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Wnt Proteins and Detection and Treatment of Cancer

STATEMENT AS TO FEDERALLY SPONSORED RESEARCH
~ This invention was made with Government support under National Institutes of
Health Grant Nos. CA035711 and AA002666. The Government has certain Tights in
this invention. '
CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of International Application No.
PCT/US05/000267, filed January 5, 2005, which claims the benefit of U.S. Provisional
Application No. 60/612,098, filed September 21, 2004, which are both incorporated

herein by reference in their entirety.

TECHNICAL FIELD

This invention relates to detection and treatment of liver cancer.

"~ BACKGROUND
Hepatocellular carcinoma (HCC) is the major primary malignant tumor of the

liver. Although viral etiological factors have been identified, the molecular

mechanisms that contribute to tumor progression during hepatocarcinogenesis remain
largely unknown. The Frizzled family of proteins is composed of ten or more seven-
fransmembrane proteins that act as receptors for Wnt proteins. The Wot/Frizzled
signaling network influences diverse biological processes ranging from cell fate
determination to cell motility and proliferation,

B-caten‘in is a multifactorial protein with a role in cell-cell adhesion that
involves strengthening the linkage of cadherin and a-catenin to the actin cytoskeleton.
In the absence of Wnt/Frizzled signaling, B-catenin is phosphorylated by interactions
with glycogen synthase kinase (GSK)-38, and forms a complex with axin and the
adenomatous polyposis coli protein (APC). Subsequently B-catenin is targeted for
degradation by the ubiquitinproteasome system. In conirast, binding of a Wnt ligand to
its Frizzled receptor stabilizes iniracellular B-catenin through the inhibition of

GSK-3P enzymatic activity. Subsequently, P-catenin {ranslocates into the nuclens in
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association with high mobility group domain factors such as Tef/Lef. This conmplex is
associated with transcriptional up-regulation of growth regulatory and cell migration

related genes.

SUMMARY

The present invention is based, in part, on the discovery that Wnt 3, 8b and 11
are ligands for Frizzled 7, which is commonly overexpressed at the mRNA and protein
level in HCC, for example, in hepatitis B virus (HBV) related HCC. Liver cancer cells
that overexpress Frizzled 7 exhibit enhanced cell motility and migration.
Overexpression appears to be an early event during the multi-step process of Hepatocyte
transformation, and therefore Frizzled 7 and Wnt 3, 8b and 11 are novel molecular
targets for therapy of liver cancer.

Accordingly, in one aspect, the irivention provides a method for identifying an
anti-cancer agent. The method includes selecting a test compound that binds to a
polypeptide comprising the amino acid sequence of a Wnt 3, Wnt 8b or Wnt 11 protein
or a FZD-binding fragment thereof; and optionally determining whether the test
compound is capable of (i) reducing Wnt/FZD 7 signaling in a cell, (ii) reducing liver
cancer cell motility, reducing P-catenin accumulation in a liver cancer cell; or (iv)
treating liver cancer in vitro or in vivo; wherein a test compound that is capable of at
least one of (i) to (iv) is an anti-cancer agent, In some embodiments, selecting a test
compound can include providing a polypeptide comprising the amino acid sequence of
a Wnt 3, Wnt 8b or Wnt 11 polypeptide or a FZD-binding fragment thereof, contacting
the polypeptide with a test compoumd, detecting binding between the polypeptide and
the test compound; and selecﬁng the test compound if it binds to the polypepide. The
polypeptide to which a test compound binds can be a (i) naturally occurring
polypeptide, .a (ii) recombinant polypeptide, (iii) a polypeptide expressed on thxe surface
'of a cell or {(iv) an isolated polypeptide. Where the polypeptide includes the axmino acid
sequence of a Wnt 3 protein, the polypeptide can include any one of SEQ ID' INO:8 to
12. ‘Where the polypeptide includes the amino acid sequence of a Wit 8b protein, the
polypeptide can include any one of SEQ ID NO: 15 to 19. Where the polypeptide
includes the amino acid sequence of a Wnt 11 protein, the polypeptide can include any
one of SEQ ID NO: 22 to 26. In certain embodiments, the polypeptide includes any
one of SEQ ID NO:7 to 27 and at least one non-Wnt sequence. The test comp ound can
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be selected from the group consisting of polypeptides, ribonucleic acids, small
molecules (e.g., small organic molecules), and deoxyribonucleic acids.

Anti-cancer agents identified by the methods of identifying a cancer agent
described herein include, but are not limited to, an anti~Wnt antibody, e.g., a
monoclonal antibody, FZD7 receptors, Wnt-binding fragments of FZD7 receptors, and
other Wnt-binding compounds. Anti-cancer agents identified by these methods can be
used in the treatment of cancef, e.g., liver cancer. Additionally, an anti-cancer agent
identified by these methods can be used to manufacture a medicament for treating liver
cancer or reducing the motility of liver cancer cells in a patient.

In another aspect, the invention includes a method of identifying a candidate
anti-caneer agent. The method includes () providing a first polypeptide that: (i)
comprises a FZD polypeptide (e.g., a FZD 7 polypeptide) or a fragment thereof; and (ii)
displays Wnt (e.g., Wnt 3, 8b or 11)-binding ability; (b) providing a second polypeptide
that: (i) comprises a Wnt polypeptide (e.g., a Wnt 3, 8b or 11 polypeptide) or a
fragment thereof; and (ii) displays FZD (e.g,, FZD 7) binding ability; (c) contacting the
first and second polypeptides in the presence of a test compound; and (d) comparing the
level of binding between the first and second polypeptides in the presence of the test
compound with the level of binding in the absence of the test compo:und, wherein a
reduced level of binding in the presence of the test compound than i1 its absence
indicates that the test cornpound is a candidate anti-cancer agent. The method can
further include: () determining whether the candidate anti-cancer agent is capable of:
(i) reducing Wnt/FZD 7 signaling in a cell; (ii) reducing cancer cell motility; (iii)
reducing B-catenin accumulation in a cancer cell; or (iv) treating cancer in vitro or in
vivo; wherein a candidate that is capable of at least one of (i) to (iv) is an anfi-cancer
agent. The test compound can be selected from the group consisting of polypeptides,
ribonucleic acids, small molecules (e.g., small organic molecules), and
deoxyribonucleic acids. The Wat polypeptide can include, e.g., SEQ ID NO:8 to 12, 15
to 19, and/or 22 to 26. The FZD polypeptide can include, e.g., SEQ ID NOQ:1, 2 and/or
LR

In certain embodiments, the first polypeptide is a first fusion protein comprising
a FZD polypeptide (e.g., FZD 7 polypeptide) fused to (i) a transcription activation
domain of a transcription factor or (ii) 2 DNA-binding domain of a transcription factor;

the second polypeptide is a second fusion protein comprising a Wnt polypeptide (e.g., a
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Wnt 3, 8b, or 11 polypeptide) fused to (ij a transcription activation domain of a
transcription factor or (ii) a DNA-binding domain of a transcription factor, wherein the
Wt polypeptide is fused to a domain different from that fused to the Wnt polypeptide;
and binding of the first and second polypeptides is detected as reconstitution of a
transcription factor, |

Anti-cancer agents (and/or candidate anticancer agents) identified by the
methods described herein can be used in the treatment of cancer, for example, liver
cancer. Additionally, anti-cancer agents (and/or candidate anticancer agents) identified
by the methods described herein can be used in the manufacture of a medicament for
treating cancer, for example, liver cancer.

In still another aspect, the invention provides a method of determining whether
a cell (e.g., a liver cell) is, or is at risk for becoming, a cancer cell. The method
includes (a) providing a test cell (e.g., a liver cell); (b) determining whether the cell’s
level of FZD7 and/or Wnt3 expression is higher, and/or FZD8 and/or Wnt11 expression
is lower, than that of a control cell; and (c) classifying the test cell as (i) a cancer cell or
(ii) at risk for becoming a cancer cell, if the test cell’s level of FZ]j7 and/or Wnt3
expression is higher, and/or the test cell’s level of FZD8 and/or Watl1 expression is
lower, than that of the conirol cell. 'Where the method includes defermining the cell’s
level of FZD7 and/or Wnt3 expression, the method can further include: (c) determining
whether the test cell’s level of FZD8 and/or Wntl1 expression is lower than that of a
control cell, wherein a lower level of expression of FZDR and/or Wnti1 indicates that
the test cell is, or is at risk for becoming, a cancer cell. Where the method includes
determining the cell’s level of FZD8 and/or Wnti] expression, the method can further
include: (¢) determining whether the test cell’s level of FZD7 and/or Wnt3 expression
is higher than that of a control cell, wherein a higher level of expression of FZD7
and/or Wnt3 indicates that the test cell is, or is at risk for becoming, a cancer cell.

In a further aspect, the invention provides a method of determining whether a
patient is suffering from or at risk for cancer, e.g., whether a test tissue sample comes
from a patient that is suffering from or at risk for cancer. The method can include:
providing a test tissue sample (e.g., a liver tissue such as tumerous or periturnorous
liver tissue) obtained from a patient, and (b) determining whether the level of FZD7
and/or Wnt3 expression is higher, and/or whether the level of FZD8 andfor Wntl11

expression is lower, in the test tissue sample than that in 2 comparable tissue sample
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obtained from a healthy individual, wherein a higher level of expression of FZD7
and/or Wnt3 and/or a lower level of expression of FZD8 and/or Wntl1 in the test tissue
sample is an indication that the sample is from a patient suffering from or at risk for
cancer. Where the method includes determining the level of FZD7 and/or Wnt3
expression, the method can further include: (¢} determining whether the level of FZD8
and/or Wntl1 expression in the test tissue sample is lower thau that in a tissne sample
obtained from a healthy indiﬁdua], wherein a lower level of expression of FZD8 and/or
‘Wntll is an indidation that the sample comes from a patient is suffering from or at risk
for cancer. Where the method includes determining the level of FZD8 and/or Wntl1
expression, the method can further include: (¢} determining whether the level of FZD7
and/or Wnat3 expression in the test tissue sample is higher than that in a tissue sample
obtained from a healthy individual, wherein 2 higher level of expression of FZD7
and/or Wnt3 is an indication that the patient is suffering from or at risk for cancer.

In any of the methods described herein, determining the level of FZD7, FZDS$,
Wnt3 or Wntl1 expression can include determining the amount of FZD7, FZD8, Wnt3
or Wnt1l mRNA in the cell, e.g., using a Northern blot assay or an RT-PCR assay. In
other embodiments, determining the level of expression can include determining the
amount of FZD7, FZD8, Wnt3 or Wntl] protein in the cell, e.g,; using an anti-Wnt
antibody, e.g., an antibody that binds to SEQ ID NOS:7 or 80.

In still another aspect, the invention includes a method of treating cancer (e.g.,
liver cancer) in a patient. The method includes adﬁainistering to the patient an effective
amonnt of a compound that reduces Wnt/ FZD7 signaling in FZD7-expressing cells of
the patient and that is optionally non-lethal to the FZD7-expressing cells. In one
embodiment, the compound is a’compound that reduces FZD7 and/or Wnt3 expression
in the patient andfor increases Wntl1 expression in the patient. In another embodiment,
the compound is a compound that binds Wnt 3, Wnt 8b, Wnt 11, FZD7 or FZD8 in the
patient. The compound can be, e.g., an antisense oligonucleotide, a double stranded
RNA (dsRNA) that includes a nucleotide sequence that hybridizes under physiological
conditions to.2 Wnt nucleotide sequence, an isolated FZD7 receptor or a Wnt3 binding
fragment thereof, a genetic construct encoding a Wt polypeptide (e.g., a Wntl1
polypeptide) or truncated form of FZD7 (e.g., a form of FZD7 lacks FZD7’s
intracellular and/or transmembrane domain), and/cr an anti-FZD and/or anti-Wnt
antibody (e.g., anti-Wnt3 antibody). The compound can be administered by any route,
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e.g., by administration to the patient’s liver. In certain embodiments, the comf:ound is
an antibody that binds to SEQ ID NO:7 or 80. In other embodiments, the compound is
a siRNA comprising SEQ ID NO:81, 82 or 83.

In yet another aspect, the invention includes a method of reducing motility of a
cancer cell (e.g., a liver cancer cell). The method includes administering to the cell an
effective amount of a compound capable of reducing Wnt/FZD?7 signaling in the celi
and which is optionally non-lethal to the cell. In one embodiment, the compound is a
compound that reduces FZD7 and/or Wni3 expression in the patient and/or increases
Wnitll expression in the patient, In another embodiment, the compound is a compound
that binds Wnt 3, Wnt 8b, Wnt 11, FZD7 or FZDS8 in the patient. The compound can
be, e.g., an antisense oligonucleotide, a double stranded RNA (dsRNA) that includes a
nucleotide sequence that hybridizes under physiological conditions to a Wnt nucleotide
sequence, an isolated FZD7 receptor or a Wnt3 binding fragment thereof, a geneﬁc
construct encoding a Wnt polypeptide (e.g., a Wnt11 polypeptide) or truncated form of
FZD7 (e.g., a form of FZD7 lacks FZD7’s intracellular and/or tansmembraﬁe domain),
and/or an anti-FZD and/or anti-Wnt antibody (e.g., anti-Wni3 anh'bo&y). The
compound can be administered by any route, e.g., by administration to the patient’s
liver. In certain embodiments, the compound is an antibody that bmds 1o SEQ ID NO 7
or 80. In other embodiments, the compound is a SIRNA comprising SEQ ID NO:81, 82
or 83.

In another aspect, the invention includes the use of a compound that reduces
Wat/ FZD7 signaling in FZD7-expressing cells in the manufacture of (i) a medicament
for the treatment of liver cancer or (ii) a medicament that reduces the motility of liver
cancer cells. Optionally, the medicament is non-lethal to FZD7 expressing cells. In
one embodiment, the compound is a compound that reduces FZD7 ‘and/or Wnt3
expression in the patient and/or increases Wntll expression in the patient. In another
embodiment, the compound is a corpound that binds Wt 3, Wat Sb, Wnt 11, FZD7 or
FZDR in the patient. The compound can be, e.g., an antisense oligonucleotide, a double
stranded RNA (dsRNA) that includes a nucleotide sequence that hybridizes under
physiological conditions to 2 Wnt nucleotide sequence, an isolated FZDY7 receptor or a
Wnt3 binding fragment thereof, a genetic construct encoding a Wnt polypeptide (e.g., a
‘Wntl]1 polypeptide) or truncated form of FZD7 (e.g., a form of BZD7 lacks FZD7’s
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mtracellnlar and/or transmembrane domain), and/or an anti-FZD and/or anti-Wnt
antibody (e.g., anti-Wnt3 antibody).

In certain aspects, the invention includes an anti-Wnt antibody, ¢.g., an anti-
Wnt3 antibody, e.g., an antibody that binds to SEQ ID NO:7 or the amino acid
sequence LRAKYSLFKPPTERDL (SEQ ID NO:80). The antibody can be included in
a pharmaceutical composition suitable for administration to a patient,

In other aspects, the invention includes the use of any of the compounds
described herein in the preparation of a pharmaceutical composition for the treatment or
prevention of a condition described herein, e.g., cancer, e.g., liver cancer. The
composition can be used in a method for treating cancer and/or for reducing motility of
a cancer cell in accordance with the metheds described herein, The composition can be
in any form described herein, e.g., a liquid or solid composition. In certain
embodiments, the compound is an antibody, e.g., an anti-Wnt antibody, e.g., an
antibody that binds to SEQ ID NO:7 or the amino acid sequence
LRAKYSLFKPPTERDL (SEQ ID NO:80). In other embodiments, the compound is an
siRNA, e.g., an siRNA. comprising the nucleic acid sequence WNT3-1: 5°-
GGAAAAAUGCCACUGCAUC-3 (SEQIDNO:81),

WNT3-2: 5’-GGAGUGUAUUCGCAUCUAC-3’ (SEQ ID NO:82), and/or
WNT3-3: 5’-GGCUUAUCUUUGCACAUGU-3’ (SEQ ID NO:83)).

Also included within the invention are nucleic acids described herein (e.g., a
primer described in Table 1, below) that are useful for detecting Wnt proteins.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Suitable methods and materials are described below, although
methods and materials similar or equivalent to those described herein can be used in the
practice or testing of the present invention. All publications, patent applications,
patents, and other references mentioned herein are incorporated by reference in their
entirety. In case of conflict, the present speciﬁcaj:idn, including definitions, will
control. The materials, methods, and examples are illustrative only and not intended to
be limiting.

Other features and advantages of the invention will be apparent from the

following detailed description, and from the claims,
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DESCRIPTION OF DRAWINGS
Fig. 1A 1is a set of pictures of silver-stained two-dimensional SDS-PAGE gels
illustrating a pattern of fractionated heparan sulfate proteoglycans (HSPGs) from Huh?
cells following heparin treatment (Hep +) or no treatment (Hep -) of the Huh7 cells.
The 0.25 M NaCl fractions from heparin affinity chromatography were separated onto
first-dimensional pH 3-10 nonlinear IPG gels and second-dimensional 4-12% gradient
NuPAGE gels. A protein spot (circléd; hereinafter referred fo as “spot 1”) from the

heparin-untreated fraction showed increased expression.

t

Fig. 1B is a mass-spectrum of tryptic peptides obtained from spot 1. Spot 1 was
excised, destained, and digested with trypsin. The peptide masses were analyzed on a
PBSII instrument. The marked peaks (*) represent peptides that matched the calculated
masses of human Wnt-11 peptides.

Flg 1C are pictures of agarose gels that illustrate the detection of Wnt ligand |
mRNA in various hepatocellular carcinoma cell lines using RT-PCR. Wnt-3 mRNA
was detected in all HCC cell lines and Wnt-11 mRNA was detected in 3 HCC lines but
not Focus cells. No other Wnt mRNAs were detectable by RT-PCR.

Fig. 2A is a bar graph illustrating Wnt3 mRNA levels as determined by qR'T-
PCR in HCC cell lines. 18SrRNA levels were used as internal contrbls, and Wnt3 and
Wnt11 mRNA levels were expressed as copy numbers per 10° 18StRNA. The
expression levels (mean + SE) of Wnt3 mRNA in HCC cell lines Wei'e 370.04+ 103 in
HepG2, 381.3 = 12.7 in Hep3B, 95.2 + 6.3 in Huh7 and 210.4 9.5 copies per 10°
18SIRNA. '

Fig. 2B 1s a bar graph illustrating Wnt11 mRNA levels as determined by qRT-
PCR in HCC cell lines. 18S1RNA levels were used as internal controls, and Wnt11
mRNA levels were expressed as copy numbers per 10° 18SIRNA. Wnt11 mRNA
expression levels were 8,499.3 = 845.,0 in HepG2, 290.9 £ 40.1 in Hep3B and 3.57 %
0.2 copies per 10° 18SIRNA in Huh7 cells. Wnt11 mRNA could not be detected in
focus cells with gqRT-PCR, consistent with the result of conventional RT-PCR.

Fig. 3A is a bar graph illustrating e.xpression of Wnt3 mRNA in human HCC
tissues. The mRNA levels were measured by qRT-PCR. White bars represent mRNA
levels in normal liver tissues. Black bars represent mRNA levels in HCC tissues. Gray
bars represent mRNA levels in corresponding peritumoral tissues. Experiments were

performed in duplicate and data are expressed as mean 1 SD. Seventy-seven percent of
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HCCs and 59% of peritumoral tissues showed increased Wnt3 mRNA expression levels
above the value of mean + 3 SD in normal liver tissues. Seventy-one percent of HCC
tissues had imcreased Wnt3 mRNA expression levels compared to those in the
cormresponding peritumoral tissues,

Fig. 3B is a bar graph illustrating expression of Wnt11 mRNA in human HCC
tissues. The mnRNA levels were measured by gRT-PCR. White bars represent mRNA
levels in norxmal liver tissues. Black bars represent mRNA levels in HCC tissues. Gray
bars represerat mRNA levels in corresponding peritumoral tissues. Experiments were
performed in duplicate and data are expressed as mean + SD. Forty-one percent of
HCC tissues showed decreased expression even below the lower cut-off level of normal
liver tissues, while none did in peritumoral tissues (P = .0036 by Fischer’s exact test).
Sixty-five percent of paired samples also showed decreased expression of Wntl1
mRNA in turmors compared with corresponding periturmoral tissues.

