide (VM-26), and irinotecan, as well as pharmaceutically acceptable salts, acids, or derivatives of
any of these. In certain embodiments, the additional therapeutic agent is irinotecan.

[0255] In certain embodiments, the chemotherapeutic agent is an anti-metabolite. An anti-metabolite
is a chemical with a structure that is similar to a metabolite required for normal biochemical reactions, yet
different enough to interfere with one or more normal functions of cells, such as cell division. Anti-
metabolites include, but are not limited to, gemcitabine, fluorouracil, capecitabine, methotrexate sodium,
ralitrexed, pemetrexed, tegafur, cytosine arabinoside, thioguanine, S5-azacytidine, 6-mercaptopurine,
azathioprine, 6-thioguanine, pentostatin, fludarabine phosphate, and cladribine, as well as
pharmaceutically acceptable salts, acids, or derivatives of any of these. In certain embodiments, the
additional therapeutic agent is gemcitabine. In some embodiments, the additional therapeutic agent is
pemetrexed. In certain embodiments, where the chemotherapeutic agent administered in combination
with a Wnt pathway inhibitor is gemcitabine, the cancer or tumor being treated is pancreatic cancer or a
pancreatic tumor. In certain embodiments, where the chemotherapeutic agent administered in
combination with a Wnt pathway inhibitor is pemetrexed, the cancer or tumor being treated is lung cancer
or a lung tumor. In some embodiments, the Wnt pathway inhibitor is administered in combination with
pemetrexed and carboplatin. In some embodiments, an anti-FZD antibody or a FZD soluble receptor is
administered in combination with gemcitabine to treat pancreatic cancer. In some embodiments, the anti-
FZD antibody OMP-18R5 or the FZD8-Fc soluble receptor OMP-54F28 is administered in combination
with gemcitabine to treat pancreatic cancer. In some embodiments, an anti-FZD antibody or a FZD
soluble receptor is administered in combination with gemcitabine and albumin-bound paclitaxel to treat
pancreatic cancer. In some embodiments, the anti-FZD antibody OMP-18R5 or the FZD8-Fc soluble
receptor OMP-54F28 is administered in combination with gemcitabine and albumin-bound paclitaxel to
treat pancreatic cancer. In some embodiments, an anti-FZD antibody or a FZD soluble receptor is
administered in combination with carboplatin and paclitaxel or albumin-bound paclitaxel to treat ovarian
cancer. In some embodiments, the anti-FZD antibody OMP-18R5 or the FZD8-Fc soluble receptor OMP-
54F28 is administered in combination with carboplatin and paclitaxel or albumin-bound paclitaxel to treat
ovarian cancer.

[0256] In certain embodiments, the chemotherapeutic agent is an antimitotic agent, including, but not
limited to, agents that bind tubulin. In some embodiments, the agent is a taxane. In certain embodiments,
the agent is paclitaxel or docetaxel, or a pharmaceutically acceptable salt, acid, or derivative of paclitaxel

or docetaxel. In certain embodiments, the agent is paclitaxel (TAXOL), docetaxel (TAXOTERE).
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albumin-bound paclitaxel (ABRAXANE), DHA-paclitaxel, or PG-paclitaxel. In certain alternative
embodiments, the antimitotic agent comprises a vinca alkaloid, such as vincristine, binblastine,
vinorelbine, or vindesine, or pharmaceutically acceptable salts, acids, or derivatives thereof. In some
embodiments, the antimitotic agent is an inhibitor of kinesin Eg5 or an inhibitor of a mitotic kinase such
as Aurora A or Plkl. In certain embodiments, where the chemotherapeutic agent administered in
combination with a Wnt pathway inhibitor is an anti-mitotic agent, the cancer or tumor being treated is
breast cancer or a breast tumor. In some embodiments, an anti-FZD antibody or a FZD soluble receptor is
administered in combination with paclitaxel or albumin-bound paclitaxel to treat breast cancer. In some
embodiments, the anti-FZD antibody OMP-18R5 or the FZD8-Fc soluble receptor OMP-54F28 is
administered in combination with paclitaxel or albumin-bound paclitaxel to treat breast cancer. In certain
embodiments, where the chemotherapeutic agent administered in combination with a Wnt pathway
inhibitor is an anti-mitotic agent, the cancer or tumor being treated is lung cancer. In some embodiments,
an anti-FZD antibody or a FZD soluble receptor is administered in combination with docetaxel to treat
lung cancer. In some embodiments, the anti-FZD antibody OMP-18RS5 or the FZD8-Fc soluble receptor
OMP-54F28 is administered in combination with docetaxel to treat lung cancer.

[0257] In some embodiments, an additional therapeutic agent comprises an agent such as a small
molecule. For example, treatment can involve the combined administration of a Wnt pathway inhibitor
(e.g. an antibody) of the present invention with a small molecule that acts as an inhibitor against
additional tumor-associated proteins including, but not limited to, EGFR, ErbB2, HER2, and/or VEGF. In
certain embodiments, the additional therapeutic agent is a small molecule that inhibits protein kinases. In
certain embodiments, the additional therapeutic agent is a small molecule that inhibits tyrosine protein
kinases. In some embodiments, an anti-FZD antibody or a FZD soluble receptor is administered in
combination with a protein kinase inhibitor (e.g., sorafenib) to treat liver cancer, (e.g., HCC). In some
embodiments, the anti-FZD antibody OMP-18R5 or the FZD8-Fc soluble receptor OMP-54F28 is
administered in combination with a protein kinase inhibitor (e.g., sorafenib) to treat liver cancer, (e.g.,
HCC). In certain embodiments, the additional therapeutic agent is a small molecule that inhibits a cancer
stem cell pathway. In some embodiments, the additional therapeutic agent is a small molecule inhibitor of
the Notch pathway. In some embodiments, the additional therapeutic agent is a small molecule inhibitor
of the Wnt pathway. In some embodiments, the additional therapeutic agent is a small molecule inhibitor
of the BMP pathway. In some embodiments, the additional therapeutic agent is a small molecule that
inhibits B-catenin signaling.

[0258] In some embodiments, an additional therapeutic agent comprises a biological molecule, such
as an antibody. For example, treatment can involve the combined administration of a Wnt pathway
inhibitor (e.g. an antibody) of the present invention with other antibodies against additional tumor-

associated proteins including, but not limited to, antibodies that bind EGFR, ErbB2, HER2, and/or VEGF.
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In certain embodiments, the additional therapeutic agent is an antibody that is an anti-cancer stem cell
marker antibody. In some embodiments, the additional therapeutic agent is an antibody that binds a
component of the Notch pathway. In some embodiments, the additional therapeutic agent is an antibody
that binds a component of the Wnt pathway. In certain embodiments, the additional therapeutic agent is
an antibody that inhibits a cancer stem cell pathway. In some embodiments, the additional therapeutic
agent is an antibody inhibitor of the Notch pathway. In some embodiments, the additional therapeutic
agent is an antibody inhibitor of the Wnt pathway. In some embodiments, the additional therapeutic agent
is an antibody inhibitor of the BMP pathway. In some embodiments, the additional therapeutic agent is an
antibody that inhibits B-catenin signaling. In certain embodiments, the additional therapeutic agent is an
antibody that is an angiogenesis inhibitor or modulator (e.g., an anti-VEGF or VEGF receptor antibody).
In certain embodiments, the additional therapeutic agent is bevacizumab (AVASTIN), trastuzamab
(HERCEPTIN), panitumumab (VECTIBIX), or cetuximab (ERBITUX). Combined administration can
include co-administration, either in a single pharmaceutical formulation or using separate formulations, or
consecutive administration in either order but generally within a time period such that all active agents can
exert their biological activities simultaneously.

[0259] Furthermore, treatment with a Wnt pathway inhibitor described herein can include
combination treatment with other biologic molecules, such as one or more cytokines (e.g., lymphokines,
interleukins, tumor necrosis factors, and/or growth factors) or can be accompanied by surgical removal of
tumors, cancer cells, or any other therapy deemed necessary by a treating physician.

[0260] It will be appreciated that the combination of a Wnt pathway inhibitor and an additional
therapeutic agent may be administered in any order or concurrently. In some embodiments, the Wnt
pathway inhibitor is administered to subjects that have previously undergone treatment with a second
therapeutic agent. In certain other embodiments, the Wnt pathway inhibitor and a second therapeutic
agent is administered substantially simultaneously or concurrently. For example, a subject may be given a
Wnt pathway inhibitor (e.g., an antibody) while undergoing a course of treatment with a second
therapeutic agent (e.g., chemotherapy). In certain embodiments, a Wnt pathway inhibitor is administered
within 1 year of the treatment with a second therapeutic agent. In certain alternative embodiments, a Wnt
pathway inhibitor is administered within 10, 8, 6, 4, or 2 months of any treatment with a second
therapeutic agent. In certain other embodiments, a Wnt pathway inhibitor is administered within 4, 3, 2,
or 1 weeks of any treatment with a second therapeutic agent. In some embodiments, a Wnt pathway
inhibitor is administered within 5, 4, 3, 2, or 1 days of any treatment with a second therapeutic agent. It
will further be appreciated that the two (or more) agents or treatments may be administered to the subject
within a matter of hours or minutes (i.e., substantially simultaneously).

[0261] As is known to those of skill in the art, administration of any therapeutic agent may lead to

side effects and/or toxicities. In some cases, the side effects and/or toxicities are so severe as to preclude
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administration of the particular agent at a therapeutically effective dose. In some cases, drug therapy must
be discontinued, and other agents may be tried. However, many agents in the same therapeutic class often
display similar side effects and/or toxicities, meaning that the subject either has to stop therapy, or if
possible, suffer from the unpleasant side effects associated with the therapeutic agent.

[0262] Side effects from therapeutic agents may include, but are not limited to, hives, skin rashes,
itching, nausea, vomiting, decreased appetite, diarrhea, chills, fever, fatigue, muscle aches and pain,
headaches, low blood pressure, high blood pressure, hypokalemia, low blood counts, bleeding, and
cardiac problems.

[0263] Thus, in some embodiments, the methods described herein include using an intermittent
dosing regimen, which may reduce side effects and/or toxicities associated with administration of a Wnt
pathway inhibitor. As used herein, “intermittent dosing™ refers to a dosing regimen using a dosing
interval of more than once a week, e.g., dosing once every 2 weeks, once every 3 weeks, once every 4
weeks, etc. In some embodiments, a method for treating a subject comprises administering to the subject
an effective dose of a Wnt pathway inhibitor (e.g., an anti-FZD antibody or a FZD soluble receptor)
according to an intermittent dosing regimen. In some embodiments, the method comprises administering
to the subject an effective dose of a Wnt pathway inhibitor (e.g., an anti-FZD antibody or a FZD soluble
receptor) according to an intermittent dosing regimen, and increasing the therapeutic index of the Wnt
pathway inhibitor. In some embodiments, the intermittent dosing regimen comprises administering an
initial dose of a Wnt pathway inhibitor to the subject, and administering subsequent doses of the Wnt
pathway inhibitor about once every 2 weeks. In some embodiments, the intermittent dosing regimen
comprises administering an initial dose of a Wnt pathway inhibitor to the subject, and administering
subsequent doses of the Wnt pathway inhibitor about once every 3 weeks. In some embodiments, the
intermittent dosing regimen comprises administering an initial dose of a Wnt pathway inhibitor to the
subject, and administering subsequent doses of the Wnt pathway inhibitor about once every 4 weeks.
[0264] In some embodiments, the subsequent doses in an intermittent dosing regimen are about the
same amount or less than the initial dose. In other embodiments, the subsequent doses are a greater
amount than the initial dose. As is known by those of skill in the art, doses used will vary depending on
the clinical goals to be achieved. In some embodiments, the initial dose is about 0.25mg/kg to about
20mg/kg. In some embodiments, the initial dose is about 0.25,0.5, 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, or 20mg/kg. In certain embodiments, the initial dose is about 0.5mg/kg. In certain
embodiments, the initial dose is about Img/kg. In certain embodiments, the initial dose is about
2.5mg/kg. In certain embodiments, the initial dose is about 5mg/kg. In certain embodiments, the initial
dose is about 7.5mg/kg. In certain embodiments, the initial dose is about 10mg/kg. In certain
embodiments, the initial dose is about 12.5mg/kg. In certain embodiments, the initial dose is about

15mg/kg. In certain embodiments, the initial dose is about 20mg/kg. In some embodiments, the
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subsequent doses are about 0.25mg/kg to about 20mg/kg. In certain embodiments, the subsequent doses
are about 0.5, 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20mg/kg. In certain
embodiments, the subsequent doses are about 0.5mg/kg. In certain embodiments, the subsequent doses
are about Img/kg. In certain embodiments, the subsequent doses are about 2.5mg/kg. In certain
embodiments, the subsequent doses are about Smg/kg. In some embodiments, the subsequent doses are
about 7.5mg/kg. In some embodiments, the subsequent doses are about 10mg/kg. In some embodiments,
the subsequent doses are about 12.5mg/kg. In some embodiments, the subsequent doses are about
15mg/kg. In some embodiments, the subsequent doses are about 20mg/kg.

[0265] In some embodiments, the intermittent dosing regimen comprises: (a) administering to the
subject an initial dose of a Wnt pathway inhibitor of about 2.5mg/kg and (b) administering subsequent
doses of about 2.5mg/kg once every 2 weeks. In some embodiments, the intermittent dosing regimen
comprises: (a) administering to the subject an initial dose of a Wnt pathway inhibitor of about Smg/kg and
(b) administering subsequent doses of about 5mg/kg once every 2 weeks. In some embodiments, the
intermittent dosing regimen comprises: (a) administering to the subject an initial dose of a Wnt pathway
inhibitor of about 2.5mg/kg and (b) administering subsequent doses of about 2.5mg/kg once every 3
weeks. In some embodiments, the intermittent dosing regimen comprises: (a2) administering to the subject
an initial dose of a Wnt pathway inhibitor of about 5mg/kg and (b) administering subsequent doses of
about 5mg/kg once every 3 weeks. In some embodiments, the intermittent dosing regimen comprises: (a)
administering to the subject an initial dose of a Wnt pathway inhibitor of about 10mg/kg and (b)
administering subsequent doses of about 10mg/kg once every 3 weeks. In some embodiments, the
intermittent dosing regimen comprises: (a) administering to the subject an initial dose of a Wnt pathway
inhibitor of about 15mg/kg and (b) administering subsequent doses of about 15mg/kg once every 3 weeks.
In some embodiments, the intermittent dosing regimen comprises: (a) administering to the stubject an
initial dose of a Wnt pathway inhibitor of about 20mg/kg and (b) administering subsequent doses of about
20mg/kg once every 3 weeks. In some embodiments, the intermittent dosing regimen comprises: (a)
administering to the subject an initial dose of a Wnt pathway inhibitor of about 2.5mg/kg and (b)
administering subsequent doses of about 2.5mg/kg once every 4 weeks. In some embodiments, the
intermittent dosing regimen comprises: (a) administering to the subject an initial dose of a Wnt pathway
inhibitor of about Smg/kg and (b) administering subsequent doses of about Smg/kg once every 4 weeks.
In certain embodiments, the initial dose and the maintenance doses are different; for example, the initiat
dose is about 5mg/kg and the subsequent doses are about 2.5mg/kg. In certain embodiments, an
intermittent dosing regimen may comprise a loading dose, for example, the initial dose is about 20mg/kg
and the subsequent doses are about 2.5mg/kg or about 5mg/kg administered once every 2 weeks, once

every 3 weeks, or once every 4 weeks.
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[0266] In some embodiments of the methods described herein, a method of treating cancer comprises
administering a therapeutically effective amount of OMP-18RS5 to a subject in need thereof at a dosage of
() at least about 0.5mg/kg about every one to two weeks or (b) at least about 1.0mg/kg about every three
weeks. In some embodiments, a method of treating cancer comprises administering a therapeutically
effective amount of OMP-18R5 to a subject in need thereof at a dosage of about 0.5mg/kg to about
1.0mg/kg about every one to two weeks. In some embodiments, a method of treating cancer comprises
administering a therapeutically effective amount of OMP-18R5 to a subject in need thereof at a dosage of
about 1.0mg/kg to about 10.0 mg/kg about every three weeks. In some embodiments, a method of
treating cancer comprises administering a therapeutically effective amount of OMP-18RS5 to a subject in
need thereof at a dosage of about 10mg/kg to about 20.0 mg/kg about every three weeks.

[0267] In certain embodiments, the method for treating cancer in a human patient comprises
administering to the patient a dose of a Wnt pathway inhibitor once every 3 weeks, and repeating this
administration for a total of 3, 4, 5, 6, 7, 8, or more cycles. In certain embodiments, the method for
treating cancer in a human patient comprises administering to the patient a dose of a Wnt pathway
inhibitor of about 10mg/kg once every 3 weeks, and repeating this administration for a total of 3, 4, 5, 6,
7, 8, or more cycles. In certain embodiments, the method for treating cancer in a human patient comprises
administering to the patient a dose of a Wnt pathway inhibitor of about 15mg/kg once every 3 weeks, and
repeating this administration for a total of 3, 4, 5, 6, 7, 8, or more cycles. In certain embodiments, the
method for treating cancer in a human patient comprises administering to the patient a dose of a Wnt
pathway inhibitor of about 20mg/kg once every 3 weeks, and repeating this administration for a total of 3,
4,5, 6,7, 8, or more cycles. In some embodiments, the administration is repeated for 4 cycles. In some
embodiments, the administration is repeated for 5 cycles. In some embodiments, the administration is
repeated for 6 cycles. In some embodiments, the administration is repeated for 7 cycles. In some
embodiments, the administration is repeated for 8 cycles.

[0268] Another aspect of the present invention is directed to methods for reducing toxicity of a Wnt
pathway inhibitor in a human subject comprises administering to the subject the Wnt pathway inhibitor
using an intermittent dosing regimen. Another aspect of the present invention is directed to methods for
reducing side effects of a Wnt pathway inhibitor in a human subject comprises administering to the
subject the Wnt pathway inhibitor using an intermittent dosing regimen. Another aspect of the present
invention is directed to methods for increasing the therapeutic index of a Wnt pathway inhibitor in a
human subject comprises administering to the subject the Wnt pathway inhibitor using an intermittent
dosing regimen.

[0269] The choice of delivery method for the initial and subsequent doses is made according to the
ability of the subject to tolerate introduction of the Wnt pathway inhibitor into the body. Thus, in any of

the aspects and/or embodiments described herein, the administration of the Wnt pathway inhibitor may be
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by intravenous injection or intravenously. In some embodiments, the administration is by intravenous
infusion. In any of the aspects and/or embodiments described herein, the administration of the Wnt
pathway inhibitor may be by a non-intravenous route.

[0270] In certain embodiments, the treatment involves the administration of a Wnt pathway inhibitor
(e.g. an antibody) of the present invention in combination with radiation therapy. Treatment with a Wnt
pathway inhibitor can occur prior to, concurrently with, or subsequent to administration of radiation
therapy. Dosing schedules for such radiation therapy can be determined by the skilled medical
practitioner.

[0271] Embodiments of the present disclosure can be further defined by reference to the following
non-limiting examples, which describe the use of a Wnt pathway inhibitor for treatment of cancer. It will
be apparent to those skilled in the art that many modifications, both to materials and methods, may be

practiced without departing from the scope of the present disclosure.

EXAMPLES
Example 1

Intermittent dosing with anti-FZD antibody OMP-18R5 in a breast xenograft model and effect on tumor
growth

[0272] UM-PE13 breast tumor cells (20,000 cells) were injected subcutaneously into 6-8 week old
NOD/SCID mice. The animals were randomized into groups (n = 10 per group) and treated with anti-
FZD antibody OMP-18R5 in combination with paclitaxel (Taxol) and paclitaxel alone. Paclitaxel was
administered at 10mg/kg weekly and OMP-18R5 was administered at doses of 5, 10, 25, or 45mg/kg once
every 3 weeks. The agents were administered intraperitoneally. Tumor volumes were measured on the
indicated days with electronic calipers.

[0273] As shown in Figure 1, OMP-18RS5 in combination with paclitaxel administered every 3 weeks
was efficacious in reducing PE-13 tumor growth at doses as low as Smg/kg or 10mg/kg. This tumor
growth inhibition was greater than the growth inhibition seem with paclitaxel alone when administered
weekly. Higher doses of OMP-18R5, 25mg/kg and 45mg/kg, in combination with paclitaxel inhibited
tumor growth to an even greater extent and tumor regression was observed at later time points. These
results demonstrate that the efficacy of anti-FZD antibody treatment in combination with a

chemotherapeutic agent such as paclitaxel is maintained with intermittent dosing regimens.
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Example 2

Effect of intermittent dosing with anti-FZD antibody OMP-18R5 on bone formation

18274) UM-PEI3 breast tumor cells (20,000 cells) were injected subcutancously into 6-8 week old
NODYSCID mice. The animals were randomized into groups {n = 10 per group) and treated with anti-
FZD antibody OMP-18R5 in combination with paclitaxel (Taxol) or paclitaxel alone. Paclitaxel was
administered at 15mpg/kg once a week and OMP-18RS was administered at 25mpg/kg once every 4 weeks,
once every 2 weeks or once a week. The agents were administered intraperitoneally. Tumor volumes
were measured on the indicated days with electronic calipers.

{8275] As shown in Figure 2, OMP-18RS in combination with paclitaxel administered at 25mg/kg
was efficacious in reducing PE-13 tumor growth with dosing once a week, once every 2 weeks, and once
every 4 weeks. Tumor growth inhibition with OMP-18RS in combination with paclitaxel was greater than
the growth inhibition seen with paclitaxel alone.

{B376] At the ending of dosing on day 77, trabecular bone formation was assessed in the OMP-18R5
treated myice as compared to mice treated with control (paclitaxel alone).

{62771 Tissue sections were prepared from the tibia of control and OMP-18RS-treated mice and
stained with hemotoxylin and eosin (H&E). The light pink staining regions bighlighted by the white
arrows correspond to trabecular bone.

[0278] As observed in Figure 3, there was a reduction in bone loss with treatment of OMP-18R5 at
25mg/kg once every 2 weeks as compared to treatment of 25mg/kg once every week. Importantly,
treatment of OMP-18R5 at 25mg/kg every 4 weeks appeared to have no perceptible effect on bone

formation.

Example 3

Effect of zolendronic acid in reducing the effect of OMP-18R5 on bone formation

[0279] NOD/SCID mice were randomized into groups (n = 5 per group) and treated with anti-FZD
antibody OMP-18RS or OMP-18RS in combination with zolendronic acid. Mice were treated with
20mgrkg OMP-18RS on days 1 and 15 only, or 20mg/kg OMP-18RS on days 1 and 15 in combination
with a single 1V dose of W0ug/kg roledronic acid on day 1. At the end of dosing on day 29, femurs and
tibias from mice treated with OMP-18R35 alone were compared to femurs and tibias from mice treated
with the combination of OMP-18R5 and zoledronic acid and to mice treated with a control antibody.
{(1288] Tissues sections of femur and tibia were prepared as described in Example 2.

{6281} As shown in Figure 4, a single IV administration of zoledronic acid to mice treated with
OMP-18RS5 resulted in subchondral bone formation comparable to mice treated with a control antibody.

Additional studies have demonstrated that co-administration of zolendronic acid does not affect the anti-
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tumor efficacy of OMP-18R5. These data support the hypothesis that bisphosphonate administration may
be protective against the catabolic effects of Wnt inhibition, providing a path to preserve bone integrity

and allow the benefits of targeting the Wnt pathway.

Example 4

Phase 1a Study of OMP-18RS5 in patients with solid tumors

[0282] The study is an open-label Phase la dose-escalation study of OMP-18RS5 in patients with a
solid tumor for which there is no remaining standard curative therapy and no therapy with a demonstrated
survival benefit. The primary objectives of the study are to determine the safety and the maximum
tolerated dose of OMP-18R5. The secondary objectives are to determine the rate of immunogenicity, the
preliminary efficacy, and the pharmacokinetics of OMP-18RS5.

[0283] The patients in the initial portion of the trial were treated with a dosing regimen of OMP-
18RS of 0.5mg/kg every week (n = 3) and 1.0mg/kg every week (n = 5). One patient who received
0.5mg/kg once a week developed fractures of their anterior ribs and lumbar spine after receiving study
drug for approximately 100 days. As a result, in the current phase of the trial (study is ongoing and
patients are still being enrolled) less frequent dosing is being utilized. Specifically, the dose levels are
0.5mg/kg once every two weeks (n = 3), and Img/kg (n = 4), 2.5 mg/kg (n = 3), Smg/kg (n=3), 10 mg/kg
(n=3), 15mg/kg (n = 5), and 20mg/kg (n = 5) once every 3 weeks (as of January 10, 2014). Cohorts of 3
subjects are treated and evaluated for dose-limiting toxicities (DLTs) through Day 28. If 0 of 3 subjects
have a DLT, escalation to the next dose cohort occurs. If 1 of 3 subjects experiences a DLT, 3 additional
subjects are treated. If 2 or more subjects experience a DLT, no further subjects are dosed at that level
and 3 additional subjects are added to the preceding dose cohort unless 6 subjects have already been
treated at that dose level. Tumor assessments are performed on Day 56 and then every 56 days thereafter.
Patients with stable disease or a response at Day 56 will be allowed to continue to receive OMP-18R5
until disease progression.

[0284] After a patient experienced a skeletal-related (bone fracture) event, samples from the first 8
patients were used to measure four bone turnover markers - bone specific alkaline phosphatase,
procollagen type 1 N-terminal propeptide (PINP), osteocalcin, and collagen type 1 cross-linked C-
telopeptide (B-CTX). While no change during therapy was noted for bone specific alkaline phosphatase,
PINP, and osteocalcin, an increase in B-CTX was noted in all 7 subjects who had at least one follow-up

value (Table 1, increased B-CTX values are underlined).
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Table 1
Patient Tum&f ”Type Dose (mg/kg) o Day o p-CTX
1 Colorectal 0.5 QW Day 0 | 570
.............. Da;b,, s
2 Colorectal 0.5QwW Day 28 : 308
Treatment Terminated | 217
Day 0 | 219
;o Nemedweosoy | Do 2
Treatment Terminateq l_§
4 Leiomyosarcoma 1 QW Day 0 ) 298
Treatment Teérminated | 401
Day 0 229
5 Breast 1 QW Day 28 | 681
Treatment Terminated 370
Day 0 162
6 |  Colorectal 1 QW Da;28 so8
S Day 0 144
7 Colon 1 QW Day 28 301
1 Treatment Termina@d »
8 Pancreatic 1QwW Day 0 405
5 Day 28 »l

[0285] Thus, B-CTX appeared to be an early and sensitive biomarker of the effect of OMP-18R5 on
bone.

[0286] Based on the initial Phase la study results, the study protocol was amended to include
monitoring for skeletal-related side effects and/or toxicities with DEXA bone density scans, bone scans,
and measurements of bone turnover biomarkers bone specific alkaline phosphatase, PINP, osteocalcin,
and p-CTX. The amended protocol also included a strategy for treatment of skeletal-related side effects
and/or toxicities. Any patient who had at least a doubling of their f-CTX level from their screening value
or a T-score decline to less than -2.5 in the total femur or L1-L4 DEXA scan measurement would be
administered an anti-resorptive medication, specifically the bisphosphonate zoledronic acid. The
zoledronic acid will be administered intravenously at a dose of 5 mg at the time of the doubling of the -
CTX value or decline in T-score.

[0287] Table 2 shows the results (as of January 10, 2014) from the 26 patients who were
subsequently enrolled and treated with less frequent dosing (i.e.. intermittent dosing) of OMP-18R5 (B-
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CTX values at least twice as high as baseline are underlined and an asterisk indicates when zoledronic

acid was administered).

Table 2
Patient | Tumor Typ Dose D B-CTX T-score
atient Yumor Type ay - -
me/kg) |
Day 0 203 -0.7
9 Melanoma 0.5 Q2w Day 28 195
Day 56 287 -0.9
306 -1.4
Day 0 286
Day 28
304 -1.0
Day 56 i
Day 84* .
270 -0.9
Day 112 288
Day 140
413 -1.0
Day 168 ot
i Day 196 377 09
10 Neuroendocrine 0.5Q2W | Day 224 :
(pancreas) Dav 352 363
o 424 1.0
Day 280 505
Day 308
499 -1.2
Day 336
420
Day 364 430 13
Day 392 oy '
Day 420 161
44
Day 448 374 15
: Day 0 308 0.9
11 Colorectal 0.5 Q2W Day 42 358
Treatment Terminated 327 0.9
Day 0 . 689 -14
Day 28 | 846
Day 56 707 , -1.3
Day 84 350
ine | 112 3 -1.4
i Neuroendocrine | W Day 759
(carcinoid) Day 140 526
Day 168 967 -1.8
Day 196 688
Day 224 1216 -1.7
Day 252 1174
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"""""""""""" “Day 280 1.7
Day 308
Day 336 -1.9
Day 364
Day 392* 2.0
Day 420
Day 448 2.3
Day 476
Day 504 2.1
Day 532
Day 560
Day 0 -0.9
13 Bladder 1 Q3W wE
Treatment Terminated -1.2
Day 0 +2.4
14 Colon 1 Q3W Day 28
Treatment Terminated +2.2
Day:0
5 ayzg 0.7
15 Colon 1Q3W a
Day 56 0.8
Treatment Terminated ]
Day:0 -0.7
16 Breast 2.5Q3W Day 28%
Treatment Terminated -0.8
17 Thymi 2.5 Q3W Day 0 1
ic .
4 Day 28
. Day 0 -0.9
18 Desmoid 2.5Q3W Day 28
Treatment Terminated -1.0
Day 0 +0.1
19 Esophagus 5Q3W Day 28
Treatment Terminated* -0.1
Wodull Day 0 -1.0
edullary
20 thyroid 5Q3W Day 28
Day 56 -1.0
21 Colorectal 5Q3W Day 0 -0.1
Day 0 -1.2
22 Cervical 10 Q3W N
Day 28
Day 0 -13
23 Chondrosarcoma 10Q3W Day28*
-1.6

Treatment Terminated
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Day 0 114 13
24 Appendix 10 Q3W Day 28* 652
' Day 56 172
D 927 -0.7
25 Neuroendocrine 15 Q3W ay 0
» Day 28 ND 7
Day 0 596 -1.3
26 Small cell 15 Q3W Day 28 1171
carcinoma, anal
Day 56* 1278 -1.5
Day 0 492 -1.9
27 Breast 15 Q3W >
Day 28 ND
Day 0 385 +0.6
Day 28 667
28 Colorectal 15Q3W
oloree Q Day 56* 898 +0.4
Day 84 259
Day 0 964 -1.6
29 Colorectal 15 Q3W Day 28 905
Treatment Terminated 907
detio ) Day 0 290 +1.5
30 | Adenoidcystic | ) 63y Day 28 306
adenocarcinoma
Day 56 375
Day 0 434
31 Colorectal - 20 Q3W Day 28 ND
| Day 56 848 v
Adenoid cystic Day 0 550 2.3
32 adenocarcinoma 08w Day 28 148
, Day 0 473 +0.8
33 HCC - 20Q3W o
‘ Day 28 979
34 Sl bowel 20 Q3W Day 0 596
adenocarcinoma

[0288] At the January 2013 time point, only two of the first ten additional patients (patients 9-18) had
a doubling of their B-CTX (patient 10 from a value of 306 at baseline to a value of 664 at Day 84; and
patient 16 from a value of 386 at baseline to a value of 805 at Day 28). At the January 10, 2014 time
point, nine of the 26 additional patients (patients 9-34) had a doubling of their B-CTX. These data suggest
that less frequent dosing of OMP-18R5 at the dose levels studied results in fewer rises in B-CTX and less
bone toxicity. According to the amended protocol, patient 10 was administered an intravenous dose of
5mg of zoledronic acid. Following the administration of zoledronic acid, the B-CTX value returned to
approximately baseline, a value of 270 at day 112, and remained at approximately that level in subsequent

measurements. Patient 16 also received zoledronic acid for doubling of their B-CTX level, and their B-
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CTX levels also returned to baseline after treatment. Patient 12 received zoledronic acid for doubling of
their B-CTX level and subsequently their B-CTX level was reduced to approximately a third of their
baseline level. Patients 16, 19, 23, 24, 26, and 28 were all treated with zoledronic acid with subsequent
reductions in their B-CTX levels. These data suggest that zoledronic acid blocks and/or inhibits the bone
resorptive properties of OMP-18R5, and can be used to mitigate this skeletal-related side effect.

[0289] At the January 2013 time point, none of the patients enrolled in the study had a significant
change in their bone mineral density (BMD) as assessed by DEXA scans (T-scores) while on treatment
with OMP-18R5 (Table 3). At the January 10, 2014 time point, none of the patients enrolled in the study
had a significant change in their BMD as assessed by DEXA scans (T-scores) while on treatment with

OMP-18RS (Table 2).

PCT/US2014/014443

Table 3
Patient DEXA timepoint Lecation T-Score

Screening AP spine L1-L4 -1.6

Termination AP spine L1-L4 -1.9

Screening AP spine L3 -2.0

) Tern:ination AP spine L3-1.4 -2.1
Screening Dual femur neck left -1.8

Termination Dual femur neck right -1.7

Screening Dual femur total mean -1.7

Termination Dual femur total mean 2.2

Screening AP spine L1-L2 -0.1

Screening AP spine L1-L4 +0.2

Termination AP spine L1-L4 +0.7

3 Termination AP spine L.3-L4 +0.5
Screening Dual femur neck left -0.1

Termination Dual femur neck right +0.2

Screening Dual femur total mean +1.0

Termination Dual femur total mean +0.7

Screening Femur -1.2

5 Termination Femur -1.0
Screening Lumbar spine -0.6

Termination Lumbar spine -0:5

Screening Femur +1:2

7 Termination Femur +0.7
Screening Lumbar spine +0.9

Termination Lumbar spine +0.9

9 Screening Lumbar spine -0.7
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""" Termination ~ Lumbar spine 09
Screening Hip +0.2
Termination Hip +0.2
Screening AP spine L1-L2 -0.9
Screening AP spine L1-L4 -0.4
10 Screening Dual femur neck left -1.4
Screening Dual femur total mean -0.9
Day 56 Lumbar spine -0.3
Day 56 Hip -0.8
Screening Femur +1.0
1 Termination Hip +0.9
Screening Lumbar spine +0.9
Termination Lumbar spine +1.1
Screening Lumbar spine +0.1
13 Termination Lumbar spine +0.3
Screening Hip -0.9
Termination Hip -1.2
Screening Lumbar spine +3.6
14 Termination Lumbar spine +3.9
Screening Hip +2.4
Termination Hip +2.2
16 Screening Lumbar spine +0.7
Termination Lumbar spine +0.8

[0290]

These data suggest that osteopenic patients can be treated with OMP-18R5 without a

significant risk of developing a further decline in their bone mineral density. Furthermore, it confirms that
B-CTX appears to be an early and sensitive biomarker of skeletal-related side effects and/or toxicities
resulting from treatment with a Wnt pathway inhibitor. Finally, the study has shown that the skeletal-

related side effects tied to treatment with OMP-18R5 appear to be manageable and reversible.

Example 5

Phase 1a Study of OMP-54F28 in patients with solid tumors

[0291]

solid tumor for which there is no remaining standard curative therapy. The primary objectives of the

The study is an open-label Phase la dose-escalation study of OMP-54F28 in patients with a

study are to determine the safety and the maximum tolerated dose of OMP-54F28. The secondary.
objectives are to determine the rate of immunogenicity, the preliminary efficacy, and the

pharmacokinetics of OMP-54F28.
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[0292] The patients in the initial portion of the trial were treated with a dosing regimen of OMP-
54F28 of 0.5mg/kg (n = 3), 1.0mg/kg (n = 3), 2.5mg/kg (n = 3), Smg/kg (n = 5), 10mg/kg (n = 3),
15mg/kg (n = 3) and 20mg/kg (n = 5) once every 3 weeks. This study is ongoing and patients are still
being enrolled. Cohorts of 3 subjects are treated and evaluated for dose-limiting toxicities (DLTSs)
through Day 28. If 0 of 3 subjects have a DLT, escalation to the next dose cohort occurs. If 1 of 3
subjects experiences a DLT, 3 additional subjects are treated. If 2 or more subjects experience a DLT, no
further subjects are dosed at that level and 3 additional subjects are added to the preceding dose cohort
unless 6 subjects have already been treated at that dose level. Tumor assessments are performed on Day
56 and then every 56 days thereafter. Patients with stable disease or a response at Day 56 will be allowed
to continue to receive OMP-54F28 until disease progression.

