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(57) Abstract: Disclosed herein are methods of treating cancer in a subject, and methods for inhibiting growth, migration and/or in -
vasion of a cancer cell in the subject, comprising administering to the subject a therapeutically effective amount ot an antibody or
antigen binding fragment thereof that downmodulates Fzd2. The antibody may specifically bind Fzd2, and may promote internaliza -
tion of the Fzd2 receptor by the cancer cells and/or prevent ligand binding to Fzd2. Specific antibodies, and also specitic portions of
the Fzd2 molecule for antibody binding are disclosed. In one embodiment the antibody specifically binds to the epitope
HGAEQICVGQNHSEDGAPAL (SEQ ID NO: 1). Specific cancers (e.g. late stage hepatocellular carcinoma), intended for treatment
are provided, and include cancers that exhibit overexpression of Fzd2, and/or Wnt5a.
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FRIZZLED 2 AS A TARGET FOR THERAPEUTIC ANTIBODIES IN THE TREATMENT
OF CANCER

RELATED APPLICATIONS
[0001] This Application claims the benefit under 35 U.S.C. § 119(¢) of U. S. Provisional
Application serial number 61/498,353, filed June 17, 2011, the contents of which are

incorporated herein by reference in their entirety.

GOVERNMENTAL SUPPORT

[0002] This invention was made with Government support under GM072872 awarded by the

National Institutes of Health. The Government has certain rights in the invention.

FIELD OF THE INVENTION

[0003] The present invention relates to the field of cancer therapeutics.

BACKGROUND OF THE INVENTION

[0004] Liver cancer is the third most common cause of cancer mortality, with approximately
500,000 to 1 million annual deaths worldwide [1]. The American Cancer Society estimated
that about 24,000 new cases of liver cancer occurred in the US in 2010, with more than 80%
of these being hepatocellular carcinoma (HCC). An estimated 19,000 deaths in the US in
2010 resulted from liver cancer. The incidence and death rates for liver cancer have
continued to increase since the early 1980s.

[0005] To date, surgical resection is considered the best treatment for liver cancer, but only a
small proportion of patients qualify for surgery and there is a high rate of recurrence [2].
Many patients with HCC do not receive any therapy. Liver transplantation has been
successful in treating limited-stage HCC. Only a minority of patients with HCC, however,
qualifies for transplantation. Standard chemotherapy is poorly tolerated in patients who do
not qualify for resection. Both doxorubicin and cisplatin are frequently used, but overall
response rates are low, and neither prolongs survival substantially. The 5-year survival rate
for patients with liver cancer is 14%. Five-year survival is 26% among patients in whom
cancer is found at an early stage, compared to only 2% when it is found after spreading to
distant organs. It is therefore critical to develop a better understanding of
hepatocarcinogenesis at the molecular level to identify novel therapeutic targets that may play

a pivotal role in the pathogenesis of this devastating disease.
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[0006] HCC is the most common tumor that originates in the liver [2]. Recent studies have
highlighted the role of various signaling pathways in liver carcinogenesis, including the
Wnt/B-catenin pathway, Hedgehog signaling, and receptor tyrosine kinase-related pathways.
These discoveries offer potential alternatives for novel targeted therapeutics. In particular, the
role of Wnt signaling has been the subject of considerable interest in understanding the
molecular pathogenesis of HCC [3]. Aberrant Wnt signaling has been implicated in many
types of cancer, including cancers of the colon, skin, brain, liver and prostate [4]. In
colorectal carcinomas, abnormal accumulation of -catenin arises primarily as a result of
mutations in B-catenin itself, as well as in APC and axin. These mutations are relatively rare
in HCC, however, suggesting that misregulation of the Wnt pathway arises in other ways,
including overexpression of other components of the pathway, such as Wnt ligands and Fzd
receptors [3]. To date, however, it is not known which ligands or receptors are responsible for

activation of the p-catenin pathway in HCC.

SUMMARY OF THE INVENTION

[0007] One aspect of the invention relates to a method of treating cancer in a subject
comprising administering to the subject a therapeutically effective amount of an antibody or
antigen binding fragment thereof that downmodulates Fzd2, such that the antibody or antigen
binding fragment thereof is delivered to cancer cells of the subject, to thereby treat the
cancer.

[0008] One aspect of the invention relates to a method of inhibiting growth, migration and/or
invasion of a cancer cell in a subject comprising administering to the subject a therapeutically
effective amount of an antibody or antigen binding fragment thereof, that downmodulates
Fzd2, such that the antibody or antigen binding fragment thereof is delivered to the cancer
cells, to thereby treat the cancer.

[0009] In one embodiment of the various methods described herein the antibody specifically
binds Fzd2. In one embodiment of the various methods described herein the antibody binds
to Fzd2 and promotes internalization of the Fzd2 receptor by the cancer cells. In one
embodiment of the various methods described herein the antibody to Fzd2 prevents ligand
binding to Fzd2. In one embodiment of the various methods described herein the antibody
specifically binds an extracellular portion of the Fzd-2 protein. In one embodiment of the
various methods described herein the antibody specifically binds to Fzd2 within a region of
Fzd2 corresponding to amino acids 24-247 of Fzd2. In one embodiment of the various

methods described herein the antibody specifically binds to Fzd2 within a region of Fzd2
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corresponding to amino acids 125-163 of Fzd2. In one embodiment of the various methods
described herein the antibody specifically binds to Fzd2 within a region of Fzd2
corresponding to amino acids 134-163 of Fzd2. In one embodiment of the various methods
described herein the antibody specifically binds to Fzd2 within a region of Fzd2
corresponding to amino acids 144-163 of Fzd2. In one embodiment of the various methods
described herein the antibody specifically binds to the epitope
HGAEQICVGQNHSEDGAPAL (SEQ ID NO: 1).

[0010] In one embodiment of the various methods described herein the antibody is
monoclonal. In one embodiment of the various methods described herein the antibody is
polyclonal. In one embodiment of the various methods described herein the antibody is
humanized.

[0011] In one embodiment of the various methods described herein the cancer is selected
from the group consisting of gastrointestinal cancer, prostate cancer, ovarian cancer, breast
cancer, head and neck cancer, lung cancer, non-small cell lung cancer, cancer of the nervous
system, kidney cancer, retina cancer, skin cancer, liver cancer, pancreatic cancer, genital-
urinary cancer and bladder cancer. In one embodiment of the various inventions described
herein the cancer is liver cancer. In one embodiment of the various inventions described
herein the cancer is late stage hepatocellular carcinoma. In one embodiment of the various
methods described herein the cancer displays overexpression of Fzd2. In one embodiment of

the various methods described herein the cancer displays overexpression of Wnt5a.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1A - Figure 1B show experimental results which indicate Fzd2 is
overexpressed in late stage and poorly differentiated Hepatocellular carcinoma (HCC). 48
tissue samples obtained from patients with histopathologically confirmed HCC (stage I, n =
7; stage I, n = §; stage III, n = §; stage IV, n = 3; tumor lesion, n=14), as well as in normal
liver samples (n = 8). Figure 1A is a bar graph showing Fzd2 mRNA expression was
significantly increased in late stages (Stage III and IV) of hepatocellular carcinoma compared
with normal tissue (P<0.05). Figure 1B is a bar graph showing the mRNA levels of Fzd2
expression correlated with tissue differentiation. Moderately and poorly differentiated tumors
showed higher levels of Fzd2 compared with well differentiate tumor types.

[0013] Figure 2 shows experimental results which indicate Fzd2 is highly overexpressed in

FOCUS cell line compared with more epitheliallike HepG2 HCC cell line. A bar graph
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showing relative mRNA expression of various Wnt signaling receptors and co-receptors in
FOCUS cells compared with HepG2 cells.

[0014] Figure 3A — Figure 3B show experimental results which indicate Fzd2 plays an
essential role in Wnt5a-mediated cellular migration and invasion. Figures 3A and Figure 3B
are bar graphs showing siRNA-medieated knockdown of Fzd2 or pre-treatment with anti-
fzd2 antibody reduces cellular migration (Figure 3A) and invasion (Figure 3B) effects of
Wnt5a at 2 hours.

[0015] Figure 4A- Figure 4B show experimental results which indicate . Anti-Fzd2 antibody
causes internalization of cell surface Fzd2 receptors. Figure 4A is a photograph of Western
blots of biotinylated cell surface Fzd2 protein shows reduced protein levels upon Wnt5a or
anti-Fzd2 pre-treatment. Figure 4B is a bar graph showing relative quantitation of cell
surface Fzd2 levels normalized for total Fzd2 in whole cell lysates.

[0016] Figure 5 shows experimental results which indicate Fzd2 knockdown reduces tumor
growth in nude mice. FOCUS cells were injected s.c. into athymic mice and the ability of
cells to form tumor outgrowths was monitored in the presence or absence of siRNA against
Fzd2. A tumor growth curve for treated and control group showing in the presence of siRNA
directed against Fzd2, tumor growth was significantly slower with a notable lag exponential
growth phase is shown. Animals were injected with Fzd2-siRNA or Control.

[0017] Figure 6A- Figure 6B show experimental results which indicate Epitope mapping of
anti-Fzd2 antibody. Figure 6A, left, is a schematic showing full length domain structure of
Fzd2 protein. The domain structures of three fragments designed to map the epitope of anti-
Fzd2 antibody are also shown. Figure 6A, right, is a photograph of a Western blot showing
anti-Fzd2 antibody can recognize only fragments 1 and 3. Figure 6B, left, is a schematic
showing the positions of overlapping residues in three peptides designed to map the epitope
of anti-Fzd2 antibody. Figure 6B, right, is a peptide array image showing anti-Fzd2 antibody
recognizes only Peptide 2. Whole cell lysates from HEK293 cells overexpressing full length
Fzd2 gene or empty vector (negative) were also printed on these arrays. CRD, cystein rich
domain; TM, transmembrane.

[0018] Figure 7 is the amino acid sequence of the human Fzd2 protein (SEQ ID NO: 2).
[0019] Figure 8A - Figure 8E show experimental results which indicate Fzd2 plays an
essential role in Wnt5a-mediated cellular migration, invasion and tumor growth. Figure 8A,
left, is a bar graph showing relative mRNA expression of five Fzd2-shRNA or control-
shRNA expression FOCUS cells. Figure 8A, right, is an image of western blots showing

knockdown of Fzd2 protein levels. Figure 8B is a graphical representation of data that shows
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knockdown of Fzd2 reduces FOCUS cell migration. Relative wound density of parental (wt)
or Fzd2-shRNA or control-shRNA expressing FOCUS cells monitored for 607h. Figure 8C,
left, is a bar graph of data showing FOCUS cells, in the presence of exogenous Wnt5a in the
bottom of a Boyden chamber, treated with or without anti-fzd2 antibody reduces cellular
migration at 2h. Figure 8C, right, is a bar graph of data showing FOCUS cells, in the
presence of exogenous Wnt5a in the bottom of a Boyden chamber, treated with or without
anti-fzd2 antibody reduces cellular invasion. Figure 8D is a collection of data indicating anti-
Fzd2 antibody causes internalization of cell surface Fzd2 receptors. Figure 8D, left, are
images of Western blots of biotinylated cell surface Fzd2 protein. Reduced protein levels
were observed upon Wnt5a or anti-Fzd2 pre-treatment. Figure 8D, right, is a bar graph
showing relative quantitation of cell surface Fzd2 levels normalized for total Fzd2 in whole
cell lysates. Figure 8E and Figure 8F are graphical representations of data that indicate Fzd2
knockdown reduces tumor growth in nude mice. FOCUS cells were injected s.c. into
athymic mice and the ability of cells to form tumor outgrowths was monitored in the presence
or absence of siRNA against Fzd2 (Figure 8E) or Fzd2-shRNA (Figure 8F).

[0020] Figure 9 shows Kaplan-Meier survival curves for 40 HCC patients. The statistical p
value was generated by the Cox-Mantel log-rank test.

[0021] Figure 10 is a graphical representation of binding analysis studies performed with the
anti-fzd2 antibody (BioCore study performed by Precision Antibody™). The analysis
indicated that the KD of the commercial Fzd2 Ab used in the experiments herein against
Fzd2 is ~20 nM.

[0022] Figure 11A- Figure 11B show experimental results that indicate Fzd2 mediates
release of SerpinEl and sSICAM1. Figure 11A contains images of human cytokine array
probed with conditioned media from FOCUS-WT (top) and FOCUS-shFzd2 (bottom). After
detection, the array data were quantified to generate a protein profile. Figure 11B is a bar
graph showing abundance of 36 cytokines measured using this assay. The amount of
SerpinE1l and siCAMI1 released was significantly lower in the condition media from FOCUS-
shFzd2 cells.

[0023] Figure 12 shows experimental results that indicate matrix metalloproteinases (MMPs)
and SerpinE1 are overexpressed in late stage, aggresive and poorly differentiated
Hepatocellularcarcinoma (HCC) lines. A bar graph shows relative mRNA expression of
various MMPs and SerpinEl in early stage nonagressive (HepG2 and Huh7) and late stage,
aggressive (SNU475 and FOCUS) cell lines. mRNA expression was normalized to 18S.
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[0024] Figure 13 shows experimental results that indicate Fzd2 regulates the mRNA
expression of matrix metalloproteinases (MMPs) and SerpinEl. A bar graph shows relative
mRNA expression of various MMPs and SerpinEl in FOCUS-CTL or FOCUS-shFzd?2 cells.
[0025] Figure 14A — Figure 14C shows experimental results that indicate Fzd2 regulates the
phosphorylation status of Stat3, ERK1/2 and MEK1/2 as well as its transcription activity.
Figure 14A is an image of an Immunoblot showing STAT3, ERK1/2, and MEK1/2
phosphorylation in wild-type FOCUS cells, and FOCUS cells with knockdown of Fzd2.
Similar results were demonstrated in other late stage cell lines and with treatment with anti-
Fzd2 antibody. Figure 14B is a bar graph showing stat3 transcription activity using a
reporter/luciferase-based assay in wild-type FOCUS and SNU449 cells, and cells knockdown
with Fzd2 or STAT3. Similar results were demonstrated in other late stage cell lines and with
treatment with anti-Fzd2 antibody. Figure 14C is a collection of dose-response curves
showing the effect of small molecule inhibitor against Stat3 on cell migration of late stage
HCC cell lines (FOCUS).

[0026] Figure 15A-Figure 15C shows experimental results that indicate Fzd2 regulates the
phosphorylation status of Src family kinases which phosphorylate Stat3 in late stage HCC
cell lines. Figure 15A is a bar graph showing phosphorylation of src family kinases in wild-
type FOCUS cells, and FOCUS cells with knockdown of Fzd2. Similar results were
demonstrated in other late stage cell lines. Figure 15B is a photograph of experimental results
that indicate the molecule inhibitor (dasatinib) against SFK abolishes stat3 phosphorylation in
FOCUS cells. Figure 15C is a collection of dose-response curves showing the effect of small

molecule inhibitor against SFK on cell migration of late stage HCC cell lines (FOCUS).

