
COMPOSITIONS AND METHODS OF USE FOR THERAPEUTIC LOW DENSITY LIPOPROTEIN -
RELATED PROTEIN 6 (LRP6) MULTIVALENT ANTIBODIES Related Applications This
application claims priority to U.S. Provisional Application Serial No.
61/331,993 filed May 6, 2010, the contents of which are incorporated herein
by reference in its entirety. Field of the Invention The present invention
relates to multivalent antibodies comprising at least two receptor binding
domains for two different binding sites on LRP6. The invention more
specifically relates to multivalent antibodies that are LRP6 antagonists.
Background of the Invention The Wnt/I3-catenin pathway regulates diverse
biological processes during development and tissue homeostasis through
modulating the protein stability of I3-catenin (Clevers et al., (2006) Cell
127:469-480; and Logan etal., (2004) Atmu. Rev Cell Dev. Biol 20:781- 810).
In the absence of Wnt signaling, cytoplasmic I3-catenin is associated with
the 13- catenin destruction complex that contains multiple proteins
including adenomatous polyposis coli (APC), Axin, and glycogen synthase
kinase 3 (GSK3). In this complex,flcatenin 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 1. Phosphorylated LRP5/6 bind to
Axin and inactivate the 13- catenin degradation complex.
Stabilizedll-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 I3-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 RSpondins.
Mutations in pathway components such as APC and -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 (Akin i etal., (2009)
Oncogene 28:2163-2172; Bafico etal., (2004) Cancer Cell 6:497-506; Suzuki
et al., (2004) Nat Genet. 36:417-422; Taniguchi et al., (2005) Oncogene.
24:7946-7952; Veeck et al., (2006) Oncogene. 25:3479-3488; Zeng etal.,
(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 etal., (2007) Cancer Cell
12:528-541). Antibody therapy has been used as a means to treat certain
cancers. Efforts to increase the valency or the number of antigenic
determinants that an individual antibody molecule can bind have lead to the
development of bispecific antibodies (for examples see Jimenez et al.,
Molecular Cancer Therapeutics 2005:4427-434, Lu et al., J. of Immun.
Methods 1999:230, 159-171 and U.S. Patent Publication Nos. 20070014794 and
20050100543). Bispecific antibodies are immunoglobulin (Ig)-based molecules
that bind to two different epitopes on either the same or distinct
antigens. The antibodies, for example, could be specific for a tumor cell
antigen and an effector cell such as an activated T-cell or two functional
targets or epitopes. A major obstacle in the development of bispecific
antibodies as therapeutics has been difficulty in producing the antibodies
in sufficient quantity and quality for clinical studies. In particular,
traditional methods, including hybrid hybridoma, in which two distinct
hybridomas are fused to create a cell expressing two sets of heavy and
light chains, and chemical conjugation (Carter etal., (1995) J.
Hematotherapy 4:463-70) have been inadequate. For example, coexpression of
two different sets of IgG light and heavy chains in a hybrid hybridoma may
produce up to 10 light- and heavy-chain pairs, with only one of these pairs
forming the functional bispecific heterodimer (Suresh etal. (1986) Methods
Enzymol. 121:210-28). In addition, purification of the antibodies from the
non- 



functional species, such as homodimers and mispaired heterodimers of
non-cognate Ig light and heavy chains produced by the hybrid hybridoma is
cumbersome and inefficient. Chemical crosslinking of two IgGs or their
fragments is also inefficient and can lead to the loss of antibody activity
(Zhu et al. (1994) Cancer Lett. 86:127-34). Multimeric aggregates resulting
from chemical conjugationresult in a poor yield (Cao etal. (1998) Bioconj.
Chem. 9:635-44). Accordingly, a need exists for functional multivalent
antibodies capable of binding at least two or more epitopes with high
affinity. In particular, there is need for functional multivalent
antibodies that modify receptors with more then one modifying ligand, such
as the canonical Wnt signaling co-receptor, LRP6. Summary of the Invention
The present invention provides novel multivalent antibodies that bind to
multiple binding sites on the LRP6 receptor. In particular, the invention
provides LRP6 multivalent antibodies that inhibit thecanonical Wnt
signaling pathway. The present invention is based on the discovery that the
multivalent antibodies (e.g., a single LRP6 biparatopic antibody) have the
ability to inhibit both propeller 1 (e.g., Wnt 1) and propeller 3 (e.g.,
Wnt 3) ligands. Furthermore, and unexpectedly, the multivalent antibody
(e.g., a single LRP6 biparatopic antibody) display no significant
potentiation (enhancement) of a Wnt signal. The multivalent antibody binds
to distinct LRP6 0- propeller domains. Propeller 1 antibodies bind to the
0-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 Wnt3a and Wnt3. LRP6 antibodies differentiate propeller I and propeller
3 ligands into two separate classes and bind to distinct binding sites of
the LRP6 target receptor. Conversion of fragments of the LRP6 antibodies
(e.g., Fabs) to full length IgG antibody results in an antibody that
potentiates (enhances) a Wnt signal in the presence of another protein such
as a Wnt 1 or Wnt 3 ligand. Multivalent antibodies inhibit both propeller 1
(e.g., Wntl) and propeller 3 (e.g., Wnt 3) ligands but without potentation.
In addition to Wnt ligands LRP6 Propeller 1 antibodies are expected to
inhibit the interaction with other Propeller 1 binding ligands (e.g.
Sclerostin, Dkkl).  Similarly, Propeller 3 antibodies are expected to
inhibit the interaction with other propeller 3 binding ligands (e.g. 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.
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 r3- propeller domains on a single
LRP6 target receptor on the same cell, and inhibit Wnt signaling. In one
embodiment, the multivalent antibody binds to any combination of a r3-
propeller domains 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 3-propeller domains and inhibiting Wnt signaling
mediated by each domain. For example, a single LRP6 multivalent antibody
inhibits both propeller 1 and propeller 3 mediated Wnt signaling binding to
both propeller 1 and propeller 3 domains, respectively. The increased
potency of action may be due to increased avidity or better binding of the
LRP6 multivalent antibody. Accordingly, in one aspect, the invention
pertains to an isolated multivalent antibody having at least two receptor
binding domains for two different binding sites of a target receptor,
wherein the first receptor binding domain binds to a first binding site on
the target receptor and the second receptor binding domain binds to a
second binding site on the same target receptor, wherein the first and
second receptor binding domains are linked together such that the binding
of the first and second receptor binding domains to the first and second
binding sites of the target receptor inhibits a canonical Wnt signal
transduction pathway; and wherein the antibody or antigen binding fragment
displays no significant potentiation of a Wnt signal. The multivalent
antibody has an affinity for target receptor of approximately nanomolar
affinity, or of approximately I picomolar affinity. The multivalent
antibody is a multivalent antibody, a bivalent antibody, a bispecific
antibody, or a biparatopic antibody. In one embodiment, the first and
second receptor binding domains is an IgG antibody, an scFv fragment, a
single chain diabody, an antibody mimetic, or an antibody variable domain.
The first and second receptor binding domains are linked together by a
linker with a spatial distribution that permits the first and second
receptor binding domains to 



bind to the first and second binding sites, respectively. In one
embodiment, the linker is a Gly-Ser linker. In one embodiment, the
multivalent antibody has the functional activity of inhibiting a canonical
Wnt signal transduction pathway such as the Wntl signal pathway and/or the
Wnt3 signal transduction pathway. In one embodiment, the multivalent
antibody has the functional activity of depleting a cell population,
inhibiting or reducing proliferation of a cell population, inhibiting or
reducing secretion of inflammatory mediators from a cell population,
inhibiting or reducing secretion of cytoplasmic granules from a cell
population, wherein the cell population is selected from the group
consisting of tumor cells, T cells B cells, and Wnt dependent cells. In
another aspect, the invention pertains to an isolated multivalent antibody
having at least two receptor binding domains for two different binding
sites of an LRP6 target receptor, where the first receptor binding domain
binds to a first binding site on the target receptor and the second
receptor binding domain binds to a second binding site on the same LRP6
target receptor. The first and second receptor binding domains are linked
together such that the binding of the first and second receptor binding
domains to the first and second binding sites of the LRP6 target receptor
inhibits a canonical Wnt signal transduction pathway, and the antibody or
antigen binding fragment displays no significant potentiation of a Wnt
signal. In one embodiment, the antibody has an affinity for target receptor
of approximately nanomolar affinity. In another embodiment, the antibody
has an affinity for target receptor of approximately 1 picomolar affinity.
In one embodiment, the first receptor binding domain is an IgG antibody and
the second receptor binding domain is an scFv fragment, where the IgG
antibody and scFv fragment are linked together by a linker with a spatial
distribution that permits the IgG antibody and scFv fragment to bind to the
first and second epitopes of LRP6, respectively. In one embodiment, the
linker is a Gly-Ser linker selected from the group consisting of
(Gly4Ser)4, and (Gly4Ser)3. In one embodiment, the first epitope of the
LRP6 target receptor is a I3-propeller 1 domain and the second epitope of
the LRP6 target receptor is a 13-propeller 3 domain. In one embodiment, the
antibody or antigen binding fragment binds to the LPR6 13-propeller 1
domain and comprises a heavy chain CDR1 selected from the group consisting
of SEQ ID NO: 1, SEQ ID NO: 21, and SEQ ID NO: 47; a CDR2 selected from the
group consisting  of SEQ ID NO: 2, SEQ ID NO: 22, and SEQ ID NO: 48; and a
CDR3 selected from the group consisting of SEQ ID NO: 3, SEQ ID NO: 23, and
SEQ ID NO: 49; and a light chain CDR1 selected from the group consisting of
SEQ ID NO: 4, SEQ ID NO: 24, and SEQ ID NO: 50; a CDR2 selected from the
group consisting of SEQ ID NO: 5, SEQ ID NO: 25, and SEQ ID NO: 51; and a
CDR3 selected from the group consisting of SEQ ID NO: 6, SEQ ID NO: 26, and
SEQ ID NO: 52. In one embodiment, the antibody or antigen binding fragment
binds to the LPR613- propeller 3 domain and comprises a heavy chain CDR1
selected from the group consisting of SEQ ID NO: 69, SEQ ID NO: 93, and SEQ
ID NO: 115; a CDR2 selected from the group consisting of SEQ ID NO: 70, SEQ
ID NO: 94, and SEQ ID NO: 116; and a CDR3 selected from the group
consisting of SEQ ID NO: 71, SEQ ID NO: 95, and SEQ ID NO: 117; and a light
chain CDR1 selected from the group consisting of SEQ ID NO: 72, SEQ ID NO:
96, and SEQ ID NO: 118; a CDR2 selected from the group consisting of SEQ ID
NO: 73, SEQ ID NO: 97, and SEQ ID NO: 119; and a CDR3 selected from the
group consisting of SEQ ID NO: 74, SEQ ID NO: 98, and SEQ ID NO: 120. In
one embodiment, the IgG heavy chain antibody is selected from the group
consisting of SEQ ID NO: 18, 66, and 101 and the light chain is selected
from the group consisting of SEQ ID NO: 17, 86, and 85. In one embodiment,
the scFv is selected from the group consisting of SEQ ID NO: 142, 144, 146,
148, 150, 152, 154, 156, 158, 160, 162, and 164. In one embodiment, the
scFv fragment comprises at least one amino acid mutation that improves
stability of the scFv compared with the unmutated scFv fragment, wherein
the amino acid mutation is selected from Figures 29-32. In one embodiment,
the multivalent antibody has the functional activity of inhibiting a
canonical Wnt signal transduction pathway selected from the group
consisting of Wntl signal pathway and Wnt3 signal transduction pathway. In
another embodiment, the multivalent antibody has the functional activity of
depleting a cell population, inhibiting or reducing proliferation of a cell
population, inhibiting or reducing secretion of inflammatory mediators from
a cell population, inhibiting or reducing secretion of cytoplasmic granules
from a cell population, wherein the cell population is selected from the
group consisting of tumor cells, T cells B cells, and Wnt dependent cells.
In another aspect, the invention pertains to an isolated biparatopic
antibody comprising an IgG antibody that binds to a13-propeller 1 domain on
an LRP6 target receptor and a scFv that binds to a 13-propeller 3 domain on
the LRP6 target, where the IgG antibody and  the scFv are linked by a
linker such that the binding of the IgG antibody and the scFv to the
n-propeller 1 domain and the 1-propeller 3 domains, respectively inhibits a
canonical Wnt signal transduction pathway, and where the biparatopic
antibody displays no significant potentiation of a Wnt signal. In one
embodiment, the antibody has an affinity for target receptor of
approximately nanomolar affinity. In another embodiment, the antibody has
an affinity for target receptor of approximately 1 picomolar affinity. 



In one embodiment, the linker comprises a spatial distribution that permits
binding of the IgG antibody and the scFv fragment to bind the n-propeller 1
domain of LRP6 and the 11- propeller 3 domain of LRP6, respectively. In one
embodiment, the scFv is linked by a Ser-Gly linker to the Fc binding site
of the IgG antibody, where the Ser-Gly linker is selected from the group
consisting of (Gly4Ser)4, and (Gly4Ser)3. In another embodiment, the Fc
binding site of the IgG antibody is a CH3 domain. In another embodiment,
the scFv is linked by a Ser-Gly linker to the light chain of the IgG
antibody, where the SerGly linker is selected from the group consisting of
(Gly4Ser)4, and (Gly4Ser)3. In one emdodiment, the scFv comprises at least
one amino acid mutation that improves stability of the scFv compared with
the umnutated scFv fragment, wherein the amino acid mutation is selected
from Figures 29-32. In one embodiment, the antibody comprises a heavy chain
variable region CDR1 of SEQ ID NO: I; a heavy chain variable region CDR2 of
SEQ ID NO: 2; a heavy chain variable region CDR3 of SEQ ID NO: 3; a light
chain variable region CDR1 of SEQ ID NO: 4; a light chain variable region
CDR2 of SEQ ID NO: 5; and a light chain variable region CDR3 of SEQ ID NO:
6, wherein the antibody binds to a 1-propeller 1 domain of LRP6; and a scFv
heavy chain variable region CDR1 of SEQ ID NO: 69; a heavy chain variable
region CDR2 of SEQ ID NO: 70; a heavy chain variable region CDR3 of SEQ ID
NO: 71; a light chain variable region CDR1 of SEQ ID NO: 72; a light chain
variable region CDR2 of SEQ ID NO: 73; and a light chain variable region
CDR3 of SEQ ID NO: 74, wherein the scFv binds to a n-propeller 3 domain of
LRP6. In one embodiment, the antibody further comprises a Lys deletion from
position 454 of SEQ ID NO: 166. In one embodiment, the antibody further
comprises a Pro to Ala mutation at position 677 of SEQ ID NO: 166.  In one
embodiment, the antibody comprises a heavy chain sequence selected from the
group consisting of SEQ ID NOs: 166, 171, 173, 175, 195, 201 and 207 in
combination with a light chain sequence selected from the group consisting
of SEQ ID NOs: 170, 193, 199, and 205. In one embodiment, the antibody
comprises a combination of heavy and light chain sequences selected from
the group consisting of SEQ ID NOs: 166/170, 171/170, 173/170, 175/170,
201/199, 207/205, and 195/193. In one embodiment, the antibody comprises
heavy and light chain sequences with SEQ ID NOs: 166/170. In one
embodiment, the antibody comprising heavy and light chain sequences with
SEQ ID NOs; 177/ 181. In one embodiment, the antibody has the functional
activity of inhibiting a canonical Wnt signal transduction pathway selected
from the group consisting of Wntl signal pathway and Wnt3 signal
transduction pathway. In another embodiment, the antibody has the
functional activity of depleting a cell population, inhibiting or reducing
proliferation of a cell population, inhibiting or reducing secretion of
inflammatory mediators from a cell population, inhibiting or reducing
secretion of cytoplasmic granules from a cell population, wherein the cell
population is selected from the group consisting of tumor cells, T cells B
cells, and Wnt dependent cells. In another aspect, the invention pertains
to an isolated biparatopic antibody comprising an IgG antibody that binds
to a13-propeller 3 domain on an LRP6 target receptor and a scFv that binds
to a 0-propel1er 1 domain on the LRP6 target, wherein the IgG antibody and
the scFv are linked by a linker such that the binding of the IgG antibody
and the scFv to the 0-propeller 3 domain and the n-propeller 1 domains,
respectively inhibits a canonical Wnt signal transduction pathway, and
wherein the biparatopic antibody displays no significant potentiation of a
Wnt signal. In one embodiment, the antibody has an affinity for target
receptor of approximately nanomolar affinity. In another embodiment, the
antibody has an affinity for target receptor of approximately 1 picomolar
affinity. In one embodiment, the linker comprises a spatial distribution
that permits binding of the IgG antibody and the scFv to bind the
0-propeller 3 domain of LRP6 and the 0-propeller 1 domain of LRP6,
respectively. In one embodiment, the scFv is linked by a Ser-Gly linker to
the Fc binding site of the IgG antibody, wherein the Ser-Gly linker is
selected from the group consisting of (Gly4Ser)4, and (Gly4Ser)3. In one
embodiment, the Fe  binding site of the IgG antibody is a CII3 domain. In
one embodiment, the scFv comprises at least one amino acid mutation that
improves stability of the scFv compared with the umnutated scFv fragment,
wherein the amino acid mutation is selected from Figures 29-32. In one
embodiment, the antibody comprises a heavy chain variable region CDR1 of
SEQ ID NO: 69; a heavy chain variable region CDR2 of SEQ ID NO: 70; a heavy
chain variable region CDR3 of SEQ ID NO: 71; a light chain variable region
CDR1 of SEQ ID NO: 72; a light chain variable region CDR2 of SEQ ID NO: 73;
and a light chain variable region CDR3 of SEQ ID NO: 74, wherein the
antibody binds to an-propeller 3 domain of LRP6; and an scFv with a heavy
chain variable region CDR1 of SEQ ID NO: 1; a heavy chain variable region
CDR2 of SEQ ID NO: 2; a heavy chain variable region CDR3 of SEQ ID NO: 3; a
light chain variable region CDR1 of SEQ ID NO: 4; a light chain variable
region CDR2 of SEQ ID NO: 5; and a light chain variable region CDR3 of SEQ
ID NO: 6, wherein the scFv thereof binds to a 13-propeller 1 domain of
LRP6. In one embodiment, the scFv VII and VL are linked with a linker
comprising 3 amino acids. In another embodiment, the scFv VII and VL are
linked with a linker comprising 4 amino acids. In one embodiment, the
antibody comprises a heavy chain sequence selected from the group
consisting of SEQ ID NO:, 187, and 189; and a light chain sequence
comprising SEQ ID NO: 185. In one embodiment, the antibody has the
functional activity of inhibiting a canonical Wnt signal transduction
pathway selected from the group consisting of Wntl signal pathway and Wnt3
signal transduction pathway. In another embodiment, the antibody has the
functional activity of depleting a cell population, inhibiting or reducing
proliferation of a cell population, inhibiting or reducing secretion of
inflammatory mediators from a cell population, inhibiting or reducing
secretion of cytoplasmic granules from a cell population, wherein the cell
population is selected from the group consisting of tumor cells, T cells B
cells, and Wnt dependent cells. In another aspect, the invention pertains
to nucleic acid comprising a nucleotide sequence encoding a multivalent
antibody. 



