Wit Proteins and Detection and Treatnent of Cancer STATEMENT AS TO :
FEDERALLY SPONSORED RESEARCH Thi s invention was nade with Governnment support
under National Institutes of 5 Health Grant Nos. CA035711 and AA002666. The "
Governnent has certain rights in this invention. CROSS-REFERENCE TO RELATED
APPLI CATIONS This application is a continuation-in-part of International
Application No. PCI/USO5/000267, filed, January 5, 2005, which clains the
benefit of U.S. ProtvindiBrofeing anddietecitonansol reatment o€ ancered Sept enber
21, 2004, which are both incorporated herein by reference in their

entirety. TECHNI CAL FIELD This invention relates to detection and treatnent
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15 - 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-
20 transmembrane proteins that act as receptors for Wnt proteins. The Wnt/Frizzled
signaling network influences diverse biological processes ranging from cell fate
determination to cell motility and proliferation.
B-catenin 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.
25 In the absence of Wnt/Frizzled signaling, B-catenin is phosphorylated by interactions
with glycogen synthase kinase (GSK)-3p, 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 contrast, binding of a Wnt ligand to
its Frizzled receptor stabilizes intracellular 3-catenin through the inhibition of
30 GSK-3f enzymatic activity. Subsequently, B-catenin translocates into the nucleus in



5 The present invention is based, in part, on the discovery that Wit 3, 8b
and 11 are ligands for Frizzled 7, which is commonly overexpressed at the
'MRNA and protein |evel in HCC, for exanple, in hepatitis B virus (HBV)

rel ated HCC. Liver cancer cells that overexpress Frizzled 7 exhibit
enhanced cell notility and m gration. Overexpression appears to be an early
event during the nulti-step Erocess of hepatocyte 10 transformation, and
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20 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 compound, 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

25 polypeptide, a (ii) recombinant polypeptide, (iii) a polypeptide expressed on thae surface
:of a cell or (iv) an isolated polypeptide. Where the polypeptide includes the armino acid
sequence of a Wnt 3 protein, the polypeptide can include any one of SEQ ID NO:8 to
12. Where the polypeptide includes the amino acid sequence of a Wnt 8b protein, the
polypeptide can include any one of SEQ ID NO: 15 to 19, Where the polypeptide

30 includes the amino acid sequence of a Wnt 11 protein, the polypeptide can inc lude 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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5 nonocl onal anti body, FZD7 receptors, Wit-binding fragnents of FzZD7
receptors, and other Wit-binding conpounds. Anti-cancer agents identified
by these nethods can be wused in the treatnent of cancer, e.g., liver
cancer. Additionally, an anti-cancer agent identified by t hese net hods can
be used to manufacture a nedicanment for treating |iver cancer or reducing
the motility of liver cancer cells in a patient. In another aspect, the
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further include: (e) 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 anti-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 Wnt 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 NO:1, 2 and/or
3.

10 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) a 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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and binding of the first and second pol ypeptides is detected as
reconstitution of a 5 transcription factor. Anti-cancer agents (and/or

‘candi date anticancer agents) identified by the nethods described herein can
be used in the treatnent of cancer, for exanple, |liver cancer.

Addi tionally, anti-cancer agents (and/or candi date anticancer agents)
identified by the nethods described herein can be used in the nmanufacture
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cancer. The t ho prowv t (e g., a
liver ti ssue@ dlég ??e@%uacancercgﬁl t%ﬁger%%cﬁlsl Sq?le\llé#ﬁf[yﬁsue al ned from a
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expression i e he Ie FZDB, and/ or_ W 1
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of expression of FZD7 and/or t3 and/or_a_ | ower level of expression of
FZDS andPor Vyhether the fest opll’s lavel of F42§ and/or Wntl1 expression is lower than that of a

control cell, wherein a lower level of expression of FZD8 and/or Wntl1 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 Wntl1 expression, the method can further
include: (c) determining whether the test cell’s level of FZD7 and/or Wnt3 expression
25 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 peritumorous
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 and/or Wnt11

expression is lower, in the test tissue sample than that in a comparable tissue sample
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sanple is an indication that the sanple is froma patient suffering from or,
at risk for cancer. Wiere the nmethod includes determ ning the |evel of FzZD7
and/or Wit3 expression, the nethod can further include: (c) determning

whet her the | evel of FZD8 and/or Witl | expression in the test tissue
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the cell, e.g., usi ng an anti-Wht, _anti body,. e, an _antibaqody that binds to
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pati ent and/ oand/oxd¥Wwd s iXiditdtioh tlet fhregstidnois sifferingdrapaon at nisk for pameexrot her

enbodi nent, the ou iS.a.c u t hat bi nds . 3 t 11,
FZD7 or FzD8 in tﬁ‘é%%gﬁgsm@%@e%?ﬁgﬁfﬁ% éeé‘?’fmb%,gtﬁ%",gl %f%ﬁt ?@8 se

ol i gonucl eot i W3 é WK b kgpredsion RakethclufNistdrohsdmiy/the hidaiintoNEZDUGZ DS, Wikd eot i de
sequence t hat bri di_zes. under._ physi.ol ogriocal conditions to a Wit nucl eoti de

sequence, an PSYRE{ BNy iyhe el g€o rsing 2 Norhambiof assayry an Rl dReasses Hor eof , a
genetic const pMelenftRERENRIdAeiitinPBL YREIfledRedsPnan intludidtedniniR@i¥Pept i de)

or truncated form of FzZD7 e.gj , a _formof FZD7 | acks FZD7's intracellular
and/ or t riansnERGmAAEF ZhEZRB, WakrdVnthpretein infirErselneig-osinganantiyWnt ant i body

(e.g., anti 'Vmﬂ%o@)p@.;gbggﬂﬁboagﬁ%g%ﬁ?gngﬁrN(%aﬂ%{jé‘a.ni stered by any route, 5

e.g., by admi nistration to t I'rver.  I'n certain enbodiments, the
conmpound is In still another aspect, the invention includes a method of treating cancer (e.g.,

liver cancer) in a patient. The method includes administering to the patient an effective
amount 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 and/or increases Wnt11 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.a Wnt nucleotide sequence, an isolated FZD7 receptor or 2 Wnt3 binding
fragment thereof, a genetic construct encoding a Wnt 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/or 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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an .anti body that binds to SEQID NO 7 or 80. In other enbodinents, the
conpound is a siRNA conprising SEQ ID NO 81, 82 or 83. In yet another
‘aspect, the invention includes a nmethod of reducing motility of a cancer
cell (e.g., a liver cancer cell). The nethod includes adm nistering to the
cell an effective amount of a conpound capabl e of reduci ng Wit/ FzZD7
signaling in the cell and which is optionally non-lethal to the cell. In
one enbodi nerg.,bytadmirdsiration tookhe patient’clivep dnelridih embodniente ghd-gtmpoandlisor Wit 3
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NO 81, 82 Ghat®hds Whnt3Whhes, VasaeRZD71 FZDBVA e patientn Thellaspdufi@caise of a
conpound that reduces, Wit/ FZD7 signaljng in FZDr- essing cells in the

manuf act ur e Bf &+ 31 antisengs eligrppeleotidg,a dayhle siranded BRA @? rN/@’Pt Beles2 or (i) a

medi cament  tfafectifedeqRncd Mt l'@gfié.li%stu\ﬂd&f hidio6gical 68REREnsGE h Wt nfREdtapal |y, the
medi canent is non-lethal to FZD7 expregm ng cells. I'n one enbodi nent, the
conpound i s saqusoes ew isdlated 2D 7ardeaptos oFY WhtZdyinging frygmet thexgof.@genadis in t he

pati ent and/ ' NI essi ' | | er

Erbodi ment . CRaEsEaRaEs Wi polyu B RS T pbEet) G thuedss SRS 1)
FZD7 or FZDEZDM etghe fpa o£FAD7 Thbls RZDVsdntratelhdar dnd/or Gampmendimna dbmsia)s e

ol i gonucl eoti de, a do e .str ed (ds t Includes a nucl eotide
sequence t hdt™ 5‘?7‘%’% aﬁ?{afeaﬁl%[\g’ﬁww‘@aéF-éaFﬁ%%}ﬁ@fﬂ%ﬂ§Y)t @ Wit nucl eoti de
sequence, amoh@am@ﬂbEZ@zhﬁs@&apEmF%ut@ e.g\\by Idirihiatign {0 thgpaieht’d her eof , a
genetic construct encodi ng.a Wit pol ypeptide (e. pepti de)

) witl 1 I
or truncat edivebrlmcemaingmbodigenys, the.copmppyrds wogb@@b@mﬁﬁ TB?N%'&C@ | ul ar
and/ or tr anyyyRub iRsiRerdaHB litents3#RE tGhpdafd R ERITA CoRAPAERY SEQTD N¥IB1, 82

or 83.

In another aspect, the invention includes the use of a compound that reduces

Wnt/ FZD7 signaling in FZD7-expressing cells in the manufacture of (i) 2 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 Wnt11 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 a Wnt nucleotide sequence, an isolated FZD7 receptor or a
Wnt3 binding fragment thereof, a genetic construct encoding a Wnt polypeptide (e.g., a
Wntl1 polypeptide) or truncated form of FZD7 (e.g., a form of FZD7 lacks FZD7’s



antibody (e.g., anti-Wt3 antibody). In certain aspects, the invention

I ncl udes an anti-Wht anti body, e.g., an anti- Wit3 anti body, e.g., an

anti body that binds to SEQID NO 7 or the amino acid sequence
LRAKYSLFKPPTERDL ( SEQ I DNO: 80). The anti body can be included in a
pharmaceutical conposition suitable for admnistration to a patient. In
other aspects, the invention includes the use of any of the conpounds

descri bed her gidodifiat Ay Q' GRAMAR Binaft) RIBFRE wfﬁsnmrmwae on for the
treatnent or prevention o condition escrl herein, e.g., cancer,

e.g., liver cambedy(e@m@ntl&%mtﬁ)@smhonimh can be used in a met hod for treati ng
cancer and/ or for educin tility .of .5 C ceI n accordance with
the methods descriBb 8‘1%? Fr%)’ mv%m%gglu?? (lzlgn L‘foﬁjy’aen% 4 rﬁi,' descri bed
herein, e.g.,Wati armbod:y,ag.,smhntﬂod;oﬂiaﬂﬁhdslt@EEQIIDm%aﬂlaam&mm ments, the
corrpound is an ant| . L 0k an_.a t| body t hat
bi nds to SEQ TeAPRES gﬁg&‘ﬁiﬁé’%ﬁ@“’ﬁ%@i@mg{% g&ﬂ%‘f’é}g_ Sd®EQ | D
NO 80). In otygk anﬁéﬁéﬁﬁdaﬂ?di%ﬁwﬁbﬂ%&@léﬁ@ﬁ&uﬁ&m%nﬂ&ﬁdﬁ% e.g., an siRNA
conprising the nucleic acid sequence WNT3 GGAAAAAUGCCACUGCAUC- 3" ( SEQ
ID NO 81), WWT3- 2:Inntherzpentixtheumcntionocindesihe ysepfanyofifey eompousdsd/ or  WNT3- 3:

are nucl 6 ¢ T gdoe BOR TR eriotiple plamleifal AeiBon n i Rl b T 1

bel ow) that aprevantiof of a éenditide texctibetchewn, ey, cbrern s.g., Unéresscent Hey wi se def i ned,
all technical and scient | fi d&id er hav as
commonl y undef S8k O‘E)can S%q‘ mg f@gg?(ai gcaq]ﬁ glogﬁ’? r?dﬁgigﬁ %ﬁﬂ&h I'Ss

i nventi ors bel pedgser calmi abdndaﬁvetwhthdhe mettlodsalesoiibed lieraneThhaampohmdnbaﬁibwv

al though net hods _and erjals siml.ar, or UI val ent to those described
herein can bel w&@qﬂrﬁeﬁﬁ@ '%Berﬁ‘Pa%gi%{éq'BﬁlO‘isé’ FOBPastHopy ??F%’é‘ent i nventi on.

Al publi cat i @EsodireHe e c@ﬂ@&hﬂﬂﬁ hﬂ)ﬁﬁlbod}patgeﬁﬁ Suti-WadaRibBey, elpefagr ences
menti oned herein are incor por ate reference in their entl rety In case

of conflict, m@«bffé@fémd8§<pSEQfIDé\H?¥@hﬂle|amnqm1drﬁgq1&e$q nitions, wll
control. The YsRrRPPRAPLISEO BBNEXGTH St a#r.ieu&tﬂl@%q{ﬁo@gwm@nd not

i ntended to imting dvant ages o I nventi on
will be wppar&;RNAt cgnamleNAfmﬂmmng@ledmbhlclaedsd@smaWNTafi 5and fromthe

clains. 7 DESGRARW UGRS3 (seQ I NO: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

15 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

20 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 speciﬁca’;idn, including definitions, will
control. The materials, methods, and examples are illustrative only and not intended to
be limiting.

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

following detailed description, and from the claims.



Fig. 1Ais a set of pictures of silver-stained two-dinensional SDS-PACE gels
Illustrating a pattern of fractionated heparan sul fate proteogl ycans (HSPGs)
“from Huh7 cells following heparin treatnent (Hep +) or no treatnent (Hep -)
of the Huh7 cells. 5 The 0.25 M NaC fractions fromheparin affinity

chromat ogr aphy were separated onto first-dinmensional pH 3-10 nonlinear |PG
gel s and second-di nensi onal 4-12% gradi ent NuPACE gels. A protein spot
(circled; hereinafter referredESCRETIODOOF DRAWINGS t he heparin-untreated

pept 1 des obt ai ned 1o SAH oAbt itjdrhaitgl o RS SERIBANES VP! €
di gest ed wi t hilustrptisg o patfine ofpiqutionktediwpares sulfatecpratnag lycaas(HSPGy) frBMITuh7

i nstrunent. Th rked .peaks, (*) represent peptides. that ed.t he
cal cul ated r?ﬁﬁ% 08’1“1%%??%?}’\5%{%1&%?@ |°dé‘§?‘e§ﬂ3’.ﬁ®§p§r(gt%?% _rcégs'of agar ose
gels tha il ITheto2s ¢ N4CG feheti®sifiodihephrid/ Wifinlty Elablato Wwéte ¥&atalddSonto
hepat ocel l ul ay carcinoma cell lines usin 15 was

RT- PCR. Wt - 3 ,
det ect ed in dirst-dumensienal pHj3nkdnogHaeapdiG gﬁs wdNacondimensiqnakdt12% gmdiset | i nes
but not Focq@ugﬁ#ﬁ Is. L8 so ML ird B &fbabke Py BhPER Fig. 2A
is a bar graph il uggrsaht%ﬂr?\gt?ﬁvihspé?{wnlﬁm’ evel s art_s etermﬁ)gdylg;/ggafm- PCR in
HCC cel | | i nésparis@ntriakd fragtidrsshpwedingrsased gxpressionr nal control s, and Wit 3 and

o Lol S350 LSRR SR, FHTRE LRSS A d S el e 20
370. 01160 3 i rexcisied) @estaiied AnBdigdsPed Avitintrpain3 Bhe péitide MaSses wetdiandlyasticbn210. 4 9. 5
copies per 1 S8SrRNA. Fig. 2B.is._a har graph illustrating Witl |

| evel s as de&gﬁﬂl metupenty %’g"’ﬁéﬁd P?Fkﬂé%%e‘%eﬂ%‘;ﬁs lﬂT%B@F ﬁhgﬁaé?‘gamused
as internal GRiEUYfhumaR Wkl IpeptidedS MRNA | evel s were expressed as copy
nunbers per 109 18SrRNA. Watl | nRNA exgressi on levels were 8,499.3 845.0

in HepG2, 290.9 f Fip 1€ g pictsamfagoss ssis that illystrate fisidetectinarof fut ligart RNA i n
Huh7 cell s. \@R%N in VRRE : W i S ﬁ‘ﬂ% JA GRT- PCR,
consistent wt tjlg restfﬁ{twég&égg%flgﬁ?ﬂﬁiﬁg%%ﬁé&gg?g. R%ﬁ*’%‘? a bar graph

i 11 ustr&ing vesspletested amald HOG el limsimdi Wintal lmaRNAGE:s dgBcted sUBEC lifisebutRNA

evel s vere TRBaLy TR To MG BB, el o
represent mRNA | e\Rig.2A i3 adar grapipilinstiatigg Mam3 tiRINA kivels asdetieminebbpgRIAENt S Wer e
perf or ed 1 L] HBLo Med To8a8YR 165R 18R 6 BB Rl 23 A"
Wntll mRNA levels were expressed as copy numbers per 10° 18StRNA. The
20 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 copies per 10
18SrRNA.
Fig. 2B is a bar graph illustrating Wnt11 mRNA levels as determined by gRT-
PCR in HCC cell lines. 18SrRNA levels were used as internal controls, and Wntl1
25 mRNA levels were expressed as copy numbers per 10° 18STRNA. 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° 18SfRNA in Huh7 cells. Wntl 1 mRNA could not be detected in
focus cells with QRT-PCR, consistent with the result of conventional RT-PCR.
Fig. 3A is a bar graph illustrating éxpression of Wnt3 mRNA in human HCC
30 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 + SD. Seventy-seven percent of
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HCCs and 59% of peritunoral tissues showed increased Wit3 nRNA expression .

| evel s above the value of nean 3 SD in normal |iver tissues. Seventy-one
percent of HCC tissues had increased Wit 3 mRNA expression | evel s conpared
to those in the corresponding peritunoral tissues. 5 Fig. 3B is a bar graph
illustrating expression of Witl 1 nRNA in human HCC tissues. The rnRNA

| evel s were neasured by gRT-PCR Wiite bars represent nRNA |evels in normal

l'iver tissuesgcBk MS%r&'péﬁﬁﬁfo?ﬁ'ﬁ'tssu@m“)e&%feﬁs&dWﬁ@%ﬂNﬁ%@ssiﬁl@%ls bar s
represent mRNA | evels in corresponding peritunoral tissues. periments were

performed in abape theaatueanfanadats 3P in rorpabliwetssues. Feventy-@Ppefcentiof H6ike per cent
of 10 HCC U1 Sauie ahONSe 0965 SERRA £ XREESBh M R KSRl DS, bigner out of

| evel of nornmal —oriver I'SSUES;, none i'n peritunora i ssues (P
=. 0036 by Fi sorespordiexpaeiritireerh]) tissueSi xt y-five percent of paired sanples al so

showed decreased ressi an of | .. mMRNA i.n t I ared w

corresppnr’di ng per&'gglﬁ E!aolfair%é? lusEpiing e%‘ﬁf%?’h“b@ﬂ@f“ﬁ%?ﬂ‘%ﬁﬁ? ng
expr essi on of tiskwdd/THERWRN A 1Ve 1B rd fabasured by igRIUECR. WhiG: BERepleiremRN2ET €
measured by gqRT-PCR White bars rePresent NRNA | evels in _normal liver

ti ssues. Bl acRvelningormgl ke fiss aplebess epresertmBNA keyels in HEC digsuep airay
represent m | . | [ RS A tiskleS S . frent s
were perfor %éeﬁggﬁl%;}@&%ﬁ%ﬂggﬂgﬁ%@é pr es&srgldtl Sgdsegnggl?lmngﬁg%%??y- ni ne
percent of bqgtefforr¥dGnadiplipate bhdidms ade ekpressedas méamieSD.i Focty@ns percénfbf  mMRNA
expressions c¢ ared to 20 those in normal |jver tissues. venty-one
percent B paﬁ&g(ﬁ“%’ﬁﬁﬁﬁ%%eds gpdi erpreesianayen Bslpy dheslowEr S0l el agRnst,
tunors conpargfr wishidl, GHiledDRO Bidi iR PerithMblal HERERP = DOTEWERschEr sexabitdstPY

W coxon signed-ranks test). Figs 4A-4D are (E)l ctures of

i munohi st oc hExydiveppreant phpadred saraple- 1 thawed decrqasadrspirsion afyatd 1

(magni ficati qpp4 | . ' L, O . R 25 catenin
st ai ned peri tum)rgﬁﬁ?&%@?ﬁ?ﬁ%ﬁ?ﬁ%ﬁ’@g@@é5&“(%5%9??{3%&& menbr anous
stai ning. Fig. 4CFig BC mstachar graph dllustratinig@@pressouefFZDMmRNAdD dpmary HEGc| ear

accumul afi on .. of R=cat eni te the nuchea | Ry | _as e
I ncreas e}c? cyttgg?egﬁ%ecmmﬁp Hﬁ"ﬁg v6T° mfaosprggt ¥ﬁlkﬁcgli§#ﬁ %3’%%—1%??2@% whi ch
di spl ay no nuevetsin normaylivep tissuss. CBlasickaidiehebdnd mMROA ledels &f KOCnissuds) Giag. SA is

a conposite picture of rn.blots illustrating the effect. of WAt 3
pl as gpd tran&AWPTB?PIH%@FWIW&GP’S?W?‘\#‘P%p“t"‘r“ﬁ’i‘fg%qusf)‘{e?‘o RIS es i n
HCC cel | 11 n%%ﬁonﬁé&ﬂﬁ%up??‘h@ Sﬁ&@até‘ﬁ@%ﬁ)réﬁéd & M&S mtﬁﬂ&lﬁﬁeﬁé@&xtﬁbm

nyc-tagged Wit 3 pl asm
HCC and peritumoral tissues showed increased FZD7 mRINA expressions compared to

20 those in normal liver tissues. Seventy-one percent of paired samples showed increased
expression of FZD7 mRNA in tumors compared with corresponding, 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: -

25 catenin stained peritumoral tissues. The hepatocytes showed typical membranous
staining. Fig. 4C: P-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 cytoplasmic
accumulation of B-catenin.

30 Fig. 5A is a composite picture of Western blots illustrating the effect of Wnt3
plasmid tranisfection on T-cell factor (Tcf) transcriptional activities in HCC cell lines.

Focus, Huh7 and Hep3B cells were cotransfected with myc-tagged Wnt3 plasmid or



PCDNA3. 1/ nyc-H's A plasm d, pSUPERSXTOPFLASH or pSUPERSXFOPFLASH, and
(3-gal actosi dase plasm d. Twenty-four hours after transfection, the cells
‘were serumstarved for 24 h, and then stinulated with 1% FBS MEM The cells
were harvested at 2 h and 24 h after the stinulation and subjected to a

| uci ferase assay and 5 Western bl ot analysis for Wit3 and (3-catenin.
Western bl ot anal yses with rabbit polyclonal anti-Wt3 anti body showed an

i ncrease of MDI\BA?pt/o@ze-i}hs Afplasmid, p&EMRT@BFLASH&ﬁipSWERﬁxE@PHm@SmOI ycl onal
anti-Wit3 anti o was, verified wth nocl on antl- a |body Not e t he
i ncrease of %‘@I %WOS(‘@S‘U&?%‘Hﬁ TW(?\?B’Igo %f?fé trapg F@Onkéﬁg‘asvﬁ%tel n was

used as i nt egeRah- sda%dkfa@z;qpaﬁdtﬁérﬁsm%&a{%ugmﬁl%%mmwame%ﬁmerbI lustrating
changes in Tcf transcrlptlonal activity in HCC cell lines after

t ransf ect i onhapyested pihd B apd Zdhafier the stimmelption andstbiepted mmluciferagevassaly @sd wer e
i ncreased 3 f‘/‘%LtQT vlot gﬂﬁ@ ga? Wﬁg_@h h-c‘ﬁ’{eﬂ% el &h%?# ?ﬁpe@%tﬁ%ﬂ%ﬁr ed to those

i n Focus ran ohttol plasm ranscripti onal
activities V\pﬂ}ﬁ:lcﬁial ghi-Wint3 aimbo@eﬁmiveldranlﬂmaaseef WSthﬁﬁldtelilOiftat bamgedon.n Hep3B

cells follo ran ect Wi 5br denot str nsfected W th
Che Sty or STl OT e BRlxS o A S aip ApHPASY et RE oL Bth Snp RSt 88od w ¢ |
Wit 3 pl asmi dmyfdrﬁbocﬁANoﬁa tﬁ@ﬁkregsreacpﬂ‘bellhlayBlcﬁéﬁlhﬁgveié’iﬁ F%fnfs%h§ P?Jp9@nt i - Wit 3

anti bodi es on" Tcf transcriptional activities in HCC cell lTines. HCC cells
wer e seeded prteitPwasaistd g intenwl loadigigtconinalf.ect ed wit h pSUPERSxTODFLASH or

pSUPERSX FOPFLASH i t 3.20 i dase pl as re.depyjwed of
oo & B oy o b o s oA L RS R R R s B ettt Bnel B BEREES o
cont E" gl ng (e¢d11hmr=,s ﬂ’f&rhaﬁwécﬁioﬁnﬁthwgtsgiasrn{lm?uﬁe ?bﬁtreiﬁlscgﬁiﬁobﬁrastli\vléﬁhrs wlib@é”lt lr3 gl
ant i bodi es an arv after Il ncubatl o rm ra It

1 gG was usedmﬁ@gs&méé?llflr“b °°&‘ﬁt°? ﬁowgmnsﬁﬁm%%wedfe 0sg 1988 i pt i onal
activities Wi uaRERASHEh ditb g%érﬁldH%Ftrm%Qﬁ/ﬁﬁdﬁamﬁeﬁes%%sﬂQ%’y' n 25 Focus

cells with poI yclonal anti-Wit3 antibody treatnent. Fi IS a bar graph

il lustr atl ngdacreasedfin &ph7 e«fllswdzwmng@mé@@%@glla/ﬁqllsmnsmwfe@qgnewten
Control 4 Rl\ﬁ I% W | 100 nM
were t ransf ec Q&Ont oﬁi—% Fl 3%‘?%0%%1 gﬁ&ﬂ?@ tag(?b@éka%% %eglé t|eon
cells were h@allvmmttedndﬂimm&m@xpresm on | evel s were measured USi ng  qRT
30 PCR si RNA Wt cau ed a d crease INA aver age
at a concentrat |I§% S 8’6 g%%@?ﬁ@?%ggl"ﬁe\& %éﬁéﬂ’eﬁ (EOP
repr esent at i ¥gns@xiptiofalacevifiecin Hocn ctlltidesc €10 G cellsavere seeded in 12-well plates

and transfected with pSUPER8x TOPFLASH or pSUPER8xFOPFLASH with -

20 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 was used as a control antibody (C-Ab; white bars). Tcf
transcriptional activities were decreased by 60% in Huh7, 26% in Hep3B, and 40% in
25 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 Wnt3 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-
30 PCR. siRNA Wnt3-3 caused a decrease of mRNA levels by 50-60% on average at a
concentration of 100 nM in all of the 3 cell lines. Fig. 6B is representative of this effect
in Huh7 cells.

10



Fig. 6Cis a bar graph illustrating the effects of Wit3 si RNA on the Tcf
transcriptional activities or HCC cell lines. Wit3 si RNA or control siRNA'
was co- transfected in the presence of Tcf reporter at the indicated
concentrations (nM. The Tcf transcriptional activities were decreased by
48.5% in Huh7, 33 %in Hep3B, and 5 43.5%in Focus cells. Fig. 7 are
pictures of cell cultures illustrating delayed wound healing in Focus cells
treated with antipi\WySisathi HagH SastrabRCHe effé‘d@&fm%mm&ﬁhe T 6-wel |
plate. Confluent nonol ayer cells were wounded with sterile plastic 2001 d.
m cr opi pet t etransgriptionaiigetiviies oy HEG eelklines; WnB£iRdA wF ?Qntfﬁéleé\TM“taﬁ 0@1 t her
anti-Wit3 Abg [P , and
phot ographed anegéP?Ae h%%éc%&?%%f?ﬁoé&%@%eﬁﬁg% 0gl%rea vvlth anti-Wit 3
Ab showed deT@fymdsumptlmhl hetivities grereldecsased by4s. S%anHuhEBS%MDHBpﬁB)tandit 24 h. At
24 h, most o% 0/ ﬁo %Yvas covered with mgrating and/or proliferating
cells ir cel t°|né QW% h C Ab, while it persisted in those treated with

anti-Wit3 Ab. 15 Hig.Jrare Bibtuds dfctilailtir Gluetaip delayedwdifd tedB8g indcds Wrt 8b
and Wit 11 huna%?ﬂ? nouse am no_aci_d sequences, incl u%_ g PUt ative

bi ndi ng not i $edls tre Bnstrtbodien FpRrcolTWER Pl Ipea el@late; | east in
part, on the %,Qlaé vt =

FzD 7 and 8, C%%fgﬁgt\s&g%ﬁgl ted3 n\e\n%# cerf%éil‘ﬁmc%&n{éﬁﬂgﬁgggg Lﬁ%lc%gk &b IBgancer
that Wit 3, Tigicelnwerktheartecaledvith memmelmmFWnMWQr tabbitjg@ $emtrol

specificatio e foe USI Wit d FZD) proteins,
genes, I%)Z %[’6'@8?8 @e‘m @ 3{%@ Cﬁﬂ‘ B%E?Bg%dsat ’rﬁe&?“ég‘ﬁw%‘“& PP ¥ ent of
cancer and f@datRIGHELAEOWnt3 A5 howeABElkRE wolid hedling bTHik E¥feétovdsiestt cancer .

Al so disclosed are caonpounds useful for 25 treating cancer such as liver
cancer. 1. NeFeméicptsiftds Atpdimpsiof thowounst s couered HEh rugraBE PRt er s
"Frizzled," l%lﬁgra er to a
famly of na I an g%lgﬁékﬁgh%é?at eth%@'?vklllgﬂ oégsgeﬂlfgﬁ%?ﬁl?éeggﬁ%enes whi ch
play 30 a ruofteWnt3 Abe devel opnent of tissue polarity. The Fr| zzled famly

conpris at | east: Nl r u receptors
i nclude Fri zzl ed%&g&@@%ﬁ&h@eﬁﬁE@Zﬁﬁ?egfbgr?@{zﬁr gng% dleld 5,
Frizzled 6, Hmanzindghonse dmina adié deqiencks, iirnchidéng pﬁtaﬂndbm&ri'gmmzﬂs.ed 10. Frizzled

receptors are involved in a dynam c nodel of transnmenbrane signal
transducti on anal ogous to G protein-coupled receptors with am no-term nal

and

DETAILED DESCRIPTION
This invention is based, at least 1n part, on the discovery thuat particular Frizzled
20 (FZD) proteins, e.g., FZD 7 and 8, are associated With certain cancers, such as liver
cancer, and that Wnt 3, 8b and 11 are FZD 7 ligands. Accordingly, the present
specification provides, inter 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

25 treating cancer such as liver cancer.