DETAILED DESCRIPTION OF THE INVENTION

[0027] Aspects of the invention relate to the finding that specific binding of the Frizzled 2
receptor (Fzd2) on hepatocellular carcinoma cells by an antibody reduces various
tumorigenic properties of the cells. The antibody binding reduces the cell migration, the cell
invasion, as well as growth of the cells. As such, one aspect of the invention relates to a
method for inhibiting one or more tumorigenic properties of a tumor cell (e.g., growth,
migration and/or invasiveness). The method comprises contacting the tumor cell with an
effective amount of an agent that downmodulates Fzd?2 in the cell (e.g. an antibody or antigen
binding fragment thereof), to thereby downmodulate the Fzd2 in the cell. In one
embodiment, the agent specifically downmodulates the Fzd2 in the cell, that is to say the

agent does not downmodulate other closely related proteins (e.g., other Fzd proteins
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described herein). In one embodiment, the agent promotes sufficient internalization of the
Fzd2 receptor by the cancer cells to inhibit one or more tumorigenic properties of the cell. In
one emboidment, the agent prevents ligand (Wnt5a) binding to Fzd?2.

[0028] The findings reported herein can be extrapolated to the treatment of a tumor (e.g.,
cancer) in a subject. As such, another aspect of the invention relates to a method of treating a
tumor (e.g., a cancer) in a subject. The method comprises administering to the subject a
therapeutically effective amount of an agent (e.g,. an antibody or antigen binding fragment
thereof) that downmodulates Fzd2. In one embodiment, the agent specifically
downmodulates the Fzd2 in the cell. Administration is performed by a method that delivers
an effective amount of the agent to a sufficient portion of the tumor cells of the subject to
thereby produce therapeutic results. Effective treastment results in nihibition of one or more
properties of the tumor cells, including growth, migration, and invasion, of the tumor cells in
the subject. In one embodiment, the treatment is useful for inhibition of metastasis of the
tumor cells in the subject.

[0029] The methods described herein are applicable to the treatment of tumors at various
stages of disease progression, ranging from preliminary stages of disease to significantly
advanced stages of disease. The advanced stage of disease wherein the tumor exhibits the
properties of high growth rate, significant migration and invasivness, is often signified by the
detection of metastasis of the tumor cells to other locations or organs in the subject (e.g,
lymph nodes, lungs, brain). In one embodiment, one or more of the properties of loss of
growth control, migration, and invasivness are exhibited by the tumor.

[0030] It may be advantageous to determien the tate of the tumor cell targetted by the
methods described herein prior to treatment. A reproducible, statistically significant amount
as detected by standard means in the art is sufficient to indicate the presence of the one or
more properties of the tumor cells described herein. The extent of each propoerty (e.g., rate
of growwth and degree of migration and invasive properties) can further be measured by
standard methods in the art. Such methods can be used to determine the state of the tumor
cell with respect to these properties, following or in the course of treatment, to detect
inhibition (reduction of the one or more properties) of the tumor cells by the treatment.
[0031] In one embodiment, one or more of the properties (growth, migration, invasion, and
metastasis) are undetectable in the tumor cells of the subject. In such a situation, the method

described herein may result in delay or prevention of onset of one or more of the properties.
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Target Cell Types

[0032] The methods described herein are suitable for use on a variety of tumor cell types.
The tumors may be primary tumors or may be secondary tumors. The tumors may originate
from any cell or organ in a subject. In one embodiment, the tumor is an epithelial tumor. In
one embodiment the tumor arises in the gastrointestinal tract, prostate, ovary, breast, cervix,
central nervous system, peripheral nervous system, lung, kidney, retina, blood, skin, liver,
pancreas, or the genital-urinary system (e.g., testes, bladder) of a subject.

[0033] The tumor may have progressed to the stage of cancer. In one embodiment, the
cancer 18 gastrointestinal cancer, prostate cancer, ovarian cancer, breast cancer, head and neck
cancer, lung cancer, lymphoma, non-small cell lung cancer, cancer of the nervous system,
kidney cancer, retina cancer, skin cancer (e.g., basal cell carcinoma, squamous cell
carcinoma, and melanoma), liver cancer, pancreatic cancer, genital-urinary cancer or bladder
cancer. In one embodiment, the cancer cell is a carcinoma, sarcoma, lymphoma, germ cell
tumor or blastoma. In one embodiment, the cancer is hepatocellular carcinoma.

[0034] The cancer can be in any possible stage of disease progression (e.g., stage 0, I, 11, III,
IV). In one embodiment, the cancer is late stage hepatocellular carcinoma. In one
embodiment, the cancer has exhibited signs of metastasis.

[0035] In one embodiment, the tumor exhibits overexpression of Fzd2 and/or Wnt5a, as
compared to an appropriate control cell or tissue. Overexpression refers to an increased
amount or level of the protein. Such an increase is detected as an identified, reproducible,
quantitative or qualitative increase in the physical presence of a target molecule or molecules
(e.g., Fzd2 or Wnt5a). An increase that is considered relevant to the methods described
herein is an increase by at least about 5%, about 10%, about 20%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, about 90%, about 95%, about 99%, about
100% of the protein level in an appropriate control. Significantly higher increases above a 2
fold increase would also be relevant to the methods described herein. Additionally,
overexpression of a target protein can be determined by analysis of the mRNA in the cell
encoding the target protein. An increase that is considered relevant to the methods described
herein is an increase by at least about 5%, about 10%, about 20%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, about 90%, about 95%, about 99%, about
100% of the mRNA level in an appropriate control. Significantly higher increases above a 2
fold increase would also be relevant to the methods described herein.

[0036] An increased amount is determined by measuring (e.g., quantitative) the target

molecule(s) in a target cell or tissue, to produce a determined amount, followed by
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comparison to a control amount obtained by measuring the target molecule(s) in an
appropriate control cell or tissue, under normal or non-disease conditions. Measurement in
the target cell or tissue and in the control cell or tissue is performed by as close to identical
methods as possible under the given experimental conditions. An appropriate control cell can
be determined by the skilled practitioner. For example, normal adjacent tissue of the same
cell type is often used as a control.

[0037] Downmodulation of the Fzd2 protein that results from the methods described herein
can be detected by a variety of means. Downmodulation resulting from decreased Fzd2
protein expression can be detected by quantitative measurement of the protein in a cell.
Downmodulation resulting from reducing one or more protein functions (e.g., ligand binding)
can be detected by analysis of that function (e.g,. measuring the amount of bound ligand). In
one embodiment, downmodulation results from increasing internalization of the Fzd2
receptor. In one embodiment, the internalization reduces the total amount of Fzd2 receptor
on the cell surface. In one embodiment, the Fzd2 receptor on the surface of the cell is
reduced by at least about 5%, about 10%, about 20%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, about 90%, about 95%, about 99%, about 100% of the

amount on an appropriate control cell.

Fzd Proteins

[0038] The terms "frizzled protein” or "frizzled receptor” refer to a family of mammalian
proteins. The Frizzled family comprises at least 10 mammalian genes. Human Frizzled
receptors include Fzd1, Fzd2, Fzd3, Fzd4, Fzd5, Fzd6, Fzd7, Fzd8, Fzd9 and Fzd10. The
sequences of the different human Frizzled receptors are publically available. The mammalian
frizzled proteins share a number of common structural motifs. The N terminus located at the
extracellular membrane surface is followed by a signal sequence, a domain of 120 amino
acids with an invariant pattern of 10 cysteine residues, and a highly divergent region of 40-
100 largely variable hydrophilic amino acids. Putative hydrophobic segments form seven
membrane-spanning helices linked by hydrophilic loops, ending with the C terminus located
at the intracellular face of the membrane. The cysteine-rich domains (CRDs) and the
transmembrane segments are strongly conserved, suggesting a working model in which an
extracellular CRD is tethered by a variable linker region to a bundle of seven membrane-
spanning-helices. Frizzled protein receptors are, therefore, involved in a dynamic model of
transmembrane signal transduction analogous to G-protein-coupled receptors with amino-

terminal ligand binding domains.



WO 2012/174446 PCT/US2012/042770

[0039] The amino acid sequence of human Fzd?2 is set forth in Figure 7. Amino acids 1-23
are the signal peptide. Extra cellular domains of Fzd2 are encompassed by amino acids 24-

247,301-327, 392-414, and 483-519.

WntSa

[0040] Wnt5a (wingless-related MMTYV integration site 5a) is a member of a large family of
cysteine-rich growth factors. Proteins in this family are highly conserved and naturally
secreted. The Wnt5a protein binds to members of the Frizzled (Fzd) family of seven-
transmembrane domain receptors on the cell surface, including Fzd2, and this triggers a series
of intracellular events that ultimately regulate gene transcription. These intracellular events
are grouped according to two known signaling pathways, the canonical Wnt/B-catenin
pathway (He et al., Science 275:652-654, 1997; Toyofuku et al., J. Cell Biol. 150:225-41,
2000; Kawakami et al., Cell 104:891-900, 2001) and the Wnt/Ca++ pathway (Slusarski et al.,
Dev. Biol. 182:114-120, 1997; Kuhl et al., J. Biol. Chem. 275:12701-12711, 2000; and Kuhl
et al., Mech. Dev. 106:61-76, 2001). Upregulation of gene expression of WNT5a has been
observed in various human cancers (Lejeune et al., Clin. Cancer Res. 1:215-222, 1995; Tozzo
et al., Cancer Res. 55:3495-3499, 1995) and WNT5a has recently been reported to facilitate
cell invasion in human metastatic melanoma (Weeraratna et al., Cancer Cell 1:279-88, 2002).
Determination of expression levels of Wnt5a in a cell, tissue or a specific cancer is described

in detail in U.S. Patent No. 7,723,055.

Agents for Downmodulation

[0041] In one embodiment, the agent for downmodulation is specific for Fzd2. Specific, as
the term is used herein in reference to downmodulation of Fzd2, refers to an absence of
significant downmodulation of other related proteins, such as other Frizzled proteins or
receptors ( e.g.,. Fzd1, or Fzd3-Fzd10). Agents that specifically downmodulate Fzd2, and do
not significantly downmodulate other Fzd proteins can be generated by routine methods.
[0042] Agents for downmodulation, as described herein can be chemicals; small molecules;
nucleic acid sequences; nucleic acid analogues; proteins; peptides; aptamers; antibodies; or
fragments thereof. Many such agents are known in the art and can be used in the present
invention. Other such agents can be identified or generated for use in the present invention.
[0043] Such an agent can take the form of any entity that is normally absent (exogenous) or
present at lower levels that those provided to the cell(s). Agents such as chemicals; small

molecules; nucleic acid sequences; nucleic acid analogues; proteins; peptides; aptamers;
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antibodies, or antigen binding fragments thereof, can be identified or generated for use to
downmodulate the Fzd2.

[0044] Agents in the form of a protein and/or peptide or fragment thereof can be used to
downmodulate Fzd2. Examples of useful proteins are mutated proteins, genetically
engineered proteins, peptides, synthetic peptides, recombinant proteins, chimeric proteins,
antibodies, midibodies, minibodies, triabodies, humanized proteins, humanized antibodies,
chimeric antibodies, modified proteins and fragments thereof. Agents also include antibodies
(polyclonal or monoclonal), neutralizing antibodies, antibody fragments, peptides, proteins,
peptide-mimetics, aptamers, hormones, small molecules, carbohydrates or variants thereof
that function to inactivate the nucleic acid and/or protein of the gene products identified
herein, and those as yet unidentified. Inhibitory agents can also be a chemical, small
molecule, chemical entity, nucleic acid sequences, nucleic acid analogues or protein or
polypeptide or analogue or fragment thereof.

[0045] The agent may function directly in the form in which it is administered.
Alternatively, the agent can be modified or utilized intracellularly to produce something
which downmodulates the Fzd2, such as introduction of a nucleic acid sequence into the cell
and its transcription resulting in the production of the nucleic acid and/or protein inhibitor of
Fzd2 within the cell. The agent can be made from any chemical, entity or moiety, including
without limitation synthetic and naturally-occurring non-proteinaceous entities. In certain
embodiments the agent is a small molecule having a chemical moiety. For example, chemical
moieties included unsubstituted or substituted alkyl, aromatic, or heterocyclyl moieties
including macrolides, leptomycins and related natural products or analogues thercof. Agents
can be known to have a desired activity and/or property, or can be selected from a library of

diverse compounds.

Antibodies and Antibody Binding Fragments

[0046] Antibodies that bind an extracellular region of Fzd2 are particularly suited for use in
the methods described herein. In one embodiment, the antibody specifically binds Fzd2, and
does not appreciably bind related Fzd molecules. Antibodies that bind specifically to Fzd2
(e.g., the extracellular region), and do not significantly bind to other Fzd proteins can be
generated or otherwise identified by routine methods. By way of example, epitopes that are
specific to Fzd2 can be used to generate or identify antibodies or antigen binding fragments
thereof, by the methods described herein. The location of such epitopes can be determined,

for example, by comparison of the amino acid sequences of the Fzd2 protein, to the amino
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acid sequences of related Fzd family members, to thereby identify regions of dissimilarity. In
one embodiment, the antibody binds an extracellular portion of the Fzd2 protein. Useful
extracellular portions of the Fzd2 protein include, without limitation, a region of Fzd2
corresponding to amino acids 24-247, amino acids 125-163, amino acids 134-163, and amino
acids 144-163. In one embodiment, the antibody or antigen binding fragment binds a
fragment of Fzd2 comprising the amino acid sequence HGAEQICVGQNHSEDGAPAL
(SEQ ID NO: 1). In one embodiment, the antibody or antigen binding fragment binds the
epitope within the amino acid sequence HGAEQICVGQNHSEDGAPAL (SEQ ID NO: 1).
In one embodiment, the antibody or antigen binding fragment binds a subset of the amino
acids within the amino acid sequence HGAEQICVGQNHSEDGAPAL (SEQ ID NO: 1),
when present in the context of the Fzd2 protein (e.g., having the amino acid sequence shown
in Figure 7). In one embodiment, the antibody or antigen binding fragment binds 19 or less
consecutive amino acids of HGAEQICVGQNHSEDGAPAL (SEQ ID NO: 1), within the
context of the wild type Fzd2 protein. In one embodiment, the antibody or antigen binding
fragment binds 18 or less, 17 or less, 16 or less, 15 or less, 14 or less, 13 or less, 12 or less, 11
or less, 10 or less, 9 or less, 8 or less, 7 or less, 6 or less, 5 or less, 4 or less, 3 or less, or 2 or
less consecutive amino acids of HGAEQICVGQNHSEDGAPAL (SEQ ID NO: 1), within
the context of the wild type Fzd2 protein.

[0047] Antibodies which were generated to Fzd2 from non-human species are also expected
to recognize human Fzd2 if generated to epitopes which lie in areas of animo acid identity
(e.g., 100% identity) to human Fzd?2.

[0048] Detection of specific binding of an antibody to a region or epitope of Fzd?2 is
exemplified herein. The ability of a region or epitope to competitively inhibit binding of the
antibody to a longer region of Fzd2, or to full length Fzd2 can also be used to identify the
region or epitope to which an antibody or antigen binding fragment binds.

[0049] In one embodiment, the antibody binds to Fzd2, wherein that binding promotes
internalization of the Fzd2 receptor by the tumor cells. In one embodiment, binding of the
antibody to Fzd2 prevents or otherwise significantly reduces binding of Fzd2 to endogenous
ligand. One such ligand is Wnt5a.

[0050] An antibody used in the present invention can be of any one of the various
immunoglobulin isotypes. An antigen binding fragment of an antibody described herein is
also useful in the methods described herein, and includes, without limitation, the Fab, scFv,

Fv, dAb, and Fd fragments. Preferred for human therapeutic use are high affinity murine,
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chimeric, human and humanized antibodies, and antigen binding fragments thereof, having
potent in vivo activity.

