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COMPOSITIONS AND METHODS OF USE FOR THERAPEUTIC LOW

DENSITY LIPOPROTEIN - RELATED PROTEIN 6 (LRP6) MULTIVALENT

ANTIBODIES

Related Applications

This application claims priority to U.S. Provisional Application Serial No. 61/331,993

filed May 6, 2010, the contents of which are incorporated herein by reference in its

entirety.

Field of the Invention

The present invention relates to multivalent antibodies comprising at least two receptor

binding domains for two different binding sites on LRP6. The invention more specifically

relates to multivalent antibodies that are LRP6 antagonists.

Background of the Invention

The Wnt/p-catenin pathway regulates diverse biological processes during development

and tissue homeostasis through modulating the protein stability of β-catenin (Clevers et

al., (2006) Cell 127:469-480; and Logan et al., (2004) Annu. Rev Cell Dev. Biol 20:781-

810). In the absence of Wnt signaling, cytoplasmic β-catenin is associated with the β-

catenin destruction complex that contains multiple proteins including adenomatous

polyposis co i (APC), Axin, and glycogen synthase kinase 3 (GSK3). In this complex, β-

catenin is constitutively phosphorylated by GS 3 and degraded by the proteasome

pathway. The Wnt signal is transduced across the plasma membrane through two distinct

receptors, the serpentine receptor Frizzled, and the single-transmembrane protein LRP5 or

LRP6. The Wnt proteins promote the assembly of the Frizzled-LRP5/6 signaling

complex, and induce phosphorylation of the cytoplasmic PPPSPxS motifs of LRP5/6 by

GSK3 and Casein Kinase I. Phosphorylated LRP5/6 bind to Axin and inactivate the β-

catenin degradation complex. Stabilized β-catenin enters the nucleus, binds to the TCF

family transcription factors, and turns on transcription.

The large extracellular domain of LRP5/6 contains four YWTD-type β-propeller regions

that are each followed by an EGF-like domain, and the LDLR domain. Each propeller

region contains six YWTD motifs that form a six-bladed β-propeller structure.

Biochemical studies suggest that Wnt proteins physically interact with both Frizzled and



LRP6 and induce formation of Frizzled-LRP6 signaling complex (Semenov et al., (2001)

Curr. Biol 11, 95 1-96 1; and Tamai, et al. (2000) Nature 407, 530-535). Besides Wnt

proteins, the large extracellular domain of LRP5/6 binds to multiple secreted Wnt

modulators, including Wnt antagonist, D 1 and Sclerostin (SOST), and Wnt agonist R-

Spondins.

Mutations in pathway components such as APC and β-catenin have been associated with

human cancers. Recent studies suggest that overexpression of Wnt proteins and/or

silencing of Wnt antagonists such as D 1, WISP and sFRPs promote cancer

development and progression (Akiri et al, (2009) Oncogene 28:2163-2172; Bafico et al.,

(2004) Cancer Cell 6:497-506; Suzuki et al., (2004) Nat Genet. 36:417-422; Taniguchi et

ai, (2005) Oncogene. 24:7946-7952; Veeck et al, (2006) Oncogene. 25:3479-3488; Zeng

et al, (2007) Hum. Pathol. 38:120-133). In addition, Wnt signaling has been implicated

for the maintenance of cancer stem cells (Jamieson et al, (2004) Cancer Cell 6:531-533

and Zhao et al, (2007) Cancer Cell 12:528-541).

Antibody therapy has been used as a means to treat certain cancers. Efforts to increase

the valency or the number of antigenic determinants that an individual antibody molecule

can bind have lead to the development of bispecific antibodies (for examples see Jimenez

et al, Molecular Cancer Therapeutics 2005:4427-434, Lu et al, J . of Immun. Methods

1999:230, 159-171 and U.S. Patent Publication Nos. 20070014794 and 20050100543).

Bispecific antibodies are immunoglobulin (Ig)-based molecules that bind to two different

epitopes on either the same or distinct antigens. The antibodies, for example, could be

specific for a tumor cell antigen and an effector cell such as an activated T-cell or two

functional targets or epitopes.

A major obstacle in the development of bispecific antibodies as therapeutics has been

difficulty in producing the antibodies in sufficient quantity and quality for clinical studies.

In particular, traditional methods, including hybrid hybridoma, in which two distinct

hybridomas are fused to create a cell expressing two sets of heavy and light chains, and

chemical conjugation (Carter et al, (1995) J . Hematotherapy 4:463-70) have been

inadequate. For example, coexpression of two different sets of IgG light and heavy

chains in a hybrid hybridoma may produce up to 10 light- and heavy-chain pairs, with

only one of these pairs forming the functional bispecific heterodimer (Suresh et al. (1986)

Methods Enzymol. 121 :2 10-28). In addition, purification of the antibodies from the non-



functional species, such as homodimers and mispaired heterodimers of non-cognate Ig

light and heavy chains produced by the hybrid hybridoma is cumbersome and inefficient.

Chemical crosslinking of two IgGs or their fragments is also inefficient and can lead to

the loss of antibody activity (Zhu et al. ( 94) Cancer Lett. 86: 27-34). Multimeric

aggregates resulting from chemical conjugationresult in a poor yield (Cao et al. (1998)

Bioconj. Chem. 9:635-44).

Accordingly, a need exists for functional multivalent antibodies capable of binding at

least two or more epitopes with high affinity. In particular, there is need for functional

multivalent antibodies that modify receptors with more then one modifying ligand, such

as the canonical Wnt signaling co-receptor, LRP6.

Summary of the Invention

The present invention provides novel multivalent antibodies that bind to multiple binding

sites on the LRP6 receptor. In particular, the invention provides LRP6 multivalent

antibodies that inhibit thecanonical Wnt signaling pathway.

The present invention is based on the discovery that the multivalent antibodies (e.g., a

single LRP6 biparatopic antibody) have the ability to inhibit both propeller 1 (e.g., Wntl)

and propeller 3 (e.g., Wnt 3) ligands. Furthermore, and unexpectedly, the multivalent

antibody (e.g., a single LRP6 biparatopic antibody) display no significant potentiation

(enhancement) of a Wnt signal. The multivalent antibody binds to distinct LRP6 β-

propeller domains. Propeller 1 antibodies bind to the β-propeller 1 domain and block

propellerl -dependent Wnts such as Wntl, Wnt2, Wnt6, Wn A, Wnt7B, Wnt9, WntlOA,

Wntl OB. Propeller 3 antibodies bind to the β-propeller 3 domain and block propeller3-

dependent Wnts such as Wnt3a and Wnt3. LRP6 antibodies differentiate propeller 1 and

propeller 3 ligands into two separate classes and bind to distinct binding sites of the LRP6

target receptor. Conversion of fragments of the LRP6 antibodies (e.g., Fabs) to full

length IgG antibody results in an antibody that potentiates (enhances) a Wnt signal in the

presence of another protein such as a Wnt 1 or Wnt 3 ligand. Multivalent antibodies

inhibit both propeller 1 (e.g., Wntl) and propeller 3 (e.g., Wnt 3) ligands but without

potentation. In addition to Wnt ligands LRP6 Propeller 1 antibodies are expected to

inhibit the interaction with other Propeller 1 binding ligands (e.g. Sclerostin, Dkkl).



Similarly, Propeller 3 antibodies are expected to inhibit the interaction with other

propeller 3 binding ligands (e.g. Dkkl). Furthermore, propeller 1 and 3 binding antibodies

may be expected to affect the activity of other Wnt signaling modulators e.g. R-spondins.

Multivalent antibodies provide advantages over traditional antibodies for example,

expanding the repertoire of targets, having new binding specificities, increased potency,

and no signal potentiation. A single LRP6 multivalent antibody can bind to multiple β-

propeller domains on a single LRP6 target receptor on the same cell, and inhibit Wnt

signaling. In one embodiment, the multivalent antibody binds to any combination of a β-

propeller domains selected from the group consisting of propeller , propeller 2, propeller

3, and propeller 4. In one embodiment, the multivalent antibody binds to propeller 1 and

propeller 3 domains of LRP6. Thus, a single LRP6 multivalent antibody has increased

potency of action by binding to multiple β-propeller domains and inhibiting Wnt

signaling mediated by each domain. For example, a single LRP6 multivalent antibody

inhibits both propeller 1 and propeller 3 mediated Wnt signaling binding to both propeller

1 and propeller 3 domains, respectively. The increased potency of action may be due to

increased avidity or better binding of the LRP6 multivalent antibody.

Accordingly, in one aspect, the invention pertains to an isolated multivalent antibody

having at least two receptor binding domains for two different binding sites of a target

receptor, wherein the first receptor binding domain binds to a first binding site on the

target receptor and the second receptor binding domain binds to a second binding site on

the same target receptor, wherein the first and second receptor binding domains are linked

together such that the binding of the first and second receptor binding domains to the first

and second binding sites of the target receptor inhibits a canonical Wnt signal

transduction pathway; and wherein the antibody or antigen binding fragment displays no

significant potentiation of a Wnt signal.

The multivalent antibody has an affinity for target receptor of approximately nanomolar

affinity, or of approximately 1 picomolar affinity. The multivalent antibody is a

multivalent antibody, a bivalent antibody, a bispecific antibody, or a biparatopic antibody.

In one embodiment, the first and second receptor binding domains is an IgG antibody, an

scFv fragment, a single chain diabody, an antibody mimetic, or an antibody variable

domain. The first and second receptor binding domains are linked together by a linker

with a spatial distribution that permits the first and second receptor binding domains to



bind to the first and second binding sites, respectively. In one embodiment, the linker is a

Gly-Ser linker. In one embodiment, the multivalent antibody has the functional activity

of inhibiting a canonical Wnt s nal transduction pathway such as the Wntl signal

pathway and/or the Wnt3 signal transduction pathway. In one embodiment, the

multivalent antibody has the functional activity of depleting a cell population, inhibiting

or reducing proliferation of a cell population, inhibiting or reducing secretion of

inflammatory mediators from a cell population, inhibiting or reducing secretion of

cytoplasmic granules from a cell population, wherein the cell population is selected from

the group consisting of tumor cells, T cells B cells, and Wnt dependent cells.

In another aspect, the invention pertains to an isolated multivalent antibody having at

least two receptor binding domains for two different binding sites of an LRP6 target

receptor, where the first receptor binding domain binds to a first binding site on the target

receptor and the second receptor binding domain binds to a second binding site on the

same LRP6 target receptor. The first and second receptor binding domains are linked

together such that the binding of the first and second receptor binding domains to the first

and second binding sites of the LRP6 target receptor inhibits a canonical Wnt signal

transduction pathway, and the antibody or antigen binding fragment displays no

significant potentiation of a Wnt signal.

In one embodiment, the antibody has an affinity for target receptor of approximately

nanomolar affinity. In another embodiment, the antibody has an affinity for target

receptor of approximately 1picomolar affinity.

In one embodiment, the first receptor binding domain is an IgG antibody and the second

receptor binding domain is an scFv fragment, where the IgG antibody and scFv fragment

are linked together by a linker with a spatial distribution that permits the IgG antibody

and scFv fragment to bind to the first and second epitopes of LRP6, respectively. In one

embodiment, the linker is a Gly-Ser linker selected from the group consisting of

{Gly Ser) , and (Gly4Ser) .

In one embodiment, the first epitope of the LRP6 target receptor is a β-propeller 1 domain

and the second epitope of the LRP6 target receptor is a β-propeller 3 domain. In one

embodiment, the antibody or antigen binding fragment binds to the LPR6 β-propeller 1

domain and comprises a heavy chain CDRl selected from the group consisting of SEQ ID

NO: 1, SEQ ID NO: 21, and SEQ ID NO: 47; a CDR2 selected from the group consisting



of SEQ ID NO: 2, SEQ ID NO: 22, and SEQ ID NO: 48; and a CDR3 selected from the

group consisting of SEQ ID NO: 3, SEQ ID NO: 23, and SEQ ID NO: 49; and a light

chain CDR1 selected from the group consisting of SEQ ID NO: 4, SEQ ID NO: 24, and

SEQ ID NO: 50; a CDR2 selected from the group consisting of SEQ ID NO: 5, SEQ ID

NO: 25, and SEQ ID NO: 51; and a CDR3 selected from the group consisting of SEQ ID

NO: 6, SEQ ID NO: 26, and SEQ ID NO: 52.

In one embodiment, the antibody or antigen binding fragment binds to the LPR6 β-

propeller 3 domain and comprises a heavy chain CDR1 selected from the group

consisting of SEQ ID NO: 69, SEQ ID NO: 93, and SEQ ID NO: 115; a CDR2 selected

from the group consisting of SEQ ID NO: 70, SEQ ID NO: 94, and SEQ ID NO: 116; and

a CDR3 selected from the group consisting of SEQ ID NO: 7 1, SEQ ID NO: 95, and SEQ

ID NO: 117; and a light chain CDR1 selected from the group consisting of SEQ ID NO:

72, SEQ ID NO: 96, and SEQ ID NO: 118; a CDR2 selected from the group consisting of

SEQ ID NO: 73, SEQ ID NO: 97, and SEQ ID NO: 119; and a CDR3 selected from the

group consisting of SEQ ID NO: 74, SEQ ID NO: 98, and SEQ ID NO: 120. In one

embodiment, the IgG heavy chain antibody is selected from the group consisting of SEQ

ID NO: 18, 66, and 101 and the light chain is selected from the group consisting of SEQ

ID NO: 17, 86, and 85. In one embodiment, the scFv is selected from the group consisting

of SEQ ID NO: 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, and 164. In one

embodiment, the scFv fragment comprises at least one amino acid mutation that improves

stability of the scFv compared with the unmutated scFv fragment, wherein the amino acid

mutation is selected from Figures 29-32. In one embodiment, the multivalent antibody has

the functional activity of inhibiting a canonical Wnt signal transduction pathway selected

from the group consisting of Wntl signal pathway and Wnt3 signal transduction pathway.

In another embodiment, the multivalent antibody has the functional activity of depleting a

cell population, inhibiting or reducing proliferation of a cell population, inhibiting or

reducing secretion of inflammatory mediators from a cell population, inhibiting or

reducing secretion of cytoplasmic granules from a cell population, wherein the cell

population is selected from the group consisting of tumor cells, T cells B cells, and Wnt

dependent cells.

In another aspect, the invention pertains to an isolated biparatopic antibody comprising

an IgG antibody that binds to a β-propeller 1 domain on an LRP6 target receptor and a

scFv that binds to a β-propeller 3 domain on the LRP6 target, where the IgG antibody and



the scFv are linked by a linker such that the binding of the IgG antibody and the scFv to

the β-propeller 1 domain and the β-propeller 3 domains, respectively inhibits a canonical

Wnt signal transduction pathway, and where the biparatopic antibody displays no

significant potentiation of a Wnt signal.

In one embodiment, the antibody has an affinity for target receptor of approximately

nanomolar affinity. In another embodiment, the antibody has an affinity for target

receptor of approximately 1picomolar affinity.

In one embodiment, the linker comprises a spatial distribution that permits binding of the

IgG antibody and the scFv fragment to bind the β-propeller 1 domain of LRP6 and the β-

propeller 3 domain of LRP6, respectively. In one embodiment, the scFv is linked by a

Ser-Gly linker to the Fc binding site of the IgG antibody, where the Ser-Gly linker is

selected from the group consisting of (Gly4Ser)4, and (Gly4Ser)3. In another embodiment,

the Fc binding site of the IgG antibody is a CH3 domain. In another embodiment, the

scFv is linked by a Ser-Gly linker to the light chain of the IgG antibody, where the Ser-

Gly linker is selected from the group consisting of (Gly4Ser)4, and (Gly Ser)3. In one

emdodiment, the scFv comprises at least one amino acid mutation that improves stability

of the scFv compared with the unmutated scFv fragment, wherein the amino acid

mutation is selected from Figures 29-32.

In one embodiment, the antibody comprises a heavy chain variable region CDR1 of SEQ

ID NO: 1; a heavy chain variable region CDR2 of SEQ ID NO: 2; a heavy chain variable

region CDR3 of SEQ ID NO: 3; a light chain variable region CDR1 of SEQ ID NO: 4; a

light chain variable region CDR2 of SEQ ID NO: 5; and a light chain variable region

CDR3 of SEQ ID NO: 6, wherein the antibody binds to a β-propeller 1 domain of LRP6;

and a scFv heavy chain variable region CDR1 of SEQ ID NO: 69; a heavy chain variable

region CDR2 of SEQ ID NO: 70; a heavy chain variable region CDR3 of SEQ ID NO:

71; a light chain variable region CDR1 of SEQ ID NO: 72; a light chain variable region

CDR2 of SEQ ID NO: 73; and a light chain variable region CDR3 of SEQ ID NO: 74,

wherein the scFv binds to a β-propeller 3 domain of LRP6. In one embodiment, the

antibody further comprises a Lys deletion from position 454 of SEQ ID NO: 166. In one

embodiment, the antibody further comprises a Pro to Ala mutation at position 677 of SEQ

ID NO: 166.



In one embodiment, the antibody comprises a heavy chain sequence selected from the

group consisting of SEQ ID NOs: 166, 171, 173, 175, 195, 201 and 207 in combination

with a light chain sequence selected from the group consisting of SEQ ID NOs: 170, 193,

199, and 205. In one embodiment, the antibody comprises a combination of heavy and

light chain sequences selected from the group consisting of SEQ ID NOs: 166/170,

171/170, 173/170, 175/170, 201/199, 207/205, and 195/193. In one embodiment, the

antibody comprises heavy and light chain sequences with SEQ ID NOs: 166/170. In one

embodiment, the antibody comprising heavy and light chain sequences with SEQ ID

NOs; 177/ 181.

In one embodiment, the antibody has the functional activity of inhibiting a canonical Wnt

signal transduction pathway selected from the group consisting of Wntl signal pathway

and Wnt3 signal transduction pathway. In another embodiment, the antibody has the

functional activity of depleting a cell population, inhibiting or reducing proliferation of a

cell population, inhibiting or reducing secretion of inflammatory mediators from a cell

population, inhibiting or reducing secretion of cytoplasmic granules from a cell

population, wherein the cell population is selected from the group consisting of tumor

cells, T cells B cells, and Wnt dependent cells.

In another aspect, the invention pertains to an isolated biparatopic antibody comprising an

IgG antibody that binds to a β-propeller 3 domain on an LRP6 target receptor and a scFv

that binds to a -propeller 1 domain on the LRP6 target, wherein the IgG antibody and the

scFv are linked by a linker such that the binding of the IgG antibody and the scFv to the

β-propeller 3 domain and the β-propeller 1 domains, respectively inhibits a canonical Wnt

signal transduction pathway, and wherein the biparatopic antibody displays no significant

potentiation of a Wnt signal.

In one embodiment, the antibody has an affinity for target receptor of approximately

nanomolar affinity. In another embodiment, the antibody has an affinity for target

receptor of approximately 1 picomolar affinity.

In one embodiment, the linker comprises a spatial distribution that permits binding of the

IgG antibody and the scFv to bind the β-propeller 3 domain of LRP6 and the β-propeller

1 domain of LRP6, respectively. In one embodiment, the scFv is linked by a Ser-Gly

linker to the Fc binding site of the IgG antibody, wherein the Ser-Gly linker is selected

from the group consisting of (Gly Ser)4, and (Gly4Ser)3. In one embodiment, the Fc



binding site of the IgG antibody is a CH3 domain. In one embodiment, the scFv

comprises at least one amino acid mutation that improves stability of the scFv compared

with the unmutated scFv fragment, wherein the amino acid mutation is selected from

Figures 29-32.

In one embodiment, the antibody comprises a heavy chain variable region CDR1 of SEQ

ID NO: 69; a heavy chain variable region CDR2 of SEQ ID NO: 70; a heavy chain

variable region CDR3 of SEQ ID NO: 71; a light chain variable region CDR1 of SEQ ID

NO: 72; a light chain variable region CDR2 of SEQ ID NO: 73; and a light chain variable

region CDR3 of SEQ ID NO: 74, wherein the antibody binds to a β-propeller 3 domain of

LRP6; and an scFv with a heavy chain variable region CDR1 of SEQ ID NO: 1; a heavy

chain variable region CDR2 of SEQ ID NO: 2; a heavy chain variable region CDR3 of

SEQ ID NO: 3; a light chain variable region CDR1 of SEQ ID NO: 4; a light chain

variable region CDR2 of SEQ ID NO: 5; and a light chain variable region CDR3 of SEQ

ID NO: 6, wherein the scFv thereof binds to a β-propeller 1 domain of LRP6. In one

embodiment, the scFv VH and VL are linked with a linker comprising 3 amino acids. In

another embodiment, the scFv VH and VL are linked with a linker comprising 4 amino

acids. In one embodiment, the antibody comprises a heavy chain sequence selected from

the group consisting of SEQ ID NO:, 187, and 189; and a light chain sequence comprising

SEQ ID NO: 185. In one embodiment, the antibody has the functional activity of

inhibiting a canonical Wnt signal transduction pathway selected from the group consisting

of Wnt 1 signal pathway and Wnt3 signal transduction pathway. In another embodiment,

the antibody has the functional activity of depleting a cell population, inhibiting or

reducing proliferation of a cell population, inhibiting or reducing secretion of

inflammatory mediators from a cell population, inhibiting or reducing secretion of

cytoplasmic granules from a cell population, wherein the cell population is selected from

the group consisting of tumor cells, T cells B cells, and Wnt dependent cells.

In another aspect, the invention pertains to nucleic acid comprising a nucleotide sequence

encoding a multivalent antibody.

In one aspect, the invention pertains to a nucleic acid comprising a nucleotide sequence

encoding a multivalent antibody comprising a heavy chain sequence selected from the

group consisting of SEQ IDNOs: 166, 171, 173, 175, 195, 201, and 207; and light chain

sequences selected from the group consisting of SEQ IDNOs: 170, 193, 199, and 205.



In another aspect, the invention pertains to a nucleic acid comprising a nucleotide

sequence encoding multivalent antibody comprising a heavy chain sequence selected

from the group consisting of SEQ ID NOs: 166, 171, 173, 175, 193, 199, 201, and 207;

and light chain sequences selected from the group consisting of SEQ ID NOs: 170, 195,

and 205 least, where the antibody or antigen binding fragment has 98% sequence identity

to SEQ ID NOs: 166, 171, 173, 175, 195, 201, and 207; and light chain sequences

selected from the group consisting of SEQ ID NOs: 170, 193, 199, and 205.

In another aspect, the invention pertains to a nucleic acid comprising a nucleotide

sequence encoding a multivalent antibody comprising a SEQ ID NO: 166 and SEQ ID

NO: 170.

In another aspect, the invention pertains to a nucleic acid comprising a nucleotide

sequence encoding a multivalent antibody comprising at least 98% sequence identity to a

SEQ ID NO: 166 and SEQ ID NO: 70.

In another aspect, the invention pertains to a nucleic acid comprising a nucleotide

sequence encoding a multivalent antibody comprising a sequence selected from the group

consisting of SEQ ID NOs: 177, and; and a light chain sequence of SEQ ID NO: 181.

In another aspect, the invention pertains to a nucleic acid comprising a nucleotide

sequence encoding a multivalent antibody comprising at least 98% sequence identity to

SEQ ID NOs: 177; and a light chain sequence of SEQ ID NO: 181.

In another aspect, the invention pertains to a nucleic acid comprising a nucleotide

sequence encoding a multivalent antibody comprising a sequence selected from the group

consisting of SEQ ID NOs: 187, and 189; and a light chain sequence of SEQ ID NO: 185.

In another aspect, the invention pertains to a nucleotide sequence encoding a multivalent

antibody comprising at least 98% sequence identity to SEQ ID NOs: 87, and 189; and a

light chain sequence of SEQ ID NO: 185. In another aspect, the invention pertains to a

vector comprising the nucleic acid of the invention.

In another aspect, the invention pertains to a pharmaceutical composition comprising a

multivalent antibody having at least two receptor binding domains for two different

binding sites of a target receptor and a pharmaceutically acceptable carrier.



In another aspect, the invention pertains to a method of obtaining a multivalent antibody

of the invention by a) providing a first receptor binding domain which binds to a first

binding site of an LRP6 target receptor; (b) providing a second receptor binding domain

which binds to a second binding site of an LRP6 target receptor; and (c) linking the first

receptor binding domain to the second receptor binding domain. In one embodiment, the

first or second receptor binding domain are selected from the group consisting of an IgG

antibody, an scFv fragment, a single chain diabody, an antibody mimetic, and an antibody

variable domain. In one embodiment, the first and second receptor binding domains are

linked together by a linker with a spatial distribution that permits the first and second

receptor binding domains to bind to the first and second epitopes of LRP6, respectively.

In one embodiment, the linker is a Gly-Ser linker selected from the group consisting of

(Gly Ser) , and (Gly4Ser)3. In one emdodiment, the method further comprises introducing

at least one amino acid mutation to the first or second receptor binding domain, such that

the amino acid mutation improves stability of the first or second receptor binding domain

compared with the unmutated first or second receptor binding domain.

In one aspect, the invention pertains to a method of treating a cancer comprising selecting

a subject (e.g., human) having an LRP6 expressing cancer, administering to a subject in

need thereof an effective amount of a composition comprising a multivalent antibody

having at least two receptor binding domains for two different binding sites of a target

receptor.

In one aspect, the invention pertains to a method of treating a cancer comprising selecting

a subject having an LRP6 expressing cancer, administering to a subject in need thereof an

effective amount of a composition comprising a multivalent antibody having at least two

receptor binding domains for two different binding sites of a target receptor, where the

cancer is selected from the group consisting of breast cancer, lung cancer, multiple

myeloma, ovarian cancer, liver cancer, bladder cancer, gastric cancer, prostate cancer,

acute myeloid leukemia, chronic myeloid leukemia, osteosarcoma, squamous cell

carcinoma, and melanoma. In one embodiment, the cancer is breast cancer.

In another aspect, the invention pertains to a method of treating a disease mediated by a

canonical Wnt signaling pathway using a biparatopic antibody to LRP6.

In another aspect, the invention pertains to a method of treating a cancer comprising

selecting a subject having an LRP6 expressing cancer, administering to said subject an



effective amount of a composition comprising a antibody with heavy and light chain

sequences selected from the group consisting of SEQ ID NOs: 166/170, 171/170,

173/170, 175/170, 201/199, 207/205, and 195/193 in combination with any standard of

care cancer therapies.

In another aspect, the invention pertains to use of a multivalent antibody in the

manufacture of a medicament for the treatment of a cancer selected from the group

consiting of breast cancer, lung cancer, multiple myeloma, ovarian cancer, liver cancer,

bladder cancer gastric cancer, prostate cancer, acute myeloid leukemia, chronic myeloid

leukemia, osteosarcoma, squamous cell carcinoma, and melanoma.

In another aspect, the invention pertains to a multivalent antibody having VH of SEQ ID

NO: 14; VL of SEQ ID NO: 13; VH of SEQ ID NO: 82; VL of SEQ ID NO: 8 for use in

treating a cancer mediated by a canonical Wnt signaling pathway.

In another aspect, the invention pertains to a multivalent antibody having VH of SEQ ID

NO: 14; VL ofSEQ ID NO: 13; VH of SEQ ID NO: 82; VL ofSEQ ID NO: 8 1 for use as

a drug.

In another aspect, the invention pertains to a multivalent antibody having SEQ ID NO:

166 and SEQ ID NO: 170 for use in treating a cancer mediated by a canonical Wnt

signaling pathway.

In another aspect, the invention pertains to a multivalent antibody having SEQ ID NO:

166 and SEQ ID NO: 170 for use as a drug.

In another aspect, the invention pertains to a multivalent antibody for use as a

medicament. In another aspect, the invention pertains to a multivalent antibody for use as

a medicament for treatment of an LRP6 expressing cancer. In another aspect, the

invention pertains a multivalent antibody for use as a medicament for treatment of an

LRP6 expressing cancer, wherein the cancer is selected from the group consisting of

breast cancer, lung cancer, multiple myeloma, ovarian cancer, liver cancer, bladder

cancer, gastric cancer, prostate cancer, acute myeloid leukemia, chronic myeloid

leukemia, osteosarcoma, squamous cell carcinoma, and melanoma.



Brief Description of Figures

Figure 1 is a graph showing FACS EC50 determination of selected Fabs on PA1 cells,

U266 cells and Daudi cells and the corresponding mRNA expression data (A) and

knockdown of LRP6 by shR A and the corresponding mRNA expression data B;

Figure 2A-L are graphs showing anti-LRP6 Fab fragments activity in HEK293T/17 STF

cells (gene reporter assay) expressing Wntl or Wnt3A ligands The data shows that anti-

LRP6 Fabs selectively block Wntl or Wnt3 signaling;

Figure 3 shows the cross-reactivity values of anti-LRP6 β-propeller 1 and β-propeller 3

antibodies for human, mouse and cymologous monkey;

Figure 4 is a graph showing transient expression of various WNT ligands in HEK293T/17

STF cells (gene reporter assay) and treatment with anti-LRP6 antibodies, showing activity

inhibition of particular WNTs based on antibody binding/blocking to specific β-propeller

regions of LRP6;

Figure 5 is a bar chart showing that Fab conversion to IgG results in potentiation of signal

from the non-blocked Wnt ligand;

Figure 6 is a western blot showing selective target inhibition of LRP6 in cellular systems;

Figure 7 is a graph showing a single i.v. dose of an LRP6 antibody that binds to β-

propeller 1 region at 5mg/kg in a rodent;

Figure 8A is a table that shows genes in MMTV-Wntl tumors that were upregulated >2-

fold relative to t=0 control with an adjusted P-value of <0.01 and Figure 8B is a table that

shows genes that were downregulated >2-fold relative to t=0 control with an adjusted P-

value of <0.01 8 h after administartion of a single dose of MOR08168 (5 mg/kg) to

MMTV-Wntl tumors bearing mice;

Figure 9A is a graph showing Propeller 1, but not Propeller 3 mAb, causes in vivo tumor

regression in MMTV-Wntl model. Figure 9B is a graph showing the effect of different

doses of the Propeller 1 mAb on the growth of the MMTV-Wntl tumor model;

Figure 10 is a graph showing Propeller 3, but not Propeller 1 mAb, causes inhibition of

tumor growth in a MMTV-Wnt3 model;



Figure is a graph showing Propeller 3, but not Propeller 1 mAb causes inhibition of

Wnt3A-induced Super Top Flash activity in PA-1 cells in vivo;

Figure 12 is a figure showing solvent protected regions of LRP6 PD3-4 by MOR06475 by

HDx MS (A) and that mutations of specific residues result in loss of binding of scFv

MOR06475 (B);

Figure 3 is a schematic showing the β-propeller regions of LRP6;

Figure 4 is a photograph of an SDS-PAGE gel showing that all scFv molecules

successfully expressed and purified from E. coli;

Figure A-D are schematic example of multivalent antibodies. ( A) scFv scFv

attached to the C-terminus of full IgG ( 5B) scFv scFv attached to the N-terminus of Fc

( 5C) scFv scFv attached to the C-terminus of Fc ( D) scFv scFv attached to the N and

C terminus of Fc;

Figure 6 is a photograph of an SDS-PAGE gel showing purified biparatopic anti-LRP6

IgG scFv under non-reduced (lane 1) and reduced (lane 2) conditions;

Figure 7 shows activity in STF assay of a biparatopic antibody and respective

component parts separately;

Figure 18 shows activity in STF assay of linker length comparisons in scFv molecules;

Figure is a table showing the binding activity a biparatopic antibody;

Figure 20 shows the activity of a biparatopic antibody and a Prop3 antibody but not a

Pro antibody in a PA-1/Wnt3a L-cell co-culture model;

Figure 2 1 is a graph showing a comparison between single i.v. doses of a Propl LRP6

antibody and a Propl/3 biparatopic antibody at 5mg kg in a rodent;

Figure 22 is a graph showing both Propeller 1 and biparatopic propeller 1/3 antibodies

cause in vivo tumor regression in MMTV-Wntl model;

Figure 23 is a graph showing dose-response relationship of a Propl/3 binding biparatopic

antibody in MMTV-Wntl model;

Figure 24 shows that differentiation of murine MMTV-Wntl mammary tumors is induced

by antagonistic LRP6 antibodies. A-B) Fragments of MMTV-Wntl tumors were



implanted subcutaneously into nude mice. Tumor-bearing mice were treated with either a

single dose of PBS (control) or 5mg/kg MOR08168IgGlLALA 6475 scfv. A)

Representative images of Oil Red O staining for lipid. B) Quantification of Oil Red O

staining. Graph represents mean±SEM values. n= in the 72 hour group, n=3 in 24 hour

group, n-2 in the 5 Day group, and n=l for PBS (control);

Figure 25 is a graph showing activity of Prop 1/3 binding biparatopic antibody in the E-

Cadherin negative MDA-MB23 1 xenograft model;

Figure 26 shows the affinity and binding kinetics of MOR08168, MOR06475 and

MOR08168IgGlLALA 6475 scfv to recombinant LRP6 PD1/2 and PD3/4. A) summary

table of the affinities and on off rates as determined by Biacore analysis. B) representative

binding curves of the anti-LRP6 molecules for corresponding LRP6 receptor domains,

PD1/2 and PD3/4. C) sequential binding of LRP6 PD1/2 and PD3/4 to

MOR08168IgGlLALA 6475 scfv;

Figure 27 shows a schematic drawing of IgG based biparatopic antibodies;

Figure 28 are photographs of SDS-PAGE gels showing the optimization of anti-LRP6

scFv expression in E. coli;

Figure 29 is a table showing the effect of single mutations in MOR06475 scFv on T .

Figure 30 is a table showing the effect of single mutations in MOR08168 scfv on Tm;

Figure 3 1 is a table showing the effect of double mutations in MOR08168 scFv on Tm in

material expressed in both bacterial and mammalian systems;

Figure 32 is a table summarizing the binding and functional activities of the WILD TYPE

and single/double mutated versions of MOR06475 and MOR08168 scFvs in ELISA,

Proteon affinity and STF reporter gene assays;

Figure 33 is an illustration of selected examples of the designed mutations. In all figures,

the protein backbone is rendered in ribbon diagram while selected side chains are

rendered as sticks (a): In the homology model of scFv6475, VH:I37 is close to two

aromatic residues, which were VL.F98 and VH:W103. (b) In the VH:I37F mutant of

scFv6475, VH.F37 and VH. W103 could form a perpendicular pi-pi stacking interaction,

while VH:F37 and VL:F98 could form another perpendicular pi-pi stacking interaction

(c) In the homology model of scFv8168, the hydrophobic residue VH:V33 is close to a



polar residue VH:N100a. (d) In the VH:V33N mutant of scFv8168, the VH.N33 side

chain could form a hydrogen bond with VH:N100a, suggested by homology modeling.

The hydrogen bond between the two residues is illustrated by a bond (e): In the

homology model of scFv8168, the charged residue VH: 43 did not form a salt bridge

with the hydrophobic residue VH:V85. (f : The two charged side chains of VH: 43 and

VH:E85 could form a salt bridge due to the VH:V85E mutation on scFv8168. The

distance between the two charge groups could be 2.61A: and

Figure 34 is a table showing thermostability measurements of biparatopic antibodies.

Detailed Description of the Invention

Definitions

In order that the present invention may be more readily understood, certain terms are first

defined. Additional definitions are set forth throughout the detailed description.

The phrase "immune response" as used herein refers to the action of, for example,

lymphocytes, antigen presenting cells, phagocytic cells, granulocytes, and soluble

macromolecules produced by the above cells or the liver (including antibodies, cytokines,

and complement) that results in selective damage to, destruction of, or elimination from

the human body of invading pathogens, cells or tissues infected with pathogens,

cancerous cells, or, in cases of autoimmunity or pathological inflammation, normal

human cells or tissues.

The phrase "signal transduction pathway" or "signaling activity" as used herein refers to a

biochemical causal relationship generally initiated by a protein-protein interaction such as

binding of a growth factor to a receptor, resulting in transmission of a signal from one

portion of a cell to another portion of a cell. For LRP6, the transmission involves specific

phosphorylation of one or more tyrosine, serine, or threonine residues on one or more

proteins in the series of reactions causing signal transduction. Penultimate processes

typically include nuclear events, resulting in a change in gene expression.

The phrase "Wnt signaling pathway" as used herein refers to the canonical Wnt pathway

in which members of the Wnt family of secreted protein ligands bind a receptor complex

of LRP and Frizzled (FZD) allowing β-catenin to be translocated into the nucleus, interact

with the LEF/TCF transcription factors and activate target gene expression. The Wnt



signaling pathway can be measured using a Wnt reporter gene assay or other measure of

Wnt directed signaling (e.g., LRP6 phosphorylation, β-catenin stabilization and nuclear

translocation, cellular proliferation/ survival) as described herein.

The phrase "Wnt 1 signaling pathway" refers to a canonical Wnt pathway that is activated

by LRP6 interacting with the Wntl ligand and the class of Wnt 1 binding ligands, such as

Wnt2, Wnt6, Wnt7a, Wnt7b, Wnt9a, WntlOa, or WntlOb.

The phrase "Wnt 3 signaling pathway" refers to a canonical Wnt pathway that is activated

by LRP6 interacting with the Wnt3 or a Wnt3a ligand.

The term "LRP6" refers to human LRP6 as defined in Accession No. NP002327.

The term "antibody" as used herein refers to whole antibodies that interact with (e.g., by

binding, steric hinderance, stabilizing/destabilizing, spatial distribution) an LRP6 epitope

and inhibit signal transduction. A naturally occurring "antibody" is a glycoprotein

comprising at least two heavy (H) chains and two light (L) chains inter-connected by

disulfide bonds. Each heavy chain is comprised of a heavy chain variable region

(abbreviated herein as VH) and a heavy chain constant region. The heavy chain constant

region is comprised of three domains, CHI, CH2 and CH3. Each light chain is comprised

of a light chain variable region (abbreviated herein as VL) and a light chain constant

region. The light chain constant region is comprised of one domain, CL. The VH and V

regions can be further subdivided into regions of hypervariability, termed

complementarity determining regions (CDR), interspersed with regions that are more

conserved, termed framework regions (FR). Each VH and VL is composed of three CDRs

and four FRs arranged from amino-terminus to carboxy-terminus in the following order:

FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The variable regions of the heavy and light

chains contain a binding domain that interacts with an antigen. The constant regions of

the antibodies may mediate the binding of the immunoglobulin to host tissues or factors,

including various cells of the immune system (e.g., effector cells) and the first component

(Clq) of the classical complement system. The term "antibody" includes for example,

monoclonal antibodies, human antibodies, humanized antibodies, camelised antibodies,

chimeric antibodies, Fab fragments, F(ab') fragments, and anti-idiotypic (anti-Id)

antibodies (including, e.g., anti-Id antibodies to antibodies of the invention), and epitope-

binding fragments of any of the above. The antibodies can be of any isotype (e.g., IgG,



IgE, IgM, IgD, IgA and IgY), class (e.g., IgGl, IgG2, IgG3, IgG4, IgAl and IgA2) or

subclass.

Both the light and heavy chains are divided into regions of structural and functional

homology. The terms "constant" and "variable" are used functionally. In this regard, it

will be appreciated that the variable domains of both the light (VL) and heavy (VH) chain

portions determine antigen recognition and specificity. Conversely, the constant domains

of the light chain (CL) and the heavy chain (CHI, CH2 or CH3) confer important

biological properties such as secretion, transplacental mobility, Fc receptor binding,

complement binding, and the like. By convention the numbering of the constant region

domains increases as they become more distal from the antigen binding site or amino-

terminus of the antibody. The N-terminus is a variable region and at the C-terminus is a

constant region; the CH3 and CL domains actually comprise the carboxy-terminus of the

heavy and light chain, respectively. In particular, the term "antibody" specifically

includes an IgG-scFv formats as shown in Fig 1 A-D.

The term "receptor binding domain" or "RBD" refers to portions of a binding molecule

(e.g., an antibody), that specifically interacts with (e.g., by binding, steric hinderance,

stabilizing/destabilizing, spatial distribution) a binding site on a target receptor. RBD also

refers to one or more fragments of an antibody that retain the ability to specifically

interact with (e.g., by binding, steric hinderance, stabilizing/destabilizing, spatial

distribution) an LRP6 epitope and inhibit signal transduction. Examples of antibody

fragments include, but are not limited to, an scFv, a Fab fragment, a monovalent fragment

consisting of the VL, VH, CL and CHI domains; a F(ab) fragment, a bivalent fragment

comprising two Fab fragments linked by a disulfide bridge at the hinge region; a Fd

fragment consisting of the VH and CHI domains; a Fv fragment consisting of the VL and

VH domains of a single arm of an antibody; a dAb fragment (Ward et al, (1989) Nature

341 :544-546), which consists of a VH domain; and an isolated complementarity

determining region (CDR).

Furthermore, although the two domains of the Fv fragment, VL and VH, are coded for by

separate genes, they can be joined, using recombinant methods, by a synthetic linker that

enables them to be made as a single protein chain in which the VL and VH regions pair to

form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et ai, (1988)

Science 242:423-426; and Huston et ai, (1988) Proc. Natl. Acad. Sci. 85:5879-5883).



Such single chain antibodies are also intended to be encompassed within the term

"antibody fragment". These antibody fragments are obtained using conventional

techniques known to those of skill in the art, and the fragments are screened for utility in

the same manner as are intact antibodies.

Antibody fragments can also be incorporated into "single domain antibodies",

"maxibodies", "minibodies", "diabodies", "triabodies", "tetrabodies", "v-NAR" and "bis-

scFv" (see, e.g., Hollinger and Hudson, (2005) Nature Biotechnology 23: 1126-1 136).

Antibody fragments can be grafted into scaffolds based on polypeptides such as

Fibronectin type HI (Fn3) (see U.S. Pat. No. 6,703,199, which describes fibronectin

polypeptide monobodies).

Antibody fragments can be incorporated into single chain molecules comprising a pair of

tandem Fv segments (VH-CH1-VH-CH1) which, together with complementary light

chain polypeptides, form a pair of antigen binding regions (Zapata et al., (1995) Protein

Eng. 8:1057-1062; and U.S. Pat. No. 5,641,870).

RBDs also include single domain antibodies, maxibodies, unibodies, minibodies, ,

diabodies, triabodies, tetrabodies, v-NAR and bis-scFv (see, e.g., Hollinger and Hudson,

(2005) Nature Biotechnology 23: 1126-1 136), bispecific single chain diabodies, or single

chain diabodies designed to bind two distinct epitopes. RBDs also include antibody-like

molecules or antibody mimetics, which include, but not limited to minibodies,

maxybodies, Fn3 based protein scaffolds, Ankrin repeats (also known as DARpins),

VASP polypeptides, Avian pancreatic polypeptide (aPP), Tetranectin, Affililin, Knottins,

SH3 domains, PDZ domains, Tendamistat, Neocarzinostatin, Protein A domains,

Lipocalins, Transferrin, and Kunitz domains that specifically bind epitopes, which are

within the scope of the invention.

The term "multivalent antibody" refers to a single binding molecule with more than one

valency, where "valency" is described as the number of antigen-binding moieties present

per molecule of an antibody construct. As such, the single binding molecule can bind to

more than one binding site on a target receptor. Examples of multivalent antibodies

include, but are not limited to bivalent antibodies, trivalent antibodies, tetravalent

antibodies, pentavalent antibodies, and the like, as well as bispecific antibodies and

biparatopic antibodies. For example, for the LRP6 receptor, the mutivalent antibody

(e.g., an LRP6 biparatopic antibody) has a binding moiety for the β-propeller 1 domain



binding site and a binding moiety for the β-propeller 3 domain binding site of LRP6,

respectively.

The term "multivalent antibody" also refers to a single binding molecule that has more

than one antigen-binding moieties for two separate target receptors. For example, an

antibody that binds to both an LRP6 target receptor and a second target receptor that is

not LRP6 (such as ErbB, cmet, IGFR1, Smoothened, Notch receptors). In one

embodiment, a multivalent antibody is a tetravalent antibody that has four receptor

binding domains. A tetravalent molecule may be bispecific and bivalent for each binding

site on that target receptor.

The multivalent antibody mediates biological effect (e.g., which modulates cellular

activation (e.g., by binding to a cell surface receptor and resulting in transmission or

inhibition of an activating or inhibitory signal), which results in death of the cell (e.g., by

a cell signal induced pathway), or which modulates a disease or disorder in a subject (e.g.,

by mediating or promoting cell killing, or by modulating the amount of a substance which

is bioavailable.

The phrase "isolated antibody", as used herein, refers to antibody that is substantially free

of other antibodies having different antigenic specificities (e.g., an isolated antibody that

specifically binds LRP6 is substantially free of antibodies that specifically bind antigens

other than LRP6). An isolated antibody that specifically binds LRP6 may, however, have

cross-reactivity to other antigens, such as LRP6 molecules from other species. Moreover,

an isolated antibody may be substantially free of other cellular material and/or chemicals.

The term "monovalent antibody" as used herein, refers to an antibody that binds to a

single epitope on a target receptor such as LRP6.

The term "bivalent antibody" as used herein, refers to an antibody that binds to two

epitopes on at least two identical target receptors (e.g., an antibody that binds to the β-

propeller 1 domain of two LRP6 receptors, or an antibody that binds to the β-propeller 3

domain of two LRP6 receptors). The bivalent antibody may also crosslink the target

receptors to one another. A "bivalent antibody" also refers to an antibody thatbind to two

different epitopes on at least two identical target receptors.

The term "biparatopic antibody" as used herein, refers to an antibody that binds to two

different epitopes on the same target receptor, e.g., an antibody that binds to the β-



propeller 1 domain and the β-propeller 3 domain of a single LRP6 receptor. The term

also includes an antibody, which binds to both the β-propeller 1 and β-propeller 3

domains of at least two LRP6 receptor(s) e.g., a tetravalent biparatopic antibody.

The term "bispecific antibody" as used herein, refers to an antibody that binds to two or

more different epitopes on at least two different target receptors (e.g., an LRP6 receptor

and a receptor that is not a LRP6 receptor).

The phrases "monoclonal antibody" or "monoclonal antibody composition" as used

herein refers to polypeptides, including antibodies, antibody fragements, bisepcific

antibodies, etc. that have ubstantially identical to amino acid sequence or are derived from

the same genetic source. This term also includes preparations of antibody molecules of

single molecular composition. A monoclonal antibody composition displays a single

binding specificity and affinity for a particular epitope.

The phrase "human antibody", as used herein, includes antibodies having variable regions

in which both the framework and CDR regions are derived from sequences of human

origin. Furthermore, if the antibody contains a constant region, the constant region also is

derived from such human sequences, e.g., human germline sequences, or mutated

versions of human germline sequences or antibody containing consensus framework

sequences derived from human framework sequences analysis, for example, as described

in Knappik, et al. (2000. J Mol Biol 296, 57-86). The structures and locations of

immunoglobulin variable domains, e.g., CDRs, may be defined using well known

numbering schemes, e.g., the Kabat numbering scheme, the Chothia numbering scheme,

or a combination of Kabat and Chothia (see, e.g., Sequences of Proteins of

Immunological Interest, U.S. Department of Health and Human Services (1991), eds.

Kabat et al.; Al Lazikani et al., (1997) J. Mol. Bio. 273:927 948); Kabat et al, (1991)

Sequences of Proteins of Immunological Interest, 5th edit., NIH Publication no. 91-3242

U.S. Department of Health and Human Services; Chothia et al, (1987) J. Mol. Biol.

196:901-917; Chothia et al, (1989) Nature 342:877-883; and Al-Lazikani et al, (1997)

J. Mol. Biol. 273:927-948.

The human antibodies of the invention may include amino acid residues not encoded by

human sequences (e.g., mutations introduced by random or site-specific mutagenesis in

vitro or by somatic mutation in vivo, or a conservative substitution to promote stability or

manufacturing). However, the term "human antibody" as used herein, is not intended to



include antibodies in which CDR sequences derived from the germline of another

mammalian species, such as a mouse, have been grafted onto human framework

sequences.

The phrase "recombinant human antibody" as used herein, includes all human antibodies

that are prepared, expressed, created or isolated by recombinant means, such as antibodies

isolated from an animal (e.g., a mouse) that is transgenic or transchromosomal for human

immunoglobulin genes or a hybridoma prepared therefrom, antibodies isolated from a

host cell transformed to express the human antibody, e.g., from a transfectoma, antibodies

isolated from a recombinant, combinatorial human antibody library, and antibodies

prepared, expressed, created or isolated by any other means that involve splicing of all or

a portion of a human immunoglobulin gene, sequences to other DNA sequences. Such

recombinant human antibodies have variable regions in which the framework and CDR

regions are derived from human germline immunoglobulin sequences. In certain

embodiments, however, such recombinant human antibodies can be subjected to in vitro

mutagenesis (or, when an animal transgenic for human Ig sequences is used, in vivo

somatic mutagenesis) and thus the amino acid sequences of the VH and L regions of the

recombinant antibodies are sequences that, while derived from and related to human

germline VH and VL sequences, may not naturally exist within the human antibody

germline repertoire in vivo.

The term "linker" as used herein refers to a peptide linker that consists of glycine and

serine residues used to link an scFv to an IgG. An exemplary Gly/Ser linker comprises the

amino acid sequence (Gly-Gly-Ser)2, i.e., (Gly Ser)n where n is a positive integer equal to

or greater than 1. For example, n=l, n=2, n=3. n=4, n=5 and n=6, n=7, n=8, n=9 and

n=I0. In one embodiment, the linkers include, but are not limited to, (Gly4 Ser)4 or (Gly4

Ser)3 . In another embodiment, the linkers Glu and Lys residues interspersed within the

Gly-Ser linkers for better solubility. In another embodiment, the linkers include multiple

repeats of (Gly2Ser), (GlySer) or (Gly Ser). In anther embodiment, the linkers include

combinations and multiples of (Gly Ser)+(Gly4Ser)+(GlySer). In another embodiment,

Ser can be replaced with Ala e.g., (Gly4Ala) or (Gly3Ala). In another embodiment, the

linker comprises any combination of Gly, Ser and Pro. In yet another embodiment, the

linker comprises the motif (GluAlaAlaAlaLys) n, where n is a positive integer equal to or

greater than 1.



The term "Fc region" as used herein refers to a polypeptide comprising the CH3, CH2

and at least a portion of the hinge region of a constant domain of an antibody. Optionally,

an Fc region may include a CH4 domain, present in some antibody classes. An Fc region,

may comprise the entire hinge region of a constant domain of an antibody. In one

embodiment, the invention comprises an Fc region and a CHI region of an antibody. In

one embodiment, the invention comprises an Fc region CH3 region of an antibody. In

another embodiment, the invention comprises an Fc region, a CHI region and a

Ckappa/lambda region from the constant domain of an antibody. In one embodiment, a

binding molecule of the invention comprises a constant region, e.g., a heavy chain

constant region. In one embodiment, such a constant region is modified compared to a

wild-type constant region. That is, the polypeptides of the invention disclosed herein may

comprise alterations or modifications to one or more of the three heavy chain constant

domains (CHI, CH2 or CH3) and or to the light chain constant region domain (CL).

Exemplary modifications include additions, deletions or substitutions of one or more

amino acids in one or more domains. Such changes may be included to optimize effector

function, half-life, etc.

The term "binding site" as used herein comprises an area on a target receptor to which an

antibody or antigen binding fragment selectively binds. For example, the binding sites on

LRP6 include the β- propeller 1 binding domain, β- propeller 2 binding domain, β-

propeller 3 binding domain, and β- propeller 4 binding domain.

The term "epitope" as used herein refers to any determinant capable of binding with high

affinity to an immunoglobulin. An epitope is a region of an antigen that is bound by an

antibody that specifically targets that antigen, and when the antigen is a protein, includes

specific amino acids that directly contact the antibody. Most often, epitopes reside on

proteins, but in some instances, may reside on other kinds of molecules, such as nucleic

acids. Epitope determinants may include chemically active surface groupings of

molecules such as amino acids, sugar side chains, phosphoryl or sulfonyl groups, and may

have specific three dimensional structura 1characteristics, and/or specific charge

characteristics.

Generally, antibodies specific for a particular target antigen will bind to an epitope on the

target antigen in a complex mixture of proteins and/or macromolecules.



Regions of a given polypeptide that include an epitope can be identified using any

number of epitope mapping techniques, well known in the art. See, e.g., Epitope Mapping

Protocols in Methods in Molecular Biology, Vol. 66 (Glenn E.Morris, Ed., 96) Humana

Press, Totowa, New Jersey. For example, linear epitopes may be determined by e.g.,

concurrently synthesizing large numbers of peptides on solid supports, the peptides

corresponding to portions of the protein molecule, and reacting the peptides with

antibodies while the peptides are still attached to the supports. Such techniques are known

in the art and described in, e.g., U.S. Patent No. 4,708,871 ; Geysen et al, (1984) Proc.

Natl. Acad. Sci. USA 8:3998-4002; Geysen et al, (1985) Proc. Natl. Acad. Sci. USA

82:78-182; Geysen et al, (1986) Mol. Immunol. 23:709-715. Similarly, conformational

epitopes are readily identified by determining spatial conformation of amino acids such as

by, e.g., x-ray crystallography and two-dimensional nuclear magnetic resonance. See,

e.g., Epitope Mapping Protocols, supra. Antigenic regions of proteins can also be

identified using standard antigenicity and hydropathy plots, such as those calculated

using, e.g., the Omiga version 1.0 software program available from the Oxford Molecular

Group. This computer program employs the Hopp/Woods method, Hopp et al, (1981)

Proc. Natl. Acad. Sci USA 78:3824-3828; for determining antigenicity profiles, and the

Kyte-Doolittle technique, Kyte et al, (1982) J.MoI. Biol. 157:105-132; for hydropathy

plots.

The term "specific binding" between two entities means a binding with an equilibrium

constant ( A) k ) of at least 10 M~ , at least 5xl0 M , at least 10 M~ , at least

5xl0 M-', at least 10 M , at least 5xl0 M , at least at least

, at least 5xl0 M-', at least 10 M_1, at least 5xl0 M , at least 10 M , at least

5xl0 M , at least 10 M , at least 5xl0 M , at least 10 1 M , at least 5xl0 1 M , at least

lO^M 1, at least 5xl0 lM at least 10 1 M- 1, at least 5xl0 M , at least 10 13M , at least

5xl0 3 M ' , at least 10 1 M , at least 5χ10 ί Μ , at least 10 1 M , or at least 5xl0 5M

The phrase "specifically (or selectively) binds" to a LRP6 multivalent antibody (e.g., a

biparatopic antibody) refers to a binding reaction that is determinative of the presence of a

cognate antigen (e.g. , a human LRP6) in a heterogeneous population of proteins and other

biologies. In addition to the equilibrium constant (KA), an LRP6 multivalent antibody of

the invention typically also has a dissociation rate constant (K D) of about (k n) of less

than 5xl0 M, less than 10 M, less than 5xlO M, less than 10 M, less than 5xl0 M, less

than 10 4M, less than 5xl0 M, less than 10 M, less than 5xl0 M, less than 10 M, less



than 5xlO ' M, less than 10 M, less than 5xlO ' M, less than 10 M, less than 5xlO~ M, less

than 10 M, less than 5xlO M, less than 10" M, less than 5xlO~ M, less than 10 M,

less than 5xlO ' 1 M, less than 10~1 M, less than 5xlO ' 1 M, less than 10 M, less than 5x10"

M, ess than 10 M, less than 5xlO " M, or less than 10 1 M or lower, and binds to

LRP6 with an affinity that is at least two-fold greater than its affinity for binding to a non¬

specific antigen (e.g., HSA). In one embodiment, the LRP6 multivalent antibody has

dissociation constant (K ) of less than 3000 pM, less than 2500 pM, less than 2000 pM,

less than 1500 pM, less than 1000 pM, less than 750 pM, less than 500 pM, less than 250

pM, less than 200 pM, less than 150 pM, less than 100 pM, less than 75 pM, less than 0

pM, less than 1 pM as assessed using a method described herein or known to one of skill

in the art (e.g., a BIAcore assay, ELISA, FACS, SET) (Biacore International AB,

Uppsala, Sweden).

The term " asso " r " a" a s use herein, refers to the association rate of a particular

antibody- antigen interaction, whereas the term "Κ " or "Kd," as used herein, refers to the

dissociation rate of a particular antibody-antigen interaction. The term "K D", as used

herein, refers to the dissociation constant, which is obtained from the ratio of d to K a

(i.e. d K a) and is expressed as a molar concentration (M). K values for antibodies can

be determined using methods well established in the art. A method for determining the

K of an antibody is by using surface plasmon resonance, or using a biosensor system

such as a Biacore® system.

The term "affinity" as used herein refers to the strength of interaction between antibody

and antigen at single antigenic sites. Within each antigenic site, the variable region of the

antibody "arm" interacts through weak non-covalent forces with antigen at numerous

sites; the more interactions, the stronger the affinity.

The term "avidity" as used herein refers to an informative measure of the overall stability

or strength of the antibody-antigen complex. It is controlled by three major factors:

antibody epitope affinity; the valence of both the antigen and antibody; and the structural

arrangement of the interacting parts. Ultimately these factors define the specificity of the

antibody, that is, the likelihood that the particular antibody is binding to a precise antigen

epitope.

The term "Wnt 1" as used herein refers to Wntl, Wnt2, Wnt6, Wnt7a, Wnt7b, Wnt9a,

WntlOa, or WntlOb



The term "Wnt 3a" as used herein refers to Wnt3a and Wnt3.

The term "potentiate" as used herein refers to a process whereby the Wnt signal is

activated and enhanced upon conversion of a fragment of an antibody to a full length IgG

LRP6 antibody in the presence of a Wnt ligand.

The term "no significant potentiation" or "avoids potentiation" refers to a Wnt signal that

is not activated or enhanced compared with an control antibody or fragment thereof that

binds to the same epitope. No significant potentiation can be at least 10% less than

control antibody or fragment thereof, at least 20%, at least 30%, at least 40%, at least

50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 100% less than then

control antibody or fragment thereof.

The term "cluster" as used herein refers to any protein that gathers or groups together

LRP6 receptors and potentiates Wnt signaling. Examples of such proteins include, but

are not limited to, Wntl ligands, Wnt3a ligands and Wnt3 ligands. These proteins can

cause multimerization, e.g., dimerization of two endogenous LRP6 receptors. This

dimerization may result in increased avidity due to increased interactions of LRP6, which

in the presence of a Wnt ligand can potentiate a Wnt signal.

