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USE OF BETA-CATENIN AS A BIOMARKER FOR TREATING CANCERS USING 

ANTI-DKKI-1 ANTIBODY 

RELATED APPLICATION 

[0001] This application claims the benefit of U.S. Provisional Application No.  

62/413,198, filed on October 26, 2016. The entire teachings of the above application is 

incorporated herein by reference.  

BACKGROUND OF THE INVENTION 

[0002] Cancer remains an important public health threat with poor prognosis and limited 

treatment available for many types. There is a significant unmet need for therapies that can 

increase efficacy in treating cancers, particularly esophageal cancer, uterine cancer, liver 

cancer, and cholangiocarcinoma or bile duct cancer. The present application provides such 

therapies.  

[0002a] Any discussion of the prior art throughout the specification should in no way be 

considered as an admission that such prior art is widely known or forms part of the common 

general knowledge in the field.  

[0002b] Unless the context clearly requires otherwise, throughout the description and the 

claims, the words "comprise", "comprising", and the like are to be construed in an inclusive 

sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of 

"including, but not limited to".  

SUMMARY OF THE INVENTION 

[0003] The present invention relates to a method of treating cancers (e.g., esophageal 

adenocarcinoma) in a subject in need of treatment.  

[0003a] In an aspect, the invention provides a method of treating a subject suffering from 

a cancer, comprising the steps of: 

determining that the subject has a constitutively activating mutation in a beta

catenin protein (SEQ ID NO: 2) in a cancer sample; and 

administering to the subject determined to have the constitutively activating 

mutation in a beta-catenin protein (SEQ ID NO: 2) an effective amount of an anti

Dkk-1 antibody or antigen binding-fragment thereof, 

wherein the cancer is an esophageal cancer or a uterine cancer
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wherein the anti-Dkk-1 antibody or antigen binding-fragment thereof 

comprises a light chain variable region (LCVR) and a heavy chain variable region 

(HCVR), wherein the LCVR comprises complementarity determining regions (CDRs) 

LCDR1, LCDR2, and LCDR3 and the HCVR comprises CDRs HCDR1, HCDR2 and 

HCDR3, wherein LCDR1 has the amino acid sequence of SEQ ID NO: 6, LCDR2 has 

the amino acid sequence of SEQ ID NO: 7, wherein Xaa at position 2 is Ala and Xaa 

at position 6 is Ile, LCDR3 has the amino acid sequence of SEQ ID NO: 8, wherein 

Xaa at position 4 is Glu, HCDR1 has the amino acid sequence of SEQ ID NO: 9, 

HCDR2 has the amino acid sequence of SEQ ID NO: 10, and an HCDR3 has the 

amino acid sequence of SEQ ID NO: 11, wherein Xaa at position 4 is Asn, and 

wherein the mutation is a deletion of Exons 2, 3, and 4 (SEQ ID NOs: 3, 4, 

and 5) or is any one of the mutations of amino acid residues of SEQ ID NO:2 selected 

from D32G, D32N, D32Y, G34E, G34R, G34V, S37F, 135S, S33C, S33F, S33Y, 

S37A, S37C, S37P, S45C, S45F, T41A, T411, S33A, K335T, D32A, D32V, H36P, 

S33P, S45Y, S37Y, S45P, T42_K49del, K3351, N3871, or N387K.  

[0004] In another aspect, the present invention is a method of treating a cancer in a 

subject in need thereof. The cancer can be an esophageal cancer, a uterine cancer, a liver 

cancer, or a cholangiocarcinoma. Alternatively, the cancer can be a stomach cancer. The 

method comprises administering to the subject a therapeutically effective amount of an anti

Dkk-1 antibody or antigen binding-fragment thereof, wherein the subject is determined to 

have a constitutively activating mutation of the beta-catenin protein (SEQ ID NO:2).  

[0005] In another aspect, the present invention is a method of treating a subject suffering 

from a cancer. The cancer can be an esophageal cancer, a uterine cancer, a liver cancer, or a 

cholangiocarcinoma. Alternatively, the cancer can be a stomach cancer. The method com-
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prises the steps of obtaining a sample of a neoplastic cell from the subject; determining a se

quence of the beta-catenin protein in the sample; and administering to the subject a therapeu

tically effective amount of an anti-Dkk-1 antibody or antigen binding-fragment thereof if the 

sequence of a beta-catenin protein (SEQ ID NO: 2) includes a constitutively activating muta

tion.  

[0006] In yet another aspect, the present invention is a method of treating a cancer in a 

subject in need thereof. The cancer can be an esophageal cancer, a uterine cancer, a liver 

cancer, or a cholangiocarcinoma. Alternatively, the cancer can be a stomach cancer. The 

method comprises administering to the subject a therapeutically effective amount of an anti

Dkk-1 antibody or antigen binding-fragment thereof, wherein the subject has a constitutively 

activating mutation of the beta-catenin protein (SEQ ID NO: 2).  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The foregoing will be apparent from the following more particular description of 

example embodiments of the invention, as illustrated in the accompanying drawings. The 

drawings are not necessarily to scale, emphasis instead being placed upon illustrating embod

iments of the present invention.  

[0008] FIG. 1 is a table presenting the analysis of CTNNB1 (beta-catenin) protein muta

tional data in patients subject to DKN-01 therapy.  

[0009] FIG. 2A is a plot indicating the change (in percent of size) in the lesion size in Pa

tient 105-023 suffering from esophageal cancer and put on a combination therapy of 

Paclitaxel and DKN-01. Patient 105-023 was shown to have a deletion of exons 2 through 4 

of the CTNNB1 (beta catenin) gene.  

[0010] FIG. 2B is a tomographic image of the target lesion of Patient 105-023 at the in

ception of the study and at cycle 10.  

[0011] FIG. 3A through 3F illustrate the sequence of the human CTNNB1 gene.  

[0012] FIG. 4A through 4D collectively represent Table 1 which shows examples of mu

tations of the beta-catenin protein.  

DETAILED DESCRIPTION OF THE INVENTION 

[0013] A description of example embodiments of the invention follows.
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[0014] Dickkopf-1 (Dkk-1) is a protein that acts as a natural inhibitor of the canonical 

Wnt/f-catenin signaling pathway. The Wnt pathway influences a number of biological pro

cesses such as cell growth, cell proliferation, stem cell maintenance, cell differentiation, cell 

polarity, bone development, and adult tissue homeostasis.  

[0015] In a canonical Wnt/-catenin signaling pathway, extracellular Wnt ligand binds to 

its cognate receptor "Frizzled," and further recruits transmembrane lipoproteins LPR5 and 

LPR6 (low-density lipoprotein receptor-related proteins 5 and 6) co-receptors. Formation of 

a Wnt/Frizzled/LPR5/6 complex triggers several intracellular signaling cascades, including 

the one mediated by the P-catenin protein, a gene product of the CTNNB1 gene. In particu

lar, the formation of a Wnt/Frizzled/LPR5/6 complex results in stabilization of cytoplasmic 

level of beta-catenin due to the inhibition of the beta-catenin phosphorylation. While phos

phorylated beta-catenin is degraded in the cytoplasm, unphosphorylated beta-catenin translo

cates to the nucleus, where it enhances target gene expression of, e.g., cyclin D1, c-myc, c

jun, cyclooxygenase-2, matrix metalloproteinase-7, vascular endothelial growth factor, and 

survivin, among other growth factors. Absent the signal from the Wnt/Frizzled/LPR5/6 com

plex, beta-catenin is phosphorylated by intracellular kinases, such as glycogen synthase ki

nase 3 (GSK3) and casein kinas I (CKI). Transduction of a signal from the Wnt/Friz

zled/LPR5/6 complex inhibits this phosphorylation.  

[0016] Extracellular Dkk-1 binds to the LPR5/6 co-receptors and prevents Wnt ligand 

binding. This results in resuming of beta-catenin phosphorylation and its subsequent degra

dation, thus inhibiting canonical Wnt signaling pathway.  

[0017] See URL "https://www.ncbi.nlm.nih.gov/gene/1499" for the nucleotide sequence 

and genomic (chromosomal) coordinates of human CTNNB1. Briefly, genomic (chromoso

mal) coordinates of CTNNB1 gene are chr3:41,240,942-41,281,939. All coordinates are 

from build GRCh37/hgl9. Nucleotide sequence of CTNNB1 is provided in SEQ ID NO: 1 

(includes exons, indicated by capital letters). The gene product of human CNNTB1 gene, 

referred herein as beta-catenin or beta-catenin protein, is a protein having the sequence pro

vided by SEQ ID NO: 2 (UniProt accession No. P35222). Of particular interest are Exons 2, 

3, and 4, corresponding in SEQ ID NO: 2 to amino acid residues 1 through 4 (Exon 2), 5-81 

(Exon 3), and 82-165 (Exon 4). The amino acid sequences of the Exons 2 through 4 are pro

vided by SEQ ID Nos: 3, 4, and 5, respectively.
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[0018] As used herein, "a constitutively activating mutation of a beta-catenin protein" re

fers to a mutation of the amino acid sequence of beta-catenin that results in an elevated cellu

lar level of beta-catenin functionally capable of transducing a signal to the cell nucleus, when 

compared to a wild type protein. Examples of constitutively activating mutations of beta

catenin include mutations that result in its inability to be phosphorylated by GSK3-beta ki

nase and/or casein kinase I in the absence of the Wnt/Frizzled/LPR5/6 complex. Examples of 

such mutations include: deletions of Exons 2 through 4, deletion of or within Exon 3, and 

mutations of the serine and threonine residues that are phosphorylated in the absence of the 

Wnt/Frizzled/LPR5/6 complex, such as Ser33, Ser37, Thr4, and Ser45 of SEQ ID NO: 2.  

[0019] In various embodiments, a mutation of the beta-catenin protein is selected from 

the mutations listed in Table 1, represented in FIGs. 4A through 4D.  

[0020] As those of skill in the art will recognize, "esophageal cancer" as used herein re

fers to cancer of the esophagus as well as the gastro-esophageal junction. As commonly used 

in the art, esophageal cancer comprises esophageal squamous cell carcinoma (ESCC) and 

esophageal adenocarcinoma (EAC). Generally, ESCC refers to cancer that originates in 

squamous cells, which cells line the esophagus in approximately upper 2/3 of the organ.  

EAC refers to cancer that originates in gland cells, which replace an area of squamous cells 

(e.g., in Barrett's esophagus), typically in the lower 1/3 of the esophagus. As such, esopha

geal adenocarcinoma as used herein refers to adenocarcinoma of the esophagus as well as the 

gastro-esophageal junction.  

[0021] "Uterine cancer" is any type of cancer that emerges from the tissue of the uterus.  

It can refer to several types of cancer, with cervical cancer (arising from the lower portion of 

the uterus) being the most common type.  

[0022] "Liver cancer," also known as hepatic cancer and primary hepatic cancer, is can

cer that starts in the liver. Cancer which has spread from elsewhere to the liver, known as 

liver metastasis, is more common than that which starts in the liver. Primary liver cancer is 

globally the sixth most frequent cancer (6%) and the second leading cause of death from can

cer (9%).  

[0023] "Cholangiocarcinoma" or bile duct cancer is a form of cancer that is composed of 

mutated epithelial cells (or cells showing characteristics of epithelial differentiation) that 

originate in the bile ducts which drain bile from the liver into the small intestine. The rates of 

chlonagiocarcinoma have been rising worldwide over the past few decades. Cholangiocarci

noma is considered to be an incurable and rapidly lethal cancer unless both the primary tumor
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and any metastases can be fully removed by surgery. No potentially curative treatment exists 

except surgery, but most people have advanced stage disease at presentation and are inopera

ble at the time of diagnosis.  

[0024] "Stomach cancer" also called gastric cancer, is a cancer that starts in the stomach.  

