
COMPOSITIONS AND METHODS OF USE FOR THERAPEUTIC LOW 

DENSITY LIPOPROTEIN —RELATED PROTEIN 6 (LRP6) ANTIBODIES 

Related Applications 

This application claims priority to US Provisional Application Serial No. 61/331,985 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 antibodies that specifically bind to LRP6. The invention 

more specifically relates to specific antibodies that are LRP6 antagonists. 

Background of the Invention 

The Wnt/13-catenin pathway regulates diverse biological processes during development 

and tissue homeostasis through modulating the protein stability of 13-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 13-catenin is associated with the 0-

catenin destruction complex that contains multiple proteins including adenomatous 

polyposis soli (APC), Axin, and glycogen synthase kinase 3 (GSK3). In this complex, 0-
catenin is constitutively phosphorylated by GSK3 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 13-

catenin degradation complex. Stabilized J3-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 13-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 13-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, 951-961; 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 DKK1 and Sclerostin (SOST), and Wnt agonist R- 

Spondins. 

Deregulation of the Wnt signaling pathway has been linked to many human diseases. The 

Wnt/LRP5/6 signaling pathway plays important roles in tissue homeostasis and 

regeneration. Wnt signaling promotes bone formation by increasing the growth and 

differentiation of osteoblasts (Baron et at, (2006) Curr. Top. Dev. Biol 76:103-127). 

Gain-of-function mutations of LRP5 (Boyden et al., (2002) N. Engl. J Med 346:1513- 

1521; Little et al., (2002) Am. J Hum. Genet. 70:11-19; Van Wesenbeeck et al., (2003) 

Am. J Hum. Genet. 72: 763-71) and loss-of-function mutations of Wnt antagonist SOST 

(Balemans et al., (2001) Hum. Mol Genet. 10:537-543; Brunkow et al., (2001) Am. J 

Hum. Genet. 68:577-589) both lead to high bone mass diseases. Wnt signaling is also 

critical for the homeostasis of intestinal epithelium by maintaining the proliferative status 

of stem cells in the intestinal crypt (Pinto et al., (2005) Biol Cell 97:185-196). Wnt 

signaling is also critical for kidney repair and regeneration (Lin SL PNAS 107:4194, 

2010). In addition, mutations in pathway components such as APC and p-catenin have 

been associated with human cancers. Recent studies suggest that overexpression of Wnt 

proteins and/or silencing of Wnt antagonists such as DKK1, WISP and sFRPs promote 

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

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

Taniguchi et al., (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). 

Accordingly, a need exists for agents that antagonize Wnt signaling at the extracellular 

level as therapy for diseases associated with aberrant canonical Wnt signaling. 

Summary of the Invention 

The invention provides LRP6 antibodies (e.g., monovalent, bivalent) and methods of 

making LRP6 antibodies that inhibit or enhance the canonical Wnt signaling pathway. 

The LRP6 antibodies of the invention bind to distinct LRP6 (3-propellerregions. 

Propeller 1 antibodies bind to the P-propeller 1 domain and block Propellerl -dependent 

Wnts such as Wnt 1, Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9, Wnt 10A, Wntl OB. Propeller 3 

antibodies bind to the 13-propeller 3 domain and block Propeller3-dependent Wnts such as 
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Wnt3a and Wnt3. The invention is based on the surprising discovery that LRP6 

antibodies differentiate Propeller 1 and Propeller 3 ligands into two separate classes and 

bind to distinct epitopes of the LRP6 target. Another surprising discovery is that 

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. 	In addition to Wnt ligands LRP6 Propeller 1 

antibodies are expected to inhibit the interaction with other Propeller 1 binding ligands 

(e.g. Sclerostin, Dick 1). 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. 

Accordingly, in one aspect the invention pertains to an isolated bivalent antibody or a 

bivalent fragment thereof to a low density lipoprotein-related protein 6 (LRP6) that 

potentiates a Wnt signal by clustering one or more LRP6 receptors in the presence of an 

unblocked LRP6 binding protein. In one embodiment, the antibody clusters one or more 

LRP6 receptors by binding to a Propeller region selected from the group consisting of 

Propeller 1 and Propeller 3. In one embodiment, the LRP6 binding protein is a Wnt 

binding protein selected from the group consisting of Wnt 1, Wnt 3, and Wnt 3a. 

In another aspect, the invention pertains to an isolated bivalent antibody or a bivalent 

fragment thereof to a low density lipoprotein-related protein 6 (LRP6) that avoids 

potentiation of a Wnt signal by clustering one or more LRP6 receptors in the presence of 

an unblocked LRP6 binding protein. 

In another aspect, the invention pertains to an isolated monovalent antibody or 

monovalent fragment thereof to a low density lipoprotein-related protein 6 (LRP6) that 

avoids potentiation of a Wnt signal by clustering one or more LRP6 receptors in the 

presence of an unblocked LRP6 binding protein. 

In one aspect the invention pertains to an isolated antibody or fragment thereof to a low 

density lipoprotein-related protein 6 (LRP6) protein, having a dissociation (Ko) of at least 

I x 107  M-1, 108  M-1, 109 M-1, 101° M-1, or 10" M-1' 1012  M-1' 1013  M-1, wherein the 

antibody or fragment thereof is monovalent or bivalent. In one embodiment, the antibody 

or fragment thereof inhibits a canonical Wnt pathway as measured by in vitro binding to 
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human LRP6 in a Solution Equilibrium Titration assay with a K0 of 0.00111M-111M, 

wherein the antibody or fragment thereof is monovalent or bivalent. 

In another aspect, the invention pertains to an isolated antibody or fragment thereof to a 

low density lipoprotein-related protein 6 (LRP6) protein that inhibits a canonical Wnt 

pathway as measured by in vitro binding to human LRP6 in a Solution Equilibrium 

Titration (SET) assay with a EC50 of less than or equal to 300 I.L.M (0.3pM), wherein the 

antibody or fragment thereof is monovalent or bivalent. 

In another aspect, the invention pertains to an isolated bivalent antibody or a bivalent 

fragment thereof, to a low density lipoprotein-related protein 6 (LRP6) that potentiates a 

Wnt signal by clustering one or more LRP6 receptors in the presence of an unblocked 

LRP6 binding protein. The antibody clusters one or more LRP6 receptors by binding to a 

Propeller region of the LRP6 molecule selected from the group consisting of Propeller 1 

and Propeller 3. In one embodiment, the LRP6 binding protein is a Wnt binding protein 

selected from the group consisting of Wnt 1, Wnt 3, and Wnt 3a. 

In another aspect, the invention pertains to an antibody or fragment thereof to LRP6 

protein, that cross competes with an antibody described in Table 1, wherein the antibody 

or fragment thereof is monovalent or bivalent; an antibody or fragment thereof that 

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

distribution) the same epitope as an antibody described in Table 1. In one embodiment, 

the antibody or fragment thereof is a monoclonal antibody. In another embodiment, the 

antibody or fragment thereof is a human or humanized antibody. In another embodiment, 

the antibody or fragment thereof is a chimeric antibody. In one embodiment, the antibody 

or fragment thereof comprises a human heavy chain constant region and a human light 

chain constant region. In one embodiment, the antibody or fragment thereof is a single 

chain antibody. In another embodiment, the antibody or fragment thereof is a Fab 

fragment. In yet another embodiment, the antibody or fragment thereof is a scFv. In one 

embodiment, the antibody or fragment thereof binds to both human LRP6 and 

cynomologus LRP6. In one embodiment, the antibody or fragment thereof is an IgG 

isotype. In another embodiment, the antibody or fragment thereof comprises a framework 

in which amino acids have been substituted into the antibody framework from the 

respective human WI or VL germline sequences. 
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In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

comprising 1, 2, 3, 4, 5, or 6 CDRs of any of the antibodies in Table 1, wherein the 

antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the LRP6 antibodies disclosed herein bind to the Propeller 1 region of 

LRP6. Accordingly, the invention pertains to an isolated antibody or fragment thereof to 

LRP6 comprising a heavy chain CDR3 selected from the group consisting of SEQ ID 

NO: 3, SEQ ID NO: 25, SEQ and SEQ ID NO: 43, wherein the antibody or fragment 

thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

comprising a heavy chain CDR1 selected from the group consisting of SEQ ID NO: 14, 

SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 44, SEQ ID NO: 60, and SEQ ID NO: 62 

and a VL selected from the group consisting of SEQ ID NO: 13, SEQ ID NO: 33, SEQ ID 

NO: 35, SEQ ID NO: 43, SEQ ID NO: 59, and SEQ ID NO: 61, wherein the antibody or 

fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VH comprising SEQ ID NO: 14 and a VL comprising SEQ 

ID NO: 13, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VH comprising SEQ ID NO: 34 and a VL comprising SEQ 

ID NO: 33, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VII comprising SEQ ID NO: 36 and a VL comprising SEQ 

ID NO: 35, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VH comprising SEQ ID NO: 44 and a VL comprising SEQ 

ID NO: 43, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VH comprising SEQ ID NO: 36 and a VL comprising SEQ 

ID NO: 35, wherein the antibody or fragment thereof is monovalent or bivalent. 
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In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VH comprising SEQ ID NO: 60 and a VL comprising SEQ 

ID NO: 59, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VH comprising SEQ JD NO: 61 and a VL comprising SEQ 

ID NO: 62, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof, 

comprising at least one heavy chain CDR sequence that is identical to SEQ ID NO: 1, 2, 

3, 21, 22, 23, 47, 48, and 49, wherein the antibody binds to human LRP6 protein, wherein 

the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof, 

comprising at least one light chain CDR sequence that is identical to SEQ ID NO: 4, 5, 6, 

24, 25, 26 50, 51 and 52, wherein the antibody binds to human LRP6 protein, wherein 

the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof, 

comprising at least one heavy chain CDR sequence having at least 95% sequence identity 

to SEQ ID NO: 1, 2, 3, 21, 22, 23, 47, 48, and 49, wherein the antibody binds to human 

LRP6 protein, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof, 

comprising at least one light chain CDR sequence having at least 95% sequence identity 

to SEQ ID NO: 4, 5, 6, 24, 25, 26, 50, 51 and 52, wherein the antibody binds to human 

LRP6 protein, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof, 

comprising 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 or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof, 

comprising a heavy chain variable CDRI of SEQ ID NO: 21; a heavy chain variable 
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region CDR2 of SEQ ID NO: 22; a heavy chain variable region CDR3 of SEQ ID NO: 

23; a light chain variable region CDR1 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, 

wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof, 

comprising a heavy chain variable region CDRI 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 CDRI of SEQ ID NO: 50; a light chain variable 

region CDR2 of SEQ ID NO: 51; and a light chain variable region CDR3 of SEQ ID NO: 

52, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one embodiment, a fragment of the antibody that binds with LRP6 is selected from the 

group consisting of Fab, F(ab2)', F(ab)2', scFv, VHH, VH, VL, dAbs, wherein the 

fragment is monovalent or bivalent. 

In one aspect, the invention pertains to a pharmaceutical composition comprising an 

antibody or fragment thereof and a pharmaceutically acceptable carrier, wherein the 

antibody or fragment thereof is monovalent or bivalent. In one aspect, the invention 

pertains a nucleic acid comprising a nucleotide sequence encoding a polypeptide 

comprising a heavy chain variable region identity to SEQ ID NO: 14, 34, 36, 44, 60, and 

62; a nucleic acid comprising a nucleotide sequence encoding a polypeptide comprising a 

light chain variable region identity to SEQ ID NO: 13, 33, 35, 43, 59 and 61; a nucleic 

acid comprising a nucleotide sequence encoding a polypeptide comprising a heavy chain 

variable region having at least 98% sequence identity to SEQ ID NO: 14, 34, 36, 44, 60, 

and 62; a nucleic acid comprising a nucleotide sequence encoding a polypeptide 

comprising a light chain variable region having at least 98% sequence identity to SEQ ID 

NO: 13, 33, 35, 43, 59 and 61. 

In one aspect, the LRP6 antibodies disclosed herein bind to the Propeller 3 region of 

LRP6. Accordingly, the invention pertains to an isolated antibody or fragment thereof to 

LRP6 comprising a CDR3 selected from the group consisting of SEQ ID NO: 69, SEQ ID 

NO: 93, and SEQ ID NO: 115, wherein the antibody or fragment thereof is monovalent or 

bivalent. 
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In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

comprising 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: 71, SEQ ID NO: 95, and SEQ ID NO: 117, wherein the 

antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

comprising 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, wherein the 

antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VI-I selected from the group consisting of SEQ ID NO: 82, 

SEQ ID NO: 89, SEQ ID NO: 106, SEQ ID NO: 108, SEQ ID NO: 128, SEQ ID NO: 

130, and SEQ ID NO: 138; and a VL selected from the group consisting of SEQ ID NO: 

81, SEQ ID NO: 90, SEQ ID NO: 105, SEQ ID NO: 107, SEQ ID NO: 127, SEQ ID NO: 

129, and SEQ ID NO: 137, wherein the antibody or fragment thereof is monovalent or 

bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a SEQ ID NO: 82 and a VL comprising SEQ ID NO: 81, 

wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VH comprising SEQ ID NO: 90 and a VL comprising SEQ 

ID NO: 89, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VH comprising SEQ ID NO: 106 and a VL comprising SEQ 

ID NO: 105, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VH comprising SEQ ID NO: 108 and a VL comprising SEQ 

ID NO: 107, wherein the antibody or fragment thereof is monovalent or bivalent. 
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In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VH comprising SEQ ID NO: 128 and a VL comprising SEQ 

ID NO: 127, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VH comprising SEQ ID NO: 128 and a VL comprising SEQ 

ID NO: 127, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VII comprising SEQ ID NO: 130 and a VL comprising SEQ 

ID NO: 129, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof to LRP6 

which antibody comprises a VII comprising SEQ ID NO: 138 and a VL comprising SEQ 

ID NO: 137, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated antibody or fragment thereof, 

comprising at least one heavy chain CDR sequence that is identical to SEQ ID NO: 69, 

70, 71, 93, 94, 95, 115, 116, and 117, wherein said antibody binds to human LRP6 

protein, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated monoclonal antibody or fragment 

thereof, comprising at least one light chain CDR sequence that is identical to SEQ ID NO: 

72, 73, 74, 96, 97, 98, 118, 119, and 120, wherein said antibody binds to human LRP6 

protein, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to an isolated monoclonal antibody or fragment 

thereof, comprising at least one heavy chain CDR sequence having at least 95% sequence 

identity to SEQ ID NO: 70, 71, 93, 94, 95, 115, 116, and 117, wherein said antibody 

binds to human LRP6 protein, wherein the antibody or fragment thereof is monovalent or 

bivalent. 

In one aspect, the invention pertains to an isolated monoclonal antibody or fragment 

thereof, comprising at least one light chain CDR sequence having at least 95% sequence 

identity to SEQ ID NO: 72, 73, 74, 96, 97, 98, 118, 119, and 120, wherein said antibody 

binds to human LRP6 protein, wherein the antibody or fragment thereof is monovalent or 

bivalent. 
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In one aspect, the invention pertains an isolated monoclonal antibody, or fragment 

thereof, comprising 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 CDRI 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 or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains an isolated monoclonal antibody, or fragment 

thereof, comprising 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 CDRI 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, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains an isolated monoclonal antibody or fragment thereof, 

comprising 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, wherein the antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to combination of a monoclonal antibody that binds 

to the 13-propeller 1 domain of LRP6 and monoclonal antibody that binds to the 13-

propeller 3 domain of LRP6, wherein the antibody or fragment thereof is monovalent. 

In one aspect, the invention pertains to combination of a monoclonal antibody that binds 

to the [3-propeller 1 domain of LRP6 and monoclonal antibody that binds to the 13--

propeller 3 domain of LRP6, wherein the antibody or fragment thereof is bivalent. 

In one embodiment, a fragment of the antibody that binds with LRP6 is selected from the 

group consisting of Fab, F(abg, F(ab)2', scFv, VHH, VH, VL, dAbs, wherein the 

fragment is monovalent or bivalent. 

In one aspect, the invention pertains to a pharmaceutical composition comprising a an 

antibody or fragment thereof and a pharmaceutically acceptable carrier, wherein the 

antibody or fragment thereof is monovalent or bivalent. In one aspect, the invention 

pertains to a nucleic acid comprising a nucleotide sequence encoding a polypeptide 
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comprising a heavy chain variable region selected from the group consisting of SEQ ID 

NO: 82, 89, 106, 108, 128, 130, and 138. In one aspect, the invention pertains to a 

nucleic acid comprising a nucleotide sequence encoding a polypeptide comprising a light 

chain variable region selected from the group consisting of SEQ ID NO: SEQ ID NO: 81, 

90, 105, 107, 127, 129, and 137. In one aspect, the invention pertains to a nucleic acid 

comprising a nucleotide sequence encoding a polypeptide comprising a heavy chain 

variable region having at least 98% sequence identity to SEQ ID NO: SEQ ID NO: 82, 

89, 106, 108, 128, 130, and 138. In one aspect, the invention pertains to a nucleic acid 

comprising a nucleotide sequence encoding a polypeptide comprising a light chain 

variable region having at least 98% sequence identity to SEQ ID NO: 81, 90, 105, 107, 

127, 129, and 137. 

In one aspect, the invention pertains to a vector comprising the nucleic acids; and isolated 

host cells comprising (1) a recombinant DNA segment encoding a heavy chain of the 

antibody and (2) a second recombinant DNA segment encoding a light chain of the 

antibody. The DNA segments are operably linked to a promoter, and are capable of being 

expressed in said host cell. The antibody is a human monoclonal antibody; and the host 

cell is a non-human mammalian cell line. 

In one aspect, the invention pertains to 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 an LRP6 antibody (e.g., a monovalent or bivalent, or 

fragments thereof). In one aspect, the invention pertains to a method of treating a disease 

mediated by a canonical Wnt signaling pathway using an antibody or fragments thereof to 

LRP6, wherein the antibody or fragment thereof is monovalent or bivalent. 	In one 

aspect, the invention pertains to a method of treating a cancer mediated by a canonical 

Wnt signaling pathway comprising selecting a subject having an LRP6 expressing cancer 

and administering an effective amount of a composition comprising an antibody or 

fragments thereof, wherein said antibody or fragment thereof is monovalent or bivalent, 

and wherein said 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 one embodiment, the subject is human. 
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In one 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 an antibody or antibody fragment thereof that binds 

to a propeller 1 region of LRP6 in combination with an antibody or antibody fragment 

thereof that binds to a propeller 3 region of LRP6, wherein the antibody or fragment 

thereof is monovalent or bivalent. 

In one 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 an antibody or antibody fragment thereof that binds 

to LRP6 and inhibits Wntl signalling by LRP6 in combination with an antibody or 

fragment thereof that binds to LRP6 and inhibits Wnt3 signalling by LRP6, wherein the 

antibody or fragment thereof is monovalent or bivalent. 

In one aspect, the invention pertains to process for production of an antibody or fragments 

thereof of comprising culturing a host cell and isolating the antibody or fragment thereof, 

wherein the antibody or fragment thereof is monovalent or bivalent. 

In another aspect, the invention pertains to use of an antibody or fragments thereof in the 

manufacture of a medicament for the treatment of a cancer mediated by a canonical Wnt 

signaling pathway 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, wherein the antibody or fragment thereof is monovalent or 

bivalent. 

In one embodiment, the invention pertains to an antibody having VII of SEQ ID NO: 14 

and VL of SEQ ID NO: 13 for use in treating a cancer mediated by a canonical Wnt 

signaling pathway, wherein the antibody is monovalent or bivalent. In another 

embodiment, the invention pertains to an antibody having VII of SEQ ID NO: 34 and VL 

of SEQ ID NO: 36for use in treating a cancer mediated by a canonical Wnt signaling 

pathway, wherein the antibody thereof is monovalent or bivalent. In another 

embodiment, the invention pertains to an antibody having VH of SEQ ID NO: 36 and VL 

of SEQ ID NO: 35 for use in treating a cancer mediated by a canonical Wnt signaling 

pathway, wherein the antibody is monovalent or bivalent. In another embodiment, the 

invention pertains to an antibody having VH of SEQ ID NO: 44 and VL of SEQ ID NO: 
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43 for use in treating a cancer mediated by a canonical Wnt signaling pathway, wherein 

the antibody is monovalent or bivalent. In another embodiment, the invention pertains to 

an antibody having VH of SEQ ID NO: 60 and VL of SEQ ID NO: 59 for use in treating 

a cancer mediated by a canonical Wnt signaling pathway, wherein the antibody is 

monovalent or bivalent. In another embodiment, the invention pertains to an antibody 

having SEQ ID NO: 62 and VL of SEQ ID NO: 61 for use in treating a cancer mediated 

by a canonical Wnt signaling pathway, wherein the antibody is monovalent or bivalent. 

In another embodiment, the invention pertains to an antibody having VH of SEQ ID NO: 

82 and V L of SEQ ID NO: 81 for use in treating a cancer mediated by a canonical Wnt 

signaling pathway, wherein the antibody is monovalent or bivalent. In another 

embodiment, the invention pertains to an antibody having VH of SEQ ID NO: 90 and VL 

of SEQ ID NO: 89 for use in treating a cancer mediated by a canonical Wnt signaling 

pathway, wherein the antibody is monovalent or bivalent. 	In another embodiment, the 

invention pertains to an antibody having VH of SEQ ID NO: 106 and VL of SEQ ID NO: 

105 for use in treating a cancer mediated by a canonical Wnt signaling pathway, wherein 

the antibody is monovalent or bivalent. 	In another embodiment, the invention pertains 	to 

an antibody having VH of SEQ ID NO: 108 and VL of SEQ ID NO: 107 for use in 

treating a cancer mediated by a canonical Wnt signaling pathway, wherein the antibody is 

monovalent or bivalent. 	In another embodiment, the invention pertains to an antibody 

having VH of SEQ ID NO: 128 and VL of SEQ ID NO: 127 for use in treating a cancer 

mediated by a canonical Wnt signaling pathway, wherein the antibody is monovalent or 

bivalent. 	In another embodiment, the invention pertains to an antibody having VH of 

SEQ ID NO: 130 and VL of SEQ ID NO: 129 for use in treating a cancer mediated by a 

canonical Wnt signaling pathway, wherein the antibody is monovalent or bivalent. In 

another embodiment, the invention pertains to an antibody having VH of SEQ ID NO: 

138 and VL of SEQ ID NO: 137 for use in treating a cancer mediated by a canonical Wnt 

signaling pathway, wherein the antibody is monovalent or bivalent. 

In one embodiment, the invention pertains to an antibody having VH of SEQ ID NO: 14 

and VL of SEQ ID NO: 13 for use as a drug, wherein the antibody is monovalent or 

bivalent. In another embodiment, the invention pertains to an antibody having VH of SEQ 

ID NO: 34 and VL of SEQ Ill NO: 33 for use as a drug, wherein the antibody is 

monovalent or bivalent. In another embodiment, the invention pertains to an antibody 

having VH of SEQ ID NO: 36 and VL of SEQ ID NO: 35for use as a drug, wherein the 
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antibody is monovalent or bivalent. In another embodiment, the invention pertains to an 

antibody having VH of SEQ ID NO: 44 and VL of SEQ ID NO: 43 for use as a drug, 

wherein the antibody is monovalent or bivalent. In another embodiment, the invention 

pertains to an antibody having VH of SEQ ID NO: 62 and VL of SEQ ID NO: 61 for use 

as a drug, wherein the antibody is monovalent or bivalent. In another embodiment, the 

invention pertains to an antibody having VH of SEQ ID NO: 82 and VL of SEQ ID NO: 

81for use as a drug, wherein the antibody is monovalent or bivalent. In another 

embodiment, the invention pertains to an antibody having VH of SEQ ID NO: 90 and VL 

of SEQ ID NO: 89 for use as a drug, wherein the antibody is monovalent or bivalent. 	In 

another embodiment, the invention pertains to an antibody having VH of SEQ ID NO: 

106 and VL of SEQ IT) NO: 105 for use as a drug, wherein the antibody is monovalent or 

bivalent. In another embodiment, the invention pertains to an antibody having VH of 

SEQ ID NO: 108 and VL of SEQ ID NO: 107 for use as a drug, wherein the antibody is 

monovalent or bivalent. In another embodiment, the invention pertains to an antibody 

having VH of SEQ ID NO: 128 and VL of SEQ ID NO: 127 for use as a drug, wherein 

the antibody is monovalent or bivalent. 	In another embodiment, the invention pertains to 

an antibody having VH of SEQ ID NO: 130 and VL of SEQ ID NO: 129 for use as a 

drug, wherein the antibody is monovalent or bivalent. In another embodiment, the 

invention pertains to an antibody having VH of SEQ ID NO: 138 and VL of SEQ ID NO: 

137 for use as a drug, wherein the antibody is monovalent or bivalent. 

In one aspect, the invention pertains to an antibody or fragment thereof of the invention 

for use as a medicament. In one aspect, the invention pertains to an antibody or fragment 

thereof of the invention for use as a medicament for treatment of an LRP6 expressing 

cancer. In one aspect, the invention pertains to an antibody or fragment thereof of the 

invention 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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Brief Description of Figures 

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

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

knockdown of LRP6 by shRNA 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 0-propeller 1 and 0-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 0-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 0-

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 I 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; 
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Figure 11 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 seFv 

MOR06475 (B); 

Figure 13 is a schematic showing the 3-propeller regions of LRP6; 

Figure 14 is a photograph of an SDS-PAGE gel showing that all seFv molecules 

successfully expressed and purified from E. call; 

Figure 15 A-D are schematic example of multivalent antibodies. (15A) scFv scFv 

attached to the C-terminus of full IgG (15B) scFv scFv attached to the N-terminus of Fc 

(15C) say scFv attached to the C-terminus of Fc (15D) seFv scFv attached to the N and 

C terminus of Fe; 

Figure 16 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 17 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 19 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 
Propl antibody in a PA-1/Wnt3a L-cell co-culture model; 

Figure 21 is a graph showing a comparison between single i.v. doses of a Propl LRP6 

antibody and a Prop1/3 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 
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implanted subcutaneously into nude mice. Tumor-bearing mice were treated with either a 

single dose of PBS (control) or 5mg/kg MOR081681gG1LALA 6475 scfv. A) 

Representative images of Oil Red 0 staining for lipid. B) Quantification of Oil Red 0 

staining. 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=1 for PBS (control); 

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

Cadherin negative MDA-MB23 I xenograft model; 

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

MOR08168IgG1LALA 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 

MOR08168IgGILALA 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 Tm; 

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

Figure 31 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:137 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. 

17 



(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:K43 did not form a salt bridge 

with the hydrophobic residue VH:V85. (f): The two charged side chains of VH:K43 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 
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of LRP and Frizzled (FZD) allowingp-eatenin 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, j3-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 Wntl binding ligands, such as 

Wnt2, Wnt6, Wnt7a, Wnt7b, Wnt9a, Wnt10a, or Wntl Ob. 