The phrase "conservatively modified variant" applies to both amino acid and nucleic acid

sequences. With respect to particular nucleic acid sequences, conservatively modified

variants refers to those nucleic acids which encode identical or essentially identical amino

acid sequences, or where the nucleic acid does not encode an amino acid sequence, to

essentially identical sequences. Because of the degeneracy of the genetic code, a large

number of functionally identical nucleic acids encode any given protein. For instance, the

codons GCA, GCC, GCG and GCU all encode the amino acid alanine. Thus, at every

position where an alanine is specified by a codon, the codon can be altered to any of the

corresponding codons described without altering the encoded polypeptide. Such nucleic

acid variations are "silent variations," which are one species of conservatively modified

variations. Every nucleic acid sequence herein which encodes a polypeptide also

describes every possible silent variation of the nucleic acid. One of skill will recognize

that each codon in a nucleic acid (except AUG, which is ordinarily the only codon for

methionine, and TGG, which is ordinarily the only codon for tryptophan) can be modified

to yield a functionally identical molecule. Accordingly, each silent variation of a nucleic

acid that encodes a polypeptide is implicit in each described sequence.



For polypeptide sequences, "conservatively modified variants" include individual

substitutions, deletions or additions to a polypeptide sequence which result in the

substitution of an amino acid with a chemically similar amino acid. Conservative

substitution tables providing functionally similar amino acids are well known in the art.

Such conservatively modified variants are in addition to and do not exclude polymorphic

variants, interspecies homologs, and alleles of the invention. The following eight groups

contain amino acids that are conservative substitutions for one another: 1) Alanine (A),

Glycine (G); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q);

4) Arginine (R), Lysine ( ); 5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V);

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 7) Serine (S), Threonine (T); and

8) Cysteine (C), Methionine (M) (see, e.g., Creighton, Proteins (1984)). In some

embodiments, the term "conservative sequence modifications" are used to refer to amino

acid modifications that do not significantly affect or alter the binding characteristics of the

antibody containing the amino acid sequence.

The terms "cross-block", "cross-blocked" and "cross-blocking" are used interchangeably

herein to mean the ability of the multivalent antibody, to interfere with the binding of

other antibodies or binding agents to LRP6 in a standard competitive binding assay.

The ability or extent to which an multivalent antibody is able to interfere with the binding

of another antibody or binding molecule to LRP6, and therefore whether it can be said to

cross-block according to the invention, can be determined using standard competition

binding assays. One suitable assay involves the use of the Biacore technology (e.g. by

using the BIAcore 3000 instrument (Biacore, Uppsala, Sweden)), which can measure the

extent of interactions using surface plasmon resonance technology. Another assay for

measuring cross-blocking uses an ELISA-based approach.

The term "optimized" as used herein refers to a nucleotide sequence has been altered to

encode an amino acid sequence using codons that are preferred in the production cell or

organism, generally a eukaryotic cell, for example, a cell of Pichia, a cell of Trichoderma,

a Chinese Hamster Ovary cell (CHO) or a human cell. The optimized nucleotide sequence

is engineered to retain completely or as much as possible the amino acid sequence

originally encoded by the starting nucleotide sequence, which is also known as the

"parental" sequence.



Standard assays to evaluate the binding ability of the multivalent antibodies toward LRP6

of various species are known in the art, including for example, ELISAs, western blots and

RIAs. Suitable assays are described in detail in the Examples. The binding kinetics (e.g.,

binding affinity) of the multivalent antibodies also can be assessed by standard assays

known in the art, such as by Biacore™ analysis. Assays to evaluate the effects of the

multivalent antibodies on functional properties of LRP6 (e.g., receptor binding assays,

modulating the Wnt pathway, or IgG production) are described in further detail in the

Examples.

Accordingly, a multivalent antibody that "inhibits" one or more of these LRP6 functional

properties (e.g., biochemical, immunochemical, cellular, physiological or other biological

activities, or the like) as determined according to methodologies known to the art and

described herein, will be understood to relate to a statistically significant decrease in the

particular activity relative to that seen in the absence of the multivalent antibody (e.g., or

when a control antibody of irrelevant specificity is present). A multivalent antibody that

inhibits LRP6 activity effects such a statistically significant decrease by at least 10% of

the measured parameter, by at least 50%, 80% or 90%, and in certain embodiments an

antibody of the invention may inhibit greater than 95%, 98% or 99% of LRP6 functional

activity.

The phrases "percent identical" or "percent identity," in the context of two or more

nucleic acids or polypeptide sequences, refers to two or more sequences or subsequences

that are the same. Two sequences are "substantially identical" if two sequences have a

specified percentage of amino acid residues or nucleotides that are the same ( i .e., 60%

identity, optionally 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% over a specified

region, or, when not specified, over the entire sequence), when compared and aligned for

maximum correspondence over a comparison window, or designated region as measured

using one of the following sequence comparison algorithms or by manual alignment and

visual inspection. Optionally, the identity exists over a region that is at least about 50

nucleotides (or 0 amino acids) in length, or more preferably over a region that is 100 to

500 or 1000 or more nucleotides (or 20, 50, 200 or more amino acids) in length.

For sequence comparison, typically one sequence acts as a reference sequence, to which

test sequences are compared. When using a sequence comparison algorithm, test and

reference sequences are entered into a computer, subsequence coordinates are designated,



if necessary, and sequence algorithm program parameters are designated. Default

program parameters can be used, or alternative parameters can be designated. The

sequence comparison algorithm then calculates the percent sequence identities for the test

sequences relative to the reference sequence, based on the program parameters.

A "comparison window", as used herein, includes reference to a segment of any one of

the number of contiguous positions selected from the group consisting of from 20 to 600,

usually about 50 to about 200, more usually about 100 to about 150 in which a sequence

may be compared to a reference sequence of the same number of contiguous positions

after the two sequences are optimally aligned. Methods of alignment of sequences for

comparison are well known in the art. Optimal alignment of sequences for comparison

can be conducted, e.g., by the local homology algorithm of Smith and Waterman (1970)

Adv. Appl. Math. 2:482c, by the homology alignment algorithm of Needleman and

Wunsch (1970) J. Mol. Biol. 48:443, by the search for similarity method of Pearson and

Lipman, (1988) Proc. Nat'l. Acad. Sci. USA 85:2444, by computerized implementations

of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics

Software Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or by

manual alignment and visual inspection (see, e.g., Brent et al., (2003) Current Protocols

in Molecular Biology).

Two examples of algorithms that are suitable for determining percent sequence identity

and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described

in Altschul et al, (1977) Nuc. Acids Res. 25:3389-3402; and Altschul et al, (1990) J .

Mol. Biol. 215:403-410, respectively. Software for performing BLAST analyses is

publicly available through the National Center for Biotechnology Information. This

algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying

short words of length W in the query sequence, which either match or satisfy some

positive-valued threshold score T when aligned with a word of the same length in a

database sequence. T is referred to as the neighborhood word score threshold (Altschul et

al, supra). These initial neighborhood word hits act as seeds for initiating searches to

find longer HSPs containing them. The word hits are extended in both directions along

each sequence for as far as the cumulative alignment score can be increased. Cumulative

scores are calculated using, for nucleotide sequences, the parameters M (reward score for

a pair of matching residues; always > 0) and N (penalty score for mismatching residues;

always < 0). For amino acid sequences, a scoring matrix is used to calculate the



cumulative score. Extension of the word hits in each direction are halted when: the

cumulative alignment score falls off by the quantity X from its maximum achieved value;

the cumulative score goes to zero or below, due to the accumulation of one or more

negative-scoring residue alignments; or the end of either sequence is reached. The

BLAST algorithm parameters W, T, and X determine the sensitivity and speed of the

alignment. The BLASTN program (for nucleotide sequences) uses as defaults a

wordlength (W) of 11, an expectation (E) or 10, M=5, N=-4 and a comparison of both

strands. For amino acid sequences, the BLASTP program uses as defaults a wordlength

of 3, and expectation (E) of 10, and the BLOSUM62 scoring matrix (see Henikoff and

Henikoff, (1989) Proc. Natl. Acad. Sci. USA 89:10915) alignments (B) of 50, expectation

(E) of 10, M=5, N=-4, and a comparison of both strands.

The BLAST algorithm also performs a statistical analysis of the similarity between two

sequences (see, e.g., arlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-

5787). One measure of similarity provided by the BLAST algorithm is the smallest sum

probability (P(N)), which provides an indication of the probability by which a match

between two nucleotide or amino acid sequences would occur by chance. For example, a

nucleic acid is considered similar to a reference sequence if the smallest sum probability

in a comparison of the test nucleic acid to the reference nucleic acid is less than about 0.2,

more preferably less than about 0.01, and most preferably less than about 0.001.

The percent identity between two amino acid sequences can also be determined using the

algorithm of E. Meyers and . Miller (Comput. Appl. Biosci. 4:1 1-17 (1988)) which has

been incorporated into the ALIGN program (version 2.0), using a PA 1 0 weight

residue table, a gap length penalty of 2 and a gap penalty of 4. In addition, the percent

identity between two amino acid sequences can be determined using the Needleman and

Wunsch (J. Mol, Biol. 48:444-453 (1970)) algorithm which has been incorporated into the

GAP program in the GCG software package (available at www.gcg.com), using either a

Blossom 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and

a length weight of 1, 2, 3, 4, 5, or 6.

Other than percentage of sequence identity noted above, another indication that two

nucleic acid sequences or polypeptides are substantially identical is that the polypeptide

encoded by the first nucleic acid is immunologically cross reactive with the antibodies

raised against the polypeptide encoded by the second nucleic acid, as described below.



Thus, a polypeptide is typically substantially identical to a second polypeptide, for

example, where the two peptides differ only by conservative substitutions. Another

indication that two nucleic acid sequences are substantially identical is that the two

molecules or their complements hybridize to each other under stringent conditions, as

described below. Yet another indication that two nucleic acid sequences are substantially

identical is that the same primers can be used to amplify the sequence.

The phrase "nucleic acid" is used herein interchangeably with the term

"polynucleotide"and refers to deoxyribonucleotides or ribonucleotides and polymers

thereof in either single- or double-stranded form. The term encompasses nucleic acids

containing known nucleotide analogs or modified backbone residues or linkages, which

are synthetic, naturally occurring, and non-naturally occurring, which have similar

binding properties as the reference nucleic acid, and which are metabolized in a manner

similar to the reference nucleotides. Examples of such analogs include, without

limitation, phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl

phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic acids (PNAs).

Unless otherwise indicated, a particular nucleic acid sequence also implicitly

encompasses conservatively modified variants thereof (e.g., degenerate codon

substitutions) and complementary sequences, as well as the sequence explicitly indicated.

Specifically, as detailed below, degenerate codon substitutions may be achieved by

generating sequences in which the third position of one or more selected (or all) codons is

substituted with mixed-base and/or deoxyinosine residues (Batzer et al, (1991) Nucleic

Acid Res. 19:5081; Ohtsuka et al, (1985) J. Biol. Chem. 260:2605-2608; and Rossolini et

al, (1994) Mol. Cell. Probes 8:91-98).

The phrase "operably linked" refers to a functional relationship between two or more

polynucleotide (e.g., DNA) segments. Typically, it refers to the functional relationship of

a transcriptional regulatory sequence to a transcribed sequence. For example, a promoter

or enhancer sequence is operably linked to a coding sequence if it stimulates or modulates

the transcription of the coding sequence in an appropriate host cell or other expression

system. Generally, promoter transcriptional regulatory sequences that are operably linked

to a transcribed sequence are physically contiguous to the transcribed sequence, i.e., they

are cis-acting. However, some transcriptional regulatory sequences, such as enhancers,



need not be physically contiguous or located in close proximity to the coding sequences

whose transcription they enhance.

The terms "polypeptide" and "protein" are used interchangeably herein to refer to a

polymer of amino acid residues. The terms apply to amino acid polymers in which one or

more amino acid residue is an artificial chemical mimetic of a corresponding naturally

occurring amino acid, as well as to naturally occurring amino acid polymers and non-

naturally occurring amino acid polymer. Unless otherwise indicated, a particular

polypeptide sequence also implicitly encompasses conservatively modified variants

thereof.

The term "subject" includes human and non-human animals. Non-human animals include

all vertebrates, e.g., mammals and non-mammals, such as non-human primates, sheep,

dog, cow, chickens, amphibians, and reptiles. Except when noted, the terms "patient" or

"subject" are used herein interchangeably.

The term "anti-cancer agent" means any agent that can be used to treat a cell proliferative

disorder such as cancer, including cytotoxic agents, chemotherapeutic agents,

radiotherapy and radiotherapeutic agents, targeted anti-cancer agents, and

immunotherapeutic agents.

"Tumor" refers to neoplastic cell growth and proliferation, whether malignant or benign,

and all pre-cancerous and cancerous cells and tissues.

The term "anti-tumor activity" means a reduction in the rate of tumor cell proliferation,

viability, or metastatic activity. A possible way of showing anti-tumor acitivey is show a

decline in growth rate of abnormal cells that arises during therapy or tumor size stability

or reduction. Such activity can be assessed using accepted in vitro or in vivo tumor

models, including but not limited to xenograft models.

The term "malignancy" refers to a non-benign tumor or a cancer. As used herein, the term

"cancer" includes a malignancy characterized by deregulated or uncontrolled cell growth.

Exemplary cancers include: carcinomas, sarcomas, leukemias, and lymphomas. The term

"cancer" includes primary malignant tumors (e.g., those whose cells have not migrated to

sites in the subject's body other than the site of the original tumor) and secondary

malignant tumors (e.g., those arising from metastasis, the migration of tumor cells to

secondary sites that are different from the site of the original tumor).



Various aspects of the invention are described in further detail in the following sections

and subsections.

LRP6 and the Wnt-Signaling Pathway

The invention pertains to LRP6 multivalent antibodies and uses thereof. Inhibition of

Wnt signaling by molecules directed to LRP6 lead to a loss of canonical Wnt signaling.

Therefore, antagonism of LRP6 receptor function with a multivalent antibody will inhibit

Wnt ligand signaling and aid in diseases associated with aberrant canonical Wnt

signaling, e.g., cancer. In particular, the LRP6 multivalent antibodies can specifically

increase or decrease signaling mediated by Wntl or Wnt3a class proteins in different

disease settings.

Misregulation of the Wnt/p-catenin signaling pathway has been linked to various human

diseases such as cancer and bone disorders. Molecules that restore the balance of Wnt

signaling in these diseases might have therapeutic potential. Using phage-based panning,

LRP6 antibodies have been identified that either inhibit or enhance Wnt signaling.

Remarkably, two classes of LRP6 antagonistic antibodies have been identified. One class

of antibodies specifically inhibits Wnt proteins represented by Wntl, while the second

class specifically inhibits Wnt proteins represented by Wnt3a. Epitope mapping

experiments indicate that Wntl -specific and Wnt3a-specific LRP6 antibodies bind to the

first β-propeller and the third β-propeller of LRP6 respectively, suggesting that Wntl and

Wnt proteins bind to different β-propeller regions of LRP6 (See International Serial

No. PCT/EP2008/064821 filed October 31, 2008, the contents of which are incorporated

herein by reference in their entirety).

Additional characterization of the Propeller 3 domain of LRP6 identified residues in this

domain responsible for interaction with the antibodies. Antibody binding sites within

YWTD-EGF region of Propeller 3 were identified using hydrogen-deuterium exchange

(HDx) mass spectrometry (MS) and correspond to a concave surface between blade 1 and

6 of Propeller 3 domain.

The Wnt signaling pathway is important in embryonic development and postnatal tissue

maintenance. This is achieved by directing a specific set of genes that control temporal

and spatial regulation of cell growth, movement and cell survival (reviewed in Barker and

Clevers (2006) Nature Rev. 5:997). Proper regulation of this pathway is important for

maintaining tissue homeostasis. Chronic activation of this pathway promotes uncontrolled



cell growth and survival and can consequently drive the development of cell proliferative

diseases, such as cancer. Alternatively, abnormal inhibition of this pathway can result in

many disease states, for example loss of bone mass and other bone diseases. Wnt proteins

initiate downstream signaling by interacting with a Frizzled receptor and one of two cell-

surface receptors, which are members of the low-density-lipoprotein receptor (LDLR)-

related proteins (LRPs): LRP5 and LRP6 (reviewed in He et .,(2004) Development

31:1663-1677).

The role of LRP6 in canonical Wnt signaling was discovered via genetic studies. Mutant

mice lacking LRP6 exhibited composite phenotypes similar to mutations in several

individual Wnt genes (Pinson et ai, (2000) Nature 407:535-538). In Xenopus embryos,

dominant-negative LRP6 blocked signaling by several Wnt proteins, whereas

overexpression of LRP6 activated Wnt/ β-catenin signaling (Tamai et ai, (2000) Nature

407:530-535). Furthermore, it has been shown that expression of either LRP6 or LRP5 is

necessary for cells to respond to canonical Wnt signaling (reviewed in He et ai, supra,

2004).

LRP5 and LRP6 are highly homologous and share 73% and 64% identity in their extra-

and intracellular domains, respectively. They are widely co-expressed during

embryogenesis and in adult tissues and share some functional redundancy.

The extracellular domains of LRP5 and LRP6 comprise three basic domains: 1) a YWTD

(tyrosine, tryptophan, threonine, aspartic acid)-type β-propeller region, 2) an EGF

(epidermal growth factor)-like domain, and 3) an LDLR type A (LA) domain.

The YWTD-type β-propeller region contains six YWTD repeats of 43-50 amino acid

residues each and forms a six-bladed β-propeller structure. In LRP5 and LRP6, there are

four YWTD-type β-propeller regions that are each followed by an EGF- like domain,

which comprises about 40 amino acid residues with conserved cysteine residues, which in

turn are followed by three LA domains. (Springer et ai, (1 98) J . Mol. Biol. 283:837-

862; Jeon et ai, (2001) Nat. Struct. Biol. 8:499-504). The β propeller-EGF-like domains

appear to bind extracellular ligands. The extracellular domain of LRP6 is defined by

amino acid residues 1 to 46 and contains four β-propeller domains at amino acid

residues 43-324, 352-627, 654-929, and 957-1250, which correspond to β-propeller

regions 1, 2, 3 and 4, respectively. Propeller domains 1-2 include amino acids 19-629, and

Propeller domains 3-4 include amino acids 631-1246.



LRP6 Antibodies

The present invention provides antibodies that specifically bind to LRP6 (e.g., human

LRP6, cynomologus LRP6). In some embodiments, the present invention provides

antibodies that specifically bind to both human and cynomologus LRP6.

The Wnt proteins capable of activating β-catenin signaling can be divided into two

classes and they require different β-propeller regions of LRP6 for signaling as described

in International Serial No. PCT/EP2008/064821 filed October 3 1, 2008, the contents of

which are incorporated herein by reference in their entirety. In addition, dimeric LRP6

antibodies (e.g., IgG) strongly sensitize cells to Wnt signaling, for example through

dimerization of endogenous LRP6. These results suggest that β-propeller 1 and β-

propeller 3 are differentially required for signaling activity of Wnt1 and Wnt 3. These

findings provide new insights on Wnt-induced LRP6 activation and pave the way for the

development of LRP6 antibodies to modulate Wnt signaling in different diseases.

Furthermore, conversion of fragments of the LRP6 antibodies into an IgG format results

in an antibody that clusters LRP6 receptors and in the presence of a ligand protein can

potentiate a Wnt signal.

In one embodiment, the antibodies potentiate a Wnt signal with the proviso that

potentiation does not occur with biparatopic antibodies of the invention. In such an

embodiment, the Wnt signal is activated and enhanced upon conversion of a fragment of

an antibody to a full length IgG LRP6 antibody in the presence of a Wnt ligand. For

example, a Wnt 1Fab binds to the β-propeller 1domain of the LRP6 receptor and blocks

the Wnt 1pathway in absence of a Wnt ligand, e.g., Wnt 3. In the presence of a Wnt

ligand, e.g., Wnt 3, the Wnt 1 Fab blocks signaling through the Wnt 1 pathway, but signal

activation may occur through the Wnt 3 pathway, thereby producing a signal. When the

Wnt 1 Fab is converted to a full length Wnt 1 IgG, the Wnt 1 IgG binds to the β-propeller

1 domains of two LRP6 receptors and blocks the Wnt 1pathway, however, in the

presence of a Wnt ligand, e.g., Wnt 3; signal activation occurs through the Wnt 3 pathway

and is also enhanced. While not required to provide a theory of action, one possible

mechanism is that the IgG clusters together two or more LRP6 receptors by binding to the

β-propeller 1 domains of each LRP6 receptor, which in the presence of a Wnt 3 ligand

results in a stronger signal through the Wnt 3 pathway. Dimerization of the LRP6



receptors promotes Wnt signaling, perhaps through the increases avidity of the various

interactions involving LRP6.

The reverse results are obtained with a Wnt 3 Fab that binds to the β-propeller 3 domain

of the LRP6 receptor and blocks the Wnt 3 pathway. In the presence of a Wnt 1 ligand,

the Wnt 3 Fab blocks the Wnt 3 pathway, but activates the Wnt 1pathway to generate a

signal. When the Wnt 3 Fab is converted to a full length Wnt 3 IgG, the Wnt 3 IgG binds

to the β-propeller 3 regions of two LRP6 receptors, and in the presence of a Wnt 1 ligand,

inhibits signaling through the Wnt 1 pathway. In one embodiment, the antibodies avoid

potentiating a Wnt signal. In some embodiments, the present invention provides

antibodies that specifically bind to both human and cynomologus LRP6. In one

embodiment, the LRP6 antibodies are antagonistic antibodies. In another embodiment,

the LRP6 antibodies are agonistic antibodies.

As different Wnt proteins require different β-propellers domains of LRP6 for signaling,

and as clustering or dimerization of LRP6 potentiates Wnt signaling, therapy using the

LRP6 antibodies can be regulated and "fine tuned" by using different combinations of

antibodies.

In one embodiment, the LRP6 antibodies are used as monomeric antibodies or fragments

thereof such as single chain antibodies, unibodies, and the like. In one embodiment, a

monomeric LRP6 antibody that binds to the β-propeller 1 region of LRP6 is used in

combination with a monomeric LRP6 antibody that binds to the β-propeller 3 region of

LRP6. In another embodiment, the LRP6 antibodies are used as multimeric antibodies or

fragments thereof such as bispecific, biparatopic LRP6 antibodies.

In addition to Wnt ligands LRP6 Propeller 1 antibodies are expected to inhibit the

interaction with other Propeller 1 binding ligands (e.g. Sclerostin, Dkkl). Similarly,

Propeller 3 antibodies are expected to inhibit the interaction with other propeller 3

binding ligands (e.g. Dkkl). Furthermore, propeller 1 and 3 binding antibodies may be

expected to affect the activity of other Wnt signaling modulators e.g. R-spondins

The present invention also provides antibodies that specifically bind to a LRP6 protein

(e.g., human and/or cynomologus LRP6), the antibodies comprising a VH CDR having an

amino acid sequence of any one of the VH CDRs listed in Table 1, infra. In particular,

the invention provides antibodies that specifically bind to a LRP6 protein (e.g., human



and/or cynomologus LRP6), the antibodies comprising (or alternatively, consisting of)

one, two, three, four, five or more VH CDRs having an amino acid sequence of any of the

VH CDRs listed in Table 1, infra.

The present invention provides antibodies that specifically bind a LRP6 protein (e.g.,

human and/or cynomologus LRP6), the antibodies comprising a VH domain having an

amino acid sequence of SEQ ID NOs: 14, 34, 36, 44, 60 and 62. The present invention

provides antibodies that specifically bind to a LRP6 protein (e.g., human and/or

cynomologus LRP6), the antibodies comprising a VL domain having an amino acid

sequence of SEQ ID NOs: 13, 33, 35, 43, 59, and 61.

The present invention provides antibodies that specifically bind a LRP6 protein (e.g.,

human and/or cynomologus LRP6), the antibodies comprising a VH domain having an

amino acid sequence of SEQ ID NOs: 82, 89, 106, 108, 128, 130, and 138. The present

invention provides antibodies that specifically bind to a LRP6 protein (e.g., human and/or

cynomologus LRP6), the antibodies comprising a VL domain having an amino acid

sequence of SEQ ID NOs: 81, 90, 105, 107, 127, and 129.

Other antibodies of the invention include amino acids that have been mutated, yet have at

least 60%, 70%, 80%, 90%, 95% or 98% identity in the CDR regions with the CDR

regions depicted in the sequences described in Table 1. In some embodiments, it includes

mutant amino acid sequences wherein no more than 1, 2, 3, 4 or 5 amino acids have been

mutated in the CDR regions when compared with the CDR regions depicted in the

sequence described in Table 1, while still maintaining their specif! y for the the orignal

antibody's epitope .

Other antibodies of the invention include amino acids that have been mutated, yet have at

least 60%, 70%, 80%, 90%, 95% or 98% identity in the framework regions with the

framework regions depicted in the sequences described in Table . In some

embodiments, it includes mutant amino acid sequences wherein no more than 1, 2, 3, 4, 5,

6, or 7 amino acids have been mutated in the framework regions when compared with

the framework regions depicted in the sequence described Table 1, while still maintaining

their specifity for the the orignal antibody's epitope

The present invention also provides nucleic acid sequences that encode VH, VL, the fu

length heavy chain, and the full length light chain of the antibodies that specifically bind



to a LRP6 protein (e.g., human and/or cynomologus LRP6). Such nucleic acid sequences

can be optimized for expression in mammalian cells (for example, Table 1 for

MOR08168, MOR08545, and MOR06706 for β -propeller 1 antibodies and MOR06475,

MOR08193, and MOR08473 for β-propeller 3 antibodies).

The LRP6 antibodies of the invention bind to distinct LRP6 β-propeller regions.

Propeller 1 antibodies bind to the β-propeller 1 domain and block Propeller 1-dependent

Wnts such as Wntl, Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9, WntlOA, WntlOB. Propeller 3

antibodies bind to the β-propeller 3 domain and block Propeller 3-dependent Wnts such

as Wnt3a and Wnt3.

Table 1: Examples of LRP6 Antibodies of the Present Invention



SEQ ID ND:13 V L DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA

EDEADVYCQSYDGQKSLVFGGGTKLTVL

SEQ I ND:14 V H QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN

SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSS

5EQ I D :1S DNA V L GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC

GATTCTCTTCGTAATAAGGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATAAGA

ATAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCATTAG

CGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGTCTTATGATGGTCAGAAGTCTCrTGTGTTTGGC

GGCGGCACGAAGTTAACCGTCCTA

SEQ ID NO:16 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC

CTCCGGATTTACCTTTTCTGATTATGTTATTAATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG

AGCGGTAI 11 I GGTCTGGTGTTAATACTCATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGAT

AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC

GTCTTGGTGCTACTGCTAATAATATTCGTTATAAGTTTATGGATGTTTGGGGCCAAGGCACCCTGGTGACGGT

TAGCTCA

SEQ ID NO:17 Light Lambda DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA

EDEADYYCQSYDGQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCUSDFYPGAVTVAWKADSSP

V KAGVETTTPSKQSNNKYAASSYLSLTPEQWKSH RSYSCQVTHEGSTVEIOVAPTECS

SEQtD N0:18 Heavy IgGl QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGtSWSGVNTHYADSVKGRFTtSRDN

LALA SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL

GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS

CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCWVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE

QYNSWRWSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK

GFYPSD1AVEWESNGQPENNYIOTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP

GK

SEQ ID NO: 19 DNA GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC

Light Lambda GATTCTCTTCGTAATAAGGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATAAGA

ATAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCATTAG

CGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGTCrTATGATGGTCAGAAGTCTCrTGTGTTTGGC

GGCGGCACGAAGTTAACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTG

AGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGG

CCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAAC

AAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAG

GTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCA

SEQ ID NO: 20 DNA CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC

Heavy IgGl CTCCGGATTTACCTTTTCTGATTATGTTATTAATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG

LALA AGCGGTATTTCTTGGTCTGGTGTTMTACTCATTATGCTGATTCTGTTMGGGTCGTTTTACCATTTCACGTGAT

AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC

GTCTTGGTGCTACTGCTAATAATATTCGTTATAAGTTTATGGATGTTTGGGGCCAAGGCACCCTGGTGACGGT

TAGCTCAGCCTCCACCAAGGGTCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACA

GCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTG

ACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGAGCG

TGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGG

ACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGG

GGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCAC

ATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGG

TGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACC

GTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCC

ATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGG

GAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTG

GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTC

CTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTG

ATGCATGAGGCTCTGCACAAGCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA



OR 8545

Pr l

SEQ ID ND:21 HCDR1 VNGMH

(Kabat)

SEQ D NO:22 HCDR2 VIDGMGHTYYADSVKG

(Kabat)

SEQ I D :23 HCDR3 YDYIKYGAFDP

(Kabat)

SEQ ID NO:24 LCDR1 SGDNIGSKYVH

(Kabat)

SEQ I NO:25 LDCR2 GDSNRPS

(Kabat)

SEQ ID NO:26 LCDR3 TRTSTPISGV

(Kabat)

SEQ ID NO:27 HCDR1 GFTFSVN

(Chothia)

SEQ ID NO:28 HCDR2 DGMGH

(Chothia)

SEQ ID NO:29 HCDR3 YDVIKVGAFDP

(Chothia)

SEQ !D NO:30 LCDR1 DNIGSKY

(Chothia)

SEQ D NO:31 LDCR2 GDS

(Chothia)

SEQ I :32 LCDR3 TSTPISG

(Chothia)

SEQ D NO:33 VL DIELTQPPSVSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSN5GNTATLTISGT

QAEDEADYYCTRTSTPISGVFGGGTKLTVL

SEQ D NO:34 V H QVQLVE5GGGLVQPGG5LRLSCAASGFTFSVNGMHWVRQAPGKGLEWV5VIDGMGHTYYADSVKGRFTISRDN

SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTV5S

SEQ ID NO:3S VL Germlined SYELTQPPSVSVSPGQTASITCSGDNIGSKYVHWYQQKPGQSPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT

QAMDEADYYCTRTSTPISGVFGGGTKLTVL

SEQ ID O:36 V H Germlined EVQLVESGGGLVQPGGSLRLSCAASGFTFSVNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN

SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSS

SEQ I NO:37 DNA VL GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC

GATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATG

GTGATTCTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGAC

CATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCACTCGTACTTCTACTCCTATTTCTGGTGTGT

TTGGCGGCGGCACGAAGTTAACCGTTCTT

SEQ ID NO:38 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC

CTCCGGATTTACCTTTTCTGTTAATGGTATGCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG

AGCGTTATTGATGGTATGGGTCATACTrTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGATAA

TTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT

TATGATTATATTAAGTATGGTGCTTTTGATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA



SEQ ID NO:39 Light lambda DIELTQPPSVSVAPGQTARtSCSGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT

QAEDEADWCTRTSTPISGVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSS

PVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEICTVAPTEA

SEQ ID NO:40 Heavy Fab QVQLVESGGGLVQPGGSLRLSCMSGFTfSVNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN

SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL6CLVK

DYFPEPVTVSWNSGALTS6VHTFPAVLQSS6LYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKICVEPKS

SEQ N0:41 DNA Light 6ATATC6AACTGACCCA6CCGCCTTCAGTGAGCGT7GCACCA66TCAGACCGCGCGTATCTCGTGTAGCGGC

lambda GATAATATTGGTTCTAA6TAT6TTCATT6GTACCAGCAGAAACCCGGGCAGGC6CCAGTTCTTGTGATTTATG

GTGATTCTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGAC

CATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCACTCGTACTTCTACTCCTATRTCTGGTGTGT

TTGGCGGCGGCACGAAGTTAACCGTTCTTGGCCAGCCGAAAGCCGCACC6 AGTGTG ACGL I 11ICCGCCGA

GCAGCGAAGAATTGCAGGCGAACAAAGCGACCCTGGTGTGCCTGATTAGCGACTTTTATCCGGGAGCCGTGA

CAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGC

AACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGC

TGCCAGGTCACGCATGAGGGGAGCACCGTGGAAAAAACCGTTGCGCCGACTGAGGCC

SEQ ID NO:42 DNA Heavy CAGGTGCAATTGGTGGAAAGC66CGGCGGCCTGGTGCAACCGGGCGGCAGCCT6C6TCTGAGCTGCGCGGC

Fab CRCCGGATTTACCTTTTCTGTTAATGGTATGCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG

AGCGTTATTGATGGTATGGGTCATACRRATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGATAA

TTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT

TATGATTATATTAAGTATGGTGCTTTTGATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGTCGA

CCAAAGGTCCAAGCGTGTTTCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGGGCT

GCCTGGTTAAAGATTATTTCCCGGAACCAGTCACCGTGAGCTGGAACAGCGGGGCGCTGACCAGCGGCGTGC

ATACCTTTCCGGCGGTGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCAGCA

GCTTAGGCACTCAGACCTATATTTGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAGTGG

AACCGAAAAGC

SEQ I NO:43 VLGermlined SYELTQPLSVSVALGQTARITCGGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISRA

QAGDEADYYCTRTSTPiSGVFGGGTKLTVL

SEQ N0:44 VH Germlined EVQLLESGGGLVQPGGSLRLSCAASGFTFSVNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN

SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSS

SEQ ID NO:45 DNA VL AGCTATGAACTGACCCAGCCGCTGTCTGTGAGCGTGGCGCTGGGCCAGACCGCGCGTATTACCTGCGGTGGC

6ermlirted GATAACATTGGCAGCAAATATGTGCATTGGTATCAGCAGAAACCGGGCCAGGCGCCGGTGCTGGTGATTTAT

GGCGATAGCAACCGTCCGAGC66CATTCC6GAACGTTTTAGCGGCAGCAACAGCGGCAACACCGCGACCCTG

ACCATTTCTCGCGCGCAGGCGGGTGATGAAGCGGATTATTATTGCACCCGTACCAGCACCCCGATTAGCGGC

GTGTTTGGCGGCGGTACGAAGTTAACCGTTCTT

SEQ D:46 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC

Germlined CTCCGGATTTACCTTTTCTGTTAATGGTATGCATTGGGTGCGCCMGCCCCTGGGAAGGGTCTCGAGTGGGTG

AGCGTTATTGATGGTATGGGTCATACRRATTATGCTGATTCTGTTAA6GGTCGTTTTACCATTTCACGTGATAA

TTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT

TATGATTATATTAAGTATGGTGCTTTTGATCCTTG6GGCCAAG6CACCCTGGTGACGGTTAGCTCA

MOR06706

Propl

SEQ ID NO:47 HCDR1 DYAIH

( abat )

SEQ D D:48 HCDR2 GISYSGSSTHYAD5VKG

(Kabat)

SEQ ID NO:49 HCDR3 GSHG 1MAKRYFDF

(Kabat)

SEQ I O:5 LCDR1 SGDNIRKKYVY



(Kabat)

SEQ ID N0:S1 LDCR2 EDSKRPS

(Kabat)

SEQ I NO:52 LCDR3 STADSGINNGV

(Kabat)

SEQ D NO:53 HCDR1 GFTFSDY

(Chothia)

SEQ ID O :5 4 HCDR2 SYSGSS

(Chothia)

SEQ ID NO:55 HCDR3 GSHGNIMAKRYFDF

(Chothia)

SEQ I NO:56 LCDR1 DNIRKKY

(Chothia)

SEQ ID O:5 7 LDCR2 EDS

(Chothia)

SEQ I O:5 8 LCDR3 ADSGINNG

(Chothia)

SEQ ID NO:59 VL DIELTQPPS VSVAPGQTARISCSG DN1RKKYVYWYQQKPGQAPVLVIYEDSKRPSGIP ERFSG5NSG NTATLTISGTQ

AEDEADYYCSTADSGINNGVFGGGTKLTVL

SEQ ID NO:60 VH QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYAIHWVRQAPGKGLEWVSGISYSGS5THYAD5VKGRFTISRONSK

NTLYLQMNSLRAEDTAVYYCARGSHG 1MAKRYFDFWGQGTLVTVSS

5 EQ D NO:61 VL Germlined SYELTQPPSVSVSPGQTASITCSGDNIRKKYVYWYQQKPGQSPVLVIYEDSKRPSGIPERFSGSNSGNTATLTISGTQ

AMDEADYYC5TADSG1NNGVFGGGTKLTVL

5EQ 1 O :6 2 VH Germlined EVQLVESGGGLVQPGGSLRLSCAASGFTFS DYAIHW VRQAPG KG LEWVSGISYSGSSTHYADSVKG RFTISRDNSK

NTLYLQMNSLRAEDTAVYYCARGSHG 1MAKRYFDFWGQGTLVTV55

SEQ !D NO:63 DNA VL GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC

GATAATATTCGTAAGAAGTATGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATG

AGGATTCTAAGCGTCCXTCAGGCATCCCGGMCGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGA

CCATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCTCTACTGCTGATTCTGGTATTAATAATGG

TGTGTTTGGCGGCGGCACGAAGTTAACCGTTCTT

SEQ ID NO:64 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC

CTCCGGATTTACCTTTTCTGATTATGCTATTCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG

AGCGGTATCTCTTATTCTGGTAGCTCTACCCATTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCACGTGA

TAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCG

CGTGGTTCTCATGGTAATATTATGGCTAAGCGTTATTTTGAI 111 IGGGGCCAAGGCACCCTGGTGACGGTTA

GCTCA

SEQ ID NO:65 Light Lambda DIELTQPPSVSVAPGQTARISCSGDN!RKKYVYWYQQKPGQAPVLVIYEDSKRPSGIPERFSGSNSGNTATLTISGTQ

AEDEADYYCSTADSGINNGVFGGGTKLTVLGQPKAAPSVTL FPPSSEE LQA NKATLVCLI5DFYPGAVTVAWKAD5

SPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQ ID NO:66 Heavy IgG QVQLVESGGGLVQPGG5LRLSCAASG FTFSDYAIHWVRQAPG KG LE VSG ISYSG5STHYADSVKG RFTISRDNSK

LA LA NTLYLQMNSLRAEDTAVYYCARGSHGNIMAKRYFDFWGQGTLVTV55ASTKGPSVFPLAPSSKSTSGGTAALGCL

VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDK

TKTCPPCPAPEAAGG PSVFLFPPKPKDTLM ISRTPEVTCWVDVSH EDPEVKF NWYVDGVEVHNAKTKPRE EQYN

STYRW5VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYP

SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK



SEQ I ND:67 DNA hlamda GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC

GATAATATTCGTAAGAAGTATGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGO¾GTTCTTGTGATTTATG

AGGATTCTAAGCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGA

CCATTAGCGGCACTCAGGCGGAAGACGMGCGGATTATTATTGCTCTACTGCTGATTCTGGTATTAATAATGG

TGTGTTTGGCGGCGGCACGAAGTTAACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCG

CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCG

TGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAA

AGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTAC

AGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCA

SEQ I ND:68 DNA Heavy CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC

IgGl LALA CTCXGGATTTACCTTRTCTGATTATGCTATTCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG

AGCGGTATCTCTTATTCTGGTAGCTCTACCCATTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCACGTGA

TAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCG

CGTGGTTCTCATGGTAATATTATGGCCAAGCGTTATTTTGATTTTTGGGGCCAAGGCACCCTGGTGACGGTTA

GCTCAGCCTCCACCAAGGGTCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGC

GGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGAC

CAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTG

CCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGAC

AAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGGGG

GGACCGTCAGTCTTCCTCTTCCCCCCAAMCCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATG

CGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGC

ATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCC

TGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCG

AGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGG

AGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGT

GGGAGAGCMTGGGCAGCCGGAGAACMCTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCT

TCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGC

ATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA

MOR06475

Prop3

SEQ ID NO:69 HCD 1 NRGGGVG

(Kabat)

SEQ I NO:70 HCD 2 WIDWDDDKSYSTSLKT

(Kabat)

SEQ D N0:71 HCDR3 MHLPLVFDS

(Kabat)

SEQ ID NO:72 LCDR1 RASQFIGSRYLA

(Kabat)

SEQID O:73 LDCR2 GASNRAT

(Kabat)

SEQ I ND:74 LCDR3 QQYYDYPQT

(Kabat)

SEQ ID :75 HCDR1 GFSLSNRGG

(Chothia)

SEQ ID ND:76 HCDR2 DWDDD

(Chothia)

SEQ ID NO:77 HCDR3 MHLPLVFDS

(Chothia)

SEQ ID NO:78 LCDR1 SQFIGSRY

(Chothia)



SEQ ID ND:79 LDCR2 GAS

(Chothia)

SEQ ID NO:80 LCDR3 YYDYPQ

(Chothia)

SE D NO:81 VL DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL

EPEDFATYYCQQYYDYPQTFGQGTKVEIK

SEQ D NO:82 VH QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS

KNQWLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ D NO:83 DNA VL GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA

GCGAGCCAGTTTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA

TTTATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC

CCTGACCATTAGCAGCCTGGMCCTGMGACTTTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTCAGA

CCTTTGGCCAGGGTACGAAAGTTGAAATTAAA

SEQ NO:84 DNA VH CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT

CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT

GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA

MGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG

CGCGCGTATGCATORRCCTCTTGI 111IGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ I N0:8S Light kappa DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQaKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL

EPEDFATYYCQQYYDYPaTFGQGTKVEIKRTVAAPSVFiFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNAL

QSGNSQESvTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEvTHQGLSSPvTKSFNRGEC

SEQ D NO:86 Heavy gG QVQLKES6PALVKPTQTLTLTCTFSGFSLSNRGGGVG lRQPPG KALEWLAWI WDDDKSYSTSLKTRLTISKDTS

LA LA KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVWSSA5TKGPSVFPLAPSSKSTSGGTAALGCLVKD

YFPEPVTVSWNSGALnGVHTFPAVLQSSGLYSLSSvVTVPSSSLGTaTYICNVNHKPSNTKVDKRVEPKSCDKTHT

CPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEvTCVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY

RWSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDI

AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ D NO:87 DNA GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA

Light kappa 6C6AGCCA6TTTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCA66TCAA6CACCGCGTCTATTAA

TTTATGGT6CTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC

CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTCAGA

CCTTTGGCCAGGGTACGAAAGTTGAAATTAAACGTACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCT

GATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTFCTATCCCAGAGAGGCCAAAG

TACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAG

GACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCC

TGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

SEQ I NO:88 DNA CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT

Heavy IgGl CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT

LA LA GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA

AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG

CGCGCGTATGCATCTTCCTCTTGTTTTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCCTCCA

CCMGGGTCCATCGGTCTTCCCCCTGGCACCCTCCTCCMGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTG

CCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCA

CACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCT

TGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTGAGC

CCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGGGGGGACCGTCAGTCTT

CCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGAC

GTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGAC

AAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACT

GGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCT

CCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAG

AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT

GGGCAGCCGGAGAACMCTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCNCTTCCTCTACAGCA

AGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGC



ACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA

SEQID NO:89 V Ger line QVTLKESG PALVKPTQTITLTCTFSGFSLSNRGGGVGWIRQPPG KALEWLAWI DWDDDKSYSTSLKTRLTISKDTS

KNQWLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ I NO:90 VLGermlined EIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIVGASNRATGIPARFSGSGSGTDFTLTISSLE

PEDFAVYYCQQYYDYPQTFGQGTKVEIK

SEQ D NO:91 DNA V H CAGGTCACACTGAAAGAGTCCGGCCCTGCCAGGTCAAACCCACCCAGACCAGACCCTGACATGCACCNCA

Germlined GCGGCTRCAGCCTGAGCAACAGAGGCGGCGGAGTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAA

TGGCTGGCCTGGATCGACTGGGACGACGACAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCAGC

AAGGACACCAGCAAGAACCAGGTGGTGCTGACCATGACCAACATGGACCCCGTGGACACCGCCACCTACTAC

TGCGCCCGGATGCATCTGCCCCTGGTGTTCGATAGCTGGGGCCAGGGCACCCTGGTCACCGTCAGCTCA

SEQID NO:92 DNA L GAAATCGTGCTGACCCAGAGCCCCGCWCCCTGTCTCTGAGCCCTGGCGAGAGAGCCACCCTGAGCTGCCGG

Germlined GCCAGCCAGNCATCGGCAGCAGATACCTGGOTGGTATCAGCAGAAGCCCGGCCAGGCCCCCAGACTGAG

ATCTACGGCGCCAGCAACCGGGCCACCGGCATCCCTGCCAGATTTTCTGGCAGCGGCAGCGGCACCGACTTC

ACCCTGACCATCAGCAGCAGGAACCCGAGGACTTCGCCGTGTAAAAGCCAGCAGTAAACGACTACCCCC

AGACCTTCGGCCAGGGCACCAAGGTGGAAATCAAG

MOR08193

Prop3

SEQ I ND:93 HCDR1 NRGGGVG

(Kabat)

SEQID NO:94 HCDR2 WIDWDDDKSYSTSLKT

(Kabat)

SEQ ID NO:95 HCDR3 MHLPLVFDS

(Kabat)

SEQ D NO:96 LCDR1 RASQFIGSRYLA

(Kabat)

SEQ ID ND;97 LDCR2 GASNRAT

(Kabat)

SEQID NO:98 LCDR3 QQYWSIPIT

(Kabat)

SEQ ID ND;99 HCDR1 GFSL5NRGG

(Chothia)

SEQ ID NO:10O HCDR2 D DDD

(Chothia)

SEQ ID ND:101 HCDR3 MHLPLVFDS

(Chothia)

SEQ ID NO:102 LCDR1 SQFIGSRY

(Chothia)

SEQ ID NO: 103 LDCR2 GAS

(Chothia)

SEQ ID NO:104 LCDR3 YWSIPI

(Chothia)



SEQ NO:105 VL DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL

EPEDfAVYYCQQYWSIPITFGQGTKVEIK

SEQ D NO:106 VH QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWIAWIDWDDDKSYSTSLKTRLTISKDTS

KNQWLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ D NO: 107 VL Germlined EIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGIPARFSGSGSGTDFTLTISSLE

PEDFAVYYCQQYWSIPITFGQGTKVEIK

SEQ ID :108 VH Germlined QVTLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS

KNQWLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ ID NO: 109 DNA VL GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA

GCGAGCCAGTTTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA

TTTATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC

CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTGTATTATTGCCAGCAGTATTGGTCTATTCCTATTA

CCTTTGGCCAGGGTACGAAAGTTGAAATTAAA

SEQ I NO:110 DNA VH CAGGTGCAATTGAAAGAMGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCrGACCTGTACCTTTT

CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT

GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA

AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG

CGCGCGTATGCATCTTCCTCTTG1111 GATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ I NO:lll Light kappa DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL

EPEDFAVYYCQQYWSIPITFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNAL

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTXSFNRGEA

SEQ D NO:112 Heavy Fab QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWIAWIDWDDDKSYSTSLKTRLTISKDTS

KNQWLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD

YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVvTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS

SEQ I NO:113 DNA Light GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA

kappa GCGAGCCAGTTTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA

TTTATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC

CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTGTATTATTGCCAGCAGTATTGGTCTATTCCTATTA

CCTTTGGCCAGGGTACGAAAGTTGAAATTAAACGTACGGTGGCTGCTCCGAGCGTGTTTAI 111 CCGCCGAG

CGATGAACAACTGAAAAGCGGCACGGCGAGCGTGGTGTGCCTGCTGAACAACrrTTATCCGCGTGAAGCGAA

AGTTCAGTGGAAAGTAGACAACGCGCTGCAAAGCGGCAACAGCCAGGAAAGCGTGACCGAACAGGATAGCA

AAGATAGCACCTATTCTCTGAGCAGCACCCTGACCCTGAGCAAAGCGGATTATGAAAAACATAAAGTGTATGC

GTGCGAAGTGACCCATCAAGGTCTGAGCAGCCCGGTGACTAAATCI1 1AATCGTGGCGAGGCC

SEQ D NO: 114 DNA Heavy CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT

Fab CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT

GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA

AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG

CGCGCGTATGCATCTTCCTCTTGTTTTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGTCGA

CCAAAGGTCCAAGCGTGTTTCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGGGCT

GCCTGGTTAAAGATTATTTCCCGGAACCAGTCACCGTGAGCTGGAACAGCGGGGCGCTGACCAGCGGCGTGC

ATACCTTTCCGGCGGTGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCAGCA

GCTTAGGCACTCAGACCTATATTTGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAGTGG

AACCGAAAAGC

MOR08473

Prop3

SEQ ID NO:115 HCDR1 SY S

( abat )

SEQ ID :116 HCDR2 NISNDGHYTYYADSVKG

(Kabat)



SEQ I ND:117 HCDR3 FQASYLDIMDY

( abat )

SEQ ID ND:118 LCDR1 SGDNIGSKYVH

(Kabat)

SEQ ID 0 119 LDCR2 NDSNRPS

(Kabat)

SEQ ID NO:120 LCDR3 QAWGDNGTRV

(Kabat)

SEQID ND:121 HCDR1 GFTFSSY

(Ch t ia)

SEQ ID NO:122 HCDR2 SN GHY

(Chothia)

SEQ ID NO: 123 HCDR3 FQASYLDIMDY

(Chothia)

SEQ I ND:124 LCDR1 DNIGSKY

(Chothia)

SEQ I ND:12S LDCR2 NDS

(Chothia)

SEQ I NO:126 LCDR3 WGDNGTR

(Chothia)

SEQ ID ND:127 VL DIELTQPPSVSVAPGQSmSCSGDNIGSKYVHWYQQKPGQAPVLVIYNDSNRPSGIPERFSGSNSGNTATLTISGTQ

AEDEADYYCQAWGDNGTRVFGGGTKLTVL

SEQID NO:128 VH QVQLVESGGGLVQPGGSLRISCAASGFTFSSYGMSVVVRQAPGKGLEWVSNISNDGHYTYYADSVKGRFTISRDN

SKNTLYLQMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSS

SEQ ID NO:129 VL Germlined SYELTQPPSVSVSPGQTASITCSGDNIGSKYVHWYQQKPGQSPVLVIYNDSNRPSGIPERFSGSNSGNTATLTISGT

QAM DEADYYCQAWGDNGTRVFGGGTKLTVL

SEQ I ND:130 VH Germlined EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYGMSWVRQAPGKGLEWVSNISNDGHYTYYADSVKGRFTISRDNS

KNTLYLQMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSS

SEQ ND:131 DNA L GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGAGCATTACCATCTCGTGTAGCGGCG

ATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATAAT

GATTCTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCA

TTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGGCTTGGGGTGATAATGGTACTCGTGTGT

TTGGCGGCGGCACGAAGTTAACCGTTCTT

SEQID ND:132 DNA H CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC

CTCCGGATTrACCTTTTCTTCTTATGGTATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG

AGCAATAmCTAATGATGGTCATTATAOTAnATGCTGATTaGTTMGGGTCGTTTTACCATTTCACGTGAT

AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC

GTTrTWGGCTTCrTATCTTGATATTATGGATTATTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ I ND:133 Light lambda DIELTQPPSVSVAPGQSmSCSGDNIGSKYVHWYQQKPGQAPVLVIYNDSNRPSGlPERFSGSNSGNTATLTISGTQ

AEDEADYYCQAWGDNGTRVFGGGTXLTVLGQPKAAPSvTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADS

SPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTEA

SEQ ID NO:134 Heavy Fab QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYGMSWVRQAPGKGLEWVSNISNDGHYTYYADSVKGRFTISRDN

SKNTLYLQMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVK

DYFPEPVWSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS



SEQ I D:135 DNA Light GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGAGCATTACCATCTCGTGTAGCGGCG

lambda ATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATAAT

GATTCTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCEAACAGCGGCAACACCGCGACCCTGACCA

TTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGGCTTGGGGTGATAATGGTACTCGTGTGT

TTGGCGGCGGCACGAAGTOACCGTTOTGGCCAGCCGAAAGCCGCACCGAGTGTGACGCTGTTTCCGCCGA

GCAGCGAAGAATTGCAGGCGAACAAAGCGACCCTGGTGTGCCTGATTAGCGACRNTATCEGGGAGCCGTGA

CAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCMGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGC

AACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGC

TGCCAGGTCACGCATGAGGGGAGCACCGTGGAAAAAACCGTTGCGCCGACTGAGGCC

SEQ I ND:136 DNA Heavy CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC

Fab CTCCGGATTTACCRRTTCTTCTTATGGTATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG

AGCMTATWCTAATGATGGTCATTATACTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGAT

AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC

GTTRRCAGGCTTCTTATCTTGATATTATGGATTATTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGTC

GACCAAAGGTCCAAGCGTGTTTCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGG

GCTGCETGGTTAAAGATTATTTCCCGGAACCAGTCACCGTGAGCTGGAACAGCGGGGCGCTGACCAGCGGCG

TGCATACCTTTCCGGCGGTGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCA

GWGCTTAGGCACTCAGACCTATATTTGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAG

TGGAACCGAAAAGC

SEQ ID ND:137 VL Germlined SYELTQPLSVSVALGQTARITCGGDNIGSKYVHWYQQKPGQAPVLVIYNDSNRPSGIPERFSGSNSGNTATLTISRA

QAGDEADYYCQAWGDNGTRVFGGGTKLTVL

SEQ D NO:138 VH Germlined EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYGMSWVRQAPGKGLEWVSNISNDGHYTYYADSVKGRFTISRDNS

KNTLYLQMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSS

SEQ I O:139 DNA VL AGCTATGAACTGACCCAGCCGCTGAGTGTTAGCGTTGCGCTGGGTCAGACCGCGCGTATTACCTGCGGCGGT

Germlined GATAACATTGGCAGCAAATATGTGCATTGGTATCAGCAGAAACCGGGCCAGGCGCCGGTGCTGGTGATTTAT

AACGATAGCAACCGTCCGAGCGGCATTCCGGAACGTTTTAGCGGCAGCAACAGCGGCAATACCGCGACCCTG

ACCATTAGCCGTGCGCAGGCGGGTGATGAAGCGGATTATTATTGCCAGGCGTGGGGCGATAATGGTACGCG

TGTGTTTGGCGGTGGTACGAAGTTAACCGTTCTT

SEQ ID NO: 140 DNA VH GAGGTGCAATTGCTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC

Germlined CTCCGGATTTACC 111ICI ICI LATGGTATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG

AGCAATATTTCTAATGATGGTCATTATACTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGAT

AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC

GTTTTCAGGCTTCTTATCTTGATATTATGGATTATTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

Biparatopic

construction

MOR06475

SEQ ID NO:141 DNA VL- Gatatcgttctgacccagagtccggcaaccctgagc-tgagtccgegtgaacgtgccaccctgagctgtcgtgcaagccagtttattggtagccg

(GGGGSJ3-VH ttatctggcatggtatcagcagaaaccgggtcaggcaccgcgtctgctgatttatggtgcaagcaatcgtgcaaccggtgttccggcacgttttag

scFv cggtagcggtagtggcaccgattttaccctgaccattagcagcctggaaccggaagattttgcaacctattattgccagcagtattatgattatcc

gcagacctttggtcagggcaccaaggtggaaattaaaggtggtggtggtagcggtggtggtggctcaggtggtggcggtagtcaggttcaattg

aaagaaagcggtccggcactggttaaaccgacccagaccctgaccctgacatgtacctttagcggttttagcctgagcaatcgtggtggtggtgt

tggttggattcgtcagcctccgggtaaagcactggaatggctggcatggattgattgggatgatgataaaagctatagcaccagcctgaaaacc

cgtctgaccattagtaaagataccagcaaaaatcaggtggttctgaccatgaccaatatggatccggttgataccgccacctattattgtgcacgt

atgcatctgccgctggtttttgatagctggggtcagggtacactagttaccgttagcagc

SEQ NO:142 VL-(GGGGS)3 DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL

VH EPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSQVQLKESGPALVKPTQTLTLTCTFSGFSLSN

RGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLT1SKDTSKNQVVLTMTNMDPVDTATYYCARMHLPL

VFDSWGQGTLvTVSS



SEQ ID ND.143 DNA VL- Gatatcgtgctgacacagagccctgccaccctgtctctgagccctggcgagagagccaccct^agctgccggeccagccagttcatcggctccc

(GGGGS)4-VH gctacctggcctggtatcagcagaagcccggacaggctcccagactgctgatctacggcgccagcaacagagctaccggcgtgcccgccagatt

scFv ttctggcagcggcagcggcaccgacttcaccctgaccatcagcagcctggaacccgaggacttcgccacctactactgccagcagtactacgac

tacccccagaccttcggccagggcaccaaggtggagatcaagggcggaggcggatccgggggtggcggaagtggaggcggaggaagcggag

ggggcggaagccaggtgcaattgaaagagtccggccctgccctggtgaagcctacccagaccctgaccctgacatgcaccttcagcggcttcag

cctgagcaacagaggcggcggagtgggctggatcagacagcctcccggcaaggecctggaatggftggc

agagctacagcaccagcctgaaaacccggctgaccatctccaaggacaccagcaagaaccaggtggtgctcaccatgaccaacatggacccc

gtggacaccgccacctanattgcgcccggatgcatctgcccctggtgncgatagctggggccagggaaccctggtgacagtgtccagc

SEQ ID ND:144 VL-(GGGGS)4- DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWVQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL

VH scFv EPEDFATYYCQQYVDVPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQTLTLTCTFS

GFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQWLTMTNMDPVDTATYYCAR

HLPLVFDSWGQGTLVTVSS

SEQ D N0:14S DNA H- Caggttcaattgaaagaaagcggtccggcactggttaaaccgacccagaccctgaccctgacatgtacctttagcggttttagcctgagcaatc

(GGGGSJ3-VL gtggtggtggtgttggttggattcgtcagcctccgggtaaagcactggaatggctggcatggattgattgggatgatgataaaagctatagcacc

scFv agcctgaaaacccgtctgaccattagcaaagataccagcaaaaatcaggttgttctgaccatgaccaatatggatccggttgataccgcaacct

attattgtgcacgtatgcatctgccgctggtttttgalagctggggttagggtacactagttaccgttagcagcggtggtggtggtagcggtggtg

gcggttcaggtggtggtggcagtgatategttctgacccagagtccggcaaccctgagcctgagtccgg

gcaagccagmattggtagccgttatctggcatggtatcagcagaaaccgggtcaggcaccgcgtctgctgatttatggtgcaagcaatcgtgc

aaccggtgttccggcacgttttagcggtagcggtagtggcaccgattttaccctgaccattagtagcctggaaccggaagattttgccacctatta

ttgccagcagtattatgattatccgcagacctttggtcagggcaccaaggtggaaattaaa

SEQ ID NO: 146 VH-(GGGGS)3- QVQIKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS

VL scFv KNQWLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSGGGGSGGGGSGGGGSDIVLTQSPATLSLSP

GERAT15CRASQFIGSRYWVVYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSLEPEDFATYYCQQY

YDYPQTFGQGTKVEIK

SE ID NO:147 DNA VH- Caggttcaattgaaagaaagcggtccggcactggttaaaccgacccagaccctgaccctgacatgtacctttagcggttttagcctgagcaatc