[0051] Structurally, the simplest antibody (IgG) comprises four polypeptide chains, two
heavy (H) chains and two light (L) chains inter-connected by disulphide bonds. The light
chains exist in two distinct forms called kappa (k) and lambda (A). Each chain has a constant
region (C) and a variable region (V). Each chain is organized into a series of domains. The
light chains have two domains, corresponding to the C region and the other to the V region.
The heavy chains have four domains, one corresponding to the V region and three domains
(1,2 and 3) in the C region. The antibody has two arms (each arm being a Fab region), each of
which has a VL and a VH region associated with each other. It is this pair of V regions (VL
and VH) that differ from one antibody to another (owing to amino acid sequence variations),
and which together are responsible for recognizing the antigen and providing an antigen
binding site (ABS). In even more detail, each V region is made up from three
complementarity determining regions (CDR) separated by four framework regions (FR). The
CDR's are the most variable part of the variable regions, and they perform the critical antigen
binding function. The CDR regions are derived from many potential germ line sequences via
a complex process involving recombination, mutation and selection.

[0052] Certain identifiable fragments of a whole antibody also retain the ability to bind
antigen. Such binding fragments are (i) the Fab fragment consisting of the VL, VH, CL and
CHI1 domains; (ii) the Fd fragment consisting of the VH and CH1 domains; (iii) the Fv
fragment consisting of the VL and VH domains of a single arm of an antibody, (iv) the dAb
fragment (Ward, E. S. et al., Nature 341, 544-546 (1989) which consists of a VH domain; (v)
isolated CDR regions; and (vi) F(ab")2 fragments, a bivalent fragment comprising two Fab
fragments linked by a disulphide bridge at the hinge region.

[0053] Although the two domains of the Fv fragment are coded for by separate genes, it is
possible to make a synthetic linker that enables them to be made as a single protein chain
(known as single chain Fv (scFv); Bird, R. E. et al., Science 242, 423-426 (1988) Huston, J.
S. et al., Proc. Natl. Acad. Sci., USA 85, 5879-5883 (1988)) by recombinant methods. These
scFv fragments were assembled from genes from monoclonal antibodies that had been
previously isolated. In this application, the applicants describe a process to assemble scFv
fragments from VH and VL domains that are not part of an antibody that has been previously
1solated.

[0054] Antibodies useful in the present invention can be in the form of polyclonal,

monoclonal, chimeric, humanized, and recombinant antibodies. Antigen-binding fragments
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can be generated from an antibody by methods known to the skilled practitioner. Antibodies
are readily raised in animals such as rabbits or mice by immunization with the antigen.
Immunized mice are particularly useful for providing sources of B cells for the manufacture
of hybridomas, which in turn are cultured to produce large quantities of monoclonal
antibodies.

[0055] Antibodies provide high binding avidity and unique specificity to a wide range of
target antigens and haptens. Monoclonal antibodies useful in the practice of the present
invention include whole antibody and fragments thereof and are generated in accordance with
conventional techniques, such as hybridoma synthesis, recombinant DNA techniques and
protein synthesis.

[0056] Polyclonal antibodies, or fragments thereof, can be derived from any species.

[0057] Useful monoclonal antibodies and fragments can be derived from any species
(including humans) or can be formed as chimeric proteins which employ sequences from
more than one species. Human monoclonal antibodies or "humanized" murine antibody are
also used in accordance with the present invention. For example, murine monoclonal
antibody can be "humanized" by genetically recombining the nucleotide sequence encoding
the murine Fv region (i.e., containing the antigen binding sites) or the complementarily
determining regions thereof with the nucleotide sequence encoding a human constant domain
region and an Fc region. Humanized targeting moieties are recognized to decrease the
immunoreactivity of the antibody or polypeptide in the host recipient, permitting an increase
in the half-life and a reduction the possibly of adverse immune reactions in a manner similar
to that disclosed in European Patent Application No. 0,411,893 A2. The murine monoclonal
antibodies should preferably be employed in humanized form. Antigen binding activity is
determined by the sequences and conformation of the amino acids of the six complementarily
determining regions (CDRs) that are located (three each) on the light and heavy chains of the
variable portion (Fv) of the antibody. The 25-kDa single-chain Fv (scFv) molecule,
composed of a variable region (VL) of the light chain and a variable region (VH) of the
heavy chain joined via a short peptide spacer sequence, is the smallest antibody fragment
developed to date. Techniques have been developed to display scFv molecules on the surface
of filamentous phage that contain the gene for the scFv. scFv molecules with a broad range of
antigenic-specificities can be present in a single large pool of scFv-phage library. Some
examples of high affinity monoclonal antibodies and chimeric derivatives thereof, useful in
the methods of the present invention, are described in the European Patent Application EP

186,833; PCT Patent Application WO 92/16553; and US Patent No. 6,090,923.
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[0058] Chimeric antibodies are immunoglobin molecules characterized by two or more
segments or portions derived from different animal species. Generally, the variable region of
the chimeric antibody is derived from a non-human mammalian antibody, such as murine
monoclonal antibody, and the immunoglobin constant region is derived from a human
immunoglobin molecule. Preferably, both regions and the combination have low
immunogenicity as routinely determined.

[0059] One limitation of scFv molecules is their monovalent interaction with target antigen.
One of the easiest methods of improving the binding of a scFv to its target antigen is to
increase its functional affinity through the creation of a multimer. Association of identical
scFv molecules to form diabodies, triabodies and tetrabodies can comprise a number of
identical Fv modules. These reagents are therefore multivalent, but monospecific. The
association of two different scFv molecules, each comprising a VH and VL domain derived
from different parent Ig will form a fully functional bispecific diabody. A unique application
of bispecific scFvs is to bind two sites simultaneously on the same target molecule via two
(adjacent) surface epitopes. These reagents gain a significant avidity advantage over a single
scFv or Fab fragments. A number of multivalent scFv-based structures has been engineered,
including for example, miniantibodies, dimeric miniantibodies, minibodies, (scFv)2,
diabodies and triabodies. These molecules span a range of valence (two to four binding sites),
size (50 to 120 kDa), flexibility and ease of production. Single chain Fv antibody fragments
(scFvs) are predominantly monomeric when the VH and VL domains are joined by,
polypeptide linkers of at least 12 residues. The monomer scFv is thermodynamically stable
with linkers of 12 and 25 amino acids length under all conditions. The noncovalent diabody
and triabody molecules are easy to engineer and are produced by shortening the peptide
linker that connects the variable heavy and variable light chains of a single scFv molecule.
The scFv dimers are joined by amphipathic helices that offer a high degree of flexibility and
the miniantibody structure can be modified to create a dimeric bispecific (DiBi) miniantibody
that contains two miniantibodies (four scFv molecules) connected via a double helix. Gene-
fused or disulfide bonded scFv dimers provide an intermediate degree of flexibility and are
generated by straightforward cloning techniques adding a C-terminal Gly4Cys sequence.
scFv-CH3 minibodies are comprised of two scFv molecules joined to an IgG CH3 domain
either directly (LD minibody) or via a very flexible hinge region (Flex minibody). With a
molecular weight of approximately 80 kDa, these divalent constructs are capable of
significant binding to antigens. The Flex minibody exhibits impressive tumor localization in

mice. Bi- and tri-specific multimers can be formed by association of different scFv
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molecules. Increase in functional affinity can be reached when Fab or single chain Fv
antibody fragments (scFv) fragments are complexed into dimers, trimers or larger aggregates.
The most important advantage of multivalent scFvs over monovalent scFv and Fab fragments
is the gain in functional binding affinity (avidity) to target antigens. High avidity requires that
scFv multimers are capable of binding simultaneously to separate target antigens. The gain in
functional affinity for scFv diabodies compared to scFv monomers is significant and is seen
primarily in reduced off-rates, which result from multiple binding to two or more target
antigens and to rebinding when one Fv dissociates. When such scFv molecules associate into
multimers, they can be designed with either high avidity to a single target antigen or with
multiple specificities to different target antigens. Multiple binding to antigens is dependent on
correct alignment and orientation in the Fv modules. For full avidity in multivalent scFvs
target, the antigen binding sites must point towards the same direction. If multiple binding is
not sterically possible then apparent gains in functional affinity are likely to be due the effect
of increased rebinding, which is dependent on diffusion rates and antigen concentration.
Antibodies conjugated with moieties that improve their properties are also contemplated for
the instant invention. For example, antibody conjugates with PEG that increases their half-life
in vivo can be used for the present invention. Immune libraries are prepared by subjecting the
genes encoding variable antibody fragments from the B lymphocytes of naive or immunized
animals or patients to PCR amplification. Combinations of oligonucleotides which are
specific for immunoglobulin genes or for the immunoglobulin gene families are used.
Immunoglobulin germ line genes can be used to prepare semisynthetic antibody repertoires,
with the complementarity-determining region of the variable fragments being amplified by
PCR using degenerate primers. These single-pot libraries have the advantage that antibody
fragments against a large number of antigens can be isolated from one single library. The
phage-display technique can be used to increase the affinity of antibody fragments, with new
libraries being prepared from already existing antibody fragments by random, codon-based or
site-directed mutagenesis, by shuffling the chains of individual domains with those of
fragments from naive repertoires or by using bacterial mutator strains.

[0060] In one embodiment, the antibody or antigen binding fragment thereof, is produced by
a SCID-hu mouse, for example the model developed by Genpharm. In one embodiment, a
type of high avidity binding molecule, termed peptabody, created by harnessing the effect of
multivalent interaction is contemplated.

[0061] Human antibodies against Fzd2 can be produced from non-human transgenic

mammals having transgenes encoding at least a segment of the human immunoglobulin
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locus. Usually, the endogenous immunoglobulin locus of such transgenic mammals is
functionally inactivated. Preferably, the segment of the human immunoglobulin locus
includes unrearranged sequences of heavy and light chain components. Both inactivation of
endogenous immunoglobulin genes and introduction of exogenous immunoglobulin genes
can be achieved by targeted homologous recombination, or by introduction of YAC
chromosomes. The transgenic mammals resulting from this process are capable of
functionally rearranging the immunoglobulin component sequences, and expressing a
repertoire of antibodies of various isotypes encoded by human immunoglobulin genes,
without expressing endogenous immnunoglobulin genes. The production and properties of
mammals having these properties are described in detail by, e.g., Lonberg et al.,
WO093/12227 (1993); U.S. Pat. No. 5,877,397, U.S. Pat. No. 5,874,299, U.S. Pat. No.
5,814,318, U.S. Pat. No. 5,789,650, U.S. Pat. No. 5,770,429, U.S. Pat. No. 5,661,016, U.S.
Pat. No. 5,633,425, U.S. Pat. No. 5,625,126, U.S. Pat. No. 5,569,825, U.S. Pat. No.
5,545,806, Nature 148, 1547-1553 (1994), Nature Biotechnology 14, 826 (1996),
Kucherlapati, WO 91/10741 (1991) (each of which is incorporated by reference in its entirety
for all purposes). Transgenic mice are particularly suitable. Anti-Fzd2 antibodies are obtained
by immunizing a transgenic nonhuman mammal, such as described by Lonberg or
Kucherlapati, supra with Fzd2 or a fragment thereof. Monoclonal antibodies are prepared by,
e.g., fusing B-cells from such mammals to suitable myeloma cell lines using conventional
Kohler-Milstein technology. Human polyclonal antibodies can also be provided in the form
of serum from humans immunized with an immunogenic agent Optionally, such polyclonal
antibodies can be concentrated by affinity purification using Fzd2 or other Fzd2 peptide as an
affinity reagent.

[0062] A further approach for obtaining human Fzd2 antibodies is to screen a DNA library
from human B cells according to the general protocol outlined by Huse et al., Science
246:1275-1281 (1989). As described for trioma methodology, such B cells can be obtained
from a human immunized with Fzd2, fragments, longer polypeptides containing Fzd2 or
fragments or anti-idiotypic antibodies. Optionally, such B cells are obtained from a patient
who is ultimately to receive antibody treatment. Antibodies binding to Fzd2 or a fragment
thereof are selected. Sequences encoding such antibodies (or a binding fragments) are then
cloned and amplified. The protocol described by Huse is rendered more efficient in
combination with phage-display technology. See, ¢.g., Dower et al., WO 91/17271 and
McCafferty et al., WO 92/01047, U.S. Pat. No. 5,877,218, U.S. Pat. No. 5,871,907, U.S. Pat.
No. 5,858,657, U.S. Pat. No. 5,837,242, U.S. Pat. No. 5,733,743 and U.S. Pat. No. 5,565,332

-17-



WO 2012/174446 PCT/US2012/042770

(each of which is incorporated by reference in its entirety for all purposes). In these methods,
libraries of phage are produced in which members display different antibodies on their outer
surfaces. Antibodies are usually displayed as Fv or Fab fragments. Phage displaying
antibodies with a desired specificity are selected by affinity enrichment to an Fzd2 peptide or
fragment thereof.

[0063] In a variation of the phage-display method, human antibodies having the binding
specificity of a selected murine antibody can be produced. See US. Patent No. 6,172,197,
issued January 9, 2001. In this method, either the heavy or light chain variable region of the
selected murine antibody is used as a starting material. If, for example, a light chain variable
region is selected as the starting material, a phage library is constructed in which members
display the same light chain variable region (i.e., the murine starting material) and a different
heavy chain variable region. The heavy chain variable regions are obtained from a library of
rearranged human heavy chain variable regions. A phage showing strong specific binding for
Fzd2 (e.g., at least 108 and preferably at least 109 M-1) is selected. The human heavy chain
variable region from this phage then serves as a starting material for constructing a further
phage library. In this library, each phage displays the same heavy chain variable region (i.c.,
the region identified from the first display library) and a different light chain variable region.
The light chain variable regions are obtained from a library of rearranged human variable
light chain regions. Again, phage showing strong specific binding for Fzd2 are selected.
These phage display the variable regions of completely human anti-Fzd2 antibodies. These
antibodies usually have the same or similar epitope specificity as the murine starting material.
[0064] In one embodiment, the agent inhibits gene expression (i.e., suppress and/or repress
the expression of a gene of interest (e.g., the Fzd2 gene)). Such agents are referred to in the
art as “gene silencers” and are commonly known to those of ordinary skill in the art.
Examples include, but are not limited to a nucleic acid sequence, (e.g., for an RNA, DNA, or
nucleic acid analogue). These can be single or double stranded. They can encode a protein
of interest, can be an oligonucleotide, a nucleic acid analogue. Included in the term “nucleic
acid sequences” are general and/or specific inhibitors. Some known nucleic acid analogs are
peptide nucleic acid (PNA), pseudo-complementary PNA (pc-PNA), locked nucleic acids
(LNA) and derivatives therecof. Nucleic acid sequence agents can also be nucleic acid
sequences encoding proteins that act as transcriptional repressors, antisense molecules,
ribozymes, small inhibitory nucleic acid sequences (e.g.,, RNAi, shRNAi, siRNA, micro
RNAi (miRNA), and antisense oligonucleotides. Many such molecules for inhibiting Fzd2
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are known in the art. As such these inhibitors can function as an agent in the present
invention.