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 VL  

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: 

FRI, 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, single-chain Fvs (seFv), disulfide-linked Fvs (sdFv), Fab fragments, 

F (ab') fragments, and anti-idiotypic (anti-Id) antibodies (including, e.g., anti-ld 
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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 (CH1, 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. 

The phrase "antibody fragment", as used herein, refers to one or more portions 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 binding fragments include, but are not limited to, 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 CH1 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 VII 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 al., (1988) 

Science 242:423-426; and Huston et al., (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 
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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: 1126-1136). Antibody fragments can be 

grafted into scaffolds based on polypeptides such as Fibronectin type III (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-VII-CHI ) 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). 

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 n-propeller 1 domain 

binding site and a binding moiety for the P-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 moiety for two separate target receptors. For example, a 

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 a biological effect (e.g., which modulates cellular 

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

21 



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 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 13-

propeller 1 domain of two LRP6 receptors, or an antibody that binds to the [3-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 13-

propeller 1 domain and the 0-propeller 3 domain of a single LRP6 receptor. The term 

also includes an antibody which binds to both the 0-propeller 1 and 13-propeller 3 domains 

of at least two LRP6 receptor(s). 

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 phrase "isolated antibody", as used herein, refers to an 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). Moreover, an isolated antibody may be substantially free of 

other cellular material and/or chemicals. 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. 
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The phrases "monoclonal antibody" or "monoclonal antibody composition" as used 

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

antibodies, etc. that have substantially 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 "human monoclonal antibody" as used herein refers to antibodies displaying a 

single binding specificity which have variable regions in which both the framework and 

CDR regions are derived from human sequences. In one embodiment, the human 

23 



monoclonal antibodies are produced by a hybridoma which includes a B cell obtained 

from a transgenic nonhuman animal, e.g., a transgenic mouse, having a genome 

comprising a human heavy chain transgene and a light chain transgene fused to an 

immortalized cell. 

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 V1 and VL  regions of the 

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

germline Vu 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 say to an IgG. An exemplary Gly/Ser linker comprises the 

amino acid sequence (Gly-Gly-Ser)2, i.e., (Gly2 Ser)„ where n is a positive integer equal to 

or greater than 1. For example, n-1, n-2, n-3. n-4, 11-5 and n=6, n=7, n=8, n=9 and 

n--10. In one embodiment, the linkers include, but are not limited to, (G1y4 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 (Gly3Ser). In another embodiment, the linkers include 

combinations and multiples of (Gly3Ser)+(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 
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linker comprises the motif (GluAlaAlaAlaLys)„, where n is a positive integer equal to or 

greater than 1. 

The term "Fe 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 Fe 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 CH1 region of an antibody. In 

one embodiment, the invention comprises an Fe region CI-13 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 (CH1, 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 3- propeller 1 binding domain, 13- propeller 2 binding domain, 3-

propeller 3 binding domain, and p- 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 structural characteristics, and/or specific charge 

characteristics. 
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Generally, antibodies specific for a particular target antigen will bind 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., 1996) 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 (KA) (k,,,,/kofy) of at least 102M-1, at least 5x102M-1, at least 103M-1, at least 

5x103M-1, at least 104M--1at least 5x104M-1, at least 105M-1, at least 5x105M-1, at least 

106M-1, at least 5x106M-1, at least 107M-I, at least 5x107M-1, at least 108M-1, at least 

5x108M-1, at least 109M-1, at least 5x1091V1-1, at least 101°M-I, at least 5x101°M-1, at least 

1011M-1, at least 5x1011M-1, at least 1012M-1, at least 5x1012M-1, at least 1013M-1, at least 

5x1013  M-1, at least 1014M-1, at least 5x1014M-1, at least 1015M-1, or at least 5x10I5M-1. 

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

addition to the equilibrium constant (KA) noted above, an LRP6 antibody of the invention 
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typically also has a dissociation rate constant (KD) (korilkaa)  of less than 5x10-2M, less 

than 10-2M, less than 5x10-3M, less than 10-3M, less than 5x10-4M, less than 10-4M, less 

than 5x10-5M, less than 10-5M, less than 5x10-6M, less than 10-6M, less than 5x10-7M, less 

than 10-7M, less than 5x10-8M, less than 10-8M, less than 5x10-9M, less than 10-9M, less 

than 5x10-19M, less than 10-19M, less than 5x10-11M, less than 10-11M, less than 5x10-12M, 

less than 10-12M, less than 5x10-13M, less than 10-13M, less than 5x10-14M, less than 10-  
14. A/, 
. less than 5x10-15M, or less than 10-15M 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 antibody has 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 10 pM, less than 1 pM as assessed using 

a method described herein or known to one of skill in the art (e.g., a BlAcore assay, 

ELISA, FACS, SET) (Biacore International AB, Uppsala, Sweden). 

The term "Kassoc" or "Ka", as used herein, refers to the association rate of a particular 

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

dissociation rate of a particular antibody-antigen interaction. The term "K0", as used 

herein, refers to the dissociation constant, which is obtained from the ratio of Kd  to Ka 

(i.e. Kd/Ka) and is expressed as a molar concentration (M). KD values for antibodies can 

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

KD 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. 
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The phrase "antagonist antibody" as used herein refers to an antibody that binds with 

LRP6 and inhibits the biological activity of canonical Wnt signaling, e.g., reduces, 

decreases and/or inhibits LRP6 induced signaling activity in a Wnt reporter gene assay, or 

a phospho LRP6 assay. Examples of assays are described in more details in the examples 

below. In some embodiments, the antibodies reduce, decrease or inhibit LRP6 induced 

activity as measured in a Wnt reporter gene assay at an IC50  of lOnM or less, InM or less, 

or 100pM or less, I OpM, 1pM, 0.5pM, 0.1pM. In some embodiments, the activities of the 

antibodies can be measured by binding to LRP6 using SET, ELISA, FACS, Scatchard at 

an IC50  of lOnM or less, 1nM or less, 0.5 pM, or 100pM or less. In one embodiment, the 

IC50  is less than 3001.tM (0.3pM). In another embodiment, the IC50  is equal to 3001AM 

(0.3pM). 	In yet another embodiment, IgG potentiates the activity of LRP6 Wnt. 

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

Wntl0a, or Wnt 10b. 

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, Wnt 1 ligands, Wnt 3a ligands and Wnt 3 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. 
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The phrase "isolated antibody" refers to an 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. Moreover, an isolated antibody may be substantially 

free of other cellular material and/or chemicals. 

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 

methioninc, 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 aher: 1) Alanine (A), 

Glycine (0); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q); 

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

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 7) Serine (S), Threonine (T); and 
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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 an antibody or other binding agent 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 antibody or other binding agent 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 BlAcore 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 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 antibodies also can be assessed by standard assays known in the art, such 

as by Biacore analysis, or FACS relative affinity (Scatchard). Assays to evaluate the 

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

modulating the Wnt pathway) are described in further detail in the Examples. 

Accordingly, an antibody that "inhibits" one or more of these LRP6 functional properties 

(e.g., biochemical, immunochemical, cellular, physiological or other biological activities, 
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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 antibody (e.g., or when a control 

antibody of irrelevant specificity is present). An 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% identity 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 10 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 
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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. Mot. 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 
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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., Karlin 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 W. Miller (Comput. Appl. Biosci. 4:11-17 (1988)) which has 

been incorporated into the ALIGN program (version 2.0), using a PAM120 weight 

residue table, a gap length penalty of 12 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 
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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, 2-0-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. 
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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 

inununotherapeutic 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, allograft models, MMTV models, 

and other known models known in the art to investigate anti-tumor activity. 

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 arc 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 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 an antibody will inhibit Wnt signaling and aid 

in diseases associated with canonical Wnt signaling, e.g., cancer. In particular, the LRP6 
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antibodies can specifically increase or decrease signaling mediated by Wntl or Wnt3a 

class proteins in different disease settings. 

Misregulation of the Wnt/I3-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 propeller and the third propeller of LRP6 respectively, suggesting that Wntl and 

Wnt3a proteins bind to different propellers 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 al., (2004) Development 

31:1663-1677). 

36 



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 al., (2000) Nature 407:535-538). In Xenopus embryos, 

dominant-negative LRP6 blocked signaling by several Wnt proteins, whereas 

overexpression of LRP6 activated Wnt/13-catenin signaling (Tamai et aL, (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 aL, 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, aspartie acid)-type 13-propeller region, 2) an EGF 

(epidermal growth factor)-like domain, and 3) a LDLR type A (LA) domain. 

The YWTD-type 13-propeller region contains six YWTD repeats of 43-50 amino acid 

residues each and forms a six-bladed 13-propeller structure. In LRP5 and LRP6, there are 

four YWTD-type 13-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 al., (1998) J. MoI. Biol. 283:837- 

862; Jeon et aL, (2001) Nat. Struct. Biol. 8:499-504). The 13- propeller-EGF-like domains 

may bind extracellular ligands. The extracellular domain of LRP6 is defined by amino 

acid residues 19 to 1246 and contains four 13-propeller domains at amino acid residues 43- 

324, 352-627, 654-929, and 957-1250, which correspond to 13-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, mouse LRP6, and rat LRP6). The invention is based on the 

surprising finding that Wnt proteins capable of activating 13-catenin signaling can be 

divided into two classes and they require different propellers of LRP6 for signaling as 

described in International Serial No. PCT/EP2008/064821 filed October 31, 2008 the 
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contents of which are incorporated herein by reference in their entirety. In addition, 

dimeric/bivalent LRP6 antibodies (e.g., IgG) strongly sensitize cells to Wnt signaling, for 

example through dimerization of endogenous LRP6. These results suggest that Propeller 

1 and Propeller 3 are differentially required for signaling activity of Wntl 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. 

The conversion of fragments of the LRP6 antibodies (e.g., Fabs) 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. 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 1 

Fab binds to the Propeller 1 region of the LRP6 receptor and blocks Wnt 1 pathway 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 I Fab is 

converted to a full length Wnt 1 IgG, the Wnt I IgG binds to the Propeller 1 regions of 

two LRP6 receptors and blocks the Wnt 1 pathway, 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 Propeller 1 

regions 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 Propeller 3 region 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 1 pathway 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 Propeller 3 regions of two LRP6 receptors, and in the presence of a Wnt 1 ligand, 

inhibits signaling through the Wnt 1 pathway. In another 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 
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embodiment, the LRP6 antibodies are antagonistic antibodies. In another embodiment, 

the LRP6 antibodies are agonistic antibodies. 

As different Wnt proteins require different Propellers of LRP6 for signaling and because 

clustering or dimerization of LRP6 potentiates Wnt signaling, therapy using the LRP6 

antibodies can be regulated 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 Propeller 1 region of LRP6 is used in 

combination with a monomeric LRP6 antibody that binds to the 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, Dkk 1). Similarly, 

Propeller 3 antibodies are expected to inhibit the interaction with other propeller 3 

binding ligands (e.g. Dkk I). 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 
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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 specifity 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 1. 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 full 

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 n-propeller 1 antibodies and MOR06475, 

MOR08193, and MOR08473 for n-propeller 3 antibodies). 

The LRP6 antibodies of the invention bind to distinct LRP6 (3-propeller regions. 

Propeller 1 antibodies bind to the 13-propeller 1 domain and block Propellerl-dependent 

Wnts such as Wnt I, Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9, Wnt10A, Wntl OB. Propeller 3 

antibodies bind to the (3-propeller 3 domain and block Propeller 3-dependent Wnts such 

as Wnt3a and Wnt3. 
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Table 1: Examples of LRP6 Antibodies of the Present Invention 

SEQ ID 

NUMBER 

Ab region Sequence 

MOR08168 

P►opi 

SEQ ID ND:1 

(Kabat) 

HCDR1 DYVIN 

SEQ ID NO:2 

{Kabat) 

HCDR2 GISWSGVNTHYADSVKG 

SEQ ID ND:3 

(Kabat) 

HCDR3 LGATANNIRYKFMDV 

SEQ ID N0:4 

(Kabat) 

LCDR1 SGDSLRNKVY 

SEQ ID ND:5 

(Kabat) 

LCDR2 KNNRPS 

SEQ ID NO:6 

(Kabat) 

LCDR3 QSYDGQKSLV 

SEQ ID ND:7 

(Chothia) 

H CORI GFTFSDY 

SEQ ID ND:8 

(Chothia) 

HCDR2 SWSGVN 

SEQ ID NO:9 

(Chothia) 

HCDR3 LGATANNIRYKFMDV 

SEQ ID ND:10 

(Chothia) 

LCDR1 DSLRNK 

SEQ ID ND:11 

{Chothia) 

LCDR2 KN 

SEQ ID N0:12 

(Chothia) 

LCDR3 YDGQKSL 

SEQ ID NO:13 VL DIELTQPPSVSVAPGQTARISCSGDSLRNICVYWYQQKPGQAPVLvIYKNNRPSGIPERFSGSNSGNTATLTISGTQA 

EDEADYYCQSYDGQKSLVFGGGTKLTVL 

SEQ ID NO:14 VII QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEVVVSGISVVSGVNTHYADSVKGRFTISRDN 

SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVIVSS 

SEQ ID NO:15 DNA VL GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC 

GATTCTCTTCGTAATAAGGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATAAGA 

ATAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCATTAG 

CGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGTCTTATGATGGICAGAAGTCTCTTGTGITTGGC 

GGCGGCACGAAGTTAACCGTCCTA 

SEQ ID NO:16 DNA VH CAGGTGCAATTGGIGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC 

CTCCGGATTTACC flit CTGATTATGTTATTAATTGGGTGCGCCAAGCCCCIGGGAAGGGTCTCGAGTGGGTG 

AGCGGTATTICTIGGTCTGGTGTTAATACTCATTATGCTGATTCTGTTAAGGGTCGTITTACCATTTCACGTGAT 

AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC 

GTCTTGGTGCTACTGCTAATAATATTCGTTATAAG7TTATGGATGTTTGGGGCCAAGGCACCCTGGTGACGGT 
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TAGCTCA 

5EQ ID NO:17 Light Lambda DIELTQPP5VSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVIVIYKNNRPSGIPERF5GSNSGNTAILTI5GTQA 

EDEADYYCQSYDGQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELOANKATLVCLISIOFYPGAVIVAWKADS5P 

VKAGVEITTPSKCISNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSIVEKTVAPTECS 

SEQ ID NO:18 Heavy IgG1 

LA LA 

CIVOLVE5GGGIVQPGGSLRLSCAASGFIFSDYVINWVRQAPGKGLEVVVSGISW5GVNTHYAD5VKGRFTISRDN 

5KNTLYLQM NSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSV FP LAPS5K51.5GGTAAL 

GCLVKDYFPEPVTV5WNSGALTSGVHIFPAVLCTSSGLY5LS5VVIVPSSSLGIQTYICNVNTIKPSNTKVOKRVEPK5 

CDKTHTCPPCPAPEAAGGP5VF LIPPKPKDTLA.415RTPEVICVINDV5H EDPEVKFNWYVDGVEVH NAKTKP RE E 

QYNSTYRVVSYLTVLHQOWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPP5REEMTKNQV5LTCLVK 

6 FYPSDIAVEWESNGQPENNYKTTPPVID5DG5FFLY5KLIVOKSTiWQQGNVF5CSVMHEALHNHYTQKSLS LSP 

GK 

SEQ ID NO; 19 DNA 

light Lambda 

GATATCGAACTGACCCAGCCGCCTTC,AGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC 

GATTCTCTTCGTAATAAGGTITAITGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTIATPAGA 

ATAATCGTCCCICAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCATTAG 

CGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGTCTTATGATGGTCAGAAGTCTCTTGTGTTIGGC 

GGCGGCACGAAGTTAACCGTCCTAGGICAGCCCAAGGCTGCCCCCTCGGTCACTCTGITCCCGCCCTCCTCTG 

AGGAGCTICAAGCCAACAAGGCCACACTGGIGTGTCTCATAAGTGACTICTACCCGGGAGCCGTGACAGTGG 

CCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGIGGAGACCACCACACCCTCCAAACAAAGCAACAAC 

AAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAG 

GTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCA 

SEQ ID NO: 20 DNA 

Heavy IgG1 

LA LA 

CAGGIGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC 

CTCCGGAITTACC1 1 1 I CTGATTATGTTATTAATIGGGTGCGCCAAGCCCCIGGGAAGGGTCTCGAGTGGGTG 

AGCGGTATITCTTGGICTGGIGTTAATACTCATTATGCTGATTCTGITAAGGGTCGITTIACCATTICACGTGAT 

AAITCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC 

GTCTTGGIGCTACTGCTAATAATATTCGTTATAAGTTTATGGATGTTTGGGGCCAAGGCACCCTGGTGACGGT 

TAGCTCAGCCTCCACCAAGGGICCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACA 

GCGGCCCTGGGCTGCCTGGTCAAGGACTACTICCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTG 

ACCAGCGGCGTGCACACCTICCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGIGGTGACCG 

TGCCCTCCAGCAGCTIGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGG 

ACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGG 

GGGGACCGTC.AGTCTTCCICTTCCCCCCAAAACCCAAGGACACCCICATGAICTCCCGGACCCCTGAGGICAC 

ATGCGTGGTGGIGGACGTGAGCCACGAAGACCCTGAGGICAAGTICAACTGGTACGTGGACGGCGIGGAGG 

TGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGIGGTCAGCGICCTCACC 

GTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGICTCCAACAAAGCCCTCCCAGCCCCC 

ATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGIGTACACCCTGCCCCCATCCCGG 

GAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTICTATCCCAGCGACATCGCCGTG 

GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTC 

CTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTG 

ATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA 

MDR08545 

Props 

5EQ ID NO:21 

(Kabat) 

HCDR1 VNGMH 

SEQ ID NO:22 

(Kabat) 

HCOR2 VI DGMGHTNYAD5VKG 

SEQ ID NO:23 

(Kabat) 

HCDR3 YDYIKYGAFDP 

5EQ ID NO:24 

(Kabat) 

LC DR1 SGDNIGSKYVH 

5EQ ID NO:25 LDCR2 GD5NRP5 
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(Kabat) 

SEQ ID NO:26 

(Kabat) 

LCDR3 TRTSTPISGV 

SEQ ID NO:27 

(Chothia) 

HCDR1 GfTFSVN 

SEQ ID ND:28 

(Chothia) 

HCDR2 DGMGH 

SEQ ID NO:29 

(Chothia) 

HCDR3 YDYIKYGAFDP 

SEQ ID NO:30 

(Chothia) 

LCDR1 DNIGSKY 

SEQ ID ND:31 

(Chothia) 

LDCR2 GDS 

SEQ ID NO:32 

(Chothia) 

LCDR3 TSTPISG 

SEQ ID ND:33 VL DI E LTOP PSVSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT 

QAEDEADYYCTRTSTPISGVFGGGTKLTVL 

SEQ ID NQ:34 VH QVQLVESGGG LVQP GGSLR LSCAASG FTFSV NG M HWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN 

SKNTLYLQMNSIRAEDIAVYYCARYDYIKYGAFDPWGQGTLVTVSS 

SEQ ID NO;35 VI Germlined SYELTQPPSVSVSPGQTASiTCSGDNIGSKYVHWYQQKPGQ,SPVLVIYGDSNFIPSGIPERFSGSNSGNTATITISGT 

QAMDEADYYCTRTSTPISGVEGGGTKITVL 

SEQ ID ND:36 VH Germlined EVQLVESGGGLVQPGGSLRLSCAASGFIFSVNGMHWVRQAPGKGLEWVSVIDGIVIGHTYYADSVKGRFTISRDN 

SKNTLYLQMNSLRAEDTAVYYCARYDYI KYGAFDPWGQGTLVTVSS 

SEQ ID NO:37 DNA VI GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC 

GATAATATTGGITCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATG 

GTGATTCTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGAC 

CATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCACTCGTACTTCTACTCCTATTTCTGGTGTGT 

TTGGCGGCGGCACGAAGTTAACCGTTCTT 

SEQ ID ND:38 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGG TGCAACCGGGCGGCAG CCTGCGTCTGAGCTGCGCGGC 

CTCCGGAITTACCTTTICTGTTAATGGTATGCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG 

AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTUGTTAAGGGTCGTITTACCATTTCACGTGATAA 

TTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT 

TATGATTATATTAAGTATGGTGL. pill GATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA 

SEQ ID N D:39 Light lambda DI ELTQP PSVSVA PG QTA RISCSG DNIGSKYVH WYQQK PGOAPVLVIYGDSNRPSGIP ERFSGSNSG NTATLTISG T 

QAEDEA DYYCTITTSTPISGVFGGGTKLIVIGQPKAAPSVTLFPPSSEELQANKAILVCLISDFYPGAVTVAWKADSS 

PVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEK7VAPTEA 

SEQ ID ND:40 Heavy Fab QVQLVESGGG LVQPGGSLRLSCAASGFTFSVNG M HWV ROAP G KG1 E WVSVI DGMGHTYYADSVKGRFTISRDN 

S K NTLY LQMNSL RAEDTAVYYCARY DY I KYGA F DPWGQGTLVTVSSASTKG PSVF P LA PSSKSTSGGTAA LGCLVK 

DYF PE PVIVSW NSGA LTSG VHTFPAVLOSSGLYSLSSVVIVPSSSIGTQTYICN VN H K PSNTKVDKKVEP KS 

SEQ ID NO:41 DNA Light 

lambda 

GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC 

GATAATATTGGITCTAAGIATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGAITTATG 

GTGATTCTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGAC 

CATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCACTCGTACTICTACTCCTATTTCTGGTGTGI 

TTGGCGGCGGCACGAAGITAACCGTTCTTGGCCAGCCGAAAGCCGCACCGAGTGTGACGCTGITTCCGCCGA 

GCAGCGAAGAATTGCAGGCGAACAAAGCGACCCTGGTGTGCCTGATTAGCGAC I I I IATCCGGGAGCCGTGA 

CAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGC 

AACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGA CGCCTGAGCAGTGGAAGTCCCACAG AAGCTACAGC 
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TGCCAGGTCACGCATGAGGGGAGCACCGTGGAAAAAACCGTTGCGCCGACTGAGGCC 

SEQ ID N0:42 DNA Heavy 

Fab 

CAGGIGCAATTGGIGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC 

CTCCGGATTTACCI I I I CTGTTAATGGTATGCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTEGGIG 

AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTCTGTTAAGGGTCGTITTACCATTICACGTGATAA 

1T CGAAAAA CACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTG CGCGCGT 

TATGATTATATTAAGTATGGTGC IT II GATCCTTGEGGCCAAGGCACCCIGGTGACGGITAGCTCAGCGTCGA 

CCAAAGGTCCAAGCGTGTITCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGGGCT 

GCCT6GTTAAAGATTATTTCCCGGAACCAGTCACCGTGAGCTGGAACAGCGGGGCGCTGACCAGCGGCGTGC 

ATACCTITCCGGCGGTGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAG CAGCA 

GCTTAGGCACTCAGACCTATATTTGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAGTGG 

AACCGAAAAGC 

SEQ ID NO:43 VL Germlined SYELTQPLSVSVALGQTARITCGGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISRA 

QAGDEADYYCTRTSTPISGVEGGGTKLTVL 

SEQ ID NO:44 VH Germlined EVQLLESGGGLVQPGGSLRLSCAASGFTESVNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN 

SKNTLYLQMNSLRAEDTAVYYCARYDYI KYGAFDPWGQGTLVIVSS 

SEQ ID NO:45 DNA VL 

Germlined 

AGCTATGAACTGACCCAGCCGCTGTCTGTGAGCGTGGCGCTGGGCCAGACCGCGCGTATTACCTGCGGTGGC 

GATAACATTGGCAGCAAATATGTGCA17GGTATCAGCAGAAACCGGGCCAGGCGCCGGTGCTGGTGA1TTAT 

GGCGATAGC.AACCGTCCGAGCGGCATTCCGGAACGMTAGCGGCAGCAACAGCGGCAACACCGCGACCCTG 

ACCATTTCTCGCGCGCAGGCGGGTGATG AAGCGGATTATTATTGCACCCGTACCAGCACCCCGATTAGCGGC 

G TGTTTGGCGGCGGTACGAAGTTAACCG17CTT 

SEQ ID NO:46 DNA VH 

Germlined 

GAGGTGCAATTGCTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC 

CTCCGGATTTACCTTTTCTGTTAATGGTATGCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGG GTG 

AGCG1TATIGATGGTATGGGTCATACTTATTATGCTGATTCTL, 	i i AAGGGICGMTACCATTTCACGTGATAA 

1TCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT 

TATGATTATATTAAGTATGGTGL IIIIGATCCTMGGGCCAAGGCACCCTGGTGACGGITAGCTCA 

MOR06706 

Propl 

SEQ ID NO:47 

(Ka bat) 

HCDR1 DYAIH 

SEQ ID NO:48 

(Ka bat) 

HCDR2 GISYSGSSTHYADSVKG 

SEQ ID NO:49 

(Kabat) 

HCDR3 GSHGNIMAKRYFDF 

SEQ ID NO:SO 

(Kabat) 

LCDR1 SGDNIRKKYVY 

SEQ ID NO:51 

(Kabat) 

LDCR2 EDSKRPS 

SEQ ID NO:S2 

(Kabat) 

LCDR3 STADSGINNGV 

SEQ ID NO:53 

(Chothia) 

HCDR1 GETESDY 

SEQ ID NO:S4 

(Chothia) 

HCDR2 SYSGSS 

SEQ ID NO:55 HCDR3 GS HGNIMAKRYFDF 
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(Chothia) 

SEQ ID NO:S6 

(Chothial 

LCOR1 DNIRKKY 

SEQ ID NO:S7 

(Chothial 

LDCR2 EDS 

SEQ ID NO:58 

(Chothia) 

LCDR3 ADSGINNG 

SEQ ID NO:59 VL DIE LTQPPSVSVAPGIQTARISCSGONIRKKYVYWYCKIKPGQAPVLVIYEDSKRPSGIPERFSGSNSGNTATLTISGTQ 

AEOEADYYCSTADSGINNGVFGGGTKITVL 

SEQ ID NO:60 VH QVQLVESGGGINQPGGSLRLSCAASGRFSDYAI HWVRQA PGKG LE WVSGISYSGSSTHYADSVKGRFTISRDNSK 

NTLYLWVINSLRAEDTAVYYCARGSHGNIMAKRYFDFWGQGTLVTVSS 

SEQ ID ND:61 VL Germlined SYELTQPPSVSVSPGQTASITCSGDNIRKKYVYWYCLQKPGQSPVLVIYEDSKRPSGIPERFSGSNSGNTATLTISGTQ 

AMDEADYYCSTADSGINNGVFGGGTKLTVL 

SEQ ID ND:62 VH Germlined EVQLVESGGGLVQPGGSLIALSCAASGFTFSDYAIHINVRCIAPGKGLEINVSGISYSGSSTHYADSVKGRFTISRONSK 

NTLYLQMNS LRAEDTAVYYCARGSHGNIMAKRYFDFWGQGTLVTVSS 

SEQ ID NO:63 DNA VL GATATCGAACTGACCCAGCCGCCTTCAGTGAGCG1TGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC 

GATAATATTCGTAAGAAGTATGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTIGTGATITATG 

AGGATTCTAAGCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGA 

CCATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCTCTACTGCTGATTCTGGTATTAATAATGG 

TGTOTITGGCGGCGGCACGAAGTTAACCGITCTT 

SEQ ID NO:64 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAA  CCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC 

CTCCGGATITACCTTTTCTGATTATGCTATTCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG 

AGCGGTATCTCTTATTCTGGTAGCTCTACCCATTATGCGGATAGCGTGAAAGGCCGTETTACCATITCACGTGA 

TAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCG 

CGTGGTTCTCATGGTAATATTATGGCTAAGCGTTATITTGATTITIGGGGCCAAGGCACCCTGGTGACGGTTA 

GCTCA 

SEQ ID NO:65 Light Lambda DI ELTQPPSVSVAPGQTARISCSGDNIRKKYVYWYQQKPGQAPVIVIYEDSKRPSGIPERFSGSNSGNTATLTISGTQ 

AEDEADYYCSTADSGINNGVFGGGTKLTVLGQPKAAPSVTLFPPSSEELCIANKATLVCLISDFYPGAVTVAWKADS 

SPVKAGVETITPSKQSNNKYAASSYLSLTPEQWKSH RSYSCQVTHEGSTVEKIVAPTECS 

SEQ ID NO:66 Heavy IgG1 

LALA 

QVCILVESGGGLVQPGGSLRLSCAASGFTFSDYAIHWVRQAPGKGLEINVSGISYSGSSTHYADSVKGRFTISRDNSK 

NTLYLQMNSLRAEDTAVYYCARGSHGNIMAKRYFDFWGQGTLVTVSSASTKGPSVFMAPSSKSTSGGTAALGCL 

VKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVV1VPS5SLGTQTYICNVNHKPSNTKVDKIIVEPKSCDK 

TH TC P PCPAP EAAG G PSVF LFP P KP K DTLM ISRTP EVTCVVV DVS H E DP EVK F NVYYV DGVEV H NA KT KP R E E QYN 

STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYP 

SDIAVEWESNGQPENNYKTIPPVLDSDGSFFLYSKLIVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSISPGK 

SEQ ID NO:67 DNA hlamda GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC 

GATAATATTCGTAAGAAGTATGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAG 1 rt... I I GTGA1TTATG 

AGGATTCTAAGCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGA 

CCATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATrATTGCTCTACTGCTGATTCTGGTATTAATAATGG 

TGTGT1TGGCGGCGGCACGAAGTTAACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCG 

CCCTCCTCTGAGGAGCTICAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCG 

TGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACA.A 

AGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTAC 

AGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATG17CA 

SEQ ID NO:68 DNA Heavy 

IgG1 LALA 

CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC 

CTCCGGATTTACCTITTCTGATTATGCTATTCATTGGGTGCGCCAAGCCCOGGGAAGGGTCTCGAGTGGGTG 

AGCGGTATCTCTTATTCTGGTAGCTCTACCCATTATGCGGATAGCGTGAAAGGCCGTTTTACCATITCACGTGA 

TAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGA.AGATACGGCCGTGTATTATTGCGCG 

CGTGGITCTCATGGTAATATTATGGCCAAGCGTTATTTTGATTITTGGGGCCAAGGCACCCTGGTGACGGTTA 

GCTCAGCCTCCACCAAGGGTCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCiu GGGGGCACAGC 
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GGCCCTGGGCTGCCTGGICAAGGACTACTTCCCCGAACCGGTGACGGIGTCGTGGAACTCAGGCGCCCTGAC 

CAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAG CAGCGTGGTGACCGTG 

CCCTCCAGCAGCTIGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAG CAACACCAAGGTGGAC 

AAGAGAGTTGAGCCCAAATCTIGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGGGG 

GGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATG 

CGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGIGGACGGCGTGGAGGTGC 

ATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGICAGCGTCCITCACCGTCC 

TGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGICTCCAACAAAGCCCTCCCAGCCCCCATCG 

AGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGIGTACACCCTGCCCCCATCCCGGGAGG 

AGATGACCAAGAACCAGGICAGCCTGACCTGCCTGGTCAAAGGCTICTATCCCAGCGACATCGCCGIGGAGT 

GGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCT 

TCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGC 

ATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCICTCCCTGTCTCCGGGTAAA 

MOR0647S 

Prop3 

SEQ ID NO:69 

{Ka bat) 

HCDR1 NRGGGVG 

SEQ ID NO:70 

(Kabat) 

HCDR2 WIDWDDDKSYSTSLKT 

SEQ ID NO:71 

{Kabat) 

HCDR3 MHLPLVFDS 

SEQ ID NO:72 

(Kabat) 

LCDR1 RASQFIGSRYLA 

SEQ ID NO:73 

{Kabat) 

LDCR2 GASNRAT 

SEQ ID NO:74 

(Kabat) 

LCDR3 QQYYDYPQT 

SEQ ID NO:75 

(Chothia) 

HCDR1 G FS LSN RGG 

SEQ ID NO:76 

(Chothia) 

HCDR2 DWDDD 

SEQ ID NO:77 

(Chothia) 

HCDR3 MHLPLVFDS 

SEQ ID NO:78 

{Chothia) 

LCDR1 SQFIGSRY 

SEQ ID NO:79 

(Chothia) 

LDCR2 GAS 

SEQ ID NO:80 

{Chothia) 

LCDR3 YYDYPQ 

SEQ ID NO:81 VL DI V LTQS P ATLS LSPG E RATLSC RAS QF I GSRY LAWYQQK PG QAP RLLI YG AS NRATG VPA R FSG S GSGTDF TLT ISS L 

EPEDFATYYCQQYYDYPQTFGQGTKVEIK 

SEQ ID NO:82 VH QV QL KESGPA LVKPTQTLTLICTFSGFSLSN RGGGVGW I RQPPG KA L E MAW! DW IDDDKSYSTSLKT R LT IS KDTS 

KNQVVLTMTNMDPVDTATYYCARM H LPLVF DSWG QGTLVTVSS 

SEQ ID NO:83 DNA VL GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA 

GCGAGCCAGTETATTGGTICICGTTATCIGGCT7GGTACCAGCAGAAACCAGGICAAGCACCG CGTCTATTAA 

ITTATGGTG(..1 iLTAATCGTGCAACTGGGGICCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATITTAC 

CCTGACCATTAGCAGCCTGGAACCFGAAGACITTGCGACTIATTATTGCCAECAG TATTATGATTATCCTCAGA 
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CCTTTGGCCAGGGTACGAAAGTTGAAATTAAA 

SEQ ID NO:84 DNA VH CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCA.',ACCCTGACCCTGACCTGTACCTTIT 

CCGGATTTAGCCTGTCTAATCGTGGTGGIGGTGTGGGITGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT 

GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA 

AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG 

CGCGCGTATGCATCTTCCICTTGTITTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGITAGCTCA 

SEQ ID NO:85 Light kappa DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPIILLIYGASNRATGVPARFSGSGSGTDFTLTISSL 

EPEDFATYYCQQYYDYPQTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVOINNFYPREAKVQWKVDNAL 

QSGNSQESVTEQCISKDSTYSISSTLTISKADYEKHKVYACEVTHQGISSPVTKSFNRGEC 

SEQ ID NO:86 Heavy IgG1 

LALA 

QVQLKESGPALMTQTLTLTCTFSG FSBNFIGGGVGWI RQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKOTS 

KNQVVLTMTNMCA,VDTATYYCARMI4LPLVFOSWGQGTLVIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD 

YF PEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHT 

CP PCPAPEAAGGPSVFLFPPKPKDTL MISRTP EVTCVVVDVSHEDPEVKFNWYVDGVEVH NAKTKPREEQYNSTY 

RVVSVLTVLHO.DWINGKEYKCICVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDI 

AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSISLSPGK 

SEQ ID NO:87 DNA 

Light kappa 

GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGICTCCGGGCGAACGTGCGACCCTGAGCTGCAGA 

GCGAGCCAGTTTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA 

ITTATGGTGCTICTAATCGTGCAACTGGGGICCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC 

CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTCAGA 

CCITTGGCCAGGGTACGAAAGTTGAAATTAAACGTACGGIGGCTGCACCATCTGICTTCATCTTCCCGCCATCT 

GATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGIGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC.AAAG 

TACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAG 

GACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCC 

TGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT 

SEQ ID NO:88 DNA 

Heavy 1861 

LALA 

CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCMT 

CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGG1TGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT 

GGCTGGCTTGGATCGATTGGGATGATGATAAGICITATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA 

AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG 

CGCGCGTATGCATCTICCTCTTGITTITGAITCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCCTCCA 

CCAAGGGTCCATCGGICTTCCCCCTGGCACCCTCCTCCAAGAGCACCI 	LT GGGGGCAC.AGCGGCCCIGGGCTG 

CCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCA 

CACCTICCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCT 

TGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACC.AAGGTGGACAAGAGAGTTGAGC 

CCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGGGGGGACCGTCAGTCTT 

CCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGICACATGCGTGGIGGTGGAC 

GTGAGCCACGAAGACCCTGAGGICAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCA.AGAC 

AAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACT 

GGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCT 

CCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGAIGACCAAG 

AACCAGGICAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCC.AGCGACATCGCCGTGGAGTGGGAGAGCAAT 

GGGCAGCCGGAGAACAACTACAAGACCACGCL 	i CLCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCA 

AGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGC 

ACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA 

SEQ ID ND:89 VH Germ lined QVTLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPG KALEWLAWIDWEIDDKSYSTSLKTRLTISKDTS 

KNQVVLTMTNIMIPVDTATYYCARMHLPLVFDSWGQGTLVTVSS 

SEO, ID NO:90 VL Germlined EIVLTQSPATLSLSPG ERATISCRASQF IGSRYLAWYQQKPGQAPRWYGASNRATG I PARFSGSGSGTDFTLTISSLE 

PE DFAVYYCQQYYDYPQTFGQGTKVEIK 

SEQ ID NO:91 DNA VH 

Germlined 

CAGGTCACACTGAAAGAGTCCGGCCCTGCCCTGGTCAAACCCACCCAGACCCTGACCCTGACATGCACCTTCA 

GCGGCTTCAGCCTGAGC,.AACAGAGGCGGCGGAGTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAA 

TGGCTGGCCTGGATCGACTGGGACGACGACAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCAGC 

AAGGACACCAGCAAGAACCAGGTGGTGCTGACCATGACCAACATGGACCCCGTGGACACCGCCACCTACTAC 
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TGCGCCCGGATGCATCTGCCCCTGCTGTTCGATAGCTGGGCCCAGGGCACCCTCGTCACCGTCAGCTCA 

SEQ ID ND:92 DNA VL 

Germlined 

GAAATCGTGCTGACCCAGAGCCCCGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCCACCCTGAGCTGCCGG 

GCCAGCCAGTTCATCGGCAGCAGATACCTGGCTTGGTATCAGCAGAACCCCGGCCAGGCCCCCAGACTGCTG 

ATCTACGGCGCCAGCAACCGGGCCACCGGCATCCCTGCCAGAITTTCTGGCAGCGGCAGCGCCACCGACTTC 

ACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCGTGTACTACTGCCAGCAGTACTACCACTACCCCC 

AGACCITCCGCCAGGGCACCAAGGTGGAAATCAAG 

MOR08193 

Prop3 

SEQ ID ND:93 

(Kabat) 

HCDR1 NRGGGVG 

SEQ ID ND:94 

(Kabat) 

HCDR2 WIDWDDDKSYSTSLKT 

SEQ ID ND:95 

(Kabat) 

HCDR3 MHLPLVEDS 

SEQ ID ND:96 

{Kabat) 

LCDR1 RASQPIGSEtYLA 

SEQ ID ND:97 

{Kabat) 

LDCR2 GAS NRAT 

SEQ ID NO:98 

{Kabat) 

LCDR3 QQYWSIPIT 

SEQ ID ND:99 

(Chothia) 

HCDR1 CFSLSNRGG 

SEQ ID ND:100 

(Chothia) 

HCDR2 OW DOD 

SEQ ID NO:101 

{Chothia) 

HCDR3 MHLPLVFDS 

SEQ ID ND:102 

{Chothia) 

LCDR1 SOF IGS RY 

SEQ ID NO:103 

{Chothia) 

LDCR2 GAS 

SEQ ID ND:104 

{Chothia) 

LCDR3 YWSIPI 

SEQ ID NO:105 VL DIV LTQSPATLSLSPC ERATLSCRASQF IGSRY LAWYQQKP GQAP RLLI YCASNRATGV PA RFSGSGSGTDFTLTISS L 

EPEDFAVYYCQQYWSIPITFGQGTKVEIK 

SEQ ID ND:106 VH QVQLKESG PA LVKPTQTLTLTCTFSGESLSN RGGGVGW IRQP PC KALEW LAW I DWDDDKSYSTS LKTR LTISKDTS 

KNQVVLTMTNMDPVDTATYYCARMHLPLVEDSWGQGTLVIVSS 

SEQ ID NO:107 VL Germlined E IVLTQSPATLSLSPGE RATLSCRASQEIGSRYLAWYQQKPGQAPRWYGASNRATGIPARESGSGSGTDFTLTISS LE 

PEDFAVYYCQQYWSIPITFGQGTKVEIK 

SEQ ID NO:108 VH Germlined QVTLKESGPALVKPTQTLTLTCTFSGESLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYST5LKTRLTISKDTS 

KNQVVLTMTNIVIDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS 

SEQ ID NO:109 DNA VL GATATCGTGCTGACCCAGAGCCCGGCGACCCTCAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA 

GCGAGCCAGTTTATTGCTTCTCGTTATCTGGCTTGGTACCAGCAGMACCAGGTCAAGCACCGCGTCTATTAA 

TTTATGGTGCTTCTAATCGTCCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATITTAC 

CCTCACCATTAGCAGCCTGGAACCTGAAGACTTTGCGCTGTATTATTGCCAGCAGTATTGGTCTATTCCTATTA 
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CCTTTGGCCAGGGTACGAAAGTTGAAATTAAA 

SEQ ID NO:110 DNA VH CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCii i i 

CCGGATTTAGCCTGICTAATCGTGGIGGTGGTGTGGGITGGATTCGCCAGCCGCCIGGGAAAGCCCTCGAGT 

GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA 

AAGATACTTCGAAAAATC.AGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG 

CGCGCGTATGCATCTTCCICTTGTTETTGATTCTTGGGGCCAAGGCACCCTGGTGACGGITAGCTCA 

SEQ ID ND:111 Light kappa DIVITQSPARSLSPGERATIScRAsQFIGsRyLAwYQQKPGOAPRLLIYGASNRATGVPARFSGSGSGTLIFTLTISSL 

E P E DFAVYYCQQYWS I PITFGQG TKVE I KRIVAAPSV Fl FPPS DE QLKSGTASINC LLN N F YP REA KVQW GO NA L 

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEA 

SEQ ID ND:112 Heavy Fab QVQLKESG PA LVKPTQTLTLTCTISGESLSNRGGGVGWIRQPPGKALEWIAWIDWODOKSYSTSLKTRLTISKDTS 

KNQVVIIMIN MDPVDTATYYCARIVIHLPLVEDSWGQGTLVTVSSASTKGPSVFPLA PSSKSTSGGTAALGCLVKD 

YFPE PVTVSW NSGA LTSGVH TF PAV LQSSG LYSLSSVVTV PSSSLGTQTYICNVN HKP SNTKVDK KV EP KS 

SEQ ID NO:113 DNA Light 

kappa 

GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA 

GCGAGCCAGTTTATTGGITCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGICTATTA.A 

TFTATGGTGL i R. I AATCGTGCAACTGGGGTCCCGGCGCGTITTAGCGGCTCTGGATCCGGCACGGATTTTAC 

CCTGACCATTAGCAGCCTGGAACCTGAAGACITTGCGGTGTATTATTGCCAGCAGTATTGGTCTATTCCTATTA 

LC 1 I 1 GGCCAGGGTACGAAAGTTGAAATTAAACGTACGGTGGCTGCTCCGAGCGTGTTTA 11111 CCGCCGAG 

CGATGAACAACTGAAAAGCGGCACGGCGAGCGTGGTGTGCCTGCTGAACAACTTTTATCCGCGTGAAGCGAA 

AGTTCAGTGGAAAGTAGACAACGCGCTGCAAAGCGGCAACAGCCAGGAAAGCGTGACCGAACAGGATAGCA 

AAGATAGCACCTATTCTCTGAGCAGCACCCTGACCCTGAGCAAAGCGGATTATGAAAAACATAAAGTGTATGC 

GTGCGAAGTGACCCATCAAGGICTGAGCAGCCCGGTGACTAAATC I I 11AATCGTGGCGAGGCC 

SEQ ID NO:114 DNA Heavy 

Fab 

CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACt III! 

CCGGATTTAGCCIGTCTAATCGTGGIGGTGGTGIGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT 

GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA 

AAGATACTTCGAAAAATCAGGTGGIGCTGACTATGACCAACATGGACCCGGIGGATACGGCCACCTATTATTG 

CGCGCGTATGCATCTTCCICTTGTITTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGTCGA 

CCAAAGGTCCAAGCGTGITTCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGGGCT 

GCCIGGTTAAAGATTATTTCCCGGAACCAGTCACCGTGAGCTGGAACAGCGGGGCGCTGACCAGCGGCGTGC 

ATACC1TTCCGGCGGTGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCAGCA 

GCTTAGGCACTCAGACCTATATTTGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAGTGG 

AACCGAAAAGC 

MOR08473 

Propl 

SEQ ID ND:115 

(Ka bat) 

HCDR1 SYGMS 

SEQ ID NO:116 

(Kabat) 

HCDR2 N IS N DG HYTYYADSVKG 

SEQ ID ND:117 

(Kabat) 

HCDR3 FQASYLDIMDY 

SEQ ID NO:118 

(Kabat) 

LCDR1 SGDNIGSKYVH 

SEQ ID ND:119 

(Kabat) 

LDCR2 NDSNRPS 

SEQ ID ND:120 

(Kabat) 

LCDR3 QAWGDNGTRV 

SEQ ID NO:121 

(Chothia) 

HCOR1 G FUSSY 
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SEQ ID ND:122 

(Chothia) 

HCDR2 SNDGHY 

SEQ ID NO:123 

(Chothia) 

HCDR3 FCIASYLDIMDY 

SEQ ID NO:124 

(Chothia) 

LCDR1 DNIGSKY 

SEQ ID ND:125 

(Chothia) 

LDCR2 NDS 

SEQ ID ND:126 

(Chothia) 

LCDR3 WGDNGTR 

SEQ ID ND:127 VL DI ELTQPPSVSVAPGQSITISCSG DN IGSKYVHWYQQKPGQAPVLVIYND5NRPSGIPERFSGSN5GNTATLTISGTQ 

AEDEADYYCQAWGDNGTRV FGGGTKLTVL 

SEQ ID N0:1213 VH QVQLVESG G G LVQPGGSLRISCAA SG FTFSSYG MSW VRQA PGKG L EWV5 N ISNDG HYTYYADSVKG RFTISRDN 

SKNTLYLQMNSLRAEDTAVYYCARFQASYLDI MDYWGQGTLV1VSS 

SEQ ID NO:129 VL Germlined SYELIQPPSVSVSPGQTASITCSGDNIGSKYVHVVYQQKPGQSPVLVIYNDSNRPSGIPERFSGSNSG NTATLTISGT 

QAMDEADYYCQAWGDNGIRVEGGGTKLIVL 

SEQ ID NO:130 VH Germlined EVQLVESGGGLVQPGGSLRLSCAASGFTESSYGMSWVRQAPGKGLEWVSNISNDGHYTYYADSVKGRFTISRDNS 

KNTLYLQMNSLRAEDTAVYYCARFQASYLDIMDYWGCLGTLVTVSS 

SEQ ID NO:131 

• 

DNA VL GATATCGAACTGACCCAGCCGCCITCAGTGAGCGTTGCACCAGGTCAGAGCATTACCATCTCGTGTAGCGGCG 

ATAATATTGG1TCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATAAT 

GATTCTAATCGTCOCTCAGGCATCCCGGAACGCTITAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCA 

1TAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGGCTTGGGGTGATAATGGTACTCGTGTGT 

TTGGCGGCGGCACGAAGTTAACCGTTC1-1 

SEQ ID NO:132 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC 

CICCGGATTTACCTMCITCTTATGGTATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGICTCGAGTGGGTG 

AGCAATATTTCTAATGATGGICATTATACTTATTATGCTGATTCTGTTAAGGGICGTTTTACCATTTCACGTGAT 

AATTCGAAAAACACCCTGTAICTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC 

GTTITCAGGCTTCTrATCTTGATATIATGGATTAITGGGGCCAAGGCACCCTGGTGACGGITAGCTCA 

SEQ ID NO:133 Light lambda DIE LTQP PS VSVA PGQ,S rn SCSGDNIGSKyVHWYQQKPGQAPVLVIYNDS hIRPSG IP ERFSGSNSG NTATLTISGTQ 

AEDEADYYCQAWGDNGTRVEGGGTKLIVLGQPKAAPSVTLFPRSSEE LQANKAT LVCL IS DFY PGAVTVAWKA DS 

5 PVKAGVETTTPSKQSNN KYAASSYLSLTPEQWKSH RSYSCQVTH EGSTVEKTVARTEA 

SEQ ID NO:134 Heavy Fab QVQLVE SG G GLVQP G GSLR LSCAASG FTF SSYG MSWVRQAPGKGLEWVSNISN DGHYTYYADSVKGRFTISRDN 

5 KNT LY LQM NS LRA E DTAV YY CAR FQASYLDIMDYW G QGT LV1VSSASTKGPSV F P LA P55 KSTS G GTAA LGC LVK 

DYF PE PVIVSWNS GA LTSGVHTF PAV LQS5G LYSLSSVV1VPS5S LG TQTYICNVN H KPSNTKV DKKVEP KS 

SEQ ID NO:135 DNA Light 

lambda 

GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGAGCATTACCATCTCGTGIAGCGGCG 

ATAATATTGGTTCTAAGTATGTTCATIGGTACCAG CAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATAAT 

GATTCTAATCGTCCCTCAGGCATCCCGGAACGCTITAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCA 

TTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGGCTIGGGGTGATAATGGTACTCGTGTGT 

TTGGCGGCGGCACGAAGTTAACCG1TCTrGGCCAGCCGAAAGCCGCACCGAGTGTGACGCTGTITCCGCCGA 

GCAGCGAAGAATTGCAGGCGAACAAAGCGACCCTGGIGTGCCTGATTAGCGACi i I iATCCGGGAGCCGIGA 

CAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGC 

AACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGIGGAAGTCCCACAGAAGCTACAGC 

TGCCAGGICACGCATGAGGGGAGCACCGTGGAAAAAACCGTTGCGCCGACTGAGGCC 

SEQ ID NO:136 DNA Heavy 

Fab 

CAGGTGCAATTGGTGGAAAGCGGCGGCG GCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC 

CTCCGGATTTACC !fit CTICTTATGGTATGTCTTGGGTGCG CCAAGCCCCTGGGAAGGGICTCGAGIGGGTG 

A G CAATATTTCTAATGATGGTCATTATACTTATTATG CTG ATTCTG TTAAG G G TCG TITTACCAITICA CGTG AT 

AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGMGATACGGCCGTGTATTATTGCGCGC 

GTTTTCAGGCTICTTATCTTGATATTATGGATTATTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGIC 

GACCAAAGGICCAAGCGIGTITCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGG 
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1C 

SSALA11909AAS03Ald1H1A1 

NVNALVICIAKIINNIV+11.1AAONNSIONSIllUDOSISASNO0OMOIAAV1M31V)19ddbH IM9A999UN51SJ 9 

SILD111111:11d)1A1Vd 9S3N1bAbS9999S9999S9999S9999>113A)1.9139310dAak1/41303)0J.Via3d 3 

1SS111130.19S9S9SAIVdA91-VIINSV9AMildV09(1)100APAY1AtiS91AOSVOSTLV1139dSTS11VdSbriAlU 

Aps HA 

-V(S9999)-1A P11 ON GI b3S 
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eleS3e23e9Ntoe2alei1213198082e019p3ofiSee32193aAmBenSezneaSpn2142e20322a2e823En8e8P3 

ilenpf1232e3umaien2m3a1=eilen3ep3Seenc.12p310p)af123321eBeedueralf19e)32ee492aM1 
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eeenSiileleS3322enemele”nfileaSiegue13232e088lee221,123eeeitriMpeotI2e)31331122241ea24e182 

leeiV132e14433enunp2ee32e321243SeSpTS32p1SEITAMpAe,024,V21830MeeeSiMueezmnej 

ApS 

in-v(59999) 

-HA VHC1 E91:0N 4311)3S 

1AI1)11999A A9S1d1S1 

/113AACIV3C13V01951.1.11V1N95NS9S3113d19SdtlNSa9A1A1AdV09d)11:10MAHAANS9INa9SDSIUVI:D9d 

VASASda01.131C1S9999S9999S9999SSAIA119139MdalV9A>11A0AWJAAAVICI3V81SNIARYIA1INNS 

Nays1.14U9)1ASQVAid,H91A194:31ASApA319)19dVOIMMHIN9NASAli9SW3SItilS99dbA1999S3KMAID 

Aps lA 

-El S9999)-HA Z9I:ON 01131S 

84311233e432eme3223231221u421222eue23a33eAme 

183»o511eneue8778ee21eSeeSe788emna8872eue33e21033ee38»elee12238eleeaSe18i3Se11423ee28 

34;e122132e333123lee32eleEMIetneuniatulit33pne3438233eee2e,t1231e4fteoWle:teeeAe3Npe; 

eeleSaibilelapileuelbe3933e2e3)322133e3BnibileWbgeb313313e33,e3i3e0thelegem2120EbNaflp) 

eSSAS)2802-124921221221251,1e3241233202epentgne3022218a3leg1113)2122Ieleeelleleliale112 
,A214e4letIMAbOelegee923918,Sp3SelealekieaPle121/),EiPeeee3SE;eqeW3322Peneiln23122  

eeelug,SeleS3581enewelenMelEISIaneu.93241222leeTSPIOSeee0M3029eV)Wrieue381e122 

;eell9Aell433e111322,8ee321e38131.32e2pV3S)332eM1031339eNtUpW423122aee01122peemnep 

App 

1A-E(59999) 

-HA vNa 19T: ON al 03S 



SEQ ID NO:166 Heavy 

MOR08168 

hIg61 LALA 

MOR0647S 

scFy 

QVCILVESGGGLVQPGGSLRLSCAASGETFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN 

SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL 

GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSISSWIVPSSSLGTQTYICNVNHKPSNTINDKRVEPKS 

CDKTHTCPPCPAPEAAGGPSVFLEPPKPKOTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE 

QYNSTYRVVSVLTVLHQDWINGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK 

GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 

GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGOAPRLLIYGASNRATGVPARFSGSGSG 

TDFFLTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQ 

TLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMDPV 

OTATYYCARMHLPLVEDSWGQGTLVTVSS 

SEQ ID NO:167 VI MOR08168 DIE LTQPPSVSVAPGQTARISCSGOSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGMA 

EDEADYYCQSYDGQICSLVEGGGTKLIVL 

SEQ ID NO:168 DNA VL 

M0R08168 

GACATCGAGCTGACCCAGCCCCCTICTGTGTCTGIGGCCCCTGGCCAGACCGCCAGAATCAGCTGCAGCGGC 

GACAGC.CMCGGAACAAGGTGTACTGGTATCAGCAGAAGCCCGGCCAGGCTCCCGTGCTGGTGATCTACAAG 

AACAACCGGCCCAGCGGCATCCCTGAGCGGTTCAGCGGCAGCAACAGCGGCAATACCGCCACCCTGACCATC 

AGCGGCACCCAGGCCGAAGATGAGGCCGACTACTACTGCCAGAGCTACGACGGCC.AGAAAAGCCTGGTGTT 

CGGCGGAGGCACCAAGCTTACCGTGCTG 

SEQ ID ND:169 DNA Light 

lambda 

M0R08168 

Gacatcgagctgacccagcccecttctgtgtclgtggcccctggccagaccgccagaatcagctgcagcggcgacagcctgcggaacaaggtg 

tactggtatcagcagaagcceggccaggcteccgtgctggtgatctacaagaacaaccggcccagcggcatccctgagcggttcagcggcagc 

aacagcggcaataccgccaccctgaccatcagcggcacccaggccgaagatgaggccgactactactgccagagctacgacggccagaaaag 

cctggtgttcggcggaggcaccaagtttaccgtgctgggccagcccaaagccgcccctagcgtgaccctgttcccccccagcagcgaggaactg 

caggccaacaaggccaccctggtctgcctgatcagcgacttctaccctggcgccgtgaccgtggcctggaaggccgacagcagccccgtgaag 

gccggcgtggagacaaccacccccagcaagcagageaacaacaagtacgccgccagcagctacctgagcctgacccccgagcagtggaaga 

gccacagaagctacagctgccaggtcacccacgagggcagcaccgtggagaaaaccgtsgcccccaccgagtgcagc 

SEQ ID ND:170 Light lambda 

M0R08168 

DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGOAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTOA 

EDEADYYCQSYDGQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSE EWAN KATLVCLISDFYPGAVTVAWKADSSP 

VKAGVEMPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEICEVAPTECS 

SEQ ID NO:171 Heavy 

MOR08168 

hIgG1 LALA 

(w/o K) 

N1OR06475 

scFv 

QVQLVESGGGLVQPGGSLRLSCAASGETF5DYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN 

SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL 

GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLS5VVIVPSSSLGTCIINICNVNHKPSNTINDKRVEPKS 

CDKTHTCPPCPAPEAAGGPSVFLEPPKPKDTLMISRTPEVICVVVDVsHEDPEVKFNWYVDGVEVHNAKTKPREE 

QYNSTYRVVSVLIVLHQDWLNGKEVKCKVSNKALPAPIEKTISICAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK 

GFYPSDIAVEWESNGQPENNYKTTPPVLOSDGSFELYSKLIVOKSRWQQGNVESCSVMHEALHNHYTQKSLSLSP 

GGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYIAWYQQKPGOAPRLLIYGASN RATGVPARFSGSGSGT 

DFILTISSLEPE DFATYYCQCLYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQT 

LTLTCTFSG F SLSN RGGGVGWIRQPPGICALEW LAWIDWDOOKSYSTSLKTRLTISKDTSK NQVVLTMTNM DPVD 

TATYYCARMHLPLVFDSWGQGTLVTVSS 

SEQ ID NO:172 DNA Heavy 

M0R08168 

higG1 LALA 

(w/o K) 

MOR0647S 

scFv 

CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGGTGCAGCCTGGTGGCAGCCTGAGACTGAGCTGCGCCGC 

CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT 

GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG 

GGACAACAGCA,AGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG 

TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGITCATGGACGTGT6GGGCCAGGGCACACTGGT 

GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGMCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG 

CGGCACAGCCGCCCTGGGCTGCC1GGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG 

AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG 

GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTG CAACGTGAACCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA 

GGCAGCGGGCGGACCCTCCGTGITCCTGTICCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC 

GAGGTGACCTGCGTGGIGGIGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG 

CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCG 

TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCMGGICTCCAACAAGGCCCTGC 

C.AGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGIGTACACCCTGCCCC 

CCTCCCGGGAGGAGATGACCAAGAACCAGGIGTCCCTGACCTGICTGGTGAAGGGCTICTACCCCAGCGACA 

TCGCCGTGGAGTGGGAGAG CAACGGCCAGCCCGAG AACAACTACAAGACCACCCCCCCAGTGCTGGACAGC 

GACGGCAGCTTCTICCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGIGGCAGCAGGGCAACGIGTTCAGC 
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TGCAGCGTGATGCACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCGGCGGC 

TCCGGCGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCCACC 

CTGAGCTGCCGGGCCAGCCAGITCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAGGCT 

CCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGCAGC 

GGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGTACT 

ACGACTACCCCCAGACCITCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGTGG 

CGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCCCTG 

GTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGCGGA 

GTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGACAA 

GAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGIGCTCAC 

CATGACCAACATGGACCCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTCGAT 

AGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC 

SEQ ID NO:173 Heavy 

MOR08168 

hIgG1 LALA 

MOR06475 

scFv (OP to DA) 

QVQLVES6GGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGXGLEWVSGISWSGVNTHYADSVI<GRFTISRON 

SKN TLYLQM NSLRA E OTAVYYCARLGATAN NIRYKF MDVWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL 

GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS 

CD KTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTEVVVCIVSHEDPEVKFNWYVOGVEVH NA KTKPRE E 

QYNSTYRVVSVLTVLHQOWLNGKEYKCKVSNICALPAPIEKTISKARGOPREPOVYTLPPSREEMTKNOVSLTCLVK 

GE Y PSDI AV EW ESNG CLP ENNY KTTP PV LOSDGSF FLYSK DV DK5RWQQG N V FSCSVM HEAL ki NHYTQISSLSLS P 

GKGGSGGSDIVLTQSPATLS LSPGERATLSCRASOFIGSRYLAWYOOKPGQAPRILIYGAS N RATGVPARFSGSGSG 

TOFTLTISSLEPEDFATYYCEICLYYDYPOTFGOGTICVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTO 

TLTLTCTFSG FSLSNRGGG VGW IROPPGKA LE W LAW I DWDOOKSYSTSL KTR LTISK DTSK NQVVLTM T N M OAV 

OTATYYCARMHLPLVFDSWGOGTLVTVSS 

SEQ ID NO:174 DNA Heavy 

MOR08168 

hIgG1 LALA 

MOR06475 

scFv (DP to DA) 

CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGGTGCAGCCTGGTGGCAGCCTGAGACTGAGCTGCGCCGC 

CAGCGGCTTCACCTICAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCIGGAATGGGT 

GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGG TTCACCATCAGCCG 

GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG 

TGCCAGACTGGGCGCC.ACCGCCAACAACATCCGGTACAAGTICATGGACGTGTGGGGCCAGGGCACACTGGT 

GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGC6G 

CGGCACAGCCGCCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG 

AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCMTACAGCCTGTCCAGCGTG 

GTGACAGTGCCCAGC.AGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC 

AAGGIGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA 

GGCAGCGGGCGGACCCTCCGTGTTCCTGITCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC 

GAGGTGACCTGCGTGGIGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTICAACTGGTACGTGGACGG 

CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGIGTCCG 

TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC 

CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC 

CCTCCCGGGAGGAGATGACCAAGAACCAGGIGTCCCTGACCTGICTGGTGAAGGGCTTCTACCCCAGCGACA 

TCGCCGTGGAGT6GGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC 

GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGITCAGC 

TGCAGCGTGATGCACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGC 

GGCTCCGGCGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCIGGCGAGAGAGCC 

ACCCTGAGCTGCCGGGCCAGCCAGTTCATCGGCTCCCGCTACCTEGCCTGGTATCAGCAGAAGCCCGGACAG 

GCTCCCAGACTOCTGATCTACGGCGCCACCAACAGAGCTACCGGCGTGCCCGCCAGATTITCTGGCAGCGGC 

AGCGGCACCGACITCACCCTGACCATCAGCAGCCTOGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGT 

ACTACGACTACCCCCAGACCITCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGT 

GGCGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCC 

CTGGTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTICAGCGGCTICAGCCTGAGCAACAGAGGCGGC 

GGAGIGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCIGGAATGGCTGGCCTGGATCGACTGG GACGACGA 

CAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCT 

CACCATGACCAACATGGACGCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTC 

GATAGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC 

SEQ ID NO:175 Heavy 

MOR08168 

hIgG1 LALA 

MOR06475 

scFv (DP to TA) 

QVQLVESGGGLVCIPGGSLRLSCAASGFTFSOYVINWVROAPGICGLEWVSGISWSGVNTHYADSVKGRFTISRDN 

SKNTLYLCIMNSLRAEDTAVYYCARLGATANNIRYKFMOVWGCLGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL 

GCLVKOYFPEPVTV5WNSGALTSGVHTFPAVLOSSGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNIKVDKRVEPKS 

COKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVOVSHEOPEVKFNWYVDGVEVHNAKTI<PREE 

QYNSTYRVVSVLIVLHODWINGKEYKCICVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNOVSLTCLVK 

G FYPSDIAVEWESNGOP ENNYKTTPPVLDSDGSFFLYSKLTVOK5RWQQGNVFSCSVMH EALHN HYTOKSLSLSP 

G KGGSGG5DIVITQSPATLS LSPG E RATLSCRASQF IGS RYLAWYQQKPG QAPRLLIYG AS N RATGVPARFSGSGSG 
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TDFTLTISSLEPEDFATTYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQ 

TLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMTAVD 

TATYYCARIVO-ILPLVFDSWGQGTLVTVSS 

SEQ ID NO:176 DNA Heavy 

MDR08168 

hIgG 1 LALA 

M0R06475 

scFv (DP to TA) 

CAGGIGCAATTGGTCGAGICTGGCGGAGGACTGGTGCAGCCIGGIGGCAGCCTGAGACTGAGCTGCGCCGC 

CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT 

GTCCGGCATL it i 1 GGICTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGITCACCATCAGCCG 

GGACAACAGCAAGAACACCCIGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG 

TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTC.ATGGACGTGTGGGGCCAGGGCACACTGGT 

GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG 

CGGCACAGCCGCCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG 

AGCCCTGACCTCCGGCGTGC.ACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG 

GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCC.AGCAACACC 

AAGGTGGACMGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA 

GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC 

GAGGTGACCTGCGTGGIGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGITCAACTGGTACGTGGACGG 

CGTGGAGGTGCACAACGCCAAGACCMGCCCAGAGAGGAGCAGTACAACAGCACCTAC.AGGGTGGTGTCCG 

TGCTGACCGTGCTGCACCAGGACTGGCTGAAcGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC 

CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC 

CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA 

TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC 

GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGIGGCAGCAGGGCAACGTGTTCAGC 

TGCAGCGTGATGCACGAAGCGCTGcACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGC 

GGCTCCGGCGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGECGAGAGAGCC 

ACCCTGAGCTGCCGGGCCAGCC.AGITCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAG 

GCTCCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATITTCTGGCAGCGGC 

AGCGGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGT 

ACTACGACTACCCCCAGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGT 

GGCGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAG1CCGGCCCTGCC 

CTGGTGAAGCCTAC,CCAGAaCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGC 

GGAGTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGA 

CAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCcAAGGACACCAGCAAGAACCAGGTGGTGCT 

CACCATGACCAACATGACCGCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTC 

GATAGCTGGGGCCAGGGAACCCTGETGACAGTGTCCAGC 

SEQ ID NO:177 Light 

MOR06475 

scFv 

NI DR08168 

lambda 

DIVLTQSPATLSLSPGERATISCRASQFIGSRYLAWYQ0.KPGQAPRWYGASNRATGVPARFSGSGSGTDFTLTISSL 

EPEDFATYYCQQYYDYPQTFGQGTIWEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQTLTLTcTFS 

GFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKOTSKNQVVLTMTNMDPVDTATYYCAR 

MI-ILP LVFDSWGQGTLVIVSSGGSGGSDIELTQPPSVSVAPGQTARISCSGDSLRNIWYVVYQQKPGQAPVLVIYKN 

NRPSGIPERFSGSNSGNTATLTISGTQAEDEADr(CQSYDGQKSLVEGGGTKI1VLGQPKAAPSVTLFPPSSEELQA 

N KATLVCLISDFYPGAVIVAWKADSSPVKAGVETTTPSKQSNN KYAASSYLSLTPEQWKSH RSYSCQVTH EGSTVE 

KTVAPTECS 

SEQ ID NO:178 DNA Light 

M0R06475 

scFv 

MOR08168 

lambda 

GATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCCACCCTGAGCTGCCGG 

GCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAGGCTCCCAGACTGCTG 

ATCTACGGCGCCAGCAAC.AGAGCTACCGGCGTGCCCGCCAGATITTCTGGCAGCGGCAGCGGCACCGACTTC 

ACCCTGACCATCAGCAGCCIGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGTACTACGACTACCCCC 

AGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGTGGCGGAAGTGGAG 

GCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCCCTGGTGAAGCCTAC 

CCAGACCCTGACCCTGACATGCACCTTCAGCGGCTICAGCCTGAGCAACAGAGGCGGCGGAGTGGGCTGGAT 

CAGACAGCCTCCCGGCMGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGACAAGAGCTACAGCA 

CCAGCCTGAAAACCCGGCTGACCATCTCCAAGGAC.ACCAGCAAGAACCAGGTGGTGCTCACCATGACCAACA 

TGGACCCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTCGATAGCTGGGGCCA 

GGGAACCCTGGTGACAGTGTCCAGCGGCGGCTCCGGCGGAAGCGACATCGAGCTGACCCAGCCCCCTTCTGT 

GTCTGTGGCGCCCGGGCAGACCGCCAGAATC.AGCTGCAGCGGCGACAGCCTGCGGAACAAGGTGTACTGGT 

ATCAGCAGAAGCCCGGCCAGGCTCCCGTGCTGGTGATCTACAAGAACAACCGGCCCAGCGGCATCCCTGAGC 

GGTTCAGCGGCAGCAACAGCGGCAATACCGCCACCCTGACCATCAGCGGCACCCAGGCCGAAGATGAGGCC 

GACTACTACTGCCAGAGCTACGACGGCCAGAAAAGCCTGGTGTTCGGCGGAGGCACCAAGCTTACCGTGCTG 

GGCCAGCCCAAAGCCGCCCCTAGCGTGACCCTGTTCCCCCCCAGCAGCGAGGAACTGCAGGCCAACAAGGCC 

ACCCTGGICTGCCTGATCAGCGACTICTACCCTGGCGCCGTGACCGTGGCCIGGAAGGCCGACAGCAGCCCC 

GTGAAGGCCGGCGTGGAGACAACCACCCCCAGCMGCAGAGCAACAACAAGTACGCCGCCAGCAGCTACCT 

GAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGAAGCTACAGCTGCCAGGTCACCCACGAGGGCAGCACCG 
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TGGAGAAAACCGTGGCCCCCACCGAGTGCAGC 

SEQ ID ND:179 VH MDR08168 QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRCIAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN 

SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMOVWGQGTLVIVSS 

SEQ ID NO:180 DNA VH 

MDR08168 

Caggtgcaattggtcgagtctggcggaggactggtgcagcctggtggcagcctgagactgagctgcgccgccagrggcttcaccttcagcgact 

acgtgatcaactgggtgcgacaggcccctggaaagggcctggaatgggtgtccggcatctcttggtctggcgtgaacacceactacgccgacag 

cgtgaagggccggttcaccatcagccgggacaacagcaagaacaccctgtacctgcagatgaa cagcctgagagccgaggacaccgccgtgt 

actactgtgccagactgggcgccaccgccaacaacatccggtacaagttcatggacgtgtggggccagggcacactggtgaccgtcagctca 

SEQ ID NO:181 Heavy 

MOR08168 

hIgG1 LALA 

QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN 

SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL 

GCLVKDYFPEPVIVSWNSGALTSGVHTFPAVICISSGLYSISSVVIVPSSSLGTalYICNVNHKPSNTKVDKRVEPKS 

CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEOPEVKFNWYVOGVEVFINAKTKPREE 

QYNS1YRVVSVL1VLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK 

GFYPSDIAVEW ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 

GK 

SEQ ID NO:182 DNA Heavy 

MOR08168 

hIgG1 LALA 

CAGGTGCAATTGGICGAGTCTGGCGGAGGACTGGTGCAGCCIGGTGGCAGCCTGAGACTGAGCTGCGCCGC 

CAGCGGCTTCACCTICAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT 

GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGITCACCATCAGCCG 

GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG 

TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT 

GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGIGTMCCCCIGGCCCCCAGCAGCAAGAGCACCAGCG6 

CGGCACAGCCGCCCIGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG 

AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG 

GTGACAGTGCCCAGC.AGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC 

AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA 

GGCAGCGGGCGGACCCTCCGTGITCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC 

GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG 

CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTETCCG 

TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC 

CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGIGTACACCCTGCCCC 

CCTCCCGGGAGGAGATGACCAAGAACCAGGIGTCCCTGACCTGTCTGGTGAAGGGCTICTACCCCAGCGACA 

TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC 

GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTC.AGC 

TGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAG 

SEQ ID NO:183 VL MOR06475 DIVLTQSPATISLSPGERATLSCRASQFIGSRYLAWYQQKPGDAPRWYGASNRATGVPARFSGSGSGTOFTLTISSL 

EPEDFATYYCQQYYDYPQTFGOGTKVEIK 

SEO. ID NO:184 DNA VL 

MOR06475 

Gatatcgtgctgacccagagcccggcgaccctgagcctgtctccgggcgaacgtgcgaccctgagctgcagagcgagccagtttattggttetc 

Ettatctggettggtaccagcagaaaccaggtcaagcaccgcgtctattaatttatggtgatctaatcgtgcaactggggtcccggcgcgttttag 

cggctctggatccggcacggattttaccctgaccattagcagcctggaacctgaagactttgcgacttattattgccagcagtattatgattatcct 

cagacctttggccagggtacgaaagttgaaattaaa 

SEQ ID NO:185 Light 

MOR06475 

kappa 

DIVLTOSPATLSLSRGERATLSCRASCIFIGSRYLAWYQQKPGQAPRWYGASNRATGVPARFSGSGSGTOFTLTISSL 

EPEDFAMCCIOYYDYPQTFGQGTKVEIKR1VAAPSVFIFPPSDEQLKSGTASVVCIINNFYPREAKVQWKVDNAL 

QSG NSQESVTEQDSKDSTYSLSSTLTLSKADYEKH KVYACEVTHQGLSSPVIKS F N RGEC 

SEQ ID NO:186 DNA Light 

MOR06475 

kappa 

GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA 

GCGAGCCAGTTTATTGGITCTCGTTATCTGGCTIGGTACCAGCAGAAACCAGGICAAGCACCGCGTCTATTAA 

TITATGGIGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC 

CCTGACCATTAGCAGCCTGGAACCTGAAGACT1TGCGACTTATTATTGCCAGCAGTATTATGATTATCCTCAGA 

CCTITGGCCAGGGTACGAAAGTTGAAATTAAACGTACGGTGGCCGCTCCCAGCGTGTTCATCTTCCCCCCCAG 

CGACGAGCAGCTGAAGAGCGGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTACCCCCGGGAGGCCA 

AGGTGCAGTGGAAGGTGGACAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCACCGAGCAGGACAG 

CAAGGACTCCACCTACAGCCTGAGCAGCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGCATAAGGTGTA 

CGCCTGCGAGGTGACCCACCAGGGCCTGICCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC 
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SEQ ID NO:187 Heavy 

MDR06475 

hIgG1LALA 

MDR08168 

scFv (VH-3-V1) 

QVQLKESGPALVKPTQTLTLTCTFSGESLSNRGGGVGWIRQPPGKALEWLAWIDWDODKSYSTSLKTRITISKDTS 

KNOVVLTNITN MDPVDTANYCAR MHLP LVFDSWG QGTLVTVSSASTKG PSVFPLAPSSKSTSGGTAALGCLVKD 

YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVN HICPSNTKVDKRVEPKSCDKTHT 

CPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVOVSHE DPEVKFNWYVDGVEVHNAKTKPREEQYNSTY 

RVVSVLTVLHQDWINGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVMPPSREEMTKNQVSLTCLVKGFYPSDI 

AVEWESNGQPENNYKTTPPVLDSDGSFELYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPGKGGSG 

GSQVQLVESGGGLVQPGGSLRLSCAASGFTFSCIYVINVWRQAPGKGLEVVVSGISWSGVNTHYADSVKGRFTISR 

ONSKNTLYLQM NSLRAE DTAVYYCARLGATAN NI RYKFMDVWGQGTLVIVSSGGGGSGGGGSGGGGSDI ELTQ 

PPSVSVAPGQTARISCSGDSLIINKVYWYQQKPGQAPVLVIYKNNRPSGIPERESGSNSGNTATLTISGTOAEDEAD 

yYCQSYDGQKSLVFGGGTKLTVL 

SEQ ID NO:188 DNA Heavy 

MOR06475 

hIgG1LALA 

MOR08168 

scFv (VH-3-V1.) 

C.AGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT 

CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT 

GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA 

AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG 

CGCGCGTATGCATCTTCCTCTTGTTTTTGATICTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCTAGCA 

CCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGGCGGCACAGCCGCCCTGGGCT 

GCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGT6TCCTGGAACAGCGGAGCCCTGACCTCCGGCGTGC 

ACACCTTCCCCGCCGTGCMCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTGGTGACAGTGCCCAGCAGCA 

GCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTG 

GAGCCCAAGAGCMCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGAGGCAGCGGGCGGACCCICC 

GTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGTGACCTGCGTGGTG 

GTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGC 

CAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCGTGCTGACCGTGCTGCACCA 

GGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGCCAGCCCCCATCGAAAAGAC 

CATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCCCCTCCCGGGAGGAGATGA 

CCA,AGAACCAGGTGTCCCTGACCTGICTGGTGAAGGGL. i IL. i ACcCCAGCGACATCGCCGTGGAGTGGGAGA 

GCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGCAGCTTCTTCCTGT 

ACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTC.AGCTGCAGCGTGATGCACGAA 

GCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGCGGCTCCGGCGGAAGCCA 

GGTTCAATTGGTTGAAAGCGGIGGTGGTCTGGITCAGCCTGGTGGTAGCCTGCGTCTGAGCTGTGCAGCAAG 

CGGMTACCTITAGCGATTATGTGATTAATTGGGTTCGTCAGGCACCGGGTAAAGGICTGGAATGGGITAGC 

GGTA1TAGCTGGICAGGTGTTAATACCCATTATGCAGATAGCGTGAAAGGTCGTITTACCATTAGCCGTGATA 

ATAGCAAAAATACCCTGTAICTGCAGATGAATAGCCTGCGTGCAGAAGATACCGCAGTTTATTATTGTGCACG 

TCTGGGTGCAACCGCAAATAATATTCGCTATAAATTTATGGATGIGTGGGGTC.AGGGTACACTAGTTACCGTT 

AGCAGTGGTGGTGGTGGTAGCGGIGGTGGCGGATCTGGTGGCGGTGGCAGTGATATCGAACTGACCCAGCC 

TCCGAGCGTTAGCGTTGCACCGGGTCAGACCGC.ACGTATTAGCTGTAGCGGTGATAGTCTGCGTAATAAAGTT 

TATTGGTATCAGCAGAAACCGGGTCAGGCTCCGGITCTGGTTAITTATAAAAATAATCGTCCGAGCGGTATTC 

CGGAACGTTTTAGCGGTAGCAATAGCGGTAATACCGCAACCCTGACCATTAGCGGC.ACCCAGGCAGAAGATG 

AAGCCGATTATTATTGTCAGAGCTATGATGGTCAGAAAAGCCTGGTTTTTGGTGGTGGCACCAAGCTTACCGT 

TCTG 

SEQ ID NO:189 Heavy 

MDR06475 

hIgG1LALA 

MOR08168 

scFv (VH-4-VL) 

QVQLKESGPALVKPTQTLTUTCTFSGFSI-SNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRITISKDTS 

KNQVVITNITN MDPVDTATYYCARM HLP LVFDSWGQGTLVTVSSASTKG PSVFPLAPSSKSTSGGTAALGCLVKD 

YF PEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVIVPSSSIGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHT 

CPPCPAPEAAGGPSVELFPPKPKOTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEWNSTY 

RVVSVLTV LHQDWLNG KEYKCKVSNKALPAPIEKTISKAKGQP REPQVYTLPPSREEMTKNQVSLTCLVKG FYPSDI 

AVEWESNGQPENNYKTIPPVLDSDGSFF LYSKITVDKS RWQQGNVFSCSVMHEALH NH YTQKSISI-SPG KGGSG 

GS QVQLVESGGGLVQPGGSLR LSCAASGFTFSDYVIN WVRQAPGKG LEVVVSGISWSGVNTHYADSVKG RFTISR 

CINSKNTLYLQMNSLRAEDTAVYYCARLGATAN NI RYKFMDVWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGS 

DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA 

EDEADYYCQSYDGQKSLVFGGGTKLTVL 

SEQ ID NO:190 DNA Heavy 

MOR0647S 

hIgG1LALA 

MOR08168 

scFv (VH-441.) 

CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCIGGTGAAACCGACCCAAACCCIGACCCTGACCTGTACC ti II 

CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT 

GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA 

AAGATACTICGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCG GTGGATACGGCCACCTATTATTG 

CGCGCGTATGCATCTICCICTTGTTITI-GATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCTAGCA 

CCAAGGGCCCC.AGCGTGTTCCCCCIGGCCCCCAGCAGCAAGAGCACCAGCGGCGGCACAGCCGCCCTGGGCT 

GCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGGAGCCCTGACCTCCGGCGTGC 

ACACCTICCCCGCCGTGCTGCAGAGCAGCGGCCIGTACAGCCTGICCAGCGT6GTGACAGTGCCCAGCAG CA 

GCCTGGG CACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTG 
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GAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTECCCAGCCCCAGAGGCAGCGGGCGGACCCTCC 

GTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGTGACCTGCGTGGTG 

GIGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGC 

CAAGACCAAGCCCAGAGAGGAGC.AGTACAACAGCACCTACAGGGIGGTGTCCGTGCTGACCGTGCTGCACCA 

GGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGCCAGCCCCCATCGAAAAGAC 

CATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGIGTACACCCTGCCCCCCTCCCGGGAGGAGATGA 

CCAAGAACCAGGTGTCCCTGACCTGICTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGA 

GCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGCAGCTICITCCTGT 

ACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGCTGCAGCGTGATGCACGAA 

GCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGCGGCTCCGGCGGAAGCCA 

GGTTCAATTGGTTGAAAGCGGTGGTGGTCTGGTTCAGCCTGGTGGTAGCCTGCGTCTGAGCTGTGCAGCAAG 

CGGITTTACCITTAGCGATTATGTGATTAATTGGGITCGTCAGGCACCGGGTAAAGGTCTGGAATGGGTTAGC 

GGTATTAGCTGGICAGGIGTTAATACCCATTATGCAGATAGCGTGAAAGGTCGTITTACCATTAGCCGTGATA 

ATAGCAAAAATACCCTGTATCTGCAGATGAATAGCCTGCGTGCAGAAGATACCGCAG7TTATTATTGTGCACG 

TCTGGGTGCAACCGCAAATAATATTCGCTATAAATTTATGGATGTGTGGGGTCAGGGTACACTAGTTACCGTT 

AGCAGIGGTGGTGGTGGTAGCGGTGGTGGCGGATCTGGIGGCGGIGGTTCAGGTGGTGGIGGCAGTGATA 

TCGAACTGACCCAGCCTCCGAGCGTTAGCGTTGCACCGGGTCAGACCGCACGTATTAGCTGTAGCGGTGATA 

GTCTGCGTAATAAAETTTATTGGTATCAGCAGAAACCGGGTCAGGCTCCGGITCTGGTTATTTATAAAAATAA 

TCGTCCGAGCGGTATTCCGGAACGTTTTAGCGGTAGCAATAGCGGTAATACCGCAACCCTGACCATTAGCGGC 

ACCCAGGCAGAAGATGAAGCCGATTATTATTGTCAGAGCTATGATGGICAGAAAAGCCTGETTTTTGGTGGT 

GGCACCAAGCTTACCGTTCTG 

SEQ ID NO:191 VL 

MOR08168wt 

DIELTRPPSVSVAPGRTARISCSGDSLRNIWYWYRO.KPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTRA 

E DEADMRSYDGRKSLVEGGGTK LTV L 

SEQ ID ND:192 DNA VI 

MDR08168 wt 

GACATCGAGCTGACTCAGCCCCCTAGCGTGTCAGIGGCTCCTGGCCAGACCGCTAGAATTAGCTGTAGCGGC 

GATAGCCTGCGTAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG 

AACAATAGGCCTAGCGGCATCCCCGAGCGGMAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA 

GCGGCACTCAGGCCGAGGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG 

GCGGCGGAACTAAGCTGACCGTGCTG 

SEQ ID ND:193 Light lambda 

MDR08168 wt 

DIE LTOTTSVSVAPGRTARISCSGDSLRNKVYWYRRKPGRAPVLVIYKNNRPSGIPE RFSGSNSGNTATLTISGTRA 

EDEADYYCQSYDERKSLVEGGGTKLTVLGO.PKAAPSVTLEPPSSEELOANKATLVCLISDEYPGAVTVAWKADSSP 

VKAGVETTIPSKQSNNKYAASSYLSLTPEQWKSHRSYSCRYTHEGSTVEKTVAPTECS 

SEQ ID ND:194 DNA Light 

lambda 

MOR08168 wt 

GACATCGAGCTGACTCAGCCCCCTAGCGTGTCAGIGGCTCCTGGCCAGACCGCTAGAATTAGCTGTAGCGGC 

GATAGCCTGCGTAACAAGGICTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG 

AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA 

GCGGCACTCAGGCCGAGGACGAGGCCGACTACTACT6TCAGTCCTACGACGGCCAGAAGTCACTGGTCMG 

GCGGCGGAACTAAGCTGACCGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGTTCCCCCCCAGCA 

GCGAGGAGCTGCAGGCCAACAAGGCCACCCTGGTGTGCCTGATCAGCGACTICTACCCAGGCGCCGTGACCG 

TGGCCTGGAAGGCCGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAAC 

AACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGICCTACAGCTGC 

CAGGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC 

SEQ ID ND:195 Heavy 

MDR081681g6 

1LALA_6475sc 

Fv wt 

CIVRIVESGGGLVRPGGSLRLSCAASGFTESDYVINWVRCIAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN 

5KNTLYLRMNSLRAEDTAVYYCARLGATAN NI RYKE MDVWGQGTLVTVSSASTKGPSVFPLAP5SKSTSGGTAAL 

GCLVKDYFREPVTVSWNSGALTSGVHTEPAVLOSSGLYSLSSVVIVP5S5LGTQTYICNVNHKPSNTKVDKRVERKS 

CDKTHTCPPCPAPEAAGGP5VFLEPPKPKDTLMI5RTPEVTCVVVDVSHEDPEVRENWYVDGVEVHNAKTKPREE 

QYNSTYRVVSVLTVLH RDWLNGKEYKCKVSNKALPAPIEKTISKAKGRPRERRVYTLPPSREEIVITKNQVSLICLVK 

GFYPSDIAVEWESNGRPENNYKTTPPVLD5DG5FFLYSKLTVDKSRWQRGNVESCSVMHEALHNHYTRK5LSLSP 

GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYRQKPGOAPRLLIYGASNRATGVPARFSGSGSG 

TDFTLTISSLEPEDFATNCIRRYYDYPQTFGRGTKVEIKGGGGSGGGGSGGGG5G5GG5QVQLKESGPALVIVTQ 

TLTLTCTFSGFS LSNRGGGVGWIRRPPG KALEW LAW! DW DDDKSYSTSLKTRLTISKOTSKN QVVLTMTNMDPV 

DTATYYCARMHLPLVEDSWGQGTLVTVSS 

SEQ ID NO:196 DNA Heavy 

MD R081681g6 

1LALA_6475sc 

Fv wt 

CAGGTGCAGCTGGIGGAATCAGGCGGAGGACTGGTCCAGCCTGGCGGATC.ACTTAGACTGAGCTGTGCCGC 

TAGTGGCTTCACCTTTAGCGACTATGTGATTAACTGGGICCGACAGGCCCCTGGCAAG GGACTGGAATGG G T 

GTCAGGCATTAG1TGGAGCGGCGTGAA CACTCACTACGCCGATAGCGTGAAGGGCCGGTTCACTATTAGCCG 

GGATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGCCTGAGAGCCGAGGACACCGCCGTCTACTACTG 

CGCTAGACTGGGCGCTACCGCTAACAACATCCGCTATAAGTTCATEGACGTGIGGGGCCAGGGCACCCTGGT 

C.ACAGIGTCTICAGCTAGCACTAAGGGCCCCTCAGTGITCCCCOGGCCCCTAGCTCTAAGTCTACTAGCGGTG 
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GCACCGCCGCTCTGGGCTGCCTGGICAAGGACTACTICCCCGAGCCCGTGACCGTGTCTTGGAATAGCGGCG 

CTCTGACTAGCGGAGTGCACACCITCCCCGCCGTGCTGCAGICTAGCGGCCTGTATAGCCTGTCTAGCGTCGT 

GACCGTGCCTAGCTCTAGCCTGGGCACTCAGACCTATATCTGTAACGTGAACCAC.AAGCCTAGTAACACTAAG 

GTGGACAAGCGGGIGGAACCTAAGTCTTGCGATAAGACTCACACCTGICCCCCCTGCCCTGCCCCAGAAGCTG 

CTGGCGGACCTAGCGTh I It.CTGTTCCCACCTAAGCCTAAAGACACCCTGATGATTAGTAGGACCCCCGAAGT 

GACCTGCGTGGTGGTGGACGTCAGCCACGAGGACCCTGAAGTGAAGTTCAATTGGTATGTGGACGGCGTGG 

AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTGTCAGTGCTGA 

CCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTATAAGTGTAAAGICTCTAACAAGGCCCTGCCTGCCC 

CTATCGAAAAGACTATCTCTAAGGCTAAGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTGCCCCCTAGTAG 

AGAAGAGATGACTAAGAATCAGGTGICCCTGACCTGICTGGTCAAGGGCTTCTACCCTAGCGATATCGCCGTG 

GAGTGGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCTGTGCTGGATAGCGACGGCTCT 

TTCTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTSGCAGCAGGGCAACGTGTTCAGCTGTAGCGTGA 

TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGGCTCAGGCG 

GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGCCCIGGCGAGCGGGCTACACTGAGCT 

GTAGAGCTAGTCAGT1TATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGCCCCTAGACT 

GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGTTTAGCGGCTCAGGATCAGGCACCGA 

CTITACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTGTCAGCAGTACTACGACTACC 

CTCAGACC1TCGGCCAGGGAACTAAGGICGAGATTAAGGGCGGTGGCGGTAGCGGCGGAGGCGGATCAGG 

TGGIGGIGGTAGTGGCGGCGGAGGTAGTCAGGTCCAGCTGAAAGAGICAGGCCCTGCCCTGGTCAAGCCTA 

CTCAGACCCTGACCCTGACCTGCACTITTAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA 

TTAGACAGCCTCCAGGCAAAGCCCTGGAGTGGCTGGCCIGGATCGACTGGGACGACGATAAGTCCTACTCCA 

CTAGCCTGAAAACTAGGCTGACAATCAGCAAGGACACTAGTAAAAACCAGGTGGIGCTGACTATGACTAATA 

TGGACCCCGTGGACACCGCTACCTATTATTGCGCTAGAATGCACCTCCCACTGGTGTTCGATAGCTGGGGTCA 

GGGAACTCTGGTCACAGTCAGTAGC 

SEQ ID ND:197 VL 

DI 

MOR08168 SYELTQPPSVSVAPGQTARISC.SGDSUINKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA 

EDEADYYCQSYDGQKSLVFGGGTKLIVL 

SEQ ID NO:198 ❑NA VL 

MOR08168 DI 

TCITACGAGCTGACCCAGCCCCCTTCCGTGTCTGTGGCTCCIGGCCAGACCGCCAGAATCTCITGCTCCGGCGA 

CTCCCTGCGGAACAAGGTGTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTACAAGAA 

CAACCGGCCCTCCGGCATCCCCGAGAGATTCTCTGGCTCCAACTCCGGCAACACCGCCACCCTGACAATCTCT 

GGCACACAGGCCGAGGACGAGGCCGACTACTACTGCCAGTCCTACGACG GCCAGAAATCACTGGTGTTCGGC 

GGAGGCACCAAGCTGACAGTGCTG 

SEQ ID ND:199 Light lambda 

MOR08168 DI 

SYELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA 

EDEADYYCQSYDGQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATINCLISDFYPGAVTVAWKADSSP 

V KAGVETTTPSKQSAINKYAASSYLSLTPEQWKSHRSYSCQVTH EGSTVEKTVAPTECS 

SEQ ID ND:200 DNA Light 

lambda 

MOR08168 DI 

TCTIACGAGCTGACCCAGCCCCCTTCCGTGTCTGIGGCTCCTGGCCAGACCGCCAGAATCTCTTGCTCCGGCGA 

CTCCCTGCGGAACAAGGTGTACTGGTATCAGCAGAAGCCCG GCCAGGCCCCTGTGCTGG TCATCTACAAGAA 

CAACCGGCCCTCCGGCATCCCCGAGAGATTCTCTGGCTCCAACTCCGGCAACACCGCCACCCTGACAATCTCT 

GGCACACAGGCCGAGGACGAGGCCGACTACTACTGCCAGTCCTACGACGGCCAGAAATCACTGGTGTTCGGC 

GGAGGCACCAAGCTGACAGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTG1TCCCCCCCAGCAGC 

GAGGAGCTGCAGGCCAACAAGGCCACCCTGGTGTGCCTGATCAG CGACTTCTACCCAGGCGCCGTGACCGTG 

GCCTGGAAGGCCGACAGCAGCCCCGIGAAGGCCGGCGTGGAGACC.ACCACCCCCAGCAAGC.AGAGCAACAA 

CAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAG CCACAGGTCCTACAGCTGCCA 

GGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC 

SEQ ID NO:201 Heavy 

MOR08168IgG 

1LALA_6475sc 

Fv DI 

QVQLVESGGGLVQPGGSLRLSCAASGPTFSDYVI NWVRQAPGKG LEWVSGISWSGVNTIVADSVKG RFTISRDN 

SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL 

GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS LSSVVTVPSSSLGTQTY ICNVN HKPSNTKVDKRVE PKS 

CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE 

QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE KTISKAKGQPREPQVYTLPPSREE MTKNQVSLTCLVK 

G FY PSDIAVEWESNGQPENNY KTTPPVLDSDGSFFLYSKLTVDICSRWQQGNVFSCSVMHEALH NHYTQKSLSLSP 

GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSG 

TDFTLTISSLEpEDFAIYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQ 

TLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWODDKSYSTSLKTRLTISKDTSKNQVVLTIVITNMDPV 

DTATYYCARMHLPLVFDSWGQGT LVTVSS 

SEQ ID NO:202 DNA Heavy 	. 

MOR08168IgG 

1LALA_6475sc 

CAGGTGCAGCTGGTGGAATCAGGCGGAGGACTGGICCAGCCTGGCGGATCACTTAGACTGAGCTGTGCCGC 

TAGTGGCITCACCTITAGCGACTATGTGATTAACTGGGICCGACAGGCCCCTGGCAAGGGACTGGAATGGGT 

GTCAGGCATTAGTTGGAGCGGCGTGAAC.ACTCACTACGCCGATAGCGTGAAGGGCCGGITCAcTATTAGCCG 
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Fv DI GGATAACTCTAAGAACACCCTGTACCTGCAGATG.AATAGCCTGAGAGCCGAGGACACCGCCGTCTACTACTG 

CGCTAGACTGGGCGCTACCGCTAACAACATCCGCTATAAGTICATGGACGTGTGGGGCCAGGGCACCCTGGT 

CACAGTGICITCAGCTAG CACTAAGGGCCCCTCAGTGITCCCCCTGGCCCCTAGCTCTAAGTCTACTAGCGGTG 

GCACCGCCGCTCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAGCCCGTGACCGTGTMGGAATAGCGGCG 

CTCTGACTAGCGGAGTGCACACCTTCCCCGCCGTGCTGCAGTCTAGCGGCCTGTATAGCCTGTCTAGCGTCGT 

GACCGTGCCTAGCTCTAGCCTGGGCACTCAGACCTATATCTGTAACGTGAACCACAAGCCTAGTAACACTAAG 

GIGGACAAGCGGGTGGAACCTAAGTMGCGATAAGACTCACACCTGTCCCCCCTGCCCTGCCCCAGAAGCTG 

CTGGCGGACCTAGCGTGTTCCTG TTCCCACCTAAGCCTAAAGACACCCTGATGATTAGTAGGACCCCCGAAGT 

GACCTGCGTGGTGGTGGACGICAGCCACGAGGACCCTGAAGTGAAGTICAATTGGTATGTGGACGGCGTGG 

AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGIGGTGICAGTGCTGA 

CCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTATAAGTGTAAAGTCTCTAACAAGGCCCTGCCTGCCC 

CTATCGAAAAGACTATCTCTAAGG CTAAGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTGCCCCCTAGTAG 

AGAAGAGATGACTAAGAATCAGGTGTCCCTGACCTGICTGGICAAGGGCTICTACCCTAGCGATATCGCCGTG 

GAGTGGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCTGTGCTGGATAGCGACG GCTCT 

TTCTICCTGTACTCTAAACTGACCGTGGACAAGICTAGGTGG CAGCAGGGCAACGTGTTCAGCTGTAGCGTGA 

TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGGCTCAGGCG 

GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGICTGAGCCCTGGCGAGCGGGCTACACTGAGCT 

GTAGAGCTAGTCAGITIATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGCCCCTAGACT 

GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGMAGCGGCTCAGGATCAGGCACCGA 

CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTICGCTACCTACTACTGTCAGCAGTACTACGACTACC 

CTCAGACCTrCGGCCAGGGAACTAAGGTCGAGATTAAGGGCGGTGGCGGTAGCGGCGGAGGCGGATCAGG 

TGGTGGIGGTAGTGGCGGCGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA 

CTCAGACCCTGACCCTGACCTGCACTITTAGCGGCTITAGCCTGAGTAATAGAGGCGGCGGAGTGGG CTGGA 

TTAGACAGCCTCCAGGCAAAGCCCTGGAGTGGCTGGCCTGGATCGACTGGGACGACGATAAGTCCTACTCCA 

CTAGCCTGAAAACTAGGCTGAC.AATCAGCAAGGACACTAGTAAAAACCAGGIGGIGCTGACTATGACTAATA 

TGGACCCCGTGGACACCGCTACCTATTATTGCGCTAGAATGCACCTCCCACTGGTGTTCGATAGCTGGGGTCA 

GGGAACTCTGGTCACAGTCAGTAGC 

SEQ ID NO:203 VL 

GL 

MOR0131.68 SYELTQPLSVSVALGOTARITCSGDSLRNKVYWYOQKPGQAPVINIYKNN HMI PERFSGSNSGNTATLTISRAQA 

G DEADYYCQSYDGQKSLVEGGGTKLTVL 

SEQ ID NO:204 DNA VL 

MO ROg 168 GL 

AGCTACGAGCTGACTCAGCCCCTGAGCGTGTCAGTGGCTCTGGGCCAGACCGCTAGAATCACCTGTAGCGGC 

GATAGCCTGAGAAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGICATCTATAAG 

AACAATAGGCCTAGCGGCATCCCCGAGCGGITTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA 

GTAGGGCTCAGGCCGGCGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCHTG 

GCGGCGGAACTAAGCTGACCGTGCFG 

SEQ ID NO:205 Light lambda 

MO R0816/3 GL 

SYE LTOPL5V5VALGOTARITCSG DR RNI(VYWYCIOKPGQAPVLVIYKNN RPSG I PER F SGSNSGNTATLTIS RAQA 

G DEA DYYCQSY DG QKS LVEG G GTK LTVLG QPKAAPSVTLF PP SS E E LQA N KAT LVC LI S (NY PG AVIVA W KA DSS P 

V KAGVETTTPSKQSN NKYAASSYLSLTPEQWKSH RSYSCOVTHEGSTVEKTVAPTECS 

SEQ ID NO:206 DNA Light 

lambda 

M0R08168 GL 

AGCTACGAGCTGACTCAGCCCCTGAGCGTGICAGTGGCTCTGGGCCAGACCGCTAGAATCACCTGTAGCGGC 

GATAGCCTGAGAAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGICATCTATAAG 

AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA 

GTAGGGCTCAGGCCGGCGACGAGGCCGACTACTACTG TCAGTCCTACGACGGCCAGAAGTCACTGGICITTG 

GCGGCGGAACTAAGCTGACCGTG CTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGTTCCCCCCCAGCA 

GCGAGGAGCTGCAGGCCAACAAGGCCACCCTGGTGTGCCTGATCAGCGACTTCTACCCAGGCGCCGTGACCG 

TGGCCTGGAAGGCCGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAAC 

AACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGC 

CAGGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC 

SEQ ID NO:207 Heavy 

M 0 RO 816 a IgG 

11.A LA_5475 sc 

Iv GL 

EVOL LE SG G G LVOPG G S LR LS CAAS 6 FT FS DYVI N WV ROA PG KG LE WVSG I SW SG VNT H YA DSVKG R FTISR D NS 

K N TLY LONI NS L RAE DTAVYYCA R LGATA N N I RY KFM13VWGQGTLVTVSSASTKGPSVFP LA PSS KSTSG G TAALG 

CLVICDYFPE PVTV5W NSGALTS GV HTF PAV LOSSGLYS LSSVVTV PS SS LGTOTVICN VN HICPS NTKV DK RVE PKSC 

D KTH TCP PC PA P EAAG G P SV F L FP P IT KDTL M IS RTPEVTCVVV DVS H E DP E V KF NWYVOGVEVHNAKTKPR EEO 

YNSTY RVVSV LTV LH QDW LNGKEYKCKVSN KALPA PI EICTIS KA KG QP RE POVYTL PPSRE E WITKN QVSLTC LV KG F 

YPSDIAVEW ES NGQPENNYKTTPPVLDSDGSF F LYSKLTVDKSRW QOG NVESCSVMHEALH NHYTQKSLSLSPGK 

GGSGGSDIVLTOSPATLSLSPGERATLSCRASOFIGSRYLAWYQQKPGQAPRLLIYGASN RATGVPARFSGSGSGTD 

FT LTI SS LE PEDFATYYCQQYY DYPOTEGQGTKV El KGGGGSGGGGSGGG GSGGGG SQVCILKE SG PA LV KPTOT L 

TLICTFSGF5LSNRGGGVGWIROPPGKALEMAWIDWDOCIKSYSTSLKTRLTISKOTSKNOVVLTWITNMDPVDT 

ATYYCARM H LPLVFDSWGCIGTLVTVSS 
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SEQ ID NO:208 DNA Heavy GAGGTGCAGCTGCTGGAATCAGGCGGAGGACTGGTGCAGCCTGGCGGATCACTGAGACTGAGCTGTGCCGC 

MOR08168IgG TAGTGGCTTCACCTTTAGCGACTATGTGATTAACTGGGTCCGACAGGCCCCTGGCAAGGGACTGGAATGGGT 

1LALA 6475sc GTCAGGCATTAGTTGGAGCGGCGTGAACACTCACTACGCCGATAGCGTGAAGGGCCGGTTCACTATTAGCCG 

Fv GL GGATAACTCTAAGAACACCCIGTACCTGCAGATGAATAGCCTGAGAGCCGAGGACACCGCCGTCTACTACTG 

CGCTAGACTGGGCGCTACCGCTAACAACATCCGCTATAAGTTCATGGACGTGIGGGGCCAGGGCACCCTGGT 

CACAGTGICTICAGCTAGCACTAAGGGCCCCTCAGTGITCCCCCTGGCCCCTAGL it- I AAGTCTACTAGCGGTG 

GCACCGCCGCTCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAGCCCGTGACCGTGTCTTGGAATAGCGGCG 

CTCTGACTAGCGGAGTGCAC.ACCITCCCCGCCGTGCTGCAGTCTAGCGGCCIGTATAGCCTGICTAGCGTCGT 

GACCGTGCCIAGCTCTAGCCTGGGCACTCAGACCTATATCTGTAACGTGAACCACAAGCCTAGTAACACTAAG 

GTGGACAAGCGGGTGGAACCTAAGTCTTGCGATAAGACTCACACCTGTCCCCCCTGCCCTGCCCCAGAAGCTG 

CTGGCGGACCTAGCGTGTTCCTGTFCCCACCTAAGCCTAAAGACACCCTGATGATTAGTACIGACCCCCGAAGT 

GACCTGCGTGGTGGTGGACGTCAGCCACGAGGACCCTGAAGTGAAGTTCAATTGGTATGTGGACGGCGTGG 

AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTGTCAGTGCTGA 

CCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTATAAGTGTAAAGTCTCTAACAAGGCCCTGCCTGCCC 

CTATCGAAAAGACTATCTCTAAGGCTAAGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTGCCCCCTAGTAG 

AGAAGAGATGACTAAGAATCAGGTGTCCCTGACCTGICTGGICAAGGGCTICTACCCTAGCGATATCGCCGTG 

GAGTOGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCTGTGCTGGATAGCGACGGCTCT 

ITCTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTGGCAGCAGGGCAACGTGTTCAGCTGTAGCGTGA 

TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGGCTCAGGCG 

GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGCCCTGGCGAGCGGGCTACACTGAGCT 

GTAGAGCTAGTCAGITTATCGGC7CACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGCCCCTAGACT 

GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGITTAGCGGCTCAGGATCAGGCACCGA 

CITTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTGTCAGCAGTACTACGACTACC 

CTCAGACCTTCGGCCAGGG AACTAAGGTCGAGATTAAGGGCGGTGGCGGTAGCGGCGGAGGCGGATCAGG 

TGGTGGTGGTAGTGGCGGCGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA 

CTCAGACCCTGACCCTGACCTGCACTTTTAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA 

TFAGACAGCCTCCAGGCAAAGCCCTGGAGIGGCTGGCCTGGATCGACTGGGACGACGATAAGTCCTACTCCA 

CTAGCCTGAAAACTAGGCTGAC.AATCAGCAAGGACACTAGTAAAAACCAGGTGGTGCTGACTATGACTAATA 

TGGACCCCGTGGACACCGCTACCTATTATTGCGCTAGAATGCACCTCCCACTGGTGTTCGATAGCTGGGGICA 

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 I, 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 V HNL 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 
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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 p 
propeller 1 domain of LRP6 that comprise the heavy chain and light chain CDR Is, 

CDR2s and CDR3s as described in Table 1, or combinations thereof. The amino acid 

sequences of the VH CDR1s 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 CDRI s 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, NUT Publication No. 91-3242; Chothia et at, (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 13 

propeller 3 domain of LRP6 that comprise the heavy chain and light chain CDR1s, 

CDR2s and CDR3s as described in Table 1, or combinations thereof. The amino acid 

sequences of the VH CDR1s of the antibodies are shown in SEQ ID NOs: 69, 93, and 

115. The amino acid sequences of the VII CDR2s of the antibodies and are shown in SEQ 
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ID NOs: 70, 94, and 116. The amino acid sequences of the VII CDR3s of the antibodies 

are shown in SEQ ID NOs: 71, 95, and 117. The amino acid sequences of the VL CDR1s 

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., 

(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). 

Given that each of these antibodies can bind to LRP6 and that antigen-binding specificity 

is provided primarily by the CDRI, 2 and 3 regions, the VH CDRI, 2 and 3 sequences 

and VL CDR1, 2 and 3 sequences can be "mixed and matched" (Le., CDRs from different 

antibodies can be mixed and match, although each antibody must contain a VII CDR1, 2 

and 3 and a VL CDRI, 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 VII CDR 

sequences are mixed and matched, the CDRI, CDR2 and/or CDR3 sequence from a 

particular VII sequence should be replaced with a structurally similar CDR sequence(s). 

Likewise, when VL CDR sequences are mixed and matched, the CDRI, 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 VII 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 n-propeller 1 monoclonal 

antibody or fragment thereof comprising a heavy chain variable region CDRI 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 CDRI comprising an amino acid 

sequence selected from the group consisting of SEQ ID NOs: 4, 24, and 50; a light chain 
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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. 13-propeller 3 monoclonal 

antibody or fragment thereof comprising a heavy chain variable region CDRI 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 116; a heavy chain variable region 

CDR3 comprising an amino acid sequence selected from the group consisting of SEQ ID 

NOs: 71, 95, and 117; a light chain variable region CDR1 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 CDRI 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. 