About 90% to 95% of cancers of the stomach are adenocarcinomas. When the term stomach 

cancer or gastric cancer is used, it almost always refers to an adenocarcinoma. These cancers 

develop from the cells that form the innermost lining of the stomach (known as the mucosa).  

[0025] The term "effective amount" means an amount of a therapeutic agent, e.g. an anti

body, that is effective in prophylactically or therapeutically treating the indicated disorder.  

An "effective amount" may also refer to an amount of a combination of therapeutic agents 

that is therapeutically or prophylactically sufficient to treat the target disorder. An effective 

amount will depend on the age, gender, and weight of the patient, the current medical condi

tion of the patient, and the nature of the esophageal cancer being treated. Those of skill in the 

art will be able to determine appropriate dosages depending on these and other factors.  

[0026] It has now been discovered that cancer patients suffering from certain cancers and 

who have a constitutively activating mutation within the beta-catenin protein (SEQ ID NO: 2) 

are expected to be more responsive to an anti-Dkk-1 antibody therapy than patients who do 

not have such a mutation. Accordingly, the present invention relates to a method of treating 

cancers (e.g., esophageal cancer, uterine cancer, liver cancer, and cholangiocarcinoma) in a 

subject in need of treatment comprising administering an effective amount of an anti-Dkk-1 

antibody, or antigen binding-fragment thereof, wherein the subject is determined to have a 

constitutively activating mutation of a beta-catenin protein (SEQ ID NO:2).  

Dkk-1 Antibody 

[0027] Dkk-1 antibodies have been described previously (see, e.g., U.S. Patent Nos.  

8,148,498 and 7,446,181, incorporated by reference herein in their entireties). The Dkk-1 an

tibody or antigen-binding fragment thereof disclosed herein relates to human engineered anti

bodies that bind to a human Dkk-1 comprising the amino acid sequence set for in SEQ ID 

NO: 27, or fragments thereof. The present Dkk-1 antibodies are therapeutically useful Dkk-1 

antagonists possessing a number of desirable properties. For example, the Dkk-1 antibodies 

block Dkk-1 mediated inhibition of alkaline phosphatase, a marker or osteoblast activity, as 

well as treat various types of cancer (e.g., non-small cell lung cancer).
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[0028] A full-length antibody as it exists naturally is an immunoglobulin molecule com

prising 2 heavy (H) chains and 2 light (L) chains interconnected by disulfide bonds. The 

amino terminal portion of each chain includes a variable region of about 100-110 amino acids 

primarily responsible for antigen recognition via the complementarity determining regions 

(CDRs) contained therein. The carboxy-terminal portion of each chain defines a constant re

gion primarily responsible for effector function.  

[0029] The CDRs are interspersed with regions that are more conserved, termed frame

work regions ("FR"). Each light chain variable region (LCVR) and heavy chain variable re

gion (HCVR) is composed of 3 CDRs and 4 FRs, arranged from amino-terminus to carboxy

terminus in the following order: FRI, CDR1, FR2, CDR2, FR3, CDR3, FR4. The 3 CDRs of 

the light chain are referred to as "LCDR1, LCDR2, and LCDR3" and the 3 CDRs of the 

heavy chain are referred to as "HCDR1, HCDR2, and HCDR3." The CDRs contain most of 

the residues which form specific interactions with the antigen. The numbering and position

ing of CDR amino acid residues within the LCVR and HCVR regions is in accordance with 

the well-known Kabat numbering convention.  

[0030] Light chains are classified as kappa or lambda, and are characterized by a particu

lar constant region as known in the art. Heavy chains are classified as gamma, mu, alpha, 

delta, or epsilon, and define the isotype of an antibody as IgG, IgM, IgA, IgD, or IgE, respec

tively. IgG antibodies can be further divided into subclasses, e.g., IgG1, IgG2, IgG3, IgG4.  

Each heavy chain type is characterized by a particular constant region with a sequence well 

known in the art.  

[0031] As used herein, the term "monoclonal antibody" (Mab) refers to an antibody that 

is derived from a single copy or clone including, for example, any eukaryotic, prokaryotic, or 

phage clone, and not the method by which it is produced. Mabs of the present invention pref

erably exist in a homogeneous or substantially homogeneous population. Complete Mabs 

contain 2 heavy chains and 2 light chains.  

[0032] Unless specified otherwise, the term "Dkk-1 antibody" encompasses both a full

length antibody as well as an antigen binding-fragment of the Dkk-1 antibody.  

[0033] "Antigen-binding fragments" of such monoclonal antibodies include, for example, 

Fab fragments, Fab'fragments, F(ab')2 fragments, and single chain Fv fragments. Monoclonal 

antibodies and antigen-binding fragments thereof can be produced, for example, by recombi

nant technologies, phage display technologies, synthetic technologies, e.g., CDR-grafting, or 

combinations of such technologies, or other technologies known in the art. For example, mice
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can be immunized with human DKK-1 or fragments thereof, the resulting antibodies can be 

recovered and purified, and determination of whether they possess binding and functional 

properties similar to or the same as the antibody compounds disclosed herein can be assessed 

by the methods known in the art. Antigen-binding fragments can also be prepared by conven

tional methods. Methods for producing and purifying antibodies and antigen-binding frag

ments are well known in the art and can be found, for example, in Harlow and Lane (1988) 

Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Har

bor, N.Y., chapters 5-8 and 15, ISBN 0-87969-314-2.  

[0034] Monoclonal Dkk-1 antibodies disclosed herein are engineered to comprise frame

work regions that are substantially human or fully human surrounding CDRs derived from a 

non-human antibody. "Antigen-binding fragments" of such human engineered antibodies in

clude, for example, Fab fragments, Fab'fragments, F(ab')2 fragments, and single chain Fv 

fragments. "Framework region" or "framework sequence" refers to any one of framework re

gions 1 to 4. Human engineered antibodies and antigen-binding fragments thereof encom

passed by the antibodies disclosed herein include molecules wherein any one or more of 

framework regions I to 4 is substantially or fully human, i.e., wherein any of the possible 

combinations of individual substantially or fully human framework regions 1 to 4, is present.  

For example, this includes molecules in which framework region 1 and framework region 2, 

framework region 1 and framework region 3, framework region 1, 2, and 3, etc., are substan

tially or fully human. Substantially human frameworks are those that have at least about 80% 

sequence identity to a known human germline framework sequence. Preferably, the substan

tially human frameworks have at least about 85%, about 90%, about 95%, or about 99% se

quence identity to a known human germline framework sequence.  

[0035] Human engineered antibodies in addition to those disclosed herein exhibiting sim

ilar functional properties can be generated using several different methods. The specific anti

body compounds disclosed herein can be used as templates or parent antibody compounds to 

prepare additional antibody compounds. In one approach, the parent antibody compound 

CDRs are grafted into a human framework that has a high sequence identity with the parent 

antibody compound framework. The sequence identity of the new framework will generally 

be at least about 80%, at least about 85%, at least about 90%, at least about 95%, or at least 

about 99% identical to the sequence of the corresponding framework in the parent antibody 

compound. This grafting may result in a reduction in binding affinity compared to that of the
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parent antibody. If this is the case, the framework can be back-mutated to the parent frame

work at certain positions based on specific criteria disclosed by Queen et al. (1991) Proc.  

Natl. Acad. Sci. USA 88:2869. Additional references describing methods useful in humaniz

ing mouse antibodies include U.S. Pat. Nos. 4,816,397; 5,225,539, and 5,693,761; computer 

programs ABMOD and ENCAD as described in Levitt (1983) J. Mol. Biol. 168:595-620; and 

the method of Winter and co-workers (Jones et al. (1986) Nature 321:522-525; Riechmann et 

al. (1988) Nature 332:323-327; and Verhoeyen et al. (1988) Science 239:1534-1536). Meth

ods for identifying residues to consider for back-mutation are known in the art (see, e.g., U.S.  

Patent No. 8,148,498).  

[0036] The methods provided herein relate to the use of a Dkk-1 antibody comprising a 

light chain variable region (LCVR) and a heavy chain variable region (HCVR), wherein the 

LCVR comprises complementarity determining regions (CDRs) LCDR1, LCDR2, and 

LCDR3 and the HCVR comprises CDRs HCDR1, HCDR2 and HCDR3, wherein LCDR1 has 

the amino sequence of SEQ ID NO: 6, HCDR1 has the amino sequence of SEQ ID NO: 9, 

and HCDR2 has the amino sequence of SEQ ID NO: 10.  

[0037] In one embodiment, the Dkk-1 antibody comprises a LCDR1 having the amino 

sequence of SEQ ID NO: 6, LCDR2 having the amino sequence of SEQ ID NO: 7, LCDR3 

having the amino sequence of SEQ ID NO: 8, HCDR1 having the amino sequence of SEQ ID 

NO: 9, HCDR2 having the amino sequence of SEQ ID NO: 10, and HCDR3 having the 

amino sequence of SEQ ID NO: 11.  

[0038] In another embodiment, the Dkk-1 antibody comprises a LCVR having the amino 

acid sequence of SEQ ID NO: 12 and a HCVR having the amino acid sequence of SEQ ID 

NO: 13. In a particular embodiment, the LCVR comprises the amino acid sequence of SEQ 

ID NO: 16 and the HCVR comprises the amino acid sequence of SEQ ID NO: 17.  

[0039] In further embodiments, the Dkk-1 antibody comprises a heavy chain (HC) having 

the amino acid sequence of SEQ ID NO: 22 and a light chain (LC) having the amino acid se

quence of SEQ ID NO: 23. The Dkk-1 antibody or antigen binding-fragment thereof com

prising the HC and LC amino acid sequence of SEQ ID NO: 22 and SEQ ID NO: 23, respec

tively, is referred to herein as DKN-01. In particular, DKN-01 has the molecular/empirical 

formulaC6394H9sio N1698 02012 S42and a molecular weight of 144015 Daltons (intact).  

[0040] In certain embodiments, the Dkk-1 antibody disclosed herein is an IgG4antibody 

with a neutralizing activity against human Dkk-1 comprising the sequence set forth in SEQ
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ID NO: 27, of a fragment thereof For example, canonical Wnt signaling is important for os

teoblast differentiation and activity. Wnt-3a combined with BMP-4 induces pluripotent 

mouse C2C12 cells to differentiate into osteoblasts with a measurable endpoint of alkaline 

phosphatase ("AP"), a marker of osteoblast activity. Dkk-1, an inhibitor of canonical Wnt sig

naling, inhibits the differentiation and production of AP. Neutralizing Dkk-1 antibodies pre

vent Dkk-1-mediated inhibition of AP. Antibodies which block Dkk-1 inhibitory activity pre

vent the loss of AP activity (see U.S. Patent No. 8,148,498). In a particular embodiment, the 

Dkk-1 antibody possessing neutralizing activity is DKN-01, which is an IgG4 antibody.  

[0041] The Dkk-1 antibodies disclosed herein possess high affinity (Kd) to Dkk-1 (e.g., 

human Dkk-1, SEQ ID NO: 27), as described in U.S. Patent No. 8,148,498. For example, the 

present Dkk-1 antibodies possess a Kd of between 0.5x10 12 M and 3.0x10-" M, at 37 °C.  

Modes of Administration 

[0042] The Dkk-1 antibody and chemotherapeutic agents for use in the methods or com

positions of the invention can be formulated for parenteral, oral, transdermal, sublingual, buc

cal, rectal, intranasal, intrabronchial or intrapulmonary administration.  

[0043] For parenteral administration, the compounds for use in the methods or composi

tions of the invention can be formulated for injection or infusion, for example, intravenous, 

intramuscular or subcutaneous injection or infusion, or for administration in a bolus dose 

and/or infusion (e.g., continuous infusion). Suspensions, solutions or emulsions in an oily or 

aqueous vehicle, optionally containing other formulatory agents such as suspending, stabiliz

ing and/or dispersing agents can be used.  