In one aspect, the invention pertains to a nucleic acid comprising a
nucleotide sequence encoding a multivalent antibody comprising a heavy
chain sequence selected from the group consisting of SEQ ID NOs: 166, 171,
173, 175, 195, 201, and 207; and light chain sequences selected from the
group consisting of SEQ ID NOs: 170, 193, 199, and 205.  In another aspect,
the invention pertains to a nucleic acid comprising a nucleotide sequence
encoding multivalent antibody comprising a heavy chain sequence selected
from the group consisting of SEQ ID NOs: 166, 171, 173, 175, 193, 199, 201,
and 207; and light chain sequences selected from the group consisting of
SEQ ID NOs: 170, 195, and 205 least, where the antibody or antigen binding
fragment has 98% sequence identity to SEQ ID NOs: 166, 171, 173, 175, 195,
201, and 207; and light chain sequences selected from the group consisting
of SEQ ID NOs: 170, 193, 199, and 205. In another aspect, the invention
pertains to a nucleic acid comprising a nucleotide sequence encoding a
multivalent antibody comprising a SEQ ID NO: 166 and SEQ ID NO: 170. In
another aspect, the invention pertains to a nucleic acid comprising a
nucleotide sequence encoding a multivalent antibody comprising at least 98%
sequence identity to a SEQ ID NO: 166 and SEQ ID NO: 170. In another
aspect, the invention pertains to a nucleic acid comprising a nucleotide
sequence encoding a multivalent antibody comprising a sequence selected
from the group consisting of SEQ ID NOs: 177, and; and a light chain
sequence of SEQ ID NO: 181. In another aspect, the invention pertains to a
nucleic acid comprising a nucleotide sequence encoding a multivalent
antibody comprising at least 98% sequence identity to SEQ ID NOs: 177; and
a light chain sequence of SEQ ID NO: 181. In another aspect, the invention
pertains to a nucleic acid comprising a nucleotide sequence encoding a
multivalent antibody comprising a sequence selected from the group
consisting of SEQ ID NOs: 187, and 189; and a light chain sequence of SEQ
ID NO: 185. In another aspect, the invention pertains to a nucleotide
sequence encoding a multivalent antibody comprising at least 98% sequence
identity to SEQ ID NOs: 187, and 189; and a light chain sequence of SEQ ID
NO: 185. In another aspect, the invention pertains to a vector comprising
the nucleic acid of the invention. In another aspect, the invention
pertains to a pharmaceutical composition comprising a multivalent antibody
having at least two receptor binding domains for two different binding
sites of a target receptor and a pharmaceutically acceptable carrier.  In
another aspect, the invention pertains to a method of obtaining a
multivalent antibody of the invention by a) providing a first receptor
binding domain which binds to a first binding site of an LRP6 target
receptor; (b) providing a second receptor binding domain which binds to a
second binding site of an LRP6 target receptor; and (c) linking the first
receptor binding domain to the second receptor binding domain. In one
embodiment, the first or second receptor binding domain are selected from
the group consisting of an IgG antibody, an scFv fragment, a single chain
diabody, an antibody mimetic, and an antibody variable domain. In one
embodiment, the first and second receptor binding domains are linked
together by a linker with a spatial distribution that permits the first and
second receptor binding domains to bind to the first and second epitopes of
LRP6, respectively. In one embodiment, the linker is a Gly-Ser linker
selected from the group consisting of (Gly4Ser)4, and (Gly4Ser)3. In one
emdodiment, the method further comprises introducing at least one amino
acid mutation to the first or second receptor binding domain, such that the
amino acid mutation improves stability of the first or second receptor
binding domain compared with the unmutated first or second receptor binding
domain. In one aspect, the invention pertains to a method of treating a
cancer comprising selecting a subject (e.g., human) having an LRP6
expressing cancer, administering to a subject in need thereof an effective
amount of a composition comprising a multivalent antibody having at least
two receptor binding domains for two different binding sites of a target
receptor. 



In one aspect, the invention pertains to a method of treating a cancer
comprising selecting a subject having an LRP6 expressing cancer,
administering to a subject in need thereof an effective amount of a
composition comprising a multivalent antibody having at least two receptor
binding domains for two different binding sites of a target receptor, where
the cancer is selected from the group consisting of breast cancer, lung
cancer, multiple myeloma, ovarian cancer, liver cancer, bladder cancer,
gastric cancer, prostate cancer, acute myeloid leukemia, chronic myeloid
leukemia, osteosarcoma, squamous cell carcinoma, and melanoma. In one
embodiment, the cancer is breast cancer. In another aspect, the invention
pertains to a method of treating a disease mediated by a canonical Wnt
signaling pathway using a biparatopic antibody to LRP6. In another aspect,
the invention pertains to a method of treating a cancer comprising
selecting a subject having an LRP6 expressing cancer, administering to said
subject an  effective amount of a composition comprising a antibody with
heavy and light chain sequences selected from the group consisting of SEQ
ID NOs: 166/170, 171/170, 173/170, 175/170, 201/199, 207/205, and 195/193
in combination with any standard of care cancer therapies. In another
aspect, the invention pertains to use of a multivalent antibody in the
manufacture of a medicament for the treatment of a cancer selected from the
group consiting of breast cancer, lung cancer, multiple myeloma, ovarian
cancer, liver cancer, bladder cancer gastric cancer, prostate cancer, acute
myeloid leukemia, chronic myeloid leukemia, osteosarcoma, squamous cell
carcinoma, and melanoma. In another aspect, the invention pertains to a
multivalent antibody having VH of SEQ ID NO: 14; VL of SEQ ID NO: 13; VH of
SEQ ID NO: 82; VL of SEQ ID NO: 81 for use in treating a cancer mediated by
a canonical Wnt signaling pathway. In another aspect, the invention
pertains to a multivalent antibody having VH of SEQ ID NO: 14; VL of SEQ ID
NO: 13; VH of SEQ ID NO: 82; VL of SEQ ID NO: 81 for use as a drug. In
another aspect, the invention pertains to a multivalent antibody having SEQ
ID NO: 166 and SEQ ID NO: 170 for use in treating a cancer mediated by a
canonical Wnt signaling pathway. In another aspect, the invention pertains
to a multivalent antibody having SEQ ID NO: 166 and SEQ ID NO: 170 for use
as a drug. In another aspect, the invention pertains to a multivalent
antibody for use as a medicament. In another aspect, the invention pertains
to a multivalent antibody for use as a medicament for treatment of an LRP6
expressing cancer. In another aspect, the invention pertains a multivalent
antibody for use as a medicament for treatment of an LRP6 expressing
cancer, wherein the cancer is selected from the group consisting of breast
cancer, lung cancer, multiple myeloma, ovarian cancer, liver cancer,
bladder cancer, gastric cancer, prostate cancer, acute myeloid leukemia,
chronic myeloid leukemia, osteosarcoma, squamous cell carcinoma, and
melanoma.  WO 2011/138391PCT/EP2011/057200 



Brief Description of Figures Figure 1 is a graph showing FACS EC50
determination of selected Fabs on PA! 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 HEK293T117 STF cells (gene
reporter assay) expressing Wntl or Wnt3A ligands The data shows that
antiLRP6 Fabs selectively block Wntl or Wnt3 signaling; Figure 3 shows the
cross-reactivity values of anti-LRP6 I3-propel1er 1 and 13-propel1er 3
antibodies for human, mouse and cymologous monkey; Figure 4 is a graph
showing transient expression of various WNT ligands in 11EK293T/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 13-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
3-propeller 1 region at 5mg/kg in a rodent; Figure 8A is a table that shows
genes in MMTV-Wntl tumors that were upregulated >2- fold relative to t=0
control with an adjusted P-value of <0.01 and Figure 8B is a table that
shows genes that were downregulated >2-fold relative to t-0 control with an
adjusted P-value of <0.01 8 h after administartion of a single dose of
MOR08168 (5 mg/kg) to MMTV-Wntl tumors bearing mice; Figure 9A is a graph
showing Propeller 1, but not Propeller 3 mAb, causes in vivo tumor
regression in MMTV-Wntl model. Figure 9B is a graph showing the effect of
different doses of the Propeller 1 mAb on the growth of the MMTV-Wntl tumor
model; Figure 10 is a graph showing Propeller 3, but not Propeller 1 mAb,
causes inhibition of tumor growth in a MMTV-Wnt3 model;  Figure 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
M0R06475 by HDx MS (A) and that mutations of specific residues result in
loss of binding of scFv M0R06475 (B); Figure 13 is a schematic showing the
n-propeller regions of LRP6; Figure 14 is a photograph of an SDS-PAGE gel
showing that all scFv molecules successfully expressed and purified from E.
coil; 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) scFv scFv attached to the C-terminus of Fc
(15D) scFv scFv attached to the N and C terminus of Fc; Figure 16 is a
photograph of an SDS-PAGE gel showing purified biparatopic anti-LRP6 lgG
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 Prop! 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 Prop1/3 binding biparatopic antibody in
MMTV-Wntl model; Figure 24 shows that differentiation of murine MMTV-Wnt1
mammary tumors is induced by antagonistic LRP6 antibodies. A-B) Fragments
of MMTV-Wntl tumors were  



implanted subcutaneously into nude mice. Tumor-bearing mice were treated
with either a single dose of PBS (control) or 5mg/kg MOR08168IgG1LALA 6475
scfv. A) Representative images of Oil Red 0 staining for lipid. B)
Quantification of Oil Red 0 staining. Graph represents meanSEM 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 Prop 1/3
binding biparatopic antibody in the ECadherin negative MDA-MB231 xenograft
model; Figure 26 shows the affinity and binding kinetics of MOR08168,
M0R06475 and MOR081681gG1LALA 6475 scfv to recombinant LRP6 PD 1/2 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 PD 1/2 and PD3/4 to MOR08168IgG1LALA 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 M0R06475 scFv on Tm. Figure 30 is a table
showing the effect of single mutations in MOR08168 scfv on Tm; Figure 31 is
a table showing the effect of double mutations in M0R08168 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 M0R06475 and MOR08168 scFvs in ELISA,
Proteon affinity and STF reporter gene assays; Figure 33 is an illustration
of selected examples of the designed mutations. In all figures, the protein
backbone is rendered in ribbon diagram while selected side chains are
rendered as sticks. (a): In the homology model of scFv6475, VH:I37 is close
to two aromatic residues, which were VL:F98 and VH:W103. (b) In the VH:I37F
mutant of scFv6475, VH:F37 and VH:W103 could form a perpendicular pi-pi
stacking interaction, while VH:F37 and VL:F98 could form another
perpendicular pi-pi stacking interaction. (c) In the homology model of
scFv8168, the hydrophobic residue VH:V33 is close to a  polar residue
VH:N100a. (d) In the VH:V33N mutant of scFv8168, the VH:N33 side chain
could form a hydrogen bond with VH:N100a, suggested by homology modeling.
The hydrogen bond between the two residues is illustrated by a bond. (e):
In the homology model of scFv8168, the charged residue VH: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 of LRP and Frizzled (FZD) allowing 13-catenin to be translocated
into the nucleus, interact with the LEF/TCF transcription factors and
activate target gene expression. The Wnt  signaling pathway can be measured
using a Wnt reporter gene assay or other measure of Wnt directed signaling
(e.g., LRP6 phosphorylation, 13-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, Wntl0a, or
Wntl0b. 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, CH1, 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: FR1, CDR1, FR2,
CDR2, FR3, CDR3, FR4. The variable regions of the heavy and light chains
contain a binding domain that interacts with an antigen. The constant
regions of the antibodies may mediate the binding of the immunoglobulin to
host tissues or factors, including various cells of the immune system
(e.g., effector cells) and the first component (Clq) of the classical
complement system. The term "antibody" includes for example, monoclonal
antibodies, human antibodies, humanized antibodies, camelised antibodies,
chimeric antibodies, Fab fragments, F(ab') fragments, and anti-idiotypic
(anti-Id) antibodies (including, e.g., anti-Id antibodies to antibodies of
the invention), and epitopebinding fragments of any of the above. The
antibodies can be of any isotype (e.g., IgG,  IgE, IgM, IgD, IgA and IgY),
class (e.g., IgGl, IgG2, IgG3, IgG4, IgAl and IgA2) or subclass. 



Both the light and heavy chains are divided into regions of structural and
functional homology. The terms "constant" and "variable" are used
functionally. In this regard, it will be appreciated that the variable
domains of both the light (VL) and heavy (VH) chain portions determine
antigen recognition and specificity. Conversely, the constant domains of
the light chain (CL) and the heavy chain (CHI, C112 or CH3) confer
important biological properties such as secretion, transplacental mobility,
Fc receptor binding, complement binding, and the like. By convention the
numbering of the constant region domains increases as they become more
distal from the antigen binding site or amino-terminus of the antibody. The
N-terminus is a variable region and at the C-terminus is a constant region;
the CH3 and CL domains actually comprise the carboxy-terminus of the heavy
and light chain, respectively. In particular, the term "antibody"
specifically includes an IgG-scFv formats as shown in Fig 12A-D. The term
"receptor binding domain" or "RBD" refers to portions of a binding molecule
(e.g., an antibody), that specifically interacts with (e.g., by binding,
steric hinderance, stabilizing/destabilizing, spatial distribution) a
binding site on a target receptor. RBD also refers to one or more fragments
of an antibody that retain the ability to specifically interact with (e.g.,
by binding, steric hinderance, stabilizing/destabilizing, spatial
distribution) an LRP6 epitope and inhibit signal transduction. Examples of
antibody fragments include, but are not limited to, an scFv, a Fab
fragment, a monovalent fragment consisting of the VL, VH, CL and CHI
domains; a F(ab)2 fragment, a bivalent fragment comprising two Fab
fragments linked by a disulfide bridge at the hinge region; a Fd fragment
consisting of the VU and CH1 domains; a Fv fragment consisting of the VL
and VH domains of a single arm of an antibody; a dAb fragment (Ward etal.,
(1989) Nature 341:544-546), which consists of a VH domain; and an isolated
complementarity determining region (CDR). Furthermore, although the two
domains of the Fv fragment, VL and VU, 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 etal., (1988) Science 242:423-426; and Huston etal., (1988)
Proc. Natl. Acad. Sci. 85:5879-5883).  Such single chain antibodies are
also intended to be encompassed within the term "antibody fragment". These
antibody fragments are obtained using conventional techniques known to
those of skill in the art, and the fragments are screened for utility in
the same manner as are intact antibodies. Antibody fragments can also be
incorporated into "single domain antibodies", "maxibodies", "minibodies",
"diabodies", "triabodies", "tetrabodies", "v-NAR" and "bisscFv" (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-VH-CH1) which, together with complementary light chain
polypeptides, form a pair of antigen binding regions (Zapata et al., (1995)
Protein Eng. 8:1057-1062; and U.S. Pat. No. 5,641,870). RBDs also include
single domain antibodies, maxibodies, unibodies, minibodies" diabodies,
triabodies, tetrabodies, v-NAR and bis-scFv (see, e.g., Hollinger and
Hudson, (2005) Nature Biotechnology 23: 1126-1136), bispecific single chain
diabodies, or single chain diabodies designed to bind two distinct
epitopes. RBDs also include antibody-like molecules or antibody mimetics,
which include, but not limited to minibodies, maxybodies, Fn3 based protein
scaffolds, Ankrin repeats (also known as DARpins), VASP polypeptides, Avian
pancreatic polypeptide (aPP), Tetranectin, Affililin, Knottins, 5H3
domains, PDZ domains, Tendamistat, Neocarzinostatin, Protein A domains,
Lipocalins, Transferrin, and Kunitz domains that specifically bind
epitopes, which are within the scope of the invention. The term
"multivalent antibody" refers to a single binding molecule with more than
one valency, where "valency" is described as the number of antigen-binding
moieties present per molecule of an antibody construct. As such, the single
binding molecule can bind to more than one binding site on a target
receptor. Examples of multivalent antibodies include, but are not limited
to bivalent antibodies, trivalent antibodies, tetravalent antibodies,
pentavalent antibodies, and the like, as well as bispecific antibodies and
biparatopic antibodies. For example, for the LRP6 receptor, the mutivalent
antibody (e.g., an LRP6 biparatopic antibody) has a binding moiety for the
I3-propeller 1 domain  binding site and a binding moiety for the
0-propeller 3 domain binding site of LRP6, respectively. The term
"multivalent antibody" also refers to a single binding molecule that has
more than one antigen-binding moieties for two separate target receptors.
For example, an antibody that binds to both an LRP6 target receptor and a
second target receptor that is not LRP6 (such as ErbB, cmet, IGFRI,
Smoothened, Notch receptors). In one embodiment, a multivalent antibody is
a tetravalent antibody that has four receptor binding domains. A
tetravalent molecule may be bispecific and bivalent for each binding site
on that target receptor. The multivalent antibody mediates biological
effect (e.g., which modulates cellular activation (e.g., by binding to a
cell surface receptor and resulting in transmission or inhibition of an
activating or inhibitory signal), which results in death of the cell (e.g.,
by a cell signal induced pathway), or which modulates a disease or disorder
in a subject (e.g., by mediating or promoting cell killing, or by
modulating the amount of a substance which is bioavailable. 