[0293] Based on information gathered from the Phase 1 OMP-18R5 study, any patient who has at
least a doubling of their B-CTX level from their screening value or a T-score decline to less than -2.5 in
their total femur or L1-L4 DEXA scan measurement will be administered zoledronic acid. The zoledronic
acid will be administered intravenously at a dose of 5 mg at the time of the doubling of the B-CTX value
or decline in T-score.

[0294] Table 4 shows the results (as of January 2013) from the first 6 patients who were enrolled and
treated with OMP-54F28 once every 3 weeks (B-CTX values at least twice as high as baseline are

underlined ).

Table 4
Patientm Tumor Type | Dose (mg/kg) Day | p-CTX
Day 0 215
Day 28 144
1 Ovari 0.5Q3wW
varan Q Day 56 119
Treatment Terminated 104
Day 0 538
2 Colorectal 0.5Q3W Day 28 604
Treatment Terminated 1122
Day 0 497
Day 28 360
3 P ti 0.5Q3W
ancreatic Q Day 56 414
Day- 84 ’ 614
) Day 0 ‘ 346
4 - Ad t 1Q3wW é
| adenocystic | Q Day 28 ! 289
Day 0 657
5 Renal cell 1 Q3W
enatce Q Day 28 346
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- Neuroendocriné Day 0 2672”
6 . s 1 Q3W
Cervical Q Day 28 238
{295] Table 5 shows the results (as of January 9, 2014) from the first 25 patients who were enrolled

and treated with OMP-54F28 once every 3 weeks {(B-CTX valoes at least twice as bhigh as baseline are

underlined and an asterisk indicates when zoledronic acid was administered).

Table 5
mor T Dose | .
Patient Tumor Type ose Day - p-CIX T-score
(mg/kg) . B
Day 0 215 +0.1
Day 28 144 .
1 Ovari 0.5Q3W '
vadan ¢ 05Q Day 56 119 +0.5
Treatment Terminated 104
Day 0 538 +0:5
2 Colorectal 0.5Q3W Day 28 604
Treatment Terminated 1z ¢
Day 0 497 0.1
Day 28 360
Day 56 414 +2.4
Day 84 614
3 P ti 4 0.5Q3W
anervete Q Day 112 605 +2.1
Day 140 605
Day 168* - 1009 +1.7
Day 196 . 251
| Day 0 346 +1.2
4 | Adenocystic | 1Q3W Day 28 : 289
' Day 56 277 +0.6
Day 0 657 +0.5
Day 28 346
Day 56 344 +0.5
5 Renal cell 1 Q3W
shatce Q Day 84 359
Day 112 359 +0.5
Day 140 300
Large Cell Day 0 262 +0.1
6 Neuroendocrine 1 Q3W Day 28 238
Cervical Day 56 | 245 +0.1
Day 0 890 -1.2
7 Colorectal 2.5Q3W
olorecta Q Day 28 1450
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""" Treatment Terminated 972 -1.4
Day 0 396 -0.1
8 NSCLC 2.5Q3W Day 28 378
Treatment Terminated 497 -04
io- Day 0 725 -0.5
9 Cholangio- |, 5 3y %y
carcinoma Day 28 485 -0.5
Day 0 4 +3.0
Urothelial o 63
10 rein 5Q3W Day 28 570
carcinoma
Day 56 484 - t22
Day 0 563 -1.3
11 Colorectal 5Q3W Day 28 852
Treatment Terminated 744 -0.8
Day 0 605 -0.9
12 Cervical 5Q3W Day 28 479
Day 56 558 -0.5
Day 0 250 0.0
13 Renal cell 5Q3W Day 28 387
Day 56 378 +0.6
Day 0 354 -13
Day 28 167
Day 56 362 -1.0
Day 84 242
14 Desmoid 5 Q3W Day 112 233 | -1.3
Day 140 245
Day 168 114 -1.4
Day 196 296
Day 224 276
Leiomyo- Day 0 386 -1.8
15 10 Q3W
sarcoma Q Day 28 300
Day 0 355 -0.6
Day 28 435
Day 56* 806 -0.9
Day 84 180
16 D id 10 Q3W
esmol Q Day 112 182 0.3
Day 140 192
Day 175 319
Day 196 222 ;
Day 0 207 ‘ +1.2
17 HCC 10 Q3W Day 28 148 :
Day 56 114 : +1.1
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" Day0 796 -0.5
18 Colorectal 15 Q3W Day 28 864
Treatment Terminated 529 -0.5
Day 0 770 -1.2
19 Pancreatic 15 Q3W Day 28 824
Treatment Terminated | 610
Day 0 518 -0.8
20 - Osteo- 15 Q3W Day 28 512
carcinoma
Treatment Terminated 476 -0.3
Day 0 191 -0.1
Day 28 239
21 Testicul 20 Q3W
eshewtar Q Day 56 309 0.2
Day 84* 482
Day 0 648 -0.2
Day 28 851
22 NSCLC 20 Q3W >
Day 56 698 -0.2
Day 84 402
Day 0 262 +0.1
23 Thyroid 20 Q3W Day 28* 731
Day 56 251
Day 0 660 -0.6
24 Basal cell 20 Q3W
asalce Q Day 28 670
Day 0 511
25 P ti 20 Q3W
ancreatic Q Day 28 882

[0296] At the January 2013 time point, Patient 2 had a doubling of their B-CTX from a value of 538
at baseline to a value of 1122 at Day 42. This patient’s disease progressed and treatment with OMP-
54F28 was stopped. At the January 9, 2014 time point, five of the 25 patients had a doubling of their -
CTX. Patients 3, 16, 21 and 28 were treated with zoledronic acid and subsequently their B-CTX levels
were reduced to baseline levels or levels lower than baseline. Similar to results seen with OMP-18R5
treatment, these initial data suggest that treatment with OMP-54F28 at dose levels of 0.5mg/kg, 1.0mg/kg,
2.5mg/kg, Smg/kg, 10mg/kg, 15mg/kg, and 20mg/kg once every 3 weeks results in few rises in B-CTX
and less bone toxicity. These early results from treatment with OMP-54F28 are further evidence that the
skeletal-related side effects tied to treatment with Wnt pathway inhibitors appear to be manageable with
reasonable mitigation strategies.

[0297] It is understood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to persons

skilled in the art and are to be included within the spirit and purview of this application.
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[0298] All publications, patents, and patent applications cited herein are hereby incorporated by
reference in their entirety for all purposes to the same extent as if each individual publication, patent, or
patent application were specifically and individually indicated to be so incorporated by reference.

[0299] Following are the sequences disclosed in the application:

OMP-18R5 Heavy chain CDR1 (SEQ ID NO:1)
GFTFSHYTLS

OMP-18R5 Heavy chain CDR2 (SEQ ID NO:2)
VISGDGSYTYYADSVKG

OMP-18R5 Heavy chain CDR3 (SEQ ID NO:3)
NFIKYVFAN

OMP-18RS5 Light chain CDR1 (SEQ ID NO:4)
SGDNIGSFYVH

OMP-18RS5 Light chain CDR2 (SEQ ID NO:5)
DKSNRPSG

OMP-18R5 Light chain CDR3 (SEQ ID NO:6)
QSYANTLSL

OMP-18R5 Heavy chain variable region amino acid sequence (SEQ ID NO:7)
EVQLVESGGGLVQPGGSLRLSCAASGFTFSHYTLSWVRQAPGKGLEWVSVISGDGSYTYY
ADSVKGRFTISSDNSKNTLYLQMNSLRAEDTAVYYCARNFIKYVEFANWGQGTLVTVSS

OMP-18R5 Light chain variable region amino acid sequence (SEQ ID NO:8)
DIELTQPPSVSVAPGQTARISCSGDNIGSEFYVHWYQQKPGQAPVLVIYDKSNRPSGIPER
FSGSNSGNTATLTISGTQAEDEADYYCQSYANTLSLVFGGGTKLTVLG

OMP-18R5 Heavy chain amino acid sequence with predicted signal sequence underlined (SEQ ID NO:9)
MKHLWFFLLLVAAPRWVLSEVQLVESGGGLVQPGGSLRLSCAASGFTFSHYTLSWVRQAP
GKGLEWVSVISGDGSYTYYADSVKGRFTISSDNSKNTLYLOMNSLRAEDTAVYYCARNET
KYVEANWGQGTLVTVSSASTKGPSVEPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQOSSGLYSLSSVVITVPSSNEGTQTYTCNVDHKPSNTKVDKTVERKCC
VECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEV
HNAKTKPREEQFNSTFRVVSVLTVVHODWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPR
EPQVYTLPRPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGOQPENNYKTTPPMLDSDGSF
FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

OMP-18RS5 Light chain amino acid sequence with predicted signal sequence underlined (SEQ ID NO:10)
MAWALLLLTLLTQGTGSWADIELTQPPSVSVAPGQTARISCSGDNIGSFYVHWYQQKPGQ
APVLVIYDKSNRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYCQSYANTLSLVEGGG
TKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVE
TTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

OMP-18R5 Heavy chain amino acid sequence without predicted signal sequence (SEQ ID NO:11)
EVQLVESGGGLVQPGGSLRLSCAASGFTFSHYTLSWVRQAPGKGLEWVSVISGDGSYTYY
ADSVKGRETISSDNSKNTLYLOMNSLRAEDTAVYYCARNFIKYVEANWGQGTLVTVSSAS
TKGPSVEFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSNEFGTQTYTCNVDHKESNTKVDKTVERKCCVECPPCPAPPVAGPSVFELF
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PPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVV
SVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQV
SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVE
SCSVMHEALHNHYTQKSLSLSPGK

OMP-18R5 Light chain amino acid sequence without predicted signal sequence (SEQ ID NO:12)
DIELTQPPSVSVAPGQTARISCSGDNIGSFYVHWYQQOKPGQAPVLVIYDKSNRPSGIPER
FSGSNSGNTATLTISGTQAEDEADYYCQSYANTLSLVFGGGTKLTVLGQPKAAPSVTLEP
PSSEELQANKATLVCLISDFYPGAVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLS
LTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

Human FZD1 Fri domain amino acid sequence without predicted signal sequence (SEQ ID NO:13)
QQPPPPPQQOQOOSGQQYNGERGISVPDHGYCQPISIPLCTDIAYNQT IMPNLLGHTNQEDA
GLEVHQFYPLVKVQCSAELKFFLCSMYAPVCTVLEQALPPCRSLCERARQGCEALMNKFG
FOWPDTLKCEKFPVHGAGELCVGQONTSDKGT

Human FZD2 Fri domain amino acid sequence without predicted signal sequence (SEQ ID NO:14)
QFHGEKGISIPDHGFCQPISIPLCTDIAYNQTIMPNLLGHTNQEDAGLEVHQFYPLVKVQ
CSPELREFLECSMYAPVCTVLEQAIPPCRSICERARQGCEALMNKFGFQWPERLRCEHFPR
HGAEQICVGQONHSEDG

Human FZD3 Fri domain amino acid sequence without predicted signal sequence (SEQ ID NO:15)
HSLEFSCEPITLRMCQDLPYNTTFMPNLLNHYDQQTAALAMEPFHPMVNLDCSRDE
RPELCALYAPICMEYGRVTLPCRRLCQRAYSECSKLMEMFGVPWPEDMECSREPDCDEPY
PRLVDL

Human FZD4 Fri domain amino acid sequence without predicted signal sequence (SEQ ID NO:16)
FGDEEERRCDPIRISMCONLGYNVTKMPNLVGHELQTDAELQLTTETPLIQYGCSSQLQF
FLCSVYVPMCTEKINIPIGPCGGMCLSVKRRCEPVLKEFGFAWPESLNCSKFPPONDHNH
MCMEGPGDEEV

Human FZD5 Fri domain amino acid sequence without predicted signal sequence (SEQ ID NO:17)
ASKAPVCQEITVPMCRGIGYNLTHMPNQFNHDTQDEAGLEVHQFWPLVEIQCSPDLRFFL
CSMYTPICLPDYHKPLPPCRSVCERAKAGCSPLMRQYGFAWPERMSCDRLPVLGRDAEVL
CMDYNRSEATT

Hunian FZD6 Fri domain amino acid sequence without predicted signal sequence (SEQ ID NO:18)
HSTLFTCEPITVPRCMKMAYNMTFEPNLMGHYDQS IAAVEMEHFLPLANLECSPNTETFLC
KAFVPTCIEQIHVVPPCRKLCEKVYSDCKKLIDTFGIRWPEELECDRLQYCDETVPVTED
PHTEELG

Human FZD7 Fri domain amino acid sequence without predicted signal sequence (SEQ ID NO:19)
QPYHGEKGISVPDHGFCQPISIPLCTDIAYNQTILPNLLGHTNQEDAGLEVHQFYPLVKV
QCSPELRFFLCSMYAPVCTVLDQAIPPCRSLCERARQGCEALMNKEGFQWPERLRCENFP
VHGAGEICVGONTSDGSG

Human FZD8$ Fri domain amino acid sequence without predicted signal sequence (SEQ ID NO:20)
ASAKELACQEITVPLCKGIGYNYTYMPNQFNHDTQODEAGLEVHQFWPLVETIQCSPDLKEF
LCSMYTPICLEDYKKPLPPCRSVCERAKAGCAPLMRQYGFAWPDRMRCDRLPEQGNPDTL
CMDYNRTDLTT

Human FZD9 Fri domain amino acid sequence without predicted signal sequence (SEQ ID NO:21)
LEIGRFDPERGRGAAPCQAVEIPMCRGIGYNLTRMPNLLGHT SQGEARAELAEFAPLVQY
GCHSHLRFFLCSLYAPMCTDQVSTPL{PACRPMCEQARLRCAPIMEQFNFGWPDSLDCARL
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Human FZD10 Fri domain amino acid sequence without predicted signal sequence (SEQ ID NO:22)
ISSMDMERPGDGKCQPIEIPMCKDIGYNMTRMPNLMGHENQREAATIQLHEFAPLVEYGCH
GHLRFFLCSLYAPMCTEQVSTPIPACRVMCEQARLKCSPIMEQFNFKWPDSLDCRKLPNK
NDPNYLCMEAPNNG

Human FZD1 amino acids 116-227 (SEQ ID NO:23)
CQPISIPLCTDIAYNQTIMPNLLGHTNQEDAGLEVHQFYPLVKVQCSAELKFFLCSMYAP
VCTVLEQALPPCRSLCERARQGCEALMNKFGFQWPDTLKCEKFPVHGAGELC

Human FZD2 amino acids 39-150 (SEQ ID NO:24)
CQPISIPLETDIAYNOQTIMPNLLGHTNQEDAGLEVHQFYPLVKVQCSPELRFFLCSMYAP
VCTVLEQAIPPCRSICERARQGCEALMNKEGFQWPERLRCEHFPRHGAEQIC

Human FZD3 amino acids 28-133 (SEQ ID NO:25)
CEPITLRMCQDLPYNTTFMPNLLNHYDQQTAALAMEPFHPMVNLDCSRDERPFLCALYAP
ICMEYGRVTLPCRRLCQRAYSECSKLMEMEGVPWPEDMECSREPDC

Human FZD4 amino acids 48-161 (SEQ ID NO:26)
CDPIRISMCONLGYNVTKMPNLVGHELQTDAELQLTTFTPLIQYGCSSQLQFFLCSVYVP
MCTEKINIPIGPCGGMCLSVKRRCEPVLKEFGFAWPESLNCSKFPPQNDHNHMC

Human FZD5 amino acids 33-147 (SEQ ID NO:27)
CQEITVPMCRGIGYNLTHMPNQENHDTQDEAGLEVHQFWPLVEIQCSPDLRFEFLCSMYTP
ICLPDYHKPLPPCRSVCERAKAGCSPLMRQYGFAWPERMSCDRLPVLGRDAEVILC

Human FZD6 amino acids 24-129 (SEQ ID NO:28)
CEPITVPRCMKMAYNMTFFPNLMGHYDQSIAAVEMEHFLPLANLECSPNIETFLCKAFVP
TCIEQIHVVPPCRKLCEKVYSDCKKLIDTFGIRWPEELECDRLQYC

Human FZD7 amino acids 49-160 (SEQ ID NO:28)
COPISIPLCTDIAYNQTILPNLLGHTNQEDAGLEVHQFYPLVKVQCSPELRFFLCSMYAP
VCTVLDQAIPPCRSLCERARQGCEALMNKEGFQWPERLRCENFPVHGAGEIC

Human FZD8 amino acids 35-148 (SEQ ID NO:30)
COEITVPLCKGIGYNYTYMPNQFNHDTQDEAGLEVHQFWPLVEIQCSPDLKFFLCSMYTP
ICLEDYKKPLPPCRSVCERAKAGCAPLMRQYGFAWPDRMRCDRLPEQGNPDTLC

Human FZD9 amino acids 39-152 (SEQ ID NO:31)
COQAVEIPMCRGIGYNLTRMPNLILGHTSQGEAAAELAEFAPLVQYGCHSHLRFFLCSLYAP
MCTDQVSTPIPACRPMCEQARLRCAPIMEQFNFGWPDSLDCARLPTRNDPHALC

Human FZD10 amino acids 34-147 (SEQ ID NO:32)
COPIEIPMCKDIGYNMTRMPNLMGHENQREAAIQLHEFAPLVEYGCHGHLRFFLCSLYAP
MCTEQVSTPIPACRVMCEQARLKCSPIMEQFNFKWPDSLDCRKLPNKNDPNYLC

Human FZD8 Fri domain amino acid sequence without predicted signal sequence (variant) (SEQ ID
NO:33)

ASAKELACQEITVPLCKGIGYNYTYMPNQFNHDTQDEAGLEVHQFWPLVEIQCSPDLKEF
LCSMYTPICLEDYKKPLPPCRSVCERAKAGCAPLMRQYGFAWPDRMRCDRLPEQGNPDTL
CMDYNRTDL

Human IgG; Fc region (SEQ ID NO:34)
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DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEFNWYVD
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

Human IgG; Fc region (variant) (SEQ ID' NO:35)
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTIMISRTPEVTCVVVDVSHEDPEVKENWYVD
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK
GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQOGNVEFSCSVMHEALHNHYTQKSLSLSPGK

Human IgG, Fc region: (SEQ ID NO:36)
KSSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKEFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRWQOGNVFSCSVMHEALHNHYTQKSLSLSPGK

Human IgG; Fe region (SEQ ID NO:37)
EPKSSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKEF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP
PVLDSDGSEFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

Human IgG; Fc region (SEQ ID NO:38)
CVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVE
VHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQP
REPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPMLDSDGS
FFLYSKLTVDKSRWQQOGNVFSCSVMHEALHNHYTQKSLSLSPGK

FZD8-Fc¢ variant 54F03 amino acid sequence (without predicted signal sequence) (SEQ ID NO:39)
ASAKELACQEITVPLCKGIGYNYTYMPNQFNHDTQDEAGLEVHQFWPLVEIQCSPDLKEF
LCSMYTPICLEDYKKPLPPCRSVCERAKAGCAPLMRQYGFAWPDRMRCDRLPEQGNPDTL
CMDYNRTDLTTGRADKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDY
SHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVEISCSVMHEALHNHYTQKSLSLSPG

K

FZD8-Fc variant 54F 16, 54F17, 54F 18, 54F23, 54F25, 54F27, 54F29, 54F31, and 54F34 amino acid
sequence (without predicted signal sequence) (SEQ ID NO:40)
ASAKELACQEITVPLCKGIGYNYTYMPNQFNHDTQDEAGLEVHQFWPLVETQCSPDLKEFE
LCSMYTPICLEDYKKPLPPCRSVCERAKAGCAPLMRQYGFAWPDRMRCDRLPEQGNPDTL
CMDYNRTDLTTKSSDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDV
SHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVEFSCSVMHEALHNHYTQKSLSLSPG

K

FZD8-Fc¢ variant 54F 19, 54F20, 54F24, 54F26, 54F28, 54F30, 54F32, 54F34 and 54F35 amino acid
sequence (without predicted signal sequence) (SEQ ID NO:41)
ASAKELACQEITVPLCKGIGYNYTYMPNQFNHDTQDEAGLEVHQFWPLVEIQCSPDLKEF
LCSMYTPICLEDYKKPLPPCRSVCERAKAGCAPLMRQYGFAWPDRMRCDRLPEQGNEDTL
CMDYNRTDLTTEPKSSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST YRVVSVLTVLHODWLNGKEYKCKEVS
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FZD8-Fc variant 54F03 amino acid sequence with signal sequence (SEQ 1D NO:42)
MEWGYLLEVTSLLAALALLQRSSGAAAASAKELACQEITVPLCKGIGYNYTYMPNQFNHD
TQDEAGLEVHQFWPLVETQCSPDLKFFLCSMYTPICLEDYKKPLPPCRSVCERAKAGCAP
LMRQYGFAWPDRMRCDRLPEQGNPDTLCMDYNRTDLTTGRADKTHTCPPCPAPELLGGPS
VELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFFLYSKLTVDKSRWQQ
GNVEFSCSVMHEALHNHYTQKSLSLSPGK

FZD8-Fc variant 54F 16 amino acid sequence with signal sequence (SEQ ID NO:43)
MEWGYLLEVTSLLAALALLQRSSGAAAASAKELACQEITVPLCKGIGYNYTYMPNQFNHD
TQDEAGLEVHQFWPLVEIQCSPDLKFFLCSMYTPICLEDYKKPLPPCRSVCERAKAGCAP
LMRQYGEFAWPDRMRCDRLPEQGNPDTLCMDYNRTDLTTKSSDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQ
GNVFSCSVMHEALHNHYTQKSLSLSPGK

FZD8-Fc variant 54F26 with signal sequence (SEQ ID NO:44)
MEWGYLLEVTSLLAALFLLQRSPIVHAASAKELACQEITVPLCKGIGYNYTYMPNQFNHD
TQDEAGLEVHQFWPLVEIQCSPDLKFFLCSMYTPICLEDYKKPLPPCRSVCERAKAGCAP
LMRQYGFAWPDRMRCDRLPEQGNPDTLCMDYNRTDLTTEPKSSDKTHTCPPCPAPELLGG
PSVELFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDE
LTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW
QQGNVFSCSVMHEALHNHYTQKSLSLSPGK

FZD8-Fc variant 54F28 with signal sequence (SEQ ID NO:45)
MEWGYLLEVTSLLAALLLLQRSPFVHAASAKELACQEITVPLCKGIGYNYTYMPNQFNHD
TQDEAGLEVHQFWPLVEIQCSPDLKEFLCSMYTPICLEDYKKPLPPCRSVCERAKAGCAP
LMRQYGFAWPDRMRCDRLPEQGNPDTLCMDYNRTDLTTEPKSSDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDE
LTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW
QOGNVFSCSVMHEALHNHYTQKSLSLSPGK

Human Wntl C-terminal cysteine vich domain (ag 288-37() (S3EQ [D NG46)
DLVYPEKS PNFCTYSGRLGCTAGTAGRACNSSS PALDRGCELLCCGROERTRT QRYTERCNC
TFHWCCHVECRNCTHTRVLEECL

Human Wnt2 C-terminal cysieine rich domain {aa 267-350) (SEQ 1D NG4AT)
DLYYPENS PRYCIRDREAGSLGTAGRVCNLTSHEGMDSCEVMICGROYDTSHVTRMTECGC
RFPHWCOAVROGDCLEALDVETCKAPKNADWTTAT

Hurman Wai2b CHermingl oysigine vich domain {aa 298-391} {8EQ 15 N:48)
DLYYPONSPDYCVLDKAAGSLETAGRYVCERTSKGTDGCEIMOCEGREYDTIRVIRVTOCECS
KPHWCCAVECEECRNTVDVHTCKARPERATNLOOT

Human Wat3 C-terminal cysteine vich domain {aa 273-355) (SEQ 1D M489}
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DLVYYENSPNFCEPNPETGSFGTRDRTCNVTSHGIDGCDLLCCGRGHNTRTEKRKEKCHC
IFHWCCYVSCQECIRIYDVHTCK

Human Wnt3a C-terminal cysteine rich domain (aa 270-352) (SEQ ID NO:50)
DLVYYEASPNFCEPNPETGSFGTRDRTCNVSSHGIDGCDLLCCGRGHNARAERRREKCRC
VFHWCCYVSCQECTRVYDVHTCK

Human Wnt7a C-terminal cysteine rich domain (aa 267-359) (SEQ ID NO:51)
DLVYIEKSPNYCEEDPVTGSVGTQGRACNKTAPQASGCDLMCCGRGYNTHQYARVWQCNC
KFHWCCYVKCNTCSERTEMYTCK

Human Wnt7b C-terminal cysteine rich domain (aa 267-349) (SEQ ID NO:52)
DLVYIEKSPNYCEEDAATGSVGTQGRLCNRTSPGADGCDTMCCGRGYNTHQYTKVWQCNC
KFHWCCFVKCNTCSERTEVFTCK

Human Wnt8a C-terminal cysteine rich domain (aa 248-355) (SEQ ID NO:53)
ELIFLEESPDYCTCNSSLGIYGTEGRECLONSHNTSRWERRSCGRLCTECGLQVEERKTE
VISSCNCKFQWCCTVKCDQCRHVVSKYYCARSPGSAQSLGRVWEGVYI

Human Wnt8b C-terminal cysteine rich domain (aa 245-351) (SEQ ID NO:54)
ELVHLEDSPDYCLENKTLGLLGTEGRECLRRGRALGRWELRSCRRLCGDCGLAVEERRAE
TVSSCNCKFHWCCAVRCEQCRRRVTKYFCSRAERPRGGAAHKPGRKP

Human Wnt10a C-terminal cysteine rich domain (aa 335-417) (SEQ ID NO:55)
DLVYFEKSPDFCEREPRLDSAGTVGRLCNKSSAGSDGCGSMCCGRGHNILRQTRSERCHC
RFHWCCEFVVCEECRITEWVSVCK

Human Wnt10b C-terminal cysteine rich domain (aa 307-389) (SEQ ID NO:56)
ELVYFEKSPDFCERDPTMGS PGTRGRACNKTSRLLDGCGSLCCGRGHNVLRQTRVERCHC
RFHWCCYVLCDECKVTEWVNVCK

Linker (SEQ ID NO:57)
ESGGGGVT

Linker (SEQ ID NO:58)
LESGGGGVT

Linker (SEQ ID NO:59)
GRAQVT

Linker (SEQID NO:60)
WRAQVT

Linker (SEQ ID NO:61)
ARGRAQVT
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WHAT IS CLAIMED IS:
1. A method of selecting a subject for treatment with a Wnt pathway inhibitor, comprising:
(a) obtaining a biological sample from the subject;

(b) determining the level of a bone resorption biomarker in the sample; and

(©) selecting the subject for treatment with the Wnt pathway inhibitor if the level of the bone

resorption biomarker is below a predetermined level.

2. A method of identifying a subject as eligible for treatment with a Wnt pathway inhibitor,
comprising:

(a) obtaining a biological sample from the subject;

(b) determining the level of a bone resorption biomarker in the sample; and

(c) identifying the subject as eligible for treatment with the Wnt pathway inhibitor if the level

of the bone resorption biomarker is below a predetermined level.

3. A method of selecting a subject for treatment with a Wnt pathway inhibitor, comprising:

(a) determining the level of a bone resorption biomarker in a sample from the subject; and

(b) selecting the subject for treatment with the Wnt pathway inhibitor if the level of the bone

resorption biomarker is below a predetermined level.

4. A method of identifying a subject as eligible for treatment with a Wnt pathway inhibitor,
comprising:
(a) determining the level of a bone resorption biomarker in a sample from the subject; and

(b) identifying the subject as eligible for treatment with the Wnt pathway inhibitor if the level

of the bone resorption biomarker is below a predetermined level.

5. The method of any one of claims 1-4, wherein the biological sample is blood, serum, or plasma.
6. The method of any one of claims 1-5, wherein the bone resorption biomarker is f-CTX.
7. The method of claim 6, wherein the predetermined level of p-CTX in blood, serum, or plasma is a

level of B-CTX determined at an earlier timepoint or at an initial screening.

8. The method of claim 6, wherein the predetermined level of B-CTX in blood, serum, or plasma is

about 1000pg/mi or fess.

9. The method of any one of claims 1-8, which further comprises administering the Wnt pathway

inhibitor to the subject if the level of the bone resorption biomarker is below the predetermined level.

10. A method of monitoring a subject receiving treatment with a Wnt pathway inhibitor for the

development of a skeletal-related side effect and/or toxicity, comprising:
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(a) obtaining a biological sample from the subject receiving treatment;
(b) determining the level of a bone resorption biomarker in the sample; and
(c) comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker;

wherein an increase in the level of the bone resorption biomarker indicates development of a

skeletal-related side effect and/or toxicity.

A method of detecting the development of a skeletal-related side effect and/or toxicity in a subject

receiving treatment with a Wnt pathway inhibitor, comprising:

12,

(a) obtaining a biological sample from the subject receiving treatment;
) determining the level of a bone resorption biomarker in the sample; and
(© comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker;

wherein an increase in the level of the bone resorption biomarker indicates development of a

skeletal-related side effect and/or toxicity:.

A method for identifying a skeletal-related side effect and/or toxicity in a subject receiving

treatment with a Wnt pathway inhibitor, comprising:

13.

(@) obtaining a biological sample from the subject receiving treatment;
(b) determining the level of a bone resorption biomarker in the sample; and
© comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker;

wherein if the level of the bone resorption biomarker in the sample is higher than the

predetermined level then a skeletal-related side effect and/or toxicity is indicated.

A method for monitoring a skeletal-related side effect and/or toxicity in a subject receiving

treatment with a Wnt pathway inhibitor, comprising:

14.

(a) obtaining a biological sample from the subject receiving treatment;
(b) determining the level of a bone resorption biomarker in the sample; and
(©) comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker;

wherein if the level of the bone resorption biomarker in the biological sample from the subject is

higher than the predetermined level then a skeletal-related side effect and/or toxicity is indicated.

A method of monitoring a subject receiving treatment with a Wnt pathway inhibitor for the

development of a skeletal-related side effect and/or toxicity, comprising:
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(a) determining the level of a bone resorption biomarker in a sample from the subject; and
®) comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker;

wherein an increase in the level of the bone resorption biomarker indicates development of a

skeletal-related side effect and/or toxicity.

A method of detecting the development of a skeletal-related side effect and/or toxicity in a subject

receiving treatment with a Wnt pathway inhibitor, comprising:

16.

(@ determining the level of a bone resorption biomarker in a sample from the subject; and

(b) comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker;

wherein an increase in the level of the bone resorption biomarker indicates development of a

skeletal-related side effect and/or toxicity.

A method for identifying a skeletal-related side effect and/or toxicity in a subject receiving

treatment with a Wnt pathway inhibitor, comprising:

17.

(a) determining the level of a bone resorption biomarker in a sample from the subject; and

(b) comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker;

wherein if the level of the bone resorption biomarker in the sample is higher than the

predetermined level, then a skeletal-related side effect and/or toxicity is indicated.

A method for monitoring a skeletal-related side effect and/or toxicity in a subject receiving

treatment with a Wnt pathway inhibitor, comprising:

18.

19.

(a) determining the level of a bone resorption biomarker in a sample from the subject; and

(b) comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker;

wherein if the level of the bone resorption biomarker in the sample is higher than the

predetermined level, then a skeletal-related side effect and/or toxicity is indicated.
The method of any one of claims 10-17, wherein the sample is blood, serum, or plasma.

The method of any one of claims 10-18, wherein the skeletal-related side effect and/or toxicity is

an increased risk of bone fracture, osteopenia, or osteoporosis.
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20. The method of any one of claims 10-19, wherein the predetermined level of the bone resorption
biomarker is the amount of bone resorption biomarker in a sample obtained from the subject at an earlier

date.

21. The method of any one of claims 10-20, wherein the predetermined level of the bone resorption
biomarker is the amount of bone resorption biomarker in a sample obtained from the subject prior to

treatment.

22. The method of any one of claims 10-21, wherein the predetermined level of the bone resorption

biomarker is a baseline level.

23. The method of any one of claims 10-22, wherein if the bone resorption biomarker level is above a
predetermined level for any one sample, the subject is administered a therapeutically effective amount of

an anti-resorptive medication.

24. The method of any one of claims 10-22, wherein if the bone resorption biomarker level is 2-fold
or more above a predetermined level, the subject is administered a therapeutically effective amount of an

anti-resorptive medication.
25. The method of claim 10-24, wherein the bone resorption biomarker is B-CTX.

26. A method for reducing a skeletal-related side effect and/or toxicity in a subject receiving

treatment with a Wnt pathway inhibitor, comprising:

(a) obtaining a biological sample from the subject receiving treatment;
(b) determining the level of a bone resorption biomarker in the sample;
© comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker; and

(d) administering to the subject a therapeutically effective amount of an anti-resorptive
medication if the level of the bone resorption biomarker in the sample is higher than the

predetermined level of the bone resorption biomarker.

27. A method of preventing or attenuating the development of a skeletal-related side effect and/or

toxicity in a subject receiving treatment with a Wnt pathway inhibitor, comprising:

(a) obtaining a biological sample from the subject prior to treatment with the Wnt pathway
inhibitor;

(b) determining the level of a bone resorption biomarker in the sample;

(c) comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker;
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(d) administering to the subject a therapeutically effective amount of an anti-resorptive

medication; and
{e) administering to the subject the Wnt pathway inhibitor.

28. A method of sereening a subject for the risk of a skeletal-related side effect and/or toxicity from
treatment with a Wnt pathway inhibitor, comprising:
(a) obtaining a biological sample from the subject prior to treatment with the Wnt pathway
inhibitor;
(b) determining the level of a bone resorption biomarker in the sample; and
©) comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bone resorption biomarker; wherein if the level of the bone resorption biomarker in
the sample is higher than the predetermined level of the bone resorption biomarker then the

subject is at risk for a skeletal-related side effect and/or toxicity.

29. A method for reducing a skeletal-related side effect and/or toxicity in a subject receiving
treatment with a Wnt pathway inhibitor, comprising:

(a) determining the level of a bone resorption biomarker in a sample from the subject;

®) comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker; and

(©) administering to the subject a therapeutically effective amount of an anti-resorptive
medication if the level of the bone resorption biomarker in the sample is higher than the

predetermined level of the bone resorption biomarker.

30. A method of preventing or attenuating the development of a skeletal-related side effect and/or
toxicity in a subject receiving treatment with a Wnt pathway inhibitor, comprising:
(a) determining the level of a bone resorption biomarker in a sample from the subject prior to

treatment with the Wnt pathway inhibitor;
) comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker;

(c) administering to the subject a therapeutically effective amount of an anti-resorptive

medication; and
(d) administering to the subject the Wnt pathway inhibitor.

31. A method of screening a subject for the risk of a skeletal-related side effect and/or toxicity from
treatment with a Wnt pathway inhibitor, comprising:

(@ determining the level of a bone resorption biomarker in a sample from the subject: and
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(®) comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bone resorption biomarker; wherein if the level of the bone resorption biomarker in
the sample is higher than the predetermined level of the bone resorption biomarker then the

subject is at risk for a skeletal-related side effect and/or toxicity.
32. A method of treating cancer in a subject in need thereof, comprising:
(a) administering to the subject a therapeutically effective amount of a Wnt pathway
inhibitor; and
(b) determining the level of a bone resorption biomarker in a sample from the subject.
33. A method of claim 32, further comprising:

© comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bone resorption biomarker; wherein if the level of the bone resorption biomarker in
the sample is higher than the predetermined level of the bone resorption biomarker then the

subject is at risk for a skeletal-related side effect and/or toxicity.
34. A method of claim 32, further comprising:

(c) comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bone resorption biomarker; wherein if the level of the bone resorption biomarker in
the sample is higher than the predetermined level of the bone resorption biomarker then the

subject is administered a therapeutically effective amount of an anti-resorptive medication.
35. The method of any one of claims 26-34, wherein the biological sample is blood, serum, or plasma.
36. The method of any one of claims 26-35, wherein the bone resorption biomarker is f-CTX.

37. The method of claim 36, wherein if the B-CTX level is 2-fold or greater as compared to a
predetermined level, then the subject is administered a therapeutically effective amount of an anti-

resorptive medication.