[0044] For oral administration the compounds can be of the form of tablets or capsules 

prepared by conventional means with pharmaceutically acceptable excipients such as binding 

agents (e.g., polyvinylpyrrolidone or hydroxypropylmethylcellulose); fillers (e.g., lactose, mi

crocrystalline cellulose or calcium phosphate); lubricants (e.g., magnesium stearate, talc or 

silica); disintegrates (e.g., sodium starch glycolate); or wetting agents (e.g., sodium lauryl sul

phate). If desired, the tablets can be coated using suitable methods. Liquid preparation for 

oral administration can be in the form of solutions, syrups or suspensions. The liquid prepara

tions can be prepared by conventional means with pharmaceutically acceptable additives such 

as suspending agents (e.g., sorbitol syrup, methyl cellulose or hydrogenated edible fats); 

emulsifying agent (e.g., lecithin or acacia); non-aqueous vehicles (e.g., almond oil, oily esters
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or ethyl alcohol); and preservatives (e.g., methyl or propyl p-hydroxy benzoates or sorbic 

acid).  

[0045] For buccal administration, the compounds for use in the methods or compositions 

of the invention can be in the form of tablets or lozenges formulated in a conventional man

ner.  

[0046] For rectal administration, the compounds for use in the methods or compositions 

of the invention can be in the form of suppositories.  

[0047] For sublingual administration, tablets can be formulated in conventional manner.  

[0048] For intranasal, intrabronchial or intrapulmonary administration, conventional for

mulations can be employed.  

[0049] Further, the compounds for use in the methods or compositions of the invention 

can be formulated in a sustained release preparation. For example, the compounds can be for

mulated with a suitable polymer or hydrophobic material which provides sustained and/or 

controlled release properties to the active agent compound. As such, the compounds for use 

in the method of the invention can be administered in the form of microparticles, for exam

ple, by injection or in the form of wafers or discs by implantation. Various methods of for

mulating controlled release drug preparations are known in the art.  

[0050] Administration of a compound, or pharmaceutically acceptable salt thereof, or a 

composition comprising one or more compound (or pharmaceutical salt thereof) of the inven

tion useful to practice the methods described herein, can be continuous, hourly, four times 

daily, three time daily, twice daily, once daily, once every other day, twice weekly, once 

weekly, once every two weeks, once a month, or once every two months, or longer, or some 

other intermittent dosing regimen.  

[0051] Examples of administration of a compound, or a composition comprising one or 

more compound (or pharmaceutical salt thereof) of the invention include peripheral admin

istration. Examples of peripheral administration include oral, subcutaneous, intraperitoneal, 

intramuscular, intravenous, rectal, transdermal, or intranasal forms of administration.  

[0052] As used herein, peripheral administration includes all forms of administration of a 

compound or a composition comprising a compound of the instant invention which excludes 

intracranial administration. Examples of peripheral administration include, but are not limited 

to, oral, parenteral (e.g., intramuscular, intraperitoneal, intravenous or subcutaneous injection, 

extended release, slow release implant, depot and the like), nasal, vaginal, rectal, sublingual 

or topical routes of administration, including transdermal patch applications and the like.
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Combination Therapy 

[0053] The Dkk-1 antibody disclosed herein can be used for treating esophageal cancer in 

combination with a second amount of a chemotherapeutic agent (sometime referred to herein 

as a "second agent"). Such combination administration can be by means of a single dosage 

form which includes a Dkk-1 antibody and the second agent, such single dosage form includ

ing a tablet, capsule, spray, inhalation powder, injectable liquid or the like. Combination ad

ministration can comprise a further second agent (e.g., chemotherapeutic agent) in addition to 

the single dosage form. Alternatively, combination administration can be by means of ad

ministration of two different dosage forms, with one dosage form containing a Dkk-1 anti

body, and the other dosage form including a second amount of a chemotherapeutic agent. In 

this instance, the dosage forms may be the same or different. Without wishing to limit com

bination therapies, the following exemplifies certain combination therapies which may be 

employed. It is understood that additional chemotherapeutic agents beyond the required sec

ond amount of a chemotherapeutic agent can be employed in the method described herein.  

[0054] The second amount of the chemotherapeutic agent (sometimes referred to herein 

as the second agent) can be administered before, simultaneously with, or after the administra

tion of a Dkk-1 antibody. Accordingly, a Dkk-1 antibody and a second agent can be adminis

tered together in a single formulation or can be administered in separate formulations, e.g., 

either simultaneously or sequentially, or both. For example, if a Dkk-1 antibody and a sec

ond agent are administered sequentially in separate compositions, the Dkk-1 antibody can be 

administered before or after the chemotherapeutic agent. The duration of time between the 

administration of a Dkk-1 antibody and the second amount of the chemotherapeutic agent 

will depend on the nature of the chemotherapeutic agent. In certain embodiments, the Dkk-1 

antibody can precede or follow a chemotherapeutic agent immediately, or after some duration 

of time deemed to be appropriate by a skilled practitioner.  

[0055] In addition, the Dkk-1 antibody and the second amount of the chemotherapeutic 

agent may or may not be administered on similar dosing schedules. For example, the Dkk-1 

antibody and the chemotherapeutic agent may have different half-lives and/or act on different 

time-scales such that the Dkk-1 antibody is administered with greater frequency than the 

chemotherapeutic agent or vice-versa. For example, the Dkk-1 antibody and the chemothera

peutic agent can be administered together (e.g., in a single dosage or sequentially) on one
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day, followed by administration of only the chemotherapeutic agent (or a different chemo

therapeutic) a set number of days later. The number of days in between administration of 

therapeutic agents can be appropriately determined according to the safety and pharmacody

namics of each drug. Either the Dkk-1 antibody or the chemotherapeutic agent can be ad

ministered acutely or chronically.  

[0056] As used herein, an "effective amount" refers to an amount of a therapeutic agent 

or a combination of therapeutic agents that is therapeutically or prophylactically sufficient to 

treat the target disorder. An effective amount will depend on the age, gender, and weight of 

the patient, the current medical condition of the patient, and the nature of the esophageal can

cer being treated. Those of skill in the art will be able to determine appropriate dosages de

pending on these and other factors.  

[0057] Suitable doses per administration for a Dkk-1 antibody include doses of about or 

greater than about 15 mg, about 20 mg, about 30 mg, about 40 mg, about 50 mg, about 100 

mg, about 200 mg, about 300 mg, about 400 mg, about 500 mg, about 600 mg, about 625 mg, 

about 650 mg, about 675 mg, about 700 mg, about 725 mg, about 750 mg, about 775 mg, 

about 800 mg, about 825 mg, about 850 mg, about 875 mg, about 900 mg, about 925 mg, 

about 950 mg, about 975 mg, about 1000 mg, about 1025 mg, about 1050 mg, about 1075 

mg, about 1100 mg, about 1125 mg, about 1150 mg, about 1175 mg, about 1200 mg, about 

1225 mg, about 1250 mg, about 1275 mg, about 1300 mg, about 1325 mg, about 1350 mg, 

about 1375 mg, about 1400 mg, about 1425 mg, about 1450 mg, about 1475 mg, about 1500 

mg, about 1525 mg, about 1550 mg, about 1575 mg, about 1600 mg, about 1625 mg, about 

1650 mg, about 1675 mg, about 1700 mg, about 1725 mg, about 1750 mg, about 1775 mg, 

about 1800 mg, about 1825 mg, about 1850 mg, about 1875 mg, about 1900 mg, about 1925 

mg, about 1950 mg, about 1975 mg, about 2000 mg, about 2025 mg, about 2050 mg, about 

2075 mg, about 2100 mg, about 2125 mg, about 2150 mg, about 2175 mg, about 2200 mg, 

about 2225 mg, about 2250 mg, about 2275 mg, about 2300 mg, about 2325 mg, about 2350 

mg, about 2375 mg, about 2400 mg, about 2425 mg, about 2450 mg, about 2475 mg, about 

2500 mg, about 2525 mg, about 2550 mg, about 2575 mg, about 2600 mg, or about 3,000 mg.  

Each suitable dose can be administered over a period time deemed appropriate by a skilled 

practitioner. For example, each suitable dose can be administered over a period of about 30 

minutes and up to about 1 hour, about 2 hours, about 3, hours, about 4 hours, about 5 hours, 

about 6 hours, about 7 hours, or about 8 hours. In a particular embodiment, a suitable dose 

for Dkk-1 antibody can be about 150 mg administered over a period of about 30 minutes and
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up to about 2 hours. Another suitable dose for the Dkk-1 antibody can be about 300 mg ad

ministered over a period of about 30 minutes and up to about 2 hours.  

[0058] Suitable doses per administration for a second amount of chemotherapeutic agent 

can be determined based on the recommended dosing found on the label. When paclitaxel in 

the second amount of the chemotherapeutic agent used doses of about or greater than about 8 

mg/m 2, 10 mg/m 2, about 15 mg/m 2, about 20 mg/m2 , about 25 mg/m2 , about 30 mg/m2 , about 

35 mg/m 2 , about 40 mg/m2 , about 45 mg/m2 , about 50 mg/m2 , about 55 mg/m2 , about 60 

mg/m 2, about 65 mg/m 2, about 70 mg/m2 , about 75 mg/m2 , about 80 mg/m2 , about 85 mg/m 2, 

about 90 mg/m 2, about 95 mg/m 2, about 100 mg/m 2, about 105 mg/m 2, about 110 mg/m2 , 

about 120 mg/m 2 , about 130 mg/m2 , about 140 mg/m 2, about 150 mg/m 2, about 160 mg/m 2, 

about 170 mg/m 2 , about 180 mg/m 2, about 190 mg/m 2, about 200 mg/m 2, about 225 mg/m 2, 

about 250 mg/m 2 , about 275 mg/m 2 , about 300 mg/m 2 , about 600 mg/m2 or about 800 mg/m 2.  

For example, a suitable dose per administration of paclitaxel is about 80 mg/m2 over a period 

of about 1 hour.  

[0059] An effective amount can be achieved in the methods or compositions of the inven

tion by coadministering a first amount of a Dkk-1 antibody (or a pharmaceutically acceptable 

salt, hydrate or solvate thereof) and a second amount of at least one chemotherapeutic agent.  

In one embodiment, the Dkk-1 antibody and the chemotherapeutic agent are each adminis

tered in a respective effective amount (e.g., each in an amount which would be therapeuti

cally effective if administered alone). In another embodiment, the Dkk-1 antibody and the 

chemotherapeutic agent are each administered in an amount which alone does not provide a 

therapeutic effect (a sub-therapeutic dose). In yet another embodiment, the Dkk-1 antibody 

can be administered in an effective amount, while the chemotherapeutic agent is administered 

in a sub-therapeutic dose. In still another embodiment, the Dkk-1 antibody can be adminis

tered in a sub-therapeutic dose, while the chemotherapeutic agent is administered in an effec

tive amount.  

[0060] As used herein, the term "subject" refers to a mammal, preferably a human, but 

can also mean an animal in need of veterinary treatment, e.g., companion animals (e.g., dogs, 

cats, and the like), farm animals (e.g., cows, sheep, pigs, horses, and the like) and laboratory 

animals (e.g., rats, mice, guinea pigs, and the like).  