The phrase "isolated antibody", as used herein, refers to antibody that is
substantially free of other antibodies having different antigenic
specificities (e.g., an isolated antibody that specifically binds LRP6 is
substantially free of antibodies that specifically bind antigens other than
LRP6). An isolated antibody that specifically binds LRP6 may, however, have
cross-reactivity to other antigens, such as LRP6 molecules from other
species. Moreover, an isolated antibody may be substantially free of other
cellular material and/or chemicals. The term "monovalent antibody" as used
herein, refers to an antibody that binds to a single epitope on a target
receptor such as LRP6. The term "bivalent antibody" as used herein, refers
to an antibody that binds to two epitopes on at least two identical target
receptors (e.g., an antibody that binds to the 13- propeller 1 domain of
two LRP6 receptors, or an antibody that binds to the 0-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
3-propeller 3 domain of a single LRP6 receptor. The term also includes an
antibody, which binds to both the a-propeller 1 and 3-propeller 3 domains
of at least two LRP6 receptor(s) e.g., a tetravalent biparatopic antibody.
The term "bispecific antibody" as used herein, refers to an antibody that
binds to two or more different epitopes on at least two different target
receptors (e.g., an LRP6 receptor and a receptor that is not a LRP6
receptor). The phrases "monoclonal antibody" or "monoclonal antibody
composition" as used herein refers to polypeptides, including antibodies,
antibody fragements, bisepcific antibodies, etc. that have ubstantially
identical to amino acid sequence or are derived from the same genetic
source. This term also includes preparations of antibody molecules of
single molecular composition. A monoclonal antibody composition displays a
single binding specificity and affinity for a particular epitope. The
phrase "human antibody", as used herein, includes antibodies having
variable regions in which both the framework and CDR regions are derived
from sequences of human origin. Furthermore, if the antibody contains a
constant region, the constant region also is derived from such human
sequences, e.g., human gerrnline 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 Mal 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 etal.; Al Lazikani etal., (1997) J.
Mol. Bio. 273:927 948); Kabat etal., (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 etal., (1989) Nature 342:877-883; and
Al-Lazikani etal., (1997) J. Mal. Biol. 273:927-948. The human antibodies
of the invention may include amino acid residues not encoded by human
sequences (e.g., mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo, or a conservative
substitution to promote stability or manufacturing). However, the term
"human antibody" as used herein, is not intended to  include antibodies in
which CDR sequences derived from the germline of another mammalian species,
such as a mouse, have been grafted onto human framework sequences. The
phrase "recombinant human antibody" as used herein, includes all human
antibodies that are prepared, expressed, created or isolated by recombinant
means, such as antibodies isolated from an animal (e.g., a mouse) that is
transgenic or transchromosomal for human immunoglobulin genes or a
hybridoma prepared therefrom, antibodies isolated from a host cell
transformed to express the human antibody, e.g., from a transfectoma,
antibodies isolated from a recombinant, combinatorial human antibody
library, and antibodies prepared, expressed, created or isolated by any
other means that involve splicing of all or a portion of a human
immunoglobulin gene, sequences to other DNA sequences. Such recombinant
human antibodies have variable regions in which the framework and CDR
regions are derived from human germline immunoglobulin sequences. In
certain embodiments, however, such recombinant human antibodies can be
subjected to in vitro mutagenesis (or, when an animal transgenic for human
Ig sequences is used, in vivo somatic mutagenesis) and thus the amino acid
sequences of the VH and VL regions of the recombinant antibodies are
sequences that, while derived from and related to human germline VH and VL
sequences, may not naturally exist within the human antibody germline
repertoire in vivo. 



The term "linker" as used herein refers to a peptide linker that consists
of glycine and serine residues used to link an scFv to an IgG. An exemplary
Gly/Ser linker comprises the amino acid sequence (Gly-Gly-Ser)2, i.e.,
(G1y2 Ser)n where n is a positive integer equal to or greater than 1. For
example, n-1, n-2, n-3. n-4, n-5and 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
(GIY4 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 anther embodiment, the linkers include combinations and
multiples of (Gly3Ser)+(Gly4Ser)+(GlySer). In another embodiment, Ser can
be replaced with Ala e.g., (Gly4A1a) or (Gly3A1a). In another embodiment,
the linker comprises any combination of Gly, Ser and Pro. In yet another
embodiment, the linker comprises the motif (GluAlaAlaAlaLys)n, where n is a
positive integer equal to or greater than I.  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 Fc region, may comprise the entire hinge region of a constant
domain of an antibody. In one embodiment, the invention comprises an Fe
region and a CHI region of an antibody. In one embodiment, the invention
comprises an Fe region CH3 region of an antibody. In another embodiment,
the invention comprises an Fc region, a CHI region and a Ckappa/lambda
region from the constant domain of an antibody. In one embodiment, a
binding molecule of the invention comprises a constant region, e.g., a
heavy chain constant region. In one embodiment, such a constant region is
modified compared to a wild-type constant region. That is, the polypeptides
of the invention disclosed herein may comprise alterations or modifications
to one or more of the three heavy chain constant domains (CHI, CH2 or CH3)
and/or to the light chain constant region domain (CL). Exemplary
modifications include additions, deletions or substitutions of one or more
amino acids in one or more domains. Such changes may be included to
optimize effector function, half-life, etc. The term "binding site" as used
herein comprises an area on a target receptor to which an antibody or
antigen binding fragment selectively binds. For example, the binding sites
on LRP6 include the 13- propeller 1 binding domain, 13- propeller 2 binding
domain, [3- propeller 3 binding domain, and 13- propeller 4 binding domain.
The term "epitope" as used herein refers to any determinant capable of
binding with high affinity to an immunoglobulin. An epitope is a region of
an antigen that is bound by an antibody that specifically targets that
antigen, and when the antigen is a protein, includes specific amino acids
that directly contact the antibody. Most often, epitopes reside on
proteins, but in some instances, may reside on other kinds of molecules,
such as nucleic acids. Epitope determinants may include chemically active
surface groupings of molecules such as amino acids, sugar side chains,
phosphoryl or sulfonyl groups, and may have specific three dimensional
structura 1 characteristics, and/or specific charge characteristics.
Generally, antibodies specific for a particular target antigen will bind to
an epitope on the target antigen in a complex mixture of proteins and/or
macromolecules.  Regions of a given polypeptide that include an epitope can
be identified using any number of epitope mapping techniques, well known in
the art. See, e.g., Epitope Mapping Protocols in Methods in Molecular
Biology, Vol. 66 (Glenn E.Morris, Ed., 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 etal., (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 etal., (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) (kodkoff) of at
least 102M-1, at least 5x102M-1, at least 103M-1, at least 5x103M-1, at
least 104M-1, at least 5x104M-1, at least 105M-1, at least 5x105M-1, at
least 106M-1, at least 5x106M-1, at least 107M-1, at least 5x107M-1, at
least 108M-1, at least 5x108M-1, at least 109M-1, at least 5x109M-1, at
least 101M-1, at least 5x101M-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
5x1015M-1 The phrase "specifically (or selectively) binds" to a LRP6
multivalent antibody (e.g., a biparatopic antibody) refers to a binding
reaction that is determinative of the presence of a cognate antigen (e.g.,
a human LRP6) in a heterogeneous population of proteins and other
biologics. In addition to the equilibrium constant (KA), an LRP6
multivalent antibody of the invention typically also has a dissociation
rate constant (KD) of about (koftikon) 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 5x10-10M, less than 10-10M, 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 10-14M,
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 nonspecific antigen (e.g., HSA). In one embodiment, the LRP6 multivalent
antibody has dissociation constant (I(j) 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 BIAcore assay, ELISA, FACS, SET) (Biacore International AB,
Uppsala, Sweden). The term "Kasso," or "Ka", as used herein, refers to the
association rate of a particular antibody-antigen interaction, whereas the
term "Kdis" or "IQ," as used herein, refers to the dissociation rate of a
particular antibody-antigen interaction. The term "KEI", as used herein,
refers to the dissociation constant, which is obtained from the ratio of IQ
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(r) system. The
term "affinity" as used herein refers to the strength of interaction
between antibody and antigen at single antigenic sites. Within each
antigenic site, the variable region of the antibody "arm" interacts through
weak non-covalent forces with antigen at numerous sites; the more
interactions, the stronger the affinity. The term "avidity" as used herein
refers to an informative measure of the overall stability or strength of
the antibody-antigen complex. It is controlled by three major factors:
antibody epitope affinity; the valence of both the antigen and antibody;
and the structural arrangement of the interacting parts. Ultimately these
factors define the specificity of the antibody, that is, the likelihood
that the particular antibody is binding to a precise antigen epitope. The
term "Wnt 1" as used herein refers to Wntl, Wnt2, Wnt6, Wnt7a, Wnt7b,
Wnt9a, Wntl0a, or WntlOb  The term "Wnt 3a" as used herein refers to Wnt3a
and Wnt3. The term "potentiate" as used herein refers to a process whereby
the Wnt signal is activated and enhanced upon conversion of a fragment of
an antibody to a full length IgG LRP6 antibody in the presence of a Wnt
ligand. The term "no significant potentiation" or "avoids potentiation"
refers to a Wnt signal that is not activated or enhanced compared with an
control antibody or fragment thereof that binds to the same epitope. No
significant potentiation can be at least 10% less than control antibody or
fragment thereof, at least 20%, at least 30%, at least 40%, at least 50%,
at least 60%, at least 70%, at least 80%, at least 90%, at least 100% less
than then control antibody or fragment thereof. The term "cluster" as used
herein refers to any protein that gathers or groups together LRP6 receptors
and potentiates Wnt signaling. Examples of such proteins include, but are
not limited to, Wntl ligands, Wnt3a ligands and Wnt3 ligands. These
proteins can cause multimerization, e.g., dimerization of two endogenous
LRP6 receptors. This dimerization may result in increased avidity due to
increased interactions of LRP6, which in the presence of a Wnt ligand can
potentiate a Wnt signal. The phrase "conservatively modified variant"
applies to both amino acid and nucleic acid sequences. With respect to
particular nucleic acid sequences, conservatively modified variants refers
to those nucleic acids which encode identical or essentially identical
amino acid sequences, or where the nucleic acid does not encode an amino
acid sequence, to essentially identical sequences. Because of the
degeneracy of the genetic code, a large number of functionally identical
nucleic acids encode any given protein. For instance, the codons GCA, GCC,
GCG and GCU all encode the amino acid alanine. Thus, at every position
where an alanine is specified by a codon, the codon can be altered to any
of the corresponding codons described without altering the encoded
polypeptide. Such nucleic acid variations are "silent variations," which
are one species of conservatively modified variations. Every nucleic acid
sequence herein which encodes a polypeptide also describes every possible
silent variation of the nucleic acid. One of skill will recognize that each
codon in a nucleic acid (except AUG, which is ordinarily the only codon for
methionine, and TGG, which is ordinarily the only codon for tryptophan) can
be modified to yield a functionally identical molecule. Accordingly, each
silent variation of a nucleic acid that encodes a polypeptide is implicit
in each described sequence.  



For polypeptide sequences, "conservatively modified variants" include
individual substitutions, deletions or additions to a polypeptide sequence
which result in the substitution of an amino acid with a chemically similar
amino acid. Conservative substitution tables providing functionally similar
amino acids are well known in the art. Such conservatively modified
variants are in addition to and do not exclude polymorphic variants,
interspecies homologs, and alleles of the invention. The following eight
groups contain amino acids that are conservative substitutions for one
another: 1) Alanine (A), Glycine (G); 2) Aspartic acid (D), Glutamic acid
(E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R), Lysine (K); 5)
Isoleucine (I), Leucine (L), Methionine (M), Valine (V); 6) Phenylalanine
(F), Tyrosine (Y), Tryptophan (W); 7) Serine (S), Threonine (T); and 8)
Cysteine (C), Methionine (M) (see, e.g., Creighton, Proteins (1984)). In
some embodiments, the term "conservative sequence modifications" are used
to refer to amino acid modifications that do not significantly affect or
alter the binding characteristics of the antibody containing the amino acid
sequence. The terms "cross-block", "cross-blocked" and "cross-blocking" are
used interchangeably herein to mean the ability of the multivalent
antibody, to interfere with the binding of other antibodies or binding
agents to LRP6 in a standard competitive binding assay. The ability or
extent to which an multivalent antibody is able to interfere with the
binding of another antibody or binding molecule to LRP6, and therefore
whether it can be said to cross-block according to the invention, can be
determined using standard competition binding assays. One suitable assay
involves the use of the Biacore technology (e.g. by using the BIAcore 3000
instrument (Biacore, Uppsala, Sweden)), which can measure the extent of
interactions using surface plasmon resonance technology. Another assay for
measuring cross-blocking uses an ELISA-based approach. The term "optimized"
as used herein refers to a nucleotide sequence has been altered to encode
an amino acid sequence using codons that are preferred in the production
cell or organism, generally a eukaryotic cell, for example, a cell of
Pichia, a cell of Trichoderma, a Chinese Hamster Ovary cell (CHO) or a
human cell. The optimized nucleotide sequence is engineered to retain
completely or as much as possible the amino acid sequence originally
encoded by the starting nucleotide sequence, which is also known as the
"parental" sequence.   Standard assays to evaluate the binding ability of
the multivalent antibodies toward LRP6 of various species are known in the
art, including for example, ELISAs, western blots and RIAs. Suitable assays
are described in detail in the Examples. The binding kinetics (e.g.,
binding affinity) of the multivalent antibodies also can be assessed by
standard assays known in the art, such as by BiacoreTm analysis. Assays to
evaluate the effects of the multivalent antibodies on functional properties
of LRP6 (e.g., receptor binding assays, modulating the Wnt pathway, or IgG
production) are described in further detail in the Examples. Accordingly, a
multivalent antibody that "inhibits" one or more of these LRP6 functional
properties (e.g., biochemical, immunochemical, cellular, physiological or
other biological activities, or the like) as determined according to
methodologies known to the art and described herein, will be understood to
relate to a statistically significant decrease in the particular activity
relative to that seen in the absence of the multivalent antibody (e.g., or
when a control antibody of irrelevant specificity is present). A
multivalent antibody that inhibits LRP6 activity effects such a
statistically significant decrease by at least 10% of the measured
parameter, by at least 50%, 80% or 90%, and in certain embodiments an
antibody of the invention may inhibit greater than 95%, 98% or 99% of LRP6
functional activity. The phrases "percent identical" or "percent identity,"
in the context of two or more nucleic acids or polypeptide sequences,
refers to two or more sequences or subsequences that are the same. Two
sequences are "substantially identical" if two sequences have a specified
percentage of amino acid residues or nucleotides that are the same (i.e. ,
60% identity, optionally 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% over a
specified region, or, when not specified, over the entire sequence), when
compared and aligned for maximum correspondence over a comparison window,
or designated region as measured using one of the following sequence
comparison algorithms or by manual alignment and visual inspection.
Optionally, the identity exists over a region that is at least about 50
nucleotides (or 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 can be conducted, e.g., by the local
homology algorithm of Smith and Waterman (1970) Adv. Appl. Math. 2:482c, by
the homology alignment algorithm of Needleman and Wunsch (1970) J. Mol.
Biol. 48:443, by the search for similarity method of Pearson and Lipman,
(1988) Proc. Nat'l. Acad. Sci. USA 85:2444, by computerized implementations
of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin
Genetics Software Package, Genetics Computer Group, 575 Science Dr.,
Madison, WI), or by manual alignment and visual inspection (see, e.g.,
Brent et aL, (2003) Current Protocols in Molecular Biology). 



Two examples of algorithms that are suitable for determining percent
sequence identity and sequence similarity are the BLAST and BLAST 2.0
algorithms, which are described in Altschul etal., (1977) Nuc. Acids Res.
25:3389-3402; and Altschul et al., (1990) J. Mol. Biol. 215:403-410,
respectively. Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information. This algorithm
involves first identifying high scoring sequence pairs (HSPs) by
identifying short words of length W in the query sequence, which either
match or satisfy some positive-valued threshold score T when aligned with a
word of the same length in a database sequence. T is referred to as the
neighborhood word score threshold (Altschul et al., supra). These initial
neighborhood word hits act as seeds for initiating searches to find longer
HSPs containing them. The word hits are extended in both directions along
each sequence for as far as the cumulative alignment score can be
increased. Cumulative scores are calculated using, for nucleotide
sequences, the parameters M (reward score for a pair of matching residues;
always > 0) and N (penalty score for mismatching residues; always < 0). For
amino acid sequences, a scoring matrix is used to calculate the  cumulative
score. Extension of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum
achieved value; the cumulative score goes to zero or below, due to the
accumulation of one or more negative-scoring residue alignments; or the end
of either sequence is reached. The BLAST algorithm parameters W, T, and X
determine the sensitivity and speed of the alignment. The BLASTN program
(for nucleotide sequences) uses as defaults a wordlength (W) of 11, an
expectation (E) or 10, M-5, N=-4 and a comparison of both strands. For
amino acid sequences, the BLASTP program uses as defaults a wordlength of
3, and expectation (E) of 10, and the BLOSUM62 scoring matrix (see Henikoff
and Henikoff, (1989) Proc. Natl. Acad. Sci. USA 89:10915) alignments (B) of
50, expectation (E) of 10, M=5, N=-4, and a comparison of both strands. The
BLAST algorithm also performs a statistical analysis of the similarity
between two sequences (see, e.g., 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
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 etal., (1985) J. Biol. Chem. 260:2605-2608; and
Rossolini et al., (1994) Mol. Cell. Probes 8:91-98). The phrase "operably
linked" refers to a functional relationship between two or more
polynucleotide (e.g., DNA) segments. Typically, it refers to the functional
relationship of a transcriptional regulatory sequence to a transcribed
sequence. For example, a promoter or enhancer sequence is operably linked
to a coding sequence if it stimulates or modulates the transcription of the
coding sequence in an appropriate host cell or other expression system.
Generally, promoter transcriptional regulatory sequences that are operably
linked to a transcribed sequence are physically contiguous to the
transcribed sequence, i.e., they are cis-acting. However, some
transcriptional regulatory sequences, such as enhancers,  need not be
physically contiguous or located in close proximity to the coding sequences
whose transcription they enhance. 