I. 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
30 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



| i gand bi ndi ng domains. The terns "WAt protein,” "Wit |igand" and "Wht"
refer to a famly of 5 mammalian proteins related to the Drosophila segnent
‘polarity gene, wingless. In hunmans, the Wit fam |y of genes typically
encode 38 to 43 kDa cysteine rich glycoproteins having hydrophobi c signal
sequence and a conserved asparagi ne-linked oligosaccharide consensus
sequence (see e.g., Shimzu et al., Cell Gowh Dffer 8:1349-1358 (1997)).
The Wit fanFtigeledo§t dirimgleditecépders areligvainedimt dynamiembéal of trammﬁmbmpbar y Wht

pr ot e| ns | nc %%%K&ngéusmﬁ.pé&e%ﬁ@%f %‘%@o@%uﬁv’ ﬁ)tmo8t£ t 881

V\ht-l OA V\ht LB bindig dbinaindht 14, WAt 15, and Wit 16 In addition to Wit

| i gands, a fam |y_of secgreted Fri, |, at ins (sFRPs) has been

i sol ated. SFRPs a-gﬁetglim ?tl?ﬁ‘?:t?lf‘on%gﬂ%ﬁ ‘gqg 854835 Bﬁsat ors 15 of
Wit si gnal i nﬂlaﬂmaﬁ&m@teirmgeweammabr&aﬂhra@é@né@wmtz@eﬂfer wiadl@dl Imeceptors for

the binding of secreted Wit |igands. SFRPs can eit ant agoni ze Wt
function by BHPSHge Wnﬁéarwmf@eaesémcqyw&wdﬁ@gtﬂcffel@]%a%temeswhm | surface

signaling re @*, Q’?ﬂﬂ L | ng the
present at i Ong@?cﬁq?(:iteg%%m% tﬁg‘ﬁ’l@?l?lgz %&E%taggéwﬂfﬁ%e?%s afd Ith}l%%j_')

si gnal i ng paoligeeacthargleepssehams aczqubmmr(melgl lShmmzlsetghaﬂZeIEGrctwthﬁ)siﬁhnct i on pat hway
t hat t b t | ed FzD
7 Cand one. of L AR T bRy 10 Sutpeg SRS 5 %ab o
11.  Type cal Eyem rWVVﬁtE)Z@elhmrﬁrudewm meWﬁﬁzHJ@aBd rkﬁ@w@ﬁs WniL\M), wat ei n,
e.g., Wit 3, 8b or a Frizzled rece FZD 7. 1eading to
activation of ‘Xn’é?@n‘gf‘f'f’ P\tﬁﬂ:cw P %%ft%%é&'ﬂAb Wr’é ReWintéAaWnt8B- acti vati on
of the Wt/ erﬁabgd\m.mlwmmwmwywmﬁ and®@dt %> 10 induction of

downst ream Wit and/ or. FZB-i nduci bl e genes. A "downstream Wit/ FZD regul at ed

gene product' i sinadgition tq Wnbhgmatfm}’ ofseqreted Frazzlag-related protgigs  or
down-regul at gs? %‘cha Rée‘ﬁsiwlefte fsFRPY eagggmén@ %&fuﬁ%@gxé?%ﬂ@ﬁs‘ uﬁii‘_ﬂ)ﬂway' The

I nvention In use of cert acl
exanpl efs t heobWeL:agualmgbyemmlmmng mﬂmhbanem‘tbrmebﬂpenmﬁg FrigziedirecepioB tﬁralmj 8

nucl eic acid uch t hose.t h enco t he am es of the
exenpl ary hu s%ﬁeﬁegsw %ﬁm‘}s (s a&ta%%ze nf%&%@@t%%’ 9%‘ £and 8
(SEQ | D NO 4th%ljﬁbtﬁn ah@blockihg aebsglto it§ mlaptfweslgaﬂingfrecrebtmr,lmﬂﬁy@sn 8A to 8E. As

e e B Ao Fa o Pl Beeigre, o2,
the exenpl ary hunpg Rd<-WatBED WhalhgpaERa) Delddto an Mifhcdifular signal
20 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., Wnt 3, 8bor 11.
Typically, a Wnt/FZD interaction involves binding of a Wnt protein, e.g., Wnt3, 8b or
11, to a Frizzled receptor, e.g., FZD 7, leading to activation of a signal transductiox
pathway. In some instances, activation of the Wnt/Frizzled signaling pathway will lead
25 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,
30 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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respectively), 8b (SEQ ID NGs: 14 and 20, respectively), and 11 (SEQ ID

NGs: 21 and 27, respectively) proteins set forth in Figs. 8Ato 8E Also
included within the present invention are the use of certain fragments of 5 .
FZD and Wit nucleic acids, e.g., a fragment of a nucleic acid sequence that
encodes SEQ IDNGCs:1, 3, 4, 6, 7, 13, 14, 20, 21, or 27. Fragnents of FZD or
Wit nucleic acids encode at | east one useful fragnent of a FZD or Wit

pol ypepti de (& Qances%f'ﬂké'”@e@mpﬁfylfuﬁﬂﬁ@ﬁdﬂ@ﬁs)éWrﬁBl(dEQ)IDQ@sP?ﬁﬁd vgely, such as a
bi ndi ng domain (e.qg. mai n) or ot her useful mant For exanpl e,

a usef ul fragqmwm@iy)éhiﬁmrmdﬂ@s i 29, weenpctiohdrngde (§E NRsAlawd 3 FzD
recept or haV'i‘igré%%mél@ﬁ&%iné’hét¥orthein?Lﬁs.@r{or@gmm correspondl ng to SEQ ID

NO 3 or 5. As ano usef ut. agnent of an Wit nucleic acid may
encode a fr agrrent Adfo mcIMtd withiy fhepraserd iﬂvanuqmglréaﬂlndserg’ catain ﬁiagxyenteofg a

fragment corr any,.one ok _nor f 15 to 19
and 25 o 2a 0 SRRk R 08, Shadinf ofd mtl AP Neabe it g de ot h
RNA and DNA, SEQ]H]) Ndisr1g 3 g% 6071118, Emoam;brszynmgmems 69F@Dermﬁudabl y

synt hesi zed) : cleic, acid an be ra ded_.or singl e-stranded.
Wher e singl e- gﬂ%&ﬂ@éﬂ“?‘f?@"’i‘ﬁ}ﬁf’ agf%fem‘daé*ﬁ %‘gi‘?f@ g“tqﬂ q’&ﬁ“

anti sense st r&ﬂ@denﬁb&ﬁ%?ﬁde?%@éctﬁ@ﬂ ﬁi@hﬁé’i‘ﬁﬁﬁﬁ%é&ﬂmn%g NYCRD m&ugloeot i de

anal ogs or derivatives i nosi ne or._phosp or ot hi oate 20 nucl eoti des).

Such ol i gonuc® h@ﬂlﬁﬁ@lsfr&gaﬁmb'éfow@alpl% @ﬂse@aéefwﬁment of 3 FgPapsleic a§idan®i ¢ aci ds
hat h |
that havg a t&&&d% %]?a?ﬁmgﬂ?ﬁfra'm %a@kcg%hﬁﬁg B’ihdlhg F%tﬁ??}dg d&ﬁ@&@ce to

nucleases I sol at/ed nucl el c I'sa nu structure of
which is not condmwndmgto SEQIIWLO Dbr s anat}madainpleoa:uufullfmgmmtcﬂfenwram d or
to that of an ene The termtherefore
Loverar Por “hsRERN R RS o SR S SRBRAIE 1T Bina b Sed b

nat ur al | y OCthgﬁﬁ@pﬂndm@Nﬁaﬂylﬂneﬁﬂﬂn&eblﬂSEQiDms8fo| lau;lkﬁﬁb I9yanliap h of t he
codi ng sequencez\g that flank that part of the nolecule in the genonme of the
organismin viR“€h it naturall y occurs; (b) a nucleic acid incorporated into

a vectorqsor into tHy® ARNWHEfaclelNAcib d@cﬁﬁ@ﬁﬁfeﬁ%@u&ybﬂlkﬁwﬁu@m a manner
such that the resulting nolecule is not identical to an naturall

occurring vedpgpdiag g@’@WTDNA?@d suthetic £9.2.achsmiipally simthesized) PNA 5 D@Pﬂelﬁs a CDNA,
o o et 1 ot e o S B R e B hee ot
is part of a acidnande geense strand or amangieense srand.dNnejeia acifisieande sputhesized .
Specifically x| ng&th leofes anEHois SdetiPitvbO@ o2 s T 61 &&o%pl?o%tﬂ%ai%r esent in 13
20 nucleotides). Such oligonucleotides can be used, for example, to prepare nucleic acids
that have altered base-pairing abilities or increased resistance to nucleases.
An “isolated nucleic acid” is a nucleic acid the structure of which is not
identical to that of any naturally occurring nucleic acid or to that of any spanning more
than three separate genes. The term therefore covers, for example, (a) a DNA which
25 has the sequence of part of a naturally occurring genomic DNA mdlecule but is not
flanked by both of the coding sequences that flank that part of the molecule in the
genome of the organism in which it naturally occurs; (b) a nucleic acid incorporated
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
30 DNA,; (c) a separate molecule such as a cDNA, a genomic fragmeht, 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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m xtures of (i) DNA nolecules, (ii) transfected cells; and (iii) cell

clones, e.g., as these occur in a DNA library such as a cDNA or genom c DNA
“library. In sone enbodi nents, the invention includes the use of nucleic acid
sequences that are substantially honol ogous to a FZD or Wit nucleic acid. A
nucleic acid 5 sequence that is "substantially honol ogous” to a FZD or Wrt
nucleic acid is at |least 75% honol ogous to FZD or Wit nucleic acid
sequences t haxtuescefd® R mwlesule$, (HR@nsfeed@ils;land i) 71l dlones,exgumsithese

substanti al | oml nucl ei ¢ ' equenc n.be at |east about 80%
85% 90% 9 %cgdg&;ﬁﬁgg?ﬁ{ﬁfélggfs%%goggé%% 6%0@65‘3@35%%0 sequences t hat
encode SEQ | D NOdn borheemdBodiments, theripaemtion mtludesthauised Audkic Adid beuencdd aci ds,
the length of the reference nucleic L.d uence w.ll be at |east 50

nucl eot i des, 3t s“&’éﬁn@yﬁ’ﬂﬁﬁ g?usé‘?@.%,ﬁbﬁ Wrg%@elsemﬁué ré’ﬁhccf'égi, or nore
nucl eot isdes. sefifenbd Bt 1§ CEdsiantiallp BoMEIEUI® 04 BAY or Wnt hv¥lei@ B0 R abfehsl Sequences
or two nucleic acid sequences_is determ ned using the algorithmof Karlin

and Al t schul 7504 baraglogens de FZRgr Wnt peceic acid sequences it cpogleanypgre of i@ fi ed as in
Karlin and I ) r ' Mo . -5877. Such
an algorit hﬁqgégzé%?%gl?%teééﬁ?lgtsggwga ﬁy&%ﬁ@%@%@iﬁ&%ﬁ%@%ﬁdﬁ&gf

Al tschul , etat3dast abo@tRIP4, 83%, WSk, 958, 88%, A 1abledg3bat 9% BB Eonul eot i de
searches are rforpned wt LAST,prrogram scpre =.100 rdl ength =
12 to obtai nseﬁlﬁe %o ?ﬁgcogggﬁg@e@@%@%%ﬁg%gguﬁseﬁ Oﬁpaqutdfﬁﬂ\%ﬁ% ic acid

mol ecul ®s usazitis] the length ofignefeeence Michielachl wetj@inte &bt dsasted0amplestides,ed wi t h
the 20 XBLAST program score_ = 53, g(o%%lpength = 31t0 obtain amno acid
sequences o Egelr’cF'%vartéqaétﬁ T CHELS SEPCTRC %deﬁbft ai n gapped _
alignments for cogaed Bébin, wéfoaﬁtgﬁﬁmlo@?p@ﬁd«o%ﬁ%ci@seg dnkésZitwas descri bed
in Altschul et_al., (1997) Nucleic Acids Res. 25;3389-3402. Wen utilizing

BLAST and Gapisksd asidusquneess derarmingdaising diealgorityn phkeia aad Hitsab(1PWpect i ve
pr ogr ams (e'ﬁror. &ﬁﬁkﬁ%.%@#gﬁ‘%ﬁ%&-%@, ﬁi&@ﬂed as%ﬁ}égﬁl AR A ovéde Veb at
n . gov. so I ncludes

address nchi.nlmni e inventionh a : the use of ‘nucleic
aci ds ttat hBroci MitZ dcarhdeir US4 O0iSBTPeR77h Bhehi i atgoritlon isdoendparatedint the def i ned

D Nox, |t qUByRST R TR owRto e o B RHPRF 20 Bl GHERATL 7>

hybri di zi ng BDAST aucledtide Beartheb iie peforigd Mithties WBBABT proggani, \spore &l10¢, at 30

| east 15 (e.g.,.. 20, 25 30 .or 50) nucleotides in |ength. . The hybridizing
or t1 on of 1 WIeRg B Rt RCIEN s Siteaor bomplopudt PR AENE o - a

| east 80% 914 m8f¥aiey usB8 ¥ the infertoh CBLABY pkdiéin SQEIRH SR pefforteR Hithiten or al |
of a nucleic acid encoding an FZD or Wit ol ypeptide, or to its

pol .
conpl en®nt . XPbASEipregsmfGeres X, werdippethr 3 eobtaupamige deid sergnees
homologous to a reference polypeptide. 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.
25 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

30 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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14 herein can be used, for exanple, as a cloning probe, a priner (e.g., a -
PCR prinmer), or a diagnostic probe. Hybridization of the oligonucl eotide
probe to a nucleic acid sanple typically is perforned under stringent
conditions. Nucliec acid duplex or hybrid stability is expressed as the
melting tenperature or Tin, which is the tenperature at 5 which a probe

di ssociates froma target DNA. This nelting tenperature is used to define

the requi redwfb’hfdaﬂ@@ﬁl@éd,fdi@iﬁxﬁﬂl@&ﬁaclbﬁn?@ﬁﬂé,&@ﬁinﬁ@e.g.pabempdﬁﬂf)j ériaed t hat
are related, and _substantiaI,I%/_ [ %$ntic;a to the probe, rather than
i denti cal , tdiAgRostic prabe, Eypridization of the olizquulapideipedbede,a npclcieadid sampler at ure at

whi ch only hauolQ GOMSFORUEH drideZ @il Rt REEHEME. Nichid a@'d&ﬁxﬁﬂek%‘h igconcentration
of salt (e.d., SgC or 0SSPE). 10 en, assum ng tha}t 1% m srr%{nchi ng results

in a 1C decrstaydigy is exprawedpsthe mehing tempseive o Enohiehis the tamperafizestati n ¢ he

hybri di zati Q.. | on s [ I l: kf sequences
havi ng é 95%l%l:ara#%ey&l%o%ﬁ{egﬁgﬁgﬁgg%@% 2%1%9 eﬁt{,ngtt%néﬁ%%%llse%g Y tenperature
i s decr easedefine th€yequired grivpehéyorondititves. @R saygenes are Torbe wentiftedlibdttween 0. 5C  and

1.5C per 1% msmatch, Stringent conditions inyolv ridi.zin 68C i n 5x
5SS 5x - DEHEN thd Sostaaly et psobes ebeon Fepial henaf saseeilio Tog sps o
room t enperaétiestehilidHe Todlest tymipefabi@fWhichuhll Konfilsgoud BybHdzanebbucig i n 3x SSC
at 42C. The &laramaters of salt concentration and tenperature can be varied

to achi eve (it agpsrtcytar concgrteatiop pf salide,g+ $5C P¥hEBn t he probe and the target

nucl ei gpaci d. Adghdy, RGhiMgUhAAVERismhRERAE Hsis if'40PC GdHEHsE iPMS Tins theeadi | y
available in the art, for exanple, by Sanbrook et 20 al., 1989, Ml ecul ar
Cloning, A lemhirsratessof thedinakwash @othe hidizationreration iTveduosd apgoxdingly (e Ausubel
et al. (eds, - Pr. e D v W' o) Jalph Wley &
Sons, N.Y.) %atlm %ﬁtﬁseg%éﬁﬁhggg%ﬁ/;@%@y ?htg/‘ta{eﬁg o éei %&%tbﬂg gcl:l{leot | de
sequence t hd¢mperataeds deageased bBECL). [In pialice]lthe chadge o Bm camiss bktweed 0.586t | sense

ol i gonucl eot i o | so_inckuded.in . the Inventi.on.are tigL constructs
Ce 0o et 8PET3repa I AIRadl S fihandhs u ST A W el o e o
descri bed h&S€EYsx, Denhaudtibbotution/1kesd SDSpand viasking itr 0.2 $SCY0ANMISDS atroas| at i on
sequence to enabl e expression, e.d., expressjon . vector A selected nucleic
acid, e.g., tﬂnwnﬁoﬁg’éﬁa@hyemp n t‘?‘%[‘)n fde\iygshing g1 %bé%q Ftd@,é'i iﬁa oper abl y
l'inked" to pRRMERFs dTYAlt Sdrterfation A0l t@pHrture Raillbe vaticd EP4PAIEOE thedPtimblen it i s
positioned in such a way that the other nolecule can direct transcription

and/ or t rapé?vﬁlt ofddengty 1%%‘@%@@89@(@4@@ target nygleig acidg A@@@ﬁﬁl%{dmﬁg sel ect ed
nucl ei ¢ aci Qegafefily HEh BRRitidnS RGELAT L AFBRE if Re bR FoPiRRINHF Sihtrodcdtd MOl ecul e.

20 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 &
Sons, 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.”

25 Also included in the invehtion are genetic constructs (e.g., vectors and
plasmids) that include a FZD and/or Wnt nucleic acid described herein, operably linked
to a transcription and/or translation sequence to enable expression, e.g., expression
vectors. A selected nucleic acid, e.g., a DNA molecule encoding a FZD or Wnt
polypeptide, is “operably linked” to another nucleic acid molecule, e.g., a promoter,

30 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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15 Al so included in the invention are various engi neered cells which contain
a FZD and/or Wit nucleic acid described herein. For exanple, the invention
“includes transforned host cells, i.e., cells into which (or into an
ancestor of which) has been introduced, by nmeans of reconbi nant DNA

techni ques, a nucleic acid encoding a FZD 5 and/ or Wit pol ypeptide. Both
prokaryotic and eukaryotic cells are included, e.g., mamualian cells (e.g.,
liver cells), fudesincludef inahe inyentioy aneyhrious emsndeead cols whishentzina&aD t he | i ke.
An engi neer % ntion is a
liver cel Ia%tg/r?gtwrlé\l}ggf@g%lgdxsgg{)%&l%%ﬂ&fﬁfg%@%ﬂ%% é}l@tgFFnc "{‘}g "over expresses
FZD' is a cemsformeiidst @dislluer ctltsanlsg@njhc(omatol anlancastur oﬂwhibﬁ)l&xbe@ssi on of a

particul ar ein, Z,.an eas

times, e.g. ,é‘%ue?‘gi?&meé?fo e"'?m af N tee q}’i"é‘séml‘%eéca‘fl ‘v’%‘ﬁo 3: reSS| on in
a non- Ganc&mdeeWnt pelypéptide.t Bamwdan@u@aid eukirgsiesells ¥Rlixcluded .t he same
tissue type. In sonme_enbodj nents, . FZD expression in a cell can be conpared

to expressiBimmalian cgliy(eEarliver cells), fimsl and begtere fiueh asdfschaichig cafi). pad ent
tissue-typandfikd AR&ineled @&Pe:&?xgbfa‘?i ofthe gg@ufcruaé@ﬁeme fvEfRloh s dlfvepf @

different tissue type. In addi expréssion of one type of FZD protein

(e.g., FzZD ceﬂ)thaéavpr@@rwmeﬂmwense@mer FZD proteins in the same cell .

Vet hods {0, 0o o GRS g el s FARES S0 QR el o Pl

RT- PCRi0 r eadxptessien ﬁ@?;aaﬁnﬂlan§§qurotmm;éubbaﬁM)égad/as8 is atﬂas@nmt 1§ odgcts. 20

present | nviRth Sh: gk aus oy 4 PEABEh Yspel ettty P hearbsne |

i nvention adrﬁuoniﬁumemaa@h W&P&@vﬁ?&r@ﬂ%l@@rﬁé ’uﬁ;ﬂ§typ§ ULlsoafe eh{walﬁleﬁiaom in SEQ
ve

I D NGs:1 and 3 respecti and SEQ I D NGs: 4 and 6, respectlvely
Exanpl es omeﬁxqseﬁsvpérpwﬂ&anbaggapqrw KEPIBTSIORAR £ NPRGEGET FHOBY e hurman and

muse Wit Stran@gen?elwl%%aaﬁfey&@a;sw e oeépa&lep&rneﬁ-ca&eﬁ@r onWsdeficebiid | D NGs: 7,

13, 14, 20, 21 and . Al'so 1ncl u§§ used in the present 1 nvention are
certaith fragfmhﬁf@emfnsmmdn yiditigno xpprspion obene tepepf FZDf profgindpgs F6P SEQ | D

NGs: 1, 3, - . Wht

pol ypept i des) o bgcong]%m(? s Eh%f)gas}’ m%rngs lﬁiﬁﬁcf %gggg%?%?&soﬂrgzﬁtﬁ@%m&ful
portion of the lefveildfekmm;idn oEZIﬁamﬂuiaxvgchemlv@eﬂé:pbwmmthEmt Bachmpdtinds usef ul
fragments of D, and ol [ ud bu e.not limted to,
fragnents M % DY 210t i urg 1%&8&?% 'ﬁme%gé "% fan%%ocgesz@aw)t 12, 15 to
19, and 22 m@g&@)pmd'ﬁb@ terms "protein’ 'and "pol ypeptide" both refer to any

chain of am no acids,
20 The use of certain FZD and Wnt 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, and SEQ ID NOs:4 and 6, respectively. Examples of Wnt polypeptides
used in the present invention are human and mouse Wnt 3, 8b and 11 polypeptides,

25 such as those shown in SEQ ID NOs:7, 13, 14, 20, 21 and 27. Also included used in
the present invention are certain fragments of FZD and Wnt polypeptides, e.g.,
fragments of SEQ ID NOs:1, 3, 4, 6, 7, 13, 14, 20, 21 and 27. Fragments of FZD and
What polypeptides may include at least one binding domain, or other useful portion of a
full-length FZD and Wnt polypeptide. For example, useful fragments of FZD and Wnt

30 polypeptides include, but are not limited to, fragments having binding activity (e.g.,
SEQID NOs: 2, 5, 8 to 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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regardl ess of |length or post-translational nodification (e.g., glycosylation
or 16 phosphorylation). Thus, the teens "Frizzled protein,"” "Wt Protein," .
"Frizzled- polypeptide," and "Wit pol ypeptide" include full-length naturally °
occurring isolated proteins, as well as reconbinantly or synthetically
produced pol ypeptides that correspond to the full-length naturally

occurring protei or to f ragnent.. of . the f.ul,l. | engt h .nat 1y
occurring or é@oﬁﬁdglﬁéoﬁ'o@%e%?%@s I&ulfﬂgéoﬁ%lg’ed“ﬁa{%g{%gn’t ha™ zgéaﬁs "Frizzled
pol ypept i de, " palppeeptiiié)? amirtWingplypestide” inolmtiefdl-lbagth nguaBy bacustitigiiscdatéd agnent s
of naturally occurrin r synthetjc FzZD. and, Wt | ypepti des, respectively.
Fragnents of B & el]gagﬁe%@%mag%géantb?cap&praﬁuégpélglpéﬂgles tg?t. met hods known
to those skil t@fbshdhdlih theFll-lenSthGaturdll GosRinRbleths, Yo PHagRalt vE ihe fdli

di gestion, or_ by chem cal synthesis. Internal or term nal fragnents of a

pol ypept ide clepsthmatugdly opeang ensyntbets\nolgerside: or nmore nucl eoti des from one
end (for a term nakg g AN | eﬁ%{gﬁnt) of a
nucl eic acid that Aelsn((i:ltg){fg%g?ﬁ(;e‘)e’ %%ﬁ%%ﬁﬁgép%ﬁggg’i glﬁl&?@?@h{ t ageni zed
DNA can pr oduineludebipjpgsailylactivé fragmentst of nalrajiy ot¢uringwrtsymtheticcdEZ1D i Winty"

d I . h f LS.
That oncods. 1 PAGRERTE: SReRiahy rbeioue ot PR Ee  Rha ¥y o GYRHS i,

S’ of a" protei
shearing, resbfmethodsrknowgasthosenkilledtheat, ey, nédoabimnidy, by protendytiec| eot i des,

anplification_of DNA usi the pol ynerase chain action,. or.a  conbination
o the. aBove. ESURB FBHE Sritielty FIARA <& B LA ARCLprics oan |

synt hesi zed UBd fifhefa®AYrSth@SngsHR\WA mofe dudRofidek frofh dhe end (oY eREh@ARI Merrifiel d
solid phase 20 FMQXC or t-Boc chemstry. A purified or_isolated conmpound is

a conposi t i onfragresnt)as bath ends{der g syl of 3 meledcpiblAPnEedes Heer est
e.g., a FZD pgﬂy;%@&&a%. re\é\mnl? g%u%lgﬁgfahggzted@Nﬁeiﬂ 91%9&1%6 ggf%e tgganpl e, the

preparation c least g.. | east % 95%  or even 99% by
wei ght t he cofrpgments. ddigéstiorwisk {'endmibhling” endonusteases ssngengratp DN Ay thappr opri at e
met hod 23 kno FN th : _ rylam de gel
el ectr opﬁsor es‘lms}?h%arn %@Eﬁéfﬁgﬁn&s iDsI\.CTR% %5%3 ??%%\%% 3?%3 %egl?éa\é%%ogfﬁd Wht

pol ypepti des genetatedee.g.cbyimndmns sheatiis textriction digestide whemighl synthedid ofor porti ons

o oo bR R S B BB %5 SR RSB 5 oncee
descri bed her @inibiftiog ofthe AbdveAistGised MEHOE) Feaghitals chi$alsd bé ERficallp5% (€. g., at
| east 75% 80% 85%_ 90% 95% or. 99% e.g., 100%, .honol ogouys to an
synthesized using techniques known 1in the art, e.g., conventional Merrifield solid phase
20 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, Wnt polypeptide, or antibody. For
example, the preparation can be at least 75% (e.g., at least 90%, 95%, or even 99%) by
weight the compound of interest. Purity can be measured by any appropriate method

25 known in the art, e.g., column chromatography, polyacrylamide gel electrophoresis, or
HPLC analysis.

In certain embodiments, FZD and Wnt polypeptides include sequences
substantially identical to all or portions of a naturally occurring FZD and Wnt
polypeptides. Polypeptides “substantially homologous” to the FZD and Wnt

30 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
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am no aci d sequence represented by SEQ ID NGs: | to 27 (neasured as
"described 17 herein). For purposes of conparison, the I ength of the
reference FZD and Wit  pol ypepti de sequence can be at | east 16 am no acids,
e.g., at least 20 or 25 am no acids. A "conservative amno acid
substitution” is one in which the amno acid residue is replaced with an
am no acid rehstedh)eFbamirpqseaoﬂdolrﬁphasonsﬂhelhngth&ifme réferentd BZD aiid Wit no 5 acid

resi dues having siml ar S|de ) ve, been defin i hese
am |15 | n@PUREPsRURage] o BRAL ) LoHBInG A Exteh e 0 gt 25 P s

argi ni ne, histidi R&)conseevalive aind@cid Ghtifution Eis One indFtiAeH the ﬁmﬁﬁ)ladrd réidifean
aci d), uncharged, pol ar. si de, chaj ns yci ne, _asparaqi gl ut am ne,

.g..,
serine, thrednieRkceqd yithan mlnow@trﬁcfvéﬁawmﬁﬁmﬂa? sidg ehein: Hia seéargmo
al ani ne, 5val igBf redi @l hRfing ,lﬁﬂlheg&adhs sﬂéﬁ.lﬁf&?deﬁﬁgé @L&ﬁrﬁe@e a]m:ﬁéy oni ne,
tryptophan), 10 beta- branc1e side c alns reoni ne,
i sol euci ne) dneluderasmine peids Wik basirsideshaipe(eg., IYW axginike, hphdmf;bl @Ildiﬂﬁld@
t rypt ophan, I e ion
br ot ei ns- ( and it cebmarfit i MiRhic AP WA RelRBpHAF Saé AR TCR il 1
portion of a abpHtagine, glutarhinA€) sénm;\ﬂ:lceMnnB,)tymsinH)mysteme), gonpolﬂhkldéchaﬂis (agd/ or 11)
pol ypeptide is fuse to an_unr ated eptide (e. a 15
ol Yhept 1 de. e TGy cfirs oyt PeBe BeR 4iint fiefidih FPPatby anpl e,
t he poliygpeptbetcbramshe®Sidé Uisamsh (£.8., ﬂ]rélﬁih@ Villifié, lisblétink Pehdrordatic si¥echags t O
facilitate purification of bacterlally expressed pol ypeptides or to a
henmaggl ut i ni {e8alyTe¥ine rhenykalanine, ryptoghap,iistidine purification of pol ypepti des
expressed in eukaryglivents 4% m@iﬂ&’es'ﬁi&‘iﬁ@&fﬁﬁ!cﬁ‘%ﬁa@mn& @fd #&H adidtmxanpl e,
the use of isolated polypeptides (and the nucleic acids that 20 encode these
pol ypept i des)encdrigtsuhBisigd @rofeing)in whish e pprsian aﬁelFé%egoﬁaDﬁ@nﬂfpoﬁ orWrtr ei n t he
first portio n e econd
portion incl 38 %Igc%’ 31?” %tlel?jsdg‘f"?%g{}f‘\é%&d %QJnyl&,?eq‘%djﬁd rq ﬁt@%d i n const ant
(Fc) regson anarkerdelypeptidel o a fosdonqertner T toecrdatesa ﬁlmopeprd.tmr Fmranalhlelﬁ, thor exanpl e,

a pol ypepti de aci Litat ecretj.an 25 S uence.
Subh A0t bseq TElERbidstan e FBeE A R Fstiths e PERFTAC S B RaroN T
secretory segfenaeridpexpRsdt polypebtidys driiea hasdgghrinin tag)oxfamme g tomt ur e
protein. Also wi.thin the invention are nucleic_acids that encode a FZD

and/ or Wit  pasiiiistspuriicationef gobypeptidpsgppsessd inyekamgtiesills: The Pretigralsan
i nactive prephgh&isifor ef’diﬁﬂ?é %e%s@%fﬁ&ﬂe@ﬁol?ﬁé‘ﬁﬁ@ést(%h m@hwéll@sm@scﬂmve form of

the protein by renbval the 30 inactiv sequence
20 encode these polypepudes) that include a first portlon 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,

25 e.g., a secretory sequence. Such a fused 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

30 inactivating sequence.
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1. Methods for Detecting Cancer Wthout being bound by theory, it appears’
that various FZD proteins, e.g., FZD 7 and 8, and FZD ligands, e.g., Wit3
and 11, are inportant in cancer, e.g., liver cancer. |In particular,

hepat ocyt es appear to overexpress FZD 7 and Wit 3 early during the 5 process
of transformation, e.g., prior to the devel opnent of HCC. Simlarly, such

cells ofteny 808 {,qféec% an d/or Wit 11. It appears that Wit 3, 8b and
11 are FzZD %M . ' , the present invention provides nethods
of detecting canc®fithoet bsing béwendiblyithety, iicappénss thatsguioss 8210 protdins, pg.eEdRce and
severity (e.g. unqr, de,, tuno r ,.10 and the like) . .of cancer in a
patient, f aciglaﬁ g’ﬁ%ﬁg és ﬁg?rgitsm.g'aan#aI@feﬂt #e "BP%S“HB&‘:&“CSF eﬁ)"dlg?ri Bt and
assessi ng t hin paetdulinsh s %s @ppdah®d dveickpross RZD 7 aed Wiy3 daely duringdgie pr ovi di ng a
measure of therapeytic effect through, faor ?xa | e E%és:esss,in tu]gor bur den
during of f BICERIChEERSTERAHIRNSE apRAl(t? the deys oRBHRt SHHCE STRlFTYeob e Based on
detection of oAedRld¥RYEIROFIZHN a(rﬂ/cﬂWntQIFZtQpZearf’%BWnt&%ﬁaiﬁm'lQrei?!lzﬁ/ﬁr wit 11
ce

pol ynucl eotide) that is differentially expressed in a cancer (e.g., as
conpared to Hg#Eh- cancer cell) and/or detection of a polypeptide (e.g., a

FZzD 7 FzZD 8, Wit A§°°?<F§{g§§< E)hr es;gg iﬂ%ﬁ&’?gr%js'ﬁ@ mg@ﬁ&dﬁﬁg%n%eogﬁ%ggﬁgl eot i de

that is differentia ssed 1 h a cancer ce net hods of
t he i nventi ofacidatingdhe dingolesist afdthé presente andeeverity (eigsdumanrgradebtupionburded, sanpl e,

e.g., isolated, cel. d/or .whal e tissues, A 'Dbl.ol ggi cal sanplke” as used
erein 10 a G fF Uk o ¥ NinRs a8 Brfenf BB Naenrainain AU RoaFRERE Bl 61

‘aci ds or-pol paizpt amdesseseing the ®sgofkivenepy ¢ftthe patiemab yhierply €ag.| bieprovidingmanscri pt .
Such sanples include, but are not limted to, tissue obtained.from e.g.,

i vor > g, TegER oL berageu s e iRl ISR Hors e SaE | howe
and/ or 25 es@n c@,ﬁgmﬁﬁkmgﬁm@&?s may al so include sections of tissues
such as biopsy an aut opsy sanpl es rozen sections taken_for histol ogic

pur poses, bl ood, Brtactpen C%eth?fed ayslsteghion %ﬁadzﬂlxnuﬁleaﬁdg,(e-ﬁueﬁ@ oFER 38 sal i va,
l'ymph,  hai r, walthRna/t WntBlg Cﬂgglﬂb:uﬂgﬁtfc%zﬁm ﬁgié?elkégiall* %Jréég& iR¥RhRef &yand

primary and/or transforne res > mpatient tissues. A

bi ol ogi cal s el as compayadi te alnoy-catnendalip dnd/eraletegtienela polipeptidsr(gant EAP 2. 9., a

30 primate s chi lﬂﬁ@ﬂ; ; ree: ; eep; dog; cat;
a rodent, eggb,fgw?%e@d@yﬁﬁp%&m se?g#gﬁﬁpg’?ﬁ'g?‘%l‘%?ﬁ%g‘ﬁ?ﬁ e; or fish. A
sanpl e i s usdiffeteptialfyr exprelsseld hiya canoarcelhgTle detactibemeothodedflthe ihvemtivacandei nal |

Do O ST TSRS v Dl SR ik 3k G > (o
20 tissues.