[0061] As used herein "treating" includes achieving, partially or substantially, delaying, 

inhibiting or preventing the progression of clinical indications related to the cancer being 

treated. For example, "treating" includes reduction in tumor growth, or prevention of further
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growth, as detected by standard imaging methods known in the art, including, for example, 

computed tomography (CT) scan, magnetic resonance imaging (MRI), chest x-ray, and 

CT/positron emission tomography (CT/PET) scans, and evaluated according to guidelines 

and methods known in the art. For example, responses to treatment can be evaluated through 

the Response Evaluation Criteria in Solid Tumors (RECIST) (Revised RECIST Guideline 

version 1.1; see Eisenhauer et al., Eur. J. Cancer 45(2):228-47, 2009). Thus, in some em

bodiments, "treating" refers to a Complete Response (CR), which is defined according to the 

RECIST guideline as the disappearance of all target lesions, or a Partial Response (PR), 

which is defined as at least a 30% decrease in the sum of diameter of target lesions, taking as 

reference the baseline sum diameters. Other means for evaluating tumor response to treat

ment include evaluation of tumor markers and evaluation of performance status (e.g., assess

ment of creatinine clearance; see Cockcroft and Gault, Nephron. 16:31-41, 1976).  

Pharmaceutical Composition 

[0062] The Dkk-1 antibody and chemotherapeutic agents disclosed herein can be incor

porated into pharmaceutical compositions suitable for administration. Such compositions typ

ically comprise the antibody, or one or more chemotherapeutic agents, or both, and a pharma

ceutically acceptable carrier. As used herein the language "pharmaceutically acceptable car

rier" is intended to include any and all solvents, dispersion media, coatings, antibacterial and 

antifungal agents, isotonic and absorption delaying agents, and the like, compatible with 

pharmaceutical administration. The use of such media and agents for pharmaceutically active 

substances is well known in the art. Except insofar as any conventional media or agent is in

compatible with the active compound, use thereof in the compositions is contemplated.  

[0063] A pharmaceutical composition of the invention is formulated to be compatible 

with its intended route of administration. Examples of routes of administration include paren

teral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal (topi

cal), transmucosal, and rectal administration. Solutions or suspensions used for parenteral, in

tradermal, or subcutaneous application can include the following components: a sterile dilu

ent such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerin, pro

pylene glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or me

thyl parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as 

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
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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.  

[0064] Pharmaceutical compositions suitable for injectable use include sterile aqueous 

solutions (where water soluble) or dispersions and sterile powders for the extemporaneous 

preparation of sterile injectable solutions or dispersion. For intravenous administration, suita

ble carriers include physiological saline, bacteriostatic water, Cremophor EL(TM) (BASF, 

Parsippany, N.J.) or phosphate buffered saline (PBS). In all cases, the composition must be 

sterile and should be fluid to the extent that easy syringability exists. It must 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 disper

sion medium containing, for example, water, ethanol, polyol (for example, glycerol, propyl

ene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof. The 

proper fluidity can be maintained, for example, by the use of a coating such as lecithin, by the 

maintenance of the required particle size in the case of dispersion and by the use of surfac

tants. Prevention of the action of microorganisms can be achieved by various antibacterial 

and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimero

sal, and the like. In many cases, it will be preferable to include isotonic agents, for example, 

sugars, polyalcohols such as manitol, sorbitol, and sodium chloride in the composition. Pro

longed absorption of the injectable compositions can be brought about by including in the 

composition an agent which delays absorption, for example, aluminum monostearate and gel

atin.  

[0065] Sterile injectable solutions can be prepared by incorporating the active compound 

(e.g., a Dkk-lantibody) in the required amount in an appropriate solvent with one or a combi

nation of ingredients enumerated above, as required, followed by filtered sterilization. Gener

ally, dispersions are prepared by incorporating the active compound into a sterile vehicle 

which contains a basic dispersion medium and the required other ingredients from those enu

merated above. In the case of sterile powders for the preparation of sterile injectable solu

tions, the preferred methods of preparation are vacuum drying and freeze-drying which yields 

a powder of the active ingredient plus any additional desired ingredient from a previously 

sterile-filtered solution thereof.  

[0066] Oral compositions generally include an inert diluent or an edible carrier. They can 

be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic 

administration, the active compound can be incorporated with excipients and used in the form
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of tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier 

for use as a mouthwash, wherein the compound in the fluid carrier is applied orally and 

swished and expectorated or swallowed. 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 compounds 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; 

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, me

thyl salicylate, or orange flavoring.  

[0067] For administration by inhalation, the compounds are delivered in the form of an 

aerosol spray from pressured container or dispenser which contains a suitable propellant, e.g., 

a gas such as carbon dioxide, or a nebulizer.  

[0068] Systemic administration can also be by transmucosal or transdermal means. For 

transmucosal or transdermal administration, penetrants appropriate to the barrier to be perme

ated are used in the formulation. Such penetrants are generally known in the art, and include, 

for example, for transmucosal administration, detergents, bile salts, and fusidic acid- deriva

tives. Transmucosal administration can be accomplished through the use of nasal sprays or 

suppositories.  

[0069] For transdermal administration, the active compounds are formulated into oint

ments, salves, gels, or creams as generally known in the art.  

[0070] The compounds can also be prepared in the form of suppositories (e.g., with con

ventional suppository bases such as cocoa butter and other glycerides) or retention enemas 

for rectal delivery.  

[0071] In one embodiment, the active compounds are prepared with carriers that will pro

tect the compound against rapid elimination from the body, such as a controlled release for

mulation, including implants and microencapsulated delivery systems. Biodegradable, bio

compatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polygly

colic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation of such for

mulations will be apparent to those skilled in the art. The materials can also be obtained com

mercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (in

cluding liposomes targeted to infected cells with monoclonal antibodies to viral antigens) can 

also be used as pharmaceutically acceptable carriers. These can be prepared according to



WO 2018/081437 PCT/US2017/058555 
- 17

methods known to those skilled in the art, for example, as described in U.S. Pat. No.  

4,522,811.  

[0072] It is especially advantageous to formulate oral or parenteral compositions in dos

age unit form for ease of administration and uniformity of dosage. Dosage unit form as 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 pro

duce the desired therapeutic effect in association with the required pharmaceutical carrier.  

The specification for the dosage unit forms of the invention are dictated by and directly de

pendent on the unique characteristics of the active compound and the particular therapeutic 

effect to be achieved, and the limitations inherent in the art of compounding such an active 

compound for the treatment of individuals.  

[0073] While this invention has been particularly shown and described with references to 

example embodiments thereof, it will be understood by those skilled in the art that various 

changes in form and details may be made therein without departing from the scope of the in

vention encompassed by the appended claims.  

EXEMPLIFICATION 

Example 1 - Detection of Constitutively Activating Mutations of CTNNB1 Gene 

[0074] Biopsy samples can be obtained from a patient for determination of the sequence 

of the beta-catenin gene. Gene sequencing is well within the purview of a person of ordinary 

skill in the art, and can be accomplished using commercially available products, such as the 

Archer VariantPlex Solid Tumor kit available from ArcherDX, Inc. of Boulder, CO, and 

next generation sequencing platforms such as one avalaible from Illumina, Inc. of San Diego 

CA (Worldwide Headquarters). Comparison can be done to publically available genetic se

quence of the gene, e.g. at the NCBI database.  

Example 2 - Detection of Constitutively Activating Mutations of beta-Catenin Protein 

[0075] Phosphorylation status of beta-catenin can be determined by western blot analysis 

with antibodies that recognize the phosphorylated form of beta-catenin. Stabilization and ac

tivation of beta-catenin can be determined by western blot demonstrating an increase in cellu

lar protein levels and by immunofluorescence demonstrating nuclear localization of beta

catenin. Measuring the expression of downstream beta-catenin target genes or an exogenous 

beta-catenin reporter gene construct can be utilized to determine the activation status of beta

catenin.
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Example 3 - CTNNB1 Mutational Data in Patients Subject to DKN-01 Therapy 

Clinical Study of the Paclitaxel /DKN-01 Combination Therapy 

[0076] Patients were selected for a clinical investigation of the combination DKN

Ol/Paclitaxel@ therapy designed as a phase 1 non-randomized, dose-escalating, open label, 

multicenter study.  

[0077] Patients with histologically confirmed recurrent or metastatic esophageal or gas

tro-esophageal junction adenocarcinoma were selected. Each patient reported on in Table 1 

was placed on a 28-day treatment cycle: 300 mg of DKN-01 antibody on days 1 and 15; 80 

mg/m2 of Paclitaxel@ on days 1, 8, 15, and 22.  

[0078] DKN-01 was administered intravenously (IV) over a minimum of 30 minutes and 

up to a maximum of 2 hours without interruption. Paclitaxel@ was administered IV over 1 

hour on days 1, 8, 15 and 22 of each cycle according to standard clinical practice. Standard 

of care premedication for paclitaxel was given prior to administration. Sequence of admin

istration: pre-medication for paclitaxel, DKN-01, pactlitaxel. DKN-01 was administered first 

followed by paclitaxel on Days 1 and 15 when both drugs were delivered.  

[0079] Biopsy samples, collected prior to commencement of the study, were subject to 

gene expression analysis.  

[0080] Radiological tumor assessment was performed. At a minimum, a computerized to

mography (CT) scan of the chest, abdomen and pelvis had been conducted for tumor assess

ment with documentation of one or more metastatic tumors measurable on radiographic im

aging as defined by Response Evaluation Criteria in Solid Tumors (RECIST). Whenever fea

sible, the preferred imaging modality throughout the study was CT/PET scans. Baseline radi

ographic tumor assessments were conducted within 28 days prior to day 1 of cycle 1 and sub

sequent tumor assessments were performed after every even numbered cycle.  

[0081] The following response criteria were used: 

[0082] Complete Response (CR): Disappearance of all lesions. Any pathological lymph 

nodes had reduction in short axis to <10 mm. Tumor marker results were normalized.  

[0083] Partial Response (PR): At least a 30% decrease in the sum of diameter of lesions, 

taking as reference the baseline sum diameters.  

[0084] Progressive Disease (PD): At least a 20% increase in the sum of the diameters of 

lesions, taking as reference the smallest sum on study (including the baseline sum if that is 

the smallest). In addition to the relative increase of 20%, the sum demonstrated an absolute
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increase of at least 5 mm. The appearance of one or more new lesions was also considered 

progression.  

[0085] Stable Disease (SD): Neither sufficient shrinkage to qualify for PR nor sufficient 

increase to qualify for PD, taking as reference the smallest sum diameters while on study.  

Result Analysis 

[0086] Analysis of beta-catenin mutations was performed on patients subjected to the 

combination therapy of Paclitaxel@ and DKN-01 according to the methods described above.  

The results are presented in FIG. 1. As can be seen, the beta-catenin mutations resulting from 

deletion of Exons 2-4, S45F and T41I are found in patients exhibiting a partial response or at 

least stable disease.  

[0087] This data demonstrates that an activating mutation of beta-catenin is a bi

omarker predictor of a therapeutic response to an anti-Dkk-1 antibody administration.  

Example 4 - Case Study of Patient 105-023: p-Catenin Activating Mutations is a Bi

omarker for DKN-01 Sensitivity in Esophageal Cancer Therapy 

[0088] As shown in FIG. 1, Patient 105-023, suffering from a GEJ adenocarcinoma ma

lignancy, exhibited the highest reduction in tumor volume. Clinical data pertaining to Patient 

105-023 was further analyzed.  

[0089] Patient 105-023 experienced a tumor regression of 73% over the course of four

teen 28-day treatment cycles. The results are illustrated in FIG. 2A and FIG. 2B. FIG. 2A 

shows a plot of tumor volume in Patient 105-023 as a function of the number of cycles of 

treatment (cycles are denoted by start dates). Patient 105-023 received 300 mg of DKN-01 

on Days 1 and 15 and 80 mg/m2 of paclitaxel weekly during a 28-Day Cycle for the first 10 

cycles. During Cycle 10 paclitaxel was discontinued; however the response continued to 

deepen. FIG. 2B is a computerized tomography image demonstrating a reduction in the size 

of the primary lesion in Patient 105-023 from baseline to Cycle 10. Arrow denotes the pri

mary lesion.  