Fig. 3C is a bar graph illustrating expression of FZD7 mRNA in human HCC
tissues. The mRNA levels were measured by QqRT-PCR, White bars represent mRNA
levels in noranal liver tissues. Black bars represent mRNA levels in HCC tissues. Gray
bars represemit mRNA levels in corresponding perifumoral tissues. Experiments were
performed in1 duplicate and data are expressed as mean + SD. Fifty-nine percent of both
HCC and perxitumoral tissnes showed increased FZD7 mRINA expressions compared to
those in nortmal liver tissues, Seventy-one perceﬁt of paired samples showed increased
expression of FZD7 mRNA in tumors compared _with correspondjng, peritumoral -
tissues (P = .031 by Wilcoxon signed-ranks test).

Figs 4A-4D are pictures of immunchistochemically stained human HCC and
peritumoral tissues (magnification x400). Fig. 4A: Negative control. Fig. 4B: j-
catenin staimed peritumoral tissues. The hepatocytes showed typical membranous
staining. Fig. 4C: B-catenin stained HCC tissues, which display nuclear accumulation
of B-catenin. Note the nuclear staining as well as the increased cytoplasmic staining of
B-catenin. Fig. 4D: HCC tissues, which display no nuclear or cyioplasmic
accumulation of B-catenin.

Fig. 5A is a composite picture of Westem blots illusirating the effect of Wnt3
plasmid tranasfection on T-cell factor (Tef) transcriptional activities in HCC cell lines.
Focus, Huh7 and Hep3B cells were cotransfected with myc-tagged Wnt3 plasmid or
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pcDNA3. Vmye-His A plasmid, pSUPERSxTOPFLASH or pSUPERSxFOPFLASH,
and (-galactosidase plasmid. Twenty-four hours after transfection, the cells were
serum-starved for 24 h, and then stimulated with 1% FBS MEM. The cells were
harvested at 2 h and 24 h after the stimulation and subjected to a Iuciferase assay and
Western blot analysis for Wat3 and B-catenin. Western blot analyses with rabbit
polyclonal anti-Wnt3 antibody shoowed an increase of Wnt3 protein after transfection.
Specificity of the polyclonal anti~Wnt3 antibody was verified with monoclonal anti-
myc antibody. Note the increase of cellular B-catenin levels in Focus cells. Hsp90
protein was used as internal loading controls.

Fig. 5B is a bar graph illustrating changes in Tcf transcriptional activity in HCC
cell lines after transfection with Wnt3 plasmid. The Tef franscriptional activities were
increased 3 fold in Focus cells following transfection, as compared to those in Focus
cells transfected with control plasmid. Tef transcriptional activities were slightly
decreased in Huh7 cells and not changed in Hep3B cells following transfection. White
bars denote cells transfected with the control plasmid (pcDNA) and black bars denote
cells transfected with Wnt3 plasmid, '

Fig, 6A. is a’bar graph illustrating the effects of anti-Wnt3 antibodies on Tcf
transcriptional activities in HCC cell lines. HCC cells were seeded in 12-well plates
and transfected with pSUPER8x TOPFLASH or pSUPER&xFOPFLASH with -
galactosidase plasmid. Cells were deprived of serum for 24 h and the cells were
subsequently incubated with 1% FBS MEM containing either anti-Wnt3 antibodies
(Wnt3-Ab; black bars) or control antibodies (10 pg/ml), and harvested 24 h after -
incubation. Normal rabbit IgG wras used as a control antibody (C-Ab; white bars). Tcf
transcriptional activities were decreased by 60% in Huh?7, 26% in HepBB, and 40% in
Focus cells with polyclonal anti-Wnt3 antibody treatment,

Fig, 6B is a bar graph illustrating the effect of siRNAs on endogenous Wnt3
mRNA expression. Control siRINA and Wnit3 siRNA (WNT3-3) at a concentration of
10 or 100 nM were transfected into HCC cells. Forty-eight hours after transfection, -
cells were harvested and Wnt3 mRNA expression levels were measured using gRT-
PCR. siRNA Wnt3-3 caused a decrease of mRNA levels by 50-60% on average at a
concentration of 100 nM inali of the 3 cell lines. Fig. 6B is representative of this effect
in Huh?7 cells.

10



10

15

20

25

30

Fig. 6C is a bar graph illustrating the effects of Wnt3 siRN A on the Tef
transcriptional activities or HCC cell lines. Wnt3 siRNA or conirol siRNA was co-
transfected in the presence of Tcf reporter at the indicated concentrations (nM). The
Tof transcriptional activities were decreased by 48.5% in Huh7, 33% in Hep3RB, and
43.5% in Focus cells. '

Fig. 7 are pictures of cell cultures illustrating delayed wourid healing in Focus
cells treated with anti-Wnt3 antibodies. Focus cells were plated in a 6-well plate.
Confluent monolayer cells were wounded with sterile plastic 200 p1l micropipette tips.
The cells were then treated with media with either anti-Wnt3 Ab or rabbit IgG (control
antibodies (C Ab); 10 pg/ml), and photographed at different time points. Focus cells
treated with anti-Wnt3 Ab showed delayed wound healing. This effect was most
prominent at 24 h. At 24 h, most of the wound was covered with migrating and/or
proliferating cells in cells treated with C Ab, while it persisted in those treated with
anti-Wnt3 Ab.

Figs. 8A-8E illustrate exemplary FZD7, FZD8, Wni3, Wnt 8b and Wnt 11

human and mouse amino acid sequences, including putative binding motifs.

DETAILED DESCRIPTION
This invention is based, at least in part, on the discovery thuat particular Frizzled
(FZD) proteins, e.g., FZD 7 and 8, are dssociated with certain cancers, such as liver
cancer, and that Wnt 3, 8b and 11 are FZD 7 ligands. Accordingly, the present
specification provides, infer alia, methods of using Wnt and FZD proteins, genes, FZD-
specific antibodies and probes in diagnosis and treatment of cancer and for screening
test compounds for an ability to treat cancer. Also disclosed are compounds useful for

treating cancer such as liver cancer.

L. _Nucleic Acids, Proteins, Vectors, and Host Cells
The terms “Frizzled,” “FZD,” “Frizzled protein” and “Frizzled receptor” refer
to a family of mammalian proteins related to the Drosophila Frizzled genes, which play

arole in the development of tissue polarity. The Frizzled family comprises at least 10

mammalian genes. Exemplary human Frizzled receptors include Frizzled 1, Frizzled 2,
Frizzled 3, Frizzled 4, Frizzled 5, Frizzled 6, Frizzled 7, Frizzled 8, Frizzled 9 and

11
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Frizzled 10. Frizzled receptors are involved in a dynamic model of transmembrane
signal transduction analogous to G-protein-coupled receptors with amino-terminal
ligand binding domains.

The terms “Wat protein,” “Wnt ligand” and “Wnt” refer to a family of
mammalian proteins related to the Drosophila segment polarity gene, wingless. In
humans, the Wnt family of genes typically encode 38 to 43 kDa cysteine rich
glycoproteins having hydrophobic signal sequence and a conserved asparagine-linkced
oligosaccharide consensus sequence (see e.g., Shimizu et al., Cell Growth Differ
8:1349-1358 (1997)). The Wnt family contains at least 19 mammalian members.
Exemplary Wnt proteins include Wnt-1, Wnt-2, Wnt-2b (alse known as Wnt-13), Wat-
3, Wnt-3A, Wnt-4, Wnt-5A, Wat-5B, Wat-6, Wnt-7A, Wnt-7B, Wnt-8A, Wnt-8B,
Wnt-10A, Wat-10B, Wnt-11, Wnt 14, Wnt 15, and Wnt 16.

In addition to Wnt ligands, a family of secreted Frizzled-related proteins
(sFRPs) has been isolated. sFRPs appear to function as soluble endogenous modulators
of Wnt signﬁling by competing with the membrane-spanning Frizzled receptors fox the
binding of secreted Wnt ligands. sFRPs can either antagonize Wnt function by binnding
the protein and blocking access to its cell surface signaling receptor, or they can
enhance Wt activity by facilitating the presentation of ligand to the Frizzled receptors.

The term “Wnt/FZD signaling pathway” refers to an iniracellular signal
transduction pathway that is initiated by an interaction between a Frizzled receptor,
e.g., FZD 7, and one or more of its ligands, e.g., a Wnt protein, e.g., Wnt3,8bor 11.
Typically, a Wnt/FZD interaction involves binding of 2 Wnt protein, e.g., Wnt3, 8b or
11, to a Frizzled receptor, e.g., FZD 7, leading to activation of a signal transduction
pathway. In some instances, activation of the Wnt/Frizzled signaling pathway will lead
to induction of downstream-Wnt and/or FZD-inducible genes, A “downstream
Wnt/FZD regulated gene product” is a protein or RNA that is regulated (e.g., up- or
down-regulated) as a result of signaling by a Wnt/FZD signaling pathway.

The invention includes the use of certain FZD and Wnt nucleic acids, For
example, the present invention includes the use of certain FZD 7 and 8 nucleic acids,
such as those that encode the amino acid sequences of the exemplary human and mouse
FZD 7 (SEQ ID NOs:1 and 3, respectively) and 8 (SEQ ID NO:4 and 6, respectively)
receptors set forth in Figs. 8A to 8E. As another example, the invention includes the

use of certain Wnt 3, 8b, and 11 nucleic acids, such as those that encode the amino acid
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sequences of the exemplary human and mouse Wnt 3 (SEQ [D NOs:7 and 13,
respectively), 8b (SEQ ID NOs:14 and 20, respectively), and 11 (SEQ ID NOs:21 and
27, respectively) proteins set forth in Figs. 8A to 8E.

Also included within the present invention are the use of certain fragments of
FZD and Wnt nucleic acids, e.g., a fragment of a nucleic acid sequence that encodes
SEQIDNOs:1, 3,4, 6,7, 13, 14, 20,21, or 27. Fragments of FZD or Wnt nucleic
acids encode at least one useful fragment of a FZD.or Wnt polypeptide (e.g., a human
or rodent polypeptide), respectively, such as a binding domain (e.g., a CRD domain) or
other useful fragment. For example, a useful fragment of a FZD micleic acid may
encode a fragment of a FZD receptor having binding activity, e.g., a fragment
corresponding to SEQ ID NO:3 or 5. As another example, a usefnl fragment of an Wnt
nucleic acid may encode a fragment of a Wnt polypeptide having binding activity, e.g.,
a fragment corresponding to any one or more of SEQ ID NOs:8 to 12, 15 to 19 and 22
to 26.

FZD and Wnt nucleic acids described herein include both RNA. and DNA,
including genomic DNA and synthetic (e.g., chemically synthesized) DNA. Nucleic
acids can be double-stranded or single-stranded, Where single-stranded, the nucleic
acid can be a sense strand or an antisense strand, Nucleic acids can be synthesized
using oligonucleotide analogs or derivatives (e.g., inosine or phosphorothioate
nucleotides). Such oligonucleotides can be used, for example, to prepare mucleic acids
that have altered base-pairing abilities or increased resistance to nlicle;ases.

An “isolated nucleic acid” is a nucleic acid the structure of;WIﬁt:h is not
identical to that of any naturally occurring nucleic acid or to that <{f an:y spamming more
than three separate genes. The term therefore covers, for example; (a) a DNA which
has the sequence of part of a naturally occurring genomic DNA m;c;leéulé but is not
flankéd by both of the coding sequences that flank that part of the molécule in the
genome of the organism in which it naturally occurs; (b) a nucleicsjaci& iﬁcorporated
into a vector or into the genomic DNA of a prokaryote or eukaryote in a manner such
that the resulting molecule is not identical to any naturally occurring vector or genomic
DNA; {c) a separate molecule such as a cDNA, a genomic ﬁagmef;t, a fragment
produced by polymerase chain reaction (PCR), or a restriction fragment; and (d) a
recombinant nucleotide sequence that is part of a hybrid gene, i.e., a gene encoding a
fusion protein. Specifically excluded from this definition are nucleic acids present in
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mixtures of (i) DNA molecules, (ii) transfected cells; and (iii) cell clones, e.g., as these
occur in a DNA library such asa ¢DNA or genomic DNA library.

In some embodiments, the invention includes the use of nucleic acid sequences
that are substantially homologous to a FZD or Wnt nucleic acid. A nucleic acid
sequence that is “substantially homologous” to a FZD or Wnt nucleic acid is at least
75% homologous to FZD or Wat nucleic acid sequences that encode any one of SEQ
ID NOs:1 to 27. For example, substantially homologous nucleic acid sequences can be
at least about 80%, 85%, 90%, 95%, 98%, or at least about 99% homologous to
sequences that encode SEQ ID NOs:1 to 27. For purposes of comparison of nucleic
acids, the length of the reference nucleic acid sequence will be at least 50 nucleotides,
but can be longer, e.g., at least 60 nucleotidés, or more nucleotides.

As used herein, “percent bomology” of two amino acid sequences or two
nucleic acid sequences is determined using the algorithm of Karlin and Altschul (1990)
Proc. Nat'l Acad. Sci. USA 87:2264-2268, modified as in Karlin and Altschul (1993)
Prac. Nat'l Acdd. Sci. USA 90:5873-5877. Such an algorithm is incorporated into the
NBLAST and XBLAST programs of Altschul, et al. (1990); J. Mol Biol, 215:403-410,
BLAST nucleotide searches are performed with the NBLAST program, score = 100,
wordlength = 12 to obtain nucleotide sequences homologous to FZD or Wnt nucleic
acid molecules used in the invention. BLAST protein searches are performed with the
XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences
homolegous to a reference poiypeptide. To obtain gapped alignments for comparison
purposes, Gapped BLAST is utilized as described in Altschul et al., (1997) Nucleic
Acids Res. 25:3389-3402. When utilizing BLAST and Gapped BLAST programs, the
default parameters of the respective programs (e.g., XBLAST and NBLAST) are used.
See the World Wide Web at address ncbi.nlm.nih.gov.

The invention also includes the use of nucleic acids that hybridize under
stringent hybridization conditions (as defined herein} to all or a portion of nucleotide
sequences that encode any of SEQ ID NOs:1 to 27, or to a complement of such nucleic
acid sequences. The hybridizing portion of the hybridizing nucleic acids is typically at
least 15 (e.g., 20, 25, 30, or 50) nucleotides in length. The hybridizing portion of the
hybridizing nucleic acid is at least about 75% (e.g., at least 80%, 90%, 95% or 98%)
identical to the sequence of a portion or all of a nucleic acid encoding an FZD or Wnt
polypeptide, or to its complement. Hybridizing nucleic acids of the type described
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herein can be used, for example, as a cloning probe, a primer (e.g., a PCR primer), or a

diagnostic probe. Hybridization of the oligonucleotide probe to a nucleic acid sample

typically is performed under siringent conditions. Nucliec acid duplex or hybrid

stability is expressed as the melting temperature or Tin, which is the temperature at
which a probe dissociates from a target DNA. This melting temperature is used to
define the required stringency conditions. IF sequenes are to be identified that are
related and substantially identical to the probe, rather than identical, then it is useful to
first estabilish the lowest termfaerature at which only homologous hybridization occurs
with a particular concentration of salt (e.g., SSC or SSPE).

Then, assuming that 1% mismatching results in a 1°C decrease in the Tm, the
temperature of the final wash in the hybridization reaction is reduced accordingly (for
example, if sequences having > 95% identity with the probe are sought, the final wash
temperature is decreaéed by 5°C). In practice, the change in Tm can be between 0.5°C
and 1.5°C per 1% mismatch. Stringent conditions involve hybridizing at 68°C in 5x
SSC/5x Dephardt’s solution/1.0% SDS, and washing in 0.2x SSC/0.1% SDS at room
temperature. Moderately stringent conditions include washing in 3x SSC at 42°C. The
parameters of salt concentration and temperature can be varied to achieve the optimal
level of identity between the probe and the target nucleic acid. Additional guidance
regarding such conditions is readily available in the art, for example, by Sambrook et
al,, 1989, Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Press, N.Y.;
and Ausubel et al. (eds.), 1995, Current Protocols in Molecular Biology, (John Wiley &
Soms, N.Y.) at Unit 2.10.

Nucleic acids that hybridize to nucleotide sequence that encode any of SEQ ID

. NOs:1 to 27 are considered “antisense oligonucleotides.”

Also included in the invention are genetic constructs {e.g., vectors and
plasmids) that include a FZD and/or Wnt nucleic acid described herein, operably linked
t0 2 transcription and/or translation sequence to enable expression, e. g., expression
vectors, A selected nucleic acid, e.g., 2 DNA molecule encoding a FZD or Wnt
polypeptide, is “operably linked” to another nucleic acid molecule, e.g., a promoter,
when it is positioned in such a way that the other molecule can direct transcription
and/or translation of the selected nucleic acid, For example, the selected nucleic acid

can be positioned adjacent to the other nucleic acid molecule.
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Also included in the invention are various engineered cells which contain a FZD
and/or Wnt mucleic acid described herein. For example, the invention includes
transformed host cells, i.e., cells into which (or into an ancestor of which) has been
introduced, by means of recombinant DNA techniques, a nucleic acid encoding a FZD
and/or Wnt polypeptide. Both prokaryotic and eukaryotic cells are included, e.g.,
mammalian cells (e.g., liver cells), fungi, and bacteria (such as Escherichia colf), and
the like. An engineered cell exemplary of the type included in the invention is a liver
cell that overexpresses a FZD 7 fransgene,

A cell that “overexpresses FZD™ is a cancer cell and/or transgenic cell in which
expression of a particular FZD protein, such as FZD 7 and/or 8, is at least about 1.5
times, e.g., at least about 2, 3, 4 or 5 times, the level of expression in a non-cancer cell
or non-fransgenic cell, respectively, from the same tissue type. In some embodiments,
FZD expression in a cell can be compared to expression in a non-cancer or non-
transgenic cell of a different tissue-type or a panel of non-cancer or non-transgenic cells
of a different tissue type. In addition, expression of one type of FZD protein (e.g., FZD
7) can be compared to other FZD proteiné in the same cell. Methods for determining;
the level of expression of a particular gene are well known in the art. Such methods -
include, but afe not limited to, RT—PCR, real time PCR and use of antibodies against
the gene products.

The vse of certain FZD and Wt polypeptides are also included within the
present invention. Examples of FZD polypeptides used in the present invention are
human and mouse FZD polypeptides, such as those shown in SEQ ID NOs:1 and 3,
respectively, zind SEQ ID NOs:4 and 6, respectively. Examples of Wnt polypeptides
used in the présent invention are human and mouse Wnt 3, 8b and 11 polypeptides,
such as those shown in SEQ ID NQs:7, 13, 14, 20, 21 and 27. Also included used in
the present invention are certain fragments of FZD and Wnt polypepiides, e.g.,
fragments of SEQ ID NOs:1, 3, 4, 6, 7, 13, 14, 20, 21 and 27. Fragments of FZD and
Wt polypeptides may include at least one binding domain, or other useful portion‘ ofa
full-length FZD and Wnt polypeptide. For example, useful fragments of FZD and Wnt
polypeptides include, but are not limited to, fragments having binding activity (e.g.,
SEQIDNOs: 2, 5, 8to 12,15 to 19, and 22 to 26).