(GGGGS)4-VL gtggtggtggtgttggttggartcgtcagccttcgggtaaagcactggaatggctggcatggangattgggatgalgalaaaagctatagcacc

scFv agcctgaaaacccgtctgaccactagcaaagataccagcaaaaatcaggttgttctgaccatgaccaatatggatccggttgataccgcaacct

attattgtgcacgtatgcatctgccgctggtttttga(agctggggttagggtacactagttaccgttagcagcggtggtggtggtagcggtggtg

gcggttcaggtggtggtggcagtggcggtggtggtagtgatatcgttctgacccagaeta

accctgagctgtcg^caagccagtttanggtagccgttatctggcatggtatcagcagaaaccgggtcaggcaccgcgtctgctgatttatggt

gcaagcaatcgtgcaaccggtgttccggcacgttttagcggtagcggtagtggcaccgattttaccctgaccattagtagcctggaaccggaaga

ttttgccacctattattgccagcagtattatgattatccgcagacctttggtcagggcaccaaggtggaaattaaa

SEQ ID NO:148 VH-(GGGGS)4- QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSUCTRLTISKDTS

VL scFv KNQWLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIVLTQSPA

TISLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSLEPEDFATYY

CQQYYDYPQTFGQGTKVEIK

MOR08168

SEQ I D :14 DNA VL- Gatatcgaactgacccagcctccgagcgttagcgngcaccgggtcagaccgcacgtattagctgtagcggtgatagcctgcgtaataaagttta

(GGGGS)3-VH ttggtatcagcagaaaccgggtcaggcaccggttctggttatttataaaaataatcgtccgag(%gtattccggaacgttttag<%gtagcaata

scFv gcggtaataccgcaaccctgaccattagcggcacccaggcagaagatgaagcagattattattgccagagctatgatggtcagaaaagcctgg

tttttggtggtggcaccaagcttaccgttctgggtggtggtggtagcggtggtggtggctcaggtggtggcggttctcaggttcaattggttgaaag

tggtggtggtctggttcagcctggtggtagcctgegtctgagctgtgcagcaagcggtmaccm^

gcaccgggtaaaggtctggaatgggnagcggtattagctggtcaggtgttaatacccattatgcagatagcgtgaaaggtcgttttaccanag

ccgtgataatagcaaaaataccctgtatctgcagatgaatagcctgcg^cagaagataccgcagtttattattgtgcacgtctgggtgcaaccg

caaataatattcgctataaatttatggatgtgtggggtcagggtacactagttaccgttagcagc

SEQ ID NO:1SO VL-(GGGGS)3- DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA

VH scFv EDEADYYCQSYDGQKSLVFGGGTKLTVLGGGGSGGGGSGGGGSQVQLVESGGGLVQPGGSLRLSCAASGFTFSD

WINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARLGATANN

IRYKFMDVWGQGTLVTVSS



SEQ ID D:151 DNA VL- Gatatcgaactgacccagcctccgagcgttagcgttgcaccgggtcagaccgcacgtattagctgtagcggtgatagcctgcgtaataaagttta

(GGGGS)4-VH ttggtatcagcagaaaccgggtcaggcaccggttctggttatttataaaaataatcgtccgagcggtattccggaacgttttagcggtagcaata

scFv gcggtaataccgcaaccctgaccattagcggcacccaggcagaagatgaagcagattattattgccagagctatgatggtcagaaaagcctgg

tttttggtggtggcaccaagcttaccgttctgggtggtggtggtagcggtggtggtggctcaggtggtggcggttctggtggcggtggttca^

tcaattggttgaaagtggtggtggtctggttcagcctggtggtagcctg(¾tctg3gctg1gc3gcaagcggttttacctttagcgatt3tgtgatt

aattgggttcgccaggC3CCgggt3a3ggtctggaatgggtt3gcggt3ttagctggtC3ggtgttaatacccattatgcagatagcglg333g

gt£gtttt3Ccattagccglgat3atagcaaaaataccctgtatctgC3g3tg3atagcctgcgtgcagaagataccgcagtttattattgtgc3C

gtctgggtgcaaccgC33ataatattcgctat3aatn3tgg3tgtgtggggtcagggtacactagttaccgtt3gC3gc

SEQ ND:152 VL-(GGGGS)4- DIELTQPPSV5VAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERF5G5NSGNTATLTISGTQA

VH scFv EDEADYYCQSYDGQKSLVFGGGTKLWLGGGGSGGGG5GGGGSGGGGSQVQLVESGGGLVQPGGSLRLSCAAS

GFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARL

GATAN NIRY F DVWGQGTLVTVSS

SEQ D NO:153 DNA VH- CaggttcaattggttgaaagcggtggtggtctggttC3gcctggtggtagcctgcgtctgagctgtgC3gca3gcggttttacctttagcgattat

(GGGGS)3-VL gtgattaattgggttcgtcaggcaccgggtaaaggtctgg3atgggttagcggtattagctggtcaggtgtt3atacccattatgcagatag ¾tg

scFv aaaggtcgttttaccattagccgtgataat3gC3aaaataccctgtatctgcagatga3t3gcctgcgtgcagaagataccgcagtttattattgt

gcacgtctgggtgcaaccgcaaataatattcgctataaatttatggatgtgtggggtcagggtacactagttaccgttagcagtggtggtggtggt

agtggtggtggcggatctgglggcggtggcagtgatatcgaactgacccagcctccgagcgttagcgttgcaccgggtcagaccgcacgtstta

gctgtagcggtgatagtctgcgtaataaagtttattggtatcagcagasaccgggtcaggctccggttctggttatttataaaaataatcgtccga

gcggtattccggaacgttttagcggtagcaatagcggtaataccgcaaccctgaccattagcggcacccaggcagaagatgsagccgattatta

ttgtcagagctatgatggtcagaaaagcctggtttttggtggtggcaccaagcttaccgttctg

SEQ D:154 VH-(GGGGS)3- QVQLVESGGGLVQPGGSLRLSCAASG FTFSDYVINWVRQAPG KG LEWVSGISWSGVNTHYADSVKGRFT!SRDN

VL scFv SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSGGGG5GGGGSGGGGSDIELTQPPS

VSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYC

QSYDGQKSLVFGGGTKLTVL

SEQ tD NO:155 DNA VH- Caggttcaat¾gttgaaagcggtggtggtctggttc3gcctggtggtagcc¾ cgtctgag- tg¾cagC3agcggttttacctttagcgattat

(GGGGS)4-VL gtgattaattgggttcgtcaggcaccgggtaaaggtctggaatgggttagcggtattagctggtcaggtgttaatacccattatgcagatagcgtg

scFv asaggtcgttnaccattagccgtgataatagcaaaaatsccctgtatctgcagatgaatagcctgcgtgcagaagataccgcagtttattattgt

gcacgtctgggtgcaaccgcaaataatattcgctataaatttatggatgtg^gggtcagggtacactagttaccgttagcagtggtggtggtggt

agcggtggtggcggatctggtggcggtggttcaggtggtggtggcagtgatatcgaactgaccc3gcctccgag ¾ttagcgttgcaccgggtc

agaccgcacg^attagctgtagcggtgatagtctgcgtaataaagtttattggtatcagcagaaaccgggtcaggctccggttctggttatttata

aaaataatcgtccgagcggtattccggaacgttttagcggtagcaatagcggtaatsccgcsaccctgaccattagcggcacccaggcagaag

atgaagccg3ttattattgtcagagctatgatggtcagaaaagcctggtttt ¾ gtggtggcaccaagcttaccgttctg

SEQ D NO:156 VH-(GGGGS)4- QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISW5GVNTHYADSVKGRFTISRDN

VL scFv SKNTLYLQMN5LRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIE

LTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQAED

EADYYCQSYDGQKSLVFGGGTKLTVL

MOR0S545

SEQ D NO: 157 DNA VL- G3t3tcga3ctgacccagcctccgagcgtt3gcgngcaccgggtcagaccgc3cgtattagctgt3gcggtg3t3atattggcagcaaata½

(GGGGS)3-VH tgcattggtatcagcagaaaccgggtcaggcaccggttctggttatttatggtgatagcaatcgtccgagcggtattccggaacgttttagcggta

scFv gcaatagcggtaataccgcaaccctgsccattagcggcacccaggcagaagatgaagcagattattattgtacccgtaccagcaccccgattag

cggtgtttttggtggtggcaccaagcttaccgttctgggtggtggtggtagcggtggtggtggctcsggtgglggtggttcacaggttcaattggtt

gaaagtggtggtggtctggttcagcctggtggtagcc^cgtctgagctgtgcagcaagcggttttacctttagcgttaatggtatgcattgggttc

gccaggcaccgggta3aggtctggaatgggttagcgttattgatggt3tgggccatacct3ttatgccgatagcgtt3aaggtcgttttacc3tta

gccgtgataatagcaaaaataccctgtatctgcagatgaatagcctgcgtgcagaagataccgcagtttattattgcgc3cgctatg3ttatatta

aatatggtgcctttgatccgtggggtcagggtacactagttaccgttagcagc

SEQ ID NO: 158 VL-(GGGGS)3- DIELTQPPSVSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTI5GT

VH scFv QAEDEADYYCTRTSTPISGVFGGGTKLTVLGGGGSGGGGSGGGG5QVQLVE5GGGLVQPGGSLRLSCAASGFTFS

VN HWVRQAPGKGLEWVSVIDG GHTYYADSVKGRFTI5RDNSKNTLYLQMNSLRAEDTAVYYCARYDYI Y

GAFDPWGQGTLVTVSS



SEQ D N0:1S9 DNA VL- Gatatcgaactgacccagcctccgagcgttagcgttgcaccgggtcagactgcatgtattagctgtagcggtgataatattggcagcaaatatg

(GGGGS)4-VH tgcattggtattagcagaaaccgggtcaggtaccggttctggttatnatggtgatagcaatcgtccgagcggtattccggaacgttttagcggta

StFv gtaatagcggtaatatcgcaatcctgaccattagtggcactcaggcagaagatgaagcagattattattgtattcgtactagcaccccgattag

cggtgtttttggtggtggcaccaagtttaccgttctgggtggtggtggtagcggtggtggtggctcaggtggtggcggttctggtggcggtggttca

caggncaattggngaaagtggtggtggtctggncagcctggtggtagcctgcgtctgagc^gcagcaagcggttttatctttagcgnaatg

gtatgcattgggncgccaggcactgggtaaaggtctggaatgggttagcgttattgatggtatgggctatacctattatgccgatagtgttaaa

ggtcgttttaccattagccgtgataatagcaaaaatatcctgtatctgcagatgaatagtctgcgtgcagaagataccgtagtttaRattgcgca

tgctatgattatattaaatatggtgcctttgattcgtggggteagggtatactagttaccgttagtagc

SEQ ID ND:160 VL-(GGGGS)4- DIELTQPPSVSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT

V scFv QAEDEADYYCTRTSTPISGVFGGGTKLTVLGGGGSGGGGSGGGGSGGGGSQVQLVESGGGLVQPGGSLRLSCAA

SGFTFSVNGMHWVRQAPGKGLEWVSVIDGMGHTVVADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAR

YDYIKYGAFDPWGQGTLVTVSS

SEQ D NO: 161 DNA VH- Caggtttaattggttgaaagcegtggtggtctggttcagcctggtggtagcctgcgtctgagttgtgcagcaagcggttttacctttagcgttaat

(GGGGSI3-VL ggtatgtattgggncgttaggcaccgggtaaaggtctggaatgggttagcgttattgatggtatgggtcatatctattatgccgatagcgttaaa

stFv ggtcgttttaccaRagccgtgataatagtaaaaataccctgtatctgcagatgaatagtctgcgtgcagaagataccgcagtttattattgtgtc

cgttatgartatattaaatatggtgtctttgatecgtggggtcagggtacactagttatcgttagcagtgg^

tctggtgg¾gtggttcagatatcgaattgacccagcctccgagcgttagcgttgeaccgggttagatcgtacgtattagctgtagtggtgataa

tattggcagcaaatatgtgcattggtatcagcagaaaccgggtcaggctccggttctggnatttatggtgatagcaatcgtctgagcggtattcc

ggaatgttttagcggtagcaatagtggtaataccgtaactctgaccattagcggcacccaggcagaagatgaagccganaRattgcacccgt

attagtatcccgattagcggtgtttttggtggtggcaccaagcttactgttctg

SEQ D ND.162 VH-(GGGGS)3- QVQLVESGGGLVQPGGSLRIiCAASGFTFSVNGMHWVRQAPGKGlfWVSVIDGMGHTYYADSVKGRFTISRDN

VLseFv SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSSGGGGSGGGGSGGGGSDIELTQPPSVSVA

TSTPISGVFGGGTKLTVL

SEQ NO: 163 DNA VH- Caggttcaattggttgaaagcggtggtggtctggttcagcttggtggtagcctgcgtctgagtt^

ggtatgtattgggttcgttaggcactgggtaaaggtctggaatgggnagcgttattgatggtatgggctatatctattatgctgatagtgttaaa

stFv ggtcgttnaccaRagccgtgataatagcaaaaataccctgtatctgcagatgaatagcctgcgtgcagaagataccgcagtttattattgtgcc

cgnatganatattaaatatggtgcctttgatccgtggggtcagggtatactagnactgttagtagtggtggtggtggtagcggtggtggt^ga

tctggtggcggtggttcaggtggtggtggc3gtgatatcgaactgacccagccttcgagcgttagt¾ttgcaccgggtcagaccgcacgtattag

ctgtagcggtgataatattggtagcaaatatgtgcattggtatcagtagaaaccgggtcaggctccggttctggttatttatggtgatagtaattg

tctgagcggtatttcggaacgttttagcggtagcaatagcggtaatactgtaaccctgactattagtggtatccaggcagaagatgaagccga

ttaRattgcacccgtaccagcaccccgattagcggtgtttttggtggtggtaccaagcttattgttctg

SEQ ND:164 VH-(GGGGS)4-

VLstFv

SVSVAPGQTARISCSGDN!GSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGTQAEDEAD

YYCTRTSTPISGVFGGGTKLTVL

Blparatopic

R 8168/

MOR06475

SEQ!D NO:165 Heavy caggtgtaattggtcgagtttggcggaggactggtgcagcctggtggcagcctgagactgagctgcgctgccagcggcttcaccttcagcgact

OR 8168 atgtgatcaactgggtgcgstaggcccctggaaagggtctggaatgggtgtccggcatctmggtctggcgtgaacatccactatgtcgatag

lgG LALA cgtgaagggccggRcaccattagctgggataacagcaagaacaccctgtacctgcagatgaacagcctgagagtcgaggacaccgctgtgt

MO 6 7S actactgtgccagactgggcgccaccgccaacaacatccggtacaagttcatggacgtgtggggccagggcatactggtgaccgtcagttcag

scFv clagcaccaagggccccagcgtgttccccctggccctcagcagcaagagtatcagcggcggcacagccgtcctgggctgtctggtgaaggact

acttccccgagcctgtgactgtgtcctggaacagcggagctctgacctccggcgtgcacaccttccccgccgtgctgcagagcagtggtctgtat

agcttgtctagcgtggtgacagtgcccagcagcagcttgggcactcagacctacatctgcaatgtgaactataagcccagtaacactaaggtg

gacaagagagtggagcctaagagttgcgataagacctatatctgttctccctgcccagccccagaggcagcgggcggaccctttgtgtttct

gttcccccccaagtccaaggacactctgatgatcagcaggacccccgaggtgatctgcgtggtggtggatgtgagccatgaggatccagaggt

gaagttcaactggtacgtggatggtgtggaggtgcataacgttaagaccaagcecagagaggagcagtacaacagcatctatagggtggtgt

ctgtgttgatcgtgttgcaccaggattggctgaacggcaaggaatacaagtgtaaggtctccaacaaggttctgccagcccccatcgaaaaga

ccatcagcaaggccaagggccagccacgggagccccaggtgtatatcctgcctecctcccgggaggagatgaccaagaaccaggtgtccctg

acctgtctggtgaagggcttctattccagcgacattgccgtggagtgggagagcaacggccagtccgagaacaactacaagactaccccccca

gtgctggacagcgacggcagcttcttcctgtacagcaagctgaccgtggacaagtccaggtggcagtagggcaacgtgttcagttgcagtgtga

tgcacgaagcgctgcacaaccactatacccagaagagtctgagtctgttccccggcaagggcggctccggcggaagcgatatcgtgctgacac

agagccctgccattctgtctctgagctctggcgagagagtcaccttgagctgccgggctagctagttcatcggcttctgttacctggcctggtat



cagcagaagcccggacaggctcccagactgctgatctacggcgccagcaacagagctaccggcgtgcccgccagattttctggcagcggcagc

ggcaccgacttcaccctgaccatcagcagcctggaacccgaggacttcgccacctactactgccagcagtactacgactacccccagaccttcg

gccagggcaccaaggtggagatcaagggcggaggcggatccgggggtggcggaagtggaggcggaggaagcggagggggcggaagccag

gtgcaattgaaagagtccggccctgccctggtgaagcctacccagaccctgaccctgacatgcaccttcagcggcttcagcrtgagcaacagag

gcggcggagtgggctggatcagacagcctcccggcaaggccctggaatggctggcctggatcgactgggacgacgacaagagctacagcacc

agcctgaaaacccggctgaccatctccaaggacaccsgcaagaaccaggtggtgctcaccatgaccaacatggaccccgtggacaccgccac

ctattattgcgcccggstgcatctgcccctggtgttcgatagctggggccagggaaccctggtgacagtgtccagc

SEQ ID NO:166 Heavy QVQLVESGGGLVQPGGSLRLSCAASGFTFSDVVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN

MDR08168 SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL

hlgGl LALA GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWWPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS

MDR06475 CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEvTCWVDVSHEDPEVKFNvVYVDGVEVHNAKTKPREE

scFv QYNSTYRWSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK

GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP

GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSG

TLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLICTRLTISKDTSKNQWLTMTNMDPV

DTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ ID NO:167 VL MDR0816S DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA

EDEADYYCQSYDGQKSLVFGGGTKLTVL

SEQ I D:168 DNA VL GACATCGAGCTGACCCAGCCCCCTRCTGTGTCTGTGGCCCCTGGCCAGACCGCCAGAATCAGCTGCAGCGGC

OR08 168 GACAGCCTGCGGAACAAGGTGTACTGGTATCAGCAGAAGCCCGGCCAGGCTCCCGTGCTGGTGATCTACAAG

AACAACCGGCCCAGCGG CATCCCTG AGCG GTTCAGCGGCAGCAACAGCGGCAATACCGCCACCCTG ACCATC

AGCGGCACCCAGGCCGAAGATGAGGCCGACTACTACTGCCAGAGCTACGACGGCCAGAAAAGCCTGGTGTT

CGGCGG AGGCACCAAGCTTACCGTG CTG

SEQ ID NO: 169 DNA Light Gacatcgagctgacccagcccccttctgtgtrtgtggcccctggccagaccgccagaatcagctgcagcggcgacagcctgcggaacaaggtg

lambda tactggtatcagcagaagcccggccaggctcctgtgctggtgatctacaagaacaaccggcccagcggcatccctgagcggttcagcggcagc

MOR08168 aacagcggcaataccgccaccctgaccatcagcggcacccaggccgaagatgaggccgactactactgccagagctacgacggccagaaaag

cctggtgttcggcggaggcaccaagcttaccgtgctgggccagcccaaagccgcccaagcgtgaccctgttcccccccagcagcgaggaactg

caggccaacaaggccaccctggtctgcctgatcagcgacttctaccctggcgccgtgaccgtggcctggaaggccgacagcagccccgtgaag

gccggcgtggagacaaccacccccagcaagcagagcaacaacaagtacgccgccsgcagctacctgagcagacccccgagcagtggaaga

gccacagaagctacagctgccaggtcacccacgagggcagcaccgtggagaaaaccgtggcccccaccgagtgcagc

SEQ ID NO:170 Light lambda DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA

R081 8 EDEADYYCQSYDGQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSP

VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSKRSYSCQVTHEGSTVEKTVAPTECS

SEQ ID NO:171 Heavy QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN

MOR08168 SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL

hlgGl LALA GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWWPSSSLGTQTVICNVNHKPSNTKVDKRVEPKS

(w/o K) CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEvTCWVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE

MOR06 75 QYNSTiRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK

scFv GFYPSDIAVEWESNGQPE NNYKTTPPVLDSDGSF FLYSKLTVDKSRWQQGNVFSCSVMH EALHNH YTQKS LSLSP

GGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGT

DFTLTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQT

LTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQWLTMTNMDPVD

TATYYCARMHLPLVFDSWGQGTLVTV5S

SEQ ID NO:172 DNA Heavy CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGGTGCAGCCTGGTGGCAGCCTGAGACTGAGCTGCGCCGC

MDR08168 CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT

hlgGl LALA GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG

( / ) GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG

MOR06475 TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT

scFv GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG

CGGCACAGCCGCCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG

AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG



GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC

AAGGTGGACAAGAGAGTG6AGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA

66CAGCGGGCGGACCCTCCGTGTTCCT6TTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC

GA66TGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG

C6TGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCC6

TGCTGACCGTGCTGCACCAGGACTGGCT6AACGGCAAGGAATACAAGT6CAA6GTCTCCAACAAGGCCCTGC

CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC

CCTCCCGGGAG6AGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGC6ACA

TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC

GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC

T6CAGCGTGATGCACGAAGCGCT6CACAACCACTACACCCAGAAGAGCCTGAGCCT6TCCCCC66CGGC66C

TCCG6CGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCT6A6CCCTGGCGAGAGAGCCACC

CTGA6CTGCC6GGCCA6CCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAGGCT

CCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACC66CGTGCCC6CCAGATTTTCTGGCAGCGGCAGC

GGCACCGACRRCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGTACT

ACGACTACCCCCAGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGC66AGGCGGATCCGGG6GTGG

CGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCG6CCCT6CCCTG

GTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGCGGA

GTGGGCTGGATCAGACAGCCTCCCGGDVAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGACAA

GAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCTCAC

CATGACCAACATGGACCCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTCGAT

A6CT6666CCAGGGAACCCTGGTGACAGTGTCCAGC

SEQ I ND:173 Heavy QVQLVESGGGLVQPGGSLRIJSCW^GFrFSDWINvWRCWPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN

D 08168 SKNTLYLQMNSLRAE DTAVYYCARL6ATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL

lgG LA LA GCLVKDYFPEPVTVSWIw5GALTSGVHTFPAVL(KSGLYSlSSvVTVPSSSLGTQTYiCNVNHKPSNTKVDKRVEPKS

M D 0 75 CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREE

scFv (DP to DA) QYNSTYRWSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK

GFYPSDIAVEWESNGCVENNYKTTPPVLDSTCSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP

GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSG

TDFTLTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQ

TLTLTCTFSGFSIJ5NRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQWLTMTNMDAV

DTATYYCARMHLPLVFDSW6QGTLVTVSS

SEQ I ND:174 DNA Heavy CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGGT6CAGCCTG6TGGCAGCCTGAGACTGAGCTGC6CCGC

MOR08168 CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTG6AATGGGT

hlgGl LA LA GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG

MDR06475 GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG

scFv (DP t o DA) T6CCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGG6CACACTGGT

GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG

CGGCACAGCC6CCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG

AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG

GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAA6CCCA6CAACACC

AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCA6A

GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC

GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG

CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGA6GA6CAGTACAACAGCACCTACAGGGTGGTGTCCG

TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC

CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC

CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA

TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC

GACGGCAGCI I I ICCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC

TGCAGCGTGATGCAC6AAGCGCTGCAC^CCACTACACCCAGAAGAGCCT6AGCCTGTCCCCCGGCAAGGGC

GGCTCCGGCGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCT66C6AGAGA6CC

ACCCTGAGCTGCCGGGCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAG

GCTCCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGC

AGCGGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGT

ACTACGACTACCCCCAGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGT

GGCGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCC

CTGGTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGC

GGAGTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGA

CAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCT



CACCATGACCAACATGGACGCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTC

GATAGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC

SEQ NO:175 Heavy QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGiSWSGVNTHYADSVKGRFTISRDN

MOR08168 SKNTLYLAMfJSLRAEDTAVYYCARLGATANfJiRYKFMDVWGaGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL

hlgGl LA LA GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS

MOR06475 CDKTHTCPPCPAPEAAGGPSVFLFPPKPKOTLMISRTPEVTCVWDVSHEOPEVKFNWYVDGVEVHNAKTKPREE

SCFv (DP t o TA) QYNSTYRWSVLTVLHaDWLNGKEYKCKVSNKALPAPiEKTISKAKGaPREPaVYTLPPSREEMTKNaVSLTCLVK

GFYPSDiAVEWESNGQPENNYKrrPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP

GKGGSGGSDIVLTaSPATLSLSPGERATLSCRASaFiGSRYLAWYaQKPGQAPRLLIYGASNRATGVPARFSGSGSG

TDFTLTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQ

TLTLTCTFSGFSlSNRGGGVGWiRaPPGKALEWLAWIDWDODKSYSTSLKTRLTISKDTSKNaWLTMTNMTAVD

TATYYCARM HLPLVFDSWGQGTLVTVSS

SEQ I O :176 D A Heavy CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGGTGCAGCCTGGTGGCAGCCTGAGACTGAGCTGCGCCGC

MOR08168 CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT

hlgGl LALA GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG

MOR06475 GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG

scFv (DPtoTA) TGCCAGACTGGGCGCCACCGCCAACAAOVTCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT

GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG

CGGCACAGCCGCCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG

AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG

GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC

AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA

GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC

GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG

CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCG

TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGC^GGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC

CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC

CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA

TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC

GACGGCAGCI I ICCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC

TGCAGCGTGATGCACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGC

GGCTCCGGCGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCC

ACCCTGAGCTGCCGGGCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAG

GCTCCCAGACTGCTGATCTACGGCGCCAGCMCAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGC

AGCGGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGT

ACTACGACTACCCCCAGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGT

GGCGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCC

CTGGTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGC

GGAGTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGA

CAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCT

CACCATGACCAACATGACCGCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTC

GATAGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC

SEQ ID O: 177 Light DIVLTQSPATLSLSPGERATLSCRASaFIGSRYLAWYaaKPGaAPRLLIYGASMRATGVPARFSGSGSGTDFTLTfSSL

MOR06475 EPEDFATYYCaaYYDYPQTFGQGTKVEiKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQTLTLTCTFS

scFv GFSLSNRGGGVGWlRaPPGKALEWLAWiDWDDDKSYSTSLKTRLTISKDTSKNQWLTMTNMDPVDTATYYCAR

MOR08168 MHLPLVFDSWGQGTLVTVSSGGSGGSDIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKN

iambda NRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYCQSYDGCIKSLVFGGGTKLTVLGCIPKAAPSVTLFPPSSEELQA

NKATLVCLiSDFYPGAVWAWKADSSPVKAGVETTTPSK(¾NNKYAASSYLSLTPEaWKSHRSYSCaVTHEGSTVE

KTVAPTECS

SE D NO:178 DNA Light GATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCCACCCTGAGCTGCCGG

MOR06475 GCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAGGCTCCCAGACTGCTG

scFv ATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGCAGCGGCACCGACTTC

MOR08168 ACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGTACTACGACTACCCCC

iambda AGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGTGGCGGAAGTGGAG

GCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCCCTGGTGAAGCCTAC

CCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGCGGAGTGGGCTGGAT

CAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGACAAGAGCTACAGCA

CCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCTCACCATGACCAACA



TGGACCCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTCGATAGCTGGGGCCA

GGGAACCCTGGTGACAGTGTCCAGCGGCGGCTCCGGCGGAAGCGACATCGAGCTGACCCAGCCCCCTTCTGT

GTCTGTGGCGCCCGGGCAGACCGCCAGAATCAGCTGCAGCGGCGACAGCCTGCGGAACAAGGTGTACTGGT

ATCAGCAGAAGCCCGGCCAGGCTCCCGTGCTGGTGATCTACAAGAACAACCGGCCCAGCGGCATCCCTGAGC

GGTTCAGCGGCAGCAACAGCGGCAATACCGCCACCCTGACCATCAGCGGCACCCAGGCCGAAGATGAGGCC

GACTACTACTGCCAGAGCTACGACGGCCAGAAMGCCTGGTGTTCGGCGGAGGCACCAAGCTTACCGTGCTG

GGCCAGCCCAAAGCCGCCCCTAGCGTGACCCTGTTCCCCCCCAGCAGCGAGGAACTGCAGGCCAACAAGGCC

ACCCTGGTCTGCCTGATCAGCGACTTCTACCCTGGCGCCGTGACCGTGGCCTGGAAGGCCGACAGCAGCCCC

GTGAAGGCCGGCGTGGAGACAACCACCCCCAGCAAGCAGAGCAACAACAAGTACGCCGCCAGCAGCTACCT

GAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGAAGCTACAGCTGCCAGGTCACCCACGAGGGCAGCACCG

TGGAGAAAACCGTGGCCCCCACCGAGTGCAGC

SEQ ID NO:179 VH MDR08168 QVQLVESGGGLVQPGGSLRLSCAASGFTFSDWINWVRQAPGKGLEWVSGlSWSGVNTHyADSVKGRFTISRDN

SKNTLVLQMNSLRAEDTAWYCARLGATANNIRYKFMDVWGQGTLvTVSS

SE ! ND:180 DNA VH Caggtgcaattggtcgagtctggcggaggac¾gtgcagcctggtggcagcctgag3Ctgagctgcgccgccagcggcttcaccttcagcgact

MDR08168 acgtgatcaactgggtgcgacaggcccctggaaagggcctggaatgggtgtccggcatctcttggtctggcgtgaacacccactacgccgacag

cgtgaagggccggttcaccatcagccgggacaacagcaagaacaccctgtacctgcagatgaacagcctgagagccgaggacaccgccgtgt

actactgtgccagactgggcgccaccgccaacaacatccggtacaagttcatggacgtgtggggccagggcacactggtgaccgtcagctca

SE ID ND:181 Heavy QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN

MDR08168 SKNTLVLQMNSLRAEDTAVWCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL

hlgGl LALA GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS

CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMTSRTPEVTCWVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE

QVNSTYRWSVLTVLHQDWLNGKEYKCTCVSNKALPAPIEICTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK

GFVPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP

GK

SEQ ID ND:182 D A Heavy CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGGTGCAGCCTGGTGGCAGCCTGAGACTGAGCTGCGCCGC

MDR08168 CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT

hlgGl LALA GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG

GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG

TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT

GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG

CGGCACAGCCGCCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG

AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG

GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC

AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA

GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC

GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG

CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCG

TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC

CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC

CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA

TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC

GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC

TGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAG

SEQ 10 ND.183 VL O 6 75 DIVLTQSPATLSLSPGERATLSCRASQFtGSRyLAWVQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL

EPEDFATYYCQQYYDYPQTFGQGTKVEIK

SEQ ID NO:184 DNA VL Gatatcgtgctgacccagagcccggcgaccctgagcctgtctccgggcgaacgtgcgaccctgagctgcagagcgagccagtttattggttctc

MO 6 75 gttatctggcttggtaccagcagaaaccaggtcaagcaccgcgtctattaatttatggtgcttctaatcgtgcaactggggtcccggcgcgttttag

cggctctggatccggcacggattttaccctgaccattagcagcctggaacctgaagactt^cgacttattattgccagcagtattatgattatcct

cagacctttggccagggtacgaaagttgaaattaaa

SEQ D NO: 185 Light DiVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL

MDR0647S EPEDFATYYCQQYYDYPQTfGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNAL

kappa QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID ND:186 DNA Light GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA

MDR06475 GCGAGCCAGTTTATTCGTrCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA

TTTATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC



kappa CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTCAGA

CCTTTGGCCAGGGTACGAAAGTTGAAATTAAACGTACGGTGGCCGCTCCCAGCGTGTTCATCTTCCCCCCCAG

CGACGAGCAGCTGAAGAGCGGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTACCCCCGGGAGGCCA

AGGTGCAGTGGAAGGTGGACAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCACCGAGCAGGACAG

CAAGGACTCCACCTACAGCCTGAGCAGCACCCTGACCXTGAGCAAGGCCGACTACGAGAAGCATAAGGTGTA

CGCCTGCGAGGTGACCCACCAGGGCCTGTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC

SEQ ID NO: 187 Heavy QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS

O 0647S KNQWLTMTNMDPVDTATVYCARMHLPLVFDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD

hlgGlLALA YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHT

MOR08168 CPPCPAPEAAGGPSVFLFPPKPKOTLMISRTPEVTCVWDVSHEOPEVKFNWYVDGVEVHNAKTKPREEQYNSTY

(VH-3-VL) RWSVLWLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSOI

AVEWESNGQPENNYKTTPPVLOSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGSG

GSQVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINvWRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISR

DNSKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMOVWGQGTLVTVSSGGGGSGGGGSGGGGSDIELTQ

PPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQAEDEAD

YYCQSYOGQKSLVFGGGTKLTVL

SEQ ID NO:18S ONA Heavy CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT

O 0647S CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT

hlgGlLALA GGCTGG-TTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA

MOR08168 AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG

scFv (VH-3-VL) CGCGCGTATGCATCTTCCTCTTGTTTTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCTAGCA

CCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGGCGGCACAGCCGCCCTGGGCT

GCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGGAGCCCTGACCTCCGGCGTGC

ACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTGGTGACAGTGCCCAGCAGCA

GCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTG

GAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGAGGCAGCGGGCGGACCCTCC

GTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGTGACCTGCGTGGTG

GTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGC

CAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCGTGCTGACCGTGCTGCACCA

GGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGCCAGCCCCCATCGAAAAGAC

CATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCCCCTCCCGGGAGGAGATGA

CCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGA

GCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGCAGCTTCTTCCTGT

ACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGCTGCAGCGTGATGCACGAA

GCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGCGGCTCCGGCGGAAGCCA

GGTTCAATTGGTTGAAAGCGGTGGTGGTCTGGTTCAGCCTGGTGGTAGCCTGCGTCTGAGCTGTGCAGCAAG

CGGTTTTACCTTTAGCGATTATGTGATTAATTGGGTTCGTCAGGCACCGGGTAAAGGTCTGGAATGGGTTAGC

GGTATTAGCTGGTCAGGTGTTAATACCCATTATGCAGATAGCGTGAAAGGTCGTTTTACCATTAGCCGTGATA

ATAG<^WWVTACCCTGTATCTGCAGATGAATAGCCTGCGTGCAGAAGATACCGCAGTTTA™TTGTGCACG

TCTGGGTGCAACCGCAAATAATATTCGCTATAAATTTATGGATGTGTGGGGTCAGGGTACACTAGTTACCGTT

AGCAGTGGTGGTGGTGGTAGCGGTGGTGGCGGATCTGGTGGCGGTGGCAGTGATATCGAACTGACCCAGCC

TCCGAGCGTTAGCGTTGCACCGGGTCAGACCGCACGTATTAGCTGTAGCGGTGATAGTCTGCGTAATAAAGTT

TATTGGTATCAGCAGAAACCGGGTCAGGCTCCGGTTCTGGTTATTTATAAAAATAATCGTCCGAGCGGTATTC

CGGAACGTTTTAGCGGTAGCAATAGCGGTAATACCGCAACCCTGACCATTAGCGGCACCCAGGCAGAAGATG

AAGCCGATTATTATTGTCAGAGCTATGATGGTCAGAAMGCCTGGTTTTTGGTGGTGGCACCAAGCTTACCGT

TCTG

SEQ I NO:189 Heavy QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKOTS

OR06475 KNQVVLTMTNMDPVDTATYYCARMHLPLVFOSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD

hlgGl LA LA YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVOKRVEPKSCDKTHT

OR08168 CPPCPAPEAAGGPSVFLFPPKPKOTLMISRTPEVTCWVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY

scFv (VH 4 ) RWSVLTVLHQOWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDI

AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGSG

GSQVQLVESGGG LVQPGGSLRLSCAASGFTFSOYVI NWVRQAPG KGLEWVSGISWSG VNTH YADSVKG RFTISR

DNSKNTLYLQMNSLRAEDTAVWCARLGATANNIRYKFMDVWGQGTLVWSSGGGGSGGGGSGGGGSGGGGS

DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGOAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA

EOEADYYCQSYDGQKSLVFGGGTKLTVL

SEQ 10 N0:190 ONA Heavy CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT

MOR06475 CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT



hlgGl LA LA GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA

OR08 168 AAGATACRRCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG

scFv (VH-4-VL) CGCGCGTATGCATCTTCCTCTTGTTTTTGATTCTTGGGGC(_AAGGCACCCTGGTGACGGTTAGCTCAGCTAGCA

CCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGGCGGCACAGCCGCCCTGGGCT

GCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCT6 GAACAGCGGAGCCCTGACCTCCGGCGTGC

ACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTGGTGACAGTGCCCAGCAGCA

GCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTG

GAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGAGGCAGCG6 GCG6 ACCCTCC

GTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGTGACCTGCGTGGTG

GTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGC

CAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCGTGCTGACCGTGCTGCACCA

GGACTGGCTGAACGGCAAGGAATA(¾AGTGCAAGGTCTCCAACAAGGCCCTGCCAGCCCCCATCGAAAAGAC

CATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCCCCTCCCGGGAGGAGATGA

CCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGA

GCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGCAGCRRCRRCCTGT

ACAG(_AAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGCTGCAGCGTGATGCACGAA

GCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGCGGCTCCGGCGGAAGCCA

GGTTCAATTGGTTGAAAGCGGTGGTGGTCTGGTTCAGCCTGGTGGTAGCCTGCGTCTGAGCTGTGCAGCAAG

CGGTTTTACCTTTAGCGATTATGTGATTAATTGGGTTCGTCAGGCACCGGGTAAAGGTCTGGAATGGGTTAGC

GGTATTAGCT TCAGGTGTTAATACCCATTATGCAGATAGCGTGAAAGGTCGTTTTACCATTAGCCGTGATA

ATAGCAAAAATACCCTGTATCTGCAGATGAATAGCCTGCGTGCAGAAGATACCGCAGTTTATTATTGTGCACG

TCTGGGTGCAACCGCAAATAATATTCGCTATAAATTTATGGATGTGTGGGGTCAGGGTACACTAGTTACCGTT

AGCAGTGGTGGTGGTGGTAGCGGTGGTGGCGGATCTGGTGGCGGTGGTTCAGGTGGTGGTGGCAGTGATA

TCGAACTGACCCAGCCTCCGAGCGTTAGCGTTGCACCGGGTCAGACCGCACGTATTAGCTGTAGCGGTGATA

GTCTGCGTAATAAAGTTTATTGGTATCAGCAGAAACCGGGTCAGGCTCCGGTTCTGGTTATTTATAAAAATAA

TCGTCCGAGCGGTATTCCGGAACGTTTTAGCGGTAGCAATAGCGGTAATACCGCAACCCTGACCATTAGCGGC

ACCCAGGCAGAAGATGAAGCCGATTATTATTGTCAGAGCTATGATGGTCAGAAMGCCTGGTTTTTGGTGGT

GGCACCAAGCTTACCGTTCTG

SEQ1D NO:191 VL DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWVQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA

MDR08168wt EDEADYYCQSVDGQKSLVFGGGTKLTVL

SEQ ID NO:192 DN L GACATCGAGCTGACTCAGCCCCCTAGCGTGTCAGTGGCTCCTGGCCAGACCGCTAGAATTAGCTGTAGCGGC

MOR08168 wt GATAGCCTGCGTAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG

AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA

GCGGCACTCAGGCCGAGGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG

GCGGCGGAACTAAGCTGACCGTGCTG

SEQ D NO:193 Light lambda DIELTQPPSVSVAPGQTARISCSGDSLRNKVYVvYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTClA

MDR0S168 wt EDEADYYCC^YDGQKSLVFGGGTKLTVLGQPKAAPSWLFPPSSEELQANKATLVCLISDFYPGAvTVAWKADSSP

VKAGVETTTPSKQSNNIOfAASSYLSLTPEQWKSHRSYSCQWHEGSTVEKTVAPTECS

SEQID O:19 D A Light GACATCGAGCTGACTCAGCCCCCTAGCGTGTCAGTGGCTCCTGGCCAGACCGCTAGAATTAGCTGTAGCGGC

lambda GATA6CCT6CGTAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG

MOR08168 wt AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACC6CTACCCTGACTATTA

GCGGCACTCAGGCCGAGGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCA6AAGTCACTGGTCTTTG

GCGGCGGAACTAAGCTGACCGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGTTCCCCCCCAGCA

GCGAGGAGCTGCAGGCCAACAAGGCCACCCTGGTGTGCCTGATCAGCGACTTCTACCCAGGCGCCGTGACCG

TGGCCTGGAAGGCCGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAA6CAGAGCAAC

AACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACA6GTCCTACA6CTGC

CAGGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC

SEQ ID NO: 195 Heavy QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN

M0R08168lgG SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL

lLALA_647Ssc GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVOKRVEPKS

Fv wt CDiaKTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREE

QYNSTYRWSVLTVLHQOWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK

GFYPSD1AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP

GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSG

TDFTLTISSLEPEDFATYYCQQYYDYPQTF6QGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKES6PALVKPTQ

TLTLTCTF5GFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQWLTMTNMDPV



DTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ D NO:196 DNA Heavy CAGGTGCAGCTGGTGGAATCAGGCGGAGGACTGGTCCAGCCTGGCGGATCACTTAGACTGAGCTGTGCCGC

MOR08168lgG TAGTGGCTTCACCTTTAGCGACTATGTGATTAACTGGGTCCGACAGGCCCCTGGCAAGGGACTGGAATGGGT

lLALA_6475sc GTCAGGCATTAGTTGGAGCGGCGTGAACACTCACTACGCCGATAGCGTGAAGGGCCGGTTCACTATTAGCCG

Fv t GGATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGCCTGAGAGCCGAGGACACCGCCGTCTACTACTG

CGCTAGACTGGGCGCTACCGCTAACAACATCCGCTATAAGTTCATGGACGTGTGGGGCCAGGGCACCCTGGT

CACAGTGTCTTCAGCTAGCACTMGGGCCCCTCAGTGTTCCCCCTGGCCCCTAGCTCTAAGTCTACTAGCGGTG

GCACCGCCGCTCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAGCCCGTGACCGTGTCTTGGAATAGCGGCG

CTCTGACTAGCGGAGTGCACACCTTCCCCGCCGTGCTGCAGTCTAGCGGCCTGTATAGCCTGTCTAGCGTCGT

GACCGTGCCTAGCTCTAGCCTGGGCACTCAGACCTATATCTGTAACGTGAACCACAAGCCTAGTAACACTAAG

GTGGACAAGCGGGTGGAACCTAAGTCTTGCGATAAGACTCACACCTGTCCCCCCTGCCCTGCCCCAGAAGCTG

CTGGCGGACCTAGCGTGTTCCTGTTCCCACCTAAGCCTAAAGACACRCTGATGATTAGTAGGACCCCCGAAGT

GACCTGCGTGGTGGTGGACGTCAGCCACGAGGACCCTGAAGTGAAGTTCAATTGGTATGTGGACGGCGTGG

AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTGTCAGTGCTGA

CX!GTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTATAAGTGTAAAGTCTCTAACAAGGCCCTGCCTGCCC

CTATCGAAAAGACTATCTCTAAGGCTAAGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTGCCCCCTAGTAG

AGAAGAGATGACTAAGAATCAGGTGTCCCTGACCTGTCTGGTCAAGGGCTTCTACCCTAGCGATATCGCCGTG

GAGTGGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCTGTGCTGGATAGCGACGGCTCT

TTCTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTGGCAGCAGGGCAACGTGTTCAGCTGTAGCGTGA

TGCACGAGGCX-CTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGGCTCAGGCG

GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGCCCTGGCGAGCGGGCTACACTGAGCT

GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGCCCCTAGACT

GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGTTTAGCGGCTCAGGATCAGGCACCGA

CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTGTCAGCAGTACTACGACTACC

CTCAGACCTTCGGCCAGGGAACTAAGGTCGAGATTAAGGGCGGTGGCGGTAGCGGCGGAGGCGGATCAGG

TGGTGGTGGTAGTGGCGGCGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA

CTCAGACCCTGACCCTGACCTGCACTTTTAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA

TTAGACAGCCTCCAGGCAAAGCCCTGGAGTGGCTGGCCTGGATCGACTGGGACGACGATAAGTCCTACTCCA

CTAGCCTGAAAACTAGGCTGACAATCAGCAAGGACACTAGTAAAAACCAGGTGGTGCTGACTATGACTAATA

TGGACCCCGTGGACACCGCTACCTATTATTGCGCTAGAATGCACCTCCCACTGGTGTTCGATAGCTGGGGTCA

GGGAACTCTGGTCACAGTCAGTAGC

SEQ O :1 7 V L MOR08168 SYELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA

Dl EDEADYYCQSYDGQKSLVFGGGTKLTVL

SEQ ID NO:198 DNA V L TCTTACGAGCTGACCCAGCCCCCTTCCGTGTCTGTGGCTCCTGGCCAGACCGCCAGAATCTCTTGCTCCGGCGA

MOR0S16S Dl CTCCCTGCGGAACAAGGTGTACTGGTATCAGCAGAAGCrCGGCCAGGCCCCTGTGCTGGTCATCTACAAGAA

CMCCGGCCCTCCGGCATCCCCGAGAGATTCTCTGGCTCCMCTCCGGCAACACCGCCACCCTGACAATCTCT

GGCACACAGGCCGAGGACGAGGCCGACTACTACTGCCAGTCCTACGACGGCCAGAAATCACTGGTGTTCGGC

GGAGGCACCAAGCTGACAGTGCTG

SEQ NO:199 Light lambda SYELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA

OR0 16S Dl EDEADYYCQSYMQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSP

VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQ O:20 DNA Light TCTTACGAGCTGACCCAGCCCCCTTCCGTGTCTGTGGCTCCTGGCCAGACCGCCAGAATCTCTTGCTCCGGCGA

lambda CTCCCTGCGGAACAAGGTGTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTACAAGAA

MOR08168 Dl CAACCGGCCCTCCGGCATCCCCGAGAGATTCTCTGGCTCCAACTCCGGCAACACCGCCACCCTGACAATCTCT

GGCACACAGGCCGAGGACGAGGCCGACTACTACTGCCAGTCCTACGACGGCCAGAAATCACTGGTGTTCGGC

GGAGGCACCAAGCTGACAGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGTTCCCCCCCAGCAGC

GAGGAGCTGCAGGCCAACAAGGCCACCCTGGTGTGCCTGATCAGCGACTTCTACCCAGGCGCCGTGACCGTG

GCCTGGAAGGCCGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAACAA

CAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGCCA

GGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC

SEQ I NO:201 Heavy QVQLVESGGGLVQPGGSLRLSCAASG FTFSDYVINWVRQAPG GLE VSG ISWSGVNTH YADSVKGRFTISRDN

MOR08168!gG SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL

1LALA_6475SC GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQTY!CNVNHKPSNTKVDKRVEPKS

Fv Dl CDKTHTCPPCPAPEMGGPSVFLFPPKPKDTLMISRTPEVTCWVDVSHEDPEVKFNWYVDGVEVHNAHCTKPREE

QYNSTYRWSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK

GFYPSD1AVEWESNGQPENNYKTTPPVLDSDGSFFLY5KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP



GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYUWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSG

TDfTLTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQ

TLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQWLTMTNMDPV

DTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ ID ND:202 DNA Heavy CAGGTGCAGCTGGTGGAATCAGGCGGAGGACTGGTCCAGCCTGGCGGATCACTTAGACTGAGCTGTGCCGC

MOR08168lgG TAGTGGCTTCACCTTTAGCGACTATGTGATTAACTGGGTCCGACAGGCCCCTGGCAAGGGACTGGAATGGGT

lLALA_6475sc GTCAGGCATTAGTTGGAGCGGCGTGAACACTCACTACGCCGATAGCGTGAAGGGCCGGTTCACTATTAGCCG

F I GGATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGCCTGAGAGCCGAGGACACCGCCGTCTACTACTG

CGCTAGACTGGGCGCTACCGCTAACAACATCCGCTATAAGTTCATGGACGTGTGGGGCCAGGGCACCCTGGT

CACAGTGTCTTCAGCTAGCACTAAGGGCCCCTCAGTGTTCCCCCTGGCCCCTAGCTCTAAGTCTACTAGCGGTG

GCACCGCCGCTCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAGCCCGTGACCGTGTCTTGGAATAGCGGCG

CTCTGACTAGCGGAGTGCACACCRRCCCCGCCGTGCTGCAGTCTAGCGGCCTGTATAGCCTGTCTAGCGTCGT

GACCGTGCCTAGCTCTAGCCTGGGCACTCAGACCTATATCTGTAACGTGAACCACAAGCCTAGTAACACTAAG

GTGGACAAGCGGGTGGAACCTAAGTCTTGCGATAAGACTCACACCTGTCCCCCCTGCCCTGCCCCAGAAGCTG

AGGCGGACCTAGCGTGTTCCTGTTCCCACCTAAGCCTAAAGACACCCTGATGATTAGTAGGACCCCCGAAGT

GACCTGCGTGGTGGTGGACGTCAGCCACGAGGACCCTGAAGTGAAGTTCAATTGGTATGTGGACGGCGTGG

AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTGTCAGTGCTGA

CCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTATAAGTGTAAAGTCTCTAACAAGGCCCTGCCTGCCC

CTATCGAAAAGACTATCTCTAAGGCTAAGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTGCCCCCTAGTAG

AGAAGAGATGACTAAGAATCAGGTGTCCCTGACCTGTCTGGTCAAGGGCTTCTACCCTAGCGATATCGCCGTG

GAGTGGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCTGTGCTGGATAGCGACGGCTCT

TTCTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTGGCAGCAGGGCAACGTGTTCAGCTGTAGCGTGA

TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGGCTCAGGCG

GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGCCCTGGCGAGCGGGCTACACTGAGCT

GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGCCCCTAGACT

GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGTTTAGCGGCTCAGGATCAGGCACCGA

CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTGTCAGCAGTACTACGACTACC

CTCAGACCTTCGGCCAGGGAACTAAGGTCGAGATTAAGGGCGGTGGCGGTAGCGGCGGAGGCGGATCAGG

TGGTGGTGGTAGTGGCGGCGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA

CTCAGACCCTGACCCTGACCRGCACTTTTAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA

TTAGACAGCCTCCAGGCAAAGCCCTGGAGTGGCTGGCCTGGATCGACTGGGACGACGATAAGTCCTACTCCA

CTAGCCTGAAAACTAGGCTGACAATCAGCAAGGACACTAGTAAAAACCAGGTGGTGCTGACTATGACTAATA

TGGACCCCGTGGACACCGCTACCTATTATTCCGCTAGAATGCACCTCCCACTGGTGTTCGATAGCTGGGGTCA

GGGAACTCTGGTCACAGTCAGTAGC

SEQ ID NO:203 VL OR 168 SYELTQPLSVSVALGQTARITCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISRAQA

GL GDEADYYCQSYDGQKSLVFGGGTKLTVL

SEQ 10 NO.-204 DNA VL AGCTACGAGCTGACTCAGCCCCTGAGCGTGTCAGTGGCTCTGGGCCAGACCGCTAGAATCACCTGTAGCGGC

MOR08168 GL GATAGCCTGAGAAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG

AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA

GTAGGGCTCAGGCCGGCGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG

GCGGCGGAACTAAGCTGACCGTGCTG

SEQ ID NO: 205 Light lambda SYELTQPLSVSVALGQTARITCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISRAQA

MDR08168 GL GDEADYYCQSYDGQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSP

VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEtCTVAPTECS

SEQ ID NO:206 DNA Light AGCTACGAGCTGACTCAGCCCCTGAGCGTGTCAGTGGCTCTGGGCCAGACCGCTAGAATCACCTGTAGCGGC

lambda GATAGCCTGAGAAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG

MOR08168 GL AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA

GTAGGGCTCAGGCCGGCGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG

GCGGCGGAACTAAGCTGACCGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGTTCCCCCCCAGCA

GCGAGGAGCTGCAGGCCAACAAGGCCACCCTGGTGTGCCTGATCAGCGACTTCTACCCAGGCGCCGTGACCG

TGGCCTGGAAGGCCGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAAC

AACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGC

CAGGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC

SEQ ID NO:207 Heavy EVQLLESGGGLVQPGGSLRLSCAASGFTF5DYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTI5RDN5

MOR08168lgG KNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAP5SKSTSGGTAALG

1LALA_6475SC CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLS5WTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSC



F GL D HTCPPCPAPEAAGGPSVFLFPP PK TL ISRTPE T C VDVSHEDPEV FN DGVEVH A PREE

YNS YR SV TV HC W LNG EY C VSNKA LPAPIE IS A GQP EP VYTLPPSREE T NCVSLTCLVKGF

YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

GGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYaQKPGQAPRLLIYGASNRATGVPARFSGSGSGTD

FTLTISSLEPEDFATYYCaQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQTL

TLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNaWLTMTNMDPVDT

ATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ ID ND:208 DNA Heavy GAGGTGCAGCTGCTGGAATCAGGCGGAGGACTGGTGCAGCCTGGCGGATCACTGAGACTGAGCTGTGCCGC

MDR08168lgG TAGTGGCTTCACCTTTAGCGACTATGTGATTAACTGGGTCCGACAGGCCCCTGGCAAGGGACTGGAATGGGT

1LALA_6475SC GTCAGGCATTAGTTGGAGCGGCGTGAACACTCACTACGCCGATAGCGTGAAGGGCCGGTTCACTATTAGCCG

F GL GGATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGCCTGAGAGCCGAGGACACCGCCGTCTACTACTG

CGCTAGACTGGGCGCTACCGCTAACAACATCCGCTATAAGTTCATGGACGTGTGGGGCCAGGGCACCCTGGT

CACAGTGTCTTCAGCTAGCACTMGGGCCCCTCAGTGTTCCCCCTGGCCCCTAGCTCTAAGTCTACTAGCGGTG

GCACCGO;GCTCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAGCCCGTGACCGTGTCTTGGAATAGCGGCG

CTCTGACTAGCGGAGTGCACACCTTCCCCGCCGTGCTGCAGTCTAGCGGCCTGTATAGCCTGTCTAGCGTCGT

GACCGTGCCTAGCTCTAGCCTGGGCACTCAGACCTATATCTGTAACGTGAACCACAAGCCTAGTAACACTAAG

GTGGACAAGCGGGTGGAACCTAAGTCTTGCGATMGACTCACACCTGTCCCCCCTGCCCTGCCCCAGAAGCTG

CTGGCGGACCTAGCGTGTTCCTGTTCCCACCTAAGCCTAAAGACACCCTGATGATTAGTAGGACCCCCGAAGT

GACCTGCGTGGTGGTGGACGTCAGCCACGAGGACCCTGAAGTGAAGTTCAATTGGTATGTGGACGGCGTGG

AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTGTCAGTGCTGA

CCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTATAAGTGTAAAGTCTCTAACAAGGCCCTGCCTGCCC

CTATCGAAAAGACTATCTCTAAGGCTMGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTGCCCCCTAGTAG

AGAAGAGATGACTMGMT(¾GGTGTCCCTGACCTGTCTGGTCAAGGGCTTCTACCCTAGCGATATCGCCGTG

GAGTGGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCTGTGCTGGATAGCGACGGCTCT

TTCTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTGGCAGCAGGGCAACGTGTTCAGCTGTAGCGTGA

TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGGCTCAGGCG

GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGCCCTGGCGAGCGGGCTACACTGAGCT

GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGCCCCTAGACT

GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGTTTAGCGGCTCAGGATCAGGCACCGA

CTTTACCCTGACTATTAGTAGCCTGGMCCCGAGGACTRCGCTACCTACTACTGTCAGCAGTACTACGACTACC

CTCAGACCTTCGGCCAGGGAACTAAGGTCGAGATTAAGGGCGGTGGCGGTAGCGGCGGAGGCGGATCAGG

TGGTGGTGGTAGTGGCGGCGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA

CTCAGACCCTGACCCTGACCTGCACTTTTAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA

™GACAGCCTCCAGGCAMGCCCTGGAGTGGCTGGCCTGGATCGACTGGGACGACGATAAGTCCTACTCCA

CTAGCCTGAAAACTAGGCTGACAATCAGCAAGGACACTAGTAAAAACCAGGTGGTGCTGACTATGACTAATA

TGGACCCCGTGGACACCGCTACCTATTATTGCGCTAGAATGCACCTCCCACTGGTGTTCGATAGCTGGGGTCA

GGGAACTCTGGTCACAGTCAGTAGC

Other antibodies of the invention include those where the amino acids or nucleic acids

encoding the amino acids have been mutated, yet have at least 60%, 70%, 80%, 90%,

95% or 98% identity to the sequences described in Table 1. In some embodiments, it

include mutant amino acid sequences wherein no more than 1, 2, 3, 4 or 5 amino acids

have been mutated in the variable regions when compared with the variable regions

depicted in the sequence described in Table 1, while retaining substantially the same

therapeutic activity.

Since each of these antibodies can bind to LRP6, the VH, VL, full length light chain, and

full length heavy chain sequences (amino acid sequences and the nucleotide sequences

encoding the amino acid sequences) can be "mixed and matched" to create other LRP6

antibodies of the invention. Such "mixed and matched" LRP6 antibodies can be tested



using the binding assays known in the art (e.g., ELISAs, and other assays described in the

Example section). When these chains are mixed and matched, a VH sequence from a

particular VH/VL pairing should be replaced with a structurally similar VH sequence.

Likewise a full length heavy chain sequence from a particular full length heavy chain /

full length light chain pairing should be replaced with a structurally similar full length

heavy chain sequence. Likewise, a VL sequence from a particular VH/VL pairing should

be replaced with a structurally similar VL sequence. Likewise a full length light chain

sequence from a particular full length heavy chain / full length light chain pairing should

be replaced with a structurally similar full length light chain sequence. Accordingly, in

one aspect, the invention provides an isolated monoclonal antibody or fragment thereof

having: a heavy chain variable region comprising an amino acid sequence selected from

the group consisting of SEQ ID NOs: 14, 34, 36, 44, 60, and 62; and a light chain variable

region comprising an amino acid sequence selected from the group consisting of SEQ ID

NOs: 13, 33, 35, 43, 59 and 61; a heavy chain selected from the group consisting of SEQ

ID NOs: 82, 106, 108, 128, 130 and 138; and a light chain variable region comprising an

amino acid sequence selected from the group consisting of SEQ ID NOs: 81, and 90, 105,

107, 127, 129, and 137; wherein the antibody specifically binds to LRP6 (e.g., human

and/or cynomologus LRP6).

In another aspect, the present invention provides LRP6 antibodies that bind to the β

propeller 1 domain of LRP6 that comprise the heavy chain and light chain CDRls,

CDR2s and CDR3s as described in Table 1, or combinations thereof. The amino acid

sequences of the VH CDRls of the antibodies are shown in SEQ ID NOs: 1, 21, and 47.

The amino acid sequences of the VH CDR2s of the antibodies and are shown in SEQ ID

NOs: 2, 22, and 48. The amino acid sequences of the VH CDR3s of the antibodies are

shown in SEQ ID NOs: 3, 23, and 49. The amino acid sequences of the VL CDRls of the

antibodies are shown in SEQ ID NOs: 4, 24, and 50. The amino acid sequences of the VL

CDR2s of the antibodies are shown in SEQ ID NOs: 5, 25, and 51. The amino acid

sequences of the VL CDR3s of the antibodies are shown in SEQ ID NOs: 6, 26, and 52.