A “biological sample” as used herein is a sample of biological tissue or fluid
that contains nnucleic acids or polypeptides, e.g., a FZD 7 protein, polynucleotide or
transcript. Such samples include, but are not limited to, tissue obtained from, e.g.,
liver, lung, lymph nodes, colon, stomach, pancreas, bile duct, small bowel and/or

25 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

30 primate such as a chimpanzee or human; cow; horse; goat; sheep; dog; cat; a rodent,
e.g., guinea pig, rat or mouse; rabbit; bird; reptile; or fish. A sample is usually
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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19‘and/or for another purpose), or by perform ng the nethods of the
invention in vivo. Archival tissues, having treatnent or outcone history,
can be used. In sone enbodi nents, nethods are provided for detecting a
cancer cell by detecting expression in the cell of a transcript (e.g., a
FzD 7, FzZD 8, Wit3 and/or 5 Witl | transcript) that is differentially
expressed imnd/omﬂmaaothaqjulrposé)nyr by perfomﬂ@hymthodknﬁﬂminveﬁtﬁmd&vtvan be used
for detectio uding but not limted to,. detecti f a transcript by
hybri di zat i o‘% %IFCH %ﬂvﬂggﬁ“’b?ﬁrobﬁ?tf%ﬂ‘%}“ﬁ?ﬁ' F?ﬂfia‘fﬁegh probe; detection
of a transcript mys@n@ahwmmaﬁg r0bthbds drepiovided forslergtisgeeantéreell by
oligonucleot'de. | mer s, | Itu h bridiz an a ropriate
hybri di zat i PE%%?‘P“’FFF@HHE'S B‘ﬂg g%\ﬁa‘l‘fé Rﬁeﬁsé?zboyagéi%%t BRAPYPT neasur e
MRNA | ewel s antlfl tﬂﬁaﬁpt)m@gkls cﬁff&bhﬁﬂl;eaépteakédxnewﬁceﬁ&qﬂ Arﬂrof% veAgger cell. In
sonme enbodi nents, the nethods conprise: contacting a sanple Wwth a

pol ynucl eot i knewnimsthoss canbgyesedi Sy t@ﬁﬂﬁlfﬂp mthu&n¢t911@$9§rt@>ﬁ@dﬂ<gmf@ descri bed

nybri di zat i ofigtpt ok BbridiiRb O oAl bb te pb ol BloBe deiion

conpared to o, asl:mnmiptby g polymeidase chalnﬂﬁcMnush@spediﬁouhgcfnutlbmqalpﬁmmce in 't he

|l e of l.ynucl de that diff
ool P o oA BB et S e 3, ety B0
cancer el |, usad fadepcearididimdasurk ATRINANSels of aGehié thiatlis diffeRéntialle bgadsketient hat i s

differentially expressed in ancer cell, and use of a | agbel ed
pol ynucl eot | tIEANERT celhelnsgpmg em %eﬁﬁ%@ts the methods GPRTES: aLtantasting s sample

di 7 er ent | al it £HORRKRAS that drBBaER o £8iderondBl BBAdAe iR | OW

hybridi zati on are known in the art and have been déscribed in nore detail

above. Det echereinuaden Cmdmpnb«ﬂlahtll;@\ﬁ';hybmobyald@ deteeting hybridigation, if awsl. udi ng,
but not |imted gy ?f&ﬂ‘fe@{tti)e[ hbfidi *0 Mﬁ%c‘rﬁ@:éﬁ‘?@l abuftab Hof gaction)

and/ or RT-PCR (reverse transori p I’on- , Of CO ons o
t echni qtees. & indieatioatof thefprésainelin tmanipfkbﬁla podymuelehiddtsthétds dqﬁiafe;amllyl eot i des

are known in_the rt and ¢ %‘rp n t.hZ éals%)?g rret]Qods 01%

i nvention. SPEETTY d??fiangfr‘f?@b Em}péﬂ o‘ﬁ’n gls mcludeyfor gxamnle, é’?rlson to
apperpri atg mabﬁ@bﬁcﬁllf’ﬁbatﬁplélﬂﬁﬂisldﬁﬁmgﬁﬂtbro%hiam chjﬁz’mic&]lcoﬁ&a ﬂaﬁtlé easlt 10 gt,
at least 12 nt_ or . at least ;15 contiguo es, 0 ucl eoti de
descri bed heEpntiallyexprgssed fyscamiest pallyandse ogéﬁﬁsﬂegao]aguta@&ﬁ e PAR%i n, can
be used for @eyafh&hy pQynRICRAS Bt 1§diﬂ"&eﬂt§a119re§i%§se@'in th%@arfé@RelH“ mers for
detection and/ or rreasurerrent of transcription Ievels of pol ynucl eot i de

t hat i s2adi f f Gensifiona thay allopphidsidizertion are kagwe dn theartand hqu/helen deserikgdineci at ed
by the skill g detahi588ve. DlfeclbPREn S8 6P EcOfb R BY Yny AR AR contact ed

with, for

\

including, but not limited to, irz situ 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 known in the art and can

25 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 a polynucleotide described herein, such as those having the
sequence as depicted herein, can be used for a variety of purposes, such as probes or

30 PCR primers for detection and/or measurement of transcription levels 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 immobilized polynucleotides obtained from a test sample
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exanple, an array conprising i mmobilized pol ynucl eotides obtained froma

test sanple 20 (e.g., NRNA). Alternatively, the probe can be inmmobilized on
an array and the test sanple detectably |abel ed. The use of these and ot her
variations of the nmethods 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 exgée.g.,slliﬁ%?%ﬁt@mg , P Pr REL REmdtilized Q?aerf)ﬁergayraﬁﬁ Ghe test

pol ynucl eot i ern ots, NA I's separate ophoretically
and cont act edample Hetectghlplabeled Prcotse of hestané othervagriatiopbef e micthgds of the TRNA

species of a rticul W4 he. unt of hybridization.,can bg quantified
et or m ne TPBRA e i S uRAP#ind i TGP Bk Kk 8P enfed L o £
hybr i ]gi zaéI ion to N&blgaidecpra;eﬁ emtbehueeﬂotbb gsmt@npreﬁt@besa [ cafrsspogdingl&ﬁd Ln
vivo for diagnosti, et ection o ridjzin sequences, Prqbes, can be

| abeled Wi th H’%‘ﬂ&@aﬂ?ﬁﬂn\‘}%‘e‘?@@t E‘b@g’ﬁhmb lﬂ'@’r‘%ﬁége‘é S%P“%&EI@PE‘EH reticalfye s,
e.g., chronDpA@ESSactdd vl RO, 95 praBsisAetebtBd ridiZineio AXARRIAGDeSES of

nucl eotide hybrjdization assays are described in W92102526  and U. S. Pat.

No. 5, 124, 24@Payticiar sizea e aepuiod Rybridizationeande qpgntifigd to datepnine selgfive ar get
nucl eic acid g : | 1. ; ‘ : 335;

U S. Pat. No.am&,&rg’égf, efg??m%nhg}“ @%iﬂﬁﬁ‘%&%{"f 'Mﬁ%}i} hﬁ‘@?@%’éﬁ"(&ﬁ%’) dp%%ﬁer

ol i gonucl eot ies@sssionaPrdbgbHeancisede wsadhin vive farsliagadstivudstestion afhydsidezng be used to
prime t reaction. Jhe pri can. sed . of se 1,1 .hi r 3
b e 05 ¢ nadseii, Doty EE LGB P peR b R ocfps PR BT e
target by st dabda) g Rirdbmsihbred Sfluokdphorsmid/drieaginiest Qaier exsahplecofamicdstidean be
det ect ed by t hods known inp the. ar S ern hlo or cDNA can
al so be det e@ywwo‘?ﬁssﬂséﬁq ‘%Is?ﬂ'@fi“b 892402626[@8%%q533§8e§.’é24§§§ut hern bl ot
Northern blot, etpcR ifiadtiet Reshsifor defeafitl safll adloudts. of tarhti6lelAdcidsl(aR] Ng: A
Laboratory Manual " (New York, Cold Spri n% H_alggor Laboratoréi. 1989) (e.g.,

wi t hout PCR &pMullizetel oMyt Exrygmeh£1957) 1 - PapiiR. 46851 82884 D m nR
usi ng aqpoly NS E hi : : | :
el ectr opor e s NOSLBEPAAT B8 peftilebhicR0gh That ASBRARL Gl Afkcbhilclei
ni t rocel | ul oseids Gndesisdd td peimp therreaction Bee reioposseah, be eemposedef seguepcobe and

washed to renpve an A ridize ohe. . | exes Nt ai faj | abel ed
probe can t hwﬁﬁ'eor%d%}dégg{%g‘? P “ﬁ%&@é‘eﬁ g?sﬁﬂ%s%én’p IP&%II c@?ﬁ%%%g}é EF &
performnmed on tirfe biPhndai OPCR RetiRds, thdneplitied tasget Mnelei¢weidekart bedqealtadr ase
chain reaction is described in Saikj et. al. 985 0 Scj ence 239; 487, and
a review of mMmethefs kA ipdl afec-Bo ‘?rﬂﬁ’g&n‘ﬂ'?‘&é@re‘%ljﬂg.c?n ai,% I%S(éﬁffe%f?d ¥ oni ng:
A Labor gbory uhias blothigweckRighiss (68!, Sowdhdrh Blbt, PRI blot, etc.) described in

Sambrook et al., "Molecular Cloning: A Laboratory Manual" (New 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 support, such as
25 nitrocellulose. The solid support can be exposed to a labeled probe and washed to
remove any unhybridized probe. Duplexes containing the labeled probe can then be
detected.
Methods using PCR amplification can be performed on the DNA. from one or
more cells. The use of the polymerase chain reaction is described in Saiki et al. (1985)
30 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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Laboratory, 1989; pp.14.2-14.33). A detectable |abel nmay be included in the
“anplification reaction. Suitable detectable |abels include fluorochrones,
(e.g. 21 fluorescein isothiocyanate (FITC), rhodam ne, Texas Red,
phycoerythrin, allophycocyanin, 6-carboxyfluorescein (6-FAMV,

2", 7" -di net hoxy-4'_, 5' -di chl oro-6- carboxyfl uorescein, 6-carboxy-X-rhodanrine
(ROX) 6- carfiusxsscein isothjotyarite, (FITC), mc&mﬁaamemaﬂddume@Wﬂm EX) VA,

o car b Rt oMb stk A PUSRIRLsRaSRBRRYL e 9o 0
o s oo s B ke < gl [
speci fic aﬁtl}eﬁﬁfé‘% ﬁ%ﬁseemmg cg{%gx ‘WEESF%“ gaélmg Egﬁ{ ‘ugat ed toa

detect al e |ig@@heth yI-Bb&rﬂo% bm@gm»gﬁaﬁdcdvela)@g @'g.,bBp h35gf 3 he
priners. Alternativel ool 10 nucl eoti des use |nthe anpl i fication

i's |abel ed, o), agdthéliéhc&edebe&mmetww&eswm@,whpéetb&mplmwbatldw product .
I n one enbo I il PCR. RNA
is isolated f0 %gd?ﬁSﬁﬁ%@snfﬁﬁé@Qﬁ@ﬁp“ Pgﬁédré?a&gy gire ii(?’aarrpl ify
t he specifi Gpegﬁmmubbdwslte&:r,mre tRCbinding partrier isccongugdtaiuocardeta:tabdmhhﬁled using a

dual - | abel ed1 our en| C lLgonucl ept i pr obe. rob eled with
two di fferngh Ei?behj ﬁ?nju%f} §‘9°?en°éb881 g}eﬁf] r‘Aé% ?lyd pé’ﬁijgfhe 3
term num querﬁmhbﬁ@sﬁiyﬁ mmeampqxﬁb@mﬁusﬂlam&d, gagad ‘iﬂlﬁrpoﬁatesmb debed thtb chebe

honol ogous tolﬁ i ntern target sequence present in the PCR anplicon. Wen
t he probe i STHHGA{ON BL by transfer occurs between the two flourophors,

and the fl uorescwbn@émm&tle&pﬁbﬁ&ﬂwlsaa&éea%yhﬁﬁgeeﬂﬁﬁﬁamwmase of
PCR, the probe is cleaved by 5 " nucl ease activity of Taq %gnerase

Ther ef ore, tiRéolaggddramen sqmepleef intsregle PGRprgnek argidesigned te prapky megeificand t he

I ncrease in | RS g;ﬁz%;) Yabmifrod for
detecting Fzﬁ%ﬁﬁgﬁ‘?g%?oﬂéﬁﬁ@%a@g Hisefé"e ]ﬁlg%ﬁpr v{i‘%ﬁdal nédt1he Exanpl es
secti on{5 bel fiaurogkhie qhgonmlestldaambel Tbeptbbe wwdabeled withttive diffeeciidtisirestant exanpl e
RT- PCR. Thi s, as prov n j.ve .25 rrea ure of ucl ei c aC|d In

ot her enbodi & %@%%@PH §ep8$%rq§ 594%‘33 %ﬂm‘&e‘t% Eg‘ﬁcer cel |

det ecti ng exgligefsdlédiideprobe Rselectedito(te hgmologod%z&aﬂ mtd?Za[th&getWeqﬁemad/ or )Vntl 1

protein) that is dlfferentlall%@ ed by the cell. Any of a variety of
known net hod¥eeahngke PGR agplicon ¢ 15 IH@pty eficFy tEi’Eiﬁf%BP°“If$ BStvesR t o

met hods t hat e ﬁ&ﬁ@;&ﬂ%@g Q&ltﬁ@ﬂﬁ&@&%@&t%ﬂﬁsmoﬁl ﬁeﬁa{éh' PrfhE thxtdRiohden

bi ndi ng fragnents thereof, e.g., as Is usefu
20 phase of PCR, the probe is cleaved by 5' nuclease activity of Taq polym.erase.

Therefore, the reporter is no longer in proximity to the quencher, and the increase in
emission intensity is measured. An exemplary method for detecting FZD expression
using real time PCR is provided in the Examples section, below. The primers can also
be used in other methods, for example RT-PCR. This assay provides a quantitative

25 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

30 compounds, e.g., antibodies or antigen binding fragments thereof, e.g., as is useful in
ELISA and/or Western blotting methods. Such antibodies can be polyclonal or
monoclonal and can be labeled with a detectable marker (e.g., fluorophore,

chromophore or isotope, etc). Where appropriate, the compound can be attached to a
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ELI SA and/or Western blotting methods. Such anti bodi es can be pol ycl onal of
nonocl onal and can be | abeled with a detectable marker (e.g., fluorophore,
chronmophore or isotope, etc). Were appropriate, the conpound can be
attached to a 22 solid support such as a bead, plate, filter, resin, etc.
Determ nation of formation of the conpound/target conplex can be effected

by contactin e conplex wt further . compound. (e.0.,.a secopdary
ant i body) thgf’ﬁ@%@@’ﬁ)‘lf’ 2 %ﬂb?ﬁr&nﬁlgtet@%%ﬁ%% s e&“&ﬁﬁ’%ﬂ?fg“(%?m“%ﬂg &x). Like
the first corpapshd/tirget dothipled @lin BdTROtA By Edtlackify GielcaMPRA with adudiedri d 5
support and/or can be |labeled with a detectable marker. The materials needed

) rar k
to performt weme@@é&s-g@asm@#@a@v&e% Fl?abﬁftﬂ’f"ﬁé‘i‘lb’l tﬁ“‘l?a‘?lﬂlﬁéifstﬁf”al??‘ﬂ’é(foras part
of a kit. Th leampfesaf Iliﬁé’ﬁi@}ﬁ&s@eorﬁwuh@,%e RRRYcERBoltldlcin bOLdRdaE hisoigy t he
presence and/or a level of a g@@(()1 ynucleotide that is differentially expressed
in a cander sugrort agd/oyean Heylahgted enithi agisteotable markRXA encoded by t he ,
differentially expfe ( ' r I . | encoded
t hereby, in a bi 0%@%@%%&%3@%&:@0 é%g%[gg‘grd gtéwoli}m ng d?ﬁeesgrelf))% %%%g%éﬁq%e
per formed by pedvided@spart efxokiat Thuk,dhe ineeapion furthei @bvilesians féraleteeting theredi cal

practitioners or priyate individuals. The kits. of .the invention for

detecting a pﬁé?%éb&?beele}éﬁé’tﬁ@ YW?CQHMH%@?%@W%B expEgtsefl N 4740FLr ent i al | y

expressed incgy (‘e?’.',qglrde&%ﬁén of FRYNTAQA RIS By 1D tiffeYentiSlYCdkpRssedigeddfi body, that
nds

specifically bi the polypeptide. 15 The kits of the invention used for
detecti g a peespsthand/ora priynentde gngoded thegsby iniadiqlogica sgsmnle sRrgeqdurey cancer

cel | ey COMR:3 e R cEh Yo pARImSPEAniciRbokaAY bilcaREniiic,

pol ynucl eot ) I't may optiondlly provide addi'tional conponents that
are useful imedichkprpetitionets peprivatelindividepls. elhg kits bfithe swventiosdordetastingja r eagent s,

| abel s, react] rfac : ! . npl andar ds,
I nstructions ,pogﬁ%}i{ldﬁte @"P@?%?X %ﬁ%cieﬁé%gﬁré&t? ! %ﬁ?r@%agﬁ}%%érgﬁesﬁ@ﬁﬁanc\?g%{r F%l% further
rel ates to neidyedmprfe dadietyt such adarpatibedynthatspedificyily dirids cheqrolypegtideopl asti c
condition in for, exanpl e, ,a.human). D 0Si S, as.ysed herein
general Iy i nﬁﬁggg&gg? l&.‘_?'?ﬂq‘?ﬁflﬁ%lr)fj%qeteﬁ%ﬁ P%WEOE%S%EQﬁ 3‘ A (o a di sease
or disorder, egdftfedintdahes cAPmbPcoMist 8 nofetybthR spedifitally MiBisdak kyswehhect ed by
a 25 disease or disorder, {)rognom s of a_subject affected by a disease or

di sorder (e. golynyekeatidef Teeleit may entioplly mevidesadditiopal sempaneatsithat pee usefb er ous
states, st ag%r?the r&@&lﬁ@fmluﬁfnﬁ, é.%?lﬂﬁf%?s', X@Eﬁﬁﬁé?éag&ﬁQQﬁrelsE ﬁaédﬁg Fs%?é@es and
e. g Su S I 1 I de

theranetrics ., honitori subj ect onditron to pro | Af or mat i on
as to the ef fnmans for deédtionxoytralfsamples, afepdardsCmstrusxionsy had iptewetivet i on/ di agnosti c

met hod izgcl uqﬁ%ﬁna(u‘a. obtaining froma

The present invention further relates to methods of detecting/diagnosing a
neoplastic or preneoplastic condition in 2 mammal (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

25 disease or disorder, prognosis of a subject affected by a disease or disorder (e.g.,
identification of pre-metastatic or metastatic cancerous states, stages 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) obtaining from a

30 mammal (e.g., a human) a biological sample (e.g., liver tissue), (b) detecting in the
sample the presence of a FZD 7, FZD 8, Wnt 3 and/or Wnt 11 gene 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 accordance with this method,
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30 manmmal (e.g., a human) a biol ogical sanple (e.g., liver tissue), (b)
"detecting in the sanple the presence of a FZD 7, FzZD 8, Wit 3 and/or Wit 11
gene product (e.g., protein or nRNA), and (c) conparing the amount of FzZD
7, FZD 8, wit 3 and/or Wit 11 gene product present with that in a control
sanple. In accordance with this nethod, 23 the presence in the sanple of

el evat ed | evdéhepresen¢ezinthe mlemfemeﬂemlﬁﬁ)ﬂmor Wnih gane ppduged | evel s of

FzZD 8 and/ or .. t hat

neopl astic of %e%é%%ﬁ O?g%ﬁci; apﬁfér 6‘fag‘1::1;‘(‘5‘311‘3Ipr?/ <§ﬁa3%s$tﬁ%trthe Suf’%eg f or
devel opi ng ﬂlas/aaneophmmr pr&eifﬂﬂasucdeniﬁmdnl, e.gl livsi cﬁhiceﬁd)ﬂ/m'?dk&‘dr deesleping of FZD 7
and/ or Wit il%r otein and/or reduced levels of FZD 8 and/or Wit 11 protein
i n accordanc 1A he present invention nmakes possible the identification
of patiepts that @h@ldlehtlﬁﬂiaﬁoﬁ @felma@a \dvels OPPZD $Qﬁ%ﬁWn¥§9rottéiﬁfﬁxﬁWr For

exanpl e, a biol ogi cal % froma post primary t erap‘% subj ect (e.g.,
subj ect havi mgiuemlévfejsmﬁ B ged/gn WatbH mreteindn aecedgngegrith e piss@ence of 10

el evat ed | evelisngfn £l Todil @ idlicduAl Lk CAMGELILRY Rliaafl FEP 8 and/or

Wit 11 protein, suc el ng | cat Ive o unor t1ssue.
Simlarly, t |SMZecbﬁhenapanbrregamﬂﬂe, admlogcai eangile fomuarmsiqainhary therapyed t unor

(e.qg., peritu su can .be exam n nof | uog escence),
the presence s{ﬁ}ecg eé%a? %y&gémg?rgﬁﬁur-geryg l??rng?e%Sforatﬁ]mWenF%ﬂfjced | evel s
of FZD oand/efvatédilevdld of FZD Ftani/er Wart 8 B/ draeduded RuélSbErID B afd/e) Whaeing

I ndi cati ve of potentlal devel opnent of disease in this tissue or inconplete

removal of t REOteinAYeh leyels beipg }Hidt°9t“t°c9f resiyal tpmostissye. prmilanhy, HsWakes it
possible to Subj ect s
Cinder goi ng . Faeo@ling 16 AR e Bt iRy Rincbd ey B oot oy,
can al so be rerkininedti(e.g. thyampupefuorescénae)s thaptesence pbetectadiewlslyf&#ZDs7 of

el evated | evel D 7 and/ o t d lL.eyels of FZD 8
and/ or Wt 1fn@8$§@f?ﬁlacp8ra{?€l{fgég\/\qf ﬂé:ﬁgg c?gr?\%lnélglnﬁiﬁthvgéo eatnent. Skilled
practitiiener %umdnkiu@Itﬁ@eabaﬁgmdﬁhmetdipbteﬁﬁan&vebpmfentccﬁmseise u( tisGissuel drver
cancer) for purposes of optim zing treatnment %I mens cang@ﬁ? per f or ned

usi ng the netHogPIRRsEIoOVYN thedumpen The gbififyto 1498?‘ Heh pasients gekes it yi ng
Conpounds Ca P rAkects andBRidngds for
screeni ng te@tﬁgjlﬁe%gtﬁ%g ek gﬁﬁgﬁﬁaslogsﬁtpg&%fﬂ?fe%%@%ar%ejr&@ I.lg. ., I ver
cancer. A tem—smwpbtbﬂdpy,&g ;¢bernothiseny dygadidtionitherapyycancadsmbo moditetedt can be
screened ust g, LG IEL 1008 FRS LLASTHRSL of fenfe8io BXAPREE faek W 100TPOUNd
can be, e.g., @ emari’ r‘g coor noraanlc o FESE R

20 and/or reduced levels of FZD 8 and/or Wnt 11 being indicative of the need for

continued treatment. Skilled practitioners will also appreciate that staging of cancer
(e.g., liver cancer) for purposes of optimizing treatment regimens can be performed

using the methods described herein.

25 III. 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

30 1,000 Da). Alternatively 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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30 1,000 Da). Alternatively or in addition, the test conmpound can be a
pol ypeptide (e.g., a polypeptide having a random or predeterm ned am no
acid sequence or a naturally- occurring or synthetic pol ypeptide) or a
nucl eic acid, such as a DNA or RNA nolecule. A test conpound can be
naturally occurring (e.g., an herb or a natural product), or 24 synthetic,

or can inclu P&B?ﬁ&%dg?&?h&m&%& hﬁtﬂgﬁooc&%ﬂ%ﬁs ﬁ&&%@g&fﬁﬁ%ﬁ'd can

have a formul vvel gﬂt 0 an about” 1 rans | ess than
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i nor gani ¢ corfSoun or gan ror'ganone mpound), an

am no aci d, amtbmnmhdlcm‘i&l ﬁg,examplé,;&mwﬁgaﬁeormenghmcloasmpmhdcegﬁ g., peptoid),
ol i gopept [ de g fcr om about to aboyt 25 am, go aci ds in_|ength,

preferablPy fr F?f of §rgagomefallie cqmpqugd), an aping acid, amyeo acid analegy
preferably 1%)01y%5pt1d@rpeia§d&iﬁh{%ﬁc e&g Gseptof), cﬁige;sd@hde @lgc IR Atsbat 5 fLBb@Ot i de

anal og, polynucleotld pol ynucl eot 1 de anal og, ribonucleic acid,

deoxyr i bonucl7é|aé11%€b4°éﬂs m bnatht preErbly fsm g*mm;q ‘@@puoaéZ tnifamineacidsiBichar i de,

I d (e.g., dsfi tion
t Ihglr eo1g . ‘gll'he lé%g?g@e ant %ﬂl)séonal%%ﬁﬁogc}n Bﬁ‘ %eiggth? B?&wﬂ};’ @%ﬁégﬁd&éﬁl‘ﬂ%g' (e.qg.,
wht / FZD 7 sm@t}ahdergﬁde;mﬂwuclbmdcamiogrrﬂbsnuctm gcidp depxyribommdleicacidit pr ot ei ns

bar €1 2119 or sphteaft epfusisphds Hits HeqrARIBIE B, b Sitlhectg W aho P ine ] r2o 7

signal i ng) adatiEf$d)oLshyl cdmbitation hegays for Wit/ FZD signaling (e.g
measurement of (3-catenin |levels, oncogepe ex reSSJ on contro d b,)/ Tef and
Lef transcriptionThaterBs Angeowet oF t PEW) E‘ﬂl (&8- ?’%’é{% B%d gene

products). | %M&ﬁg?fe?er‘t@%ﬂdﬁ&md@thﬂt €. a%&Whﬁﬁroﬂiﬂs?&g eWn@QGU Bfd/orM§ or FZD

proteins (one exa an anti-Wit3 antibody is described in the anpl es

section, bel @ay/orF rmptpm(ea 18P endiorarrtiafly onfetaly blogk ex ishibit, WetdiZl} al | y

occurri an t ies, small
chem calng gc%%lmﬁghEvdwggna@@sag%%%ﬁ%ﬁnm@% |‘a‘§h itors or

ant agoni st s aignaliteqe.gi, bedsuremend p£P-datérin levddelonmgetﬂ é)npmsslemcmﬂrom}isby Tefnpounds
25 In certain di_ ment.s reen of, t nvent.ion utilize

Cor ot oo ot R TR R SRES g ool SR L BRI e ounas
(e.g., as a Pwduuus)e I8KibiA6rs irhipe] &) dnyibsdipairétedlagaingi WntlordHZIXproRaisnds)

synt hesi zed from varjous conbi nati ons of qne or-nore st artlmrg conpponents.

At | east somdorsexample of amanthWathantibody ip despribed dnths Examplgs sectionBelgyit he ot her
conpoundgy i N i OfFiddivaFsin¥ of Wt bPFAD Yrobedit, hddirhitifGocurfing and Smthtle lighhds,

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
25 In certain embodiments, screens of the present invention utilize libraries of test

compounds. A “library” is a collection of compounds (e.g., as a 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 compounds in the library. A library can include, e.g., 5, 10, 50,
30 100, 1000, or even 10,000, 50,000, or 100,000, or more different compounds (i.e., not
simply multiple copies 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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30 100, 1000, or even 10,000, 50,000, or 100,000, or nore different
.-conmpounds (i.e., not sinply nultiple copies of the same conpounds, although

sonme conpounds in the |ibrary may be duplicated or represented nore than
once). Each of the different conpounds will be present in an anmount such
that its presence can be determ ned by 25 sone neans, can be isol at ed,

anal yzed, ang{ar. egﬁ#,gg r’% i Mﬁaéd %ﬁﬁ%&ibﬁng%% g&?%t&f%t? a re%r tlaleor sIHﬁbf%Ct uaI

quantity of each conpou S pr sence can
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conpounds ar%gcg ﬁ'ﬂl Yaﬁygu‘?ﬁogﬁelﬁcg‘la}wo‘éﬁﬁﬂ?fgﬁ%iaﬁawyé &2’ anounts, for
exanpl e, an tadsmulagle@form&uoﬂ,ldé&am:eeindﬁna@a@ Rdwaee OMi¢h ﬁaﬁo@ﬁduﬁﬂs g detected.
Li brari es can include both Ilbrarles i ndi vi dual coppounds pr esent

subst ant al |Rfes§Et 1 agnigfyrednsybstanggl yceawamhmmﬁems, m&ampkaaemw‘altﬁqaﬁn
synt hesi s 0rpi¢dicolfiAT achtmpBirid cal 8ftbn BEIBLMY. Bitghrids it ERde BRI Hirdliddd

substantlally equi nol ar amounts of each desired conpound (i.e., wherein no
10 singl e cosividual sompeinds(e.g..mreskrtsubstantiallyasoingle typaef eonpovnd-per-

[ dent {11 cat | o0 Haal o b mBSIRA o] SMRIRI bndl) BBy oSt comPounds

can be screened’ I ndi n-examnp arall el
screeni ng i scoatahiigg subltiraiatii pqmmdlaugnanﬁs&ffbaahfdeklmdgﬁrdpodnfcb(u eewhefeichen cal s.

Such Ilbrarle of candi date n be er ur chased, e.g.,
rom 150Cher AREISEEINp IO DPLGE Lo RRIGAAII Dy Begtiphpt an scive’

experi nment atdoﬁﬂ;oﬂﬁﬂhl%%‘t@@ﬁﬂnas@ i dence can suggest a class or category of

conpounds of enhanced potential. A i brary can_be designed and synthesized

to cover such a Jiestsomppunds esn hecscrpeneyindiviguallyos inspagallel oibpxamn? Pl | i brari es

a0, oo D oGl A IR e SKCE O W5 offhenalt, SRECLT L

Acc Chem Fldsane(s boeaylida®:compounds pat becgepgratRl onpurct@sedpe.g., fomP. ; Tenpest, P.

O SRS S B AR, P oGt ™

V. Acc. Cherﬁwd@ﬁ&e caﬁ% 3t adPisd dricatdgoiyens c&i’n (ﬁﬂ&mf eSB&hcecRpMent(a]ng&'fﬁbrﬁ?

Bl ondel | e et %I Tre S An%l ng1 5) . 14: 8 Chen et al. J. Am Chem
Soc. (1994) °% e deseeped gnd gynthesi teﬁf"éesu Blapy of c - 899, and 5, 288, 514;
PCT Publ i cation Mgg sym&?s/omea&mmma%@ﬁ%veummgzn 2MOBR/ BRR42,

W04/ 08051). Libraries of conpounds can Bre pared according to a variety
of met hods, redigyed 6PG,M+,&MaG@deﬁ9W4 JrM%@ ein- 11994 B 7:3&0pA0d ; ReWdh| i t - pool "

strategy, Cars.t}f%; Czarnik, A. W. Acc. Chem. Res. (1996) 29:114; Armstrong, R. W.; Combs, A.
P.; Tempest, P. A.; Brown, S. D.; Keating, T. A. Acc. Chem. Res. (1996) 29:123;
Ellman, J. A. Acc. Chem. Res. (1996) 29:132; Gordon, E. M.; Gallop, M. A.; Patel, D.
V. Ace. 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;

25 U.S. Patents 5,359,115, 5,362,899, and 5,288,514; PCT Publication Nos. W092/10092,
W093/09668, WO91/07087, W(Q93/20242, WO94/08051).