The terms “protein” and “polypeptide” both refer to any chain of amino acids,
regardless of length or post-translational modification (e.g., glycosylation or
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phosphorylation). Thus, the terms “Frizzled protéin,;’ “Wnt protein,” “Frizzled
polypeptide,” and “Wnt polypeptide” include full-length naturally occurring isolated
proteins, as well as recombinantly or synthetically produced polypeptides that
correspond to the full-length naturally occurring proteins, or to a fragment of the full-
length naturally occurring or synthetic polypeptide.

As discussed above, the terms “Frizzled polypeptide,” and “Whnt polypeptide”
include biologically active fragments of naturally occurring or synthetic FZD and Wnt
polypeptides, respectively. Fmgments of a protein can be produced by any of a variety
of methods known to those skilled in the art, e.g., recombinantly, by proteolytic
digestion, or by chemical synthesis. Internal or terminal fragments of a polypeptide can
be generated by removing one or more nucleotides from one end {for a terminal
fragment) or both ends (for an intemal fragment) of a nucleic acid that encodes the
polypeptide. Expression of such mutagenized DNA. can produce polypeptide
fragments. Digestion with "end-nibbling"” endonucleases can genérate DNAs that
encode an array of fragments. DNAs that encode fragments of a protein can also be
generated, e.g., by random shearing, restriction digestion, chemical synthesis of
oligonucleotides, amplification of DNA using the polymerase chain reaction, or a
combination of the above-discussed methods. Fragments can also be chemically
synthesized using techniques known in the art, e.g., conventional Merrifield solid phase
FMOC or t-Boc chemistry.

A purified or isolated compound is a composition that is at least 60% by weight
the compound of interest, e.g., a FZD polypeptide, Wat polypeptide, or antibody. For.
example, the preparation can be at least 75% (e.g., at least 90%, 95%, or even 99%) by
weight thé compound of interest. Purity can be measured by any appropriate method
known in the art, e.g., column chromatography, polyacrylamide gel electrophoresis, or
HPLC analysis.

In certain embodiments, FZD and Wht polypeptides include sequences
substantially identical to all or portions of a naturally occmring FZD and Wnt
polypeptides. Polypeptides “substantially homologous™ to the FZD and Wnt
polypeptide sequences described herein have an amino acid sequence that is at least
65% (e.g., at least 75%, 80%, 85%, 90%, 95% or 99%, e.g., 100%), homologous to an
amino acid sequence represented by SEQ ID NOs:1 to 27 (measured as described

17



10

15

20

25

30

herein). For purposes of comparison, the length of the reference FZD and Wnt
polypeptide sequence can be at least 16 amino acids, e.g., at least 20 or 25 amino acids.

A “conservative amino acid substitution™ is one in which the amino acid residue
is replaced with an amino acid residue having a similar side chain. Families of amino
acid residues having similar side chains have been defined in the art. These families
include amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic side
chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g.,
alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan),
betfa-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side chains
(e.g., tyrosine, phenylalanine, tryptophan, histidine).

The invention also includes the use of fusion proteins (and nucleic acids that
encode such fusion proteins) in which a portion of a FZD (e.g., FZD 7 and/or 8) or Wnt
(e.g., Wnt 3, 8b and/or 11) polypeptide is fused to an unrelated polypeptide (e.g., a

- marker polypeptide or a fusion partner) to create a fusion protein. For example, the.

polypeptide can be fused to a hexa-histidine tag or a FLAG tag to facilitate purification
of bacferially expressed polypeptides or to a hemagglutinin tag or a FLAG tag to
facilitate purification of polypeptides expressed in eukaryotic cells. The invention also
includes, for example, the use of isolated polypeptides {and the nucleic acids that
encode these polypeptides) that include a first portion and a second portion, wherein the
first portion includes, e.g., a FZD or Wnt polypeptide, and the second portion includes
an unrelated polypeptide, e.g., an immunoglobulin constant (Fc) region or a detectable
marker. ‘

The fusion partner can be, for example, a polypeptide that facilitates secretion,
e.g., a secretory sequence. Such a fased polypeptide is typically referred to as a '
preprotein. The secretory sequence can be cleaved by the host cell to form the mature
protein. Also within the invention are nucleic acids that encode a FZD and/or Wnt
polypeptide fused to a polypeptidé sequence to produce an inactive preprotein.
Preproteins can be converted into the active form of the protein by removal of the

inactivating sequernce.
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II. Methods for Detecting Cancer

Without being bound by theory, it appears that various FZD proteins, e.g., FZD
7 and 8, and FZD ligands, e.g., Wnt3 and 11, are important in cancer, e.g., liver cancer.

In particular, hepatocytes appear to overexpress FZD 7 and Wnt3 early during the

" process of iransformation, e.g., prior to the development of HCC. Similarly, such cells

often underexpress FZD 8 and/or Wnt 11. It appears that Wnt 3, 8b and 11 are FZD 7
ligands.

Accordingly, the present invention provides methods of detecting cancer cells,
facilitatiﬁg the diagnosis of the ﬁresence and severity {e.g., tumor grade, tumor bﬁrden,
and the like) of cancer in a patient, facilitating a determination of the prognosis of a
patient and assessing the responsiveness of the patient to therapy (e.g., by providing a
measure of therapeutic effect through, for example, assessing tumor burden during or
following a chemotherapeutic regimen),

Detection can be based on detection of a polynucleotide (e.g., a FZD 7, FZD 8,
Wnt 3 and/or Wnt 11 polynucleotide) that is differentially expressed in a cancer cell
(e-8., as compared to a non-cancer cell) and/or detection of a polypeptide (e.g.,aFZD 7
FZD> 8, Wnt 3 and/or Wnt 11polypeptide) encoded by 2 polynucleotide that is
differentially expressed in a cancer cell, The detection methods of the invention can be
conducted 71 vitro ox in vivo, on a biological sample, e.g., isolated cells and/or whole
tissues.

A “biological sample” as used herein is a sample of biological tissue or fluid
that contains rxucleic acids or.polypeptides, e.g., a FZD 7 protein, polynucleotide or
transeript. Such samples include, but are not limited to, tissue obtained from, e.g.,
liver, lung, Iymph nodes, colon, stomach, pancreas, bile duct, small bowel and/or
esophagus. Biological samples may also include sections of tissues such as biopsy and
autopsy samples, frozen sections taken for histologic purposes, blood, plasma, serum,
sputum, stool, tears, mucus, bile, saliva, lymph, hair, skin, etc. Biological samples also
include explants and primary and/or transformed cell cultures derived from patient
tissues. A biological sample is typically obtained from a eukaryotic organism, e.g., a
primate such as a chimpanzée or human; cow; horse; goat; sheep; dog; cat; a rodent,
e.g., guinea pig, rat or mouse; rabbit; bird; reptilé; or fish. A sample is usunally
provided by removing a sample of cells from an animal, but can also be accomplished

by providing previously isolated cells (e.g., isolated by another person, at another time
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and/or for another purpose), or by performing the methods of the invention in vivo.
Axchival ﬁssues, having treatment or outcome history, can be used.

In some embodiments, xnethods are provided for detecting a cancer cell by
detecting expression in the cell of a transcript (e.g., a FZD 7, FZD 8, Wnt3 and/or
‘Wntl1 franscript) that is differentially expressed in a cancer cell. Any of a variety of
known methods can be used for detection including but not limited to, detection of a
transcript by hybridization of mRNA with an appropriate hybridization probe; detection
of a transcript by a polymerase chain reaction using specific oligonucleotide primers;
and in situ hybridization using zn appropriate hybridization probe. The methods can be
used to detect and/or measure mRNA levels of a gene that is differentially expressed in
a cancer cell. In some embodirnents, the methods comprise: a) contacting a sample
with a polynucleotide that corresponds to a differentially expressedi‘ gene described
herein under conditions that allow hybridization; and b} detecting hybridization, if any.

Detection of differential hybridization, when compared to a suitable conirol, is
an indication of the presence in. the sample of a polynucleotide that is differentially
expressed in a cancer cell, Appropriate controls include, for example, a sample that is
not a cancer cell, a sample that is known not to contain a polynucleoﬁde that is
differentially expressed in a camcer cell, and use of a labeled polynucleotide of the same
“sense” as the polynucleotide ﬂiat is differentially expressed in the cancer cell.
Conditions that allow hybridization are known in the art and have baen described in
more detail above. Detection can also be accomplished by any known method,
including, but not limited to, #2 sifu hybridization, PCR (polymerase chain reaction)
and/or RT-PCR (reverse transcription-PCR), or combinations of known techniques. A
variety of labels and labeling methods for polynucleotides are k:noﬁvn in the art and can
be used in the assay methods of the invention. Specificity of hybridization can be
determined by comparison to appropriate controls,

Polynucleotides generally comprising at least 10 nt, at least 12 nt or at least 15
contiguous nucleotides of a2 polynucleotide described herein, such as those having the
sequence as depicted herein, can be used for a variety of purposes, such as probes or
PCR primers for detection and/or measurement of transcription Ievels of a
polynucleotide that is differentially expressed in a cancer cell. As will be appreciated .
by the skilled artisan, the probe can be detectably labeled and contacted with, for

example, an array comprising jmmobilized polynucleotides obtained from a test sample

20



10

15

20

25

30

(e.g., mRNA). Alternatively, the probe can be immobilized on an array and the test
sample detectably labeled. The nse of these and other variations of the methods of the
invention are well within the skill in the art and are within the scope of the invention.

Nucleotide probes can be used to detect expression of a gene corresponding to
the provided polynucleotide. In Northemn blots, mRNA 1is separated electrophoretically
and contacted with a probe, A probe is detected as hybridizing to an mRNA species of
a particular size. The amount of hybridization can be quantified to determine relative
amounts of expression. Ptobe_é can be used for in situ hy'bridization to cells to detect
expression. Probes can also be used in vivo for diagnostic detection of hybridizing
sequences. Probes can be labeled with a radioactive isotope or other types of detectable
labels, e.g., chromophores, fluorophores and/or enzymes . Other examples of nucleotide
hybridization assays are described in W092/02526 and U.S. Pat. No. 5,124,246,

PCR is another means for detecting small amounts of target ﬁuqleic acids (see,
e.g., Mullis et al., Meth. Enzymol. (1987) 155:335; U.S. Pat. No. 4,683,195; and U.S.
Pat. No. 4,683,202). Two primer oligonucleotides that hiybridize with the target nucleic
acids can be used fo prime the reaction. The primers can be composedgéf sequence
within or 3" and 5’ to the polynucleotides desc_ribed herein. After aizipi_’iﬁdaﬁon of the
target by standard PCR methods, the ampliﬁed target mucleic acids_car:;lj be detected by
methods known in the art, e.g., Southern blot. mRNA ox cDNA can also.be detected by
traditional blotting techniques (e.g., Southem blot, Northaern blot, etc.) described in
Sambrock et al., "Molecular Cloning: A Laboratory Manual" (N ew York, Cold Spring
Harbor Laboratory, 1989) (e.g., without PCR amplification). In general, mRNA or
cDNA generated from mRNA using a polymerase enzyme can be purified and
separated using gel electrophoresis, and transferred to a solid supp;ort,? such as
nitrocellulose. The solid support can be exposed to a labeled probe and {vashed to
remove any urnhybridized probe. Duplexes containing the labeled prbibe can then be
detected. -

Methods using PCR amplification can be perforrned on the DNA. from one or
more cells. The use of the polymerase chain reaction is described in Saiki et al. (1985)
Science 239:487, and a review of techniques may be found in Sambrook et al.,
"Molecular Cloning; A Laboratory Manual" (New York, Cold Spring Harbor
Laboratory, 1989; pp.14.2-14.33). A detectable label may be included in the

amplification reaction. Suitable detectable labels include fluorochromes, (e.g.
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fluorescein isothiocyanate (FITC), thodamine, Texas Red, phycoerythrin,
allophycocyanin, 6-carboxyfluorescein (6-FAM), 2',7'-dimethoxy-4',5-Qichloro-6-
carboxyfluorescein, 6-carboxy-X-thodamine (ROX), 6-carboxy- 2',4,4,5',7,7' -
hexachlorofluorescein (HEX), 5~carboxyfluorescein (5-FAM) or N,N,N*,N'-
tetramethyl-6-carboxyrho- damine (TAMRA)), radioactive labels, (e.g., *°P, *°8, *H,
etc.), and the like. The label may be a two stage system, where the polynucleotide is
conjugated to biotin, haptens, etc. having a high affinity binding partner, e.g. avidin,
specific antibodies, etc., where the binding partner is conjugated to a detectable label.
The label may be conjugated to one or both of the primers. Alternatively, the pool of
nucleotides used in the amplification is labeled, so as to incorporate the label into the
amplification product.

In one embodiment, expression level is assessed by using real titme PCR. RNA
is isolated from a sample of interest. PCR primers are designed to amplify the specific
gene of interest. PCR product accumulation is measured using a dual-Jabeled
flourogenic oligonucleotide probe. The probe is labeled with two different flourescent
dyes, the 5' terminus reporter dye aﬁd the 3' terminus quenching dye. The
oligonucleotide probe is selected to be homologous to an internal farget sequence -
present in the PCR amplicon, When the probe is intact, energy transfer occurs between
the two flourophors, and the fluorescent emission is quenched. During the extension
phase of PCR, the probe is cleaved by 5' nuclease activity of Taq polymerase.
Therefore, the reporter is no longer in proximity to the quencher, and thee increase in
emission intensity is measured. An exemplary method for detecting FZI> expression
using real time PCR is provided in the Examplés section, below. The pximers can also
be used in other methods, for example RT-PCR. This assay provides a quantitative
measure of nucleic acid,

In other embodiments, methods are provided for detecting a cancer cell by
detecting expression of a protein (e.g., a FZD 7, FZD 8, Wnt3 and/or Wntl1 protein)
that is differentially expressed by the cell. Any of a variety of known maethods can be
used for detection, including but not limited to methods that employ birading
compounds, e.g., antibodies or antigen binding fragments thereof, e.g., as is useful in
ELJISA and/or Western blotting methods. ‘Such antibodies can be polyclonal or
monoclonal and can be labeled with a detectable markér (e.g., fluorophore,

chromophore or isotope, etc). Where appropriate, the compound can be attached to a
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solid support such as a bead, plate, filter, resin, etc. Determination of formation of the
compound/target complex can be effected by contacting the complex with a further
compound (e.g., a2 secondary antibody) that specifically binds to the first compound (or
complex). Like the first compound, the further compound can be attached to a solid
support and/or can be labeled with a detectable marker.

The materials needed to perform the detection methods described herein can be
provided as part of a kit. Thus, the invention further provides kits for detecting the
presence and/or a level of a polynucleotide that is differentially expressed.in a cancer
cell (e.g., by detection of an mRNA encoded by the differentially expressed gene of
interest), and/or a polypeptide encoded thereby, ina biological sample. Procedures
dsing these kits can be performed by clinical laboratories, experimental Iaboratories,
medical practitioners or private individuals. The kits of the invention for detecting a
polypeptide encoded by a polynucleotide that is differentially expressed in a cancer cell
may comprise a moiety, such as an antibody, that specifically binds? the polypeptide.
The kits of the invention used for detecting a polynucleotide that is differeﬁﬁally |
expressed in a cancer cell may comprise a moiety that specifically hyfbridizés to such a
polynucleotide. The kit may optionally provide additional components that are useful
in the procedure including, e.g., buffers, developing reagents, labels, reacting surfaces, |
means for detection, control samples, standards, instructions, and interpretive
information.

The present invention further relates to methods of detecting/diagnosing a
neoplastic ot preneoplastic condition in a mammai (for example, a human).
“Diagnosis” as used herein generally includes determination of a patient’s susceptibility
to a disease or disorder, determination as to whether a subject is presently affected by a
disease or disorder, prognosis of a subject affected by a disease or éisorder (e.g.,
identification of pre-metastatic or metastatic cancerous states, smgés of cancer, or
responsiveness of cancer to therapy), and therametrics (e.g., monitoring a subject's
condition to provide information as to the effect or efficacy of therapy).

One exemplary detection/diagnostic method includes: (a) oj:iaining froma
mammal (e.g., a human) a biclogical sample (e.g., liver tissue), (b)‘§ detecting in the
sample the presence of a FZD 7, FZD 8, Wt 3 and/or Wnt 11 gené product (e.g.,
protein or mRNA), and () comparing the amount of FZD 7, FZD 8, Wnt 3 and/or Wnt
11 gene product present with that in a control sample. In accordanbe with this method,
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the presence in the sample of elevated Iéve]s of FZD 7 and/or Wnt 3 gene product
and/or reduced levels of FZD 8 and/or Wat 11 gene product indicates that the subject
has a neoplastic or preneoplastic condition, e.g., liver cancer or a risk for developing
liver cancer, .

The identification of elevated levels of FZD 7 and/or Wnt 3 protein and/or
reduced levels of FZD 8 and/or Wnt 11 protein in accordance with the present
invention makes possible the identification of patients that are likely to benefit from
specialized therapy. For example, a biological sample from a post primary therapy
subject (e.g., subject having undergone surgery) can be screened for the presence of
elevated levels of FZD 7 and/or Wnt 3 and/or reduced levels of FZD 8 and/or Wat 11

‘protein, such levels being indicative of residual tumor tissue. Similarly, tissue

surrounding the cut site of a surgically removed tumor (e.g., peritumoroil's'ﬁssue) can
be examined (e.g., by immunofluorescence), the presence of elevated levels of FZD 7
and/or Wnt 3 and/or reduced levels of FZD 8 and/or Wnt 11 (relative tothe
surrounding tissue) being indicative of potential development of disease in this tissue or
incomplete removal of the tumor. The ability to identify such patients makes it
possible to tailor therapy to the needs of the particular patient. Subjectsfundergoing :
non-surgical therapy, e.g., chemotherapy or radiation therapy, can also be menitored, .
the presence in samples from such subjects of elevated levels of FZD 7 and/or Wnt 3
and/or reduced levels of FZD 8 and/or Wnt 11 being indicative of ﬂle need for
continued treatment. Skilled practitioners will also appreciate that stagmg of cancer
(e.g., liver cancer) for purposes of optimizing treatment regimens can be performed

using the methods described herein.

IH. Methods for Identifying Compounds Capable of Treating Cancer

The invention provides methods for screening test compounds for an ability to
treat cancer, e.g,, liver cancer. A “test compound” as described herein is any
compound that can be screened using the methods described herein. For example, a
test compound can be, e.g., a small organic or inorganic molecule (M.W. less than
1,000 Da). Altematively or in addition, the test compound can be a polypeptide (e.g., a
polypeptide having a random or predetermined amino acid sequence or a naturally-
occurring or synthetic polypeptide) or a nucleic acid, such as a DNA or RNA molecule.
A test compound can be naturally occurring (e.g., an herb or a natural product), or
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synthetic, or can include both natural and synthetic components, A test compound can
have a formula weight of less than about 10,000 grams per mole, less than 5,000 grams
per mole, less than 1,000 grams per mole, or less than about 500 grams per mole. The
test compound can be, for example, any organic or inorganie compound (e.g.,
heteroorganic or organometallic compound), an amino acid, amino acid analog,
polypeptide, peptidomimetic (e.g., peptoid), oligopeptide (e.g., from about 5 to about
25 amino acids in length, preferably from about 10 to 20 or 12 to 18 amino acids in
length, preferably 12, 15, or 18 amino acids in length), nucleotide, nucleotide analog,
polynucleotide, polynucleotide analog, ribonucleic acid, deoxyribonucleic acid,
antisense oligonucleotide, ribozyme, saccharide, lipid (e.g., a sphingolipid), and/or a
fatty acid, or any combination thereof.