The terms "polypeptide" and "protein" are used interchangeably herein to
refer to a polymer of amino acid residues. The terms apply to amino acid
polymers in which one or more amino acid residue is an artificial chemical
mimetic of a corresponding naturally occurring amino acid, as well as to
naturally occurring amino acid polymers and non-naturally occurring amino
acid polymer. Unless otherwise indicated, a particular polypeptide sequence
also implicitly encompasses conservatively modified variants thereof. The
term "subject" includes human and non-human animals. Non-human animals
include all vertebrates, e.g., mammals and non-mammals, such as non-human
primates, sheep, dog, cow, chickens, amphibians, and reptiles. Except when
noted, the terms "patient" or "subject" are used herein interchangeably.
The term "anti-cancer agent" means any agent that can be used to treat a
cell proliferative disorder such as cancer, including cytotoxic agents,
chemotherapeutic agents, radiotherapy and radiotherapeutic agents, targeted
anti-cancer agents, and immunotherapeutic agents. "Tumor" refers to
neoplastic cell growth and proliferation, whether malignant or benign, and
all pre-cancerous and cancerous cells and tissues. The term "anti-tumor
activity" means a reduction in the rate of tumor cell proliferation,
viability, or metastatic activity. A possible way of showing anti-tumor
acitivey is show a decline in growth rate of abnormal cells that arises
during therapy or tumor size stability or reduction. Such activity can be
assessed using accepted in vitro or in vivo tumor models, including but not
limited to xenograft models. The term "malignancy" refers to a non-benign
tumor or a cancer. As used herein, the term "cancer" includes a malignancy
characterized by deregulated or uncontrolled cell growth. Exemplary cancers
include: carcinomas, sarcomas, leukemias, and lymphomas. The term "cancer"
includes primary malignant tumors (e.g., those whose cells have not
migrated to sites in the subject's body other than the site of the original
tumor) and secondary malignant tumors (e.g., those arising from metastasis,
the migration of tumor cells to secondary sites that are different from the
site of the original tumor).  Various aspects of the invention are
described in further detail in the following sections and subsections. LRP6
and the Wnt-Signaling Pathway The invention pertains to LRP6 multivalent
antibodies and uses thereof. Inhibition of Wnt signaling by molecules
directed to LRP6 lead to a loss of canonical Wnt signaling. Therefore,
antagonism of LRP6 receptor function with a multivalent antibody will
inhibit Wnt ligand signaling and aid in diseases associated with aberrant
canonical Wnt signaling, e.g., cancer. In particular, the LRP6 multivalent
antibodies can specifically increase or decrease signaling mediated by Wntl
or Wnt3a class proteins in different disease settings.  Misregulation of
the Wnt/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 I3-propeller and the third 13-propeller of
LRP6 respectively, suggesting that Wntl and Wnt3a proteins bind to
different I3-propeller regions of LRP6 (See International Serial No.
PCT/EP2008/064821 filed October 31, 2008, the contents of which are
incorporated herein by reference in their entirety). Additional
characterization of the Propeller 3 domain of LRP6 identified residues in
this domain responsible for interaction with the antibodies. Antibody
binding sites within YWTD-EGF region of Propeller 3 were identified using
hydrogen-deuterium exchange (HDx) mass spectrometry (MS) and correspond to
a concave surface between blade 1 and 6 of Propeller 3 domain. The Wnt
signaling pathway is important in embryonic development and postnatal
tissue maintenance. This is achieved by directing a specific set of genes
that control temporal and spatial regulation of cell growth, movement and
cell survival (reviewed in Barker and Clevers (2006) Nature Rev. 5:997).
Proper regulation of this pathway is important for maintaining tissue
homeostasis. Chronic activation of this pathway promotes uncontrolled 



cell growth and survival and can consequently drive the development of cell
proliferative diseases, such as cancer. Alternatively, abnormal inhibition
of this pathway can result in many disease states, for example loss of bone
mass and other bone diseases. Wnt proteins initiate downstream signaling by
interacting with a Frizzled receptor and one of two cell-surface receptors,
which are members of the low-density-lipoprotein receptor (LDLR)- related
proteins (LRPs): LRP5 and LRP6 (reviewed in He et aL, (2004) Development
31:1663-1677). The role of LRP6 in canonical Wnt signaling was discovered
via genetic studies. Mutant mice lacking LRP6 exhibited composite
phenotypes similar to mutations in several individual Wnt genes (Pinson et
al., (2000) Nature 407:535-538). In Xenopus embryos, dominant-negative LRP6
blocked signaling by several Wnt proteins, whereas overexpression of LRP6
activated Wnt/ 0-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, aspartic acid)-type 13-propeller region, 2) an EGF
(epidermal growth factor)-like domain, and 3) an 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 0-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 0- propeller-EGF-like
domains appear to 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 0-propeller regions 1, 2, 3 and 4,
respectively. Propeller domains 1-2 include amino acids 19-629, and
Propeller domains 3-4 include amino acids 631-1246.  LRP6 Antibodies The
present invention provides antibodies that specifically bind to LRP6 (e.g.,
human LRP6, cynomologus LRP6). In some embodiments, the present invention
provides antibodies that specifically bind to both human and cynomologus
LRP6. The Wnt proteins capable of activating p-catenin signaling can be
divided into two classes and they require different II-propeller regions of
LRP6 for signaling as described in International Serial No.
PCT/EP2008/064821 filed October 31, 2008, the contents of which are
incorporated herein by reference in their entirety. In addition, dimeric
LRP6 antibodies (e.g., IgG) strongly sensitize cells to Wnt signaling, for
example through dimerization of endogenous LRP6. These results suggest that
I3-propel1er 1 and ii-propeller 3 are differentially required for signaling
activity of Wnt1 and Wnt 3. These findings provide new insights on
Wnt-induced LRP6 activation and pave the way for the development of LRP6
antibodies to modulate Wnt signaling in different diseases. Furthermore,
conversion of fragments of the LRP6 antibodies into an IgG format results
in an antibody that clusters LRP6 receptors and in the presence of a ligand
protein can potentiate a Wnt signal. In one embodiment, the antibodies
potentiate a Wnt signal with the proviso that potentiation does not occur
with biparatopic antibodies of the invention. In such an embodiment, the
Wnt signal is activated and enhanced upon conversion of a fragment of an
antibody to a full length IgG LRP6 antibody in the presence of a Wnt
ligand. For example, a Wnt 1 Fab binds to the p-propeller 1 domain of the
LRP6 receptor and blocks the 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 1 Fab
is converted to a full length Wnt 1 IgG, the Wnt 1 IgG binds to the
p-propeller 1 domains 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 n-propeller
1 domains of each LRP6 receptor, which in the presence of a Wnt 3 ligand
results in a stronger signal through the Wnt 3 pathway. Dimerization of the
LRP6  receptors promotes Wnt signaling, perhaps through the increases
avidity of the various interactions involving LRP6. 



The reverse results are obtained with a Wnt 3 Fab that binds to the
13-propeller 3 domain of the LRP6 receptor and blocks the Wnt 3 pathway. In
the presence of a Wnt 1 ligand, the Wnt 3 Fab blocks the Wnt 3 pathway, but
activates the Wnt 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
13-propeller 3 regions of two LRP6 receptors, and in the presence of a Wnt
1 ligand, inhibits signaling through the Wnt 1 pathway. In one embodiment,
the antibodies avoid potentiating a Wnt signal. In some embodiments, the
present invention provides antibodies that specifically bind to both human
and cynomologus LRP6. In one embodiment, the LRP6 antibodies are
antagonistic antibodies. In another embodiment, the LRP6 antibodies are
agonistic antibodies. As different Wnt proteins require different
(3-propellers domains of LRP6 for signaling, and as clustering or
dimerization of LRP6 potentiates Wnt signaling, therapy using the LRP6
antibodies can be regulated and "fine tuned" by using different
combinations of antibodies. In one embodiment, the LRP6 antibodies are used
as monomeric antibodies or fragments thereof such as single chain
antibodies, unibodies, and the like. In one embodiment, a monomeric LRP6
antibody that binds to the 13-propeller 1 region of LRP6 is used in
combination with a monomeric LRP6 antibody that binds to the 13-propeller 3
region of LRP6. In another embodiment, the LRF'6 antibodies are used as
multimeric antibodies or fragments thereof such as bispecific, biparatopic
LRP6 antibodies. In addition to Wnt ligands LRP6 Propeller 1 antibodies are
expected to inhibit the interaction with other Propeller 1 binding ligands
(e.g. Sclerostin, Dkkl). Similarly, Propeller 3 antibodies are expected to
inhibit the interaction with other propeller 3 binding ligands (e.g. Dkkl).
Furthermore, propeller 1 and 3 binding antibodies may be expected to affect
the activity of other Wnt signaling modulators e.g. R-spondins The present
invention also provides antibodies that specifically bind to a LRP6 protein
(e.g., human and/or cynomologus LRP6), the antibodies comprising a VH CDR
having an amino acid sequence of any one of the VH CDRs listed in Table 1,
infra. In particular, the invention provides antibodies that specifically
bind to a LRP6 protein (e.g., human  and/or cynomologus LRP6), the
antibodies comprising (or alternatively, consisting of) one, two, three,
four, five or more VU CDRs having an amino acid sequence of any of the VU
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 VU 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 VII domain
having an amino acid sequence of SEQ ID NOs: 82, 89, 106, 108, 128, 130,
and 138. The present invention provides antibodies that specifically bind
to a LRP6 protein (e.g., human and/or cynomologus LRP6), the antibodies
comprising a VL domain having an amino acid sequence of SEQ ID NOs: 81, 90,
105, 107, 127, and 129. Other antibodies of the invention include amino
acids that have been mutated, yet have at least 60%, 70%, 80%, 90%, 95% or
98% identity in the CDR regions with the CDR regions depicted in the
sequences described in Table 1. In some embodiments, it includes mutant
amino acid sequences wherein no more than 1, 2, 3, 4 or 5 amino acids have
been mutated in the CDR regions when compared with the CDR regions depicted
in the sequence described in Table 1, while still maintaining their
specifity for the the origmal 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 VU, 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, M0R08545, and M0R06706 for I3-propeller I antibodies
and M0R06475, MOR08193, and M0R08473 for I3-propeller 3 antibodies). The
LRP6 antibodies of the invention bind to distinct LRP6 I3-propeller
regions. Propeller 1 antibodies bind to the I3-propeller 1 domain and block
Propellerl-dependent Wnts such as Wnt1, Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9,
Wnt10A, Wntl OB. Propeller 3 antibodies bind to the I3-propeller 3 domain
and block Propeller 3-dependent Wnts such as Wnt3a and Wnt3. Table 1:
Examples of LRP6 Antibodies of the Present Invention SEQ ID NUMBER Ab
region Sequence MOR08168 Prop1   SEQ ID NO:1 (Kabat) HCDR1 DYVIN 



SEQ ID NO:2 (Kabat) HCDR2 GISWSGVNTHYADSVKG SEQ ID NO:3 (Kabat) HCDR3 "
LGATANNIRYKFMDV SEQ ID NO:4 (Kabat) LCDR1 SG DSLRNKVY SEQ ID NO:5 (Kabat)
LCDR2 KNNRPS 



SEQ ID NO:6 (Ka bat) LCDR3 QSYDGQKSLV SEQ ID NO:7 (Chothia) HCDR1 GFTFSDY
SEQ ID NO:8 (Chothia) HCDR2 SW5GVN SEQ ID NO:9 (Chothia) HCDR3
LGATANNIRYKFMDV SEQ ID NO:10 (Chothia) 



LCDR1 DSLRNK SEQ ID NO:11 (Chothia) LCDR2 KN SEQ ID NO:12 (Chothia) LCDR3
YDGQKSL  WO 2011/138391PCT/EP2011/057200    



SEQ ID ND:13 VL DIELTQPPSVSVAPGQTARISCSG
DSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTCtA
EDEADYYCQSYDGQKSLVFGGGTKLTVL SEQ ID ND:14 VH
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKG RFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARLGATANN IRYKFMDVWGQGTLVTVSS SEQ ID ND:1S DNA VL
GATATCGAACTGACCCAGCCGCCITCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATICTCTTCGTAATAAGGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATITATAAGA
ATAATCGTCCCTCAGGCATCCCGGAACGCTITAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCATTAG
CGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGTCTTATGATGGTCAGAAGTCTCTTGTGITTGGC
GGCGGCACGAAGTTAACCGTCCTA SEQ ID NO:16 DNA VII
CAGGTGCAATIGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGICTGAGCTGCGCGGC
CTCCGGATTTACCTTTTCTGATTATGTTATTAATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGIG
AGCGGTATTTCTTGGTCTGGTGTTAATACTCATTATGCTGATTCTGTTAAGGGTCGITTTACCATITCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
GTCTIGGTGCTACTGCTAATAATATICGTTATAAGTTTATGGATGTTTGGGGCCAAGGCACCCTGGTGACGGT
TAGCTCA SEQ ID NO:17 



Light Lambda
DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGT
CtA EDEADYYCQSYDGQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQAN
KATLVCLISDFYPGAVTVAWICADSSP V KAGVETTTPSKCtSN NKYAASSYLSLTPEQWKSH
RSYSCQVTHEGSTVEKTVAPTECS SEQ ID NO:18 Heavy IgG1 LAM
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARLGATAN NI RYKF
MDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEP
ICS CDKTHTCPPCPAPEAAGGPSVF LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREE QYNS1YRVVSVLIVLHQDW LNGK EY KCKVSN ICA LPA P I E KTISICA KG QP R
E PQVYTLP PSREEIVITKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLIVDICSRWQQGNVFSCSVMHEALHN
HYTQKSLSLSP GK SEQ ID NO: 19 DNA Light Lambda
GATATCGAAMACCCAGCCGCMCAGTGAGCGTTGLACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATTCTCTTCGTAATAAGGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATITATAAGA
ATAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCATTAG
CGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGICTTATGATGGTCAGAAGTCTCTTGTGTTTGGC
GGCGGCACGAAGTTAACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTfCCCGCCCTCCITTG
AGGAGMCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACITCIACCCGGGAGCCGTGACAGTGG
CCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAAC
AAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAG
GTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCA SEQ ID NO: 20 DNA
Heavy IgG1 LALA
CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC
CTCCGGATTTACCTTTICTGATTATGTTATfAATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGGTATTTCTTGGTCTGGTGTTAATACTCATTATGCTGATTCTGTTAAGGGTCGITITACCAITTCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
GTCTTGGTGCTACTGCTAATAATATTCGTTATAAGITTATGGATGITTGGGGCCAAGGCACCCIGGTGACGGT
TAGCTCAGCCTCCACCAAGGGTCCATCGGTMCCCCCIGGCACCUCCICCAAGAGCACCTCTGGGGGCACA
GCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTG
ACCAGCGGCGTGCACACCITCCCGGCTGTCCTACAGTCCICAGGACTCTACTCCCTCAGCAGCGTGGTGACCG
TGCCUCCAGCAGMGGGCACCCAGACCTACATCMCAACGTGAATCACAAGCCCAGCAACACCAAGGTGG
ACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGG
GGGGACCGTCAGTMCCTCITCCCCCCAAAACCCAAGGACACCCICATGATCTCCCGGACCCCTGAGGTCAC
ATGCGTGGTGGIGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGG
TGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACC
GTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCC
ATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGG
GAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGG CTTCTATCCCAGCGACATCGCCGTG
GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTC
CITMCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGIGGCAGCAGGGGAACGTMCTCATGCTCCGTG
ATGCATGAGGCTCTGCACAACCACfACACGCAGAAGAGCCTCTCCCTGICTCCGGGTAAA 



WO 2011/138391PCT/EP2011/057200 MOR08545 Propl   SEQ ID NO:21 (Kabat) HCDR1
VNGMH SEQ ID NO:22 (Kabat) HCDR2 VIDGMGHTYYADSVKG SEQ ID ND:23 (Kabat)
HCDR3 



YDYIKYGAFDP SEQ ID NO:24 (Kabat) LCDR1 SGDNIGSKYVH SEQ ID N0:25 (Kabat)
LDCR2 GDSNRPS SEQ ID NO:26 (Kabat) LCDR3 TRTSTPISGV SEQ ID N0:27 (Chothia)
HCDR1 GFTFSVN 



SEQ ID NO:28 (Chothia) HCDR2 DGMGH SEQ ID NO:29 (Chothia) HCDR3 YDYIKYGAFDP
5EQ ID N0:30 (Chothia) LCDR1 DNIGSKY SEQ ID N0:31 (Chothia) LDCR2 GDS SEQ
ID NO:32 (Chothia) 



LCDR3 TSTPISG SEQ ID N0:33 VI
DIELTQPPSVSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSN5GNTATLTIS
GT QAEDEADYYCTRTSTPISGVFGGGTKLTVL SEQ ID N0:34 V H
QVQLVE5GGGLVQPGG5LRLSCAASGFTFSVNGMHWVRQAPGKGLEWV5VIDGMGHTYYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLV1V5S SEQ ID N0:35 VL Germlined
SYELTQPPSVSVSPGQTASITCSGDNIGSKYVHWYQQKPGQSPVLVIYGDSNRPSGIPERFSGSNSGNTATLTIS
GT QAMDEADYYCTRTSTPISGVFGGGTKLTVL SEQ ID N0:36 VH Germ li ned 



EVQLVESGGGLVQPGGSLRLSCAASGFTFSVNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSS SEQ ID NO:37 DNA VL
GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGICAGACCGCGCGTATCTCGTGTAGCGGC
GATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATG
GTGATTCTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGAC
CATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCACTCGTACTTCTACTCCTATTTCTGGTGTG T
TTGGCGGCGGCACGAAGTTAACCGTTCTT SEQ ID N0:38 DNA VH
CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC
CTCCGGATTTACCTITTCTGTTAATGGTATGCATTGGGIGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTCTGITAAGGGTCGTITTACCATTTCACGTGATAA
TTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT
TATGATTATATTAAGTATGGTGCTTTTGATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA  WO
2011/138391PCT/EP2011/057200 SEQ ID NO:39 Light lambda DIE
LTQPPSVSVAPGQTAR1SCSGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT
QAEDEADYYCTRTSTPISGVFGGGTKLTVLGQP
KAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSS
PVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHFtSYSCQVTHEGSTVEKTVAPTEA SEQ ID NO:40 



Heavy Fab
QVQLVESGGGLVQPGGSLRLSCAASGFTFSVNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLV
K DYFPEPVTVSWNSGALTSGVHTFPAVLCtSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTINDKINEPKS
SEQ ID NO:41 DNA Light lambda
GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATG
GTGATTCTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGAC
CATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCACTCGTACTTCTACTCCTATTTCTGGTGTGT
TTGGCGGCGGCACGAAGTTAACCGTTCTTGGCCAGCCGAAAGCCGCACCGAGIGTGACGCTGTTTCCGCCGA
GCAGCGAAGAATTGCAGGCGAACAAAGCGACCCTGGTGTGCCTGATTAGCGACTTTTATCCGGGAGCCGTGA
CAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGC
AACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGC
TGCCAGGICACGCATGAGGGGAGCACCGTGGAAAAAACCGTTGCGCCGACTGAGGCC SEQ ID NO:42 DNA
Heavy Fab
CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC
CTCCGGATTTACCTITTCTGTTAATGGTATGCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGATAA
TTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT
TATGATTATATTAAGTATGGTGCTTTTGATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGTCGA
CCAAAGGTCCAAGCGTGTMCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGGGCT
GCCTGGTTAAAGATTATTTCCCGGAACCAGTCACCGTGAGCTGGAACAGCGGGGCGCTGACCAGCGGCGTGC
ATACCTrTCCGGCGGTGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCAGCA
GCTTAGGCACTCAGACCTATATTTGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAGTGG
AACCGAAAAGC SEQ ID NO:43 VL Germlined
SYELTQPISVSVALGQTARITCGGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTIS
RA QAGDEADYYCTRTSTPISGVFGGGTKLTVL SEQ ID NO:44 VH Germlined 