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

30 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 editien,
Springer-Verlag, Betlin (1993)). To each aliquot of beads is added a solution of a
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i npl emented in the following way: beads of a functionalized polyneric
support are 30 placed in a plurality of reaction vessels; a variety of
pol ymeric supports suitable for solid-phase peptide synthesis are known,
and sonme are comercially available (for exanples, see, e.g., M Bodansky
"Principles of Peptide Synthesis", 2nd edition, Springer-Verlag, Berlin
(1993)). To each aliquot of beads is added a solution of a 26 _different
activated ami ﬁﬁ%@}t&?u‘@%%@%&q@%“@ms ate|aljoiued EO(PI?PP%@é’éFI‘i@) yield a
plural i ty of IRy b afloiitidd A difts, BB &bh Rk RREL AR argasebs The
ali quots of erivatized beads are then washed, "pooled" (i.e., reconbined),
and the pool d@erivasiaebbeads ara dhen wadhed; ‘beoled'\ji.e.nrecersbined); and dhe pvol ofpepdsdeed in a
separate reaction el : . | . ] dd LS.t ded to
each al i quot § oeags. ’#}%&%g%r@j%ﬁegﬁk%gﬁgS&?a&%g%gggg%fﬁﬂhgﬁpth%ddesi red
pepti de | engt hctivatedianoadd isThen addédrto esvhiatiquot of beads Hebdgcle af synéhmsibissynt hesi s
cycle can be randogi .Sel ect.ed; .d";ll ternatjvely, amno ackds..can Qe sel ected
. . I ehtide JengtiLis opiamsd. d fe3idfics b .
to provide a "HI°aE HXt‘I pizgd peptide Jengthyis opigined., The amipe agid geg St i ons of
the inhi bit Oleadlf §nthedieEiichstal 88 randtrdyTEtlécted aBemativelypimitiodeidaeanibehi bi t or
havi ng known 10 structural si.m | arity or honology to a known peptide capable
of interacti ngelftehiogrovidan iised, libeary e.g.cibrank thikich pertain Rastins ghthepody
antigen bindi rﬁ&gﬁk{r@m defecttll hbn-RRIGRIR! €| B pifidel dAdhniBitodndGiny Rddwat ¥ O
peptidic, peptidommetic, or non- peptidic conmpounds can be” readily ‘
gener at ed0j n tshuciurabsimilatity or berhologyto elknown peptide gapabla of itaraating with ahi brary of
peptides, e.g.... ul aters 15. whi. ¢ 10 .01 ' y of
t est conpoundg n%l#&? ’n‘le'g i ﬁégfrll |t101%.1°%r11° %ﬁggﬁeﬁﬁg‘%ﬁ%ﬂg@ﬁ 3 T?/{e)‘g@?/n r?t% ﬂ%ﬂse&ét?&a
"diversoner | ithut amyde vasietyrof pestidlid) yerttideminmitio,ant nof-pejstidhicscobedibds caebe al . ( Proc.
Nat | . Acad. S('IJ_I 4 U SO A ecgi% 6909 (1993)). O her synthesis nethods, including
the "tea- bag" Fa9UREFRFIAISLIR S Wg¥t en (see, e.g., Houghten et al., Nature
354:84-86 (1991)) qB&“sHlifPodyestthty chPresilith A%ibtatPof deplidts] &8, RbdlAGROUNdS
according to 20 the subject invention. Librari'es of conpounds can be
screened 1o deathighraan be uprdite preparn ¢ libmmbefitest edmpounds ofjthy igysntinm i agoliesi r ed
activity, andgyl , I: e Rl wls ' f eeni ng
combi nat or  al ik Efk sybBeh oS vidorIBbAG it FoRBEH) 8 melelLaP RV °T 0
Chem , supr a) et So(Rrbé. Natlodpolifia. UiSk: 89:6%09 (2203)b Otbarrspathests thethedsf i nity 25

chr omat ogr aph i £h an, ropriate receptor ,to isglkate |igan for the
receptor, fo?{?cmﬂm%ﬁ %%g?ﬁ ﬁ?cilhglﬁfl? %ﬁi%%g?ﬁéseﬁseoq‘%&%‘gﬁ R Stg‘adgé?ﬁe
conventional 364¢BM3qUEM1])eaf) also BaGad tossyfibbdifTibiriries ofbdmpoandt dcbwding ke) .

| rmobi | i zed conpounds, can be screened b
20 t}gpsugjjgct mvenrt}on. y

-

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
screening combinatorial libraries have been described (see, e.g., Gordon et al., J Med.
Chem., supra). Soluble compound libraries can be screened by affinity

25 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,

30 ° luminescent compounds, and the like) that can be detected to indicate ligand binding,
Alternatively, immobilized compounds can be selectively released and allowed to
diffuse through a membrane to interact with a receptor. Exemplary assays useful for

screening libraries of test compounds are described above.
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contacting the conpounds with a soluble receptor; preferably, the soluble
.~receptor is conjugated to a |label (e.g., fluorophores, colorinetric
enzymes, radioi sotopes, 30 |um nescent conpounds, and the |ike) that can be
detected to indicate ligand binding. Alternatively, imobilized conpounds
can be selectively released and allowed to diffuse through a nmenbrane to
interact with a receptor. Exenplary assays useful for screening libraries
of test conpounds are described above. 27 Screening Met hods The invention
provi des net hods fSnreangterMethydsng conpounds capabl e of treating cancer,

e.g., liver cancer.. Al though applicants. ds t. intend to be bound .by any 5
pa?t i cular theory W€y lﬂ’gp{ﬂvﬁfgﬁ)wt@%ﬁﬁs f%@%@%?ﬂ%@%ﬁpa@%ﬁn?gﬂ%ounés
are thought tancemelyl Bi& camRei Altoalh ¥pplidantd My dot &R tgBabbuid y@n@- . by
binding to FZD 7, Wit 3, Wit 8b and/or Wit 11 pol ypepti des and/ or reducing
(e.g., prevenpitfigplantpgory-aqio thechiologigal mechanisar inpelvesh puddyremppunds predhignebl si on of
FzD 7, FZD 8, ' f o
todbctn b et ( Wit PZBSignir (3P 8¢ biralls b FIDRE 943 Wt

i nvention, screening for s
i denti fying f Boadéorgioiuld. polypeptidss andforpedmaing (¢-popreveritiag) WntBZD-mediatgdzD 7, Wt

3, Wit 8b and/or 1 pol ypepti de a7 €1t NC e or decrease)
an interacti oﬁgfﬁ%mﬁa‘ff% (g)oeg‘ﬁffs??%oq%gh%eg’y ?t3\?ﬂﬂé/g§wnaﬁt 8b and/or Wit
11) alnd/ or rr?dul ahle:efthinespgcﬂslﬁﬁﬂﬁ?ﬁe@eminvdﬁiHth ?ﬁ:/s@)ﬁnfgffﬁlmﬁellibmﬂoﬁﬁdsaﬂd/or”
transl ation of FzZD.7, .FZ It 3, wWat nd/or Wwiatl| 1; and, optionally,
(ii) further e ligied 5D & 6, gé%groalsoftatﬁ%rv?mawnﬁﬁ}m@at Pate Wit/FzD
si gnal i ng, 'r edypDe, GARGEWNE S AndPd Wt 11 Yolyp&shide Bnod¥ats Ble McheadCdr\dabbAR) ON 1N
cancer cells and/or to treat_cancer in vitro or in vivo. Test conmpounds
that bind to fyibteractippbetweeniD Fignd ielligand (g, Wnt poWpbandies ¥t dbamdiere  an
interaction b | hgand. . r Wht
11), or noduﬁitg@g@r(g%gggrf%? gg?]écger?gl) or trgtﬁosrﬁ%gfl/io}é\ﬁ&gfm ‘ﬁ%%%&%@’ Wit 3,
Wit 8b, and/ oWr%) Weitt8b ahd/oa it} lg fusd, optibnaldy, lGid) ferther dsstitg sust icdmpeundsfor - cancer

agents. " ndj,dat e..anti -c e nts further tested, and.foupd o be

capabl e & rolier apig e OGS By 2D et e cnsdt oS ARt Bt ng
cancer cell nedtédih hotumuREUE & dadcet 3é1RAN 0Pt6 Gienbander Mvitrd of MVER! Tegtl | s  and/ or
treating cancer are _considered "anti-cancer agents.” In the screening

met hods of t fnpuadethet bind \ofZAlhh Wit Wi §b andier WotHradypepidesmodulate e, but
do not necessgf jnkofadtidl Betéveert PZB G anld 8 1iSHd (Qg. IRne 8, vhEsy Rl nt i DEYr ar e '

anti-cancer agents. Assays of the present Thnvention nmay be carried out in
bi ol ogi cal sampiulete trhesiriptiorand/qyitrapdation o6 RED dn FZbY 8, Pnt3,/ Wubsts etd/orf r ee
systens.

20 Wntl1, 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 vivo Wnt/FZD
signaling, reducing cancer cell motility, reduce p-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

25 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

30 Wnt polypeptides, e.g., Wnt 3, 8b and/or 11 polypeptides. Binding of a test compound
to a FZD or Wnt polypeptide can be detected, for example, in vitro by reversibly or
irreversibly immobilizing the test compound(s) or the Wnt or FZD polypeptide on a
substrate, e.g., the surface of a well of a 96-well polystyrene microtitre plate. Methods
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In one aspect, the invention includes nmethods for screening test conpounds
to identify conpounds that bind to FZD pol ypeptides, e.g., FZD 7

pol ypeptides, and/or to 30 Wit pol ypeptides, e.g., Wit ;3, 8b and/or 11

pol ypeptides. Binding of a test conpound to a FZD or Wit pol ypepti de can be
detected, for exanple, in vitro by reversibly or irreversibly inmmobilizing

the test conpqund(s) .or th Wt . or poI epti de on substrate, e.qg.
the surface o&"a“’&%‘%bl‘lzb‘?g@ Q@FPncb?ﬁﬁ? H]F?:?rﬁt“feﬁrkémwg’c@e%t hods 28
for i mobili zImgemipw%ﬁ&mdﬁéplaeﬂc&tﬁa%bamtﬁaszeﬁ WD o@?é’pﬁﬂ@'b in
the art. For exanp mcrotitre plates can be coated h a FZD or Wit

pol ypept i de byhmmghdetln@ splatigmeaynialiy, at a cencsefration 9R0.08 ol maimlynaat 2
concentration wel |, and

I ncubati ng thé’Bic ao(e%g lta(l)t@ P}) tg%éciﬂewrr%fé}?gdtlﬂ(\i@ht Qél?% %eraogl)tegr{lé}en a%ount of
tinme, e.gs, faF @foiatgweﬁ@mhwmﬁhml@mg/pﬁap@ﬂdce%hmm Relypeptides notrtteupd tat e can be
renoved by sh k|

pl ate (once o pg%%ﬁ?% SS?‘%(V)\%W fré)%f’gsg&ﬁﬁ(lﬁa%&m ﬂ?{]pg?t%&%%a m%%éh&g the

pol ypepti de i $hd plate (6Hce br Rpeateddy)ithrwaterldve a Phffdre Topioallyh) e poBpemiEbatinwi t h a
buffer that |acks the bound ﬁol ypeptide. To block th fr@g prote| n- bi ndi ng
sites on the piaiiresabpffer; dbep W%@ﬂﬁpbemﬂwwtmatwfaﬂﬁwd% febaund j 5

unrel ated to EB%;&%@dTo Bmcxﬁﬁaiéeqkﬁoteﬁfa{ndﬁeg%m&thégﬁtempmés caﬂee/meaceaer um

al bum nutes (BSA) 'at a concentration ri s-HC1 can used.

Sui t abl e 1@ ubs t¥ithtapyoteinthatdeunrelated t@h@b@undmelypmdﬁ Eeorrexample230§ad pf’ned
| i nki :
cross-1inki ”9 %@E@rﬁrﬁ aYbu(n?mﬂ s ra?gtfsa cp}lge‘}]{q@%aotrgg%%%glygﬁ%oﬁggﬂa%{&yr ene

styrene, or ypro ene nmbri dge,
MA), for examulml) Suit&blelsaﬂ:strwtds meiudlesthpsmsulbsd:t’ates thet gpnfaitbedefmdd engss-lirda@ngor beaded

sephar ose, can,be. us as t.he. bstr ounds can t hen be added
ot he.cont ed TR s B0 AEATES SRS PUVTREn: SBRGE SHP PR Toopt | de
(e.g., at 37Csitraes From Gotnii Wostir Cokp.{ChinBiideCRIA) | foféxabifple)] Ifiesiredsa

descri bed above., Skilled practitioners will appreciate that nmany variations

of this et hdartigleec.gobeaded agargss pr bspdsdnerharqsaesaphe iisd ag the spbEade¥oat i ng a
substrate w th, dﬁc&ﬂldge&&th&%eﬂmedimacﬁ@coa&ébﬁ&éﬁﬁlailowédt%%@adﬁememwes to the

substrat e- boun onpound I ndi ng of FZD or to a second compound, e.g.,

a test conpoulintdelpeptisede.gantdreC far 0i5o- 12 boims) | Thy nlate cancthen( e tinsed=®D 7 to Wrt
3, 8b d/ ted b
R

specifically netide aropassibBlEDFor exdinple, the mefief icardiaclude eaoatmgm suhstrate watha25

anti body or an ntl- t ol ycl apal .anti:Wht3 anti hody

Goscr badt - loshraned paladoiig Wi PR poBBREE o e B Se ot

desired, the anti bBihdipedT HZB or Wnt to a second compound, e.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 Wnt polypeptide (i.e., an anti-FZD
25 antibody or an anti-Wnt antibody, e.g., a polyclonal anti-Wnt3 antibody described in

the Examples section) can be used in an immunoassay. If desired, the antibody can be
labeled (e.g., fluorescently or with a radioisotope) and detected directly (see, €.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

30 or anti-Wnt antibody). In an alternative detection method, the FZD or Wnt polypeptide
is labeled (e.g., with a radioisotope, fluorophore, chromophore, or the like), and the
label is detected. In still another method, a FZD or Wnt polypeptide is produced as a

fusion protein with a protein that can be detected optically, e.g., green fluorescent
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| abel ed (e.g., fluorescently or with a radi oi sotope) and detected directly

.- (see, e.g., West and McMahon, J. Cell Biol. 74:264, 1977). Alternatively, a
second anti body can be wused for detection (e.g., a | abeled antibody that
binds to the Fc portion of the anti-FzZD 30 or anti-Wit antibody). In an
alternative detection nmethod, the FZD or Wit pol ypeptide 1is |abeled (e.g,
Wi th a radi opse:pBfhich Eéfpﬁéﬂé%fe@unﬁﬁrmgh%rIﬁ1an‘aft¢ﬁlﬂﬁrelrﬁéiﬁ()d1 f@nd the |abel
is detected. In still another nmethod, a FZD or Wit pplypepf|de i s produced
as a fusi orPobyneméide isproduced ps ofusion protein vathrimigazyane hayingd defsetablgl |y, e. g.

green quoreghQ?ﬂ . 0ot e ' . . light). In an
alternative ne ng,gg%tﬁé& %igﬁfé)}ggjts% %&f@r%ﬁ%a%ﬁ%@%f@%pﬂé@ﬁﬁgs%% protein with an
enzyne havi ngplatodasealglwoseokidasat Geneaebdodingyll of these azyher lase hekins h

per oxi dase, gl kaline pho t.ase, ; J3-. | act.osid .or. gl ucose oxi dase.
Genes ercodi %“egl o ﬁg?@gggéwm¥éﬂg%€prﬁ n%’s'(a:ﬁgﬁsérﬁd’atﬂ%lﬁﬁpgpé‘gﬁfll able for
use by skil | & imelaes i atipeh &r epifopéletat dattbe debcted ARl mdase@WvithA poBRlnalncl ude an

antigen or epitope_that can be detected and nmeasured with a polyclonal or
monocl onal aSftRYIRAensk aRipody Heiasm eonyaEtionalangthess. Suitableantigensingledens i ncl ude
enzynes (e. Qe 2o I BSH ' e ' 0 i

Vigal act osi das ejg ggg@gﬁgﬁ? i{]&gﬂrﬁ}gt&:& %ﬁg%f ?/115@61"[& ?g%sgﬁ%%ebé%&r%gfﬁﬁﬁo%%gfb&ngs, such
as BSA and ghanariZymatic polypenitides (e19), sprunt proteins, wale s BSA endgobigdins, and mikkr i ous
met hods, f or J RAN) L ypeptides (e.g., test polypeptides) that bind to
FZD or Wit %rg\%%géf)%h esc;gé%ﬂ\;sg conventional two-hybrid assays of

protei n/ protein i Iiwerieos metheds fon ideatifyiigpolypestides (k.g., t€hipelypeaitided) that Pr oc.
Natl. Acad. Sci, A, 88:9578, .1991; Fields et al_ . U S Pat. No.

5,283, 173~ Pt iR FARSr SRpolesbiifes, (4 eonyamstosaiao Puldd sseissbuar  n ot al .,
Nucl ei ¢ Aci dofBaseael in@dofrs car B9ed Weslal, Chicabt al, PRIONar Ml Schcad.  Sci
USA, 93:10315-10320, 1996; and Wiite, Proc. Natl. Acad. Sci. USA

93: 10001- 100684, 889538, 192; Ficdds o al. .+ S - Fap-O¥a. §,2834 K déeldsapd|Seag. Nedwast i t ut i on
of two,sepa NS . a oy o 057. s otein
ncl udes  he R AP LS MRl el AR o 1 8P T 00% VAR o

domai n or DNProbi NVatindcadofieii US4f93a10205-10%R0st39%6 panidohitea Crax Neg . Arad. Bf. Gal 4) .

for the: pol yBEbT BLONGIeR R BN Y dhetoff B bRERelsp Sy infihvsedieBoReh BE1 | her
B nding of the Eob or WL ool ynent Fde Lo the tear he yRept de or binding.
par t negrJ r ecOn¥pt P@%@Mﬁ@@ﬁ%@ﬁ% B trpnsactivator Q?malkegﬁﬁétp'?@ijm R othe )
transcrjpt i ORards@fGp@bn fdidr Ay, 26 @ﬁi)@%@?ﬂx@?’f_u@i&ﬁ gﬁkéiﬁlgon%ﬂ £RSIpRLpeitide gene

(i.e., areporter gene) that is operably |inke ) .
or a binding partner for the polypeptide included in the first fusion protein, fused to

either the DNA binding domain or a transactivator domain of a transcription factor.
Binding of the FZD or Wnt polypeptide to the test polypeptide or binding partner
reconstitutes the transcription factor. Reconstitution of the transcription factor can be
25 detected by detecting expression of a gene (i.e., a reporter gene) that is operably linked
to a DINA sequence that is bound by the DNA binding domain of th‘é transcription
factor. Kits for practicing various two-hybrid methods are commercially available
(e.g., from Clontech; Palo Alto, CA).
In another aspect, the invention includes methods for screening test compounds
30 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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to a DNA sequence that is bound by the DNA bi nding domain of the
transcription factor. Kits for practicing various two-hybrid nethods are
cormercially available (e.g., fromdContech; Palo Alto, CA). In another
aspect, the invention includes nethods for screening test compounds 30 to

i dentify a conpound that nodul ates a protein-protein interaction between FzZD
and Wht pol ypeptides. A nethod useful for high throughput screening of
conpounds  capRRE refereﬁee% 22 éﬁtﬁ eyl q&@bﬂrypmts%&nﬁdah&tsaﬁ&ﬁ@éas TRegen

transcriptional reéegulators is deScribed’in Lepourcelet” et al., Cancer Cell
5: 91-102 (2G0xypQ aaF\ZDs(etgmcftﬁQ)&tat\Ent(se Wtétté; b, by 1 V)eolypentide orn i ts

F7D (0.4, . oisiapcally st RnGRMRGTT A BB BNRES Y e A B i RERALTC [ °

bi ol ogi caI I yfmnttiwﬁm’tcmgpmuﬁd dridas hbéledA([‘heeseenmdcompqsmﬂnda FEZD(§e.goyFaARd)t hat i s

different fro rs 0 nd .and The secon co und is a
F7D (o g8, FoDIR s oWy 85 BRI Borppideor vilomicily sdive sBemB oot &

bi ol ogi cal | y te%t:édmp%uﬁd BB Hided. MEREHIst cotipoliRE becoRdTBHind ancnest\ébﬂpddehe
first conpound, second conmpound and test cqgnpound_ are contacted wi th each

other. The adwsentagted wifhesach athsw an\‘qfrl%helb%‘ﬁﬁ&ﬁﬁﬁff% compqynd isthent i ned.
A change in p I gand the
second comogﬁ%ﬁggé%ség%%e% %g}&élﬁ? dtﬁ%ﬁ%&?@ﬁ{%ﬁ%&gﬁeﬁ&g euggef ul ness
of the 10 teshe sg«mpioumdound mmssﬁdbydabel botmtdés mdpam)teetfﬂleluscfehwaﬁtqu bet ween
t he FzZD, and R | t ound
orovi de 6 \8@3{ nﬁa%axcfﬁ hof %Fn%g gr%'éeu?‘P{&te%L 1 Hﬁﬁ‘{a&m{nﬂﬁe sz%%d%f”im
resins (e.g. polgpeptids.e and beads) and multiwell plates. In certain

tep, 50 as to scleRtE BOtEHE b BBUIRoRORo e & s ark Sa B0 nent <, a
plurality of sﬁ%ﬁft SORPRHHSLs hﬁ:hﬁléné gcieﬁﬂsw%htgﬁﬂ&@e 4ridroehds) esim@ue and second
conmpound. The fferent test conpounds can be contacted with the other

conpounds i nPi#sufEcegpinsepbedimenty, thy metied ingludestehingstop afterdhe pongactingie t est
conmpoundg is @?&E%ﬁ{&%ﬁa&%&%%nﬁ&h& beiconmpound and the second conpound

in an 20 indi For exanpl e e met hod can screen libraries of
test conpounds. I dwrtameanbaﬁﬁmelﬁsta pluraliiy of st campoutids tuptadted withidhedfirst above.
Li braries can epti des,

o o e ot ¢ Rer Pt B e o comRAltt Ang BTG Se cof RN Eat B nERlel wi8°P |
am no aci ds, ﬂ&nﬁheNcﬁmlhﬁl&idsliﬁ grbupsornsepaatelys In a'qrtahmltuoylunentshmchlobﬂﬁlteses are in

a formco atlble h screeni in tiwell gl ates
P compounds 1Is contacte WlH‘lgbOth ﬂtrcﬂHrst compounﬁ dtGhe secom? compounxl\?nan

20 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 peptides, including, e.g.,
D-amino acids, unconventional amino acids, and N-substituted amino acids. Typically,
the libraries are in a form compatible with screening in multiwell plates, e.g., 96-well
25 plates. The assay is particularly useful for automated execution in a multiwell 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., synﬂtetic chemical
libraries affixed to a solid support and available for release into microdroplets.
In certain embodiments, the first compound is a FZD 7 polypeptide or fragment
30 thereof and the second compound is a Wnt polypeptide, such as Wnt 3, 8b, or 11, or
fragment 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 which the first compound
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25 plates. The assay is particularly useful for automated execution in a
multiwell format in which nmany of the steps are controlled by conmputer and
“carried out by robotic equipnent. The libraries can also be used in other
formats, e.g., synthetic chemcal libraries affixed to a solid support and
available for release into mcrodroplets. In certain enbodi nents, the first
conpound is a FZD 7 pol ypeptide or fragnent 30 thereof and the second
conmpound i s iaaiféched gaml bepept segharosibelndsaSP A\bedds Imi&bsphetes Hat ireorpofatag nent

thereof. In other enbodi pents, .t first c ound.is.a Wit polypeptide,
such as Wistc“g‘, a’gg?r%?‘“if'eehﬂ%&gﬁ@éﬁ%‘faﬂ?’%ﬁ‘gﬁ@mﬂﬂ’@raéw,lsg‘ﬁ"ﬁ%‘gﬁ second
conmpound i s withdu Pwéslaegd M%ii@.fgi,ﬁiﬁa SYintflla BSHBRBXInhiBLiRSY. - SepRfro§®bdads &dagort to

which the first conmpound I s attached can be, e.g., sepharose beads, SPA

beads (mi cr o%shahesthepsny istedemradarit awashing sten. | Hinseeend compored Gaibe pl ate.
SPA beads caipdigy Witk thy G601 tHaPEiRARWit Rtelfdd erg??ﬂadwgéb'apufﬂu%re\e%gb' ng step,

e.g., in ascintillati"on proximty assay. Séphar ose beads can used when
t he assay i sagsak biotingacpeptiddiag onam eizyime SlagmentT HEhessecandcboopopudicad alsarbebe 5

| abel ed with_agny.label thatiili,allowits detection, e.g., a radiolabel, a
fl uorescent ‘@‘é%%%‘?atﬁ%’t"i" , sgnof)e}[]jtide tag, or an enzyne fragnent. The second
conpound can al sdnhertain atdbalih&aes, itk eneyrgatic dstitity P& erym3idherhizallyer t ai n

enbodi ments, the enzymatic activity of an enzy chem cal conj ygat ed to,

or expressedCUHIEEe Hng??‘Pb?smdé‘Fﬁ _ ll}ﬁrofewe}max, tggﬁw%%se BB, is 10
used toqglet egled RPEHIEt BEWRH Prdlein A intElg 35358 Shitia ¥hAdaRd BnBilAdlsAé4l

I mmunol ogi cal nmethod is uSed to detect bound protein is also included. In

certai n ot hemelbpdisdisertintdstect boprd prateiry ig elsp inslugiedwin cerain ether gahodisessts des or

fragments t ' r transfer
(FRET) Dot wes g tf s wRErD poly bR i RORERRES oEREERYy "Lt

pol ypept i de flenrescenca résbuance seegyt rapsfoufFRETe beteadehy doooy igaopidrde covalentsZzD or
Wit, or a variant reen fluorescent protein (G-P) expressed as.an FZD or
Wit - Gep o ribied Wy Benk R ReVEHEE e PG ot i B RPSREHe AR Bea o a
substrate prEIRoNWinihe a@atidhe bEgresn Midrdsadt frofed 8[(GHP) &préssal bANTBZIRoE SSi on
spectrum and__the _acceptor excitation spectrumto give efficient

nonr adi at i veWé'ﬁgFthlW%ﬂ‘é?m}/\ﬁ%‘éﬁnlaf@P@ ﬂH‘Z?PB:B‘]’FSt"@gal%RtB’ Ipksditrd i nto close
proxinity thgguahe %1‘8%1‘1{2 Wb @ 1sQliRible dvahSy St AnH emigGor HocRRA adit

pol ypeptides. In other enbodinents, the protein-protein interaction is
det ect ed by theaespior excitationgperdmvei logivsfefigiens noypradiatize gnergyansfegathgethysi dase

(see Rossi ehydlshofdsGfe broddht Into (6@ roxtibtty aiSigtPthe $ian G 1dRin(iRRékdn of

20 FZD and Wnt 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

25 fluorescence ratio imaging (Bacskai et al, Science 260:222-226 (1993)) of suitable
chimeric constructs 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); Vidal et al, Proc Natl Acad Sci USA
93:10321-10326 (1996)) employing suitable constructs of FZD and Wnt polypeptides

30 and tailored for a high throughput assay to detect compounds that inhibit the FZD/Wnt
interaction. These embodiments have the advantage that the cell permeability of the

test compounds is assured.
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In still other enbodinents, the protein-protein interaction is assessed by
25 fluorescence ratio i magi ng (Bacskai et al, Science 260:222-226 (1993)) of
suitable chinmeric constructs of FZD and Wit pol ypeptides 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); Vidal et al, Proc Natl Acad Sci USA 93:10321-10326 (1996))

enpl oyi ng sui t abl @o?@fh?ﬂ;ﬂé‘%&ne%sa?zﬁmgrmﬁ PR drdReordht Bdgedrdy | ored for
a high througqﬁut assay to detect conpounds that inhibit the FZD Wt

i nteraction erbed o daA platess Thaf&D on Wk polupaptiges arhiien epposedte tepler meabi | ity

Wit pol ypopt | GETRR BUbEeFOPE L ote SRgRRATISD IilpflRedRa RO 1 CO0D o

Wit pol ypept i metsinae. g a IfﬁsSrT EZ@oséﬂlttpolypmrde ﬁxsmutmmjﬂds Bofnfl Ipm/&ed ihy a

&ST- P20 & - By RRET Y kO, BRaPR Prahmat ARy ohp e Seiseflodt oo 11

goat anti - GSﬁg@nindeEmbsait&atbm@uamhﬂbﬂae WﬁtﬂB):oté)lﬁ-lpﬁdﬁﬂl mfdrictignat 1 9G
and AP substrate. ounds that interfere with protein-protein interactions
yi el d reduce&lﬂﬁf%quﬁ%%swlﬁﬁéhﬁﬁ' ISARAtSt es. In still another aspect, the

i nvention provi degy, 5@l RRfer RdpettdBO invEMiol Prdviit meBREPAUALAL tedfodul at e
(e.g., increase or decrease) expression of a FZD and/or W 10 pol ypepti de.
The net hod wnﬂmpdmsis(thnﬁmmdu tede.a., MEEasgrod desreagy)exprgesion of HEZD apdion Watt est
corrpound and asyl X 8.‘1‘?9 t

pol ypept | de E’%gptgﬁ%r ated’ as"gé‘g’ﬁ‘%ﬂé&fﬁ& afbﬁ(}) (? urlgégg%%g{dq%&hv%f
identifying tesrpapndsd ahétien measukiag expfessign of the elicedaEFZID aidor&dste) t he

expressi on of EZD and/ or oly tides by neas ssion of a FZD
pol ypepti de iR° XPﬁBtl‘% ﬁ%@e‘%‘fs‘g‘f’%éﬁﬁg ‘T“gg? fe@%‘FFﬁ %ﬁ%i]"%ﬁégt? e addition of
the test conpsyipdunds thdt sloddlaeqt.k., inkiatselon BELraded) Gk expaSsibaOT FZICAIRRT at ed a

reconbi nant construct i ncl udi ng t he FzD and/or Wit nucleic acid sequence or

fragment or aynkpqlyeptideshy Fé?f‘ﬁ“é‘ﬁg erEeseign of FZD pplygenrtide fn Shepresenropf B8 cel |
line thafs ”attH§t%515¥01§1@|o?Eﬁér‘ﬂ?é MARSR bEMS RSt ﬁoﬁf&%ota)%ell 1ﬁ1&cln&>wcmeasurl ng

the expression of" the FZD and/or Wit prot Since the FZD and Wit
nucl ei ¢ aci dshagbemringospprated @tqqombm@ltb@l@huﬁmdmg thelFZD @mnsijor¥nt misledd oned

0, Vari ous iRblabl 5 iuflne o IR AR debeor] QB BB AMarRTE £ 2 o

fungi) for carry| assays In e cells. In al n enbodi nent s,
an isol ated riureltmwawxallyl seiedtﬁelylelepressexﬁ‘ﬁmguﬁorm and then measunng the

expression of the FZD and/or Wnt protein.

20 Since the FZD and Wnt nucleic acids described herein have been identified,
they can be cloned into various 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
25 or decreases) the expression of FZD and/or Wnt in vivo (e.g., in a FZD 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 Wnt expression or activity in cells that are otherwise
30 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 analyyses using a nucleic

33



and/or Wit polypeptide is used to identify a conpound that nodul ates (e.g.,
I ncreases 25 or decreases) the expression of FZD and/or Wit in vivo (e.g.,
in a FZD and/or Wit producing cell). In such enbodi ments, cells that express
a FZD (e - g., FZD 7 and/or 8) and/or Wit (e.g., Wit3, Wit8b or Witl 1) are
cul tured, exposed to a test conpound (or a mxture of test conpounds), and
the |l evel of FZD and/or Wit expression is conpared wth the |evel of FzD
and/ or Wit esgd mokcaln Oﬁﬂlea'\mehﬁfbrtgs aipnohﬁeﬂﬂsarlemm%srimlmdeFmM@Hnm i dent i cal

but that hav L8381 &O (
quant.itati veﬁn1?1'gr}so??tpr%gIﬂ 222 egAéfr%&slm on ng%tsﬁayb@RR angl ﬁ')@xeﬁ?eél & o?itegf’ °k7D and
Wit can be rmmsng(@eka&gj ﬁ'gebwl-olfamessmﬁmlhdpresd‘nwofth&&ﬁﬂhdecxﬁé{cbﬂﬁpdré‘rhrn bl ot

PCR anal ysi s rotection anal ses u ucleic_ 33 acid nol ecul e
of the i mvenFibfe QIEA"% € Beésmlblnﬁﬁrag é wdfon® g LA shked
| Munosog bengorsouad mlolhlaeéihe e&@dssmnmmmwrmﬁalyﬁéﬁdé | uor escent

activated cell sorting (FACS). The |l evel of expression in the presence of
the test nol ecul eTnseBﬁp @@W%ﬁlwlpmuvwewdwm@hw&mr@ﬁm&festt s absence,

wi Il indicatg oMl oTe pressi on of
a FzZD and/ or ?’#ﬁ}ﬁ ‘l%fe%{ﬁl | gﬁ s§’sjﬂér?lﬂStsttﬁ:?cI%f anot hQ&Baspec?h%%ﬁgeqrggvgﬁitfl on

provi des net trm*sripﬁonswrmlatlml ccmsnonentsmpounds utilizing cell systens that
are sensitive to erturb n of

transcriptional /t ﬁﬁ?latefﬂf?ﬂ‘ﬁfne&téﬁﬁ%ws ?%sm ‘{eclg‘?l}ugfl?ﬁ sangidate sompaunds 1o

met hods 16 ncl theeinteiferel wikty steys mBZDIada/bﬁW(ﬁﬂﬁﬁﬁlaﬂﬁlﬁl ackUrabjlatic ddtn@ifigibgi t h
steps in FZD and/or Wt transl ational uracy such,as maintaining a

proper readi AGOPFLRRIREFAHE ms@mﬁﬂwn fiating twrpsiafion 2 HepIcedohn at a
stop codon. T h?etﬁsatmﬁves @mlﬂaﬁlgccemm%lanﬁteeﬁue%eﬂo&emlﬁa faedghect abl e

reporter polypeptide can only be produced if the normal ‘process of staying
in one readi nr@ybcamdumdlﬁﬂlememlpmmsagfmmmammdlagﬁamsmpf codon has been

di st upt ed. Thig, gl o (ol DS bVl Yes, ARRNAE URebigq Ak, i th a tes!

conpound to exa ases or ecreases e pr dduct i on of the
report ens pol jvelts mctmgmbhdlwﬁhbmﬂtmﬁndﬁ)hﬁamiﬁb whethiet iehicieasesiocel | -free

extract and the net 0 rreasur anscription or translation in
vitro. Condi £7E7ScS Peprggycglgp g&§6 H%POXP?%H%cri ption or translation of the
reporter is incremsskbrembodifleBSBE cdllsyithft inleHlt fredex@ict and &6 nlefi@ASCri ption
nodifier or a translation nodifier to the cell extract. One nethod for

i dent i fyi ng EHAPHEREASUEBSBWARRIONOF Fr@sslaa%w vifrq. Gonsiitions presplectediiBetsi ve gene
product. Thi g,Rfifa dr MAIMRR of HRSEPoEL & RRtrdasdd® Hedrths¥dby - the bltfition of a

20 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.e., increases or decreases) under
conditions in which cell transcription of a FZD and/or Wnt nucleic acid changes (i.e.,

25 increases or decreases). Specifically, the reporter molecule is encoded by a nucleic
acid transcriptionally linked to a sequence constructed and arranged to cause a relative
change in the production of the reporter molecule when transcription of a FZD and/or
Wnt nucleic acid changes. A gene sequence encoding the reporter may, for example,
be fused to part or all of the gene encoding the transcription-responsive gene product

30 and/or to part or all of the genetic elements that control the production of the gene
product. Alternatively, the transcription-responsive gene product may stimulate
transcription of the gene encoding the reporter, either directly or indirectly. The

method further involves contacting the cell with a test compound, and determining
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production of a reporter nolecule changes (i.e., increases or decreases)
under conditions in which cell transcription of a FZD and/or Wit nucleic
acid changes (i.e., 25 increases or decreases). Specifically, the reporter
nol ecul e is encoded by a nucleic acid transcriptionally linked to a
sequence constructed and arranged to cause a relative change in the
production of the reporter nolecule when transcription, of a FZD and/or Wit
nucl ei ¢ aci d GRARIES te SE5%n ' : , for

exanpl e, be fusegﬁlt%éesg%rt or&gﬁﬁ%%{%%%ﬁggeﬂﬁﬁ%gﬁﬁg&{t&%epw

transcri pti ormelessonghecsligene product 30 and/or to part or all of the
genetic elenments t s r et i A

Al ternatively, t héb‘ri?{r‘ngﬁgeg&’i pét Iln%‘)tﬂgdr féz’g g‘%%?‘&‘g@a@fﬁ%a%%gg’g’gﬁdsﬁ%%wﬁﬁﬁ Pat e
transcri pti onranflatidneregpensivegene grodyctt (Thismegtioodtisrvolves iconsanctitigraet] iy which

indirectly. Th t hod .f her, i pvol ves coptacting t.he cell with a test
compound® ancPeEEETHHOR P 2D FdRE RCRId Lo BeS A IRt e e

decr eases t hespaéifiiIy! 1he Fepdfter héledudie Ehddded BYhRRI Rid thnklaorally linked to a
Alternatively, the nethod for identifying candi date conpounds can rely upon

a transl ati cRIUeBSFORETsedgad argmesd tociause priplativedpgrerse prdesrepaaindlnst ructing a
cell in whi anroc’f_ﬂlcﬁ&l& thd l%gﬁjtéil o u@fw@?géﬁf@%?%aﬁﬂb aﬂ%!rwnrgfl@éiéif’ changes

(i.e., increases or decreases). Specl he reporter ecule is
encoded by nucldehangesi A geneseguenre envading the irepogier may, for exayplestedusedtst r uct ed

and arrapged tq cause.a relative increase or decrease | h roducti on of
the repolrer MEanPEnE st Al frrBRtuo e iR Trofleton PRI ' 2ci o
changes. A geailiefdrgetdice]lctitnidhda goritivd the@puduétivh ofthe, geheproduanpl e, be fused to
10 part or al] of t etgene ﬁgcodi ng the translation:-res ons'iv.e gt?le pr oduct
and/ or to partltegpetively, the,fransiationsespensive gpneEpfust ‘f‘%ﬁt‘“&gﬁé Fapslahap tg Bduct i on
of the gene pepdiifebding thelr&ods e Hiredtlp@r IndRENy A ThORre B8 BRke MPolg@Ne product
may stimnulate translation of the gene encoding the reporter, either

directly or iceatpetingithe,cellTrith atestivompeund; and determining sdiethenihe st jomporne cel |
wth a tgst %ﬁ&%’b@gﬁ@&%&ﬁlfoﬂh&iog%fﬁfa%mé ohtimbiEcille RPQYNT 15 i ncreases
€ producti the 1I

or decreases t on o rst reporter nolecule 1n the cell. For
t hese and any net Rocthefesiod aigeuiethed ddscribed heenhoa wideivetisty of reperters may be nay be

used, with typigcal.reporter rovidi ng conveniently detectable signals
(e.g., by sﬁ%&ﬁ%@@@ﬁﬁﬁp agﬁvvgfngggﬁwe&y%&?c erstl%}aﬁg(gﬁéb?‘ray encode an
enzyne that spaftrabcopP)s By waedstlekaiple,watpoiet §ené nlaly @hdoda b eiifgiedlat pr operti es.
20 Exanpl es of reporter, mpl ecul es include but are not limted to

(3- gal act osi F&@l/ses & TRRASPR Hebalicns gk abspRBPRRIOBSTHeSyr ot ei n, | uci f er ase,
chl oranpfeni col  ageinthibd HefdtePMBlectlEd ificlude but are not limited to B-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.