In a specific embodiment, an antibody that binds to LRP6 comprises a heavy chain 

variable region CDR1 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 CDRI 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 CDRI of SEQ ID NO: 50; a light chain variable region CDR2 of SEQ ID NO: 51; 

and a light chain variable region CDR3 of SEQ ID NO: 52. 
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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 CDRI 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 CDRI 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: 

59. In a specific embodiment, an antibody that binds to LRP6 comprises a VH of SEQ ID 

NO; 62 and VL of SEQ ID NO: 61. 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 VI-1 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: 130 and VL of SEQ ID NO: 129. In a specific 
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embodiment, an antibody that binds to LRP6 comprises a VII 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 is 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 itnrnunoglobulins 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 10 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. 
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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., 

(1988) 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 2:1121-1123). 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; W005/035572, 

W004/101790, W004/081026, W004/058821, W004/003019 and W003/002609. 

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 W02007/059782. 

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 
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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 61; the antibody binds to 0-propeller 1 

of LRP6 (e.g., human and/or cynomologus LRP6), and inhibits the signaling activity of 

13-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, 13-catenin 

stabilization and nuclear translocation, cellular proliferation/ survival) as described 

herein. In a specific example, such antibodies have an EC50  value in a Wntl assay of less 

than 10 nM 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 138; 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 0-propeller 3 of LRP6 (e.g., human and/or cynomologus LRP6), 

and inhibits the signaling activity of (3-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, 0-catenin stabilization and nuclear translocation, cellular 
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proliferation/ survival) as described herein. In a specific example, such antibodies have an 

EC50  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: 19, 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, 110, and 132. 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 M a mammalian cell are shown in SEQ ID NO: 87, 92, 113, 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 VII 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 I. 

In other embodiments, the VII 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 (1. e., 80% or greater) identity to the VI-1 

and VL regions of those Propeller 1 antibodies described in Table I can be obtained by 
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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 VII and VL regions having high (i. e., 80% or greater) identity to the 

VII 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 ID NOs: 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 optimal 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 a/. (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 CDR1, CDR2, and CDR3 sequences and a light chain variable region 

comprising CDR1, 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. 
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Accordingly, the invention provides an isolated Propeller 1 monoclonal antibody, or a 

functional fragment thereof, consisting of a heavy chain variable region comprising 

CDR1, CDR2, and CDR3 sequences and a light chain variable region comprising CDR1, 

CDR2, and CDR3 sequences, wherein: the heavy chain variable region CDR1 amino acid 

sequences are selected from the group consisting of SEQ ID NOs: 1, 21, 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 CDR1 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, p-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 CDR1, CDR2, 

and CDR3 sequences and a light chain variable region comprising CDR1, CDR2, and 

CDR3 sequences, wherein: the heavy chain variable region CDR1 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 118, 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 119and conservative 
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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, ii-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 I RP6 

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 (1. 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 ftmetion(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 
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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 al, (1998) Nature 332:323-327; Jones et al., 

(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 CDRI 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 VII 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 CDRI 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, 100, and 116; CDR3 

sequences having an amino acid sequence selected from the group consisting of SEQ ID 

NOs: 71, 95, and 117, respectively; and a light chain variable region having CDRI 

sequences having an amino acid sequence selected from the group consisting of SEQ ID 
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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 VII 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 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; 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 VII 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 

VII and/or VL CDR1, 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 
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to introduce the mutations) 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 CDR1 region consisting of an amino acid sequence selected from the group 

having SEQ ID NOs: 1, 21, and 47 or an amino acid sequence having one, two, three, 

four or five amino acid substitutions, deletions or additions as comps  ed to SEQ ID NOs: 

1, 21, and 47; a VI-1 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 CDR1 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 VI, CDR3 region having an 

amino acid sequence selected from the group consisting of SEQ ID NOs: 6, 26, and52, 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 CDR I 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 
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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 116; 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 117; a VL CDR1 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 119; 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 
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Pharmaceuticals Inc., Seattle, WA), maxybodies (Avidia, Inc., Mountain View, CA), 

Protein A (Affibody AG, Sweden), and affilin (gamma-crystallin or ubiquitin) (Soil 

Proteins GmbH, Halle, Germany). 

The fibronectin scaffolds are based on fibronectin type III domain (e.g., the tenth module 

of the fibronectin type III (10  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 

6,818,418). 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 (3-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. 
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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 5,831,012). Affibody molecules mimic 

antibodies, they have a molecular weight of 6 kDa, compared to the molecular weight of 

antibodies, which is 150 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 
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crystalline derived proteins are described in W0200104144 and examples of "ubiquitin-

like" proteins are described in W02004106368. 

Protein epitope mimetics (PEM) are medium-sized, cyclic, peptide-like molecules (MW 

1-2kDa) 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 IgG1 format by changing the Fc 

region. For example, antibodies MOR08168, MOR08545, MOR06706, MOR06475, 

MOR08193, and MOR08473 in Table 1 can be converted to IgGl format by adding the 

amino acid sequence: 

CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF 

NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA 

LPAPIEKTI SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWES 

NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALEINHY 

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 IgGI Fc sequence in which the amino acid 

sequence has been altered to decrease Fe-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: 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTV SWNSGALTSGVHTFPA 

VLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCP 

APPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVII 

NAKTKPREEQFNSTFRVVSVLTVVIIQDWLNGKEYKCKVSNKGLPAPIEKTISKT 

KGQPREPQVYTLPPSR.EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT 

TPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK 

(SEQ ID NO: 210). 

81 



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 
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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. 
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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 LRP6 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 PCT/EP93/02214 (WO 94/04678 

published 3 March 1994). 

A region of the camelid antibody which is the small single variable domain identified as 

VIIII 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 
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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 
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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. 15:159-163; Alt et aL (1999) FEES 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 9:184-193; Shen et aL, (2007) J 

Immun Methods 218:65-74; Wu et aL, (2007) Nat Biotechnol_ 11:1290-1297; Dimasi et 

al., (2009) J. Mol Biol. 393:672-692; and Michaelson et al., (2009) mAbs 1:128-141. 

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 O-propeller regions. Propeller I antibodies bind to the n-propeller 1 

domain and block propellerl -dependent Wnts such as Wntl, Wnt2, Wnt6, Wnt7A, 

Wnt7B, Wnt9, Wnt I OA, Wntl OB and inhibit a Wnt 1 signal transduction pathway. 

Propeller 3 antibodies bind to the p-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 a13-

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 p-propeller regions and inhibiting Wnt signaling 
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mediated by each domain. For example, a single LRP6 multivalent antibody inhibits both 

propeller I 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 seFv to an IgG 

antibody. The VH and VL domains used to make an seFv may be derived from the same 

or from different antibodies. The scFv comprises at least one, two, three, four, five, or six 

CDRs. 

The Fe 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 seFv 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., 13-propeller I domain or 13-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, emet, IGFRI, 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. 
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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 10 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, 9, 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 Tin 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 (Gly4Ser)3  or 
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comprises a (Gly4Ser)4  sequence. Other exemplary linkers comprise or consist of 

((Gly4Ser)5 and (Gly4Ser)6 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, Kabat 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 
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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, 2, 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 aredisclosed 

herein. These biparatopic antibodies bind to one or more epitopes of LRP6. ScFvs are 

linked to an Fe 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 0-propeller 1 domain of LRP6 linked to an scFv that binds to 

the 0-propeller 3 domain of LRP6 using a (GlyGlySer)2 linker lined to the CH3 region 

the Fc. In one embodiment, a litll length IgG antibody that binds to the LPR6 0-propeller 

1 domain is used to attach a scFv fragment of an antibody that binds to the LRP6 13-

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 

of 

Construct Heavy Chain SEQ ID NO: Light Chain SEQ ID NO: 

BiPa 

Propeller 1 
IgG/Propeller 3 scFv 
attached to Fc 

166, 	171, 	173, 	175, 
and 207 

195, 201, 170, 193, 199, and 205 

Alternative BiPa 

Propeller 1 
IgG/Propeller 3 scFv 
attached to light chain 

177 181 
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Reverse BiPa 187, and 189 185 

Propeller 3 
IgG/Propeller 1 scFv 
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 LPR6 p-propeller 3 

domain is used to attach a scFv fragment of an antibody that binds to the LRP6 p- 

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 
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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, (3-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 
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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), a-

phenylenedimaleimide (oPDM), N-succinimidy1-3-(2-pyridyldithio)propionate (SPDP), 

and sulfosuccinimidyl 4-(N-maleimidomethyl) cyclohaxane-l-carboxylate (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. 78:118-132; Brennan et al., (1985) Science 229:81-83), and 

Glennie et at, (1987) 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 

mutlivalent antibody is a mAb x mAb, mAb x Fab, Fab x F(ab')2  or ligand x Fab fusion 

protein. Methods for preparing bispecific molecules 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), FAGS 

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 
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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 CH1 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 CH1 domains; a Fv fragment consisting of the VL and VH domains of a single 

arm of an antibody; a dAb fragment (Ward et at, (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: 1126-1136. 

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, 
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two, three or more receptor binding domains (e.g., seFv) 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; seFv-seFv-diabody-Fc-IgG; scFv- diabody-

seFv-Fc-IgG; diabody- scFv-scFv-Fe-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-seFv-diabody; IgG-Fc- scFv-

diabody-scFv; IgG-Fc-diabody-scFv-scFv; IgG-Fc-antibody variable region-seFv-

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 I, 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., seFv-Fe-scFv-scFv; -seFv-seFv-Fc-sav-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-seFv-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. 

95 



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. 

W02006/020258 and W02007/024715, 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, CH1 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 (G1y4Ser)n, 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)4  or (Gly4 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 (Gly3Ser)i-(Gly4Ser)+(GlySer). In another embodiment, 

Ser can be replaced with Ala e.g,, (G1y4A1a) or (Gly3Ala). In yet another embodiment, the 

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

greater than 1. 
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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 CH1, 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 CH1, 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 IgG1 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: 211) 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. 
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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 
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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 sav-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, 
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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, 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. 

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 (AH), 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 confets thermal stability to the overall multivalent antibody. In one 

embodiment, the scFv comprises a single mutation that confers thermal stability to the 
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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 BlAcore 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- 

131; and Johnnson, B., et al. (1991) Anal. Biochem. 198:268-277. 
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Antibodies with Extended Half Life 

The present invention provides for 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 Fe; 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 or a fragment thereof 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 an antibody, the antibody, or fragment thereof, 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 (C I- 

C 10) 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 antibodies. 

Unreacted PEG can be separated from antibody-PEG conjugates by size-exclusion or by 
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ion-exchange chromatography. PEG-derivatized antibodies can be tested for binding 

activity as well 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 at 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 nonnative 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 15-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. 

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 able, 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. 
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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 theological 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 antibody conjugates can be customized. 

Antibodies having an increased half-life in vivo can also be generated introducing one or 

more amino acid modifications (Le., 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 antibody or 

antibody fragment 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. 

The LRP6 antibody or a fragment thereof may also be fused to one or more human serum 

albumin (USA) polypeptides, or a portion thereof. HSA, a protein of 585 amino acids in 

its mature form, is responsible for a significant proportion of the osmotic pressure of 

serum and also functions as a carrier of endogenous and exogenous ligands. The role of 

albumin as a carrier molecule and its inert nature are desirable properties for use as a 

carrier and transporter of polypeptides in vivo. The use of albumin as a component of an 

albumin fusion protein as a carrier for various proteins has been suggested in WO 

93/15199, WO 93/15200, and EP 413 622. The use of N-terminal fragments of HSA for 

fusions to polypeptides has also been proposed (EP 399 666). Accordingly, by 

genetically or chemically fusing or conjugating the antibodies or fragments thereof to 

albumin, can stabilize or extend the shelf-life, and/or to retain the molecule's activity for 

extended periods of time in solution, in vitro and/or in vivo. 

Fusion of albumin to another protein may be achieved by genetic manipulation, such that 

the DNA coding for HSA, or a fragment thereof, is joined to the DNA coding for the 

protein. A suitable host is then transformed or transfectcd with the fused nucleotide 
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sequences, so arranged on a suitable plasmid as to express a fusion polypeptide. The 

expression may be effected in vitro from, for example, prokaryotic or eukaryotic cells, or 

in vivo e.g. from a transgenic organism. Additional methods pertaining to HSA fusions 

can be found, for example, in WO 2001077137 and WO 200306007, incorporated herein 

by reference. In a specific embodiment, the expression of the fusion protein is performed 

in mammalian cell lines, for example, CHO cell lines. 

Antibody Conjugates 

The present invention provides antibodies or fragments 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 antibody 

fragment described herein (e.g., a Fab fragment, Fd fragment, Fv fragment, F(ab)2 

fragment, a VII 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, 5,447,851, and 

5,112,946; 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 et al., 

(1992) Proc. Natl. Acad. Sci. USA 89:11337- 11341. 

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 or fragments thereof (e.g., antibodies or fragments thereof with higher affinities 

and lower dissociation rates). See, generally, U.S. Patent Nos. 5,605,793, 5,811,238, 

5,830,721, 5,834,252, and 5,837,458; Patten et al., (1997) Curr. Opinion Biotechnol. 

8:724-33; Harayama, (1998) Trends Biotechnol. I6(2):76-82; Hansson et al., (1999) J. 

Mol. Biol. 287:265-76; and Lorenzo and Blasco, (1998) Biotechniques 24(2):308- 313 

(each of these patents and publications are hereby incorporated by reference in its 

entirety). Antibodies or fragments thereof, or the encoded antibodies or fragments 
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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 an 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 preferred embodiments, 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, 91311), 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 

antibody 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, streptavidinibiotin 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 (1311E, 1251, 1231, and 121 I,), carbon 

(14C), sulfur (355), tritium (3H), indium (115 In, 113In, 112In, and 111In,), technetium (99Tc), 
coi 	

, 
Ti) gallium (68Ga,  thallium 	 67Ga), palladium (1°3Pd), molybdenum (99Mo), xenon 

(133Xe), fluorine (18F), 1.535m,  1771,u,  159Gd,  149Pm,  140La,  175yb
i, 
 166110,  90-Th  

Y 
	4750, 186Re, 

188Re, 142  Pr, 1°5Rh, 97Ru, 68Ge, "Co, 65Zn, "Sr, 32P, 153Gd, 169Yb, 51Cr, 54Mn, "Se, 113Sn, 

and 117Tin; and positron emitting metals using various positron emission tomographies, 

and noradioactive paramagnetic metal ions. 
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The present invention further encompasses uses of antibodies or fragments thereof 

conjugated to a therapeutic moiety. An antibody 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, an antibody or fragment 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, 13-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 

anti-LRP6 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, lidocaine, 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), cyclothosphamide, 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). (See e.g., Seattle Genetics 

US20090304721). 
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Other examples of therapeutic cytotoxins that can be conjugated to an 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 al., (2003) Adv. Drug Deliv. Rev. 

55:199-215; Trail et al., (2003) Cancer Iinmunol. 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, iodine', indium" I , 

yttrium", and lutetiumm. Method for preparing radioimmunconjugates are established in 

the art. Examples of radioimmunoconjugates are commercially available, including 

ZevalinTM  (DEC Pharmaceuticals) and BexxarTM  (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-

tetraa7acyclododecane-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. 

108 



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); Helistrom 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. 62:119-58. 

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 of the Invention 

(0 Nucleic Acids Encoding the Antibodies 

The invention provides substantially purified nucleic acid molecules which encode 

polypeptides 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, 

34, and 60, and/or the nucleotide sequence encoding the light chain variable region shown 

in SEQ ID NOs: 13, 33, and 59. In a specific embodiment, the nucleic acid molecules are 

those identified in Table 1. Some of the nucleic acids of the invention comprise the 

nucleotide sequence encoding the Propeller 3 antibody heavy chain variable region shown 

in SEQ ID NOs: 82, 106, and 128, and/or the nucleotide sequence encoding the light 

chain variable region shown in SEQ ID NOs: 81, 105, and 127. 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. 
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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 of a Propeller 1 antibody set forth in SEQ ID NOs: 14, 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 of a Propeller 1 antibody set 

forth in SEQ ID NOs: 13, 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 of a Propeller 3 antibody set forth in SEQ ID NOs: 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 of a Propeller 3 antibody set 

forth in SEQ ID NOs: 81, 105, and 127. 

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 al., (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 
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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 

LRP6 antibodies described above. Various expression vectors can be employed to 

express the polynucleotides encoding the LRP6 antibody chains or binding fragments. 

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 LRP6 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 al., (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 an LRP6 antibody chain or fragment. 	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 an LRP6 

antibody chain or fragment. 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 
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in use (see, e.g., Scharf et aL, (1994) Results Probl. Cell Differ. 20:125; and Bittner el 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 LRP6 antibody chains can be either 

prokaryotic or eukaryotic. E. coli 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 polypeptides 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 LRP6 antibodies of the present invention. For example, they can be either a 

hybridoma cell line expressing endogenous immunoglobulin genes (e.g., the lD6.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 
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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 aL, 

(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 polIlI 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 LRP6 antibody chains 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 
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transfected cells can be proliferated using tissue culture techniques appropriate to the cell 

type. 

(ii) Generation of monoclonal antibodies 

Monoclonal antibodies (mAbs) 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 marine 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 al. 

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 y) and lc light chain immunoglobulin 

sequences, together with targeted mutations that inactivate the endogenous u and lc chain 
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loci (see e.g., Lonberg, et al., (1994) Nature 368(6474): 856-859). Accordingly, the mice 

exhibit reduced expression of mouse IgM or lc, 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. Immuno1.13: 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 4:117-123; Chen et al., (1993) EMBO J. 

12:821-830; Tuaillon et at , (1994) 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; 6,114,598; 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 
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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 immu.noglobulin 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. 

(iii) Framework or Fe 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. 
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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 reduce 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 et 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 Fe 

region, typically to alter one or more functional properties of the antibody, such as serum 

half-life, complement fixation, Fe 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 of of Kabat (Supra). 

In one embodiment, the hinge region of CHI is 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 CH1 is altered to, for example, facilitate assembly of the 

light and heavy chains or to increase or decrease the stability of the antibody. 

In another embodiment, the Fc hinge region of an antibody is mutated to decrease the 

biological half-life of the antibody. More specifically, one or more amino acid mutations 

are introduced into the CH2-C113 domain interface region of the Fc-hinge fragment such 

that the antibody has impaired Staphylococcyl protein A (SpA) binding relative to native 

Fe-hinge domain SpA binding. This approach is described in further detail in U.S. Patent 

No. 6,165,745 by Ward et al. 

In yet other embodiments, the Fc region is 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 Cl component of complement. This approach is 
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described in further detail in U.S. Patent Nos. 5,624,821 and 5,648,260, both by Winter et 

al. 

In another embodiment, one or more amino acids selected from amino acid residues can 

be replaced with a different amino acid residue such that the antibody has altered  Cl q 

binding and/or reduced or abolished complement dependent cytotoxicity (CDC). This 

approach is described in further detail in U.S. Patent Nos. 6,194,551 by Idusogie et al. 

In another embodiment, one or more amino acid residues are altered to thereby alter the 

ability of the antibody to fix complement. This approach is described further in PCT 

Publication WO 94/29351 by Bodmer et al. 

In yet another embodiment, the Fc region is modified to increase the ability of the 

antibody to mediate antibody dependent cellular cytotoxicity (ADCC) and/or to increase 

the affinity of the 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 IgG1 for FcyR1, PcyR11, FcyRIII and FcRn have 

been mapped and variants with improved binding have been described (see Shields et al., 

(2001) J. Biol. Chen. 276:6591-6604). 

In still another embodiment, the glycosylation of an antibody is 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, an 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 GleNac structures. Such altered 

glycosylation patterns have been demonstrated to increase the ADCC ability of 

antibodies. Such carbohydrate modifications can be accomplished by, for example, 
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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 fttcosyl 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 at, (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(1,4)-N acetylglucosaminyitransferase 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). 

In another embodiment, the antibody is 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, the LRP6 antibodies having VH and VL sequences or full length 

heavy and light chain sequences shown herein can be used to create new LRP6 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 LRP6 antibodies of the invention are used to create 

structurally related LRP6 antibodies 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 For example, one or more CDR regions of the 

antibodies of the present invention, or mutations thereof, can be combined recombinantly 
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with known framework regions and/or other CDRs to create additional, recombinantly-

engineered, LRP6 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) an 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 CDR1 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 CDR1 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 CDR1 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 CDR1 

sequence selected from the group consisting of SEQ ID NOs: 91, 107, and 118, 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 

120 



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 CDRI 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 LRP6 antibodies described 

herein, which functional properties include, but are not limited to, specifically binding to 

human and/or cynomologus LRP6; the antibody binds to LRP6 and inhibits LRP6 

biological activity by inhibiting the canonical Wnt signaling activity in a Wnt reporter 

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 antibodies of the invention, 

mutations can be introduced randomly or selectively along all or part of an LRP6 

antibody coding sequence and the resulting modified LRP6 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 of the Invention 

The 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 cynomologus LRP6), the epitope binning, their 
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resistance to proteolysis, and their ability to block the Wnt pathway. In addition, the 

antibodies are characterized by ability to potentiate a Wnt signal in the presence of a Wnt 

ligand. 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 ofP-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 an antibody to bind to LRP6 can be detected by labelling the antibody of 

interest directly, or the antibody may be unlabelled and binding detected indirectly using 

various sandwich assay formats known in the art. 

In some embodiments, the LRP6 antibodies of the invention block or compete with 

binding of a reference LRP6 antibody to a LRP6 polypeptide. These can be fully human 

LRP6 antibodies described above. They can also be other mouse, chimeric or humanized 

LRP6 antibodies which bind to the same epitope as the reference antibody. The capacity 

to block or compete with the reference antibody binding indicates that a LRP6 antibody 

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 reduces 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 LRP6 antibody 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 
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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., (1990) Virology 176:546-552); 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 LRP6 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 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 LRP6 monoclonal antibodies bind to unique epitopes, each 

antibody can be biotinylated using commercially available reagents (e.g., reagents from 

Pierce, Rockford, IL). Competition studies using unlabeled monoclonal antibodies and 

biotinylated monoclonal antibodies can be performed using a LRP6 polypeptide coated- 

ELISA plates. Biotinylated MAb binding can be detected with a strep-avidin-alkaline 

phosphatase probe. To determine the isotype of a purified LRP6 antibody, isotype 

ELISAs can be performed. For example, wells of microtiter plates can be coated with I 

µg/ml of anti-human IgG overnight at 4°C. After blocking with 1% BSA, the plates are 

reacted with 1µg/ml or less of the monoclonal LRP6 antibody or purified isotype 

controls, at ambient temperature for one to two hours. The wells can then be reacted with 

either human IgG1 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 monoclonal LRP6 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 LRP6 

antibody 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 
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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. 

LRP6 antibodies of the invention 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 monoclonal 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). 

Examples of functional assays are also described in the Example section below. 

Prophylactic and Therapeutic Uses 

The present invention provides methods of treating a disease or disorder associated with 

the LRP6 Wnt signaling pathway by administering to a subject in need thereof an 

effective amount of the antibodies of the invention. In a specific embodiment, the present 

invention provides a method of treating or preventing cancers (e.g., 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 by administering to a subject in need thereof an 

effective amount of the antibodies of the invention. 	In some embodiments, the present 

invention provides methods of treating or preventing cancers associated with a Wnt 

signaling pathway by administering to a subject in need thereof an effective amount of the 

antibodies of the invention. 

In one 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, bladder cancer, liver cancer gastric 

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

osteosarcoma, squamous cell carcinoma, and melanoma. 

LRP6 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, 
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osteoatthritis, 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., P13 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, 

preferably the LRP6 epitopes of the invention, being a measure of antibodies in the serum 

sample, most particularly, inhibiting antibodies in the serum sample. 

A significant advantage of the assay is that measurement is made of inhibiting antibodies 

directly (i.e., those which interfere with binding of I RP6 protein, specifically, epitopes). 
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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 dysregulation of 

complement pathway activity. 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"). Pharmacogenomics 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 a LRP6 antibodies (intact or 

binding fragments), the LRP6 antibodies (intact or binding fragments) is 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 Gilman'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 

126 



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.) (199 l) 

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; Beniaminovitz, 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 
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dosage level will depend upon a variety of pharrnacokinetic 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 or fragments thereofof 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 µg/kg body weight, at least 0.2 

us/kg, at least 0.5 µg/kg, at least 1µg/kg, at least 10 µg/kg, at least 100 µg/kg, 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. (2003) Cancer Immunol. Immunother. 52:133-144). 

The desired dose of antibodies or fragments thereof is about the same as for an antibody 

or polypeptide, on a moles/kg body weight basis. The desired plasma concentration of the 

antibodies or fragments thereof is about, on a moles/kg body weight basis. The dose may 

be at least 15 lag at least 20 lig, at least 25 rig, at least 30 }Ag, at least 35 [rg, at least 40 }1g, 

at least 45 [tg, at least 50 pig, at least 55 1.tg, at least 60 rig, at least 65 pig, at least 70 vig, at 

least 75 pg, at least 80 fig, at least 85 pig, at least 90 lig, at least 95 pg, or at least 100 pg. 

The doses administered to a subject may number at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, or 

12, or more. 

For antibodies or fragments thereofof 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 10 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 
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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 antibodies or fragments thereofof 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 or fragments thereofof the invention may be 150 jug/kg or 

less, 125 pg/kg or less, 100 µg/kg or less, 95 µg/kg or less, 90 pg/kg or less, 85 pg/kg or 

less, 80 pg/kg or less, 75 lug/kg or less, 70 pg/kg or less, 65 pg/kg or less, 60 pg/kg or 

less, 55 µg/kg or less, 50 µg/kg or less, 45 pg/kg or less, 40 pg/kg or less, 35 µg/kg or 

less, 30 pg/kg or less, 25 µg/kg or less, 20 pg/kg or less, 15 pg/kg or less, 10 pg/kg or 

less, 5 pg/kg or less, 2.5 pg/kg or less, 2 lag/kg or less, 1.5 lag/kg or less, 1 pg/kg or less, 

0.5 µg/kg or less, or 0.5 pg/kg or less of a patient's body weight. 