EVQLLESGGGLVQPGGSLRLSCAASGFTFSVNGM HWVRQAPGKGLEWVSVIDG MG
HTYYADSVKGRFTISRDN SKNTLYLQIvINSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSS SEQ ID
NO:45 DNA VL Germlined
AGCTATGAACTGACCCAGCCGCTGTCTGTGAGCGTGGCGCTGGGCCAGACCGCGCGTATTACCTGCGGTGGC
GATAACATTGGCAGCAAATATGTGCATTGGTATCAGCAGAAACCGGGCCAGGCGCCGGTGCTGGTGATTTAT
GGCGATAGCAACCGTCCGAGCGGCATTCCGGAACGTTTrAGCGGCAGCAACAGCGGCAACACCGCGACCCTG
ACCKITTCTCGCGCGCAGGCGGGTGATGAAGCGGATTATTATTGCACCCGTACCAGCACCCCGATTAGCGGC
GTGTTTGGCGGCGGTACGAAGTTAACCGTTCTT SEQ ID ND:46 DNA VH Germlined
GAGGTGCAATTGCTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC
CTCCGGATTTACCTITTCTGTTAATGGTATGCATTGGGTGCGCCAAGCCCCTGGGAAGGGICTCGAGTGGGTG
AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGATAA
TTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT
TATGATTATATTAAGTATGGTGCTTITGATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA MOR06706
Prop,.   SEQ ID NO:47 (Kabat) HCDR1 DYAIH 



SEQ ID ND:48 (Kabat) H CDR2 GISYSGSSTHYAD5VKG SEQ ID NO:49 (Kabat) HCDR3
GSHGNIMAKRYFDF SEQ ID NO:50 LCDR1 SGDNIRKKYVY  WO
2011/138391PCT/EP2011/057200 (Kabat)  



SEQ ID N0:S1 (Ka bat) LOCR2 EDSKRPS SEQ ID NO:52 (Ka bat) LCDR3 STADSGINNGV
SEQ ID NO:53 (Choth ia) HCDR1 GFTFSDY SEQ ID N0:54 (Chothia) HCDR2 SYSGSS 



SEQ ID N0:55 (Chothia) HCDR3 GSHGNIMAKRYFDF SEQ ID N0:56 (Chothia) LCDR1
DNIRKKY SEQ ID N0:57 (Chothia) LDCR2 EDS SEQ ID N0:58 (Chothia) LCDR3
ADSGINNG SEQ ID N0:59 



VL DIELTQPPSVSVAPGQTARISCSG DN I RKKYVYWYQQKPGQAPVLVIYE DSKRPSG IP
ERFSG5NSG NTATLTISGTQ AE DEADYYCSTADSG IN NGVFGGGTKLTVL SEQ ID NO:60 VH
QVQLVESGGGLVQPGG5LRLSCAASG FITS DYAI HWVRQAPG KG LEWVSGISYSGS5THYAD5VKG
RFTI5R 0 NSK NTLYLQMNSLRAE DTAVYYCARGSHG N I MAKRYF DFWGQGTLVTVSS SEQ ID
NO:61 VL Germ lined SYELTQPPSVSVSPGQTASITCSG ON IR
KKYVYWYQQKPGQSPVLVIYEDSKRPSG IPE RFSGSNSGNTATLTISGTQ AM
DEADYYC5TADSONNGVEGGGTKLTVL 5EQ ID NO:62 VH G ermlined
EVQLVESGGGLVQPGGSLRLSCAA5G ETES DYAIHWVRQAPG KG LEWVSGISYSGSSTHYADSVKG R
FTISRDNSK NTLYLQMNSLRAE DTAVYYCARGSHG N I MAKRYF DFWGQGTLVTV55 SEQ ID NO:63
DNA VI 



GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATAATATTCGTAAGAAGTATGITTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATG
AGGATTCTAAGCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGA
CCATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCTCTACTG CTGATTCTGGTATTAATAATGG
TGTGTTTGGCGGCGGCACGAAGTTAACCGTTCTT SEQ ID N0:64 DNA VH
CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC
CTCCGGATTTACCTTITCTGATTATGCTATTCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGGTATCTCTTATTCTGGTAGCTCTACCCArfATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCACGTGA
TAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCG GAAGATACGGCCGTGTATTATTGCGCG
CGTGGTTCTCATGGTAATATTATGGCTAAGCGTTATTTTGATTTTTGGGGCCAAGGCACCCTGGTGACGGTTA
GCTCA SEQ ID N0:65 Light Lambda DIE LTQPPSVSVAPGQTARISCSGDNIRKKYVYWYQQKPG
OAPVLVIYE DSKRPSGIPERFSGSNSG NTATLTISGTQ
AEDEADYYCSTADSGINNGVEGGGTKLTVLGQPKAAPSVTLEPPSSEELQANKATLVCLI5DFYPGAVTVAWKAD
5 SPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSH RSYSCQVTHEGSTVEKTVAPTECS SEQ ID
N0:66 Heavy IgG1 LALA QVQLVESGGGLVQPGGSLRLSCAASG FTFSDYAIHWVRQAPG KG
LEWVSGISYSG5STHYADSVKG RFTISRDNSK NTLYLQM NS LRAE DTAVYYCARGSHG
NIMAKRYFDFWGQGTLVTV55ASTKGPSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG LYSISSVVIVPSSSLGTQTYICNVNHKPSNTINDKRVE P
KSCDK
TFITCPPCPAPEAAGGPSVELFPPKPKOTLMISRTPEVTCVVVOV5HEDPEVKFNWYVDGVEVHNAKTKPREEQY
N S1YRVV5VLTVLHQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKG FYP
SDIAVEWESNGQPENNYKTTPPVLD5DGSFELYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPGK
WO 2011/138391PCT/EP2011/057200 SEQ ID ND:67 



DNA blamda
GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATAATATTCGTAAGAAGTATGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATG
AGGATTCTAAGCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGC.AACACCGCGACCCTGA
CCATIAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCTCTACTGCTGATTCTGGTATIAATAATGG
TGTGITTGGCGGCGGCACGAAGITAACCGTCCTAGGICAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCG
CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCG
TGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTC.AAGGCGGGAGIGGAGACCACCACACCCTCCAAACAA
AGC.AACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTAC
AGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCA SEQ ID
ND:68 DNA Heavy IgG1 LALA
CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAG CTGCGCGGC
CTCCGGATTTACCTITTCTGATTATGCTATTCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGGTATCTCYFATTCTGGTAGCTCTACCCATTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCACGTGA
TAATTCGAAAAACACCCTGTATCTG CAAATGAACAGCCTGCGTGCGG AAGATACGGCCGTGTATTATTGCGCG
CGTGGTTCTCATGGTAATATTATGGCC.AAGCGITATTTTGATTTTTGGGGCCAAGGCACCCTGGTGACGGTTA
GCTCAGCCTCCACCAAGGGTCCATCG(.1it..i i
CCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGC
GGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGIGTCGTGGAACTCAGGCGCCCTGAC
CAGCGGCGTGCACACCTTCCCGG CTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTG
CCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGAC
AAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGGGG
GGACCGTCAGICTICCTCTICCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATG
CGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGC
ATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTAC.AACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCC
TGCACCAGGACTGGCTGAATGGC.AAGGAGTACAAGTGCAAGGICTCCAACAAAGCCCTCCCAGCCCCCATCG
AGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGG
AGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGT
GGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCT
TCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGC
ATGAGG CTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA MOR06475 Prop3
SEQ ID NO:69 (Kabat} HCDR1 



NRGGGVG SEQ ID NO:70 (Ka bat) HCDR2 W I DW DDDKSYSTSLKT SEQ ID NO:71
(Kabat) HCDR3 MHLPLVFDS SEQ ID NO:72 (Kabat) LCDR1 RASQFIGSRYLA SEQ ID
NO:73 (Kabat) LDCR2 GASNRAT 



SEQ ID ND:74 (Kabat) LCDR3 QQYYDYPQT SEQ ID ND:75 (Chothia) HCDR1 GFSLSNRGG
SEQ ID ND:76 (Chothia) HCDR2 DWDDD SEQ ID NO:77 (Chothia) HCOR3 MHLPLVF DS
SEQ ID NO:78 (Chothia) 



LCDR1 SQFIGSRY  WO 2011/138391PCT/EP2011/057200 SEQ ID ND:79 (Chothia)
LDCR2 GAS SEQ ID NO:80 (Chothia) LCDR3 YYDYPQ SEQ ID NO:81 VI
DIVLTQSPATISLSPGERATISCRASCIFIGSRYLAWYQQKPGQAPRWYGASNRATGVPARFSGSGSGTDFTLTI
SSL EPEDFAMCQQYYDYPQTFGQGMEIK 



SEQ ID NO:82 VH QVQLKESG PA LVKPTQT LT LTCTESGISIS NRGGGVGW IMP PG KA
LEWLAWIDWDDDKSYSTSLKTRLTISKDTS KNQVULTMTN MDPVDTATYYCARMH LP LVF DS WG
QGTLVIVSS SEQ ID NO:83 DNA VL
GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
GCGAGCCAGITTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA
TTTATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGMTAGCGGCTCTGGATCCGGCACGGATITTAC
CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTC.AGA
CCTTTGGCCAGGGTACGAAAGTTGAAATTAAA SEQ ID NO:84 DNA VH
CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCMT
CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGIGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG
CGCGCGTATGCATCTTCCTCTTGTTTTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA SEQ ID
NO:8S Light kappa
DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLT
ISSL
EPEDFATYYCELQYYDYPQTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCIINNEYPREAKVQWKVDN
AL QSGNSQESVTECIDSKDSTYSISSTLTISKADYEKHKVYACEVTHEIGLSSPVTKSFNRGEC SEQ ID
NO:86 



Heavy IgG1 LALA
QVQLKESGPALVKPTQTLTLTCTFSGESL5NRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRITISKDT
S
KNQVVLTMTNMDPVDTATYYCARMHLPLVEDSWGEIGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD
YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTY1CNVNHKPSNTKVDKRVEPKSCDKT
HT
CPPCPAPEAAGGPSVFLEPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAP I EKTIS KAKGOP RE PQVYTLPPSREE MIK
NQVSLTCLVKGFYPSDI AVEW ES NGOPENNYKTTPPVLDSDGSFF LYSKLTVDKSRWQQGNVESCSVMH
EALHNHYTQKSISISPGK SEQ ID NO:87 DNA Light kappa
GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
GCGAGCCAGTTTATTGGTICTCGTTATCTGGCTIGGTACCAGCAG AAACCAGGTCAAGCACCGCGTCTATTAA
TTTATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGAMTAC
CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTCAGA
CCTTTGGCCAGGGTACGAAAGTTGAAATTAAACGTACGGIGGCTGCACCATCTGTCTTCATCTTCCCGCCATCT
GATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAG
TACAGTGGAAGGIGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAG
GACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCC
TGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT SEQ ID
NO:88 DNA Heavy IgG1 LALA
CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCMT
CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG
CGCGCGTATGCATCTTCCTCTTGTTTTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCCTCCA
CCAAGGGTCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTG
CCTGGICAAGGACTACTICCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCA
CACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCT
TGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTGAGC
CCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGGGGGGACCGTCAGTCTT
CCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGICACATGCGTGGTGGTGGAC
GTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGAC
AAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACT
GGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCT
CCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGICAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGIGGGAGAGCAAT
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCA
AGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTITTCATGCTCCGTGATGCATGAGGCTCTGC
WO 2011/138391PCT/EP2011/057200  



ACAACCACTACACGCAGAAGAGCCTCTCCCTGICTCCGGGTAAA SEQ ID NO:89 VH Germlined
QVILKESGPALVKPTQTLTLTCTFSGF5L5NRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDT
S KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS SEQ ID NO:90 VL Germlined
EIVITQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGOAPRLLIYGASNRATGIPARFSGSGSGTDFTLT
ISSLE PEDFAVYYCQQYYDYPQTFGQGTKVEIK SEQ ID NO:91 DNA VH Germiined
CAGGTCACACTGAAAGAGTCCGGCCCTGCCCTGGTCAAACCCACCCAGACCCTGACCCTGACATGCACCITCA
GCGGCITCAGCCTGAGCAACAGAGGCGGCGGAGIGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAA
TGGCTGGCCTGGATCGACTGGGACGACGACAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCAGC
AAGGACACCAGCAAGAACCAGGIGGIGCTGACCATGACCAACATGGACCCCGTGGACACCGCCACCTACTAC
TGCGCCCGGATGCATCTGCCCCTGGTGTTCGATAG CTGGGGCCAGGGCACCCTGGTCACCGTCAGCTCA SEQ
ID NO:92 DNA VL Germlined 



GAAATCGTGCTGACCCAGAGCCCCGCCACCCTGICTCTGAGCCCTGGCGAGAGAGCCACCCTGAGCTGCCGG
GCCAGCCAGTTCATCGGCAGCAGATACCTGGCTIGGTATCAGCAGAAGCCCGGCCAGGCCCCCAGACTGCTG
ATCTACGGCGCCAGCAACCGGGCCACCGGCATCCCTGCCAGATTTTCTGG CAGCGGCAGCGGCACCGACITC
ACCCTGACCATCAGCAGCCTGGAACCCGAGGACTICGCCGTGTACTACTGCCAGCAGTACTACGACTACCCCC
AGACCITCGGCCAGGGCACCAAGGTGGAAATCAAG MOR08193 Prop3   SEQ ID ND:93 (Kabat) H
CDR1 NRGGGVG SEQ ID NO:94 (Kabat) HCDR2 WIDWDDDKSYSTSLKT SEQ ID NO:95
(Kabat) HCDR3 MHLPLVFDS 



SEQ ID NO:96 (Kabat) LCDR1 RASQFIGSRYLA SEQ ID ND:97 (Kabat) LDCR2 GASNRAT
SEQ ID NO:98 (Kabat) LCDR3 QQYWSIPIT SEQ ID ND:99 (Chothia) HCDR1 GFSLSNRGG
SEQ ID NO:100 (Chothia ) 



HCDR2 DWDDD SEQ ID ND:101 (Chothia) }-1CDR3 MHLPLVFDS SEQ ID NO:102
(Chothia) LCDR1 SQFIGSRY SEQ ID NO:103 (Chothia) LDCR2 GAS SEQ ID NO:104
(Chothia) LCDR3 



YWSIPI  WO 2011/138391PCT/EP2011/057200 SEQ ID NO:105 VL
DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLT
ISSL EP EDFAVYYCQQYWSIPITFGQGTKVEIK SEQ ID NO:106 VH
QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDT
S KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS SEQ ID NO: 107 VI Germ lined
EIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRWYGASNRATGIPARFSGSGSGTDFTLTIS
SLE PEDFAVYYCQQYWSIPITFGQGTKVEIK SEQ ID NO:108 



Vii Germ lined
QVTLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDT
S KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS SEQ ID NO: 109 DNA VL
GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
GCGAGCCAGTTTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA
TTTATGGIGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC
CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTGTATTATTGCCAGCAGTATTGGICTATTCCTATTA
CCTTTGGCCAGGGTACGAAAGTTGAAATTAAA SEQ ID NO:110 DNA VH
CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT
CCGGATTTAGCCTGTCTAATCGTGGTGGTGG TGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGICTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATIG
CGCGCGTATGCATCTTCCTCTIGTTTTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA SEQ ID
NO:111 Light kappa
DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGCtAPRLLIYGASNRATGVPARFSGSGSGTDFTL
TISSL
EPEDFAVYYCQQYWSIPITFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNA
L QSG NSQESVTEQDSKDSTYSLSST LT LSKA DY E K H KVYACEVTHQG LSSPVTKSF N RG EA
SEQ ID NO:112 Heavy Fab 



QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDT
S KNQVVLTMTNMDPVDTATYYCARMH LPLVFDSWGQGTLVTVSSASTKG PSVFP LAPSSKSTSGGTAA
LGCLVKD
YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS SEQ
ID NO:113 DNA Light kappa
GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
GCGAGCCAGTTTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA
TTTATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC
CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTGTATTATTGCCAGCAGTATTGGTCTATTCCTATTA
CCTTTGGCCAGGGTACGAAAGTTGAAATTAAACGTACGGTGGCTGCTCCGAGCGTGTTTATTTTTCCGCCGAG
CGATGAACAACTGAAAAGCGGCACGGCGAGCGTGGTGTGCCTGCTGAACAACTTTTATCCGCGTGAAGCGAA
AGTTCAGTGGAAAGTAGACAACGCGCTGCAAAGCGGCAACAGCCAGGAAAGCGTGACCGAACAGGATAGCA
AAGATAGCACCTATTCTCTGAGCAGCACCCTGACCCTGAGCAAAGCGGATTATGAAAAACATAAAGTGTATGC
GTGCGAAGTGACCCATCAAGGTCTGAGCAGCCCGGTGACTAAATCTTTTAATCGTGGCGAGGCC SEQ ID
NO:114 DNA Heavy Fab
CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT
CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGIGGATACGGCCACCTATTATTG
CGCGCGTATGCATCTTCCICTTGITTTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGTCGA
CCAAAGGTCCAAGCGTGTITCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCIGGGCT
GCCIGGTTAAAGATTATTICCCGGAACCAGTCACCGTGAGCTGGAACAGCGGGGCGCTGACCAGCGGCGTGC
ATACCTTTCCGGCGGTGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCAGCA
GCTTAGGCACTCAGACCTATATTTGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAGTGG
AACCGAAAAGC MOR08473 Prop3   SEQ ID NO:115 (Kabat) HCDR1 SYGMS 



SEQ ID NO:116 (Kabat) HCDR2 NISNDGHYTYYADSVKG  WO
2011/138391PCT/EP2011/057200 SEQ ID ND:117 (Ka bat) HCOR3 flaASYLDIMDY SEQ
ID ND:118 (Kabat) LCDR1 SGONIGSKYVH SEQ ID NO:119 (Kabat) LDCR2 



NDSNRPS SEQ ID N0:120 (Ka bat) LCOR3 QAWGDNGTRV SEQ ID ND:121 (Chothia)
HCDR1 GFTFSSY SEQ ID NO:122 (Chothia) HCDR2 SNDGHY SEQ ID NO:123 (Chothia)
HCDR3 FQASYLDIM DY 



SEQ ID ND:124 (Chothia) LCDR1 DNIGSKY SEQ ID N13:12S (Chothia) LDCR2 N DS
SEQ ID NO:126 (Chothia) LCDR3 WG DNGTR SEQ ID NO:127 VL
DIELTQPPSVSVAPGQSITISCSGDNIGSKYVHWYQQKPGQAPVLVIYNDSNRPSGIPERFSGSNSGNTATITIS
GTQ AEDEADYYCQAWGDNGTRVFGGGTKLTVL SEQ ID NO:128 