38. The method of claim 28 or claim 31, wherein if the subject is at risk for a skeletal-related side
effect and/or toxicity, the subject is administered a therapeutically effective amount of an anti-resorptive

medication prior to treatment with the Wnt pathway inhibitor.

39. A method for reducing a skeletal-related side effect and/or toxicity in a subject receiving
treatment with a Wnt pathway inhibitor, comprising administering to the subject a therapeutically

effective amount of an anti-resorptive medication.
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40. A method of preventing or attenuating the development of a skeletal-related side effect and/or
toxicity in a subject receiving treatment with a Wnt pathway inhibitor, comprising administering to the

subject a therapeutically effective amount of an anti-resorptive medication.

41. The method of any one of claims 26-40, wherein the skeletal-related side effect and/or toxicity is

an increased risk of bone fracture, osteopenia, or osteoporosis.

42, The method of any one of claims 1-41, wherein the Wnt pathway inhibitor is an antibody that
specifically binds at least one Frizzled (FZD) protein or portion thereof.

43, The method of claim 42, wherein the antibody specifically binds at least one FZD protein selected
from the group consisting of: FZD1, FZD2, FZD3, FZD4, FZD5, FZD6, FZD7, FZD8, FZD9, and
FZD10.

44, The method of any one of claims 1-41, wherein the Wnt pathway inhibitor is an antibody
comprising:
(a) a heavy chain CDR1 comprising GFTFSHYTLS (SEQ ID NO:1), a heavy chain CDR2
comprising VISGDGSYTYYADSVKG (SEQ ID NO:2), and a heavy chain CDR3 comprising
NFIKYVFAN (SEQ ID NO:3), and

(b) a light chain CDR1 comprising SGDNIGSFYVH (SEQ ID NO:4), a light chain CDR2
comprising DKSNRPSG (SEQ ID NO:5), and a light chain CDR3 comprising QSYANTLSL
(SEQ ID NO:6).
45. The method of any one of claims 1-41, wherein the Wnt pathway inhibitor is an antibody
comprising:
a heavy chain variable region comprising SEQ ID NO:7 and a light chain variable region
comprising SEQ ID NO:8.
46. The method according to any one of claims 1-45, wherein the Wnt pathway inhibitor is antibody
OMP-18RS5.

47. The method of claim 46, wherein OMP-18RS5 is administered intravenously to the subject in need
thereof at a dosage of (a) at least about 0.5 mg/kg about every one to two weeks or (b) at least about 1.0
mg/kg about every three weeks.

48. The method of claim 46, wherein OMP-18RS5 is administered at a dosage of about 0.5 mg/kg to
about 1.0 mg/kg about every one to two weeks.

49. The method of claim 46, wherein OMP-18R5 is administered at a dosage of about 1.0 mg/kg to
about 10.0 mg/kg about every three weeks.
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50. The method according to any one of claims 1-41, wherein the Wnt pathway inhibitor is a Wnt-

binding agent.
51. The method of claim 50, wherein the Wnt-binding agent is an antibody.

52. The method according to any one of claims 1-41, 50, or 51, wherein the Wnt pathway inhibitor is

an antibody that specifically binds at least one Wnt protein.

53. The method of claim 52, wherein the antibody specifically binds at least one Wnt protein selected
from the group consisting of: Wntl, Wnt2, Wnt2b, Wnt3, ¥nt3a, Wnt7a, Wnt7b, Wnt8a, Wnt8b, Wnt10a,
and Wnt10b.

54. The method according to any one of claims 42-45 or 51-53, wherein the antibody is a monoclonal
antibody, a recombinant antibody, a chimeric antibody, a humanized antibody, a human antibody, or a

antibody fragment comprising an antigen-binding site.

55. The method according to any one of claims 42-54, wherein the antibody is a monospecific

antibody or a bispecific antibody.

56. The method according to any one of claims 42-45 or 51-55, wherein the antibody is an IgG1
antibody or an IgG2 antibody.

57. The method according to any one of claims 1-41, wherein the Wnt pathway inhibitor is a soluble

receptor.

58. The method of claim 57, wherein the Wnt-binding agent is a soluble receptor.

59. The method of claim 57 or claim 58, wherein the soluble receptor comprises a Fri domain of a
human FZD protein.
60. The method of claim 59, wherein the Fri domain of the human FZD protein consists essentially of

the Fri domain of FZD1, the Fri domain-of FZD2, the Fri domain of FZD3, the Fri domain of FZD4, the
Fri domain of FZD5, the Fri domain of FZD6, the Fri domain of FZD7, the Fri domain of FZDS, the Fri
domain of FZD9, or the Fri-domain of FZD10.

61. The method of claim 59, wherein the Fri domain of the human FZD protein consists essentially of
the Fri domain of FZDS.
62. The method of claim 59, wherein the Fri domain of the human FZD protein comprises a sequence

selected from the group consisting of: SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16,
SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ
ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID
NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, and SEQ ID NO:33,
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63. The method of claim 62, wherein the Fri domain of the human FZD protein consists essentially of

SEQ ID NO:20 or SEQ ID NO:30.

64. The method according to any one of claims 59-63, wherein the Fri domain of the human FZD

protein is directly linked to a non-FZD polypeptide.

65. The method according to any one of claims 59-63, wherein the Fri domain of the human FZD

protein is connected to a non-FZD polypeptide by a linker.

66. The method of claim 64 or claim 65, wherein the non-FZD polypeptide comprises a human Fc

region.

67. The method according to any one of claims 64-66, wherein the non-FZD polypeptide consists
essentially of SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38.

68. The method of claim 57, wherein the Wnt-binding agent comprises:

() a first polypeptide consisting essentially of SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15,
SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID
NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ
ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, or
SEQ ID NO:33; and

(b) a second polypeptide consisting essentially of SEQ ID NO:34, SEQ ID NO:35, SEQ ID
NO:36, SEQ ID NO:37, or SEQ ID NO:38;

wherein the first polypeptide is directly linked to the second polypeptide.
69. The method of claim 57, wherein the Wnt-binding agent comprises:

(a) a first polypeptide consisting essentially of SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15,
SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID
NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ
ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, or
SEQ ID NO:33;-and

(b) a second polypeptide consisting essentially of SEQ ID NO:34, SEQ ID NO:35, SEQID
NO:36, SEQ ID NO:37, or SEQ ID NO:38;

wherein the first polypeptide is connected to the second polypeptide by a linker.

70. The method of claim 68 or claim 69, wherein the first polypeptide consists essentially of SEQ ID
NO:20.
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71. The method of claim 68 or claim 69, wherein the first polypeptide consists essentially of SEQ ID
NO:20, and wherein the second polypeptide consists essentially of SEQ ID NO:36, SEQ ID NO:37, or
SEQ ID NO:35.

72. The method of claim 68 or claim 69, wherein the first polypeptide consists essentially of SEQ ID
NO:30.

73. The method of claim 68 or claim 69, wherein the first polypeptide consists essentially of SEQ ID
NO:58, and wherein the second polypeptide consists essentially of SEQ ID NO:36, SEQ ID NO:37, or
SEQ ID NO:35.

74. The method of claim 57, wherein the Wnt-binding agent comprises SEQ ID NO:39, SEQ ID
NO:40, or SEQ ID NO:41.

75. The method of claim 57, wherein the Wnt-binding agent comprises SEQ ID NO:41.

76. The method of claim 57, wherein the Wnt-binding agent is FZD8-Fc soluble receptor OMP-
54F28.

77. The method according to any one of claims 27-29, 30, or 35-76, wherein the anti-resorptive

medication is a bisphosphonate or denosumab.

78. The method of claim 77, wherein the bisphosphonate is selected from the group consisting of:
etidronate, clodronate, tiludronate, pamidronate, neridronate, olpadronate, alendronate, ibandronate,

risedronate, arid zoledronic acid.

79. The method of claim 77 or claim 78, wherein the bisphosphonate is zoledronic acid.
80. The method of any one of claims 1-79, wherein the subject has cancer.
81. The method of claim 80, wherein the cancer is selected from the group consisting of: lung cancer,

breast cancer, colon cancer, colorectal cancer, melanoma, pancreatic cancer, gastrointestinal cancer, renal
cancer, ovarian cancer, neuroendocrine cancer, liver cancer, endometrial cancer, kidney cancer, prostate
cancer, thyroid cancer, neuroblastoma, glioma, glioblastoma multiforme, cervical cancer, stomach cancer,

bladder cancer, hepatoma, and head and rieck cancer.

82. The method of any one of claims 1-81, wherein the subject is treated with the Wnt pathway

inhibitor in combination with one or more additional anti-cancer agents.

83. The method of any one of claims 1-81, wherein the skeletal-related side effect and/or toxicity is

related to the Wnt pathway inhibitor.

84. The method of any one of claims 1-81, wherein the skeletal-related side effect and/or toxicity is

an increased risk of bone fracture, osteopenia, or osteoporosis.



WO 2014/121196 PCT/US2014/014443
-107 -

85. A method of monitoring a subject receiving treatment with a Wnt pathway inhibitor for the
development of a skeletal-related side effect and/or toxicity, wherein the Wnt pathway inhibitor is an anti-

FZD antibody or a FZD soluble receptor, the method comprising:

(a) determining the level of a bone resorption biomarker in a sample obtained from the

subject; and

(b comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bone resorption biomarker, wherein the predetermined level is a level measured prior

to treatment with the Wnt pathway inhibitor;

wherein an increase in the level of the bone resorption biomarker indicates development of a skeletal-

related side effect and/or toxicity.

86. A method for reducing a skeletal-related side effect and/or toxicity in a subject receiving
treatment with a Wnt pathway inhibitor, wherein the Wnt pathway inhibitor is an anti-FZD antibody or a

FZD soluble receptor, the method comprising:

(a) determining the level of a bone resorption biomarker in a sample obtained from the
subject;
(b) comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker, wherein the predetermined level is a level measured prior

to treatment with the Wnt pathway inhibitor; and

© administering to the subject a therapeutically effective amount of an anti-resorptive
medication if the level of the bone resorption biomarker in the sample is higher than the

predetermined level of the bone resorption biomarker.
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AMENDED CLAIMS
received by the International Bureau on 13 June 2014 (13.06.2014)

What is claimed is:

1. A mcthod of sclecting a subject for trcatment with a Wnt pathway inhibitor, comprising:
(a) determining the level of a bone resorption biomarker in a sample from the subject; and
(b) selecting the subject for treatment with the Wnt pathway inhibitor if the level of the bone
resorption biomarker is below a predetermined level;
wherein the Wnt pathway inhibitor is
(i) an antibody that specifically binds at least one frizzled (FZD) protein or

(ii) a soluble receptor comprising a Fri domain of human FZD8.

2. A method of identifying a subject as eligible for treatment with a Wnt pathway inhibitor,
comprising:
(8) dctermining the level of a bone resorption biomarker in a samplc from the subject; and
(b) identifying the subject as eligible for treatment with the Wnt pathway inhibitor if thc
level of the bone resorption biomarker is below a predetermined level;
wherein the Wnt pathway inhibitor is
(1) an antibody that specifically binds at least one frizzled (FZD) protein or

(ii) a solublc receptor comprising a Fri domain of human FZDS.

3. The method of claim 1 or claim 2, which comprises administering the Wnt pathway inhibitor to

the subject if the level of the bone resorption biomarker is below the predetermincd level.

4, A method for identifying a skeletal-related side effect and/or toxicity in a subject receiving
treatment with a Wnt pathway inhibitor, comprising:
(a) determining the level of a bone resorption biomarker in a sample from the subject; and
(b) comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bone resorption biomarker;
wherein if the level of the bone resorption biomarker in the sample is higher than the

predetermined level, then a skeletal-related side effect and/or toxicity is indicated.
5. A method for monitoring a skeletal-related side effect and/or toxicity in a subject receiving

treatment with a Wnt pathway inhibitor, comprising:

(a) determining the level of a bone resorption biomarker in a sample from the subject; and
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(b) comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bone resorption biomarker;

wherein i the level of the bone resorption biomarker in the sample is higher than the

predetermine& level, then a skeletal-related side effect and/or toxicity is indicated.

The method of any one of claims 1 to 5, wherein the bone resorption biomarker is B-CTX.

The method of claim 6, wherein the predetermined level of B-CTX is:
(a) a lovel of B-CTX determinced at an carlicr timepoint;

(b) a level of §-CTX determined at an initial screening;

(©) a level of B-CTX determined prior to treatment;

(d) a baseline level; or

(e) about 1000pg/ml or less.

The method of any one of claims 4 to 7, wherein if the bone resorption biomarker level is:
() above a predetermined level for any one sample or
(b) 2-fold or more above a predetermined level;

the subjcct is administered a therapeutically effective amount of an anti-resorptive medication.

A mcthod for reducing a skelctal-related side effect and/or toxicity in a subject recciving

trcatment with a Wnt pathway inhibitor, comprising:

(2) determining the level of a bone resorption biomarker in a sample from thc subject;

(b) comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bone resorption biomarker; and

(c) administering to thc subject a therapeutically cffective amount of an anti-resorptive
medication if the level of the bone resorption biomarker in the sample is higher than the

predetermined level of the bone resorption biomarker.

A method of preventing or attenuating the development of a skeletal-related side effect and/or

toxicity in a subject recciving treatment with a Wnt pathway inhibitor, comprising:

(a) determining the level of a bonc resorption biomarker in 2 sample from the subject prior to
trcatment with the Wnt pathway inhibitor;

(b) comparing the level of the bone resorption biomarker in the sample to a predetermined

level of the bone resorption biomarker;
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() administering to the subject a therapeutically effective amount of an anti-resorptive
medication; and

@) administering to the subject the Wnt pathway inhibitor.

A method of screening a subject for the risk of a skeletal-related side effect and/or toxicity from

trcatment with a Wnt pathway inhibitor, comprising:

(a) detcrmining the level of a bone resorption biomarker in a sample from the subject; and

V) comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bone resorption biomarker; wherein if the level of the bone resorption
biomarker in the sample is higher than the predetermined level of the bone resorption

biomarker then the subject is at risk for a skeletal-related side effect and/or toxicity.

A method of treating cancer in a subject in need thereof, comprising;
@) administering to the subject a therapeutically effective amount of a Wnt pathway
inhibitor; and

(b) determining the level of a bonc resorption biomarker in a sample from the subject.

The method of claim 12, further comprising:

(©) comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bonc resorption biomarker; whercin if the level of the bone resorption
biomarker in the sample is higher than the predetermined level of the bone resorption
biomarker then the subject is at risk for a skeletal-refated side effect and/or toxicity; or

() comparing the level of the bone resorption biomarker in the sample to a predetermined
level of the bone resorption biomarker; wherein if the level of the bone resorption
biomarker in the sample is higher than the predetermined level of the bone resorption
biomarker then the subject is administered a therapeutically cffective amount of an anti-

resorptive medication.

The mcthod of any onc of claims 1 (o 13, wherein the biological sample is blood, serum, or

plasma.

The method of any one of claims ! to 14, wherein the bone resorption biomarker is B-CTX.
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The method of claim 15, wherein if the B-CTX level is 2-fold or greater as compared to a
predetermined level, then the subject is administered a therapeutically effective amount of an

anti-resorptive medication.

The method of claim 11 or claim 13, wherein if the subject is at risk for a skelctal-related side
effect and/or toxicity, the subject is administered a therapeutically effcctive amount of an anti-

resorptive medication prior to trcatment with the Wnt pathway inhibitor.

A mcthod for rcducing a skcletal-rclated side cffect and/or toxicity in a subject receiving
treatment with 2 Wnt pathway inhibitor, comprising administering to the subjcct a therapeutically

effective amount of an anti-resorptive medication.

A mcthod of preventing or attenuating the development of a skeletal-related side effect and/or
toxicity in a subject receiving treatment with a Wnt pathway inhibitor, comprising administcring

to the subject a therapeutically cffective amount of an anti-resorptive medication.

The method of any one of claims 4 to 11 or 13 to 19, wherein the skclctal-related side effect

and/or toxicity is an increased risk of bone fracture, osteopenia, or osteoporosis.

The method of any onc of claims 1 to 20, whercin the Wnt pathway inhibitor is an antibody
comprising:

(a) a heavy chain CDR1 comprising GFTFSHYTLS (SEQ ID NO:1), a heavy chain CDR2
comprising VISGDGSYTYYADSVKG (SEQ ID NO:2), and a heavy chain CDR3 comprising
NFIKYVFAN (SEQ ID NO:3), and

(b) a light chain CDRI comprising SGDNIGSFYVH (SEQ TD NO:4), a light chain CDR2
comprising DKSNRPSG (SEQ ID NO:5), and a light chain CDR3 comprising QSYANTLSL
(SEQ D NO:6).

The method of any one of claims 1 to 20, wherein the Wnt pathway inhibitor is an antibody
comprising a heavy chain variable region comprising SEQ ID NO:7 and a light chain variable

region comprising SEQ ID NO:8.

The method of claim 21 or claim 22, wherein the antibody is a monoclonal antibody, a

recombinant antibody, a chimeric antibody, a humanized antibody, a human antibody, a bispccific
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antibody, an IgG1 antibody, an IgG2 antibody, or a antibody fragment comprising an antigen-

binding site.

The method of any onc of claims 1 to 23, wherein the Wnt pathway inhibitor is antibody OMP-
18RS. 4'

The method of any one of claims 1 to 20, wherein the Wnt pathway inhibitor is a soluble receptor

comprising a Fri domain of 2 human FZDS protein.

The method of claim 25, whercin the Fri domain of the human FZD protein comprises SEQ ID
NO:20.

The method of claim 25 or claim 26, wherein the soluble receptor comprises a human Fc region.

The method of any one of claims 1 to 20 or 25 to 27, wherein the Wnt pathway inhibitor
compriscs SEQ ID NO:41.

The method of any one of claims | to 20 or 25 to 28, wherein the Wnt pathway inhibitor is FZD8-
Fc soluble receptor OMP-54F28.

The method according to any one of claims 8 to 10 or 13 to 29, whercin the anti-resorptive

medication is a bisphosphonatc or denosumab.

The method of claim 30, whercin the bisphosphonate is selected from the group consisting of:
zoledronic acid, etidronatc, clodronate, tiludronate, pamidronate, neridronate, olpadronatc,

alendronate, ibandronate, and risedronate.
The method of any one of claims 1 to 31, wherein the subjcct has cancer.

The method of claim 32, wherein the cancer is selected from the group consisting of: lung cancer,
breast cancer, colon cancer, colorectal cancer, melanoma, pancreatic canccr, gastrointestinal
cancer, renal cancer, ovarian cancer, neuroendocring cancer, liver cancer, endometrial cancer,
kidney cancer, prostate cancer, thyroid cancer, neuroblastoma, glioma, glioblastoma multiforme,

cervical cancer, stomach cancer, bladder cancer, hepatoma, and head and neck cancer.

AMENDED SHEET (ARTICLE 19)
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The method of any onc of claims 1 to 33, wherein the subject is treated with the Wnt pathway

inhibitor in combination with one or more additional anti-cancer agents,

The mcthod of any one of claims 4 to 11 or 13 to 34, wherein the skeletal-related side cffect

and/or toxicity is rclated to the Wnt pathway inhibitor.

AMENDED SHEET (ARTICLE 19)
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L — P P52 503 DA Wnt @ @6 AT R I 7 7, HAEE .

(a) B RAE RIGEMER

(b) M ZAEA B R SCEIRE R E s X

(o) FizE W AEMRE N ERMCT i E, Wik$FZ2 0 DV Z Wint @240
RIHATIRIT -

2. — PR 2 E NIE A A Wnt @ EHHIFBATRIT IO, HAE

(a) B AT RIFEMER

(b) M ZAEA B R SCE IR E & s X

(0) #iZE WU AEMbr B & RICT R E, WHIRZSZ A E NG S H 1% Wnt @4
I FHEATIRIT -

3. PR FESZAE LAE A Wnt @GR AT IR T S, A

(a) W5E R A Z2RE AP BRI R ERE s &

(b) B WS AEDAR SR R T IR E, WHERZ 2 DT 1% Wnt @240
FIHATIRIT -

4. — AR 2 FE NIE A A Wnt iR RIBHATIR T O, HES -

(a) M5E R A ZZRE KRR P E RSP RERE &

(b) 1z W AEMbRE R E RS T AIE, WIR 22 E &G A % Wnt 1848
FPHRIBEATIRIT -

5. WIRRI R 1 2 4 TP T — IR 7774, HAnZ AR AR R s 8 2R .

6. QIRLRIERES | 2 5 BiHHE— TR 753, H iz g WU EYIRE R B -CTX.

7. RO E SR 85 6 TR, HodbiZ B —CTX T Ik ML B b (O Tk & R T/ 5
B ) A B AR AT VR TR B I 2 1R B —CTX [H &

8. WAL LK 55 6 TR 5 i, Hdiz B—CTX Tk My s h ik & R4
1000pg/ml B FAK .

9. WIBCFIEEREE | 2 8 T HE— I 51, B za I EYr S & R LT MK &,
Bk T it — B S ANZ SR T 1% Wnt A6 .

10. —Fp B IE5Z Wnt @ ARG FNG 7 B 52 A2 15 K e B B A O RN )/ BER
PERIT I, HAE

(a) ENEIESZBIT ISR FH RIS EMEA

(b) M ZEAR BRI E & s X

(c) EEBOZFEA RIS E R =SB R SR E

Hod g RS s & RSN s R R B B A AN R R B/ BUER T

L1 — B2 52 Wnt @A FE ST 52 3038 R I B B A oA R B A / B EETE Ok Fe
7%, HAas

(a) BNEIESBIT ISR FH R EMEAR

(b) M ZAEA B R SCE IR E & s X

(o) EeBEOZFEA RIS R =S5 BRI SR E

Horp iz B br SR ER ISR R R B A R RN/ B

12, — P52 Wnt @A HNH1FNE ST 195250 OB A% A A RO S / BCER TR T

2
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% A

(a) HIZEZIRITIZ R E RSV

(b) 5B A BRI E & &

(¢) LLESZFEA BRI SN 2S5 BRI SR TR E

Hph#E iz AR g RCE b S E R &S T IR E, WS R E A R MK /
o E .

13, — Pt 8257 Wnt @AY 09523803 W0 B AH A OB, B / B PR 77
% HAE

(a) HIZIEZIHITZ IR B EWEER

(b) M ZFEA BRI ER S s

(c) HeB kAT E RSN E S ERECEDR SRS ;

Hop 255k |22 AR PE RCE IR B E R E TR E, 5o~ #%
FHIRA RN K / B E e

14, — P NI 5Z Wnt @ EAMHIFIETT I3 2 75 R S B B oA BB B / B
ek, A

(a) W52k F iz 2R PIREA B RS E AR B & s

(b) PhIZAE A g MRS Wb 26 1 &5 B R AR bR R I TR &

FoA i RS A P A I E I B R R R B S RN e/ B

15, — Pt 8257 Wnt I@AHNHIFRIIETT 13205 R 00 B B AH A RN B / BRI R
ik, HAas .

(a) 5E R 1SR MR BRI SRS s &

(b) LLEZAE A g RS Wb S 1 25 B WA bR S I T &

oA g RS A b A R E I B R R R A SN RN e/ B

16, — Bl 552 Wt SR AINHIFRVATT 152 50 TR E B A AN BSOS e/ BRER R 7
% HAE

(a) 5T R %2R E WA BRI B E s &

(b) LLESZFEA B RIAEFR SN 2S5 BRI SR TR E

A #E iz AR g RCE b SR E R & T IR E, WS R E A R MK /
o E .

17, — Pt 8252 Wnt @AY 005238035 W0 B AH A OB, B / B PR 77
i HAa .

(a) 5E R %2R MR B R ICERRERE s &

(b) LLESZFEA BRI EN 2S5 BRI ER TR E

Hp iz AR BRI SRR R A T ZOE, N B R EEHERA BB /
oM.

18, GIARIZEREE 10 2 17 T AE— TR 7 3%, Hod iz AR R I I B

19. WIBURIE R SR 10 & 18 T T — TR 572, Hd iz B B A AN B ROp. f / BT &
R AT B D B B AASE 1R .

20. QIBURIELR 5 10 &2 19 BT — T Ty ik, oA iz IRSCAE b i I T 2 RAE I

3
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- HI B 252308 RS RS Tl R R M S &

21. GBI EER S 10 22 20 TP AE— TR 7 ik, H iz g IR bR S Tl & R AR
7RI H A E SR A S R SCE bR S 1 &

22. UBURIEER S 10 2 21 BT AE— B 7E, Hed iz i RIS A bR 75 O PR 2 A 2k v

=

Ho

23. WIBURIEER S 10 2 22 U AE— TR NS, Heth 5 FEAR R iZ AR S &
AT, WAl TR A A E R .

24. BBURIEER S 10 2 22 U AE— T NS, Kb 5 B RO E s S & RN E
(K 2 fEBUE 2, MIXHZASZARE T A AE TR I 2 .

25. WBURIERES 10 2 24 TR, ez B RICEYRE &R B -CTX.

26. —RPEFESZ Wnt ARG T RS2 6l D B A DA RRORL K/ B PRI 7
%, A

(a) EHIZIEIRIT ISR E RIS EYREAR

(b) 5 ZFEA P RIS E R

(c) HEEGZAEA P RIS AEYIAR S &5 B R SCE AR S TSR s R

(d) FiZFEA R RCEYIRR SR E R s T E WSCE bR SR TBCE, W %5205
FH BT IRITH BRI .

27, —PEREAZ Wnt RARFNHIFNG T A 52130 TP B 95 B A AN R SR K / Bl
VER eIk, LA E .

(a) FEAEA] Wnt I@AREHIFNGTT 0T, HiZ2 R E TG LR

(b) W ZFEAS P RIS bR SR R

(c) EBGZFEA P R AEYIAR S & 5 ERICEYR SR

(d) XF%S2E B FIRIT AR R TURIEY) 5 &

(e) Az WHE BT % Wnt IBARANHIF.

28. — Ak 52 ik A Wit 3@ A4 FRNG ST B SR B WA DA RSO K/ BCRE TR AR R
R i, HA

(a) FEAER] Wnt IEARIMEHIFNGTT /T, FIZS2RE RS EEAR

(b) B IZAEA P R E b SR 5 K

(¢) HEBGZAEA P E IR AEMIR S 8 512 B RICE R SRR b iz A
R IR ICEAR SR B AR R T i E RICE Y b S S, Wiz i E A B R AR R
S J /B PR RS o

29. —PERESZ Wnt BARINHIFNG ST A S0 DD E WA ORAN RRORL L / BCEEE 75
%, A

(a) WK H 232 MAEA B R AR S &

(b) BEEGZAEA T S AE AR S &5 B R SCE AR S TS & s R

() FiZFEA T RWCEYIFR SR E R s T2 E WSCEY bR SR TBCE, WA %5205
FH BT IRITH BRI .

30. —PERLAZ Wnt RARFNHIFNG T A 52130 TP B 95 B A A R SR K/ Bl
PR eIk, LA E .
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(a) 1EAEH Wnt @A HNHIFN AT IEIT Z 810, W 2K B %523 FIFE A Tpg R A Y bk

TE

(b) PEEGZAEA i I AR S & S5 B R SCE AR SR TSR

(c) Xz E B TIRIT A E R TR Y) 5 &

(d) RHZZBE BT 1% Wnt @205 .

1. — Ak 323 A Wt 3@ A4 FRNG ST SR B B A ORAS SR K/ BCEE TR IR R
R i, HAD

(a) WK H %2 H MR TSR CER S & &

(b) PEBGZAEA g RS AR S 8 5 1B R E R SRR A iz A
PRI ICEAR SR B AR R T iz E RICEY b SRS, Wiz il E A E R AR R
S Je /B PR RS o

32. — MO 2RI R R ERE Tk, A

(a) XZA2WE BT IRITA RN Wnt @ARANHIR)  J

(b) W5 K H %32 W MR T RS E bR S &

33. WIBURIEER B 32 Tk, A as .

(c) BEEUZEEA BRI EMAR S RS Z A RICED R SR b i A
R R SCE AR SR R R T R bR S TSR, WZA2 08 R B A R
SN L/ Bz PR A o

34. WIBURIEER A 32 BTk, H a5 .

(¢) HEBOZAEA P E IR AEMFR S E 5 1ZE RICEY R SRR b iz A
R IR SCE AR SR B R R T RICE Y b S R TSR, W2l E T RIT A E
IR T ek Y/

35. WIBURIEERE 26 55 34 TP AE— TR T i%, b iz AR VAR 22 O MLV B

36. AU ZERER 26 £ 35 WAL — TR 74, iz B R Ebe S R B -CTX,

37. WIRCRIEREE 36 WU ik, Hh#iZ B —CTX = R ATHIR R 2 fRFECE 2, WX
ZACAE TR R TR .

38. WIBURIZER SR 28 B 31 T T34, Herp s iz 52 AT B AR A R BB K / Bl
P 10 RS, ULAE A P 1% Wnt SR ARSI FRIBEAT IR 7 2 B, X320 B PR A e ik
e 24 »

39. —PERLAZ Wnt BARINHFNG ST A S WD B B ORAS RORL K/ BEE R 7
TR, S IZ 2 E B IRIT AR N TURIZS ) .

40. — P AERESZ Wnt @R INHI NG 71K 521580 TP B 95 B fE A AN R SRL K / B
PEAR R MTIE, S Z 2 W E B IRI T A= M TR ).

A1, IR SR SR 26 22 40 TP E— IR U5, iz i A oA BB / Beag itk &
SN 3T B D BUR PSR AE 1 KU

A2. IR EESREE | & A1 TR — T U578, Hohiz Wnt @R is5n) R 5 20— Mg
it (FZD) & FABCe o R A A i

A3, WIBURZERER 42 T T5E, Herpizdiik 5k B T FIR 20— FZD B AR A P4
4 :FZD1. FZD2. FZD3. FZD4. FZD5. FZD6. FZD7. FZD8. FZD9 J FZD10.

5
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44, BRI EER S5 1 &2 41 BT — TR 77, Fohiz Wnt @ 7 Rk, a5 .

(a) HHE CDR1.HHE CDR2 S H%E CDR3, i%H %% CDR1 47 GFTFSHYTLS (SEQ 1D NO:1),
1% H 4% CDR2 £, VISGDGSYTYYADSVKG (SEQ ID NO:2) Hi% %% CDR3 7 NFIKYVFAN (SEQ
ID NO:3), &

(b) %2%E CDR1. 42 %E CDR2 M2 f24E CDR3, %42 8E CDR1 447 SGDNIGSFYVH (SEQ 1D NO:4),
1Z 52 5% CDR2 A8 DKSNRPSG (SEQ 1D NO:5) Hiz%%E CDR3 427 QSYANTLSL (SEQ 1D NO:6) .

45, WIRURIEER 1 &2 41 BT — TR 7 7%, HohiZ Wnt a4 7 R buis, a5 .

£ SEQ 1D NO:7 RUEFEnAF[X 2075 SEQ 1D NO:8 Ry BEn (X .

46. WIBURIEER 85 1 22 45 TP AT — U 77, HodiZ Wt @42 40155 R Ptk OMP-18R5.

47, QBRI SR 5 46 T 5, Hidt OMP-18R5 RAFIKIR T & 5 EiZmI 2R E, 7
2H (a) AF— 2 ] 22 0. 5mg/kg, B (b) )R =Ji 2 /b%) 1. Omg/kg.

48. WAL EER A 46 TR J7 1%, Horh OMP-18R5 & AL RE— % - JH £ 0. 5mg/kg £ 4
1. Omg/kg HIFEFHRT -

49, QAR EE SR 55 46 T 5, Hir OMP-18R5 R LAZ)AE =A%) 1. Omg/kg £ 10. Omg/
kg B EH T .

50. WIALFIELREE 1 & 41 BIHAE— TR 7732, H i Wnt i@ 240515 R Wnt 455 7.

51. HIBRIZER EE 50 T J51k, Hdiz Wnt 45577 R bk

52. TIAUFIEER S 1 &2 41,50 8L 51 WP AE—TRM 5%, Hixz int @AaHRRE R
Pl Wnt AR RIS A BT,

53, WIAUFIEE RS 52 TR ik, Hizdilh S5k A NI 2D —Fh Wnt EEOFEFEL
4 :Wntl.Wnt2.Wnt2b,Wnt3.Wnt3a.Wnt7a,Wnt7b. Wnt8a.Wnt8b.,Wntl0a /& Wnt10b,

54. TR ER 5 42 %2 45 BL 51 & 53 TP AFE— TR 7%, Hodizbilk R B oo ik,
HAPUE A DUE  ANTRATUE N TUR B & B i 4 &5 6 bk B .

55. TR ZER 5 42 & 54 TIHE— T 574, Hod izl & e me M B TR BOSURr M
EIIRE

56. WIAUFIEER S 42 22 45 B 51 & 55 WIHE— TR 7%, HdiZdiik R g6l Hiibuk
1gG2 Hifk.

B7. WIBURIESR S 1 2 41 T AE— TR 7%, HdiZ Wnt B4 57 R T 15244

58. WIAUFIEER S 57 TR T, Ho 1% Wnt 456 7 R ATETESZ A

59. WIBLMER S 57 B 58 T 5 i, izl IE 2488 & A\ FZD B A K Fri &514
o

60. TIACHIE R &S 59 W 7%, HorpiZ A FZD S Fri 532 i [ FZD1 | Fri
CERIEGFZD2 1) Fri Z5F38  FZD3 1) Fri 254448 FZD4 ¥ Fri &5M38 . FZD5 ) Fri Z5#435.
FZD6 () Fri Z5#4)18 .FZD7 1Y Fri 45448 . FZD8 (K] Fri £5#418.FZD9 i Fri £5#)4% . 8¢ FZD10
(%) Fri Z5 M I8 1o

61. WIRRIER S 59 T 7%, iz A FZD A Pri Z5803888 5 i FZD8 () Fri
SERIR A Y

62. QIR E SR 55 59 TR 71, HodiZ A FZD 8 (1 Fri 4588, 5% 8 R I 25 .
SEQ 1D NO:13.SEQ ID NO:14.SEQ ID NO:15.SEQ ID NO:16.SEQ ID NO:17.SEQ ID NO:18.

6
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SEQ ID NO:19.SEQ ID NO:20.SEQ ID NO:21.SEQ ID NO:22.SEQ ID NO:23.SEQ ID NO:24.
SEQ ID NO:25.SEQ ID NO:26.SEQ ID NO:27.SEQ ID NO:28.SEQ ID NO:29.SEQ ID NO:30.
SEQ ID NO:31.SEQ ID NO:32 & SEQ ID NO:33.

63. WIKH EER 5 62 TR J7 3%, Hp i N FZD 8 1) Fri Z5 /438 i SEQ 1D
NO:20 5% SEQ 1D NO:30 ZHh%.

64. WIRUAIER 55 59 %2 63 TUHT— T 77k, HdhiZ A FZD & A Pri 258 R 54k
FZD % Mk % Hz .

65. WIRAIELR 5 59 22 63 DT — T 7738, Hohiz A FZD B2 A Fri 254448 245 H
i 5AE FID 2 k% :.

66. WIRAIELR 55 64 BX 65 T /7%, HiZdE FZD Z kB8 A Fe [X.

67. WIBLFIEL R 55 64 28 66 TUH AT — T 1 7592, HoiZE FZD 2 ks | SEQ 1D
NO:34.SEQ ID NO:35.SEQ ID NO:36.SEQ ID NO:37 Bt SEQ ID NO:38 ZHh.

68. WIRLAIELREE 57 U7 %, HorhiZ Wnt 457105 -

(a) B5—2 0k, Hszm B SEQ 1D NO:13.SEQ ID NO:14.SEQ ID NO:15.SEQ ID NO:16.
SEQ ID NO:17.SEQ ID NO:18.SEQ ID NO:19.SEQ ID NO:20.SEQ ID NO:21.SEQ ID NO:22.
SEQ ID NO:23.SEQ ID NO:24.SEQ ID NO:25.SEQ ID NO:26.SEQ ID NO:27.SEQ ID NO:28.
SEQ ID NO:29.SEQ ID NO:30.SEQ ID NO:31.SEQ ID NO:32 B SEQ ID NO:33 45 ; &%

(b) % 2 Ik, Hs25 FFH SEQ ID NO:34.SEQ ID NO:35.SEQ ID NO:36.SEQ ID NO:37
g% SEQ ID NO:38 4 ;

HoiZgE 2k R 51258 2 REEERE.