Unit dose of the antibodies or fragments thereofof 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 15 mg, 0.25 to 12 mg, 0.25 to 10 

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, I mg to 20 mg, 1 

mg to 15 mg, 1 mg to 12 mg, 1 mg 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 antibodies or fragments thereofof the invention may achieve a serum 

titer of at least 0.1 µg/ml, at least 0.5 µg/ml, at least 1 µg/ml, at least 2 µg/ml, at least 5 

lug/nil, at least 6 µg/ml, at least 10 µg/ml, at least 15 µg/ml, at least 20 µg/ml, at least 25 

µg/ml, at least 50 µg/ml, at least 100 µg/ml, at least 125 µg/ml, at least 150 µg/ml, at least 

175 µg/ml, at least 200 µg/ml, at least 225 µg/ml, at least 250 µg/ml, at least 275 µg/ml, 

at least 300 µg/ml, at least 325 µg/ml, at least 350 pg/ml, at least 375 µg/ml, or at least 

400 µg/ml in a subject. Alternatively, the dosage of the antibodies or fragments thereofof 

the invention may achieve a serum titer of at least 0.1 µg/ml, at least 0.5 µg/ml, at least 1 

µg/ml, at least, 2 µg/ml, at least 5 µg/ml, at least 6 µg/ml, at least 10 µg/ml, at least 15 

µg/ml, at least 20 .mu.g/mI, at least 25 µg/ml, at least 50 µg/ml, at least 100 µg/ml, at 

least 125 µg/ml, at least 150 µg/ml, at least 175 lag/ml, at least 200 µg/ml, at least 225 

µg/ml, at least 250 µg/ml, at least 275 µg/ml, at least 300 pg/ml, at least 325 pg/ml, at 

least 350 µg/ml, at least 375 µg/ml, or at least 400 µg/ml in the subject. 
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Doses of antibodies or fragments thereofof the invention may be repeated and the 

administrations may be separated by at least I 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., cutaneous 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 nebulize'', 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 98/31346, 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 or 

fragments thereofof 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 

130 



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. Alternatively, a composition of the invention can 

be administered via a non-parenteral route, such as a topical, epidermal or mucosal route 

of administration, for example, intranasally, orally, vaginally, rectally, sublingually or 

topically. In one embodiment, the antibodies or fragments thereof of the invention is 

administered by infusion. In another embodiment, the multispecific epitope binding 

protein of the invention is administered subcutaneously. 

If the antibodies or fragments thereof 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), polyacrylatnide, 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)). 
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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 or fragments thereofof 

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 a/., 1997, "Biodegradable Polymeric Carriers for a bFGF Antibody for 

Cardiovascular Application," Pro. Int'l. Symp. Control. Rel. Bioact. Mater. 24:853-854, 

and Lam et al., 1997, "Microencapsulation of Recombinant Humanized Monoclonal 

Antibody for Local Delivery," Proc. Int'l. Symp. Control Rel. Bioact. Mater. 24:759-760, 

each of which is incorporated herein by reference in their entirety. 

If the antibodies or fragments thereof 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 or fragments thereofare administered 

intranasally, it can be formulated in an aerosol form, spray, mist or in the form of drops. 
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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, 10.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 or fragments thereofof the invention may be 

administered less than 5 minutes apart, less than 30 minutes apart, 1 hour apart, at about 1 

hour apart, at about I 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 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 or fragments thereofof the invention. The 

two or more therapies may be administered within one same patient visit. 

The antibodies or fragments thereotbf 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. 
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In certain embodiments, the antibodies or fragments thereofof 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. 

4,522,811; 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. Phartnacol. 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. Chem. 269:9090); 

see also K. Keinanen; M. L. Laukkanen (1994) FEBS Lett. 346:123; J. J. Killion; I. J. 

Fidler (1994) Immunomethods 4:273. 

The invention provides protocols for the administration of pharmaceutical composition 

comprising antibodies or fragments thereofof 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 meant that a pharmaceutical composition 
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comprising antibodies or fragments thereofof the invention are administered to a subject 

in a sequence and within a time interval such that the antibodies of 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 11 hours apart, at about 

11 hours to about 12 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 same patient 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. 
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Examples 

Methods and Materials 

I: Pannings, antibody identification and characterization 

(a) Panning 

(i) fluCAL 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 Mal Biol 

296:57-86) and employs the CysDisplayTM  technology for displaying the Fab on the 

phage surface (W001/05950 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. 

(ii) 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 TG1 cells and rescued after infection 

of E. coli TG I cells using helper phage. The polyclonal amplified phage output was 

titered again and used in consecutive selection steps. 

(iii) 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. 
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The remaining phage were eluted, and used immediately for infection of E. coil TG1 

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-Fe were performed as described above 

for whole cell pannings and for Fe 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 TG1, amplification, phage production and output titer 

determination were conducted as described above in whole cell panning against LRP6. 

(v) Semi-Solution Panning Against 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 TG1 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 TG1-F single clone expression and 

preparation of periplasmic extracts containing HuCAL®-Fab fragments were performed 

as described previously (Rauchenberger et al., (2003)). 
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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 Fe 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 microliter 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). 

00 Fc-capture Screening on Recombinant Human LRP6-Fc 

Clones selected in the Fe-capture panning were screened in an Fe-capture-ELISA setup. 

Maxisorp (Nunc, Rochester, NY, USA) 384 well plates were coated with goat anti-human 

IgG, Fe fragment specific antibody. After washing with PBST and blocking the wells, 

recombinant human LRP6-Fe 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 HuCAL6-Fab Antibodies in E. tali 

Expression of Fab fragments encoded by pMORPleX9_,,Fab_FH or 

pMORPfeX11__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. 
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4: Affinity Determination 

(i) Surface Plasmon Resonance Measurements 

For determination of 1(0 values, surface plasmon resonance technology was applied. Anti- 

human-Fc-capture CM5 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 KD Determination Using Sector 

Imager 6000 (MSD) 

For K0 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 77:305-319). In order to improve the 

sensitivity and accuracy of the SET method, it was transferred from classical ELISA to 

ECL based technology (Haencl et al., (2005) Anal Biochem. 339:182-184). 

The data was evaluated with XLfit (IDBS) software applying customized fitting models. 

For KD 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. 

y = 13„,,, , 	.Fab], + x + 	, — 	+ x + 	„)2  — max 	 K 	V([Fab], 	K 	Lix[Fab]t )) 
( 2[ ,Fabj i  

[Fat* applied total Fab concentration 

x: applied total soluble antigen concentration (binding sites) 

B..: maximal signal of Fab without antigen 

KD: affinity 
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5: Screening After Affinity Maturation 

EC50  Determination on HEIC293T/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 p.g / mL (final concentration). 

Cells were harvested using Aceutase, resuspended in FACS buffer, distributed to the 

wells of a 96-well plate, and stained with antibody dilutions. EC50  values 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 

pMORPHalhIg vectors for human IgG2, human IgG4, human IgG4_Pro, and human 

IgGlf LALA. 

7: Transient Expression and Purification of human IgG 

Eukaryotic HKB11 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-transfeetion of Writ 1, Wnt3a, or other Wnt 

expression plasmids. 

(i) Wnt3a 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 % CO2  in 100 pi, medium. 
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The following day, various anti-LRP6 antibody dilutions and DKK1 dilutions (positive 

control) were prepared either in pure or in diluted in Wnt3a-conditioned medium. 60 

µL/well of the supernatant was removed from the 96 well tissue culture plate and replaced 

by 60 µL/well of the conditioned medium/antibody dilutions. 

After Incubation for 16 to 24 hat 37 'C/5 % CO2, 100 I.LL BrightGlo 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 HEK293 cells) 

(ii) Wntl/Wnt3a Reporter Gene Assay with Transiently Transfected Cells 

3x104  HEK293T/17 cells/well were seeded into a 96 well tissue culture plate (Costar), 

and cells were incubated at 37 °C/5 % CO2  in 100 IAL medium as described in Table 3. 

After 12 to 16 h, cells were transfected with empty vector Wnt expression plasmidl 

ng/well; pTA-Luc-I0xSTF (Firefly luciferase construct)50 ng/well; or phRL-SV40 

(Renilla luciferase construct) 0.5 ng/well. 

A transfection premix (10 µL/well) was prepared containing the plasmids listed above 

and 0.2 pi, 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 % CO2. In the meantime, antibodies were diluted in 

medium and added to the transfected cells (7511L/well). 

After 18 to 24 h, 75 µL/well 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 gL/well 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 IC50-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). 
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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-KI 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 

peDNA3.1-flag_MESD (overexpression of cynomologus LRP6). 50 lig 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 TOP1OF 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. 
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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 

HEK293 cells were grown in D-MEM supplemented with 10% fetal bovine serum at 37 

°C with 5% CO2. Cells were seeded into a 96 well tissue culture plate (Costar) at 

3x104/well and transfected with 0.1ng/well Wnt expression plasmid, 50 ng/well STF 

reporter, and 0.5 ng/ml phRL-SV40 (Promega) mixed with 0.2 µL/well FuGene6 

(Roche). Four hours after transfection, antibodies were diluted in PBS and added to the 

transfected cells. After 18 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 HEK293-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 lx 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 
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the LRP6 protein SOST and binding of the Fabs to the cells was monitored by PE-

conj ugated anti human IgG antibody (Dianova). 

14: Immunoblotting assay 
Total cell lysates were prepared in RIPA buffer (50 mM Tris-HCI, pH 7.4, 150 mM NaCl, 

1% NP-40, 0.5% sodium deoxycholate, 0.1% 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 (10mM Tris-HCI 

pH7.5, 10mM KCl) by performing four freeze-thaw cycles, and insoluble membrane 

fraction was solubilized using RIPA buffer. Protease inhibitor cocktail (Sigma) and lx 

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-pS1490 LRP6 antibodies (Cell Signaling Technology). 

Example 1: Specific binding of anti-LRP6 antibodies to endogenous LRP6 by FAGS 

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, 

PA1 cells express both LRP5 and LRP6 mRNA, while U266 and Daudi cells do not 

express LRP6 mRNA. PA1 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 PA I cells further confirms 

specificity of Prop] and Prop3 antibodies for LRP6 (See Fig. 1B). 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. 
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Example 2: Differential inhibition of WW1 and Wnt3a reporter gene assays by 

Propeller I and Propeller 3 anti-LRP6 Fabs 

Different anti-LRP6 Fabs were tested in in vitro Wnt reporter assays. Wntl or Wnt3A 

ligands were transiently expressed in HEK293T/17 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 Writ!, Wnt2, Wnt6, Wnt7A, 

Wnt7B, Wnt9, WntIOA, WntlOB 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. 
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Example 5: Conversion of LRP6 antibodies from Fab fragments to IgG potentiates Wnt 

signaling induced by the other class of WM. 

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-MB23 1, 

MDA-MB435, PA-1, TM3 and 3t3 cells — data not shown) 

Example 6: Propelled or Propeller 3 anti-LRP6 Fobs specifically inhibits WW1 or 

Wnt3A-induced LRP6 phosphorylation. 

11E1(293T/17 cells were transiently transfected with Wntl or Wnt3A expression plasmids 

and treated with Propeller for 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 S1490 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 Witt 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 Wntl 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 
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as the mRNA expression of ii-eatenin target gene Axin2 were analyzed over a period of 

two weeks. The terminal n-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 10 mg/kg. In 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 

MOR08168 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. 
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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- 

Writl allograft model. MMTV-Wnt1 tumor fragments were implanted subcutaneously 

(s.c.) into female nude mice. 11 days after implantation, mice carrying MMTV-Wntl 

tumors (n----8, average 121 mm3; range: 100-147 mm3) 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 mm3; range: 113-337 mm3) were treated with vehicle IgG 

(10mg/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 I and 3 anti-LRP6 antibodies to inhibit 

Wnt3A 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 

10x10e6 PAl-STF cells and 0.5x10e6 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-Propeller 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). 
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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 (Phe636-Leu647, Tyr g"-G1u856; Fig. 11A), 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 of ScFv06475 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, W850AJS851A, 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, Tagg, (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 M0R06475 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. 11B). Thus the binding assay data are in good agreement with the 

binding interface as mapped by HDx MS suggesting the residues R638, W850, 5851, 

R852, and R853 participate directly in the epitope. 
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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, 

9,10A, 10B) requires Propeller 1 of LRP6 for Wntl signaling, and they can be inhibited 

by Propeller I 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 (IgG1LALA, 1g02, 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 VII or VL. Furthermore, various linkers may be used to 

connect the scFv to the IgG including Gly4Ser and (GlyGlySer)2. 
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(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 NdeI/XbaI into vector pFAF115-FkpA, 

resulting constructs were called pFab15-MOR06475-VH-(Gly4Ser)3-VL, pFab15- 

MOR06475-VH-(Gly4Ser)4-VL, pFab15-MOR06475-VL-(Gly4Ser)3-VH, pFab15- 

MOR06475-VL-(Gly4Ser)4-VH, pFab15-MOR08168-VH-(Gly4Ser)3-VL, pFab15- 

MOR08168-VH-(Gly4Ser)4-VL, pFab15-MOR08168-VL-(Gly4Ser)3-VH, pFab15- 

MOR08168-VL-(Gly4Ser)4-VH, pFab15-MOR08545-VH-(Gly4Ser)3-VL, pFab15- 

MOR08545-VH-(G1y4Ser)4-VL, pFab15-MOR08545-VL-(Gly4Ser)3-VH and pFab15- 

MOR08545-VL-(Gly4Ser)4-VH. 

(ii) Generation of biparatopic anti-LRP6 IgG-scFv 

anti-LRP6 MOR08168 hIgG1LALA 6475scFv 

Vector pRS5a MOR08168 hIgG1LALA 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 hIgG1LALA (primer no. 1: 5'-

agcgtgatgcacgaagcgctgcacaaccactac-3' (SEQ ID NO: 213) and primer no. 2: 5% 

gtagtggngtgcagcgatcgtgcateacgctg-3' (SEQ ID NO; 214)). Gene coding for 

MOR06475scFv (VL-VH-orientation, separated by (Gly4Ser)4-linker) was synthesized by 

Geneart. 5'-primer containing Afel-site and sequence coding for (GlyGlySer)2 -linker as 

well as 3'-primer containing AscI-site were used for amplification of entire MOR06475-

scFv-gene (primer no. 3: 

5'-tgatgcacgaagcgctgcacaaccactacacccagaagagcctgagcctgteccccggcaag 

ggeggetccggeggaagegatatc-3' (SEQ ID NO: 215) and primer no. 4: 5'-

gagcggccgcccggcgcgcc tcatcagetggacactgtcaccaggg-3' (SEQ ID NO: 216)). PCR-product 

was then cloned via AfeI/AscI into vector pRS5a MOR08168 hIgG1LALA resulting in 

the final construct pRS5a MOR08168 hIgGILALA-6475sc-fv. Gene coding for codon-

optimized VL of MOR08168 was synthesized by Geneart. 5'-primer containing Agel-site 
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and 3'-primer containing HindIII-site were used for amplification of entire MOR08168-

VL-genes (primer no. 5: (5'-gettecggacaccaceggt gacatcgagctgacccagcc-3' 

SEQ ID NO: 217) and primer no. 6: 5'-cagcacggtaagett ggtgectccgccgaacaccag-3' 

(SEQ ID NO: 218)). PCR-product was then cloned via AgeI/HindIII into vector pRS5a-

hlambda resulting in the final construct pRS5a MOR08168 hlambda. 

anti-LRP6 MOR08168 hIgG1LALA 6475scFv_without Lys (K) 

Vector pRS5a MOR08168 hIgG1LALA-6475sav (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'-ctgteccccggcggeggctccggc-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 hIgG1LALA MOR08168opt 6475 scFv K. 

Vector pRS5a MOR08168 hlambda (generation described for anti-I.RP6_MOR08168 

hIgG1LALA_6475scFv) containing codon-optimized VL-sequence (synthesized by 

Geneart) was used w/o any modifications for expression of LC. 

anti-LRP6_MOR08168 hIgG1LALA 6475scEv AspPro to AspAla (DP to DA) 

Vector pRS5a MOR08168 hIgGILALA-6475sav (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 hIgG1LALA MOR08168opt 6475 scFv DP to DA. 

Vector pRS5a MOR08168 hlambda (generation described for anti-LRP6_MOR08168 

hIgG1LALA.6475scFv) containing codon-optimized VL-sequence (synthesized by 

Geneart) was used w/o any modifications for expression of LC. 

anti-LRP6 MOR08168 hIgG1LALA 6475scFv AspPro to ThrAla (DP to TA) 

Vector pRS5a MOR08168 hIgG1LALA-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: 
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5'-caccatgaccaacatgaccgccgtggacaccgccacc-3' (SEQ ID NO: 223) 

5'-ggtggcggtgtccacggcggtcatgttggtcatggtg-3' (SEQ ID NO: 224) 

Site-Directed Mutagensis was done according to Stratagene protocol; resulting new 

construct was called pRS5a hIgG1LALA MOR08168opt 6475 scFv DP to TA. 

Vector pRS5a MOR08168 hlambda (generation described for anti-LRP6_MOR08168 

hIgGILALA 6475scFv) containing codon-optimized VL-sequence (synthesized by 

Geneart) was used w/o any modifications for expression of LC. 

anti-LRP6 MOR08168hIgGI LALA 6475scFv at ValLeu (VL) 

Vector pRS5a MOR08168 hIgG1LALA 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 AgeI/HindlII into vector pRS5a hlambda MOR08168. 

Resulting vector was called pRS5a hlambda MOR08168 6475scFv at VL. 

anti-LRP6 MOR06475hIgG1 LALA 8168scfv (VH-3-VL), where 3 represents a 

(GlvlSer)a amino acid linker between the VH and VL chains. 

MOR06475-VH was amplified from vector pM2 hIgGILALA MOR06475 with 

following primers: 

5'-gttcctggtcgcgatcctggaaggggtgcactgccaggtgcaattgaaagaaagcg-3' (SEQ ID NO: 225) 

5'-cttggtggaggctgagctaac-3' (SEQ ID NO: 226) 

PCR-roduct was cloned via Nrul/B1p1 into vector pRS5a hIgG1LALA MOR08168 

6475scFv, resulting vector was called pRS5a hIgGILALA MOR06475 6475scFv. 

MOR08168scFv was amplified from vector pRS5a MOR08168 scFv (VH-3-VL) with 

following primers: 

5'-gcacgaagcgctgeacaaccactacacccagaagagcctgagcctgteccccggcaagggcggctccggcggaagc 

caggttcaattggttgaaagc-3' (SEQ ID NO: 227) 

5'-gggccetctagagcggccgcccggcgcgcctcatcacagaacggtaagettggtgcc-3' (SEQ ID NO: 228) 

PCR-product was cloned via Afel/XbaI into vector pRS5a hIgG1LALA MOR06475 

6475scFv, resulting final vector was called pRS5a hIgGILALA MOR06475 8168scFv 

(VH-3-VL). 

MOR06475-VL was amplified from vector pM2 hkappa MOR06475 with following 

primers: 

5'-gacaccaccggtgatatcgtgctgacccagagc-3' (SEQ ID NO: 229) 
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5 '-gcagccacc gtacgt 	ttaatttcaac -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 MOR06475hIgG1 LALA 8168scfv JVH-4-VL), where 4 represents a 

(Gly4Ser).4  amino acid linker between the VII and VL chains. 

MOR06475-VH was amplified from vector pM2 hIgG1LALA MOR06475 with 

following primers: 

5'-gttectggtcgcgatectg agggtgcactgecaggtgeaattgaaagaaagcg-3' (SEQ ID NO: 211) 

5'-cttggtggaggctgagetaac-3' (SEQ ID NO: 212) 

PCR-product was cloned via Nrul/B1pI into vector pRS5a hIgG1LALA MO1i08168 

6475scFv, resulting vector was called pRS5a hIgG 1 LALA MOR06475 6475scFv. 

MOR08168scFv was amplified from vector pRS5a MOR08168 scFv (VH-4-VL) with 

following primers: 

5'-gcacgaagcgctgcacaaccactacacccagaagagcctgagcctgteccccggcaagggcggctccggc ggaagc 

caggttcaattggttgaaagc-3' (SEQ ID NO: 213) 

5'-gggccactagageggccgccoggcgcgcctcatcacagaacggtaagettggtgcc-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. 

(iii) Expression of anti-ISP6-scFv 

Electrocompetent E. coil strain W3110 was transformed with plasmid-DNA. Pre-cultures 

(150 ml LB-medium containing 12.5 lig 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 ug Tetracycline/ml, in 21 

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 mM at 4600 rpm, 4°C) and cell pellets were frozen at -20°C. 

154 



(iv) Purification of anti-LRP6-scFv 

Pellets from 3 1 expressions were suspended in 50 ml Lysis-Buffer (20 mM NaH2PO4, 20 

mM Imidazole, 500 mM NaCI, pH 7.4; 1 tablet Complete without EDTA per 50 ml 

buffer, Roche # 11836170001, 10 mM MgSO4 and Benzonase ). Cell suspensions were 

treated by French Press (2x at 1000bar) and centrifuged for 30 min at 16000xg, 4°C. Iml 

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 (I mLtmin). Run was done with PBS at I 

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 rim 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 Ml 1V3 Media : Lot# D07668B in a 

BioWave20 at Rocks 10 rpm, Angle 7°, Aeration 25 L/h, 02 25%, CO2  6% to a density of 

2E6 viable cells/mL. The cells were transiently transfected with 1.8 L DNA:PEI-MIX 

(plasmid: pRS5a MOR08168 hIgG1 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, 02 25%, CO2 0-6%. Seven days after 

transfection, cells were removed by crossflow filtration using Fresenius filters 0.2 Rm. 

Afterwards the cell free material was concentrated to 1.75 L with crossflow filtration 

using 10 kDa cut off filter from Fresenius. After the concentration the concentrate was 

sterile filtered through a stericup filter (0.22 µm). The sterile supernatant was stored at 

4°C. All described biaparatopic anti-LRP6-scFv variants were expressed in a similar 

manner. 

(vi) Purification of biparatopic anti-LRP6 IgG-scFv 

The purification of the biparatopic IgG was performed on a AKTA 100 explorer Air 

chromatography system at 6°C in a cooling cabinet, using a freshly sanitised (0.2 M 
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NaOH/ 30% isopropanol) XKl 6/20 column with 25 ml of self-packed MabSelect SuRe 

resin (all GE Healthcare). AU 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 10x, 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 NaC1, pH 4.5, going linearly down 

in 12 CV to 50 mM citrate, 70 mM NaC1, 012.5, 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 pm), 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 (UNIchipe 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 pg/ml. The secondary labeled antibody, a Cy5-conjugated AffiniPure 

Goat anti-hsIgG F(ab')2, fragment specific (Jackson Immunoresearch, code no. 109-175- 

097), was used at a final concentration of 7,5 µg/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 v1.8. To determine unspecific cross-reactivity derived from binding 
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of the secondary antibody directly to the printed antigens, the secondary antibody was 

also incubated on the UNIchipt 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 fmollspot) 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-well plate auto-sampler. Data were analyzed with the software 

Origin 7.5. The samples (400 pl), were added to 2 ml deep-well plates from NuncTI". The 

samples in PBS pH 7.0 were analyzed at 1 mg/ml. The reference sample contained 400 pi 

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- 

I . 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 pl 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 pl of each sample were taken at different time-points, 10 pl sample buffer (4x, NuPage, 

Invitrogen) and 26 pl water were added and samples were frozen at -20°C. 12 pl 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 I h. Membranes were briefly 

washed in TBST (10 mM Tris-HCI, pII 7.5, 150 mM NaCI, 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 

1:10.000 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). 
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(b) Results 

(z) Expression, purification and characterisation of anti-LRP6-scFvs 

All scFv's were successfully expressed in E. coli W3110 and purified by affinity 

chromatography followed by size exclusion chromatography. Expected size (MOR06475 

(Gly4Ser)3  /(Gly4Ser)4: 26.74 and 27.06 kDa respectively, MOR08168 (Gly4Ser)3 

/(Gly4Ser)4: 26.5 and 26.85 kDa respectively, MOR08545 (Gly4Ser)3 /(Gly4Ser)4: 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 [ig of each 

purified protein were loaded into 10% Bis-Tris gel (NuPage, Invitrogen) M: Marker See 

Blue Plus2 (Invitrogen); (1): MOR06475-VH-(Gly4Ser).4-VL; (2) MOR06475-VL- 

(Gly4Ser)4-VH; (3) MOR08168-VH-(Gly4Ser)4-VL; (4) MOR08168-VL-(Gly4Ser)4-VH; 

(5) MOR08545-VH-(Gly4Ser)4-VL; (6) MOR08545-VL-(Gly4Ser)4-VH (7) MOR06475- 

VII-(Gly4Ser)3-VL; (8) MOR06475-VL-(Gly4Ser)3-VH (9) MOR08168-VH-(Gly4Ser)3- 

VL; (10) MOR08168-VL-(Gly4Ser)3-VH; (11) MOR08545-VH-(Gly4Ser)3-VL; (12) 

MOR08545-VL-(Gly4Ser)3-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-(Gly4Ser)4-VH therefore this molecule is believed to be 

potentially more stable then the other constructs produced. 

Activity of MOR06475, MOR08168 and MOR08545 say and Fab constructs, as well as 

several biparatopic formats was assessed in the HEK293 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 seFv6475 inhibits Propeller 3 ligands such as Wnt3, while having no activity 

on Propeller 1 ligands such as Wntl . Furthermore, MOR08168/6475 biparatopic 

antibodies have activity against both Propeller 1 and Propeller 3 ligands, and no 

potentiating activity at any concentrations applied in the HEK293 Wnt STF assay. 

(ii) Expression. purification and characterisation of biparatopic anti-LRP6 IgG-scFv 

A schematic representation of biparatopic anti-LRP6 Ig-sav format produced in this 

study is presented in Fig. 15. Fig. 15A represents a scFv scFv attached to the C-terminus 
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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 Fe; and 15D represents an scFv scFv attached to the 

N- and C- terminus of an Fe. 

The biparatopic antibody in the current experiment is the biparatopic full-IgG with scFv 

fused to the C-terminus of hIgG1 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. 16 is an SDS-Page analysis of purified biparatopic anti-LRP IgG-scfV. Samples 

were loaded into 12% Bis-Tris gel (NuPage, Invitrogen). Marker: Invitrogen Mark12; (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 Kd of 0.021 and 0.023µM respectively, as determined by Biacore. Both 

formats demonstrated low level binding to human FeRn at pH 7.4, so this BpAb is 

expected to behave as a standard IgG in vivo (PK characteristics similar to IgG1) (See 

Fig. 19). 

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. coli. Anti-LRP6 MOR06475, 8168 and 8545 were expressed as VII- 

VL and VL-VH scFv's with a (Gly4Ser)3  and (Gly4Ser)4 linker. All MOR06475 and 

MOR08168 variants were successfully expressed and purified with a low level (<5%) of 
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aggregates. Correctly processed protein with expected sizes were obtained. Thermal 

stability data showed that the most stable scFv format was MOR06475-VL- (Gly4Ser)4 - 

VII 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 (K) at CII3, with substitutions AspPro (DP) to AspAla (DA) and 

AspPro (DP) to ThrAla (TA) in VII 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 

hIgG1LALA 6475scFv and anti-LRP6 MOR08168hIgG1 LALA 6475scFv at VL as well 

as mutated constructs (deletion of C-terminal Lys (K) 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 (Gly4Ser)4  linker. A (GlyGlySer)2  linker was used to 

attach the scFv to the CH3 domain of hIgG1 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 VII. 

Constructs with MOR08168scFv consisted of a scFv with VH-VL orientation and were 

separated by a (Gly4Ser)3  and (Gly4Ser)4 linker. A (GlyGlySer)2  linker was used to attach 

the scFv to the CH3 domain of hIgG1 LALA. 