25 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-
throughput 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

30 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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gl ucur oni dase, exo-gl ucanase, gl ucoanyl ase and radi ol abel ed reporters. For
-exanple, the production of the reporter nolecule can be neasured by the
enzymatic activity of the reporter gene product, such as (3-gal actosi dase.
25 Any of the nethods described herein can be used for high throughput
screening of numerous test conpounds to identify candi date, anti-cancer
agents. By hfe@ﬁ],‘usin@ﬁﬂﬂ‘ﬁ&pééﬂls Sﬁéeﬁef?ée%?stérﬁs) SEANVivA (B!, ubiigaiBliReegan be used
to screen a | arge nunber of candi date conpounds relatively easily and

qui ckly. Haviodgnti madal systesy) ifdesged. conpound as a candi date anti-cancer
agent,- the 30 co gHﬂg ' | ' | si ng

t echni ques known llgﬁl t esrg%'[b ftta gaﬁdg%aﬁ%ﬁnr#m%ﬂgé Q‘f‘:tw“@“%ﬁ bg%a:éﬁilgﬁggr agent,
i.e., to det torthosedn theatthech as assays immothingtheuse\wli telisZ8p.swijd gipepancereuscer cel |

motility; and/pr FZD and/or t.expressiondn vitr.o ., ..Usi ng

"zl at etf ca P ensReRtiv@toall) EXHBIEY B ol iRy WAEZD Sl
e.g., rodenFZDaRd®nt s¥5itRith ahll cler deB hotilify, 4 Wellastugsiui ¢blls eHat éandandi dat e
conmpound can be _ acconplished by_neans known to those in the art, such as

assays invol %eﬁén %‘l‘f@aiﬁéﬁ’éﬂedéﬁﬂqbg‘?inéhegEKqudeWb&el%ncer ous. 5 and/or
transgenic liver gglhsiveik TAREYOnOHSAY Sestif of@%ﬂ&iggémbgﬁ?éﬂ%é EalBesSi gnal : 29’

FZD and Wht expression a cancer cell nmotiTity, .as useful cel
that can be perfeunied by meats kngwnjasthoserin thd@gc Fobexdmple, thacambidatp| es sect i on,

bel ow. terpatively, or .in.addi.tion, in viV est | f candi dat e conpounds
can be %per f o7 é%’é‘g %@ @absady 'c'ﬁ}\%nréf%_at%%n%%ah S(ri;w]é et lgrag‘ft??:%'r %83%%3 e, the
candi dat e 1OrabbitpSuchdhiinal adelrgstatisam htiacseptdd fa testingpoehtialsuch as a rodent

(e.g., nouse), or rabbit. Such ani mal, nodel systens, are art-accepted for
st ng' ot cHEpocu AL Rt GPie T e el e pep G SEIAR Do S OR B out | o

efficacy in paleh@NARimaAs that arb PYar8ularBAlsbRNMoS in ViV BRIng atd@fld 856 alldalsiogul ar |y
useful for in vivo testing are wld type animals or_ non-w ld é&/pe ani mal s

(e.g., nice)nehyildHpean &e MEGD) theheyesProfpec AL prdber Wakpolypspiides, | ani nal s
that oveg expgLessni L3R o LT transgene)
and/ or that %?é%?gl;ﬁ@éggggﬁ%?%guctio% _F%E)n%@a%gé%zrbg\h{m@pol_ypeptides.
Ot her ani nal transperte) amdéonthas display aeduced prodnotionsafiEZhy8 emdéoraiinita pelybentides: o
develop live cancef.. rtaj arti.cul ar ysef ul n ni I ce that

devel op i vepﬂ’ceéﬁ%%?fsél?aggmd@%@lr#%f)@ ”folr?es%ﬂé dé{maalﬁlsebsrg(iég’c eigglﬂp g“r’n are incl uded
i n the preseedncem\Certhingarticdlrly nsefulttiapigenit miice that\dovelgshiner canerdaie nal (e. g., a

wild type or transgeni ¢ nouse) is m ni stered, by any route deened
appropriate fgscgbed lﬁ&eicﬁﬁa@é’% §¢pfion an %E‘cﬁ“%e‘%“%w prgsent 1¥1ven%on.

20 In a typical in vivo assay, an animal (e.g., a wild type or transgenic 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 used to monitor
animals for the desired activity. If needed, the results obtained in the presence of the
candidate compound can be compared with results in control animals that are not

25 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
30 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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candi dat e conmpound. Conventional nethods and criteria can then be used to,
nonitor aninmals for the desired activity. |If needed, the results obtained
in the presence of the candidate conpound can be conpared with results in
control animals that are not 25 treated with the test conpound. Medicina
Chem stry Once a conpound (or agent) of interest has been identified,
standard principles of nedicinal chem stry can be used to produce

derivatives Qlack f SIOLCLLON J OGNS a1l aNILS D bERERDGouper | vat i ves

can be screene rov ar macol-ogi ca rop er I'es exanpl e,
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noi eties responsi bl.e for a.conpaund's activity in the assa descri bed above
Can® e del | RSNy oreee AERS1 oL e Gprepimack abeat oo oY SrRGRLH pe. ( SAR
as is comonlwjth lﬁcﬁeaaécaﬁdteﬁéydlrmntehﬂnﬁé tsee ﬁamﬁpa a (198857 DBioslanl | i n
pharmaceutical chem stry coul d |fy eties on a _candi date conpound or

agent an® neddift-i Ftrféleemredf ﬁleb¥°°bmcal ﬁeafrtpf BacpspeusA (enagert) Bkeaws obf t he
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conpound or ageRhintd i MGhE% o@ﬁﬁ%ﬁ& aﬁ%%\é?hbéﬁﬁﬁc %ﬂﬂ&&&@%ﬁiggfghcy

For an exanple, see Nagarajan et a
Fur t her nor e, OptﬁmtzheorinfdchWQﬂaIMQImU@mOdéhrrgrseftwmpmmdm(ruall)ageﬂal)lei s known

or determ ned tr r.e o and the conpound can informthe
| R S T K

desi gn and , Tecul ar nodeling software is
commercially available (e.g., Mlecular Sinulations, Inc.) for this

pur pose. 10 :Z Anéi Eodi es The invention features purified or isolated
ant i bodi'®s t €50 g., specifically bind, to a FZD and/or Wit

pol ypeptide, i.e. m@ﬁb&mﬁi@aﬁﬂ& ffibd Wikolaed Aﬂ@i@édlessmav%ﬁth apl kheditally

"specifi cal I)é binds" to a particular antige and/or 8
1

pol ypept i de, bingkier FZD midr Vet pobmentidai, gamrFZBwpg m—&gﬁ piihodiehdAB| nds to a
sanpl c. Ant i Biag BpOfRa R b RN CRigBhe D I )l o opite s 10 @
pol ycl onal amthebtdinds Io ﬂmtrmtlgmebhtmﬂ:cogmzamnd bindsitotai lessetiextent (©igngloes nothai n
2"Fab.exlpr es AT O BRI ogihd TukEnles B R, BPodR AR Bk e i n < he-
present i nvelchme m(ﬁloﬂbﬁal atkibodiey, polyolahal antibodidé Hinanzedadhimeicr i bed in the
wol 1 knoun ¢ Butdies SR esbeianiipioncah RRRALS JOB0: Abrite snGoleB  ant | body”
refers to a prdau&ddrusm@AWab Skpteksidh libRARt One,
An example of a type of antibody included in the present invention is the
20 polyclonal anti-Wnt3 antibody described in the Examples section, 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 comprising at least one,
e.g., two, heavy (H) chain variable regions (abbreviated herein as VH), and at least one,
e.g., two light (L) chain variable regions (abbreviated herein as VL), The VH and VL
25 regions can be further subdivided into regions of hypervariability, termed |
"complementarity determining regions" ("CDR"), interspersed with regions that are
more conserved, termed "framework regions" (FR). The extent of the framework
region and CDR's has been precisely defined (see, Kabat, E.A., et al. (1991) Sequences
of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and
30 Human Services, NIH Pub_lication 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 and four FRs,
arranged from amino-terminus to carboxy-terminus in the following order: FR1,
CDR1, FR2, CDR2, FR3, CDR3, FR4.
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e.g., two, heavy (H) chain variable regions (abbreviated herein as VH), and
at least one, e.g., two light (L) chain variable regions (abbreviated
““herein as VL). The VH and VL 25 regions can be further subdivided into
regions of hypervariability, termed "conplenentarity determ ning regi ons"
("CDR'"), interspersed with regions that are nore conserved, terned
“framework regions" (FR). The extent of the framework region and CDR s has
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| Font chai nomRunE e ghameinf RiPodindei ik SRR BeboReMirdl tibrgen.  The
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fragment' 'of an antibody refers to one or nore fragnents of “a full-length
ant i body t ha@nerosmre fragraenigfie) full-lengthaptbadyithed retain thsiahiity to speifiestly Wat

pol ypepti desy,; | : . ﬂ@g@ 5

pol ypepti de lfnﬁlgl ng H?gllrtré%l?@pgp&éﬁ%#tll @g%&ﬁ{‘n’c ugie, gﬁ%&ﬁ%@% limted
to: (i)1sa Fawlydeptidmiinding fragroerts af agnptivodg b, b arsinet limgedotb: (heFat., VH, CL
and CH domains; (il a F(ab')2fragnent, |V fr t conpkising two
Fab fragnment a&’?ﬁ‘?&é‘d}‘%‘?vﬁle&g}b ’Fticagsq%ﬁng%&‘eg}l]"?]hg% W&gﬂﬁ;‘&n@ﬁm ii) a Fd
fragment congF@bi)fiftagher, bebivdtbrd Ragrhent corfifisRigh®o Fab fhgrilerdtylidkeagyent

consi sting of ?h?ai]Vngnd VH domai ns of a si r%gl e armgrg? an Zoggﬁti body, (v)
a dAb fr agnedisul{fidfébritigetat the hing¢ te@im) (it Krt fragdakht Sohdistip5of theviHahd €bisi st s of

a VH domal n;  andh (Y1) o B0 3RL R Sisaa B EIFRLAE Vi aiBh Pl b en (OR)-
20 antibody, (v) a dAb fragment (Ward et al., (1989) Nature 341:544-546), which consists
of a VH domain; and (vi) an isolated complementarity determining region (CDR). -

Furthermore, although the two domains of the Fv fragment, VL and VH, are encoded

0

by separate genes, they can be joined, using recombinant methods, by a synthetic linker
that enables them to be made as a single protein chain in which the VL and VH regions
25 pair to form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et
al. (1988) Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA
85:5879-5883). Such single chain antibodies are also encompassed within the terms
“FZD binding fragment” and “Wnt binding fragment” of an antibody. These antibody
fragments can be obtained using conventional techniques known to those with skill in
30 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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Furthernore, although the two domains of the Fv fragnment, VL and VH, are -
encoded by separate genes, they can be joined, using reconbi nant nethods,
by a synthetic linker that enables themto be nade as a single protein
chain in which the VL and VH regions 25 pair to form nonoval ent nol ecul es
(known as single chain Fv (scFv);see e.g. Bird et all (1988) Science

242: 423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA

85: 5879- 5883) recopibthafit (1PeptideiphtletR bR SecRE 8., SIROPRIE PERIGIE SHifdhotist hi n the
terms "FZD binding fragnment' ' and "Wt binding fragnment' "of an anti body.
These ant i bodyupra;rAusabslesals suprecasthe apade dn afmemg tbwrﬁmwu@ﬁwnbwnlﬁéues
known to thos | Ski | h . ant | ' .

pol ypepti des %&%ﬁ?ﬁ%&gﬁn&é‘{%ﬁgﬁnlﬁﬁt%?é&g ;ﬁf%gﬁaé% ég"g#ﬂrggﬂ%%éhea& i de t hat
appear |i kel y atjovie, andtinjemed intoyhostrmanamala As'eetried’sis hisgfistancethatannfersof  char ged

resi dues) _or apal.ogs of . suc ol ypeptJ des e.g., those.produced .by, 38
oo naft. oP BBt o eSSl SRR thiort s dipmubognic R o SRRGR popt i de
Synthesis,  sulaule AFSHORIpH, FAD or Wait Broteins, 6iffagientéIRdeof] din B8 Bétepdted t he

pol ypeptides can be coupled to a carrier protein, such as KLH, as described

i n Ausubel et uging standapd chiques af DGR rand pan beplongd into a aEEX; expressi@vert®t o a host

mammal . A "CaKAﬁs%Béleitﬁl.,%uﬁﬂéPmﬁ ro‘té?x?s?caﬁBE‘E:ﬁ:?éSse’ﬁ i (APt éﬁd%uﬂﬁedngsﬁ}gyé” ai ds

or enhances the transport” or i nmuhogenicity of, an assoclate cul e. For
exanpl e, FZD ghtafiiongagstase affinity mafrixzag deactibedtih dweulfe] etadnsuper. gener at ed  usi ng
standard,f echni ques._of . l.on i . vect or
(Ausubel 1§at al ., SE r‘%")@%‘s"?gﬁ“&a‘g gllgﬁrge '@5‘%9%@%%@%?3@%8&%%{6?% and
purified usi nExamplgs off shitihlohest agmale Sreludé tabbitd, ynics puinza pigs, dadmatsi Dadoan

Ausubel et al.,. supra. . 10 Typicall various.host animals.are injected with
FZD and/ or W PAMFRRY/ 05 Rt incisess the iamuplogine] menegss, SSrndife RS HORC | ude
rabbits, m cegpdgiek,IRGudihgbut EmTtEH 15 Fredad's @uimplettind mdhipletditilvantyised to

i ncrease the inmunol ogi cal response, dependi.ng on the host speci es,

i ncl udi ng but adiByant migeral gels sughras glygpimimy ide, surfase agtive Swhstaness sudyasvant ) |
h 19 : ; . : bot
ad] uvant 4 ”egﬁ{m&ﬁi}ﬂipﬁgsﬁgf g@ﬁ%gﬂaﬂﬁ%%%gﬁ gﬁ‘ emﬁlé{ofnﬁ%%lﬁﬁé flﬁfﬁetz ;JI stances

such as 15 lysolecit / ani ons, peptides,

emul si ons, kehtmoeyahinydinitrophenni Brén(bacilladCatinetterghering land E@@n¢lgateriline

Cal mette-CGuerin n ' - .es.result in the
producti on of P %o 'g%/tsg%aﬁg %ge%?‘%%%%lﬁ%gﬁrﬂl? E@&%ﬁgﬁgféoﬁg%%{\ag%@g&%%tlj%'at I ons of
anti body nol ebeteegernttous papallatiomsrof ahibody maleodled degived fromnheseth afhenal s.

Anti bodi es can be purified from bl ood obt.ai ped 0 he st 20 animal, for
exanpl e, by afWH?‘g‘if{W@ﬁa‘f‘B ﬁﬁa”ﬂ&tﬂqﬂgg‘{l&wn%ﬂ%]ﬁhﬁfﬁggﬁqmtg‘? hegh
20 animal, for example, by affinity chromatography methods in which FZD and/or Wnt

polypeptide antigens are immobilized on a resin.

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

25 polypeptides and standard hybridoma technology (see, e.g., Kohler et al., Nature,
256:495, 1975; Kohler et al., Eur. J. Immunol., 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

30 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., Immunology
Today, 4:72, 1983, Cole et al., Proc, Natl, Acad. Sci. US4, 80:2026, 1983); and the
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pol-ypeptide antigens are immobilized on a resin. The present invention al so
I ncl udes anti-FZD and anti-Wit nonocl onal antibodi es. Mnocl onal anti bodi es
(mAbs), which are honbgeneous popul ati ons of antibodies specific for a
particul ar antigen, can be prepared using FZD or Wit 25 pol ypepti des and
standard hybridoma technol ogy see e.g., Kohler et al., Nature, 256:495,
1975; Kohler et al., Eur. J. Inmmunol., 6:511, 1976; Kohler et al., Eur. J.

| mrunol ., 6: 2%R1h W&ma"f@éﬂﬁﬂ{\lé'(@&e efal aMonodmmmmdsvaahd SpddePPRbrgy, and T
Cell Hybridonmas, El sevier ; Ausubel et supr a %‘EI cally,

nonocl onal ar‘l‘t?rb?)dliﬂé% I%Frd’%?’bﬁ@c@@i‘h§|“ﬂga@h9dlﬁsé@ﬁrbpqﬁ@nytmun9@0 ligvi des for
the productiq

such as thoseﬁaescrl ngggéng% I?% e’t al an‘&%ﬂg dl};dfe?lgssglg%h Q'EH rh?g'}(yﬂlagmjt lLJJ“;

Pat ent No. 4p®dacibgthe mAbs hﬂhann@nnm dan by buliivkgedbintvétednon igwrdo( Kosbor et al .

| munol qgy Today . 4:72 et al Sci . USA,

80: 20267 1983) : P&‘?R‘iaﬁ’d“%@g‘ ??fi?g?’i’a‘&’r?ﬁl"{“’éé °d’EFé°E“tB‘?éS"8$f°é . Monocl onal
Anti bodi es apstofmiticRe.glPecifly rec nRof KZT3 65 Whﬂﬁolype@ﬂdesﬁﬂaﬁﬁnmﬂaﬁﬁé’sh Such
anti bodi es can _be of any _i mmunog obulin class .including | gG . I1gM | gE | gA,

I gD, and anysmwa%stm&l@@rmmmymmyswm d KGNSS e t hi s
i nventi on caas@@scﬁgéélhmfsﬁﬂe1bgae1vtglgp&pe b&ueyﬂhx eéﬁ@%%lﬁﬁwwwﬂol ycl onal

or nonocl onal anti bodi es can rec gnl g., specific
recogni ti on, polypemtidesfe.gMEZD 3} %Eﬁinb% Wmt %nanTrWMé‘a)s?aquseﬁé icthe as a

vester ngbl ot s lor{IMHIGRLEEHE! 4.8 | ARORABALSE ot h APioRH ALY o] SGOUES.

e.g. as descri supra. specrfically

bind to FZD polyyéptidein b yanpit) desa ﬁseue;sampEZﬁdTQrtd:ﬁBdﬂateWZD/Wnt Mgdalifip and/ or
Wit 11) are sefg)a%l n the 10 i}nventl n. For exanple, such antibodies can be

used in an i Q2L GATLET, 8&p S¥F SBHED: pol ypeptide in a sanple, e.g., a

tissue sanpl e, angfiRmatifcliofi RAiRiof2ndNotlofidl GRMJdYGan b&pi@duceiO treat cancer,
e.g., liver cancer). Alternatively or in addition, a npnoclonal antibody can

be produced r?@@@mmﬂ&rﬁg ybroducgd by phage display exbyAeathinaiprishmsthods aspy
conbi nafzori alye Hﬁeg ILlérfe%ﬁﬁrU.E?ﬁatén?Noes Caffiﬁg‘g et&l. %mgtg) at Patent

No. 5, 223, 40 nt ernat1 ona 18619 Dower
et al. Inter ﬂ?abhmah NBUWG) 92/t18®1t9 Noweml B)ldrna'l@ﬁal Pubication Net WA) .

LTt ol R ST WA bSO |0
03/ 01288; M Gatietiénal Bﬁbli:’datloﬂ Nb SWOR2/15679; Bréttling ebili Bterhdtiona\®ubidatidD4 7 ;
Garrard WO 93/01288; McCafferty et al. International Publication No. WO 92/01047; Garrard
20 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) EMBO J 12:725-734; Hawkins et al. (1992) J Mol Biol
226:889-896; Clackson et al. (1991) Nature 352:624-628; Gram et al. (1992) PNAS
25 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, e.g., rodent (mouse or
30 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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20 et al. International Publication No. WD 92/09690; Ladner et al. ~
International Publication No. WO 90/02809; Fuchs et al. (1991)

Bi o/ Technol ogy 9: 1370-1372; Hay et al. (1992) Hum Anti bod Hybrddonas
3:81-85; Huse et al. (1989) Science 246:1275- 1281; Giffths et al. (1993)
EMBO J 12: 725-734; Hawkins et al. (1992) JWbl Biol 226:889-896; C ackson et
al. (1991) Nature 352:624-628; Gamet al. (1992) PNAS 25 89: 3576- 3580;
Garrad et al. (1991) Bio/Technol o 9:1373- 1377, ogenbgom et al . _(1991)
Nuc Acid Res Myse 151 antBhZDand a %ﬁgn@%odm@n a(lepd@;?)r Prampley thimenis, GI3RS

Anti - FZD and grafigll, i hinR@thed 3nfididde ThehdtFI GRaWnPaHibedy &8 -atko be N

anti body made in a nouse which has been genetically engin€ered to produce an

anti body f r ogererated i nenrhumayPIgaushye. & capgberoruse.@ind then mpdified, st infilesdi es,

e.g., rodent (o ' , o jmate (e.g.,
nonkey) , Cam%’%, ?o%f(ng%/wg% %r,%%)ésfmrg?%g“’ gn@%%%iagggé%ﬁggﬁ% |hl-l' and anti-Wit
ant i bodyscan be offiechniquesideveldped forcthe priothectior gf ‘Grhimeric antibgibest’ (Morrisdresteof |

e.g., the v pl S erated.ip. . on-hu or gani s e.g... .or 40
mouse.  The anbiZrESRMEhdaiien Bl TdRbeERal e Sz, e
chimeric, CDRakddlaafdlgdVarare, BLA:450) 1984 caiTbd Wodlioaplicelthe gétios fromdlhane anti - Wit
anti body can also be_ generated in a .non-hypen organism e.qg., a rat or
mouse, and t ABHPOSE EIole@te ofangropriafe antgen spegiticity|tegefhier EREFNes SIomcdRaNasn
region, to d j Ik adelh; LT88ivity. ASGhR: oped for the
producti on o?ﬁﬁ@?ﬁng??%dlgﬁﬂp% [ g{'gh"?ﬁgr ri sonéet _al &Lh%ﬁgilﬁ\{%tl . Acad.
Sci ., 810 685molergledn widcibdifigrent partiens, are déaived fom3liffereg animgBepecies shabks et al .,
Nat ure, 314: 4 . Lce . e a nouse
ant i body nol gkcﬁjé? }égvg'& %B%@%é?%#@%ﬂ%@g%%é%%‘@?‘??’ég’taéﬁtﬁé’g’@?ﬁ]er wi t h genes
from a humanimmnboghabahlinnminetanti regioh. appropri ate bi ol ogi cal activity. A
chimeric antibody,is a,.lQ nmolecule.in.which different portipns are.derived
Fromdifforent anhiPRSEE BUTgs desubed FLEProdofeg of Bokle < BHF afblF
derived from(@.Sup4téntet,928)7 783 dndUS) Patents 49496, MEAndRId 041692 )0das tha Adaptedgb ON.
Alterrnatively, techniques described for the production of sjingle.chain
anti bodi'®s ~ Produce smal g chain agiigpdepspeciinfore EZDpn et pelyrerside, Sgleshn
4,704, 692) capiRRicsdrPidtfled By knkiRg RLUCSyInA BB R gRBLt Qp@le%réfglnﬁc' fic for
a FZD or Wit pol ypeptide. Single chain “antibodies are forned by 1inking the
heavy and | i gitancaming a¢idpgideeresuliingtin e singlechajn pelypeptide.an ami no aci d bri dge,
resulting in a si . I I A . t recogni ze
and bind to speci |c§%§lﬁ%)%%§1?%:%lﬁﬁgéedgqge aﬁﬁ‘ﬁnh@%%e&ﬁ@%ﬂégscaﬁlﬂg

generated by known techniques. For example, such fragments can include but are not

20 limited to F(ab'), fragments, which can be produced by pepsin digestion of the antibody
molecule, and Fab fragments, which can be generated by reducing the disulfide bridges
of F(ab"), ﬁa‘gments. Alternatively, Fab expression libraries can be constructed (Huse
et al., Science, 246:1275, 1989) to allow rapid and easy identification of monoclonal
Fab fragments with the desired specificity.

25 Polyclonal and monoclonal antibodies (or fragments thereof) that specifically
bind to a FZID and/or Wnt polypeptide can be used, for examplé, to detect expression of
FZD and/or Wnt in various tissues of a patient. For example, a FZD 7 and/or 8
polypeptide can be detected in conventional immunoassays of biological tissues or
extracts. Examples of suitable assays include, without limitation, Western blotting,

30 ELISAs, radicimmunoassays, and the like.
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generated by known techni ques. For exanple, such fragnments can include but
are not 20 limted to F(ab')2 fragnents, which can be produced by pepsin
“di gestion of the antibody nol ecul e, and Fab fragnents, which can be
generated by reducing the disulfide bridges of F(ab')2 fragnents.

Al ternatively, Fab expression |ibraries can be constructed (Huse et al.,
Sci ence, 246:1275, 1989) to allow rapid and easy identification of

nonocl onal  ¥aBhdrmacowmtiodl Cownpdsitidng desired specificity. 25 Pol ycl onal and
nonocl onal antibodies (or fragments thereof) that specifically bind to a
FZD and/or Wit pyniphepeacaatiestly asivaeasepoundragentartsless acid polgpeptide,ex pr essi on
of ~FZD a”d’ Xég}l ag'af%ﬂ{ch%ﬁ birsre #@ém‘ﬂere%l PALLEN o p&‘inde aiplyg, & FZD 7
and/or 8 poly e can be etec iI'nconventli ona hoassays of

bi ol ogi cal tmsaxpemtednnto pmmcemlcaﬁmmbmnmfslmh lcbmpcbsﬁloas sically includele,

W thout limtation, an ttin

.30 ELI'S d dth
e R et e LRI N AR R N

conpound, agRBéptatlSdréc cﬁil urﬁlud@@bwaﬁ@tm%ﬁrsmrmemt:bzmﬂgy afiftdakbtefd]l aldi ch can
be referred to _herein as "active conmpounds”), can be mcorporated into

phar maceut i catifEgAAgents.iwRNicgnd ﬁb@mélﬁ}amgg?% pedibe Jike, cempedls t he
active COW%%Pﬁﬁﬁa&uﬂmﬁg’ﬂﬁﬁbﬁdﬁﬂ' IS¥ Iﬂ&ﬁ@rﬁ&rg%tgvg%gg@bﬁ{ds c4h also be

"phar maceutic acceptable carrier™ can In vents, dispersion
medi a, coatimg@pomwdnmgﬁemnmosmus antlfungal agents, isotonic and

absor pt | ©n del ayi e L bl.e ceuti cal
adm ni s% ration. sgghﬁ%ﬁgehﬁ%?@&gﬂﬁ%m carﬁ%oun cggo% S(I)npﬁgblgwﬁéﬁpor at ed
into the conﬁmdéd 10018 .of a&nmlﬂhmmaﬁﬁuhpleabfmmoﬁdmnﬁmwaﬂ uibﬁldé entefdl ated to
be conpati bl its, intended route, of adm n| st rat s of routes

of adnmi ni st rétg Sielioneactilendnazsnigral, g.8., fiiravesoys (e ipte eall")rta @nteral ,

e.g., intravpas)mthlerfhal, siBbiRareds, ReAddRimal atRAsBhcdkdlCand!pukdnhry | Nt r ader mal ,
subcut aneous, transdermal, transmucosal, and pul nonary _admini stration.

Adni ni strati %ﬂmlmvatwe didmimistrptionmay bodirectly dnto the liyer, eigy by ijestion enbyor by 15

t | ,.ad d f
oy ectl Sh capRp @k Boih dins Y08 soifll biRpelio SRR LRDIONBEC h as
wat er for i ngneludﬂs t‘m,folkuhmgwompmiantsr matenfe@ﬂudlt(sudlsa,s Wndﬂrfmlmwmnesaghg/col S,

Sgonts such” Eopar S ety hyiphe Horiy Bydriise rob i el oot WEhe o

ascorbic aci gbwahtss aflibuetedl Sigkhts bech 48behA1 hloghoR GEMEhySpacdbes amt{dxidants

et hyl enedi am net etraacetic acid: buffers such as acetates, citrates or
phosphat es aftgh as ascorbic acid or sodium bisulfite; chelating agents such as

=t
-

20 ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and
agents for the adjustment of tonicity such as sodium chloride or dextrose. pH can be
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple
dose vials made of glass or plastic.

25 Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where watexr soluble) or dispersions and sterile powders for the
extemporaneous preparation of sterile injectéble solutions or dispersion. For
intravenous administration, suitable carriers include physiological saline, bacteriostatic
water, Cremophor ELT™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS).