69. WIRFIELR S 57 T 7%, HorhiZ Wnt 547105 -

(a) 2 ik, Hsz FESEQ 1D NO:13.SEQ ID NO:14.SEQ ID NO:15.SEQ ID NO:16.
SEQ ID NO:17.SEQ ID NO:18.SEQ ID NO:19.SEQ ID NO:20.SEQ ID NO:21.SEQ ID NO:22.
SEQ ID NO:23.SEQ ID NO:24.SEQ ID NO:25.SEQ ID NO:26.SEQ ID NO:27.SEQ ID NO:28.
SEQ ID NO:29.SEQ ID NO:30.SEQ ID NO:31.SEQ ID NO:32 8% SEQ ID NO:33 45 ; &%

(b) 5 — % ik, HS2 i b SEQ ID NO:34.SEQ ID NO:35.SEQ ID NO:36.SEQ ID NO:37
g% SEQ ID NO:38 ZH ¥ ;

HiZE— Z KRS58 2 REEEE

70. WIAUFIE SRS 68 B 69 TR J7i%, HiiZ s — 2 Iksm F i SEQ 1D NO:20 A%

71 AR EER 56 68 B 69 (Y7, Horhiz s — 2 IRSE it B SEQ 1D NO:20 Ak, HH:
%5 — % ks B SEQ ID NO:36. SEQ ID NO:37 Bt SEQ ID NO:35 4.

72, WIAUFIE SR 55 68 B 69 TR 77k, iz — 2 ks Bl SEQ 1D NO:30 k.

73 GOAURIER 5 68 B 69 7715, HorixsE— 2 IRSE T b4 SEQ ID NO:58 2, HH:
%5 — % ke B SEQ ID NO:36. SEQ ID NO:37 Bt SEQ ID NO:35 4.

74, AR EE SR ES 57 TR 5L, HdiZ Wnt 455765 SEQ 1D NO:39. SEQ ID NO:40
3¢ SEQ ID NO:41.

75. WIBCRELR B 57 IR 7515, HorpiZ Wnt 454748 SEQ 1D NO:41.

76. TIAURIE SR A 57 W2, HodhiZ Wnt 455 7 2 FZD8-Fc Al VA MESZ 4K OMP-54F 28,

TT. WIBURIESR 38 27 %2 29,30 B 35 22 76 THE— T 7%, H Az i 24 2 30

7
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78, WIBCHEREE 77 U 53k, Az U IR Eh Rk B 2 IR E . SR BERR 8 &
EBEIR h  MAK IS IR £ - 23 ST B IR £6 L BRI B I & | KT O B 12 28 AP DI 1R 8 - R 28 Bl 1R 6 %
AR R 1R

79. WIAUCRIELR S 77 BL 78 BRI E, H i OB R £h Rk B R

80. WITLAIEREE 1 2 79 BT — IR 7 vk, HorZ sz il 3 e U E .

81. WIBUFIER S 80 Wif Jiis, HopziwiiE Rk B ke 292 . S e . 45 B s TR
IR R B s B P SR A N e R B RS B R B R
SR RS A 20 JTR 2T B JRg L R R R L 22 T VR s T BRI RS L 5 200 B e R b e | B

82. IR LR EE 1 2 81 BT —IRRI vk, HorhiZ 5238 RE Wnt @240 75 —
B2 PR s A A AR TT

83. WIBLRIEEREE | & 81 TUHAT — T v, A iz g B0 A RN K / B a1 &
5iZ Wnt @261 514G 5%

84. TIBUFELREE 1 2 81 T — IR 5 v, HP iz B A A B N / BEEtE &
ROINE AT B = D BUE BB RATE I XU o

85. — P I INHE5Z Wnt & EINHIFNATT 323 BB B AR BN fe / B PR
ik, HorbiZ Wnt IR 4MH0 77 224710 FZD AR B FZD Rl VAR S2AK, 1% 71008

(a) WE {2 AT RGP E RS SR s &

(b) LEBOZFEEA T E R EYbREN =5 ZE AR ERN UL E, Bk s
AT Z Wnt @A MG AT T < BT E R &=

Horp iz B E bR SR ER NSRS R R B A R R/ B

86. — PRk /D52 Wnt & AINHIFNEIT 3230 I E B8O B BN / BCEE R
15, HorpiZ Wnt @207 R P FZD HUARER FZD Rl A 524K, Z 6B E

(a) Wz {12 T RE AR F RIS SR E

(b) LEBOZEEA T E R E bR EN =S ZE AR ERN UL E, Btk &
ZRTAEHZ Wnt @G AT IR < BT E R = s &

(c) FZAER T F WA bR LR & R TIZEWRICEAR ST &, WAHZ 526
EHTRIT A AE RN ZY .
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&£ Wnt @124 H FEITIATT 77 3E R 3 HZETr B sl

HSR IR R T
[0001]  ACHITE & 5K 3 [ Im i L A I 5 61/760, 523 (2013 4F 2 H 4 HER ) 56K
B, He LB AT BRI AL

BRI

[0002] A SCT(EH] Wnt @ ARINHNGT B RO, SERp I, AR R AT 8
RT3, % T3 B AR T Wnt @ 2457 o5 HAb ORI AL & 450F, S A )SOn
Lo/ SRR

HEEEAR

[0003]  HEdE A2 CHKE R FEIRHR 2 —, bR AFZEEFFEH AL — 5 0 ASHiH
JERE T HA 500, 000 26T BARSRUL, TUREE 3 Al | ASfEAE K eI
T . JmAEA I 200 PO RIRIRRSS, b UM S008I « 45 EL e SR o s, o
A PR BI JLFE—¥F (Siegel et al., 2011, CA:ACancer J.Clin.61:212-236)

[0004] & 5 & T A0 W A MAME 5 240 M %, 3 BUR IA B 12 5R] 42 4% ] 41 g
AR ARE KRR . RV 2 R R E b, B S AR B s A R R HonT R 5
s K/ B RA K. ENEEREARNESESERAFEMEART Int B2,
Ras—Raf-MEK-ERK B MAPK i& % . P13K-AKT i&4% . CDKN2A/CDK4 1& 4% Be1-2/TP53 i fa . S dik
[1 (Notch) &,

[0005]  Wnt {5 5/ Fi&E O AR A MR ITIREE . Wnt (5 546 SR & MR
TE R JE R R L R 2 R T 40 i AR 2 () B BT R 2 — o SEARRAIHL, Wnt {5 545 374
FRLBR T 1R 7 A N A i s s B A MR R B R E I A B RS2 Wnt &
RISV NIEREA %, — AR 1Z G ] i B4 ie R B iz . J54L Wnt i@ 2 m Re Al
oo 2 W 4 FRAE R 9 IR AS B/ BT BUAS 23 A U o DAL i ) A2 P HH e B | 1
HRE MHSBEEREENEIBE4T (T Reya&Clevers, 2005, Nature, 434:843-50 ;Beachy
et al., 2004, Nature, 432:324-31 F[=]Jii ) ,

[ooo6] WntE 5 S @A E LA RBE ERLILH o) ML /DRI B IE
B int-1(C B & Wntl) o [H & (Nusse&Varmus, 1982, Cell, 31:99-109 ;Van
Ooyen&Nusse, 1984, Cell, 39:233-40 ;Cabrera et al., 1987, Cell, 50:659-63 ;Ri jsewi jk
et al., 1987, Cell, 50:649-57) o Wnt F K 4mAD 43 wh KL JIg I A5 1M 25 1, b 19 R /eI 3L
SR . XS R EEARVE AL G Bl (FZD) ARl i AR g8 (LDL) 524k
FHICEE A 5 8K 6 (LRP5/6) LRI SZ AR R A iAo %55 FZD 32488 G E AME A 324k (GPCR) K
ERR-EA B IR A i 0, BAE HA 10 MRS R DL IR RS MRS N ImBe A 25 5 4544
1, AL M ERRIX (CRD) B Fri £5#4938. 4+ A FZD 524k, FZD1. FZD2. FZD3. FZD4.
FZD5. FZD6+ FZD7. FZD8. FZD9 2 FZD10. AS[Ff) FZD CRD X452 Wnt B AA A H 45585
FiPE (Wu&Nusse, 2002, J. Biol. Chem. , 277:41762-9) , FZD 5244 O 43 G AL LAY B — SE3R

9
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FEHIRAEE MG AR AR EE Miller et al., 1999, Oncogene, 18:7860-72) »

[0007]  Wnt {5 5 4% T THRAE (MM €4, 15 262 iR Wntl (J5 44 intl) NHS HARIEHEA
7N BRI B 10 A 1R 20 5 g 1 800 2 R T g & B (Nusse&Varmus, 1982, Cell, 31:99-109)
HAh Wnt {5 5/ SAEFURE A A REE B I R 2800k ul, B B - M EH
TFAMR R RIS SEOU S E (Imbert et al., 2001, J. Cell Biol., 153:555-68 ;
Michaelson&lLeder, 2001, Oncogene, 20:5093-9) , SR 1M T 2k Wnt {5 S 4% S0 ELIEH AR K
& (Tepera et al., 2003, J.Cell Sci., 116:1137-49 ;Hatsell et al., 2003, J. Mammary
Gland Biol.Neoplasia, 8:145-58) .« fE AFLFEH, B - EHE A KRR AL 50 % K=
G 2350 I Wnt 15 545 5, BIRER B 28 W R AR, AH COW %2 21 4 il 32 16 R 58 F il
(Brennan&Brown, 2004, J. Mammary Gland Biol.Neoplasia, 9:119-31 ;Malovanovic et
al., 2004, Int. J. Oncol. , 25:1337-42) .

[0008]  Wnt i /2 MG AL B AN LS B A 6. K215 2210 % [T 45 B e sl 1, Ho
— PR ER AN IR S RRE (FAP) , 3% & — PP e (44 8 Ve 50, Hh K2 80 %6 1
BEAES KSR (APC) FEH A RRAZ . Fy /ML HADR Wnt 32 R0 BHE Axin J2
B-MEME A RIRAZ . A A 58 RSO R N b 4 M Rt A K,
K& FAP I8 Joml ikt S BURKE 28 HEUR ZE K J / B AL R A RAE R E . 539k,
Wnt 15 5% FE RN, 5 APC I ZhREZ R RAE K& B - ENE AR E R, il T/
SRR s R B A K (Oshima et al., 1997, Cancer Res., 57:1644-9 ;Harada
et al., 1999, EMBO J., 18:5931-42) .

[0000] & {5 IR AFLAE A 45 W A0, J0 S B Wnt 3@ 48 B0 A R PRV A, T 2 A% B A
B-EREANR. B OARE AR Wnt/ B - ERE O IBRTE W R ISR
SIS MR EL W APCLICAT\LEFL & B — #3811 (WFI41 Larue et al., 2006, Frontiers
Biosci., 11:733-742) « AR, CHRH R T Wnt/ B - ER EAGFSHE T REA RN
A EH s, 26006, — T 7 KA B - IR & [ b T R A7
TS OC, MATE I Wnt/ B - &M E ARG 54 FH S RIGIHE D AKX (Chien et
al., 2009, PNAS, 106:1193-1198) .

[0010] AL PG Y7 5 KBS LA VR 9T VF 22 9 B T B H LT 0mT 32 JR T A R SORE A2
/ BUEE . B AN, bR EE ST VA B BT ErbB2 A7 4K (HER2) $i 44 il % Bk B2 5 (trastuzumab)
(HERCEPTIN) - i %2 % Y84 It 4101 1 77147 &5 %% JE (imatinib) (GLEEVEC) .i&¥)#% JE (dasatinib)
(SPRYCEL) . B ¥ # J& (nilotibib) (TASIGNA) . &7 JE % J& (sunitinib) (SUTENT) . & 7k 8
(sorafenib) (NEXAVAR) .37 VEGF Fifdk DR Zk #41 (bevacizumab) (AVASTIN) . A4 ML Hi A4
ZiMEr)e e (sunitinib) (SUTENT) K ZEHidE)E (sorafenib) (NEXAVAR) , O KN4 i BB AT
Rt i 2952103 AN BB A / BRERE . [RIL, BB IR 25451 R BIAS R OS85 A
RSB K/ BB ZEA BRI, DT S iE 71245 DAGR s 1 B i 15 A 75 2.

XMRAE

[0011] AR WIRMEIGR T BRI A R %, INEB S X 2 P IR A ZCE R Wnt &
FEAMFR o a0, £E— T 1 A B SR A A R0 e BT s L K/ B
AR5 Wnt IRARINHITNGT A R M BRAE A RN / BUEEVER A . £ 2EsEi Ty 5X
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RS TTA B R B B AR R R AR S R, 120w R O B R B
A BB SRR SE Wnt BRI TR BLHE— 58T, 1% Wnt @K RS EA R T4
Gl (FZD) HUARBUR A PE FZD 3244,

[oo12]  AE 5y — Ty b, A SR LR A 326l A IE & H Wnt @24l FIREAT VR T RO TT
% HAE Azl E R EEEAR W SR P AR & S AR SN E
FRACT FBCE, WRANZ SR E A 68 1% Wnt A6 BT 0T o 78— S8sEii Ty =X
AR S R F i br . A ST A AR S R B R, AR
SEHE T A 1Z IR 526 E A A Wnt @RI RIBAT IR T O E R S Bz E
RIGEMIREA I B AZ LA B SR BR S B K % B R A obr 5 B R KT
B, MR 2230 NIE & % Wnt @R IR AT IR o AL SRS T5 a0rh, i B I
WA bR s A5 1 TR R 1 A IR Y C- ik (B —CTX) o

[0013]  7E—J5 T, AR B SR IR A% 52 Wnt 3@ AR FHIRINATT 1320 2 75 R F i i A
RANRRLL / BEFTETE, BS - A6 T IS SRR AR I e 12 A
AR S R LEEGZ AR T A AR S E S IZ AW AR B R TBCE, Kz YRR s
R B I S 7 A e B A DR AN RSORE B/ B P A ST S, AR AR S AR
b o RSy b AR S R E R E bR . £ B SEE Ty A, i
52 Wnt IEAEANHEIRNG T IS0 2 5 R B RS RN/ B TR s - H i
BALIRIT ISR SRATEMIREAS TN 2 %R A o B S A b S & S LU B2 AR A
SR s A B R S 2 S AR b A B R, Pz RS M S K E I R K
JEB R RAN RSN K/ B PR AR Besi Uy aCrh, B R E IR E & B —CTX
[0014]  7E5%5— 5, AR FAFR AT 52 Wnt BB PN FRAIT 10 32 3 A T B A O A
RN/ B A R TT i, HA s « BT I SRS AR AR DI 2 i A
A AR S & R LEEGZ R A T A AR S R S 12 A AR B TSR, iz YR s
R B o S 7 A e B B ORAN RSO B/ B P A — Sl s i AR AR S AR
Wb o AT P AR S R E R E bR . £ B SEE T AU iR
Wnt 3@ AR HI TG 7 52U R I B A A RS/ BREEVE R TR - %%
SEARYT ISR SRATAEMIREAS DN 2 A B RS b S & S UG A o T
AP s 7 1 B 5 i ISR R RS I T R, P iz RSO M s 2 Y S8 T s % e
HRRRAS OB B / B, AR STy AU, i RSCE IR S &R B —CTXG

[0015]  7£ 55— 5 ', AR FAHR AT 52 Wnt I P FRA T 10 32 3 1R 1 B A O A
RSN K/ SRR AR I T3, B « B 521G )7 IS0l SRAGAEMREA DN B iR
A AR S & R LEBGZ R A T A AR S R 52 A AR B I TR, HoE iz A
EYIAR SR E R /T ZEDIRE TR, WS R B RA KRR L/ B, £
SRy A YIRS R RS . AR e SEE Ty b, AR S R R AR
o AE— ST U, 126452 Wit SRR 7 AR 52 105 VUM B B A AN RSO K/
AR R R TR S BRI ISR SRAG R I 2 AR il I AR
PRERIE LB B R AR S &S % R AR BT E, Horh A i
FEA B MRS M A R AR T2 B WS AE s 2 B T &, U Sl A SR AN R h
Lo/ B TR A RSy b i E IR E R B -CTX,

11
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[0016] 7855 —A&FE P, AR BAHR AT 52 Wnt BB PG IT 1032 3 I T SR AH 5 A
RN/ B R R TT i, HA S « BSOS RIS AR D 2 i A
A AR S & R LEBGZ A T A AR S R 5 2 A AR TSR, o A
bR SR E R T ZAEW ARSI, MR R BB A A RN R/ BeEE . 2
Sy A, YRS R RS . AR BeSEE Ty b, AR S R B R AR
o AE BT U, 1265 Wit SRR T 1K 52 105 MO0 R A AN RSO K/
o TE R R T « B IR YT I S TRAF LB A DN S e A b R A4
PRERIE LB A B R AR S E S 1 R AR BT E, Hh AT i
FEA B MRS M A S AR R T2 B TR AR s 2 B P80 s U Sl R SR AN R B
o/ Bzt AE—BSLETr s i E IR E AR AR B CTX,

[0017]  FEATSCH i #83A (1 T 42 10— 22T 1 S/ Bkt 75 2, e A iz IR AR
Pobr B0 E (Bl B -CTX) AHRCT Pl BN 2 5 8O &, WX BT IRI7 A &
SEMTURIZ . A 2L b R S R B -CTX HiZ & R/ T4
1000pg/ml o 7E—LESEft Ty 2, iZFUR I 2 P057) 22 B IR 56

[0018]  7£%5— 5T P, AR FAFRAE 152 Wnt i@ B PIHIFAIT 1032 K 0 A B AR DA
RS K/ BREETE TS, B BiZ2R)T Sl E SRR WA N 2 A
MRS A bR 5 & BB A T R A s S I & 5 i B SR M br B i &
AR T R S BB R S T R E AR S R T &, W52 E BT iR
ST BRI ZG ) o £ S Ty 2C P, R SR AR 38 I Oy i S A MR 25
TR =ML 1.5 REEE R 20 2 REEUE . 40 2.5 530 & B 3 RSB0 o 76— L85 it
T Z B WSCEIARE R B -CTX. FE— L8ty s, IR 25 7) 22 DUBE R
[0019]  7E 55— 5, AR MR 1252 Wnt I A I FRIVATT 1R 5238 2 T o s 55 i
FARAN RN fe /B PR R e iU ik, FAE AR Wnt @R HIHI NG YT 201, B2
BT RS2 E RAF AR S DN %A A i RS A A A5 1 & BEBOZ A A i R A
Vb ERTE S5 1Z B RCED AR ST E Z 2 T IRT A E R R Y. &
XAZAEE BT 1% Wnt ARG AL L2y aUrh, B RCERE & B -CTX. f£
— BT A IR R AR U R 2

[0020]  7£ 55— 5 o, AR BRI BE T Wnt 42 0 500 (6 52 503 e B A AN R R
R K/ Bz PR TG v RS W FEAS i S B b i ) & ROz sl TR A
MR RITURIZG o AE— LSy S0, B RIS &R B -CTX, fE— 2855 30,
IR ZG A7) 2 XU IR s o

[0021]  ££ 55— Ty b, A WG A0 18 52 53 TR Wit 3@ A2 31 7096 77 I B0 A 58 A
RN L/ B K RS ) T 4, HeA S AR FEA] Wnt @RGSR, %32l 3R
AR I ZREA D E R SR E . R EGZ AR T R ER SN ES
ZHRCE RS TS, A E AR T RCE b S E R R TR E, Wi
SERE AT E WA IRA RN Be / BREEER RS o A8 — skt Jy A, 451252 08 BAT &
BRAH AN RSB K/ BCEE  8 JXUS:, DR A 322 Wnt S A4 NG T 80, S 2 I 47
BT A BE RIS 2B A RAS RN K/ B PRI YT . A8 — 2 SEit Ty s, iz I
WAEIPR S 2R B —CTX o £E— SRS U5 2Cr, BT 0B B AH IS A R SOSL VR T 77 2R B ER &6
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[0022]  ££ 55— T, AR IR MO 52 F VR T REE ) 5 vk, A sl E B TR
JTH RN Wnt AR B oK B i 6l A B R IR SR . 1
SEHE T 2 AT AR (515 5 B LU BOZ A P i RS AR s 5 1 & 5 i R A M
SRR, Sy A T REAE R T VA S UBOZ A TR IR AR bR
&5 128 WICEY AR S TR, H P iz g CE s SN E R & Tz E WU A bs
MR, WA BATEBAH A RN / B PRI RS £8— e sgi )y 2, i%
BT RE VA S 2 FUBGZ A il IR AR b i B B 5 i TR A b A RO T &
Horp o 2 B AR S 1 & 2R Tz RCE AR S TR, MIXHZ Sl #FH iR
AREPURI LG o £ EESEHET7 3, 2B RIS R B -CTX. £ 2Ly 50
o AU Z 051 2 U IR s o

[0023] £ 55— T, A BRG] 32 6l (M R AL R D5, A iz szl £
TARTT AT RCRE N Wnt SE RIS S E K B2 60 IR T R AE bR S & . /E
e Uy 2, AR A KA A EGZ AR T R A R B B S
WA br S R T i B o A SR S U7 3, R R A KA S B BB A
MRS b i (1 B 5 2 i RS A b A B T B, Lo i RSO b S R B AR R T i
BRI AR S TR, W% A2 6l BB A AN R SR K/ Bae PR AR AE—
RSty A, A R A TR S B LU B A T B IS AR S E S i T
AR AR RS R T &, o i RO b S B R Tz IRSCE AR S B &
YOI 2 52 6 IR A BRI TURI Y. A 2R S 5 s B R E R S R
B —CTX. fE—2EsEffy K, IZ TR 25 77) 2R DU IR 56«

[0024]  AEASCHTIR K T5 R — 22 T5 1 B / BOSEHET5 30 i AR AR AR I I B
Ho FE—LESLHETT N I EMIREAR R B BREA . WIARSCI ], “ S IEFEAR” 245 A i
Rt R UE YO 22 9 55 12 AN 932508 PR AR IIAEA . 72— B 5 X
o AZ TGO R AR LR ML BRI AE AR TP 2 1500pg/ml B AR 7E— 2L 75 2, % T3
B AL LY  BUMLKAEAS P25 1200pg/ml BUEAR . /E—2USEi /7 U, il & &
FEILR LT B AE A 1 27 1000pg/m] BUSEAR o £ $85CiE U5 30, ISR AR AL ML
I BRI AR AR T 2 800pg/ml BCE AR, £ —2esL ity s, i Fil e & &R AL MLV MLV L BR
MEFEA L) 600pg/ml B AR, £ LS5 20, iZ TR AR AL ML ML BRI AE A
H125 400pg/ml BEAR . 7E—L8sLfE Ty b, iZAEWbRE (BlnE HHubr s ) R Ri%
EYBRE T NIRRT P R A BestiE )y U, MRS (s 5 e
PRAE) BIFCE R IZAEYIRE TR ARSI P . LSt s, i)
pRas (Pl E FeBbr il ) MU E RIZAEY IR E T RATER RS AR P E, £
L5t Ty A, AR S (BIAE HEURE ) MIIRERIER S H &, £ By
B AR S TSR R R . AR B SE Ty S, A ME R R R (BTG
JOR ) e fz VbR S & AE— 2SO, i E R b S R B -CTX, fE—
Besfit 7y 2N, i B —CTX FFIR & R AL MU MY L BRI 2 1000pe/ml BUEEAIG.

[0025]  FEASCHTAMIT5R A — 251 f / Bty s, AE IR R T A0 VB 2 A
B 3 BE 4 B RES A BURE 6 JERAS

[0026] £ i 3 2% it 7 1 ) S £8 S U5 3, DA S A SCAt Ak B (¥ He At g i e s ity 5
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ZWnt B@BERMGEHIRE 20 —F A Wnt AR RS S HPUE. PUWnt FUi R E PR G452
B 2T 3 [ LR A TS 2012/0027778 2 B Fr& R AF-5 WO 2011/088127 Hfik . 1
— oS T U, i Wnt ARG RS 20 RN FZD AR RS A k. It FZD
FOAA B AR R PR S O T4 0135 B RS 7,982, 013 S b iR . AE—sesziit y R, %
Wnt IR ARHNH R AT M FZD 3248 . AIvAME FZD 52 AR FE R i M e 6t 55 [ & 1) 55
7,723,477 } 8,324, 361 5 e EEH L HA IS 2011/0305695 ik,

[0027]  FE — 28 sz 7 AN, ZWnt @ A M A RA S T A BE
GETFSHYTLS (SEQ ID NO:1) f¥H %% CDR1.40 & VISGDGSYTYYADSVKG (SEQ ID NO:2) [t %
CDR2. J 0.7 NFIKYVFAN(SEQ ID NO:3) HJEHHE CDR3, Kz / B¢ (b) 7% SGDNIGSFYVH(SEQ ID
NO:4) f{%5%%E CDR1. 453 DKSNRPSG (SEQ ID NO:5) [{14%%E CDR2. M9 7 QSYANTLSL (SEQ 1D
NO:6) HJ42%E CDR3,

[0028]  7F Fil 3k %Ay 1 (0 B L8 St 7 3K, DA SR SO A Ak P £ oA 7 T % SE T 7 2
ZWnt BAHIHGRE S FIIRBUE : (a) 5 SEQ 1D NO:7 HAG#/D2190% . 2047 95% .
o 100% 55— SR E BT AR X ;& /8K (b) 5 SEQ 1D NO:8 BAZE /D 90% ., £ /b4
95% . 8% 100 % 75— EPEM R EE T AR X . /E— 25 77 0, 1% Wnt 1@ B0 R Pk
OMP-18R5.

[0020]  FEHTIA & FhJ7 H 3 L8 SLit 77 7, DA SCA ST At AR Birds i HeAth 77 1) S/ BROSE i 7 5K
H, 1% Wnt a0 R EAPUE . £ LesKiti )7 rh PR R RSO E SR RS TuE A
VAR BN DU . 75— 250 7 S0, EPuiE RESHURS G A bR v B AR
St 7 2 SR B B B R A | SRR e I BN o A s T U i R
i MU B 2 5 e PR o A8 — S0 SKTiti 77 rp iU R TeGL Hidk . AE— 2okt )y
PR R 1662 Ptk ERESLET A, ZIERE S E . AHAMLET N, Ziuk R
SEJ A,

[0030]  7E—2LsL 7 2N, % Wnt A4 JR DALY 10nM 22 0. InM B H LK) 5
F/b—Fh N FZD 455 WAk

[0031]  7EFEEE Lt 77 2, 1% Wnt 38 428 4001 5500 5 55 AR 98 T 38 1 B B R A7 0 (ATCC)
(¥4 "5 PTA-9541 [¥ J5 AL Fir s 5 1T S0 448 AH [ 1) 3 J R B 2 R IR 7 1) o AE R 8 St 7 X
1% Wnt 3@ 2 7R 5 OR 0T 35 B T R AR A7 0 (ATCC) 1% 5 PTA-9541 1 i Fi
FIr & s () S A4 A [ 1 B B ] AR IX S R B n] AR IX AL L 7 81 o AEHELE S 77 20, 1% Wnt
B R EEA ATCC {545 PTA-9541 [ FURE T 4 A , 12 50k A% 42 A7 15 I 17 26 24
(W R E T 2008 4 9 H 29 H LR T 3% 1 A R 47 o0 (ATCC) ( HihE :10801University
Boulevard, Manassas, VA, 20110) . 7FFE8525 77 204, 1% Wnt @2 M6 5 S5 T2 EHEH
FRAFH O (ATCC) [%R*5 PTA-9541 I8 BURLFrdmbs AR, 45 N FZD e etk &5 6 o
[0032]  FEASCHTIR VA ATATT 75 1 Mo / BRESEHETT sUH, 1% 52 e A e . fE—28sk
Jite 77 = R Rk E e R U S S B RO g BigE B
i (renal cancer) . 9980 S 75 WERE . B (kidney cancer) (HIF e AR MR
Jorr P22 SR 20 P g A 22 R L 22 T PR 8 B O B A R L S0 B RO L e
JHA s (HCC) PRZR N 43 WA « FROIR I IR« Sk 30 o AE — 285t 77 X, 1208 R 3L
Ji o AE— LS 7 I, 120m R . AE LSt Ty AU 1m R . AR s Ty
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iz R AR DA M e (NSCLC) o 7E—2esLjitiJ7 s, i ROP IR . 78— 2Lkl )y =0, %
i R . AR BESLE U7 U, 10 & HCC
[0033]  YEARSCHTAR M 7L 7T M/ BSEiE 5 50, %5203 R Wnt @255
5= Z PRI A AT« AE— s 77 30, % — B 2 MM T R AL SR
JEe AE—Lesj 7y AU, AN IUE R R AP B IZEE (paclitaxel) BUEAE AL S
RSP SAZ E . 7E— B8l 77 3P, 1A AU 77 &R 5 PE A (gemcitabine) o fE—148
St R A MR A R AR S A E A A AR EE . 7 — sy o
i, Z AN R 2 IR EE (docetaxel) o 7E—S852)iti /7 a0, iZ BN FUIE T R KA
(carboplatin) o 7E—2852jf 77 A, AU R R R AR FHEEVESRS AEOS S
AP . 70— LSl U, 2R MUE R R R PR (sorafenib) o
[0034] AR BH I 75 T Bt 75 30 R DA ES R Ao 2 B e B M e s BE 2L R, AR R
AN AR IR AR T BT 2, (R TR S B 2 A S R R B % 2 B2 P BT T R
ERE, HIRES A S b — 32 N R 1 R BB . AR B 7R e A8 A B B 1% HA o
LRI R AT R R R 2 — B2

o I e 22 15 B
[0035]  [&] 1 :[RJERPESE T Wnt @ A4 5000 % 44 o8 2L 55 T AR K il A R ZvR T
INER KPS (- @ -) Jbmg/kg OMP-18R5 5 KPS 414 (- B -) . 10mg/
kg OMP-18R5 5 AR PSR EEMA S (— A -).25mg/kgOMP-18R5 5 K P2 H 5
(- ¥ -) (B 45mg/kg OMP-18R5 5 AR EERIAH S (- € ) o FlE LI 5 KA e
WAL (mm3) Won. OMP-18R5 REMEMEN T, B = — K (WFLFR ), KPEFEEEER
PL 10 mg/kg IR T—IX.
[0036] ] 2 :[A)ERPEFE T Wnt 3@ A4 b1 5000 7% 44 v 2L 55 T g AR K R A5 R Zve T
N AP AZEE (- B -) (25mg/kg OMP-18R5 5 KPS (& 4 8 —k) MAHE
(- ¥ -).25mg/kg OMP-18R5 5K PHEALEE (&2 H—k) FAHAE (- A -) B 25mg/kg
OMP-18R5 5 K PR (B —R) MAS - @ - o FdELLGTT o REU IR R
(mm3) 7K. OMP-18R5 RN T, KPR R VL 15 mg/keg A ERE B T—K.
[0037]  [&] 3 :0MP-18R5 X /)> B T J I 5400 o
[0038]  [&] 4 :MEKBEER (zoledronic acid) X OMP-18R5 GI7 /NI E T R 1T 52

BiRLhEAR

AT B R T2 1
[0039] A ISC T Wnt @A ANGI T I - SERFAIE, AR 4R it I 1 T3 %
ZITEAS BT Wnt RGBS HAR ST RIS 50T, AT A A R M
Lo/ BTt (A4S Wnt @RISR RF ) K%,
[0040] 4T FZD HiifA OMP-18R5 R T4 la MM SRR IRE P T4 52l E . R
ST O HE LK S P56 0 45 R SRR, 43T Wnt S@ A 4 A0 4% FZD 44 B FZD8—Fc o]
VETESZ AR, T RS L (P BB A RS R / BeEEE . J34h, 156 1a 56 Bor
B —CTX (BN, A BE RS2 Wnt IR FRINHTNGTT 9 8 Al BB B A RAS RN B /
B PR SRR, BRI fe VR 2 2RI A NTRTT
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[0041] X LL4E SAT 5 S5 AR B0 a0 A STk (B #8AH S AN R OB A2/ BORE K i JRUG: Bee
AR S DU S, LA T 852 Wnt @ 57 (B N4 FZD FUARBCRIVE PR FZD 524K ) 1Ry
—FNRIT B S MR A SR T A2

L EX
[0042] 9 T ARBER A B 1A, LATS 58 SC— L8 AT S H 3] o
[0043]  ASCRAE AT B HIAE “FEHUA)” L “HEHTE 7, RARBI 0 BU5E A BE ]  gsb B
MIbREE f / BfE 3@ e (B Wnt @45 ) BAEMTE ERAERT 25 RSO E B R E
“REBUR” AAER A BSE AR A D B AT EE ) (B0 FZD R B Wnt EE ) G
YVEREAT 1o T 4 IHSH0R) 79 ) B AH AN IR T R5 HURI0 44 Ak i B AlvA RS2 4%
BN
[0044] AP 0 FHAE “ U5 7 REGAEMTEER SR B . 11T R H A PR T3R8
ECAAE o TR O e e (R Wnt AR5 ST ) RS ST, 5L
AT HoA 55 8 1 i A2 BOHAR AR W) S0V RURS TR SC I AR 1 L D RE 1 L B A % MM BT 1)
Az
[0045]  ASCPAE B HIE “HUE” RIGRERE R DT, ZREREA D TR H LT ARX
P D — B AL, R AREE (FlanE A 2 06K oK &Y. 2 -5 RR . T
BRI S ) SRS RME & ARSI E ], SHEG & w8 2 TR e
BELA . SRR SR A B (40 Fab. Fab’ (F(ab’) 2. f Fv A B ) - BBk Py (scFv) $ifk.
2 e PR U T A0 BURE S PE UK L SRR S PR AR L B PO ik AR AR IR A
W B S PRI PR 45 SR Rl G 82 B, SRR AR HoAt A 2 e SRR A A, (Bl R 45 &
AL ) RIABMER e BREE A 7, R EZ U IR B AV . ST T B A
T B EERE (IR 4E—F TgA 1gD. TgB TG, [ TgM BRIELEAL ([FAL) (4t 1gG1.
1gG2. TgG3. eG4 TgAl [ TgA2) , BERIRIEATE DALy a v 8. ey vy Jo n RYHEEE
E LA A . ARSI S BREE LR AN B O B RN B Z5 A J = 4R T . 1
AR AREEN (naked) BLEHA S T4 5 (conjugated) , iZFHAh T EFEHEAIR T 5
EYS A CaREH L DA 8
[o046]  HIiEF “Hidk /i Bt RARSERGURRI T H AT B HUA R PR g ] A2 X . 371
i R B L 0 FE(H AR T Fab Fab® \F (ab’ ) 2 J2 Fv iy Be ER PRHUAE . Sk ok X A diik A
BB R 2 R e VR o A SO A T B “ I B 0 8 R 4 A B AL BOCR AL 45 A B
[0047]  HUAR “ AT AZ X 7 H o5 SRR P FR5E 1 A] A8 X B PR T BE B AT AR X (AN IR Bl
BCHGHEPR ) o BEEEAREER AT AR X & H UM EZR X (FR) Az DU M HEZR X ) = A
HANRFE X (CDR) 4LA%, %=~ CDR 344 “HBAZ 7 X 7o 5 8EH ) CDR HAEZR X Fdr, If 55
oK [ HAth B 1 (¥ CDR — A2 B BOZ U I SR 45 G 3 b 2 A PR AR F T U 5E CDR -
(1) FETF B R 272 5 R vk (Bl Kabat et al., 1991, Sequences of Proteins of
Immunological Interest,5th Edition,National Institutes of Health, Bethesda, MD) ;
Lo (2) FETHR - FiEE W4 &R ik (Al-Lazikani et al., 1997, J. Mol.
Biol., 273:927-948) . Jh4b, A7 IZ AU & 18 HX PIFIE AR LU E CDR.
[0048] AT Fir A A o5 “ B ve B4R 2R 48 IV VR ST T, Fo i s e PR U S 4 6 &
—HURTEIUE EER AL, S 2 s B U S 2 e B S B AR 2 A RIS R B R e
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1R BAARITUARITR G . FEC B BETER” A8 w8 e KR s, a8
WP B (B4 Fab. Fab’ L F(ab’ ) 2. Fv) . B%8% (scFv) Fidf B S HEE o Mm & & a5 &
A AR S HUE IR BIFRAL (PURSEGHAL ) ABMNRIEERE A2 1. 5o “ bz
oA Z 48 H 2 MR G AEAS BT 2 A8 80 77 1] Wk TR A4 e 8 B 20 etk S DR B R 5 )
#HRNZ U .