[0065] One type of downmodulatory agent for use in the present invention is an RNAi
molecule (e.g., an sSIRNA or miRNA). The term “RNAi” and “RNA interfering” with respect
to an agent of the invention are used interchangeably herein. The term “RNAi” as used
herein refers to interfering RNA or RNA interference, which is a means of selective post-
transcriptional gene silencing by destruction of specific mRNA by molecules that bind and
inhibit the processing of mRNA, for example inhibit mRNA translation or result in mRNA
degradation. As used herein, the term "RNAi" refers to any type of interfering RNA,
including but are not limited to, siRNAi, shRNAi, endogenous microRNA and artificial
microRNA. For instance, it includes sequences previously identified as siRNA, regardless of
the mechanism of down-stream processing of the RNA (i.c. although siRNAs are believed to
have a specific method of in vivo processing resulting in the cleavage of mRNA, such
sequences can be incorporated into the vectors in the context of the flanking sequences
described herein).

[0066] RNAi molecules are typically comprised of a sequence of nucleic acids or nucleic
acid analogs, specific for a target gene. A nucleic acid sequence can be RNA or DNA, and
can be single or double stranded, and can be selected from a group comprising; nucleic acid
encoding a protein of interest, oligonucleotides, nucleic acid analogues, for example peptide-
nucleic acid (PNA), pseudo-complementary PNA (pc-PNA), locked nucleic acid (LNA).
[0067] As used herein an "siRNA" refers to a nucleic acid that forms a double stranded RNA,
which double stranded RNA has the ability to reduce or inhibit expression of a gene or target
gene when the siRNA is present or expressed in the same cell as the target gene, for example
an HDF gene. The double stranded RNA siRNA can be formed by the complementary
strands. In one embodiment, a sSiRNA refers to a nucleic acid that can form a double stranded
siRNA. The sequence of the siRNA can correspond to the full length target gene, or a
subsequence thereof. Typically, the siRNA is at least about 15-50 nucleotides in length (e.g.,
each complementary sequence of the double stranded siRNA is about 15-50 nucleotides in
length, and the double stranded siRNA is about 15-50 base pairs in length, preferably about
19-30 base nucleotides, preferably about 20-25 nucleotides in length, e.g., 20, 21, 22, 23, 24,
25,26, 27, 28, 29, or 30 nucleotides in length). An siRNA can be chemically synthesized, it
can be produced by in vitro transcription, or it can be produced within a cell specifically

utilized for such production.

-19-



WO 2012/174446 PCT/US2012/042770

[0068] In one embodiment, the siRNA is designed for inhibition of expression of Fzd2.
Examples of such siRNA and methods of use to inhibit expression are known in the art
(Published Patent Application WO 2010/039679; Truong et al., Genes & Dev. 20: 3185-3197
(2006); Barbieri et al., Cancer Res 65:2314-2320 (2005); Yuan et al., BMC Cancer 11:57
(2011); Yang et al. Cancer Res 71:3688-3700 (2011)). Examples of useful siRNA sequences
for inhibiting Fzd2 are provided herein.

[0069] In one embodiment, use of the agent is to thereby result in a decrease in the target
Fzd2 mRNA level in a cell by at least about 5%, about 10%, about 20%, about 30%, about
40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 95%, about 99%,
about 100% of the mRNA level typically measured in the cell in the absence of the RNAi. In
one embodiment, the mRNA levels are decreased by at least about 70%, about 80%, about
90%, about 95%, about 99%, or about 100%.

[0070] The agent that is a nucleic acid to be expressed in the target cell may comprise a
vector. Many such vectors useful for transferring exogenous genes into target mammalian
cells are available. The vectors may be episomal, e.g., plasmids, virus derived vectors such
cytomegalovirus, adenovirus, etc., or may be integrated into the target cell genome, through
homologous recombination or random integration, ¢.g., retrovirus derived vectors such
MMLYV, HIV-1, ALV, etc. For modification of stem cells, lentiviral vectors are preferred.
Lentiviral vectors such as those based on HIV or FIV gag sequences can be used to transfect
non-dividing cells, such as the resting phase of human stem cells (see Uchida et al. (1998)
P.N.A.S. 95(20): 11939-44). As used herein, the term "vector"” refers to a nucleic acid
molecule capable of transporting another nucleic acid to which it has been linked. Preferred
vectors are those capable of autonomous replication and/or expression of nucleic acids to
which they are linked. Vectors capable of directing the expression of genes to which they are

operatively linked are referred to herein as "expression vectors".

Delivery of Agents to the Cell

[0071] The agent is contacted to the cell such that it can exert its intended effect on the cell.
In one embodiment, the agent exerts its effects on the cells merely by interacting with the
exterior of the cell (e.g., by binding to a receptor, such as with an antibody or antigen binding
fragment). Agents that act on the cell internally (e.g., RNAi) may be delivered in a form that
is readily taken up by the cell when contacted to the cell (e.g., in a formulation which

facilitates cellular uptake and delivery to the appropriate subcellular location). In one
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embodiment, the agent is in a formulation in which it is readily taken up by the cell so that it
can exert it effect.

[0072] Colloidal dispersion systems may be used as delivery vehicles and to enhance the in
vivo stability of the agent to a particular organ, tissue or cell type. Colloidal dispersion
systems include, but are not limited to, macromolecule complexes, nanocapsules,
microspheres, beads and lipid-based systems including oil-in- water emulsions, micelles,
mixed micelles, liposomes and lipid:oligonucleotide complexes of uncharacterized structure.
A preferred colloidal dispersion system is a plurality of liposomes. Liposomes are
microscopic spheres having an aqueous core surrounded by one or more outer layers made up
of lipids arranged in a bilayer configuration (see, generally, Chonn et al., Current Op.
Biotech. 1995, 6, 698-708). Other examples of cellular uptake or membrane-disruption
moieties include polyamines, e.g. spermidine or spermine groups, or polylysines; lipids and
lipophilic groups; polymyxin or polymyxin-derived peptides; octapeptin; membrane pore-
forming peptides; ionophores; protamine; aminoglycosides; polyenes; and the like. Other
potentially useful functional groups include intercalating agents; radical generators;
alkylating agents; detectable labels; chelators; or the like.

[0073] Other colloidal dispersion systems lipid particle or vesicle, such as a liposome or
microcrystal, may be suitable for administration. The particles may be of any suitable
structure, such as unilamellar or plurilamellar, so long as the antisense oligonucleotide is
contained therein. Positively charged lipids such as N-[1-(2,3dioleoyloxi)propyll-N,N,N-
trimethyl- anunoniummethylsulfate, or "DOTAP," are particularly preferred for such particles
and vesicles. The preparation of such lipid particles is well known. See, e.g., U.S. Patents
Nos. 4,880,635; 4,906,477, 4,911,928; 4,917,951; 4,920,016; and 4,921,757, which are
incorporated herein by reference. Other non-toxic lipid based vehicle components may
likewise be utilized to facilitate uptake of the nucleic acid compound by the cell.

[0074] In some embodiments, in order to increase nuclease resistance in an RNA1 agent as
disclosed herein, one can incorporate non-phosphodiester backbone linkages, as for example
methylphosphonate, phosphorothioate or phosphorodithioate linkages or mixtures thereof,
into one or more non-RNASE H-activating regions of the RNAi agents. Such non-activating
regions may additionally include 2'-substituents and can also include chirally selected
backbone linkages in order to increase binding affinity and duplex stability. Other functional
groups may also be joined to the oligonucleoside sequence to instill a variety of desirable
properties, such as to enhance uptake of the oligonucleoside sequence through cellular

membranes, to enhance stability or to enhance the formation of hybrids with the target

21-



WO 2012/174446 PCT/US2012/042770

nucleic acid, or to promote cross-linking with the target (as with a psoralen photo-cross-
linking substituent). See, for example, PCT Publication No. WO 92/02532, which is
incorporated herein in by reference.

[0075] Methods of delivering RNAI interfering (RNA1) agents, ¢.g., an siRNA, or vectors
containing an RNA interfering agent, to the target cells ( ¢.g., horizontal basal cells) can
include, for example (i) injection of a composition containing the RNA interfering agent, ¢.g.,
an siRNA, or (i1) directly contacting the cell, with a composition comprising an RNA
interfering agent, e.g., an siRNA. In another embodiment, RNA interfering agents, e.g., an
siRNA can be injected directly into any blood vessel, such as vein, artery, venule or arteriole,
via, ¢.g., hydrodynamic injection or catheterization. In some embodiments RNAi1 agents such

as siIRNA can delivered locally to specific organs or by systemic administration.

Pharmaceutical Compositions

[0076] In one embodiment, the agent described herein is an active ingredient in a
composition comprising a pharmaceutically acceptable carrier (referred to herein as a
pharmaceutical composition). Such a composition is referred to herein as a pharmaceutical
composition. A “pharmaceutically acceptable carrier” means any pharmaceutically
acceptable means to mix and/or deliver the targeted delivery composition to a subject. The
term "pharmaceutically acceptable carrier” as used herein means a pharmaceutically
acceptable material, composition or vehicle, such as a liquid or solid filler, diluent, excipient,
solvent or encapsulating material, involved in carrying or transporting the subject agents from
one organ, or portion of the body, to another organ, or portion of the body. Each carrier must
be "acceptable” in the sense of being compatible with the other ingredients of the
composition and is compatible with administration to a subject, for example a human. Such
compositions can be specifically formulated for administration via one or more of a number
of routes, such as the routes of administration described herein. Supplementary active
ingredients also can be incorporated into the compositions. When an agent, formulation or
pharmaceutical composition described herein, is administered to a subject, preferably, a
therapeutically effective amount is administered. As used herein, the term "therapeutically
effective amount” refers to an amount that results in an improvement or remediation of the
condition.

Administration

[0077] Administration of the pharmaceutical composition is by means which the agent

contained therein will contact the target cell or tissue (e.g., tumor or cancer). Examples of
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such routes are localized and systemic, which include, without limitation parenteral, enteral,
and topical administration. Parenteral administration is usually by injection, and includes,
without limitation, intravenous, intramuscular, intraarterial, intrathecal, intraventricular,
intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal,
subcutaneous, subcuticular, intraarticular, sub capsular, subarachnoid, intraspinal,
intracerebro spinal, intratumoral, and intrasternal injection and infusion. Administration can
be systemic administration, or localized, as determined necessary by the skilled practitioner.
Localized administration can be directed to the location of the target tissue. Pharmaceutical
compositions and formulations for specified modes of administration, described herein are
also encompassed by the present invention. The compounds of the invention can be
administered parenterally by injection or by gradual infusion over time and can be delivered
by peristaltic means.

[0078] The agents described herein are administered to a subject by routes and in
formulations that will deliver the agent to tumor tissue or cells of the subject. Delivery to the
tumor cell refers to eventual contacting of the cancer cells by the agent, in a manner required
for the agent to exert the intended effect. For instance, an antibody or antigen binding
fragment thereof is administered by a route, and in a formulation, that promotes contact with
the Fzd2 receptor located on the exterior (extracellular location) of the cancer cells. The
amount delivered to the subject is sufficient to promote an effective amount of the agent
being delivered to the cancer cells. The route of administration will depend upon various
factors, including the location of the cancer cells, the desired final concentration at the cancer
cell. Preferred routes and levels of administration, as well as appropriate formulations, will
be determined by the skilled practitioner for each individual subject.

[0079] Administration may be by transmucosal or transdermal means. For transmucosal or
transdermal administration, penetrants appropriate to the barrier to be permeated are used in
the formulation. Such penetrants are generally known in the art, and include, for example,
for transmucosal administration bile salts and fusidic acid derivatives. In addition, detergents
may be used to facilitate permeation. Transmucosal administration may be through nasal
sprays, for example, or using suppositories. For oral administration, the compounds of the
invention are formulated into conventional oral administration forms such as capsules, tablets
and tonics.

[0080] For topical administration, the pharmaceutical composition is formulated into

ointments, salves, gels, or creams, as is generally known in the art.
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[0081] The therapeutic compositions of this invention are conventionally administered
intravenously, as by injection of a unit dose, for example. The term "unit dose" when used in
reference to a therapeutic composition of the present invention refers to physically discrete
units suitable as unitary dosage for the subject, each unit containing a predetermined quantity
of active material calculated to produce the desired therapeutic effect in association with the
required diluent; i.e., carrier, or vehicle.

[0082] The compositions are administered in a manner compatible with the dosage
formulation, and in a therapeutically effective amount. The quantity to be administered and
timing depends on the subject to be treated, capacity of the subject's system to utilize the
active ingredient, and degree of therapeutic effect desired. Precise amounts of active
ingredient required to be administered depend on the judgment of the practitioner and are
peculiar to each individual.

[0083] Typically the agent is administered to a subject as a pharmaceutical composition. A
pharmaceutical composition contains the active agent, described herein, and a
pharmaceutically acceptable carrier. The composition may further comprise one or more
additional ingredients, such as additional active agents.

[0084] The pharmaceutical composition formulation can further comprise ingredients for
protection of the active agent in the administered physiological and cellular environment. For
example, the formulation may contain an ingredient to protect the agent from degradation by
digestive enzymes, or from attack by the immune system of the subject.

[0085] As used here, the term “pharmaceutically acceptable” refers to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of human beings and animals without
excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.

[0086] As used here, the term “pharmaceutically-acceptable carrier” means a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, manufacturing aid (e.g., lubricant, talc magnesium, calcium or zinc
stearate, or steric acid), or solvent encapsulating material, involved in carrying or transporting
the subject compound from one organ, or portion of the body, to another organ, or portion of
the body. Each carrier must be “acceptable” in the sense of being compatible with the other
ingredients of the formulation and not injurious to the patient. Some examples of materials
which can serve as pharmaceutically-acceptable carriers include: (1) sugars, such as lactose,

glucose and sucrose; (2) starches, such as corn starch and potato starch; (3) cellulose, and its
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derivatives, such as sodium carboxymethyl cellulose, methylcellulose, ethyl cellulose,
microcrystalline cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6)
gelatin; (7) lubricating agents, such as magnesium stearate, sodium lauryl sulfate and talc; (8)
excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil,
cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; (10) glycols, such
as propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol and polyethylene
glycol (PEQG); (12) esters, such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering
agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid; (16)
pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20) pH
buffered solutions; (21) polyesters, polycarbonates and/or polyanhydrides; (22) bulking
agents, such as polypeptides and amino acids (23) serum component, such as serum albumin,
HDL and LDL; (22) C2-C12 alcohols, such as ethanol; and (23) other non-toxic compatible
substances employed in pharmaceutical formulations. Wetting agents, coloring agents,
release agents, coating agents, sweetening agents, flavoring agents, perfuming agents,
preservative and antioxidants can also be present in the formulation. The terms such as
“excipient”, “carrier”, “pharmaceutically acceptable carrier” or the like are used
interchangeably herein.

[0087] Downmodulatory agents of Fzd2 (e.g., Anti-Fzd2 peptides and/or Abs) of the present
invention can be administered either as individual therapeutic agents or in combination with
other therapeutic agents. They can be administered alone, but are generally administered with
a pharmaceutical carrier selected on the basis of the chosen route of administration and
standard pharmaceutical practice.