30 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 manufacture and storage
and must be preserved against the contaminating action of microorganisms such as

bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for
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agents for the adjustnent of tonicity such as sodium chloride or dextrose..

pH can be adjusted with acids or bases, such as hydrochloric acid or sodium

hydr oxi de. The parenteral preparation can be enclosed in anpoul es,

di sposabl e syringes or nultiple dose vials nmade of glass or plastic. 25

Phar maceutical conpositions suitable for injectable use include sterile

aqueous solutions (where water soluble) or dispersions and sterile powders

for the ext ' i Leqrini.ect . Ut § ons or

i sper ai o, EARRDIET PR SBLER ol @ Rimoth iyocfe) loBfibAPpfeciondid DT 0

physi ol ogi calpokatheylene gipel.and detlke), end snitslde mixOuresvisref. Hhe PropBrBHAity

Par si ppany, NJ).or phosphate buffered saline (PBS). 30 Ln.all .cases, the

conposition r?ﬁ%?e%%?f 105ewiesﬁ%&e&s% FRTE ¢ htaﬁ ecétE{nehYthtehat easy

syringabi | i t ynatitemanse ofithe fefuitddpahielesizlin the dadf didpersicmnaidibyahsusefof

manuf acture and storafge and nust .be preserved agai gst t.he .cont am nati ng

action of m ¢ ?ﬁ”d’é?ni ?ﬁ?n%‘?}b?fﬂ%&acuﬁ%. TRiCToqTEaRiSMS FAf be aghigved Wy VaBPUS: an pe a

sol vent or d'aﬁﬁﬁcﬁaﬁﬂl@nﬂﬁﬂﬁﬂﬂ%&@é&m&!fbk@ﬁmpﬁé?ba:ﬂl?ex@@ﬂ@ﬂo@utaﬁ@lt fhenoEt hanol ,

pol yol (for exanple, glycerol, propylene glycol, [iquid pol’yet,heyl ene

gl ycol , and tameorhic paq, thimeepsal,andthe kkeniln mgpeeases, &t wilk be praterabloiodncladey dity

can be nmaint g ped, , t In2d1 Sk cithin, by
34 ?gelﬁlﬁ”l’ei%%r(equ feés er,réh?ya#%ﬁolggucﬂ.zfs 81 h:*ﬂ%f arlcfa

the maintenance o r patticle size in e case of dispersion and
by the use ofsodiumghiosidé.aPrblongddrabsaptionof thef injetiebleciompositibnnéanbe acljevedsns can

be achi eyed .varj.ous anti.bacterial and antifungal agents, .for,exanple,
par abens1?6 ch%r‘%@fﬂl%%’l Efgerﬁkﬁgﬂﬁ %e?ayﬁg‘%sfﬁpﬁlf’%’ %&id ,mg}wwgggsiqa?at%ﬁ%l the Iike.
I n many caseselatih. Wil | be preferable to include isotonic agents, for
exanpl e, sugars, polyal cohals such as nannitql .or sorhitql and sodium
chloride. Prol onggﬁniep'g@?fﬁ‘elreéﬂu%qnwmbqmfr@&ﬁwﬂ’é‘cwaﬂ%gs- dFEVtan be
achi eved 10 Rympoeldul tHRGedqived BHint UrdppoBLiaY Sol SBHOK R b or aothbinafibalM NUM

nonostearate and gelatin. Sterile injéectable solutions can be prepared by

i ncor por at i n@f ingeedicatsi epumeratsd pbayisdasireduimeé follayedr ofiliered perilizatign: appropri at e
solvent mith | | ] | £ : 1.AS
requi recf}e’I folcfég\;s\rleagi;’g?/s p?r? @éeélg {eggkg(rlp }@Qf?@%ﬁﬁf@%%@@ﬂéé%ﬁﬁﬁéﬁ Qg\é{?gllegns are
prepar ed by iveliclepdichtdontyins labasic dispeesiconpdiumend thexrequistdeothdrangreditnts| e whi ch
contains a basic.dispersi di and t r.equired ot her ingr.edignts from
those enumer A8HHS -o%&r.neﬁaﬁﬁta %vet!% 38?“%3? gt?’iﬂF OWgﬁHé?%&FSFepﬁﬁgoﬁngar ation
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20 ingredient from a previously sterile-filtered solution thereof.

Oral compositions generally include an inert diluent or an edible carrier. For
the purpose of oral 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 using a fluid carrier for use as a

25 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 cormpounds 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 alginic acid, Primogel, or corn starch;
30 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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20-ingredient froma previously sterile-filtered solution thereof. O al
conpositions generally include an inert diluent or an edible carrier. For
“the purpose of oral therapeutic adm nistration, the active conpound can be

i ncorporated w th excipients and used in the formof tablets, troches, or
capsules, e.g., gelatin capsules. Oral conpositions can al so be prepared
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in the art, _and include r..exanple, fqr transnmucosal adm ni stration,
et er gent 5. Bomeund o8 Fitmplstoa 5t PifoSite, sfVere bl 2 FoRTs s R KO0k

adm ni strati gintheass, be acconpli shed through the use of nasal sprays or

suppositories (e.g., with_conventional suppository bases such as .10 cocoa
butter and ot her ’gggq%émba@gem,tbalacwezsﬁ@a%ﬁlﬁpremmﬂl ers thatwillct j ve

conmpounds  ar grokdRt e lcainBoldRpAnQ kpid M iRatioa Ho¥iEhhe B/, Such@E £ERATRPS
generally known 1n the art. In one enbodi ment, the active conpounds are

pr epar ed’ wi t releaag formplatien anclugding implantsaad miqrepncanspipted delivegiisysiems. api d
elimnation ‘ ation,
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bi oconpat i bl ol tndes, pdyglyelic s@d, coBageh patyosthbesices) endpalylacte atidit e,

pol yagﬁydri d parihgk | ycol.i ¢ lci d. ¢ Iéia eno tc))? or; q?fver an olylactic
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from Al za Corporation and Nova i . .
20 Pharmaceuticals, Inc. Liposomal suspensions can also be used as pharmaceutically

-

acceptable carriers. These can be prepared according to methods knovwn to those
skilled in the art, for example, as described in U.S. Patent No. 4,522,811.
It may be advantageous to formulate oral or parenteral compositions in dosage
unit form for ease of administration and uniformity of dosage. Dosage unit form as
25 used herein refers to physically discrete units suited as unitary dosages for the subject
to be treated; each unit containing a predetermined quantity of active compound
calculated to produce the desired therapeutic effect in association with. the required
pharmaceutical carrier. ' |
Toxicity and therapeutic efficacy of such compounds can be determined by
30 standard pharmaceutical procedures in cell cultures or experimental arximals, e.g., for
determining the LD50 (the dose lethal fo 50% of the population) and the ED50 (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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20 Pharmaceuticals, Inc. Liposomal suspensions can also be used as )
pharmaceutically acceptable carriers. These can be prepared accordi ng to
nmet hods known to those skilled in the art, for exanple, as described in
U S. Patent No. 4,522,8 11. It may be advantageous to fornulate oral or
parenteral conpositions in dosage unit formfor ease of adm nistration and
uniformty of dosage. Dosage unit formas 25 used herein refers to
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dosage of sudtencesHsslivrd gssayeh d?ﬁﬁ@fae'rba@fylqudhm fnigna raﬁ@és tofaclievedu| at i ng
concentratlo e dosage
oy vary i ¢ prclie phfiia EfcchOftichiite Wal ol dePICSB I ind Cobiliton 417 COPES
route of admthutsswanpmmdtthalthclu@dsamf-mmmahnmbmundfmms) af Hegerfringdet hod of

the invention he,.t her,apeu efeC|ve dose nbe est | ed initially
from cel | cullﬁfﬁtll culture,) g@n&% ?)'ése? Wfﬁeﬁfcuda P{ds‘ﬁFW&? srr“%’éel s to

achi eve 1@  Cidbges lirflivinikhs pL&&lﬁﬁn‘pﬁﬁlﬁSmhyBém%ufedmﬁeiah@le, bygsighdes the | C50
(i.e., the con&entratLon f the test conpound that achieves a half-maxi mal

i nhi bition eates i ed in cell culture. Such information can
be used to nore a@ﬁéﬁeﬁﬁﬁexfe@kere%ﬁteaﬁeeéfwcuaéto%wsaslueedumsef&evel s in

pl asma may be neasured, for exanple, gerformance |IC]UI d

chr omat ogr apl§¥ ammoreqwtraemeﬁwomomfimmbeé ereingrtifised foyepariodiofeat | " as
used her ei . il Gtubfhg aBihe FERC AmifRARRRAAHRRIY: BuhREROUN descri bed

her ei n ut|I|z a—period o
20 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
25 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 appreciate 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.
30 Moreover, treatment of a patient with a therapeutically effective amount of a 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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tifre (including acute or chronic adm nistration and periodic or continuous
20 administration) that is effective within the context of its
“administration for causing an intended effect or physiological outconme. For
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mlligrams petpreskiongf :ﬁimty)bf £PZ or WnehelyegtidarirtleitQoid, b physitianf 0 about 50
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of these small nolécules is be adnministered to an ani mal (€.g., a hunan)
to nodul ate ltesapxdelgbp@ﬂlabﬂwamc:fwdoyebveléorramafthn anirpal |sybjegs wildldensnd nucl ei ¢

acid, a phys gg&f

prescribe a {rlrgcingaﬁa\r/lé? o\f?%\%)rr%glgéhgg ﬂ}el r s{l%?sub%g%f&en ofu?‘?]grél hg t he dose

until an appaypbodytveelglﬁsgmmbhaakh @bnder, raadid1et mftm:lmbject;ﬂ;e timetofi s .under st ood

that t hgo She én];llni%tra %%ethle?gu e o a%.rmmg}/atlg He o?’ excr on any éceo%bu\{gtllol depend
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

25 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 gene delivery
vehicle is imbedded. Alternatively, where the complete gene delivery vector can be

30 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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upon a variety of factors including the activity of the specific conpound .
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(1994) Proc. Natl. Acad. Sci. USA 91:3054-3057). The pharnaceuti cal
preparation of the gene therapy vector can include the gene therapy vector
in an accepVhbCanceli dand dindatments Tlereforonpri se a sl ow rel ease matri x in which
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retroviral V%@éﬁhSExmﬂeNf%ﬁéIP&ﬁytnbEﬁéwlﬁh&ﬂﬁéﬁid@ﬂm&&&aﬁe%b%@ne or more
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i rrespective ifdlude rﬁdligﬁﬂicib@ sfiiag fﬁoymldhrcaﬂ&r§ieﬂg&em:afciwﬁslpt@dﬂﬁs Bancé SO
i ncl uded areaeg/ nan i es of the various_ organ st ens,

such a
respiratory, mnwrs npsigpll cellcarcinemarof #@%%ﬁaé’??ﬂ oééheéa}aﬁ
neur ol ogical qnteﬁﬁ@%ﬂ‘éanc@@@tﬁ@ésﬂﬁlﬁﬁﬁ r@a!ncer%@lse‘ﬂﬁgﬁﬂy Eﬂsﬁ@”ﬁﬁcﬂﬁ‘&s afp Well as

adenocarci nomas whi ch 1 nclude nal i gnanci es such as nost col on cancers,
renal - cel | c#eadenthatis nptrqxs@ran@taélammglped aripintatien of canses cellsinieasubipdin- smal |
cell carcino f | ncer of
t he esophagugIE d%é’ncgs?ﬁ%r %111?18%98&{ t??]gﬁl“}% @Jﬁaﬁmep%a% eisﬂ}}@&ggea%?er t hat
i s not ex per |arpatlemltd g/camﬂageﬂ@) byncemklﬂtniga&ormmserhomafrmnsgmid AcogENe o

subj ect, {]ﬁ" for exar’rp Qont aneouglby 6}Iclﬁ%l n cancer cancer
cause d by EX timor suppresso gene, and cancer cause mre ns, .
20 infections. The term “carcinoma” is art recognized and refers to mahgnanc1es of

epithelial or endocrine tissues. The term includes carcinosarcomas, which include
malignant tumors composed of carcinomatous and sarcomatous tissues. An
“adenocarcinoma” refers to a carcinoma derived from glandular tissue or in which the
tumor cells form recognizable glandular structures. The term “hapétocellular

25 carcinoma” (HCC) refers to cancer that arises from hepatocytes, the major cell type of
the liver.

The term “patient” is used throughout the specification to describe an animal,
human or non-human, rodent or non-rodent, to whom treatment according to the
methods of the present invention is provided. Veterinary and human clinical

30 applications are contemplated. The term “patient” includes, but is not limited to, birds,
reptiles, amphibians, and mammals, e.g., humans, other primates, pigs, rodents such as
mice and rats, rabbits, guinea pigs, hamsters, cows, horses, cats, dogs, sheep and goats.

Preferred subjects are humans, farm animals, and domestic pets such as cats and dogs.
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a patient to a carcinogen(s), cancer resulting frominsertion of a
transgeni ¢ oncogene or knockout of a tunor suppressor gene, and cancer
‘caused by infections, e.g., viral 20 infections. The term "carcinom" is art
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Veterinary apgn Ay ; ' ' he term
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manmal s, e. qouthiphagms, esophagus, prymxppansteay ilupg, smadldomtel; agdibite dists, ameng and rat s,
rabbits, gui0 ea pi gs, hansters, cows, horses, cats, dogs, sheep and goats.
Preferred sdbf&cts are humans, farm animals, and donestic pets such as cats
and dogs. 47 Thendigidaals édneidtredetvisk, for develupiag cdivéahdy Bedefitgiaftictlagi¢l ayi ng t he
onset of, inhibjting,. alleviating the effects of, or. pralqnging the |ife of
a patient s ? RyeRtiognprimandy hefapiegiophylacty treatment ean begmpeipre thefeds nay be
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i nclude, but ‘are not limted to, cancers of the liver, stomach, colon,

rectum  noOERINPERISS:, DYLPORIRRSIPS, o-¢ dyinbalationsad/eringestiom @t levglathat bowel , and
bile ducts, 182%“4% sHY %eﬁistiiéaﬂ? 'tc}’ﬁrﬂiﬁﬁie%?ﬁé%{‘ﬁf ASeHEb@ indivigihnd .OApsdjeve' opi ng
cancer may benetit particularfy romthe 1nvention, primarfily because
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tunor. | ndi s, "at .rjsk" .ipnclude, e.4q.,.individual,s exposed to

car ci nogensﬁ{g%. ‘?1883‘/“‘%‘51’?3 W‘ﬂmuﬁ%ﬁé‘s‘k gﬁ%/toieﬁl’f’é}“gg? ﬁhagﬁﬁeg@?ﬁgﬂ’bé’ét i on, at
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.l ol R GRS ghF o b el gy ) 10 1L

:a precanceardividuat’sbddyt oroat a paitioulbesite yn an indiividuallsatissue) mayebepefitdrdny siwhages of

cancer or prophylactic treatment.

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

25 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 signalirig where
signaling is too low and to decrease signaling where signaling is too high. Modulation
of Wnt/FZD signaling falls into two basic categories: decreasing (i.e., reducing, e.g.,
eliminating) Wnt/FZD signaling and increasing (i.e., supplementing or providing)

30 Wnt/FZD signaling where there is insufficient or no activity. Whether Wnt/FZD
signaling should be inhibited or increased depends upon the intended applicétion.
Wnt/FZD signaling can be modulated using the active compounds (e.g., anti-Wnt

antibodies, siRNAs, candidate compounds and/or anti-cancer agents) described herein.
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devel opment of netastases (|. ., only one or a few aberrant cells are
present in the individual's body or at a particular site in an individual’
tissue)) may benefit fromsuch prophylactic treatment. 20 Skill ed
practitioners will appreciate that a patient can be diagnosed by a
physician (or veterinarian, as appropriate for the patient being di agnosed)
as suffering fromor -at risk for cancer using the nethods described herein,

optionally ugohourisd #had: Hevredse Wail/F2D Signfling. acnﬁ@seg Sbmeceea&ag eQitéssion BRI cal

hi story, perform ng ot her diagnostic tests and oying . m |ng
t echni ques. ¥gDdmx Mérttégr}d/?rdpteffﬁ@mlﬁbanﬂafﬂaem% eé‘ﬁ?qn@%m 1% ri sk

for cancer i £ Owni s W) %m&&@rkiiah&gaﬁn@n&?&c%ef%%t hvm%n&?al s to

i ncrease signaling where si gnaling iI's | ow and to decrease signaling
wher e si gnal ﬂqglpmmds(ﬂw rictpiase agbvity, e, byincrssinghexprasion oD Biegn dlsd bes i nto two

" , el ting) Wt/FzD
s?élngl fﬁ%egggg e dE"F’"ﬁ’si‘l(n[esgf°£J""’n@er AR O: %or ovi i ng) 30 i/ F2D

signaling where there is insufficient or no activity. Wether Wit/ FZD
signaling should he inhi bf#z?ﬂ;{g& cr eased depends upon the intended
application. Wt ?EZEF &MY €%H"™e nodul ated using the active compounds

(e.g., anti-Wt AptinB@dinRShods FdRiésieasing Bkl et pieSsiHOSIAP ARG 1aR inant i - cancer
agents) descri bed herein, 48 Conpounds that decrease WAt / FZD si gnal i ng

activity, e. gatientgan b Usediieidaereass Nt <D signaling. Fepexample Ap ATNARRSS NHGlEie or
interfenhng iy Iaff@dﬁvé mﬁgﬁﬁtekﬁ@ssgﬁto\f’ﬁl?&dg ot of Wt gé&a@ FZ8 7Q>r’ Wit 3,

8b and/or 11) can be use g., as trgat%nts for can g., 't ver
cancer. Conpouhgenet tratbeiutibzedades usest liepdin, yhe termy”‘antikppse vhgoe@sémge eXpr essi on of

FZD 8 can al g . L, e.g., liver
cancer. Decr%nélgi&r%g ﬁﬁ{&igngl% gﬁﬁﬁ’égﬁgﬁaﬁ%%g lgcge&gd?’or decreasing the
expression obll@dpax}mbondcaﬁbth afodified iotigaxibomaddotitd, ocmodiﬁedused to decrease
Wit / FZD si gn r ti sense nuc eLc aci d ective to
bt bt expr Bl iromponeBf S Rutilses SRR Elar whgidir oA ST it s

gene, .cag be cothprisimgrpariuldl gest dies mmRNtAhﬁanbcﬁfpabf fatdesenmethetebgonucl eot i de”
or "antisense” .describes an oligonucleotide that is an ollgorlbonucleotlde

ol i godeoxyr i Bt thegrangaiptign gf tatagneandis therdsnslatiantithpt mBYA. o di £ i ed
ol i godeoxyr i bonuchgdehdem¥ibitdt ARV REiREAZE s WiHRHeR Wi BIneGi ‘ﬁaﬁ ocondi tions to

DNA 15 conprising a particular gene or to. an nRNA transcript of that gene
and, t her eby franslation jof # target gerter(eas & génstenendingfFZThAor Wohd &red/1brupohe

translation gilbt}cﬁ%]ﬁom'\éﬁ“the target gene or transcript. The antisense nucleic ac1d can include
20 a nucleotide sequence complementary to an entire FZD or Wnt RNA or only a portion
of the RNA. On one hand, the antisense nucleic acid needs to be long enough to
hybridize effectively with FZD or Wnt RNA. Therefore, the minimum length is
approximately 12 to 25 nucleotides. On the other hand, as length increasés:beyond
about 150 nucleotides, effectiveness at inhibiting translation may increase only
25 marginally, while difficulty in introducing the antisense nucleic acid into target cells
may increase significantly. Accordingly, an appropriate length for the antisense nucleic
acid may be from about 15 to about 150 nucleotides, 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,
30  orboth. One approach is to desigh the antisense nucleic acid to be complementary to a
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

49



Anti sense nol ecul es are designed so as to interfere with transcription or
translation of a target gene (e.g., a gene encoding FZD 7 or Wit 3, 8b or
""11) upon hybridization with the target gene or transcript. The antisense
nucleic acid can include 20 a nucleotide sequence conplenentary to an
entire FZD or Wit RNA or only a portion of the RNA. On one hand, the

anti sense nucleic acid needs to be |ong enough to hybridize effectively
with FZD or Weordahie wiﬂnﬁleep&ﬂem invehtiorriFor examplea fgdne imlk”a:pmpnmhgm'smey 12 to
25 nucleotlde th |ncre s beyo 150
nucl eot i des, é?l}gé’@tl?l?/ %F{ft ﬂfﬂﬁ eﬁg‘feisﬁﬁm Fna’f‘fg?rgtt‘? ¥$1@‘F«1f:¥§ﬁ‘ ﬁl y 25
mar gi nal |y, MDloevdmtfxﬁRNAIdaybepr ﬂ&d,qawcagytdmgammaﬂmmﬁtcl dinto
target cells may. i ncreas Si gnletrécant l.y.. Accor di an appropriate length
for the antl?&’i%séloﬁugpé‘P pallyagapg o guqqo@ﬁq:mhgle%gae%/\@egmt 150

nucl eot igles, oRBgdiucledities dPredkd: th%tﬂtpof ﬁ%oméﬁotl@a,syntﬁ&azeﬁﬁnggs@&'c' eoti des.
The anti sense nucleic acid can be conpl ementary to coding region of FZD
or Wit nmRNA or a Fhe gtisgnse gugleie aeifl atn Yechpmisalbt syathrsmdop SVASINgRNA, 30 or
both. One ap [ o be

conpl enent arg&%g%lall?%(ggggagsﬁoot {%gsa?:drggﬁg?bsﬁﬁ()&ﬂoggg ﬂﬁltg’n 'start site of

t he FZD or V\Alltenﬂi#ely,Maﬂﬁsmsemudldneacsdsq:anhe:mdweécu‘smg egtombinentDNANne of skill
in the art c?n easi |y choose an %{lt esi ze unber .of appropriate

ant i sense o CRRTIHRS: AR anaESy pcle %?Bmawe&avﬁ@%nﬁfh@ﬂm@ﬁﬂ vent, on.

For exampl e, nicledidee ARrativeRM barbinbdipdtats Qlridesly rddifidd leRufdeQE i des of 15-30
nucl eoti des conpl enentary to and, spanni nl(% the length of a _FZD or Wit nRNA

can be prepaPedeotidspnalogsdo pRereasaity ngTodpliilifnentp encmseoﬂle sizbiliyr ofifg

expr essi on. léypf%@ﬂnlsd’bet%a%%mé n% ni%‘l%hl‘é%dﬁﬁ%r#%ﬁe Kaiplebgf Ween the 5
ol i gonucl eotides to reduce the nunpber of oligonucleotides synthesized and

t est ed. Thenmieqtsie naaiogmuﬂede:plmmmrqﬂamt@éermm eud doyidingrrubsiititedd, e. g.
using a cl e cid eS| Q t th endor' s

I nstructi onrsmﬂl%tl[ er Ed;vengfé d%scf’ﬁhé Pt se eﬁgtlgng%%%x Bsign o q‘rge pr oduced

usi ng rei:onbpﬂ)ﬂﬁéucﬁi‘éﬁsm't%mmmol%mléﬂﬁ wﬁmnmmryblallﬁnﬂﬂlad ®an | ncorporate

only naturally. occurring 10 nucl eotides, Alterngtiyv can corporate
vari ousl y mo@HREES oh fisensg pucleje aGidsy P4 cRE o afrdaglé RGEGLR G 5 1

vivo hal f-1ifg Iegsﬁrpoy OGRRsRotides,” & ARids 'zrlMoléf:ul&Md;ﬂH@hﬁMﬁz%%ﬁ?‘#’obet ween
t he anti sense rml ecul’e and its target es of nucleotide anal ogs

i ncl ude phos M}oQBEW?Q‘?&Y’@‘C@@W@‘?é@‘i’hﬁésedénMaﬂ\@mPHPWé& dandan, pRitS8d/7 (fM-eot i des.
@ven the descr! PhEfbrpbe dieds8baBhicAerGAYE ALBRpIA L GRY SRR 15

production of suit € antisens es Is wthrn ordfnary skill in the
art. Fopo known to those of skill in the art. For example, delivery of antisense oligonucleotides
for cell culture and/or ex vivo work can be performed by standard methods such as the
liposome method or simply by addition of membrane-permeable oligonudl‘eotides.
Delivery of antisense oligonucleotides for in vivo applicatibns can be
accomplished, for example, via local injection of the antisense oligonucleotides at a
25 selected site, e.g., a liver. This method has previously been demoﬁétrated for psoriasis
growth inhibition and for cytomegalovirus inhibition. See, for example, Wraight etal,,
(2001). Pharmacol Ther. 90(1):89-104; Anderson et al., (1996) Antimicrob Agents
Chemother 40: 2004-2011; and Crooke et al., (1996) J Pharmacol Exp Ther 277: 923~
937.
30 Similarly, RNA interference (RNA1) 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 RNA (siRNA) duplexes directed against FZD or Wnt
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gui dance concerning anti sense nucleic acids, see, e.g., Goodchild, .
"Inhibition of Gene Expression by Aigonucleotides,” in Topics in Mlecular
and Structural Biology, Vol. 12: digodeoxynucl eotides (Cohen, ed.),

MacM || an Press, London, pp. 53-77 (1989). Delivery of antisense

ol i gonucl eoti des can be acconplished by any nethod 20 known to those of
skill in the art. For exanple, delivery of antisense oligonucleotides for

cell cul tur e Rddhoiootidt s%%si&ﬁ%@ﬁsgﬂ%ﬁﬁég?&%ﬁﬁm@%o hods such

as the |iposone net or s y_by addrtion rane- perneabl e
ol i gonucl eot irtetsin(De ExemplaroWniiwiRNés et descrijeshinsheslamples stasion] belaw.vo

applications can b ' | i L o ' of the
anti sense oli gonucffneo(%l?e %%gé%g‘%hstg%blé%‘ggp’g@ssﬁ%{mel%ﬁgg{“g&‘%ggdl vsge(ranh%?s met hod
has pr evi ouslpatibarcodgpoond tergatacdndidate poapounad brsantigpaneet hgent) that bindoto EAD f or
cytonegalovirus inhibitio e, for anpl e, . Wai.ght et al., 1).

Phar mac o%’ Th W?ypﬁﬁ%j‘ie)s (28- %ggsfmgpé@ﬁf@%é&eu\%%nﬁm ?W'CWSi)g’%ge nts
Chenot her 40:andRP41) hktsbyghevetinOikRrationbetween ik, SRbtlasdmsonhdstxg Ther 277:
923- 937. 30 Simlarly, RNA interference (RNA,) techniques can be used to

i nhi bit FzD @eentyymayeles examplebing tn theffi} palypephides-gart Be(&hdemajeof§et he use
of antisense gzghey ¢) difdlor 168 WAkt Goly PRk (d 81118 alAdin}Ciomih &5thEWaL

dupl exes directed against FZD or Wit "50 nucl eiC acids could be synthesized
and used to [Rokxpeptidedsupsushaivay that intbractiondelavsen the poteingis pyevemadniichr y Wit 3
si RNAs ed . ' ' | . to

i bi g WETRDRE Sttt i BG5S it ve BN LG OELyAPALAGS
conpound, e. @lescribed homtind Exampiesod componndsathiticarcbing &ra Wapt pélypeplidd, elgi,nds t o FZD
5 pol ypeptid 9, JFZD. 7 po ptides) and/otr.thejr hindin t ners

(e o, Pone 5 Wbt sl anglof T e § B ool beiiend o dhdiest B BEph3H "t he tvo.
Such conpoungti ABZDLS fr fheroD)] €g., thk Bati-Wantd Aeibbdfudqaedibeaept i de
(e.g., to the CBR%@d(gnai n _o?d%eaélgéznlg p?lmepe%t i de) and/ or tgﬁghe Wht

pol ypept i de (the Bxamples sectiom@PIeY- donai n of the Wit  pol ypeptide) in such a

ey thatisi Nt er act A shehuSR b oMt B8 g 7D s e hvor W GlindAusigdl dat o

conpounds and anti-cance ents can be i screeni ng net hods
descri bed herteiapatiéhtarvpttes(ed., acgenp theragy vedicn) thetemcdrdes d mudated (vt pol ypepti de,

e.g., Wit 3 [ r EZD 7. t I r.mit her eof,
and an anti - Wu%?atg‘@gfé)ﬁ%é’é%F orrg‘i‘ggB-r’geT%’cﬁ Pﬁ\??%ﬁéﬁ%ﬁt}a@#gggrgﬁﬁge %‘83. d t he

anti - Wit 3 antfohindfjthe esoepiobeyl therpati¢rit's cllisthyiliearpoeatd the nonshrectean intesfedet anot her
approach to 'v%iﬂ Wntt/bEB s\llg};[a{irlfgz B tﬁé 9eri'1%.| cr>] ximql\)llg,l avc%%st?u%mhm esn%gc{els g%ecreted

20 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 soluble 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 a FZD receptor (i.e., a mutant FZD

25 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 vector) that encodes a

30 ‘Wntl1 polypeptide, which is a suppressor of the canonical Wnt pathway 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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to'a patient a vector (e.g., a gene therapy vector) that encodes a nutated
(e.g., truncated) formof a FZD receptor, e.g., a FZD 7 receptor.

" Expression of the nutated formof the receptor by the patient's cells that

i ncorporate the construct can interfere wth Wit/ FzZD signaling in the
cells. For exanple, a construct that encodes a secreted 20 and sol uble form
of a FZD receptor (e.g,, a FZD 7 receptor) can be used. Expression of such
a construct $table expression VPStoRuAIe mewBicthe pi, and ppefultraaterialy ase eoramersiallpl e f or m
of the FZD ggfgpdor that would bind Wit pol ypeptides, rendering them unable
to bind to 1 ntact FZD receptors on the cell surface. Alternatively or in
addition, a construct that encodes a nenbrane bound but inactive formof a

FZD receptor (i. a. ’ Zﬁ?’) 25. receptor unable to perform sone function
perfornmed by a cglﬁénr %%”%W)ﬁ -%’3‘/“2’3&20 receptor) can be used. Expression

of su](c:h 5 conrs]t r NE;W bysuppieg@tad;@\?ﬂt&?mygﬁﬂlingl can:i?e\Mbvidm‘nywne[byihﬁiE&smgl
interfere with Wit/ F ignalin i a i_nt'er nal, chani_.sm not jnvol ving
Wit pol y pept PEseionpl A il praiths fe 8. B2n o NshRRdsr T W PRSESESGhal | o

i nvol ves adniely, SWAM ipdHpbtidesPatthépitiedt. VIRSE eRdmpls, a FFD oPWdE) gdseday vector)

t hat encodes a 30 Wit]' 1 pol ypeptide, which i's a suppressor of the_canoni cal
Wit pat hway begepenated firactlyeithigranogganism, g auman, yraxaressng vihiniteegellng | i near

or circular %&éﬁ#@&\sﬁﬁﬁ%?g aci®onsfrli@TbAL @%&W‘eﬁg&%’é dnGdihg'g Pl asmd

or viral vec constructing Xpression-vectors
are known i nFZIhgolypéentida . us&FZIN 8 pelypeptidé)sandioe W poiypepitide (o/g., Wwtdi | abl e.

| [ Wit/ EZD, Si | 5 Ne . . Wt / EZD si [ b
b ov ded ' BIESPRNEN gy abmionge ReRpPidl BRioE FERbE prFasesmeibetdis B “Foo g
pol ypept i desthe afp@dhisi ofiterot dapbetusstefor sich pirposédht 3 pol ypeptides) in the

patient. For exanple, a FZD or Wit pol ypeptide can be generated directly
within an organism e.g., a human, by expressing within the cells of the

organi sm a mygl qimsaGidaganRss ruct containing a nucl eoti de sequence encodi ng
a 10 FzD polmtl_d%.—,_a_ FZD 8 pol ypeptide) and/or Wit pol ypeptide
(e.g., Wit3 pol yBepresgetjinventipnafsofegiviesitransgsyie animpals thay deselop liver eaabire f or
transfecting t. i I nt: e such

pur poses. Vi ?I{.drh%%géljgegsn}gcp Zﬁ? %aﬁlg%g&%é%rﬁ?ﬂe%éﬁ%ﬁﬁ\r/%n ingcr?egﬁ%gtgm% g(gt ures
transgeni c athe sl of linet caheee hmpfolr thealevelapmaert of theripentierageyis thatcakZD 7 in their
liver cells. S nodel systens for the study of liver

h i S.represe
cancer and f’S‘P&I‘ﬁﬁS I osb%ﬁlng@g&ﬁ%trc&ﬁ%ﬂ c agents that can

Transgenic animmals can be, for example, farm animals (pigs, goats, sheep, cows,

20 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,
25 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.,
USA 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. Natl Acac. Sci. USA
30 94:3004-3009, 1997).
For a review of techniques that can be used to generate and assess transgenic
animals, skilled artisanis can consult Gordon (/ntl. Rev. Cytol. 115:171-229, 1989), and
may obtain additional guidance from, for example: Hogan et al. Manipulating the

52



@

nodul ate Wit/ FZD signaling and treat cancer. Transgenic aninmals can be, for
exanple, farmanimals (pigs, goats, sheep, cows, 20 horses, rabbits, and "’
the like), rodents (such as rats, guinea pigs, and mce), non-human

primates (for exanpl e, baboons, nonkeys, and chi npanzees), and donestic
animals (for exanple, dogs and cats). Any technique known in the art can be
used to introduce transgenes into animls to produce the founder |ines of

or onugl ear ki S ot 8 G R E5 Sufl dbor P, Bey oGt o

gene transf eKrimpenfoget ah (Bm{é"eclz(talagy 86, M), Palnsiter gt al, (Gorlcid:34Ba1985), Acad.

Sci . USA 8 6148 G Q I . St el.l s
(Thonpson etﬁ‘é Ee#l SAIC S AIDWANARNOL MR e FOPOat POt §nﬂd§%? &o0s (Lo,

Mol . Cell. BHQi'bor Preds3Q3ld ﬁbﬂﬂ@HarboiéWpl?Sb,}l—édg&gérwt ggm%ggl%d;m) descri bed
in Yang et a Nat | _Ac Cl A 4 4 1997 For a
revi ew of tehWﬁ?lc‘fué]s(SFWer 3% 184, 19862, Y\L}Gglﬁféﬁ%?‘la@é aq?éenég@equ’}gé}ré‘ﬁ@m c

ani mal s, ski kKiigfhemfoltiefANR.SFAMPNEW, 1769840 (Intl. Rev. Cytol. 115:171-229,
1989), and may obtain additional guidancé from for exanple: Hogan et al.

Mani pul ating the 52 Mouse Enbryo. Cold Spring Harbor Press, Cold Spring

Har bor, NY, 1986); Krinpenfort et de\a, %[echnol ogy 9:86, 1991), Palmter
et al. (Cell 41:343, 1985), Kraener Genetic Manipul ation of the -
Early Mammal i an Erﬂteriymnti())nisdlhﬁp'aied@pmbjodie fBliewing eCohplesSphichgretimt tmor ,  NY,
1985), % }(I.IB e.315. 680}:1 1985), 5 Purcel et al. (Science,

244: 1281 %ﬁgk""\/@d eéﬁ"eml%’% nEXPEnt No. 5,175, 385), and Krinpenfort
et al. (U S Pat ent No. 5,175,384). EXAMPLES The invention is illustrated
in part by the faqll ow ng_ exanples, WhICh ar e not to 10 be taken as limting
the invent i ofXample by Idgalificatron,obnafual Wt higandsfo bifip et BRIV it | i gands
for Inhibition of HCC growth Met hods 15 Preparatl on of cell surface HSPG
and fractionation by heparin-agarose chromat ography Huh7 cells were grown

to 701/ 6 conMethkadsy in 10% FBS (Sigma, St. Louis, MEM ( Medi at ech,

‘Her ndon 5 VA, USA) 0 after

i ncubatl on and t%ree;g% lnizgfvcvglrle g@%‘{&&l‘%&}:‘?ﬁ@@ﬁ”g% BJ’0§e( 50 ug/m) in
chromatography.