[0049] AL FF AT A AE “ AN IR IR REgAEAN (Bl &) kgL, e
RAQEHPDIEANTIMRFEREREAE . RAEREREARE B, WHE,
NIEAL AR 2 Hop CDR 1 5k A 22 4 AW Rp (61 4 /)y BR KBRS AR B3 BR) %) CDR 7%
HEEHRMANeEsRED, HEA R R Mk &/ B4 56877 (Jones et
al., 1986, Nature, 321:522-525 ;Riechmann et al., 1988, Nature, 332:323-327 ;
Verhoeyen et al., 1988, Science, 239:1534-1536) . £F— e b, A\ HyE Bk A 1) Fv
HEZE X B ik 32 B ELAT Bk e S 1k S SR PR I/ B4 5 BE T RO R NP Rh BB (1) %) B2 AR s
o Z NI BE—DHE B Py fEZR X J / BOZ 2 B e AR N BR AL Y R o ik Ak
UM, DO B AL TR Ve BRI Je / BRES G e 7T, 0, AL Bk 2 sk
iR B A B Z D A HOE S B AN A AR S A, % P AR A IR S B A B R A
X RLZAE N S 3R 1) CDR, SR BT A BUSE it B A I HEZR X R B A Sy sk g (1 2L [
FEFIIREZRIX o ZATEALTUER TR ] A S 2 /030 4 1 S Bk A E e X BUE E 45 /3 (Fe)
W NN IEERE A I

[0050] AT BT AR A “ AN Budd” Z 4 H A4 ™ il (R S AA B3CEL AT 0 82 A A 7™ il 1Y)
TuiE R EEIR T AR . AN BUR TR AR U A B AR 2% o SEATUE )58 XFE
SEERR S EE A COR [ AT Bk

[0051] AR A FIHE “ A bulk” RIEH P X RZEERE A5 F R ER T 5 R IEH
TEE MR RIS I, BRRE R R R R AR X MR LA R (s
KBRS ) WEA TR It S PE J / B4 A R T RIPUAR I mT AR [X, SR 148 e XA
R A 73—k CEEZN) BPvEH T,

[0052]  ASCHTAE A BURIA [ oA PR itk | RIBEEH —BZ A COOR P ERA —BEZ M
AR AT 5 12 55 DUAS S BZ BT 0 R AR S AR 34 0, AT A B % S 0 R Bk
ZE IMEHE S CDR FRFE 2 — i R AE R HE CDR B8 i 0 A o AL A o3 T ol S A 0
B AT g BE IR BYCEL 3 17 R IR E R A S0 S S AN PR o SRR PR A A R B Z AT
R TI75e 2803K 30, Marks et al., 1992, Bio/Technology 10:779-783 #iR#EH VH
Jo VL 25 R 3808 0 7 AR 1) S A I 1 3. CDR %/ BSCHE B3 2 1K BE AL 98 A5 JE 1 & HH Barbas
et al., 1994, PNAS, 91:3809-3813 ;Schier et al., 1995, Gene, 169:147-155 ;Yelton et
al., 1995, J. Immunol. 155:1994-2004 ; Jackson et al., 1995, J. Immunol. , 154:3310-9 ; &
Hawkins et al., 1992, J. Mol. Biol., 226:889-896 Frit. & s oA I v 4 H SR 3R A5
FH: R B

[0053]  FHIE“RAL” B thoE i 7 FE AR SR AZ e, 348 TR RS S iR ) HLRR e 1
A PRI PR R 2 IRET, AL AT sk E LR B B A T = Tk IR R
AL IR . HIES R RERIE N RAL (UFRALRMERAL ) 105 75 8 1 5 A8 P47
WARER, SRIMTHE B =R AT AR RAL ( XN RAL ) W AEE AR R 22k, %
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PridFs AR e 3 AN LEFHE /D 5 808 £ 10 4~ 242 R B I = LR »

[0054]  FHE “IEFEMELE &7 B Rr b 4S &7 RIGE G RBHTAR DL A S S PUR , SH K
) B SR A B o 26 R () e ] A 5 3R AT B I R BURR B0 4 1 N BRES A, AT Rt
R AR KRB R E H . RSl Ty X, “Fr R IR 57 RIBHI ik LK
290, 1mM BCEAR, (HIEFAST KA LuM W K 5 EARE G ARty i, “4rm it
SETRIBPUEAN AE DL 0. 1 u MBUEARS, A L2 0. 01 w MBCEAR, HA R PLED
2y InM BUEARE) K SREEES & T AN [FE R B B RV & B U BA 2 — 30, DRIt
R g Al RO — MR E A B EIPUiE (FA FZD /N FZD) o [RIFEHE,
FH T AN [F) 2 116 22 IR 510 04 2 DXl oy LA R Vg, TR I S PR 45 5 T 0 13 e 3k — ol
HEHBPUE (B2 IREES G0 ) o BT AR, FEFE L st 7 20, 5 58— PrEiRs = 1k
AP & R FIP ReEn] Be AN 55 AR RS S DL, R RIS A
Fon (BARTEEE) HHMbPES S (A5 B—FREEE G ) o BRIk, AR sLt 7 =0, $iik 5
—FPPL ERARER R R A A o AESREESE Uy SN, 2 BOAREE ] R R PUAE B A R R
GBI A BBk UL, ARG LT, Uik rl e & A S A R BUR 45 A6, 1%
MR EGEHA &S B2 EA R ERM R g G £ sty 20, Siik
ARe N 2R A S 20 S B AR R PR S &AL, DLARR I PR SE 61 5
RUFr e PR AT AL S R — S A ERRA B — PR &S A, AR E A ERA
[FRAL S — ARTURES SO . — Bkl (HALIR ), FHBIE & R8RS 5
[0055] A SCAT I TG “ AlVAMESZAR 7 R A 2R RS2 AR N 85— S IR A5 M I AT Y
N u st B (BUERIER 2 ), o] ARV TR 2K 40 50

[0056]  ANSCAEH I ¥ “FZD RIVAVESZAR” B “ RI¥E 1% FZD 52467 & 48 FZD AR E AR 1%
AR ) B A S AT N s i At B, HERT AR T B A 0. A 5 A N O
Hashg (ECD) 1 FZD RV PRS2 AR VA S/ v BE R G aE . PRk, A7 Fri 25038001
FZD P MESZAR TN A4S Tt A s

[0057]  FHIE“ZJIK” A0 “BE” LA S “E A7 AEARSCR] AZ i H 53X 26 B v RABATEAT R JE I 2
BRIRAEM . LIREW P NGB 3, Hon] §e 0 & A3 N 2 R 1L, H L] etk a2t
. 15BN A S A KRR NN TSR 2 R R AN 9 QSR ST R 1 2
1 B AL T IR A BT AR AR A BB, 18 1 S AR I0 B 88 o 108 ST FE]
AEH—BENAER Y (ORI EHER IR ) 12K, DL Sz s 2 s H
MBI 2 K. BT RIS, T A K B 22 K] e LA Ad v 3, DR b AE Bt e sy =0,
%2 IKA] Re N BRSO T 10RE (Bl Rk ) .

[0058]  FHE “ZAZEHER” KX “BIR” FEAR U] S BT, R K RIZ H IR K &),
45 DNA 2 RNA. A% B n] N IR SEZ A2 1 1R I MR T IR L 8 1B (A% BR B % /
B R, BT AT A #5 H DNA BE RNA SR BF AN B AP RIEY .

[0059]  7E$E M B EIRECZ IR, IS “— 307 Bl At “— 3 REEY =8B
JFBNE AT A LA S Lex (75 3 N RIS ) DA e i i B P ELANEAE AT R < 1t 2 L 1R
BECIEF — BRI I, 1% BT FI BT T B S A R ECR A A [F )R 8 4 B
A% R B s AR Ik s o 1% A b — BRI R e 91 L B F BURE DN &, BGHS FH E Ak
mINE. 2P EE AT B2 R BUZ 5 R 781 b 5 5500 B A Zz U8 BT T JE A
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AR R A FEAHASPR T BLASTL ALTGN, Megalign, BestFit.GCG Wisconsin B4 K
FARA PR o AE— e 77 S, AR AMRIREC 2 IR R G BB R E A
FU R B LE T DAI gt i 0 S PRI, R e 71 Le R kB E A A A S R A 20 70% . &
b T5%  E /> 80% /D 85% &/ 90 % HAE— sty s 2=/ 959,96 %.97%.98%
99 % W% H IR B AL IR R Ak — Bt . A s 7y U, —BUE AT 204 10,204
20, 2/0 2140 %2 60 R AL 2 /0 260 2 80 FRIEAE BT 18] [T AT BEEK FE (1) P 51 [X 45
FE— L5t 7 Ak, — BUEARAE T 60 £ 80 B DA B RIFE KX, it £ /0 %) 80 % 100 5%
B, HAE—2skhit 77 Uiz S5 e 01 R 5 2 LR 2K 7 218 A% 6 B2 51 (14 9 i X 4 SE o
=3

[0060]  “LRAF PR FElR B B 7 A AR H b — DI IR AR o — A EE RN B ) R R
RN E B HA UMNBE R 2 BRI R T 8 S, A RS (50
MR KA IR VH IR ) R IEMEE (I R AR AR ) A AR PEMIEE (BanH 2=
G R A B Ay 2 I 22 508 R R B IR P IR R ) AR MR BE (ol TR 2R 4
AW E IR e IR AR RN AR FIRAR . =R ) B - 2 (Hlama
B EZ IR e IR ) o5 BIRMVEE (B Bs 2 IR RN 2R (LR A IR ) » 2841k
U, DORTN 2R B AR R IR RAOR T I B . UL, AR BH (1) 22 JIK A B 65 2 A i DR <
BIA RS A ZEER TN Z KBbuie 5z 2 IREhi ik E AT & &R (Rlhz—
BUZ PP RSPO T2 ) M4 G R BRIUR S A M B8R S R R IR~ TR B e 1 7 V2
RZAURI S

[0061] A SCHr AT A (0 G “ Bk ” AR AN, X Y R AE1E T2 20 i Hh a0k Sl ik
— B PE OGN BN BT o A 1S9 R AH AN R T B PR 044 L B DNA B RNA K14
O JFUREBAAR R | R TR AR B4 L 5 FPH B 4 577149 DG 1K DNA B RNA R sk, KA
T8 B4+ ) DNA B RNA RIA %A .

[0062] & “ArES” 2 IR DU 2 IR BUE A RBAE G R 2R WT KRB IIE
X2 IR Tk 2R BUA B &) . 2 B2 K FUR . 22 H 1R 3R 41 i
B SRR Z e 2 2 — B R SR A S A B UL T R AR S o fE— 25K
it 7 A, LA 2 IR PR 2 IR B A E A A R s E A .

[0063] A SCHTAT A A “SE i B4t RIGH NE D 50% 40K (BIAETE R ) 20
90 % 2l 2270 95 % 4l 220 98 % Al fE £/ 99 % 4l KW i .

[0064]  ASCHTE A FIRIE “58 7 K “Imit” RIGIRECHEIA I A3 ) A BRSO, Herh 4
FEEA ARSI AE KRR . SRS AR EAR T (carcinoma) RN | A
9o % L T e v G b LR A (A L

[0065]  ZSCHHE A E“IE” J 98 (neoplasm) ” 48 /TART BH 1o 2 40 it A K B 34 5 B
FERHLR AT, AR RE (AREME ) BUERERT RS CGEE) .

[0066] AT fH FH IR “HeHe ” R ARImHE LA B R R B BB L 72 & B A H Atk X I H.
TR BRI M AL RE . “ 3R B e RE It A R AR S5 AT IR Ak R B 1
il H. (o022 i MLim BOtk E2 ) B e 0 JR R R 72 3l LA NAT AT 5T B 44 285 140 1 40 o

[0067]  FH¥E“HT-4HM”. “CSC”\ “ied T4 i S “ I RS a4 i AE A SO Rl SZ BT S 3%
Tals B BMR B BA N YRR R4 i - (1) BT 28577, (2) Bk T AX R M 4

19



N 105073195 A W OB P 12/74

RV A — B PR T 28 AL RO 0 M A A i 22 o0 A (0 20 B A s /b RO B
BE77, B (3) REREAT XIARANML 0 % LA WK F FgEFr o X ELRFIES T8 T4l M A
Bera e A et 1 (BN ) I BE T BB L8 B0 (K RE 77, K80 IR 40 e e ik
TR o Jo 20 M LLR EL 7 SCREAT B BB KA, DI ICEAT 75 2SR L A R %
A M SR n] AER R AR R A AL

[oo68]  FHTE “HE4HML” K« iR 4 ” 2R AR UR B A SR BORE BV kb X B AR 4 R, £
FEARRRE A AR PR (LA 5 R 3 (O R A R ) BB B PE T4 R T )
AR ST FH [ P 8 4 0 B P g A ™ 4 OO T FR PR iz ek = SR e AL RE AT IR 0 I
R T “ARBIR R AR TR A A X ) 22 2 R 0 5 e T4 M

[0069] AT A A FH ¥ “ el e AR M 2 e T AR L O D R P8, 045 3T (3L
FRONMI IR S AR VERE T2 ) BB SR DA AR ey SLAR A 4n i (3 Bz A0 X DA b A R
RAETEMEANI ) AR TE.

[0070]  ASZ T FH (VO ATTE iRl A 2R PR 2R 165 IR (R BE L AN R e A AR S e 5
BeAEE (BN ) WA E M RE 7. BEE SOMEAE LA & SR A 221
E CBINR ) I R] R i 2 E Ae  / B o B IR T4 R

[0071]  JHTE “ZE " RAGEMEN (Bl FLah? ) , BREART A AR AR KSIY).
R W AT B S SRS, R ON RS B IR T IR . R, T AN SZRE A
W SARE T SRR AR ] S AT

[0072]  AE“BRZ5 LR35 " R G4 R FIBOTBUG IS B LRBUNBUR ZHE (B0 Z4E)
B £E 15T 50 [ 2 i B A 3 2 A 25 b LA F 3 (BN 7 i se 54
[0073] A& “ER 2 L n] #5252 (IR0 8GRI B3] 7 B Al 552 I BR 293851 R ARl HA K
W E DR A7) (B ) — i 2 523 IR R B sk ), Bzl
BT B FIA BN Z S AR TE . 2RI BRI B 725 5 2 DA BRI T RN (5 &
45 G — B 5T I A BB

[0074]  HIiE “HACE” BRI AR BURIT RN RGBT 3l B L3
POr B B B 45 AT LR 2 IR 2 IR N AL T ECHE 2 E . DUE N
o1, 254 (Bladidg) [iGT 7 A s B A 16 7 RN H A Rl > i 8 s s B R
AR R R AR IR B A AL RE AT s D e T A R A B R B D R D b
TEANMLTE 30 A2 / B0 LA 40 IR 25 A R 2% B AR B o 4 i AL 2 S 4 K/
B L PR B AR B A 5 ] K/ BAS L P R BE A A A S SR AR B A S A DR Y
AR ™ ERRRE 9D FOom 3 MO T AR AW R BUZ S AN I & BLZFIZE Bk
VIR TR BLAT A WO 2R B/ B3 JEBIAT i 4 S ) 7 T T 5 5L P A PR A i L P S
/ B R

[0075]  HIiE “¥AYy” BUCGRAN” R AR 1) I TEIE I, 1498 A @ IR R e 12 W A 2
IRBEBC B RPAER &/ B LR %212 Wi Ko LR DO BOZR S8 (1Bt e Kz 2) FBIs PR vu PEFE
Jite , 21 T TS B G bR IR FIR DU B SR g . PRI IZEE /S 2R T B AR 2 C R
B Iz S T RS R, LSO R sk B . Ay s, 2l
REARR W THE I “UGIT 7, 290 BB 7R 3 — B2 I 8 40 M (1 B b B 58 42 7
S s IR R/ 0 B sk = 9 A4 IR T 2 0 TR 2 B A T R R AL S
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G A A R ok e AR 1kl o 0  Ye o ) e e A S R et Y A N DT
DRI ZE RO 2 s s AR T & sk /D oRg R AR oD T 4E BRI B B B B
PN EERES
[0076]  WIATE RS BACHIE R A e 3, 80 0 “—7 (a, an) & “i%” (the) B,
T EBOEABRAE BT O ANE R UL
[0077] R T A AR, R OB AR SO St 77 o0 &R DL B &7 HR, IR 5 4 HAh DA
“HH L R B/ BCSERR B L. AR BT REA SR T 2. A TR A,
REASC L R R LB B ... 7Rk, Rt Al . .. A7
FH 55 i 0 AL s i 7 5
[0078]  HIASCATMA, #& K “2)7 B K& RREES S5, HAak ( ¥k ) 5iz81E
BB HAHRIISLE T 0e ZEWR UL, “40 X7 AR BHE “X” AR .
[0079]  M{FEFHTASCE@I“A K / BB IAA S, FEC e / B R AR A K& B FH#E .
ABCBACEM ) f BCEM ) o [FIEEH, {3 /T “AB & / BL C7Hr i E“ J2 / 8”7
REEAAE AR 8% AVB L CABELCABL CA BB ;BB CA K CiA %
BB f CsACHA ) sBCEM) s 5 COBAR)

IT. Wnt a4l 57
[0080] A& BHHRAH A T4 ke A= K 1 g vk K/ B TR T E B 5 v R ) Wint IR 424
il o
[0081]  FEHLLLSL )7 U, L Wnt BAIGIRIRE B EZ M AGHERD (FZD) 44615,
FEEFIAEAR SRR A “FZD 545507, 82852 /7 204, 1% FZD 44715 —. . =04,
Fin S~ NS TUBCT R FZD 8 A R g & AR — 285y 0P, % FZD 454 1 H — B
LRk NP FZD B 454 :FZD1. FZD2. FZD3. FZD4. FZD5. FZD6. FZD7. FZD8. FZD9. }%
FZD10. fE—&5ji /s N, FZD &5 G675 — B2 M FID AL, B2 M FID EAHE
r FZD1.FZD2,FZD5.FZD7. J¢ / B FZD8. fEXR:MLsLji )y :\rh, FZD 45575 FIDT 454 . 1
Sy o, F2D S5 4575 FZD5 K / B FZDS 454y, fEFELesfi =i, % FZD 45471
5 FZD1.FZD2.FZD5.FZD7. } FZDS H¢ 454 o FZD 4547 AR IR il Pk s v WL T2 [ %
FIES 7,982,013 5,
[0082]  7ENELLsfE s UH, % FZD S5 7 & FZD bl fERdesijir A, 1% FID 456
FIZR Wnt B RIE T fER LS 5 a0, % FZD 45 5 F030H] Wnt (5548 5. /5252
773, 1% FZD 255 M H| HL8 Wnt f5 516 S
[0083]  7FE-—LLsLjiiJy N, % FZD S AR Rk, £y b, L FID S 67 R %
Ko AERLLESE 7 20, 1% FZD S G MR B S PR S A A P RE 2 k. 783 ST 77

A, ARSCHTIR R FZD 45 iR B2 IR SR 46 A il br i — = = DL FL BOE 2 A
FZD A4 & o FERLESEHE Ty A, % FZD 5 & 5B 2 IR i I 45 & B Az se 5 B FZD1
FZD2. FZD3. FZD4. FZD5. FZD6. FZD7. FZD8. FZD9 J FZD10 [fj—. = = VU B fifh A FZD &

AR PEEs Ao A8 —estiti )y SRrh, 241 FZD 45457 R Sl —FRh FZD & A 45 & 13k,
HCn BN “I2 FZD $AR7,

[0084]  FEHELLSLE /=0, % FZD 4547 (Blnbitk ) SHE A — 2R A FID &
I S (ECD) Hr et & . AEFEELSLiE Ty s, 1% FZD 455 FIE BT 455 1 A FZD
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BN Fri 508 (TRFNZ LR R X (CRD)) WAF RS A . &R A FZD AW Fri
HERIR I 3 RAZATUR OV 40, HARAET- A0 SEQ 1D NO: 13 (FZD1) SEQ 1D NO: 14 (FZD2) .
SEQ ID NO:15(FZD3). SEQ ID NO:16 (FZD4) . SEQ ID NO:17 (FZD5). SEQ ID NO: 18 (FZD6) .
SEQ ID NO:19 (FZD7) .SEQ ID NO:20 (FZD).SEQ ID NO:21 (FZD9) .} SEQ ID NO:22 (FZD10) o
[0085]  7EHEELsL Ty s, E FZD 55 R1E —. S = U L B R FID A S A . 75—
s 5 o, 1% FZD 455 751 [ FZDL. FZD2. FZD5. FZD7. 2 FZD8 Hff—., = =. Y. B}

TiRl FZD S AR e 45 Ao AE—28SLE 7 U, 1% FZD 455 775 22/ FZD5 J FZD8 K1k

AN
él:l{:l\o

[o086]  7E-—&5Ljii 77 :UH, 1% FZD 254 R LK 4T 1 u M BUHEAR . K%y 100nM BLHEAIG K2
40nM B HEAG, K2 20nM B A, K2 10nM BCEAIG, K2 InM BEAR L BUOKZ 0. InM B AR
MRS E (K) 52/0—F A FID AL S . 78— 720, FZD £54 57 BAKZ) 10nM
SRR K5 20 —Fp FZD AL A 5 sy 20, FZD Z5A4 7 BAKZ) InM BUEA

(1 Ky 5 2 /b—Fh FZD AL A . sy X, FZD 45477 LAKZ) 0. InM BUEARH K,
52/ MFID EASS. EFLELET A, FID 455 7L 40nM BUEARH) K55 —BL

LR (40 1.2.3.4 88 5 F )FZD1. FZD2.FZD5. FZD7. % FZD8 &3 454 . 1EF-LL s Jy
o, 1% FZD 45477 LA 10nM BUEAREY K, 55— B Z Fh FZD1, FZD2, FZD5. FZD7. & FZD8 [

BEES . RS U, 1% FZD 45477 L4 10nM () K5 FZD1, FZD2,FZD5.FZD7. )

FZD8 W% # &5 Ao AE—Lesiia )y :Nrp, i 45 470 (Blandidgk ) 5 FZD AW KRR [E 2

T Biacore :{05 /v [ FZD-Fc Rilih 8 (143 1 Ky, 1% FZD-Fe @& A A& 2D 51 FZD
Mo AP REL FZD-Fri 45H)48 .

[0087]  7ER-SLsjfi 7 NP, % FZD 4547 L2 1 u MEEAK . £ 100nM B E AR L £ 40nM B 5
i~ 29 20nM BRI £ 10nM BCREAR W BXZ) InM BCEAR I EC,o 5 —BLZ A (a0 —BLEFh, =

B EFLEBUEZ ) A FID A G fERREesi )y A, FZD 45677 LAZ 40nM BRI
2 20nM BRI B2 10nM BCEAK 1) BCso 58 —Fh FZD SR A145 & . fERLL s )y U, i

FZD £54 5% R —m 2 A (B4 1.2.3.4.88 5 Fh ) FZD 8 (1 24 %) 20nM B8 SE K 1) ECy:
FZD1.FZD2.FZD5.FZD7. Jz FZD8. {EHR:LLsjifi /7 s, % FZD 454G 55 N o—B8 2 fp (i
1.2.3.4. 8¢ 5 B ) FZD &5 A HH %) 10nM BEAR I ECo:FZD1.FZD2.FZD5.FZD7. % FZD8, fF

FLespi 7 20, 1% FZD 455 7ES FZD5 Je / 8% FZD8 45477 i B A %) 40nM B¢ 5K 20nM
BCE A ECsgo

[0088]  7EIELLSLIH Ty T, % Wnt A7) & FZD 45677, Hix FID 455 Rk, 18
— 8o s 77 U PR R E AU sl N, U R DU, 7R — L
77 A PR RIR A DU 7E—L28si Ty S0, PR R RAIAR . 7RSS Ty 20
W PR RADUE . RS S Ty AU, bR R 1661 fidk. 7R J7 U, bk
7 1gG2 Pudh . fERELSTiE /20 F , ZHUA RES IR AL Ui B B 75— S8SLiE 7
o, ZHUR R A SRR R BN . 7R RS U 2R, PR R R AT 2 4
SR Ry U, ZPUE R S AR S A R LSy A, bk
RENE . AE—L5i 7 P, bk R Faify,

[0089] AU A FZD 45477 (Blandudd ) (045w PE 454wl o i A0 O R0 AT A 7 7%
el o T A P S 3 o A (AN R T 5 4 PR S AR S e PR DU R G, 125 R SR i

22




N 105073195 A W OB P 15/74 7

Biacore 731+ FACS 73 M7 Sl 0t Sy A ML 5% . Western EIRE 73 At JHUR M 4 2 05
ELTSA.“ =BG S I 58 Gy DTE 0T DUTE SN A B S B s B3 1T
EEAE I 52 MR 3] 5 I 58 G U B e e Bt S A A B TR . %5
For I F A AT A I B oAz s R T o JE A (DL Ausubel et al., Editors, 1994-prese
nt, Current Protocols in Molecular Biology, John Wiley&Sons, Inc., New York, NY),
[0090]  ZEMIR i, Fidhk5 A FZD & 1 % e 1 45 4 PR AT ELTSA I 52 o ELTSA I & 075 i
U, AU AAE 96 FLIAEAR LAY, IS I0-5 Tk il Ak & 4018 i A () anssi i
AACBEE R FRG ) 2500 FZD &6 77 (Blandithk ) LR, 5597 — Bl 5, # il 51%
PURL A1) FZD 45 5 R AFAE . 48— 285K 77 20U, 1% FZD 45 G PR BUR A5 7 il iK1k
EMEA S MR 1% FZD 45 & TUABGHEEUA R E Ak (Bt Fe $itik ) InA
Uit 7SSty S, A DL 78 LR, oA BA FZD 45 & Hiiksiion .78 fLAE, Jf
Ta NP 2 %A A5 AL RIS AT R U (AL B 88 A 38 3k AU E R A R
W ATE AT 2AB A N A/ BT IG5 IS E DA S AT AT ELTSA AR AR & .
[0091]  7E 55— SEfl v, fudk 5 A FZD & A BI4F P45 A n R FACS 52« FACS §ii iz il
SE AL S ] cDNA Y ARIB BUECRRL G 8 A W W e R i b, 5 R
IKAEAI MR , (1% FZD 45 G Hofth FZD 454 7 5% 4 B Qe A IR &, 55— B
M. ¥ FZD &5 Atk HoAth FZD &5 4570145 & f0 4 i, nT R -5 ml R 0 1940 S 0 8% 5 1 2%
fidgk (140 PE 59 Fe fiidk ) SamaRdi e fr iR o iU AN 524 0l T 242 2t A
AR I BG5S E L S A AT 3G 3R 058 (Al e P 444 ) (1) FACS 2844,

[0092] kB HAMLE A KNS HE (Bl FZD &) M A m i, Rk - BEL HER
L [P A SH 2, ] EH 5 A MRS A S VLB o e PR A N S (1) — S R TEU T S 2
HASEHINE & R EARL I PURFAE R, B R abric fpE (B °H 8 1) s A B
B AR S BB I P, 2 JER IS Z AL PR 4 A bR . Zprie B (i
FZD 8211 ) MR MPE R A AR B2 ] R &8 (Scatchard) B4Hr FEE e .. 7E—
ey 77 X, Biacore B /1% R TIE SHUE (F1 FZD A ) 44 MHTEE5
[5G SRR ZE . Biacore B) 7715 & g 5.8 7 R i B2 e bt Js (Hian
FZD 851 ) W56 KAEES.

[0093]  7EHELLsif 7 Ry, AR BHR AL Wnt SRR3R0 70, 2 R85 8% CDR1. 8% CDR2.
J B CDR3 1 FZD £5457) (Blandufdk ) , 1% =% CDR1 A7 GFTFSHYTLS (SEQ 1D NO:1), i%
4% CDR2 49,4 VISGDGSYTYYADSVKG (SEQ ID NO:2), Hi% %% CDR3 40,74 NFIKYVFAN (SEQ 1D
NO:3) . 7E—uesiiif 77 X, 1% FZD 45677 0 0 & 68 CDR1. #8%% CDR2. St #88E CDR3, %42
% CDR1 £% SGDNIGSFYVH(SEQ ID NO:4), %4 %% CDR2 £2.7% DKSNRPSG (SEQ 1D NO:5), H.
Z % HE CDR3 414 QSYANTLSL (SEQ 1D N0:6) o 7E—8652fifi /7 a0, 1% FZD 45 578 s
SGDNIGSFYVH(SEQ 1D NO:4) [#¥#:%E CDR1 .7 DKSNRPSG (SEQ 1D NO:5) f%%E CDR2., KB,
45 QSYANTLSL (SEQ 1D NO:6) [%8%%E CDR3. 7F3:desgifi )y, 1% FZD &5 7105 : (a) 4
& GFTFSHYTLS (SEQ ID NO:1) R E#E CDR1.f 5 VISGDGSYTYYADSVKG (SEQ ID NO:2) HJE
#E CDR2., J A0 7 NFIKYVFAN(SEQ ID NO:3) [¥E%E CDR3, & (b) A7 SGDNIGSFYVH(SEQ ID
NO:4) f{%5%%E CDR1. 453 DKSNRPSG (SEQ ID NO:5) [{14%%E CDR2. M 497 QSYANTLSL (SEQ 1D
NO:6) HJ4%2%E CDR3,
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[0094]  7ERELLSLE T A, AR B HEE 5 R A FZD 45655 (Hlindidk) «(a) B8
GFTFSHYTLS (SEQ 1D NO: 1) {8 %% CDRL, B H AR 1.2, 380 4 ML ER B #1978 744 5 (b)
A3, % VISGDGSYTYYADSVKG (SEQ 1D NO:2) (¥ H & CDR2, BLHAL & 1.2.3 8 4 NAKL R B
(A8 44 5 (¢) £3.8 NFIKYVFAN(SEQ 1D NO:3) fOEEHE CDR3, B 1.2.3. 8 4 NRERLER
B AS FAK 5 (d) A58 SGDNIGSFYVH(SEQ 1D NO:4) [¥#8%%E CDR1, By HA & 1.2.3. 804 4>
BRI B B A 4K 5 (e) A5 DKSNRPSG (SEQ 1D NO:5) [{#:%E CDR2, BRHLAL & 1.2.3. 8k
4 NG B W78 Fedd s & (F) 5,87 QSYANTLSL (SEQ ID NO:6) [f14%%E CDR3, BRHAT 2 1.
2.3 B8 4 NEIER B B 1A AR . AR RS Ty 20, S AL IR B R R T B

[0095]  7FHE4L S 77 2, Ak B FR A 5 ERE ] AR X Je / B BE T AR X 1K FZD 45477
(landudk ) , ZEEERTAFX 5 SEQ 1D NO:7 HA 204 80% /75— 8k, iz FX 5
SEQ ID NO:8 HA 2/ 80% /73— 8. fEFLesthtiyy N, % FZD 455 710 &5 SEQ 1D
NO:7 B F /D #)85% . B /D% 90% . FE/D4) 95% /04 97 % B E /D) 99 % 75— 3k
(W RE AR X o 7 s /7 =0, % FZD 45477168 5 SEQ 1D NO:8 HAZE/4185% . &
D2 90%  F D2 95%  F L) 97 % BE D) 99% P B — SR R EE T AR X, A5 R s
Jiti 77 2, EFZD 5 A 7 & 5 SEQ 1D NO: 7 B /0% 95 % 7 71— B I EHE T AR X, A
/ B SEQ ID NO:8 HA /%) 95% 751 —E it R RE AT A2 X o AERLEL STt )7 s, 1% FZD
dEREE A SEQ ID NO:7 FEFERARX, M / Bl SEQ 1D NO:8 Rt n] AZ X . 1
Ry N, % FZD S5 45778 B8 SEQ 1D NO: 7 U E B m] 48 X J 54 SEQ 1D NO:8
[FFERE AT AR X o 7R3 s 7y 50, 12 FZD 45 & 718 St i SEQ 1D NO: 7 4H sl 5%
AIAR[X 252 b SEQ ID NO:8 i sEm A5 [X

[0096]  7EHE LS Ty 2, AR B AL 5 R B FZD 4547 (Blndidg ) (@) 5 SEQ
ID NO:9 (HELL/E S ) B SEQ ID NO: 11 A E /> 90% e — 8tk i sk ;&% / 5 (b)
5 SEQ ID NO:10 ( HELA/E S F%) ) B SEQ 1D NO:12 EAF &/ 90% 31— Bk A i Bk
1E— 25 77 20U, 1% FZD S 47187 : (a) 5 SEQ 1D NO:9 (A ECLE(E5)F%) B SEQ 1D
NO: 11 HAZ /A 95% 57—tk EEE s 2 / 8¢ (b) 5 SEQ 1D NO: 10 (A BUL S 5 /751) B
SEQ ID NO:12 BA % /0 95% 7 51— 8t i858k /£ — 28 skif 77 U, L FZD S A4 7AaE A
£ SEQ 1D NO:9 (HELLAZ 5 F%)) B SEQ 1D NO: 11 HIESE, M / BifL 4 SEQ 1D NO: 10 (A
BCAE5 7)) BLSEQ 1D NO: 12 [iesE. 78 —Sestif 5 :Uh, 1% FZD &5 418 85 SEQ
ID NO: 11 f 5% Fe AL & SEQ 1D NO: 12 [tk . 78—2eseifi )70, i% FZD B A/ 5L
Ji I HH SEQ ID NO:9 2R 20 & 463 Fir4H Al (1) 558 A S it - SEQ 1D NO: 10 [HZ SR
20 % 232 Frl e, 78— LeszjE 20, % FZD £ A 54 525 i SEQ 1D NO:11
ZH B I B b SR SEQ ID NO: 12 ZH i ek

[0097]  FEHELLsziE 5 b, AR B AL Wnt 324617, H R 5 FZD1. FZD2. FZD5. FZD7
Fo / BEFZD8 hff &/ —E R S5 A 10 FZD S84 57 (Bt ), Hodhiz FzD 45455 ()

18RS J¢ JLHE 8471 (vantictumab)) , PLACHAR FZD 45650, T £ H L HI5E 7,982,013 5
HISEATHEIR o 4RbDi% OMP—18R51gG2 i (1) E 4 A2 e B 11 DNA, Ak B A 1A I Bk 2 2 R , T
2008 42 9 H 29 H LA ATCC 4 'S5 PTA-9541 {758 T 36 B M ORAF 0 o 75— 2833 7 20, %
FZD 454577402 OMP-18R5 [¥) 1 Bt %4 CDR. OMP-18R5 1] 2 B{% > CDR. OMP-18R5 [{] 3 B{ %
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A~ CDR,OMP-18R5 [ 4 B> CDR.OMP-18R5 ] 5 B{ £ > CDR. BY OMP-18R5 [KJJT45 6 > CDR.
[0008] Ak BHRALIL R Wnt i AHIH| A 2 K. ZE 2 RERHEART S5 A FD EH
e G RPiiE . ety b, 25— Z Mk A N HI FZD S A 454 (FZD1,
FZD2.FZD3.FZD4.FZD5.FZD6.FZD7 .FZD8.FZD9. } FZD10. fE—LsLifi 7\, £ ik 5 FZD1.
FZD2. FZD5. FZD7. . / BY FZD8 454 . {E—Lesgjfi /5 s\, Z K5 FZD1. FZD2. FZD5. FZD7,
M FID8 454 .

[0099]  7ER-LLsE )y Ak, 2 IR Hidk OMP-18R5 [K)— = = I4. T\ &2 / BN CDR,
7E sz 7 2, ZIRE S H P EA OOR AR A VUA (BT 0.1.2.3. 804 4 ) R E
ity CDR. FEFELLSLT 7 2N, 2 BE COR # A& TP AR X 2 N AR STE T
ZREE OOR A TR X ZHN.

[0100]  7E—2esTyifiJy a0, AR R —S 2R\ FZD SR A RS S 2 0K, o
ZZ KA EE SEQ 1D NO:7 BHAG E /A4 80 % 7| — SR ME IR 7, K / 805 SEQ 1D
NO:8 HA #2021 80% 75— B MM E LR 771 . AR sy Xrh, %2 Ik 55 SEQ 1D
NO:7 HA /) 85%  F /%) 90% B /A2) 95% . /041 97 % (ERE D4 99 % 78—k
MBI AERELeszi =0, Z 2 &5 SEQ 1D NO:8 HAZE /D4 85% ., /%)
90% . F /D) 95% B /DA) 97 % (B E D2 99 % TR — B A LR A . AR e sE y
R, ZZREE 5 SEQ 1D NO:7 B /%) 95% 25— E LR 751, & / B35 SEQ
ID NO:8 BA %P2 95% /77— B ML IR T 7 . fEREe sty 0, 2 Wa s as
SEQ ID NO:7 M LM77, J / B SEQ 1D NO:8 IR T 71 .