[0090] As can be seen from the data, Patient 105-023 discontinued paclitaxel in Cycle 10 

and has continued to have a deepening response to DKN-01 monotherapy. Genetic analysis 

of a biopsy sample from this patient's tumor (performed using the methods described in Ex

ample 1 by employing a FoundationOne@ Panel, commercially available from Foundation
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Medicine, Inc., Cambridge, MA) indicated the presence of a -catenin exon 2-4 deletion that 

results in constitutive activation.  

[0091] This data further supports the finding that an activating mutation of beta-catenin is 

a biomarker predictor of a therapeutic response to an anti-Dkk-1 antibody administration.  

SEQUENCES 

The genomic DNA sequence of CTNNB1 - SEQ ID NO: 1 

[0092] SEQ ID NO: 1, shown in FIGs. 3A through 3F, represents the sequence of human 

CTNNB1 gene having the chromosomal coordinates chr3:41,240,942-41,281,939. All coor

dinates are from build GRCh37/hgl9. 5'UTR and 3'UTR exons are not included. Capital 

letters are the exons, lower case letters are introns. Exons 2, 3, and 4 are underlined and su

perscripted.  

Amino Acid Sequence of beta-Catenin Protein - SEQ ID NO: 2 

[0093] SEQ ID NO: 2, below, is the amino acid sequence of human beta-catenin, a 781 

amino acid protein UniProt Database ID - P35222 (http://www.uniprot.org/uniprot/P35222).  

Exons 2, 3, and 4 are underlined and superscripted.  

2 4 3 10 20 30 40 50 
MATO ADLMEL DMAMEPDRKA AVSHWOOOSY LDSGIHSGAT TTAPSLSGKG 

60 70 80 4 90 100 
NPEEEDVDTS QVLYEWEQGF SQSFTQEQVA DIDGQYAMTR AORVPAAMFP 

110 120 130 140 150 
ETLDEGMOIP STOFDAAHPT NVORLAEPSO MLKHAVVNLI NYODDAELAT 

160 170 180 190 200 
PAIPELTKLL NDEDOVVVNK AAVMVHQLSK KEASRHAIMR SPQMVSAIVR 

210 220 230 240 250 
TMQNTNDVET ARCTAGTLHN LSHHREGLLA IFKSGGIPAL VKMLGSPVDS 

260 270 280 290 300 
VLFYAITTLH NLLLHQEGAK MAVRLAGGLQ KMVALLNKTN VKFLAITTDC 

310 320 330 340 350 
LQILAYGNQE SKLIILASGG PQALVNIMRT YTYEKLLWTT SRVLKVLSVC 

360 370 380 390 400 
SSNKPAIVEA GGMQALGLHL TDPSQRLVQN CLWTLRNLSD AATKQEGMEG 

410 420 430 440 450 
LLGTLVQLLG SDDINVVTCA AGILSNLTCN NYKNKMMVCQ VGGIEALVRT 

460 470 480 490 500 
VLPAGDREDI TEPAICALRH LTSRHQEAEM AQNAVRLHYG LPVVVKLLHP 

510 520 530 540 550 
PSHWPLIKAT VGLIRNLALC PANHAPLREQ GAIPRLVQLL VPAHQDTQRR 

560 570 580 590 600 
TSMGGTQQQF VEGVRMEEIV EGCTGALHIL ARDVHNRIVI RGLNTIPLFV 

610 620 630 640 650 
QLLYSPIENI QRVAAGVLCE LAQDKEAAEA IEAEGATAPL TELLHSRNEG 

660 670 680 690 700 
VATYAAAVLF RMSEDKPQDY KKRLSVELTS SLFRTEPMAW NETADLGLDI 

710 720 730 740 750 
GAQGEPLGYR QDDPSYRSFH SGGYGQDALG MDPMMEHEMG GHHPGADYPV
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760 770 780 
DGLPDLGHAQ DLMDGLPPGD SNQLAWFDTD L 

Exons of beta-Catenin Protein 

[0094] The amino acid number range does not correspond exactly to the exons as marked 

in SEQ ID NO: 1 because of the splicing of the transcript. For example the first base "G" of 

the codon for amino acid #5 is in exon 2 and second and third bases "CT" are in Exon 3.  

[0095] Highlighted residues of Exon 3 (in bold and underlined) indicate GSK3B and 

CKla phosphorylation sites that stabilize beta-catenin when they are mutated or deleted): 

S33,S37,T41,S45. (See deLa CosteA, RomagnoloB, BilluartP, Renard CA, Buendia 

MA, Soubrane 0, et al. (1998). Somatic mutations of the beta-catenin gene are frequent in 

mouse and human hepatocellular carcinomas. Proc Natl Acad Sci U S A 95: 8847-8851; and 

Xu W, & Kimelman D (2007). Mechanistic insights from structural studies of beta-catenin 

and its binding partners. J Cell Sci 120: 3337-3344.) 

Exon I (Non-Coding) 

Exon 2 - SEQ ID NO: 3 (amino acids 1-4 of SEQ ID NO: 2) 

MATQ (SEQ ID NO: 3) 

Exon 3 - SEQ ID NO: 4 (amino acids 5-81 of SEQ ID NO: 2) 

ADLMELDMAMEPDRKAAVSHWQQQSYLDSGIHS

GATTTAPSLSGKGNPEEEDVDTSQVLYEWEQGFSQSFTQEQVAD (SEQ ID NO: 4) 

Exon 4 - SEQ ID NO: 5 (amino acids 82-165 of SEQ ID NO: 2) 

IDGQYAMTRAQRVRAAMFPETLDEGMQIPSTQFDAAIPTNVQRLAEPSQMLKHAV

VNLINYQDDAELATRAIPELTKLLNDEDQ (SEQ ID NO: 5) 

[0096] LCDR1 

His Ala Ser Asp Ser Ile Ser Asn Ser Leu His (SEQ ID NO: 6) 

[0097] LCDR2 

Tyr Xaa Arg Gln Ser Xaa Gln (SEQ ID NO: 7) 

wherein Xaa at position 2 is Gly or Ala; and Xaa at position 6 is Ile or Glu
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[00981 LCDR3 

Gln Gln Ser Xaa Ser Trp Pro Leu His (SEQ ID NO: 8) 

wherein Xaa at position 4 is Glu or Ala 

[0099] HCDR1 

Gly Phe Thr Phe Ser Ser Tyr Thr Met Ser (SEQ ID NO: 9) 

[00100] HCDR2 

Thr Ile Ser Gly Gly Gly Phe Gly Thr Tyr Tyr Pro Asp Ser Val Lys (SEQ ID NO: 10) 

[00101] HCDR3 

Pro Gly Tyr Xaa Asn Tyr Tyr Phe Asp Ile (SEQ ID NO: 11) 

wherein Xaa at position 4 is His or Asn 

[00102] LCVR 

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser 

Cys His Ala Ser Asp Ser Ile Ser Asn Ser Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro 

Arg Leu Leu Ile Tyr Tyr Xaa Arg Gln Ser Xaa Gln Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly 

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys 

Gln Gln Ser Xaa Ser Trp Pro Leu His Phe Gly Gly Gly Thr Lys Val Glu Ile Lys (SEQ ID 

NO: 12) 

wherein Xaa at position 51 is Gly or Ala; Xaa at position 55 is Ile or Glu and Xaa at position 

92 is Glu or Ala.  

[00103] HCVR 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 

Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys 

Gly Leu Glu Trp Val Ala Thr Ile Ser Gly Gly Gly Phe Gly Thr Tyr Tyr Pro Asp Ser Val Lys 

Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu Gln Met Asn Ser Leu 

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Pro Gly Tyr Xaa Asn Tyr Tyr Phe Asp 

Ile Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser (SEQ ID NO: 13) 

wherein Xaa at position 102 is His or Asn
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[00104] LCVR 

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser 

Cys His Ala Ser Asp Ser Ile Ser Asn Ser Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro 

Arg Leu Leu Ile Tyr Tyr Gly Arg Gln Ser Ile Gln Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly 

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys 

Gln Gln Ser Glu Ser Trp Pro Leu His Phe Gly Gly Gly Thr Lys Val Glu Ile Lys (SEQ ID 

NO: 14) 

[00105] HCVR 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 

Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys 

Gly Leu Glu Trp Val Ala Thr Ile Ser Gly Gly Gly Phe Gly Thr Tyr Tyr Pro Asp Ser Val Lys 

Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu Gln Met Asn Ser Leu 

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Pro Gly Tyr His Asn Tyr Tyr Phe Asp Ile 

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser (SEQ ID NO: 15) 

[00106] LCVR 

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser 

Cys His Ala Ser Asp Ser Ile Ser Asn Ser Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro 

Arg Leu Leu Ile Tyr Tyr Ala Arg Gln Ser Ile Gln Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly 

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys 

Gln Gln Ser Glu Ser Trp Pro Leu His Phe Gly Gly Gly Thr Lys Val Glu Ile Lys (SEQ ID 

NO: 16) 

[00107] HCVR 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 

Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys 

Gly Leu Glu Trp Val Ala Thr Ile Ser Gly Gly Gly Phe Gly Thr Tyr Tyr Pro Asp Ser Val Lys 

Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu Gln Met Asn Ser Leu 

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Pro Gly Tyr Asn Asn Tyr Tyr Phe Asp 

Ile Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser (SEQ ID NO: 17) 

[00108] LCVR 

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser 

Cys His Ala Ser Asp Ser Ile Ser Asn Ser Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro
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Arg Leu Leu Ile Tyr Tyr Gly Arg Gln Ser Ile Gln Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly 

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys 

Gln Gln Ser Ala Ser Trp Pro Leu His Phe Gly Gly Gly Thr Lys Val Glu Ile Lys (SEQ ID NO: 

18) 

[00109] LCVR 

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser 

Cys His Ala Ser Asp Ser Ile Ser Asn Ser Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro 

Arg Leu Leu Ile Tyr Tyr Ala Arg Gln Ser Glu Gln Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly 

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys 

Gln Gln Ser Ala Ser Trp Pro Leu His Phe Gly Gly Gly Thr Lys Val Glu Ile Lys (SEQ ID NO: 

19) 

[00110] HC 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 

Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys 

Gly Leu Glu Trp Val Ala Thr Ile Ser Gly Gly Gly Phe Gly Thr Tyr Tyr Pro Asp Ser Val Lys 

Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu Gln Met Asn Ser Leu 

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Pro Gly Tyr His Asn Tyr Tyr Phe Asp Ile 

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 

Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe 

Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala 

Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly 

Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val 

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro Ser Val 

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val 

Val Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val Glu 

Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Val 

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys 

Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val 

Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val 

Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr 

Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val
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Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His 

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly (SEQ ID NO: 20) 

[00111] LC 

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser 

Cys His Ala Ser Asp Ser Ile Ser Asn Ser Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro 

Arg Leu Leu Ile Tyr Tyr Gly Arg Gln Ser Ile Gln Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly 

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys 

Gln Gln Ser Glu Ser Trp Pro Leu His Phe Gly Gly Gly Thr Lys Val Glu Ile Lys Arg Thr Val 

Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val 

Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala 

Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu 

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr 

His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys (SEQ ID NO: 21) 

[00112] HC 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 

Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys 

Gly Leu Glu Trp Val Ala Thr Ile Ser Gly Gly Gly Phe Gly Thr Tyr Tyr Pro Asp Ser Val Lys 

Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu Gln Met Asn Ser Leu 

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Pro Gly Tyr Asn Asn Tyr Tyr Phe Asp 

Ile Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro 

Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr 

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro 

Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu 

Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg 

Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro Ser 

Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys 

Val Val Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val 

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val 

Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser 

Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro 

Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys 

Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn
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Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu 

Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala 

Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly (SEQ ID NO: 22) 

[00113] LC 

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser 

Cys His Ala Ser Asp Ser Ile Ser Asn Ser Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro 