[0088] The dosage administered will, of course, vary depending upon known factors such as
the pharmacodynamic characteristics of the particular agent, and its mode and route of
administration; age, health, and weight of the recipient; nature and extent of symptoms, kind
of concurrent treatment, frequency of treatment, and the effect desired. Usually a daily
dosage of active ingredient can be about 0.01 to 100 milligrams per kilogram of body weight.
Ordinarily 1.0 to 5, and preferably 1 to 10 milligrams per kilogram per day given in divided
doses 1 to 6 times a day or in sustained release form is effective to obtain desired results.
[0089] Dosage forms (composition) suitable for internal administration generally contain
from about 0.1 milligram to about 500 milligrams of active ingredient per unit. In these
pharmaceutical compositions the active ingredient will ordinarily be present in an amount of

about 0.5 to 95% by weight based on the total weight of the composition.
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[0090] As anon-limiting example, treatment of cancer by the methods described herein in
humans or animals can be provided as a daily dosage of a pharmaceutical composition
comprising anti-Fzd2 peptides, monoclonal chimeric and/or murine antibodies of the present
invention at a dosage of 0.1 to 100 mg/kg, such as 0.5,0.9,1.0,1.1,1.5,2,3,4,5,6,7,8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 40, 45, 50, 60,
70, 80, 90 or 100 mg/kg, per day, on at least onc of day 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, or 40, or alternatively, at least one of week 1, 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,
16, 17, 18, 19 or 20, or any combination thereof, using single or divided doses of every 24,
12, 8, 6, 4, or 2 hours, or any combination thereof.

[0091] For parenteral administration, anti-Fzd2 antibodies or antigen binding fragments can
be formulated as a solution, suspension, emulsion or lyophilized powder in association with a
pharmaceutically acceptable parenteral vehicle. Examples of such vehicles are water, saline,
Ringer's solution, dextrose solution, and 5% human serum albumin. Liposomes and
nonaqueous vehicles such as fixed oils can also be used. The vehicle or lyophilized powder
can contain additives that maintain isotonicity (e.g., sodium chloride, mannitol) and chemical
stability (e.g., buffers and preservatives). The formulation is sterilized by commonly used

techniques.

Definitions

[0092] Downmodulation refers to reducing one or more functions of the protein (Fzd2) (e.g.,
ligand binding, signal transduction, etc.). This can be accomplished by directly inhibiting the
production of functional Fzd2 itself in the cell (e.g., by reducing gene expression or protein
synthesis), and/or by reducing Fzd2 function/activity. Fzd2 function/activity can be reduced,
for example by directly inhibiting the Fzd2 protein itself (e.g. by inhibiting ligand binding) or
otherwise targeting that protein for degradation. As such, an agent useful in the present
invention is one that inhibits Fzd2 gene expression or protein synthesis, or inhibits one or
more Fzd2 function or activity. Downmodulation may be accomplished by a reduction of the
amount of a receptor on the surface of a cell (e.g., by promotion of internalization of the
receptor). In one aspect of the invention the level of Fzd2 expressed on the surface of a cell
is reduced by contacting the cell with an agent that downmodulates Fzd2 in the cell. In one
embodiment, the agent binds specifically to Fzd2 of the cell and promotes internalization of
the Fzd2 by the cell. Such agents are described herein. A significant amount of

downmodulation is expected to produce useful results in the methods described herein. In

26-



WO 2012/174446 PCT/US2012/042770

onc embodiment, downmodulation results in at least 5%, at lcast 10%, at lecast 20%, at least
30%, at least 40%, or at least 50%, or at least 60%, or at least 70%, or at least 80%, or at least
90%, or at least 99% reduction in the level of Fzd2 protein or mRNA in the cell by the
methods described herein, as compared to that typically observed or expected in the absence
of treatment.

[0093] As used herein, the term "treating” and "treatment” and/or "palliating” refers to
administering to a subject an effective amount of the agent, so as to inhibit Fzd2 (e.g.,
promote receptor internalization and/or inhibit ligand binding), such that the subject has an
improvement in the condition, for example, detectable beneficial or desired clinical results.
For purposes of this invention, beneficial or desired clinical results include, but are not
limited to, a decrease in the severity of the symptoms, including partial or complete
alleviation of one or more symptoms; prevention or delay in the development of one or more
indicators, symptoms, or markers; diminishment of extent of discomfort (i.c., not worsening)
incurred by the condition; slowing of progression of the condition, amelioration or palliation
of the condition, and also complete recovery from the condition. A decrease in onset of one
or more indicators, symptoms, markers of the tumor or cancer as described herein may be by
at least 5%, at least 10%, at lcast 20%, at lecast 30%, at least 40%, or at lecast 50%, or at lcast
60%, or at least 70%, or at least 80%, or at least 90%, or at least 99% that typically observed
or expected in the absence of treatment. In one embodiment, the onset of one or more
symptoms, indicators or markers is completely prevented. In one embodiment, one or more
of the symptoms of the tumor or cancer experienced prior to administration are alleviated by
at least 5%, at least 10%, at lcast 20%, at lecast 30%, at least 40%, or at lecast 50%, or at lcast
60%, or at least 70%, or at least 80%, or at least 90%, or at least 99% that experienced in the
absence of treatment.

[0094] The term "therapeutically effective amount” refers to an amount that is sufficient to
effect a therapeutically significant reduction in a symptom associated with a disease, disorder
or injury being treated, when administered to a typical subject with that condition. A
therapeutically significant reduction in a symptom is, e.g. about 10%, about 20%, about 30%,
about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 100%, about
125%, about 150% or more as compared to a control or non-treated subject.

[0095] The compositions as disclosed herein can be administered in prophylatically or
therapeutically effective amounts. A prophylactically effective amount means that amount
necessary, at least partly, to delay the onset of, inhibit the progression of, or halt altogether,

the onset or progression of the particular disease or disorder being treated.
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[0096] Such amounts for therapy or prophylaxis will depend, of course, on the
particular condition being treated, the severity of the condition and individual patient
parameters including age, physical condition, size, weight and concurrent treatment. These
factors are well known to those of ordinary skill in the art and can be addressed with no more
than routine experimentation. It is preferred generally that a maximum dose be used, that is,
the highest safe dose according to sound medical judgment. It will be understood by those of
ordinary skill in the art, however, that a lower dose or tolerable dose can be administered for
medical reasons, psychological reasons or for virtually any other reasons.

[0097] As used herein, an antigen binding fragment of an antibody includes, without
limitation, the Fab, scFv, Fv, dAb, and Fd fragments. Example antigen binding fragments are
(1) the Fab fragment consisting of the VL, VH, CL and CH1 domains; (i1) the Fd fragment
consisting of the VH and CH1 domains; (iii) the Fv fragment consisting of the VL and VH
domains of a single arm of an antibody, (iv) the dAb fragment (Ward, E. S. et al., Nature 341,
544-546 (1989) which consists of a VH domain; (v) isolated CDR regions; and (vi) F(ab")2
fragments, a bivalent fragment comprising two Fab fragments linked by a disulphide bridge
at the hinge region. Although the two domains of the Fv fragment are coded for by separate
genes, it has proved possible to make a synthetic linker that enables them to be made as a
single protein chain (known as single chain Fv (scFv); Bird, R. E. et al., Science 242, 423-
426 (1988) Huston, J. S. et al., Proc. Natl. Acad. Sci., USA 85, 5879-5883 (1988)) by
recombinant methods.

[0098] The term "subject” includes organisms which are capable of suffering from a
disease, disorder or injury, who could otherwise benefit from the administration of a
compound or composition of the invention, such as human and non-human animals. The
terms subject, individual, and patient are used interchangeably herein. The term "non-human
animals" of the invention includes all vertebrates, including, without limitation, mammals
(e.g., rodent (mice, rat, rabbit, guinea pig), primate, canine, equine, bovine, feline, porcine)
and non-mammals. Non-human primates are also possible subjects. Specific subjects
include, without limitation, humans, sheep, dog, cow, horses, chickens, mice, rats, hamster,
rabbit, amphibians, reptiles, etc. Cells described herein can be in the context of or otherwise
isolated from any such subject described herein.

[0099] The terms “decrease” , “reduced”, “reduction” , “decrease” or “inhibit” are all
used herein generally to mean a decrease by a statistically significant amount when compared
to an appropriate reference level. In one embodiment, the reduction is at least 10% as

compared to a reference level, or at least about 20%, or at least about 30%, or at least about
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40%, or at least about 50%, or at least about 60%, or at least about 70%, or at least about
80%, or at least about 90% or up to and including a reduction of 100% (c.g. absent level or
non-detectable level as compared to a reference level).

[00100] The term "tumor cell" is used to refer to precancerous and also
cancerous cells.

[00101] As used herein, the term “administer” refers to the placement of a
pharmaceutically acceptable composition into a subject by a method or route which results in
at least partial localization of an effective amount of the composition to a desired site (e.g., to
the tumor tissue or cells of the tumor) such that desired effect is produced. A compound or
composition described herein can be administered by any appropriate route known in the art
including, but not limited to, oral or parenteral routes, including intravenous, intramuscular,
subcutaneous, transdermal, airway (acrosol), pulmonary, nasal, rectal, and topical (including
buccal and sublingual) administration.

[00102] Exemplary modes of administration include, but are not limited to,
injection, infusion, instillation, inhalation, or ingestion. “Injection” includes, without
limitation, intravenous, intramuscular, intraarterial, intrathecal, intraventricular, intracapsular,
intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal, subcutancous,
subcuticular, intraarticular, sub capsular, subarachnoid, intraspinal, intracerebrospinal, and
intrasternal injection and infusion. In preferred embodiments, the compositions are
administered by intravenous infusion or injection.

[00103] Unless otherwise defined herein, scientific and technical terms used in
connection with the present application shall have the meanings that are commonly
understood by those of ordinary skill in the art. Further, unless otherwise required by context,
singular terms shall include pluralities and plural terms shall include the singular.

[00104] It should be understood that this invention is not limited to the particular
methodology, protocols, and reagents, etc., described herein and as such may vary. The
terminology used herein is for the purpose of describing particular embodiments only, and is
not intended to limit the scope of the present invention, which is defined solely by the claims.
[00105] Other than in the operating examples, or where otherwise indicated, all
numbers expressing quantities of ingredients or reaction conditions used herein should be
understood as modified in all instances by the term “about.” The term “about” when used to

described the present invention, in connection with percentages means +1%.
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[00106] In one respect, the present invention relates to the herein described
compositions, methods, and respective component(s) thereof, as essential to the invention, yet
open to the inclusion of unspecified elements, essential or not (“comprising). In some
embodiments, other elements to be included in the description of the composition, method or
respective component thereof are limited to those that do not materially affect the basic and
novel characteristic(s) of the invention (“consisting essentially of’). This applies equally to
steps within a described method as well as compositions and components therein. In other
embodiments, the inventions, compositions, methods, and respective components thereof,
described herein are intended to be exclusive of any element not deemed an essential element
to the component, composition or method (“consisting of”).

[00107] All patents, patent applications, and publications identified are expressly
incorporated herein by reference for the purpose of describing and disclosing, for example,
the methodologies described in such publications that might be used in connection with the
present invention. These publications are provided solely for their disclosure prior to the
filing date of the present application. Nothing in this regard should be construed as an
admission that the inventors are not entitled to antedate such disclosure by virtue of prior
invention or for any other reason. All statements as to the date or representation as to the
contents of these documents is based on the information available to the applicants and does
not constitute any admission as to the correctness of the dates or contents of these documents.
[00108] The present invention may be as defined in any one of the following numbered

paragraphs.

1. A method of treating cancer in a subject comprising administering to the subject a
therapeutically effective amount of an antibody or antigen binding fragment thereof that
downmodulates Fzd2, such that the antibody or antigen binding fragment thereof is delivered

to cancer cells of the subject, to thereby treat the cancer.

2. A method of inhibiting growth, migration and/or invasion of a cancer cell in a subject
comprising administering to the subject a therapeutically effective amount of an antibody or
antigen binding fragment thereof that downmodulates Fzd2, such that the antibody or antigen

binding fragment thereof is delivered to the cancer cells, to thereby treat the cancer.

3. The method of any one of paragraphs 1 or 2, wherein the antibody specifically binds Fzd?2.
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4. The method of paragraph 3, wherein the antibody binds to Fzd2 and promotes

internalization of the Fzd2 receptor by the cancer cells.

5. The method of any one of paragraph 3-4, wherein the antibody to Fzd2 prevents ligand
binding to Fzd2.

6. The method of any one of paragraph 3-5, wherein the antibody specifically binds an

extracellular portion of the Fzd-2 protein.

7. The method of any one of paragraphs 3-6, wherein the antibody specifically binds to Fzd2

within a region of Fzd2 corresponding to amino acids 24-247 of Fzd?2.

8. The method of any one of paragraphs 3-7, wherein the antibody specifically binds to Fzd2

within a region of Fzd2 corresponding to amino acids 125-163 of Fzd2.

9. The method of any one of paragraphs 3-7, wherein the antibody specifically binds to Fzd2

within a region of Fzd2 corresponding to amino acids 134-163 of Fzd2.

10. The method of any one of paragraphs 3-7, wherein the antibody specifically binds to
Fzd2 within a region of Fzd2 corresponding to amino acids 144-163 of Fzd2.

11. The method of any one of paragraphs 3-10, wherein the antibody specifically binds to the
epitope HGAEQICVGQNHSEDGAPAL (SEQ ID NO: 1).

12. The method of any one of paragraphs 3-11, wherein the antibody is monoclonal.

13. The method of any one of paragraphs 3-11, wherein the antibody is polyclonal.

14. The method of any one of paragraphs 3-12, wherein the antibody is humanized.

15. The method of any one of paragraphs 1-14, wherein the cancer is selected from the group

consisting of gastrointestinal cancer, prostate cancer, ovarian cancer, breast cancer, head and

neck cancer, lung cancer, non-small cell lung cancer, cancer of the nervous system, kidney
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cancer, retina cancer, skin cancer, liver cancer, pancreatic cancer, genital-urinary cancer and

bladder cancer.

16. The method of any one of paragraphs 1-15, wherein the cancer is liver cancer.

17. The method of any one of paragraphs 1-16, wherein the cancer is late stage

hepatocellular carcinoma.

18. The method of any one of paragraphs 1-17, wherein the cancer displays overexpression

of Fzd2.

19. The method of any one of paragraphs 1-18, wherein the cancer displays overexpression

of Wnt5a.

[00109] The invention is further illustrated by the following examples, which should

not be construed as further limiting.

EXAMPLES

Example 1: Frizzled 2 receptor as a target for therapeutic antibodies in the treatment

of hepatocellular carcinoma

Fzd?2 is overexpressed in late stage and poorly differentiated HCC

[00110] Initial studies of Wnt receptor expression in hepatocellular carcinomas
revealed marked overexpression of Frizzled 2 (Fzd2) in late-stage and poorly differentiated
HCC (Figure 1). The transcript levels of the Fzd2 gene were measured in 48 tissue samples
obtained from patients with histopathologically confirmed HCC (stage I, n = 7; stage I, n =
8; stage III, n = &; stage IV, n = 3; tumor lesion, n=14), as well as in normal liver samples (n
= 8). Fzd2 was found to be significantly overexpressed in late-stage HCC (Stage I1I and IV)
compared with normal tissue (P < 0.05). Further, the levels of Fzd2 expression correlated
negatively with the degree of tissue differentiation. Moderately and poorly differentiated

tumors showed higher levels of Fzd2 compared with well-differentiated tumor types. Further,
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we found that Fzd2 is highly overexpressed in mesenchymal-like, metastatic HCC cell line
(FOCUS) compared with the more epithelial-like HepG2 HCC cell line (Figure 2).