The terms “antagonist” or “inhibitor” of Wnt/FZD signaling (e.g., Wnt/FZD 7
signaling) refer to compounds that, e.g., bind to Wnt proteins (e.g., Wnt 3, 8, and/or 11)
and/or FZD receptors (e.g., FZD 7) and/or partially or totally block or inhibit Wnt/EZD
signaling (e.g., Wnt/FZD 7 signaling) as measured in known assays for Wnt/FZD
signaling (e.g., measurement of f-catenin levels, oncogene expreésijon controlied by Tcf
and Lef transcription factors or other downsiream Wnt/Frizzled regulated gene
products). Inhibitors include, e.g., antibodies directed against Wﬁt or FZD proteins
{one example of an anti-Wnt3 antibody is described in the Exampleg section, below),
modified versions of Wnt or FZD proteins, naturally occurring and fsynthetic ligands,
antagonists, agonists, antibodies, small chemical molecules, and the like. Assays for

detecting inhibitors or antagonists are described in more detail below, -

Libraries of Test Compounds
In certain embodiments, screens of the present invention utilize libraries of test

compounds. A “library” is a collection of compounds (e.g., as 2 mixture or as
physically separated individual compounds) synthesized from various combinations of
one or-more starting components. At least some of the compounds must differ from at
least some of the other compoundé in the library. A library can include, e.g., 5, 10, 50,
100, 1000, or even 10,000, 50,000, or 100,000, or more different compounds (ie., not
simply multiplelcopies of the same compounds, although some compounds in the
library may be duplicated or represented more than once). Each of the different

compounds will be present in an amount such that its presence can be determined by
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some means, e.g,, can be isolated, analyzed, and/or detected witha reéeptor or suitable
probe. The actual quantity of each different compound needed so that its presence can
be determined will vary due to the actual procedures used and may change as the
technologies for isolation, detection, and analysis advance. When the compounds are
present in a mixture in substantially equimolar amounts, for example, an amount of 100
picomoles of each compound can often be detected. Libraries can include both libraries
of individual compounds (e.g., present substantially as a single type of compourad-per-
well, made via parallel synthesis or the pool and split pool method) and mixtures
containing substantially equimolar amounts of each desired compound (i.e., wherein no
single compound dominates). Either library format can allow identification of am active
compound discovered in an assay.

Test compounds can be screened individually or in parallel. An examples of
parallel screening is a high throughput drug screen of large libraries of chemicals. Such
libraries of candidate compounds can be generated or purchased, e.g., from
Chembridge Corp., San Diego, CA. Altematively, prior experimentation and an.ecdotal
evidence can suggesta class or category of compounds of enhanced potential. A library
can be designed and ‘synfhesized to cover such a class of chemicals.

The synthesis of combinatorial libraries is well known in the art and has been
reviewed (see, e.g., E.M. Gordon et al., J. Med. Chem. (1994) 37:1385-1401 ; DeWiit,
S. H.; Czarnik, A. W. Ace. Chem. Res. (1996) 29:114; Armstrong, R. W.; Combss, A...
P.; Tempest, P. A.; Brown, S. D.; Keating, T. A. dcc. Chem. Res. (1996)29:123;
Ellman, J. A. Acc. Chem. Res. (1996) 29:132; Gordon, E. M.; Gallop, M. A.; Patel, D.
V. dce. Chem. Res. (1996) 29:144; Lowe, G. Chem. Soc. Rev. (1995) 309, Blondelle et
al. Trends Anal. Chem. (1995) 14:83; Chen et al. J. Am. Chem. Soc. (1994) 116:2661;
U.S. Patents 5,359,115, 5,362,899, and 5,288,514; PCT Publication Nos. W092/10092,
WO93/09668, WO91/07087, W(Q93/20242, WO94/08051).

Libraries of compounds can be pfepared according to a variety of methods,
some of which are kmown in the art. For example, a "split-pool" strategy can be
implemented in the following way: beads of a functionalized polymeric support are

placed in a plurality of reaction vessels; a variety of polymeric supports suitable for

solid-phase peptide synthesis are known, and some are commercially available (for
examples, see, e.g., M. Bodansky "Principles of Peptide Synthesis", 2nd edition,
Springer-Verlag, Berlin (1993)). To each aliquot of beads is added a solutionofa
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different activated amino acid, and the reactions are allowed to proceed io yield a
phirality of immobilized amino acids, one in each reaction vessel. The aliquots of
derivatized beads are then washed, "pooled" (i.e., recombined), and the pool of beads is
again divided, with each aliquot being placed in a separate reaction vessel. Another
activated amino acid is then added to each aliquot of beads. The cycle of synthesis is
repeated until a desired peptide length is obtained. The amino acid residues added at
each synthesis cycle can be randomly selected; alternatively, amiﬁo acids can be
selected to provide a "hiased" h'brary, €.g., a library in which certain ?ortions of the
inhibitor are selected non-randomly, e.g., to 'provide an inhibitor haviﬁg known
structural similarity or homology to a known peptide capable of interacting with an
antibody, e.g., the an anti-idiotypic antibody antigen binding site. It will be appreciated
that a wide variety of peptidic, peptidomimetic, or non-peptidic cdmpounds can be
readily generated in this way.

The “split-pool” strategy can result in a library of peptides, e.g., modulators,
which can be used to prepare a library of test compounds of the invention. . In another
illustrative synthesis, 2 "diversomer library" is created by the method of Hobbs DeWitt
et al. (Proe. Natl. Acad. Sci. U.S.A. 90:6909 (1993)). Other synthesis methods,
including the "tea-bag" technique of Houghten (see, e.g., Houghtén et al., Nature
354:84-86 (1991)) can also be used to synthesize libraries of compounds according to
the subject invention.

'Libraries of compounds can be screened to determine whether any members of
the library have a desired activity, and, if so, to identify the active species. Methods of
screeﬂné combinatorial libraries have been described (see, e.g., Gordon et al., J Med.
Chem., supra). Soluble compound libraries can be screened by affinity
chromatography with an appropriate receptor to isolate ligands for the receptor,
followed by identification of the isolated ligands by conventional techniques (e.g., mass
spectrometry, NMR, and the like). Immobilized compounds can be screened by
contacting the compounds with a soluble receptor; preferably, the soluble receptor is
conjugated to a label (e.g., fluorophores, colorimetric enzymes, radioisotopes,
Iuminescent compounds, and the like) that can be detected to indicate ligand binding,
Alternatively, immobilized compounds can be selectively released and allowed to
diffuse through 2 membrane to interact with a receptor. Exemplary assays useful for

screening libraries of test compounds are described above.
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Screening Methods _
The invention provides methods for identifying compounds capable of treating

cancer, e.g., liver cancer. Although applicants do not intend to be bound by any
particular theory as to the biological mechanism involved, such compounds are thought
to modulate specifically (1) Wnt/FZD signaling (e.g., by binding to FZD 7, Wat 3, Wt
&b aqd/or Wnt 11 polypeptides and/or reducing (e.g., preventing) Wnt/FZD-mediated
transcription) and/or (2) expression of FZD 7, FZD 8, Wnt3 and/or Wntl1.

In certain aspects of the present invénﬁon, screening for such compounds is
accomplished by (i) identifying from a group.of test compounds those that bind to a
FZD 7, Wat 3, Wnt 8b and/or Wnt 11 polypeptide, modulate (i.e., increase or decrease)
an interaction between FZD 7 and its ligand (e.g., Wnt 3, Wnt 8b and/or Wnt 11) and/or
modulate (i.e., increase or decrease) transcription and/or translation of FZD 7, FZD 8,
Wnt3, Wnt 8b and/or Wnt11; and, optionally, (ii) further testing such compounds for
their ability to modulate Wnt/FZD signaling, reduce cancer cell motility, reduce -
catenin accumulation in cancer cells and/or to treat cancer in vitro or in vivo. Test
compounds that bind to FZD 7, Wnt 3, Wnt 8b and/or Wnt 11 polypeptides, modulate
an interaction between FZD 7 and its ligand (e.g., Wnt 3, Wnt 8b and/or Wnt 11), or
modulate transcription and/or translation of FZD 7, FZD 8, Wnt3, Wnt 8b, and/or
Wntll, are referred to herein as “candidate anti-cancer agents.” Candidate anti-cancer
agents further tested and found to be capable of modulating in vitro or in vive Wnt/FZD
signaling, reducing cancer cell motility, reduce B-catenin accumulation in cancer cells
and/or treating cancer are considered “anti-cancer agents.” In the screening methods of
the present invention, candidate anti-cancer agents can be, but do not necessarily have
to be, tested to determine whether they are anti-cancer agents. Assays of the present
invention may be carried out in biological samples, whole cell preparations and/or ex
vivo cell-free systems.

In one aspect, the invention includes methods for screening test compounds to
identify compounds that bind to FZD polypeptides, e.g., FZD 7 polypeptides, and/or to
Wnt polypeptides, e.g., Wnt 3, 8b and/or 11 polypeptides. Binding of a test compound
to aFZD of ‘Wnt polypeptide can be detected, for example, in vitro by reversibly or
irreversibly immobilizing the test compound(s} or the Wnt or FZD polypeptide ona
substrate, e.g., the surface of a well of a 96-well polystyrene microtitre plate. Methods
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for immobilizing polypeptides and other small molecules are well known in the art.
For example, microtitre plates can be coated with a FZD or Wnt polypeptide by adding
the polypeptide in a solution (typically, at a concentration of 0.05 to 1 mg/mlina
volume of 1-100 pl) to each wéll, and incubating the plates at room temperature to
37°C for a given amount of time, e.g., for 0.1 to 36 hours. Polypeptides not bound to
the plate carn be removed by shaking excess solution from the plate, and then washing

- the plate (once orrepeatedly) with water or a buffer. Typically, the polypeptide is in

water or a buffer. The plate can then be washed with a buffer that lacks the bound
polypeptide. To block the free protein-binding sites on the plates, plates can be blocked
with a protein that is unrelated to the bound polypeptide. For example, 300 pl of
bovine serum albuminutes (BSA) at a concentration of 2 mg/ml in Tris-HCl can be
used. Suitable substrates include those substrates that contain a defined cross-linking
chemistry (e.g., plastic substrates, such as polystyrene, styrene, or polypropylene
substrates from Corming Costar Corp. (Cambridge, MA), for example). If desired, a
particle, e.g., beaded agarose or beaded sepharose, can be used as the.subsirate. Test
compounds can then be added to the coated plate and allowed to bind to the FZD or
Wt polypeptide (e.g., at 37°C for 0.5 - 12 hours). The plate can then be rinsed as
described above. Skilled practitioners will appreciate that many variations of this
method are possible. For example, the method can include coating a substrate with a
test compound and adding Wnt or FZD pdlypeptides to the substrate-bound compound.
Binding of FZD or Wnt to a second compound, é.g., a test compound described
above or to a binding partner (e.g,, FZD 7 to Wnt 3, 8b and/or 11; discussed in further
detail below), can be detected by any of a variety of art-known methods. For example,
an antibody that specifically binds to a FZD or Wat polypeptide (i.e., an anti-FZD
antibody or an anti-Wnt antibody, e.g., a polyclonal anti-Wnt3 antibody described in
the Examples section) can be used in an immuncassay. If desired, the antibody can be
labeled (e.g., fluorescently or with a radioisotope) and detected directly (see, e.g., West
and McMahon, J. Cell Biol. 74:264, 1977). Altematively, a second antibody can be
used for detection (e.g., a labeled antibody that binds to the Fc portion of the anti-FZD
or anti-Wnt antibody). In an alternative detection method, the FZD or Wnat polypeptide
is labeled (e.g., with a radioisotope, fluorophore, chxomophore, or the like), and the
label is detected. In still another method, a FZD or Wnt polypeptide is produced as a
fusion protein with 2 protein that can be detected optically, e.g., green fluorescent
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proteina (which can be detected under UV light). In an alternative method, the
polypeptide is produced as a fusion protein with an enzyme having a detectable
enzymatic activity, such as horseradish peroxidase, alkaline phosphatase, p- |
galactosidase, or glucose oxidase. Genes encoding all of these enzymes have been
cloned and are available for use by skilled practitioners. If desired, the fusion protein
can include an antigen or epitope that can be detected and measured with a polyclonal
or monoclonal antibody using conventional methods. Suitable antigens include
enzymes (e.g., horse radish peroxidase, alkaline phosphatase, and f—galactosidase) and
non-enzymatic polypeptides (e.g., serum proteins, such as BSA and globuiins, and milk
proteins, such as caséins). _

In various methods for identifying polypeptides (e.g., test polypeptides) that
bind to FZD or Wnt polypeptides, the conventional two-hybrid assays of
protein/protein interactions can be used (see e.g., Chien et al., Proc, Natl Acad. Sci.
USA, 88:9578, 1991; Fields et al., U.S. Pat. No. 5,283,173; Fields and Song, Nature,
340:245, 1989; Le i)ouarin et al., Nucleic Acids Research, 23:876, 1995; Vidal et al.,
Proc. Natl. Acad. Sci. US4, 93:10315-10320, 1996; and White, Proc. Natl, Acad, Sci.
US4, 93:10001-10003, 1996). Generally, two-hybrid methods involve reconstitution of
two separable domains of a transcription factor, One fusion protein includes the FZD
or Wnit polypeptide fused to either a transactivator domain or DNAbmdmg domain of a
transexiption factor (e.g., of Gal4). The other fusion protein contanlas atest polypeptide
or a binding parfner for the polypeptide included in the first fusion protem, fused to
gither the DNA binding domain or a transactivator domain of a transcnphon factor.
Binding of the FZD or Wnt polypeptide to the test polypeptide or b‘nidmg partner
reconstitutes the transeription factor. Reconstitution of the transcnptlon factor can be
detected by detecting expression of a gene (i.e., a reporter gene) thatlsoperably linked
to a DINA sequence that is bound by the DNA binding domain of the 31:Eans¢ripﬁon_
factor. Kits for practicing various two-hybrid methods are comméibialljr available
(e.g., from Clontech; Palo Alto, CA).

In another aspect, the invention includes methods for screening test compounds
to identify a compound that modulates a protein-protein interaction between FZD and
Wnt polypeptides. A method useful for high throughput screening of compounds
capable of modulating protein-protein interactions between transcriptional regulators is
described in Lepourcelet et al., Cancer Cell 5: 91-102 (2004), which is incorporated
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herein by reference in its entirety. Typically, a first compound is provided. The first
compound is a FZD (e.g., FZD 7) or Wnt (e.g., Wnt 3, 8b, or 11) polypeptide or
biologically active fragment thereof. A second compound is provided that is different
from the first compound and is labeled. The second compound is a FZD (e.g., FZD 7)
or Wnt (e.g., Wnt 3, 8b, or 11) polypeptide or biologically active fragment thereof. A
test compound is provided. The first compound, second compound and test compound
are contacted with, each other. The amount of label bound to the first compound is then
determined. A change in protein-protein interaction between the first compound and
the second compound as assessed by label bound is indicative of the usefulness of the
test compound in modulating a protein-protein interaction between the FZD and Wnt
polypeptide. '

In certain embodiments, the first compound provided is attached to a solid
support. Solid supports include, e.g., resins (e.g., agarose and beads) and multiwell
plates. In certain embodiments, the method includes a washing step after the contacting
step, so as to separate bound and unbound label. |

In certain embodiments, a plurality of test compounds is contacted with the first
compound and second compound. The different test compounds can be contacted with
the other compounds in groups or separately. In certain embodiments, éach of the test
compounds is contacted with both the first compound and the second compound in an
individual well. For example, the method can screen libraries of test compounds.
Libraries of test compounds are discussed in detail above. Libraries can include, e.g.,
natural products, organic chemicals, peptides, and/or modified pepttdes mcludmg, e.g.,
D-amino acids, unconventional amino acids, and N-substituted aming ac1ds Typically,
the libraries are in. a forrn compatible with screening in multiwell plateS e.g., 96-well
plates. The assay is particularly useful for automated execution in'a multlwcll format
in which many of the steps are controlled by computer and carried- out by robotic
equipment. The libraries can also be used in other formats, e.g., synthetlc chemical
libraries affixed to a solid support and available for release into mlcrodroplets.

In certain embodiments, the first compound is a FZD 7 polypeptide or fragment
thereof and the second compound is a Wnt polypeptide, such as Wt 3, 8b,or 11, or
ﬁa_g,m’eni: thereof. In other embodiments, the first compound is a Wnt polypeptide, such
as Wnt 3, 8b, or 1 1 polypeptide or fragment thereof, and the second compound is a
FZD 7 polypeptide or fragment_thereof. The solid support to whiph the first compound
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is attached can be, e.g., sepharose beads, SPA beads {(microspheres that incorporate a
scintillant) or a multiwell plate. SPA beads can be rsed when the assay is performed
without a washing step, e.g., in a scintillation proximnity assay. Sepharose beads can be
used when the assay is performed with a washing step. The second compound can be
labeled with any label that will allow its detection, e.g., a radiolabel, a fluorescent
agent, biotin, a peptide tag, or an enzyme fragment. The second compound can also be
radiolabeled, e.g., with "I or *H.

In certain embodiments, the enzymatic activity of an enzyme chemicaily
conjugated to, or expressed as a fusion protein with, the first or second compound, is
used to detect bound protein. A binding assay in which a standard immunological
method is used fo detect bound protein is also included. In certain other embodiments,
the interaction of Wnt and FZD polypeptides or fragments thereof is detected by
fluorescence resonance energy transfer (FRET) between a donor fluorophore covalcntlﬁr
linked to a2 FZD or Wnt polypeptide (e.g., a fluorescent group 6herriical_ly conjugated to
FZD or Wat, or a variant of green fluorescent protein (GFP) expressed as an FZD or
Wnt-GFP chimeric protein) and an acceptor fluorophore covalently linked to a
substrate protein, where there is suitable overlap of the donor emission spectrum and
the acceptor excitation spectrum to give efficient nonradiative enerégy transfer when:the
fluorophores are brought into close proximity through the protein—p,’rbtein interaction of
FZD and V{Tnt polypeptides.

| In other embodiments; the protein-protein interaction is detected by

reconstituting domains of an enzyme, e.g., beta-galactosidase (see Rossi et al, Proc.

© Natl, Acad. Sci. USA 94:8405-8410 £1997)).

In still other embodiments, the protein-protein interaction is assessed by
fluorescence ratio imaging (Bacskai et al, Science 260:222-226 (1993)) of suitable
chimeric constructé of FZD and Wnt polypeptides in cells, or by variants of the two-
hybrid assay (Fearon et al, Proc Natl Acad Sci USA. 89:7958-7962 (1992); Takacs et al,
Proc Natl Acad Sci USA. 90:10375-10379 (1993); Viidal et al, Proc Natl Acad Sci USA
93: 10321-10326 (1996)) employing suitable constructs of FZD and Wnt polypeptides
and tailored for a high throughput assay to detect compounds that inhibit the FZD/Wnt
interaction. These embodiments have the advantage that the cell pexmeability of the

test compounds is assured.

32



10

15

20

25

30

For example, in one assay, a FZD or Wnt polypeptide or fragment thereof is
adsorbed to ELISA plates. The FZD or Wnt polypeptides are fhen exposed to test
compounds, followed by a glutathione-S-fransferase (GST)-binding partner fusion
protein, e.g., a GST-FZD or -Wnt polypeptide fusion protein. Bound protein is
detected with goat anti-GST antibody, alkaline phosphatase (AP)-c oupled anti-goat
IgG, and AP substrate. Compounds that interfere with protein-protein interactions
yield reduced AP signals in the ELISA plates.