Arg Leu Leu Ile Tyr Tyr Ala Arg Gln Ser Ile Gln Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly 

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys 

Gln Gln Ser Glu Ser Trp Pro Leu His Phe Gly Gly Gly Thr Lys Val Glu Ile Lys Arg Thr Val 

Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val 

Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala 

Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu 

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr 

His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys (SEQ ID NO: 23) 

[00114] HC 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser 

Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr Thr Met Ser Trp Val Arg Gln Ala Pro Gly Lys 

Gly Leu Glu Trp Val Ala Thr Ile Ser Gly Gly Gly Phe Gly Thr Tyr Tyr Pro Asp Ser Val Lys 

Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu Gln Met Asn Ser Leu 

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Pro Gly Tyr His Asn Tyr Tyr Phe Asp Ile 

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 

Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe 

Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala 

Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly 

Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val 

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro Ser Val 

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val 

Val Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val Glu 

Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Val 

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys 

Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val 

Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
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Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr 

Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val 

Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His 

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly (SEQ ID NO: 24) 

[00115] LC 

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser 

Cys His Ala Ser Asp Ser Ile Ser Asn Ser Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro 

Arg Leu Leu Ile Tyr Tyr Gly Arg Gln Ser Ile Gln Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly 

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys 

Gln Gln Ser Ala Ser Trp Pro Leu His Phe Gly Gly Gly Thr Lys Val Glu Ile Lys Arg Thr Val 

Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val 

Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala 

Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu 

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr 

His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys (SEQ ID NO: 25) 

[00116] LC 

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser 

Cys His Ala Ser Asp Ser Ile Ser Asn Ser Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro 

Arg Leu Leu Ile Tyr Tyr Ala Arg Gln Ser Glu Gln Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly 

Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys 

Gln Gln Ser Ala Ser Trp Pro Leu His Phe Gly Gly Gly Thr Lys Val Glu Ile Lys Arg Thr Val 

Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val 

Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala 

Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu 

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr 

His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys (SEQ ID NO: 26) 

[00117] Human Dkk-1 Amino Acid Sequence 

Thr Leu Asn Ser Val Leu Asn Ser Asn Ala Ile Lys Asn Leu Pro Pro Pro Leu Gly Gly Ala Ala 

Gly His Pro Gly Ser Ala Val Ser Ala Ala Pro Gly Ile Leu Tyr Pro Gly Gly Asn Lys Tyr Gln 

Thr Ile Asp Asn Tyr Gln Pro Tyr Pro Cys Ala Glu Asp Glu Glu Cys Gly Thr Asp Glu Tyr 

Cys Ala Ser Pro Thr Arg Gly Gly Asp Ala Gly Val Gln Ile Cys Leu Ala Cys Arg Lys Arg
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Arg Lys Arg Cys Met Arg His Ala Met Cys Cys Pro Gly Asn Tyr Cys Lys Asn Gly Ile Cys 

Val Ser Ser Asp Gln Asn His Phe Arg Gly Glu Ile Glu Glu Thr Ile Thr Glu Ser Phe Gly Asn 

Asp His Ser Thr Leu Asp Gly Tyr Ser Arg Arg Thr Thr Leu Ser Ser Lys Met Tyr His Thr Lys 

Gly Gln Glu Gly Ser Val Cys Leu Arg Ser Ser Asp Cys Ala Ser Gly Leu Cys Cys Ala Arg 

His Phe Trp Ser Lys Ile Cys Lys Pro Val Leu Lys Glu Gly Gln Val Cys Thr Lys His Arg Arg 

Lys Gly Ser His Gly Leu Glu Ile Phe Gln Arg Cys Tyr Cys Gly Glu Gly Leu Ser Cys Arg Ile 

Gln Lys Asp His His Gln Ala Ser Asn Ser Ser Arg Leu His Thr Cys Gln Arg His (SEQ ID 

NO: 27)



- 29

CLAIMS 

A method of treating a subject suffering from a cancer, comprising the steps of: 

determining that the subject has a constitutively activating mutation in a beta

catenin protein (SEQ ID NO: 2) in a cancer sample; and 

administering to the subject determined to have the constitutively activating 

mutation in a beta-catenin protein (SEQ ID NO: 2) an effective amount of an anti

Dkk-1 antibody or antigen binding-fragment thereof, 

wherein the cancer is an esophageal cancer or a uterine cancer 

wherein the anti-Dkk-1 antibody or antigen binding-fragment thereof 

comprises a light chain variable region (LCVR) and a heavy chain variable region 

(HCVR), wherein the LCVR comprises complementarity determining regions (CDRs) 

LCDR1, LCDR2, and LCDR3 and the HCVR comprises CDRs HCDR1, HCDR2 and 

HCDR3, wherein LCDR1 has the amino acid sequence of SEQ ID NO: 6, LCDR2 has 

the amino acid sequence of SEQ ID NO: 7, wherein Xaa at position 2 is Ala and Xaa 

at position 6 is Ile, LCDR3 has the amino acid sequence of SEQ ID NO: 8, wherein 

Xaa at position 4 is Glu, HCDR1 has the amino acid sequence of SEQ ID NO: 9, 

HCDR2 has the amino acid sequence of SEQ ID NO: 10, and an HCDR3 has the 

amino acid sequence of SEQ ID NO: 11, wherein Xaa at position 4 is Asn, and 

wherein the mutation is a deletion of Exons 2, 3, and 4 (SEQ ID NOs: 3, 4, 

and 5) or is any one of the mutations of amino acid residues of SEQ ID NO:2 selected 

from D32G, D32N, D32Y, G34E, G34R, G34V, S37F, 135S, S33C, S33F, S33Y, 

S37A, S37C, S37P, S45C, S45F, T41A, T411, S33A, K335T, D32A, D32V, H36P, 

S33P, S45Y, S37Y, S45P, T42_K49del, K3351, N3871, or N387K.  

2. The method of Claim 1, further including administering an effective amount of a 

chemotherapeutic agent.  

3. The method of Claim 2, wherein the chemotherapeutic agent is a taxane, paclitaxel, 

docetaxel, carbazitaxel, gemcitabine, carboplatin, cisplatin, oxaliplatin, fluorouracil, 

capecitabine, or tegafor, or any functional analog thereof.
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4. The method of any one of claims I to 3, wherein the LCVR comprises the amino acid 

sequence of SEQ ID NO: 16 and the HCVR comprises the amino acid sequence of 

SEQ ID NO: 17.  

5. The method of Claim 4, wherein the anti-Dkk-1 antibody comprises a heavy chain 

comprising the amino acid sequence of SEQ ID NO: 22 and a light chain comprising 

the amino acid sequence of SEQ ID NO: 23.  

6. The method of any one of Claims I to 5, wherein the subject is a human.  

7. The method of Claim 1, wherein the mutation includes a deletion of Exons 2, 3, and 4 

(SEQ ID NOs: 3, 4, and 5).  

8. The method of Claim 1, wherein the mutation is a mutation of any one of the amino 

acid residues selected from Ser33, Ser37, Thr4l, and Ser45 of the protein of SEQ ID 

NO: 2.  

9. The method of Claim 1, wherein the esophageal cancer is a cancer of the gastro

esophageal junction.
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C-term truncation:

108-003
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10 cycles (off treatment)
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6%

Archer VariantPlex Solid Tumor

Q27Ter

109-008

PR (-35%)

3+ cycles (on going)

$45F

Stabilizing

2%

Archer VariantPlex Solid Tumor

135N
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3%
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9+ cycles (on going)

Archer VarientPlex Solid Tumor

1411

Stabilizing
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SD (-6%)
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Not detected

NA

NA

Solid Tumor Hotspot NGS

109-001

SD (-2%)

3 cycles (off treatment)
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NA
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Archer VariantPlex Solid Tumor
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PD (13%)

2 cycles (off treatment)
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NA

NA

Guardant 360

104-017

PD (8%)

2 cycles (off treatment)

Not detected

NA

NA

Foundation One
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2 cycles (off treatment)
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NA

NA
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Most likely no effect
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Archer VariantPlex Solid Tumor
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PD (260%)

2 cycles (off treatment)

Not detected

NA

NA

Archer VariantPlex Solid Tumor

1

Response as of 8/3/16, best response. Cycles are 28 day periods ... treatment delays may prolong or adjust these durations.

Legend: Partial response (PR). Stable disease (SD). Progressive disease (PD).

For the Archer VariantPlex Solid Tumor Gene Panel, the Archer Analysis (version 4.1.0.5) default parameters were used to identify CTNNB1

mutations

FIG. 1
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CTNNB1 genomic DNA sequence (includes introns)

(SEQ ID NO: 1)

Exon 2
ATGGCTACTCAAGgtttgtgtcattaaatctttagttactgaattgggg. 50

tetggatgactgcttctggagcctggatgcagtaccattcttccactgat
tcagtgagtaactgttaggtggttccctaagggattaggtatttcatca
tgagetaacectggetatcattctgcttttcttggetgtctttcagattt
actttatttctaaaaatatttcaatgggtcatatcacagattcttttt

tttaaattaaagtaacatttccaatctactaatgetaatactgtttcgta 400
Exon 3

cttatagCTGATTTGATGGAGTTGGACATGGCCATGGAACCAGACAGAA
AGCGGCTGTTAGTCACTGGCAGCAACAGTCTTACCTGGACTCTGGAATCO 500
ATTCTGGTGCCACTACCACAGCTCCTTCTCTGAGTGGTAAAGGCAATCCT
GAGGAAGAGGATGTGGATACCTCCCAAGTCCTGTATGAGTGGGAACAGGO
ATTTTCTCAGTCCTTCACTCAAGAACAAGTAGCTGgtaagagtattattt
ttcattgccttactgaaagtcagaatgcagttttgagaactaaaaagtta
gtgtataatagtttaaataaaatgttgtggtgaagaaaagagagtaatag
caatgtcacttttaccatttaggatagcaaatacttaggtaaatgetgaa

Exon 4
ctgtggatagtgagtgttgaattaaccttttccagATATTGATGGACAGT 850
ATGCAATGACTCGAGCTCAGAGGGTACGAGCTGCTATGTTCCCTGAGACA
ITAGATGAGGGCATGCAGATOCCATCTACACAGTTTGATGCTGCTCATCC
CACTAATGTCCAGCGTTTGGCTGAACCATCACAGATGCTGAAACATGCAG 1000
TTGTAAACTTGATTAACTATCAAGATGATGCAGAACTTGCCACACGTGCA
ATCCCTGAACTGACAAAACTGCTAAATGACGAGGACCAGgtaagcaatga
catagetagctttttagtctgctttgaagtaaatgctcaaggggagtagt
tcagaatgtctacccaataccagtacttgaaaactaacgatgtttctga

attcctgtattacagGTGGTGGTTAATAAGGCTGCAGTTATGGTCCATCA
GCTTTCTAAAAAGGAAGCTTCCAGACACGCTATCATGCGTTCTCCTCAGA
TGGTGTCTGCTATTGTACGTACCATGCAGAATACAAATGATGTAGAAACZ
GCTCGTTGTACCGCTGGGACCTTGCATAACCTTTCCCATCATCGTGAGGO
CTTACTGGCCATCTTTAAGTCTGGAGGCATTCCTGCCCTGGTGAAAATGC
ttGGgtaagaaaacatgtcagaatgcttgaagetaaaaagtagaagagta 1500
cactcacaatatttctgatgaggcttttttcttcttcccagTTCACCAGT
GGATTCTGTGTTGTTTTATGCCATTACAACTCTCCACAACCTTTTATTAC
ATCAAGAAGGAGCTAAAATGGCAGTGCGTTTAGCTGGTGGGCTGCAGAA.
ATGGTTGCCTTGCTCAACAAAACAAATGTTAAATTCTTGGCTATTACGAC
AGACTGCCTTCAAATTTTAGCTTATGGCAACCAAGAAAGCAAGgtaagag
attattctttatgtggttttcatggageattggacacctccagtgtcat