Fzd?2 knockdown or treatment with an anti-Fzd2 antibody reduces cellular migration and
invasion in vitro.

[00111] The Wnt proteins are growth factors that have been shown to play critical
roles in proliferation, migration and invasion. The Wnt proteins mediate their effects through
binding to and activating receptors of the Fzd family. siRNA-mediated knockdown of Fzd2
or treatment with anti-Fzd2 antibody was found to inhibit Wnt-mediated cellular migration
and invasion of FOCUS cells in vitro, suggesting that Fzd2-mediated non-canonical Wnt

signaling is critical for these processes (Figure 3).

The anti-Fzd?2 antibody causes internalization of cell surface Fzd?2 receptors

[00112] Using a cell surface biotinylation assay, it was shown that treatment of
FOCUS cells with the anti-Fzd2 antibody causes internalization and degradation of Fzd2.
Specifically, Fzd2 was found to be expressed at the cell membrane in the absence of its
cognate ligand, Wnt5a. The protein levels of Fzd2 at the cell surface markedly decreased

upon Wnt5a stimulation or treatment with the anti-Fzd2 antibody (Figure 4).

Fzd?2 knockdown reduces tumor growth in nude mice

[00113] To understand the extent of Fzd2 alterations in the pathogenesis of HCC,
FOCUS were cells subcutancously injected into athymic mice and the ability of cells to form
tumor outgrowths were monitored. FOCUS cells grew rapidly in this model, producing
measurable tumors by day 4. When the outgrowths were approximately 200 mm”, mice were
divided at random into two groups (control and treated). The treated group received Fzd2-
siRNA injection on alternate days (MWF) for two weeks, while the control group received s.c
injection of in-vivo transfection reagent only. In the presence of siRNA directed against Fzd2,
tumor growth was significantly slower with a notable lag in the exponential growth phase
(Figure 5). Interestingly, the tumors in the treated group started to grow rapidly when the
Fzd2-siRNA injections were discontinued. These data suggest that the highly tumorigenic
potential of FOCUS cells is, in part, mediated through Fzd2.

[00114] Overall, the in vitro and in vivo data suggest that Fzd2 is an oncogene in HCC
and that overexpression of Fzd2 contributes to the progression and metastasis of HCC.

Epitope mapping of anti-Fzd2 antibody
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[00115] To map the epitope of anti-Fzd2 antibody (R & D Systems; MAB1307), three
overlapping constructs spanning from residues 26-172 in the N-terminus region of Fzd2 were
designed (Figure 6 A). When overexpressed in HEK293 cells, only the fragment 1 (full
length, aa 26-172) and fragment 3 (C-terminus region, aa 100-172) were recognized by anti-
Fzd2 antibody suggesting that the epitope of anti-Fzd2 antibody lies within the Fragment 3
region (Figure 6A). To further map the epitope of anti-Fzd2 antibody, three overlapping
peptides spanning Fragment 3 were synthesized. Using the peptide array, only Peptide 2 (aa
134-163) was seen to be recognized by the anti-Fzd2 antibody (Figure 6 B). Since, anti-Fzd2
antibody did not recognize Peptide 1 (aa 100-132) or overlapping Peptide 2 (aa 125-143), the
epitope for anti-Fzd2 antibody was determined to lie within the residues 134-
ERLRCEHFPRHGAEQICVGQNHSEDGAPAL-163 (SEQ ID NO: 1) in the N-terminus
region of Fzd2. This epitope lies in the region which is highly specific to Fzd2 and does not
share homology with other Fzd family members suggesting high specificity of anti-Fzd2
antibody. These sequences correspond to that shown for human fzd-2 in NCBI reference

NP 001457,

Materials and Methods

Cell lines and reagents

[00116] Liver cancer cell line HepG2 and HEK 293T cells were obtained from
American Type Culture Collection (ATCC, Rockville, MD). FOCUS cells were obtained
from J. Wands (Brown University) and have been described previously [5]. All cell lines
were maintained in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10%
(v/v) fetal bovine serum (FBS), 2 mM glutamine, 100 IU/mL penicillin, and 100 ug/mL
streptomycin.

[00117] Signal Silence Fzd2 siRNA was purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). siRNA was introduced into cells using Lipofectamine 2000 (Invitrogen)
according to the manufacturer's instructions. Recombinant human Wnt5a was from R&D
Systems (Minneapolis, MN). Primary antibodies were obtained from the following sources:
rabbit anti-B-catenin (Cell Signaling Technology), goat anti-Fzd2 (Santa Cruz
Biotechnology), rat anti-Fzd2 (R&D Systems), rabbit anti-Fzd2 (Abcam).

RNA extraction and quantitative real-time PCR
[00118] HepG2 and FOCUS cells were serum-starved for 24 h and total cellular RNA
was isolated using an RNeasy Mini Kit (QIAGEN, Santa Clara, CA). mRNA levels for the 84
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Wnt-related genes were determined using the RT2 profiler™ qPCR array (SA Biosciences
Corporation, Frederick, MD). Briefly, 1 ug of total RNA was reverse transcribed into first
strand cDNA using an RT2 First Strand Kit (SA Biosciences). The resulting cDNA was
subjected to qPCR using human gene-specific primers for 96 different genes, including the 84
Wnt-related genes and five housekeeping genes (B2M, HPRT1, RPL13A, GAPDH, and
ACTB). The qPCR reaction was performed with an initial denaturation step of 10 min at
95°C, followed by 15 s at 95°C and 60 s at 60°C for 40 cycles using an Mx3000P™ QPCR
system (Stratagene, La Jolla, CA).

[00119] The mRNA levels of each gene were normalized relative to the mean levels of
the five housekeeping genes and compared with the data obtained from unstimulated, serum-
starved cells using the 2—AACt method. According to this method, the normalized level of a

mRNA, X, is determined using equation 1: (1)
Y = pCHGOD 5 ~CHCTL) )

where Ct is the threshold cycle (the number of the cycle at which an increase in reporter
fluorescence above a baseline signal is detected), GOI refers to the gene of interest, and CTL
refers to a control housekeeping gene. This method assumes that Ct is inversely proportional
to the initial concentration of mRNA and that the amount of product doubles with every

cycle.

TissueScan oncology panel arrays

[00120] A collection of 48 ¢cDNA samples derived from tumor biopsies was obtained
from OriGene Technologies Inc. (Rockville, MD). The samples represented all four stages of
liver carcinoma, as well as normal tissue. Gene expression was assessed by qPCR as
described above. The cancer data were normalized relative to the data collected from the
normal tissue samples and analyzed using the Kruskal-Wallis test at a significance level of

0.05.

Cell migration assay

[00121] Cell migration was assessed using a QCM™ chemotaxis 96-well cell
migration assay kit (Chemicon, Temecula, CA). Briefly, FOCUS cells transiently transfected
with Fzd2-siRNA or Control siRNA for 48 hours were suspended in DMEM and plated in the
top chamber. DMEM containing Wnt5a (200 ng/mL) was added to the bottom chamber for 2

hours. Migratory cells in the bottom chamber were dissociated from the membrane, lysed,
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and quantified by adding CyQuant GR dye. Measurements were performed in triplicate and
normalized to control cells.

[00122] Similar cell migration assays were performed utilizing the anti-Fzd2 antibody
in place of transient transfection with the Fzd2-siRNA to inhibit Fzd2. The anti-Fzd2
antibody was added to the cell culture medium to a final concentration of 10 ug/ml for 2

hours prior to the migration assays.

Cell invasion assay

[00123] Cell invasion assay was measured using a CytoSelect™ Cell Invasion Assay
(Cell Biolabs) according to the manufacturer's instructions. Briefly, FOCUS cells transiently
transfected with Fzd2-siRNA or Control siRNA for 48 hours were seeded and allowed to
invade towards Wnt5a (200 ng/mL) for two hours. Invasive cells, on the bottom of the
invasion membrane, were stained and then quantified by adding CyQuant GR dye.
Measurements were performed in triplicate and normalized to control cells.

[00124] Similar cell invasion assays were performed utilizing the anti-Fzd2 antibody in
place of transient transfection with the Fzd2-siRNA to inhibit Fzd2. The anti-Fzd2 antibody
was added to the cell culture medium to a final concentration of 10 pg/ml for 2 hours prior to

the migration assays.

Surface biotynlation assay

[00125] Biotinylation of surface proteins was performed as described [6]. Briefly,
FOCUS cells treated with either PBS (Control) Wnt5a (100ng/ml) or Anti-Fzd2 antibody (10
ug/ml final concentration) for 1 hour were washed twice with PBS containing I1mM MgCl2
and 0.1mM CaCl2 and incubated in biotinylation buffer (154 mM NaCl, 10 mM Hepes [pH
7.6], 3 mM KCl, 1 mM MgCl2, 0.1 mM CaCl2, 10 mM glucose, 0.5mg/ml EZ Link Sulfo
HNS-SS-Biotin (Thermo Scientific, Rockford, IL) for 40 minutes at 4°C. Cells were then
incubated in PBS containing 100 mM glycine for 5 minutes at 4°C, followed by one wash in
PBS containing 1 mM MgCI2 and 0.1 mM CaCl2. Cells were lysed, and total protein
concentration was determined using the BCA protein assay (Pierce, Rockford, IL).
Biotinylated proteins were immunoprecipitated with streptavidin beads and total surface Fzd2

determined by SDS-PAGE and western blotting, as described below.

Tumorigenicity in nude mice
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[00126] All in vivo experiments were performed using 6-week-old to 8-week-old
athymic nude mice (NIH. Mice were maintained in laminar flow rooms with constant
temperature and humidity. FOCUS cells were inoculated s.c. into each flank of the mice.
Cells (2 x 10° in suspension) were injected on day 0, and tumor growth was followed every 2
to 3 days by tumor diameter measurements using vernier calipers. Tumor volumes (V) were
calculated using the formula: V = AB2/2 (A, axial diameter; B, rotational diameter). When
the outgrowths were approximately 200 mm’, mice were divided at random into two groups
(control and treated). The treated group received Fzd2-siRNA injection on alternate days
(MWF) for two weeks, while the control group received s.c injection of in-vivo transfection
reagent only. In the presence of siRNA directed against Fzd2, tumor growth was significantly

slower with a notable lag in the exponential growth phase.

Protein isolation and quantitative western blotting

[00127] Cells were rinsed in Phosphate Buffered Saline (PBS) and lysed in Lysis
Buffer (20 mM Tris-HCI, 150 mM NaCl, 1% Triton X-100 (v/v), 2 mM EDTA, pH 7.8
supplemented with 1 mM sodium orthovanadate, 1 mM phenylmethylsulfonyl fluoride
(PMSF), 10 ug/mL aprotinin, and 10 ug/mL leupeptin). Protein concentrations were
determined using the BCA protein assay (Pierce, Rockford, IL) and immunoblotting
experiments were performed using standard procedures. For quantitative immunoblots,
primary antibodies were detected with IRDye 680-labeled goat-anti-rabbit IgG or IRDye 800-
labeled goat-anti-mouse IgG (LI-COR Biosciences, Lincoln, NE) at 1:5000 dilution. Bands
were visualized and quantified using an Odyssey Infrared Imaging System (LI-COR

Biosciences).

Epitope mapping of anti-Fzd antibody

[00128] To map the epitope of anti-Fzd2 antibody, three overlapping fragments
spanning from residues 26-172 were constructed in pcDNA3.1 mammalian expression vector.
These constructs were transiently tranfected in HEK293 cells and whole cell lysates collected
after 48 hours were subjected to western blotting with anti-Fzd2 antibody as described above.
To further map the region of Fragment 3 (aa 100-172), three overlapping peptides were
synthesized commercially (LifeTein, NJ). These peptides and lysates from HEK293 cells
expressing Fzd?2 full length gene or empty vector (negative) were printed on nitrocellulose

coated glass slides using Aushon 2470 arrayer. The peptide array slide was blocked with 3%
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(v/v) BSA and probed with anti-Fzd2 antibody. Spots were visualized and quantified using an
Odyssey Infrared Imaging System (LI-COR Biosciences).
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Example 2: Wnt Receptor: A novel biologics target against liver cancer

Fzd?2 knockdown or treatment with an anti-Fzd2 antibody reduces cellular migration and
invasion in vitro.

[00129] Knockdown of Fzd2 by RNAIi or exposure of cells to an anti-Fzd2 antibody
was shown to reduce cellular motility and invasiveness of HCC cells and reverts oncogenic
phenotypes to a normal epithelial-like state (Figure 8). Using a cell surface biotinylation
assay, treatment of FOCUS HCC cells with an anti-Fzd2 antibody was found to cause
internalization and degradation of Fzd2 (Figure 8). Upon Wnt5a stimulation, cell surface
levels of Fzd2 decreased markedly, and this down-regulation is also observed in cells treated

with an anti-Fzd2 antibody. The antibody, however, does not activate downstream signaling.

Fzd?2 knockdown induces cytostasis in a xenograft model of HCC in mice
[00130] To understand the extent of Fzd2 alterations in the pathogenesis of HCC,
FOCUS cells were subcutaneously injected into athymic mice and the ability of the cells to
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form tumor outgrowths was monitored. FOCUS cells grew rapidly in this xenograft tumor
model, producing measurable tumors by day 4. When the tumors were ~200 mm?, mice were
divided at random into two groups (control and treated). The treated group received Fzd2-
siRNA injections on alternate days (MWF) for two weeks, whereas the control group
received s.c injections of in vivo transfection reagent only. In the presence of siRNA directed
against Fzd2, tumor growth was significantly slower with a notable lag in the exponential
growth phase (Figure 8 ). Tumors in the treated group resumed rapid growth after the Fzd2-
siRNA injections were discontinued. These data suggest that the highly tumorigenic potential
of FOCUS cells is, in part, mediated by Fzd2 and that Fzd2-siRNA induces cytostasis rather
than cell death. Similarly, stable knockdown of Fzd2 using shRNA against Fzd2 also reduced
the tumor growth in nude mice (Figure 8F).

[00131] Overall, the in vitro and in vivo data suggest that Fzd2 is an oncogene in HCC
and that overexpression of Fzd2 contributes to the progression of HCC. The fact that Fzd2
causes cytostasis rather than tumor cell death is typical of targeted drugs that bind growth
factor receptors. In the case of anti-ErbB drugs, for example, it has been shown that

cytostasis can result in effective tumor inhibition in human patients.

Kaplan-Meier survival analysis for 40 HCC patients
[00132] Kaplan-Meier survival data indicate that metastatic HCC patients had high
expression of Fzd2 receptor which correlated with substantially shorter survival (p=0.0053)

than metastasis-free patients who had low expression of Fzd2 (Figure 9).

Binding Analysis of Fzd?2 specific antibody

[00133] Binding analysis was performed for the epitope mapped frizzled-2 antibody
(discussed in Example 1) and frizzled-2. The results of the analysis are shown below in Table
1 and Figure 10. The antibody was determined to have high affinity binding to Fzd2 (<20
nM).