The CDR regions are delineated using the Kabat system (Kabat et al, (1991) Sequences

of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and

Human Services, NIH Publication No. 91-3242; Chothia et al, (1987) J. Mol. Biol. 196:

901-917; Chothia et al, (1989) Nature 342: 877-883; and Al-Lazikani et al, (1997) J.

Mol. Biol. 273, 927-948).



In another aspect, the present invention provides LRP6 antibodies that bind to the β

propeller 3 domain of LRP6 that comprise the heavy chain and light chain CDRls,

CDR2s and CDR3s as described in Table 1, or combinations thereof. The amino acid

sequences of the VH CDRls of the antibodies are shown in SEQ ID NOs: 69, 93, and

115. The amino acid sequences of the VH CDR2s of the antibodies and are shown in SEQ

ID NOs: 70, 94, and 16. The amino acid sequences of the VH CDR3s of the antibodies

are shown in SEQ ID NOs: 71, 95, and 117. The amino acid sequences of the VL CDRls

of the antibodies are shown in SEQ ID NOs: 72, 96, and 118. The amino acid sequences

of the VL CDR2s of the antibodies are shown in SEQ ID NOs: 73, 97, and 119. The

amino acid sequences of the VL CDR3s of the antibodies are shown in SEQ ID NOs: 74,

98, and 120. The CDR regions are delineated using the Kabat system (Kabat et al,

(1 9 1) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department

of Health and Human Services, NIH Publication No. 91-3242; Chothia et al, (1987) J.

Mol. Biol. 196: 901-917; Chothia et al, (1989) Nature 342: 877-883; and Al-Lazikani et

al, (1997) J. Mol. Biol. 273, 927-948).

Given that each of these antibodies can bind to LRP6 and that antigen-binding specificity

is provided primarily by the CDRl, 2 and 3 regions, the VH CDRl, 2 and 3 sequences

and VL CDRl, 2 and 3 sequences can be "mixed and matched" (i.e., CDRs from different

antibodies can be mixed and match, although each antibody must contain a VH CDRl, 2

and 3 and a VL CDRl, 2 and 3 to create other LRP6 binding molecules of the invention.

Such "mixed and matched" LRP6 antibodies can be tested using the binding assays

known in the art and those described in the Examples (e.g., ELISAs). When VH CDR

sequences are mixed and matched, the CDRl , CDR2 and/or CDR3 sequence from a

particular VH sequence should be replaced with a structurally similar CDR sequence(s).

Likewise, when VL CDR sequences are mixed and matched, the CDRl , CDR2 and/or

CDR3 sequence from a particular VL sequence should be replaced with a structurally

similar CDR sequence(s). It will be readily apparent to the ordinarily skilled artisan that

novel VH and VL sequences can be created by substituting one or more VH and/or VL

CDR region sequences with structurally similar sequences from the CDR sequences

shown herein for monoclonal antibodies of the present invention.

Accordingly, the present invention provides an isolated LRP6 β-propeller 1 monoclonal

antibody or fragment thereof comprising a heavy chain variable region CDRl comprising

an amino acid sequence selected from the group consisting of SEQ ID NOs: 1, 21, and



47; a heavy chain variable region CDR2 comprising an amino acid sequence selected

from the group consisting of SEQ ID NOs: 2, 22, and 48; a heavy chain variable region

CDR3 comprising an amino acid sequence selected from the group consisting of SEQ ID

NOs: 3, 23, and 49; a light chain variable region CDRl comprising an amino acid

sequence selected from the group consisting of SEQ ID NOs: 4, 24, and 50; a light chain

variable region CDR2 comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 5, 25, and 51; and a light chain variable region CDR3

comprising an amino acid sequence selected from the group consisting of SEQ ID NOs:

6, 26, and 52; wherein the antibody binds LRP6.

Accordingly, the present invention provides an isolated LRP6 β-propeller 3 monoclonal

antibody or fragment thereof comprising a heavy chain variable region CDRl comprising

an amino acid sequence selected from the group consisting of SEQ ID NOs: 69, 93, and

115; a heavy chain variable region CDR2 comprising an amino acid sequence selected

from the group consisting of SEQ ID NOs: 70, 94, and 16,; a heavy chain variable

region CDR3 comprising an amino acid sequence selected from the group consisting of

SEQ ID NOs: 7 , 95, and 117; a light chain variable region CDRl comprising an amino

acid sequence selected from the group consisting of SEQ ID NOs: 72, 96, and 118; a light

chain variable region CDR2 comprising an amino acid sequence selected from the group

consisting of SEQ ID NOs: 73, 97, and 119; and a light chain variable region CDR3

comprising an amino acid sequence selected from the group consisting of SEQ ID NOs:

74, 98, and 120; wherein the antibody binds LRP6.

In a specific embodiment, an antibody that binds to LRP6 comprises a heavy chain

variable region CDRl of SEQ ID NO: 1; a heavy chain variable region CDR2 of SEQ ID

NO: 2; a heavy chain variable region CDR3 of SEQ ID NO: 3; a light chain variable

region CDRl of SEQ ID NO: 4; a light chain variable region CDR2 of SEQ ID NO: 5;

and a light chain variable region CDR3 of SEQ ID NO: 6.

In a specific embodiment, an antibody that binds to LRP6 comprises a heavy chain

variable region CDRl of SEQ ID NO: 21; a heavy chain variable region CDR2 of SEQ

ID NO: 22; a heavy chain variable region CDR3 of SEQ ID NO: 23; a light chain variable

region CDRl of SEQ ID NO: 24; a light chain variable region CDR2 of SEQ ID NO: 25;

and a light chain variable region CDR3 of SEQ ID NO: 26.



In a specific embodiment, an antibody that binds to LRP6 comprises a heavy chain

variable region CDR1 of SEQ ID NO: 47; a heavy chain variable region CDR2 of SEQ

ID NO: 48; a heavy chain variable region CDR3 of SEQ ID NO: 49; a light chain variable

region CDR1 of SEQ ID NO: 50; a light chain variable region CDR2 of SEQ ID NO: 5 1;

and a light chain variable region CDR3 of SEQ ID NO: 52.

In a specific embodiment, an antibody that binds to LRP6 comprises a heavy chain

variable region CDR1 of SEQ ID NO: 69; a heavy chain variable region CDR2 of SEQ

ID NO: 70; a heavy chain variable region CDR3 of SEQ ID NO: 71; a light chain variable

region CDR1 of SEQ ID NO: 72; a light chain variable region CDR2 of SEQ ID NO: 73;

and a light chain variable region CDR3 of SEQ ID NO: 74.

In a specific embodiment, an antibody that binds to LRP6 comprises a heavy chain

variable region CDR1 of SEQ ID NO: 93; a heavy chain variable region CDR2 of SEQ

ID NO: 94; a heavy chain variable region CDR3 of SEQ ID NO: 95; a light chain variable

region CDR1 of SEQ ID NO: 96; a light chain variable region CDR2 of SEQ ID NO: 97;

and a light chain variable region CDR3 of SEQ ID NO: 98.

In a specific embodiment, an antibody that binds to LRP6 comprises a heavy chain

variable region CDR1 of SEQ ID NO: 115; a heavy chain variable region CDR2 of SEQ

ID NO: 116; a heavy chain variable region CDR3 of SEQ ID NO: 117; a light chain

variable region CDR1 of SEQ ID NO: 118; a light chain variable region CDR2 of SEQ

ID NO: 119; and a light chain variable region CDR3 of SEQ ID NO: 120.

In a specific embodiment, an antibody that binds to LRP6 comprises a VH of SEQ ID

NO: 14 and VL of SEQ ID NO: 13. In a specific embodiment, an antibody that binds to

LRP6 comprises a VH of SEQ ID NO: 34 and VL of SEQ ID NO: 33. In a specific

embodiment, an antibody that binds to LRP6 comprises a VH of SEQ ID NO: 35 and VL

of SEQ ID NO: 36. In a specific embodiment, an antibody that binds to LRP6 comprises

a VH of SEQ ID NO; 43 and VL of SEQ ID NO: 44. In a specific embodiment, an

antibody that binds to LRP6 comprises aVH of SEQ ID NO: 60 and VL of SEQ ID NO:

5 . In a specific embodiment, an antibody that binds to LRP6 comprises a VH of SEQ ID

NO; 62 and VL of SEQ ID NO: 6 1. In a specific embodiment, an antibody that binds to

LRP6 comprises a SEQ ID NO: 82 and VL of SEQ ID NO: 81. In a specific embodiment,

an antibody that binds to LRP6 comprises a VH of SEQ ID NO; 90 and VL of SEQ ID

NO: 89. In a specific embodiment, an antibody that binds to LRP6 comprises a VH of



SEQ ID NO: 106 and VL of SEQ ID NO: 105. In a specific embodiment, an antibody

that binds to LRP6 comprises a VH of SEQ ID NO: 108 and VL of SEQ ID NO: 107. In

a specific embodiment, an antibody that binds to LRP6 comprises aVH of SEQ ID NO:

128 and VL of SEQ ID NO: 127. In a specific embodiment, an antibody that binds to

LRP6 comprises a VH of SEQ ID NO: 1 0 and VL of SEQ ID NO: 129. In a specific

embodiment, an antibody that binds to LRP6 comprises a VH of SEQ ID NO: 138 and

VL of SEQ ID NO: 137.

In one embodiment, the LRP6 antibodies are antagonist antibodies. In one embodiment,

the LRP6 antibodies are agonist antibodies. In certain embodiments, an antibody that

binds to LRP6 s an antibody that is described in Table 1.

As used herein, a human antibody comprises heavy or light chain variable regions or full

length heavy or light chains that are "the product of or "derived from" a particular

germline sequence if the variable regions or full length chains of the antibody are

obtained from a system that uses human germline immunoglobulin genes. Such systems

include immunizing a transgenic mouse carrying human immunoglobulin genes with the

antigen of interest or screening a human immunoglobulin gene library displayed on phage

with the antigen of interest. A human antibody that is "the product of or "derived from" a

human germline immunoglobulin sequence can be identified as such by comparing the

amino acid sequence of the human antibody to the amino acid sequences of human

germline immunoglobulins and selecting the human germline immunoglobulin sequence

that is closest in sequence (i.e., greatest % identity) to the sequence of the human

antibody. A human antibody that is "the product of or "derived from" a particular human

germline immunoglobulin sequence may contain amino acid differences as compared to

the germline sequence, due to, for example, naturally occurring somatic mutations or

intentional introduction of site-directed mutations. However, in the VH or VL framework

regions, a selected human antibody typically is at least 90% identical in amino acids

sequence to an amino acid sequence encoded by a human germline immunoglobulin gene

and contains amino acid residues that identify the human antibody as being human when

compared to the germline immunoglobulin amino acid sequences of other species (e.g.,

murine germline sequences). In certain cases, a human antibody may be at least 60%,

70%, 80%, 90%, or at least 95%, or even at least 96%, 97%, 98%, or 99% identical in

amino acid sequence to the amino acid sequence encoded by the germline

immunoglobulin gene. Typically, a recombinant human antibody will display no more



than 0 amino acid differences from the amino acid sequence encoded by the human

germline immunoglobulin gene in the VH or VL framework regions. In certain cases, the

human antibody may display no more than 5, or even no more than 4, 3, 2, or 1 amino

acid difference from the amino acid sequence encoded by the germline immunoglobulin

gene.

The antibodies disclosed herein can be derivatives of single chain antibodies, diabodies,

domain antibodies, nanobodies, and unibodies. A "single-chain antibody" (scFv) consists

of a single polypeptide chain comprising a VL domain linked to a V-domain wherein VL

domain and VH domain are paired to form a monovalent molecule. Single chain antibody

can be prepared according to method known in the art (see, for example, Bird et al.,

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

85:5879-5883). A "disbud" consists of two chains, each chain comprising a heavy chain

variable region connected to a light chain variable region on the same polypeptide chain

connected by a short peptide linker, wherein the two regions on the same chain do not

pair with each other but with complementary domains on the other chain to form a

bispecific molecule. Methods of preparing diabodies are known in the art (See, e.g.,

Holliger et al, (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448, and Poljak et al, (1994)

Structure 2 : 1121-1 123). Domain antibodies (dAbs) are small functional binding units of

antibodies, corresponding to the variable regions of either the heavy or light chains of

antibodies. Domain antibodies are well expressed in bacterial, yeast, and mammalian cell

systems. Further details of domain antibodies and methods of production thereof are

known in the art (see, for example, U.S. Pat Nos. 6,291,158; 6,582,915; 6,593,081;

6,172,197; 6,696,245; European Patents 0368684 & 0616640; WO05/035572,

WO04/101790, WO04/081026, WO04/058821, WO04/003019 and WO03/002609.

Nanobodies are derived from the heavy chains of an antibody. A nanobody typically

comprises a single variable domain and two constant domains (CH2 and CH3) and retains

antigen-binding capacity of the original antibody. Nanobodies can be prepared by

methods known in the art (See e.g., U.S. Pat. No. 6,765,087, U.S. Pat. No. 6,838,254, WO

06/079372). Unibodies consist of one light chain and one heavy chain of a IgG4 antibody.

Unibodies may be made by the removal of the hinge region of IgG4 antibodies. Further

details of unibodies and methods of preparing them may be found in WO2007/059782.

In addition to Wnt ligands LRP6 Propeller 1 antibodies are expected to inhibit the

interaction with other Propeller 1 binding ligands (e.g. Sclerostin, Dkkl). Similarly,



Propeller 3 antibodies are expected to inhibit the interaction with other propeller 3

binding ligands (e.g. Dkkl). Furthermore, propeller 1 and 3 binding antibodies may be

expected to affect the activity of other Wnt signaling modulators e.g. R-spondins

Homologous antibodies

In yet another embodiment, the present invention provides an antibody or fragment

thereof comprising amino acid sequences that are homologous to the sequences described

in Table 1, and the antibody binds to a LRP6 protein (e.g., human and/or cynomologus

LRP6), and retains the desired functional properties of those antibodies described in Table

1.

For example, the invention provides an isolated monoclonal antibody (or a functional

fragment thereof) comprising a heavy chain variable region and a light chain variable

region, wherein the heavy chain variable region comprises an amino acid sequence that is

at least 80%, at least 90%, or at least 95% identical to an amino acid sequence selected

from the group consisting of SEQ ID NOs: 14, 34, 36, 44, 60, and 62; the light chain

variable region comprises an amino acid sequence that is at least 80%, at least 90%, at

least 95% , or at least 98% identical to an amino acid sequence selected from the group

consisting of SEQ ID NOs: 13, 33, 37, 43, 59, and 6 ; the antibody binds to -propeller 1

of LRP6 (e.g., human and/or cynomologus LRP6), and inhibits the signaling activity of

p-propeller 1 dependent Wnt proteins, which can be measured in Wnt reporter gene assay

or other measure of Wnt directed signaling (e.g., LRP6 phosphorylation, β-catenin

stabilization and nuclear translocation, cellular proliferation/ survival) as described

herein. In a specific example, such antibodies have an EC ovalue in a Wntl assay of less

than 10 n when using conditioned medium or using transfected cells.

For example, the invention provides an isolated monoclonal antibody (or a functional

fragment thereof) comprising a heavy chain variable region and a light chain variable

region, wherein the heavy chain variable region comprises an amino acid sequence that is

at least 80%, at least 90%, at least 95%, or at least 98% identical to an amino acid

sequence selected from the group consisting of SEQ ID NOs: 82, 89, 106, 108, 128, 130,

and 1 8; the light chain variable region comprises an amino acid sequence that is at least

80%, at least 90%, at least 95%, or at least 98% identical to an amino acid sequence

selected from the group consisting of SEQ ID NOs: 81, 90,105, 107,127, 129, and 137;

the antibody binds to β-propeller 3 of LRP6 (e.g., human and/or cynomologus LRP6),



and inhibits the signaling activity of β-propeller 3 dependent Wnt proteins, which can be

measured in Wnt reporter gene assay or other measure of Wnt directed signaling (e.g.,

LRP6 phosphorylation, β-catenin stabilization and nuclear translocation, cellular

proliferation/ survival) as described herein. In a specific example, such antibodies have an

EC o value in a Wnt3a assay of less than 10 nM when using conditioned medium or using

transfected cells.

Further for Propeller 1 antibodies, variable heavy chain parental nucleotide sequences are

shown in SEQ ID NOs: 16, 38, and 64. Variable light chain parental nucleotide

sequences are shown in SEQ ID NOs: 15, 37, and 63. Full length heavy chain sequences

optimized for expression in a mammalian cell are shown in SEQ ID NOs: 20, 42, and 68.

Full length light chain sequences optimized for expression in a mammalian cell are shown

in SEQ ID NOs: , 41, and 67. Other antibodies of the invention include amino acids or

nucleic acids that have been mutated, yet have at least 60%, 70%, 80%, 90%, 95% or

98% identity identity to the sequences described above. In some embodiments, it include

mutant amino acid sequences wherein no more than 1, 2, 3, 4 or 5 amino acids have been

mutated by amino acid deletion, insertion or substitution in the variable regions when

compared with the variable regions depicted in the sequence described above.

Further for Propeller 3 antibodies, variable heavy chain parental nucleotide sequences are

shown in SEQ ID NO: 84, 10, and 32. Variable light chain parental nucleotide

sequences are shown in SEQ ID NO: 83, 109, and 131. Full length heavy chain

sequences optimized for expression in a mammalian cell are shown in SEQ ID NO: 88,

91, 114, 136, and 140. Full length light chain nucleotide sequences optimized for

expression in a mammalian cell are shown in SEQ ID NO: 87, 92, 13, 135, and 139.

Other antibodies of the invention include amino acids or nucleic acids that have been

mutated, yet have at least 60%, 70%, 80%, 90%, 95% or 98% identity identity to the

sequences described above. In some embodiments, it include mutant amino acid

sequences wherein no more than 1, 2, 3, 4 or 5 amino acids have been mutated by amino

acid deletion, insertion or substitution in the variable regions when compared with the

variable regions depicted in the sequence described above.

In other embodiments, the VH and/or VL amino acid sequences may be 50%, 60%, 70%,

80%, 90%, 95%, 96%, 97%, 98% or 99% identical to the sequences set forth in Table 1.



In other embodiments, the VH and/or VL amino acid sequences may be identical except

an amino acid substitution in no more than 1, 2, 3, 4 or 5 amino acid position.

An antibody having VH and VL regions having high ( . e., 80% or greater) identity to the

VH and VL regions of those Propeller 1 antibodies described in Table 1 can be obtained

by mutagenesis (e.g., site-directed or PCR-mediated mutagenesis) of nucleic acid

molecules encoding SEQ ID NOs: 14, 34, 60, 13, 33, and 59 respectively, followed by

testing of the encoded altered antibody for retained function using the functional assays

described herein.

An antibody having VH and VL regions having high (/'. e., 80% or greater) identity to the

VH and VL regions of those Propeller 3 antibodies described in Table 1 can be obtained

by mutagenesis (e.g., site-directed or PCR-mediated mutagenesis) of nucleic acid

molecules encoding SEQ IDNOs: 82, 106, 128, 81, 105, and 127 respectively, followed

by testing of the encoded altered antibody for retained function using the functional

assays described herein.

In other embodiments, the variable regions of heavy chain and/or light chain nucleotide

sequences may be 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% or 99% identical to the

sequences set forth above

As used herein, "percent identity" between the two sequences is a function of the number

of identical positions shared by the sequences (i.e., % identity equals number of identical

positions/total number of positions x 100), taking into account the number of gaps, and

the length of each gap, which needs to be introduced for optima] alignment of the two

sequences. The comparison of sequences and determination of percent identity between

two sequences can be accomplished using a mathematical algorithm, as described in the

non-limiting examples below.

Additionally or alternatively, the protein sequences of the present invention can further be

used as a "query sequence" to perform a search against public databases to, for example,

identifies related sequences. For example, such searches can be performed using the

BLAST program (version 2.0) of Altschul et al. ( 1990) J.Mol. Biol. 215:403-10.



Antibodies with Conservative Modifications

In certain embodiments, an antibody of the invention has a heavy chain variable region

comprising CDRl, CDR2, and CDR3 sequences and a light chain variable region

comprising CDRl, CDR2, and CDR3 sequences, wherein one or more of these CDR

sequences have specified amino acid sequences based on the antibodies described herein

or conservative modifications thereof, and wherein the antibodies retain the desired

functional properties of the LRP6 antibodies of the invention.

Accordingly, the invention provides an isolated Propeller 1monoclonal antibody, or a

functional fragment thereof, consisting of a heavy chain variable region comprising

CDRl , CDR2, and CDR3 sequences and a light chain variable region comprising CDRl,

CDR2, and CDR3 sequences, wherein: the heavy chain variable region CDRl amino acid

sequences are selected from the group consisting of SEQ ID NOs: 1, 1, and, 47, and

conservative modifications thereof; the heavy chain variable region CDR2 amino acid

sequences are selected from the group consisting of SEQ ID NOs: 2, 22, and 48, , and

conservative modifications thereof; the heavy chain variable region CDR3 amino acid

sequences are selected from the group consisting of SEQ ID NOs: 3, 23, and 49, and

conservative modifications thereof; the light chain variable regions CDRl amino acid

sequences are selected from the group consisting of SEQ ID NOs: 4, 24, 50, and

conservative modifications thereof; the light chain variable regions CDR2 amino acid

sequences are selected from the group consisting of SEQ ID NOs: 5, 25, and 51, and

conservative modifications thereof; the light chain variable regions of CDR3 amino acid

sequences are selected from the group consisting of SEQ ID NOs: 6, 26, and 52, and

conservative modifications thereof; the antibody or fragment thereof specifically binds to

LRP6, and inhibits LRP6 activity by inhibiting a Wnt signaling pathway, which can be

measured in Wnt reporter gene assay or other measure of Wnt directed signaling (e.g.,

LRP6 phosphorylation, β-catenin stabilization and nuclear translocation, cellular

proliferation/ survival) as described herein.

Accordingly, the invention provides an isolated Propeller 3 monoclonal antibody, or a

fragment thereof, consisting of a heavy chain variable region comprising CDRl, CDR2,

and CDR3 sequences and a light chain variable region comprising CDRl, CDR2, and

CDR3 sequences, wherein: the heavy chain variable region CDRl amino acid sequences

are selected from the group consisting of SEQ ID NOs: 69, 93, and 115, and conservative



modifications thereof; the heavy chain variable region CDR2 amino acid sequences are

selected from the group consisting of SEQ ID NOs: 70, 94, and 116, and conservative

modifications thereof; the heavy chain variable region CDR3 amino acid sequences are

selected from the group consisting of SEQ ID NOs: 71, 95, and 117, and conservative

modifications thereof; the light chain variable regions CDR1 amino acid sequences are

selected from the group consisting of SEQ ID NOs:72, 96, and 18, and conservative

modifications thereof; the light chain variable regions CDR2 amino acid sequences are

selected from the group consisting of SEQ ID NOs: 73, 97, and 19, and conservative

modifications thereof; the light chain variable regions of CDR3 amino acid sequences are

selected from the group consisting of SEQ ID NOs: 74, 98, and 120, and conservative

modifications thereof; the antibody or fragment thereof specifically binds to LRP6, and

inhibits activities of Propeller 3-dependent Wnt proteins, which can be measured in Wnt

reporter gene assay or other measure of Wnt directed signaling (e.g., LRP6

phosphorylation, β-catenin stabilization and nuclear translocation, cellular proliferation/

survival) as described herein.

Antibodies That Bind to the Same Epitope

The present invention provides antibodies that bind to the same epitope as do the LRP6

antibodies described in Table 1. Additional antibodies can therefore be identified based

on their ability to cross-compete (e.g., to competitively inhibit the binding of, in a

statistically significant manner) with other antibodies of the invention in LRP6 binding

assays. The ability of a test antibody to inhibit the binding of antibodies of the present

invention to a LRP6 protein (e.g., human and or cynomologus LRP6) demonstrates that

the test antibody can compete with that antibody for binding to LRP6; such an antibody

may, according to non-limiting theory, bind to the same or a related (e.g., a structurally

similar or spatially proximal) epitope on the LRP6 protein as the antibody with which it

competes. In an embodiment, the antibody that binds to the same epitope on LRP6 as the

antibodies of the present invention is a human monoclonal antibody. Such human

monoclonal antibodies can be prepared and isolated as described herein.

Engineered and Modified Antibodies

An antibody of the invention further can be prepared using an antibody having one or

more of the VH and/or VL sequences shown herein as starting material to engineer a

modified antibody, which modified antibody may have altered properties from the



starting antibody. An antibody can be engineered by modifying one or more residues

within one or both variable regions (/. e., VH and/or VL), for example within one or more

CDR regions and/or within one or more framework regions. Additionally or

alternatively, an antibody can be engineered by modifying residues within the constant

region(s), for example to alter the effector function(s) of the antibody.

One type of variable region engineering that can be performed is CDR grafting.

Antibodies interact with target antigens predominantly through amino acid residues that

are located in the six heavy and light chain complementarity determining regions (CDRs).

For this reason, the amino acid sequences within CDRs are more diverse between

individual antibodies than sequences outside of CDRs. Because CDR sequences are

responsible for most antibody-antigen interactions, it is possible to express recombinant

antibodies that mimic the properties of specific naturally occurring antibodies by

constructing expression vectors that include CDR sequences from the specific naturally

occurring antibody grafted onto framework sequences from a different antibody with

different properties (see, e.g., Riechmann et ai, (1998) Nature 332:323-327; Jones et ai,

(1986) Nature 321:522-525; Queen et al., (1989) Proc. Natl. Acad., U.S.A. 86:10029-

10033; U.S. Patent No. 5,225,539 to Winter, and U.S. Patent Nos. 5,530,101; 5,585,089;

5,693,762 and 6,180,370 to Queen et al.)

Accordingly, another embodiment of the invention pertains to an isolated Propeller 1

monoclonal antibody, or fragment thereof, comprising a heavy chain variable region

comprising CDR1 sequences having an amino acid sequence selected from the group

consisting of SEQ ID NOs: 1, 21, and 47; CDR2 sequences having an amino acid

sequence selected from the group consisting of SEQ ID NOs: 2, 22, and 48; CDR3

sequences having an amino acid sequence selected from the group consisting of SEQ ID

NOs: 3, 23, and 49, respectively; and a light chain variable region having CDR1

sequences having an amino acid sequence selected from the group consisting of SEQ ID

NOs: 4, 24, and 50; CDR2 sequences having an amino acid sequence selected from the

group consisting of SEQ ID NOs: 5, 25, and 51; and CDR3 sequences consisting of an

amino acid sequence selected from the group consisting of SEQ ID NOs: 6, 26, and 52,

respectively. Thus, such antibodies contain the VH and VL CDR sequences of

monoclonal antibodies, yet may contain different framework sequences from these

antibodies.



Accordingly, another embodiment of the invention pertains to an isolated Propeller 3

monoclonal antibody, or fragment thereof, comprising a heavy chain variable region

comprising CDR1 sequences having an amino acid sequence selected from the group

consisting of SEQ ID NOs: 69, 93, and 115; CDR2 sequences having an amino acid

sequence selected from the group consisting of SEQ ID NOs: 70, 76, 100, and 116; CDR3

sequences having an amino acid sequence selected from the group consisting of SEQ ID

NOs: 7 1, 95, and 117, respectively; and a light chain variable region having CDR1

sequences having an amino acid sequence selected from the group consisting of SEQ ID

NOs: 72, 96, and 118; CDR2 sequences having an amino acid sequence selected from the

group consisting of SEQ ID NOs: 73, 97, and 119; and CDR3 sequences consisting of an

amino acid sequence selected from the group consisting of SEQ ID NOs: 74, 98, and 120,

respectively. Thus, such antibodies contain the VH and VL CDR sequences of

monoclonal antibodies, yet may contain different framework sequences from these

antibodies.

Such framework sequences can be obtained from public DNA databases or published

references that include germline antibody gene sequences. For example, germline DNA

sequences for human heavy and light chain variable region genes can be found in the

"Vase" human germline sequence database (available on the Internet at www.mrc-

cpe.cam.ac.uk/vbase), as well as in Kabat et al., (1991) Sequences of Proteins of

Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services,

NIH Publication No. 91-3242; Chothia al, (1987) J. Mol. Biol. 196:901-917; Chothia

et al, (1989) Nature 342:877-883; and Al-Lazikani et al, (1997) J . Mol. Biol. 273:927-

948; Tomlinson et al, (1992) J . fol. Biol. 227:776-798; and Cox et al., (1994) Eur. J

Immunol. 24:827-836; the contents of each of which are expressly incorporated herein by

reference.

An example of framework sequences for use in the antibodies of the invention are those

that are structurally similar to the framework sequences used by selected antibodies of the

invention, e.g., consensus sequences and/or framework sequences used by monoclonal

antibodies of the invention. The VH CDR1, 2 and 3 sequences, and the VL CDR1, 2 and

3 sequences, can be grafted onto framework regions that have the identical sequence as

that found in the germline immunoglobulin gene from which the framework sequence

derive, or the CDR sequences can be grafted onto framework regions that contain one or

more mutations as compared to the germline sequences. For example, it has been found



that in certain instances it is beneficial to mutate residues within the framework regions to

maintain or enhance the antigen binding ability of the antibody (see e.g., U.S. Patent Nos.

5,530,101; 5,585,089; 5,693,762 and 6,180,370 to Queen et al).

Another type of variable region modification is to mutate amino acid residues within the

VH and/or VL CD , CDR2 and/or CDR3 regions to thereby improve one or more

binding properties {e.g., affinity) of the antibody of interest, known as "affinity

maturation." Site-directed mutagenesis or PCR-mediated mutagenesis can be performed

to introduce the mutation(s) and the effect on antibody binding, or other functional

property of interest, can be evaluated in in vitro or in vivo assays as described herein and

provided in the Examples. Conservative modifications (as discussed above) can be

introduced. The mutations may be amino acid substitutions, additions or deletions.

Moreover, typically no more than one, two, three, four or five residues within a CDR

region are altered.

Accordingly, in another embodiment, the invention provides isolated Propeller 1

monoclonal antibodies, or fragment thereof, consisting of a heavy chain variable region

having: a VH CDRl region consisting of an amino acid sequence selected from the group

having SEQ ID NOs: 1, 21, and 47or an amino acid sequence having one, two, three, four

or five amino acid substitutions, deletions or additions as compared to SEQ ID NOs: 1,

21, and 47; a VH CDR2 region having an amino acid sequence selected from the group

consisting of SEQ ID NOs: 2, 22, and 48, or an amino acid sequence having one, two,

three, four or five amino acid substitutions, deletions or additions as compared to SEQ ID

NOs: 2, 22, and 48; a VH CDR3 region having an amino acid sequence selected from the

group consisting of SEQ ID NOs: 3, 23, and 49, or an amino acid sequence having one,

two, three, four or five amino acid substitutions, deletions or additions as compared to

SEQ ID NOs: 3, 23, and 49; a VL CDRl region having an amino acid sequence selected

from the group consisting of SEQ ID NOs: 4, 24, and 50, or an amino acid sequence

having one, two, three, four or five amino acid substitutions, deletions or additions as

compared to SEQ ID NOs: 4, 24, and 50; a VL CDR2 region having an amino acid

sequence selected from the group consisting of SEQ ID NOs: 5, 25, and 51, or an amino

acid sequence having one, two, three, four or five amino acid substitutions, deletions or

additions as compared to SEQ ID NOs: 5, 25, and 51; and a VL CDR3 region having an

amino acid sequence selected from the group consisting of SEQ ID NOs: 6, 26, and 52, or



an amino acid sequence having one, two, three, four or five amino acid substitutions,

deletions or additions as compared to SEQ ID NOs: 6, 26, and 52.

Accordingly, in another embodiment, the invention provides isolated Propeller 3

monoclonal antibodies, or fragment thereof, consisting of a heavy chain variable region

having: a VH CDRl region consisting of an amino acid sequence selected from the group

having SEQ ID NOs: 69, 93, and 115 or an amino acid sequence having one, two, three,

four or five amino acid substitutions, deletions or additions as compared to SEQ ID NOs:

69, 93, and 115; a VH CDR2 region having an amino acid sequence selected from the

group consisting of SEQ ID NOs: 70, 94, and 116, or an amino acid sequence having one,

two, three, four or five amino acid substitutions, deletions or additions as compared to

SEQ ID NOs: 70, 94, and 16; a VH CDR3 region having an amino acid sequence

selected from the group consisting of SEQ ID NOs: 71, 95, and 117, or an amino acid

sequence having one, two, three, four or five amino acid substitutions, deletions or

additions as compared to SEQ ID NOs: 71, 95, and 17; a VL CDRl region having an

amino acid sequence selected from the group consisting of SEQ ID NOs: 72, 96, and 118,

or an amino acid sequence having one, two, three, four or five amino acid substitutions,

deletions or additions as compared to SEQ ID NOs: 72, 96, and 118; a VL CDR2 region

having an amino acid sequence selected from the group consisting of SEQ ID NOs: 73,

97, and 119, or an amino acid sequence having one, two, three, four or five amino acid

substitutions, deletions or additions as compared to SEQ ID NOs: 73, 97, and 19; and a

VL CDR3 region having an amino acid sequence selected from the group consisting of

SEQ ID NOs: 74, 98, and 120, or an amino acid sequence having one, two, three, four or

five amino acid substitutions, deletions or additions as compared to SEQ ID NOs: 74, 98,

and 120.

Grafting Antibody Fragments Into Alternative Frameworks or Scaffolds

A wide variety of antibody/ immunoglobulin frameworks or scaffolds can be employed so

long as the resulting polypeptide includes at least one binding region which specifically

binds to LRP6. Such frameworks or scaffolds include the 5 main idiotypes of human

immunoglobulins, or fragments thereof, and include immunoglobulins of other animal

species, preferably having humanized aspects. Novel frameworks, scaffolds and

fragments continue to be discovered and developed by those skilled in the art.



In one aspect, the invention pertains to generating non-immunoglobulin based antibodies

using non- immunoglobulin scaffolds onto which CDRs of the invention can be grafted.

Known or future non-immunoglobulin frameworks and scaffolds may be employed, as

long as they comprise a binding region specific for the target LRP6 protein (e.g., human

and/or cynomologus LRP6). Known non-immunoglobulin frameworks or scaffolds

include, but are not limited to, fibronectin (Compound Therapeutics, Inc., Waltham,

MA), ankyrin (Molecular Partners AG, Zurich, Switzerland), domain antibodies

(Domantis, Ltd., Cambridge, MA, and Ablynx nv, Zwijnaarde, Belgium), lipocalin (Pieris

Proteolab AG, Freising, Germany), small modular immuno-pharmaceuticals (Trubion

Pharmaceuticals Inc., Seattle, WA), maxybodies (Avidia, Inc., Mountain View, CA),

Protein A (Affibody AG, Sweden), and affilin (gamma-crystal n or ubiquitin) (Scil

Proteins GmbH, Halle, Germany).

The fibronectin scaffolds are based on fibronectin type III domain (e.g., the tenth module

of the fibronectin type III ( Fn3 domain)). The fibronectin type III domain has 7 or 8

beta strands which are distributed between two beta sheets, which themselves pack

against each other to form the core of the protein, and further containing loops (analogous

to CDRs) which connect the beta strands to each other and are solvent exposed. There are

at least three such loops at each edge of the beta sheet sandwich, where the edge is the

boundary of the protein perpendicular to the direction of the beta strands (see US

6,81 8,418). These fibronectin-based scaffolds are not an immunoglobulin, although the

overall fold is closely related to that of the smallest functional antibody fragment, the

variable region of the heavy chain, which comprises the entire antigen recognition unit in

camel and llama IgG. Because of this structure, the non-immunoglobulin antibody

mimics antigen binding properties that are similar in nature and affinity to those of

antibodies. These scaffolds can be used in a loop randomization and shuffling strategy in

vitro that is similar to the process of affinity maturation of antibodies in vivo. These

fibronectin-based molecules can be used as scaffolds where the loop regions of the

molecule can be replaced with CDRs of the invention using standard cloning techniques.

The ankyrin technology is based on using proteins with ankyrin derived repeat modules

as scaffolds for bearing variable regions which can be used for binding to different

targets. The ankyrin repeat module is a 33 amino acid polypeptide consisting of two anti-

parallel a-helices and a β-turn. Binding of the variable regions is mostly optimized by

using ribosome display.



Avimers are derived from natural A-domain containing protein such as LRP6. These

domains are used by nature for protein-protein interactions and in human over 250

proteins are structurally based on A-domains. Avimers consist of a number of different

"A-domain" monomers (2-10) linked via amino acid linkers. Avimers can be created that

can bind to the target antigen using the methodology described in, for example, U.S.

Patent Application Publication Nos. 20040175756; 20050053973; 20050048512; and

20060008844.

Affibody affinity ligands are small, simple proteins composed of a three-helix bundle

based on the scaffold of one of the IgG-binding domains of Protein A. Protein A is a

surface protein from the bacterium Staphylococcus aureus. This scaffold domain consists

of 58 amino acids, 13 of which are randomized to generate affibody libraries with a large

number of ligand variants (See e.g., US 5,83 1,012). Affibody molecules mimic

antibodies, they have a molecular weight of 6 kDa, compared to the molecular weight of

antibodies, which is 50 kDa. In spite of its small size, the binding site of affibody

molecules is similar to that of an antibody.

Anticalins are products developed by the company Pieris ProteoLab AG. They are

derived from lipocalins, a widespread group of small and robust proteins that are usually

involved in the physiological transport or storage of chemically sensitive or insoluble

compounds. Several natural lipocalins occur in human tissues or body liquids. The

protein architecture is reminiscent of immunoglobulins, with hypervariable loops on top

of a rigid framework. However, in contrast with antibodies or their recombinant

fragments, lipocalins are composed of a single polypeptide chain with 160 to 180 amino

acid residues, being just marginally bigger than a single immunoglobulin domain. The set

of four loops, which makes up the binding pocket, shows pronounced structural plasticity

and tolerates a variety of side chains. The binding site can thus be reshaped in a

proprietary process in order to recognize prescribed target molecules of different shape

with high affinity and specificity. One protein of lipocalin family, the bilin-binding

protein (BBP) of Pieris Brassicae has been used to develop anticalins by mutagenizing the

set of four loops. One example of a patent application describing anticalins is in PCT

Publication No. WO 199916873.

Affilin molecules are small non-immunoglobulin proteins which are designed for specific

affinities towards proteins and small molecules. New affilin molecules can be very



quickly selected from two libraries, each of which is based on a different human derived

scaffold protein. Affilin molecules do not show any structural homology to

immunoglobulin proteins. Currently, two affilin scaffolds are employed, one of which is

gamma crystalline, a human structural eye lens protein and the other is "ubiquitin"

superfamily proteins. Both human scaffolds are very small, show high temperature

stability and are almost resistant to pH changes and denaturing agents. This high stability

is mainly due to the expanded beta sheet structure of the proteins. Examples of gamma

crystalline derived proteins are described in WO200104144 and examples of "ubiquitin-

like" proteins are described in WO2004 106368.

Protein epitope mimetics (PEM) are medium-sized, cyclic, peptide-like molecules (MW

l-2kDa) mimicking beta-hairpin secondary structures of proteins, the major secondary

structure involved in protein-protein interactions.

In some embodiments, the Fabs are converted to silent IgGl format by changing the Fc

region. For example, antibodies MOR08168, MOR08545, MOR06706, MOR06475,

MOR08 193, and MOR08473 in Table 1 can be converted to IgGl format by adding the

amino acid sequence:

CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF

NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA

LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWES

NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY

TQKSLSLSPGK (SEQ ID NO: 209).

and substituting the light chain with: CS if the light chain is lambda, or C if the light chain

is kappa. As used herein, a "silent IgGl " is an IgGl Fc sequence in which the amino acid

sequence has been altered to decrease Fc-mediated effector functions (for example ADCC

and/or CDC). Such an antibody will typically have decreased binding to Fc receptors . In

some other embodiments, the Fabs are converted to IgG2 format. For example,

antibodies MOR08168, MOR08545, MOR06706, MOR06475, MOR08193, and

MOR08473 in Table 1 can be converted to IgG2 format by substituting the constant

sequence with the constant sequence for the heavy chain of IgG2:

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA

VLQS SGLYSLSSWT VPSSNFGTQT YTCNVDHKPSNTKVDKT VERKCC VECPPCP



APPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVH

NAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKT

KGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT

TPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

(SEQ ID NO: 210).

Human or humanized antibodies

The present invention provides fully human antibodies that specifically bind to a LRP6

protein (e.g., human and/or cynomologus LRP6). Compared to the chimeric or

humanized antibodies, the human LRP6 antibodies of the invention have further

decreased antigenicity when administered to human subjects.

The human LRP6 antibodies can be generated using methods that are known in the art.

For example, the humaneering technology used to converting non-human antibodies into

engineered human antibodies. U.S. Patent Publication No. 20050008625 describes an in

vivo method for replacing a nonhuman antibody variable region with a human variable

region in an antibody while maintaining the same or providing better binding

characteristics relative to that of the nonhuman antibody. The method relies on epitope

guided replacement of variable regions of a non-human reference antibody with a fully

human antibody. The resulting human antibody is generally unrelated structurally to the

reference nonhuman antibody, but binds to the same epitope on the same antigen as the

reference antibody. Briefly, the serial epitope-guided complementarity replacement

approach is enabled by setting up a competition in cells between a "competitor" and a

library of diverse hybrids of the reference antibody ("test antibodies") for binding to

limiting amounts of antigen in the presence of a reporter system which responds to the

binding of test antibody to antigen. The competitor can be the reference antibody or

derivative thereof such as a single-chain Fv fragment. The competitor can also be a

natural or artificial ligand of the antigen which binds to the same epitope as the reference

antibody. The only requirements of the competitor are that it binds to the same epitope as

the reference antibody, and that it competes with the reference antibody for antigen

binding. The test antibodies have one antigen-binding V-region in common from the

nonhuman reference antibody, and the other V-region selected at random from a diverse

source such as a repertoire library of human antibodies. The common V-region from the

reference antibody serves as a guide, positioning the test antibodies on the same epitope



on the antigen, and in the same orientation, so that selection is biased toward the highest

antigen-binding fidelity to the reference antibody.

Many types of reporter system can be used to detect desired interactions between test

antibodies and antigen. For example, complementing reporter fragments may be linked to

antigen and test antibody, respectively, so that reporter activation by fragment

complementation only occurs when the test antibody binds to the antigen. When the test

antibody- and antigen-reporter fragment fusions are co-expressed with a competitor,

reporter activation becomes dependent on the ability of the test antibody to compete with

the competitor, which is proportional to the affinity of the test antibody for the antigen.

Other reporter systems that can be used include the reactivator of an auto-inhibited

reporter reactivation system (RAIR) as disclosed in U.S. Patent Application Ser. No.

10/208,730 (Publication No. 20030198971), or competitive activation system disclosed in

U.S. Patent Application Ser. No. 10/076,845 (Publication No. 20030157579).

With the serial epitope-guided complementarity replacement system, selection is made to

identify cells expresses a single test antibody along with the competitor, antigen, and

reporter components. In these cells, each test antibody competes one-on-one with the

competitor for binding to a limiting amount of antigen. Activity of the reporter is

proportional to the amount of antigen bound to the test antibody, which in turn is

proportional to the affinity of the test antibody for the antigen and the stability of the test

antibody. Test antibodies are initially selected on the basis of their activity relative to that

of the reference antibody when expressed as the test antibody. The result of the first

round of selection is a set of "hybrid" antibodies, each of which is comprised of the same

non-human V-region from the reference antibody and a human V-region from the library,

and each of which binds to the same epitope on the antigen as the reference antibody.

One of more of the hybrid antibodies selected in the first round will have an affinity for

the antigen comparable to or higher than that of the reference antibody.

In the second V-region replacement step, the human V-regions selected in the first step

are used as guide for the selection of human replacements for the remaining non-human

reference antibody V-region with a diverse library of cognate human V-regions. The

hybrid antibodies selected in the first round may also be used as competitors for the

second round of selection. The result of the second round of selection is a set of fully

human antibodies which differ structurally from the reference antibody, but which



compete with the reference antibody for binding to the same antigen. Some of the

selected human antibodies bind to the same epitope on the same antigen as the reference

antibody. Among these selected human antibodies, one or more binds to the same epitope

with an affinity which is comparable to or higher than that of the reference antibody.

Using one of the mouse or chimeric LRP6 antibodies described above as the reference

antibody, this method can be readily employed to generate human antibodies that bind to

human LRP6 with the same binding specificity and the same or better binding affinity. In

addition, such human L P6 antibodies can also be commercially obtained from

companies which customarily produce human antibodies, e.g., KaloBios, Inc. (Mountain

View, CA).

Camelid antibodies

Antibody proteins obtained from members of the camel and dromedary (Camelus

bactrianus and Calelus dromaderius) family including new world members such as llama

species (Lama paccos, Lama glama and Lama vicugna) have been characterized with

respect to size, structural complexity and antigenicity for human subjects. Certain IgG

antibodies from this family of mammals as found in nature lack light chains, and are thus

structurally distinct from the typical four chain quaternary structure having two heavy and

two light chains, for antibodies from other animals. See PCT7EP93/02214 (WO 94/04678

published 3 March 1994).

A region of the camelid antibody which is the small single variable domain identified as

VHH can be obtained by genetic engineering to yield a small protein having high affinity

for a target, resulting in a low molecular weight antibody-derived protein known as a

"camelid nanobody". See U.S. patent number 5,759,808 issued June 2, 1998; see also

Stijlemans et al, (2004) J Biol Chem 279:1256-1261; Dumoulin et al, (2003) Nature

424:783-788; Pleschberger et al. (2003) Bioconjugate Chem 14:440-448; Cortez-

Retamozo et al. (2002) Int J Cancer 89:456-62; and Lauwereys et al (1998) EMBO J

17:3512-3520. Engineered libraries of camelid antibodies and antibody fragments are

commercially available, for example, from Ablynx, Ghent, Belgium. As with other

antibodies of non-human origin, an amino acid sequence of a camelid antibody can be

altered recombinantly to obtain a sequence that more closely resembles a human

sequence, i.e., the nanobody can be "humanized". Thus the natural low antigenicity of

camelid antibodies to humans can be further decreased.



The camelid nanobody has a molecular weight approximately one-tenth that of a human

IgG molecule, and the protein has a physical diameter of only a few nanometers. One

consequence of the small size is the ability of camelid nanobodies to bind to antigenic

sites that are functionally invisible to larger antibody proteins, i.e., camelid nanobodies

are useful as reagents detect antigens that are otherwise cryptic using classical

immunological techniques, and as possible therapeutic agents. Thus yet another

consequence of small size is that a camelid nanobody can inhibit as a result of binding to

a specific site in a groove or narrow cleft of a target protein, and hence can serve in a

capacity that more closely resembles the function of a classical low molecular weight

drug than that of a classical antibody.

The low molecular weight and compact size further result in camelid nanobodies being

extremely thermostable, stable to extreme pH and to proteolytic digestion, and poorly

antigenic. Another consequence is that camelid nanobodies readily move from the

circulatory system into tissues, and even cross the blood-brain barrier and can treat

disorders that affect nervous tissue. Nanobodies can further facilitated drug transport

across the blood brain barrier. See U.S. patent application 20040161738 published

August 19, 2004. These features combined with the low antigenicity to humans indicate

great therapeutic potential. Further, these molecules can be fully expressed in prokaryotic

cells such as E. coli and are expressed as fusion proteins with bacteriophage and are

functional.

Accordingly, a feature of the present invention is a camelid antibody or nanobody having

high affinity for LRP6. In certain embodiments herein, the camelid antibody or nanobody

is naturally produced in the camelid animal, i.e., is produced by the camelid following

immunization with LRP6 or a peptide fragment thereof, using techniques described herein

for other antibodies. Alternatively, the LRP6 camelid nanobody is engineered, i.e.,

produced by selection for example from a library of phage displaying appropriately

mutagenized camelid nanobody proteins using panning procedures with LRP6 as a target

as described in the examples herein. Engineered nanobodies can further be customized

by genetic engineering to have a half life in a recipient subject of from 45 minutes to two

weeks. In a specific embodiment, the camelid antibody or nanobody is obtained by

grafting the CDRs sequences of the heavy or light chain of the human antibodies of the

invention into nanobody or single domain antibody framework sequences, as described

for example in PCT/EP93/02214.



Multivalent Antibodies

The present invention features multivalent antibodies (e.g., biparatopic, bispecific

antibodies) comprising at least two receptor binding domains for two different binding

sites on one or more target(s) receptors. Clinical benefits may be provided by the binding

of two or more binding specificities within one antibody (Morrison et al, (1997) Nature

Biotech. 15:1 59-163; Alt et al (1999) FEBS Letters 454: 90-94; Zuo et al, (2000)

Protein Engineering 13:361-367; Lu et al, (2004) JBC 279:2856-2865; Lu et al, (2005)

JBC 280:19665-19672; Marvin et al, (2005) Acta Pharmacologica Sinica 26:649-658;

Marvin et al, (2006) Curr Opin Drug Disc Develop 9 : 84-193; Shen et al, (2007) J

Immun Methods 218:65-74; Wu et al, (2007) Nat Biotechnol. : 290- 297; Dimasi et

al, (2009) J. Mo Biol. 393:672-692; and Michaelson et al, (2009) mAbs .128-141 .

The present invention is based on the discovery that the multivalent antibodies (e.g., a

single LRP6 biparatopic or bispecific antibody) have the ability to inhibit both propeller 1

(e.g. Wntl and propeller 3 (e.g. Wnt3) ligand-mediated signaling Furthermore, and

unexpectedly, the multivalent antibodies (e.g., a single LRP6 biparatopic or bispecific

antibody) display no significant potentiation of a Wnt signal. The multivalent antibodies

bind to distinct LRP6 p-propeller regions. Propeller 1 antibodies bind to the p-propeller 1

domain and block propeller -dependent nts such as Wntl, Wnt2, Wnt6, Wnt7A,

Wnt7B, Wnt9, Wntl OA, Wntl 0B and inhibit a Wnt 1 signal transduction pathway.

Propeller 3 antibodies bind to the β-propeller 3 domain and block propeller3-dependent

Wnts such as Wnt3a and Wnt3 and inhibit a Wnt3 signal transduction pathway. LRP6

antibodies differentiate propeller 1 and propeller 3 ligands into two separate classes and

bind to distinct epitopes of the LRP6 target receptor. Conversion of fragments of the

LRP6 antibodies (e.g., Fabs) to full length IgG antibody results in an antibody that

potentiates (enhances) a Wnt signal in the presence of another protein such as a Wnt 1 or

Wnt 3 ligand.

Multivalent antibodies provide advantages over traditional antibodies for example,

expanding the repertoire of targets, having new binding specificities, increased potency,

and no signal potentiation. A single LRP6 multivalent antibody can bind to multiple

propeller regions on a single LRP6 target receptor on the same cell, and inhibit Wnt

signaling. In one embodiment, the multivalent antibody binds to any combination of a P-

propeller regions selected from the group consisting of propeller 1, propeller 2, propeller



3, and propeller 4. In one embodiment, the multivalent antibody binds to propeller 1 and

propeller 3 domains of LRP6. Thus, a single LRP6 multivalent antibody has increased

potency of action by binding to multiple β-propeller regions and inhibiting Wnt signaling

mediated by each domain. For example, a single LRP6 multivalent antibody inhibits both

propeller 1 and propeller 3 mediated Wnt signaling by binding to both propeller 1 and

propeller 3 domains, respectively. The increased potency of action may be due to

increased avidity or better binding of the LRP6 multivalent antibody.

In one embodiment, multivalent antibodies are produced by linking an scFv to an IgG

antibody. The VH and VL domains used to make an scFv may be derived from the same

or from different antibodies. The scFv comprises at least one, two, three, four, five, or six

CDRs.

The Fc region of the IgG antibody and the scFv fragment may be linked together in many

different orientations. In one embodiment, the scFv is linked to the C-terminus of the Fc

region. In other embodiments, the scFv is linked to the N-terminus of the Fc region. In

other embodiments, scFvs are are linked to both the N-terminus and C-terminus of the Fc

region. In another embodiment, the scFv can be linked to a light chain of an antibody.

The multivalent antibodies of the invention can bind multiple binding sites of a target

receptor concurrently. The receptor binding domains of multivalent antibodies of the

invention may bind at least 1, 2, 3, 4, 5, 6, 7, 8or more binding sites. Each receptor

binding domain can be specific for the same binding site. The multivalent antibodiesof

the invention comprise one or more receptor binding domains that are specific for distinct

epitopes on the same target receptor, e.g., β-propeller 1 domain or β-propeller 3 domain

of LRP6. Alternatively, the multivalent antibodies of the invention comprise one or more

receptor binding domains that are specific for epitopes on different target receptors, e.g.,

LRP6 and a receptor that is not LRP6 such as Erb, cmet, IGFR1, Smoothened, and Notch

receptors.

Each receptor binding domain within the multivalent antibodies of the invention can also

have different (i.e. a higher or lower) affinity for the antigen compared to the traditional

antibodies.

In one embodiment, the multivalent antibodies of the invention are biparatopic antibody

comprising at least one receptor binding domain for a first eptope on LRP6 target receptor



and a second receptor binding domain for a second epitope on the same LRP6 target

receptor.

The multivalent antibody of the invention comprises at least one CDR of an antibody, at

least two CDRs of a given antibody, or at least three CDRs of a given antibody, at least

four CDRs of a given antibody, at least five CDRs of a given antibody, or at least six

CDRs of a given antibody. The multivalent antibody of the invention comprises at least

one VH domain of an antibody, at least one VL domain of a given antibody, or at least

one VH domain and one VL domain of an antibody. ScFv molecules can be constructed

in a VH-linker-VL orientation or VL-linker-VH orientation.

The stability of scFv molecules of the invention or fusion proteins comprising them can

be evaluated in reference to the biophysical properties (e.g., thermal stability) of a

conventional control scFv molecule or a full length antibody. In one embodiment, the

multivalent antibodies of the invention have a thermal stability that is greater than about

0.1, about 0.25, about 0.5, about 0.75, about 1, about 1.25, about 1.5, about 1.75, about 2,

about 2.5, about about 3, about 3.5, about 4, about 4.5, about 5, about 5.5, about 6, about

6.5, about 7, about 7.5, about 8, about 8.5, about 9, about 9.5, about 0 degrees, about 11

degrees, about 12 degrees, about 13 degrees, about 14 degrees, or about 15 degrees

Celsius than a control binding molecule (e.g. a conventional scFv molecule).

The scFv molecules comprise an scFv linker with an optimized length and/or amino acid

composition. Preferred scFv linkers of the invention improve the thermal stability of a

multivalent antibody of the invention by at least about 2°C or 3°C as compared to a

conventional antibody. In one embodiment, a multivalent antibody of the invention has a

1°C improved thermal stability as compared to a conventional antibody. In another

embodiment, a multivalent antibody of the invention has a 2°C improved thermal stability

as compared to a conventional antibody. In another embodiment, a multivalent antibody

of the invention has a 4, 5, 6, 7, 8, , 10, 11, 12, 13, 14, 15°C improved thermal stability

as compared to a conventional antibody. Comparisons can be made, for example, between

the scFv molecules of the invention and scFv molecules made using prior art methods or

between scFv molecules and Fab fragments of an antibody from which the scFv VH and

VL were derived. Thermal stability can be measured using methods known in the art. For

example, in one embodiment, Tm can be measured. Methods for measuring Tm and other



methods of determining protein stability are described in more detail below.

In one embodiment, the scFv linker consists of the amino acid sequence (Gly Ser) or

comprises a (Gly4Ser) 4 sequence. Other exemplary linkers comprise or consist of

((Gly4Ser)s and (Gly4Ser) sequences. scFv linkers of the invention can be of varying

lengths. In one embodiment, an scFv linker of the invention is from about 5 to about 50

amino acids in length. In another embodiment, an scFv linker of the invention is from

about 10 to about 40 amino acids in length. In another embodiment, an scFv linker of the

invention is from about 15 to about 30 amino acids in length. In another embodiment, an

scFv linker of the invention is from about 15 to about 20 amino acids in length. Variation

in linker length may retain or enhance activity, giving rise to superior efficacy in activity

studies. scFv linkers can be introduced into polypeptide sequences using techniques

known in the art. For example, PCR mutagenesis can be used. Modifications can be

confirmed by DNA sequence analysis. Plasmid DNA can be used to transform host cells

for stable production of the polypeptides produced.

In one embodiment, a scFv molecule of the invention comprises an scFv linker having the

amino acid sequence of (Gly4Ser)3 or (Gly4Ser)4 interposed between a VH domain and a

VL domain, wherein the VH and VL domains are linked by a disulfide bond.

The scFv molecules of the invention can further comprise at least one disulfide bond

which links an amino acid in the VL domain with an amino acid in the VH domain.

Cysteine residues are necessary to provide disulfide bonds. Disulfide bonds can be

included in an scFv molecule of the invention, e.g., to connect FR4 of VL and FR2 of VH

or to connect FR2 of VL and FR4 of VH. Exemplary positions for disulfide bonding

include: 43, 44, 45, 46, 47, 103, 104, 105, and 106 of VH and 42, 43, 44, 45, 46, 98, 99,

100, and 101 of VL, abat numbering. Modifications of the genes which encode the VH

and VL domains may be accomplished using techniques known in the art, for example,

site-directed mutagenesis.

Mutations in scFv alter the stability of the scFv and improve the overall stability of the

multivalent antibody comprising the mutated scFv compared to a multivalent antibody

without the mutated in the scFv. Mutations to the scFv can be generated as shown in the

Examples. Stability of the mutated scFv is compared against the unmutated scFv using



measurements such as Tm, temperature denaturation and temperature aggregation as

described in the Examples. The binding capacity of the mutant scFvs can be determined

using assays such as ELISA.

In one embodiment, a multivalent antibody of the invention comprises at least one

mutation in an scFv such that the mutated scFv confers improved stability to the

multivalent antibody. In another embodiment, a multivalent antibody of the invention

comprises at least 1, , 3, 4, 5, 6, 7, 8, 9, 10 mutations in an scFv such that the mutated

scFv confers improved stability to the multivalent antibody. In another embodiment, a

multivalent antibody of the invention comprises a comination of mutations in an scFv

such that the mutated scFv confers improved stability to the multivalent antibody.

Multivalent antibodies, such as biparatopic antibodies of the invention are disclosed

herein. These biparatopic antibodies bind to one or more epitopes of LRP6. ScFvs are

linked to an Fc region, for example at the hinge region, using linkers such as GlySer

linkers. In one embodiment, the invention pertains to an antibody or antigen binding

fragment that binds to the β-propeller 1 domain of LRP6 linked to an scFv that binds to

the β-propeller 3 domain of LRP6 using a (GlyGlySer) linker lined to the CH3 region of

the Fc. In one embodiment, a full length IgG antibody that binds to the LPR6 -propeller

1 domain is used to attach a scFv fragment of an antibody that binds to the LRP6 β-

propeller 3 domain.