gtcattccatgcagtgttcctaacctttttggcaccagggaccagtttcg
tggaaaacagtttttccatgaatgggttgtgggaatggtttctggatgad
accattccacctcagataatcaggcattagattctcatagggagegtgca
gectagatccctcgcatgtgcagtccacactagggtttctactcctatga 2000
pactctcatggtgcagttgatctgacaggaggtagagetcaagecaggt

cgttcttttaaatttttgagtttccatatgtaaagcactatgegaagtag
tagggatatggtaggeaagettctcttcacacttttgttcttaggtggga
tgtagatgttgggaataataacctaatatttaatttgtgtagtgggaaga 2250
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agtggggetatgagggeacataacacaagttgaaactgactctttttgay 2300
ggttcaaggagacctcttggaggaagtgatagttgagttcatgtc

gatgagaagggattcactaggtgaaggttaggtgagaaaacaacatcttt
gaaacgaaggaaggagatggaaagttttgggaatttaagaaatactaat

gtaaggaggaagaaaggtttgaggtgaggctattgagatagacttagcag 2500
atctcatagggetttgtagagcatgtttaaaageacaatgggaaatttca
geagaageetgaaatgatgaaatttgtttttagaaaattggggcagtgtt
gaaagggaagatatacagggaatgaaaggacaageatgaatgatcattb
atggtatetgtttttaaggtggatataattaggaaaattaaagggocaaa
tgatgaggagttaagtgccattctggttcaaattttcagtgaatcagt
tgatataactttcatcttagggcattactcttgcctaccaacatagtt

ctaaatttttttcttttggtgtgatcactgtgggaagaaggaaattgggo
ccaaactgatacattgtttggaggactgggatgtctgaatttgagtgga:
cgctttaaaaggacaagttggatagggecccagtatgggggtctgagtga
tggggtccaggaatacatttaggtccaatggaagotggetgaaattct 3000
gtataataaaataggttggtaatatggctcttctcagacatgtgatca

ttccttgactaacaagatatatatatatatctttctagCTCATCATACT
GGCTAGTGGTGGACCCCAAGCTTTAGTAAATATAATGAGGACCTATACTT

ACGAAAAACTACTGTGGACCACAAGCAGAGTGCTGAAGGTGCTATOTGTO
TGCTCTAGTAATAAGCCGGCTATTGTAGAAGCTGgtaagtatatgtatct

attctgagtcttgtgtatagcatetgcagttctaattagattacttttc
aggaaaaggtggtagaactttaactactgaaaataaatggtcctattca
gtttgcagccaagatttacattcagagtacctgtcatctggattgtagat
aaatatttaaggctagtttaggtagagttcttattatccatcaaaaatga
ggeatatgttttgcttaataaaatttgtttgtaatttcagttttgagta 3500
aacctaagatttgctaacagagetgtgaatttataggagaaaagacaaat
tctaatatagtacagtttatgtaaagtgattgctttattagtagatgo
catgagcagtttttgttttgttttaacttttaggttccgggtaatgtg
ggcttgttatataggtaaattgcatgtcacaggggtttcgtgtgcagatt
httttgtcacccaggcagtaagtattgtacccaataggtagtttttcagt
tctttacctcccaccegtaagtaggecccagtgtctgttgttcccttct

tgtgaccgtgtgtactcagtgtttacctcccacttataagtgagaacatg
tggtatttggttttctattcctatgttagtttgcttaggataatggectc
cagetccatccatgttgctgaggaagacatcttggtatttttttatggo

ettagtattccatagtatatatgtaccacattttctttatctagtctad 4000

htgcagtgaacatatgcatgcatgtgtctttatggtaaaaagatttctt
:tctttgggcatatacctaataataggattgctggattgaatggtaatto
tgtcaggttttttgagaaatcaccaaattgetttccacaatggetgaact
hatttactttcccaccageagtgtataageattctcttttctcagcaacd
teaccageatctgtcattttttgactttttattagtagccattctaact
gtgtgagacggtatetcattgtggttttgatttgcatttctctaatgat
agtgatgtcgagcttttcttcatatgtttcttggecacttgtatgtcttc

ttttgaaaagtgtctgttcatgtcctttgcccactttttaatggggttgt
cttttttgcttgttaatttaagtttattgtaaactctggatattagacc 4500
tttgtcagatgcatagtttgccagtactttctcccatgecagtactttct

aagctctttatactgtcccatttgt.cagtttttgtttttgttgcaacttc
cttggcatcttcgtcatgaaatctttgccaggtcttatgtccagaatgg

tatttcctaggttatcttgcagagtttttacagttttaagttttatattt
aagtetttaatccattctgagttgatttttgtacatcatgtaaggatggg
gtgcagtttcaatcttggatgtggctagecagttatcccagcaccattta 4750
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tgaatagggagtcctttccccattgcttgtttttgtttacttgttaggt 4800
gtgeggoctaacttctgggctttcttttctgttccattggtctctgtgt
:gtttgtataccagtaccatgetgtgattgtaaccttgtattaacagta
agcttgaagttgggtaaagtgattcctccagttttgttctttttgcttag
gattgecttggctattcaggetcttttttgggttcatatgaatttttaaa 5000
tagtttttttttaattatgtgaagaatgecattggtagtttggtaggaa
agcattgaatctgtgaattgctttgggctgtatggecattttaacaatat
tgattettcctgccatgaaatagaatgttttttcatttgttggtgtcatc
tctgatttctttgagcagtgttttttgtaattctcattgtagagatett

tggtaaatgggattgcattcttgatttggcttgcagettggatgttgtts
gtgtctagaaatgettctgacttttgtacattgatttttatatectgaaa

tttgetgaagtttattggatcaaggagettttgggcagagattatggg9
ctttctaggtatagaatcatattgtttgcaaacagacttcctatttggat
gcattttctttctcttgcctgattatgagcagtgttttgccctgatattc 5500
tgtattctcatgaatagatgtegtctaagtatgagaaacaattttttte
tattctgagtatttttaagaaggcaacttatatgtggtactttgtatatt
gtgtatgttggcaattggggaaaagaatagatggtttgtactagggectc

ttgggttctgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtcatgaaaacag
Itactttttagctaccaagcattttttetcctttcagtaacccacctaad
aacatttactcagaatttcaaagcaagettcaaatcagtattgaaagaag
gaaaaatataaaggcatttaatggaagaaaatgttgggaataaagtatag
ggetggcaacacttacttttctcacttattgagagtaattttacttggga
atttatgagagagaaagacattatgattgctccaggtaactactggcaga.
ggaaccatagtcttggggatagacaaatgtggetgagttcatatagaatg 6000
aggggatgggatgtaaattctgtcagetgttccagcagtaacctgtaatg
taggetaaaaatacagattttgagatttatttaatcagaatccctggagt
gttaatttttatatcaagatctcatagtgtttatttgaagtgacaggga
ggtctgtagatagetggacatgtatgggactggaagettaggaatettta
agttcttccaggttattcttatgttcatttgtttattctgaaaatagca
ctaatgtattttaagaaatggaataggcacatagtatacattgggtaaca
caacagatagggtccetgettaattcttagtcttgtgaaggtgacaaa
aatacttaaaaatatgtgatcctaaattagaatgagtgttatgggagaas
tgacagcaaatagtgatgagaattaatggggaggggaattgtctagatga
gagggaaaaggtctccttgaaaaggggatgttaagtgggactgcaggatg. 6500
agagggaaccgtctcttgtctatatgagaagtgagggttaaacgttttc
aggtagagaaaaggaacaccatgtgctatgtcttagaaccagggatatcc
agtettttggcttccctgggccacattggaagaagaataattgtcttggg

:tgcaaaagaatctcataatgtttaagaaagtttacgaatttgtgttggg
ctacattcagagctgtcctaggocatgtggeccatgggctgcaggttgga
caagettgccttagaaggaaagagattggtcaggcacggtggetcacg
gtaattccagcactttgggaggetgaggtgggsggatcatgaggtcage
agatcgagaccagectggetaacacagtgaaaccocatetctactaaaaa

7000
tgggaggctgaggeaggagaatggtgtgaaccogggaggeggagettgca

tctatctcaaaaaaaaaaaaaagggaaagagattgtggagatccaggtgo
tgaagagaaggtctgcataaacagaacttagtaatgaggtggatggect
gtatgaggttgaggttaggtaagcagagecataacatgcaggactttcta
agttcctataagatagttactactcatggagtttattcatgctttattc

agctttggagccatagatacagaatactttggtcagtttggaaggetagg 7350
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tgggatccaaattetaaacggttcctcagggttatactaaagtatttcte 7400
ctatcttaaaaggatgetgagacactttcgatggttgtttatcaata
aageatcacagtggtgtgtttaaaatattaataatagcattgtatagatt 7500
tacagtttgaatgaccaaaagctagaagaccagactactgagatgttac
agettttaggaatgaaatagtttgcttttagaactcaatagcaaagggca
gatgtetgagatgcctgaaagaatcatagaatgtaataatataggagota
agggageaaccaaaaacggtttgtggaggggacaacattggtaccatga
gataaatggaaccctcagaaggeatccttaatttttgaacataataattt
hagaagetgacttaaagtgacttaaaaggtcagtaggtagctggaaaty
atgatactagaatgcaagagaggcaggctagagatttggaagtttccc
ctagtatataggggtaagggeageaggga.aggggaggtagaggtgeca
agtcatctgtatgggacttttttttttaccctagaactgctgaatcaga
atgtgtgtgttttaaagtctctgtaggecattctgatggacatctggggt 8000
caaaatccattetettagagttaatagttatgtaaagggagggaatgaa
tcttaaagaggggaaagaaggtagtcatttcacaaatactgagcatco

atcatcagtcttacgcagatcattctattagtagctggagetactatgaa
aaaggaacccaacagaggtgatctttgtcttgtagggaaagtggagtaa
ctacactatgaaggagaagtgcagggtaccataagaattacagcagatag
acctcatctgaggaaataaaacagacccgaaagatgaaggagacaaggaa
aagtatctcttactgcattcagaagtgatttaagttgaagatggatgago
gaagttaatctactatgtgggcattgggettccatttatactcctttgo
agagtaaatgtoccccatttaagggtcctaaaggatggaagattgta
httggaacacatgttttgtagtcagtgaattgtataaagtccctgacagt 8500
aagtgttttcatgccgtctttctggattgttcttaccccaggaatttacc
cagettctttaggtctttagtcagatgtcaccttcacagtgaggtgacct
aattatctatttaaaatcgcagecccactccattatttttctccatago
ctttaatatcatetgacatactgtatggttttagtttattgtatattt
ctgectcttccaactagatcataaattctgagggtaggaacttctgaat
cttttgttcactggtctatctgcagctcagaacaggacctggtactga
aaatatttttgaaatgattgaatggatgaaaagaaatgagtaataagaat
attacctaagggggacagtggagataacaaaggettttteggettaggaa
aggaacagtagctatttgagagtttgtcactagtgaggtgaactggcaaa
tgaaggaaactgagcaacattctagaaaatgagaggaaatcaaatactt 9000
aggtgaaaggaagtaaactctggaaatacagaaggacacctcctaaggo
agaacagatatttaggattgataggcacttctagctaatgactagg
tatatcctttttaattttctagGTGGAATGCAAGCTTTAGGACTTCACCT
GACAGATCCAAGTCAACGTCTTGTTCAGAACTGTCTTTGGACTCTCAGGA
ATCTTTCAGATGCTGCAACTAAACAGgtaaattctgagtaaactggtgco
atgggaatagagtcaagatgagtatgtgcttgtactgaccatctgttttt
atctccatagGAAGGGATGGAAGGTCTCCTTGGGACTCTTGTTCAGCTTC
TGGGTTCAGATGATATAAATGTGGTCACCTGTGCAGCTGGAATTCTTTCT
AACCTCACTTGCAATAATTATAAGAACAAGATGATGGTCTGCCAAGTGGO
TGGTATAGAGGCTCTTGTGCGTACTGTCCTTCGGGCTGGTGACAGGGAAG 9500
ACATCACTGAGCCTGCCATCTGTGCTCTTCGTCATCTGACCAGCCGACAG
CAAGAAGCAGAGATGGCCCAGAATGCAGTTCGCCTTCACTATGGACTACC
AGTTGTGGTTAAGCTCTTACACCCACCATCCCACTGGCCTCTGATAAAG
tamattgtcaaagtagaatttacctttgttgcagaattgaaaatgaago
tctctagetgttggatggetgtctaagcatagtgatcaataagtaggaa
tgtattccttagtaagtaggaagtatggctgcgataggggtaagattc
aaatgtttgtgtagtcagaactacttttagttgataccaatagatttagt
gtggtgggaattttagggtaagaaaatgattttgttgagttgtatgccag 9900