[0101]  7E—2esjii 7 :Urp, FZD A RIB & 2K, 2 WE &% A IR F 5 :SEQ 1D
NO:7.SEQ ID NO:8.SEQ ID NO:9.SEQ ID NO:10.SEQ ID NO:11.} SEQ ID NO:12,

[0102]  FEHELLsj )y S, FZD 45477140 7 OMP-18R5 Hufdk iy 4k n] A8 X e Bt m] AR X
FEHLE s 77 30, FZD A F1 S CHBURHT 751 ) OMP-18R5 Huidk i) 4% X 428t .
[0103]  FEHELLsL 7 20, FZD 455 749 3 4k OMP-18R5 . 5L it I FH 7144 OMP—18R5 41 A«
B A OMP—18R5 ZH B o

[0104]  FEHREELsL)E T 30, FZD &5 70 (Flinditk) S8 & THMbsE S5 —s 2 A
FZD SR 4 & A7 SEQ 1D NO:7 E#ER AR [X AL 7 SEQ 1D NO:8 [{fest ol 4%
X o FEF-LEsLyE 7 N, FZD 4547 (Blandits ) 5aE5 TPk eS 82 A FID
BRI A S SEQ ID NO:9 (CHEEE 579 ) HIHERE X7 SEQ 1D NO: 10 (F
IG5 REREE. RSz )y 00, FZD £54 57 (Blandiik ) 588 FRbuss
F 55— Z P FID EARR RS A A7 SEQ 1D NO:11 FyHEHE A&7 SEQ ID NO: 12
s, fER-Lesin 7y s, FZD 45650 (Hlndik ) 588 Mg S 82
N FZD EA M 4G HARIR T ATCC (M9 '5 PTA-9541 I BTURLET Jm A I B 55 T AR X %
BEERARIX . fERLsE Ty S, FZD 456 7 S Hiik OMP-18R5 5e 4 5 —BiZ P A FZD 21
(e PR Ao fE— sl 77 20, FZD 455 FIBBUE TiE R4 (in vitro) Se4Eds &l
EH S5 —ME R FID EAKSF RIS S

[0105]  7EHELLsLE 7y U, FZD 47 (Bt ) 5—82 M A FZD A FH AR
(R B 45 (AR (Rl R A7 B SR it FAHRI R AT 456 78 5 — i :Up, FID 56 MRS
—BZ PN FZD A EIRALE G RIPUE, %R A S5 HA K BB 45 4 (% FZD A Lk
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[IRAL L . FER S 5 20, FZD 567 (Blindiik ) 5—mE R FzD & A Ll ik
OMP-18R5 FIr 4 & HAH [F) R AL B s i AR R 45 Ao 785 — S 77 a0, 1% FZD 45657
52 R A FZD E A RS A HPUE, ZR A5 BTk OMP-18R5 fir4s & 1 FZD

CRRE oA i
[0106]  ZERERESTHEIT AR, % Wnt R AHNBIF R — AR A Wnt B L AT, 4%
FIE R SCBERR N “Wnt G547, LEFERe SR R, 45—~ 2 A B A

J T BUEZ Rl Wnt ARG A iy U, &% Wnt A4 71S —EZ Mk H
THIEIA Wnt EEAZ S Wntl.Wnt2.Wnt2b.Wnt3.Wnt3a.Wnt4,Wntha.Wnt5b.Wnt6.Wnt7a.
Wnt7b.Wnt8a.Wnt8b.Wnt9a.Wnt9b.Wnt10a.Wntl10b.Wntll. /&% Wntl6, 7FF:LEesziti =,
Wnt 5758 ZM (B BEZ M, =B 20 B 20 LECEZ M. 55 ) IEA T
FIH Wnt RS54 Wntl. Wnt2. Wnt2b. Wnt3. Wnt3a. Wnt7a. Wnt7b. Wnt8a. Wnt8b. Wnt10a.
JWnt10bo FEHEEESTiE 77 0, 1% — B2 P (BB 20, =8CE 20 UECE 2 fh, o
B 2R 5 ) Wnt A REE T :Wntl. Wnt2, Wnt2b, Wnt3. Wnt3a. Wnt7a. Wnt7b, Wnt8a.
Wnt8b, Wnt10a. A& Wnt10b,

[0107]  FEFELLsC 7 2N, % Wnt 45650 3 Wnt F5H00). AEFELesLii )y A, 1% Wnt 456
FIZR Wnt EFEDUR . 7ERELSTiE 750 h, 1% Wnt 255 740 Wnt (5946 5. 78— LL5u)il
7730, 1% Wnt 255 FIH U Wnt 5 516 S

[0108]  7E—U&5jf 7 a0, iZ Wnt AR RPuiE. AA—sE N, ZWInt 57 R 2
IR o AEFEELSLT 7 A, 1% Wnt SR REETURS GO KPR IR . 785K 7 20

B, ARSCHTA K Wnt S5 5 TUABE IRINSUR S SR RE S — = = 0 L BUEZ A Wint
HAL . AIREHETT AT, 1% Wnt S TUERZ IR G G S — = =1,

B LRI E Wntl Wnt2.Wnt2b. Wnt3.Wnt3a.Wnt7a.Wnt7b.Wnt8a.Wnt8b.Wnt10a. % Wnt10b
I Wt 2 FIRE RS A o Wnt 254700 0 =1 PR i 1 SE 491 AT WL T [ B A 5 WO 2011/088127.
[0109]  FER-LLSLE )y A rp, Wnt &S5 —BZ PN Wnt AR C mZ FMARIX LS
FEFELE STt 7 K, 1% Wnt 56 7 506 T2 BHUR T4 & 10— 802 Fh Wnt RO N IZS 1Y
&4, B Z R Wnt B R%EE T :SEQ ID NO:46 (Wntl) . SEQ ID NO:47 (Wnt2) . SEQ
ID NO:48 (Wnt2b) .SEQ ID NO:49 (Wnt3) .SEQ ID NO:50 (Wnt3a) .SEQ ID NO:51 (Wnt7a) .SEQ
ID NO:52(Wnt7b) . SEQ ID NO:53 (Wnt8a) .SEQ ID NO:54 (Wnt8b).SEQ ID NO:55 (Wntl0a) .
J% SEQ ID NO:56 (Wnt10b) .

[o110]  ZERELLsiE )7 s0H, 1% Wnt 5457 LAZY | oM BCEAK. £ 100nM B BE K £ 40nM B,
TG £ 20nM BCEEAR L B 10nM BCEAR I Ky 5 — B2 A (1 B2 Fh, =3 2 BV Bk
ZR)Wnt LG 2Bk UL, AR R L ST Ty b, AR SCHTA I Sl — M Wnt A S
(1) Wnt 25557, PAZ) 100nM BHEAK £ 20nM BCEAG . B2 10nM BCEAR I Ky 5 1% Wnt 22

“hitro FEHELSTE )7 30, 1% Wnt 456 7 L2 40nM BCEAR I K5 —B 2 A (Bt 1.2.3,

4,805 Rl ) Wnt A PR EE A, HhiZS it HEREE R Wntl.Wnt2.Wnt2b.Wnt3.
Wnt3a. Wnt7a., Wnt7b, Wnt8a. Wnt8b., Wntl0a Az Wnt10b. fF—L8sLfE 7 R, %4547 (4
myifk ) 5 Wnt &AM KRR HEE T Biacore &5 FIKA S /A4 Wnt  CIREF

it R X Wnt Rl 8 WA Ko

[0111]  7EREEsLE Ty 30, % Wnt 25 5 BAZ) 1 u M BCEAR . £ 100nM B¢ 5EAIG £ 40nM Bi
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fiG £ 20nM BRI £ 10nM BCEAR B InM BUEAR R ECoo 5 — B2 PP (01 B Fh, =
BZM BB Z M) AWnt A G . ERLESE T 204, Wnt 455575 BLZ) 40nM BCEAG
2 20nM BEAR  BRZY 10nM BCEAR Y ECyo 58I —Fp Wnt 456 . FEFELELSLHE T N, % Wnt
G T—B 2 A (F171 1.2.3.4.80 5 F ) Wnt £ Wntl.Wnt2,Wnt2b,Wnt3,Wnt3a,
Wnt4. Wntba, Wntbh., Wnt6. Wnt7a. Wnt7b., Wnt8a., Wnt8b. Wnt9a., Wnt9b. Wnt10a., Wnt10b.
Wntll./% / B Wntl16 B A% 20nM BLHE AR ECype £ FEEESEHETT R, 1% Wnt 455 FAHN T
—BRZR (BT 1.2.3.4 805 FF) T3 Wnt 8 HAZ) 10nM BB AR K ECo:Wnt 1. Wnt2,
Wnt2b, Wnt3. Wnt3a.Wnt8a., Wnt8b.,Wntl0a. % / B¢ Wnt10b.

[o112]  FERELESC 7 2N, % Wnt a2 400 R Wnt 25677, HiZz Wnt Z567 RIuik. £
— LS 7y P PR REAUE . ATy P P R RE DU . fE s
it 77 S, iR Rk A TR . 7R sy U g RN UE . £ty X
W iz SR RADUE . AR T P PR R TeGL Fifk . 7ERELLSTif Ty s, i difk
R 162 Puik. ARty b, ZPUiE RS IURS GO ik v B, £ sty
A ZPUER R AN BRE SRR B0 7E— R8sy U iIZ PR R AU R PR T 2
SePEBUAR . fE— sy U, ZPUE R E AR R A B G . AE—Lesi gy Sp ik
RETE . fE—Lesuj 7y U, bk R B,

[0113] AR Wnt 4557 (Bladuik ) e kg A ] i AR SCRTIA I T FZD 45
A 77 B2 AT L ATART 7 VAR

[0114]  Z8BR UL, Hidk5 A Wnt A HE R PESS A TR A ELTSA W 5E o ELTSA 52 A0 5 v
U, UL AR 96 FLAE AR LR, ¥ In-5 nlAS I A6 & V0 i e A (5 AR g
AACBT B R IG ) G 1 Wnt Z5677 (Blndutdk ) LR, 98— B e, kil 5 1%
PURLE A Wnt 455 RIAFAE . AE— L8527 20, 1% Wnt 45 SHUIEBGHASS AT 4k
G A, TR IR AZ Wnt 455 TUEBGRIEIUA I S Ak (Bl Fe itid) A
Uit 7E— 2SR, A DAbn 78 LR, o2 PA Wnt 5GP sion e fLRE, IF
T INPUR 2 %L 08 AU E A SR N A A S —Piis . s AN 7
W HRNIE T 2B R AR I &/ B A TS 5 25 DL A AT A8 F () ELTSA () HoAth AR & .
[0115] 7B —S&Hirh, $iiik5 A Wnt & E IHF 7 456 7] M FACS JI5E « FACS fiffi e Il &
AL E 7] cDNA B2 A LAR IS ARG 8 0 0 Wz W e 2 i b (55 %
ISAEA ORI, {11 Wnt 255 PR 5L M AMIR A, FERE = — B IH) . 4% Wnt 256910
R4 A M v R A5 al R AL S A I bk (Bl PE 284 199 Fe udk )
WA 3 HT R A o IZAEE AR T T T AR S DA SRS T FIE 5 S D R A
AL (Bl AR ) 1) FACS B4

[0116]  Wnt 255 R SHUE (BlWnt EE) RGN, Pk - PR A8 B R B R
R, AL H S R MRS A e YoE W B T FZD 455 7% .

[0117]  AERLLSLjE 7 b, % Wnt 45 5 R RPTEMESAR . AR LS 77 0, 1% Wnt 455
LS FZD S2AR B A M AME . £ — 28t U7 20, % Wnt 45 5508 FZD SR Fri 45
Pdg e AE—2esin )7 =0, B8 FZD Fri &5 M8 m] Y5 P 52 A AR 3R T4 &% 58 % FZD ECD
RIS AR T BRI e (Bl mEa ) EAEREIHTH— P H
KB (PEG) BURA M (PEO) ALt K . AERE R s 77 30, % FZD AR A

27



N 105073195 A W OB P 20/74 T

FZD B 1. fEREEe sty =0, 1% A FZD & [ & FZD1. FZD2. FZD3. FZD4. FZD5. FZD6 FZD7
FZD8. FZD9 B FZD10, W] &V FZD 5244 (1) A BR i 4 S 49 m] WL T35 [ LRI EE 7, 723, 477 J¢
7,947, 277 B K EELRAFE 2011/0305695 1.

[o118] A FZD1 % 10 EE & F T Fri 4538 R #2455 SEQ 1D NO:13 & 22, A
FZD1 % 10 S A &3 AN &/ Fri g5 R 5244 SEQ 1D NO:23 & 32, i8S+
NSRS TR RS Fh Fri @3 s U1 205 e 1 T nl e i . Rk, ok R ARSCHTIA )
SERPI N 35 Nz / B C ] E KB AEHT 1.2.3.4.5.6.7.8. 9 B EL & 10 N IERE

[0119]  7ERELLSLE T A, i% Wnt BSAFAEE—BEZ A Int EEASEAMA FID &4
(¥ Fri 453, B Fri 453 Fr BB Sk o 7t e s 77 =0, i A FZD 8211 & FZD1 .
FZD2.FZD3.FZD4.FZD5.FZD6.FZD7.FZD8.FZD9. B, FZD10. fFH:sbseim 7, i% A FZD &
I & FZD4. 7EHREesnii 7y 30, % A FZD 2 A &R FZD5. fE5-48stif /7 =0, iZ A FZD & A &
FZD8, fER-Leszii /7, i% A FZD 85 A £ FZD10. 7Edteseiiiy R, i% FZD & A & FZD4
HiZ Wnt 455745 SEQ 1D NO:16. 7EXEEEsz)ii =\, % FZD & (1 & FZD5 HiZ% Wnt 45
AR SEQ 1D NO: 17, 7EMEEEsTif 7y s, 1% FZD 82 & FZD7 HiZ Wnt &5 7184 SEQ
ID NO: 19, 7ERuesrifEJy 0, 1% FZD & 11 & FZD8 HiZ Wnt Z54 7184 SEQ 1D N0:20. 7
Heeseiy i, i% FZD 85 A & FZD10 Hi% Wnt 45477604 SEQ 1D NO:22. £ Lbsejifi s
o, 1% FZD E A % FZD8 HiZ Wnt 454 71404 SEQ ID NO:33.

[0120]  7E—L85C)i )y N, % Wnt £ G105 Fri 43k, % Fri 45 W3E5 FZD1 (SEQ 1D
NO:23) 8/ Fri Z5#918. FZD2 (SEQ 1D NO:24) M/ Fri Z5#448. FZD3 (SEQ 1D NO:25)
(¥ 8¢/ Fri £584938. FZD4 (SEQ 1D NO:26) [/ Fri £5#438. FZD5 (SEQ 1D NO:27) K/
Fri £Z5#J3%. FZD6 (SEQ ID NO:28) [¥fx/) Fri 45418, FZD7 (SEQ ID NO:29) [f1fx/IN Fri 45
T35 . FZDS (SEQ 1D NO:30) ff/) Fri £5#4938 . FZDI (SEQ ID NO:31) ffe/) Fri 4 #4358
FZD10 (SEQ 1D NO:32) [¥&%/I Fri 5838, 76—l )7 x0H, % Wnt Z56 7185 Fri 4514
I, 1% Fri Z5#93868,5 FZD8 (SEQ 1D NO:30) (W& Fri 538 .

[0121]  7E—2esLji 77 P, 1% Wnt Z56 718 Fri &3, 1% Fri £ M3E8 M L H FZD1
() Fri M3k, FZD2 1) Fri Z5M38%. FZD3 [f Fri &5M38. FZD4 [ Fri &8, FZD5 [ Fri
ML FZD6 [ Fri Z5H3. FZDT 1) Fri 5H38 FZD8 [ Fri 5K FZD9 [ Fri 4564
B FZD10 [#) Fri Z5M A . 76— 285877 s, 1% Wnt 455576 & S8t il FZD8 (¥ Fri
LEMIR A R Pri S5 F38

[0122] 72857y U, 1% Wnt S5 5 A SIE B T A7) :SEQ 1D NO:13, SEQ 1D
NO:14.SEQ ID NO:15.SEQ ID NO:16.SEQ ID NO:17.SEQ ID NO:18.SEQ ID NO:19.SEQ ID
NO:20.SEQ ID NO:21.SEQ ID NO:22.SEQ ID NO:23.SEQ ID NO:24.SEQ ID NO:25.SEQ ID
NO:26.SEQ ID NO:27.SEQ ID NO:28.SEQ ID NO:29.SEQ ID NO:30.SEQ ID NO:31.SEQ ID
NO:32, J SEQ 1D NO:33. fE—2esji 5 X, i% Wnt 455788 Bl SEQ 1D NO:20
YRR Fri g5M38. 78 —28s2jii A, 1% Wnt 454 748 & 52 i SEQ 1D NO:33 4kt
Fri 2548

[0123]  7EHELLsE 7 20, % Wnt A FIE SRR FZD Fri Z307 7T —& A2 R
i, RAS—s 2 (Wn— = =00 S B T A5 IR HEE # HLBES Wnt

HAS A
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[0124]  EHELESE T 20, Wnt 45655 (B0 3 A FZD 32481 Fri Z5H380055)) Has
4k FZD Z K. fE—2esuii 7 =0, FZD mlyE Mz Ak n] G 5 HoAh 3R FZD Thee Ptk e 5Tk 2
FRIEHEN FZD ECD BR Fri Z5 8938, 1%554E FZD Thee It Je 45 M1 2 IR 4R E AR T A Fe X .
FANZE (H1 mye FLAG.GST)  HoAth 5 M & A1 B ER (A 1 B, BT AT HAth v FH 1 22 1 P 31
AFELE FZD ECD B Fri &M 5 8 = 2 K2 WP EEF X o AR5 st 77 209, 4R
FZD Z K& N Fe Xo 1% Fe XA AT — 2R R G BRE H 1 1gGTgA  TgM.IgD & IgE 3k
2o AT A, % Fe KRN [g61Fc X 7E—2esLjfi 7 U, 1% Fe X R A 1g62Fc
X o fE—Ssefi F i, % Fe X R4 AL Fe X, fE—BseiiF R, i% Fe [X R Al Fe
X o 782852 5 20, 1% Fe X1 N i REEHE 1.2.3.4.5.6.7.8.9 BL 10 MR (]
WITEBBE S M) o 70— 88 ST 77 30, 7EBCRE 45 M 2 2 IR R 4 5 DARE L AE BT AR W
TREE o AE—Susifi 77 20, IR R R 20 24 R R & e DA PELAS B BEL L A BT i XU 48 7
o FE—2sifE 7, 1% Fe X1 C i R 1.2.3. B 2 NAERR . 78— LesLjE )y
X, 1% Fe X C i RAEM | NMEER. 7Ry =01, %3E FZD Z K4 SEQ 1D
NO:34. SEQ ID NO:35. SEQ ID NO:36. SEQ ID NO:37.B% SEQ ID NO:38. fEH:-tbsiifi )y =
i, %4FE FZD 2 Jiksz)i b i SEQ ID NO:34.SEQ ID NO:35.SEQ ID NO:36.SEQ ID NO:37.H{
SEQ ID NO:38 ZHif. 7EHLEsif s U, %Ak FZD 2 k)5t i SEQ 1D NO:36 B SEQ 1D
NO:37 4 Ak

[0125]  FEFELLsLi 20, Wnt &5 5 RE S FZD 24K 20—/ Fri £5MI85 — Fe
XA EA . ASCHEHN “BEEA” REQHZE D ZMERZER T IR 5
FRIAMREEH . E—8E T U, ZE— 2 K0 C R 5% 0SBk E A Fo XHY N ¥y
HEfE, Ay e, %82 0K (BN FZD Fri 454048 ) R15% Fe X B (HD
AEHAIRERT ) o st 70U, Z B — 2K R 5% Fe KA HEETHE.
[0126]  ASCATHRIHE“EETFRIBBAE — 2K (B0 FZ2D iy ) 5% 2K (Ha
Fe X)) ZBMERT. F—8smif U, ZiEE T RIKEREF. EEFARNA REZZ
Z IR A B s 1 o 1 NA BB M B AN RS R i OB & Y T R
A AN BTN, 0 AR H R R M 2 BRI R A, FL ARG e A R 4 BRI
QIR . HAM AT AIN T ] G 2 A IR O S AR N ARV AL GRS
Bl vz, B0 1 2 50 MEERKE 1 B 22 MEERKE L 2 10 MERKE. L &5
TR LR 1 & 3ANAERKE. S RAFEEART SerGly. GGSG. GSGS. GGGS,
S(GES)n Hidn B 1% 7.6RAEE (Gly) B (Ala) \ESGGGGVT (SEQ 1D NO:57) \LESGGGGVT (SEQ
ID NO:58) . GRAQVT (SEQ ID NO:59) . WRAQVT (SEQ ID NO:60) Az ARGRAQVT (SEQ ID NO:61) .
AT EE T ZRAEFSRFZE— 20K (B0 FZD Fri 453 1 CimEii%sE — £
JE (It Fe X)) BN I ) B PR R AL K A IR F 51

[0127]  AE—2850jf 77 S, i Wnt 455 7168 FZD Fri £k Fe X JOEFEZ FID Fri 45
PS5 1% Fe XIEE:F . 7225270, % FZD Fri 53884 SEQ 1D NO:20. SEQ
ID NO:30.B% SEQ ID NO:33. 7E—28sLifi/y :rh, %+ 7 ESGGGGVT (SEQ ID NO:57)
o LESGGGGVT (SEQ 1D NO:58) .

[0128]  7E—UE5jf 77 sUH, iZ Wint 56 B EE — 2 KAE 2K, ZFE— 2B E SEQ
ID NO:13.SEQ ID NO:14.SEQ ID NO:15.SEQ ID NO:16.SEQ ID NO:17.SEQ ID NO:18.SEQ
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ID NO:19.SEQ ID NO:20.SEQ ID NO:21.SEQ ID NO:22.SEQ ID NO:23.SEQ ID NO:24.SEQ
ID NO:25.SEQ ID NO:26.SEQ ID NO:27.SEQ ID NO:28.SEQ ID NO:29.SEQ ID NO:30.SEQ
ID NO:31.SEQ ID NO:32.8%SEQ ID NO:33, %5 -2 Ik 7 SEQ ID NO:34.SEQ ID NO:35.
SEQ ID NO:36. SEQ ID NO:37.H{ SEQ ID NO:38, iz — £k R 5% £ kEEE
o fE— L8 7y U, 1% Wnt 255 M S A SEQ 1D NO:20 (&5 — 2 ik &7 SEQ 1D
NO:34. SEQ ID NO:35. SEQ ID NO:36. SEQ ID NO:37.8% SEQ ID NO:38 [ —~ % ik, 7E—
Be 5t 7y 20, 1% Wnt 45 5708 A9 SEQ 1D NO:20 55 —Z Bk S84 SEQ 1D NO:36 0%
SEQ ID NO:37 {58 2 Ik . £ — LSl /7 20, iZ% Wnt £54 16,7 S L SEQ 1D NO: 20
SIS — 2 Ik XS5 - SEQ 1D NO:36 B¢ SEQ 1D NO:37 L5 2 k. /& —LLsji
0, 1% Wnt 255765 5 SEQ 1D NO:30 55— 2 ik S 494 SEQ 1D NO:34. SEQ ID
NO:35. SEQ ID NO:36. SEQ ID NO:37.E¢ SEQ ID NO:38 fI5 & k. 7&E—Les2iEy =0,
% Wnt 45575 A5 SEQ ID NO:30 8 — £ ik 2407 SEQ ID NO:36 B¢ SEQ ID NO:37
M =2 K. fE-—esjfi /20, % Wnt A 7IES A SEQ 1D NO:33 2k A A
47 SEQ ID NO:34.SEQ ID NO:35.SEQ ID NO:36.SEQ ID NO:37.E{ SEQ ID NO:38 (K4 —%
Ko 7E—Le52jif 77 20, 1% Wnt 255 FM 5 A5 SEQ 1D NO:33 (8 — 2 Ik &7 SEQ 1D
NO:36. SEQ ID NO:37.8¢ SEQ ID NO:35 HI%E £k, fE—esefiir R, i% Wnt 455706,
P :SERT FH SEQ ID NO:33 AR5 — 2 ik X SE T SEQ ID NO:36. SEQ ID NO:37.5%
SEQ 1D NO:35 L5 2 k.

[0120]  7E-—2E5L) )7 N, &% Wnt &G FEGHE - ZRAE 2K, Z5E 2 KA 5 SEQ
ID NO:13.SEQ ID NO:14.SEQ ID NO:15.SEQ ID NO:16.SEQ ID NO:17.SEQ ID NO:18.SEQ
ID NO:19.SEQ ID NO:20.SEQ ID NO:21.SEQ ID NO:22.SEQ ID NO:23.SEQ ID NO:24.SEQ
ID NO:25.SEQ ID NO:26.SEQ ID NO:27.SEQ ID NO:28.SEQ ID NO:29.SEQ ID NO:30.SEQ
ID NO:31.SEQ ID NO:32.8%SEQ ID NO:33, %% -2 Ik7 SEQ ID NO:34.SEQ ID NO:35.
SEQ ID NO:36.SEQ ID NO:37.B% SEQ ID NO:38, % — £k R HE B F51%ZE %
IRIESE . AE— st K, X Wnt 54765 85 SEQ 1D NO:20 HI5E—2 Ik A7 SEQ
ID NO:34.SEQ ID NO:35.SEQ ID NO:36.SEQ ID NO:37.B{SEQ ID NO:38 & £ ik fE—
Be st 7y 20, 1% Wnt 45 578 94 SEQ 1D NO:20 55 —% Bk S84 SEQ 1D NO:36 0¥
SEQ ID NO:37 5 2 Ik . £ — LSl /7 20, iZ% Wnt £54 56,7 S L SEQ 1D NO:20
HSHI S — 2 MK XS5 -/l SEQ 1D NO:36 B¢ SEQ 1D NO:37 45 2 k. /& —LLsLji
0, 1% Wnt 455765 5 SEQ 1D NO:30 55— 2 ik S 494 SEQ ID NO:34. SEQ 1D
NO:35. SEQ ID NO:36. SEQ ID NO:37.E¢ SEQ ID NO:38 fI5 & k. 7&—LesZiEyy =0,
% Wnt 547545 A2 SEQ ID NO:33 (R4 — 2 Ik & 494 SEQ 1D NO:34. SEQ ID NO: 35,
SEQ ID NO:36.SEQ ID NO:37.B% SEQ ID NO:38 [{45 — £ k. 7E—Lsitiy R, i% Wnt 45
AR A SEQ 1D NO:33 [ — 2k A% SEQ 1D NO:36. SEQ 1D NO:37.8k SEQ 1D
NO:35 %8 — 2 k. fE—Seseiti )y R, i% Wnt 455749 & 52/ b SEQ 1D NO:33 4o/,
[ 85— 2 Ik J2 Sz b SEQ 1D NO:36. SEQ ID NO:37.8% SEQ ID NO:35 4R Es — £ k.
[0130]  7E—8sfiy b, ZWnt A FEEFE 2 RAE 20K, ZFE—2 K5 SEQ 1D
NO:13.SEQ ID NO:14.SEQ ID NO:15.SEQ ID NO:16.SEQ ID NO:17.SEQ ID NO:18.SEQ ID
NO:19.SEQ ID NO:20.SEQ ID NO:21.SEQ ID NO:22.SEQ ID NO:23.SEQ ID NO:24.SEQ ID
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NO:25. SEQ ID NO:26. SEQ ID NO:27. SEQ ID NO:28. SEQ ID NO:29. SEQ ID NO:30. SEQ
ID NO:31. SEQ ID NO:32.E% SEQ ID N0:33 HA %/ 95% (M, &5 2 KE5 SEQ 1D
NO:34.SEQ ID NO:35.SEQ ID NO:36.SEQ ID NO:37.B%SEQ ID NO:38, HirpiZiE—Z kR Y
ZE 2R EEER. £y AP, % Wnt SEFMEE 5 SEQ 1D No:20 A FE /D
95% —F RIS — 2 ik A9 5 SEQ ID NO:34.SEQ ID NO:35.SEQ ID NO:36.SEQ ID NO:37.
B¢ SEQ ID NO:38 [ =2 Ik, fE—28sji /70, 1% Wnt 45551482 « 5 SEQ ID NO:30
HATE A 95% — 3Pk 8E — 2 Ik S8 2 SEQ 1D NO:34.SEQ ID NO:35.SEQ ID NO:36.SEQ
ID NO:37.8¢ SEQ ID NO:38 U5 —Zfk. 7E—2stiii/r =0, 1% Wnt 455716 : 5 SEQ
1D NO:33 B &/ 95% —HMERE— 2 KA H SEQ ID NO:34, SEQ 1D NO:35. SEQ 1D
NO:36. SEQ ID NO:37.H{¢ SEQ ID NO:38 {5 £ ik,

[0131]  FE—28sCp 7 N, Wt AR EHE 2 RAE 2K, %% — 2K 5 SEQ 1D
NO:13.SEQ ID NO:14.SEQ ID NO:15.SEQ ID NO:16.SEQ ID NO:17.SEQ ID NO:18.SEQ ID
NO:19.SEQ ID NO:20.SEQ ID NO:21.SEQ ID NO:22.SEQ ID NO:23.SEQ ID NO:24.SEQ ID
NO:25. SEQ ID NO:26, SEQ ID NO:27. SEQ ID NO:28., SEQ ID NO:29., SEQ ID NO:30. SEQ
ID NO:31. SEQ ID NO:32.3% SEQ 1D N0:33 HA %/ 95% —5 Pk, %5 ~ £ & SEQ 1D
NO:34. SEQ ID NO:35.SEQ ID NO:36. SEQ ID NO:37.3% SEQ ID NO:38, i iZE— 2k &R
SHEEF5EE 2SR, A7 U, % Wnt 45767 5 SEQ ID NO:20
HATE D 95% — 3Pk 8 — 2 Ik S A2 SEQ 1D NO:34.SEQ ID NO:35.SEQ ID NO:36. SEQ
ID NO:37.B¢ SEQ ID NO:38 U5 —Zfk. 7E—sLiii =0, 1% Wnt 455765 : 5 SEQ
ID NO:30 B %/ 95% —HMERE— 2 KA H SEQ 1D NO:34, SEQ 1D NO:35. SEQ 1D
NO:36. SEQ ID NO:37.B{ SEQ ID NO:38 [{55 £ k. #F—Lesjiiy 2, i% Wnt 54570
P 5 SEQ ID NO:33 HA £/ 95% B EE-— 2 Ik A 8% SEQ 1D NO:34.SEQ ID NO:35.
SEQ ID NO:36.SEQ ID NO:37.3% SEQ ID NO:38 55 £ ik

[0132] FZD EAES I FREABRNGE ST FE9F5 (XRESIKBHET2/75)
BT B Z IR N sme EA51 %2 IR A 5T W HAZ 58 B4 5 R R R L 1T,
51 G L 25 P DAY 50 72 i) 240 1A 508 4D B 40 B 1 SRS B o W R A AR . K95 5 17 71
EEAKBEENRMG, #HE KBS ZEATE . B iZ2RKIENZESFIEE K
AT @B T VIR, HERTZE 5PN 2R . BRE T A —MrE
EIEIRL i, AR 5 IRBE AT BB TR0 &/ B — N BA BB 8, S E0Z 2 A R N
Uigo 28K UL, 1 HAE 5 0N A B I PT B 5 7] SR A AR N im 2 BRI 2 IR0 2
Ko BRI, £E—28sgpit 77 NP, AR SCHTIA B 2 K] G0 & A AN A N um i 2 IR A . £
— it R, 1% N SR AR E A2 1.2.3.4.5.6.7.8.9.10 BUH £ IEMR . 75— ULl
773 i N o A A 22 122,34 B 6 MR . AE—2LSLil 7y s, 1% 2 IO S B4
A, Bz 2 IR BA A R N i AE—2eskii )y Xrp, 2 2 IS 5 a8 — 8B4 (Fla
— VRSB VSRS ) HAERRE S/ B R . A2 sy U, %
Z RIS S PP S AL — DU S il 3 BB AT R e % / SO, #E
BOHA PN o SE 5T FAH [F 2 K

[0133] 7R85y A p, X Wnt B4 FIE &% B NIRRT 5] :SEQ 1D NO:39.SEQ
ID NO:40.SEQ ID NO:41.SEQ ID NO:42.SEQ ID NO:43.SEQ ID NO:44. % SEQ ID NO:45,
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[0134]  7EHESEsfiG 7y 30, 1% Wnt 45577405 SEQ 1D NO:39 HF51., 78 K85 7 =

INSTU VSR RFIEE B AR 7y U, i%5FM & 5 SEQ 1D NO:39 Ay #/04)
90% %1 95% B L) 98 % [ 5| —EMER 51 . A2 s 20, SEQ 1D NO: 39 fAR Ak
PFHE-EZ A Wnt EAL AR

[0135]  7EHRELLsL)E 77 30, Z Wnt 45414 SEQ 1D NO:40 [P %1 . 75— 28 st 7 =0,
ZWnt 5457 & SEQ 1D NO:40. 7ERELeE AL 77 209, A & SEQ 1D NO:40 [{))F

Her szl 7y b, A5 SEQ 1D N0:40 B E /0% 90% .2 95% BLZ) 98 % J3F1— £
A . AR e 20, SEQ 1D NO:40 (A8 k4 H 5 — B2 i A Wnt AL S
[15E

[0136]  FER-LLsLE Ty A, % Wnt 455548 SEQ ID NO:41 K731 . 78— 2Lt 7y 0,
ZWnt 5457 % SEQ 1D NO:41. FEREEeE A7 209, A & SEQ 1D NO:41 {))F

Fre s 7y 20, M 5 SEQ 1D NO:41 HAZ /) 90% .45 95% (BLL 98 % 7751 — 5L
W) A sesfiJy R, SEQ 1D NO:41 A8 A4 G — s M A Wnt EALS
[15E

[0137]  fE—2&5) 77 20, % Wnt 455 71 R OMP-54F28 ( MUFKR 54F28) o 7E— 2L s 75 50
H1, 1% Wnt 456774 & OMP-54F28,

[0138]  FEHELLSLf 7 2, Wnt Z55 7 R 2 0K, HAW & B SEQ ID NO:39.SEQ ID NO:40,
SEQ ID NO:41.SEQ ID NO:42.SEQ ID NO:43.SEQ ID NO:44. Az SEQ ID NO:45 {7
B. XS R, %2 I S E SEQ 1D NO:39. SEQ 1D NO:40. f2 SEQ ID NO:41
M E G 7 7. AE—2esi )y s Urp, 2 RsSe i Bk A R 2 R R 7 5 2H R :SEQ 1D
NO:39. SEQ ID NO:40 2 SEQ ID NO:41, 7EF-28sjf /iU, iZ 2 S SEQ 1D NO:39 )
QAT 225 )y U, Z 2 A SEQ 1D NO:40 FE LR 77, 785 LL 5L
T, Z 2 R A SEQ 1D NO:41 IR 77 . 7R R L5 77 =0, % 2 I SEQ 1D
NO:42 2 BT 1o AEFE skt )7 20, i 2 IR SEQ ID NO:43 F2 M 7. fE5E
Se s 77 A, 1% 2 KA A SEQ 1D NO:44 LRGP, fEREse sy b, 2 A&
SEQ ID NO:45 [ ILRR 3,

[0139]  FE—uEsjifi 77 :Urp, Z 2 K R SLi L 2aifb &% E SEQ 1D NO:39, SEQ 1D
NO:40. J2 SEQ ID NO:41 [HREBR T %2 K. /£S5ty =0, 1Z 2 Ik RsE i &gt
(W48 5 SEQ ID NO:41 B2 ik . fEREEe Sy X, 1S EAai b 2 Ik R 2> 90% 1)
HAT ASA (1 Ny P B 1 2 BT . 7E— L8t 7 xUh, e 2 IS B8 m L AEA
— N I 7B I8 iR 2 K= 015 5 7 51