[00134] The siRNA and shRNA studies together with the Kaplan-Meier survival
analysis derived from the clinical samples and outcomes of HCC patients have demonstrated
that Fzd?2 is an excellent target in HCC. In addition, we have shown that binding to the
epitope identified here by a commercial antibody causes receptor internalization and

inactivation of the downstream signaling pathway (e.g. | pStat3).
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Table 1
. ka Rmax Analyte KA .
Ligand Analyte (1/Ms) kd (1/s) (RU) |Concentration| (1/M) KD (M) Chi2
Frizzled-2 Ab Frizzled-2 3.9x10" | 7.4x10™ 43.1 0-500nM | 5.2x10" | 1.9x10° | 0.45

Materials and Methods:

Cell lines and reagents

[00135] Liver cancer cell lines SNU449, SNU475, and HepG2 cells were obtained
from American Type Culture Collection (ATCC, Rockville, MD). FOCUS cells were
obtained from J. Wands (Brown University) and have been described previously [1]. All cell
lines were maintained in Dulbecco's Modified Eagle Medium (DMEM) supplemented with
10% (v/v) fetal bovine serum (FBS), 2 mM glutamine, 100 IU/mL penicillin, and 100 ug/mL
streptomycin.

[00136] Signal Silence Fzd2 siRNA was purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). siRNA was introduced into cells using Lipofectamine 2000 (Invitrogen)
according to the manufacturer's instructions. Recombinant human Wnt5a was from R&D
Systems (Minneapolis, MN). Primary antibodies were obtained from the following sources:
rabbit anti-B-catenin (Cell Signaling Technology), goat anti-Fzd2 (Santa Cruz
Biotechnology), rat anti-Fzd2 (R&D Systems), rabbit anti-Fzd2 (Abcam).

Generation of Fzd2 knockdown stable cell lines

[00137] Cell lines were transfected with Fzd2-shRNA constructs (Open Biosystems)
and 48 hour post-transfection selected in 4 pg/ml puramycin (Invitrogen). The clones were
sorted by FACS and screened for Fzd2 knockdown by Western blot. Stable cell lines were

maintained in DMEM supplemented with 10% FBS, and 2 ug/ml puramycin.

RNA extraction and quantitative real-time PCR

[00138] HepG2 and FOCUS cells were serum-starved for 24 h and total cellular RNA
was isolated using an RNeasy Mini Kit (QIAGEN, Santa Clara, CA). mRNA levels for the 84
Wnt-related genes were determined using the RT2 profiler™ qPCR array (SA Biosciences
Corporation, Frederick, MD). Briefly, 1 ug of total RNA was reverse transcribed into first
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strand cDNA using an RT2 First Strand Kit (SA Biosciences). The resulting cDNA was
subjected to qPCR using human gene-specific primers for 96 different genes, including the 84
Wnt-related genes and five housekeeping genes (B2M, HPRT1, RPL13A, GAPDH, and
ACTB). The qPCR reaction was performed with an initial denaturation step of 10 min at
95°C, followed by 15 s at 95°C and 60 s at 60°C for 40 cycles using an Mx3000P™ QPCR
system (Stratagene, La Jolla, CA).

[00139] The mRNA levels of each gene were normalized relative to the mean levels of
the five housekeeping genes and compared with the data obtained from unstimulated, serum-
starved cells using the 2—AACt method. According to this method, the normalized level of a

mRNA, X, is determined using equation 1: (1)
Y = pCHGOD 5 ~CHCTL) )

where Ct is the threshold cycle (the number of the cycle at which an increase in reporter
fluorescence above a baseline signal is detected), GOI refers to the gene of interest, and CTL
refers to a control housekeeping gene. This method assumes that Ct is inversely proportional
to the initial concentration of mRNA and that the amount of product doubles with every

cycle.

Cell migration assay

[00140] Cell migration was assessed using a QCM™ chemotaxis 96-well cell
migration assay kit (Chemicon, Temecula, CA). Briefly, FOCUS cells transiently transfected
with Fzd2-siRNA or Control siRNA for 48 hours were suspended in DMEM and plated in the
top chamber. DMEM containing Wnt5a (200 ng/mL) was added to the bottom chamber for 2
hours. Migratory cells in the bottom chamber were dissociated from the membrane, lysed,
and quantified by adding CyQuant GR dye. Measurements were performed in triplicate and

normalized to control cells.

Kinetic wound-healing assay

[00141] The effect of Fzd2 knockdown on migration of FOCUS cells was studied
using a wound-healing assay. FOCUS cells were plated on 96-well plates (Essen ImageLock,
Essen Instruments, MI, US) and a wound was scratched with wound scratcher (Essen
Instruments). Small molecule inhibitors at different doses were added immediately after
wound scratching and wound confluence was monitored with Incucyte Live-Cell Imaging

System and software (Essen Instruments). Wound closure was observed every hour for 48-
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720h by comparing the mean relative wound density of atleast four biological replicates in

cach experiment.

Cell invasion assay

[00142] Cell invasion assay was measured using a CytoSelect™ Cell Invasion Assay
(Cell Biolabs) according to the manufacturer's instructions. Briefly, FOCUS cells transiently
transfected with Fzd2-siRNA or Control siRNA for 48 hours were seeded and allowed to
invade towards Wnt5a (200 ng/mL) for two hours. Invasive cells, on the bottom of the
invasion membrane, were stained and then quantified by adding CyQuant GR dye.

Measurements were performed in triplicate and normalized to control cells.

Surface biotynlation assay

[00143] Biotinylation of surface proteins was performed as described [2]. Briefly,
FOCUS cells treated with either PBS (Control) Wnt5a (100ng/ml) or Anti-Fzd2 antibody for
1 hour were washed twice with PBS containing 1mM MgCI2 and 0.1mM CaCl2 and
incubated in biotinylation buffer (154 mM NaCl, 10 mM Hepes [pH 7.6], 3 mM KCI, 1 mM
MgCl2, 0.1 mM CaCl2, 10 mM glucose, 0.5mg/ml EZ Link Sulfo HNS-SS-Biotin (Thermo
Scientific, Rockford, IL) for 40 minutes at 4°C. Cells were then incubated in PBS containing
100 mM glycine for 5 minutes at 4°C, followed by one wash in PBS containing 1 mM MgCI2
and 0.1 mM CaCl2. Cells were lysed, and total protein concentration was determined using
the BCA protein assay (Pierce, Rockford, IL). Biotinylated proteins were immunoprecipitated
with streptavidin beads and total surface Fzd2 determined by SDS-PAGE and western

blotting, as described below.

Tumorigenicity in nude mice

[00144] All in vivo experiments were performed using 6-week-old to 8-week-old
athymic nude mice (NIH. Mice were maintained in laminar flow rooms with constant
temperature and humidity. FOCUS cells were inoculated s.c. into each flank of the mice.
Cells (2 x 10° in suspension) were injected on day 0, and tumor growth was followed every 2
to 3 days by tumor diameter measurements using vernier calipers. Tumor volumes (V) were
calculated using the formula: V = AB2/2 (A, axial diameter; B, rotational diameter). When
the outgrowths were approximately 200 mm’, mice were divided at random into two groups
(control and treated). The treated group received Fzd2-siRNA injection on alternate days

(MWEF) for two weeks, while the control group received s.c injection of in-vivo transfection
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reagent only. In the presence of siRNA directed against Fzd2, tumor growth was significantly

slower with a notable lag in the exponential growth phase.

Protein isolation and quantitative western blotting

[00145] Cells were rinsed in Phosphate Buffered Saline (PBS) and lysed in Lysis
Buffer (20 mM Tris-HCI, 150 mM NaCl, 1% Triton X-100 (v/v), 2 mM EDTA, pH 7.8
supplemented with 1 mM sodium orthovanadate, 1 mM phenylmethylsulfonyl fluoride
(PMSF), 10 ug/mL aprotinin, and 10 ug/mL leupeptin). Protein concentrations were
determined using the BCA protein assay (Pierce, Rockford, IL) and immunoblotting
experiments were performed using standard procedures. For quantitative immunoblots,
primary antibodies were detected with IRDye 680-labeled goat-anti-rabbit IgG or IRDye 800-
labeled goat-anti-mouse IgG (LI-COR Biosciences, Lincoln, NE) at 1:5000 dilution. Bands
were visualized and quantified using an Odyssey Infrared Imaging System (LI-COR

Biosciences).

Epitope mapping of anti-Fzd antibody

[00146] To map the epitope of anti-Fzd2 antibody, three overlapping fragments
spanning from residues 26-172 were constructed in pcDNA3.1 mammalian expression vector.
These constructs were transiently tranfected in HEK293 cells and whole cell lysates collected
after 48 hours were subjected to western blotting with anti-Fzd2 antibody as described above.
To further map the region of Fragment 3 (aa 100-172), three overlapping peptides were
synthesized commercially (LifeTein, NJ). These peptides and lysates from HEK293 cells
expressing Fzd?2 full length gene or empty vector (negative) were printed on nitrocellulose
coated glass slides using Aushon 2470 arrayer. The peptide array slide was blocked with 3%
(v/v) BSA and probed with anti-Fzd2 antibody. Spots were visualized and quantified using an
Odyssey Infrared Imaging System (LI-COR Biosciences).

Kaplan-Meier Survival Analysis
[00147] Kaplan Meier survival curves of 40 HCC patients were generated using

previously published dataset [3].

Cignal finder 45-pathway reporter array
[00148] CignalTM 45-Pathway Reporter Arrays (SABiosciences, Frederick, MD) were

used to simultaneously assess 45 different signaling pathways in FOCUS cells expressing
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GFP or Fzd2-shRNA according to manufacturer’s instructions. Briefly, reporter DNA
constructs in each plate well of Cignal Finder 96-well plates were resuspended with 50 pl
Opti-MEM and then mixed with 50 pl diluted Lipofectamine transfection reagent. Cells were
suspended in Opti-MEM and seeded into wells (10,000 cells/well) for introducing pathway
reporters into cells via reverse transfection. The cells were incubated for 48 h at 5% CO2 and
37°C. Cells were then lysed and firefly and Renilla (internal transfection control) luciferase

activity were measured by quantitative luminescence assays (Dual Glo, Promega).

Generation of STAT3 Reporter cell line

[00149] A Cignal Lenti STAT3 Reporter kit (SABiosciences) was used to transduce
lenti reporters into cells for evaluation of STAT3 pathway activation according to the
manufacturer’s protocols. Briefly, FOCUS cells were seeded into wells (200,000 cells/well)
in 6-well plates and were grown at 37°C for 24 h in a humidified 5% CO, incubator. Then,
the cells were transduced with Lenti CMV Reporter or Lenti STAT3 Reporter (100 pl/well of
lentiviral particles) and 2ml growth medium without antibiotics containing 10 pg/ml
SureEntry transduction reagent for 24 h and then incubated in fresh growth medium for
another 24 h at 37°C and 5% CO,. Thereafter, the cells were treated with 4.0 pg/ml
puromycin in growth medium for selection of transduced cells. The puromycin-resistant cell
colonies were expanded in 100 mm cell culture dishes and maintained in DMEM

supplemented with 10% FBS, and 2 pg/ml puramycin.

Cytokine Array

[00150] FOCUS cells expressing GFP-shRNA or Fzd2-shRNA were cultured in
serum-free DMEM for 48 hours, and then cytokine levels in culture supernatant were
detected using the Human Cytokine Array Kit (R&D Systems, Minneapolis, MN) per the
manufacturer’s protocol. Briefly, supernatants were incubated at 4C over night with
membranes arrayed with antibodies against 36 cytokines. After washing twice, membranes
were incubated for 2 hours with biotin-conjugated primary anti-cytokine antibodies and then
washed twice. Membranes were then incubated with IRDye 800CW Streptavidin (LI-COR)
for 1 hour at room temperature, and washed twice. Signals were detected and quantified using

an Odyssey Infrared Imaging System (LI-COR Biosciences).

References for Example 2
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Example 3: Pharmacodynamic biomarkers for liver cancer therapeutics

[00151] It has been determined that Fzd2-mediated migration and invasion is, at least
partially, due to the release of several proteases from the serine protease of the
plasminogen/plasminogen activator system (PAI-1) and the family of matrix
metalloproteinases (MMP2, MMP3 and MMP9). The expression and release of these
proteases highly correlates with the expression of Fzd2 receptors in late-stage HCC cell lines
(p <0.01). In addition, a novel signaling pathway downstream of Fzd2 which includes Stat3
and src family kinases, has been elucidated. Specifically, decreases in phosphorylation status
of src family kinses and Stat3 as well as its transcription activity are associated with Fzd-2
knockdown by small interferences or antibody treatment. Thus, phosphorylation status of
stat3 and src family kinases can be used as proximal pharmacodynamic biomarkers for Fzd2

therapeutics.

MMPs

[00152] MMPs, particularly MMPs9, 2 and 3 have been implicated in cancer for more
than 40 years. In addition to their role in ECM degradation, mounting evidence suggest their
role in angiogenesis, lymphangiogenesis and vasculogenesis which are critical to cancer cell
invasion and metastasis. For example, MMP9 increases the bioavailability of sequestered
VEGF binding to its receptor in several cancers such as colon and pancreatic cancers. MMP9

also mediates the proteolytic activation of TGF-3 which is an important grow factor in HCC.

PAI-1(SerpinEl)
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[00153] Plasminogen is another important system in ECM degradation. However,
surprisingly high, rather than low, levels of plasminogen activator inhibitor (PAI-1) are
predictive of poor survival prognosis for patients suffering from a variety of different cancers.
This apparent paradoxical role of PAI-1 has demonstrated to promote tumor growth and
angiogenesis both in vitro and in vivo. It has been shown that tight control of proteolytic
breakdown by PAI-1 is essential for the formation of new blood vessels. In addition, by
blocking the interaction between vitronectin, uPAR, and integrins, PAI-1 may induce cell
detachment from the extracellular matrix and thereby promote cellular migration and tumor

invasion.

SICAM-1

[00154] Expression of intracellular adhesion molecule-1 (ICAM-1) has been
established to correlate with poor prognosis of solid tumors. A causal role of ICAM-1 in
invasion of metastatic cancers has been shown in cancers such as breast and lung. ICAM-1
expression at the cell surface dictates a tumor’s metastatic potential via recruiting and
activating a series of macrophages and neutrophils which lead to the break down of
endovascular and endolymphatic barriers and permit transendothelial tumor cell migration.
Soluble form of ICAM-1 (sICAM-1) present in the circulation is a direct marker for ICAM-1

which is difficult to assess clinically.

STAT3
[00155] Deregulated expression of Stat3, a signaling molecule and a transcription

factor, has been implicated in ~80% of cancer, leading to cancer cell proliferation and

invasion.
Src FAMILY KINASES
[00156] Deregulation of Src family kinases, which can phosphorylate Stat3, have been

implicated in many types of cancer. The discovery of these secreted proteins and signaling
molecules downstream of Fzd2 not only adds to the mechanistic details of how Fzd2
promotes tumor cell migration and invasion, but can be used as pharmacodynamic markers

for therapeutics which target Fzd2 pathway

Fzd2 mediates release of SerpinEl and sSICAM1
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[00157] Human cytokine arrays were generated and used to analyze protein
expression. The arrays consisted of antibodies spotted in duplicate onto a nitrocellulose
membrane to allow high-throughput multi-analyte profiling of 36 cytokines, chemokines, and
acute phase proteins in condition media. Conditioned media from FOCUS-WT or FOCUS-
shFzd2 cells was mixed with a cocktail of biotinylated detection antibodies, and then
incubated with the Human Cytokine Array. The array was then incubated with Infrared-800
labeled-streptavidin followed by infra-red detection using LiCor odysseys imaging system.
Results of the analysis are shown in Figure 11. Images of human cytokine array probed with
conditioned media from FOCUS-WT (top of Figure 11A) and FOCUS-shFzd2 (bottom of
Figure 11A). After detection, the array data were quantified to generate a protein profile.
The abundance of 36 cytokines measured using this assay is shown in Figure 11B. The
amount of SerpinEl and siCAMI released was significantly lower in the condition media

from FOCUS-shFzd2 cells.