VH QVQLVESGGGLVQPGGSLRLSCAASGFTrSSYG
MSWVRQAPGKGLEWVSNISNDGHYTYYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSS SEQ ID NO:129 VI Germlined
SYELTQPPSVSVSPGQTASITCSGDNIGS KYVHWYQQKPGQSPVLVIYN DSN RPSGIPERFSGSNSG
NTATLTISGT QAM DEADYYCQAWGDNGTRVFGGGTKLTVL SEQ ID N D:130 V H G erm I i n
ed EVQLV ESG G GINQ PG GSLR LSCAASG FTFSSYG MS WVRQAPG KG LE WVSN ISN
DGHYTYYA DSVKG R FTISRD NS KNTLYLQM NSLRAEDTAVYYCARFQASYLDIMDYWG QGTLVTVSS
SEQ ID ND:131 DNA VI
GATATCGAACTGACCCAGCCGCCITCAGTGAGCG1TGCACCAGGTCAGAGCATTACCATCTCGTGTAGCGGCG
ATAATATTGG1TCTAAGTATG1TCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATAAT
GATTCTAATCGTCCCTCAGGCATCCCGGAACGCTITAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCA
TTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGGCTTGGGGTGATAATGGTACTCGTGTGT
TTGGCGGCGGCACGAAG1TAACCGTTCTT SEQ ID ND:132 DNA VH 



CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC
CTCCGGATTTACCITTTCTICTTATGGTATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCAATATTTCTAATGATGGTCATTATACTTATTATGCTGA1TCTG1TAAGGGTCGTTTTACCATTTCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
GTTTTCAGGCTICTTATCTTGATATTATGGA1TATTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA SEQ ID
N D:133 Light lambda DIELTQP PSVSVA PG QSITISCSG DN IGSKYVH WYQQKPGQA PV LV
ITN DS NR PSGIPERFSGSNSGNTATLTISG TQ
AEDEADYYCQAWGDNGTRVFGGGTKLTVLGQPKAAPSVTLFPPSSE
ELQANKATLVCLISDFYPGAVTVAWICADS SPVKAGVETTTPSKQSN
NKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVE KTVAPTEA SEQ ID NO:134 Heavy Fab
QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYGMSWVRQAPG KG LE WVSN ISN DGHYTYYA DSVKG
RFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLV
K DYFPEPVTVSWNSGALTSGVHTFPAVLQSSG LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS
WO 2011/138391PCT/EP2011/057200 SEQ ID ND:135 DNA Light lambda
GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGAGCATTACCATCTCGTGTAGCGGCG
ATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATAAT
GATTCTAATCGTCCCTCAGGCATCCCGGAACGCTITAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCA
TTAGCGGC.ACTCAGGCGGAAGACGAAGCGGATTATTATTGCCAGGCTTGGGGTGATAATGGTACTCGTGTGT
TTGGCGGCGGCACGAAGTTAACCGTTCTTGGCCAGCCGAAAGCCGCACCGAGTGTGACGCTGTTTCCGCCGA
GCAGCGAAGAATTGCAGGCGAACAAAGCGACCCTGGTGTGCCTGATTAGCGACTTTTATCCGGGAGCCGTGA
CAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGC
AACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGIGGAAGTCCCACAGAAGCTACAGC
TGCCAGGTCACGCATGAGGGGAGCACCGTGGAAAAAACCGTTGCGCCGACTGAGGCC SEQ ID ND:136 



DNA Heavy Fab
CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGICTGAGCTGCGCGGC
CTCCGGATTTACCTTTTCTTCTTATGGTATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGIGGGTG
AGCAATATTTCTAATGATGGTCATTATACTTATTATGCTGATTCTGTTAAGGGTCG1TITACC.ATTTCACGTGA
T AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
GTTTTCAGGCTTCTTATCTTGATATTATGGATTATTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGTC
GACCAAAGGTCCAAGCGTGTTTCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGG
GCTGCCTGGTTAAAGATTATTTCCCGGAACCAGTCACCGTGAGCTGGAAC.AGCGGGGCGCTGACC.AGCGGCG
TGCATACCTTTCCGGCGGIGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCA
GCAGCTTAGGCACTCAGACCTATATTTGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAG
TGGAACCGAAAAGC SEQI0 ND:137 VI Germlined
SYELTQPLSVSVALGQTARITCGGDNIGSKYVHWYMKPGQAPVLVIYNDSNRPSGIPERFSGSNSGNTATLTISR
A QAGDEADYYCQAWGDNGTRVIGGGTKITVL SEQ ID NO:138 VH Germlined
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYGMSWVRQAPGKGLEWVSNISNOGHTIWADSVKGRFTISRONS
KNTLYLQMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSS SEQ ID NO: 139 DNA VI
Germlined
AGCTATGAACTGACCCAGCCGCTGAGIGTTAGCGTTGCGCTGGGTCAGACCGCGCGTATTACCTGCGGCGGT
GATAACATTGGCAGCAAATATGTGCATTGGTATC.AGCAGAAACCGGGCCAGGCGCCGGTGCTGGTGATTTAT
AACGATAGCAACCGTCCGAGCGGCATTCCGGAACGTTETAGCGGCAGCAACAGCGGCAATACCGCGACCCTG
ACCATTAGCCGTGCGCAGGCGGGTGATGAAGCGGATTATTATTGCCAGGCGTGGGGCGATAATGGTACGCG
TGTGTTTGGCGGTGGTACGAAGTTAACCGTTCTT SEQ ID NO:140 DNA VH Germlined 



GAGGTGCAATTGCTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCG GC
CTCCGGATTTACCTTTTCTTCTTATGGTATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCAATATTTCTAATGATGGTCATTATACTTATTATGCTGATTCTGITAAGGGTCGTTTTACCATTICACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
GITTTCAGGCTTCTTATCTTGATATTATGGATTATTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA
iliparatopic construction MOR06475   SEQI0 NO:141 DNA VL- (GGGGS)3-VH scFv
Gatatcgttctgacccagagtccggcaaccctgagcctgagtccgggtgaacgtgccaccctgagctgtcgtgca
agccagtttattggtagccg
ttatctggcatggtatcagcagaaaccgggtcaggcaccgcgtctgctgatttatggcgcaagcaatcgtgcaac
cggtgttccggcacgtlitag cggtagcggtagtggcaccgattttaccctgaccattagcagcctggaa
ccggaagattttgca acctattattgccagcagtattatgattatcc
gcagacctaggtcagggcaccaaggtggaaattaaageggtggtggtagcggtggtggtggctcaggtggtggcg
gtagtcaggttcaattg
aaagaaagcggtccggcactggttaaaccgacccagaccctgaccctgacatgtaccttlagcgatttagcctga
gcaatcgtggtggtggtgt
tggttggattcgtcagcctccgggtaaagcactggaatggctggcatggattgattgggatgatgataaaagcta
tagcaccagcctgaaaacc
cgtctgaccattagtaaagataccagcaaaaatcaggtggttctgaccatgaccaatatggatccggttgatacc
gccacctattattgtgcacgt
atgcatctgccgctggttlttgatagctggggtcagggtacactagttaccgttagcagc SEQ ID NO:142
VL-(GGGGS)3- VH scFv
DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLT
ISSL
EPEDFATWCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSQVQLKESGPALVKPTULTLICTFSGFSLSN
RGGGVG WIRQPPGKALE WLAW IDWDDDICSYSTSLKTR LTISKOTSKNQVVLTMTNMDPVDTATYYCARMH
LPL VFDSWGQGTLVTVSS  WO 2011/138391PCT/EP2011/057200 



SEQ ID ND:143 DNA VL- (GGGGS)4-VH scFv
Gatatcgtgctgacacagagccctgccaccctgtctctgagccctggcgagagagccaccctgagctgccgggcc
agccagttcatcggctccc
gctacctggcctggtatcagcagaagcccggacaggctcccagactgctgatctacggcgccagcaacagagcta
ccggcgtgcccgccagatt
ttctggcagcggcagcggcaccgacttcaccctgaccatcagcagcctggaacccgaggacttcgccacctacta
ctgccagcagtactacgac
tacccccagacatcggccagggcaccaaggtggagatcaagggcggaggcggatccgggggtggcggaagtggag
gcggaggaagcggag
ggggcggaagccaggtgcaattgaaagagtccggccctgccctggtgaagcctacccagaccctgaccctgacat
gcaccttcagcggcttcag
cctgagcaacagaggeggcggagtgggctggatcagacagcctcccggcaaggccctggaatggctggcctggat
cgactgggacgacgaca
agagctacagcaccagcctgaaaacccggctgaccatctccaaggacaccagcaagaaccaggtggtgctcacca
tgaccaacatggacccc
gtggacaccgccacctattattgcgcccggatgcatctgcccctggtgttcgatagctggggccagggaaccctg
gtgacagtgtccagc SEQ ID ND:144 VL-(GGGGS}4- VH scEv
DIVLTOSPATLSISPGERATLSCRASQFIGSRYLAWYQQKPGQAPRWYGASNRATGVPARFSGSGSGTDFTLTIS
SL
EPEDFATYYCQQYYDYPQTFGQGT10/EIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQTLTLTCTFS
GESISNRGGGVGWIRQPPGKALEWLAWI DWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMDPVDTATYYCAR
MHLPLVFDSWGQGTLVTVSS SEQ ID NO: 145 DNA VH- (GGGG5)3-VL scFv
Caggttcaattgaaagaaagcggtccggcactggttaaaccgacccagaccctgaccctgacatgtacctttagc
ggttttagcctgagcaatc
gtggtggtggtgttggttggattcgtcagcctccgggtaaagcactggaatggctggcatggattgattgggatg
atgataaaagctatagcacc
agcctgaaaacccgtctgaccattagcaaagataccagcaaaaatcaggttgttctgaccatgaccaatatggat
ccggttgataccgcaacct
attattgtgcacgtatgcatctgccgctggittttgatagctggggtcagggtacactagttaccgttagcagcg
gtggtggtggtagcggtggtg
gcggttcaggtggtggtggcagtgatatcgttctgacccagagtccggcaaccctgagcctgagtccgggtgaac
gtgccaccctgagctgtcgt
gcaagccagtttattggtagccgttatctggcatggtatcagcagaaaccgggtcaggcaccgcgtctgctgatt
tatggtgcaagcaatcgtgc
aaccggtgttccggcacgttttagcggtagcggtagtggcaccgattttaccctgaccattagtagcctggaacc
ggaagattttgccacctatta
ttgccagcagtattatgattatccgcagacctttggtcagggcaccaaggtggaaattaaa SEQ ID NO:146
VHAGGGGS)3- VI scEv
QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDT
S
KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSGGGGSGGGGSGGGGSDIVITCISPATLSISP
GERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASN
RATGVPARFSGSGSGTDFTLTISSLEPEDFATYYCQQY YDYPQTFGQGTKVEIK SEQ ID NO:147 



DNA VH- (GGGGS)4-VL scEv
Caggttcaattgaaagaaagcggtccggcactggttaaaccgacccagaccctgaccctgacatgtacctttagc
ggttttagcctgagcaatc
gtggtggtggtgttggttggattcgtcagcctccgggtaaagcactggaatggctggcatggattgattgggatg
atgataaaagctatagcacc
agcctgaaaacccgtctgaccattagcaaagataccagcaaaaatcaggttgttctgaccatgaccaatatggat
ccggttgataccgcaacct
attattgtgcacgtatgcatctgccgctggtttttgatagctggggtcagggtacactagttaccgttagcagcg
gtggtggtggtagcggtggtg
gcggttcaggtggtggtggcagtggcggtggtggtagtgatatcgttctgacccagagtccggcaaccctgagcc
tgagtccgggtgaacgtgcc
accctgagctgtcgtgcaagccagtttattggtagccgttatctggcatggtatcagcagaaaccgggtcaggca
ccgc.gtctgctgatttatggt
gcaagcaatcgtgcaaccggtgttccggcacetttagcggtagcggtagtggcaccgattttaccctgaccatta
gtagcctggaaccggaaga
ttttgccacctattattgccagcagtattatgattatccgcagacctttggtcagggcaccaaggtggaaattaa
a SEQ ID NO:148 VH-(GGGGS)4- VI scEv
QVQLKESGPALVKPTQTLTLTCTFSGFASNRGGGVGWIRQPPGKALEWLAWIDWDDDICSYSTSLICTRLTISKD
TS KNQVVLTMTNMDPVDTATYYCARMH LP
LVFDSWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIVLTQSPA TLSLSPGERATLSCRASQF
IGSRYLAWYQQKPGQAPRWYGASNRATGVPARFSGSGSGTDFTLTISSLEPEDFATYY
CQQYYDYPQTFGQGTKVEIK MOR0131613   SEQ ID ND: 149 DNA VL- (GGGGS)3-VH scFv
Gatatcgaactgacccagcctccgagcgttagcgttgcaccgggtcagaccgcacgtattagctgtagcggtgat
agcctgcgtaataaagttta
ttggtatcagcagaaaccgatcaggcaccggttctggttatttataaaaataatcgtccgagcggtattccggaa
cgttttagcggtagcaata
gcggtaataccgcaaccctgaccattagcggcacccaggcagaagatgaagcagattattattgccagagctatg
atggtcagaaaagcagg
tttttggtggtggcaccaagcttaccgttctgggtggtggtggtagcggtggtggtggctcaggtggtggcggtt
ctcaggttcaattggttgaaag
tggtggtggtctggttcagcctggtggtagcctgcgtctgagctgtgcagcaagcggttttacctttagcgatta
tgtgattaattgggttcgccag
gcaccgggtaaaggtctggaatgggttagcggtattagctggtcaggtgttaatacccattatgcagatagcgtg
aaaggtcgttttaccattag
ccgtgataatagcaaaaataccctgtatctgcagatgaatagcctgcgtgcagaagataccgcagtttattattg
tgcacgtctgggtgcaaccg
caaataatattcgctataaatttatggatgtgtaggtcagggtacactagttaccgttagcagc SEQ ID
NO:1S0 VL-(GGGGS)3- VH scFv 



DIELTOPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGT
OA
EDEADYYCO5YDGQICSLVEGGGTKLTVLGGGGSGGGGSGGGGSQVQLVESGGGLVQPGGSLRLSCAASGFTESD
YVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARLGATANN
IRYKFMDVWGQGTLVTVSS  WO 2011/138391PCT/EP2011/057200 SEQ ID N 0:151 DNA VL-
(GGGGS)4-VH scFv
Gatatcgaactgacccagcctccgagcgttagcgttgcaccgggtcagaccgcacgtattagctgtagcggtgat
agcctgcgtaataaagttta
ttggtatcagcagaaaccgggtcaggcaccggttctggttatttataaaaataatcgtccgagcggtattccgga
acgttitagcggtagcaata g cggta a ta c cg ca a c cctga c ca ttagcggca cc ca gg
caga a ga tga a gcaga tta ttattgcc a ga gctatga tggtcaga a a agcctgg
tttttggtggtggcaccaagcttaccgttctgggtggtggtggtagcggtggtggtggctcaggtggtggcggtt
ctggtggcggtg,gttcacaggt
tcaattggttgaaagtggtggtggtctggttcagcctggtggtagcctgcgtctgagctgtgcagcaagcggttt
tacctttagcgattatgtgatt
aattgggttcgccaggcaccgggtaaaggtctggaatgggttagcggtattagctggtcaggtgttaatacccat
tatgcagatagcgtgaaag
gtcgttttaccattagccgtgataatagcaaaaataccctgtatctgcagatgaatagcctgcgtgcagaagata
ccgcagtttattattgtgcac
gtctgggtgcaaccgcaaataatattcgctataaatttatggatgtgtg,gggtcag,ggta
cactagttaccgttagcagc SEQ ID NO:152 VLAGGGG5)4- VH scFv DIE
LTQPP5V5VAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERF5G5NSGNTATLTISGTQA
EDEADYYCQ5YDGQKSLVFGGGTKLTVLGGGGSGGGG5GGGGSGGGGSQVQLVESGGGLVQPGGSLRLSCAAS
GFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARL
GATANNIRYKFMDVWGQGTLVTVSS SEQ ID NO: 153 DNA VH- (GGGGS)3-VL scFv
Caggttcaattggttgaaagcggtggtggtctggttcagcctggtggtagcctgcgtctgagctgtgcagcaagc
ggttttacctttagcgattat
gtgattaattgggttcgtcaggcaccgggtaaaggtctggaatgggttagcggtattagctggtcaggtgttaat
acccattatgcagatagcgtg
aaaggtcgttttaccattagccgtgataatagcaaaaataccctgtatctgcagatgaatagcctgcgtgcaga
agataccgcagtttattattgt
gcacgtctgggtgcaaccgcaaataatattcgctataaatttatggatgtgtggggtcagggtacactagtta
ccgttagcagtggtggtggtggt
agcggtggtggeggatctggtggcggtggcagtgatatcgaactgacccagcctccgagcgttagcgttgcaccg
ggtcagaccgcacgtatta
gctgtagcggtgatagtctgcgtaataaagtttattggtatcagcagaaaccgggtcaggctccggttctggtta
tttataaaaataatcgtccga gcggtattccgga
acgttttagcggtagcaatagcggtaataccgcaaccctgaccattagcggcacccaggcagaagatgaagccga
ttatta ttgtcagagctatgatggtcagaaaagcctg,gtttttggtggtggcaccaagctta ccgttctg
SEQ ID ND:154 



VH-(GGGGS)3- VI scFv QVQLVESGGGLVQPGGS LRLSCAASG FITSDYVI NWVRQAPG KG
LEWVSGISWSGVNTHYADSVKGRFTISRDN 5KNTLYLQM NS LRAEDTAVYYCARLGATANN IRYKFM
DVWGQGTLVTVSSGGGG5GGGGSGGGGS DI E LTQPPS
VSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQAEDEADYY
C QSYDGQKSLVFGGGTKLTVL SEQ ID NO: 155 DNA VH- (GGGGS)4-VL scFv Caggtt ca a
ttggttga a a gcggtggtggtctggt tca g cctggtggta gcctgcgtctgag ct gtgcagca a
gcggtttta cctttag cga tt a t
gtgattaattgggttcgtcaggcaccgggtaaaggtctggaatgggttageggtattagctggtcaggigtta
atacccattatgcagatagcgtg
aaaggtcgttttaccattagccgtgataatagcaaaaataccctgtatctgcagatgaatagcctgcgtgcagaa
gataccgcagtttattattgt
gcacgtctgggtgcaaccgcaaataatattcgctataaatttatggatgtgtggggtcagggtacactagttacc
gttagcagtggtggtggtggt
agcggtggtggcggatctggtggeggtggttcaggtggtggtggcagtgatatcgaactgacccagcctccgagc
gttagcgttgcaccgggtc
agaccgcacgtattagctgtagcggtgatagtctgcgtaataaagtttattggtatcagcagaaaccg,ggtcag
gctccggttctggttatttata
aaaataatcgtccgagcggtattccggaacgttttagcggtagcaatagcggtaataccgcaaccctgaccatta
gcggcacccaggcagaag atgaagccgattattattgtcagagctatgatggtcaga
aaagcctggtttttggtggtggcaccaagcttaccgttctg SEQ ID NO:156 VH-(GGGGS)4- VI
scFv
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISW5GVNTHYADSVKGRFTISRDN
SKNTLYLQMN5LRAE DTAVYYCARLGATAN N IRYKFM DVWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGS
DIE LTQPPSVSVAPGQTARISCSG DSLRN KVYWYQQKPGQAPVLVIYKN NRPSGI PERFSGSN5G
NTATLTISGTQAED EADYYCCtSYDGQKSLVFGGGTKLTVL MOR08545   SEQ ID NO: 157 DNA
VL- (GGGGS)3-VH scFv 