[0140]  7EHELESNE T F 0, Wnt 45 G5 S sk E A1 Fe X o ZAUBEAR N U/ T #,
AR s SRS R G A, AT BA KL R S I P AL S R AR BUR & K
A 18 2 X B A 8 A, b 2/ 310 Fe X RZM Rk LAt 7 20028, DURBLTAR I
AEAHRAE , 51 013 e 0 L 5 A5 35 e g 2 3 9/ T3 e S L B I i e A L X Fe
X e ] ge AR I MR BB e — B 2 AR B — B AN R . AR SCHTE R )
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LR R H A n] Re R B A B E A5 A — B (CH2 BR CH3) BN BLEE X
AR A . A AR 3, B CH2 SERIE AT A BR (A CH2 JAER ) o £ — 225Kl
JraH, iz RO TR E X S5 IR R IR AR 7 (B0 10 4> aa Sl ) B, DGR IEE
IR X I T I — 0 5 Rt

[o1#1] 8 s Uy U, BRI R G B A R A DUELIR SR CH3 Z5H 5 124K
BEIX o A8 HAh Sty 3 JIR 8] B 5 Bl AN B X 5 BRI CH2 K/ BR CH3 S5 18 2 1] o
2R, Horp CH2 S5 Mg v LI AR 1) CH3 5 fsk (&BiiskR&&1h ) R 5 £ 20
NRASEIR I b 55 BOE X VERE A AAAA T4 RS o IR B 5 T AR I AR ORAELE X P 1
TRl LERF B ORI, BOZECBE X YERFn] 25 3T o SR, RIVE B A IR W) B 1 7E — 21 Sl v
A BRI SR S S e, BB RISz M AR AR Tk S SR DRI, AR e St 2K
o FEART NN A A S 1 18] B8 R AR R A S B DAY FFiZ R & 8 A R TR AR PR
[o142]  ££—BL Sy s, IZ LB R (Y Rl 5 2 1 A RE AN LA 18 5 254 PO 78 2 T o B .
B BEH R IR . 28K, AE CH2 25 My S e 15 X g ) B — B R R R AR W]
RE R LASE i B/ Fe 454, PRIURHE @ 4n i e 7 K / B 5738 . SRAbU, Pk i) i
MR i%— B2 AMEE X Ak b P RS e AL B Be (BIangMA Cla 4565 ) BUBEar . ixfEE
DX R332 1 5 5 R0 e BT TR (B iy 3 30 ), R OR B At 5 1% 32 e
5E XA IS A RN PTIIRE . Si4h, i BRIk, iz#nil & A MEE Xl 2l —
RS IR ) R AL BUE BB R A BEZ Y B AP RRF IR o A1 1 R] BEPL AL B AR ST RS &
Pr R TR BERIETE (BIA0 Fe 454 ) , [FIN SEf L 4EFFZ A2 10 IRl & 8 A ARG & S i
PERFPE. RISty A, IZ B EL S = A A SN B2 DN E R R AEE X LA
EFTAICRFIE T Gk D B N A . D e B 11 5 2 4 M3 3R B oK AL S D IE AL A

[0143]  iZ&UK LRI RAEE X BN BRI LRI BE . 2R UL, AMEI CL k5 (45 f
TUR ) TeG B TeM JUAR Fo XZ5 AR ALIZAME R Gt. AMAETE 10 T 24009 54 1 18 32 4
L 2O B AMATE L IRRIEOR 28 SRz, HARS A G AT 0. IR, uysesk
HAM Fe X7 531K Fe 324k (FcR) B4I4S & . A5 Fe 2R A FRRM B TiE R A
Frrh, B4l TeG (v 3248 ) . TgE (e 3248) . Tgh(a 3246) J TgM(n 324K ) o Jiik 540
RIE L[ Fe SR L5 5| K 2 P i 2 H 2 A8 [ AW SR, A 475 B Wit S BB B4 A 7 R 775
Y B AR B T VA R e pU IR B R AR A I R TEUR R A i AR B S d5
FERRE A

[o144]  FE— 2Ly 2Urh, B R Bl & B2 PR S48 RUAR RO RN D E , DRI T S50 1% 4%
TR DR E . 2R UL, 48— 22 sty X, MBREAS S (L R AR BHAR T i )
fE5E X S5 AR Rl DA A th AB U 1705 Fe S2AA 4SS 4, DR G In e 40 i e 7 K / B
G FEHA SRy A, A5 52 XAB UG N B0 7 1 M5 5 . AR 2S5, 48
5E X AR Z A AT B U S B M

[o145]  fEICELSEt Uy 30, LB Al & 8 (A ERAT B A IEF 5 Fe [XA7 R R
R . AE— LS Ty a0, iZ A BT R4 G PEAR = 1% (ADCC) & TR A% / BiAS
HAMEKI RGP (CDC) TR AEIEESKt Ty s, A5 1% Fe 3248 K/ BukhMA A
THit. ERESLHETT A, %A R AN TR

[o146]  7E— ULl Jy U, A SCATAR M Wnt 25670 (BIAnml st s2 4k ) REfBim g
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Gagir JEVE . T, X B B RAE IR T IR, 1540 58 A E R B A g ONAR 2Dk
AL BRI, BARVFZ B A B A S 5 R R BLE FE PIA A 0 22 Bk 3, Bokbia T PERL &
A C BRI b B e k. 78— lied, B85S FIRAS A DRI
MM RIS & AE B Gg 5. Rk, 68— 8szji 7 A, AR Z Kk REEHiE
TS B LA G2 R 1 o AE—BE S T SN, BT SR 2 Ik T 4 A / BB 4R s
MAFAE. T T ARk B 40RA R U K / BTN, ] i 2 IR AT 800 (510
AR E W) UIIELEEIRZERA . SPmT T H00 T 408 % / 8% B 40 fr (1) 5%
Btk 2R AR BT A . a0, BOEFRSE SYFPEITHIWHLA Bind.PEPVAC.RANKPEP.DiscoTope-s
E11iPros X FiikZRfr 7l (Antibody Epitope Prediction) % A ARl ELTE.

[0147]  fE—2852jfi 7 s, AR R R A —Fh 7 AL A AR SCHp BITad AT AAT Wt 256551 (g4
AIVETESZAR ) B2 IR . A8 —Se s 77 AP, AR B3R, 5 A ST P BTk IR AT AT Wint
GEAT) (BIINTTE AR ) SR BRI AW . sz )y 0, S A WE S £k, Hp
% /1 80%.90%.95%97 % 98% 5% 99 % (1% Z I H A ASA 1 N 3y 771 o 78— 4852 7y 30
i, ZHAMA S 2 MK, b 100 % 1% 2 IR AT ASA [ N i /7 71 o 75— L8 77 20, %4
EME Z K, o 2 80 % % 2 Ik L AT ASA IO N 35 /781 o AE— 82 7 b, %405
A2, Hoh &0 90% 1% 2 KB A ASA BN Im P oo 78— sy h, A 6 Ma s
Z K, Hh &2/ 95 % %2 IR A ASA 1 N 57 51

[0148] AT rR I 2 KRB 2 K RIRZ IR BUE A E IR o AE ARG P a5 A K ]
¥ — L G L IR 7 B ] AR AT AN 23 00 12% B A B S5 P B DD B i Al i 2 5 . 5% %S B
(¥ 22 5, BICAEAE & (A oA Yo ib M B 22 X k. DR bk, AR R B O 68 22 K 10 A8 e A
A8 AR S N SE S PR BB FZD 88 I XIS, B an AR SCRT I i S A4 iR
AFEM AN B E R R E

[0149] MR, HARN RS RHNRAERE BN EIRLT 2R, %L T LR #H.
FEHE 28 52 it 77 2, TATATT 45 5 (1 ] 3 PR A2 A4 22 Tk b 1) B e ) B A 2 i 5040430,
25.20.15.10.5 5% 3 /N

[0150] & FHK & Ji, P AT AR & BH ) 22 IR 1 B BB 40 BAF™= il R B2 4 K 22 Ik s ERTt, ]
i A BB R =i Z A K 2 IR ik . 2 BRI A BREGE 3 7R Bkl “ BE A By B
“ZIERB

[0151] AKHK“EARBRRES—HEMA It EABR—HEZFAFID EALSGEGHE
I B AR . TRty b, %A B — B2 A Wnt SR B A m M. T
e s g AU, A BN — B E AN FZD SR A SRR . ARSI Wnt A
FIRIRELL B R A B, HAS S50 skE A mEE X (FlanFe X)) MED—0EE
(K] FZD B (I MA X I E D —8 4 . ZE A R B G MR /-T2 10 "% 10 M, &
SRAZSEAE TR B AR /N 2 84 (A F 10 "8 10 BW) o TRt 20,
W BURAC B N2 100 224 200 SRR HA S 5 %% BREE 1 IR E X 1 2 /b — 3 4142 1)
GEE BRI

[0152]  7E—L&50ff 7 AN, i% Wnt @A HIGRI R Z wbEdiik. 2wk duikn F AT T
BT IER & o AR T S, 2 e B DUIA RS R DUBOGBR PR (B an 2 ik i ik
REGAKEHEABRAGEN) FIH 2 E R NEEkE N Es 7 ey (. oK
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BN IRV BP) 7l R AU AT RO PR S BN A, 1 ARSI DL EE = (KLH)
BUEAEA. ZIURE (ARALBGREAR ) RETEH KM, Hilw 5450 (4l
FEAEMA TR (Freund’s) #5/]) A& LIEREEE LK. L 2% H G, 3iZ4 %
PRSP MR K/ B K B 22 e B AR . 1% 22 v B A T AR H i U R A U V2 B 1L
TEBUEK A, %5 A AR EA R T M E T 28 28 oAds v vk Soa&E T

[0153]  £E— 2852l 7y X v, 3% Wnt 38 42 40 60 770 5 58 5o B A, BR o BB 044 R R A
BB AR N BB R0 2% 22 T iR & (WL Wl Kohler and Milstein, 1975, Natu
re, 256:495-497) o £ LSt Uy 2, A FH AR SR 01 AR /N R O SRR HAROE 4 1 B0
Wzt BRI iR %, U R filKG 5% e v s e R4S & RO ST Ok 4 g . 72— 28sK
Jit 2, W AR n] TS (in vitro) S, fE—SSZiE )y U, iz ks s Al oy N &
S B =i (O S ™= 459 iy s W R 7 AP A N VR NN W= D B

[0154]  7E 5 J, Ik 40 i 2R 2 70 8 JF R FH 49 40 3R & B 5 0 =4 1) i i R 4 i AR
B> LU B 26 AT 5 R Bl 1) bk C2 400 i A B 5 e A N 20 88 ) R S R A M o 7 AR e
FEHLE 7E U5 0 5w B B A 1) 2% 22 98 m] R 22 R U5 iR A, i S DB AR E AR T
FEVTVE G g5 PO IS S AR Ab 2 2 36 (90 fun ot 2K 20 e 43 B FACS. ELTSA A7 JAUSH 1 s 92 )
SE ) o SARACHR AR B UE TR TR AL (in vitro) #5H (J. W. Goding, 1996, Monoclonal
Antibodies:Principles and Practice, 3rd Edition, Academic Press, San Diego, CA), B%
TENWEARN (in vivo) BUBZKIME 77 IAH o 1250 v B LR PTAR P8 i U A AR HE 7 7% 5
B BB A IBAR AL, 2 E T AR AR T2 M 28 S - S B S AR Lk A%
o

[0155]  7EHELG s 5 X, B o R S0 A4 ] M) A U R B2 R N B RN B 4H DNA 2R
2% o Yahd BT BE SR 2 A% 1 IR & B R B A1 MBI A TR 40 4 5, 49 Tk F RT-PCR
S R 51 W LA Ve I g A iz AR 1) R SR B RN, 2 2 R E R
TR CFREARME . 2L 7B NRmEERE RN 2 R EREER CERE SR
TR, LR S G 2 JEL A AS 7 1] G B BR 2 A4 S A v KR AT B (. coli) 28
N COS 2 fie v [5 6 5% 9P 55 (CHO) 41 Jifd B3¢ ey i Jd 40 0 Js 7 ol B0 oo B Ak, 76 HiAth 52
Jit 752G, B B e AR B P Bon) [ R T AR R R R B (B B MeCafferty et
al., 1990, Nature, 348:552-554 ;Clackson et al., 1991, Nature, 352:624-628 ;and Marks
et al., 1991, J. Mol. Biol., 222:581-597) ,

[0156]  #fidh B Fuk HiAgk ) 2 % H IR m] #E— 20 DA 2 R AN [R] 7 2Ufd A B 20 DNA SR8 1, BA
P A R R A . AR SKHE T 2, /) BB S R A IR R R A TR BE 1K JELE A5t
SR A A A N AR (R A DX I AR DA ] ik B A4, BCRAAR S 2Rt 1 22 ik 4K A7 il
Ak, £y N, %S E T X R AR B R DU i BT AR 0 55 v B P A 1 P4
R B AR X 58 A B i 5 B R AR T R AT 4 FH T 04K 5 v B oA () e e P SR PR
[0157]  7E—2L52iti 7y s, % Wnt B ARAHIF R A AT . 108, ALK R b
[ CDR [F5R L AR H B A Fralcie e R A &/ B & se IR AR (ol an/N LR
B S BB ) I CDR BRI A S 3R B, 2 BARR N 2 U H AR N 72 B 50
WIERAT o AE—2est i )y AU, NGBk Er A Py HEZR X33 HE & b HAT ik 5Pk o
M K/ BESA BET BIAE NP LA (R o0 REFR B B AR A — B8 st 77 20, i NG
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M R] BE— 2D AR Py REZRIX K/ B2 BRI AR ANk N ORISR N DA, LUK
PACTUAR R e R S / BB 7. T8, S NPV R B8 S m B s —4
HAE W PN T AR G5 M3, 1270 A 45 R A0 35 T A BCSE o b P A O R AR N S 3R 1 Y
CDR, ZR 1M1 Fir A7 BRSE o1 b A7 ROMEZR X R B N S sk A 3L R e P ROAEZR X o 72— L8 S
T3 2 Z N IS O IR AT AL 5 /0 0 ) S 3R e E S X BRE 2 A5 (Fe) , il
NG 3R A B 7 o AR ST T b, 258 NI SAR 2 TR 97 A, R 4457
ENZRFIEA TR B> R M S HAMA C AH/N BRI ) SR

[o158]  FEHELLSLEy 2N, 1% Wnt @ AR R UK o A SUAR AT M) A 22 4500 AN i) 2 Al
BOR B 2 o A2 — LS Jy A, 77 i FUAREE R AR B 7K A A0 B bk E2 40 g 7 T 44
Ay e, B R] 3 R SR E S (WA Cole et al., 1985, Monoclonal Antibodies
and Cancer Therapy,Alan R.Liss,p. 77 ;Boemer et al., 1991, J. Immunol., 147:86-95 ;
J e B 5 R 5 5, 750, 37345, 567, 610, % 5,229, 275 5 ) . 76— 2852 5 N, iZ% A ik
A3 B W TE AR, i R TE AR 7 1 R R AE NS (Vaughan et al., 1996, Nature
Biotechnology, 14:309-314 ;Sheets et al., 1998, PNAS, 95:6157-6162 ;Hoogenboom and
Winter, 1991, J. Mol. Biol., 227:381 ;Marks et al., 1991, J.Mol.Biol., 222:581) . B3,
VAR T A% 8 s A3 AR AT A SR 1 2R 0 95 e ) 5 T 2 110 4 0% 33K i 1 ) AR (X465 g g AT P ik
EW (in vitro) PHI ANFUE BB 7 il S8 F oA e v 44 22 IR R Z ik T 38 [
* F| 25 5,969, 108.6, 172, 197.5, 885, 793.6, 521, 404.6, 544, 731.6, 555, 313.6, 582, 915,
6, 593, 081.6, 300, 064.6, 653, 068.6, 706, 484 & 7, 264, 963 5, }2 Rothe et al., 2008, J.
Mol. Bio., 376:1182-1200. 1% 4045k &N F 55 M1 R84 SN A0 5 H A IR T #E ¥ it (chain
shuffling) Marks et al., 1992, Bio/Technology, 10:779-783) & M RAW KA #H T
Pl R AR NP

[0159]  £E— L8l Jy 2N, N HUAR AT T A8 A G2 BR AR 2k DR] e 11 2 R %6 /0 R o )
Fro BRIEIT, XL/ ] S N GUR A i N IR PE e sk e H . WA R TR E
LR 5 5, 545, 807.5, 545, 806.5, 569, 825.5, 625, 126.5, 633, 425 % 5,661, 016 5 H1 ik,
[0160] AN IR e S RN 28 /0 —Fh A FZD B A B A D — Bl Wnt 28 1 IOUR S ME St
1 o SRR PR B AT R R R IR e 45 B 2D RN RIER AL o AN R B3R A A T4 [H] 43
T (B —AAFRRLAT A FZD5 ) B T AR5 B (fln—RA62 42T Fzps |,
—AFRRLA T EA ) o A BSLiE )y N, U SR 2R 8 v B A B R AL
i 75 Lo sy NP, U AR U B A SR — PR AR AR (B FZD B2 E) K
5 PR EL B A AR R L A L AR 5 (BT CD2. D3 CD28. CD8O B CD86) BX Fe
A& (451101 CD64 CD32 B CD16) LA{SE 20 i PR B AL il £ v T R 35 58 — U B A S FX 40 o
AE— B St 77 b, RS SUAR AT T 51 40 M PR 22 B e e A SR B R 4 . X2
TR EA BUR S5 A8 25 40 B P 5 BRSO PR % 21 25551 21 EOTUBE . DPTADOTA BX TETA
HEHE

[o161] I T+ il & BURF 5t 1 B4 1O B0 R R A% SR AR N 52 BT, LA 0 Mil T stein
et al., 1983, Nature, 305:537-539 ;Brennan et al., 1985, Science, 229:81 ;Suresh
et al., 1986, Methods in Enzymol., 121:120 ;Traunecker et al., 1991, EMBO
J.,10:3655-3659 ;Shalaby et al., 1992, J.Exp.Med., 175:217-225 ;Kostelny et
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al., 1992, J. Immunol. , 148:1547-1553 ;Gruber et al., 1994, J. Immunol. , 152:5368 ;25 [H
LR 5, 731, 168 5 I EE LR AF5 2011/0123532, XURF A PEFA ] A se BTk m ik
R B ARRMATNE SRS O diik . Ban, nll & =4 R ek (Tutt et al., 1991, J.
Immunol. , 147:60) o Pk, 7ERELE ST Ty s ISk R 2 R e 1tk o

[0162]  FEHLLLSL T S, AR SCHEA R PR (BOARZ IR ) Al SRR . 0, 763 2L
ST A FUR TS I — B AR S A %3 REeds & AR B B B R
FAro AEFLESLE Ty AP, A ST IR B 5 e MR AR B 40 R 45 5 B A BB 45 54 40 FZD5 K¢
FZD7 ( RI4E FZD5 J¢ FZD7 t A L& Re R ILHIAH R =47 )

[0163]  FEHELLSfE Ty :Uh, 1% Wnt BRG] R A S PURS S MO BUE A B ik A
Bl B 5 5 TR A A 1) DhBEBEE 77, Wl andi g i Be nl B i s 7 & . AT
FEEUAE B B SRR AR AR T R B B & KA. AR s Ty U, B
W Fr BB G HH B B R AL PR R R F (ab” ) 2 v B 7E— L8 si Jy Srp, Budd
B ALFEHE D F (ab” ) 2 BURIRUBREE BT i 1Y) Fab 7y Bto A8 HAth Kt 77 20, fidk v B
ALFEHE BH DA IR B J55R AL B A4 43— B il Fab JrBro FEIELSsTi 77 s, Jifd
BRAZHEMA M. 7E—LesgiJy 20, ik i Bt dil By BUREE Fy (scFv) rBL. Fab.Fv K
scPv fudd i Bon] 48 K W B B AR 1 32 40 i b 3658 S oy i, VP R E 7 X e B /E—
BE St 77 U, B B R B AR SO I DU IR TR AR 4 S o 28k Ui, TT R VA A
Fab 15 F (Huse et al., 1989, Science, 246:1275-1281) LA fo V5 ek 4 2k kb iR 51 6F FZD
B Wnt S A BEATAEY B B AU BURIIE Y B A Bk e e R ) SR 5 B Fab Bt /£ 2%
SEiE 5 R, iR A BRI A B R R s Uy SR, S A B R SRR R BN
PEo EFSLsziE 5 b, % Wnt BENHIF R scFve SRR AR T 7= Hx—m 2 A
FZD A B — B2 Rl A Wnt 2 A B A5 R MR Sk ik

[0164] 34U H DASLAR Fr BOR UL TR (1) 22 , AB U HUAR ARSI H 5 32 . AT 35 Hh 1)
WS HAR P B (938 = X AR KA DLAN N SRR S AR &5 5 2 r 2= A v Berh ik i, B0RS
FARRALINN IR RS PSR S AT IR 2 5 Pt i BO R o Bl TR Rl (48] 403 B DNA BRUIR
AR B AR RESLT 77 TP, PAR R B LA FLLIE I

[0165] SIS APUATNE T AKHFIEE N IR ST R B SN A
o RS PUA A VTR 9t 5 S 4 LA Bk 4 e A R (SR LRI ER 4, 676, 980
5) o INBERNZEFIRE A U R A A G AU 22 5 E TS (in vitro) il
%o AFEZEY KGRI T o 23ISR U, Ho %8 25 38 ] M) L XUR A2 88 Jse IS B FH T R Tk
AU o IRk B I IE 2550 S 605G R AR B £k A 2 —4- SR T R PR S .
[o166]  HLA K M B IS, N T il 1052 SABM Huk nT S AT 28 3 ik iZ ik 5
FrgE (BN FZD SR B Wnt S ) BRI ARIX . fEIXJ7 1, %A A2 X Al & BT A B
FEART S B AT 4 15 3 AR SRR s B R 7= il 4 e 12 B A (340 Il A D@ 30 i i) e s 2K B
IR FLBN Y. DR, & B R BRI AT AR RN A N R VAR AR KB (a2
JrAE (cynomolgus monkey) FRMESE ) BURRIR. 7E—LEsjiEJy :UHp, iZ LB Fe s Bk
AT AR X A e g X B 9 AR . A H A st 77 20, A METUA R AT AR X (Il E IR E 4E
NG ) A2 TRAECRE B M ME 3 1% 7+ B 45 G MR Bl S SR k. AEIX T 1, 7]
FH T4 % B AT AR [X AT 42 N EACERGH: FH AN NS N 2 518 7 91 DL S AT e
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[o167]  EBLELSLity b, B BE SRR B I ] AR S My I AR # R D AR 40— B2 A CDR
Lo (RN ) M HEZR DB F BB L/ B AS I AR AZ . B9k COR AT REIRH 5
HEZR DX SRR A7 A4 A [R] SR 7R B 2 A [ I 2R ) 4, — JBC e AEL CDR KB AR IR B A [ A
Mgt . BEHRS— Al ARSI TR 45 A RE I 2 5 — Al ARG IS — E HEAR I CDR &
ASARME 2 R AZ X (I TAT CDR. A S, 7] B8 R 7 B AL 12 L8 Yk 70 B 25 45 AL PO 935 PRl 75
(KI5 HEED ]

[o168] BRI AZ X BEAT AL, iZ B AU BOAR N SURE T, AR B R st id R
B Ferp DA B ME T 45 R AN R B BA At Uy S AR I AR (B4 dit
PR A S PR B ) ASR BT AR (0 AR AL RRALE » ) AR B T 35 i BROR 2 A2 A A 7
DX R K2 1) G 3 B PR ) B A4 BAT SN O e 52 i B/ BRI AR ML 75 - o A2 — LS
Ty Z LB TUR B 1R E DR & NTEE X o 54K B e A 48 52 XAB A 5 7
TR BR B AR B AR P Y — B DRI IR o« AR ST 7S R AB MR R S ml Re A 5 0
SASEERE T S I — B # (CHL. CH2 B CH3) [ / BON R BEIE E 5 it (CL) Hekae
BB . AE— LS A, — B A G IR B 2B R TUR R 52 X7 B F
Bo AL 2ESKil T A, X B R DUACR 5 L A B CH2 S5 F ISR B3R 10 5 4 S o5
B A (A CH2 A ) o £ B8SEH Ty 2, s (EE X S5 MR A 2 A
BRIEIRE 5 (an 10 DMEEIR AL ) B A, DR HEEH B izsh/ MEE X3 7 10— 79122
K

[o160] £ s Uy U, BRI A R TRAL DLERRL & CH3 G5 I 5 % i ik
RIECEEIX o £ H At SE 7 A, I R B e di AN BCBE X 5 e B AR ) CH2 J% / B CH3 S5 A4 35K
Z ) 2GR, o rh CH2 25 I B HLAR A2 1 CHB &5tk (2B fiseR &1 ) RBL5
A 20 NE IR W) B8 5 BUEE X IR R I A A AT R IK o 18] B8 AT I L FRAE E X
(KI5 Tl 4EFr ) H R R IE, BOZ B X YRR Al B T o SR, LV R IR () P 5 48
TR OLH A] BEAL Sk BT S i M, HAB AAE IO AR R AR Ik S s SR [H I, #5222 S0 i
T3 2Qer, AEAT AN 0 2 A A £ 8] B R A0S A S e B P, DAYE R IZ B 1 B 54 (4 B ik
HEPES .

[0170]  fE— LSy 3CrP, i AR A R e R AT 1H 5 45 A 45k 1 3 2o M Bk B A2
HEH R R AR . 280k, 78 CH2 S5 I 5 X I ¥ B — R L IR R AL 7] e
PASK T Lol Fe 254, DG ings 4i i e 7 e / BB 5735 . SRABhL, Pk i) s SR afo il
Z— B MEE X G b fa il fr 2 S D Re (B MA Cla &5 ) Kl xiEE XK
P B ) B B U AR PRI (LS 330 ), R OR B HLAt 5 12 32 2 (X465 F 4
SEEARMIPRIIEE . 5350, W BT, R 7n pu ik FIEE X Al 2 B — B E DR RN R AL
B AR M LA E 1208 A MR P o AE3X 7 T ] BESRAL B DR ST VRS & 07 B SR B A
PE (B0 Fe 254 ) , SR SE i _E4ERFIZ 2 AR MR RS AL 3 K G e Sl PEAF IR o 7EHC L ST
Jr A, ZEAB MR PR S I B AN R IR 2 A E X ASE AR AR v G s R
TINZA By e AR A B 20 2 25 2 BB K AL S D o

[0171]  IZAUK LRI A 58 XA B RN DI RE » 28R UL, AMAE T CL i 5 (S5
TURIN ) TgG B TeM JUAM Fe IXEE ARz AME R GT. AMATE 1L T 40 ML LA 1 1 22
Lo SO B AMATE AR RIBOR RN, HR S B AR s AT 2%, BhAh, JUAR
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Fe X[ E3RIL Fe 24k (FeR) WAL Ao H L Fe SZARX A RIS W ik B A 4 5 1k,
055 TeG(y 24K ) JIgE (e 324K ) IgA(a 324K ) J TeM(n 24k ) . PUiESHMRE F1Y
Fe ARG A 51 R 2 P 2 H 2 B I W) I B, K575 0 S 3R A0 8 Sk s = e s
H W5 AR T AR TE AR 558 DR R M B BUR 2 A T AR 56 48 B da il Sy 3k i
R

[0172]  7EHREEESLE T A, 1% Wnt @A HNH] R R 5 L2 SUB I SN Dh AR ik . X Eese
SR [ 5N Ty BB T BB R M 3 T I PUAR I AR R Ik o 28491 SR i, 78— B8 st 7y X, IR
BANEL (& A RAR B A 7% ) 16 5 X 5 A8 T REIs D 18 38 h 4B Am I Bk (B g
FZD 44k ) 5 Fe S2AREE 4, DR 3 nsee 40 e 52 07 & / B 2833 o 76 HoAh s 7y =0, 1H 52
XASAE I NS D PR LS 3 B 78— s )y 3U i, 15 52 X R 248 LAY B XU B
BRSEHE A o MR AR B R (X A T 42 2 1) FHAZ A R AR N S8 B A A A B
o LREEARET.

[0173]  7EH-LESE 7 A0, Wnt @R MIHI A RARA — 2P Dise Pk, HilanqfE
— 865 77 s, EPU iR A E ADCC i M K / Bk CDC 3 P . 7R LSt 77 =0, iZ iR A S
Fe 524k} / BAMAIR 454 . 78RRzl 77 20, iZhuis A RN Thfe

[0174] AR FHAE LR ESARSCHTR B G P NI NS s bk fr B
[FIUR A2 A S AR . X e m] A5 4t R e AR, B AR R B R — B 2
AR . I, R B R R IR R RN Z R BN  — &, A L — R M2 LR &
T — BRI UL R B A — I SR e L — P R RS — i
AR RFHRERB AN B I RIZSIR) NE I T ARSI .

[0175] [k, AR BHAR A T = il Bk 1) 5 v o AE— 28 S 7 =0k, FH T 7= il Ui 77 vk
BRI RSB . A5 SKa 77 s, AR B3R T il 5 A FZD SR 44 Mg
(17770 AE—Le s )y =0, AR PR UEH T =Ml 5 A Wnt EEAE G PR L. fE—
st 7y P, F T U IR VA A B e AN B A P o 7E — st g s, ik R A
A S SRS G A RS BV R R oo 76— 2o G R skt 7 =N, %
Foik R E LR A5 W0 2011/0287979 Bk (97775 1 2 KR

[0176] A& B BRG] 5 2D —F0 FZD A A WA ik, f£—2s0)jE 0,
UK ZR A FACS ik 5 FZD S A B IS A I AR o AE— 28y s, iz biik
FHE A ELTSA 653k 5 FZD B A& AN BAIR A 75— L85y 20, iZ Pk R B FACS
Jfiik FZD & 5 A Wnt AL AT CAR A . 78— 2es2i 7 30 rh , % Pk & #5 B ik
Xf Wnt A5 5% R30I SR W N LA .

[0177] AR A$RAERE] 5 ED—Fh Wnt & A% A TR ik, sy,
UM ZR A HH FACS itk 5 Wnt S B IS A I AR o AE— 28y A, i duig
FAH A ELISA i 5 Wnt 245 A PAIR ] 78 —28stiiiJr =0, 1Z 3044 R B FACS
Jii Wnt & 15 N FZD AL A BRI AR o 78— S8 s2i 7y X rh , i Pk &R B ik
X Wnt IR 5 AL T B G SO W N LR S

[0178]  7E—esijifa 77 xUp, P2l fn 2 0 —Ff N FZD B A BRI 7 1B S ik R 1L
FErp i 5 N FZD & A4S A k. 78— sty U, iR RIA E RS R E . 16
— i P, ZPUERIBE R AL . A8 — sz 7y b, ik A ik

39




N 105073195 A W OB P 32/74

(panning) o E—%85L 7 =X, 78 55— R 8 s IR IS A, BRI AN [RI Y FZD 82
ik, # LR 5i%5 — FZD A L5 FID A AWK £—LsujE 5 b, £k
U PR 51 5 — FZD R 1 Ao 2 /b — R At FZD SR A 45 6 o 7EREEL STt 7 =0, 1% 2 /b
— P HAth FZD 25 4 R1%& 1 :FZD1.FZD2.FZD3.FZD4.FZD5.FZD6. FZD7 . FZD8.FZD9. % FZD10.,
7R e sty 2, £ 0 0 IR B K% 4 S FZD1. FZD2. FZD5. FZD7 J FZD8 &5, #£—
W s g 3, 7RG R R PR &R FZD B AR — 28 stii g Srh, BHASSCRTIR B
EEA BRI Wnt @10, 78— sghti )y 20, FE 0 e i U AR ] B - 3B
A5 5% 5,

[o179]  FE—esijifi 7y o, P B 2 — M A Wint EERPUER A A S AR RIS
FE i 5 N Wnt A AIPUE. 75— sty U, Z PR ERIL E R EARE . 15
— 25 g P, AR A R LA . A — sl g b, 0 A A v
(panning) o E—Y85L )7 =X, 78 55— R 8 H a8 R B Ad, BECRI AN [FI Y Wnt 22
3%, #E AR S5 85— Wnt S A A8 Wnt SERES A UIE . 2SS, fE R
WHBHE 55— Wnt T A D —fhHAL Wnt E AL S AL R, %580 —Fb
HoAth FZD EEA RIEE Wntl.Wnt2.Wnt2b.Wnt3.Wnt3a.Wnt7a.Wnt7b.Wnt8a.Wnt8b.Wnt10a,
S Wnt10bo £E—2E52jE 75 AP, 785732 H 4 R 3 B PTAR R Wnt #5407 78— Lesii 7y U,
B A SR 1 5 R B AR Wnt i@, 78 —s8sfitiJy s, 78 10k thR S 4k
I B - X EAGTE T

[0180]  7EHELLsL 7 U, AR SCATIA PR RE 78S o AR RSt 77 N, A SCHTiA 9t
e R A .

[o181]  ZEA K B — sy 2, i% Wnt BRI RZ K. ZZ kA s 55D
—Fh N FZD EEEER D —Fh Wnt EEASA S HPUABH A BRI EA Z Ik KRR ZREG 2
JIR o FEAS T AR A K I IR — L S R R 1 91 RT AR AN AS 254 12 B 1 1) 465 ) B D R 1 ol
FRO . R, AR B LA 22 IR I AR AR, 120 S A R SE RS PR BB FE RS BN FZD B2
B Wnt S H PR X IBEH B AE-—2estiti )y N, FZD 455 Z KB Wnt 256 2 iK1
RIER 7 7R AR R B N RIS A K/ s A R AR

[0182] % Z ik MM S H AR A ] Iy 4840 LA TR 3R 1% 22 IR0 7 I 2 o Ak 2
W o AT AR A A P I T 2 R OV A T S AR 3 A Y/ BROTRUAC o 12 S5 T 7R ] /b B
THIR1% 2 K A8 AR AT AT HE AR AN RLROBL e A SRAL 22 FE A A 447T WL Remington: The
Science and Practice of Pharmacy, 22°° Edition, 2012, Pharmaceutical Press, London.
[0183] A SCHTIAMIE 2 B 1K 2 K mT 3 B Z U L AT AR 2 D7 v o iS5 VAN A
PR A T 1 2 M GBS 22 JIK 7 B (1) DNA J3 91 J 7838 241 £ Rk 155 77 W nl . 78
—BE St 7 T, DNA 751 30 H A e AR A, LA B 7 B B B fi B G 1) B AR T 2
5T DNA J7 31 o PIAE R $eth, 125 F1) A] s B e AR T e 58 A8 AR AL L Dh e 1 SR o
[0184]  FE—UL5ja 7y T, S BOSER 1 2 KK DNA 75 51 Al # HH AL 22 A R FH S5 % 1 IR
AR . SRR AR T AR 2 IR EUE IR T AU, R PR g T OB
H 2 K TE EA TR LT B30+ FRAETTVE R T6 Bidmbs 284 B B B 2 IR 1) 2
BB . 285K UL, 82 B IR e 5 ml 4k T A S B Bk R 554, AT & R g b
L5 BT 2 IR RZ BT AU I DNA S 584K . T, 2 1 gabd iz BT ik 2 Ik 00358 43 () /N A
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HRERAI A BOREIEE. MIEZEREEEE 5 83 &imb T AL,
[o185]  —ZRZHA% (FEHH G R € R R IEHAN T ), i BB Z Ik 2
AR 7 5P R N RIE BAR IE T AR MR B E Az E A T ks N RIS R L 1%
HIFFA o T B2 e AT AL H IR Fr - IR A B E A7 & / BT 3dE 4 e N RS TEZ IR
UESE . GBI BN, 9 T ARG 3N 3RAS R IA B A G R IR, 1A DR L A AT R
VEM AL R IETE 5 A H DB I % 3% SR PR Rk 516l 7 771

[o186]  FEFELLsf )y Uy, B4R IS HARMH T4 3 SR IA 5 U FZD s A B Wnt 22 H
[¥) DNA gt &5 677 (BIaniia BT i TS24k ) B BL. 280K Ui, 4 Rk sk vy m]
S DNA ZA A, B A 518 8 5% Je / BRI PR Y Jo At TR AR PR R ) g FZD 45 5
A\ Wnt Z5E 7Pt FZD AR BL Bt Wnt HUARBECH 7 BL B FZD-Fe RlEPESZ AR 2 ik
B A RCPEBL cDNA T4 DNA B, 00 5 oAk 205 B W L300 A v 55 B e
Ao B s B frdl s S R A S « (1) TR B 51 I PR oA, 461 fn e s
B FEIYET, (2) 55 A mRNA ZR a3 R A R 45 A B SRS T 81, B (3) T 41
B OB A B S b A o I o AT AR R R B DA I . Gl R SR
THIT1E =W E GBI 88 77 S A RIEAY RN BRI R AT 4 S9N . DNA X 2R “ Al #fE
PEFERE” ekt A R IR A OC . 28451k 1, 15 5 K1) DNA ( 33T 2 /751 )R]
VEME 42 2 K1) DNA, 25 HA R I8 N2 51 2 IR WA I A 5 8 3+ 2 0] 8 E PRI g bl
FEA, 5 HAR G T P e 5% s BURBER 45 G A s R AT TR et e 3], o AT B R N
TRRVFRR R AR sty AR, & T R R R RGN A T R AT A T 40 AR DA
Hafh o b 0 B L BRI T T 78 A8 HAh s 7y X, M EHE A AR T onl S 8%
B YAFAERT RIS, HAT G N i PR 2 IRk AL o Ik & 5 nl A B e 512 2 R IA 1
HAHE ARV DR AL m 2.