In still another aspect, the invention provides methods of id entifying test
compounds that modulate (e.g, increase or decrease) expression of a FZD and/or Wnt
polypeptide. The method includes contacting a FZD and/or Wnt nucleic acid with a
test compound and then measuring expression of the encoded FZD and/or Wnt
polypeptide. Ina related aspect, the invention features a method of identifying
compounds that modulate (e.g., increase or decrease) the expression of FZD and/or
Wnt polypeptides by measuring expression._df a FZD polypeptide in the presence of the
test compound or after the addition of the test compound in: (a) a cell line into which
has been incorporated a recombinant construct including the FZD émdfor ‘Wnt nucleic
acid sequence or fragment or an allelic variation thereof; or (b) a cell population or cell
line that naturally selectively expresses FZD and/or Wat, and then méasuring the
expression of the FZD and/or Wat protein,

Since the FZD and Wit nucleic acids described herein have been identified,

they can be cloned into vazious host cells (e.g., mammalian cells, imsect cells, bacteria

or fungi) for carrying out such assays in whole cells.

In certain embodiments, an isolated nucleic acid molecule encoding a FZD
and/or Wnt polypeptide is used to identify a compound that modulates (e.g., increases
or decreases) the expression of FZD and/or Wnt in vivo (e.8., in aFZD and/or Wnt-
producing cell). In such embodiments, cells that express a FZD (e.g., FZD 7 and/or 8)
and/or Wnt (e.g., Wnt3, Wnt8b or Wntl1) are cultured, exposed to a test compound (or
a mixture of test compounds), and the level of FZD and/or Wnt expression is compared
with the level of FZD and/or Wit expression or activity in cells that are otherwise
identical but that have not been exposed to the test compound(s). Standard quantitative
assays of gene expression can be used,

Expression of FZD and Wnt can be measured using art-known methods, for
example, by Northern blot PCR analysis or RNAse protection anal'yses using a nucleic
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acid molecule of the invention as a probe. Other examples include enzyme-linked
immunosorbent assay (ELISA), radioimmunoassay (RIA) and fluorescent activated cell
sorting (FACS). The level of expression in the presence of the test molecule, compared
with the level of expression in its absence, will indicate whether or not the test
compound modulates the expression of 2 FZD and/or Wnt polypeptide.

In still another aspect, the invention provides methods of screening test
compounds utilizing cell systems that are sensitive to perturbation of one or several
transcriptional/translational components.

In certain embodiments, the methods include identifying candidate compounds
that interfere with steps in ¥ZD and/or Wnt franslational accuracy, such as maintaining
a proper reading frame during translation and terminating translation ata fstop codon.
This method involves constructing cells in which a detectable reporter p‘oliypepﬁde can
only be produced if the normal process of staying in one reading frame or; of
terminating translation at a stop codon has been disrupted. This methbd} _ftilrther
involves coﬁtacting the cell with a test compound to examine whether 1t increases or
decreases the production of the reporter polypeptide. -

In ot-hcr embodiments, the cell system is a cell-free extract and thé method |
imvolves measuring transcription or translation ir vitro. Conditions are selected so-that
transcription or translation of the reporter is increased or decreased by the addition of a
transcription modifier or a translation modifier to the cell extract,

One method for identifying candidate compounds relies upon a transcription-
responsive gene product. This method involves constructing a cell in which the
production of a reporter molecule changes (i.¢., increases or decreasé_s) under
conditions in which cell transcription of a FZD and/or Wnt nucleic acid changes (i.e.,
increases or decreases)., Specifically, the reporter molecule is encodéd by anucleic
acid transcriptionally linked to a sequence constructed and arranged to éaus;: a relative
change in the production of the reporter molecule when transcription}bf a FZD and/or
Wnt nucleic acid changes. A gene sequence encoding the reporter mgy; for example,
be fused to part or all of the gene encoding the tmnscrip‘rion-reslzocn.lsifv'r;zj Qme product
and/or to part or all of the genetic elements that control the producﬁo#i of the gene
product. Alernatively, the transcription-responsive gene product may stimulate
transcription of the gene encdding the teporter, either directly or indﬁectly. The
method further involves contacting the cell with a test compound, and determining
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whether the test compound increases or decreases the production of the reporter
molecule in the cell. ‘

Alternatively, the method for identifying candidate compounds can rely upon a
translation-responsive gene product. This method involves constructing a cell in which
cell translation of a FZD and/or Wat nucleic acid changes (i.e., increases or decreases).
Specifically, the reporter molecule is encoded by nucleic acid translationally linked to a
sequence constructed and arranged to cause a relative increase or decrease in the
production of the reporter molecule when transcription of a2 FZD and/or Wt nucleic
acid changes. A gene sequence encoding the reporter may, for example, be fused to
part or all of the gene encoding the translation-responsive gene product and/or to part or
all of the genetic elements that control the production of the gene product.
Alternatively, the translation-responsive gene product may stimulate translation of the
gene encoding the reporter, either directly or indirectly. The method further involves
contacting the cell with a test compound, and determining whether the test compound
increases or decreases the production of the first reporter molecule in the cell.

For these and any method described herein, a wide variety of reporters may be
used, with typical reporters providing conveniently detectable signils (e.g., by
spectroscopy). By way of example, a reporter gene may encode an enzyme that
catalyses a reaction that alters light absorption properties.

Examples of reporter molecules include but are not limited to 3-galactosidase,
invertase, green fluorescent protein, luciferase, chloramphenicol acetyltransferase, beta-
glucuronidase, exo-glucanase, glucoamylase and radiolabeled reporters. For example,
the production of the reporter molecule can be measured by the enzymatic activity of
the reporter gene product, such as B-galactosidase.

Any of the methods described herein can be used for high throughput screening
of numerous test compounds to identify candidate anti-cancer agents. By high-
thronghput screening is meant that the method can be used to screen a large number of
candidate compounds relatively easily and quickly.

Having identified a test compound as a candidate anti-cancer agent; the
-compound can be further tested in vivo or in vitro using techniques known in the art to
confirm whether it is an anti-cancer agent, i.e., to determine whether it can modulate
Wnt/FZD signaling; cancer cell motility; and/or FZD and/or Wnt expression in vitro
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(¢.g., using isolated cells or cell-free systems) or in vivo (e.g., using an animal, e.g.,
rodent, model system) if desired.

In vitro testing of a candidate compound can be accomplished by means known
to those in the art, such as assays involving the use of cells, e.g., wild type, cancerous.
and/or transgenic liver cells. Exemplary assays for monitoring Wnt/FZD signaling,
FZD and Wnt expression and cancer cell motility, as well as useful cells that can be
used in such assays, are described in the Examples section, below.

Alternatively or in addition, in vive testing of candidate compounds can be
performed by means known to those in the art. For example, the ca_ndidate
compound(s) can be administered to a mammal, such as a rodent (e.g., mouse) or
rabbit. Such animal model systems are art-accepted for testing potentiﬂ
pharmaceutical agents to determine their therapeutic efficacy in patieqfs, e.g., human
patients. Animals that are particularly useful for in vivo testing are wﬂd type animals or
non-wild type animals (e.g., mice) that over-produce FZD and/for Wntp olypeptides,
e.g., animals that overexpress a FZD or Wat transgene (e.g., a FZD'7 6r Wnat3 :
transgene) and/or that display reduced production of FZD 8 and/or Wntll polypeptides.
Other animals that are useful for in vivo testing are animals bred to ‘!develqp liver
cancer. Certain particularly useful transgenic mice that develop livér ¢ancer are
described in the Examples section and are included in the present iljlveintion.

In a typical in vivo assay, an animal (e.g., a wild type or transg?mc mouse) is
administered, by any route deemed appropriate (e.g., by injection), a dose of a
candidate compound, Conventional methods and criteria can then be ﬁsed to monitor
animals for the desired activity. If needed, the results obtained in the brcsence of the
candidate compound can be compared with results in control animals that are not
treated with the test compound.

Medicinal Chemistry _

Once a compound (or agent) of interest has been identified, standard principles
of medicinal chemistry can be used to produce derivatives of the compound for further
rounds of testing. Derivatives can be screened for improved pharmacological
properties, for example, efficacy, pharmaco-kinetics, stability, solubility, and clearance.

The moieties responsible for a compound’s activify in the assays described above can

be delineated by examination of structure-activity relationships (SAR) as is commonly
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practiced in the art. A person of ordinary skill in pharmaceutical chemistry could
modify moieties on a candidate compound or agent and measure the effects of the

modification on the efficacy of the compound or agent to thereby produce derivatives

'with increased potency. For an example, see Nagarajan ef al. (1988) J. Antibiot. 41:

1430-8. Furthermore, if the biochemical target of the compound (or agent) is known or
determined, the structure of the target and the compound can inform the design and
optimization of derivatives. Molecular modeling software is commercially available

(e.g., Molecular Simulations, Inc.) for this purpose.

IV. Antibodies

The invention features purified or isolated antibodies that bind, e.g., specifically
bind, to a FZD and/or Wnt polypeptide, i.e,, anti-FZD and anti-Wnt antibodies. An
antibody “specifically binds” to a particular ant{gen, e.g., a FZD 7 and/or 8 polypeptide,
when it binds to that antigen, but recognizes and binds fo a lesser extent (e.g., does not
recognize and bind) to other molecules in a sample. Antibodies of the invention
include monoclonal antibodies, polyclonal antibodies, humanized orf chimeric
antibodies, single chain antibodies, Fab fragments, F(ab'), ﬁagments%;, and molecules
produced using a Fab expression library. |

An example of a type of antibody included in the present invention is the
polyclonal anti-Wnt3 antibody described in the Examples éecﬁon, below. Methods for
producing polyclonal antibodies are well known to those of skill in the art.

As used herein, the term “antibody” refers to a protein comp:n'sing at least one,
e.g., two, beavy (H) chain variable regions (abbreviated herein as VH), and at least one,
e.g., two light (L) chain variable regions (abbreviated herein as VI..) The VH and VL
regions can be further subdivided into regions of hypervariability, térmed '
"complementarity determining regions" ("CDR"), interspersed with E:egions that are
more conserved, termed "framework regions" (FR). The extent of the framework
tegion and CDR's has been precisely defined (see, Kabat, B.A., et al. (1991) Sequences
of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publlicaﬁon No. 91-3242, and Chothia, C. et al. (1987) J. Mol..
Biol. 196:901-917). Each VH and VL is composed of three CDR's é.nd four ERs,
arranged from amino-terminus to carboxy-terminus in the following order: FR1,
CDR1, FR2, CDR2, FR3, CDR3, FR4.
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An anti-FZD or -Wnt antibody can further include a heavy and light chain
constant region, to thereby form a heavy and light immunoglobulin chain, respectively.
The antibody can be a tetramer of two heavy immunoglobulin chains and two light
immunoglobulin chains, wherein the heavy and light immunoglobulin chains are inter-
connected by, e.g., disulfide bonds. The heavy chain constant region is comprised of
three domains, CH1, CH2, and CH3. The light chain constant region is comprised of
one domain, CL. The variable region of the heavy and light chains cotitains a binding
domain that interacts with an antigen. The constant regions of the antibodies typically
mediate the binding of the antibody to host tissues or factors, including various cells of
the immune;system (e.g., effector cells) and the first component (Clq) of the classical
complement system.

A “FZD binding fragment” and “Wnt binding fragment” of an antibody refers to
one or more: fragments of a full-length antibody that retain the ability to specifically
bind to FZD or Wnt polypeptides, resPecﬁvely, or to portions thereof. Examples of
polypeptide jbinding fragments of an antibody include, but are not limited to: (i) a Fab
fragment, a monovalent fragment consisting of the VL, VH, CL and Cﬁl domains; (ii)
a F(ab'); fragment, a bivalent fragment comprising two Fab fragments linked by a
disulfide bﬁﬂgc at the hinge region; (iii) a Fd fragment consisting of the VH and CH1
domains; (iv) a Fv fragment consisting of the VL and VH domains of a Single: arm of an
antibody, (v) a dAb fragment (Ward ¢ al;, (1989) Nature 3_41_:544-546), which consists
of a VH domain; and (vi) an isolated complementarity determining reg:ion (CbR). :
FurtheImor,e:, although the two domains of the Fv fragment, VL and VH, are encoded
by separate genes, they can be joined, using recombinant methods, By:é. synthetic linker
that enables them to be made as a single protein chain in which the V'L and VH regions
pair to form monovalent molecules (lcuoﬁm as single chain Fv (scFv); iée’e e.g., Bird et
al. (1988) Seience 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA
ﬁ:5879-5883). Such single chain antibodies are also encompassed w1th1n the terms
“FZD bindiﬁg fragment” and “Wat binding fragment” of an antibody, These antibody
fragments can be obiained using conventional technigues known to those with skill in
the art, :

To produce antibodies, polypeptides (or antigenic fragments (e.g., fragments of
a polypeptide that appear likely to be antigenic by criteria such as high frequency of
charged residues) or analogs of such polypeptides), e.g., those produced by
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recombinant or peptide synthetic techniques (see, e.g., Solid Phase Peptide Synthesis,
supra; Ausubel et al,, supra), can be used. In general, the polypeptides can be coupled
to a carrier protein, such as KLH, as described in Ausubel et al., supra, uixed with an
adjuvant, and injected into a host mammal. A “carrier” is a substance that confers -
stability on, and/or aids or enhances the transport or immunogenicity of, an associated
molecule. For example, FZD or Wnt proteins, or fragments thereof, can be generated
using standard techniques of PCR, and can be cloned into a pGEX expression vector
(Ausubel et al,, supra). Fusion proteins can be expressed in E. coli and purified using a
glutathione agarose affinity matrix as de#cribed in Ausubel et al., supra.

Typically, various host animals are injected with FZD and/or Wnt polypeptides.
Examples of suitable host animals iriclude rabbits, mice, guinea pigs, and rats, Various
adjuvants can be used to increase the immunological response, depending on the host
species, including but not limited to Freund's (complete and incomplete adjuvant),
adjuvant mineral gels such as aluminum rhydroxide, surface active substances such as
lysolecithin, pluronic polyols, polyanions, pépﬁdes, oil emulsions, keyhole limpet
hemocyaqin;-dhﬁtrophenol, BCG Cbacillé Calmette-Guerin) and Corynebacterium
parvum. Such procedures result in the productioh of polyclonal antibodies, i.e.,
heterogeneous populations of antibody molecules derived from the sera of the
immunized animals. Antibodies can be purified from blood obtained from the host
animal, for example, by affinity chromatography methods in which EZD and/or Wht
polypeptide antigens are immobilized on a r'esin.

- The present invention also includes anti-FZD and anti-Wnt monoclonal
antibodies. Monoclonal antibodies (mAbs), which are homogeneous populations of
antibodies specific for a particular antigen, can be prepared using FZD or Wnt
polypeptidcs and standard hybridoma technology (see, e.g., Kohler et al., Nature,
256:495, 1975; Kohler et al., Eur. J. ﬂnﬁzwzol., 6:511, 1976; Kohler et al., Eur.

J. Immunol., 6:292,, 1976; Hammerling et al,, In Monoclonal Antibodies and T Cell
Hybridomas, Elsevier, NY, 1981; Ausubel et al., supra). '

Typically, monoclonal antibodies are produced using any technique that
provides for the production of antibody molecules by continuous cell lines in culture,
such as those described in Kohler et al., Nature, '256:495, 1975, and U.S. Patent
No. 4,376,110; the human B-cell hybridoma technique (Kosbor et al., mmunology -
Today, 4:72, 1983; Cole et al., Proc. Natl. Acad. Sci. USA, 80:2026, 1983); and the
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EBV-hybridoma technique (Cole et al., Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, Inc., pp. 77-96, 1983). Such antibodies can be of any immunoglobulin
class including IgG, IgM, IgE, IgA, IgD, and any subclass thereof. The hybridomas

producing the mAbs of this invention can be cultivated in vitro or in vivo.

. Once produced, polyclonal or monoclonal antibodies can be tested for
recognition, e.g., specific recogﬁiﬁon, of FZD or Wnt polypeptides in an immunoassay,
such as a Westemn blot or immunoprecipitation analysis using standard techniques, e.g.,
as described in Ausubel et al,, supra. Antibodies that spediﬁcally b;'nﬂ to FZD or Wnt
polypeptides (e.g., FZD 7, FZD 8, Wnt 3, Wnt 8b and/or Wnt 11) are useful in the
invention. For example, such antibodies can be used in an immunoassay to detect the
polypeptide in a sample, ¢.g., a tissue sample, and/or to modulate FZD/Wni signaling
(e.g., to treat cancer, e.g., liver cancer).

Alternatively or in addition, a monoclonal antibody can be produced
recombinantly, e.g., produced by phage display or by combinatorial methods as
described in, e.g., Ladner st al. U.S. Patent No. 5,223,409; Kang et al. International.
Publication No. WO 92/18619; Dower et al. International Publication No. WO
91/17271; Winter et al. International Publication WO 92/20791; Markland et al.
Intemational Publication No. WO 92/15679; Breitling et al. International Publication
WO 93/01288; McCafferty et al. International Publication No. WO 92/01047; Garrard
et al. International Publication No. WO 92/09690; Ladner et al. International
Publication No, WO 90/02809; Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay
et al. (1992) Hum Antibod Hybridomas 3:81-85; Huse et al. (1989) Science 246:1275-
1281; Griffths et al. (1993) EMBOJ i_2_:725 ~734; Hawkins et al. (1992) J Mol Biol
226:889-896; Clackson et al. (1991) Nature 352:624-628; Gram et al. (1992) PNAS
89:3576-3580; Garrad et al, (1991) Bio/Technology 9:1373-1377; Hoogenboom et al,
(1991) Nuc Acid Res 19:4133-4137; and Barbas et al. (1991) PNAS 88:7978-7982.

Anti-FZD and <Wnt antibodies can be fully human antibodies (e.g., an antibody
made in a mouse which has been genetically engineered to produce an antibody from a
human immunoglobulin sequence), or non-human antibodies, ¢.g., rodent (mouse or
rat), rabbit, horse, cow, goat, primate (e.g., monkey), camel, donkey, pig, or bird
antibodies.

An anti-FZD and anti-Wnt antibody can be one in which the variable region, or

a portion thereof, e.g., the CDRs, is generated in a non-human organism, e.g., a rat or
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mouse. The anti-FZD and anti-Wnt antibody can also be, for example, chimeric, CDR-
grafted, or huxnanized antibodies. The anti-FZD and anti-Wnt antibody can also be
generated in a non-human organism, €.g., a rat or mouse, and then modified, e.g., in the
variable framework or constant region, to decrease antigenicity in a human.
Techniques developed for the production of “chimeric antibodies” (Morrison et
al., Proc. Natl. Acad. Sci., 81:6851, 1984; Neuberger et al., Nature, 312:604, 1984;
Takedé et ai'., Nature, 314:452, 1984) can be used to splice the genes from a mouse

' anﬁbodj molecule of appropriate antigen specificity together with genes from a human

antibody molecule of appropriate biological activity. A chimeric antibody is a
molecule in which different portions are derived from different animal speéies, such as
those ﬂaving- a variable region derived from a murine mAb and 2 human |
inmlunOglobﬁIhl constant region.

Alternatively, techniques described for the production of single chain antibodies
(U.S. Patent 4,946,778; and U.S. Patents 4,946,778 and 4,704,692) can be adapted to
produce sing?le chain antibodies specific for a FZD or Wnt polypeptiﬂe. Single chain
antibodies a;é formed by linking the heavy and light chain fragments of the Fv region
via an amino’ acid bridge, resulting in a single chain polypeptide.