The biparatopic anti-LRP6 MOR08168 hIgG1LALA 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 p147.4. The parental antibody bound with similar kinetics. 

Example 13: In vivo evaluation of biparatopic antibody anti-LRP6 

MOR08168bIgG1LALA 6475 scfv 

The ability of biparatopic antibody anti-LRP6 MOR08168hIgG1LALA 6475 scfv to 

inhibit Wnt3 class Wnt signaling in vivo was tested in a co-implant system consisting of 

PAl-S I I,  reporter cells co-implanted with Wnt3A secreting L cells. Female nude mice 

were implanted subcutaneously with 10x. 1 0e6 PAI-STF cells and 0.5x10e6 L-Wnt3A 

cells and randomized in groups of 5. 24 hours later, mice received a single intravenous 

dose of vehicle, MOR08168 LRP6-Propeller I Ab (10 mg/kg), MOR06475 LRP6- 

Propeller 3 Ab (10 mg/kg), or the biparatopic antibody anti-LRP6 
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MOR08168hIgG1LALA 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 MOR08168hIgG1LALA 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 MOR08168hIgG1LALA 

6475 scfv, relative to the MOR08168 LRP6-Propeller 1 Ab, 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 of the biparatopic antibody anti-LRP6 MOR08168hIgGILALA 6475 

scfv or a single dose of 5 mg/kg of the MOR08168 LRP6-Propeller 1 antibody. Serum 

concentrations of the biparatopic antibody, and propeller I antibody, as well as the 

mRNA expression of p-catenin target gene Axin2, were analyzed over a period of two 

weeks. The terminal n-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 MOR08168hIgG1LALA 6475 scfv and the MOR08168 LRP6-Propeller 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=8, average 137 mm3; range: 81-272 nun3) were 

treated with vehicle IgG, MOR08168 LRP6-Propeller 1 Ab (3 mg/kg, i.v., qw), or 

biparatopic antibody anti-LRP6 MOR08168hIgG1LALA 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 IVIOR08168hIgGILALA 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 MOR08168hIgGILALA 6475 scfv 

was evaluated and is depicted in Fig. 23. 
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Inhibition of Wnt signaling in colorectal cancer cells by 13-catenin siRNA or dominant-

negative TCF-4 causes rapid cell cycle arrest and induces an intestinal differentiation 

program (van der Wetering et a/. (2002), Cell, 111, 241-250; van der Wetering et al. 

(2003), EMBO Reports, 4, 609-615). 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 0 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 MOR08168hIgG1LALA 6475 scfv 24 

h, 72 h or 5 days after treatment, sections of frozen murine tumor allografts were cut at 5 

gm 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 

dH20. Oil Red 0 staining was performed using an Oil Red 0 staining kit (Poly Scientific 

R&D, Cat # k043). Slides were scanned with ScanScope CS/GL scanner (Aperio 

Technologies), and tissue sections analyzed with ImageScope v10.2.1.2315 software 

(Aperio Technologies), using the IHC color deconvolution algorithm with a positive-pixel 

count. Representative images of Oil Red 0 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=1 for PBS (control) and 

demonstrate an increase in Oil Red 0 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 MOR08168hIgG1LALA 6475 

sefv was further evaluated in the MDA-MB-231 breast xenograft model. 5x10e6 MDA- 

MB-231 cells in 50% matrigel were implanted subcutaneously (s.c.) into female nude 

mice. 31 days after implantation, mice carrying MDA-MB-231 tumors (n=7, average 165 

mm3; range 99-238 mm3) were treated with vehicle, or biparatopic antibody anti-LRP6 

MOR08168h1gG1LALA 6475 scfv (3mg/kg, i.v., qw), and tumors calipered twice a 

week. The biparatopic antibody anti-LRP6 MOR08168hIgG1LALA 6475 scfv antibody 

dosed at 3 mg/kg weekly, significantly delayed tumor growth (T/C=23%, p<0.05) (See 

Fig. 25). 
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Example 14: In vivo evaluation of additional biparatopic antibodies in the MMTV- 

Wntl model 

As described in Example 10, additional anti-IRP6 reverse biparatopic antibodies were 

generated consisting of the propeller 3 antibody MOR06475 and the propeller I 

MOR08168 scfv domains. The ability of these biparatopic antibodies (MOR06475hIgG1 

LALA_8168scfv JVH-3-VL) and MOR06475hIgG1 LALA _8168sefvJVH-4-VI.) to 

inhibit Wntl signaling in vivo, relative to MOR08168hIgGILALA 6475 scfv, was 

determined in the MMTV-Wntl model. Mice implanted with MMTV-Wnt 1 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 (MOR08168h1gG1LALA 6475 scfv, MOR06475hIgG1 

LALA_8168scfv (VH-3-VL), and MOR06475hIgG1 LALA 8168scfv JVH-4-VL), as 

well as the mRNA expression offi-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 MOR08168hIgG1LALA 6475 scfv. However, the duration of the 

decrease of axin2 mRNA expression was shorter than that observed with 

MOR08168hIgG1LALA 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 MOR08168hIgGILALA 6475 scfv. 

Example 15: Binding affinity of a biparatopic antibody to recombinant LRP6 PD1/2  

And PD 3/4 

Binding affinities of anti-LRP6 MOR08168hIgGILALA 6475 scfv, MOR08168, and 

MOR6475 to Propeller Domains 1-2 of LRP6 (PD1/2, 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-1005-34) 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 (1-Ethyl-3[3-dimethylaminopropyll carbodiimide hydrochloride) 

and 0.1 M NHS (N-hydroxysuccinimide). Excess reactive esters were then blocked with 
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1M ethanolamine. anti-LRP6 MOR08168hIgG1LALA 6475 scfv was prepared at 10 

1.1g/m1 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 10 RI/min. PD1/2 and PD3/4 were prepared 

as two fold concentration series starting at 50 nM, and injected at 30 µl/min for 1 min. 

This allowed a 40 min dissociation phase over the anti-LRP6 MOR08168hIgG1LALA 

6475 scfv-captured surface and the control surface without captured ligands_ The surfaces 

were then regenerated two times with 10 mM glycine (pH 2.2). For the dual binding 

analysis of anti-LRP6 MOR08168hIgG1LALA 6475 scfv to PD1/2 and PD3/4, anti-LRP6 

MOR08168hIgG1LALA 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 µl/min for 30 min. A saturating 

concentration of 100 nM PD1/2 was injected immediately after the PD3/4. The 

dissociation constant (KD), association (Icon), and dissociation (k011) rates were calculated 

from the baseline subtracted corrected binding curves using the BIAevaluation software 

(GE Healthcare). 

Anti-LRP6 MOR0816814G1LALA 6475 scfv (biparatopic antibody) binding to PD1/2 

and PD3/4 was compared with that of MOR08168 (propeller 1 antibody) and 

MOR6475(propeller 3 antibody). Fig. 26A shows affinities of the molecules for 

corresponding LRP6 receptor domains, PD1/2 and PD3/4. The determined KD of anti- 

LRP6 MOR08168hIgGILALA 6475 scfv for PD1/2 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 anti-LRP6 MOR08168hIgG1LALA 6475 scfv 

binding to each of the proteins. The off-rate for binding of anti-LRP6 

MOR08168hIgG I LALA 6475 scfv to PD1/2 is slower than that to P133/4. Further studies 

demonstrated in which PD1/2 and PD3/4 were injected sequentually indicated that, as 

expected, anti-LRP6 MOR08168hIgG1LALA 6475 scfv was capable of binding to both 

propeller domain constructs (Fig. 26C). 

Example 16: scFv Mutations to Improve Thermostability of scFv08168 and scFv0647.5 

This Example describes mutatons made in the scFvs of propeller I 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. 
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Material and methods 

Constructs 

For IgG based biparatopic molecules, scFv06475 was fused to the C-terminal of 

MOR08168 IgGI via a GlyGlySer linker to make biparatopic antibody designated "901" 

in Fig 27 (MOR08168IgGILALA 6475 scfv), or scFv08168 was fused to the C-terminal 

of MOR06475 IgG1 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 library for scFv06475 and scFv08168 

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 VII and VL domains of 

scFv06475, and of the VII 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 
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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 50K 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 K coli 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 

id. The reactions were carried out in the 96 well PCR plate. After the cycling, 0.5 ill 

DpnI enzyme was added to each amplification reaction and incubated at 37°C for 2 h to 

digest the parental dsDNA. Transformation was done by adding 2µl of DpnI digested 

mutagenesis reaction into 20 pi 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 
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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. 1 M NaCI was added into the lysis 

and wash buffer to improve protein purity. Protein was eluted with 100 µ1 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 µ1 of elution 

was used for DSF analysis. Specifically, samples of 10-20 ill were mixed with Sypro 

Orange (Invitrogen) of a final dilution at 1:1000, in a total volume of 25 pi 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 mg at 1:3 for optimal transfection 

efficiency. Cells at 1.4 e6 per ml were use for transfection. Transfected cells were 

collected after six days of incubation in CO2  chamber 80 rpm shaking in filter paper flask 

of 250 mi. 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 measurement for 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 µg/ml at 4'C 

overnight. The plate was blocked with 50 µ1 of 2% BSA for one hour, and washed five 

times with the wash solution. The samples were diluted with 1% BSA accordingly. The 
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plate was incubated at RT for 1 h, and washed for 3 times. Detection was done by adding 

50 ul pentaHis-HRP (Qiagen Mat. No. 1014992) at 1:2000 dilution in 1% BSA, incubated 

at RT for 1 h, and washed 3 times. 50 ul of substrate reagent A plus 13 (R&D systems) 

was added, then incubated for 5-20 min depending on the color. The reaction was stopped 

by adding 25 pi 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 µ1/min using freshly prepared mixture 

of EDC (400 mM) and sNHS (100 mM). Anti-His mouse IgG1 (R&D systems, catalog 

No: MAB050) was diluted to 20 µg/ml in 10 mM sodium acetate, PH 5.0 and coupled to 

the chip for 5 min along separate vertical channels at a flow rate of 30 µl/min. 1 M 

ethanolamine was then injected for 5 min at 30 µl/min to deactivate the un-reacted sNHS 

groups. 2 µg/ml MOR08168 say wild type or 2µg/ml MOR08168 D1 mutant was then 

immobilized on different vertical channels for 15 sec at 100 µl/min followed by two 1 

min injection of the running buffer at 30 µl/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 µl/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 µl/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. 
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Results 

The plate-based mutagenesis, expression and purification in E. coil allowed more 
efficient screening from 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 W3110 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 BI21) 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 MagncHis kit. Estimated yield for scFv08168 was 

around 10 j..Lg per sample of combined wells from deep well culturing plate, of which 2µg 

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 single point mutation from focused libraries 

A hit for improved thermostability was defined as improvement of Tm at least l'C above 

wild type consistently. There were 9 hits from a total of 51 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, VII: 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 
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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:134F, 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:137 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:137 and any non-hydrogen side chain atom of VH:W103 was 3.82A. The 

counterpart distance between VH:137 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:137F mutation: one between VH:F37 and VH:W103, 

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 61 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 

61 to 64.5°C. 
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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:K43 

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 2.61A, 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:N100a in the homology model of scFv08168. 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:N100a. 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 scFv08168 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. 
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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 

scFv08168, 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. 31 for scFv08168. The single point mutation with highest 

thermostability improvement for scFv08168 is VH: 134M with an improvement of 7.5°C. 

Combination of mutations to further 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 DI, 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 characterized for binding and functional activity 

Affinity analysis ELISA EC50  was 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 scFv08168 variants showed that they were comparable to wild type (data not 

shown), In Proteon kinetics analysis, KD of DI was 2.55 nM, whereas KD of wild type 

was 3.82 nM (Fig.32). 
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For scFv06475, there were two mutations affecting the activity as detected by ELISA and 

Proteon kinetics analysis. Specifically, in ELISA, VH: G34V and VH: I37F showed ECso 

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 thermostabilily 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 scFv08168 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: 134M 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 seFv06475 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: 134M 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 VII: S49A 
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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, 11 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 thermostahility 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: 134M 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. Tin 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. coll. 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. 
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The reference in this specification to any prior publication (or information derived from it), or 

to any matter which is known, is not, and should not be taken as an acknowledgment or 

admission or any form of suggestion that that prior publication (or information derived from 

it) or known matter forms part of the 

which this specification relates. 

common general knowledge in the field of endeavour to 

Throughout this specification and the claims which follow, unless the context requires 

otherwise, the word "comprise", and variations such as "comprises" and "comprising", will be 

understood to imply the inclusion of a stated integer or step or group of integers or steps but 

not the exclusion of any other integer or step or group of integers or steps. 
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Claims 

1. An isolated bivalent antibody or a bivalent fragment thereof to a low density 

lipoprotein-related protein 6 (LRP6) that potentiates a Wnt signal by clustering one or 

more LRP6 receptors in the presence of an unblocked LRP6 binding protein, wherein 

the antibody or fragment thereof cross competes with an antibody selected from the 

group consisting of MOR08168, MOR08545 and MOR06475, as described in Table 1. 

2. The isolated bivalent antibody or a bivalent fragment thereof of claim 1, wherein the 

antibody clusters one or more LRP6 receptors by binding to a Propeller region selected 

from the group consisting of Propeller 1 and Propeller 3. 

3. The isolated bivalent antibody or fragment thereof of claim 1 or 2, wherein the 

LRP6 binding protein is a Wnt binding protein selected from the group consisting of 

Wnt 1, Wnt 3, and Wnt 3a. 

4. An isolated monovalent antibody or monovalent fragment thereof to a low density 

lipoprotein-related protein 6 (LRP6) that avoids potentiation of a Wnt signal by 

clustering one or more LRP6 receptors in the presence of an unblocked LRP6 binding 

protein, wherein the antibody or fragment thereof cross competes with an antibody 

selected from the group consisting of MOR08168, MOR08545 and MOR06475, as 

described in Table 1. 

5. The isolated antibody or fragment thereof of claim 4, having a dissociation (KD) 

selected from less than 1 x 107  M-1, 108  M, 109  M, 1010  M, 1011  M, 1012  M, 1013  M, 

wherein the antibody or fragment thereof binds human LRP6. 

6. The isolated antibody or fragment thereof of claim 5, wherein the antibody or 

fragment thereof inhibits a canonical Wnt pathway as measured by in vitro binding to 

human LRP6 in a Solution Equilibrium Titration assay with a KD of 0.001nM-1µM. 
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7. The isolated antibody or fragment thereof of claim 5, wherein the antibody or 

fragment inhibits a phosphorylation of LRP6 as assessed by a Wnt ligand induced 

phosphorylation assay. 

8. The isolated antibody or fragment thereof of claim 5, wherein the antibody or 

fragment inhibits a canonical Wnt pathway as measured by in vitro binding to human 

LRP6 in a Solution Equilibrium Titration (SET) assay with a EC50  of less than or equal 

to 300 µM. 

9. An isolated bivalent or monovalent antibody or fragment thereof to a low density 

lipoprotein-related protein 6 (LRP6) that cross competes with an antibody selected from 

the group consisting of MOR08168, MOR08545 and MOR06475, as described in Table 

1. 

10. The isolated antibody or fragment thereof of any one of claims 1 to 5, that binds to 

the same epitope as an antibody selected from the group consisting of MOR08168, 

MOR08545 and MOR06475, as described in Table 1. 

11. The isolated antibody or fragment thereof of any one of claims 1 to 5, wherein the 

antibody or fragment is selected from a monoclonal antibody, a human antibody or 

humanized antibody, a chimeric antibody, a single chain antibody, a Fab fragment, and 

an scFv. 

12. The isolated antibody or fragment thereof of claim 11, wherein the antibody or 

fragment binds to both human LRP6 and cynomologus LRP6. 

13. The antibody of claim 11, wherein the antibody is an IgG isotype. 

14. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising 

1, 2, 3, 4, 5, or 6 CDRs of the antibodies in Table 1 selected from the group consisting 

of MOR08168, MOR08545 and MOR06475. 
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15. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising 

one or more of a heavy chain CDR3 comprising SEQ ID NO: 3, a light chain CDR2 

comprising SEQ ID NO: 25, and a VL comprising SEQ ID NO: 43. 

16. The isolated antibody or fragment thereof of any one of claims 1 to 5, which 

antibody comprises a VH selected from the group consisting of SEQ ID NO: 14, SEQ 

ID NO: 34, SEQ ID NO: 36 and SEQ ID NO: 44 and a VL selected from the group 

consisting of SEQ ID NO: 13, SEQ ID NO: 33, SEQ ID NO: 35 and SEQ ID NO: 43. 

17. An isolated antibody or fragment thereof to LRP6 which antibody comprises a VH 

comprising SEQ ID NO: 14 and a VL comprising SEQ ID NO: 13, wherein the 

antibody or fragment thereof is monovalent or bivalent. 

18. The isolated antibody or fragment thereof of any one of claims 1 to 5, which 

antibody comprises a VH comprising SEQ ID NO: 34 and a VL comprising SEQ ID 

NO: 33. 

19. The isolated antibody or fragment thereof of any one of claims 1 to 5, which 

antibody comprises a VH comprising SEQ ID NO: 36 and a VL comprising SEQ ID 

NO: 35. 

20. The isolated antibody or fragment thereof of any one of claims 1 to 5, which 

antibody comprises a VH comprising SEQ ID NO: 44 and a VL comprising SEQ ID 

NO: 43. 

21. The isolated antibody or fragment thereof of any one of claims 1 to 5, which 

antibody comprises a VII comprising SEQ ID NO: 36 and a VL comprising SEQ ID 

NO: 35. 

22. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising 

at least one heavy chain CDR sequence that is identical to SEQ ID NO: 1, 2, 3, 21, 22 

and 23, wherein the antibody binds to human LRP6 protein. 
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23. 	The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising 

at least one light chain CDR sequence that is identical to SEQ ID NO: 4, 5, 6, 24, 25 

and 26, wherein the antibody binds to human LRP6 protein. 

24. 	The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising 

at least one heavy chain CDR sequence having at least 95% sequence identity to SEQ 

ID NO: 1, 2, 3, 21, 22 and 23, wherein the antibody binds to human LRP6 protein. 

25. 	The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising 

at least one light chain CDR sequence having at least 95% sequence identity to SEQ ID 

NO: 4, 5, 6, 24, 25 and 26, wherein the antibody binds to human LRP6 protein. 

26. An isolated antibody or fragment thereof, comprising 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 or fragment 

thereof is monovalent or bivalent. 

27. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising a 

heavy chain variable region CDR1 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 CDR1 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. 

28. 	A pharmaceutical composition comprising an antibody or fragment thereof 

selected from claims 1 to 27 and a pharmaceutically acceptable carrier. 

29. 	A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any 

one of claims 1 to 5, comprising a heavy chain variable region identity to SEQ ID NO: 

14, 34, 36 and 44. 
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30. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any 

one of claims 1 to 5, comprising a light chain variable region identity to SEQ ID NO: 

13, 33, 35 and 43. 

31. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any 

one of claims 1 to 5, comprising a heavy chain variable region having at least 98% 

sequence identity to SEQ ID NO: 14, 34, 36 and 44. 

32. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any 

one of claims 1 to 5, comprising a light chain variable region having at least 98% 

sequence identity to SEQ ID NO: 13, 33, 35 and 43. 

33. A vector comprising the nucleic acid of any one of claims 29 to 32. 

34. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising a 

heavy chain CDR1 of SEQ ID NO: 69. 

35. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising a 

heavy chain CDR1 of SEQ ID NO: 69; a heavy chain CDR2 of SEQ ID NO: 70; and a 

heavy chain CDR3 of SEQ ID NO: 71. 

36. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising a 

light chain CDR1 of SEQ ID NO: 72; a light chain CDR2 of SEQ ID NO: 73; and a 

light chain CDR3 of SEQ ID NO: 74. 

37. The isolated antibody or fragment thereof of any one of claims 1 to 5, which 

antibody comprises a VH selected from the group consisting of SEQ ID NO: 82 and 

SEQ ID NO: 89; and a VL selected from the group consisting of SEQ ID NO: 81 and 

SEQ ID NO: 90. 

38. The isolated antibody or fragment thereof of any one of claims 1 to 5, which 

antibody comprises a VH comprising SEQ ID NO: 82 and a VL comprising SEQ ID 

NO: 81. 
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39. The isolated antibody or fragment thereof of any one of claims 1 to 5, which 

antibody comprises a VH comprising SEQ ID NO: 84 and a VL comprising SEQ ID 

NO: 90. 

40. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising at 

least one heavy chain CDR sequence that is identical to SEQ ID NO: 69, 70 and 71, 

wherein said antibody binds to human LRP6 protein. 

41. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising at 

least one light chain CDR sequence that is identical to SEQ ID NO: 72, 73 and 74. 

42. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising at 

least one heavy chain CDR sequence having at least 95% sequence identity to SEQ ID 

NO: 69, 70 and 71, wherein said antibody binds to human LRP6 protein. 

43. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising at 

least one light chain CDR sequence having at least 95% sequence identity to SEQ ID 

NO: 72, 73 and 74, wherein said antibody binds to human LRP6 protein. 

44. The isolated antibody or fragment thereof of any one of claims 1 to 5, comprising 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. 

45. A combination of a monoclonal antibody or fragment thereof selected from the 

group consisting of any one of the antibodies in claims 26 or 27 with any one of the 

antibodies in claim 44, wherein the antibody or fragment thereof is monovalent. 

46. A combination of a monoclonal antibody or fragment thereof selected from the 

group consisting of any one of the antibodies in claims 26 or 27 with any one of the 

antibodies in claim 44, wherein the antibody or fragment thereof is bivalent. 
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47. A phamiaceutical composition comprising antibody selected from any one of 

claims 34 to 44 and a pharmaceutically acceptable carrier, wherein the antibody is 

monovalent or bivalent. 

48. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any one 

of claims 1 to 5, comprising a heavy chain variable region selected from the group 

consisting of SEQ ID NO: 82 and 89. 

49. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any one 

of claims 1 to 5, comprising a light chain variable region selected from the group 

consisting of SEQ ID NO: 81 and 90. 

50. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any one 

of claims 1 to 5, comprising a heavy chain variable region having at least 98% sequence 

identity to SEQ ID NO: 82 and 89. 

51. A nucleic acid comprising a nucleotide sequence encoding a polypeptide of any one 

of claims 1 to 5, comprising a light chain variable region having at least 98% sequence 

identity to SEQ ID NO: 81 and 90. 

52. A vector comprising the nucleic acid of any one of claims 48 to 51. 

53. Use of the antibody or fragment thereof of any one of claims 1 to 27 and 34 to 44 in 

the manufacture of a medicament for the treatment of cancer, wherein the antibody or 

fragment thereof is monovalent or bivalent. 

54. Use of an antibody or fragment thereof of any one of claims 1 to 27 and 34 to 44 in 

the manufacture of a medicament for the treatment of a cancer mediated by a canonical 

Wnt signaling pathway 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 
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cell carcinoma, and melanoma, wherein the antibody or fragment thereof is monovalent 

or bivalent. 

55. Use of claim 54, wherein said cancer is breast cancer. 

56. Use of an antibody having VH of SEQ ID NO: 14 and VL of SEQ ID NO: 13 in the 

manufacture of a medicament for treating a cancer mediated by a canonical Wnt 

signaling pathway, wherein the antibody is monovalent or bivalent. 

57. Use of the antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 34 and 

VL of SEQ ID NO: 33 in the manufacture of a medicament for treating a cancer 

mediated by a canonical Wnt signaling pathway, wherein the antibody is monovalent or 

bivalent. 

58. Use of the antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 36 and 

VL of SEQ ID NO: 35 for use in treating a cancer mediated by a canonical Wnt 

signaling pathway, wherein the antibody is monovalent or bivalent. 

59. Use of the antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 44 and 

VL of SEQ ID NO: 43 in the manufacture of a medicament for treating a cancer 

mediated by a canonical Wnt signaling pathway, wherein the antibody is monovalent or 

bivalent. 

60. Use of the antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 82 and 

VL of SEQ ID NO: 81 in the manufacture of a medicament for treating a cancer 

mediated by a canonical Wnt signaling pathway, wherein the antibody is monovalent or 

bivalent. 

61. Use of the antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 89 and 

VL of SEQ ID NO: 90 in the manufacture of a medicament for treating a cancer 

mediated by a canonical Wnt signaling pathway, wherein the antibody is monovalent or 

bivalent. 
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62. An antibody having VH of SEQ ID NO: 14 and VL of SEQ ID NO: 13 for use as a 

drug, wherein the antibody is monovalent or bivalent. 

63. The antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 34 and VL of 

SEQ ID NO: 33 for use as a drug, wherein the antibody is monovalent or bivalent. 

64. The antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 36 and VL of 

SEQ ID NO: 35 for use as a drug, wherein the antibody is monovalent or bivalent. 

65. An antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 44 and VL of 

SEQ ID NO: 43 for use as a drug, wherein the antibody is monovalent or bivalent. 

66. The antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 82 and VL of 

SEQ ID NO: 81 for use as a drug, wherein the antibody is monovalent or bivalent. 

67. The antibody of any one of claims 1 to 5 having VH of SEQ ID NO: 89 and VL of 

SEQ ID NO: 90 for use as a drug, wherein the antibody is monovalent or bivalent. 

68. An isolated antibody or fragment thereof, comprising a heavy chain variable region 

CDR1 of SEQ ID NO: 7; a heavy chain variable region CDR2 of SEQ ID NO: 8; a 

heavy chain variable region CDR3 of SEQ ID NO: 9; a light chain variable region 

CDR1 of SEQ ID NO: 10; a light chain variable region CDR2 of SEQ ID NO: 11; and a 

light chain variable region CDR3 of SEQ ID NO: 12, wherein the antibody or fragment 

thereof is monvalent or bivalent. 

69. The isolated antibody or fragment thereof of any one of claims 1-5, comprising a 

heavy chain variable region CDR1 of SEQ ID NO: 27; a heavy chain variable region 

CDR2 of SEQ ID NO: 28; a heavy chain variable region CDR3 of SEQ ID NO: 29; a 

light chain variable region CDR1 of SEQ ID NO: 30; a light chain variable region 

CDR2 of SEQ ID NO: 31; and a light chain variable region CDR3 of SEQ ID NO: 32, 

wherein the antibody or fragment thereof is monovalent or bivalent. 

70. The isolated antibody or fragment thereof of any one of claims 1-5, comprising a 
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heavy chain variable region CDR1 of SEQ ID NO: 75; a heavy chain variable region 

CDR2 of SEQ ID NO: 76; a heavy chain variable region CDR3 of SEQ ID NO: 77; a 

light chain variable region CDR1 of SEQ ID NO: 78; a light chain variable region 

CDR2 of SEQ ID NO: 

wherein the antibody or 

79; and a light chain variable region CDR3 of SEQ ID NO: 80, 

fragment thereof is monovalent or bivalent. 
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