Multivalent antibodies, such as biparatopic antibodies of the invention can be constructed

using any combination of heavy and light chain sequences shown in Table 2.

Table 2 : Biparatopic Constructs of the Invention



attached to light chain

Reverse BiPa 187, and 189 185

Propeller 3
IgG/Propeller 1scFv
attached to Fc

Accordingly, the invention pertains to biparatopic antibodies constructed using a

Propeller 1 IgG antibody and a Propeller 3 scFv. In one embodiment, the biparatopic

antibody is constructed using any heavy chains sequence selected from the group

consisting of SEQ ID NOs: 166, 171, 173, 175, 195, 201, and 207; and any light chain

sequence selected from the group consisting of SEQ ID NOs: 170, 193, 199, and 205. In

one embodiment, the biparatopic antibody comprises heavy and light chain sequences

selected from the group consisting of SEQ ID NOs: 166/170, 171/170, 173/170, 175/170,

201/199, 207/205, and 195/193.

In one embodiment, the biparatopic antibody comprises heavy chain SEQ ID NO: 166

and light chain SEQ ID NO: 170. In one embodiment, the biparatopic antibody comprises

heavy chain SEQ ID NO: 171 and light chain SEQ ID NO: 170. In one embodiment, the

biparatopic antibody comprises heavy chain SEQ ID NO: 173 and light chain SEQ ID

NO: 170. In one embodiment, the biparatopic antibody comprises heavy chain SEQ ID

NO: 175 and light chain SEQ ID NO: 170. In one embodiment, the biparatopic antibody

comprises heavy chain SEQ ID NO: 201 and light chain SEQ ID NO: 199. In one

embodiment, the biparatopic antibody comprises heavy chain SEQ ID NO: 207 and light

chain SEQ ID NO: 205. In one embodiment, the biparatopic antibody comprises heavy

chain SEQ ID NO: 195 and light chain SEQ ID NO: 193.

In another embodiment, the biparatopic antibody is an "alternative biparatopic antibody"

whereby the scFv is attached to the light chain of IgG. In one embodiment, the

biparatopic antibody comprises heavy chain SEQ ID NO: 177 and light chain SEQ ID

NO: 181.

In another embodiment, a full length IgG antibody that binds to the LP 6 β-propeller 3

domain is used to attach a scFv fragment of an antibody that binds to the LRP6 β-

propeller 1 domain, referred to as "reverse biparatopic". In one embodiment, reverse

biparatopic antibodies of the invention are constructed using a Propeller 3 IgG antibody



and a Propeller 1 scFv. In one embodiment, a reverse biparatopic antibody is constructed

using any heavy chains sequence selected from the group consisting of SEQ ID NOs: 187

and 189; and a light chain sequence SEQ ID NO: 185. In one embodiment, the reverse

biparatopic antibody comprises heavy SEQ ID NO: 187 and light chain SEQ ID NO: 185.

In one embodiment, the reverse biparatopic antibody comprises heavy chain SEQ ID NO:

189 and light chain SEQ ID NO: 185.

The invention also pertains to biparatopic antibodies having a heavy chain variable region

comprising a CDR1 sequences having an amino acid sequence selected from the group

consisting of 1, 21, and 47, CDR2 sequences having an amino acid sequence selected

from the group consisting of 2, 22, and 48, CDR3 sequences having an amino acid

sequence selected from the group consisting of 3, 23, and 49, respectively; a light chain a

light chain variable region comprising a CDR1 sequences having an amino acid sequence

selected from the group consisting of 4, 24, and 50, CDR2 sequences having an amino

acid sequence selected from the group consisting of 5, 25, and, 51, CDR3 sequences

having an amino acid sequence selected from the group consisting of 6, 26, and 52;

combined with a heavy chain variable region comprising a CDR1 sequences having an

amino acid sequence selected from the group consisting of 69, 93, and 115, CDR2

sequences having an amino acid sequence selected from the group consisting of 70, 94,

and 116, CDR3 sequences having an amino acid sequence selected from the group

consisting of 71, 95, and 117, respectively; a light chain a light chain variable region

comprising a CDR1 sequences having an amino acid sequence selected from the group

consisting of 72, 96, and 118, CDR2 sequences having an amino acid sequence selected

from the group consisting of 73, 97, and 119, CDR3 sequences having an amino acid

sequence selected from the group consisting of 74, 98 and 120; the antibody binds to

LRP6 (e.g., human and/or cynomologous LRP6) and inhibits LRP6 biological activity

which can be measured in a Wnt reporter gene assay or any other measure of Wnt

directed signaling (e.g., LRP6 phosphorylation, β-catenin stabilization and nuclear

translocation, cellular proliferation/ survival) as described herein.

Antibodies that can be employed in the multivalent antibodies of the invention are human,

murine, chimeric and humanized monoclonal antibodies.

The multivalent antibodies of the present invention can be prepared by conjugating the

constituent receptor binding domains, using methods known in the art. For example, each



receptor binding domain of the multivalent antibody can be generated separately and then

conjugated to one another. When the receptor binding domains are proteins or peptides, a

variety of coupling or cross-linking agents can be used for covalent conjugation.

Examples of cross-linking agents include protein A, carbodiimide, N-succinimidyl-S-

acetyl-thioacetate (SATA), 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB), o-

phenylenedimaleimide (oPDM), N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP),

and sulfosuccinimidyl 4-(N-maleimidomethyl) eyelohaxane-l-carboxy late (sulfo-SMCC)

(see e.g., Karpovsky et al, (1984) J . Exp. Med. 160:1686; Liu et al (1985) Proc. Natl.

Acad. Sci. USA 82:8648). Other methods include those described in Paulus (1985)

Behring Ins. Mitt. No. 78:1 18-132; Brennan et al, (1985) Science 229:81-83), and

Glennie et al, (1 87) J . Immunol. 139: 2367-2375). Conjugating agents are SATA and

sulfo-SMCC, both available from Pierce Chemical Co. (Rockford, IL).

When the receptor binding domains are antibodies, they can be conjugated by sulfhydryl

bonding of the C-terminus hinge regions of the two heavy chains. In a particularly

embodiment, the hinge region is modified to contain an odd number of sulfhydryl

residues, for example one, prior to conjugation.

Alternatively, the receptor binding domains can be encoded in the same vector and

expressed and assembled in the same host cell. This method is particularly useful where

the multivalent antibody is a mAb x mAb, mAb x Fab, Fab x F(ab')2 or ligand x Fab

fusion protein. Methods for preparing multivalent antibodies are described for example in

U.S. Patent Number 5,260,203; U.S. Patent Number 5,455,030; U.S. Patent Number

4,881,175; U.S. Patent Number 5,132,405; U.S. Patent Number 5,091,513; U.S. Patent

Number 5,476,786; U.S. Patent Number 5,013,653; U.S. Patent Number 5,258,498; and

U.S. Patent Number 5,482,858.

Binding of the multivalent antibodies to their targets can be confirmed by, for example,

enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (REA), FACS

analysis, bioassay {e.g., growth inhibition), or Western Blot assay. Each of these assays

generally detects the presence of protein-antibody complexes of particular interest by

employing a labeled reagent (e.g., an antibody) specific for the complex of interest.

In another aspect, the present invention provides multivalent antibodies comprising at

least two different receptor binding domains of the antibodies of the invention binding to

LRP6. The receptor binding domains can be linked together via protein fusion or



covalent or non covalent linkage. Tetravalent antibodies can be obtained for example by

cross-linking the antibodies of the invention with an antibody that binds to the constant

regions of the antibodies of the invention, for example the Fc or hinge region.

Multivalent Antibody Orientation

The invention pertains to multivalent antibodies that have multiple receptor binding

domains ("RBD"), which include for example, antibody variable regions, antibody

fragments (e.g., Fabs), scFvs, single chain diabodies, or IgG antibodies. Examples of

RBDs are components of a Fab fragment, a monovalent fragment consisting of the VL,

VH, CL and CHI domains; a F(ab)2 fragment, a bivalent fragment comprising two Fab

fragments linked by a disulfide bridge at the hinge region; a Fd fragment consisting of the

VH and CHI domains; a Fv fragment consisting of the VL and VH domains of a single

arm of an antibody; a dAb fragment (Ward et ai, (1989) Nature 341 :544-546), which

consists of a VH domain; and an isolated complementarity determining region (CDR).

RBDs also are also components of single domain antibodies, maxibodies, unibodies,

minibodies, diabodies, triabodies, tetrabodies, v-NAR and bis-scFv (see, e.g., Hollinger

and Hudson, (2005) Nature Biotechnology 23: 126-1 136.

The multivalent antibodies of the invention are generated in any orientation using at least

one receptor binding domain (e.g., an scFv, a single chain diabody, an antibody variable

region) as long as the resulting multivalent antibodies retain functional activity (e.g.,

inhibiting Wnt signaling). It should be understood that any number of receptor binding

domains can be added to the C-terminus and /or N-terminus of the Fc as long as the

resulting multivalent antibodies retain functional activity (e.g., inhibiting Wnt signaling).

In an embodiment, one, two, three, or more receptor binding domains are linked to the C-

terminus of the Fc region. In other embodiments one, two, three, or more receptor binding

domains are linked to the N-terminus of the Fc region. In other embodiments, one, two,

three, or more receptor binding domains are linked to both the N-terminus and C-terminus

of the Fc region. For example, multivalent antibodies of the invention can comprise more

than one receptor binding domain of the same type linked to the C-terminus and/or N-

terminus of an Fc region, e.g., scFv-scFv-Fc -IgG. Alternatively, the multivalent

antibodies of the invention can comprise more than one receptor binding domain of a

different type linked to the C-terminus and/or N-terminus of the Fc region, e.g., scFv-

diabody-Fc-IgG. In another embodiment, one, two, three or more receptor binding



domains (e.g., scFv) are linked to the C-terminus of an IgG. In another embodiment, one,

two, three or more receptor binding domains (e.g., scFv) are linked to the N-terminus of

an IgG. In another embodiment, one, two, three or more receptor binding domains (e.g.,

scFv) are linked to the N-terminus and C-terminus of an IgG.

In other embodiments, the multivalent antibodies of the invention are generated using

more than one receptor binding domain of a different type linked to the C-terminus, e.g.,

scFv-diabody-Fc-IgG; diabody-scFv-Fc-IgG; scFv-scFv-diabody-Fc-IgG; scFv- diabody-

scFv-Fc-IgG; diabody- scFv-scFv-Fc-IgG; antibody variable region-scFv-diabody-Fc-

IgG; and the like. Multivalent antibodies with any number of permutations of receptor

binding domains can be generated. These multivalent antibodies can be tested for

functionality using the methods and assays described within.

In other embodiments, the multivalent antibodies of the invention are generated using

more than one receptor binding domain of a different type linked to the N-terminus, e.g.,

IgG-Fc-scFv-diabody; IgG-Fc-diabody-scFv; IgG-Fc-scFv-scFv-diabody; IgG-Fc- scFv-

diabody-scFv; IgG-Fc-diabody-scFv-scFv; IgG-Fc-antibody variable region-scFv-

diabody; and the like.

In yet other embodiments, multivalent antibodies of the invention are generated using a

single receptor binding domain (e.g., an scFv, a single chain diabody, an antibody

variable region) linked to the C-terminus and N-terminus of the Fc region. In another

embodiment, multiple receptor binding domains are linked to the N-terminus of the Fc

region, for example, at least 1, 2, 3, 4, 5, 6, 7, 8 or more receptor binding domains linked

to the C-terminus and N-terminus of the Fc region. For example, the multivalent

antibodies of the invention can comprise one or more scFvs linked to the C-terminus and

N-terminus of the Fc region, e.g., scFv-Fc-scFv-scFv; -scFv-scFv-Fc-scFv-scFv, and the

like. In other embodiments, the multivalent antibodies of the invention are generated

using more than one receptor binding domain of a different type linked to the N-terminus,

e.g., scFv-Fc-scFv- diabody; scFv-Fc-diabody-scFv; scFv-Fc-scFv-scFv-diabody; scFv-

Fc- scFv- diabody-scFv; scFv-Fc-diabody-scFv-scFv; scFv-Fc-antibody variable region-

scFv-diabody; and the like Multivalent antibodies with any number of permutations of

receptor binding domains can be generated. These multivalent antibodies can be tested

for functionality using the methods and assays described within.



Linker Length

It is known that linker length can greatly affect how the variable regions of an scFv fold

and interact. In fact, if a short linker is employed (e.g., between 5-10 amino acids;

between 5-20 amino acids) intrachain folding is prevented and interchain folding is

required to bring the two variable regions together to form a functional epitope binding

site. For examples of linker orientation and size see, e.g., Hollinger et al. 1993 Proc Natl

Acad. Sci. U.S.A. 90:6444-6448, U.S. Patent Application Publication Nos.

2005/0100543, 2005/0175606, 2007/0014794, and PCT publication Nos.

WO2006/020258 and WO2007/024715, is incorporated herein by reference.

It is also understood that the receptor binding domains may be separated by linker regions

of various lengths. The receptor binding domains can be separated from each other, a

Ckappa/lambda, CHI, Hinge, CH2, CH3, or the entire Fc region by a linker sequence.

Such linker sequence may comprise a random assortment of amino acids, or a restricted

set of amino acids. Such linker sequence may be flexible or rigid.

The multivalent antibodies of the invention comprise a linker sequence of at least 1, 2, 3,

4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,

70, 75, or more amino acid residues between one or more of its receptor binding domains,

Ckappa/lambda domains, CHI domains, Hinge region, CH2 domains, CH3 domains, or

Fc regions. The linker sequence may be comprised of any naturally occurring amino acid.

In some embodiments, the amino acids glycine and serine comprise the amino acids

within the linker sequence. In another embodiment, the linker region orientation

comprises sets of glycine repeats (Gly Ser)„, where n is a positive integer equal to or

greater than 1.

In one embodiment, the linkers include, but are not limited to, (Gly4 Ser) or (Gly Ser)3 .

In another embodiment, the linkers Glu and Lys residues can be interspersed within the

Gly-Ser linkers for better solubility. In another embodiment, the linkers include multiple

repeats of (Gly2Ser), (GlySer) or (Gly3Ser). In anther embodiment, the linkers include

combinations and multiples of (Gly Ser)+(Gly Ser)+(GlySer). In another embodiment,

Ser can be replaced with Ala e.g., (Gly Ala) or (Gly3Ala). In yet another embodiment, the

linker comprises the motif (GluAlaAlaAlaLys) n, where n is a positive integer equal to or

greater than 1.



Hinge Region

The multivalent antibodies of the invention may comprise all or at least a portion of an

antibody Hinge region. The Hinge region or portion thereof may be connected directly to

an receptor binding domain, a CHI, a Ckappa/lambda, a CH2, or a CH3. In one

embodiment, the Hinge region, or portion thereof may be connected through a variable

length linker region to a receptor binding domain, a CHI, a Ckappa/lambda, a CH2, or a

CH3.

The multivalent antibodies of the invention can comprise 1, 2, 3, 4, 5, 6, or more Hinge

regions or portions thereof. The Hinge regions or portions thereof can either be identical

or be different. In one embodiment, the multivalent antibodies of the invention comprise a

Hinge region or portion thereof from a human IgGl molecule. In further embodiments,

the Hinge region or portion thereof may be engineered to remove a naturally occurring

cysteine residue, introduce a non-naturally occurring cysteine residue, or substitute a

naturally occurring residue for a non-naturally occurring cysteine residue. In some

embodiments, the multivalent antibodies of the invention contain at least one Hinge

region or portion thereof that comprises the following amino acids sequence comprising:

EPKSCDKTHTCPPCP (SEQ ID NO: 2 11) or EPKSC (SEQ ID NO: 212). In some

embodiments, at least one Hinge region or portion thereof is engineered to substitute at

least one naturally occurring cysteine residue with another amino acid residue. In some

embodiments, at least one naturally occurring cysteine residue is substituted with serine.

Non-naturally occurring cysteine residues useful for site-specific conjugation can be

engineered into the multivalent antibodies of the invention. Such approaches,

compositions and methods are exemplified in U.S. Provisional Patent Application Ser.

No. 61/022,073 filed Jan. 18, 2008, entitled "Cysteine Engineered Antibodies for Site-

Specific Conjugation" and U.S. Patent Application Publication No. 20070092940, filed

Sep. 22, 2005, each of which are hereby incorporated by reference in its entirety for all

purposes.

Methods of Evaluating Protein Stability



To assess the stability of multivalent antibodies, the stability of the least stable domain of

a multidomain protein is predicted using the methods of the invention and those described

below.

Such methods allow for the determination of multiple thermal unfolding transitions where

the least stable domain either unfolds first or limits the overall stability threshold of a

multidomain unit that unfolds cooperatively (i.e. a multidomain protein which exhibits a

single unfolding transition). The least stable domain can be identified in a number of

additional ways. Mutagenesis can be performed to probe which domain limits the overall

stability. Additionally, protease resistance of a multidomain protein can be performed

under conditions where the least stable domain is known to be intrinsically unfolded via

DSC or other spectroscopic methods (Fontana, et al., (1997) Fold. Des., 2 : R17-26;

Dimasi et al. (2009) J. Mol. Biol. 393: 672-692). Once the least stable domain is

identified, the sequence encoding this domain (or a portion thereof) may be employed as a

test sequence in the methods of the invention.

a) Thermal Stability

The thermal stability of the compositions of the invention may be analyzed using a

number of non-limiting biophysical or biochemical techniques known in the art. In certain

embodiments, thermal stability is evaluated by analytical spectroscopy.

An exemplary analytical spectroscopy method is Differential Scanning Calorimetry

(DSC). DSC employs a calorimeter which is sensitive to the heat absorbances that

accompany the unfolding of most proteins or protein domains (see, e.g. Sanchez-Ruiz, et

al., Biochemistry, 27: 1648-52, 1988). To determine the thermal stability of a protein, a

sample of the protein is inserted into the calorimeter and the temperature is raised until

the Fab or scFv unfolds. The temperature at which the protein unfolds is indicative of

overall protein stability.

Another exemplary analytical spectroscopy method is Circular Dichroism (CD)

spectroscopy. CD spectrometry measures the optical activity of a composition as a

function of increasing temperature. Circular dichroism (CD) spectroscopy measures

differences in the absorption of left-handed polarized light versus right-handed polarized

light which arise due to structural asymmetry. A disordered or unfolded structure results



in a CD spectrum very different from that of an ordered or folded structure. The CD

spectrum reflects the sensitivity of the proteins to the denaturing effects of increasing

temperature and is therefore indicative of a protein's thermal stability (see van Mierlo and

Steemsma, J . Biotechnol., 79(3):281-98, 2000).

Another exemplary analytical spectroscopy method for measuring thermal stability is

Fluorescence Emission Spectroscopy (see van Mierlo and Steemsma, supra). Yet another

exemplary analytical spectroscopy method for measuring thermal stability is Nuclear

Magnetic Resonance (NMR) spectroscopy (see, e.g. van Mierlo and Steemsma, supra).

The thermal stability of a composition of the invention can be measured biochemically.

An exemplary biochemical method for assessing thermal stability is a thermal challenge

assay. In a "thermal challenge assay", a composition of the invention is subjected to a

range of elevated temperatures for a set period of time. For example, in one embodiment,

test scFv molecules or molecules comprising scFv molecules are subject to a range of

increasing temperatures, e.g., for 1-1.5 hours. The activity of the protein is then assayed

by a relevant biochemical assay. For example, if the protein is a binding protein (e.g. an

scFv or scFv-containing polypeptide of the invention) the binding activity of the binding

protein may be determined by a functional or quantitative ELISA.

Such an assay may be done in a high-throughput format and those disclosed in the

Examles using E. coli and high throughput screening. A library of scFv variants may be

created using methods known in the art. scFv expression may be induced an scFvs may be

subjected to thermal challenge. The challenged test samples may be assayed for binding

and those scFvs which are stable may be scaled up and further characterized.

Thermal stability is evaluated by measuring the melting temperature (Tm) of a

composition of the invention using any of the above techniques (e.g. analytical

spectroscopy techniques). The melting temperature is the temperature at the midpoint of a

thermal transition curve wherein 50% of molecules of a composition are in a folded state

(See e.g., Dimasi et al. (2009) J. Mol Biol. 393: 672-692). In one embodiment, Tm values

for a scFv are about 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C, 47°C, 48°C, 49°C,

50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C, 61°C, 62°C, 63°C,

64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C, 74°C, 75°C, 76°C, 77°C,



78°C, 79°C, 80°C, 81°C, 82°C, 83°C, 84°C, 85°C, 86°C, 87°C, 88°C, 89°C, 90°C, 91°C,

92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C. In one embodiment, Tm

values for an IgG is about 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C, 47°C, 48°C, 49°C,

50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C, 61°C, 62°C, 63°C,

64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C, 74°C, 75°C, 76°C, 77°C,

78°C, 79°C, 80°C, 81°C, 82°C, 83°C, 84°C, 85°C, 86°C, 87°C, 88°C, 89°C, 90°C, 91°C,

92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C. In one embodiment, Tm

values for an multivalent antibody is about 40°C, 4 1°C, 42°C, 43°C, 44°C, 45°C, 46°C,

47°C, 48°C, 49°C, 50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C,

61°C, 62°C, 63°C, 64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C, 74°C,

75°C, 76°C, 77°C, 78°C, 79°C, 80°C, 81°C, 82°C, 8 °C, 84°C, 85°C, 86°C, 87°C, 88°C,

89°C, 90°C, 9 1°C, 92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C.

Thermal stability is also evaluated by measuring the specific heat or heat capacity (Cp) of

a composition of the invention using an analytical calorimetric technique (e.g. DSC). The

specific heat of a composition is the energy (e.g. in kcal/mol) required to raise by 1°C, the

temperature of 1 mol of water. As large Cp is a hallmark of a denatured or inactive

protein composition. The change in heat capacity (ACp) of a composition is measured by

determining the specific heat of a composition before and after its thermal transition.

Thermal stability may also be evaluated by measuring or determining other parameters of

thermodynamic stability including Gibbs free energy of unfolding (AG), enthalpy of

unfolding (∆Η), or entropy of unfolding (AS).

One or more of the above biochemical assays (e.g. a thermal challenge assay) is used to

determine the temperature (i.e. the Tc value) at which 50% of the composition retains its

activity (e.g. binding activity).

In addition, mutations to the scFv alter the thermal stability of the scFv compared with the

unmutated scFv. When the mutated scFv is incorporated into a multivalent antibody, the

mutated scFv confers thermal stability to the overall multivalent antibody. In one

embodiment, the scFv comprises a single mutation that confers thermal stability to the

scFv. In another embodiment, the scFv comprises multiple mutations that confer thermal



stability to the scFv. In one embodiment, the multiple mutations in the scFv have an

additive effect on thermal stability of the scFv.

b) % Aggregation

The stability of a composition of the invention can be determined by measuring its

propensity to aggregate. Aggregation can be measured by a number of non-limiting

biochemical or biophysical techniques. For example, the aggregation of a composition of

the invention may be evaluated using chromatography, e.g. Size-Exclusion

Chromatograpy (SEC). SEC separates molecules on the basis of size. A column is filled

with semi-solid beads of a polymeric gel that will admit ions and small molecules into

their interior but not large ones. When a protein composition is applied to the top of the

column, the compact folded proteins (ie. non-aggregated proteins) are distributed through

a larger volume of solvent than is available to the large protein aggregates. Consequently,

the large aggregates move more rapidly through the column, and in this way the mixture

can be separated or fractionated into its components. Each fraction can be separately

quantified (e.g. by light scattering) as it elutes from the gel. Accordingly, the %

aggregation of a composition of the invention can be determined by comparing the

concentration of a fraction with the total concentration of protein applied to the gel. Stable

compositions elute from the column as essentially a single fraction and appear as

essentially a single peak in the elution profile or chromatogram.

c) Binding Affinity

The stability of a composition of the invention can be assessed by determining its target

binding affinity. A wide variety of methods for determining binding affinity are known in

the art. An exemplary method for determining binding affinity employs surface plasmon

resonance. Surface plasmon resonance is an optical phenomenon that allows for the

analysis of real-time biospecific interactions by detection of alterations in protein

concentrations within a biosensor matrix, for example using the BIAcore system

(Pharmacia Biosensor AB, Uppsala, Sweden and Piscataway, N.J.). For further

descriptions, see Jonsson, U., et al. (1993) Ann. Biol. Clin. 51:19-26; Jonsson, U., i

(1991) Biotechniques 11:620-627; Johnsson, B., et al. (1995) J . Mol. Recognit. 8: 125-

13 ; and Johnnson, B., et al. (1991) Anal. Biochem. 198:268-277.



Antibodies with Extended Half Life

The present invention provides for antibodies and multivalent antibodies that specifically

bind to LRP6 protein which have an extended half-life in vivo. Many factors may affect a

protein's half life in vivo. For examples, kidney filtration, metabolism in the liver,

degradation by proteolytic enzymes (proteases), and immunogenic responses (e.g., protein

neutralization by antibodies and uptake by macrophages and dentritic cells). A variety of

strategies can be used to extend the half life of the antibodies of the present invention.

For example, by chemical linkage to polyethyleneglycol (PEG), reCODE PEG, antibody

scaffold, polysialic acid (PSA), hydroxyethyl starch (HES), albumin-binding ligands, and

carbohydrate shields; by genetic fusion to proteins binding to serum proteins, such as

albumin, IgG, FcRn, and transferring; by coupling (genetically or chemically) to other

binding moieties that bind to serum proteins, such as nanobodies, Fabs, DARPins,

avimers, affibodies, and anticalins; by genetic fusion to rPEG, albumin, domain of

albumin, albumin-binding proteins, and Fc; or by incorporation into nancarriers, slow

release formulations, or medical devices.

To prolong the serum circulation of antibodies in vivo, inert polymer molecules such as

high molecular weight PEG can be attached to the antibodies with or without a

multifunctional linker either through site-specific conjugation of the PEG to the N- or C-

terminus of the antibodies or via epsilon-amino groups present on lysine residues. To

pegylate, a antibody typically is reacted with polyethylene glycol (PEG), such as a

reactive ester or aldehyde derivative of PEG, under conditions in which one or more PEG

groups become attached to the antibody or antibody fragment. The pegylation can be

carried out by an acylation reaction or an alkylation reaction with a reactive PEG

molecule (or an analogous reactive water-soluble polymer). As used herein, the term

"polyethylene glycol" is intended to encompass any of the forms of PEG that have been

used to derivatize other proteins, such as mono (CI -CIO) alkoxy- or aryloxy-polyethylene

glycol or polyethylene glycol-maleimide. In certain embodiments, the antibody to be

pegylated is an aglycosylated antibody. Linear or branched polymer derivatization that

results in minimal loss of biological activity will be used. The degree of conjugation can

be closely monitored by SDS-PAGE and mass spectrometry to ensure proper conjugation

of PEG molecules to the antibody. Unreacted PEG can be separated from antibody-PEG

conjugates by size-exclusion or by ion-exchange chromatography. PEG-derivatized

antibodies can be tested for binding activity as we as for in vivo efficacy using methods



well-known to those of skill in the art, for example, by immunoassays described herein.

Methods for pegylating proteins are known in the art and can be applied to the antibodies

of the invention. See for example, EP 0 154 316 by Nishimura et al. and EP 0 401 384 by

Ishikawa et al.

Other modified pegylation technologies include reconstituting chemically orthogonal

directed engineering technology (ReCODE PEG), which incorporates chemically

specified side chains into biosynthetic proteins via a reconstituted system that includes

tRNA synthetase and tRNA. This technology enables incorporation of more than 30 new

amino acids into biosynthetic proteins in E.coli, yeast, and mammalian cells. The tRNA

incorporates a normative amino acid any place an amber codon is positioned, converting

the amber from a stop codon to one that signals incorporation of the chemically specified

amino acid.

Recombinant pegylation technology (rPEG) can also be used for serum halflife extension.

This technology involves genetically fusing a 300-600 amino acid unstructured protein

tail to an existing pharmaceutical protein. Because the apparent molecular weight of

such an unstructured protein chain is about -fold larger than its actual molecular

weight, the serum halflife of the protein is greatly increased. In contrast to traditional

PEGylation, which requires chemical conjugation and repurification, the manufacturing

process is greatly simplified and the product is homogeneous.

Polysialytion is another technology, which uses the natural polymer polysialic acid (PSA)

to prolong the active life and improve the stability of therapeutic peptides and proteins,

such as antibodies of the invention. PSA is a polymer of sialic acid (a sugar). When used

for protein and therapeutic peptide drug delivery, polysialic acid provides a protective

microenvironment on conjugation. This increases the active life of the therapeutic protein

in the circulation and prevents it from being recognized by the immune system. The PSA

polymer is naturally found in the human body. It was adopted by certain bacteria which

evolved over millions of years to coat their walls with it. These naturally polysialylated

bacteria were then ab e, by virtue of molecular mimicry, to foil the body's defence

system. PSA, nature's ultimate stealth technology, can be easily produced from such

bacteria in large quantities and with predetermined physical characteristics. Bacterial

PSA is completely non-immunogenic, even when coupled to proteins, as it is chemically

identical to PSA in the human body.



Another technology include the use of hydroxyethyl starch ("HES") derivatives linked to

antibodies. HES is a modified natural polymer derived from waxy maize starch and can

be metabolized by the body's enzymes. HES solutions are usually administered to

substitute deficient blood volume and to improve the rheological properties of the blood.

Hesylation of an antibody enables the prolongation of the circulation half-life by

increasing the stability of the molecule, as well as by reducing renal clearance, resulting

in an increased biological activity. By varying different parameters, such as the

molecular weight of HES, a wide range of HES antibodies conjugates can be customized.

Antibodies having an increased half-life in vivo can also be generated introducing one or

more amino acid modifications (i.e., substitutions, insertions or deletions) into an IgG

constant domain, or FcRn binding fragment thereof (preferably a Fc or hinge Fc domain

fragment). See, e.g., International Publication No. WO 98/23289; International

Publication No. WO 97/34631; and U.S. Patent No. 6,277,375.

Further, antibodies can be conjugated to albumin in order to make the antibodies more

stable in vivo or have a longer half life in vivo. The techniques are well-known in the art,

see, e.g., International Publication Nos. WO 93/15199, WO 93/15200, and WO 01/77137;

and European Patent No. EP 413,622.

Antibody Conjugates

The present invention provides antibodies and multivalent antibodies thereof that

specifically bind to a LRP6 protein recombinantly fused or chemically conjugated

(including both covalent and non-covalent conjugations) to a heterologous protein or

polypeptide (or fragment thereof, preferably to a polypeptide of at least 10, at least 20, at

least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90 or at least

100 amino acids) to generate fusion proteins. In particular, the invention provides fusion

proteins comprising an antigen-binding fragment of antibodies described herein (e.g. , a

Fab fragment, Fd fragment, Fv fragment, F(ab)2 fragment, a VH domain, a VH CDR, a

VL domain or a VL CDR) and a heterologous protein, polypeptide, or peptide. Methods

for fusing or conjugating proteins, polypeptides, or peptides to an antibody or an antibody

fragment are known in the art. See, e.g., U.S. Patent Nos. 5,336,603, 5,622,929,

5,359,046, 5,349,053, 5,447,85 , and 5,1 12,946; European Patent Nos. EP 307,434 and

EP 367,166; International Publication Nos. WO 96/04388 and WO 91/06570; Ashkenazi

et al, (1991) Proc. Natl. Acad. Sci. USA 88:10535-10539; Zheng et al, (1995) J .



Immunol. 154:5590-5600; and Vil etai, (1992) Proc. Natl. Acad. Sci. USA 89:1 1337-

1341.

Additional fusion proteins may be generated through the techniques of gene-shuffling,

motif-shuffling, exon-shuffling, and/or codon-shuffling (collectively referred to as "DNA

shuffling"). DNA shuffling may be employed to alter the activities of antibodies of the

invention (e.g., multivalent, biparatopic or bispecific antibodies or fragments thereof with

higher affinities and lower dissociation rates). See, generally, U.S. Patent Nos.

5,605,793; 5,81 1,238; 5,830,721; 5,834,252; and 5,837,458; Patten et al., (1997) Curr.

Opinion Biotechnol. 8:724-33; Harayama, (1998) Trends Biotechnol. 16(2):76-82;

Hansson et al, (1999) J. Mol. Biol- 287:265-76; and Lorenzo and Blasco, (1998)

Biotechniques 24(2):308- 13 (each of these patents and publications are hereby

incorporated by reference in its entirety). Antibodies or fragments thereof, or the encoded

antibodies or fragments thereof, may be altered by being subjected to random

mutagenesis by error-prone PCR, random nucleotide insertion or other methods prior to

recombination. A polynucleotide encoding a multivalent antibody or fragment thereof

that specifically binds to a LRP6 protein may be recombined with one or more

components, motifs, sections, parts, domains, fragments, etc. of one or more heterologous

molecules.

Moreover, the antibodies or fragments thereof can be fused to marker sequences, such as

a peptide to facilitate purification. In one embodiment, the marker amino acid sequence

is a hexa-histidine peptide, such as the tag provided in a pQE vector (QIAGEN, Inc., 9259

Eton Avenue, Chatsworth, CA, 9 1 1), among others, many of which are commercially

available. As described in Gentz et al., (1989) Proc. Natl. Acad. Sci. USA 86:821-824,

for instance, hexa-histidine provides for convenient purification of the fusion protein.

Other peptide tags useful for purification include, but are not limited to, the

hemagglutinin ("HA") tag, which corresponds to an epitope derived from the influenza

hemagglutinin protein (Wilson et al, (1984) Cell 37:767), and the "flag" tag.

In other embodiments, antibodies of the present invention or fragments thereof

conjugated to a diagnostic or detectable agent. Such antibodies can be useful for

monitoring or prognosing the onset, development, progression and/or severity of a disease

or disorder as part of a clinical testing procedure, such as determining the efficacy of a

particular therapy. Such diagnosis and detection can accomplished by coupling the



antibodies to detectable substances including, but not limited to, various enzymes, such

as, but not limited to, horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or

acetylcholinesterase; prosthetic groups, such as, but not limited to, streptavidinlbiotin and

avidin/biotin; fluorescent materials, such as, but not limited to, umbelliferone, fluorescein,

fluorescein isothiocynate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride

or phycoerythrin; luminescent materials, such as, but not limited to, luminol;

bioluminescent materials, such as but not limited to, luciferase, luciferin, and aequorin;

radioactive materials, such as, but not limited to, iodine ( 3 I, 51, I, and I,), carbon

( C), sulfur ( 5S), tritium ( H), indium ( In, 1 In, 1 In, and 1In,), technetium ("Tc),

thallium ( 1Ti), gallium ( Ga, Ga), palladium ( ,03Pd), molybdenum ("Mo), xenon

( 1 Xe), fluorine (18F), ,53Sm, Lu, Gd, Pm, 14 La, Yb, , Ho, Y, 47Sc, Re,

, SRe, Pr, 1 5Rh, Ru, Ge, 5 Co, 5Zn, 5Sr, 2P, Gd, , Yb, 5 Cr, 5 n, Se, , Sn,

and Tin; and positron emitting metals using various positron emission tomographies,

and noradioactive paramagnetic metal ions.

The present invention further encompasses uses of antibodies or fragments thereof

conjugated to a therapeutic moiety. The antibodies or fragment thereof may be

conjugated to a therapeutic moiety such as a cytotoxin, e.g., a cytostatic or cytocidal

agent, a therapeutic agent or a radioactive metal ion, e.g., alpha-emitters. A cytotoxin or

cytotoxic agent includes any agent that is detrimental to cells.

Further, antibodies or fragments thereof may be conjugated to a therapeutic moiety or

drug moiety that modifies a given biological response. Therapeutic moieties or drug

moieties are not to be construed as limited to classical chemical therapeutic agents. For

example, the drug moiety may be a protein, peptide, or polypeptide possessing a desired

biological activity. Such proteins may include, for example, a toxin such as abrin, ricin

A, pseudomonas exotoxin, cholera toxin, or diphtheria toxin; a protein such as tumor

necrosis factor, a-interferon, β-interferon, nerve growth factor, platelet derived growth

factor, tissue plasminogen activator, an apoptotic agent, an anti-angiogenic agent; or, a

biological response modifier such as, for example, a lymphokine.

In one embodiment, the antibody, or a fragment thereof, conjugated to a therapeutic

moiety, such as a cytotoxin, a drug (e.g., an immunosuppressant) or a radiotoxin. Such

conjugates are referred to herein as 'immunoconjugates". Immunoconjugates that include

one or more cytotoxins are referred to as "immunotoxins." A cytotoxin or cytotoxic agent



includes any agent that is detrimental to (e.g., kills) cells. Examples include taxon,

cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide,

tenoposide, vincristine, vinblastine, t . colchicin, doxorubicin, daunorubicin, dihydroxy

anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1 -dehydrotestosterone,

glucocorticoids, procaine, tetracaine, Ijdocaine, propranolol, and puromycin and analogs

or homologs thereof. Therapeutic agents also include, for example, antimetabolites (e.g.,

methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil decarbazine),

ablating agents (e.g., mechlorethamine, thioepa chloraxnbucil, meiphalan, carmustine

(BSNU) and lomustine (CCNU), cyclophosphamide, busulfan, dibromomannitol,

streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) (DDP) cisplatin,

anthracyclines (e.g., daunorubicin (formerly daunomycin) and doxorubicin), antibiotics

(e.g., dactinomycin (formerly actinomycin), bleomycin, mithramycin, and anthramycin

(AMC)), and anti-mitotic agents (e.g., vincristine and vinblastine).

Other examples of therapeutic cytotoxins that can be conjugated to a antibody of the

invention include duocarmycins, calicheamicins, maytansines and auristatins, and

derivatives thereof. An example of a calicheamicin antibody conjugate is commercially

available (MylotargTm; Wyeth-Ayerst).

Cytoxins can be conjugated to antibodies of the invention using linker technology

available in the art. Examples of linker types that have been used to conjugate a cytotoxin

to an antibody include, but are not limited to, hydrazones, thioethers, esters, disulfides

and peptide-containing linkers. A linker can be chosen that is, for example, susceptible to

cleavage by low pH within the lysosomal compartment or susceptible to cleavage by

proteases, such as proteases preferentially expressed in tumor tissue such as cathepsins

(e.g., cathepsins B, C, D).

For further discussion of types of cytotoxins, linkers and methods for conjugating

therapeutic agents to antibodies, see also Saito et at, (2003) Adv. Drug Deliv. Rev.

55:199-215; Trail et at, (2003) Cancer Immunol. Immunother. 52:328-337; Payne,

(2003) Cancer Cell 3:207-212; Allen, (2002) Nat. Rev. Cancer 2:750-763; Pastan and

Kreitman, (2002) Curr. Opin. Investig. Drugs 3 : 1089-1091; Senter and Springer, (2001)

Adv. Drug Deliv. Rev. 53:247-264.

Antibodies of the present invention also can be conjugated to a radioactive isotope to

generate cytotoxic radiopharmaceuticals, also referred to as radioimmunoconjugates.



Examples of radioactive isotopes that can be conjugated to antibodies for use

diagnostically or therapeutically include, but are not limited to, iodine131 , indium 1,

yttrium90, and lutetium 17 . Method for preparing radioimmunconjugates are established in

the art. Examples of radioimmunoconjugates are commercially available, including

Zevalin (DEC Pharmaceuticals) and Bexxar (Corixa Pharmaceuticals), and similar

methods can be used to prepare radioimmunoconjugates using the antibodies of the

invention. In certain embodiments, the macrocyclic chelator is 1,4,7,10-

tetraazacyclododecane-N,N',N",N'"-tetraacetic acid (DOTA) which can be attached to

the antibody via a linker molecule. Such linker molecules are commonly known in the art

and described in Denardo et al, (1998) Clin Cancer Res. 4(10):2483-90; Peterson et al,

(1999) Bioconjug. Chem. 10(4):553-7; and Zimmerman et al, (1999) Nucl. Med. Biol.

26(8):943-50, each incorporated by reference in their entireties.

Techniques for conjugating therapeutic moieties to antibodies are well known, see, e.g.,

Arnon et al, "Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer

Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al (eds.), pp. 243-

56 (Alan R. Liss, Inc. 1985); Hellstrom et al, "Antibodies For Drug Delivery", in

Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker,

Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A

Review", in Monoclonal Antibodies 84: Biological And Clinical Applications, Pinchera

et al (eds.), pp. 475-506 (1985); "Analysis, Results, And Future Prospective Of The

Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy", in Monoclonal

Antibodies For Cancer Detection And Therapy, Baldwin et al (eds.), pp. 303-16

(Academic Press 1985), and Thorpe et al, (1982) Immunol. Rev. 62:1 19-58.

Antibodies may also be attached to solid supports, which are particularly useful for

immunoassays or purification of the target antigen. Such solid supports include, but are

not limited to, glass, cellulose, polyacrylamide, nylon, polystyrene, polyvinyl chloride or

polypropylene.

Methods of Producing Antibodies

(i) Nucleic Acids Encoding the Antibodies

The invention provides substantially purified nucleic acid molecules which encode

multiple epitope binding proteins, e.g., antibodies and antigen binding fragments thereof



comprising segments or domains of the LRP6 antibody chains described above. Some of

the nucleic acids of the invention comprise the nucleotide sequence encoding the

propeller 1 antibody heavy chain variable region shown in SEQ ID NO: 14, 19, 34, and

60, and/or the nucleotide sequence encoding the light chain variable region shown in SEQ

ID NO: 13, 20, 33, and 59. In a specific embodiment, the nucleic acid molecules are those

identified in Table . Some other nucleic acid molecules of the invention comprise

nucleotide sequences that are substantially identical (e.g., at least 65, 80%, 95%, or 99%)

to the nucleotide sequences of those identified in Table . Some of the nucleic acids of

the invention comprise the nucleotide sequence encoding the heavy chain variable region

shown in SEQ ID NO: 82, 106, and 128, and/or the nucleotide sequence encoding the

light chain variable region shown in SEQ ID NO: 81, 105, and 127. In a specific

embodiment, the nucleic acid molecules are those identified in Table 1. Some other

nucleic acid molecules of the invention comprise nucleotide sequences that are

substantially identical (e.g., at least 65, 80%, 95%, or 99%) to the nucleotide sequences of

those identified in Table 1. When expressed from appropriate expression vectors,

polypeptides encoded by these polynucleotides are capable of exhibiting LRP6 antigen

binding capacity.

Also provided in the invention are polynucleotides which encode at least one CDR region

and usually all three CDR regions from the heavy or light chain of the LRP6 antibody set

forth above. Some other polynucleotides encode all or substantially all of the variable

region sequence of the heavy chain and/or the light chain of the LRP6 antibody set forth

above. Because of the degeneracy of the code, a variety of nucleic acid sequences will

encode each of the immunoglobulin amino acid sequences.

The nucleic acid molecules of the invention can encode both a variable region and a

constant region of the antibody. Some of nucleic acid sequences of the invention

comprise nucleotides encoding a mature heavy chain variable region sequence that is

substantially identical (e.g., at least 80%, 90%, or 99%) to the mature heavy chain

variable region sequence set forth in SEQ ID NO: 14, 19, 34, and 60. Some other nucleic

acid sequences comprising nucleotide encoding a mature light chain variable region

sequence that is substantially identical (e.g., at least 80%, 90%, or 99%) to the mature

light chain variable region sequence set forth in SEQ ID NO: 1 , 20, 33, and 59.



The nucleic acid molecules of the invention can encode both a variable region and a

constant region of the antibody. Some of nucleic acid sequences of the invention

comprise nucleotides encoding a mature heavy chain variable region sequence that is

substantially identical (e.g., at least 80%, 90%, or 99%) to the mature heavy chain

variable region sequence set forth in SEQ ID NO: 82, 106, and 128. Some other nucleic

acid sequences comprising nucleotide encoding a mature light chain variable region

sequence that is substantially identical (e.g., at least 80%, 90%, or 99%) to the mature

light chain variable region sequence set forth in SEQ ID NO: 81, 105, and 129.

The polynucleotide sequences can be produced by de novo solid-phase DNA synthesis or

by PCR mutagenesis of an existing sequence (e.g., sequences as described in the

Examples below) encoding an LRP6 antibody or its binding fragment. Direct chemical

synthesis of nucleic acids can be accomplished by methods known in the art, such as the

phosphotriester method of Narang et al., (1979) Meth. Enzymol. 68:90; the

phosphodiester method of Brown et , (1979) Meth. Enzymol. 68:109; the

diethylphosphoramidite method of Beaucage et al., (1981) Tetra. Lett., 22:1859; and the

solid support method of U.S. Patent No. 4,458,066. Introducing mutations to a

polynucleotide sequence by PCR can be performed as described in, e.g., PCR

Technology: Principles and Applications for DNA Amplification, H.A. Erlich (Ed.),

Freeman Press, NY, NY, 1992; PCR Protocols: A Guide to Methods and Applications,

Innis et al. (Ed.), Academic Press, San Diego, CA, 1990; Mattila et al., (1991) Nucleic

Acids Res. 19:967; and Eckert et al., (1991) PCR Methods and Applications 1:17.

Also provided in the invention are expression vectors and host cells for producing the

antibodies described above. Various expression vectors can be employed to express the

polynucleotides encoding the antibody fragments thereof. Both viral-based and nonviral

expression vectors can be used to produce the antibodies in a mammalian host cell.

Nonviral vectors and systems include plasmids, episomal vectors, typically with an

expression cassette for expressing a protein or RNA, and human artificial chromosomes

(see, e.g., Harrington et al., (1997) Nat Genet 15:345). For example, nonviral vectors

useful for expression of the antibody polynucleotides and polypeptides in mammalian

(e.g., human) cells include pThioHis A, B & C, pcDNA3.1/His, pEBVHis A, B & C,

(Invitrogen, San Diego, CA), MPSV vectors, and numerous other vectors known in the art

for expressing other proteins. Useful viral vectors include vectors based on retroviruses,

adenoviruses, adenoassociated viruses, herpes viruses, vectors based on SV40, papilloma



virus, HBP Epstein Barr virus, vaccinia virus vectors and Semliki Forest virus (SFV).

See, Brent et al, (1995) supra; Smith, Annu. Rev. Microbiol. 49:807; and Rosenfeld et

a/., (1992) Cell 68:143.

The choice of expression vector depends on the intended host cells in which the vector is

to be expressed. Typically, the expression vectors contain a promoter and other

regulatory sequences (e.g., enhancers) that are operably linked to the polynucleotides

encoding a antibody or fragment thereof. In some embodiments, an inducible promoter

is employed to prevent expression of inserted sequences except under inducing

conditions. Inducible promoters include, e.g., arabinose, lacZ, metallothionein promoter

or a heat shock promoter. Cultures of transformed organisms can be expanded under

noninducing conditions without biasing the population for coding sequences whose

expression products are better tolerated by the host cells. In addition to promoters, other

regulatory elements may also be required or desired for efficient expression of the

antibody or fragment thereof. These elements typically include an ATG initiation codon

and adjacent ribosome binding site or other sequences. In addition, the efficiency of

expression may be enhanced by the inclusion of enhancers appropriate to the cell system

in use (see, e.g., Scharf et al, (1994) Results Probl. Cell Differ. 20:125; and Bittner et al,

(1987) Meth. Enzymol., 153:516). For example, the SV40 enhancer or CMV enhancer

may be used to increase expression in mammalian host cells.

The expression vectors may also provide a secretion signal sequence position to form a

fusion protein with polypeptides encoded by inserted LRP6 antibody sequences. More

often, the inserted LRP6 antibody sequences are linked to a signal sequences before

inclusion in the vector. Vectors to be used to receive sequences encoding LRP6 antibody

light and heavy chain variable domains sometimes also encode constant regions or parts

thereof. Such vectors allow expression of the variable regions as fusion proteins with the

constant regions thereby leading to production of intact antibodies or fragments thereof.

Typically, such constant regions are human.

The host cells for harboring and expressing the antibodies can be either prokaryotic or

eukaryotic. E. co i is one prokaryotic host useful for cloning and expressing the

polynucleotides of the present invention. Other microbial hosts suitable for use include

bacilli, such as Bacillus subtilis, and other enterobacteriaceae, such as Salmonella,

Serratia, and various Pseudomonas species. In these prokaryotic hosts, one can also make



expression vectors, which typically contain expression control sequences compatible with

the host cell (e.g., an origin of replication). In addition, any number of a variety of well-

known promoters will be present, such as the lactose promoter system, a tryptophan (trp)

promoter system, a beta-lactamase promoter system, or a promoter system from phage

lambda. The promoters typically control expression, optionally with an operator

sequence, and have ribosome binding site sequences and the like, for initiating and

completing transcription and translation. Other microbes, such as yeast, can also be

employed to express LRP6 antibodies of the invention. Insect cells in combination with

baculovirus vectors can also be used.

In some preferred embodiments, mammalian host cells are used to express and produce

the antibodies of the present invention. For example, they can be either a hybridoma cell

line expressing endogenous immunoglobulin genes (e.g., the 1D6.C9 myeloma

hybridoma clone as described in the Examples) or a mammalian cell line harboring an

exogenous expression vector (e.g., the SP2/0 myeloma cells exemplified below). These

include any normal mortal or normal or abnormal immortal animal or human cell. For

example, a number of suitable host cell lines capable of secreting intact immunoglobulins

have been developed including the CHO cell lines, various Cos cell lines, HeLa cells,

myeloma cell lines, transformed B-cells and hybridomas. The use of mammalian tissue

cell culture to express polypeptides is discussed generally in, e.g., Winnacker, FROM

GENES TO CLONES, VCH Publishers, N.Y., N.Y., 1987. Expression vectors for

mammalian host cells can include expression control sequences, such as an origin of

replication, a promoter, and an enhancer (see, e.g., Queen et a , (1986) Immunol. Rev.

89:49-68), and necessary processing information sites, such as ribosome binding sites,

RNA splice sites, polyadenylation sites, and transcriptional terminator sequences. These

expression vectors usually contain promoters derived from mammalian genes or from

mammalian viruses. Suitable promoters may be constitutive, cell type-specific, stage-

specific, and/or modulatable or regulatable. Useful promoters include, but are not limited

to, the metallothionein promoter, the constitutive adenovirus major late promoter, the

dexamethasone- inducible MMTV promoter, the SV40 promoter, the MRP polIII

promoter, the constitutive MPSV promoter, the tetracycline-inducible CMV promoter

(such as the human immediate-early CMV promoter), the constitutive CMV promoter,

and promoter-enhancer combinations known in the art.



Methods for introducing expression vectors containing the polynucleotide sequences of

interest vary depending on the type of cellular host. For example, calcium chloride

transfection is commonly utilized for prokaryotic cells, whereas calcium phosphate

treatment or electroporation may be used for other cellular hosts. (See generally

Sambrook, et al, supra). Other methods include, e.g., electroporation, calcium phosphate

treatment, liposome-mediated transformation, injection and microinjection, ballistic

methods, virosomes, immunoliposomes, polycation:nucleic acid conjugates, naked DNA,

artificial virions, fusion to the herpes virus structural protein VP22 (Elliot and O'Hare,

(1997) Cell 88:223), agent-enhanced uptake of DNA, and ex vivo transduction. For long-

term, high-yield production of recombinant proteins, stable expression will often be

desired. For example, cell lines which stably express antibody domains or binding

fragments can be prepared using expression vectors of the invention which contain viral

origins of replication or endogenous expression elements and a selectable marker gene.

Following the introduction of the vector, cells may be allowed to grow for 1-2 days in an

enriched media before they are switched to selective media. The purpose of the selectable

marker is to confer resistance to selection, and its presence allows growth of cells which

successfully express the introduced sequences in selective media. Resistant, stably

transfected cells can be proliferated using tissue culture techniques appropriate to the cell

type.

(it) Generation of Antibodies

Monoclonal antibodies be produced using the methods disclosed in the Examples. These

antibodies or fragments thereof can be used to generate multivalent antibodies, (e.g.,

bispecific/biparatopic) as disclosed in the Examples section. For example, a biparatopic

LRP6 antibody can be generated by linking scFvs, e.g., an scFv that binds to the β-

propeller 3 domain of LRP6, to a full length gG monoclonal antibody.

Alternatively, monoclonal antibodies can be produced by a variety of techniques,

including conventional monoclonal antibody methodology e.g., the standard somatic cell

hybridization technique of Kohler and Milstein, (1975) Nature 256: 495. Many

techniques for producing monoclonal antibody can be employed e.g., viral or oncogenic

transformation of B lymphocytes.

An animal system for preparing hybridomas is the murine system. Hybridoma production

in the mouse is a well established procedure. Immunization protocols and techniques for



isolation of immunized splenocytes for fusion are known in the art. Fusion partners (e.g. ,

murine myeloma cells) and fusion procedures are also known.

Chimeric or humanized antibodies of the present invention can be prepared based on the

sequence of a murine monoclonal antibody prepared as described above. DNA encoding

the heavy and light chain immunoglobulins can be obtained from the murine hybridoma

of interest and engineered to contain non-murine (e.g. ,. human) immunoglobulin

sequences using standard molecular biology techniques. For example, to create a

chimeric antibody, the murine variable regions can be linked to human constant regions

using methods known in the art (see e.g. , U.S. Patent No. 4,816,567 to Cabilly et al). To

create a humanized antibody, the murine CDR regions can be inserted into a human

framework using methods known in the art. See e.g., U.S. Patent No. 5225539 to Winter,

and U.S. Patent Nos. 5530101; 5585089; 5693762 and 6180370 to Queen et l

In a certain embodiment, the antibodies of the invention are human monoclonal

antibodies. Such human monoclonal antibodies directed against LRP6 can be generated

using transgenic or transchromosomic mice carrying parts of the human immune system

rather than the mouse system. These transgenic and transchromosomic mice include mice

referred to herein as HuMAb mice and KM mice, respectively, and are collectively

referred to herein as "human Ig mice."

The HuMAb mouse® (Medarex, Inc.) contains human immunoglobulin gene miniloci that

encode un-rearranged human heavy (µ and γ ) and light chain immunoglobulin

sequences, together with targeted mutations that inactivate the endogenous µ and κ chain

loci (see e.g., Lonberg, et al, (1994) Nature 368(6474): 856-859). Accordingly, the mice

exhibit decreased expression of mouse IgM or , and in response to immunization, the

introduced human heavy and light chain transgenes undergo class switching and somatic

mutation to generate high affinity human IgGx monoclonal (Lonberg et al, (1994) supra;

reviewed in Lonberg, (1994) Handbook of Experimental Pharmacology 113:49-101 ;

Lonberg and Huszar, (1995) Intern. Rev. Immunol.13: 65-93, and Harding and Lonberg,

(1995) Ann. N. Y. Acad. Sci. 764:536-546). The preparation and use of HuMAb mice,

and the genomic modifications carried by such mice, is further described in Taylor et al ,

(1992) Nucleic Acids Research 20:6287-6295; Chen et al, (1993) International

Immunology 5 : 647-656; Tuaillon et al, (1993) Proc. Natl. Acad. Sci. USA 94:3720-

3724; Choi et al, (1993) Nature Genetics 4:1 17-123; Chen et al, (1993) EMBO J.

Ill



12:821-830; Tuaillon et al, ( 94) J. Immunol. 152:2912-2920; Taylor et al, (1994)

International Immunology 579-591; and Fishwild et al, (1996) Nature Biotechnology 14:

845-851, the contents of all of which are hereby specifically incorporated by reference in

their entirety. See further, U.S. Patent Nos. 5,545,806; 5,569,825; 5,625,126; 5,633,425;

5,789,650; 5,877,397; 5,661,016; 5,814,318; 5,874,299; and 5,770,429; all to Lonberg

and Kay; U.S. Patent No. 5,545,807 to Surani et al ; PCT Publication Nos. WO

92103918, WO 93/12227, WO 94/25585, WO 97113852, WO 98/24884 and WO

99/45962, all to Lonberg and Kay; and PCT Publication No. WO 01/14424 to Korman et

al.

In another embodiment, human antibodies of the invention can be raised using a mouse

that carries human immunoglobulin sequences on transgenes and transchomosomes such

as a mouse that carries a human heavy chain transgene and a human light chain

transchromosome. Such mice, referred to herein as "KM mice", are described in detail in

PCT Publication WO 02/43478 to Ishida et al

Still further, alternative transgenic animal systems expressing human immunoglobulin

genes are available in the art and can be used to raise LRP6 antibodies of the invention.

For example, an alternative transgenic system referred to as the Xenomouse (Abgenix,

Inc.) can be used. Such mice are described in, e.g., U.S. Patent Nos. 5,939,598;

6,075,181; 6,1 14,598; 6, 150,584 and 6,162,963 to Kucherlapati et al

Moreover, alternative transchromosomic animal systems expressing human

immunoglobulin genes are available in the art and can be used to raise LRP6 antibodies of

the invention. For example, mice carrying both a human heavy chain transchromosome

and a human light chain tranchromosome, referred to as "TC mice" can be used; such

mice are described in Tomizuka et al, (2000) Proc. Natl. Acad. Sci. USA 97:722-727.

Furthermore, cows carrying human heavy and light chain transchromosomes have been

described in the art (Kuroiwa et al, (2002) Nature Biotechnology 20:889-894) and can be

used to raise LRP6 antibodies of the invention.

Human monoclonal antibodies of the invention can also be prepared using phage display

methods for screening libraries of human immunoglobulin genes. Such phage display

methods for isolating human antibodies are established in the art or described in the

examples below. See for example: U.S. Patent Nos. 5,223,409; 5,403,484; and 5,571,698

to Ladner et al; U.S. Patent Nos. 5,427,908 and 5,580,717 to Dower et al; U.S. Patent



Nos. 5,969,108 and 6,172,197 to McCafferty et al.; and U.S. Patent Nos. 5,885,793;

6,521,404; 6,544,731; 6,555,313; 6,582,915 and 6,593,081 to Griffiths et al.

Human monoclonal antibodies of the invention can also be prepared using SCID mice

into which human immune cells have been reconstituted such that a human antibody

response can be generated upon immunization. Such mice are described in, for example,

U.S. Patent Nos. 5,476,996 and 5,698,767 to Wilson et al.

(in) Framework or Fc engineering

Engineered antibodies of the invention include those in which modifications have been

made to framework residues within VH and/or VL, e.g. to improve the properties of the

antibody. Typically such framework modifications are made to decrease the

immunogenicity of the antibody. For example, one approach is to "backmutate" one or

more framework residues to the corresponding germline sequence. More specifically, an

antibody that has undergone somatic mutation may contain framework residues that differ

from the germline sequence from which the antibody is derived. Such residues can be

identified by comparing the antibody framework sequences to the germline sequences

from which the antibody is derived. To return the framework region sequences to their

germline configuration, the somatic mutations can be "backmutated" to the germline

sequence by, for example, site-directed mutagenesis. Such "backmutated" antibodies are

also intended to be encompassed by the invention.