Antibody fragments that recognize and bind to specific epitopes can be
generated by | known techniques. For example, such fragments can include but are not
limited to F(é.b')z fragments, which can be produced by pepsin digf:stion of the antibody
molecule, and Fab fragments, which can be generated by reducing%the disulfide bridges
of F(ab'): fi'a;gments. Alternatively, Fab expression libraries can briz constructed (Huse
etal, Scienc;?, 246:1275, 1989) to allow rapid and easy idenﬁﬁcationiof monoclonal
Fab fragments with the desired specificity.

P@lydﬁilondl and monocional antibodies {or fragments thereof) that specifically
bindtoa FZD and/or Wnt polypeptide can be used, for examplé, to detect expression of
FZD and/or Wht in various tissues of a patient. For example, 2 FZD 7 and/or 8
polypeptide can be detected in conventional immunoassays of biclogical tissues or _
extracts. Examples of suitable assays include, without limitation, Westen blotting,
ELISAs, radioimmunoassays, and the like.

41



10

15

20

25

30

V. Phannaceutical Cornpositions

Any phannaceuﬁéally active compound, agent, nucleic acid, polypeptide, or
antibody (all of which can be referred to herein as “active compounds™), can be
incorporated into pharrmaceutical compositions. Such compositions typically include
the active compound and a phanmaceutically acceptable carrier. A “pharmaceutically
acceptable carrier” can include solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents, and the like, compatible
with pharmaceutical administration. Suppleimnfary active compounds can also be
incorporated into the compositions.

A pharmaceuntical composition‘can be formulated to be compatible with its
intended route of administration. Examples of routes of administration include enteral
(e.g., oral or rectal) and parenteral, e.g., intravenous (e.g., into the portal vein of the
liver), intradermal, sub cutanéous, transdenmal, transmucosal, and pulmonary
administration, Administration may be directly into the liver, e.g., by injection or by
topical administration during surgery. Solutions or suspensions used for injection can
include the,.i following components: a sterile diluent such as water for injection, saline

solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic

. solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants

such as ascorbic acid or sodium bisulfite; chelating agents such as.
ethylenediaminetetraacetic acid; buffers suc]i as acetates, citrates or phosphates and
agents for the adjustment of tonicity such as sodium chloride or déxtrose. pH can be
adjusted with acids or bases, such as hydrochloric acid or sodinm i'lydroadde. The
parenteral pieparation can be enclosed in mpoules, disposable syﬁnges or multiple
dose vials made of glass or plastic.

Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where watex soluble) or dispersions and sterile powdersl for the
extemaporaneous preparation of sterile injectﬁble solutions or dispérsion. For
intravenous administration, suitable carriers include physiological saline, bacteriostatic
water, Cremophor ELT™™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS).
In all cases, the composition must be sterile and should be fluid to the extent that easy
syringability exists. It should be stable under the conditions of mfmufacttue and storage
and must be preserved against the contaminating action of microoirganisms such as

bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for
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example, water, ethanol, polyol (for example, glycérol, ‘propylene glycol, liquid
polyetheylene glycol, and the like), and suitable mixtures thereof. The proper fluidity
can be maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of
surfactants. Prevention of the action of microorganisms can be achieved by various
antibacterial and antifungal agents, for example, parabems, chiorobutanol, phenol,
ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include
isotonic agents, for example, sugars, polyalcohols such as mannitol or sorbitol and
sodium chloride. Prolonged absorption of the injectable compositions can be achieved
by including an agent which delays absorption, e.g., aluminum monostearate and
gelatin,

Sterile injectable solutions can be prepared by iracorporating the active
compound in the required amount in an appropriate solvent with one or a combination
of ingredients enumerated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the 5ctive compound into a sterile
vehicle which contains a basic dispersion medium and the required other ingredients
from those enumerated above. In the case of sterile powders for the preparation of
sterile injectable solutions, the preferred methods of preparation are vacuum drying and
freeze-drying, which yield a powder of the active ingreclient plus any additional desired
ingredient from a previously sterile—ﬁltéred solution thereof.

Oral compositions generally include an inert diluent or.an edible carrier. For
the purpose of orél therapeutic administration, the active compound can be incorporated
with excipients and used in the form of tablets, troches, or capsules, e.g., gelatin
capsules. Oral compositions can also be prepared usings a fluid carrier for use asa
mouthwash. Pharmaceutically compatible binding agents, and/or adjuvant materials
can be included as part of the composition, The tablets, pills, capsules, troches and the
like can contain any of the following ingredients, or cornpounds of a similar nature: a
binder such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such
as starch or lactose, a disintegrating agent such as algindic acid, Primogel, or corn starch;
a lubricant such as magnesium stearate or Sterotes; a glidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as

peppermint, methyl salicylate, or orange flavoring,
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For administration by inhalation, the compounds are delivered in the form of an
aerosol spray from a pressured container or dis;ienser that contains a suitable
propellant, e.g., a gas such as carbon dioxide; or a nebulizer.

Systemic administration can also 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, detergents, bile salts, and
fusidic acid derivatives. Transmucosal administration can be accomplished through the
use of nasal sprays or suppositories (e.g., with conventional suppository bases such as
cocoa butter and other glycerides).- For transdermal administration, the active
compounds are formulated into ointments, salves, gels, or creams as generally known
in the art.

In one embodiment, the active compounds are prepared with carriers that will
protect the compound against rapid elimination from the body, such as a controlled
release formulation, including implants and microencapsulated delivery systems,
Biodegradhble, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydﬁdes, polyglycolic .acid, collagen, polyorthoesters, and polylactic acid.
Methods f@r preparation of such formulations will be apparent to those: skilled in the
art. The rﬁa&ﬁals can also be obtained commercially from Alza Corporation and Nova
Pharmacetiiticals, Inc. Liposomal suspensions can also be used as pharmaceutically
acceptab]é_f carriers. These can be prepared according to methods’hxown to those
skilled in f_he art, for example, as described in U.S. Patent No. 4,5?22,'8 11.

It may be advantageous to formulate oral or parenteral compositions in dosage
unit form for ease of administration and uniformity of dosage. D@)S.__agel unit form as
used herein refers to physically discrete units suited as unitary doéages‘ for the subject
to be treated; each unit containing a predetermined quantity of active compound
calculatedj; to produce the desired therapeutic effect in associationiw:with. the required
pharmaceutical carrier. ' .

Toxicity and therapeutic efficacy of such compounds can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for
determining the 1.050 (the dose lethal to 50% of the population) and the EDS50 (the
dose therapeutically effective in-50% of the population). The dose ratio between toxic
and therapeutic effects is the therapeutic index, and it can be expressed as the ratio
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LD50/ED50. Compounds which exhibit high therapeutic indices are preferred. While
compounds that exhibit toxic side effects may be used, care should be taken to design a
delivery system that targets such compounds to the site of affected tissue, e.g., liver, in
order to minimize potential damage to healthy cells and, thereby, reduce side effects.

The data obtained from cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of such compounds lies
preferably within a range of circulating concentrations that include the ED50 with little
or no toxicity. The dosage may vary within this range depending upon the dosage form
employed and the route of administration utilized. For any compound used in the
method of the invention, the therapeutically effective dose can be estimated initially
from cell culture assays. A dose may be formulated in animal models to achieve a
circulating plasma concentration range that includes the ICS0 (i.e., the concentration of
the test compound that achieves a half-maximal inhibition of symptoms) as determined
in cell culture. Such information can be used to more acciirately determine useful
doses in humans. Levels in plasma may be measured, for example, by high
performance liquid chromatography. 7

The terms “effective amount” and “effective fo treat,” as used herein, refer to
an amount or concentration of a compound described herein utilized for a period of
time (including acute or chronic administration and periodic or continucus
administration) that is effective within the context of its administration for causing an
intended effect or physiological outcome. For compounds described herein, an
effective amount, e.g., of a polypeptide (i.e., an effective dosage), ranges from about
0.001 to 500 mg/kg body weight, e.g. about 0.01 to 50 mg/kg body weight, e.g, about
0.1 to 20 mg/kg body weight. The polypeptide can be administered one time per week
for between about 1 to 10 weeks, e.g. between 2 to 8 weeks, about 3 to 7 weeks, or for
about 4, 5, or 6 weeks. The skilled artisan will appreciaté that certain factors influence
the dosage and timing required to effectively treat a patient, including but not limited to
the type of patient to be treated, the severity of the disease or disorder, previous
treatments, the general health and/or age of the patient, and other diseases present.
Moreover, treatment of a patient with a therapeutically effective amount of 2 compound
can include a single treatment or, preferably, can include a series of treatments.

With respect to antibodies, partially human antibodies and fully human
antibodies have a longer half-life within the human body than other antibodies.
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Accordingly, lower dosages and less frequent administration are possible.
Modifications such as lipidation can be used to stabilize antibodies and to enbance
uptake and tissue penetration. A method for lipidation of antibodies is described by
Cruikshank et al, ((1997) J. Acquired Immune Deficiency Syndromes and Human
Retrovirology 14:193).

. Ifthe compound is a small molecule, exemplary doses include milligram or
microgram amounts of the small molecule per kilogram of subject or sample weight
(e.g., about 1 microgram per kilogram to about 500 milligrams per kilogram, about 100
micrograms per kilogram to about 5 milligrams per kilogram, or about 1 microgram per
kilogram to about 50 micrograms per kilogram. It is furthermore understood that
appropriate doses of a small molecule dépend upon the potency of the small molecule
with respect to the expression or activity to be modulated. When one or more of these
smail molecules is to be administered to an animal (e.g., a human) to modulate
expression or activity of a FZD or Wat polypeptide or nucleic acid, a physician,
veterinarian, or researcher may, for exa:ﬁple, prescribe a relatively low dose at first,
subsequently increasing the dose until an appropriéte response is obtained. In addition,
it is understood that the specific dose level for any particular animal subject will depend
upon a variety of factors including the activity of the specific compound employed, the
age, body weight, general health, gender, and diet of the subject, the time of .
administration, the route of administration, the rate of excretion, any drug combination,
and the degree of expression or activity to be modulated.

Nucleic acid molecules (e.g., FZD 7, FZD 8, Wnt 3, Wnt8b and/or Wnt 11
DNA) can be inserted into vectors and used as gene therapy vectors, Gene therapy
vectors can be delivered to a subject by, for example, intravenous injection, local
administration (see, e.g., U.S. Patent 5,328,470) or by stereotactic injection (see, e.g.,
Chen et al. (1994) Proc. Natl. Acad. Sci. USA 91:3054-3057). The pharmaceutical
preparation of the gene therapy vector can include the gene therapy vector in an
acceptable diluent, or can comprise a slow release matrix in which the géne delivery
vehicle is imbedded. Alternatively, where the complete gene delivery vector can be
produced intact from recombinant cells, e.g., retroviral vectors, the pharmaceutical
preparation can include one or more cells which produce the gene delivery system.
Exemplary constructs that can potentially be used in gene therapy methods are
described in the Examples section, below.
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The pharmaceutical compositions can be included in a container, pack, or

dispenser together with instructions for administration.

VI. Cancer and Treatments Therefor

The term “cancer” refers to animal cells hﬁving the capacity for autonomous
growth. Examples of such cells include cells having an abnormal state or condition
characterized by rapidly proliferating cell growth. The term is meant to include
cancerous growths, e.g., tumors; oncogenic processes, metastatic tissues, and
malignantly transformed cells, tissues, or organs, irrespective of histopathologic type or
stage of invasiveness. Also included are malignancies of the various organ systems,
such as respiratory, cardiovascular, renal, reproductive, hematolo gidal, neurological,
hepatic, gastrointestinal, and endocrine systems; as well as adenocarcinomas which
include malignancies such as most colon cancers, renal-cell carcinorna, prostate cancer
and/or testicular tumors, non-small cell carcinoma of the lung, cancer of the small
intestine, and cancer of the esophagus. Cancer that is “naturally ari$ing” includes any
cancer that is not experimentaily induced by implantation of cancer;:cells into a subject,
and includes, for example, spontaneously arising cancer, cancer cau‘:.sed by exposure of
a patient to a carcinogen(s), cancer resulting from insertion of a tanfsgenic oncogene or
knockout of a tumor suppressor gene, and cancer caused By inféctiogjﬁs, e.g., viral
infections. The term “carcinoma” is art recognized and refers to mailignancies of
epithelial or endocrine tissues. The term includes carcinosarcomas,;which include
malignant fumors composed of carcinomatous and sarcomatous tissues. An
“adenocarcinoma” refers to a carcinoma derived from glandular tiss_ﬁe or in which the
tumor cells form recognizable glandular structures. The term “hapzf_tocellular
carcinoma” (HCC) refers to cancer that arises from hepatocytes, the.f; major cell type of
the liver.

The term “patient” is used throughout the specification to déscribe an animal,
human or non-human, rodent or non-rodent, to whom treatment according to the
methods of the present invention i§ provided. Veterinary and humah clinical
applications are contemplated. The term “patient” includes, but is ﬁot limited to, birds,
reptiles, amphibians, and mammals, e.g., humans, other primates, pfgs, rodents such as
mice and rats, rabbits, gﬁinea pigs, hamsters, cows, horses, cats, doés, sheep and goats.

Preferred subjects are humans, farm animals, and domestic pets such as cats and dogs.
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The term “treat(rment),” is used herein to denote delaying the onset of, inhibiting,
alleviating the effects of, or prolonging the life of a patient suffering :ﬁ:oﬁ:, a conditior,
€., cancer. _

Cancers that may be ireafed using the methods and compositions of the present
invention include, but are not limited to, cancers of the liver, stomach, colon, rectum,
mouth/phé,rynx, esophagus, larynx, pancreas, 'lung, small bowel, and bile ducts, among
others.

Individuals considered at risk for developing cancer may benefit particularly
from the invention, primarily because prophylactic treatment can begin before fhere is
any evidence of a tumor. Individuals “at risk” include, e.g., individuals e_xﬁosed to
carcinogens, e.g., by consumption, e.g., by inhalation and/or ingestion, at levels that
have been shown statisﬁcally to promote cancer in susceptable individﬁa_ls. Also
inciudcd are individuals exposed to a virus, e.g., 2 hepatitis virus, e.g., hépa%titis B virus
(HBV). Also included are individuals at risk due to exposute to ultraﬁolZet.;ﬁ-adiation, or
their environment, occupation, and/or heredity, as well as those who shoxinr s‘llgns ofa
precancerous condition. Similarly, individuals in very early stages of calflceir_ or
development of metastases (i.e., oﬁly one or a few aberrant cells are p;es\:enfi in the:.
individual’s body or at a particular site in an individual’s tissue)) may 'be:nei;it f:rom-‘ such
prophylactic treatment. |

Skilled practitioners will appreciate that a patient can be diagnosed by a
physician (Qr veterinarian, as appropriate for the patient being diagnosed) as suffering
from or at risk for cancer using the methods described herein, optionally usmg
additional methods, e.g, assessing a patient’s medical history, perforni:infg dther
diagnostic tests and/or by employing imaging techniques. ;

One strategy for treating patients suffering from or at risk for cancer is to
modulate Wnt/FZD signaling in the patient. The goal is to increase signa.lirELg where
signaling is too low and to decrease signaling wheére signaling is too hlgh i\/Iodulation
of Wnt/FZD signaling falls into two basic categories: decreasing (i.e. ,',rcfduicing, .8,
eliminating) Wnt/FZD signaling and increasing (i.e., supplementing oré prowdmg)
Wnt/FZD sigualing where there is insufficient or no activity. thﬂiérg Wnt/FZ'D
signaling should be inhibited or increased depends upon the intended apﬁliéétion.
Wnt/FZD signaling can be modulated using the active compounds (. g, énﬁ-Wnt

antibodies, siRNAs, candidate compounds and/or anti-cancer agents) described herein.
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Compounds that decrease Wnt/FZD signaling activity, e.g., by decreasing expression of
FZD 7 and/or Wnt3 and/or interfering with an interaction between FZD 7 and its ligand
(e.g., Wnt 3, 8b and/or 11) can be used, e.g., as treatments for cancer, é.g., liver cancer,
Compounds that increase activity, e.g., by increasing expression of FZD 8§ can also be

used, e.g., as treatments for cancer, e.g., liver cancer.

Decreasing Wnit/FZD Signaling

Art-known methods for decreasing the. expression of a particular protein ina
patient can be used to decrease Wnt/FZD signaling. For example, an antisense nﬁcleic
acid effective to inhibit expression of an endogenous FZD or Wnt gene, e.g., FZD 7 or
Wnt3 gene, can be utilized, As used herein, the term “antisense oligonucilebtide’? or
“antisense” describes an oligonucleotide that is an oligoribonucleotide,
oligodeoxyribonucleotide, modified oligoribonucleotide, or modified
oligodeoxyribonucleotide which hybridizes under physiological conditions to DNA
comprising a particular gene or to.an mRNA transcript of that gene and, t_ﬁereby,
inhibits the transcription of that gene and/or the translation of that mRNA.

Antisense molecules are designed so as to interfere with trans_cﬁpﬁo‘n or
translation qf a target gene (e.g., a gene encoding FZD 7 or Wnt 3, 8 or ‘lll) upon
hybridization with the target gene or transcript. The antisense nucleic aciiqi fcan include
a nucleotide sequence complementary to an entire FZD or Wnt RNA or ox'ﬂy a portion
of the RNA. On one hand, the antisense nucleic acid needs to be long cné)fu:gh to
hybridize effectively with FZD or Wnt RNA. Therefore, the mlmmum length is
approximately 12 to 25 nucleotides, On the other hand, as length increasgsf gbeyond
about 150 nucleotides, effectiveness at inhibiting translation may increasé; only
marginally, while difficulty in introducing the antisense nucleic acid into: t:afrget cells
may increase significantly. Accordingly, an appropriate length for the aqﬁgense nucleic
acid may be from about 15 to about 150 nhucleotides, e.g., 20, 25, 30, 35, 40, 45, 50, 60,
70, or 80 nucleotides, The antisense nucleic acid can be complementary to a coding
region of FZD or Wnt mRNA or a 5° or 3’ non-coding region of a FZD or Wnt mRNA,

- or both. One approach is fo desiéu the antisense nucleic acid to be compiementary toa

region on both sides of the translation start site of the FZD or Wnt mRNA.
Based upon the sequences disclosed herein, one of skill in the art can easily

choose and synthesize any of a number of appropriate antisense molecules for use in
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accordance with the present invention. For example, a “gene walk™ comprising a series
of oligonucleotides of 15-30 nucleotides complementary to and spanning the length of a
FZD or Wnt mRNA can be prepared, followed by testing for inhibition of FZD or Wnt
expression. Optionally, gaps of 5;-10 nucleotides can be left between the
oligonucleotides to reduce the number of oligonucleotides synthesized and tested.

The antisense nucleic acid can be chemically synthesized, e.g., using a
commercial nucleic acid synthesizer according to the vendor’s instructions.
Altemaﬁvely, the antisense nucleic acids can be produced using recombinant DNA
techniques. An antisense nucleic acid can incorporate only naturally oceurﬁng
nucleotides. Alternatively, it can incorporate variously modified nucleotides or
nucleotide analogs to increase its in vivo half-life or to increase the stability of the
duplex formed between the antisense molecule and its target RNA. Examples of
nuclectide analogs include phosphoroﬂuoate derivatives and acndme—sub s’ntuted
nucleotides. Given the description of the targets and sequences, the design and-
production of suitable antisense molecules is within ordinary skill in the att. For
guidance conceming antisense nucleic acids, see, e.g., Goodchild, ‘Inh1b1t10n of Gene
Expression by Oligonucleotides,” in Topics in Molecular and Structural Bzo!ogy, Vol.
12: Ofligodeoxynucleotides (Cohen, ed.), MacMillan Press, London, pp 5377 ¢1989).