Matrix metalloproteinases (MMPs) and SerpinE1 are overexpressed in late stage,
aggresive and poorly differentiated Hepatocellularcarcinoma (HCC) lines

[00158] Analysis was performed to examine the relative mRNA expression of various
MMPs and SerpinEl in early stage nonagressive (HepG2 and Huh7) and late stage,
aggressive (SNU475 and FOCUS) cell lines. Results are shown in Figure 12.

Fzd?2 regulates the mRNA expression of matrix metalloproteinases (MMPs) and SerpinE1
[00159] Analysis was performed to examine the relative mRNA expression of various
MMPs and SerpinEl in FOCUS-CTL or FOCUS-shFzd2 cells. Results are shown in Figure
13.

Fzd?2 regulates the phosphorylation status of Stat3, ERK1/2 and MEK1/2 as well as its
transcription activity.

[00160] Analysis was performed to examine the phosphorylation of STAT3, ERK1/2,
and MEK1/2 in wild-type FOCUS cells, and FOCUS cells with knockdown of Fzd2. Similar
analysis was performed in other late stage cell lines and with treatment with anti-Fzd2
antibody. Results are shown in Figure 14A. Stat3 transcription activity using a
reporter/luciferase-based assay in wild-type FOCUS and SNU449 cells, and cells knockdown
with Fzd2 or STAT3 is shown in Figure 14A. Similar results were demonstrated in other late

stage cell lines and with treatment with anti-Fzd2 antibody (Figure 14C). The effect of small
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molecule inhibitor against Stat3 on cell migration of late stage HCC cell lines (FOCUS) is
shown in Figure 14C.

Fzd?2 regulates the phosphorylation status of Src family kinases which phosphorylate Stat3
in late stage HCC cell lines

[00161] Phosphorylation of src family kinases was analyzed in wild-type FOCUS
cells, and FOCUS cells with knockdown of Fzd2 and in other late stage cell lines (Figure
15A). The effect of inhibiting Src family kinase, with the small molecule inhibitor
(dasatinib), was also examined. The inhibitor abolished stat3 phosphorylation in FOCUS
cells (Figure 15B). The effect of the inhibitor on cell migration of late stage HCC cell lines

(FOCUS) was also investigated. Dose-response curves are shown in Figure 15C.
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What is claimed:

1. A method of treating cancer in a subject comprising administering to the subject a
therapeutically effective amount of an antibody or antigen binding fragment thereof that
downmodulates Fzd2, such that the antibody or antigen binding fragment thereof is delivered

to cancer cells of the subject, to thereby treat the cancer.

2. A method of inhibiting growth, migration and/or invasion of a cancer cell in a subject
comprising administering to the subject a therapeutically effective amount of an antibody or
antigen binding fragment thereof that downmodulates Fzd2, such that the antibody or antigen

binding fragment thereof is delivered to the cancer cells, to thereby treat the cancer.

3. The method of any one of claims 1 or 2, wherein the antibody specifically binds Fzd2.

4. The method of claim 3, wherein the antibody binds to Fzd2 and promotes internalization

of the Fzd2 receptor by the cancer cells.

5. The method of any one of claim 3-4, wherein the antibody to Fzd2 prevents ligand binding
to Fzd2.

6. The method of any one of claim 3-5, wherein the antibody specifically binds an

extracellular portion of the Fzd-2 protein.

7. The method of any one of claims 3-6, wherein the antibody specifically binds to Fzd2

within a region of Fzd2 corresponding to amino acids 24-247 of Fzd?2.

8. The method of any one of claims 3-7, wherein the antibody specifically binds to Fzd2

within a region of Fzd2 corresponding to amino acids 125-163 of Fzd2.

9. The method of any one of claims 3-7, wherein the antibody specifically binds to Fzd2

within a region of Fzd2 corresponding to amino acids 134-163 of Fzd2.

10. The method of any one of claims 3-7, wherein the antibody specifically binds to Fzd2

within a region of Fzd2 corresponding to amino acids 144-163 of Fzd2.
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11. The method of any one of claims 3-10, wherein the antibody specifically binds to the
epitope HGAEQICVGQNHSEDGAPAL (SEQ ID NO: 1).

12. The method of any one of claims 3-11, wherein the antibody is monoclonal.

13. The method of any one of claims 3-11, wherein the antibody is polyclonal.

14. The method of any one of claims 3-12, wherein the antibody is humanized.

15. The method of any one of claims 1-14, wherein the cancer is selected from the group
consisting of gastrointestinal cancer, prostate cancer, ovarian cancer, breast cancer, head and
neck cancer, lung cancer, non-small cell lung cancer, cancer of the nervous system, kidney
cancer, retina cancer, skin cancer, liver cancer, pancreatic cancer, genital-urinary cancer and
bladder cancer.

16. The method of any one of claims 1-15, wherein the cancer is liver cancer.

17. The method of any one of claims 1-16, wherein the cancer is late stage hepatocellular

carcinoma.

18. The method of any one of claims 1-17, wherein the cancer displays overexpression of

Fzd2.

19. The method of any one of claims 1-18, wherein the cancer displays overexpression of

Wnt5a.

-50-



PCT/US2012/042770

1/23

WO 2012/174446

FIG. 1B

%
HH %
5 —F
%
A <
W
o o O \,V%&. ﬂu.
- % ~y
% R
HH 1,
ST I 1% & 3

NOISSTU) YNYW ZazZ4 INLYTIY NOISSI¥dX3 YNUW ZazZ4 JAILYTIY

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770
2/23

RELATIVEEAPRESSION N FOCUS CELLY
(COMPAREDT0 epe2 CELLS

=]
- | =
@ 4] =] )] =]
| | |

4T

— 0l
— 000l
—00slL

)
{

2

o7 4 4
<>

G

<>
u|_| — -
—_—l

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770

3/23

F -
o
1

ks

—
(X, ]
|

CELL MIGRATION (RFU*1000)

HH
HH-

e

N
(— ]
|

—
(— ]
|

CELL INVASION (RFU*1000)

FIG. 3B

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770

4/23

100
80+
60
40-
20

RELATIVE Fzd2 PROTEIN LEVELS
(MEMBRANE fzd2/TOTAL)

FIG. 4B

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770
5/23

o (Y sRMA
n Fal it
t SiNECTON

b0

TUMOR VOLUME (mm3)

1l

FIG. §

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770
6/23

!

Frag

Frag

Fragd

FIG, 64

NGINE  RDD D

RN * OO N
AR L) || e
PEPTIDET (D

PEFTIE

PEPTIE ; PEPIOET  PEPTIOE2 ~ PEPTIDE

FIG. 63

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770

1/23

10 20 30 40 50 60

MRPRSALPRL LLPLLLLPAA GPAQFHGEKG||ISIPDHGFCQ|[PISIPLCTDI|[AYNQTIMPNL

70 80 90 100 110 120

|[LGHTNQEDAG| [LEVHQFYPLV| [KVQCSPELRF| [FLCSMYAPVC| [TVLEQAIPPC| [RSICERARQG

130 140 150 160 170 180

|CEALMNKFGF| |QWPERLRCEH| [FPRHGAEQIC| [VGQNHSEDGA| [PALLTTAPPP| [GLQPGAGGTP

190 200 210 220 230 240

[GGPGGGGAPP| RYATLEHPFH| [CPRVLKVPSY| [LSYKFLGERD]| [CAAPCEPARP] [DGSMFFSQEE

250 260 270 280 290 300

[TRFARLWILT| [WSVLCCASTEF||[FTVTTYLVDM| [QRFRYPERPI||[IFLSGCYTMV| [SVAYIAGFVL

310 320 330 340 350 360

|QERVVCNERF| [SEDGYRTVVQ| [GTKKEGCTIL| [FMMLYFFSMA| [SSIWWVILSL] [TWFLAAGMKW]|

370 380 390 400 410 420

|GHEATIEANSQ| [YFHLAAWAVP| |[AVKTITILAM| [GQIDGDLLSG| [VCFVGLNSLD| [PLRGFVLAPL

430 440 450 460 470 480

[FVYLFIGTSF| [LLAGFVSLFR| [IRTIMKHDGT| |[KTEKLERLMV| |[RIGVFSVLYT||[VPATIVIACY

490 500 510 520 530 540

|[FYEQAFREHW| [ERSWVSQHCK]| [SLAIPCPAHY| [TPRMSPDFTV| [YMIKYLMTLI| [VGITSGFWIW|

550 560

[SGKTLHSWRK| [FYTRLTNSRH| [GETTV|

FIG. 7

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770

8/23

b1
I
S
£ a4l
nJ | A I
<
: o
& U | LRERERE)
E | wm sl
11

il
' o
j IR

IS
9

FIG, 84

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446

RELATIVE WOUND DENSITY (©5)

100-

{-

9/23

i |||I"""
- —
] 40
|'I 0”””
PP
4 7 Y
¢
[17%°
.!.}”
Y
i .
ig
]
L
h
. —
F_oonoOCo
r
4I oA ‘.. 3 - —
|T H '...’.7:??i
‘? v 3’!"‘ _‘7.
RN Sk A
ks -

ik

THE )

FIG. 8B

SUBSTITUTE SHEET (RULE 26)

PCT/US2012/042770

oWl

0 gfk{l|
nshl-fll
Al
AShiFal
0 $héeFa]

| o Bl



WO 2012/174446 PCT/US2012/042770
10/23

CELL MIGRATION (RFU*1000)

% e
%

w

%- h-
3
S
o

CELL INVASION (RFU*1000

Q o = | S | S

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770
11/23

M —

P:STREPTAVOI

P
L —
1

RELATIVE Fzd2 PROTEIN LEVELS
(MEMBRANE fzd2/TOTAL)

|-
—
1

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770

12/23

o Gtl-siRNA
m Fud2-siRNA
800 :

400

TUMOR VOLUME (mm3)

200

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770

13/23

o (tl-shRNA

m Fzd2-shRNA
2300

2000

1500

1000 -

TUMOR VOLUME (mm3)

900 -

DAY

FIG. 8F

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770

14/23
—— LOW Fzd2
—— HIGH Fad2
100 X RREK
p=0.0053
80-
=
= 60-
S -
=
20-
0 | | | |
0 100 200 300 400
DAYS
FIG. 9

SUBSTITUTE SHEET (RULE 26)



RESP. DIFF.

WO 2012/174446

15/23

PCT/US2012/042770

1l

I
i

| |
0 ill
TIHE

FIG, 10

SUBSTITUTE SHEET (RULE 26)

I
il

|
s



WO 2012/174446 PCT/US2012/042770
16/23

Focus-T

fousstft] |

FIG, 114

SUBSTITUTE SHEET (RULE 26)



RELATIVE FLUORESCENCE INTENSITY

WO 2012/174446
17/23

{I-

FIG. 11B

SUBSTITUTE SHEET (RULE 26)

S

PCT/US2012/042770

Serpint

g

(] FocusWT
EE Focus-shFzd?

-
—
e

P L S e ke I I T ]

ey

AT T

et it

DA S T AR A IR




WO 2012/174446 PCT/US2012/042770

18/23
[]HepG2 | EARLY STAGE
EHuh7 | NON-AGRESSIVE
N SNUATS | LaTE STAGE
150 FAFOCUS | AGRESSIVE
100-
50 &
~ I\\J
= T lw'%/
= 2
= _
7 %
" 2
-x
0 |®/ IL\“/ \/
¥ \y N &
N\ N N %4,&‘*\
FIG. 12
[ FOCUS-CTL
Focus-hFzd2

1

% mRNA EXPRESSION

@‘\' @“a

FIG.

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770
19/23

(TL:shANA
2 FudshRA

. al

Bl

RELATIVE PHOSPHORYLATION (A.U.)

e o | EK1 2
vt s | B0 - fe%b‘*‘- &ifizisflﬂzé\;*; s:f;-.i:frlfz:q‘\;t Ll
oI NEC R0 Al

FIG, 144

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770

20/23
Bl
E3 Pk
Vst
STAT3 TRANSCRIPTION ACTIIY

RELATIVE LUCIFERASE ACTIVITY

FIG. 14B

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446

RELATIVE WOUND DENSITY (%)

100

40+

N
(—J
|

PCT/US2012/042770

21/23

< DMSO
*0.1uM
0 0.3uM
= TuM
2 4pM
A BuM
", o 16uM
o |
"o - y o
8T = o
a B AA
Vi T
1 - il
I ﬁ’.iii B - AAA
7Il;_‘v‘l N AAAA
A‘AA
AAA
A
, 4
()
PRTLT] i' v 5'.0
- !!\'x’"‘\q"li'ﬂ "‘" ‘H"v‘.‘.e.'.
L[ 1L ad55 {
@,
? 160009000660090¢

48 60 12 84
TIME (H)

FIG. 14C

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446 PCT/US2012/042770

RELATIVE PHOSPHORYLATION (A_U.)

22/23

L] G
E3 bl ShRMA

W T

D Ll
e 0 1 ¢ 8

FIG. 15A FIG. 15B

SUBSTITUTE SHEET (RULE 26)



WO 2012/174446

RELATIVE WOUND DENSITY (%)

100-

.
(=)
|

N
[— ]
|

PCT/US2012/042770

23/23

SFK INHIBITOR < DMSO

* 0.001uM
00.01uM
m 0.04uM
2 0.08uM
A 0.16pM
0 0.32uM
o 1uM

12

24 36 48 60 12 84
TIME (H)

FIG. 15C

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2012/042770

A CLASSIFICATION OF SUBJECT MATTER

AG6IK 39/395 (2006.01)

AG1P 35/00 (2006.01)
CO7K 16/28 (2006.01)
CO7K 16/30 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61K 39/395, A61P 35/00, CO7K 16/28, 16/30

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch, PubMed, RUPTO

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
WO 2002/092635 A2 (THE REGENTS OF THE UNIVERSITY OF CALIFORNIA)
X 21.11.2002,abstract, claims 1, 8-10, 17, 24, p. 3, lines 5-13, p. 11, table II, p. 18, 1-18
lines 22, 23, p. 22, lines 5-13, fig. 8
Y 19
X WO 2010/037041 A2 (ONCOMED PHARMACEUTICALS, INC.) 01.04.2010, 1-5, 12-18
‘ abstract, claims 69-71, p. 21, line 6, p. 70, paragraph [00260]
Y US 7713526 B2 (THE REGENTS OF THE UNIVERSITY OF CALIFORNIA) 19
11.05.2010, abstract, col. 13, line 66 - col. 14, line 7

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered

to be of particular relevance

“E” earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

“0O”  document referring to an oral disclosure, use, exhibition or other
means

“p”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art '

“&”  document member of the same patent family

Date of the actual completion of the international search

20 August 2012 (20.08.2012)

Date of mailing of the international search report

04 October 2012 (04.10.2012)

Name and mailing address of the ISA/ FIPS
Russia, 123995, Moscow, G-59, GSP-5,
Berezhkovskaya nab., 30-1

Facsimile No. +7 (499) 243-33-37

Authorized officer
O. Ivanova

Telephone No. (495)531-65-15

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - claims
	Page 51 - claims
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - wo-search-report