Another type of framework modification involves mutating one or more residues within

the framework region, or even within one or more CDR regions, to remove T cell -

epitopes to thereby decrease the potential immunogenicity of the antibody. This approach

is also referred to as "deimmunization" and is described in further detail in U.S. Patent

Publication No. 20030153043 by Carr e al.

In addition or alternative to modifications made within the framework or CDR regions,

antibodies of the invention may be engineered to include modifications within the Fc

region, typically to alter one or more functional properties of the antibody, such as serum

half-life, complement fixation, Fc receptor binding, and/or antigen-dependent cellular

cytotoxicity. Furthermore, an antibody of the invention may be chemically modified (e.g.,

one or more chemical moieties can be attached to the antibody) or be modified to alter its

glycosylation, again to alter one or more functional properties of the antibody. Each of



these embodiments is described in further detail below. The numbering of residues in the

Fc region is that Kabat (Supra).

The Hinge region of CH 1can be modified such that the number of cysteine residues in

the Hinge region is altered, e.g., increased or decreased. This approach is described

further in U.S. Patent No. 5,677,425 by Bodmer et al. The number of cysteine residues in

the Hinge region of CHI is altered to, for example, facilitate assembly of the light and

heavy chains or to increase or decrease the stability of the antibody.

The Fc-hinge region of a multivalent antibody can be modified to increase its biological

half-life. Various approaches are possible. For example, one or more of the following

mutations can be introduced: T252L, T254S, T256F, as described in U.S. Patent No.

6,277,375 to Ward. Alternatively, to increase the biological half life, the antibody can be

altered within the CH 1 or CL region to contain a salvage receptor binding epitope taken

from two loops of a CH2 domain of an Fc region of an IgG, as described in U.S. Patent

Nos. 5,869,046 and 6,121,022 by Presta et al. The Fc-hinge region of the multivalent

antibody can be modified to decrease its biological half-life, for example to control dose,

toxicity, and clearance therefore allowing for better clinical management through control

of dose.

The Fc region can be altered by replacing at least one amino acid residue with a different

amino acid residue to alter the effector functions of the antibody. For example, one or

more amino acids can be replaced with a different amino acid residue such that the

antibody has an altered affinity for an effector ligand but retains the antigen-binding

ability of the parent antibody. The effector ligand to which affinity is altered can be, for

example, an Fc receptor or the C component of complement. This approach is described

in further detail in U.S. Patent Nos. 5,624,821 and 5,648,260, both by Winter et al

One or more amino acids can be replaced with a different amino acid residue such that the

antibody has altered Clq binding and/or decreased or abolished complement dependent

cytotoxicity (CDC). This approach is described in further detail in U.S. Patent Nos.

6,1 4,5 1by Idusogie et al.

One or more amino acid residues can be altered to alter the ability of the m antibody to fix

complement. This approach is described further in PCT Publication WO 94/29351 by

Bodmer et al.



The Fc region can be modified to increase the ability of the antibody to mediate antibody

dependent cellular cytotoxicity (ADCC) and/or to increase the affinity of the multivalent

antibody for an Fey receptor by modifying one or more amino acids. This approach is

described further in PCT Publication WO 00/42072 by Presta. Moreover, the binding

sites on human IgGl for FcyRl, FcyRII, F R I I and FcRn have been mapped and

variants with improved binding have been described (see Shields et al, (2001) J. Biol.

Chen. 276:6591-6604).

The glycosylation of an antibody can be modified. For example, an aglycoslated antibody

can be made (i.e., the antibody lacks glycosylation). Glycosylation can be altered to, for

example, increase the affinity of the antibody for antigen. Such carbohydrate

modifications can be accomplished by, for example, altering one or more sites of

glycosylation within the antibody sequence. For example, one or more amino acid

substitutions can be made that result in elimination of one or more variable region

framework glycosylation sites to thereby eliminate glycosylation at that site. Such

aglycosylation may increase the affinity of the antibody for antigen. Such an approach is

described in further detail in U.S. Patent Nos. 5,714,350 and 6,350,861 by Co et al.

Additionally or alternatively, antibody can be made that has an altered type of

glycosylation, such as a hypofucosylated antibody having reduced amounts of fucosyl

residues or an antibody having increased bisecting GlcNac structures. Such altered

glycosylation patterns have been demonstrated to increase the ADCC ability of

antibodies. Such carbohydrate modifications can be accomplished by, for example,

expressing the antibody in a host cell with altered glycosylation machinery. Cells with

altered glycosylation machinery have been described in the art and can be used as host

cells in which to express recombinant antibodies of the invention to thereby produce an

antibody with altered glycosylation. For example, EP 1,176,195 by Hang et al. describes

a cell line with a functionally disrupted FUT8 gene, which encodes a fucosyl transferase,

such that antibodies expressed in such a cell line exhibit hypofucosylation. PCT

Publication WO 03/035835 by Presta describes a variant CHO cell line, Lecl3 cells, with

reduced ability to attach fucose to Asn(297)-linked carbohydrates, also resulting in

hypofucosylation of antibodies expressed in that host cell (see also Shields et al, (2002)

J . Biol. Chem. 277:26733-26740). PCT Publication WO 99/54342 by Umana et al.

describes cell lines engineered to express glycoprotein-modifying glycosyl transferases

(e.g., beta(l,4)-N acetylglucosaminyltransferase III (GnTIII)) such that antibodies



expressed in the engineered cell lines exhibit increased bisecting GlcNac structures which

results in increased ADCC activity of the antibodies (see also Umana et al, (1999) Nat.

Biotech. 17:176-180).

The antibody can be modified to increase its biological half-life. Various approaches are

possible. For example, one or more of the following mutations can be introduced: T252L,

T254S, T256F, as described in U.S. Patent No. 6,277,375 to Ward. Alternatively, to

increase the biological half life, the antibody can be altered within the CHI or CL region

to contain a salvage receptor binding epitope taken from two loops of a CH2 domain of

an Fc region of an IgG, as described in U.S. Patent Nos. 5,869,046 and 6,121,022 by

Presta et al

(iv) Methods of Engineering Altered Antibodies

As discussed above, antibodies having VH and VL sequences or full length heavy and

light chain sequences shown herein can be used to create new antibodies by modifying

full length heavy chain and/or light chain sequences, VH and/or VL sequences, or the

constant region(s) attached thereto. Thus, in another aspect of the invention, the

structural features of a antibody of the invention are used to create structurally related

antibody that retain at least one functional property of the antibodies of the invention,

such as binding to human LRP6 and also inhibiting one or more functional properties of

LRP6 {e.g., Wnt signaling activity).

For example, one or more CDR regions of the antibodies of the present invention, or

mutations thereof, can be combined recombinantly with known framework regions and/or

other CDRs to create additional, recombinantly-engineered, antibodies of the invention,

as discussed above. Other types of modifications include those described in the previous

section. The starting material for the engineering method is one or more of the VH and/or

VL sequences provided herein, or one or more CDR regions thereof. To create the

engineered antibody, it is not necessary to actually prepare (i.e., express as a protein) a

antibody having one or more of the VH and/or VL sequences provided herein, or one or

more CDR regions thereof. Rather, the information contained in the sequence(s) is used

as the starting material to create a "second generation" sequence(s) derived from the

original sequence(s) and then the "second generation" sequence(s) is prepared and

expressed as a protein.



Accordingly, in another embodiment, the invention provides a method for preparing a

propeller 1 LRP6 antibody consisting of: a heavy chain variable region antibody

sequence having a CDRl sequence selected from the group consisting of SEQ ID NOs: 1,

21, and 47, a CDR2 sequence selected from the group consisting of SEQ ID NOs: 2, 22,

and 48, and/or a CDR3 sequence selected from the group consisting of SEQ ID NOs: 3,

23, and 49; and a light chain variable region antibody sequence having a CDRl sequence

selected from the group consisting of SEQ ID NOs: 4, 24, and 50, a CDR2 sequence

selected from the group consisting of SEQ ID NOs: 5, 25 and, 51, and/or a CDR3

sequence selected from the group consisting of SEQ ID NOs: 6, 26, and 52; altering at

least one amino acid residue within the heavy chain variable region antibody sequence

and/or the light chain variable region antibody sequence to create at least one altered

antibody sequence; and expressing the altered antibody sequence as a protein.

Accordingly, in another embodiment, the invention provides a method for preparing a

propeller 3 LRP6 antibody consisting of: a heavy chain variable region antibody

sequence having a CDRl sequence selected from the group consisting of SEQ ID NOs:

69. 93, and 115, a CDR2 sequence selected from the group consisting of SEQ ID NOs:

70. 94, and 116, and/or a CDR3 sequence selected from the group consisting of SEQ ID

NOs: 71, 95, and 117; and a light chain variable region antibody sequence having a CD l

sequence selected from the group consisting of SEQ ID NOs: 91, 107, and 1 , a CDR2

sequence selected from the group consisting of SEQ ID NOs: 73, 97, and 121, and/or a

CDR3 sequence selected from the group consisting of SEQ ID NOs: 74, 98, and 120;

altering at least one amino acid residue within the heavy chain variable region antibody

sequence and/or the light chain variable region antibody sequence to create at least one

altered antibody sequence; and expressing the altered antibody sequence as a protein.

Accordingly, in another embodiment, the invention provides a method for preparing a

multispecific (e.g., a biparatopic) LRP6 antibody consisting of: a heavy chain variable

region antibody sequence having a CDRl sequence selected from the group consisting of

SEQ ID NOs: 1, 21, 47, 69, 93, and 115, a CDR2 sequence selected from the group

consisting of SEQ ID NOs: 2, 22, 48, 70, 94, and 16, and/or a CDR3 sequence selected

from the group consisting of SEQ ID NOs: 3, 23, 49, 71, 95, and 117; and a light chain

variable region antibody sequence having a CDRl sequence selected from the group

consisting of SEQ ID NOs: 4, 24, 50, 72, 96, and 11 , a CDR2 sequence selected from

the group consisting of SEQ ID NOs: 5, 25, 51, 73, 97, and 119, and/or a CDR3 sequence



selected from the group consisting of SEQ ID NOs: 6, 26, 52, 74, 98, and 120; altering at

least one amino acid residue within the heavy chain variable region antibody sequence

and/or the light chain variable region antibody sequence to create at least one altered

antibody sequence; and expressing the altered antibody sequence as a protein.The altered

antibody sequence can also be prepared by screening antibody libraries having fixed

CDR3 sequences or minimal essential binding determinants as described in

US20050255552 and diversity on CDR1 and CDR2 sequences. The screening can be

performed according to any screening technology appropriate for screening antibodies

from antibody libraries, such as phage display technology.

Standard molecular biology techniques can be used to prepare and express the altered

antibody sequence. The antibody encoded by the altered antibody sequence(s) is one that

retains one, some or all of the functional properties of the antibodies described herein,

which functional properties include, but are not limited to, specifically binding to human

and/or cynomolgus LRP6; the antibody binds to LRP6 and inhibits LRP6 biological

activity by inhibiting the canonical Wnt signaling activity in a Wnt gene assay.

The functional properties of the altered antibodies can be assessed using standard assays

available in the art and/or described herein, such as those set forth in the Examples (e.g.,

ELISAs).

In certain embodiments of the methods of engineering antibody of the invention,

mutations can be introduced randomly or selectively along all or part of an antibody

coding sequence and the resulting modified antibodies can be screened for binding

activity and/or other functional properties as described herein. Mutational methods have

been described in the art. For example, PCT Publication WO 02/092780 by Short

describes methods for creating and screening antibody mutations using saturation

mutagenesis, synthetic ligation assembly, or a combination thereof. Alternatively, PCT

Publication WO 03/074679 by Lazar et al. describes methods of using computational

screening methods to optimize physiochemical properties of antibodies.

Characterization of the Antibodies

The antibodies and multivalent antibodies of the invention can be characterized by

various functional assays. For example, they can be characterized by their ability to

inhibit biological activity by inhibiting canonical Wnt signaling in a Wnt gene assay as



described herein, their affinity to a LRP6 protein (e.g., human and/or cynomolgus LRP6),

the epitope binning, their resistance to proteolysis, and their ability to block the Wnt

pathway. In addition, the antibodies are characterized by ability to potentiate an agonistic

effect after cross linking to Fab fragments

The multivalent antibodies (e.g., a single biparatopic or a bispecific antibody) has the

ability to inhibit both propeller 1 (e.g., Wnt 1) and propeller 3 (e.g., Wnt 3) ligands.

Furthermore and unexpectedly, the multivalent antibodies (e.g., a single biparatopic or a

bispecific antibody) displays no significant potentiation of a Wnt signal. The multivalent

antibodies bind to distinct LRP6 β-propeller regions. For example a biparatopic antibody

comprises an receptor binding domain that binds to the -propeller 1domain of LRP6 and

blocks Propeller -dependent Wnts such as Wntl, Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9,

WntlOA, Wntl OB to inhibit Wnt 1 signal transduction, and also has an epitope binding

domain that binds to the β-propeller 3 domain of LRP6 to block Propeller3-dependent

Wnts such as Wnt3a and Wnt3 to inhibit Wnt 3 signal transduction.

The multivalent antibodies provide advantages over traditional antibodies for example, by

expanding the repertoire of targets, having new binding specificities, increased potency

and no signal potency. A single LRP6 multivalent antibody can bind to multiple β-

propeller regions on a single LRP6 target on the same cell and inhibit Wnt signaling. In

one embodiment, the multivalent antibody binds to any combination of β-propeller

regions selected from the group consisting of propeller 1, propeller 2, propeller 3, and

propeller 4. In one embodiment, the multivalent antibody binds to propeller 1and

propeller 3 domains of LRP6. Thus, a single LRP6 multivalent antibody has increased

potency of action by binding to multiple β-propeller regions and inhibiting Wnt signaling

mediated by each region. For example, an LRP6 biparatopic antibody inhibits both

propeller 1 and propeller 3 mediated Wnt signaling by binding to both β- propeller 1 and

β-propeller 3 domains, respectively. The increased potency of action may be due to

increased avidity or better binding of the biparatopic antibody compared to a

monospecific antibody.

Various methods can be used to measure LRP6-mediated Wnt signaling. For example, the

Wnt signaling pathway can be monitored by (i) measurement of abundance and

localization of β-catenin; and (ii) measurement of phosphorylation of LRP6 or other



downstream Wnt signaling proteins (e.g. DVL), and (iii) measurement of specific gene

signatures or gene targets (e.g. c-myc, Cyclin-D, Axin2).

The ability of antibodies to bind to LRP6 can be detected by labelling the antibodies of

interest directly, or the antibodies may be unlabelled and binding detected indirectly using

various sandwich assay formats known in the art.

In some embodiments, antibodies of the invention block or compete with binding of a

reference LRP6 antibody to a LRP6 polypeptide. These can be fully human antibodies

described above. They can also be other mouse, chimeric or humanized t antibodies

which bind to the same epitope as the reference antibody. The capacity to block or

compete with the reference antibody binding indicates that the antibodies under test binds

to the same or similar epitope as that defined by the reference antibody, or to an epitope

which is sufficiently proximal to the epitope bound by the reference LRP6 antibody.

Such antibodies are especially likely to share the advantageous properties identified for

the reference antibody. The capacity to block or compete with the reference antibody

may be determined by, e.g., a competition binding assay. With a competition binding

assay, the antibody under test is examined for ability to inhibit specific binding of the

reference antibody to a common antigen, such as a LRP6 polypeptide. A test antibody

competes with the reference antibody for specific binding to the antigen if an excess of

the test antibody substantially inhibits binding of the reference antibody. Substantial

inhibition means that the test antibody decreases specific binding of the reference

antibody usually by at least 10%, 25%, 50%, 75%, or 90%.

There are a number of known competition binding assays that can be used to assess

competition of a antibodies with the reference LRP6 antibody for binding to a LRP6

protein. These include, e.g., solid phase direct or indirect radioimmunoassay (RIA), solid

phase direct or indirect enzyme immunoassay (EIA), sandwich competition assay (see

Stahli et al, (1983) Methods in Enzymology 9:242-253); solid phase direct biotin-avidin

EIA (see Kirkland et al, (1986) J . Immunol. 137:3614-3619); solid phase direct labeled

assay, solid phase direct labeled sandwich assay (see Harlow & Lane, supra); solid phase

direct label RIA using 1-125 label (see Morel et al, (1988) Molec. Immunol. 25:7-15);

solid phase direct biotin-avidin EIA (Cheung et al, ( 990) Virology 76:546-552); and

direct labeled RIA (Moldenhauer et al, (1990) Scand. J. Immunol. 32:77-82). Typically,

such an assay involves the use of purified antigen bound to a solid surface or cells bearing



either of these, an unlabelled test antibody and a labelled reference antibody. Competitive

inhibition is measured by determining the amount of label bound to the solid surface or

cells in the presence of the test antibody. Usually the test antibody is present in excess.

Antibodies, e.g., a bispecific or biparatopic LRP6 antibodies identified by competition

assay (competing antibodies) include antibodies binding to the same epitope as the

reference antibody and antibodies binding to an adjacent epitope sufficiently proximal to

the epitope bound by the reference antibody for steric hindrance to occur.

To determine if the selected antibody binds to unique epitopes, each antibody can be

biotinylated using commercially available reagents (e.g., reagents from Pierce, Rockford,

IL). Competition studies using unlabeled antibodies and biotinylated antibodies can be

performed using a LRP6 polypeptide coated-ELISA plates. Biotinylated antibodies

binding can be detected with a strep-avidin-alkaline phosphatase probe. To determine the

isotype of purified antibodies, isotype ELISAs can be performed. For example, wells of

microtiter plates can be coated with 1 g ml of anti-human IgG overnight at 4°C. After

blocking with 1% BSA, the plates are reacted with 1 g ml or less of the antibody or

purified isotype controls, at ambient temperature for one to two hours. The wells can then

be reacted with either human IgGl or human IgM-specific alkaline phosphatase-

conjugated probes. Plates are then developed and analyzed so that the isotype of the

purified antibody can be determined.

To demonstrate binding of antibodies to live cells expressing a LRP6 polypeptide, flow

cytometry can be used. Briefly, cell lines expressing LRP6 (grown under standard growth

conditions) can be mixed with various concentrations of a t antibodies in PBS containing

0. 1% BSA and 10% fetal calf serum, and incubated at 37°C for 1 hour. After washing,

the cells are reacted with Fluorescein-labeled anti-human IgG antibody under the same

conditions as the primary antibody staining. The samples can be analyzed by FACScan

instrument using light and side scatter properties to gate on single cells. An alternative

assay using fluorescence microscopy may be used (in addition to or instead of) the flow

cytometry assay. Cells can be stained exactly as described above and examined by

fluorescence microscopy. This method allows visualization of individual cells, but may

have diminished sensitivity depending on the density of the antigen.

The antibodies can be further tested for reactivity with a LRP6 polypeptide or antigenic

fragment by Western blotting. Briefly, purified LRP6 polypeptides or fusion proteins, or



cell extracts from cells expressing LRP6 can be prepared and subjected to sodium dodecyl

sulfate polyacrylamide gel electrophoresis. After electrophoresis, the separated antigens

are transferred to nitrocellulose membranes, blocked with 10% fetal calf serum, and

probed with the antibodies to be tested. Human IgG binding can be detected using anti-

human IgG alkaline phosphatase and developed with BCIP/NBT substrate tablets (Sigma

Chem. Co., St. Louis, MO). Other examples of functional assays are also described in the

Example section below.

Binding Characteristics of Antibodies of the Invention

(i) Binding Specificities

The invention provides antibodies and multivalent antibodies comprising multiple

receptor binding domains (e.g., scFvs, single chain diabodies, antibody variable regions)

that have specificities for different binding sites on one or more target receptor(s).

In one embodiment, multivalent antibodies of the invention comprise receptor binding

domains (e.g., scFvs) with identical binding specificities. In another embodiment,

multivalent antibodies of the invention comprise scFvs with non-identical binding

specificities.

(ii) Binding Affinity

The antibodies or multivalent antibodies of the invention may have a high binding affinity

to one or more of its cognate antigens. For example, an epitope binding protein described

herein may have an association rate constant or k n rate (epitope binding protein

(RBP)+antigen->RBP-Ag) of at least 2xl0 5M1s 1, at least 5xl0 MV at least 10 M's , at

least 5xl0 MV, at least O s 1, at least 5X10 MV, or at least I .

In one embodiment, the antibodies or multivalent antibody may have a ko ate (RBP-Ag-

>RBP+Ag) of less than 5x10 V , less than 10 V , less than 5x10 V 1, less than 1 V ,

less than SxlO V , less than 0 V 1, less than SxlO V 1, or less than 5x1 0 V . The

antibodies or multivalent antibodies have a k of less than 5x1 0~V , less than l O V , less

than SxlO V , less than 10~V , less than SxlO V 1, less than 5x10 V 1, less than SxlO V ,

less than 10 V , less than SxlO V 1, less than 10 V 1, or less than 10 V 1.

In another embodiment, the antibodies or multivalent antibody may have an affinity



constant or (k koff of at least 10 M at least 5xl0 M , at least 10 M , at least

5xl0 M , at least 104M-', at least 5xl0 M at least 10 M , at least 5xl0 M J, at least

10 M , at least 5xl0 M l , at least 10 M , at least 5xl0 M_1, at least 10 M l, at least

at least 5xl0 M , at least

M , at least 5χ 10 , at least 10 , M at least SxlO^M , at least 10 M , at least

5xl0 13 M , at least 10 4M - 1, at least 5X10 M , at least 10 L M " , or at least 5xl0 1 M .

In yet another embodiment, the antibody or multivalent antibody may have a dissociation

constant or Kd k n of less than 5xlO" M, less than 0 M, less than 5xlO M, less

than 10 M, less than 5x1 O , less than M, less than 5 l 5M, less than 0 M, less

than 5xlO M, less than lO^M, less than 5xlO M, less than 10 M, less than 5xlO M, less

than 10 M, less than 5xlO~ M, less than 10 M, less than 5xlO M, less than 10 '°M, less

than 5xlO M, less than 10 M, less than 5xlO M, less than 10 M, less than 5xlO~1 M,

less than 10 , 3M, less than 5xlO~ M, less than 10 M, less than 5xlO M, or less than 10

15M.

The antibody or multivalent antibody used in accordance with a method described herein

may have a dissociation constant (Kd) of less than 3000 pM, less than 2500 pM, less than

2000 pM, less than 1500 pM, less than 1000 pM, less than 750 pM, less than 500 pM, less

than 250 pM, less than 200 pM, less than 150 pM, less than 100 pM, less than 75 pM, less

than 0 pM, less than 1 pM as assessed using a method described herein or known to one

of skill in the art (e.g., a BIAcore assay, ELISA, FACS, SET) (Biacore International AB,

Uppsala, Sweden). The antibody or multivalent antibodies used in accordance with a

method described herein may have a dissociation constant (Kd) of between 25 to 3400

pM, 25 to 3000 pM, 25 to 2500 pM, 25 to 2000 pM, 25 to 1500 pM, 25 to 1000 pM, 25 to

750 pM, 25 to 500 pM, 25 to 250 pM, 25 to 100 pM, 25 to 75 pM, 25 to 50 pM as

assessed using a method described herein or known to one of skill in the art (e.g., a

BIAcore assay, ELISA, FACS, SET). The antibody or multivalent antibodies used in

accordance with a method described herein may have a dissociation constant (Kd) of 500

pM, 100 pM, 75 pM or 50 pM as assessed using a method described herein or known to

one of skill in the art (e.g., a BIAcore assay, ELISA, FACS, SET).

(iii) Relative Binding Affinities of Multivalent Antibodies

It is to be understood that the invention provides proteins carrying multiple receptor



binding domains that may retain functionality within the protein in a similar fashion or

better to the functionalities exhibited in an isolated state (i.e. the receptor binding domain

exhibits similar properties as part of the multivalent antibody as compared to the domain

if expressed or isolated independently). For example, an isolated scFv specific for epitope

Y exhibits a specific functional profile including binding affinity, agonistic or

antagonistic functions. It is to be understood that the same scFv expressed as a recptor

binding domain within a multivalent antibody of the invention would exhibit similar

binding affinity or better and/or agonistic or antagonistic properties as compared to the

isolated scFv.

In one embodiment, the multivalent antibodies of the invention comprise receptor binding

domains (e.g., scFvs) with binding affinities lower than the same isolated (free from other

components of the multivalent antibody) receptor binding domains (e.g., scFvs). In

another embodiment, multivalent antibodies of the invention comprise receptor binding

domains (e.g., scFvs), with binding affinities higher than the same isolated (free from

other components of the multivalent antibody) receptor binding domains (e.g., scFvs). In

another embodiment, multivalent antibodies of the invention comprise receptor binding

domains (e.g., scFvs), with binding affinities essentially the same as the corresponding

isolated (free from other components of the multivalent antibody) receptor binding

domains (e.g., scFvs).

Binding affinities can be routinely assayed by many techniques known in the art, such as

ELISA, BiaCore™, KinExA™, cell surface receptor binding, competitive inhibition of

binding assays, SET. The binding affinities of the multivalent antibodies of the invention

can be assayed by the techniques presented in the Examples.

An receptor binding domain (e.g., scFv) of a multivalent antibody exhibits a binding

affinity less than 99%, less than 95%, less than 90%, less than 80%, less than 70%, less

than 60%, less than 50%, less than 40%, less than 30%, less than 20%, or less than 10%

to a specific epitope than an identical functional isolated receptor binding domain (e.g.,

scFv) as measured by any assay known in the art. In another embodiment, a receptor

binding domain (e.g., scFv) of a multivalent antibody exhibits a binding affinity less than

99%, less than 95%, less than 90%, less than 80%, less than 70%, less than 60%, less than

50%, less than 40%, less than 30%, less than 20%, or less than 10% to a specific epitope



than an identical functional isolated receptor binding domain (e.g., scFv) as measured by

the techniques presented in any of the Examples.

A receptor binding domain (e.g., scFv) of a multivalent antibody exhibits a binding

affinity more than 99%, more than 95%, more than 90%, more than 80%, more than 70%,

more than 60%, more than 50%, more than 40%, more than 30%, more than 20%, or

more than 10% to a specific epitope than an identical functional isolated receptor binding

domain (e.g., scFv) as measured by any assay known in the art. n another embodiment,

an receptor binding domain (e.g., scFv) of a multivalent antibody exhibits a binding

affinity more than 99%», more than 95%, more than 90%, more than 80%, more than 70%,

more than 60%, more than 50%, more than 40%, more than 30%, more than 20%, or

more than 10% to a specific epitope than an identical functional isolated receptor binding

domain (e.g., scFv) as measured by the techniques presented in any of the Examples.

(iv) Assays For Epitope Binding and Activity

The antibodies and multivalent antibodies of the invention may be assayed for specific

(i.e., immunospecific) binding by any method known in the art. The immunoassays which

can be used, include but are not limited to, competitive and non-competitive assay

systems using techniques such as western blots, radioimmunoassays, ELISA (enzyme

linked immunosorbent assay), "sandwich" immunoassays, immunoprecipitation assays,

precipitin reactions, gel diffusion precipitin reactions, immunodiffusion assays,

agglutination assays, complement-fixation assays, immunoradiometric assays, fluorescent

immunoassays, protein A immunoassays, to name but a few. Such assays are routine and

known in the art (see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular

Biology, Vol. 1, John Wiley & Sons, Inc., New York). Exemplary immunoassays are

described briefly below (but are not intended by way of limitation).

Immunoprecipitation protocols generally comprise lysing a population of cells in a lysis

buffer such as RIPA buffer (1% NP-40 or Triton X-100, 1% sodium deoxycholate, 0.1%

SDS, 0.15 M NaCl, 0.01 M sodium phosphate at pH 7.2, 1% Trasylol) supplemented with

protein phosphatase and/or protease inhibitors (e.g., EDTA, PMSF, aprotinin, sodium

vanadate), adding the epitope binding protein of interest to the cell lysate, incubating for a

period of time (e.g., 1-4 hours) at 4°C, adding protein A and/or protein G sepharose

beads to the cell lysate, incubating for about an hour or more at 4°C, washing the beads



in lysis buffer and resuspending the beads in SDS/sample buffer. The ability of the

protein of interest to immunoprecipitate a particular antigen can be assessed by, e.g.,

western blot analysis. One of skill in the art would be knowledgeable as to the parameters

that can be modified to increase the binding of the epitope binding protein to an antigen

and decrease the background (e.g., pre-clearing the cell lysate with sepharose beads). For

further discussion regarding immunoprecipitation protocols see, e.g., Ausubel et al, eds,

1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New

York at 10.16.1 .

Western blot analysis generally comprises preparing protein samples, electrophoresis of

the protein samples in a polyacrylamide gel (e.g., 8%-20% SDS-PAGE depending on the

molecular weight of the antigen), transferring the protein sample from the polyacrylamide

gel to a membrane such as nitrocellulose, PVDF or nylon, blocking the membrane in

blocking solution (e.g., PBS with 3% BSA or non-fat milk), washing the membrane in

washing buffer (e.g., PBS-Tween 20), blocking the membrane with primary antibody

diluted in blocking buffer, washing the membrane in washing buffer, blocking the

membrane with a secondary antibody (which recognizes the primary antibody)

conjugated to an enzymatic substrate (e.g., horseradish peroxidase or alkaline

phosphatase) or radioactive molecule (e.g., P or I) diluted in blocking buffer, washing

the membrane in wash buffer, and detecting the presence of the antigen. One of skill in

the art would be knowledgeable as to the parameters that can be modified to increase the

signal detected and to reduce the background noise. For further discussion regarding

western blot protocols see, e.g., Ausubel et al, eds, 94, Current Protocols in Molecular

Biology, Vol. 1, John Wiley & Sons, Inc., New York at 10.8.1.

ELISAs comprise preparing antigen, coating the well of a 96 well microtiter plate with

the antigen, adding the epitope binding protein of interest conjugated to a detectable

compound such as an enzymatic substrate (e.g., horseradish peroxidase or alkaline

phosphatase) to the well and incubating for a period of time, and detecting the presence of

the antigen. In ELISAs the epitope binding protein of interest does not have to be

conjugated to a detectable compound; instead, a second antibody (which recognizes the

protein of interest) conjugated to a detectable compound may be added to the well.

Further, instead of coating the well with the antigen, the protein of interest may be coated

to the well. In this case, a second antibody conjugated to a detectable compound may be



added following the addition of the antigen of interest to the coated well. One of skill in

the art would be knowledgeable as to the parameters that can be modified to increase the

signal detected as well as other variations of ELISAs known in the art. For further

discussion regarding ELISAs see, e.g., Ausubel et al, eds, 1994, Current Protocols in

Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York at 1 .2.1 .

The binding affinity and other binding properties of an antibody or multivalent antibody

to an antigen may be determined by a variety of in vitro assay methods known in the art

including for example, equilibrium methods (e.g., enzyme-linked immunoabsorbent assay

(ELISA; or radioimmunoassay (RIA)), or kinetics (e.g., BIACORE™ analysis), and other

methods such as indirect binding assays, competitive binding assays fluorescence

resonance energy transfer (FRET), gel electrophoresis and chromatography (e.g., gel

filtration), FACS. These and other methods may utilize a label on one or more of the

components being examined and/or employ a variety of detection methods including but

not limited to chromogenic, fluorescent, luminescent, or isotopic labels. A detailed

description of binding affinities and kinetics can be found in Paul, W. E., ed.,

Fundamental Immunology, 4th Ed., Lippincott-Raven, Philadelphia (1999), which

focuses on antibody-immunogen interactions. One example of a competitive binding

assay is a radioimmunoassay comprising the incubation of labeled antigen with the

epitope binding protein of interest in the presence of increasing amounts of unlabeled

antigen, and the detection of the epitope binding protein bound to the labeled antigen. The

affinity of the epitope binding protein of interest for a particular antigen and the binding

off-rates can be determined from the data by scatchard plot analysis. Competition with a

second antibody can also be determined using radioimmunoassays. In this case, the

antigen is incubated with epitope binding protein of interest conjugated to a labeled

compound in the presence of increasing amounts of an unlabeled second antibody.

Prophylactic and Therapeutic Uses

The present invention also encompasses the use of antibodies or multivalent antibodies of

the invention for the prevention, diagnosis, management, treatment or amelioration of one

or more symptoms associated with diseases, disorders of diseases or disorders, including

but not limited to cancer, inflammatory and autoimmune diseases either alone or in

combination with other therapies. The invention also encompasses the use of antibodies

of the invention conjugated or fused to a moiety (e.g., therapeutic agent or drug) for



prevention, management, treatment or amelioration of one or more symptoms associated

with diseases, disorders or infections, including but not limited to cancer, inflammatory

and autoimmune diseases either alone or in combination with other therapies.

Many cell types express various common cell surface antigens and it is the specific

combination of antigens that distinguish a defined subset of cells. Using the multivalent

antibodies of the invention, it is possible to target specific subsets of cells without cross-

reacting with other unrelated populations of cells. Further, it is possible that multivalent

antibodies of the invention comprise one to several (two, three, four, five, six, seven,

eight, nine, ten, etc.) receptor binding domains that bind cell surface antigens present on

non-target cell populations, however, it is the combined avidity of the set of receptor

binding domains, which confer an effective level of binding (i.e., a therapeutically

effective level of binding) to the target cell population. In other words, several of the

receptor binding domains are engaged to facilitate the targeting of a particular cell type,

which would not be achieved by binding of an individual isolated domain (e.g., isolated

from the multivalent antibody) or not achieved by one or more, but not all (i.e., a subset)

of receptor binding domains (control peptides) exposed to the same cell, but not as part of

a multivalent antibody. It is envisioned that the relative avidity contribution of each

receptor binding domain may be tailored to only target the specific cell population of

interest. Such affinity alterations may be performed by art-accepted techniques, such as

affinity maturation, site-specific mutagenesis, and others known in art. It is also

contemplated that the relative avidity contribution of each receptor binding domain may

also be altered by changing the relative orientation of the receptor binding domains in the

multivalent antibody.

Accordingly, provided herein in one embodiment are methods of using multivalent

antibodies of the invention to identify, deplete, modulate (e.g., activate, inhibit) a cell

population (e.g., in vivo in a mammal (e.g., a human) and/or in vitro). In some

embodiments, the increase in avidity exhibited by the multivalent antibodies of the

invention for a target cell population in vitro or when administered to a mammal (e.g., a

human) is at least 2 fold, at least 3 fold, at least 4 fold, at least 5 fold, at least 6, fold, at

least 7 fold, at least 8 fold, at least 9 fold, at least 0 fold, at least 15 fold, at least 20 fold,

or at least 25 fold as compared to a "control epitope binding protein" which comprises

one or more, but not all (i.e., a subset) of receptor binding domains isolated from the



multivalent antibody. In some embodiments, the increase in avidity exhibited by the

multivalent antibodys of the invention is at least 5%, at least 10%, at least 15%, at least

20%, at least 30%, fold, at least 40%, at least 50%, at least 75%, at least 85%, at least

90%, at least 95%, or at least 150% over the "control epitope binding protein".

In some embodiments, multivalent antibodys of the invention have an increase in avidity

for a particular antigen compared to a control receptor binding protein, which comprises

one or more, but not all (i.e., a subset) of receptor binding domains isolated from the

multivalent antibody. In some embodiments, the increase in avidity exhibited by the

multivalent antibodys of the invention is at least 2 fold, at least 3 fold, at least 4 fold, at

least 5 fold, at least 6, fold, at least 7 fold, at least 8 fold, at least 9 fold, at least 10 fold, at

least 15 fold, at least 20 fold, or at least 100 fold over or at least 1000 fold over the

control receptor binding protein. In some embodiments, the increase in avidity exhibited

by the multivalent antibodys of the invention is at least 5%, at least 10%, at least 15%, at

least 20%, at least 30%, fold, at least 40%, at least 50%, at least 75%, at least 85%, at

least 90%, at least 95%, 100% over the control receptor binding protein.

In other embodiments, multivalent antibodies of the invention comprising X number of

receptor binding domains (where X is any positive integer from 2 through 6) exhibit an

increase in avidity (in vitro or when administered to a mammal (e.g., a human) for a

particular antigen compared to a control receptor binding protein (such as, but not limited

to an antibody, , an scFv) wherein the control receptor binding protein comprises X-Y

(where X and Y are any positive integer from 2 through 6and X is greater than Y)

receptor binding domains, wherein at least one receptor binding domain in the control

receptor binding domain protein is specific for the same epitope as the receptor binding

domain present in the protein of the invention. In other words, the invention provides

multivalent antibodies with increased avidity for a particular target as compared to control

receptor binding proteins with greater or fewer receptor binding domains wherein at least

one receptor binding domain is specific for a common antigen with the protein of the

invention.

Such avidity changes in multivalent antibodies allow for the decrease of toxicity of such

therapeutic proteins (for example, combinations of any antibodies listed in Table 1. It is

understood that the proteins of the invention may exhibit a "tailor-fit" avidity and/or



affinity to decrease toxicity in vivo. As such, the invention also provides multivalent

antibodies of the invention that exhibit a lower toxicity in an animal, than a control

receptor binding protein.

It is also appreciated that avidity changes may be evaluated by readily available in vitro

methods such as functional assays (including but not limited to cytokine

expression/release/binding, gene expression, morphology changes, chemotaxis, calcium

flux, and the like, growth and signaling), binding measurements determined by BIAcore

or inExa measurements with control receptor binding domain proteins. In some

embodiments, control receptor binding proteins may contain a subset of receptor binding

domains from the proteins of the invention. In other embodiments, control receptor

binding proteins may comprise at least one or more isolated receptor binding domains

from the multivalent antibodies of the invention. For example, for a protein of the

invention with 8 epitope binding domains, a control receptor binding protein may

comprise 1, 2, 3, 4, 5, or 6receptor binding domains, with at least one receptorbinding

domain having specificity for an antigen recognized by both the protein of the invention

and the control protein.

In one embodiment, the multivalent antibodies of the invention are used to specifically

identify, deplete, activate, inhibit, or target for neutralization cells which are defined by

the expression of multiple cell surface antigens.

In a specific embodiment, the present invention provides methods of treating cancers

associated with a Wnt signaling pathway that include, but are not limited to breast cancer,

lung cancer, multiple myeloma, ovarian cancer, liver cancer, bladder cancer gastric

cancer, prostate cancer, acute myeloid leukemia, chronic myeloid leukemia,

osteosarcoma, squamous cell carcinoma, and melanoma.

Antibodies can also be used to treat or prevent other disorders associated with aberrant or

defective Wnt signaling, including but are not limited to osteoporosis, osteoarthritis,

polycystic kidney disease, diabetes, schizophrenia, vascular disease, cardiac disease, non-

oncogenic proliferative diseases, fibrosis, and neurodegenerative diseases such as

Alzheimer's disease. The Wnt signaling pathway plays a critical role in tissue repair and

regeneration. Agents that sensitize cells to Wnt signaling can be used to promote tissue



regeneration for many conditions such as bone diseases, mucositis, acute and chronic

kidney injury, and others.

Suitable agents for combination treatment with LRP6 antibodies include standard of care

agents known in the art that are able to modulate the activities of canonical Wnt signaling

pathway (e.g., PI3 kinase agents).

Diagnostic Uses

In one aspect, the invention encompasses diagnostic assays for determining LRP6 protein

and/or nucleic acid expression as well as LRP6 protein function, in the context of a

biological sample (e.g., blood, serum, cells, tissue) or from individual afflicted with

cancer, or is at risk of developing cancer.

Diagnostic assays, such as competitive assays rely on the ability of a labelled analogue

(the "tracer") to compete with the test sample analyte for a limited number of binding

sites on a common binding partner. The binding partner generally is insolubilized before

or after the competition and then the tracer and analyte bound to the binding partner are

separated from the unbound tracer and analyte. This separation is accomplished by

decanting (where the binding partner was preinsolubilized) or by centrifuging (where the

binding partner was precipitated after the competitive reaction). The amount of test

sample analyte is inversely proportional to the amount of bound tracer as measured by the

amount of marker substance. Dose-response curves with known amounts of analyte are

prepared and compared with the test results in order to quantitatively determine the

amount of analyte present in the test sample. These assays are called ELISA systems

when enzymes are used as the detectable markers. In an assay of this form, competitive

binding between antibodies and LRP6 antibodies results in the bound LRP6 protein, being

a measure of antibodies in the serum sample, most particularly, antibodies in the serum

sample.

A significant advantage of the assay is that measurement is made of neutralising

antibodies directly (i.e., those which interfere with binding of LRP6 protein, specifically,

epitopes). Such an assay, particularly in the form of an ELISA test has considerable

applications in the clinical environment and in routine blood screening.

The invention also provides for prognostic (or predictive) assays for determining whether

an individual is at risk of developing a disorder associated with LRP6. For example,



mutations in a LRP6 gene can be assayed in a biological sample. Such assays can be used

for prognostic or predictive purpose to thereby prophylactically treat an individual prior

to the onset of a disorder characterized by or associated with LRP6 protein, nucleic acid

expression or activity.

Another aspect of the invention provides methods for determining LRP6 nucleic acid

expression or LRP6 protein activity in an individual to thereby select appropriate

therapeutic or prophylactic agents for that individual (referred to herein as

"pharmacogenomics"). Pharmaco genomics allows for the selection of agents (e.g., drugs)

for therapeutic or prophylactic treatment of an individual based on the genotype of the

individual (e.g., the genotype of the individual examined to determine the ability of the

individual to respond to a particular agent.)

Yet another aspect of the invention pertains to monitoring the influence of agents (e.g.,

drugs) on the expression or activity of LRP6 protein in clinical trials.

Pharmaceutical Compositions

To prepare pharmaceutical or sterile compositions including an antibody or multivalent

antibodies of the invention mixed with a pharmaceutically acceptable carrier or excipient.

The compositions can additionally contain one or more other therapeutic agents that are

suitable for treating or preventing cancer (breast cancer, lung cancer, multiple myeloma,

ovarian cancer, liver cancer, bladder cancer gastric cancer, prostate cancer, acute myeloid

leukemia, chronic myeloid leukemia, osteosarcoma, squamous cell carcinoma, and

melanoma).

Formulations of therapeutic and diagnostic agents can be prepared by mixing with

physiologically acceptable carriers, excipients, or stabilizers in the form of, e.g.,

lyophilized powders, slurries, aqueous solutions, lotions, or suspensions (see, e.g.,

Hardman, et al. (2001) Goodman and Oilman's The Pharmacological Basis of

Therapeutics, McGraw-Hill, New York, N.Y.; Gennaro (2000) Remington: The Science

and Practice of Pharmacy, Lippincott, Williams, and Wilkins, New York, N.Y.; Avis, et

al. (eds.) (1993) Pharmaceutical Dosage Forms: Parenteral Medications, Marcel Dekker,

NY; Lieberman, et al. (eds.) (1990) Pharmaceutical Dosage Forms: Tablets, Marcel

Dekker, NY; Lieberman, et al. (eds.) (1990) Pharmaceutical Dosage Forms: Disperse

Systems, Marcel Dekker, NY; Weiner and Kotkoskie (2000) Excipient Toxicity and



Safety, Marcel Dekker, Inc., New York, N.Y.).

Selecting an administration regimen for a therapeutic depends on several factors,

including the serum or tissue turnover rate of the entity, the level of symptoms, the

immunogenicity of the entity, and the accessibility of the target cells in the biological

matrix. In certain embodiments, an administration regimen maximizes the amount of

therapeutic delivered to the patient consistent with an acceptable level of side effects.

Accordingly, the amount of biologic delivered depends in part on the particular entity and

the severity of the condition being treated. Guidance in selecting appropriate doses of

antibodies, cytokines, and small molecules are available (see, e.g., Wawrzynczak (1996)

Antibody Therapy, Bios Scientific Pub. Ltd, Oxfordshire, UK; Kresina (ed.) (1991)

Monoclonal Antibodies, Cytokines and Arthritis, Marcel Dekker, New York, N.Y.; Bach

(ed.) (1993) Monoclonal Antibodies and Peptide Therapy in Autoimmune Diseases,

Marcel Dekker, New York, N.Y.; Baert et al, (2003) New Engl. J. Med. 348:601-608;

Milgrom et al, (1999) New Engl. J. Med. 341 :1966-1973; Slamon et al, (2001) New

Engl. J. Med. 344:783-792; Bemaminovitz et al, (2000) New Engl. J. Med. 342:613-619;

Ghosh et al, (2003) New Engl. J. Med. 348:24-32; Lipsky et al, (2000) New Engl. J.

Med. 343:1594-1602).

Determination of the appropriate dose is made by the clinician, e.g., using parameters or

factors known or suspected in the art to affect treatment or predicted to affect treatment.

Generally, the dose begins with an amount somewhat less than the optimum dose and it is

increased by small increments thereafter until the desired or optimum effect is achieved

relative to any negative side effects. Important diagnostic measures include those of

symptoms of, e.g., the inflammation or level of inflammatory cytokines produced.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of the

present invention may be varied so as to obtain an amount of the active ingredient which

is effective to achieve the desired therapeutic response for a particular patient,

composition, and mode of administration, without being toxic to the patient. The selected

dosage level will depend upon a variety of pharmacokinetic factors including the activity

of the particular compositions of the present invention employed, or the ester, salt or

amide thereof, the route of administration, the time of administration, the rate of excretion

of the particular compound being employed, the duration of the treatment, other drugs,



compounds and/or materials used in combination with the particular compositions

employed, the age, sex, weight, condition, general health and prior medical history of the

patient being treated, and like factors known in the medical arts.

Compositions comprising antibodies of the invention can be provided by continuous

infusion, or by doses at intervals of, e.g., one day, one week, or 1-7 times per week. Doses

may be provided intravenously, subcutaneously, topically, orally, nasally, rectally,

intramuscular, intracerebrally, or by inhalation. A specific dose protocol is one involving

the maximal dose or dose frequency that avoids significant undesirable side effects A

total weekly dose may be at least 0.05 body weight, at least 0.2 g kg, at least 0.5

µ ¾ , at least 1 µg g, at least µg kg, at least 100 µ ¾ at least 0.2 mg kg, at least

1.0 mg/kg, at least 2.0 mg/kg, at least 10 mg/kg, at least 25 mg/kg, or at least 50 mg/kg

(see, e.g., Yang et al, (2003) New Engl. J . Med. 349:427-434; Herold et al, (2002) New

Engl. J . Med. 346:1692-1698; Liu et al, (1999) J . Neurol. Neurosurg. Psych. 67:451-456;

Portielji et al, (20003) Cancer Immunol. Immunother. 52:133-144). The desired dose of

multivalent antibody is about the same as for an antibody or polypeptide, on a moles/kg

body weight basis. The desired plasma concentration of a multivalent antibody is about

the same as for an antibody, on a moles/kg body weight basis. The dose may be at least

15 µg at least 20 µg, at least 25 µg, at least 30 µ , at least 35 µ , at least 40 µ , at least 45

µ , at least 50 µg, at least 55 µg, at least 60 µg, at least 65 µg, at least 70 µg, at least 75

µg, at least 80 µ , at least 85 µg, at least 90 µ , at least 95 µg, or at least 1 0 µ . The

doses administered to a subject may number at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 , or 12,

or more.

For antibodies of the invention, the dosage administered to a patient may be 0.0001

mg/kg to 100 mg/kg of the patient's body weight. The dosage may be between 0.0001

mg/kg and 20 mg kg, 0.0001 mg/kg and 1 mg/kg, 0.0001 mg/kg and 5 mg/kg, 0.0001

and 2 mg/kg, 0.0001 and 1 mg kg, 0.0001 mg/kg and 0.75 mg/kg, 0.0001 mg/kg and 0.5

mg/kg, 0.0001 mg/kg to 0.25 mg/kg, 0.0001 to 0.15 mg/kg, 0.0001 to 0.10 mg/kg, 0.001

to 0.5 mg/kg, 0.01 to 0.25 mg/kg or 0.01 to 0.10 mg/kg of the patient's body weight.

The dosage of the antibody of the invention may be calculated using the patient's weight

in kilograms (kg) multiplied by the dose to be administered in mg/kg. The dosage of the



antibodies of the invention may be 150 µ or less, 125 or less, 100 µ 1¾ or

less, 95 µ 1¾ or less, 90 µg g or less, 85 µg g or less, 80 µg g or less, 75 µg g or

less, 70 µ g or less, 65 µ g or less, 60 µ g or less, 55 µg g or less, 50 µ g or

less, 45 µ g or less, 40 µg/kg or less, 35 µg g or less, 30 µ kg or less, 25 µg g or

less, 20 µ g or less, 15 µg/kg or less, 10 µ g or less, 5 µg g or less, 2.5 µg k or

less, 2 µg g or less, .5 µg/kg or less, 1 µ or less, 0.5 µg/kg or less, or 0.5 µg kg or

less of a patient's body weight.

Unit dose of theantibodies of the invention may be 0.1 mg to 20 mg, 0.1 mg to 15 mg, 0.1

mg to 12 mg, 0.1 mg to 10 mg, 0.1 mg to 8 mg, 0.1 mg to 7 mg, 0.1 mg to 5 mg, 0.1 to

2.5 mg, 0.25 mg to 20 mg, 0.25 to 5 mg, 0.25 to 12 mg, 0.25 to 0 mg, 0.25 to 8 mg,

0.25 mg to 7 m g, 0.25 mg to 5 mg, 0.5 mg to 2.5 mg, 1 mg to 20 mg, 1 mg to 15 mg, 1

mg to 12 mg, 1mg to 10 mg, 1 mg to 8 mg, 1 mg to 7 mg, 1 mg to 5 mg, or 1 mg to 2.5

mg.

The dosage of the antibodiesof the invention may achieve a serum titer of at least 0.1

µg m , at least 0.5 µg m , at least 1 µ ml, at least 2 at least 5 µ at least 6

µ m , at least 10 µ m , at least 15 µ m , at least 20 µg/ml, at least 25 µ ml, at least 50

µ m , at least 100 µg m , at least 125 µ m , at least 150 µ ml, at least 175 µ ml, at

least 200 µ m , at least 225 µ m , at least 250 µg m , at least 275 µ , at least 300

µg/ml, at least 325 µg ml, at least 350 µ m , at least 375 µ m , or at least 400 µ m in a

subject. Alternatively, the dosage of the antibodies of the invention may achieve a serum

titer of at least 0.1 µ m , at least 0.5 µ ml, at least 1 at least, 2 µg m , at least 5

µg m , at least 6 µ η , at least 0 µ m , at least 15 µ ml, at least 20 .mu.g/ml, at least

25 µg m , at least 50 µg ml, at least 100 µg ml, at least 125 µ ΐ , at least 150 µg/ml, at

least 175 µ m , at least 200 µ m , at least 225 µ ml, at least 250 µ m , at least 275

µ m , at least 300 µg ml, at least 325 µg m at least 350 µg ml, at least 375 µ m , or at

least 400 µ m in the subject.

Doses of antibodies of the invention may be repeated and the administrations may be

separated by at least 1 day, 2 days, 3 days, 5 days, 10 days, 15 days, 30 days, 45 days, 2

months, 75 days, 3 months, or at least 6 months.



An effective amount for a particular patient may vary depending on factors such as the

condition being treated, the overall health of the patient, the method route and dose of

administration and the severity of side affects (see, e.g., Maynard, et al. (1996) A

Handbook of SOPs for Good Clinical Practice, Interpharm Press, Boca Raton, Fla.; Dent

(2001) Good Laboratory and Good Clinical Practice, Urch Publ., London, UK).

The route of administration may be by, e.g., sutaneous application, injection or infusion

by intravenous, intraperitoneal, intracerebral, intramuscular, intraocular, intraarterial,

intracerebrospinal, intralesional, or by sustained release systems or an implant (see, e.g.,

Sidman et al, (1983) Biopolymers 22:547-556; Langer et al, (1981) J. Biomed. Mater.

Res. 15:167-277; Langer, (1982) Chem. Tech. 12:98-105; Epstein et al, (1985) Proc.

Natl. Acad. Sci. USA 82:3688-3692; Hwang et al, (1980) Proc. Natl. Acad. Sci. USA

77:4030-4034; U.S. Pat. Nos. 6,350,466 and 6,316,024). Where necessary, the

composition may also include a solubilizing agent and a local anesthetic such as lidocaine

to ease pain at the site of the injection. In addition, pulmonary administration can also be

employed, e.g., by use of an inhaler or nebulizer, and formulation with an aerosolizing

agent. See, e.g., U.S. Pat. Nos. 6,019,968, 5,985,320, 5,985,309, 5,934,272, 5,874,064,

5,855,913, 5,290,540, and 4,880,078; and PCT Publication Nos. WO 92/19244, WO

97/32572, WO 97/44013, WO 98/3 1346, and WO 99/66903, each of which is

incorporated herein by reference their entirety.

A composition of the present invention may also be administered via one or more routes

of administration using one or more of a variety of methods known in the art. As will be

appreciated by the skilled artisan, the route and/or mode of administration will vary

depending upon the desired results. Selected routes of administration for antibodies of

the invention include intravenous, intramuscular, intradermal, intraperitoneal,

subcutaneous, spinal or other parenteral routes of administration, for example by injection

or infusion. Parenteral administration may represent modes of administration other than

enteral and topical administration, usually by injection, and includes, without limitation,

intravenous, intramuscular, intraarterial, intrathecal, intracapsular, intraorbital,

intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular,

intraarticular, subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection

and infusion. In one embodiment, the antibody of the invention is administered by

infusion. In another embodiment, the antibody of the invention is administered



subcutaneously.

If the antibodies of the invention are administered in a controlled release or sustained

release system, a pump may be used to achieve controlled or sustained release (see

Langer, supra; Sefton, (1987) CRC Crit. Ref Biomed. Eng. 14:20; Buchwald et al, (1980)

Surgery 88:507; Saudek et al, (1989) N. Engl. J. Med. 321:574). Polymeric materials can

be used to achieve controlled or sustained release of the therapies of the invention (see

e.g., Medical Applications of Controlled Release, Langer and Wise (eds.), CRC Pres.,

Boca Raton, Fla. (1974); Controlled Drug Bioavailability, Drug Product Design and

Performance, Smolen and Ball (eds.), Wiley, New York (1984); Ranger and Peppas,

1983, J., Macromol. Sci. Rev. Macromol. Chem. 23:61; see also Levy et al., 1985,

Science 228:190; During et al., 1989, Ann. Neurol. 25:351; Howard et al., 1989, J .

Neurosurg. 7 1:105); U.S. Pat. No. 5,679,377; U.S. Pat. No. 5,916,597; U.S. Pat. No.

5,912,015; U.S. Pat No. 5,989,463; U.S. Pat. No. 5,128,326; PCT Publication No. WO

99/15154; and PCT Publication No. WO 99/20253. Examples of polymers used in

sustained release formulations include, but are not limited to, poly(2-hydroxy ethyl

methacrylate), poly (methyl methacrylate), poly(acrylic acid), poly (ethylene-co- vinyl

acetate), poly(methacrylic acid), polyglycolides (PLG), polyanhydrides, poly(N-vinyl

pyrrolidone), poly(vinyl alcohol), polyacrylamide, poly(ethylene glycol), polylactides

(PLA), poly(lactide-co-glycolides) (PLGA), and polyorthoesters. In one embodiment, the

polymer used in a sustained release formulation is inert, free of leachable impurities,

stable on storage, sterile, and biodegradable. A controlled or sustained release system can

be placed in proximity of the prophylactic or therapeutic target, thus requiring only a

fraction of the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled

Release, supra, vol. 2, pp. 115-138 (1984)).

Controlled release systems are discussed in the review by Langer ((1990), Science

249:1527-1533). Any technique known to one of skill in the art can be used to produce

sustained release formulations comprising one or more antibodies of the invention. See,

e.g., U.S. Pat. No. 4,526,938, PCT publication WO 91/05548, PCT publication WO

96/20698, Ning et al, (1996) "Intratumoral Radioimmunotheraphy of a Human Colon

Cancer Xenograft Using a Sustained-Release Gel," Radiotherapy & Oncology 39:179-

189, Song et al, (1995), "Antibody Mediated Lung Targeting of Long-Circulating

Emulsions," PDA Journal of Pharmaceutical Science & Technology 50:372-397, Cleek et



al, (1 97), "Biodegradable Polymeric Carriers for a bFGF Antibody for Cardiovascular

Application," Pro. nt' . Symp. Control. Rel. Bioact. Mater. 24:853-854, and Lam et al,

(1997), "Microencapsulation of Recombinant Humanized Monoclonal Antibody for Local

Delivery," Proc. Int'I. Symp. Control Rel. Bioact. Mater. 24:759-760, each of which is

incorporated herein by reference in their entirety.

If the antibodies of the invention are administered topically, they can be formulated in the

form of an ointment, cream, transdermal patch, lotion, gel, shampoo, spray, aerosol,

solution, emulsion, or other form well-known to one of skill in the art. See, e.g.,

Remington's Pharmaceutical Sciences and Introduction to Pharmaceutical Dosage Forms,

19th ed., Mack Pub. Co., Easton, Pa. (1995). For non-sprayable topical dosage forms,

viscous to semi-solid or solid forms comprising a carrier or one or more excipients

compatible with topical application and having a dynamic viscosity, in some instances,

greater than water are typically employed. Suitable formulations include, without

limitation, solutions, suspensions, emulsions, creams, ointments, powders, liniments,

salves, and the like, which are, if desired, sterilized or mixed with auxiliary agents (e.g.,

preservatives, stabilizers, wetting agents, buffers, or salts) for influencing various

properties, such as, for example, osmotic pressure. Other suitable topical dosage forms

include sprayable aerosol preparations wherein the active ingredient, in some instances, in

combination with a solid or liquid inert carrier, is packaged in a mixture with a

pressurized volatile (e.g., a gaseous propellant, such as freon) or in a squeeze bottle.

Moisturizers or humectants can also be added to pharmaceutical compositions and dosage

forms if desired. Examples of such additional ingredients are well-known in the art.

If the compositions comprising antibodies are administered intranasally, it can be

formulated in an aerosol form, spray, mist or in the form of drops.

Methods for co-administration or treatment with a second therapeutic agent, e.g., a

cytokine, steroid, chemotherapeutic agent, antibiotic, or radiation, are known in the art

(see, e.g., Hardman et al, (eds.) (2001) Goodman and Gilman's The Pharmacological

Basis of Therapeutics, lO.sup.th ed., McGraw-Hill, New York, N.Y.; Poole and Peterson

(eds.) (2001) Pharmacotherapeutics for Advanced Practice:A Practical Approach,

Lippincott, Williams & Wilkins, Phila., Pa.; Chabner and Longo (eds.) (2001) Cancer

Chemotherapy and Biotherapy, Lippincott, Williams & Wilkins, Phila., Pa.). An effective



amount of therapeutic may decrease the symptoms by at least 10% by at least 20%; at

least about 30%; at least 40%, or at least 50%.