Delivery of antisense oligonucleotides can be aecomphshed by any method
known to those of skill in the art. For example, delivery of anhsense ohgonucleotxdes
for cell culture and/or ex vivo work can be performed by standard: meth :

d _f"such as the
liposome method or simply by addition of membrane-permeable ohgonucleoﬁdes

Delivery of antisense oligonucleotides for in vivo apphcatlons ean be
accomplished, for example, via local injection of the antisense ol1gonucleot=des ata
selected site, e.g.,  liver. This method has previously been demonstrated for psoriasis
growth inhibition and for cytomegalovirus inhibition, See, for example Wra1ght et al.,
{2001). Pharmacol Ther. 90(1):89-104; Anderson et al., (1996) A}gt;mgqrob Agents
Chemother 40: 2004-2011; and Crooke et al., (1996) J Pharmacol Exp Ther277: 923-
937. | |

Similarly, RNA interference (RNAi) techniques can be used to inhibit FZD or
Wnt expression, in addition or as an alternative to the use of antisense techniques. For

example, small interfering RINA (siRINA) duplexes directed against FZD or Wnt
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nucleic acids could be synthesized and used to prevent expression of the encoded
protein(s). Exemplary Wnt3 siRNAs are described in the Examples section, below.

Another approach to inhibiting Wnt/FZD signaling involves administering to a
patient a compound, e.g., a candidate compound or anti-cancer agent, that binds to FZD
polypeptides (e.g., FZD 7 polypeptides) and/or their bindiz_ig partners (e.g., Wat 3, 8b
and/or 11), thereby preventing interaction between the two. Such compounds and
agents may, for example, bind to the FZD polypeptide (e.g., to the CRD domain of the
EZD polypeptide) and/or to the Wat polypeptide (e.g., to a binding domain of the Wnt
polypeptide) in such a way that-interaction between the proieins is prevented. Such
candidate compounds and anti-cancer agents can be identified using screening methods
described herein. Examples of compounds that can bind to a Wnt polypeptide, e.g.,
‘Wt 3, 8b and/or 11, are a FZD 7 receptor or truncated form thereof, and an anti-Wnt
antibody (or FZD-binding fragment thereof), e.g., the anti-Wnt3 antibody described in
the Examples section, below.

Yet another approach to inhibiting Wnt/FZD signaling involves administering
to a patient a vector (e.g., a gene therapy vector) that encodes a mutated (e.g.,
truncated) form of a FZD receptor, e.g., a FZD 7 receptor. Expression of the mutated
form of the receptor by the patient’s cells that incorporate the construct can interfere
with Wnt/FZD signaling in the cells. For example, a construct that encod'es a secreted
and soluble form of a FZD receptor (e.g., a FZD 7 receptor) can be used. "Expression of
such a construct by target cells would cause the cells to secrete a solitble form of the
FZD receptor that would bind Wnt polypeptides, rendering them unable to bind to
intact FZD receptors on the cell surface. Alternatively or in addition, a construct that
encodes a membrane bound but inactive form of 2 FZD receptor (i.e., a mutant FZD
receptor unable to perform some function performed by a counterpart wild-type FZD
receptor) can be used. Expression of such a construct by target cells may bind up Wnt
polypeptides or interfere with Wnt/FZD signaling via an internal mechanism not
involving Wnt polypeptides. Still another approach to inhibiting Wnt/FZD signaling
involves administering to a patient a vector (e.g., a gene therapy vectbr) that encodes a
‘Wntl1 polypeptide, which is a suppressor of the canonical Wnt paﬂv}vay in HCC. The
vector can be derived from a non-replicating linear or circular DNA or RNA vector, or

from an autonomously replicating plasmid or viral vector. Methods for constructing
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suitable expression vectors are known in the art, and useful materials are commercially

available.

Increasing Wnt/FZD Signaling

New or supplemental Wnt/FZD signaling can be provided in vive by increasing
expression. of FZD polypeptides (e.g., FZD 8 pc.lulypeptides) and/or Wnt polypeptides
(e.g., Wnt3 polypeptides) in the patient. For example, a FZD or Wnt polypeptide can
be generated directly writhin an organism, e.g., 2 human, by expressing within the cells
of the organism a nucleic acid construct containing a nucleotide séquence encoding a
FZD polypeptide (e.g., a FZD 8 polypeptide) and/or Wat polypepﬁde (e.g., Wnt3
polypeptide). Any appropriate expression vector suitable for fransfecting the cells of

the organism of interest can be used for such purposes.

VII. Transgenic Animals

The present invention also features transgenic animals that develop liver cancer
and overexpress FZD 7 in their liver cells, Such animals represent model systems for
the study of liver cancer and for the development of therapeutic agents that can:
modulate Wat/FZD sigmnaling and treat cancer.

Transgenic anitnals can be, for example, farm animals (pigs, goats, sheep, cows,
horses, rabbits, and the like), rodents (such as rats, guinea pigs, and mice), non-human
primates (for example, baboons, monkeys, and chimpanzees), and domestic animals
(for example, dogs and cats).

Any technique known in the art can be used to introduce transgenes into
animals to produce the founder lines of transgenic animals. Such techniques include,
but are not limited to, pronuclear microinjection (U.S. Pat. No. 4,873,191); retrovirus
mediated gene transfer into germ lines (Van der Putten et al., Proc. Natl. Acad. Sci.,
US4 82:6148, 1985); gene targeting into embryonic stem cells (Thompson et al., Cell
56:313, 1989); and electroporation of embryos (Lo, Mol. Cell. Biol. 3:1803, 1983).
Especially useful are the methods described in Yang et al. (Proc. Naff Acac. Sci. US4
94:3004-3009, 1997).

For a review of techniques that can be used to generate and assess transgenic
anjmals, skilled artisanis can consult Gordon (In¢l. Rev. Cytol. 115:171-229, 1989), and
may obtain additional guidance from, for example: Hogan et al. Manipulating the
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Mouse Embryo, Cold Spring Harbor Press, Cold Spring Harbor, NY, 1986);
Krimpenfort et al. (Bio/Technology 9:86, 1991), Palmiter et al. (Cell 41:343, 1985),
Kraemer et al. (Genetic Manipulation bf the Early Mammalian Embryo, Cold VSpring
Harbor Press, Cold Spring Harbor, N, 1985), Hammer et al.(Nature 315:680, 1985),
Purcel et al. (Science, 244:1281, 1986), Wagner et al. (US Patent No. 5,175,385), and
Krimpenfort et al. (U.S. Patent No. 5,175,384).

EXAMPLES
The invention is illustrated in part by the following examples, which are not to

be taken as limiting the invention in ax1y way.

Example 1. Identification of natwal Wt ligands for Inhibition of HCC growth

Methods

Preparation of cell surface HSPG and fractionation by heparin-agarose
chromatography. ‘ ,

Huh7 cells were grown to 70%6 confluency in 10% FBS (Sigma, St. Louis, MO)
MEM (Mediatech, Herndon, VA, USA). The media were changed to 0% FBS MEM
24 hrs after incubation, and the cells were treated with or without heparin (50 ug/ml) in
0.1% FBS MEM for 12 hrs. Cells wexe washed 5 times with ice-cold PBS and cell
layers were incubated with crystallized trypsin (20 ug/ml) in Tris-buffered
saline/EDTA. for 10 min on ice. Trypsin activity was stopped by the addition of
soybean trypsin inhibitor at a final coxicentration of 100 ug/mi. Contaminated cells
were removed by centrifugation at 400 x g for 5 min at 4°C from trypsinate.

The trypsinate was subjected to heparin-agarose chromatography. In brief,
trypsinate was incubated with heparin. (4%) agarose' beads for overnight at 4°C and
beads were collected by centrifugatioxa at 2000 x g for 4 min, washed beads with 20
volumes of 0.1 M NaClin PBS. Eluted fractions were collected with 0.25, 0.5, 0.75,
and 1.0 M NaCl in PBS. '

Two-dimensional gel electrop horesis, in-gel digestion and peptide mapping.
Fractionated samples from heparin-agarose chromatography were prepared by
precipitation and rehydration with IPG buffer for isoelectric focusing (IEF). IEF was
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carried out using ZOOM IPGRunner (Invitrogen™, Carlsbad, CA), according to the
manufacturer’s protocol. ZOOM strips (pH 3-10) were rehydrated with samples for
overnight, then a step voltage rTamping method was applied as follows: 200 V for 20
min, 450 V for 15 min, 750 V for 15 min, and 2000 V for 120 min. Focused gels were
subjected to SDS-PAGE using ZOOM gels (Invitrogen) as secorad dimensional
electrophoresis. Following electrophoresis, gels were stained using SilverQuest Silver
Staining kit (Invitrogen).

Protein spots excised from silver-stained gels were destained and dried before
enzymatic digestion with sequence grade modified trypsin (Promega, Madison, WI). |
Tryptic peptides were desalted and concentrated with ZipTipcis (Millipore, Bedford,
MA). The concentrated fryptic peptides were applied to SEND ProteinChip and
performed peptide mapping using PBSII (Ciphergen, Fremont, CA). Peptide mass
fingerprinting was conducted with the database search tool MS-£it in the program .

Protein Prospector, available at hitp://prospector.ucsf.edu. A number of frestrictions
were applied to the initial search based on localization of the spot in the 2-D gel:
species = homo sapiens, pl range = 6-9.5, mass range = 35 — 50 kDa.

RT-PCR Analysis.

Total cellular RNA was extracted by using TRIzol® Reagent (Invitrogen) from
HepG2, Hep3B, Huh7 and Focus cell lines. First-strand cDNA -was synthesized from
250 ng of total RNA. with random hexamers and AMV RT using; First Strand cDNA.
Synthesis Kit for RT-PCR (AMV) (Roche Diagnostics, Indianapolis, IN) in 20 pl of the
reaction mixture. PCR was performed in a thermocycler (MJ Research Inc., Waltham,
MA) using 50 ng of cDNA and High Fidelity PCR Master (Roche Diagnostics). The
primer pairs for each Wnt ligand are listed in Table 1, below. The final concentration
of each primer was 250 aM. After initial denaturation at 94°C for 4 min, reactions were
subjected to 35 cycles of the following thermal program: 94°C for 30 s, 55°C for 30 s,
and 72°C for 1 min, followed by a final elongation step at 72°C for 10 min. The
amplified products were analyzed on ethidium bromide-stained 2% agatose gel.

qRT-PCR assay.
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Extraction of total RNA and RT reaction fiom the liver tissues and HCC cell
lines were conducted as described above. To determine the mRNA expression levels of
Wnt3, Wntl1 and FZD7, qRT-PCR was performed using iCycler 1Q Multi-Color Real
Time PCR Detection System (Bio-Rad, Hercules, CA) with a mixture composed of
SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA), 400 oM of each
primer and 5 ng of cDNA (equivalent total RNA) from unknown samples. The thermal
cycling conditions comprised an initial step at 95°C for 10 min, followed by 40 cycles
at 95°C for 15 s, 60°C for 30 s, and 72°C for 30 s, The primer seqﬁences for ‘Wnt3,
Wnill, FZD7 and 18SrRNA were as follows:

(1) Wnt3, 5~ ACTTCGGCGTGTTAGTGTCC-3* (forward) (SEQ ID NO:68) and
5*.CATTTGAGGTGCATGTGGTC-3" (reverse) (SEQ ID NO:69);

(2) Wntl1, 5-TTCCGATGCTCCTATGAAGG-3’ (forward) (SEQ ID NO:70) and
5"-AGACACCCCATGGCACTTAC-3’ (reverse) (SEQ ID NO:71);

(3) FZD7, 5’-GCCGCTTCTACCACAGACT-3’ (forward) (SEQ ID NO:72) and
5*-TTCATACCGCAGICTCCCC-3’ (reverse) (SEQ ID NO:73);

(4) 1881RNA, 5’-GGACACGGACAGGATTGACA-3’ (forward) (SEQ ID INO:74) and
5°-ACCCACGGAATCGAGAAAGA-3’ (reverse) (SEQ ID NO:75). The sizes of
amplicons were 130 bp for Wnt3, 133 bp for Wntll, 54 bp for FZD7 and 50 bp for
18SrRNA. After visnalization of the PCR products by 1.5% agarose gel
electrophoresis and ethidium bromide, PCR products were excised and clone=d into the
pCR 2.1 Vector (Invitrogen). Sequencing was performed in both directions tysing T7
forward and M13 reverse primers. After confirmation of the nucleotide sequyences,
standards for the real-time PCR were prepared with 10-fold dilutions of the each PCR
products cloned into the pCR 2.1 Vector. The copy numbers of Wnt3, Wntl. 1 and

‘FZD7 mRNAs were quantified in unknown samples by measuring the Ct values

followed by normalization to 18STRINA after comparison with standard curv-es for cach

gene. Experiments were performed id duplicate.

Preparation of plasmids and anti-Wnt3 Ab.

Because 22 amino acids from the C-terminal end of the human Wnt3 plasmid
were missing in the original plasmid (22), it was extended to the full-length sequence
using three runs of PCR amplification based on the sequence of buman Wnt3, which
was élona_d into pcDNA™3,1/myc-His A. (Invitrogen) via HindIlI and BcoRT restriction
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enzyme sites. The sequences of primers were
5-TAGTTAAGCTTACCATGGAGCCCCACCTGCTC-3’ (forward) (SEQ ID
NO:76),

5’-GCAGCTGACGTAGCAGCACCAGTGGAAGATGCAGTG-3’ (reverse-1) (SEQ
ID NO:77),

3’-GTAGATGCGAATACACTCCTGGCAGCTGACGTAGCA-3" (reverse-2) (SEQ
ID NO:78),
3-TGCTTGAATTCCTTGCAGGTGTGCACGTCGTAGATGCGAATACA-3’
(reverse —3) (SEQ ID NO:79).

Rabbit polyclonal antibodies were prepared against a synthetic peptide
corresponding to amino acids 259-274 of human Wnt3 (**LRAKYSLFKPPTERDL*™)
(SEQ ID NO:80). The peptide sequence did not share significant homology with other
members of Wnt family or other known proteins. The specificity of antibody was
verified by Western blot analysis using HCC cell lines transfected with myc-tagged
Wnt3 plasmid.

Cell Culture _

Hep3B, Huh7 and Focus cell lines were grown in MEM, supplemented with
10% FBS and 1X minimum essential medium nonessential amino acid solution
(Sigma)., HepG2 cells were excluded because of the deletion mutation in the f-catenin
gene (31). Transfection experiments were performed at 70% confluency using
LipofectAMINE 2000 (Invitrégen) or TransIT-LT1 (Mirus, Madison, WT) according to
the manufacture’s instructions, Tcf transcriptional activity was analyzed using
Luciferase Assay System (Promega, Madison, WI) after transfecting cells with
pSUPER8xTOPFLASH or pSUPERSxFOPFLASH (32). Raw data for luciferase
activity were normatized using {3-galactosidase activity as a transfection control.

Experiments were carried out in friplicate and repeated three fimes to verify results.

Effects of Wni3 overexpression in HCC cells.

The HCC cells were transfected with pcDNA3.1/myc-His A (contro] plasmid)
ot Wni3 plasmids, pSUPER8XxTOPFLASH or pSUPER8xFOPFLASH, and -
galactosidase plasmid. Twenty-four hours after transfection, the cells were incubated
with 0% FBS MEM for24 h,- and then stimulated with 1% FBS MEM. The cells were
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harvested at 2 h and 24 h after the stimulation, and subjected to the lucifemée assay and

. Western blot analysis for Wnt3 and p-catenin,

Effects of anti-Wnt3 Antibodies.

For blocking experiments, cells wére seeded in 12-well plates and transfected
with pSUPERSxTOPFLASH or pSUPER8XFOPFLASH with B-galactosidase plasmid
as described above. After serum-deprivation for 24 h, the cells were incubated with 1%
FBS MEM containing either anti~Wnt3 Ab or control Ab (10 pg/ml), and harvested 24
h after incubation. Normal rabbit IgG (Upstate, Wﬁltham, MA) was used as a control
antibody.

Effects of siRNA.
Conirol siRNA and Wnt3 siRNAs
(WNT3-1: 5>-GGAAAAAUGCCACUGCAUC-3’ (SEQ ID NO:81),

- WNT3-2: 5>-GGAGUGUAUUCGCAUCUAC-3’ (SEQ ID NO:82),

WNT3-3: 5°-GGCUUAUCUUUGCACAUGU-3’ (SEQ ID NO:83)) were purchased
from Ambion (Austin, TX) and transfected into HCC cells at a concentration of 10 or
100 nM with pSUPER8xTOPFLASH or pSUPERSXFOPFLASH, and B-galactosidase
plasmid using TransIT-LT1 or DharmaFECT 4 (Dharmacon, Chicago, IL). Forty-eight
hours after transfection, the mRNA expression levels of Wnt3 and Tef transcriptional
activity were measured by qRT-PCR and luciferase assay, respectively.

Effect of blocking anti-Wnt3 Ab on wound healing.

Focus cells were plated in a 6-well plate. Confluent monolayer cells were
wounded with sterile plastic 200 pl micropipette tips. The cells were then treated with
media with either anti-Wnt3 Ab 6r rabbit IgG, and photographed at different time
points.

Western blot analysis
For total protein extraction, the cells were homogenized in lysis buffer (30 mM
Tris, pH 7.5, 150 mM sodinm chloride, 1% NP-40, 0.5% sodium deoxycholate, 0.1%
SDS, 10% glycerol, and 2mM EDTA) with proteinase inhibitors (Roche Diagnostics)
and sonicated. Protein concentration was determined using the BCA. Protein Assay Kit
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(Pierce, Rockford, IL) with BSA as standard. Equal amounts of proteins (150 pg) were
separated using 12-15% SDS-PAGE and transferred to PVDF membranes
(PerkinElmer, Wellesley, MA). The membranes were blocked with 5% BSA in Tris-
buffered saline containing 0.1% Tween 20 and then incubated ovemnight at 4°C with a
mouse monoclonal anti-myc Ab diluted at 1:1,000 (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA), a rabbit polyclonal anti-Wnt3 Ab diluted at 1:200, a mouse
monoclonal anti-B-catenin Ab diluted at 1:1,000 (Transduction Laboratories, San
Diego, CA), or a rabbit polyclonal anti-hsp90 Ab diluted at 1:2,000 (Santa Cruz
Biotechnology Inc.). After washing with Tris-buffered saline containing 0,1% Tween
20, the membrane was incubated for 1.5 hour at room temperature with a éecondaxy
HRP antibody diluted 1:10,000 and visualized using the chemiluminescence imaging
Western Lightning (PerkinElmer).

Human HCC tissues.

Seventeen pairs of HCC and matched, uninvolved, peritumoral liver tissues
were obtained from South Korea and Soutﬁ Affica. Twelve pairs of samples were from
Korean patients who underwent surgical resection. Nine of the 12 patients were males
and the median age was 52 (range, 22-67). Eleven patients were positive for hepatitis
B surface antigen (HBsAg) and the etiology was unknown in the remaining 1 patient.
Seven patients (58%) had underlying liver cirthosis. Five liver tissues, obtained from
the Korean patients who underwent hepatic resection for single metastasis of colorectal
cancers to the liver, served as the controls for normal liver tissues. Four patients were
males and the median age was 46 (range 37-57). Histologic examination did not show

any pathology in the surrounding, peritumoral liver tissues.

Immunohistochemistry for B-catenin.