[0187]  SRak{=iil 77 S AR BRI R P T 18 1k $E . 2R ISTE £/ BisH 5
AR - AT T B R ESUA GRS a5 8 SV40 AR RORIB R 25 Iim R X
40 M B RIS TR PP Z M B0AR . AT F T 4058 1 3 (9 R S A 48 U 41 1 5k, 491)
AR ORI I BUkE (945 pCR1pBR322pMBO S HATAEY) ), Ko i 1 3 VG BUkc 41 an
I3 B HA 22K 5 Bt DNA W T

[o188]  FH T3k FZD £5A B Wnt 5467 (BARRIEASUEMED ) FE Y mE R4tk
JRAZ A BB T 20 B R B MR I 2 )5 B 4 T B s R A A SR AR s
== [RIIPEECE == [REH MG WA, B KT (B. coli) BUMFE (Bacillus). migtEiZ4
HATHE T Bk I AL IR A A &R . A SRR RGP R A . HT
AHTE VE S FCTE PR T RE A 1 S AL Bh Y A Mo M 1 3 108 21 v B S GRIA BUAR R AR T Pouwels
et al. (1985, Cloning Vectors:A Laboratory Manual, Elsevier, New York, NY). G K&
B ] AR 6 ) T3k ME BnT LT 0 35 [ B R A5 2008/0187954 3%
E & H)2E 6,413, 746 J2 6,660, 501 5 ; & EPrEF)AFH5 WO 2004/009823.

[0189]  ZFHHILIMAMMRIL TR ARG TRIAEH LK. TIHASI AP RIAEHE
H AR, BRI S 8 I 4k IE B 4TI & s H 2 AR DhRe it . & A S TE
F AN R AOSEHIEHE COS-T ('S KI5 ) « L-929 (/R EF4E R kyE )« C127 (/NR AL
IR SRR ) W 3T3 (/N SR A ZERF I B kY5 )« CHO (6 SRBF S8 KR ) « Hela ( A\ F5 3l Ok
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J5) BHK (6 VB AR 2 B4 M KU ) JHEK-293 C ARG 'S RU8 ) 4i i 38 1 H AR bk . L3
MR BAE T A F AR ool (VBRI 5 5 BT kR Is i 2 DR AH & 103 Y J5 3h+ A3
W, MHAR 5 BR 3 MIFEARE SR FY)) &5 B3 ARRIRE) (E naD E AR LS A
BF 8RR BR AL £ BYRL AR 5 S SR A, G s 1731 ) .

[o190] T RHEHMIEE 7 R (B AR ) Rk H 4 & A B 7R 4™ il IR s 3T
15N B AR D RE R A B A RO k. TR B A B e e R S R AR
R RS R IZI B AR N R B N s (WA 0 Luckow and Summers, 1988, Bio/
Technology, 6:47) .

[0191]  [KI, A BRI & AR SC TR (1) FZD 454 703K Wnt 454 70 IO 4 it o 78— B85t 7
A XA A ST IR 45 A7) (BInSTR B R VEPEAZAR ) o AR s 5 X, %
SRR oAk . £EREEE S T U, 1SR4 i B ik OMP-18R5 . AE— L5 77 X, %
SO AP I T VA RS AR . 8BS Uy P SR AN ] FZD-Fe PIVAMESZ AR, fE—sbsr
i 77 P SN = ) FZD8-Fe mIVEMESZAR . /& —Sesii 77 =0, 1% 5540 e = il FZD8-Fc
Al VAVESZ AR OMP-54F28,

[0192]  HHZHEALITE 7 6l (1) 88 B o1 A ARSEARATT & 4 vk alifh . ek ssZ i (4
WIS A SR SRS AT ) B0 Z2 0 MR B FRT AT SR A T SR B s Al i b
ERIR o SEANPEFRZEWE WIS H AR 22 A A 5 M3 TN B P9 S I H IR -S-
ity A R A 1% R T A SR VRS R & A SR M M E AT R 2 2k . & B E AR 4
VIR ERAEAL,, 15 A0 20 B 1 KRR RS 4B (MS) B REAEHE (NMR) 5 S0 E BT (HPLC) &
X HCEE B

[0193]  FE—ULsija )y s, Y5 B 43 ih B2 85 1 it B R BRI R IS R G HIG TR
FH & A R 4a 1L JE 43 54T W48, W i AR %5 R (Amicon) B B8 (Millipore)Pellicon
I YRR B IR A . ARG IR G ZIRAGRPT B IN 2208 A A . AE— sy U,
AR S A g, Bl B = 2wk 2k (DEAR) B IR R M B T . 1% 544
AR TR M B I VRS i SR AR e 2 B T S A A i 5t . 72— s 7 5K
H, AR BH S 72 B P BR o3& 2 1) BH & 22 R A A0 5 A0, 5 T P R B2 R R 1) % AN AT
TEHM o AE— RS0y Arh, PR A ER B KA J o1, A4 AN IR TP e 28 KA (CHT) » £E
e sty A, — B2 R N i K M SR HPLC J8 5t (9] B A S 4 B e ik HL il g oy e ik
FIRRERL ) 1A HPLC AP IR AT # R LA — P Alifb 25 650 BOR i) — LB o i 2lif b 0 3R
()& P2 A TR AT S DAt B A S .

[0194]  FE—LLsiyi 77 S, T AN 85 57 op AR 7= (W H 20 2 (5T ] 4 2 0, 9 Qs el 1 4 e
IR AEEL, B8 HEAT — B YRR 4 b K 8 2 e B K/ INEERR JE M A5 38« HPLC 7]
WA T ae & alifh D3R . T 308 B2 5 A BT M A4t i ] s ER AT AR] J7 (8 5 VAR, 045
P UR R URE IR 85 1 72 5 ML el 5 FH 40 B 75 A 77 o

[0195]  iZ AUk 0 89 FH T 2liAk pidd S HAth 8 11 B B 3 B TR 6 9 iz e T35 | L R
5 2008/0312425.2008/0177048 }2 2009/0187005 Firik .

[0196]  7EHLEe ST 77 U, 1% Wnt 45 & FIB% FZD 45 &0 RAEPUE I 2 k. A TR
A B CA R SR AR S bR A A I AR TR 2 IR B & R TR R U T En . DL 4]
1 Skerra, 2007, Curr. Opin. Biotechnol., 18:295-304 ;Hosse et al., 2006, Protein
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Science, 15:14-27 ;Gill et al., 2006, Curr. Opin.Biotechnol., 17:653-658 ;
Nygren, 2008, FEBS J., 275:2668-76 ; )z Skerra, 2008, FEBS J., 275:2677-83, 7F - Lb 5L i
i, W E AR R R E R T T A 7 M/ BURSA FZD 45 58 Wnt 455 2 K. 7R L5
A, 2RO IRAED AVEA GERIEHEEN (Lipocalin) (AF4ERGTESE A 45,
HE A (ankyrin) JL A S W EEUR AL E DR UM E AT

[0197]  FEFELLsLf 7 s, 145 A 7 P] ABOMIZR & 1 (RS A VBUREH 861 ) BR
AEH G HIE A — B BT . ARty 20, ik m] ARS8 U i H A& 3052
T R SR BT AR AR, /A0 4E M AR 8 T 4 B B3 1 S o A 0 2 A B 3 2, DAV R0l M B
T A

[0198]  7E—ULsjfi )y s U, X4 A M R SR EMHERR G . /£ sy U, 241 &
YA R AL BT ), B HA R T PN (methotrexate) L &H &R (adriamicin) .
% Z2 btk B (doxorubicin) . £ V£ 2= (melphalan) . 22 #4 % 25 C(mitomycin C) G T K T
2 (chlorambucil) . 1F %€ % & (daunorubicin) BE HAth 3 A 57, 7 — sz 7 A, %
IR T R R AN B A BEWR UR ) B E MR R R S B AR EAN R T A R
RAB . ABFERWELESEERRAFRAR ERER AR MHESER (abrin)
ABE. 5l & (modeccin)A 5. a — K H M M (sarcin). ji fi] (Aleurites fordii) &
H. 41T & (dianthin) & A. 3 W 7 K (Phytolaca americana) & (H (PAPI. PAPIT }%
PAP=S) . 7 JA (momordica charantia) #Ifil 7. 75 R & (curcin) . EE 2 (crotin) . B &
. (saponaria officinalis) ¥l 7. A # 5 2 (gelonin) . 22 2 & 2 (mitogellin).
Ja PR Bl B 25 (restrictocin) . By % 25 (phenomycin) « /1% % 2% (enomycin) K ¥ A 8 &
(trichothecene) o fE—$85L )i 77 20H, %40 Mo 55 11 77 FR I8 M [F A7 2 DA i B0 261
AU B A ik . 2 BOsUE PR F T 77 28U & A U, SRR EAR IR T Y,
1251\1311\1231\lllln\linln\IOBRh\15BSm\67Cu\67Ga\166H0\177Lu\186Re\188Re & ZIZBi B E . % i ﬁﬁ
J7 R, KK A GRS B2 FRRENEEY, 2SS B R E 0 R NaER
(calicheamicin) \Z53EHH 2 (maytansinoids) it H E 2 (trichothene) .CC1065 M B A &
RIGTERNZ LT R AT . AERE STt 7y b, FUk 5 A M 25 MR 285 0 mT R FH 25 ol
RUE et AR A 7 4, 91 200 N- BRI 0 e s —3— (2- Mg —/idR) NERES (SPDP) . il
FEIRAER T e (IT) VPR BR WU R AT Ay (18 & 0 fie — FP R HCL) VEMEBR WU E
BT A (W R IR HIBC L ) REONUE BEREATAEY) (W ) (B A
WA CGEIX (X - BEFEZFEFEE ) & %) SWEEATEY GEN - (A - R
Rl ) - 2 =) . RERE (FW 2,6- ~RaERFRL ) MAGEEFRMAEY (i
1, 5= 5 —2,4- HHR ) o

[0199]  7EHELLS 7 T, &% Wnt SR 77) (B ndTAR BT IS 5244 ) R4 /D—Fh Wint
#A (R11.2.3.4.5.6.7.8.9 B 10 FWnt 2 ) MIFEHTH . FERLLSLHE )y 50, 1% Wnt &
PR RN FLAT 45 A 50 Wnt SR A BVETE. 7ERLe s 7 X, 1% Wnt s A0 5040 i 2
P 10% B2 20% B2 30% FB L) 50% B0 T5% B0 2 90% BZ) 100 % K]
KT 51N Wnt A RENE.

[0200]  FEHELLSLE 7 T, 1% Wnt d ARG (A aniAR Bl i Az A4 ) ] 22/ —Fir
AN Wnt 518 42K M4 G AR K, 1% Wnt @ 4066 20 —Fp A Wnt &
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HE5—EZMAFID EARNS G Aty U, 20 —Fint EEREA T -
Wntl.Wnt2.Wnt2b/13.Wnt3.Wnt3a.Wnt4.Wntba.Wnt5b.Wnt6.Wnt7a.Wnt7b.Wnt8a.Wnt8b.
Wnt9a. Wnt9b. Wnt10a. Wnt10b. Wnt1l. % Wnt16, fE—LesZjEy =, %8 E M A FID &
[ &% EH T3 :FZD1. FZD2. FZD3. FZD4. FZD5. FZD6. FZD7. FZD8. FZD9 f FZD10. fE&Lbse
Jiti 7 2, % Wnt @A I H] — B2 Fh Wnt 22195 FZD1. FZD2. FZD4. FZD5. FZD7. K /
B¢ FZD8 (&5 Ao AE RS s2iE 7 a0, 1% Wnt @A HNHIFIFIH]— Bk 2P0 Wnt (A5 FZD8 1)
it RSy N, HiZ Wnt @ A6 RRE Wnt 5 FZD S A4S A 06 R 2
MZ10% B2 25% B0 H) 50% B0 X T5 % F D2 90% B B0 2 95% . fERLELSE
Jiti 77 =, #4] Wnt 5 FZD 28 H 456 BRI H] Wnt 105 916 5. LSty X, #
HIN Wnt 215 515 T Wnt 2461 R Uik RS ) rh, #%IA Wnt @25
G FH) Wnt @RI R R FZD-Fe nlVEMES AR . 72 LesLi 77 20, 6 Wnt 225 5
FE 1 Wnt @A AR FZD8-Fc AT 24k . 7E R Le sy 77 U rp, #IHI N Wnt i 21(5 5
& F 1) Wnt A4 57 3 A VA M52 4 OMP-54F28,

[0201]  7F HE 2L sl 75 2QH, AR SCH BTiR 1% Wnt i@ 230 H177) (Bl and i s nl a2 44 )
APl A Wnt B A R ) A0 Wnt 55T, BRI A, 1% Wnt i@ A5
I DL 10% B DL 20%  FE DL 30% B2 50% B/ 75% B /DY) 90 % B

EAMEE. B8 72U, 1% Wnt BRG] RHISE B AR R —F A Wnt EHH
HIETE Wntl, Wnt2, Wnt2b. Wnt3. Wnt3a. Wnt4. Wntba. Wnt5b, Wnt6. Wnt7a. Wnt7b, Wnt8a.
Wnt8b.Wnt9a.Wnt9b.Wnt10a.Wnt10b.Wntll. Mz Wnt16. £E—LEesZifi /5 2, i% Wnt £55575) 5
F/b—Fhik 3 RHIK Wnt A4S Wntl.Wnt2, Wnt2b, Wnt3. Wnt3a. Wnt7a. Wnt7b. Wnt8a.
Wnt8b. Wnt10a. & Wntl10b, FEIELLSLHE Ty A, %2/ —Fh Wnt &2 H R H Wntl, Wnt2,
Wnt2b.Wnt3.Wnt3a.Wnt8a.Wnt8b.Wntl0a. ;A Wnt10b. £EHF-EesifE g =, #6]A Wnt 352k
() Wit IR A7) SR P o AR S A, I Wnt 35 P 5 Wnt @ 42 4011 75 & FZD-Fc
TV TESZAR . ARty o, 30N Wt 3R Wnt 2306 7 R FZD8—Fc m A M2
o FEREEsE s 3, FIHTA Wnt JETERD Wnt JBARINHIF R ATV PEAZ 4R OMP-54F28,
[0202]  7EIEEeSL 7 R, A SCHPAR K% Wnt B HHI R R D —F A FZD 8 A0S
FIE 3 PZD 35k 7FFEEe st 7 s, % Wnt B2 530 HI 2020 10% B0 4] 20% .
/021 30% 204 50% B2 T5% B2 /D 24 90 % BZ) 100 % 1 FZD 3 o 78— LesLiE 7y
o, % Wnt AN HIFIINE]— = 00 HEUCE L R FZD A R . 7E— S si
H, 1% Wnt AR AL B R P 20— B N FZD S E S 14 :FZD1.FZD2.FZD3.FZD4
FZD5. FZD6. FZD7. FZD8. FZD9 J FZD10, 7EKEesefifi /=0, 1% Wnt i@ 2300 7140 FZD1.
FZD2. FZD4. FZD5. FZD7. . / 8% FZD8 [5G . 7EREE syt /7 =0, 1% Wnt 3@ 723011 7740061
FZD8 B T o 76 —e ST 75 30U, 12 Wnt IR R PT FZD budk. fERsesiyy Xrh, i%
Wnt @65 R BU FZD Fifhk OMP-18R5.,

[0203]  7EIEELSE 7 R, A SCHPAR K% Wnt BRI R 2D —F A Wnt & B SH
FIEAME] Wnt 75545, ARz 200, 1% Wnt @ EHHIFIFH 204 10% . 204
20%EDH) 30% EDY) 50% B DL T5% B DL 90% BT 100% 1K) Wnt (55465, 1F
— 5 5 A, 1% Wnt AN FE]— =00, AEE 2 R Wnt EAWE S % 5.
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TE— 285t 77 =0, 1% Wt @A F 74065 22 /0 —FFE H Wntl, Wnt2, Wnt2b, Wnt3, Wnt3a,
Wnt8a. Wnt8b. Wntl0a. /&% Wntl0b [ Wnt & EAKE 5/ S, FEFLEsLiEr RF, $0H] Wnt /3
GG Wnt @AHIHR R4, EREE S Ty U, #H] Wt 55 & S Wnt @A
FIRATTIETEZAK . 7E S s2i 7 2rh, 30 Wnt (3545 518 Wnt 3@ 2401177 2 FZD-Fc A[VA
PESZAE . AR 7 2, #096] Wnt {5 5 4% 5 0 Wnt i@ 240155 & FZD8-Fe Al yA TS24
FE S sz 7 2, 0] Wt 135545 S0 Wnt IR 3057 R TV PEAZ 4K OMP-54F28.

[0204]  ZEIELCSLE T R, AL TR Wnt AR R B - S EAE S E SN
Pl FEFLESLIE T P, % Wnt BAFIHAIE] 202 10% . 2045 20% . 22/02) 30% .
DY 50% B L) 5% E/DY 90 %L 100% [ B - EHEAE 54 S, AR siE
Ty, #d B - ERE A A TH Wnt @EMEIF R, 78BSy b, #H]
B - ERE AL T T Wnt IREANHIF R P FZD Fik . 7R sesi s b, $/H] B - &
B OG5 0 Wnt EAHI7) B PiE OMP-18R5. 78 3o s 77 =0, #] B — IR E
5L S Wnt IRBRINHEI R T VE 2R, FER s gy s, $) B - R E AfE 5
S Wnt RABNHIF R FZD-Fe TIE TS24, fERL sy b, ] B - EMEA1E 5%
T Wnt @R FNHI IR FZD8-Fe ml M2k .

[0205]  7E 3 et 7 2, A SO TR () Wt 322 4000 S0 2 2D — Rl Wnt BB 5 214K
(W28 G o AERE LSl 77 3 0H , % Wnt BRI FHT G 2D —Fp A Wnt SR A5 — B Z F 24
M2k G . fE—2shl 77 S, 1% Wnt @AHIHR 6 20— wnt EEA 52— Fh FZD &
HL G B8 77 204, 1% Wnt Z54740H 2 0—F Wnt Z2 A5 FZDL. FZD2. FZD3,
FZD4. FDZ5. FDZ6. FDZ7. FDZ8. FDZ9. }% / BX FZD10 M45 & . fEF- sy Rorp, s &b —
FiWnt 52/ 0—Fh FZD 8 AR S5 G RAIH Dy 204 10% B /0 4 25% 2 /0241 50% /b2
75% /%) 90 % B A2 95% o AEFLESERE Ty A, # 2= b —Fp Wnt 52D —Fh FZD
HELAR Wnt BRG] A6 int @R ESESE /B B-EREAGSES. /R
B syt 7 ACHp, ] A — BN Wnt 5 20— FZD AL AR Wnt @G 5 RITE
7S st 7 S, I 2 — Bl A Wnt 5 2 /0—Fh FZD & AL A 10 Wnt IBEHI7 R
FZD fufh . 702 s 75 sQrh, #6220 —Fh A Wnt 52 /0 —Fh FZD A4 G510 Wnt B2
R R Uk OMP-18R5. £EHELESLj g A, #Ii] 2=/—Fh A Wnt 5 2 /D—F0 FZD tRH 45
AR Wnt @ AHNH] R R AP SZR . 7EREL Sy A, #] Z=A>—Fh A Wnt 5 &2 D —Ff
FZD & (454 1 Wnt IR &R FZD-Fe RIyEPESZ 4k . AR se s 7y e, #4220 —Ff
A Wnt 52 /b—Fh FZD 8 A 455 1) Wnt @405 5 &R FZD8-Fe RIVEMES Ak . 7E 5Ly
%, J 20 —Fi A Wnt 52 /D—F0 FZD B A 4541 Wnt i E 057 R FZD8-Fc nl APk
4k OMP-54F28

[0206] 7 3Lt 7 2, A8 S0 TR (K Wt 3825 30 SR LI 28 20 — b Wnt 5 524K K 45
Hr o TEHE LS 7 20, % Wnt S 2 H0 ) FUBA T 22 /0 —Fp N Wnt B2 5 — B2 P2 AR 1 45
B0 1S5 7y 30, % Wnt SRR HNHIFRIPEET 2 —Fh Wnt H5E /D FID AL S
75— 85t 77 AP, 1% Wnt @30 FIRE BT 42> —Fh Wnt 8 (95 FZD1. FZD2. FZD3. FZD4,
FDZ5. FDZ6+ FDZ7. FDZ8. FDZ9. } / BE FZD10 454 . fEFssefiiy Ak, B4 —F Wnt 5
/bR FID AL G REHME DL 10% E0%4) 25% B0 Z450% B4 5% &
D290 % B AL 2] 95% o AEREELSLE T A, FRI 2D — P Wnt EEER S 2P FZD A
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S5 B0 Wnt @A A1) Sy ] Wnt 3425 945 5 &/ B B - EMEAE 54 5. AR
Jita 7 b, BB D —Fh A Wnt 5E/D—Fh FZD B A LSS 1) Wnt @ 240615 R ik, A5
Be st 7y o, BRW b —Fh A Wnt 5 20 —Fh FZD A 4551 Wnt @246 5 Rt FZD
Budk . R sz gy 2, AW S D —Fh A Wnt 5 &/ FZD AL SR Wnt BT
FIZR R OMP-18R5, fER-LLsLit 7y S rp, BEMWT 22 /b —Fp A Wnt 5&/D—Fh FZD EAZ A1
Wnt IRARANHI) RIS AR . RSB sT 7y A, BRI 22 /b — PP A Wnt 5 2 /b—Fp FZD &
H 455 1 Wnt B 7 &R FZD-Fe AIIETESZAER . A3ty 20, R %2 /D—Fh A Wnt
& /b—F0 FZD A 4A 1 Wnt @255 R FZD8-Fc Al VA 244k . /EHR L85 77 X,
BELMT %3 /b — A Wnt 55 %/ —Ph FZD 88 [ 456 1 Wnt I A4 551 3 P 14 52 44 OMP-54F 28,
[0207]  FER-LLszi 77 o, A ORI Wt @AM HFIIH] Wnt @415 54 S. N T f#
[R)52, #f] Wnt B 1245 548 T 1Y Wnt @ 2306 77 48 Fe ke 52t 77 20 n] B Wnt {5 545 =
B H B PRG54 T A EMHEE TG 2B NE SRS ARk
PRSI T S, A AR Wnt @215 54 2 e Bkl . 787 =0, 1 H
FZD1.FZD2. FZD3. FZD4. FDZ5. FDZ6. FDZ7. FDZ8. FDZ9. } FZD10 B % P2 AR (K] Wnt i
RAS ST REIH] . B Kb, Wnt RAIFHIFX Wnt R[5 546 S 1406 R
TR Wnt BRESESHNER DL 10% . 2/0%4) 25% . /0% 50% . B /0 %) 15% . 2 /0%
90 % Bk /%) 95% o 7E— L5 Jy 3 rh, #] Wnt I8R5 545 T 10 Wnt B AHNHIF Rk,
78— sz 7y 5, $] Wnt 3@ 42ME 54 51 Wnt @RI R R I FZD Sifk. 78— LLsnif
77 20, ] Wnt IBAE 5L 3/ Wnt s 2300 7 R P08 OMP-18R5 . 7£— 2Lt 7y s, #1
il Wnt BR(E 5% TR Wnt @EMHIF R A A 75— 25 7 U, #I] Wnt 1848
1554 31 Wnt IR B INHIT R FZD-Fe RI¥ETEZ K . fE—28szjiiy rp, #1%] Wnt 83155
FEF 1 Wnt @3 5 R FZD8-Fe PIIETE Ak . ££-—Lestj 77 s, #0161 Wnt @215 54%
T Wnt @A HNHI ) R ATAE VRS2 AR OMP-54F28.

[0208]  FER-LLszi 7 o, A SCHTR G Wt @A ANHIFIE] B - EHRE A REIL. BT
FE O, FH B — PR 1 VA A B Wt 3@ 2T 5517 2 8 52 e 7 =X A AT R I 6 EH — B
ZRZARI B - I A REAL, HA—E FHIHE T A 2R B - M EA K. £
F Ly PEVE S 7 AU, T AR B - B (VR ] B8 B a5 S LE S
Jrd, # Bk E FZD1.FZD2.FZD3. FZD4.FDZ5.FDZ6. FDZ7.FDZ8.FDZ9. Jt FZD10 [—B %
FhAZARE) B - R EATER AN AER szl 7y 0, 1% Wnt 547X B - EREA
TEAIAIE] BRI B - EREAENEZR DL 10% .. 204 25% . B /02 50% ., /02
5% B /D2 90% B A DL 95% . £E— LS Ty R, H] B - R E A RTEL) Wnt &
B Rk, 78— 2oy =0, J B - RS A VSR Wnt IR AN 7 R T FZD
Judk. 7Lty A, Jb B - I A BRI Wt AP R) R3E OMP-18R5.
FE— 2 sz 5 s rp, i B — A VS LI Wnt i@ RHHIR R Al A 24k, 7E—uksE
it 77 20, #] B - R A IS Wnt @A R FZD-Fe nl¥EPESZ AR . 78— LS
JraH H B - I E EVE LI Wnt @A) 3R FZD8-Fe Al VA2 Ak . fE—BEsKji )y
o, W] B — FEFRE IS Wnt @A HNH] 5 R Al VA 24K OMP-54F 28,

[0209]  FH-T-U5E Wnt IEAR4MH] &S H6 B - EHEAG SEZHEEAN (In vivo)
JOFEAEAN (in vitro) 5E RZSURBT R 28491 Sk Ul mT 15 FHT DAZH i o 68 e 1) 2 't 2R B
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LRI EEIMNG B - EMREAGESHETE, HAHEA 2400 TCF 4445 Mifs K
HRERZ IR AL B TCF/Lue #5344k (Gazit et al., 1999, Oncogene, 18 ;5959-66 ;
TOPflash, Millipore, Billerica MA) . 7E—BLZFh Wnt &5 (190 B %% o4l i RIS B H
Wnt SEAFREFRERR LN Wnt) AN, A ANFAENY B-ENEARSHEFERELES
FIZIERAE S FE R BT TCF/Luc & FI5E 2 78, 45657 (BmiER) b B - %
WEAME 515 F R0 A TR SRS R S 2000 B - EEO T ERNKEE
2 LA 2 , W c—myc (He et al., 1998, Science, 281:1509-12) Z4ifuJEHAZ D1 (Tetsu
et al., 1999, Nature, 398:422-6) J / B¥ £F 4 K % 2 1 (Gradl et al. 1999, Mol. Cell
Biol., 19:5576-87) « fEHEESL /7 20, 454 70 B - M & AE 54 2 HI /8] GE#E
&% 5% Dishevelled—1. Dishevelled-2. Dishevelled-3. LRP5. LRP6 & / 8% B - i%
I IR AR AS B 2 ma ks )

[0210]  FEFELLsL /7 20, Wnt @A R A — B P FREMR <0 b oJed 40 3 5
EREl e o s A R et A = SR 1O Rl e O ey RN G R R i it )
T iebofe w AR DA sk /L Bk Jed (%) e A A T e 24 T T 4 R PR T L R P 1 4
A3 AT B0 A M A R A BURIRAS L 755 I8 40 B 3 A 3 R 3R | By Lk s 440 2 7%
D IR A AT

[0211]  7EHELesE 75 0H, Wt @A) m] ] s ARG . AEREEe S 77 AU, Wt &
AN AT G E Ay a0 P R AR /D BB Y &/ BT B N ) M A K. 78
— Lo st Ty 2, R AR % 45 LR MR L 4 R P PR R e g | O g | R R
F 0 PR o FECOR B3 L s b " PigRe i 3 PR S P T R L SR R T S S
S PRSP 43 WA TR | T D IR L o £ B 2 e B Sk 20U e ) IR o AE R S Ty X, 1%
JiisRe R PR AR 2R . AR SRSy 20, MR R B IR . AR s gy b iZ R R
FRRT o 7R STy xR R L MR . AR S s Uy U, MR &R R . 7E
— LSyt 77 AR M RN MR . AR LSy SR M R MR . AR RS T
o, &R RPN AR . AESREE ST T S, 1 R Wt AR IR

[0212]  FEHELE S J7 xCH, Wnt @420 70 ] v Ielosgg () Bl i A Pk o A0 R A8 5t 77 5
H, Wit S AR SRR AT T30 A R v ) B S Bl A R ASE 28 o 2D 5 T4 B ) g 1 Jrb
R ME . AR R s Jy = U, R b T A S S B R D B L) AR A A
LA L1520 50 5.4 100 £5. B840 1000 f5. 783277 20 rh, 58 40 i 1 B8 51
AIZE ek /> Z2 s FH A5 FH Sl A0 28 %) PR 1) AR B B 5 o A DA D o o A e s AN 5 e v
i 20 L ) B = BT g/ (1) L Ath SR 4] % A5 R T LA G0 [ s 4 5 WO 2008/042236 [ 3%
H & FIAFF5 2008/0064049 K 2008/0178305.,

[0213] 7 F-SbsLfiti Jr 20, A SCHEIAR I Wnt @A FNHIR TG4k N B 20 1/ 204
2 /NIFVE D) 5 NI E ALY 10 AN B AL 24 NEFLEADL 2 RUEDA 3 REDL L
JEVBRE L) 2 FE RS T o AE RS ST T TN, 1% Wnt @A) R oG (49141 1gG1 BY 18G2)
ok, TN R 20 1/ 202 2 /80 B2 5 /N 2025 10 /8 22202 24
INEFLE L) 2 ROBEAL) 3 RVEADL LK E DL 2 R PE. FER sz U, %
Wnt @GR G EA, HTIWEENEA R 1R 202 2 /N 202 5 /N 32
Y10 NI F DY) 24 AN R ADL 2 KB AL) 3 RVEDL LR BE AL 2 7R
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[0214]  7F 55 B0 Sz 77 20, A SCREAR 19 Wnt 3@ 23080 70 T/ B KB BRE (cynomolgus
monkey) BRAAKP B E /L) 5 /N E L) 10 N EADL) 24 AN EAL) 2 KVFE DY
3RNEAL B AL 2 R RS siE Jr P, 1Z% Wnt @ AHIHI R T
INER KB BRR TR AR N B E D2 5 N B D) 10 N FE AL 24 NV E DL 2 RVE
B2 3 R VERAL 1B DY) 2 FIIEFR I TeG (F140 TeG1 BY 1g62) Hifk. fE3E
Bos it 2R, 1% Wnt @AM RS EA, E TR KERE (cynomolgus monkey)
WA EG DL 5 /N E D2 10 B2y 24 B R ADL) 2 ROBDL 3R E
ALY 1 JEVERER DY) 2 JE RS 30 (Bl ) RS T 2 R PR I = R T
TERAZURET A 2800k Uk, 38N TG FUARTE IR F 2 JHI O i B4 F AR R Fe X,
PN pH 6. 0 BH AN B4 L Fe 5244 (FcRn) [ pH AR #ITEZS & ( W 2 E LR A5
2005/0276799.2007/0148164 % 2007/0122403) . HINEL= Fe [X 304K F B BB PR 2 5 1
(1) CL TR 0 PEG AL EAR

111, fF R R A
[0215] A BHARAEAE A Wnt 3@ 230 FR0VE 57 200 1 e » [ 0702« M0 S 982> F 7 Ik
95/ BORFEAS KRN K/ BE R, S A R RN R/ AR EA R T 5%
Wnt EAANHHNE T A RK B BEAE A R RN L / Bt SRBRETRIT A XA R RN
/ BCEEPE AT A REAH AN PR T8 A IR ek %0 L RS S FR S B R W TP R ERAG R L S I/ AR AR
U A DG IR RIE B BEAH DI RORE « B ATART A B 2 B o A0 AR SO BT FH 1) i G AH 20
FRAE” (BB B A A R K/ B PE ) BFHEA IR T B &b B R FAE B 47
(CBFETRERE T ) LI A o BRIk, FEAR SR 71— SR K/ B sieiiti 7 =Xp , i
T W I R TR IR S A/ BB B R RS RO K/ BCER TR, ARG I 9D
TP S M/ B TR R A/ B AT RS o S R R AR A/ B R A
TN R SL [ S B A i A0 A1 B 2 P R e B A T B
[0216] B RE RS E IR ES N E L. B BIR R R, R BB 40
WLHEAT , SR B T i 2R BH i 43R AT o FE A, B T S B TR R BB S R Ak TR
A, YEFRIE I SR 0 o BT B DU S AT T R A B RSO [ Bt 1 AR b
(BN 8 s fe / B =4 ) VP4 S/ BRI . I e A b A T R O B R b
B HAFEE T AR B RShR & o B T B AR 2 45 L3S S B PR B R I (LTS B
S PEBR I ER I ML SRR B SR 1 A RT R SR G S AT K (PINP) M Mig 58 1 AUl ke
SRR HTIE (PLCP) o MRS WA & A8 IR Hp R R I 2R R Hh S L ERR (PYD) | SR R
ESIBAAEE Mk (DPD)  JRH B 1 AR i A BRA N- ik (NTX) W JR R BRIMLTE 38 1 YRR a8
FIACERI C- dmfik (CTX) vEEER A (BSP) « S Bl A7 R e PEBE BRI 5.
[0217]  ERIANEERIHZ90% R 1 B, Bl -—Ppigie 85 1, Hod iz 510 N sl C i
ACHR o T MR ACHA ), Tl B 400 B 40 A 18 P £ VAN R PR B G VR A ), L R A I D s A 4
B fift LS C- dmfik (CTX) M+ Bt MEZMR, FFET CTX 1 o BURAAIREAN
B A (B-CTX)o TEWRYSIAIE, B —CTX #R: th 2 i HAE e e 1 78 fi J5 1y e it 1) A
SEAT
[0218] b A% A B A U A i DAME DU 48 i 0 e s Wi S8 B o 2D 19 52 303 TR 4 IR 1
1BIT (s B R IE 7 OB BR 29697 ) o Bh Ak, AT A ARG A 28 AVTA IR FH 38
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RN R Y HATIBIT I BN 259 51 1B BUsihs « %5259 nl AR EA R T
R SR S FOIR BRI 2 L 05 5 Rl 400t 70 99 B4 0] L iR 1< VR 7 DU e e L i
P I 75 21 FE U A 70 BB AR ) BF R« 1 R L0790 B 0] g 71 46 1 e 422 Tl i il 311 1
FS B SR B IR TT S AR o SR v A A P AR & DAVE A Wt 3@ A4 571
R Zhak . T2, TR 7 U, A% B3R AL A a AU b 2 LR I 22 Wnt a4 71va
723 0B A SR BIE F B/ BLER R 7k TR st 7y ey, 12 7240 AR Ak
YR G DA DN B/ BT A IR DR . TR e s Ty s, i VR R A
Yibr 5 CAE I Ko / B Aot I W AL A3 TN FE o T R sty s, MU AR R A bR R
5T AR RO R 2/ BUE AT ISR B D A/ BUE BB RS B AR AR
TR s g 3, IR DU R U VbR E RS TR RSN K/ BRI R
B B R /D B/ SR RS R B R bR . TR L sy b, TE RO Re A R AT A
KA HT, HE R R, 12T B A S BIE &/ B .

[0219] £ K- SL s 7y 20, iZ 2R I U I 9D TR