Additional therapies (e.g., prophylactic or therapeutic agents), which can be administered

in combination with the antibodies of the invention may be administered less than 5

minutes apart, less than 0 minutes apart, 1 hour apart, at about 1 hour apart, at about 1 to

about 2 hours apart, at about 2 hours to about 3 hours apart, at about 3 hours to about 4

hours apart, at about 4 hours to about 5 hours apart, at about 5 hours to about 6 hours

apart, at about 6 hours to about 7 hours apart, at about 7 hours to about 8 hours apart, at

about 8 hours to about 9 hours apart, at about 9 hours to about 10 hours apart, at about 1

hours to about 11 hours apart, at about 11 hours to about 12 hours apart, at about 12 hours

to 18 hours apart, 18 hours to 24 hours apart, 24 hours to 36 hours apart, 36 hours to 48

hours apart, 48 hours to 52 hours apart, 52 hours to 60 hours apart, 60 hours to 72 hours

apart, 72 hours to 84 hours apart, 84 hours to 96 hours apart, or 96 hours to 120 hours

apart from the antibodies of the invention. The two or more therapies may be

administered within one same patient visit.

The antibodies of the invention and the other therapies may be cyclically administered.

Cycling therapy involves the administration of a first therapy (e.g., a first prophylactic or

therapeutic agent) for a period of time, followed by the administration of a second therapy

(e.g., a second prophylactic or therapeutic agent) for a period of time, optionally,

followed by the administration of a third therapy (e.g., prophylactic or therapeutic agent)

for a period of time and so forth, and repeating this sequential administration, i.e., the

cycle in order to reduce the development of resistance to one of the therapies, to avoid or

reduce the side effects of one of the therapies, and/or to improve the efficacy of the

therapies.

In certain embodiments, the multivalent antibodies of the invention can be formulated to

ensure proper distribution in vivo. For example, the blood-brain barrier (BBB) excludes

many highly hydrophilic compounds. To ensure that the therapeutic compounds of the

invention cross the BBB (if desired), they can be formulated, for example, in liposomes.

For methods of manufacturing liposomes, see, e.g., U.S. Pat. Nos. 4,522,81 1; 5,374,548;

and 5,399,331. The liposomes may comprise one or more moieties which are selectively

transported into specific cells or organs, thus enhance targeted drug delivery (see, e.g., V.



V. Ranade (1989) J. Clin. Pharmacol. 29:685). Exemplary targeting moieties include

folate or biotin (see, e.g., U.S. Pat. No. 5,416,016 to Low et al); mannosides (Umezawa et

al, (1988) Biochem. Biophys. Res. Commun. 153:1038); antibodies (P. G. Bloeman et al.

(1995) FEBS Lett. 357:140; M. Owais et al, (1995) Antimicrob. Agents Chemother.

39:180); surfactant protein A receptor (Briscoe et al, (1995) Am. J . Physiol. 1233:134); p

120 (Schreier et al, (1994) J . Biol. Che . 269:9090); see also Keinanen et al, (1994)

FEBS Lett. 346:123; Killion et al, (1994) Immunomethods 4:273.

The invention provides protocols for the administration of pharmaceutical composition

comprising antibodies of the invention alone or in combination with other therapies to a

subject in need thereof. The therapies (e.g., prophylactic or therapeutic agents) of the

combination therapies of the present invention can be administered concomitantly or

sequentially to a subject. The therapy (e.g., prophylactic or therapeutic agents) of the

combination therapies of the present invention can also be cyclically administered.

Cycling therapy involves the administration of a first therapy (e.g., a first prophylactic or

therapeutic agent) for a period of time, followed by the administration of a second therapy

(e.g., a second prophylactic or therapeutic agent) for a period of time and repeating this

sequential administration, i.e., the cycle, in order to reduce the development of resistance

to one of the therapies (e.g., agents) to avoid or reduce the side effects of one of the

therapies (e.g., agents), and/or to improve, the efficacy of the therapies.

The therapies (e.g., prophylactic or therapeutic agents) of the combination therapies of the

invention can be administered to a subject concurrently. The term "concurrently" is not

limited to the administration of therapies (e.g., prophylactic or therapeutic agents) at

exactly the same time, but rather it is me nt that a pharmaceutical composition

comprising antibodies of the invention are administered to a subject in a sequence and

within a time interval such that the antibodiesof the invention can act together with the

other therapy(ies) to provide an increased benefit than if they were administered

otherwise. For example, each therapy may be administered to a subject at the same time

or sequentially in any order at different points in time; however, if not administered at the

same time, they should be administered sufficiently close in time so as to provide the

desired therapeutic or prophylactic effect. Each therapy can be administered to a subject

separately, in any appropriate form and by any suitable route. In various embodiments,

the therapies (e.g., prophylactic or therapeutic agents) are administered to a subject less



than 15 minutes, less than 30 minutes, less than 1 hour apart, at about 1 hour apart, at

about 1 hour to about 2 hours apart, at about 2 hours to about 3 hours apart, at about 3

hours to about 4 hours apart, at about 4 hours to about 5 hours apart, at about 5 hours to

about 6 hours apart, at about 6 hours to about 7 hours apart, at about 7 hours to about 8

hours apart, at about 8 hours to about 9 hours apart, at about 9 hours to about 10 hours

apart, at about 10 hours to about 1 hours apart, at about 11 hours to about 2 hours apart,

24 hours apart, 48 hours apart, 72 hours apart, or 1 week apart. In other embodiments, two

or more therapies (e.g., prophylactic or therapeutic agents) are administered to a within

the samepatient visit.

The prophylactic or therapeutic agents of the combination therapies can be administered

to a subject in the same pharmaceutical composition. Alternatively, the prophylactic or

therapeutic agents of the combination therapies can be administered concurrently to a

subject in separate pharmaceutical compositions. The prophylactic or therapeutic agents

may be administered to a subject by the same or different routes of administration.

The invention having been fully described, it is further illustrated by the following

examples and claims, which are illustrative and are not meant to be further limiting.

Examples

Methods and Materials

1: Pannings, antibody identification and characterization

(a) Panning

(i) HuCAL GOLD® Pannings

For the selection of antibodies recognizing human LRP6 several panning strategies were

applied. Therapeutic antibodies against human LRP6 protein were generated by selection

of clones having high binding affinities, using as the source of antibody variant proteins a

commercially available phage display library, the MorphoSys HuCAL GOLD® library.

The phagemid library is based on the HuCAL® concept (Knappik et al, (2000) J Mol Biol

296:57-86) and employs the CysDisplay™ technology for displaying the Fab on the

phage surface (WO01/05950 to Lohning).



In detail, the HuCAL GOLD library used in the current project is described in (Rothe et

al, (2007) J Mol Biol) Either phagemids produced with helper phage VCSM13 or

produced with Hyperphage (Rondot et al, (2001) Nat Biotechnol 19:75-78) were used for

selection of anti-LRP6 antibodies.

(it) Whole Cell Panning Against LRP6

For whole cell pannings, the cell line HEK293-hLRP6AC-eGFP was used expressing the

amino terminal fragment (amino acid 1-1482) of LRP6 fused to eGFP. Specific HuCAL

GOLD® antibody phagemids were eluted after incubation to the LRP6 expressing cell line

followed by post-adsorption to HEK293-LRP5/6-shRNA cells. The resulting HuCAL

phage-containing supernatant was titered on E . coli TGI cells and rescued after infection

of E. coli TGI cells using helper phage. The polyclonal amplified phage output was

titered again and used in consecutive selection steps.

(Hi) Fc Capture Panning Against LRP6

For Fc capture pannings, blocked phage were incubated with the Fc-captured LRP6-Fc

and unspecific phage were washed away using different concentrations of PBST, and PBS

at different times.

The remaining phage were eluted, and used immediately for infection of E. coli TGI

bacteria. Amplification, phage production and output titer determination were conducted

as described above in whole cell panning against LRP6.

(iv) Differential Whole Cell Panning Against LRP6

Differential whole cell pannings with antibody selection on HEK293-hLRP6AC-eGFP

cells and selection on recombinant human LRP6-Fc were performed as described above

for whole cell pannings and for Fc capture pannings.

During the selection process, unspecific phage were removed using different

concentrations of PBS and PBST for different time periods.

Phage infection of E. coli TGI, amplification, phage production and output titer

determination were conducted as described above in whole cell panning against LRP6.



(v) Semi-Solution PanningAgainst LRP6

For semi-solution pannings, recombinant human LRP6-Fc and BSA were covalently

linked to tosylactivated M-280-Dynabeads.

Pre-cleared phage were incubated with LRP6-coated beads on a rotator. Beads were then

collected using a magnetic separator and washed with PBST and PBS. Bead-bound phage

were eluted and immediately used for infection of E. coli TGI bacteria. Phage infection,

amplification, phage production and output titer determination were conducted as

described above in whole cell panning against LRP6.

(b) Subcloning and Microexpression of Selected Fab Fragments

To facilitate rapid expression of soluble Fab, the Fab encoding inserts of the selected

HuCAL GOLD® phage were subcloned into an expression vector pMORPH®X9_FH or

pMORPH®X9_FS. After transformation of TGI -F single clone expression and

preparation of periplasmic extracts containing HuCAL -Fab fragments were performed

as described previously (Rauchenberger et al, (2003)).

2: Screening

(i) FACS Screening on HEK293-hLRP6AC-eGFP cells

Clones selected by the panning strategies whole cell panning, differential whole cell

panning, and semi-solution panning were screened by flow cytometry on HEK293-

hLRP6AC-eGFP cells and HEK293-LRP5/6-shRNA cells for counterscreening. Primary

hits of Fc capture panning strategy as described above were also tested by flow

cytometry.

Cells were harvested at 70 to 80 % confluency, resuspended in FACS buffer, and stained

with bacterial cell lysates in 96 well U-bottom microtiter plates. Antibody binding was

revealed with flurochrome-conjugated detection antibodies. Stained cells were washed

twice and mean fluorescence intensity was measured and analyzed using a FACSArray

instrument (BectonDickinson).

(ii) Fc-capture Screening on Recombinant Human LRP6-Fc

Clones selected in the Fc-capture panning were screened in an Fc-capture-ELISA setup.



Maxisorp (Nunc, Rochester, NY, USA) 384 well plates were coated with goat anti-human

IgG, Fc fragment specific antibody. After washing with PBST and blocking the wells,

recombinant human LRP6-Fc was added. After washing the coated plates, cell lysates

were added and bound Fab fragments were detected using AP-conjugated goat IgG anti-

human IgG F(ab') 2 with the substrate AttoPhos. Fluorescence was read at 535 nm using a

Tecan Plate Reader.

3 : Expression and Purification of HuCAL®-Fab Antibodies in E. coli

Expression of Fab fragments encoded by pMORPH X9 Fab FH or

pMORPH®Xl l Fab FH in TG-1 cells was induced by addition of IPTG. Cells were

disrupted using lysozyme and Fab fragments isolated by Ni-NTA chromatography (Bio-

Rad, Germany). Protein concentrations were determined by UV-spectrophotometry.

Purity of Fab fragments was analyzed in denatured, reduced state using SDS-PAGE and

in native state by HP-SEC.

4: Affinity Determination

(i) Surface Plasmon Resonance Measurements

For determination of values, surface plasmon resonance technology was applied. Anti-

human-Fc-capture CMS chip (Biacore, Sweden) was used for capturing LRP6-Fc-Fusion

followed by ligand (Fab) injection at different concentrations.

(ii) Solution Equilibrium Titration (SET) Method for Determination Using Sector

Imager 6000 (MSD)

For D determination by solution equilibrium titration (SET), monomer fractions of

antibody protein were used (at least 90% monomer content, analyzed by analytical SEC;

Superdex75 (Amersham Pharmacia) for Fab, or Tosoh G3000SWXL (Tosoh Bioscience)

for IgG, respectively).

Affinity determination in solution was basically performed as described in the literature

(Friguet et al, (1985) J Immunol Methods 77:305-3 19). In order to improve the

sensitivity and accuracy of the SET method, it was transferred from classical ELISA to

ECL based technology (Haenel et al, (2005) Anal Biochem. 339:182-184).



The data was evaluated with XLfit (IDBS) software applying customized fitting models.

For determination of Fab molecules the fit model was used (according to Haenel et al

supra), modified according to Abraham et al. (1996) Journal of Molecular Recognition

9:456-461.

[Fab]t: applied total Fab concentration

x : applied total soluble antigen concentration (binding sites)

Bmax: maximal signal of Fab without antigen

affinity

5: Screening After Affinity Maturation

EC Determination on HEK293T/17 cells

EC50 values were determined on parental HEK293T/17 cells in FACS measurements. A

typical antibody titration curve contained ten to twelve different antibody dilutions, and

titrations started at concentrations of approx. 150 to 200 µg / mL (final concentration).

Cells were harvested using Accutase, resuspended in FACS buffer, distributed to the

wells of a 96-well plate, and stained with antibody dilutions. EC5ovalues were determined

with the program GraphPad Prism using non-linear regression analysis.

6: Conversion to IgG

In order to express full length IgG, variable domain fragments of heavy (VH) and light

chains (VL) were subcloned from Fab expression vectors into appropriate

pMORPH®_hIg vectors for human IgG2, human IgG4, human IgG4_Pro, and human

IgGlfLALA.

7: Transient Expression and Purification of Human IgG

Eukaryotic HKB1 1 cells were transfected with equal amounts of IgG heavy and light

chain expression vector (pMORPH2) or expression vector DNA encoding for heavy and

light chains of IgGs (pMORPH4). After sterile filtration, the solution was subjected to

standard protein A affinity chromatography (MabSelect SURE, GE Healthcare). Protein



concentrations were determined by UV-spectrophotometry. Purity of IgG was analyzed

under denaturing, reducing and non-reducing conditions in SDS-PAGE or by using

Agilent BioAnalyzer and in native state by HP-SEC.

8: Wnt Reporter Gene Assay

The ability of anti-LRP6 antibodies to inhibit Wnt signaling was tested in a Wntl and

Wnt3a responsive luciferase reporter gene assay. Cells were either stimulated with

Wnt3a conditioned medium or by co-transfection of Wnt 1, Wnt3a, or other Wnt

expression plasmids.

(i) WntSa Reporter Gene Assay with Conditioned Medium

104 HEK293-STF cells/well were seeded into a 96 well tissue culture plate, and cells were

incubated overnight at 37 °C/5 % C0 in 100 x medium.

The following day, various anti-LRP6 antibody dilutions and D 1 dilutions (positive

control) were prepared either in pure or in diluted in Wnt3a-conditioned medium. 60

of the supernatant was removed from the 96 well tissue culture plate and replaced

by 60 ΙΙ of the conditioned medium/antibody dilutions.

After Incubation for 16 to 24 h at 37 °C/5 % C0 2, 100 BrighiGlo Luciferase reagent

(Promega) were added and plates were incubated for 10 min. For luminescence readout

(Tecan Plate Reader), the cell lysates were transferred into a 96 well microtiter plate

(Costar, Cat # 3917).

A similar assay can also be performed using co-culture of Wnt3 or Wnt3a over-

expressing cells (e.g. CHO-K1, TM3, L or HE 293 cells)

(ii) Wntl/Wnt3a Reporter Gene Assay with Transiently Transfected Cells

3xl0 4 HEK293T/17 cells/well were seeded into a 96 well tissue culture plate (Costar),

and cells were incubated at 37 °C/5 % C0 in 100 x medium as described in Table 3.

After 12 to 6 h, cells were transfected with empty vector Wnt expression plasmidl

ng/well; pTA-Luc-10xSTF (Firefly luciferase construct)50 ng/well; or phRL-SV40

(Renilla luciferase construct) 0.5 ng/well.

A transfection premix (10 µ ΐ) was prepared containing the plasmids listed above

and 0.2 L· FuGene6/well (Roche). The transfection premix was incubated 15 min at RT



and then distributed into the wells. The plate was rocked at 400 rpm for 2 min at RT and

then incubated for 4 h at 37 °C/5 % C0 2. I the meantime, antibodies were diluted in

medium and added to the transfected cells (75 µΐ /well).

After 18 to 24 h, 75 µ ν ΙΙ DualGlo Luciferase reagent (Promega) were added and the

plate was rocked for 10 min for cell lysis before readout of the Firefly luciferase activity.

After luminescence readout, 75 µΙ ν 11 DualGlo Stop&Glow reagent (Promega) were

added and luminescence was measured again to determine Renilla luciferase activity.

For analysis, the ratio between Firefly luciferase activity and Renilla luciferase activity

was calculated. For ICso-determination of the anti-LRP6 antibodies, the relative

luciferase values were analyzed using GraphPad Prism.

A similar assay can also be performed using co-culture of Wntl or other Wntl class

ligand over-expressing cells (e.g. CHO-K1, TM3, L or HEK293 cells).

9: FACS Cross-Reactivity Studies

Cross-species reactivity to murine and cynomologus LRP6 was determined on cells by

FACS analysis. FACS staining was performed essentially as described above. Human

U266 cells (no expression of LRP6) were used as a negative control.

Cross-reactivity to murine LRP6 was tested on murine NIH-3T3 cells. Cross-reactivity to

cynomologus LRP6 was tested on the cynomologus cell line Cynom-Kl and on

transiently transfected HEK293T/17 cells:

For testing cynomologus cross-reactivity on the human cell line HEK293T/17, the cells

were transiently transfected using Lipofectamine (Invitrogen) according to the

manufacturer's instructions. Cells were either transfected with a mixture of the human

LRP6 expression plasmid pCMV6_XL4_LRP6 and the chaperone-encoding plasmid

pcDNA3 .1-flag MESD or with a mixture of pcDNA3.1-nV5-DEST_cynoLRP6 and

pcDNA3.1-flag_MESD (overexpression of cynomologus LRP6). 50 µg of LRP6

expression plasmid and 20 µg of MESD expression plasmid were used per T175 flask.

After 24 h, cells were detached and stained with the goat anti human LRP6 control

antibody (R&D Systems) and with anti-LRP6 HuCAL antibodies. Mock-transfected

HEK293T/17 cells were used for negative control stainings (low endogenous LRP6

expression).



10: Binder Optimization

Generation of Affinity Maturation Libraries

To increase affinity and biological activity of selected antibody fragments, L-CDR3 and

HCDR2 regions were optimized in parallel by cassette mutagenesis using trinucleotide

directed mutagenesis, while the framework regions were kept constant.

The different affinity maturation libraries were generated by standard cloning procedures

and transformation of the diversified clones into electro- competent E. coli TOPI OF cells

(Invitrogen). Sequencing of randomly picked clones showed a diversity of 100%. No

parental binders were found among the picked clones. Finally phage of all libraries were

prepared separately.

11: MMTV-Wntl xenografts

Tumours from MMTV-Wntl transgenic mice were passaged as tumour pieces in the

mammary fat pad of FVB mice for 5 passages prior to implantation into the mammary fat

pad of nude mice. Eleven days post-implant, when tumours reached a mean volume of

approximately 110 mm3, mice were randomized into 3 groups with 8 mice per group and

dosed every three days (DeAlmeida et al. (2007); Cancer Res. 67:5371-9).

12: Inhibition in Biochemical Assays

HE 293 cells were grown in D-MEM supplemented with 10% fetal bovine serum at 37

°C with 5% C0 . Cells were seeded into a 96 well tissue culture plate (Costar) at

3xl0 4/well and transfected with O.lng/well Wnt expression plasmid, 50 ng/well STF

reporter, and 0.5 ng/ml phRL-SV40 (Promega) mixed with 0.2 µΙ ν ΙΙ FuGene6

(Roche). Four hours after transfection, antibodies were diluted in PBS and added to the

transfected cells. After 8 hincubation, Firefly luciferase and Renilla luciferase activities

were measured using DualGlo Luciferase reagent (Promega). Renilla luciferase was used

to normalize transfection efficiency

All IgG formats tested have potent and complete inhibition of Wntl (2, 6, 7A, 7B, 9, 10A,

10B) generated canonical signal. All give rise to a bell shaped potentiation curve in the

presence of a Wnt3/3A generated signal.



13: FACS-based competition assay

For FACS-based competition assay, anti-LRP6 Fabs and the negative control Fab

MOR03207 were biotinylated using the ECL protein biotinylation module (GE

Healthcare) according to the manufacturer's instructions. The biotinylated Fabs were used

for FACS staining on HE 293-hLRP6AC-eGFP cells at a constant Fab concentration (20

nM final concentration) and were competed with a 100-fold molar excess of unlabelled

Fab. Cells were incubated with the Fab dilutions for 1 hour at 4 °C on a plate shaker.

After washing the cells Ix with FACS buffer, they were incubated with PE-conjugated

Streptavidin (Dianova) for 1 hour at 4°C on a plate shaker in the dark. Cells were washed

twice with FACS buffer and fluorescence was measured using FACS Array (BD).

Similarly, unbiotinylated anti-LRP6 Fabs were competed with a 100-fold molar excess of

the LRP6-binding protein SOST and binding of the Fabs to the cells was monitored by

PE-conjugated anti human IgG antibody (Dianova).

14: Immunoblotting assay
Total cell lysates were prepared in RIPA buffer (50 mM Tris-HCl, pH 7.4, 150 mM NaCl,

1% NP-40, 0.5% sodium deoxycholate, 0. % SDS, 1 mM EDTA). Lysates were

normalized for protein concentration, resolved by SDS-PAGE, transferred onto

nitrocellulose membranes and probed with the indicated antibodies. pT1479 LRP6

antibody requires generation of membrane extracts to achieve satisfactory results. To

generate membrane extracts, cells were lysed in hypotonic buffer (lOmM Tris-HCl

pH7.5, lOmM C1) by performing four freeze- thaw cycles, and insoluble membrane

fraction was solubilized using RIPA buffer. Protease inhibitor cocktail (Sigma) and x

phosphatase inhibitor cocktail (Upstate) were added into the lysis buffers. Commercial

antibodies used in the western blot assay include rabbit anti-LRP6, rabbit anti-pT1479

LRP6, and rabbit anti-pS 1490 LRP6 antibodies (Cell Signaling Technology).

Example 1: Specific binding of anti-LRP6 antibodies to endogenous LRP6 by FACS

Detection of endogenous cell surface expression of LRP6 was examined on a number of

tumor cells using the anti-LRP6 antibodies and FACS analysis. As shown in Fig. 1A,

PAl cells express both LRP5 and LRP6 mRNA, while U266 and Daudi cells do not

express LRP6 mRNA. PAl cells, but not U266 and Daudi cells, show significant staining

with a Propeller 1 anti-LRP6 IgG. More importantly, U266 cells are not stained by anti-

LRP6 antibody, although they express LRP6, demonstrating the specificity of anti-LRP6



antibody. Furthermore, anti-LRP6 antibody staining of PA1 cells is significantly reduced

upon depletion of endogenous LRP6 using LRP6 shRNA, further demonstrating the

specificity of the LRP6 antibody.

In additional studies, knockdown of LRP6 by shRNA in PA1 cells further confirms

specificity of Prop 1 and Prop3 antibodies for LRP6 (See Fig. IB). Knockdown was

achieved by infecting cells with lentivirus encoding short hairpin RNA directed to LRP6,

and selecting a stable pool of infected cells. The shRNA infection method used for the

study is described in Wiederschain et al. in 2009 Cell Cycle 8 : 498-504. Epub 2009 Feb

25.

Example 2: Differential inhibition of Wntl and Wnt3a reporter gene assays by

Propeller 1 and Propeller 3 anti-LRP6 Fobs

Different anti-LRP6 Fabs were tested in in vitro Wnt reporter assays. Wntl or Wnt3A

ligands were transiently expressed in HEK293T/1 7 STF cells (gene reporter assay) and

treated with varying concentrations of anti-LRP6 Fab fragments. STF assays were

conducted using the protocols described by Huang et al. (2009), Nature; 461 :614-20.

Epub 2009 Sep 16. As seen in Fig. 2A, Propeller 1 anti-LRP6 Fabs (MOR08168,

MOR08545, MOR06706) specifically reduced Wntl -dependent signaling without much

effect on Wnt3A-dependent signaling. Conversely as shown in Fig. 2B, Propeller 3 anti-

LRP6 Fabs (MOR06475, MOR08193, MOR08473) specifically reduced Wnt3A-

dependent signaling without significant effects on Wntl -dependent Wntl -dependent

signaling. The results demonstrate that Wntl and Wnt3A activities are blocked separately

by different LRP6 Fab fragment (epitopes).

Example 3: Binding of anti-LRP6 antibodies to LRP6 of different species.

To show cross-reactivity, cells expressing endogenous LRP6 of human (HEK293T/17)

and mouse origin (NIH 3T3), or transiently transfected HEK293/T17 cells expressing

cynomolgus LRP6, were treated and subjected to flow cytometry as described above. Fig.

3 summarizes the results of the findings of the results and show that all anti-LRP6

antibodies bind to human, mouse, and cynomologus LRP6.

Example 4; Classification of Wnts based on their sensitivity to Propeller 1 and

Propeller 3 anti-LRP6 antibodies.



To evaluate Wnts based on their sensitivity Propeller 1 and Propeller 3 anti-LRP6

antibodies, various Wnt ligands were transiently expressed into HEK293T/17 STF cells

(gene reporter assay) and treated with Propeller 1 or Propeller 3 anti-LRP6 antibodies.

STF assays were conducted using the protocols described by Huang et al. (2009), Nature;

461:614-20. Epub 2009 Sep 16. The results are shown in Fig. 4 which depicts the activity

inhibition of particular Wnts based on antibody binding/blocking to specific propeller

regions of LRP6. Fig. 4 shows that signaling induced by Wntl, Wnt2, Wnt6, Wnt7A,

Wnt7B, Wnt9, WntlOA, Wntl 0B can be specifically inhibited by Propeller 1 anti-LRP6

Fabs, while signaling induced by Wnt3 and Wnt3A can be specifically inhibited by

Propeller 3 anti-LRP6 Fabs.

Example 5: Conversion of LRP6 antibodies from Fabfragments to IgG potentiates Wnt

signaling induced by the other class of Wnt.

In a rather unexpected observation, conversion of LRP6 antibodies from Fab fragments to

IgG potentiates WNT signaling. Propeller 1 anti-LRP6 IgG inhibits Wntl -dependent and

potentiates Wnt3A-dependent signaling in a 293T/17 STF reporter assay. Similarly,

Propeller 3 anti-LRP6 IgG inhibits Wnt3A-dependent and potentiates Wntl -dependent

signaling as shown in Fig. 5. This finding suggests that the Wnt signaling pathway may

be modified or "fine tuned" using Propeller 1 and Propeller 3 antibodies. Similar effects

were observed in STF reporter assays in other cellular backgrounds (e.g. MDA-MB231,

MDA-MB435, PA-1, TM3 and 3t3 cells - data not shown)

Example 6: Propeller1 or Propeller 3 anti~LRP6 Fabs specifically inhibits Wntl or

Wnt3A-induced LRP6 phosphorylation.

HEK293T/17 cells were transiently transfected with Wntl or Wnt3A expression plasmids

and treated with Propeller lor Propeller 3 anti-LRP6 Fabs. As seen in Fig. 6, Propeller 1

anti-LRP6 Fabs specifically inhibits Wntl -induced phosphorylation of LRP6, for

example, T1479 and S 490 sites and Propeller 3 antibodies do not. In contrast, Propeller

3 anti-LRP6 specifically inhibits Wnt3A-induced phosphorylation of LRP6 and Propeller

1 antibodies do not. These results support that antibodies bind to distinct propeller

domainsof LRP6 and block specific Wnt ligands.



Example 7: Inhibition of expression of Wnt target gene in a MMTV-Wntl tumor

xenograft model using a Propeller 1 anti~LRP6 IgG.

The LRP6 antibodies were further characterized in vivo in an art recognized genetically

engineered mouse model known as MMTV-Wntl . Experiments were conducted to

determine if the anti-LRP6 antibodies in the IgG format could inhibit Wnt signaling and

tumor growth in vivo. Mammary tumors derived from MMTV-Wntl transgenic mice are

Wntl dependent; turning off Wnt1 expression using a tetracyclin-regulated system

(Gunther et al. (2003), supra) or blocking Wnt activity using Fz8CRDFc (DeAlmeida et

al. (2007) Cancer Research 67:5371-5379) inhibits tumor growth in vivo. To measure the

effect of anti-LRP6 antibodies on Wnt signaling in MMTV-Wntl tumors, mice implanted

with MMTV-Wntl tumors were dosed i.v. with a single dose of 5 mg kg Wntl class-

specific antagonistic anti-LRP6 antibody. Serum concentrations of the antibody as well

as the mRNA expression of β-catenin target gene Axin2 were analyzed over a period of

two weeks. The terminal β-phase half-life of the LRP6 antibody was about 108 hours.

Corresponding to the antibody injection, a significant decrease of Axin2 mRNA

expression was observed in tumors, and Axin2 expression gradually recovered one week

after the antibody injection when the antibody level in serum decreased. These results

suggest that Wntl class-specific anti-LRP6 antibody suppresses Wnt signaling in MMTV-

Wntl xenografts and this suppression is correlated with the concentration of LRP6

antibody in serum. To test the effect of anti-LRP6 antibodies on tumor growth, mice were

dosed with Propeller 1 -, Propeller 3-specific anti-LRP6 antibodies, or isotype matched

control antibodies. Mice were dosed i.v. with an initial dose of 20 mg kg, followed every

third day with 0 mg/kg. n this experiment Propeller 1, but not Propeller 3-specific anti-

LRP6 antibody caused tumor regression. Together, these results demonstrate that

Propeller 1-specific anti-LRP6 antibody induces regression of MMTV-Wntl xenografts,

MMTV-Wntl tumor xenografts in nude mice were treated with MOR08168, a Propeller 1

anti-LRP6 IgG at different timepoints ranging from 1 hour to 14 days. Fig. 7 shows an

inverse correlation with PK serum concentration of the antibody and mRNA expression

of Wnt target gene Axin2. Axin2 gene expression levels in tumors are inhibited with

MOR08 168 treatment, and return as antibody is cleared from the serum.

In addition to Axin2, the effect of MOR08168 on the expression of additional genes was

evaluated. Affymetrix Mouse430 2.0 Arrays were used to profile a time course



experiment of MMTV-Wntl allograft Tumors plus or minus a single dose of MOR08168

(5 mg/kg). There were six time points in all (0, 1, 3, 8, 24, 336 hours) and there were

three replicates per time point. Based on data demonstrating maximal inhibition of Axin

upon treatment with antibody, 8 h was chosen as best representative time point to

determine differentially expressed genes putatively responding to Wnt pathway

inhibition. The R / Bioconductor framework was utilized and Limma package was

employed to determine differentially expressed genes between the 0 hour time point and

the 8 hour time point. An adjusted P-value of .05 was used as the threshold to determine

the set of differentially expressed genes. Based on this cutoff there are 1270 probe sets

called differentially expressed mapped to 972 gene(s). Fig. 8A is a table that shows genes

that were upregulated >2-fold with an adjusted P-value of <0.01 and Fig. 8B is a table

that shows genes that were downregulated >2-fold with an adjusted P-value of <0.01.

Example 8: Anti-tumor activities of Propeller 1 and Propeller 3 anti-LRP6 antibodies

in MMTV-Wntl allograft model

Anti-tumor activity of LRP6 Propeller 1 and 3 antibodies was evaluated in the MMTV-

Wntl allograft model. MMTV-Wntl tumor fragments were implanted subcutaneously

(s.c.) into female nude mice. 1 days after implantation, mice carrying MMTV-Wntl

tumors (n=8, average 121 mm ; range: 100-147 mm ) were treated with vehicle IgG (10

mg/kg, intravenously (i.v.), every third day (q3d), LRP6-Propeller 1 Ab MOR08168 (10

mg/kg, i.v., q3d), or LRP6-Propeller 3 Ab MOR06475 (10 mg/kg, i.v., q3d), and tumors

calipered every third day. LRP6-Propeller 1 MOR08168 Ab dose-dependently induced

tumor regressions (-55%, p<0.05) (See Fig. 9).

Example 9: Anti-tumor activities of Propeller 1 and Propeller 3 anti-LRP6 antibodies

in MMTV-Wnt3 allograft model.

Anti-tumor activity of LRP6 Propeller 1 and 3 antibodies was evaluated in the MMTV-

Wnt3 allograft model. MMTV-Wnt3 tumor fragments were implanted subcutaneously

(s.c.) into female nude mice. 15 days after implantation, mice carrying MMTV-Wnt3

tumors (n=6, average 209 mm ; range: 113-337 mm ) were treated with vehicle IgG

(lOmg/kg, intravenously (i.v.), twice a week (2qw), MOR08168 LRP6-Propeller 1 Ab (3

mg kg, i.v., qw), or MOR06475 LRP6-Propeller 3 Ab (10 mg/kg, i.v., 2qw) and tumors

calipered twice per week. MOR06475 LRP6-Propeller 3 Ab demonstrated antitumor

activity (T/C=34%, p<0.05) (See Fig. 10).



Example 10: Evaluation of ability of Propeller 1 and 3 anti-LRP6 antibodies to inhibit

WntiA in vivo

The ability of LRP6-Propeller 1 and 3 antibodies to inhibit Wnt3 class Wnt signaling in

vivo was tested in a co-implant system consisting of PAl-STF reporter cells co-implanted

with Wnt3A secreting L cells. Female nude mice were implanted subcutaneously with

10xl0e6 PAl-STF cells and 0.5xl0e6 L-Wnt3A cells and randomized in groups of 5. 24

hours later, mice received a single intravenous dose of vehicle, MOR08168 LRP6-

Propeller 1 Ab (10 mg/kg), or MOR06475 LRP6-PropeIler 3 Ab (10 mg/kg) and were

imaged by Xenogen 6 hours, 24 hours, 48 hours, 72 hours and 168 hours later.

MOR06475 was able to inhibit Wnt3a induced signaling for at least 72 hours, whereas

Mor08168 increased Wnt3A induced signaling (Fig. 11).

Example 11: Epitope mapping of LRP6 PD3/4 and its antibody complex by HDx MS

To identify antibody binding sites within YWTD-EGF region of Propeller 3, hydrogen-

deuterium exchange (HDx) mass spectrometry (MS) was employed. LRP6 Propeller

domains 3-4 (PD3/4) has 12 cysteines and 4 N-linked glycosylation sites. All 4 N-linked

glycosylation sites are positioned in Propeller 3 domain (631-932). By HDx MS, close to

100% coverage (amount of protein it was possible to get structural information for) was

mapped on the Propeller 4 domain, and about 70% coverage on Propeller 3 domain.

Regions immediately surrounding the 4 glycosylated sites remain undetected (Fig. 12A).

In the presence of Fab 06745, 2 weakly solvent protected peptides were found in

Propeller 3 (Phe -Leu647, Tyr 44-Glu 5 Fig. 1A). This suggests that the residues or a

fraction of the residues responsible for the epitope are either on the protected peptides or

spatially nearby. Based on the crystal structure of LRP6 PD34, the solvent protected

regions correspond to the concave surface between blade 1 and 6 of Prop 3.

Mutations that disrupt the interaction ofScFv06475 with LRP6 PD34

To confirm that the rim of blade 1 and 6 is responsible for antibody mediated inhibition of

Wnt3a signaling, a series of LRP6 surface mutations were constructed (R638A, W767A,

Y706A/E708A, W850A/S851A, R852/R853A, and D874A/Y875A) that also

approximately covered the region implicated by HDx in binding. To ensure that the

mutant proteins are properly folded, differential static light scattering (DSLS) thermal-

melt assay was performed. Temperature denaturation experiment showed that the



aggregation temperature, T g , (the temperature at which 50% of the protein is denatured)

of wild-type and mutant proteins was similar. Thus, the mutations had no effect on the

folding or stability of the protein.

The binding capacity of mutant LRP6 to scFv MOR06475 was determined by ELISA.

Mutation of residues (R638, W850/S851, and R852/R853) that are located on peptides

that showed solvent protection in HDx MS experiments also showed dramatic decrease in

antibody binding (See Fig. 12B). Mutation of residues (Y706/E708) that are located on

peptides showing no solvent protection in HDx also showed no change in antibody

binding capability (Fig. 1IB). Thus the binding assay data are in good agreement with the

binding interface as mapped by HDx MS suggesting the residues R638, W850, S851,

R852, and R853 participate directly in the epitope.

Collectively, these results show that different Wnt proteins require different Propeller

regions of LRP6 for signaling. The Wnt 1 class of Wnt proteins (Wntl, 1, 2, 6, 7A, 7B,

9,1 OA, 10B) requires Propeller 1 of LRP6 for Wntl signaling, and they can be inhibited

by Propeller 1 specific anti-LRP6 antibodies. The Wnt 3A class of Wnt proteins (Wnt3

and Wnt3a) requires Propeller 3 of LRP6 for Wnt3 signaling, and they can be inhibited by

Propeller 3 specific anti-LRP6 antibodies (Fig. 13). Another unexpected finding was the

Wnt-potentiating activity of the antibodies in the bivalent IgG format in the presence of

Wnt ligands. All antibodies tested in IgG format enhanced either Wntl or Wnt3A

signaling in the STF Luc reporter gene assay. Interestingly, most Fabs that inhibited Wntl

and were inactive in the Wnt3A assay, still inhibited Wntl as an IgG, but potentiated

Wnt3A signaling and vice versa. Most Fabs that inhibited Wnt3A potentiated Wntl

activity as an IgG. The effect was independent of the IgG format, as several formats were

tested (IgGlLALA, IgG2, IgG4, IgG4_Pro). These data shows that different Wnt proteins

bind to different Propellers of LRP6 for signaling. Dimerization of LRP6 using bivalent

LRP6 antibodies is not sufficient to stimulate Wnt signaling by itself, but can potentiate

Wnt signaling initiated by the other class of Wnt proteins. These findings demonstrate

that different canonical Wnt ligands use distinct binding sites on LRP6 and that all

bivalent antibodies enhance Wnt activity in IgG format in the presence of the non-blocked

Wnt Fab (single chain antibodies, unibodies). Monovalent structures of any kind as a

final format circumvent the Wnt potentiation. Alternative ly, the construction of a bi-

specific IgG or IgG-like molecule carrying both the Wntl - and Wnt3A inhibitory activity



circumvent potentiation. Thus, LRP6 antibody constructs can be deisgned to control and

"fine-tune" the Wnt pathway

Example 12: Generating a Biparatopic LRP6 Antibody

This example describes the production and characterization of biparatopic anti-LRP6

IgG-scFv antibodies. Various anti-LRP6 scFv's containing different domain orientations

(e.g. VH-VL or VL-VH) and different linker lengths (e.g. (Gly4Ser)3 or (Gly4Ser)4) were

initially expressed, purified and characterized. Based on results of the scFv study,

different biparatopic anti-LRP6 IgG-scFv's were prepared and further evaluated. The

scFv may be placed at various positions within the IgG including the C-terminus of CH3

or CL and the N-terminus of VH or VL. Furthermore, various linkers may be used to

connect the scFv to the IgG including Gly4Ser and (GlyGlySer) .

(a) Materials and Methods

(i) Generation of anti-LRP6 scFv

Genes coding for all scFv-variants were synthesized by Geneart. DNA-fragments coding

for scFv in both orientations (VH-VL and VL-VH, separated by two different linkers:

(Gly4Ser)3 and (Gly4Ser)4, with N-terminal signal sequence and C-terminal 6xHis-tag)

were directly cloned from Geneart vectors via Ndel/Xbal into vector pFAB15-FkpA,

resulting constructs were called pFabl5-MOR06475-VH-(Gly 4Ser) -VL, pFabl5-

MOR06475-VH-(Gly4Ser) -VL, pFabl 5-MOR06475-VL-(Gly Ser) -VH, pFabl 5-

MOR06475-VL-(Gly4Ser) -VH, pFabl 5-MOR08 168-VH-(Gly4Ser) -VL, pFabl 5-

MOR08168-VH-(Gly4Ser)4-VL, pFabl 5-MOR08 168-VL-(Gly Ser) -VH, pFabl -

MOR08168-VL-(Gly4Ser)4-VH, pFabl 5-MOR08545-VH-(Gly4Ser)3-VL, pFabl 5-

MOR08545-VH-(Gly4Ser) -VL, pFabl5-MOR08545-VL-(Gly Ser)3-VH and pFabl5-

MOR08545-VL-(Gly4Ser)4-VH.

(ii) Generation of biparatopic anti-LRP6 IgG-scFv

anti-LRP6 MOR08168 hlgGlLALA 6475scFv

Vector pRS5a MOR08168 hlgGlLALA containing codon-optimized VH-sequence

(synthesized by Geneart) was used as source for generation of biparatopic construct.

Initially, Afel-site was introduced by QuickChange Site-Directed Mutagenesis

(Stratagene) at 3'- end of sequence coding for hlgGlLALA (primer no. 1: 5'-

agcgtgatgcacgaagcgctgcacaaccactac-3' (SEQ ID NO: 213) and primer no. 2 : 5'-



gtagtggttgtgcagcgcttcgtgcatcacgctg-3' (SEQ ID NO; 214)). Gene coding for

MOR06475scFv (VL-VH-orientation, separated by (Gly 4Ser)4-linker) was synthesized by

Geneart. '-primer containing Afel-site and sequence coding for (GlyGlySer) -linker as

well as 3'-primer containing Ascl-site were used for amplification of entire MOR06475-

scFv-gene (primer no. 3 :

' -tgatgcacgaagcgctgcacaaccactacacccagaagagcctgagcctgtccccc ggcaag

ggcggctccggcggaagcgatatc-3' (SEQ ID NO: 215) and primer no. 4 : 5'-

gagcggccgcccggcgcgcc tcatcagctggacactgtcaccaggg-3' (SEQ ID NO: 216)). PCR-product

was then cloned via Afel/Ascl into vector pRS5a MOR08168 hlgGlLALA resulting in

the final construct pRS5a MOR08 168 hlgGl LALA-6475sc-fv. Gene coding for codon-

optimized VL of MOR08168 was synthesized by Geneart. 5'-primer containing Agel-site

and 3'-primer containing Hindlll-site were used for amplification of entire MOR0 1 8

VL-genes (primer no. 5 : (5'-gcttccggacaccaccggt gacatcgagctgacccagcc-3'

SEQ ID NO: 217) and primer no. 6: 5'-cagcacggtaagctt ggtgcctccgccgaacaccag-3'

(SEQ ID NO: 218)). PCR-product was then cloned via Agel/Hindlll into vector pRS5a-

hlambda resulting in the final construct pRS5a MOR08168 hlambda.

anti-LRP6 MORQ8168 hleGlLALA 6475scFv without Lvs (K

Vector pRS5a MOR08168 hIgGlLALA-6475scFv (SEQ ID NO:165) was used as

template DNA for removal of C-terminal Lysin at CH3. Quick Change XL Site-Directed

Mutagenesis Kit (Stratagene) was used in combination with following primers:

5'-ctgtcccccggcggcggctccggc-3' (SEQ ID NO: 219)

5'-gccggagccgccgccgggggacag-3'(SEQ ID NO: 220)

Site-Directed Mutagensis was done according to Stratagene protocol; resulting new

construct was called pRS5a hlgG 1LALA MOR08168opt 6475 scFv K.

Vector pRS5a MOR08168 hlambda (generation described for anti-LRP6_MOR08 168

hIgGlLALA_6475scFv) containing codon-optimized VL-sequence (synthesized by

Geneart) was used w/o any modifications for expression of LC.

anti-LRP6 MOR08 168 hlgG 1LALA 6475scFv AspPro to AspAla (DP to OA)

Vector pRS5a MOR08168 WgGlLALA-6475scFv (SEQ ID NO: 165) was used as

template DNA for substitution of DP to DA in VH of scFv. Quick Change XL Site-

Directed Mutagenesis Kit (Stratagene) was used in combination with following primers:

5'-ccatgaccaacatggacgccgtggacaccgccacc-3' (SEQ ID NO: 221)



5'-ggtggcggtgtccacggcgtccatgttggtcatgg-3' (SEQ ID NO: 222)

Site-Directed Mutagensis was done according to Stratagene protocol; resulting new

construct was called pRS5a hlgGlLALA MOR08168opt 6475 scFv DP to DA.

Vector pRS5a MOR08168 hlambda (generation described for anti-LRP6_MOR08168

hIgGlLALA_6475scFv) containing codon-optimized VL-sequence (synthesized by

Geneart) was used w/o any modifications for expression of LC.

anti-LRP6 M R 8 hlgGlLALA 6475scFv AspPro to ThrAla (DP to TA)

Vector pRS5a MOR08168 hIgGlLALA-6475scFv (SEQ ID NO: 165) was used as

template DNA for substitution of DP to TA in VH of scFv. Quick Change XL Site-

Directed Mutagenesis Kit (Stratagene) was used in combination with following primers:

5'-caccatgaccaacatgaccgccgtggacaccgccacc-3' (SEQ ID NO: 223)

S'-ggtggcggtgtccacggcggtcatgttggtcatggtg-S' (SEQ ID NO: 224)

Site-Directed Mutagensis was done according to Stratagene protocol; resulting new

construct was called pRS5a hlgGlLALA MOR08168opt 6475 scFv DP to TA.

Vector pRS5a MOR08 68 hlambda (generation described for anti-LRP6_MOR081 68

hIgGlLALA_6475scFv) containing codon-optimized VL-sequence (synthesized by

Geneart) was used w/o any modifications for expression of LC.

anti-LRP6 MOR08168hIeGl LALA 6475scFv at ValLeu ( D

Vector pRS5a MOR08168 hlgGlLALA containing codon-optimized VH-sequence

(synthesized by Geneart) was used w/o any modifications for expression of HC.

Gene coding for codon-optimized MOR06475scFv and MOR08168-VL was synthesized

by DNA2.0 and was cloned via Agel Hind into vector pRS5a hlambda MOR08168.

Resulting vector was called pRS5a hlambda MOR08168 6475scFv at VL.

anti-LRP6 MOR06475hIgGl LALA 8168scfv VH-3-VL . where 3 represents a

(Gly Ser amino acid linker between the VH and VL chains.

MOR06475-VH was amplified from vector pM2 hlgGlLALA MOR06475 with

following primers:

5'-gttcctggtcgcgatcctggaaggggtgcactgccaggtgcaattgaaagaaagcg-3' (SEQ ID NO: 225)

5'-cttggtggaggctgagctaac-3' (SEQ ID NO: 226)

PCR-roduct was cloned viaNruI/BlpI into vector pRS5a hlgGlLALA MOR08168

6475scFv, resulting vector was called pRS5a hlgGlLALA MOR06475 6475scFv.



MOR08168scFv was amplified from vector pRS5a MOR08168 scFv (VH-3-VL) with

following primers:

5'-gcacgaagcgctgcacaaccactacacccagaagagcctgagcctgtcccccggcaagggcggctccggcggaagc

caggttcaattggttgaaagc-3' SEQ ID NO: 227)

5'-gggccctctagagcggccgcccggcgcgcctcatcacagaacggtaagcttggtgcc-3' (SEQ ID NO: 228)

PCR-product was cloned via Afel/Xbal into vector pRS5a hIgGlLALA MOR06475

6475scFv, resulting final vector was called pRS5a hIgGlLALA MOR06475 8168scFv

(VH-3-VL).

MOR06475-VL was amplified from vector pM2 hkappa MOR06475 with following

primers:

5'-gacaccaccggtgatatcgtgctgacccagagc-3' (SEQ ID NO: 229)

5'-gcagccaccgtacgtttaatttcaac-3' (SEQ ID NO: 210)

PCR-product was cloned into vector pRS5a hkappa MOR06654 via Agel/BsiWI,

resulting vector was called pRS5a hkappa MOR06475.

anti-LRP6 MOR06475hIeGl LALA 8168scfv VH-4-VL where 4 represents a

Gl Ser amino acid linker between the VH and VL chains.

MOR06475-VH was amplified from vector pM2 hIgGlLALA MOR06475 with

following primers:

5, -gttcctggtcgcgatcctggaaggggtgcactgccaggtgcaattgaaagaaagcg-3' (SEQ ID NO: 2 11)

5' -cttggtggaggctgagctaac-3 ' (SEQ ID NO: 2 12)

PCR-product was cloned viaNruI/BlpI into vector pRS5a hIgGlLALA MOR08168

6475scFv, resulting vector was called pRS5a hIgGlLALA MOR06475 6475scFv.

MOR08168scFv was amplified from vector pRS5a MOR08168 scFv (VH-4-VL) with

following primers:

5'-gcacgaagcgctgcacaaccactacacccagaagagcctgagcctgtcccccggcaagggcggctccggcggaagc

caggttcaattggttgaaagc-3' (SEQ ID NO: 213)

5'-gggccctctagagcggccgcccggcgcgcctcatcacagaacggtaagcttggtgcc-3' (SEQ ID NO: 214)

MOR06475-VL was amplified from vector pM2 hkappa MOR06475 with following

primers:

5'-gacaccaccggtgatatcgtgctgacccagagc-3' (SEQ ID NO: 215)

5'-gcagccaccgtacgtttaatttcaac-3' (SEQ ID NO: 216)

PCR-product was cloned into vector pRS5a hkappa MOR06654 via Agel/BsiWI,

resulting vector was called pRS5a hkappa MOR06475.



( i) Expression of anti-LRP6-scFv

Electrocompetent E. coli strain W3 110 was transformed with plasmid-DNA. Pre-cultures

( 0 ml LB-medium containing 12.5 g Tetracyline/ml and 0.4% Glucose, in 500 ml

flask) were inoculated with a single colony and incubated over night at 37°C/230 rpm.

Expression cultures (6x 500 ml SB-medium containing 12.5 g Tetracycline/ml, in 2 1

flask) were inoculated with pre-cultures to O.D600 of 0.1 and incubated at 25°C/230 rpm

to O.D600 of ca. 0.6. Then IPTG (Roche) was added to an end concentration of 0.4 mM

and cultures were incubated over night at 25°C/230 rpm. Cells were harvested by

centrifugation (20 min at 4600 rpm, 4°C) and cell pellets were frozen at -20°C.

(iv) Purification of anti-LRP6-scFv

Pellets from 3 1expressions were suspended in 50 ml Lysis-Buffer (20 mM NaH2P04, 20

mM Imidazole, 500 mM NaCl, pH 7.4; 1 tablet Complete without EDTA per 50 ml

buffer, Roche # 1 836 170001 , 10 mM MgS0 4 and Benzonase ) . Cell suspensions were

treated by French Press (2x at lOOObar) and centrifuged for 30 min at 16000xg, 4°C. 1ml

HisTrap HP column (GE Helthcare) was equilibrated with 10 ml Lysis-Buffer.

Supernatants were filtrated through Stericup Filter (Millipore) and loaded into

equilibrated column ( 1 ml/min). Column was washed with Lysis-Buffer (20 ml) and

bound protein was eluted with 3 ml Elution- Buffer (as Lysis-Buffer but 250 mM

Imidazole). Eluate was directly loaded on Superdex75 -column (HiLoad 16/60, GE-

Healthcare), equilibrated with 130 ml PBS ( 1 ml/min). Run was done with PBS at 1

ml/min, eluate was collected in 1.5 ml fractions and analyzed on 10% Bis-Tris-Gel

(NuPage, Invitrogen). Adequate fractions were pooled, filtrated through 0.2 µ η filter and

stored at 4°C. All purified proteins were analyzed by LC-MS (with oxidized and reduced

samples) and by SEC-MALS (aggregation analysis).

(v) Transient expression of biparatopic anti-LRP6 IgG-scFv

3.2 L HEK293-6E cells were cultivated in M l 1V3 Media : Lot# D07668B in a

BioWave20 at Rocks 10 rpm, Angle 7°, Aeration 25 L h, 0 2 25%, C0 2 6% to a density of

2E6 viable cells/mL. The cells were transiently transfected with 1.8 L DNA:PEI-MIX

(plasmid: pRS5a MOR08168 hlgGl LALA-6475sc-Fv 5 mg + pRS5a MOR08168

hlambda 5 mg + 20 mg PEI). 6 hours after transfection 5 L Feeding media (Novartis) with

Yeastolate: Lot# 09-021 was added to the culture. The cells were then further culivated at



Rocks 24 rpm, Angle: 7°, Aeration 25 L h, 0 2 25%, C0 0-6%. Seven days after

transfection, cells were removed by crossflow filtration using Fresenius filters 0.2 µηι .

Afterwards the cell free material was concentrated to 1.75 L with crossflow filtration

using 0 kDa cut off filter from Fresenius. After the concentration the concentrate was

sterile filtered through a stericup filter (0.22 µ η). The sterile supernatant was stored at

4°C. All described biaparatopic anti-LRP6-scFv variants were expressed in a similar

manner.

(vi) Purification of bipar top ic anti-LRP6 IgG-scFv

The purification of the biparatopic IgG was performed on a ΑΚΤΑ 100 explorer Air

chromatography system at 6°C in a cooling cabinet, using a freshly sanitised (0.2 M

NaOH 30% isopropanol) XK16/20 column with 25 ml of self-packed MabSelect SuRe

resin (all GE Healthcare). All flow rates were 3.5 ml/min, except for loading, at a pressure

limit of 5 bar. The column was equilibrated with 3 CV of PBS (made from lOx, Gibco),

then the concentrated and sterile filtrated fermentation supernatant (1.35 L) was loaded at

2.0 ml/min o/n. The column was washed with 8 CV of PBS. Then the IgG was eluted

with a pH gradient, starting at 50 mM citrate, 70 mM NaCl, pH 4.5, going linearly down

in 12 CV to 50 mM citrate, 70 mM NaCl, pH 2.5, followed by a 2 CV constant step of the

same pH 2.5 buffer. The biparatopic IgG eluted during the gradient in a single symmetric

peak around pH 3.8, and was collected into 4 ml fractions. The fractions were pooled into

three pools, left slope, main peak and right slope. The pools were immediately titrated to

pH 7.0, slowly and under stirring, using 2 M Tris, pH 9.0. The pools were sterile filtered

(Millipore Steriflip, 0.22 µηι), OD 280 nm was measured in a Lambda 35 Spectrometer

(Perkin Elmer), and the protein concentration was calculated based on the sequence data.

The pools were separately tested for aggregation (SEC-MALS) and purity (SDS-PAGE

and MS), and based on the results, only the central pool (35 ml at 2.55 mg/ml protein)

was further used. All described biaparatopic anti-LRP6-scFv variants were purified in a

similar manner.

(vii) Cross-reactivity analysis by protein microarrays

The microarrays were custom-made high-density protein chips manufactured by Protagen

AG (UNIchip® AV-VAR-EP) and contained 384 pre-defined and purified human

proteins printed in quadruplicates on a nitrocellulose coated glass slide. The proteins are

classified as extracellular or secretory proteins based on gene ontology and expressed as



an N-terminal His-tag fusion protein using Escherichia coli, and purified using

immobilized metal ion affinity chromatography (IMAC). The hybridization of the

antibody was done using the TECAN Hybridization Station HS400Pro, programmed with

a protocol developed by Protagen AG. The primary antibodies were tested at a final

concentration of 5 g/ml. The secondary labeled antibody, a Cy5-conjugated AffiniPure

Goat anti-hsIgG F(ab') , fragment specific (Jackson Immunore search, code no. 109-175-

097), was used at a final concentration of 7.5 g/ml. Microarray image acquisition was

done using a GenePix Professional 4200A fluorescence microarray scanner (Axon

Instruments, CA) equipped with a red laser (635 nm). Image analysis was performed

using the GenePix Pro v6.0 software. Data analysis was done using Protagen UNIchip®

Data Analysis Tool v l .8. To determine unspecific cross-reactivity derived from binding

of the secondary antibody directly to the printed antigens, the secondary antibody was

also incubated on the UNIchip® without the use of the primary antibody. For the

determination of the level of cross reactivity normalized to the corresponding antigen, the

fluorescent signal intensity value at saturated concentration (20 fmol/spot) was set as

100%. All signal intensities for a given protein, which were more than 4 % of the antigen

signal, were considered as positive hits, providing they were not also found in the

respective control with only the secondary labeled antibody.

(viii) Conformational stability measured by Differential Scanning Calorimetry (DSC)

DSC was measured using a capillary cell microcalorimeter VP-DSC from Microcal,

equipped with a deep-we11 plate auto-sampler. Data were analyzed with the software

Origin 7.5. The samples (400 µ ), were added to 2 ml deep-well plates from Nunc m. The

samples in PBS pH 7.0 were analyzed at 1 mg/ml. The reference sample contained 400 µΐ

of the same buffer as the analyte, usually PBS. Heat change associated with thermal

denaturation was measured between 20 °C and 100 °C, with a heating rate of 3.3 °C min

The apparent melting temperature (Tm), corresponded to the thermal transition

midpoint, where 50% of the analyte is unfolded.

(ix) Serum stability studies

Purified proteins were solved in 35 µΐ rat serum or mouse serum (Gene Tex) resulting in

an end concentration of 0.3 mg/ml. Samples were incubated at 37°C in a plate incubator.

4 µΐ of each sample were taken at different time-points, 10 µΐ sample buffer (4x, NuPage,



Invitrogen) and 26 µΐ water were added and samples were frozen at -20°C. 12 µ of each

sample were loaded into 12% Bis-Tris-Gel (NuPage, Invitrogen), electrophoresis was

done at 200V for 35min. Protein transfer was done to PVDF-membrane (Invitrogen) in

Borate buffer (50 mM Borate, 50 mM Tris) at 30V for 1 h. Membranes were briefly

washed in TBST (10 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0. 1% Tween80) and then

incubated for 2 h at RT/shaker in TBST containing 5% milk powder. Membranes were

briefly washed in TBST and then incubated for 1 h at RT/shaker in TBST containing

POD-conjugated Goat-anti-human IgG, Fab fragment specific (Dianova), diluted

1: 0.000 or anti-His POD (Roche) diluted 1:500. Membranes were washed three times for

5min at RT/shaker in TBST. Signal detection was done using BM Blue POD Substrate

(Roche) or ECL/ECL Plus (GE-Healthcare).

(b) Results

(i) Expression, purification and characterisation of anti-LRP6-scFvs

All scFv's were successfully expressed in E. coli W3 110 and purified by affinity

chromatography followed by size exclusion chromatography. Expected size (MOR06475

(Gly Ser) /(Gly Ser) 26.74 and 27.06 kDa respectively, MOR08168 (Gly Ser)3

/(Gly Ser) : 26.5 and 26.85 kDa respectively, MOR08545 (Gly4Ser) /(Gly Ser) : 25.99

and 26.31 kDa respectively was confirmed for all purified samples by LC-MS analysis

done with reduced and oxidized samples and by SDS PAGE. Purities > 95% were

obtained. Fig. 14 shows the results of SDS-PAGE analysis in which 1.5 µg of each

purified protein were loaded into 10% Bis-Tris gel (NuPage, Invitrogen) M: Marker See

Blue Plus2 (Invitrogen); (1): MOR06475-VH-(Gly Ser) -VL; (2) MOR06475-VL-

(Gly Ser) -VH; (3) MOR08168-VH-(Gly Ser) -VL; (4) MOR08168-VL-(Gly Ser) -VH;

(5) MOR08545-VH-(Gly Ser) -VL; (6) MOR08545-VL-(Gly Ser) -VH (7) MOR06475-

VH-(Gly Ser)3-VL; (8) MOR06475-VL-(Gly Ser)3-VH (9) MOR08168-VH-(Gly Ser) -

VL; (10) MOR08168-VL-(Gly 4Ser) -VH; ( 1 ) MOR08545-VH-(Gly Ser) -VL; (12)

MOR08545-VL-(Gly4Ser) -VH.