Formalin-fixed, paraffin-embedded sections were deparaffinized in xylene and
rehydrated by decreasing concentrations of ethanol. Sections were immersed in 10 mM
sodium citrate buffer (pH 6.0), boiled in a microwave oven for 10 min, and cooled to
room temperature for epitope refrieval. Slides were then processed using a Universal
DakoCytomation LSAB®+ Kit, Peroxidase (DAKO Corp., Carpinteria, CA) according
to the manufacturer’s instructions. Endogenous peroxidase, avidin and biotin activities
were blocked by incubation with 3% hydrogen peroxide and Endogenous Avidin/Biotin
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Blocking Kit (Zymed Laboratories Inc., South San Francisco, CA). Sections were
incubated at 4°C overnight with a 1:500 dilution of anti-human B-catenin monoclonal
Ab. For negative controls, the primary aﬁtibody was replaced with PBS. The B-catenin
expression patterns were classified into two groups according to the presence of nuclear
staining. Cytoplasmic staimtng in tumor tissues was also compared to that in

peritumoral tissues.

Mutational analysis for exon-3 of the ﬂ—caténin gene.

Exon 3 mutation of B-catenin gene was analyzed by the method of Wong et al.
(11) with some modifications. Briefly, a 218-bp fragment of exon 3 of the B-catenin
gene was amplified from ¢cDNA (50 ng) from HCCs and surrounding peritumoral liver
tissues using Expand High Fidelity PCR System (Roche Diagnostics). The sequences of
primers were 5’-GATTTGATGGAGTTGGACATGG-3’ (forward) (SEQ ID NO:84)
and 5’-TGTTCTTGAGTGAAGGACTGAGG’ (reverse) (SEQ ID NO:85). The
thermal cycling conditions comprised an initial denaturating step at 94°C for 3 min,
followed by 35 cycles at 95°C for 30 s, 58°C for 30 s, and 72°C for 30 s. After
visualization of the PCR products, PCR products were cloned into the pCR 2.1 Vector
(Invitrogen) and subsequently sequenced using T7 forward and M 13 TEeVerse primers.

Atleast 5 clones from each PCR product were analyzed for the sequencing,

Results
Identification of Wat ligands in HCC cell lines.

Since Whnt proteins are mainly associated with ECM in cell surface, an attempt
was made to purify cell surface HSPG including Wt protein(s) as an associated form
in Huh7. Huh7-HSPG prepared by trypsin was subjected to heparin-agarose affinity -
resin for pre-fractionation. Eluted fractions were applied to SDS-PAGE and compared
the protein bands between heparin-treated and non-treated samples. Froma 0.25 M
NaCl eluted fraction, an approximately 45 kDa protein band was distinguishable in the
heparin-untreated fraction (data niot shown). As the estimated molecular weight of Wnt
proteins is in the range of 35-45 kDa, th'is protein band was considered to potentially

“include Wat proteins. To define this protein band, two-dimensional electrophoresis

was performed. As shown in Fig. 1A, there were several silver-stained protein spots
59



10

15

20

25

30

showing different levels of protein expression between heparin-treated and untreated
samples. Protein spots of 35-55 kDa and pI 5-9.5 were considered candidates for Wnt
ligand proteins. Two up-regulated protein sp'ots in heparin-untreated samples were
investigated since Wnt proteins can be released by heparin treatment. Bxcised protein
spots from silver-stained two-dimensional gels were subjected to in-gel digestion,
followed by peptide mapping by mass spectrometry. Data analysis revealed that nine
peptides matched human Wnt11 protein, as shown in Fig. 1B, To further corroborate
this finding, Wnt mRNA expression was examined by RT-PCR in HCC cell lines uéing
19 pairs of primers specific for all the known human Wnt ligands, As shown in Fig,
1C, only Wnt3 and Wntll mRNA, among all 19 Wnt genes examined, were expressed
in HCC cell lines. None of other known Wnt mRNAs were detected by RT-PCR.
After Wnt3 and Wntl1 were identified in HCC cell lines, the mRINA expression levels
were examined using quantitative real-time RT-PCR (gRT-PCR) assay in HCC cell
lines. The expression levels (mean & SE) of Wnt3 mRNA in HCC cell lines were 370.0

+10.3 in HepG2, 381.3 + 12.7 in Hep3B, 95.2 % 6.3 in Huh7 and 210.4 £9.5 copi:e;s

per 10 18S ribosomal RNA (18StRNA). The Wntl1 mRNA expression levels We;e
8,499.3 £ 845.0 in Hep(2, 290.9 £ 40.1 inVI-IepBB and 3.57 + 0.2 copies per 10?_
18STRNA in Huh? cells. Wntl1 mRNA could not be detected in Focﬁs cells with real-
time RT-PCR, consistent with the result of conventional RT-PCR (Fig. 2B).

Expression of Wnt3, Wntll and FZD7 mRNAs in human HCC tissues.

Thirteen of 17 (76.5%) HCC and 10 of 17 (58.8%) peritumoral tissues showed
increased Wnt3 mRINA expression levels compared with those in normal controls,
when the cut-off level was defined as a value of mean + 3 SD in normal liver tissues.-
Only 1 peritumoral tissue showed decreased expression compared with normé! liver
tissues. Among 17 paired samples, 12 (70.6%) showed increased Wnt3_mRNiA
expression in tumors compared with corresponding, peritumoral tissues] but it was not
statistically significant (P = .435 by Wilcoxon signed-ranks test) (Fig. 3A) If:;=.contrast
to Wni3, 11 of 17 (64.7%) paired samples showed decreased expression of Wﬁtll
mRNA in tumors compared with comresponding, peritumoral tissues, which was not
still statistically significant (P =.227 by Wilcoxon signed-ranks test). However, 7 of
17 tumor tissues (41.2%) showed decreased expression even below the lower cut-off

level of normal liver tissues, while none did in peritumoral tissues (P = .0036 by
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Fischer’s exact test). Five of 17 (29.4%) tumor tissues showed increased expression of
Wntll mRNA compared with normal liver tissues, while 9 of 17 (52.9%) peritamoral
tissues did. Both HCC and peritumoral tissues showed increased FZD7 mRNA
expression in 10 of 17 (58.8%) samples compared with notmal liver tissues (Figure
3B). Twelve of 17 (70.6%) paired samples showed increased expression of FZD7
mRNA in tumors compared with corresponding peritumoral tissues, and this difference
was statistically significant (P = .031 by Wilcoxon signed-ranks test) (Fig. 3C).

Nuclear accumulation of Fcatenin.

Immunohistochemical staining showed nuclear accumulation of B-catenin in 7
of 17 (41%) HCC tissues. There was no nuclear accumulation of B-catenin in
surrounding, peritumoral tissues (Fig. 4). All of the 7 samples with nuclear
accumulation of B-catenin also showed increased staining for B-catenin in the
cytoplasm. Among the 10 tumor tissues without the nuclear accumulation of f-catenin,
1 sample showed increased cytoplasmic staining for B-cafenin, compared to its
cotresponding peritumoral tissue.

By sequencing analysis, mutations on exon 3 of B-catenin gene were found in 4
of 17 (23.5%) HCC samples, while none in surrounding, peritumoral tissues. They
were all single missense mutations affecting codons 35, 37 and 45 (two 1358, one
S37C, and one S45F). Three of the 7 (42.9%) samples that showed nuclear
accumulation of B-catenin by immunohistochemical staining had mutations at the
region responsible for phosphorylation and ubiquitination of -catenin. Cne sample
that had 2 mutation in B-catenin gene (135S) but did not have nuclear accurnulation of
B-catenin had increased cytoplasmic staining in immunohistochemical staining. All of
the 4 remaining samples that had nuclear accomulation of B~catenin but did not have
any mutation in B~catenin gene had increased FZD7 mRNA. levels compared with
paired peritumoral tissues. The FZD7 mRNA levels were also increased by 7-74 folds
compared with the mean value of normal liver tissues. However, the mRNA
exi)ression levels of Wnt3 and/or Wntl1 were not related with {3-catenin nuclear

accumulation.

Effects of Wnt3 overexpression in HCC cell lines.
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To determine the effect of Wnt3 on the canonical Wnt pathway in HCC,
changes of T-cell factor (Tcf) transcriptional activity were examined after transfection
with Wnt3 plasmid. Transfection with Wnt3 plasmid resulted in marked iiwreases of
both mRNA (data not shown) and protein expression levels, as demonstrated in Fig.
5A. The Tof transcriptional activities also showed about 3-fold increases in Focus
cells, compared to those of controls, which was statistically significant (£ < 0.01).
However, the Tcf transcriptional activities were not changed in Hep3B cells, aﬁd even
decreased in Huh7 cells, espécially 24 h after stimulation (Fig. 5B). Consistent with
these results, the cellular B-catenin level was increased in Focus cells after transfection
with WnB plasmid, while not changed or decreased in Hep3B or Huh7 cells, as
demonstrated by Western blot analysis (Fig. SA).

Antagonizing Wnt signaling by anti-Wnt3 Ab or Wni3 SiRNAs.

Next, the effects of inhibition by anti-Wnt3 Ab or siRNAs on the canonical
pathway in HCC cell lines was examined, because the baseline Tcf transériptibnal
achwtles and cellular B-catenin levéls were already high in Huh7 and Hep3B cells,
compared to Focus cells (Fig. 5) Incubation with polyclonal antl-WntS Ab resulted in
decreases of Iuciferase activities by 60% in Huh7, 26% in Hep3B, and 40% i in Focus
cells (Fig. 6A). To confirm this inhibitory effect on the canonical éba‘thwgy, siRNAs for
Wnt3 were used. First, the inhibition efficiencies of 3 different kmds of siRNAs were
evaluated in Huh7 and Hep3B cells using qRT-PCR assay. It was'found that siRNA.
Wnt3-3 was the most efficient (data not shown) with an average decrease of mRNA
levels by 50-60% at a concentration of 100 nM (Fig. 6B). Consis‘éen’t with these
reducﬁbns of mRNAS, the Tcf transcriptional activities were also decreased by 48.5%
in Huh7, 33% in Hep3B, and 43.5% in Focus cells (Fig. 6C). Therefore it was
concluded that inhibition of Wnt3 could result in suppression of the canomcal pathway
in HCC cell lines.

Effects of anti-Wnt3 Ab treatment on wound healing in HCC cells.

‘Whether inhibition of Tcf transcriptional activity could lead to functional
changes of HCC cell behavior was also investigated. Wound healing assay using Focus
cells showed delayed wound healing in celis treated with anti-Wnt3 Ab, and these

changes were most prominent at 24 h. At 24 h, most of the wound was covered with
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migrating and/or proli ferating cells in Focus cells treated with conirol Ab, while it
persisted in cells treated with anti-Wnt3 Ab (Fig. 7).

This study analyzed the expression pattern of Wnt ligands in the liver and
HCCs. mRNAs of Wnt3 and Wntl1 were found to be expressed in most of the HCC
cell lines tested using conventional RT-PCR and gRT-PCR methods. Wntl1
expression at its protein level was also demonstrated using proteomics technology.
Consistent with these observations in HCC cell lines, Wit3 and Wnt11l mRNA
expression was also confirmed in human liver tissues that included HCCs.

T‘he expression patterns of Wnt3, Wntll, and FZD7 was determined in human
liver tissues including. HCC and corresponding peritumoral tissues. mRNA levels of
FZD7 in tumor tissues were more elevated than those in corresponding peritumoral

- tissues and normal liver tissues. Although there was no statistically significant
_difference in Wnt3 mRNA expression between HCC and peritumoral tissues, 71% of

HCCs showed increased Wnt3 expression compared to their corresponding peritumoral
tissues. Furthermore, 77% of HCCs and 59% of peritumoral tissues showed increased
Wnt3 mRNA expression levels above the value of mean & 3 SD in normal liver tissues.
These findings sugge st that upregulation of Wnt3 might be an early event during
hepatocarcinogenesis and/or play an important role in hepatocyte regeneration during
hepatic inflammation and necrosis.

Further, 65% of paired HCC samples showed decreased expression of Wntl1
mRNA in tumors cormpared with corresponding peritumoral tissues. 41% of tumor
tissues showed decreased expression levels of Wnt11 even below the lower cut-off
level of normal liver tissues. These findings were compatible with Wnt11°s role as a
suppressor of the carnnonical pathway.

Wnt3 overexpression was also found to activate the canonical Wnt pathway in
Focus cells, as evidemced by a 3-fold increase of Tef transcriptional activity and
increased cellular B-catenin levels, However, the Tef transcriptional activities were not
changed in Hep3B cells and even decreased slightly in Huh7 cells, even though the
Wnt3 mRNA and protein expressions were markedly increased after transfection.

Inhibition of Wnt3 by polyclonal anti-Wnt3 Ab or siRNAs decreased the Tef
transcriptional activities in all 3 HCC cell lines. These changes were most prominent in
Huh?7 cells that had the highest baseline Tcf transcriptional activities. Further,
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treatment of Focus cells with anti-Wnt3 Ab inhibited wound healing, suggesting that
the functional consequence of this inhibition was decreased cell ‘migration and
proliferation. ,

Nuclear and/or cytoplasmic accumulation of B-catenin was observed in 8 of 17
(47%) HCC tissues and half of these cases had B-catenin gene mutations. The
remaining 4 cases with B-catenin accumulation but without mutations had marked
elevated levels of FZD7 in tumors, suggesting that FZD7 upregulation is directly
related with the activation of the canonical Wnt signaling pathway in these tumors.
The expression levels of Wnt3 or Wnt11 were related neither with the B-catenin
accumulation nor with that of FZD7.

In conclusion, Wni3 and Wnitll was identified in HCC cell lines and in human
liver tissues including HCC tissues. Wnt3 mRINA expression levels were upregulated
in both HCC and peritumoral tissues compared to those in the normal liver tissues.
Wntll mRNA expression was downregulated in HCC tissues. Inhibition of Wnt3 by
anti-Wnt?;' Ab or siRNA resulted in a decrease of the canonical Wnt signaling pathway
and diminished wound healing, while Wni3 stimulation increased the Tef
transcrij_:‘géibnal activity in Focus cells. These findings suggest that Wnt3 is the'natural
Wnt ligand related to overexpression of FZD7 and activation of the canonical Wnt -

signaling pathway without B-catenin mutations during hepatocarcinogenesis.
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Table 1. Primer Pairs Used for the Detection of Wnt Ligand mRNA

Wt ~ Sequemce SEQ ID NO
GAPDH |Sense: 5’-GAAATCCCATCACCATCTTCCAG-3® 28
- | Anti-sense: 5°-ATGAGTCCTTCCACGATACCAAAG-3’ 29
Wntl Sense: 5°-TGTTGCCTGGCTGGGTTTC-3’ - 30
Anti-sense; 5’-CTGTAAGCAGGTTCGTGGAG-3 31
Wnt2 Sense: 5'-GTGGATGCAAAGGAAAGGAA-3’ 32
' Anti-sense: 5°-AGCCAGCATGTCCTGAGAGT-3’ 33
Wnt2b Sense: 5°-ACCCAAGATGGTGCCAACTTC-3” 34
Anti-sense; 5°-CACAACCGTCTGTTCCTTTTGATG-3’ 35
Wni3 Sense: 5'-GGAGTGTATTCGCATCTACGACG-3’ ' 36
Anti-sense: 5-CGAGTTGGGTCTGGGTCATTTAC-3* . 37
‘Wni3a Sense: 5’-CCCCACTCGGATACTTCTTACTCC-3’ 1 . 38
Anti-sense: 5°-CTCCTGGATGCCAATCTTGATG-3’ -39
Wnt4 Sense: 5’-TTTGTGGATGTGCGGGAGAG-3’ | 40
' Anti-sense; 5>~ ATCTGTGTGCGGCTTGAACTG-3’ A 41
WntSa Sense: 5°-ACACCTCTTTCCAAACAGGCC-3’ 1 .42
Anti-sense: 5°-GGATTGTTAAACTCAACTCTC-3’ it -43
Wnt5b Sense: 5’-GGAGCGAGAGAAGAACTTTGCC-3’ ' 44
Anti-sense: 5’-GAAGCAGCACCAGTGGAACTTG-3> - 45
‘Wnté Sense: 5’-CTTGGTTATGGACCCTACCCAGGCATC-3” |- . 46 -
Anti-sense: 5°~CACTGCAGCAGCTCGCCCATAGAA-3® |- 47
Wnt7a Sense: 5’-GCTGCCTGGGCCACCTCTTTCTCA-3’ B - 48
Anti-sense: 5°-CCCGGTGGTACAGGCCTTGCTTCT-3° | - 49
Wnt7b Sense: 5°-TCAACGAGTGCCAGTACCAG-3’ 1 50
Anti-sense: 5’-CCCTCGGCTTGGTTGTAGTA-3’ 51
Wnt8a Sense: 5°-TCCAGTTTGCTTGGGAACGC-3’ - BB 52
Anti-sense: 5’-CCATCACAGCCACAGTTTTCG-3’ i - 53
Wnt8b Sense: 5°-CATCTGTCITTTCACCTGTGTCCTC-3 | ‘54
Anti-sense: 5’-AATGCTGTCTCCCGATTGGC-3* ' 55
‘Wntl0a | Sense: 5’-TCTGGGTGCTCCTGTTCITCCTAC-3® : 56
Anti-sense: 5’-ATTGGTGTTGGCATTCGTGG-3’ _ Y
Wntl0b { Semse: 5’-ACTGTCCCGAGGCAAGAGTTTIC-3’ ' 58
Antj-sense: 5°-GCATTTCCGCTTCAGGTTTTC-3’ , 59
Yntll Sense: 3’-TGCTGACCTCAAGACCCGATAC-3’ : 60
Anti-sense: 3’-TGTCGCTTCCGTTGGATGTC-3° 2! 61
Wntld Sense: 5’-TGCCAGTTCCAGTTCCGCTITG-3’ , 62
Anti-sense: 5°-TTCACACCCACGAGGTIGTTG-3’ 63
Wntls Sense! 5>-TGAGTGCCAGTTITCAGTTCCG-3® i ‘64
: Anti-sense: 5’-CTTGTTTCCTCTCTTGGACCCC-3’ 65
Wntlé Sense: 5’-CTGCTCCGATGATGTCCAGTATG-3* - 66
Anti-sense: 5’-CATTCTCTGCCTTGTGTCCCTG-3’ 67
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A number of emmbodiments of the invention have been described. Nevertheless,
it will be understood that various modifications may be made without departing from
the spirit and scope of the invention. Accordingly, other embodiments are within the

scope of the following claims.
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‘What is claimed is:

1. An isolated monoclonal antibody that binds specifically to the amino acid
sequence LRAKYSLFKPPTERDL (SEQ ID NO:80).

2. A pharmaceutical composition comprising the antibody of claim 1 and a

pharmaceutically acceptable carrier,

3. An isolated chimeric antibody that binds specifically to the amino acid sequence
LRAKYSLFKPPTERDL (SEQ ID NO:80).

4. A pharmaceutical composition comprising the antibody of claim 3 and a

pharmaceutically acceptable carrier.

5. An isolated humanized antibody that binds specifically to the amino acid
sequence LRAKYSLFKPPTERDL (SEQ ID NO:80).

6. A pharmaceutical composition comprising the antibody of claim 5 and a

pharmaceutically acceptable carrier.

7. An isolated single chain antibody that binds specifically to the amino acid
sequence LRAKYSLFKPPTERDL (SEQ ID NO:80).

8. A pharmaceutical composition comprising the antibody of claim 7 and a

pharmaceutically acceptable carrier.

0. An isolated Fab fragment that binds specifically to the amino acid sequence
LRAKYSLFKPPTERDL (SEQ ID NO:80).
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10. A pharmaceutical composition comprising the fragment of claim 9 and a

pharmaceutically acceptable carrier.

I1.  Anisolated F(ab"), fragment that binds specifically to the amino acid sequence

LRAKYSLFKPPTERDL (SEQ ID NO:80).

12. A pharmaceutical composition comprising the fragment of claim 11 and a

pharmaceutically acceptable carrier.
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