Huh?7 cells were grown to 70% 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
20 0.1% FBS MEM for 12 hrs. Cells were 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 comacentration of 100 ug/ml. Contaminated cells
were removed by centrifugation at 400 x g for 5 min at 4°C from trypsinate.
25 The trypsinate was subjected to heparin-agarose chromatography. In brief,
trypsinate was incubated with heparinn (4%) agarose‘ beads for overnight at 4°C and
beads were collected by centrifugation at 2000 x g for 4 min, washed beads with 20
volumes of 0.1 M NaCl in PBS. Eluted fractions were collected with 0.25, 0.5, 0.75,
and 1.0 M NaCl in PBS. |
30
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). 1EF was
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20°0. 1% FBS MEM for 12 hrs. Cells were washed 5 tines with ice-cold PBS and
cell layers were incubated with crystallized trypsin (20 ug/m) in
“Tris-buffered saline/ EDTA for 10 min on ice. Tryp sin activity was stopped
by the addition of soybean trypsin inhibitor at a final concentration of
100 ug/m . Contam nated cells were renoved by centrifugation at 400 x g for

5 mn at 4C fromtrypsinate. 25 The trypsi nat e vxgs subingcted to
hepar i n- agar@§iedayt Bring 49PNbIRGRunperginvittogen™, (aslshads Cllaaccordipg o4hed wi t h

hepar 1 (39maRaicRge:i5aRSol OGS Bl 1) i MfanhERAgy UERBLERYT cct ed by

centrifugation at for washed beads wth 20 volunes of 0.1 M
NaCl in PBS.ovemighidthén agen miagmmemomdﬂmdt\m applied ag foBow® 280 VWfor80 and 1.0

'F\)/Iegfllcj del nrrag?%r?gggb E\ﬁgcﬁ mlga 205%1)%161%,%?8 %6 ti‘&rfzﬁ 'Rin ?8cu%g& gé glgfet)b?gpﬁgd

rom heparin-ag B ons
wer e prepar edibjeyted oy SOSPAIGE usring ZOOMreel\(Thvittaget) méd@nldl?lﬁnbms‘idmt for

(1 i 1 T ogen TR CERTE & oleijne lpelomares S0 YH76 = HEh BT 2B U BRSSOl
ZOOM strips $ipiing @Qin\mg{g@(}r ehydrated with sanples for overnight, then a
step vol tage ranmpi ng nmethod was applied as follows: 200 V for 20 min, 450 V

for 15 min, 750 \Pretein spetsgxdised figm stlyercptaingdcgelsipage destaingthendsdripddsfose were 5
subj ected to, ”égﬁ W %&M si onal

el ectrophor esi os\lsi\n&!}lg e trcggﬁg?ﬁens???eagg‘ %&ﬁegg’al nedéﬂtﬁm g

Si | ver Qoest Biyptiepeptitsavere degakadiand concettrataglowith ZipTipe gi @M 8lgmtrs, Bedforded from
silver-stai g ned . nd drie f n tic digestion
with sequenglgg‘a'r i’h%cqﬂggﬁ}zgggrypﬁ eSO HRE 5‘??"!\%@5% tzemlp arﬂc)j Tryptic
pepti des wergrfdgfiéed peptde @m@mml efden b CA)( Weptideniss, Bedford,
MA) . The concentrat%?dtrygrt)}?cﬁge tides V\%Mreglaa plied to)SE Prot ei nChi p and

per formed peiRgcHEIHAY HanePndustetwitn Fiat@@s?)ﬁ‘é é?P”‘ﬁ(ﬁfﬂM e [rpgrampept | de mass
fingerprint '%teﬂ@ﬁro?é@ﬂ'%ﬁﬁbl@'aﬁlrni%ﬁo 8l cﬁe%r b8Vt ré@hédo‘hs' n the

program Proteln Prospector, aval D: 7/ prosuector. ucsf. edu.
nunber ®f r e\gerpuapplnedrt@th:tstnmdrsear@wmsv#de@ lpenligation; ofiitheisppt iethe D gelsed on-

05l 12201 Oyl D5 i o o By AL 35300808 2701 1> B, 2 =
extracted by using TR zol (r) Reagent (lnvitrogen) from
RT-PCR Analysis.
Total cellular RNA was extracted by using TRIzol® Reagent (Invitrogen) from
20 HepG?2, 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
25 primer pairs for each Wnt ligand are listed in Table 1, below. The final concentration

of each primer was 250 nM. 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% agarose gel.
30
qRT-PCR assay.
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20 Hep&2, Hep3B, Huh7 and Focus cell lines. First-strand cDNA was .
synt hesi zed from 250 ng of total RNA with random hexanmers and AW RT usi ng
First Strand cDNA Synthesis Kit for RT-PCR (AW) (Roche Di agnostics,

| ndi anapolis, IN) in 20 | of the reaction mxture. PCR was perforned in a
t hernocycl er (M) Research Inc., Waltham MA) using 50 ng of cDNA and Hi gh
Fidelity PCR Master (Roche Diagnostics). The 25 priner pairs for each Wt

| igand are |i stedEkifactiohbftofal RN@l MW RTTB&:tbh Ao tholve fikduas andrHCAfcelach pri mer
was 250 riM After initial denaturatlon at. 94C for 4 _mn, reactjons re

subj ect ed t o 1165 W§re cendugted agdeseriher 8bgvay To deermine the siNAexmessiqlevelp ok 55¢
for 30 s, awm?&ﬁnﬁ%némm RTPCR\Wad éayorﬁe&wﬁg ec?h@fWMthc%i&meﬁt 72C for

10 min. The anpl i fied prod ucts were ana on hi di um br om de- st ai ned 2%
agar ose gel . Tioe BER DrttRtion Sysjem Ghoﬁadxféﬂ!@ﬂl‘iﬁncéﬁ with g aixter¢compepsedrof eact i on

fromthegliv r

above. T8 detdPR GRUFRCR Mgt Phontiol HRRIARL RonBGHF LR, BB BIRTEIRE)
gRT- PCR was ;pambmrrdeihgxst' CDNA (equivalentitéINRNA) 6o IunlmoRmahmpIEs thPﬂanlt ection
System (Bi o Ies Wlth m Xt 1Lk Qs S een PCR
Master M X (f\%%ing 95"3%?13 d ap jput Fte@ttdé ée&ﬁgp%g“d“ ‘I@ﬁy CPri mer and
5 ng of cDNAa{mglmlsa;nsomlajo S0y 7P C @61 303K TaY Prithdieel@mces Foie Wiks) nal
cycling conditions conprised an initial step at 95C for 10 mn, followed by

40 cycles atVEGFZLY and 18StRYGwetsas fallows: and 72C for 30 s. The pri mer
f ’ 1 V\ht3
sequencas 0r§1();_;_%ﬁt§ .5 Mﬁ’rgéc Eoér@\%%%ﬁ@ﬁ@wfsﬁ & g%@é?ﬂ)WS)ﬁ&l( )

5 - CATTTGAGGPGCATETGAESBGC E@@@C§&3 ((slzeysct)mSE@IBQ\jO 6%2) wtl 1,
5~ AGACACCIORTEACTT A S O TGFERCENTBEERG- Agvid) (BTG NOS70 ans
5' - GCCGCTTCTAG@@@MUCGATGGQAMC-@S(E@&SW@EQ@ NOF1);15

5 GEACACOOARI BT AR ST AR AGA PAE ¥ PR e iy NO T e

5' -ACCCA@GGAAT@@GMA&@G@&GTCW@C@%)’ (&&E@% @@@ﬂ@nﬂhe sizes of anplicons
were 130 bp for Wt 3 for or FZD7 and 50 bp for

1S RNA. ATt 6D 18SERNA S ARABOAAGENTER MG STy (SROIRNRERN 20
el ect rophor egi.5RRASGAATEBAS QA E8.3 TicRer) QEHQ D NIRF S, BHELREoANd Cl oned

nto the amplicons were 130 bp for Wnt3, 133 bp for Wntl1, 54 bp for FZD7 and 50 bp for

18StRNA. After visualization of the PCR products by 1.5% agarose gel

20 electrophoresis and ethidium bromide, PCR products were excised and cloned into the
pCR 2.1 Vector (Invitrogen). Sequencing was performed in both directions tasing T7
forward and M13 reverse primers. After confirmation of the nucleotide sequiences,
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

25 FZD7 mRNAs were quantified in unknown samples by measuring the Ct values
followed by normalization to 18SrRNA after comparison with standard curv-es for each

gene. Experiments were performed in duplicate.

Preparation of plasmids and anti-Wnt3 Ab.
30 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 human Wnt3, which

was cloned into pcDNA™3,1/myc-His A (Invitrogen) via HindIlI and EcoRT restriction

55



pCR 2.1 Vector (Invitrogen). Sequencing was perfornmed in both directions
--using T7 forward and ML3 reverse priners. After confirmation of the

nucl eoti de sequences, standards for the real-tinme PCR were prepared with
10-fold dilutions of the each PCR products cloned into the pCR 2.1 Vector.
The copy nunbers of Wit3, Witl 1 and 25 FZD7 nRNAs were quantified in

unknown sarrrgngﬁn@ﬁtegeq:ﬁéjgdqﬁ&cgm Gmedaldes followed by normalization to
18SrRNA after arison with standard curres for each gene. Experinents

wer e perfor n%dTA(ﬁ ﬁmMCﬂ%éG§Q$AWWWd€0W)aWQMt3 Ab. 30
Because 22 aghAg)acids fromthe Ctermnal end of the human Wit3 plasmd
were mssing In 2he original plasmd (22), it was extended to the

full-I engt h FGUAGCEGACG TAGCAGEA GCAGT GEA RGR THRAGTGeX (teversdy BBQoN t he
sequenc I!f)\tjll{]rgnl t3, which was cloned into pcDNATMB. 1/ nyc-Hi s A
(I'nvi tr en) 'ndl I .1 and EcoRl restriction 55 enzyne sites. The

sequences ofs’ RBT&@A$G@QTA§AT§CA@$@@TWM@AW(@Q (forward)
(SEQ ID NO 1D51210@$A GCAGCTGACGT AGCAGCACCAGTGGAAGATGCAGTG- 3' (reverse-1) (SEQ

51D NO77), GATGCGAATACACTCCTGCCAGCTGACGTACCA- 3" (reverse-2) (SEQ 1D

NG 78), 5'- @ﬁé% @@@@@!@WQ@@Q@ everse -3)
(SEQ I D NO 79) 10 Rabbit polyclonal antibodies were pregrar eéirsagai nst a

synt heti ¢ pefptvetse -3 XGEQIDNOTONG t o am no acids 259-274 of hurran Wit 3

S ani 11 Pant horo ey A YHoBTARtie Ve HersdieRoR s PROSEBERES o
protei ns. Thensgmatig e mym?ﬁclmsmxﬁfhmm watd FPERAKY SMK[PETERELH?) ialnal ysi s
usi ng HCC ce ) sf ect W t c t3 Ce

Gl o o Fep S EQSO:A Bt Goeivanse B8 SoET giesiiraRhoRees SUsEhent ed

Wi th 10% FBgegbdds dfWit ﬁkﬂ?l'y'& 8heEitiowalprotBifl. mne@géwﬁos@r&fhﬂdboamp aci d

solution 20 (Sigm). p&2 cells were excl uded because of the del etion

nut ati on in Yemiéied By M’@m ot agalyeis pgng HCEroah §nesdtansfacted pith myertaggedher e
perforngd atWﬁ%%lEs?rHﬁ,' uency using

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
20 (Sigma). HepG2 cells were excluded because of the deletion mutation in the B-catenin
gene (31). Transfection experiments were performed at 70% confluency using
LipofectAMINE 2000 (Invitrogen) or TransIT-LT1 (Mirus, Madison, WI) according to
the manufacture’s instructions. Tcf transcriptional activity was analyzed using
Luciferase Assay System (Promega, Madison, WI) after transfecting cells with
25 pSUPERS8xTOPFLASH or pSUPER8XFOPFLASH (32). Raw data for luciferase
activity were normalized using (-galactosidase activity as a transfection control.

Experiments were carried out in triplicate and repeated three times to verify results.

Effects of Wnt3 overexpression in HCC cells.
30 The HCC cells were transfected with pcDNA3.1/myc-His A (control plasmid)
or Wnt3 plasmids, pSUPER8xTOPFLASH or pSUPER8xFOPFLASH, and B-
galactosidase plasmid. Twenty-four hours after transfection, the cells were incubated

with 0% FBS MEM for 24 h,‘ and then stimulated with 1% FBS MEM. The cells were
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Li pof ect AM NE 2000 (Invitrogen) or Transl T-LT1 (M nus, Madison, W)
according to the manufacture's instructions. Tcf transcriptional activi ty
was anal yzed using Luciferase Assay System (Pronega, Madison, W) after
transfecting cells with 25 pSUPER8XTOPFLASH or pSUPER8XFOPFLASH (32). Raw
data for luciferase activity were normalized using (3-gal act osi dase
activity as a transfection control. Experinents were carried out in

triplicate aRstvéstemd nd DA B ARSIIatoR rdnﬁ)éuﬁj&ﬁéd th $he 1Eélfe%:e.te 8ssfy aﬁaht 3
overexpression in HCC celI's. 30 The HCC cells were transfected with

PCDNA3. | / nr y¥esem Wotanalysis &ir Wntdgnd Rrpatemin. Wit 3 pl asmi ds, pSUPERBXTOPFLASH or
pSUPERBXFOPFLASH, and p- gal act osi dase plasm d. Twenty- four hours after
transfection, the cells were incubated wth 0% FBS MEM for 24 h, and then
stinul at ed w th 1EfdeBSf MethWnihdntibellles were 56 harvested at 2 h and 24 h

after t sti rmul and subj e to th ucj.f er.ase, ass Wéstern

bl ot anafym s fo%ﬁ?@@ﬁ&@"@?@nﬁeﬂs wﬁrﬂsﬁ'%?é Ty ‘gﬂ tem@%&g‘{g&ﬁ%dl es.

For bl ocki ngygy ?SUPERE%@PRQSPPO?S@WER@MLAS&%M@ alaRloRidsR gm
transfected w th pSUPERS8XTOPFLASH or pSUPERSXFOPFLASH wit h al act osi dase

plasmid as éﬁa@@mmédb@bower m@ﬂmﬂm@e%h,mqeﬂﬁwﬁmm@bmd Wﬂthé%cel | s

wer e i ncubat 1‘V EBS..IVEM [ ontr ol
(10 g/m), ﬁgsm]@é’ 318m§flt{¥Ea ﬁt ?tgrAﬁ g%ﬂ(?]io%%g(l@f ‘%{9 t|E(5%S£(Upstate
Val t ham  MA) hwaér ibsBaticaS Normslthiad Ié%g%szﬁélwgﬂm EfA)&fdsslsﬁfa%IaRbﬁtmlOont r ol
si RNA and Wit 3_si RNAs (WANT3-1: 5' UGCCACUGCAUC- 3" (SEQ I D NG 81), 15

WNT3- 2: 165 - GEptiBodYJAUUCGCAUCUAC- 3'  (SEQ | D NO. 82), WNT3- 3:

5' - GGCUUAUCUUUGCACAUGU- 3' (SEQ I D NO 83)) were purchased from Anbion
(Austin, TX) and transfected into HCC cells at a concentration of 10 or 100
nM with pSUPE%xTEﬁEERSHRUA PSUPERSXFOPFLASH, and (3-gal act osi dase pl asm d

using Transl T-LT ﬁEﬁtBE macon Chicago, IL). Forty-eight 20
ecﬁl on rﬁ%ﬂ?ﬁl&

hours after trans expression levels of Wit3 and Tcf
transcri pti of@INT3dc t1-GGAA AATGOERSTIFGUAUC-3) REQURNANSN)| uci f er ase assay,

wor 6 pl % od’ PAVE-E R iA R A e A A PR OB er e S TS
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 pSUPER8XFOPFLASH, and -galactosidase
plasmid using TransIT-L.T1 or DharmaFECT 4 (Dharmacon, Chicago, IL). Forty-eight
20 hours after transfection, the mRNA expression levels of Wnt3 and Tcf transcriptional

activity were measured by gqRT-PCR and Iuciferase assay, respectively.

Effect of blocking anti-Wnt3 Ab on wound healing.
Focus cells were plated in a 6-well plate. Confluent monolayer cells were
25 wounded with sterile plastic 200 ul 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
30 For total protein extraction, the cells were homogenized in lysis buffer (30 mM
Tris, pH 7.5, 150 mM sodium 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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25 wounded with sterile plastic 200 | nticropipette tips. The cells were
then treated with nedia with either anti-Wt3 Ab or rabbit 1gG and

“"phot ographed at different time points. Wstern blot analysis 30 For total
protein extraction, the cells were honogenized in lysis buffer (30 nM Tris,
pH 7.5, 150 nmM sodi um chl oride, |% NP-40, 0.5% sodi um deoxychol ate, 0.1%
SDS, 10% gl ycerol, and 2mM EDTA) with proteinase inhibitors (Roche

Di agnost i cs)PieraRabfiird,dLpdith BSAtagistandapd cBquial ahovnts ofpsotelnd @60riglewereisi ng t he

BCA Protein _Ass Kit . 57.(BLEr Rockford, . | i th BSA as standard. Equal
amounts of 5?"3{%’%‘?] 120! 5({% Eggfz%%@@ﬁaﬁéﬂé%@wi%‘?-e’f PYPBDS- PAGE and
transf err ed (Pakid¥lier)WelstsyERIA) ( PRE Hemblan® werd'Glotied!vaih 5ABEA il Meisrenbr anes
wer e bl ockeg)agi th 3% BSA in Tris- buffered saline containin % Tween 20

0.1
and then i nOUBEeE &1E6 spririghe O Fwee 307y ﬂynﬁwé%te%vr@eighma?" CGavith 2 myc  Ab
di | utedsat %&S%Qn&cmw&[ﬁ%%AgFﬁﬁﬁﬂqq,GI%Y(E%I({){Esz Bﬁ@f@&lﬁoggghc.,m) , a

rabbit polyclonal anti- | ut ed at , a nouse ocl onal

ant i - ( 3- cat &anta Gz, §iA)1a rebbitpolyclanad aoi- Wit diluted &8 :208bomavser i es, San

D ego, CA), or r . abhi. | ycl.onal anti.- 0] di luted at 1.2,000 (Santa
Qs i ot e RRSFigh ARtk nhA SR A L dORR Pndlie fin Jib SR Saf s o

cont ai ni ng Midgs, TY,at atbbaGolyclvaalmting W@itutéd et U 22000dSdrd CuzS hour at room
tenperature with a secondg&g/ HRP anti body diluted 1: 10,000 and visualized

using the crapteshariogs fconodter waginggvithibatfiered ghassonining?-kon'eves8r ) . Human
HCC ti sigues 9olfe pRUBHNE $As BRUbRdor HEORo@ M rdb feiBEtambt iy PLa¢esharyPer i t unor al

liver tissues were obtained from South Korea and South Africa. Twelve pairs
of sanpl es ViERRarftibody dikigedekiH0, M) and rvisvalighd usingithe geamilumingsoenst imasingct i on. Ni ne
of the 12 pati . Wer. | d the nedi an age was 52 (range, 22-67).

El even -pati eeﬁrﬂesgé}}\}\z‘} ‘Pﬁ%@@]@@@%ﬁ. hepatitis B surface antigen (HEsAg) and
the etiol ogy was unknown in the remaining 1 patient. 20 Seven patients (58%
had underl yi ng Ii;dr\{‘ter [ rrhosis. Five liver tissues, obtained from the
Korean patients H’aﬂmmﬁ‘f& hepatic resection for single netastasis of

col orecgal  cancgegente’n biifs dfIFRT andBEtMRE, @nvoRRd RNl 1iver tisseismal | i ver
tissues. Four patients were nmales and t he nedi an age was 46 (range 37-57).

Hi stol ogi ¢ exanPbiainedomiSquiidioresand SouthyAfHer: nredvppaits of sEtPls st e ng,
peritunoral gifipalibRSHES undervent 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.
20 Seven patients (58%) had underlying liver cirrhosis. 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.

25
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
30 room temperature for epitope retrieval. 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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| mmunohi stochem stryfor fi-catenin. Formalin-fixed, paraffin-enbedded
sections were deparaffinized in xylene and rehydrated by decreasing
concentrations of ethanol. Sections were imersed in 10 M sodiumcitrate
buffer (pH 6.0), boiled in a mcrowave oven for 10 m n, and cooled to 30
roomtenperature for epitope retrieval. Slides were then processed using a
Uni versal DakoCytomation LSAB(r)+ Kit, Peroxidase (DAKO Corp., Carpinteria,

CA) accor di nlodhIMEHRRUTIGHHBES 1o SR S5 ARSe RAMOGRARNS Ry Oxi dase,

avidin and biotin-activities were y I ncubati’'on wth 3% hydrogen
per oxi de and irEnbatefbatdlS overnightrwili t:500 dimgombilankirhmgnakiB:cateiinechocwbdr at or i es

I nc., South n_Franci.sco, Secti on re 1ncupate t..4C over.ni ght
Wth a3 500 Ah AL MERER COROT. e PR SRmho e B RGBS B Afe BT oot | ve

controls, thexmedsiPRPAtéhs W dMsyiBs ihid Alve eREpyUtBrdRBTo thEpeshice 3F Aibldar
expression patterns were classified into two groups according to the

presences of AaingaCysoplasaiititaining @ impr tsswsevasalsp spmparpditorthatdn ti ssues was
al so conpared_t . peritunoral tissues. Mutational analysis for
exon- 3 of thgel?tg%l%)%ﬂlsnsh%éne. Exon 3 nutation of P-catenin gene was. anal yzed
by the nethod of Wng et al. 10 (11) with sone nodifications. Briefly, a

218-bp fragnment of exon 3 of the 3-cateni ene was anplified from cDNA (50
ng) from HCCs and WPM&G?&@S@MW’M%&W ¥ 8% ssues using Expand Hi gh
Fidelity PCR Syst pm{ RoGHacPbEE M ad Qﬁlﬁ@%g‘%ﬁ‘%ﬂgﬁ O?fIde'gpe'E 8. Were

%33):
5' - GATTTGATGGAGI TGGACATGG 3" (' or war EVSEQ "D
5' - TGTTGT TGAQNRAHBGEAME Gadifdatidns Briaflyeg 2(8SipFrdgmenOB5pn 3 ofithe Pcatehir mal

Fo | owsd by, seiecyeapied S5 P @b ne Rt isand iisindingBodimpaf g ° 1y e
vi sual i zat i Ofissabs dshfy BEPMPHRH Fdetity FETRS el Rdche Wgﬁodﬁb?ﬂﬂf& sediieficdsfoe PCR 2.1

Vector (Ilnvitrogen) and subse%uentl,g/ sequenced using T7 forward and ML3

AlGHACTIGHACAL R TR IGgaE) (REQE? NO841 yzed for

reverse pri nBp@ers were Pe@aT TEGATGRAGTIG; _ _ _
the sequenci hay 52AGREEYTEAGTEAAUGALPEAGOD (Rl :\é\%s?gqggft?zsgyargﬁggecegln li nes.

Since Wit proteins are mal nly associ at (?C_i_WIthe _ . C
attenpt 1525 thesmatwpidingsopditiosicomprised 9n irfitiel dengspatingritdpati PH§ 0wl mpt ot ei n(s) as

an assoct at gl YLy 8 ol oK ISR BRI bbbty S atlge SUDI ected to

hepari n- agar 0Sse a
visualization of the PCR products, PCR products were cloned into the pCR 2.1 Vector

(Invitrogen) and subsequently sequenced using T7 forward and M13 reverse primers.
At least 5 clones from each PCR product were analyzed for the sequencing.

20

Results
Identification of Wnt ligands in HCC cell lines.
Since Wnt proteins are mainly associated with ECM in cell surface, an attempt

25 was made to purify cell surface HSPG including Wnt 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. From a 0.25 M

NaCl eluted fraction, an approximately 45 kDa protein band was distinguishable in the
30 heparin-untreated fraction (data not shown). As the estimated molecular weight of Wnt

proteins is in the range of 35-45 kDa, this protein band was considered to potentially

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

was performed. As shown in Fig. 1A, there were several silver-stained protein spots
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resin for pre-fractionation. Eluted fractions were applied to SDS-PAGE and
~conpared the protein bands between heparin-treated and non-treated sanpl es.
"Froma 0.25 M NaCl eluted fraction, an approximately 45 kDa protein band
was di stinguishable in the 30 heparin-untreated fraction (data not shown).
As the estimated nol ecul ar weight of Wit proteins is in the range of 35-45
kDa, this protein band was considered to potentially include Wit proteins.
To define t hihewpigoliBferantevels, Oflmmeld ﬁmmxombaﬂween keperinfraatedsidsuntiested per f or ned.

As shown in [ gl M | s 59
showi ng di ff%}%nets ?reo\}ée 5‘5&? pro ern aélg %gs?ssl‘gnreg&? dréree(ra\ ﬁ%‘%&a‘%‘? ;ko gt ed and
untreat ed sligupd psoteifl. (fved up &gm]htedcpfotéiﬁslﬁﬁs ik Bepagincinpkated &r@l&&fm@e consi dered

candi dates for ot ei ul at ed ot S in
hepari n- unt r'8&% ﬁvﬁatg%?’rﬂ‘fe gRerB 1nsic néesﬂe@sgflggh aﬁBéreW'}ePPpﬁ?"(ﬂsE b‘hn be
rel eased by dHeRatdnsitvetataitedtwo- Emﬁhﬁ@ﬁl Be1owere BubjedidiDib Sn-pélQgestidny €1 - St ai ned
t wo- di nensi onal gels were subjected to 1n-gel digestion, followed by

pepti de mappioHgWed byepside peenipg b mpss sreiomCEn aPya pRalysis teueadad thataineni ne
peptides mat ﬁ%ﬁges%d%lawvvlﬁfmﬁ adshowh Whig! 1B. M@ furthe é)rr-ggor; rther

corroborate I ng, éxpression Enas exam ne -PCR in
HCC cel | |i nthis ﬁmhnganlﬁlRI‘M p@reﬁfswpmammqudmRT-BCRan HéZIG callﬂmekuﬁmm human

Wit | i gands Wit 3,.a .anong all 19
Wit gones. el o PhmaRapeis Eoutife phl oA el AsefER BB her known
Wit nmRiAs \A@c&m@ewwte&ﬁ\wtlflm amoff k19 Wﬁt@e@@ém\ﬁﬁh&d Werxgrekant i f i ed
in HCC cell |ines, the sion_|levels were exgﬁyR usi ng

quantitati velndet oelf H@SR?‘IDP@@( peRYV s ERINAS Werpydetect T5&s. The

expression | gggl Wn&%ﬁﬁ?vntﬁz)weféﬂdé%tﬁédﬁﬁﬁ‘&b&lﬁi%tﬁ@ln'RNA Bi§pReskiBh Rval¢0. 0 15 f
10.3 in Hep&x, 381.3 12.7 in Hep3B, .2 f 6.3 in Huh7 and 210.4 9.5

copi es per wg@psanmpcbmmanmnvmdm? PCRI*(GRWHCFR)IaSmmH@WBsm on

| evel s were 57 f 0.2
copi es per 1’618654@%§%i§§§h|9—? %][}nécﬂg%%) °§\%‘§Tk¥é7\li{]ﬁc‘%§ ﬁro%t@w% Jétoect ed in
Focus c# | s w10IunHapG2 388 R~ PioA]ep8B 3.5+ 643t1nﬁuhﬁand1k10r4e$915tcolmés

conventi onal | f 3 tt nd FZD7 nRNAs
in human HCCp%rl %ﬁbos%ﬂ@éﬁ?&:ﬁﬁg e% %l?ﬁ@%ﬁ@rfﬁm&]fll‘fg VE8. 899
peritunoral 8USEYSB4S. bqwﬁész m@oea.sm Mmegwam sxam@swpm@péﬂoél s conpar ed
with those in normal contr the cut-off |evel efle“ ned as a

val ue of meahSSTBNArnHyhy GP%IWMWQRNA sQuyldaot by §CWP‘§/“11F °ﬁ%9r‘i sEh et i ssue
showed decr egge# TepEE SIRLRE CRIRAS RSuIVfcBnRALGHRI RITIPCE (Fig. 2B).

20
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 mRNA 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.
25 Only 1 peritumoral tissue showed decreased expression compared with normal liver

tissues. Among 17 paired samples, 12 (70.6%) showed increased Wnt3 mRNA
expression in tumors compared with corresponding, peritumoral tissues, but it was not
statistically significant (P = .435 by Wilcoxon signed-ranks test) (Fig. 3A). In contrast
to Wnt3, 11 of 17 (64.7%) paired samples showed decreased expression of Wntl1

30 mRNA in tumors compared with corresponding, peritumoral tissues, which was not
still statistically significant (P =.227 by Wilcoxon signed-ranks test). However, 7 of
17 tumor tissues (41.2%) shqwed 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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ti ssues. Anpong 17 paired sanples, 12 (70.6% showed increased Wit 3mRNA
expression in tunors conpared with correspondi ng, peritunoral tissues;
butitwas not statistically significant (P =. 435 by WI coxon signed-ranks
test) (Fig. 3A). In contrast to Wt3, 11 of 17 (64.7% paired sanples
showed decreased expression of Witl 1 30 nRNA in tunors conpared with
correspondi ng, peritunoral tissues, which was not still statistically

signi ficant (Rischeslexh¥t M) FRWT 191 .@ﬂ)t&ﬁ@kﬁssﬁé%%avlvemﬁaefs%{i expfestion oft 7t unOI

tissues (41.2% showed decreased expression even bel ow ower cut-off

| evel of nor naYntl] ;ENA cerspared with nornahbivee tisfues, Whilp of 1 1(3:94%) petiimeead (P =
. 0036 by 60 Fi; <3S t . Fl . 9 jagsues showed
i ncreased explrtlgsglglg{l)lﬁ (])aﬁ Féﬁ%ﬁéﬁéﬁ%ﬁﬁe@%ﬁ%@ﬁﬂ%ﬁﬁ% gﬁ?\lﬁeﬂrﬁ?l ssues,
while 9 of 17 exi2ssBiHfin 0 of 1 1(A8r&4h) samples coaspartiddvithBwirinalHDEr tissdes(Eiguteunor al

ti ssues showed,l narease 7 expression.in 10, of 17 (5 % sanpl es
conpar ed i t h Rt FEFIVE Py L1 (I 69Bipated Sl shaed et Purssfo 7Y 557

pai red sanpl emRMAWefmcICERRREd wirDdodRsioadingperfiibbral HESING, ardl this Afffegenc®npar ed
Wi th correspondi ng .perjtunoral tissues, and this differengﬁ_ V@z
statistical | y v ghtisticalipsigpipcant .@)?ﬁ%?’ywlicemﬁﬁﬂé‘ai‘?sg ig 3st) (Fig.
30 . Nucl ear accunulation offl-catenin. 10 |Inmunohi stochem cal staining
showed nucl ear accunul ation of P-catenin in 7 of 17 (41% HCC ti ssues.
There was no nucl educlaercarswhelationofgi-catenérat enin in  surroundi ng, peritunoral
tissues (Fig. 4). | of .the 7 .s |l es with nuclear ccu tion .of

3-cat eni S\o al so sho%‘&‘qnﬁhlﬁ@ﬁmcég%%gﬁgo ?ﬂn"(cgf‘rcagf‘érml ﬁu‘?ﬂ&ﬂ@%ﬁeﬂwgm asm
Among the 10 DRIl b FRC Eis §. "Btk VAo S AR o BlcaRnRfm ( 3- cat eni n,
15 1 sanpl e showed irncreased cytoplasmc staining for (3-catenin, conpared

to its correspoouiding, peitimonabrisshest(Figsd)e AlR thechramplas vgthamwglegrsi s, nut ati ons
3 of (3- i o in 4. af. 17 (23.5%. | es,
ohi Lo none | n SSUIAIREOE G- cHpa A sorur g winigh Jor P e P POP °°

m ssense nut aHrl_?_ﬁIrisﬁf i&%ﬁiﬂﬁﬁﬁh APERBBtistRes withodt'tle firldat ¥éeumBfafon S catéhin;37C,

and one S$45F) . ee of the 7 (42.9% sanples that showed nucl ear

accurul at'$ on dfsamgleshowed incisgsed gytoplosmis stowing foxrratenin oompered fitsvut at i ons  at
the region res onsiqtgl e for ph horyl ati on and ubi quitination of
(3-catenin. Of& ERIHTee PEHAT rﬁg%%ée‘rrut ation in (i-catenin gene (135S) but
did not have nucl ey saqedsif ahialyds, Mitatibd-onakend of rostenin gerageae foayd apd asmi c
staining in imunohistochemcal staining. All of 25 the 4 renmaini ng sanpl es
that had nucl 8aF7 E3cU/MIGE samplst. Winle agredn syTRRding, ngrifgRory disgues. They

were all single missense mutations affecting codons 35, 37 and 45 (two I35S, one
20 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 B-catenin. One sample
that had a mutation in B-catenin gene (I35S) but did not have nuclear accumulation of
B-catenin had increased cytoplasmic staining in immunohistochemical staining. All of
25 the 4 remaining samples that had nuclear accumulation of 3-catenin but did not have
any mutation in -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
expression levels of Wnt3 and/or Wnt11 were not related with B-catenin nuclear

30 accumulation.