Thermal Stability was compared for all ScFv's by DSC. The melting temperature (Tm)

was significantly higher for the MOR06475 variants. The highest Tm (64.7°C) was

observed for MOR06475-VL-(Gly Ser)4-VH therefore this molecule is believed to be

potentially more stable then the other constructs produced.



Activity of MOR06475, MOR08168 and MOR08545 scFv and Fab constructs, as well as

several biparatopic formats was assessed in the HE 293 STF assay (Fig. 17 and 18).

Collectively, the data show that Propeller 1 IgG (MOR08168) inhibits Propeller 1 ligands

such as Wntl, while potentiating Propeller 3 ligands such as Wnt3 in the STF assay.

Propeller 3 scFv6475 inhibits Propeller 3 ligands such as Wnt3, while having no activity

on Propeller 1 ligands such as Wntl. Furthermore, MOR08 168/6475 biparatopic

antibodies have activity against both Propeller 1 and Propeller 3 ligands, and no

potentiating activity at any concentrations applied in the HE 293 Wnt STF assay.

(ii) Expression, purification and characterisation of biparatopic an(i-LRP6 IgG-scFv

A schematic representation of biparatopic anti-LRP6 Ig-scFv format produced in this

study is presented in Fig. . Fig. 15A represents a scFv scFv attached to the C-terminus

of an IgG; 15B scFv scFv attached to the N-terminus of an Fc; 15C represents an scFv

scFv attached to the C-terminus of an Fc; and 15D represents an scFv scFv attached to the

N- and C-terminus of an Fc.

The biparatopic antibody in the current experiment is the biparatopic full-IgG with scFv

fused to the C-terminus of hlgGl LALA CH3. In this particular study the scFv was

separated by a (GlyGlySer) 2-linker from the full-IgG. The scFv consists of VL-VH

orientation with a (Gly4Ser)4 linker.

Biparatopic anti-LRP6 IgG-scFv's were transiently expressed in HEK293-6E cells and

purified by affinity chromatography with gradient elution from pH 4.5 to 2.5. The

expected size of 197.4kDa was determined by LC-MS analysis and SDS-PAGE with a

purity greater than 97% . Aggregation, determined by SEC MALS, was less than 5%.

Fig. 6 is an SDS-Page analysis of purified biparatopic anti-LRP IgG-scfV. Samples

were loaded into 12% Bis-Tris gel (NuPage, Invitrogen). Marker: Invitrogen Markl2; (1):

Non-reduced; (2): Reduced

Biparatopic anti-LRP6 IgG scFv and parental anti-LRP6 IgG bound to human FcRn at pH

6.0 with a d of 0.021 and 0.023µΜ respectively, as determined by Biacore. Both

formats demonstrated low level binding to human FcRn at pH 7.4, so this BpAb is

expected to behave as a standard IgG in vivo (P characteristics similar to IgGl) (See

Fig. ).



Biparatopic anti-LRP6 IgG scFv was stable in both mouse and rat serum at 37°C, tested

up to 336 hours (data not shown) and showed no binding >4% when evaluated on a

custom Protagen Unichip containing 384 purified extracellualr or secreted proteins (data

not shown).

(c) Discussion

Various anti-LRP6 scFv's were initially characterised to enable optimisation of the final

biparatopic antibody. ScFv's in both orientations and with two different linker lengths

were expressed in E. coll. Anti-LRP6 MOR06475, 8168 and 8545 were expressed as VH-

VL and VL-VH scFv's with a (Gly4Ser)3 and (Gly Ser) linker. All MOR06475 and

MOR08168 variants were successfully expressed and purified with a low level (<5%) of

aggregates. Correctly processed protein with expected sizes were obtained. Thermal

stability data showed that the most stable scFv format was MOR06475-VL- (Gly4Ser)4 -

VH with a Tm of 64.7°C. All tested MOR08168 scFv formats showed significantly

reduced thermal stability with a Tm of 50-52°C.

Biparatopic anti-LRP6 IgG's with scFv at CH3 and VL as well as modified variants

(without C-terminal Lys ( ) at CH3, with substitutions AspPro (DP) to AspAla (DA) and

AspPro (DP) to ThrAla (TA) in VH of scFv) were successfully expressed and purified

with a low level (<5%) of aggregates from cell culture. The expected sizes of

approximately 197-198 kDa were determined. Constructs anti-LRP6 MOR08168

hIgGlLALA 6475scFv and anti-LRP6 MOR08168hIgGl LALA 6475scFv at VL as well

as mutated constructs (deletion of C-terminal Lys ( ) at CH3 and substitutions AspPro

(DP) to AspAla (DA) and AspAla (DP) to ThrAla (TA)) consisted of a scFv with VL-VH

orientation and were separated by a (Gly Ser)4 linker. A (GlyGlySer)2 linker was used to

attach the scFv to the CH3 domain of hlgGl LALA and to VL of hlambda respectively.

As previously discussed, however, the scFv may also consist of VH-VL separated by

alternative linkers, furthermore the scFv may also be attached using alternative linkers to

other positions within the IgG including the C-terminus of CL and the N-terminus of VH.

Constructs with MOR08 168scFv consisted of a scFv with VH-VL orientation and were

separated by a (Gly Ser)3 and (Gly Ser) linker. A (GlyGlySer) linker was used to attach

the scFv to the CH3 domain of hlgGl LALA.



The biparatopic anti-LRP6 MOR08168 hlgGlLALA 6475scFv was stable in serum

(tested up to 336 hours). The biparatopic bound as expected to human FcRn at pH6.0, low

level binding was seen at pH7.4. The parental antibody bound with similar kinetics.

Example 13: In vivo evaluation of biparatopic antibody anti-LRP6

MOR08168hIgGlLALA 6475 scfv

The ability of biparatopic antibody anti-LRP6 MOR08 168hlgG 1LALA 6475 scfv to

inhibit Wnt3 class Wnt signaling in vivo was tested in a co-implant system consisting of

PA1-STF reporter cells co-implanted with Wnt3A secreting L cells. Female nude mice

were implanted subcutaneously with 10xl0e6 PA1-STF cells and 0.5xl0e6 L-Wnt3A

cells and randomized in groups of 5. 24 hours later, mice received a single intravenous

dose of vehicle, MOR08168 LRP6-Propeller 1 Ab (10 mg kg), MOR06475 LRP6-

Propeller 3 Ab (10 mg/kg), or the biparatopic antibody anti-LRP6

MOR08168hIgGlLALA 6475 scfv ( 1 mg/kg, 3 mg/kg, or 10 mg/kg) and were imaged by

Xenogen 6 hours, 24 hours, 48 hours, 72 hours and 168 hours later. The biparatopic

antibody anti-LRP6 MOR08 8hIgG1LALA 6475 scfv showed a dose-related inhibition

of Wnt3A induced signaling, with 1 mg/kg showing maximum inhibition at 24 hours,

returning to baseline at 48 hours, and 3 mg kg and 10 mg/kg showing sustained inhibition

for at least 72 hours. The MOR06475 LRP6-Propeller 3 Ab dosed at 10 mg/kg was able

to inhibit Wnt3a induced signaling for at least 72 hours, whereas MOR08168 LRP6-

Propeller 1 Ab dosed at 10 mg/kg increased Wnt3a induced signaling (Fig. 20).

To measure the effect of the biparatopic antibody anti-LRP6 MOR08168hIgGlLALA

6475 scfv, relative to the MOR08168 LRP6-Propeller 1 Ab, on Wnt signaling in TV-

Wntl tumors, mice implanted with MMTV-Wntl tumors were dosed i.v. with a single

dose of 5 mg kg of the biparatopic antibody anti-LRP6 MOR08168hIgG1LALA 6475

scfv or a single dose of 5 mg/kg of the MOR081 68 LRP6-Propeller 1 antibody. Serum

concentrations of the biparatopic antibody, and propeller 1 antibody, as well as the

mRNA expression of β-catenin target gene Axin2, were analyzed over a period of two

weeks. The terminal β-phase half-life of the biparatopic antibody was around 48 hours,

whereas that of the LRP6 antibody was about 72 hours. A significant decrease of Axin2

mRNA expression was observed in tumors obtained from mice dosed with either the

biparatopic antibody, or the propeller 1 antibody, and Axin2 expression gradually

recovered with no significant differences observed between the biparatopic antibody anti-



LRP6 OR08168hIgG 1LALA 6475 scfv and the MOR08168 LRP6-PropelIer 1 antibody

(Fig. 21).

Anti-tumor activity of the biparatopic antibody anti-LRP6 MOR08168hIgG1LALA 6475

scfv was evaluated in the MMTV-Wntl allograft model. MMTV-Wntl tumor fragments

were implanted subcutaneously (s.c.) into female nude mice. 7 days after implantation,

mice carrying MMTV-Wntl tumors n , average 137 mm3; range: 81-272 mm3) were

treated with vehicle IgG, MOR08168 LRP6-Propeller 1 Ab (3 mg/kg, i.v., qw), or

biparatopic antibody anti-LRP6 MOR08 168hIgG 1LALA 6475 scfv (3 mg kg, i.v., 2qw),

and tumors calipered twice a week. Both MOR08168 LRP6-Propeller 1 Ab and

biparatopic antibody anti-LRP6 MOR08168hIgGlLALA 6475 scfv antibody induced

tumor regressions (-93%, p<0.05 and -91%, p<0.05 respectively) (See Fig. 22). The dose

dependency of the biparatopic antibody anti-LRP6 MOR08168hIgG1LALA 6475 scfv

was evaluated and is depicted in Fig. 23.

Inhibition of Wnt signaling in colorectal cancer cells by β-catenin siRNA or dominant-

negative TCF-4 causes rapid cell cycle arrest and induces an intestinal differentiation

program (van der Wetering e al. (2002), Cell, 1 1, 241-250; van der Wetering et al.

(2003), EMBO Reports, 4, 609-6 ). To determine if inhibition of Wnt signaling by

antagonistic LRP6 antibodies has similar consequences in murine MMTV-Wntl

mammary tumors, secretory differentiation was examined by Oil Red staining for lipid,

a major component of milk. MMTV-Wntl tumor bearing mice were treated with either a

single dose of PBS (control) or 5 mg/kg anti-LRP6 MOR08 68hIgG 1LALA 6475 scfv 24

h, 72 h or 5 days after treatment, sections of frozen murine tumor allografts were cut at 5

µιη thickness. Slides were air-dried for 30-60 minutes at room temperature and then fixed

in ice-cold 10% formalin for 5-10 minutes. Slides were immediately rinsed three times in

dH 0. Oil Red O staining was performed using an Oil Red O staining kit (Poly Scientific

R&D, Cat # k043). Slides were scanned with ScanScope CS/GL scanner (Aperio

Technologies), and tissue sections analyzed with ImageScope v 0.2. .23 5 software

(Aperio Technologies), using the IHC color deconvolution algorithm with a positive-pixel

count. Representative images of Oil Red O staining are shown in Fig 24A and

quantification in Fig 24B. The graph represents mean±SEM values. n~ 4 in the 72 hour

group, n=3 in 24 hour group, n=2 in the 5 Day group, and n=l for PBS (control) and

demonstrate an increase in Oil Red O staining during the time course of the experiment.



Together, these results suggest that inhibition of Wnt signaling in mammary tumor cells

may lead to cell cycle arrest and induction of a secretory differentiation program.

Anti-tumor activity of the biparatopic antibody anti-LRP6 MOR08 168hIgGl LALA 6475

scfv was further evaluated in the DA- B-231 breast xenograft model. 5x1 0e6 MDA-

MB-231 cells in 50% matrigel were implanted subcutaneously (s.c.) into female nude

mice. 3 days after implantation, mice carrying MDA-MB-23 1 tumors (n=7, average 1 5

mm3; range 99-238 mm3) were treated with vehicle, or biparatopic antibody anti-LRP6

MOR08168hIgGlLALA 6475 scfv (3mg/kg, i.v., qw), and tumors calipered twice a

week. The biparatopic antibody anti-LRP6 MOR08 168hIgG 1LALA 6475 scfv antibody

dosed at 3 mg/kg weekly, significantly delayed tumor growth (T/C=23%, p<0.05) (See

Fig. 25).

Example 14: In vivo evaluation of additional biparatopic antibodies in the MMTV-

Wntl model

As described in Example 10, additional anti-LRP6 reverse biparatopic antibodies were

generated consisting of the propeller 3 antibody MOR06475 and the propeller 1

MOR081 68 scfv domains. The ability of these biparatopic antibodies (MOR06475hIgGl

LALA_8168scfvJVH-3-VL) and MOR06475hIgGl LALA_8168scfv_(VH-4-VL) to

inhibit Wntl signaling in vivo, relative to MOR08168hIgGlLALA 6475 scfv, was

determined in the MMTV-Wntl model. Mice implanted with MMTV-Wntl tumors were

dosed i.v. with a single dose of 5 mg kg of each of the antibodies described above. Serum

concentrations of each antibody (MOR08 168hIgGl LALA 6475 scfv, MOR06475hIgGl

LALA_8168scfV_(VH-3-VL), and MOR06475hIgGl LALA_8168scfv_(VH-4-VL), as

well as the mRNA expression of β-catenin target gene Axin2, were analyzed over a

period of 5 days (timepoints evaluated were 0, 2, 7, 24, 72 and 120 h). Both of the reverse

biparatopic antibodies showed a significant decrease in axin2 mRNA expression to the

same maximal extent as MOR08168hIgGlLALA 6475 scfv. However, the duration of the

decrease of axin2 mRNA expression was shorter than that observed with

MOR08 168hIgGl LALA 6475 scfv, with the signal returning to baseline at the 24 h

timepoint for both of the reverse biparatopic molecules. This was consistent with

decreased exposure of these molecules, with serum levels dropping to below 5 µg/ml at

24 h compared with 120 h for MOR08 168hIgGl LALA 6475 scfv.



Example 15: Binding affinity of a biparatopic antibody to recombinant LRP6 PDl/2

And PD 3/4

Binding affinities of anti-LRP6 MOR081 68hIgGl LALA 6475 scfv, MOR08168, and

MOR6475 to Propeller Domains 1-2 of LRP6 (PDl/2, amino acid residues 19 to 629 of

Accession No. NP002327) and Propeller Domains 3-4 of LRP6 (PD3/4, amino acids 631-

1246 of Accession No. NP002327) were evaluated via surface plasmon resonance (SPR)

using a Biacore T-100 (GE Healthcare). For the affinity determinations, anti-human IgG

Fey specific antibody (#109-005-098, Jackson Immunology) was diluted in 10 mM

sodium acetate (pH 5.0) buffer, and then immobilized onto CM4 chip (GE Healthcare,

BR-1 005-34) for all 4-flow cells to a density of -2000 RU using standard amine coupling

chemistry. The carboxymethyl dextran surface was activated with a 7 min injection of a

1:1 ratio of 0.4 M EDC (l-Ethyl-3-[3-dimethylaminopropyl] carbodiimide hydrochloride)

and 0. 1M NHS (N-hydroxysuccinimide). Excess reactive esters were then blocked with

1M ethanolamine. anti-LRP6 MOR08 68hIgG 1LALA 6475 scfv was prepared at 0

ml in HBS-EP buffer (GE Healthcare), and captured onto a separate flow cell of the

CM4 chip to a density of -70 RU at flow rate 0 µ /min. PDl/2 and PD3/4 were prepared

as two fold concentration series starting at 50 nM, and injected at 30 µΐ/min for 1 min.

This allowed a 40 min dissociation phase over the anti-LRP6 MOR08 168hIgG 1LALA

6475 sefv-captured surface and the control surface without captured ligands. The surfaces

were then regenerated two times with 0 mM glycine (pH 2.2). For the dual binding

analysis of anti-LRP6 MOR0816ShlgG1LALA 6475 scfv to PDl/2 and PD3/4, anti-LRP6

MOR0816ShlgG1LALA 6475 scfv was captured onto the CM4 chip immobilized with

anti-human IgG Fey specific antibody. PD3/4 at a saturating concentration of 100 nM was

then flowed over the surface at a flow rate of 30 µΐ/min for 30 min. A saturating

concentration of 100 nM PD 2 was injected immediately after the PD3/4. The

dissociation constant ( ¾), association k n), d dissociation ( ff ) rates were calculated

from the baseline subtracted corrected binding curves using the BIAevaluation software

(GE Healthcare).

Anti-LRP6 MOR081 68hIgGl LALA 6475 scfv (biparatopic antibody) binding to PDl/2

and PD3/4 was compared with that of MOR08 168 (propeller 1 antibody) and

MOR6475 (propeller 3 antibody). Fig. 26A shows affinities of the molecules for

corresponding LRP6 receptor domains, PDl/2 and PD3/4. The determined of anti-

LRP6 MOR08168hIgG1LALA 6475 scfv for PDl/2 and PD3/4 was similar to that of



MOR08168 to PD1/2 and MOR6475 to PD3/4, respectively. Fig. 26B shows the

association and dissociation phases of antj-LRP6 MOR08168hIgGlLALA 6475 scfv

binding to each of the proteins. The off-rate for binding of antj-LRP6

MOR08 168hIgG 1LALA 6475 scfv to PD1/2 is slower than that to PD3/4. Further studies

demonstrated in which PD1 2 and PD3/4 were injected sequentually indicated that, as

expected, anti-LRP6 MOR08168hIgGlLALA 6475 scfv was capable of binding to both

propeller domain constructs (Fig. 26C).

Example 16: scFv Mutations to Improve Thermostability of scFv08168 and scFv06475

This Example describes mutatons made in the scFvs of propeller 1 and propeller 3

antibodies and the effect of individual and a combination of mutations to the stability of

the scFv as determined by thermal stability. Improvments in the stability of the scFv can

be translated to the overall stability of an antibody construct comprising the mutated scFv.

Material and methods

Constructs

For IgG based biparatopic molecules, scFv06475 was fused to the C-terminal of

MOR08168 IgGl via a GlyGlySer linker to make biparatopic antibody designated "901"

in Fig. 27 (MOR08168IgGlLALA 6475 scfv), or scFv08168 was fused to the C-terminal

of MOR06475 IgGl via a GGS linker to make biparatopic antibody designated "902" in

Fig. 27. . For detailed information, please refer to other parts of this patent application.

Rational design of the focused libraryfor scFv06475 and scFv08J68

Two approaches were used for selection of point mutations to stabilize scFv06475 and

scFv08168: sequence consensus analysis and structure based mutation design using

homology modeling in Molecular Operating Environment (MOE).

For sequence consensus analysis, the amino acid sequences of the VH and VL domains of

scFv06475, and of the VH and VL domains of scFv08168 were BLASTed against the

non-redundant protein sequence database of NCBI. After each BLAST run, the query

sequence and the top 250 homologous sequences were aligned by the clustalW program.

An in-house computer program was used to count the most common amino acid at every

residue position among the aligned sequences. At each position where the amino acid in

the query sequence differed from the most common amino acid in the aligned sequence



pool, a mutation was designed to mutate the residue from its wild type amino acid to the

most common amino acid.

A homology model of scFv06475 and a homology model of scFv08168 were built in

MOE. The sequences were first read into the "sequence editor" module of MOE. Existing

X-ray structures with homologous sequences were searched in the "antibody modeler"

module of MOE. The X-ray structure 3L5X and 1W72 were identified by MOE as the

suitable templates to build the homology models for scFv06475 and scFv08168,

respectively. Homology models were then built by MOE, using the CHARMM27 force

field to minimize the energy.

Models produced by MOE were then subject to five stages of energy minimization and

MD simulation in NAMD. The whole models were energy minimized for 5000 steps in

the first to the third stage, and with restraints of 30 kcal/mol/A2 applied on different sets

of atoms. In the first stage, the restraints were applied to all atoms but the side chain

atoms in CDRs. In the second stage, the restraints were applied to all atoms but the

residues in CDRs. In the third stage, the restraints were applied only to backbone atoms.

The models were then simulated in vacuum for 100 ps at 50 in the fourth stage, with

restraints of 30 kcal/mol/A2 applied on the backbone atoms. In the last and the fifth stage,

the models were energy minimized for 5000 steps with restraints of 30 kcal/mol/A2

applied on the backbone atoms. The models after these five stages of minimization and

MD simulation were taken as the homology models for structure based mutation design.

Mutant models were built upon the wild type homology models. The "mutate" command

of the "psfgen" module of VMD was used to mutate residues to the designed amino acids

(William Humphrey et al. (1996) J . Molecular Graphics, 14: 33-38. The mutated models

were then energy minimized and simulated in six stages. 5000 steps of energy

minimization were performed in the first to the fourth stage. Restraints of 30 kcal/mol/A2

were applied on all atoms but the side chain of the mutated residue in the first stage.

Restraints of the same strength were applied on all atoms but the mutated residue in the

second stage. The restraints on the side chain atoms of the residues within 5A to the

mutated residue were removed in the third stage. The restraints on the backbone atoms of

the residues within 5A to the mutated residue were released as well in the fourth stage.

With the same restraints as those in the fourth stage applied, the mutated models were

simulated in vacuum for 100 ps at 50K. The last snapshots of the simulation trajectories



were then energy minimized for 5000 steps again, with the same restraints as those in the

fourth stage. These minimized models were taken as the homology models of the mutants.

Plate based-library construction, expression and purification in E . colt system

High throughput mutagenesis was performed using QuikChange XL site-directed

mutagenesis kit (Stratagene). Primers were designed according to primer design software

Mutaprimer and were ordered from IDT in a 96 well format with normalized

concentrations. Mutant strand synthesis reaction volume was scaled down from 50 to 25

µ . The reactions were carried out in the 96 well PCR plate. After the cycling, 0.5 µΐ

Dpnl enzyme was added to each amplification reaction and incubated at 7 C for 2 h to

digest the parental dsDNA. Transformation was done by adding 2 µ of Dpnl digested

mutagenesis reaction into 20 µΐ Acella chemical competent cells in 96 well PCR plate.

Three individual colonies were picked from each transformation plate for expression and

purification. Expression was done in two 96-well deep-well plates using autoinduction

media. Aliquots of bacterial culture were saved as glycerol stocks and sent for sequencing

analysis. Bacterial pellet combined from the two plates for each individual colony was

lysed and purified with MagneHis protein purification system from Promega. KingFisher

instrument was set up for high-throughput purification. 1M NaCl was added into the lysis

and wash buffer to improve protein purity. Protein was eluted with 100 µΐ of 300 mM

imidazole in PBS. Protein quantity was briefly checked with Coomasie plus (Thermo) in

order to determine the optimal amount of protein for Differential Scanning Fluorimetry

(DSF).

Screening of thermostable mutations by DSF and Differential Scanning Calorimetry
(DSC)

Depending on the protein amount purified for each sample, usually 10 to 20 µ of elution

was used for DSF analysis. Specifically, samples of 0-20 µΐ were mixed with Sypro

Orange (Invitrogen) of a final dilution at 1:1000, in a total volume of 25 µΐ in PBS. The

samples were run by BioRad CFX1000 (25°C for 2 min, then increment 0.5°C for 30

second, 25 to 95°C). Hits were defined as Tm over 2C above wild type scFv. scFv binding

activity was determined by one-point ELISA.



Protein production in mammalian cells

Mutations were introduced into mammalian construct pRS5a that has scFv06475 or

scFv08168 with His tag. The constructs were transiently expressed in 50 ml of 293T

suspension cells. Briefly, PEI was mixed with DNA 50 µ at :3 for optimal transfection

efficiency. Cells at .4 e6 per ml were use for transfection. Transfected cells were

collected after six days of incubation in C0 2 chamber 80 rpm shaking in filter paper flask

of 250 ml. Supernatant was concentrated to around 1 ml for optimal protein recovery.

Protein is purified manually by MagneHis kit according to the instructions from the

manufacturer. Purified protein was dialyzed in PBS overnight with changing of buffers.

Protein samples either before or after dialysis were used for DSF analysis.

Affinity measurementfor scFvs

Binding EC50 of scFvs against LRP6 protein was measured by ELISA. Maxisorp plate

was coated with LRP6-Fc (R&D Sysytems, catalog No: 1505-LR) at 3 µ ml at 4°C

overnight. The plate was blocked with 50 µΐ of 2% BSA for one hour, and washed five

times with the wash solution. The samples were diluted with 1% BSA accordingly. The

plate was incubated at RT for 1 h, and washed for 3 times. Detection was done by adding

50 µΐ pentaHis-HRP (Qiagen Mat. No. 1014992) at 1:2000 dilution in 1% BSA, incubated

at RT for 1 h, and washed 3 times. 50 µΐ of substrate reagent A plus B (R&D systems)

was added, then incubated for 5-20 min depending on the color. The reaction was stopped

by adding 25 µΐ of the stop solution, followed by plate reading at 450 nm.

Kinetics experiments were performed using BioRad's Proteon XPR36 biosensor. All

experiments were performed at room temperature using PBST (phosphate buffered saline

with 0.05% Tween-20) as the running buffer. All of the six vertical channels on a GLM

chip were activated for 5 min at a flow rate of 30 µΐ/min using freshly prepared mixture

of EDC (400 mM) and sNHS (100 mM). Anti-His mouse IgGl (R&D systems, catalog

No: MAB050) was diluted to 20 µ ml in 0 mM sodium acetate, PH 5.0 and coupled to

the chip for 5 min along separate vertical channels at a flow rate of 30 µΐ/min. 1 M

ethanolamine was then injected for 5 min at 30 µΐ/min to deactivate the un-reacted sNHS

groups. 2 µg/ml MOR08168 scFv wild type or 2 µg ml MOR08168 D mutant was then

immobilized on different vertical channels for 15 sec at 100 µΐ/min followed by two 1

min injection of the running buffer at 30 µΐ/min in the horizontal direction. The sixth

vertical channel was used as the channel reference and no ligand was immobilized on this



channel. A dilution series of a 360 KD homodimer antigen LRP6-Fc (R&D systems,

catalog No: 1505-LR) was prepared at final concentrations of 300, 100, 33, 11, and 3.7

nM and injected at 30 µΐ/min along each horizontal channel. Association was monitored

for 5 min and dissociation was monitored for 20 min. Buffer was injected in the sixth

channel to serve as a row reference for real time baseline drifting correction. Chip surface

was regenerated by applying 0.85% phosphoric acid at 100 µΐ/min for 18 s in the

horizontal direction followed by the same running condition in the vertical direction.

Kinetics analysis on the Proteon was performed in Proteon Manager v.2. 1.1. Each

interaction spot data was subtracted by a channel reference followed by a row reference to

correct the real time baseline drifting. The processed data were fit globally to a bivalent

analyte model.

Results

Theplate-based mutagenesis, expression andpurification in E. coti allowed more
efficient screeningfrom focused libraries

In order to achieve high yield to facilitate downstream analysis, the effect of the leader

sequence on expression was tested. It was shown that the leader with pelB yielded the

highest amount of purified protein among the seven leaders tested, as shown in Fig. 28A.

Several bacterial strains including BL21 (DE3), XL-1 Blue and W31 10 were tested for

expression with IPTG induction. The expression level of scFv06475 in BL21 (DE3) was

higher than in XL-1 blue and slightly higher than in W3110, as shown in Fig. 28B In

order to facilitate mutagenesis cloning, transformation and expression, Acella (a

derivative of BL21) was used for all the subsequent experiments as cloning and

expression can be done in the same strain with high efficiency. The protein was purified

from cell lysate by KingFisher using MagneHis kit. Estimated yield for scFv08168 was

around 10 µg per sample of combined wells from deep well culturing plate, of which 2 g

was used for DSF thermostability analysis. The plate based HTP screening has shorted

the time significantly to around one week from primers to hits with improved

thermostability.

scFv thermostability improvement by singlepoint mutationfrom focused libraries

A hit for improved thermostability was defined as improvement of Tm at least 1°C above

wild type consistently. There were 9 hits from a total of 5 1 sequence confirmed variants



for scFv06475 and 15 hits from a total of 83 sequence confirmed variants for scFv08168.

Selected hits were shown in Fig. 28 for scFv06475 and Fig. 29 for scFv08168.

Two approaches were used for selection of point mutations to stabilize scFv06475 and

scFv08168: sequence consensus analysis and structure based mutation design. Among the

top 250 sequences homologous to the VH domain of scFv06475, VH: 34 position was

commonly occupied by either Met (45%) or Val (48%) (all numbering system in the text

is from Kabat system). Yet this position was a Gly residue in the wild type sequence of

scFv06475. Two mutants, VH:G34M and VH:G34V, were designed to mutate the wild

type amino acid to the more popular amino acids at this position. As listed in Fig. 28, the

VH:G34V mutant consistently showed higher stability than the wild type scFv06475

when expressed and purified by two different protocols. The VH:G34M mutant did not

express well in bacterial, likely due to wrong sequence caused by errors in the PCR

procedure.

Based on the same sequence consensus analysis, mutations of VH:I34M, VH:G50S,

VH:W52aG and VH:H58Y were designed to mutate residues in scFv08168 to the

consensus amino acids in its top 250 homologous sequences. As shown in Fig. 30, these

mutations improved the Tm of scFv08168 by 7.5°C, 3.0°C, 7.0°C, and 3.5°C, respectively.

In the structure based approach, a homology model of scFv06475 and a homology model

of scFv08168 were first built with MOE then energy minimized with NAMD. These

models were then visually inspected for potential mutations to enhance local interaction.

Mutations on various residues of scFv06475 and scFv08168 were designed, based on five

biophysical understandings of protein stability.

The first approach was to increase the size of side chains in the protein core to improve

packing. A few hydrophobic residues with side chains facing the protein core were

mutated to larger side chains so as to improve the packing around these residues. After

screening, three mutations designed by this approach were found to improve the stability

of scFv08168. As listed in Fig. 30, the VH.I34F, VL.V47L and VL.G64V mutations

improved the melting temperature of the scFv08168 by 4.0°C, 2.5°C, and 2.0°C,

respectively.

The second approach was to mutate hydrophobic residues to aromatic residues to form pi-

pi stacking interaction. In the wild type scFv06475 homology model, as shown in Fig.



33a, the side chain of the VH:I37 residue was in close vicinity to two aromatic residues of

VH:W103 and VL:F98. The closest distance between any non-hydrogen side chain atom

of VH:I37 and any non-hydrogen side chain atom of VH:W1 03 was 3.82A. The

counterpart distance between VH:I37 and VL:F98 was 3.77A. As shown in Fig. 33b, two

perpendicular pi-pi stacking interaction were formed when an Phe residue was introduced

to this local region through the VH:I37F mutation: one between VH:F37 and VH:Wl 03,

and the other between VH:F37 and VL:F98. Newly formed pi-pi stacking interaction

must be stronger than the original hydrophobic interaction in this localized region, as the

melting temperature of scFv6475 was improved by this mutation from 6 1 to 64.5 °C (Fig.

28). The VH:M95F mutation also improved the stability of scFv06475 by forming pi-pi

stacking interaction with VH:W50 and VH:F100 (Fig. 29). The Tm was improved from

6 1 to 64.5T.

The third approach was to mutate non-charged residues to charged residues so as to form

salt bridge. The VH:K43 residue of scFv6475 did not form a salt bridge with neighboring

residues in the homology model. Since the VH:V85 side chain faced directly to VH: 43

in the homology model of scFv06475 (Fig. 33e), it was mutated to negative charged to

form a salt bridge with VH:K43. As shown in Figure 33f, the distance between the

mutated VH:E85 side chain non-hydrogen atoms and the VH:K43 side chain non-

hydrogen atoms could be as short as 2.61 A, suggesting that a salt bridge could be

established between the two residues. Improved stability of scFv6475 upon the VH:V85E

mutation listed in Fig. 29 indeed supported the design rationale at this position.

The fourth approach was to mutate hydrophobic residues to polar residues to establish

hydrogen bonds. As illustrated in Fig. 33c, the hydrophobic VH:V33 residue was close to

a polar residue VH:N1 00a in the homology model of scFv08 168. When a polar residue

was inserted to this region through the VH:V33N mutation, an extra hydrogen bond could

be formed between VH:N33 and VH:N1 00a. Homology modeling suggested that the

distance between the ND2 atom of VH:N33 and one of the OD atoms of VH:N100a could

be as short as 2.80A, which was within the range of a hydrogen bond, as shown in Fig.

33d. As shown in Fig. 29, this VH:V33N mutation improved the stability of scFv08168

by 2.0 °C. Likewise, the stability enhancement of the VL:D93N mutation on scFv06475

(see Fig. 29) could be attributed to the improved hydrogen bond geometry with VL:Q27

and VL:Q90.



Based on the surprising observation in the homology model of scFv08 168 that two polar

residues of VL: T78 and VH S49 were both surrounded by purely hydrophobic side

chains, the fifth approach was utilized to mutate the two polar residues in the otherwise

hydrophobic environment to non-polar residues. Two polar residues of VL:T78 and

VH:S49 were both surrounded by purely hydrophobic side chains. As listed in Fig. 29, the

VL:T78V and VH:S49A mutations increased the melting temperature of scFv08168 by

2.5°C and 5.5 °C, respectively.

One point ELISA was carried out to evaluate binding activity. Certain hits were

eliminated due to reduced or loss of binding activity towards LRP6. For example, the

mutation VH W052aG of scFv08168 improved Tm by 7°C but showed much reduced

binding activity as compared to wild type scFv08168. Therefore it was not selected for

further analysis.

The presence of 300 mM imidazole in the elution buffer sometimes caused an overall

shift of Tm by DSF, as observed in scFv06475. But the effect did not affect the ranking of

Tm. There was also difference in protein produced in E. coli vs. in mammalian cells for

scFv06475, as shown in Fig. 28. On the contrary, the presence of imidazole has minimal

effect on Tm of scFv8168, as shown in Fig. 30 and Fig. 31. In addition, the Tm value

remained unchanged for protein produced from E. coli or from mammalian for

scFv08 168, as shown in Fig. 31. Whether there was shift in Tm or not, the Tm ranking

remained the same.

To confirm the effect of thermostability in proteins produced in mammalian cells, these

mutations were introduced into construct for mammalian expression vector and expressed

in 293T suspension cells. They were purified by MagneHis beads. Tm was checked and

hits were confirmed for improved thermostability in proteins expressed in mammalian

cells as shown in Fig. 3 1 for scFv08168. The single point mutation with highest

thermostability improvement for scFv08168 is VH: I34M with an improvement of 7.5°C.

Combination of mutations tofurther improve thermostability

To further improve thermostability single mutations that improved the thermostability of

the scFv combined to make double mutations in scFv08168. As shown in Fig. 31, the

additive effects were observed for most of the double mutants including Dl , which



showed a improvement of 12.5°C by combination of two mutations of VH: I34M and VH:

S49A, whereas the single mutation leaded to 7.5 and 5.5°C increase in Tm, respectively.

Thermostable mutants characterizedfor binding andfunctional activity

Affinity analysis ELISA EC owas carried out for both scFv08168 and scFv06475 wild

type and variants. As shown in Fig. 32, for scFv08168, the hits showed mostly

comparable EC50 as wild type scFv08168, with a few mutants appeared to be a little more

active than wild type, including the double mutant Dl. This was confirmed with Proteon

affinity measurement and STF cell based assay activity (performed as described earlier in

this application (Materials and Methods, section 8), as shown in Fig. 32. Affinity ranking

by Octet of scFv081 68 variants showed that they were comparable to wild type (data not

shown), In Proteon kinetics analysis, KD of D l was 2.55 M, whereas KD of wild type

was 3.82 nM (Fig.32).

For scFv06475, there were two mutations affecting the activity as detected by ELISA and

Proteon kinetics analysis. Specifically, in ELISA, VH: G34V and VH: 13 7F showed EC50

to be 27 nM and 4.3 nM respectively as compared to wild type of 0.76 nM. In Proteon

analysis, VH: G34V and VH: I39F showed significant drop in off rate (data not shown).

Improved thermostability of biparatopic molecules

For IgG based fusion molecules 902 and mutant version 902T, the first Tm peak shifted

from 47°C to 62°C. This peak corresponded to scFv08 168 unfolding. The second peak

shifted from 72 °C to 76°C. This peak corresponded to Fab06475, as shown in Fig. 34.

Discussion

Rational design based on sequence analysis and homology modeling has yielded

thermostable mutations for scFvs. In the current examples, the hit rate was around 18%

for both scFv08168 and scFv06475. The most significant improvement was 7.5 C

increase in Tm over wild type by a single point mutation VH: I34M in scFv08168. On

the sequence perspective, this position was highly conserved to Met. Structurally, a

larger hydrophobic side chain at this position could improve the packing around this

residue. Another point mutation VH: S49A in scFv08168 variant raised Tm by 5°C. This

mutation was picked by homology modeling. Though this position is more conserved to



Ser than to Ala, structurally Ala may fit better due to the lack of polar side chain around

this residue.

For structure based mutation design using homology modeling, a combination of

mechanisms was utilized. In scFv06475 and scFv08168, positive hits were discovered by

each of the five biophysical considerations: packing improvement, more Pi-Pi stacking,

more hydrogen bonds, more salt bridges and removal of buried polar groups. It was by

this combination of mechanisms that a total of 10 stabilizing mutations have been

identified, as listed in Fig. 29 and 30.

Combination of mutations identified to improve thermal stability ("beneficial mutations")

further improve thermostability if they were located in different areas. This was

demonstrated in the case of scFv08168. When beneficial mutation VH: I34M and VH:

S49A were combined, Tm was further increased to 62.5 °C vs wild type at 49 °C. This was

13.5 °C increase over wild type, where the individual mutation VH I34M and VH: S49A

each raised Tm by 7.5°C and 5°C respectively. This was a clear indication for additive

effect.

I34M was very close to CDR1-H of scFv08168, however the mutation did not affect the

binding affinity as evidenced by a number of assays. CDR plays a role in overall scFv or

full antibody stability. Significant improvement may be achieved through engineering of

residues close to the CDR region using the methods disclosed, as long as the mutation

does not affect binding affinity and specificity.

Most of stabilizing mutations have been located on VH. Out of the 15 stabilizing

mutations listed in Fig. 29 and 30, 1 were mutations on the VH domain whereas only 4

were on the VL domain.

When incorporated into IgG or other formats (e.g. serum albumin fusions), the stabilized

VH and VL led to a dramatic improvement in thermostability of the molecules. For IgG

fusion, the lower Tm of 47°C corresponded to the Tm of scFv08168, whereas the higher

peak at 72.5°C correspond to the Tm of CH2 and Fab06475. The incorporation of two

mutations VH: I34M and VH: S49A has improved the Tm of scFv08168 from 47°C to

62°C, whereas the incorporation of VH: M95F in 6475 further improved the Tm of Fab

from 72.5 °C to 76°C. The improvement was not only shown on scFv itself, but also on the



Fab due to the improved stability of VH and VL. This may provide a more general

strategy for improving overall antibody stability.

Rational design coupled with HTP screening in E. coli system has offered very quick

turnaround time and high hit rate. Tm measured with materials from E. coli correlated

with that from mammalian, or ranking remained the same. This greatly simplied

screening process to implemented as HTP in E. coli. Plate based mutagenesis,

transformation, expression and purification has shorted the time to less than one week.

Using the methods disclosed herein, a number of mutations can be made in scFvs or other

antigen binding fragments and screened for thermal stability. These mutated scFvs or

antigen binding fragments can then be used as components of larger antibody constructs

such as biparatopic antibodies, to confer such stabilty to the larger antibody construct.



Claims

1. An isolated multivalent antibody having at least two receptor binding domains

for two different binding sites of an LRP6 target receptor, wherein the first

receptor binding domain binds to a first binding site on the target receptor and the

second receptor binding domain binds to a second binding site on the same LRP6

target receptor, wherein the first and second receptor binding domains are linked

together such that the binding of the first and second receptor binding domains to

the first and second binding sites of the LRP6 target receptor inhibits a canonical

Wnt signal transduction pathway, and wherein the antibody or antigen binding

fragment displays no significant potentiation of a Wnt signal.

2. The antibody of claim 1, wherein the antibody has an affinity for target receptor

of approximately nanomolar affinity.

3. The antibody of claim 1, wherein the antibody has an affinity for target receptor

of approximately 1 picomolar affinity.

4. The antibody of claim 1, wherein the first and second receptor binding domain

is selected from the group consisting of an IgG antibody, an scFv fragment, a

single chain diabody, an antibody mimetic, and an antibody variable domain.

5. The antibody of claim 1, wherein the antibody is selected from the group

consisting of a multivalent antibody, a bivalent antibody, a bispecific antibody,

and a biparatopic antibody.

6. The antibody of claim 1, wherein the first receptor binding domain is an IgG

antibody and the second receptor binding domain is an scFv fragment, wherein the

IgG antibody and scFv fragment are linked together by a linker with a spatial

distribution that permits the IgG antibody and scFv fragment to bind to the first

and second epitopes of LRP6, respectively.

7. The antibody of claim 6, wherein the linker is a Gly-Ser linker selected from the

group consisting of (Gly4Ser)4 , and (Gly4Ser)3.

8. The antibody of claim 1, wherein the first epitope of the LRP6 target receptor is



a β-propeller 1 domain.

9. The antibody of claim 1, wherein the second epitope of the LRP6 target

receptor is a β-propeller 3 domain.

10. The antibody of claim 1, wherein the antibody binds to the LPR6 β-propeller 1

domain and comprises a heavy chain CDRl selected from the group consisting of

SEQ ID NO: 1, SEQ ID NO: 21, and SEQ ID NO: 47; a CDR2 selected from the

group consisting of SEQ ID NO: 2, SEQ ID NO: 22, and SEQ ID NO: 48; and a

CDR3 selected from the group consisting of SEQ ID NO: 3, SEQ ID NO: 23, and

SEQ ID NO: 49; and a light chain CDRl selected from the group consisting of

SEQ ID NO: 4, SEQ ID NO: 24, and SEQ ID NO: 50; a CDR2 selected from the

group consisting of SEQ ID NO: 5, SEQ ID NO: 25, and SEQ ID NO: 51; and a

CDR3 selected from the group consisting of SEQ ID NO: 6, SEQ ID NO: 26, and

SEQ ID NO: 52.

1 . The antibody of claim 1, wherein the antibody binds to the LPR6 β-propeller 3

domain and comprises a heavy chain CDRl selected from the group consisting of

SEQ ID NO: 69, SEQ ID NO: 93, and SEQ ID NO: 115; a CDR2 selected from

the group consisting of SEQ ID NO: 70, SEQ ID NO: 94, and SEQ ID NO: 116;

and a CDR3 selected from the group consisting of SEQ ID NO: 71, SEQ ID NO:

95, and SEQ ID NO: 117; and a light chain CDRl selected from the group

consisting of SEQ ID NO: 72, SEQ ID NO: 96, and SEQ ID NO: 118; a CDR2

selected from the group consisting of SEQ ID NO: 73, SEQ ID NO: 97, and SEQ

ID NO: 19; and a CDR3 selected from the group consisting of SEQ ID NO: 74,

SEQ ID NO: 98, and , SEQ ID NO: 120.

. The antibody of claim 6, wherein the IgG heavy chain antibody is selected

from the group consisting of SEQ ID NO: 18, 66, and 0 1 and the light chain is

selected from the group consisting of SEQ ID NO: 17, 86, and 85.

13. The antibody of claim 6, wherein the scFv is selected from the group

consisting of SEQ ID NO: 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162,

and 164.



14. The antibody of claim 13, wherein the scFv fragment comprises at least one

amino acid mutation that improves stability of the scFv compared with the

unmutated scFv fragment, wherein the amino acid mutation is selected from

Figures 29-32.

15. The antibody of claim 1, wherein the antibody has the functional activity of

inhibiting a canonical Wnt signal transduction pathway selected from the group

consisting of Wnt1 signal pathway and Wnt3 signal transduction pathway.

16. The antibody of claim 1, wherein the antibody has the functional activity of

depleting a cell population, inhibiting or reducing proliferation of a cell

population, inhibiting or reducing secretion of inflammatory mediators from a cell

population, inhibiting or reducing secretion of cytoplasmic granules from a cell

population, wherein the cell population is selected from the group consisting of

tumor cells, T cells B cells, and Wnt dependent cells.

17. An isolated biparatopic antibody comprising an IgG antibody that binds to a

β-propeller 1 domain on an LRP6 target receptor and a scFv that binds to a β

propeller 3 domain on the LRP6 target, wherein the IgG antibody and the scFv are

linked by a linker such that the binding of the IgG antibody and the scFv to the β-

propeller 1domain and the β-propeller 3 domains, respectively inhibits a

canonical Wnt signal transduction pathway, and wherein the biparatopic antibody

displays no significant potentiation of a Wnt signal.

18. The antibody of claim 17, wherein the antibody has an affinity for target

receptor of approximately nanomolar affinity.

19. The antibody of claim 17, wherein the antibody has an affinity for target

receptor of approximately 1 picomolar affinity.

20. The antibody of claim 17, wherein the linker comprises a spatial distribution

that permits binding of the IgG antibody and the scFv fragment to bind the β-

propeller 1 domain of LRP6 and the β-propeller 3 domain of LRP6, respectively.

2 1. The antibody of claim 17, wherein the scFv is linked by a Ser-Gly linker to

the Fc binding site of the IgG antibody, wherein the Ser-Gly linker is selected

from the group consisting of (Gly4Ser) , and (Gly4Ser)3.



22. The antibody of claim 21, wherein the Fc binding site of the IgG antibody is a

CH3 domain.

23. The antibody of claim 17, wherein the scFv is linked by a Ser-Gly linker to the

light chain of the IgG antibody, wherein the Ser-Gly linker is selected from the

group consisting of (Gly4Ser) , and (Gly Ser)3.

24. The antibody of claim 20, wherein the scFv comprises at least one amino acid

mutation that improves stability of the scFv compared with the unmutated scFv

fragment, wherein the amino acid mutation is selected from Figures 29-32.

25. The antibody of claim 17, comprising a heavy chain variable region CDRl of

SEQ ID NO: 1; a heavy chain variable region CDR2 of SEQ ID NO: 2; a heavy

chain variable region CDR3 of SEQ ID NO: 3; a light chain variable region CDRl

of SEQ ID NO: 4; a light chain variable region CDR2 of SEQ ID NO: 5; and a

light chain variable region CDR3 of SEQ ID NO: 6, wherein the antibody binds to

a β-propeller 1 domain of LRP6; and a scFv heavy chain variable region CDRl of

SEQ ID NO: 69; a heavy chain variable region CDR2 of SEQ ID NO: 70; a heavy

chain variable region CDR3 of SEQ ID NO: 71; a light chain variable region

CDRl of SEQ ID NO: 72; a light chain variable region CDR2 of SEQ ID NO: 73;

and a light chain variable region CDR3 of SEQ ID NO; 74, wherein the scFv

binds to a β-propeller 3 domain of LRP6.

26. The antibody of claim 25 further comprising a Lys deletion from position 454

of SEQ ID NO: 166.

27. The antibody of claim 25 further comprising a Pro to Ala mutation at position

677 of SEQ ID NO: 166.

28. The antibody of claim 25 further comprising an AspPro to ThrAla mutation at

positions 676-677 of SEQ ID NO: 166.

29. The antibody of claim 7 comprising a heavy chain sequence selected from

the group consisting of SEQ ID Os: 166, 171, 173, 175, 195, 201 and 207 in

combination with a light chain sequence selected from the group consisting of

SEQ ID NOs: 170, 193, 199, and 205.



30. The antibody of claim 17 comprising a combination of heavy and light chain

sequences selected from the group consisting of SEQ ID NOs: 166/170, 171/1 70,

173/170, 175/170, 201/199, 207/205, ,and 195/193.

3 1. The antibody of claim 17, comprising heavy and light chain sequences with

SEQ ID NOs: 166/170.

32. The antibody of claim 23, comprising a heavy chain sequence of SEQ ID NO;

177; and a light chain sequence comprising SEQ ID NO: 181.

33. The antibody of claim 17, wherein the antibody has the functional activity of

inhibiting a canonical Wnt signal transduction pathway selected from the group

consisting of Wntl signal pathway and Wnt3 signal transduction pathway.

34. The antibody of claim 17, wherein the antibody has the functional activity of

depleting a cell population, inhibiting or reducing proliferation of a cell

population, inhibiting or reducing secretion of inflammatory mediators from a cell

population, inhibiting or reducing secretion of cytoplasmic granules from a cell

population, wherein the cell population is selected from the group consisting of

tumor cells, T cells B cells, and Wnt dependent cells.

35. An isolated biparatopic antibody comprising an IgG antibody that binds to a β-

propeller 3 domain on an LRP6 target receptor and a scFv that binds to a β-

propeller 1 domain on the LRP6 target, wherein the IgG antibody and the scFv are

linked by a linker such that the binding of the IgG antibody and the scFv to the β

propeller 3 domain and the β-propeller 1 domains, respectively inhibits a

canonical Wnt signal transduction pathway, and wherein the biparatopic antibody

displays no significant potentiation of a Wnt signal.

36. The antibody of claim 35, wherein the antibody has an affinity for target

receptor of approximately nanomolar affinity.

37. The antibody of claim 35, wherein the antibody has an affinity for target

receptor of approximately 1 picomolar affinity.

38. The antibody of claim 35, wherein the linker comprises a spatial distribution

that permits binding of the IgG antibody and the scFv to bind the β-propeller 3

domain of LRP6 and the β-propeller 1 domain of LRP6, respectively.



39. The antibody of claim 35, wherein the scFv is linked by a Ser-Gly linker to the

Fc binding site of the IgG antibody, wherein the Ser-Gly linker is selected from

the group consisting of (Gly4Ser)4 , and (Gly Ser) .

40. The antibody of claim 39, wherein the Fc binding site of the IgG antibody is a

CH3 domain.

41. The antibody of claim 35, wherein the scFv comprises at least one amino acid

mutation that improves stability of the scFv compared with the unmutated scFv

fragment, wherein the amino acid mutation is selected from Figures 29-32.

42. The antibody of claim 35, comprising a heavy chain variable region CDRl of

SEQ ID NO: 69; a heavy chain variable region CDR2 of SEQ ID NO: 70; a heavy

chain variable region CDR3 of SEQ ID NO: 71; a light chain variable region

CDRl of SEQ ID NO: 72; a light chain variable region CDR2 of SEQ ID NO: 73;

and a light chain variable region CDR3 of SEQ ID NO: 74, wherein the antibody

binds to a β-propeller 3 domain of LRP6; and an scFv with a heavy chain variable

region CDRl of SEQ ID NO: 1; a heavy chain variable region CDR2 of SEQ ID

NO: 2; a heavy chain variable region CDR3 of SEQ ID NO: 3; a light chain

variable region CDRl of SEQ ID NO: 4; a light chain variable region CDR2 of

SEQ ID NO: 5; and a light chain variable region CDR3 of SEQ ID NO: 6, wherein

the scFv thereof binds to a β-propeller 1 domain of LRP6.

43. The antibody of claim 42, wherein scFv VH and VL are linked with a linker

comprising 3 amino acids.

44. The antibody of claim 42, wherein scFv VH and VL are linked with a linker

comprising 4 amino acids.

45. The antibody of claim 42, comprising a heavy chain sequence selected from

the group consisting of SEQ ID NO: 187, and 89; and a light chain sequence

comprising SEQ ID NO: 185.

46. The antibody of claim 35, wherein the antibody has the functional activity of

inhibiting a canonical Wnt signal transduction pathway selected from the group

consisting of Wnt 1 signal pathway and Wnt3 signal transduction pathway.



47. The antibody of claim 35, wherein the antibody has the functional activity of

depleting a cell population, inhibiting or reducing proliferation of a cell

population, inhibiting or reducing secretion of inflammatory mediators from a cell

population, inhibiting or reducing secretion of cytoplasmic granules from a cell

population, wherein the cell population is selected from the group consisting of

tumor cells, T cells B cells, and Wnt dependent cells.

48. A nucleic acid comprising a nucleotide sequence encoding a multivalent

antibody of claims 1, 17, and 35.

49. A nucleic acid comprising a nucleotide sequence encoding a multivalent

antibody comprising a heavy chain sequence selected from the group consisting of

SEQ ID NOs: 166, 171, 173, 175, 195, 201, and 207; and light chain sequences

selected from the group consisting of SEQ ID NOs: 170, 193, 1 9, and 205.

50. A nucleic acid comprising a nucleotide sequence encoding a multivalent

antibody comprising a heavy chain sequence selected from the group consisting of

SEQ ID NOs: 166, 171, 173, 175, 195, 201, and 207; and light chain sequences

selected from the group consisting of SEQ ID NOs: 170, 193, 199, and 205 least,

wherein the antibody has 98% sequence identity to SEQ ID NOs: 166, 171, 173,

175, 195, 201, and 207; and light chain sequences selected from the group

consisting of SEQ ID NOs: 170, 193, 199, and 205.

1 A nucleic acid comprising a nucleotide sequence encoding a multivalent

antibody comprising a SEQ ID NO: 166 and SEQ ID NO: 170.

52. A nucleic acid comprising a nucleotide sequence encoding a multivalent

antibody comprising at least 98% sequence identity to a SEQ ID NO: 166 and

SEQ ID NO: 170.

53. A nucleic acid comprising a nucleotide sequence encoding a multivalent

antibody comprising a sequence selected from the group consisting of SEQ ID

NOs: 177, and; and a light chain sequence of SEQ ID NO: 81.

54. A nucleic acid comprising a nucleotide sequence encoding a multivalent

antibody comprising at least 98% sequence identity to SEQ ID NOs: 177; and a

light chain sequence of SEQ ID NO: 181.



55. A nucleic acid comprising a nucleotide sequence encoding a multivalent

antibody comprising a sequence selected from the group consisting of SEQ ID

NOs: 187, and 189; and a light chain sequence of SEQ ID NO: 185.

56. A nucleic acid comprising a nucleotide sequence encoding a multivalent

antibody comprising at least 98% sequence identity to SEQ ID NOs; 187, and

189; and a light chain sequence of SEQ ID NO: 185.

57. A vector comprising the nucleic acid of claims 48-56.

58. A pharmaceutical composition comprising a multivalent antibody thereof

having at least two receptor binding domains for two different binding sites of a

target receptor selected from claims 1-47 and a pharmaceutically acceptable

carrier.

59. A method of obtaining a multivalent antibody of claims 1, 17, and 35

comprising: (a) providing a first receptor binding domain which binds to a first

binding site of an LRP6 target receptor; (b) providing a second receptor binding

domain which binds to a second binding site of an LRP6 target receptor; and (c)

linking the first receptor binding domain to the second receptor binding domain.

60. The method of claim 59, wherein the first or second receptor binding domain

are selected from the group consisting of an IgG antibody, an scFv fragment, a

single chain diabody, an antibody mimetic, and an antibody variable domain.

61. The method of claim 59, wherein the first and second receptor binding

domains are linked together by a linker with a spatial distribution that permits the

first and second receptor binding domains to bind to the first and second epitopes

of LRP6, respectively.

62. The method of claim 61, wherein the linker is a Gly-Ser linker selected from

the group consisting of (Gly4Ser) , and (Gly Ser) .

63. The method of claim 59, further comprising introducing at least one amino

acid mutation to the first or second receptor binding domain, such that the amino

acid mutation improves stability of the first or second receptor binding domain

compared with the unmutated first or second receptor binding domain, wherein

the amino acid mutation is selected from Figures 29-32.



64. A method of treating a cancer comprising selecting a subject having an LRP6

expressing cancer, administering to a subject in need thereof an effective amount

of a composition comprising a multivalent antibody having at least two receptor

binding domains for two different binding sites of a target receptor of claims 1-

47.

65. The method of claim 64, wherein the subject is a human.

66. A method of treating a cancer comprising selecting a subject having an LRP6

expressing cancer, administering to a subject in need thereof an effective amount

of a composition comprising a multivalent antibody having at least two receptor

binding domains for two different binding sites of a target receptor of claims 1-

47, wherein the cancer is selected from the group consisting of breast cancer, lung

cancer, multiple myeloma, ovarian cancer, liver cancer, bladder cancer,gastric

cancer, prostate cancer, acute myeloid leukemia, chronic myeloid leukemia,

osteosarcoma, squamous cell carcinoma, and melanoma.

67. The method of claim 66, wherein the cancer is breast cancer.

68. A method of treating a disease mediated by a canonical Wnt signaling

pathway using a multivalent antibody to LRP6.

69. A method of treating a cancer comprising selecting a subject having an LRP6

expressing cancer, administering to the subject an effective amount of a

composition comprising multivalent antibody with heavy and light chain

sequences selected from the group consisting of SEQ ID NOs: 166/170, 171/170,

173/170, 175/170, 201/199, 207/205, and 195/193 in combination with any

standard of care cancer therapies.

70. Use of multivalent antibody of any one of the previous claims in the

manufacture of a medicament for the treatment of a cancer selected from the

group consiting of breast cancer, lung cancer, multiple myeloma, ovarian cancer,

liver cancer, bladder cancer gastric cancer, prostate cancer, acute myeloid

leukemia, chronic myeloid leukemia, osteosarcoma, squamous cell carcinoma, and

melanoma.



71. A multivalent antibody having VH of SEQ ID NO: 1 ; VL of SEQ ID NO: 13;

VH of SEQ ID NO: 82; VL of SEQ ID NO: 8 1 for use in treating a cancer

mediated by a canonical Wnt signaling pathway.

72. A multivalent antibody having VH of SEQ ID NO: 14; VL of SEQ ID NO: 13;

VH of SEQ ID NO: 82; VL of SEQ ID NO: 8 1 for use as a drug.

73. A multivalent antibody having SEQ ID NO: 166 and SEQ ID NO: 170 for use

in treating a cancer mediated by a canonical Wnt signaling pathway.

74. A multivalent antibody having SEQ ID NO: 166 and SEQ ID NO: 170 for use

as a drug.

75. A multivalent antibody of claims 1-47, for use as a medicament.

76. A multivalent antibody of claims 1-47, for use as a medicament for treatment

of an LRP6 expressing cancer.

77. A multivalent antibody of claims 1-47, for use as a medicament for treatment

of an LRP6 expressing cancer, wherein the cancer is selected from the group

consisting of breast cancer, lung cancer, multiple myeloma, ovarian cancer, liver

cancer, bladder cancer, gastric cancer, prostate cancer, acute myeloid leukemia,

chronic myeloid leukemia, osteosarcoma, squamous cell carcinoma, and

melanoma.
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