FIG. 3D
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9950
10000

ACTAGTTCAGTTGCTTGTTCGTGCACATCAGGATACCCAGCGCCGTACG
CCATGGGTGGGACACAGCAGCAATTTGTGgtaggtaaattcttacagtga
tacctggetatctaaaaggaatgcataaatccaaaggatectgaacttct
:tctttggtcattggttccccccatcogtettcctgaagagetaatgac
hagtaaataaataaataattacacatttctatggetgcagagaaaataal

geatagtgtggecccagtgatatttccttggacacgtccttcacatggto
gtettacaaaggttgggttaggtgtttcataaagtgttctcatttaatt

tacacaaaggeccacttccttaggaagaggtagagtcataatttgagat
aaatctgtgtaatttcagagcctcttacccttgcctcatcatgcattttg
actataaatatttagcagtccgttttattatcttttctgtgagttaaact 10500
cttttcatggacctaagaatattcagaaataagtagtagcatttctgta
ccttaaccacaaaaatctcaacctgaagetttgatacaaagtttgtgt
taaaagtagcttcattaaaagtatagtctaatgacatttctgatttcto

gactttaagaccttattaggttagtttagaaaacaaagatggagectaco
agaacagatgttaggaatetcattttgctggttgctttgtgtatgtactc
atattggggctttggctttcttcatttattactgttggtattggeccato
tccatgaggtgacttaatagaacgttgagggcaccttttattttaaatct
ttttctaggaagaagagagtttttgtgtccttgtaagaatcaagttatt

tccagaaacaggagaaacagatggtacttacatattgcaaaagetatct 11000
ccttctatacatgaggctgtcagctgaatagtettggaagagtgaggagt

tggcaaagttttcaccaaatacatggaagatatacaaaaatagaggg9

atttttatataccttttacccagaatgattggtgcccttactgtaggaaa
jttgtctttgggattcagegetgtatggaagetctgttgcactgtgtat

gacattcaagttaatggaatccttcttccttcctgaactaattgcaagt
acggggaacttcgggtatataatgtaaataattacagtctaataattgt
cctcaaactttacagaggagaatgeccttttgttaaccatgtttett 11500
agcagGAGGGGGTCCGCATGGAAGAAATAGTTGAAGGTTGTACCGGAGO
CTTCACATCCTAGCTCGGGATGTTCACAACCGAATTGTTATCAGAGGACT
AAATACCATTCCATTGTTTGTGCAGgtatgttttaagtgaagtgttcta
gttttatgtccataaaatttccagattgtaatgactaataacatttcaga
haattagggaccataatagggttaccaacatttaattttatgaaaattcc
ctacattttttggtcagtaagagaaacattgagacttgagaagagggagg
agatttcacatttcacttttatgggtgcctagaggggagagctgacctgg
getgecagaggcagggcatagacccccaaccaattctgggttttccaaa
cttagatcagttagagctgcctctgaagaaagggtttatagctaaaaaat

attatggaaatccagtgetccagagcattaaacaccccaagacataaat 12000
tagagaatattatttactacagtgtgaatgcctcttgcactctgaattg
ggaatgtttgcaccacagtggggggcttgccatgttttagctttagattt

AAACATCCAAAGAGTAGCTGCAGGGGTCCTCTGTGAACTTGCTCAGGAC
AGGAAGCTGCAGAAGCTATTGAAGCTGAGGGAGCCACAGCTCCTCTGACA
GAGTTACTTCACTCTAGGAATGAAGGTGTGGgtaagtaaaaaggaaccar
agectttageagatgtgtacattgaagtctcagtttttcctcaagggect
tttctccttgtctcttagCGACATATGCAGCTGCTGTTTGTTCCGAAT

GTCTGAGGACAAGCCACAAGATTACAAGAAACGGCTTTCAGTTGAGCTG/
CCAGCTCTCTCTTCAGAACAGAGCCAATGGCTTGGAATGAGgtagggaaa 12500
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12550
ttctttcctctcaaaacacttagtacacattcatttgcattgatgtttc
ctggettgagtatttcttctttatgctgtctagcaactgctctgaggaag
tactataatacaagetttaaagagtetgttcagaatcattacaaataagt
tgtgttatttaaaattataattcataagggagaaagatgaaaaatgttac
cagattaaagaagatttttcaaaaggatgtaaggaaagaggcagtgttaa
acactgttaagaggacagtttatcagtattttttactaaactttaataaa
acttttctatttgaatttctgctatgaatttttcttcagcatttgtcctc
agtacaggtggttccttgaaacattgtttctaataaaactagaacatoct

gatattttatccattctatagagatcattgatggtacacagacatacagt 13000
ggattatgtttgttgagtgaatggaaagagagattgttaggtttacaacg
atgcagetcttgagaccggagtttaagatcagectgggcaacatagtgaa
accccatctttagetgggcatggagatggatgectatagtectagetact
ggggagacgggggcaggaggattgcttgaacccaggagttaacagactgo

caaattaccagtgagtagtgtgttacttgggtttttaataggeatettat
:aacatgttccaacttgageccttaactttctccacctacccccttccac
aaacctgttttcactgtcttctctgtcttagttaatgtcagetttgtcts
tccagetgctcaggetaaaacttttctttcatataacacatctatcage
agetectgtttgtgggtaggcattttgectttttttttttttttttttt 13500
haactgctatatctctagcatgtagaacagtgectggeageacataatag
gtgcttaatataatatttgttgaaagaacaagtcatgagtatttttaa
gtgaggtgcaaagagaaaaaaaaatgtatctttgaggtgtggagtttt
agaacttccattttctaagcatttgtgtaatgttggagttacttgttcct

tttcattttgctttctattcttccttgctttgtgcatgtttatctagACT
GCTGATCTTGGACTTGATATTGGTGCCCAGGGAGAACCCCTTGGATATCO
CCAGGATGgtatgtgtctcatatttctcgattaactccagatcaagetaa
agttctaaaacttttatcagaagagocggtttgctcatctgggaaaccag

14000
tcagcaacagtatetttaatggagcacagggaattcagagecacacaatg
agtagcagtaggattacaccaccaacaaatacatgctactgctaggect
tgcagtgcaggatgttacaatttacctggctttttattctctttttggo
agaggactcataatacctttgtctacaagetacccaaggaagataggaa.

atcatcagggttttcttgaasagctaatttaaatctgggtaatgaacatg
gaggatggcatagaccactaacaattataactgtcttacatttataacc
catctgettctacctaattatgaaaccactaaagegcagattcttactgt
gagaaataacatgtcaaccctaagataaaatatgttgaggtttcatggaa
atagtgectttccttagtacttttgtgggtgtcacttggcctttttgtc 14500
agatagattacacctgccagacctcattattgtcttaatcctccttccca
gacttctcactgcctaggtggtcacacagtagattcctgettcttctco
tcgggaaccecaagtctcttgacaggggtaaatgcagagtgttcagggtt
agactaatgatgtgactaggecctgctggtgtgcctgtctgatggaaata
gatgttatttgtgtagtctcatgggtggcctggcactgagtaattacttg
gotaaagaaagetggaggttgaagaggetagaaagogttgttttctgact
agtttgetgotgaactttggatgccctaacctcagtgttaacgtctatgt
ctgcttctctcctctctcttttgccttccttcttgcctattttgttgaca
ccctgactcttctagATCCTAGCTATCGTTCTTTTCACTCTGGTGGATA'
GGCCAGGATGCCTTGGGTATGGACCCCATGATGGAACATGAGATGGGTGG 15000
CCACCACCCTGGTGCTGACTATCCAGTTGATGGGCTGCCAGATCTGGGG
ATGCCCAGGACCTCATGGATGGGCTGCCTCCAGGTGACAGCAATCAGCTG 15100
GCCTGGTTTGATACTGACCTGTAA 15124

FIG. 3F



Uterine Tumor ID

CTNNB1 Mutation

Esophageal Tumor ID

CTNNB1 Mutation

Liver Tumor ID

CTNNB1 Mutation

TCGA-AP-AOLV-01

D32G

TCGA-R6-A6XQ-01

S33A

TCGA-DD-AACP-01

D32A,S33Y

TCGA-BK-AOCB-01

D32G

TCGA-R6-A8WG-01

S37F

TCGA-EP-A2KC-01

D32G

TCGA-AX-A05U-01

D32N

TCGA-LN-A7HX-01

R90L

TCGA-G3-A5SL-01

D32G

TCGA-A5-A0GV-01

D32N

TCGA-L5-A4OJ-01

V136A

TCGA-DD-A73D-01

D32G

TCGA-8G-A0VX-01

D32N

TCGA-L5-A8NM-01

X561_splice

TCGA-ED-A7PZ-01

D32G

TCGA-BS-A0T9-01

D32N

TCGA-L5-A8NR-01

Q68* (nonsense/truncating)

TCGA-G3-AAV1-01

D32G

TCGA-A5-A0GX-01

D32Y

TCGA-R6-A8WS-01

E571* (nonsense/truncating)

TCGA-DD-AACB-01

D32G

TCGA-B5-A0K6-01

D32Y

TCGA-VR-AA4G-01

S681F

TCGA-DD-AAW1-01 D32G

TCGA-BG-A0W2-01

D32Y

TCGA-V5-A7RB-01

K335T

TCGA-UB-A7MD-01 D32N

TCGA-D1-A17S-01

D32Y

TCGA-G3-AAV5-01

D32N

TCGA-AX-A05W-01

G34E

TCGA-DD-AAVY-01

D32N

TCGA-A5-A0VQ-01

G34E

TCGA-DD-A73E-01

D32V

TCGA-A5-AOGN-01

G34R

TCGA-MI-A75H-01

D32V

TCGA-AP-AOLL-01

G34R

TCGA-RC-A6M4-01

D32V

TCGA-BG-A0MU-01

G34R

TCGA-CC-A7IK-01

D32V

TCGA-B5-A11F-01

G34R

TCGA-CC-A7IL-01

D32V

TCGA-D1-A102-01

G34R

TCGA-DD-A4NF-01

D32Y

TCGA-D1-A17N-01

G34R

TCGA-G3-AAV3-01

D32Y

TCGA-BS-A0WQ-01

G34V

TCGA-DD-AAW2-01

E54D,T41A

TCGA-D1-A17M-01

G34V,D32N

TCGA-EP-A3RK-01

G34E

TCGA-AX-A0J0-01

M553V,S37F

TCGA-ZS-A9CG-01

G34R

TCGA-D1-A16R-01

Q623E,1355

TCGA-DD-AAC8-01

G34R

TCGA-B5-A0JY-01

R453Q,D32N

TCGA-DD-A119-01

G34V

TCGA-AX-A062-01

S33C
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