Effects of Wnt3 overexpression in HCC cell lines.
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an‘y mutation in (3-catenin gene had increased FZD7 nRNA | evel s conpared with
-~paired peritunoral tissues. The FZD7 nRNA | evel s were al so increased by 7-74

folds conpared with the nmean val ue of normal liver tissues. However, the
MRNA expression |l evels of Wit3 and/or Witl | were not related with
P-catenin nucl ear 30 accunulation. Effects of Wit3 overexpressi on in HCC
cell lines. 61 T@oé@tgﬁﬁlﬁwﬁetféaa& Iﬁ%nﬁlfe apwnE %m Wit

pat hway in HCC, changes of T-cel act or tran t1onal’ act|V|ty
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Il d f I.s, whi h tical ficant (P
=0, 01) ¥ by kS TeEFerpda bt nbieved Fovl Rt Rt roefangeq 1 n
Hep3B cel s, céiﬁdccﬁﬂs/;fb?ed 19@RdsE 35 Bshtrol, Hﬁlbﬂ wﬁ@é&t%ﬁcﬁ@%ﬁ@ﬁﬁdahﬁ’(ﬁélﬂ bl)af ter

stinmulation Flg . Consistent with these results, the cellular
(3-catenin | OWPV%@G iTo€ ransemptiangl achvities wese net chpngsd in HepaR ealls.iand even vv| t h

Wit 3 plasm dy \9&3% r ’

denonstr at ed % sltner n @%gg%gﬁe ﬁilgggﬁfﬁgzsﬁqgk)ﬁ?ﬁﬁﬁga npﬁyﬁée‘@\%b Si gnal I ng
by anti- Wt &eé&xewltsyﬁlb%eﬂulﬁl\ﬂ\satemblewel veds éncedabeaicih Foafs celihafivr traxsfeckipn
anti-Wit3 Ab ¢ I RNAs qn the canoni cal t In Il Iines was
exam nelf, be®hI¥nt plasyy éYl?lﬁé‘O?@F““ﬁdaﬂ@E?’?aﬁgqa’BmgB%#ﬁ‘% P‘(Figsasand cel lul ar
(3-catenin | Q&ﬁbﬁmagrawﬁéﬂmﬁhﬁmiﬁm@ubﬂ ).and Hep3B cells, conpared to
Focus cells (Fig. 5). Incubation with polyclonal anti-Wwt3 Ab resulted in

decreases of luciferase activities by 60%in Huh7, 26%in Hep3B, and 40%in

Focus cells (Fi gﬂ"’g%mﬁﬁ??w 5,;;)5&1;3%%%93%5;)% ﬁ}kﬁg} on t he canoni cal

pat hway, si RNAs for irst, the inhibition efficiencies of
3 different ki ndsNekt, ﬁle%stsuémhlblmddywaugdntﬁ bhdr kiRNtcorHbe 80nistll s usi ng

gRT- PCR assa that si RNA S..1 st e .fi i ent (data
Tot shotin) - wpmanIEICE R Tt s Samue, piFGuSe the YERERG otlicsBline

concent r at i opctifitickQAd RMIIL RcatéiiBl levéle Releslredtly HigH i Huh@aad HEaﬁ}BJé‘dllls ons of
nMRNAs, the Tcf transcriptional activities were al so decreased by 48 5% 25 in

Huh7, 33% i ncepsl todipsua gellsddignS)-deqibation with potyclpnalanfi-Witehlerestlied i ¢ was
g gﬂg ln :Jg:? Lg? créa@@é Jl?f ﬁlﬂggasge ﬁMngb wlydmrl-ﬁﬁ’ﬁ | 3694 i B4RR! SRPAPN i ochd®
cells (F ig. 6A). To confirm this inhibitory effect on the canonical pathway, siRNAs for
20 Wnt3 were used. First, the inhibition efficiencies of 3 different kinds 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). Consistent with these

reductions of mRNAs, the Tcf transcriptional activities were also decreased by 48.5%

25 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 canonical pathway
in HCC cell lines.

Effects of anti-Wnt3 Ab treatment on wound healing in HCC cells.
30 ‘Whether inhibition of Tecf 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 cells 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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Effects of anti-Wit3 Ab treatnent on wound healing in HCC cells. 30 Wether
I nhibition of Tcf transcriptional activity could lead to functional changes
of HCC cell behavior was al so investigated. Wund healing assay usi ng Focus
cells showed del ayed wound healing in cells treated with anti-Wt3 Ab, and
t hese changes were nost promnent at 24 h. At 24 h, nost of the wound was
covered with 62 nigrating and/ or proliferating ceIIs I n Focus cells treated
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ti ssues. t hough there was po stati st ific renceln t
MRNA expr essi GSistsntwith thepscobiervations ‘Plﬂfﬂ? linescWas ang%ﬂtbl‘ "‘%&FA-ICCS showed

i ncreased Wit ggxfbeaal Q&&&iﬂ%ﬁfe&%ﬁ&h&d’lﬁ& 1608 BRRANHeA HQEy. | t unor al
tissues. Furt herrmre 77% of HCCs and 59% of peritunoral tissues shovved

i ncreaset? Wit 3 nm«eénrpssmp@wmsexféﬁma%ﬂé 2R wes dstermingd in lpmen |
normal |iver ﬁ\‘ ;?}L'éﬁés 1nc1-&§ﬁé€i{(fit Qﬂd E8res Wnﬁﬁﬁﬁal‘iﬁéﬁg ﬁoﬂvéﬁ ofMt 3

m ght be an ear event i'ng epat otar ci-rfogenesi’'s and/ or ay an
i nport ant r ol EZD'hinepet tissydcweregaore ehwatgnhthdmthosgm cefedpending pentmfwlalrmat i on

and necrosis. _.Furth % of famnl.es sh de r. d expression
of il 1 s ang AL b B i e SRR Bn SRR GRS [ s tes.
41 % of t urmrdlffeﬁeﬁ&uﬁsmhﬁmNAoa@feeasﬂetw@meelaﬁmmmbﬁl tidsuddh71% bf even
bel ow t he | ower cut - of f, Ievg of normal liver tltisues These findi ngs were

conpat i bi% wi HRCphowed increased Wnt3 gxpression compared o thejf corpRsPonding Rertimadl hway .

Wit 3 over expr gg&sdsO FuMisimateS qﬁ/@é&f}@bépamwxyaft&nwmm@%s sweitordagddvay in
Focus cells, as evidenced by a 3-fold increase of Tcf transcri pti onal

activity and WinttonBNaestpreesion Ilwels(a'bov:faﬂae malne bEmesnst 3 BBvie nemmal lives tigwps.
transcriptio n’fhes ﬁnchﬁ/glstsluggses ?upregulatlon of Wnt3 might be an early event during

hepatocarcinogenesis and/or play an important role in hepatocyte regeneration during

20 hepatic inflammation and necrosis.

Further, 65% of paired HCC samples showed decreased expression of Wnt11
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

25 suppressor of the canonical pathway.

Wnt3 overexpression was also found to activate the canonical Wnt pathway in
Focus cells, as evidenced by a 3-fold increase of Tcf transcriptional activity and
increased cellular B-catenin levels. However, the Tcf transcriptional activities were not
changed in Hep3B cells and even decreased slightly in Huh?7 cells, even though the

30 Wnt3 mRNA and protein expressions were markedly increased after transfection.

Inhibition of Wnt3 by polyclonal anti-Wnt3 Ab or siRNAs decreased the Tof

transcriptional activities in all 3 HCC cell lines. These changes were most prominent in

Huh7 cells that had the highest baseline Tcf transcriptional activities. Further,
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changed in Hep3B cells and even decreased slightly in Huh7 cells, even

t hough the 30 Wit 3 nRNA and protein expressions were markedly increased
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signaling pathway without B-catenin mutations during hepatocarcinogenesis.
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Wit1 Sense:5' - TGTTGCCTGGCTGGGITTC-3' 30 Anti -sense:

5' - CTGTAAGCAGGITCGTGGAG- 3' 31 WAt 2 Sense: 5' - GTGGATGCAAAGGAAAGGAA- 31 32
-"Anti - sense: 5' - AGCCAGCATGICCTGAGAGT-3' 33 Wit 2b

Sense: 5' - ACCCAAGATGGTGCCAACTTC-3' 34 Anti-sense:

5' - CACAACCGICTGITCCTTTTGATG 3" 35 Wit 3 Sense: 5' - GGAGIGTATTCGCATCTACGACG 3'
36 Anti-sense: 5' -CGAGITGGEGICTGGGTCATTTAC-3' 37 Wit 3a

Sense: 5' - CCCCACT G@3dvnek ] €1 BASKEE, N, Mord8 PANtvan $EEIRA; D., de Weger, R., Kinzler,

5' - CTCCTGGAT: TCITGATG 3' 39 VVlt 4 Sense: 5' - TTTGTGGAT GCGGGAGAG 3" 40
Anti -sense: 5WaYegebterdbarasGleyearc! %7. Gonsliftivg transcriptional activation by a

Sense: 5' - ACALLlLale E]ﬁ&%%@%@cﬂ lon \Hrdincid) $8ience 275:1784-1787.

5'- GGATTGTTAA%CTCAACTCTC ' 43 Wit 5 Sense 5' ;GGAGCGAGAGAAGAACTTTGCC 3" 44
Anti - sense: H ARCTE APLARNG . gand FdNIae

5I C-I'T e D LT P\ LN N\ LSO N\ T "\I V. Wal

5. ] CAC.I_GIW-\LA,.Y.‘TWI Hbt\/_\rJl“\\:,\Il\ll\J'\’IJILJ e‘-fuwilll.clnnicllac SEQ[DNO
5' - GCTGOFOERHCASERE 3 TBSAALECCATCACCATC LITCAG-3° 28
5' - CCCGALGGTACAGHH $rATGAGICCTHGGACGA TACCAA AGRA A GTARAGTACCAG 3' 50
Ant i - sens¥ntls' - qlerRcfETEEEFCCTMGATGEGEITC MMt 8a Sense: 30
5' - TCCAGT TTCGCT TGAGhiREER: 3°-CTOTAARCAGENTEGTHGGACEAT CACAGCCACARTTTTCG 3' 53
Wit 8b Sehwaits' - AESST CHETCHAAGITAA GGCAKAGGAR43® Anti - sepse: 32
5' - AATGCITGTCTCCAQMh -3 _AGCCARCE TEETSAGAGT-3CT GGGTIGCTCOST TCITCCTAC 3!
ggnégt '5 BAWCTh%GiTF -Sense S LRCCCAKTGA TEGEEGCEAAQTTAM | (D 34
:5' ¢ A T ;
5' - _GCATT" 16 pJq' y'_%%g;w C Gﬁg%?m&ﬁﬁﬁ%e@&?AG 3" 60
Anti -senge: 3' - Tit - eRSe:
5' . TGOCAELTecAGTH hser s -0 GAGT TGGGTCTGGGT AC-3 37
nt3a Sense: 5’-CCCCACTCGGATACTTCTTACTCC-3’ 38
Anti-sense: 5’-CTCCTGGATGCCAATCTTGATG-3’ j 39
Wnt4 Sense: 5’-TTTGTGGATGTGCGGGAGAG-3’ 40
’ Anti-sense: 5’-ATCTGTGTGCGGCTTGAACTG-3’ 41
Wnt5a Sense: 5°~-ACACCTCTTTCCAAACAGGCC-3’ 42
Anti-sense: 5’-GGATTGTTAAACTCAACTCTC-3’ 43
Wnt5b Sense: 5°-GGAGCGAGAGAAGAACTTTGCC-3’ 44
Anti-sense: 5’-GAAGCAGCACCAGTGGAACTTG-3’ 45
Wnt6 Sense: 5’-CTTGGTTATGGACCCTACCCAGGCATC-3’ | 46
Anti-sense: 5’-CACTGCAGCAGCTCGCCCATAGAA-3’ 47
Wnt7a Sense: 5°-GCTGCCTGGGCCACCTCTTTCTCA-3’ ] 48
Anti-sense: 5’-CCCGGTGGTACAGGCCTTGCTTCT-3° 49
Wnt7b Sense: 5°-TCAACGAGTGCCAGTACCAG-3’ 50
Anti-sense: 5°~CCCTCGGCTTGGTTGTAGTA-3’ 51
Wnt8a Sense: 5°-TCCAGTTTGCTTGGGAACGC-3’ 52
Anti-sense: 5°>-CCATCACAGCCACAGTTTTCG-3’ 53
Wnt8b Sense: 5°-CATCTGTCTTTTCACCTGTGTCCTC-3’ 54
Anti-sense: 5’-AATGCTGTCTCCCGATTGGC-3’ 55
Wntl0a | Sense: 5’-TCTGGGTGCTCCTGTTCTTCCTAC-3’ : 56
Anti-sense: 5~ ATTGGTGTTGGCATTCGTGG-3’ 57
Wnti0b | Sense: 5°-~ACTGTCCCGAGGCAAGAGTTTC-3 58
Anti-sense: 5’-GCATTTCCGCTTCAGGTTTTC-3’ 59
Wntll Sense: 3°-TGCTGACCTCAAGACCCGATAC-3’ 60
Anti-sense: 3’-TGTCGCTTCCGTTGGATGTC-3’ 61
Wnt14 Sense: 5°-TGCCAGTTCCAGTTCCGCTTTG-3’ 62
Anti-sense: 5°-TTCACACCCACGAGGTTGTTG-3’ 63
Wntl5 Sense: 5’-TGAGTGCCAGTTTCAGTTCCG-3’ 64
: Anti-sense: 5’-CTTGTTTCCTCTCTTGGACCCC-3’ 65
Wntl6 Sense: 5°-CTGCTCCGATGATGTCCAGTATG-3’ 66
Anti-sense: 5’-CATTCTCTGCCTTGTGTCCCTG-3’ 67
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Anti-sense: 5' - TTCACACCCACGAGGITGITG 3" 63 Whtl5
Sense: 5' - TGAGIGCCAGITTCAGITCCG- 3' 64 Anti-sense:
5 -CTTGITTCCTCTCTTGGACCCC-3' 65 Wit| 6 Sense: 5' - CTGCTCCGATGATGICCAGTATG 3' 66.
Anti-sense: 5' -CATTCTCTGCCTTGIGICCCTG 3' 67 68 A nunber of enbodi nents of
the i nvention have been described. Nevertheless, it will be understood that
various nodifications may be nade w t hout departing from the spirit and

scope of the inventio rdin ot.her t he scope
of the fol lowing Q1% iPiir Sttt R ST BE B Helerkg Nblebfleds) fyi ng
gn 3nti - cancatwﬂlgﬁrtmdertstbed ﬂﬁt\hﬁdummiﬁtaﬁbmnay Baeanhatetmﬂ@uaddp]émmg gonpound th?t
inds to a pqQ e conpri sing,an am ) ence 0 t3 or Wit
| protein or QX aB ﬁ@PﬁgpﬁFHB gb;t@ﬁ&“@%%ﬁ?ﬁ?ﬁﬁﬁ@%“h her the
test conpoundchgs of ARaBISYIAL clainf) redum_ng Wit/ FZD7 signaling in a cell; (b)
reducing liver cancer cell notility; (c) reducing (3-catenin accunulation in
a liver cancer cell; or (d) treating liver cancer in vitro or in vivo,
wherein a test conpound that is capable of at |east one of (a) to (d) is an
anti- cancer agent. 2. The nethod of claim11l, wherein (a) the selection of
the test conpound conprises: contacting the test conpound with the
pol ypeptide conprising the amino acid sequence of a Wit3 or Witl 1 protein
or a FZD-binding fragnent thereof; detecting binding between the
pol ypeptide and the test conpound; and selecting the test conmpound if it
binds to the pol ypepide; and/or (b) the polypeptide is provided as: (i) a
natural ly occurring polypeptide; (ii) a reconbinant polypeptide; (iii) a
pol ypepti de expressed on the surface of a cell; or
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(iv) an isolated polypeptide; and/or (c) the polypeptide conprises an am no
acid sequence of a Wit3 protein; or (d) the polypeptide conprises an am no
acid sequence of a Wit3 protein, wherein said am no acid sequence conpri ses
any one of SEQ ID NGs:8 to 12 and at |east one non-Wt sequence, and/or (e)
t he pol ypeptide conprises an am no acid sequence of a Witl | protein; or 70
(f) the pol ypeptide conprises an am no acid sequence of a Witl 1 protein,

wher ei n t he VVHAd BhWChAIMER ISequence conprises any one of SEQ ID NGs: 22 to
26 and at | east one non-Wit sequence. 3. A conpound identified by the method
of any one of clainms 1-2 for use in the treatnent of |iver cancer, wherein

Lhe conpound ixsmedbd 6% iaetdryMiizh afftlchRaf YgerRlihé BkiRd/ERprispgept or or
Wit - bi ndi ng fragnent th ereo¥ a_conpound identifiéd by the nethod

of any one of cl mlmlngﬁestmonmeunMawmdsMraqaod)jpeptldecbmmmmgalfsnninbr eati ng

i ver cancer r reduci | i ver cel. C tient. 5.
Use of a coAfiBS WCP%QPQ?%D {)Prn%}él Mrgtegwrw]fi]%%i J‘?ﬁ ﬁa%lﬁ?nt t]é‘?fﬁ‘gfgs expreSS| on
of Wit 3 andjgpereby reduces Wit/ FZD7 signaling in cells of a patient in the

manuf acture of a nedicanment for treating |iver cancer or reducing the
notility of Iivedeteaniagrg winsthdrshé rstcopgourdis,capatde ufli ng in the case of (a),

the use of a co e.Cco ound is an anti-Wt3 antibody; or in
the case of (a) nPQ’SH%CF‘{‘}%e@ EZ,{QQ sl n t he conpound is an anti- Wit3
anti body t hat b| & 1 } GRARrising the am no acid sequence
LRAKYSLFKPPTERDL ( ({SQ ﬁ%lréglﬁg Iar|nn lt'i(ﬁe case of (b), wherein the conpound
is an si RNA t hat (o’)eeﬂmagﬁwpmﬁsaemmmlmion\ﬂﬁtaaiviencadtcerm]l;ioent; or in the case
of (b), wherein tJ] i)und is an si RNA that reduces
treatmg 1Ver cancer in vitro or in vivo,
wherein a test compound that is capable of at least one of (a) to (d) is an anti-

cancer agent.

2. The method of claim 1, wherein
(a) the selection of the test compound comprises:
contacting the test compound with the polypeptide comprising the amino
acid sequence of a Wnt3 or Wnt11 protein or a FZD-binding fragment thereof;
detecting binding between the polypeptide and the test compound; and
selecting the test compound if it binds to the polypepide; and/or
(b) the polypeptide is provided as:
(1) a naturally occurring polypeptide;
(ii) a recombinant polypeptide;
(iii) a polypeptide expressed on the surface of a cell; or
(iv) an isolated polypeptide; and/or
(c) the polypeptide comprises an amino acid sequence of a Wnt3 protein;
or
(d) the polypeptide comprises an amino acid sequence of a Wnt3 protein,
wherein said amino acid sequence comprises any one of SEQ ID NOs:8 to 12 and
at least one non-Wnt sequence, and/or
(e) the polypeptide comprises an amino acid sequence of a Wntl1 protein;

or
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expression of Wit3 in the patient and conprises a sequence selected fromthe
group consisting of. WNT3-1: 5'-GGAAAAAUGCCACUGCAUC-3" (SEQ ID NG 81),
WNT3-2: 5' - GGAGUGUAUUCGCAUCUAC- 3" (SEQ I D NG 82), and WNT3-3:

5' - GGCUUAUCUUUGCACAUGU- 3" (SEQ ID NO'83). 71 6. A nethod for identifying a
candi date anti-cancer agent, the nmethod conprising: (a) providing a first
pol ypeptide that: (i) conprises a FZD7 pol ypeptide or a fragnent thereof;

and (ii) displ agfsthéntolyreptidecpnagrises ary amino)acisl sequetica@f a Vértd b prbtgn) ypept i de
that: (i) copprises a Wt3 or. Witl 1 pol ypepti de or | nL,thereof; and
(ii) displ avggrﬁ © 5A @R adid F?%“ﬁ?ce(‘gj“%%?r{)%tqqqﬁf§%& IR e seoond

pol ypept i degg by ih&asPbSSEE VRkefieh&sSt conpound; and (d) conparing the

| evel of binding between the first and second polypeptides in the presence

of the test compound with the Ievel of binding in the absence of the test
conpound, erein a reduce evel of bjnding in_.the sence. of the test
Comhound t hanArcampound eanae bt cortaad Qe opk&f tlaged Laipotedn i o

candi dat e aﬁ%@?ﬁ{eﬁr\quveﬁgﬁﬁ& “gllgpeimgagglggﬁgdignal |y further conprising: (e)

det er mi ni ng the candi date anti-Cancer agent is capable of: (i)
reduci ng Wit/ FZDj) an gniddWnttantibody; ©el | t hat expresses FzZD7; (ii) reducing

cancer cell notility; (iii) reducing R-catenin accunulation in a cancer
cell; or (iv) tfbé&tl*mé)% @&%@’foqwnvgmﬁ@ggfagm?%&\?fﬁoﬁherei n a candi date that
is capable of at |least one of (i) to (iv) is an anti-cancer agent. 7. The
met hod of claim6, wherein (a) the test conpound is selected fromthe group
consi sting &f Uspof y peppodesdentified bychemethadioflany sieedfl claimlsdeRinethe and

deoxyri bonucl ei¢c acids; or. (b) wherein the first polypeptide iis a first
fusion pr ot BleRuiaeks ¢is Medigament forfralipg By erraneqy 9& geduging motility of liver

cancer cells in a patient.

5. Use of a compound that

(a) binds Wnt3 or Wntl1; or

(b) reduces expression of Wnt3
and thereby reduces Wnt/FZD?7 signaling in cells of a patient in the manufacture
of a medicament for treating liver cancer or reducing the motility of liver cancer
cells in a patient,

including in the case of (a), the use of a compound wherein the compound
is an anti-Wnt3 antibody; or

in the case of (a), the use of a compound wherein the compound is an anti-
Wnt3 antibody that binds to a polypeptide comprising the amino acid sequence
LRAKYSLFKPPTERDL (SEQ ID NO:80); or

in the case of (b), wherein the compound is an siRNA that reduces
expression of Wnt3 in the patient; or

in the case of (b), wherein the compound is an siRNA that reduces
expression of Wnt3 in the patient and comprises a sequence selected from the
group consisting of: WNT3-1: 5’-GGAAAAAUGCCACUGCAUC-3’ (SEQ ID
NO:81), WNT3-2: 5’-GGAGUGUAUUCGCAUCUAC-3’ (SEQ ID NO:82), and
WNT3-3: 5’-GGCUUAUCUUUGCACAUGU-3’ (SEQ ID NO:83).
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(i) a transcription activation domain of a transcription factor or (ii) a
DNA- bi ndi ng domain of a transcription factor; the second polypeptide is a
second fusion protein conprising a Wit polypeptide fused to (iii) a
transcription activation domain of a transcription factor or 72 (iv) a
DNA- bi ndi ng domain of a transcription factor, wherein the Wt polypeptide
is fused to a domain different fromthat fused to the Wit pol ypeptide; and
bi ndi ng of fhé methed ferridensdying @ qeadigdpte patigarcer sgenbithe msthods  reconstit uti on
of a transcr(%rﬁgliiﬁgg,f actor; or (c) wherein the second pol ypeptide conprises a
Iae

Wit 3 pol ypeﬁ fragnent thereof; or (d) wherein the second pol ypeptide

conpri ses any on@)@fo\sﬁﬁglamrgiqﬁ)]ﬁ)epﬁdbﬂqat;and at | east one non-Wht sequence;
or (e) wherein the second pol ypeptide conprises a Wit 11 olgpepti de or
fragnent thereof; or (i pompascsia 591’@13%1%669611?9@@@@@6@@&9? ses any one of

SEQ I D NGs: 22 to 26,.an l\easti. - Wit sequence. 8. A candidate

anti-cancer agent or g@ (gmq%}fsc\gﬁﬁ@ﬁ%g@ﬁﬁ&’denti fied by the nethod of any
one of clainms 6-h)fRevidng d ecédiepdlyRptideat:of cancer. 9. Use of a candidate
anti-cancer agent or an anti-cancer agent identified by the nethod of any

one of claims 6-7 in fiheomprsssacWorBeorolVnd ! pelipeptiderar o fsagmené therqofat nent  of
cancer. 10. A nethod of determ ning whether a liver cell is, or is at risk
for beconmi ng, a al&ancer cell, the nethod conprising: (a) providing a test
liver cell; (b) deter (fyti§daydTADEPintRE agﬁit%;' s level of Wit3 expression is
hi gher than that of a control cell; and (c) classifying the test cell as a
cancer cell or afc)rcpstacting thp dicssand gecand ankyeeptidee inl theiptesehes afedestcel | ' s | evel
of Wht 3 expression i Sy hi gher than that of the control «cell. 11. A nethod of
det er mi ni ngCQmB?‘H@ralé test tissue sanple comes froma patient that is

suffering from oyd)abnipaifig fiRMevel ¥EbindRItRIwech ke fiRt AseeoRPr | Si Ng:
polypeptides in the presence of the test compound with the level of binding in the
absence of the test compound, wherein a reduced level of binding in the presence
of the test compound than in its absence indicates that the test compound is a
candidate anti-cancer agent, the method optionally further comprising:
(e) determining whether the candidate anti-cancer agent is capable of:
(i) reducing Wnt/FZD7 signaling in a cell that expresses FZD7,
(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 anti-cancer
agent.
7. The method of claim 6, wherein
(a) the test compound is selected from the group consisting of
polypeptides, ribonucleic acids, small molecules and deoxyribonucleic acids; or
(b) wherein the first polypeptide is a first fusion protein comprising a FZD
polypeptide fused to:
(1) a transcription activation domain of a transcription factor or
(i1)) a DNA-binding domain of a transcription factor; the second
polypeptide is a second fusion protein comprising a Wnt polypeptide fused
to

(iii) a transcription activation domain of a transcription factor or
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(a) providing a liver test tissue sanple obtained fromthe patient,
including a sanple that is tunorous tissue or peritunorous tissue; and 73
(b) determ ning whether the |evel of Wit3 expression in the test tissue
sanple is higher than that in a conparable tissue sanple obtained froma
heal thy individual, wherein a higher |evel of expression in the test tissue
sanple is an indication that the patient is suffering fromor is at risk

for cancer; and opti o) aPNA-bindieg danaipof 8 tragsctiplion &ctarnvheraim thhet her t he

level of witl1l i on.in th t ] le, is | t that i
{Fesue sampl e obteteanrepddis 4R sopnid Fers AR uled B ineMEl | over ' of -
expression of Wipbpeside ﬂdqlﬁh@iﬁgio@metﬁl'&tanﬂﬁecdhdtﬂoﬂf?epi(i&s isaéttaed ;g from or

Na;
at risk for cancer. 12. The nethod of claim 10 or a) wherein
determ ni ng the Fespastiteion/gfiedranseniptinsi faetor; 9€l udes determ ning the anount of

Wit 3 nRNA in the, test cell or test tissue sanpl e, or 1erei n determ ning
the 1 ovel of vt ©&Rsra8 tleReodERlnep Tt ForBRRs A v D ANl S Wit 5 niua
in the test figehkntGherbbSotie sanpl e using a Northern blot assay or an RT-PCR

assay; or (c) wherein determning the | evel of Wit3 expression includes
determning t he(@rwhsseindlie sasesl polppaptide comprises mag pneef SEQADINGs:8t i ssue

sanple; or (d),wherein determning the |evel of Wit3 expression includes

determ ni ng&? i%@gﬁm{orbﬁ?%%tﬁ%&feﬁen% n the test cell or tissue sanple

using an anti bodye) whehéih et seBordNpabdpaaélYorhprades RIWIAHE 1 ppolypbsri®Rerno aci d
NG

sequence LRAKYSLFKPPTERDL (SEQ 1D 80); or (e) further conprising
det er ni ni ngfrapmenridherep orest cell's or test tissue's level of Witl |

expression is | ower .t han that of control cell or co hssu wherein
2 Power Tevel of oS s 8tarnefyrepiid Shradfies o of IS0 RN B2 el T <.
or is at rigkod aid ReERIBMImor@WaRBsREn&e! | or (ii) the patient is suffering
fromor is at risk for cancer. 13." An anti body that binds to the am no acid
sequence LRAKYSLFKPPTERDL (SEQ ID NGO 80). 14. A pharmaceutical conpound
conpri si ng 8hé antlidaedytiafancdraigent b3 aaanti-sangehagemd identifiedhby theawstlqat abl e

carrier. ) )
of any one of claims 6-7 for use in the treatment of cancer.

9. Use of a candidate anti-cancer agent or an anti-cancer agent identified by the
method of any one of claims 6-7 in the manufacture of a medicament for the

treatment of cancer.

10. A method of determining whether a liver cell is, or is at risk for becoming, a
cancer cell, the method comprising:

(a) providing a test liver cell;

(b) determining whether the cell’s level of Wnt3 expression is higher than
that of a control cell; and

(c) classifying the test cell as a cancer cell or at risk for becoming a cancer
cell, if the test cell’s level of Wnt3 expression is higher than that of the control

cell.

11. A method of determining whether a test tissue sample comes from a patient
that is suffering from or at risk for liver cancer, the method comprising:
(a) providing a liver test tissue sample obtained from the patient, including

a sample that is tumorous tissue or peritumorous tissue; and
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74 15. The anti body of claim 13 for use for treating cancer in a patient,

I ncluding liver cancer. 16. A conposition conprising an si RNA conprising a
sequence selected fromthe group consisting of: WNT3-1:
5' - GGAAAAAUGCCACUGCAUC-3' (SEQ ID NGO 81), WNT3-2: 5' - GGAGUGUAUUCGCAUCUAC- 3
(SEQ ID NO 82), and WNT3-3: 5'- GGCUUAUCUUUGCACAUGU—S (SEQ | D NO 83), for
use for treatin cancer i ncluding_ liver_ cancer. A conposition
conprising a Wit {D)| e@ﬂﬁ&%‘@ﬂ)‘f"h@bef(ﬁhe EFVélleeWP@ eé‘BFFéIﬁlPHéfi thedeid Gis5uSg a Wit | |

ol ypepti de reat. , 9 t he
Ito re)a/tlto rrgnt [ ngn%dl n gl{e?é}é nt@%tﬂhra%ﬁ%&%ﬁ[e t1s's£!: Amgwgbtldfn\é?%mgg?nﬁ%{l@ ered
directly tmdi\h@lall,lwlﬁrreiﬁfa Higieer paviel @ﬁﬁxpté%sﬁnﬁrutheiést tissue sample is an

indication that the patient is suffering from or is at risk for cancer; and optionally

further comprising

(c) determining whether the level of Wntl11 expression in the test tissue
sample is lower than that in a tissue sample obtained from a healthy individual,
wherein a lower level of expression of Wnt11 is an indication that the patient is

suffering from or at risk for cancer.

12. The method of claim 10 or 11:

(a) wherein determining the level of Wnt3 expression includes determining
the amount of Wnt3 mRNA in the test cell or test tissue sample; or

(b) wherein determining the level of Wnt3 expression includes determining
the amount of Wnt3 mRNA in the test cell or tissue sample using a Northern blot
assay or an RT-PCR assay; or

(c) wherein determining the level of Wnt3 expression includes determining
the amount of Wnt3 protein in the test cell or test tissue sample; or

(d) wherein determining the level of Wnt3 expression includes determining
the amount of Wnt3 protein in the test cell or tissue sample using an antibody,
including an antibody that binds to the amino acid sequence
LRAKYSLFKPPTERDL (SEQ ID NO:80); or

(e) further comprising determining whether the test cell’s or test tissue’s
level of Wntl1 expression is lower than that of a control cell or control tissue,
wherein a lower level of expression of Wntl1 indicates that

(i) the test cell is, or is at risk for becoming, a cancer cell or

(ii) the patient is suffering from or is at risk for cancer.

13. An antibody that binds to the amino acid sequence LRAKYSLFKPPTERDL
(SEQ ID NO:80).

14. A pharmaceutical compound comprising the antibody of claim 13 and a

pharmaceutically acceptable carrier.
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15. The antibody of claim 13 for use for treating cancer in a patient, including

liver cancer.

16. A composition comprising an siRNA comprising a sequence selected from the
group consisting of: WNT3-1: 5>-GGAAAAAUGCCACUGCAUC-3’ (SEQ ID
NO:81), WNT3-2: 5’-GGAGUGUAUUCGCAUCUAC-3’ (SEQ ID NO:82), and
WNT3-3: 5’-GGCUUAUCUUUGCACAUGU-3’ (SEQ ID NO:83), for use for

treating cancer, including liver cancer.

17. A composition comprising a Wntl1 polypeptide or a genetic construct
encoding a Wntl1 polypeptide for use for treating cancer, including liver cancer,
the treatment including treatment wherein the composition is administered directly

to the liver of the patient in situ.
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