Gatatcga a ctga ccca g cct ccga gcgtta gcgttgca ccgggtca ga ccgca cgta
ttagctgtagcggtgata a ta ttggcag ca a ata tg
tgcattggtatcagcagaaaccgggtcaggcaccggttctggttatttatg,gtgatagcaatcgtccgagcggt
attccggaacgttttagcggta
gcaatagcggtaataccgcaaccctgaccattagcggcacccaggcagaagatgaagcagattattattgtaccc
gtaccagcaccccgattag
cggtgtttttggtggtggcaccaagcttaccgttctgggtggtggtggtagcggtggtggtggctcaggtggtgg
tggttcacaggttcaattggtt
gaaagtggtggtggictggttcagcctggtggtagcctgcgtctgagctgtgcagcaagcggttttacctttagc
gttaatggtatgcattgggttc
gccaggcaccgggtaaaggtctggaatgggttagcgttattgatggtatgggccatacctattatgccgatagcg
ttaaaggtcgttttaccatta gccgtgataatagca aaa
ataccctgtatctgcagatgaatagcctgcgtgcagaagataccgcagtttattattgcgcacgctatgattata
tta aatatggtgcctttgatccgtggggtcagggtacactagttaccgttagcagc SEQ ID NO:158
VL-(GGGGS)3- VH scFv
DIELTQPPSVSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTI5
GT QAEDEADYYCTRTSTPISGVFGGGTKLTVLGGGGSGGGGSGGGG5QVQLVE5GGG
LVQPGGSLRLSCAASGFTFS VNG
MHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTI5RDNSKNTLYLQMNSLRAEDTAVYYCARYDYIKy
GAFDPWGQGTLVTVSS  WO 2011/138391PCT/EP2011/057200 SEQ ID NO 159 DNA VL-
(GGGGS)4-VH scFy
Gatatcgaactgacccagcctccgagcgttagcgttgcaccgggtcagaccgcacgtattagctgtagcggtgat
aatattggcagcaaatatg
tgcattggtatcagcagaaaccgggtcaggcaccggttctggttatttatggtgatagcaatcgtccgagcggta
ttccggaacgttttagcggta
gcaatagcggtaataccgcaaccctgaccattagcggcacccaggcagaagatgaagcagattattattgtaccc
gtaccagcaccccgattag
cggtgatttggtggtggcaccaagcttaccgttctgggtggtggtggtagcggtggtggtggctcaggtggtggc
ggttctggtggcggtggttca
cagetcaattggttgaaagtggtatatctggttcagcctggtggtagcctgcgtctgagctgtgcagcaagcggt
tttacctttagcgttaatg
gtatgcattgggttcgccaggcaccgggtaaaggtctggaatgattagcgttattgatsgtatgggccataccta
ttatgccgatagcgttaaa
ggtcgttttaccattagccgtgataatagcaaaaataccctgtatctgcagatgaatagcctgcgtgcagaagat
accgcagtttattattgcgca
cgctatgattatattaaatatggtgcctttgatccgtggggtcagggtacactagttaccgttagcagc SEQ
ID ND:160 VL-(GGGGS)4- VH scFy
DIELTQPPSVSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTIS
GT
QAEDEADYYCTRTSTPISGVFGGGTKLTVLGGGGSGGGGSGGGGSGGGGSQVQLVESGGGLVQPGGSLRLSCAA
SGFTFSVNGMHWVRQAPGKGLEWVSVIDGMGHTYVADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAR
YDYIKYGAFDPWGQGTLVTVSS SEQ ID NO:161 



DNA VH- (GGGGS)3-VL scFv
Caggttcaattggttgaaagcggtggtggtctggttcagcctggtggtagcctgcgtctgagctgtgcagcaagc
ggttttacctttagcgttaat
ggtatgcattggetcgtcaggcaccgggtaaaggtctggaatgggttagcgttattgatggtatgggccatacct
attatgccgatagcgttaaa
ggtcgttttaccattagccgtgataatagcaaaaataccctgtatctgcagatgaatagcctgcgtgcagaagat
accgcagtttattattgtgcc
cgttatgattatattaaatatggtgcctttgatccgtggggtcagggtacactagttaccgttagcagtggtggt
ggtggtagcggtggtggcgga
tctggtggcggtggttcagatatcgaactgacccagcctcc.gagcgttagcgttgcaccgggtcagaccgcacg
tattagctgtagcggtgataa
tattggcagcaaatatgtgcattggtatcagcagaaaccgggtcaggctccggttctggttatttatggtgatag
caatcgtccgagcggtattcc
ggaacgttttagcggtagcaatagcggtaataccgcaaccctgaccattagcggcacccaggcagaagatgaagc
cgattattattgcacccgt accagcaccccgattagcggtattttggtggtggcaccaagcttaccgttctg
SEQ ID ND:162 VH-(GGGGS)3- VI scFv
QVQLVESGGGLVQPGGSLRLSCAASGFTFSVNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVIVSSGGGGSGGGGSGGGGSDIELTQPPSVSVA
PGQTARISCSGDNIGSKYVHWYQQKPGOAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYCT
R TSTPISGVFGGGTKLTVL SEQ ID NO: 163 DNA VH- (GGGGS)4-VI scFv
Caggttcaattggitgaaagcggtggtggtctggttcagcctggtggtagcctgcgtctgagctgtgcagcaagc
ggttttacctttagcgttaat
ggtatgcattggetcgtcaggcaccgggtaaaggtctggaatgggttagcgttattgatggtatgggccatacct
attatgccgatagcgttaaa
ggtcgttttaccattagccgtgataatagcaaaaataccctgtatctgcagatgaatagcctgcgtgcagaagat
accgcagtttattattgtgcc
cgttatgattatattaaatatgegccIttgatccgtggggtcagatacactagttaccgttagcagtggtggtgg
tggtagcggtggtggcgga
tctggtggcggtggttcaggtggtggtggcagtgatatcgaactgacccagcctccgagcgttagcgttgcaccg
ggtcagaccgcacgtattag
ctgtagcggtgataatattggcagcaaatatgtgcattggtatcagcagaaaccgggicaggctccggttctget
atttatggtgatagcaatcg
tccgagcggtattccggaacgttttagcggtagcaatagcggtaataccgcaaccctgaccattagggcacccag
gcagaagatgaagccga
ttattattgcacccgtaccagcaccccgattagcggtgthttggtggtggcaccaagcttaccgttctg SEQ
ID ND:164 VH-(GGGGS)4- VL scFv
QVQLVESGGGLVQPGGSLRLSCAASGFTFSVNGMHWVRQAPGKGLEWVSVIDGMGHTYVADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIELTQPP
SVSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGTOAEDEA
D YYCTRTSTPISGVFGGGTKLTVL Blparatopic MOR08168/ MOR06475  



SEQ ID NO:165 DNA Heavy M0R08168 hIgG1 LALA M0R06475 scFy
caggtgcaattggtcgagtctggcggaggactggtgcagcctggtggcagcctgagactgagctgcgccgccagc
ggcttcaccttcagcgact
acgtgatcaactgggtgcgacaggcccctggaaagggcctggaatgggtgtccggcatctcttggtctggcgtga
acacccactacgccgacag
cgtgaagggccggttcaccatcagccgggacaacagcaagaacaccctgtacctgcagatgaacagcctgagagc
cgaggacaccgccgtgt
actactgtgccagactgggcgccaccgccaacaacatccggtacaagticatzgacgtgtggggccagggcacac
tggtgaccgtcagctcag
ctagcaccaagggccccagcgtgttccccctggcccccagcagcaagagcaccagcggcggcacagccgccctgg
gctgcctggtgaaggact
acttccccgagcccgtgaccgtgtcctggaacagcggagccctgacctccggcgtgcacaccticcccgccgtgc
tgcagagcagcggcctgtac
agcctgtccagcgtggtgacagtgcccagcagcagcctgggcacccagacctacatctgcaacgtgaaccacaag
cccagcaacaccaaggtg
gacaagagagtggagcccaagagctgcgacaagacccacacctgccccccctgcccagccccagaggcagcgggc
ggaccctccgtgttcct
gttccccacaagcccaaggacaccctgatgatcagcaggacccccgaggtgacctgcgtggtggtggacgtgagc
cacgaggacccagaggt
gaagttcaactggtacgtggacggcgtggaggtgcacaacgccaagaccaagcccagagaggagcagtacaacag
cacctacagggtggtgt
ccgtgctgaccgtgctgcaccaggactggctgaacggcaaggaatacaagtgcaaggtctccaacaaggccctgc
cagcccccatcgaaaaga
ccatcagcaaggccaagggccagccacgggagccccaggtgtacaccctgcccccctcccgggaggagatgacca
agaaccaggtgtccctg
acctgtctggtgaagggcttctaccccagcgacatcgccgtggagtgggagagcaacggccagcccgagaacaac
tacaagaccaccccccca
gtgctggacagcgacggcagcticticagtacagcaagctgaccgtggacaagtccaggtggcagcagggcaacg
tgttcagctgcagcgtga
tgcacgaagc.gctgcacaaccactacacccagaagagcctgagcctgtcccccggcaagggcggctccggcgga
agcgatatcgtgctgacac
agagccctgccaccctgtctctgagccctggcgagagagccaccctgagctgccgggccagccagttcatcggct
acgctacctggcctggtat  WO 2011/138391PCT/EP2011/057200
cagcagaagcccggacaggctcccagactgctgatctacggcgccagoacagagctaccggcgtgcccgccagat
tttctggcagcggcagc
ggcaccgacttcaccctgaccatcagcagcctggaacccgaggacttcgccacctactactgccagcagtactac
ga ctacccccagaccttcg gccagggcacca
aggtggagatcaagggcggaggcggatccgggggtggcggaagtgga
ggcggaggaagcggagggggcggaagccag
gtgcaattgaaagagtaggcatgccctggtgaagatacccagaccctgaccctgacatgcaccttcagcggcttc
agcctgagcaa cagag
gcggcggagtgggctggatcagacagcctcccggcaaggactggaatggctggcctggatcgactgggacga
cgacaagagctacagcacc
agcctgaaaacccggctgaccatctccaaggacaccagcaagaaccaggtggtgctcaccatgaccaacatggac
cccgtggacaccgccac
ctattattgcgcccggatgcatctgcccctggtgttcgatagctggggccagggaaccctggtgacagtgtccag
c SEQ ID NO:166 Heavy MDR08168 hIgG1 LALA MDR06475 scFv
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLQM NS LRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAAL GCLVKDYFPE PVTVSWNSGALTSGVHTFPAVLQSSG LYS
LSSVVTVPSSSLGTQTYICNVNH KPS NTKVDKRVE PKS
CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNG KEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRE E MTKNQVS
LTCLVK GFYPSDIAVEWESNGQPENNYKTTPPVLDS DGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALEINHYTQKSLSLSP
GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGCtAPRLLIYGASNRATGVPARFSGS
GSG
TDFTLTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQ
TULTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDW DDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMDPV
DTATYYCARIVIHLPLVFDSWGQGTLVTVSS  



SEQ ID NO:167 VI MDR08168 DIELTQPPSVSVAPGQTARISCSG DS
LRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA
EDEADYYCQSYDGQKSLVFGGGTKLTVL SEQ ID ND:168 DNA VI MOR08168
GACATCGAGCTGACCCAGCCCCCTTCTGTGTCTGIGGCCCCTGGCCAGACCGCCAGAATCAGCTGCAGCGGC
GACAGCCTGCGGAACAAGGTGTACTGGTATCAGCAGAAGCCCGGCCAGGCTCCCGTGCTGGTGATCTACAAG
AACAACCGGCCCAGCGGCATCCCTGAGCG GTTCAGCGGCAGCAACAGCGGCAATACCGCCACCCTGACCATC
AGCGGCACCCAGGCCGAAGATGAGGCCGACTACTACTGCCAGAGCTACGACGGCCAGAAAAGCCTGGTGTT
CGGCGGAGGCACCAAGCTTACCGTGCTG SEQ ID NO: 169 DNA Light lambda MOR08168
Gacatcgagctgacccagcccccttctgtgtctgtggcccctggccagaccgccagaatcagctgcagcggcgac
agcctgcggaacaaggtg
tactggtatcagcagaagcccggccaggctacgtgctggtgatctacaagaacaaccggcccagcggcatccctg
agcggttcagcggcagc aacagcggcaataccgccaccctga
ccatcagcggcacccaggccgaagatgaggccgactactactgccagagctacgacggccagaaaag
cctggtgttcggcggag,gca
ccaagcttaccgtgctgggccagcccaaagccgcccctagcgtgaccctgttcccccccagcagcgaggaactg
caggccaacaaggccaccctggtctgcctgatcagcgacttctaccctggcgccgtgaccgtggcctggaaggcc
gacagcagccccgtgaag
gccggcgtggagacaaccaccacagcaagcagagcaacaacaagtacgccgccagcagctacctgagcctgaccc
ccgagcagtggaaga gccacagaagctacagctgccaggtcacccacgagggcagcaccgtggaga a a a
ccgtggcccccaccgagtgcagc SEQ ID NO:170 Light lambda IVI0R08168 



DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGT
CtA EDEADYYCQSYDGQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEE
LQANKATLVCLISDFYPGAVTVAWKADSSP VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSH
RSYSCQVTHEGSTVEKTVAPTECS SEQ ID NO:171 Heavy IVI0R08168 hIgG1 LALA (w/o K)
M0R06475 scFy
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLQMNSLRAE DTAVYYCARLGATANNIRYKFIVIDV WGQGTLVIVSSASTKG
PSVFPLAPSSKSTSGGTAAL GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVIVPSSS
LGTQTYICNVNHKPS NTKVDKRVEPKS
CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEIVITKNCIVSLT
CLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALEINHYTQKSLSLS
P
GGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGS
GT DFTLTISSLE PE DFATYYCQQYYDYPQTFGQGTKVE I KGG GGSGGGGSGGGGSGGGGSQVQLKESG
PA LVKPTQT LTLTCTFSG FS LSNRGGGVGWIRQPPGKALEW
LAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTIVITNIVIDPVD TATYYCARMH
LPLVFDSWGQGTLVTVSS SEQ ID NO:172 DNA Heavy MD R08168 higG1 LALA (w/o K) MO
R06475 scFy
CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGGTGCAGCCIGGTGGCAGCCTGAGACTGAGCTGCGCCGC
CAGCGGCTTCACCTICAGCGACTACGTGATCAACTGGGIGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT
GTCCGGCATCTCTIGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG
GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG
TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGG GGCCAGGG CACACTG GT
GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG
CGGCACAGCCGCCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG
AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAG CAGCGGCCTGTACAGCCTGTCCAGCGTG
WO 2011/138391PCT/EP2011/057200
GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC 



AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA
GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCG  



TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC   



GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC
TGCAGCGTGATGCACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCGGCGGC
TCCGGCGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCCACC
CTGAGCTGCCGGGCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAGGCT
CCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGCAGC 



GGCACCGACFTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTICGCCACCTACTACTGCCAGCAGTACT
ACGACTACCCCCAGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGTGG
CGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCCCTG
GTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGCGGA  



GTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGACAA
GAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCTCAC
CATGACCAACATGGACCCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTCGAT
AGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC SEQ ID N D:173 Heavy 



QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKG LEWVSGISWSG VNT HYADSVKG RFT
ISRDN  MOR08168 SKNTLYLQM NS LRA E DTAVYYCA R LGATA N N I RY KF M
DVWGQGTLVIVSSASTKGPSVFPLAPSSKSTSGGTAAL  hIgG1 LALA G C LVKDY F P E PVTVSW
NSGA LTSGV H TF PAV LQSSG LYS LSSVVTV PSSSLGTQTYIC NV N H K PS NTKVD K RV E
P KS  MDR06475 C D KTHTCPPCPAP EAAG G PSV F LF P PKPK DT LM ISRTP EVTCVVV
DVS H EDPEVKFNWYVDGVEVHNAKTKPREE  scFy (DP to DA)
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEICHSKAKGQPREPQVYTLPPSREEMTKNQVSLTCLV
K 



G FY PS DIAVEW ESNG QP E NNY KTTP PV LDS DGSF F LYSKLTVDKSRWQQG NVFSCSVMH E
A U-1 NH YTQKS LS LS P   GKGGSGGSDIVLTQSPATLSLSPGE
RATLSCRASQFIGSRYLAWYQQKPGQAPRWYGASNRATGVPARFSGSGSG   TD FILTI SS LE PE
DFATYYCQQYY DYP QTFG QG TKVE IKG G G G SG G G G SGG G G SG GG G SQVQLKES G
PA LVK PTQ   T LT LTCTFSG FS L5N RGG GVGW I RQPPG KALEW LAW I DW DDD KSYSTS
LKTR LTI SKDTS KN QVV LTMTN M DAV  



DTATYYCAR M H LP LVF DSWG QGTLVTVSS SEQ ID ND:174 DNA Heavy
CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGGIGCAGCCTGGTGGCAGCCTGAGACTGAGCTGCGCCGC
M0R08168
CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT
hIgG1 LALA
GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG
MDR06475 



GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG
scFv (DP to DA)
TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT
GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG
CGGCACAGCCGCCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG
AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG 



GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA
GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG  



CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCG
TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTICTACCCCAGCGACA   



TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC
GACGGCAGCTICTICCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC
TGCAGCGTGATGCACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGC
GGCTCCGGCGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCC
ACCCTGAGCTGCCGGGCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAG 



GCTCCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGC
AGCGGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGT
ACTACGACTACCCCCAGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGT
GGCGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCC  



CTGGTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTICAGCCTGAGCAACAGAGGCGGC
GGAGTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGA
CAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCT
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CACCATGACCAACATGGACGCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTC
GATAGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC 



SEQ ID NO:175 Heavy MOR08168 hIgG1 LALA M0R06475 scEv (DP to TA)
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISVVSGVNTHYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKF
MDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLCISSGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKRVE
PKS
CDKTHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLV
K
GFYPSDIAVEWESNGQPENNYKTIPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP
GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRWYGASNRATGVPARFSGSGSG
TDFTLTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQ
TLTLTCTFSG
FSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMTAVD
TATYYCARMHLPLVEDSWGQGTLVTVSS SEQ ID NO:176 DNA Heavy MOR08168 hIgG1 LALA
M0R06475 scEv (DP to TA)
CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGGTGCAGCCTGGTGGCAGCCTGAGACTGAGCTGCGCCGC
CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT
GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG
GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG
TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT
GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG
CGGCACAGCCGCCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG
AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG
GTGAC.AGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC
AAGGTGGACAAGAGAGTGGAGCCCAAGAG CTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA
GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCC.AGAGGTGAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCG
TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC
GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTICAGC
TGCAGCGTGATGC.ACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGICCCCCGGCAAGGGC
GGCTCCGGCGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCC
ACCCTGAGCTGCCGGGCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAG
GCTCCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGC
AGCGGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGT
ACTACGACTACCCCCAGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGT
GGCGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTG CAATTGAAAGAGTCCGGCCCTGCC
CTGGTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGC
GGAGTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGA
CAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCT
CACCATGACCAACATGACCGCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTC
GATAGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC SEQ ID NO:177 Light M0R06475 scFv
M0R08168 lambda
DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQUPGQAPRILIYGASNRATGVPARFSGSGSGTDFTLTI
SSL
EPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQTLTLTCTFS
GF5LSNRGGGVGWERQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNOVVLTMTNMDPVDTATYYCAR
MHLPLVEDSWGQGTLVTV55GGSGGSDIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGOAPVLVIYKN
NRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYCQSYDGQKSLVEGGGTKLTVLGQPKAAPSVTLFPPSSEEL
OA
NKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV
E KTVAPTECS SEQ ID NO:178 DNA Light M0R06475 scFv 



M0R08168 lambda GATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTG
GCGAGAGAGCCACCCTGAGCTGCCGG GCCAGCCAGTTCATCGGCTCCCG
CTACCTGGCCTGGTATCAGCAGAAGCCCGGACAGGCTCCCAGACTGCTG
ATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGCAGCGGCACCGACTTC
ACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGTACTACGACTACCCCC
AGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGTGGCGGAAGTGGAG
GCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCCCTGGTGAAGCCTAC
CCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGCGGAGTGGGCTGGAT
CAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGACAAGAGCTACAGCA
CCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCTCACCATGACCAACA
WO 2011/138391PCT/EP2011/057200
TGGACCCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGIGTTCGATAGCTGGGGCCA
GGGAACCCTGGTGACAGIGTCCAGCGGCGGCTCCGGCGGAAGCGACATCGAGCTGACCCAGCCCCCTTCTGT
GTCTGIGGCGCCCGGGCAGACCGCCAGAATCAGCTGCAGCGGCGACAGCCTGCGGAACAAGGTGTACTGGT
ATCAGCAGAAGCCCGGCCAGGCTCCCGTGCTGGTGATCTACAAGAACAACCGGCCCAGCGGCATCCCTGAGC
GGTrCAGCGGCAGCAACAGCGGCAATACCGCCACCCTGACCATCAGCGGCACCCAGGCCGAAGATGAGGCC
GACTACTACTGCCAGAGCTACGACGGCCAGAAAAGCCTGGTGTTCGGCGGAGGCACCAAGCTTACCGTGCTG
GGCCAGCCCAAAGCCGCCCCTAGCGTGACCCTGTTCCCCCCCAGCAGCGAGGAACTGCAGGCCAACAAGGCC
ACCCTGGTCTGCCTGATCAGCGACTTCTACCCTGGCGCCGTGACCGTGGCCTGGAAGGCCGACAGCAGCCCC
GTGAAGGCCGGCGTGGAGACAACCACCCCCAGCAAGCAGAGCAACAACAAGTACGCCGCCAGCAGCTACCT
GAGCCTGACCCCCGAGCAGIGGAAGAGCCACAGAAGCTACAGCTGCCAGGTCACCCACGAGGGCAGCACCG
TGGAGAAAACCGTGGCCCCCACCGAGTGCAGC SEQ ID NO:179 VH M0R08168
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEVVVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSS SEQ ID ND:180 DNA VH
M0R08168
Caggtgcaattggtcgagtctggcggaggactggtgcagcctggtggcagcctgagactgagctgcgccgccagc
ggcttcaccttcagcgact
acgtgatcaactgggtgcgacaggcccctggaaagggcctggaatgggtgtccggcatctcttggtctggcgtga
acacccactacgccgacag
cgtgaagggccggttcaccatcagccgggacaacagcaagaacaccctgtacctgcagatgaacagcctgagagc
cgaggacaccgccgtgt
actactgtgccagactgggcgccaccgccaacaacatccggtacaagttcatggacgtgtggggccagggcacac
tggtgaccgtcagctca 



SEQ ID ND:181 Heavy MDR08168 hIgG1 LALA
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEVVVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKRVEP
KS
CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLV
K
GFYPSDIAVEWESNGQPENNYKTITPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP
GK SEQ ID ND:182 DNA Heavy MDR08168 hIgG1 LALA
CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGGTGCAGCCTGGTGGCAGCCTGAGACTGAGCTGCGCCGC
CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT
GTCCGGCATCTCTIGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTICACCATCAGCCG
GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG
TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT
GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG
CGGCACAGCCGCCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGG
AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG
GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA
GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGIGGTGTCCG
TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGIGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC
GACGGCAGCTICTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC
TGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAG SEQ
ID ND:183 VI M0R06475
DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAVVYQQKPGOAPRWYGASNRATGVPARFSGSGSGTDFTLTI
SSL EPEDFATYYCQQYYDYPQTFGQGTKVEIK SEQ ID NO:184 DNA VI M0R06475 



Gatatcgtgctgacccagagcccggcgaccctgagcctgtctccgggcgaacgtgcgaccctgagctgcagagcg
agccagtttattggttctc
gttatctggcttggtaccagcagaaaccaggtcaagcaccgcgtctattaatttatggtgcttctaatcgtgcaa
ctggggtcccggcgcgttttag
cggctctggatccggcacggattttaccctgaccattagcagatggaacctgaagactttgcgacttattattgc
cagcagtattatgattatcct cagacctttggccagggtacgaaagttgaaattaaa SEQ ID NO:185
Light MDR0647S kappa
DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGOAPRWYGASNRATGVPARFSGSGSGTDFTLTIS
SL
EPEDFATYYCQQYYDYPQTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNA
L QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC SEQ ID
ND:186 DNA Light MDR06475
GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGICTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
GCGAGCCAGTTTATMGTICTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA
TTTATGGTGCTICTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTITAC
WO 2011/138391PCT/EP2011/057200  



kappa
CCTGACCATTAGCAGCCIGGAACCTGAAGACTTTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTCAGA
CCTTTGGCCAGGGTACGAAAGTTGAAATrAAACGTACGGTGGCCGCTCCCAGCGTGTTCATCTTCCCCCCCAG
CGACGAGCAGCTGAAGAGCGGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTACCCCCGGGAGGCCA
AGGTGCAGTGGAAGGTGGACAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCGTCACCGAGCAGGACAG
CAAGGACTCCACCTACAGCCTGAGCAGCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGCATAAGGTGTA
CGCCTGCGAGGTGACCCACCAGGGCCTGTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC SEQ ID
NO:187 Heavy M0R0647S hIgG1LALA M0R08168 scFv (VH-3-VL)
QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDT
S
KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD
YFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKT
HT
CPPCPAPEAAGGPSVFLFPPKPKDILMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPS
DI
AVEWESNGQPENNYKUPPVLDSDGSFELYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGSG
GSQVQLVESGGGLVQPGGSLRLSCAASG FTFSDYVINWVRQAPGKG LEWVSG
ISWSGVNTHYADSVKGRFTISR
DNSKNTLYLQIVINSLRAEDTAVYYCARLGATANNIRYKFMOVWGQGTLVTVSSGGGGSGGGGSGGGGSDIELTQ
PPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQAEDEA
D YYCQSYDGQKSLVFGGGTKLTVL SEQ ID NO:188 DNA Heavy M0R0647S higG1LALA
M0R08168 scFv (VH-3-VL)
CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT
CCGGATTTAGCCTGTCTAATCGTGGIGGIGGTGIGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAG TCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG
CGCGCGTATGCATCTTCCICTTGTTTTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCTAGCA
CCAAGGGCCCCAGCGTGTTCCCCCIGGCCCCCAGCAGCAAGAGCACCAGCGGCGGCACAGCCGCCCTGGGCT
GCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGGAGCCCTGACCTCCGGCGTGC
ACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTGGTGACAGTGCCCAGCAGCA
GCCIGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACCAAGGIGGACAAGAGAGTG
GAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGAGGCAGCGGGCGGACCCTCC
GTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGTGACCTGCGTGGTG G
TGGACGTGAGCCACGAGGACCCAGAGGTGAAG1TCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGC
CAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCGTGCTGACCGTGCTGCACCA
GGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGCCAGCCCCCATCGAAAAGAC
CATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCCCCTCCCGGGAGGAGATGA
CCAAGAACCAGGTGTCCCTGACCTGICTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGA
GCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGCAGCTTCTTCCIGT
ACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGCTGCAGCGTGATGCACGAA
GCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGCGGCTCCGGCGGAAGCCA
GGTTCAATTGGTTGAAAGCGGTGGTGG TCTGGTTCAGCCTGGTGGTAGCCTGCGTCTGAGCTGTGCAGCAAG
CGGTTTTACCTTTAGCGATTATGTGATTAATTGGGTTCGTCAGGCACCGGGTAAAGGTCTGGAATGGGTTAGC
GGTATTAGCTGGTCAGGTGTTAATACCCATTATGCAGATAGCGTGAAAGGTCGTTTTACCATTAGCCGTGATA
ATAGC.AAAAATACCCTGTATCTGCAGATGAATAGCCTGCGTGCAGAAGATACCGCAGMATTATTGTGCACG
TCTGGGTGCAACCGCAAATAATATTCGCTATAAAMATGGATGIGTGGGGTCAGGGTACACTAGTTACCGTT
AGCAGTGGTGGIGGTGGTAGCGGIGGIGGCGGATCTGGIGGCGGTGGCAGTGATATCGAACTGACCCAGCC
TCCGAGCGTTAGCGTTGCACCGGGTCAGACCGCACGTATTAGCTGTAGCGGTGATAGTCTGCGTAATAAAGTT
TATTGGTATCAGCAGAAACCGGGTCAGGCTCCGGTTCTGGTTATTTATAAAAATAATCGTCCGAGCGGTATTC
CGGAACGTTTTAGCGGTAGCAATAGCGGTAATACCGCAACCCTGACCATTAGCGGCACCCAGGCAGAAGATG
AAGCCGATTATTATTGTCAGAGCTATGATGGTCAGAAAAGCCTGGTTTTTGGTGGTGGCACCAAGCTTACCGT
TCTG SEC ID NO:189 Heavy M0R06475 hIgG1 LALA M0R08168 scFv (VH-4-VL)
QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAW I
DWDDDKSYSTSLKTRLTISKDTS
KNQVATMTNMDPVDTATYYCARMHLPLVEDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD
YFPE PVTVSWNSGALTSGVHTFPAVLQSSG LYSLSSVVTVPSSSLGTQTYICNVN H
KPSNTKVDKRVEPKSCDKTHT
CPPCPAPEAAGGPSVFLFPPKPKOTLIVIISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS
TY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEIVITKNQVSLTCLVKGFY
PSDI
AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGSG
GSQVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGVNTHYADSVKGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFIVIDVWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGS
DI ELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSG I P
ERFSGSNSGNTATLTISGTOA EDEADYYCQSYDGQKSLVFGGGTKLTVL SEQ ID NO:190 DNA Heavy 



IVI0R06475
CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTG TACCTTTT
CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCIGGGAAAGCCCTCGAGT
WO 2011/138391PCT/EP2011/057200  hIgG1 LALA M0R08168 scFy (VH-4-VL)
GGCTGGCTTGGATCGATTGGGATGATGATAAGTCITATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACITCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG
CGCGCGTATGCATUTCCTCITGTITTTGATTCTIGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCTAGCA
CCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGGCGGCACAGCCGCCCTGGGCT
GCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGGAGCCCTGACCTCCGGCGTGC
ACACCITCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTGGTGACAGTGCCCAGCAGCA
GCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTG
GAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGAGGCAGCGGGCGGACCCfCC
GTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAG GACCCCCGAGGTGACCTGCGTGGTG
GTGGACGTGAGCCACGAGGACCCAGAGGTGAAGITCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGC
CAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCGTGCTGACCGTGCTGCACCA
GGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGCCAGCCCCCATCGAAAAGAC
CATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCCCCfCCCGGGAGGAGATGA
CCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGA
GCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGCAGCITCITCCTGT
ACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTICAGCTGCAGCGTGATGCACGAA
GCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGCGGCTCCGGCGGAAGCCA
GGTTCAATTGGTTGAAAGCGGTGGTGGTCTGGTTCAGCCTGGTGGTAGCCTGCGTCTGAGCTGTGCAGCAAG
CGGTITTACCTTTAGCGATTATGTGATTAATTGGGTTCGTCAGGCACCGGGTAAAGGTCTGGAATGGGTTAGC
GGTATTAGCTGGTCAGGTGYTAATACCCATTATGCAGATAGCGTGAAAGGTCGTTTTACCATTAGCCGTGATA
ATAGCAAAAATACCCTGTATCTGCAGATG AATAGCCTGCGTGCAGAAGATACCGCAGTTTATTATTGTGCACG
TCTGGGTGCAACCGCAAATAATATTCGCTATAAATTTATGGATGTGTGGGGTCAGGGTACACTAGTTACCGTT
AGCAGTGGTGGTGGTGGTAGCGGTGGTGGCG GATCTGGTGGCGGTGGTTCAGGTGGTGGTGGCAGTGATA
TCGAACTGACCCAGCCTCCGAGCGTTAGCGTTGCACCGGGTCAGACCGCACGTATTAGCTGTAGCGGTGATA
GTCTGCGTAATAAAGTTTATTGGTATCAGCAGAAACCGGGTCAGGCTCCGGTTCTGGTTATTTATAAAAATAA
TCGTCCGAGCGGTATTCCGGAACGTTTTAGCGGTAGCAATAGCGGTAATACCGCAACCCTGACCATTAGCGGC
ACCCAGGCAGAAGATGAAGCCGATTATTATTGTCAGAGCTATGATGGTCAGAAAAGCCTGGITTTIGGTGGT
GGCACCAAGCITACCGTTCTG SEQ ID NO:191 VI MDR08168wt
DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGT
QA EDEADYYCQSYDGQICSLVFGGGTKLTVL SEQ ID NO:192 DNA VI M0R08168 wt
GACATCGAGCTGACTCAGCCCCCTAGCGTGTCAGTGGCTCCTGGCCAGACCGCTAGAATTAGCTGTAGCGGC
GATAGCCTGCGTAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG
AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA
GCGGCACTCAGGCCGAGGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG
GCGGCGGAACTAAGCTGACCGTGCTG 



SEQ ID NO:193 Light lambda MDR08168 wt
DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQ0J(PGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISG
TQA EDEADYYCO.SYDGQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQAN
KATLVCLISDFYPGAVTVAWKADSSP VKAGVETTTPSKQSNNKYAASSYLSLTPEQW
KSHRSYSCQVTHEGSTVEKIVAPTECS SEQ ID NO:194 DNA Light lambda M0Ft08168 wt
GACATCGAGCTGACTCAGCCCCCTAGCGTGTCAGTGGCTCCTGGCCAGACCGCTAGAATTAGCTGTAGCGGC
GATAGCCTGCGTAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG
AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA
GCGGCACTCAGGCCGAGGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG
GCGGCGGAACTAAGCTGACCGTGCTGGGACAGCCTAAGGCfGCCCCCAGCGTGACCCTGYTCCCCCCCAGCA
GCGAGGAGCTGCAGGCCAACAAGGCCACCCTGGTGTGCCTGATCAGCGACTTCTACCCAGGCGCCGTGACCG
TGGCCTGGAAGGCCGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAAC
AACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGC
CAGGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC SEQ ID NO:195
Heavy MOR081681gG 1LALA_6475sc Fy wt
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVOKRVEP
KS CDKTHTCPPCPAPEAAGG PSVFLFPPKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLFIQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCL
VK G F YPS DI AV EW ES NGQPE N N Y KTTP PVLDS DG S F F LYSKLTVDKS RWQQG N V
FS CSV M H EA LH NH YTQKS LS LS P
GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQF1GSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSG
SG TDFTLTISSLEPEDFATYYCQQYYDYPQTFGQGTKVE
IKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQ TLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEW
LAWIDWDDDICSYSTSLKTRLTISKDTSKNQVVLTMTNMDPV  WO 2011/138391PCT/EP2011/057200



DTATYYCARMHLPLVFDSWGQGTLVTVSS SEQ ID NO:196 DNA Heavy MOR08168IgG
1LALA_6475sc Fv wt
CAGGTGCAGCTGGIGGAATCAGGCGGAGGACTGGTCCAGCCTGGCGGATCACTTAGACTGAGCTGTGCCGC
TAGTGGCTTCACCTTTAGCGACTATGTGATTAACTGGGTCCGACAGGCCCCTGGCAAGGGACTGGAATGGGT
GTCAGGCATTAGTTGGAGCGGCGTGAACACTCACTACGCCGATAGCGTGAAGGGCCGGITCACTATTAGCCG
GGATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGCCTGAGAGCCGAGGACACCGCCGTCTACTACTG
CGCTAGACTGGGCGCTACCGCTAACAACATCCGCTATAAGTTCATGGACGTGTGGGGCCAGGGCACCCTGGT
CACAGTGTCTICAGCTAGCACTAAGGGCCCCTCAGTGTTCCCCCTGGCCCCTAGCTCTAAGTCTACTAGCGGTG
GCACCGCCGCTCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAGCCCGTGACCGIGTCTTGGAATAGCGGCG
CTCTGACTAGCGGAGTGCACACCITCCCCGCCGTGCTGCAGTCTAGCGGCCTGTATAGCCTGICTAGCGTCGT
GACCGTGCCTAGCTCTAGCCTGGGCACTCAGACCTATATCTGTAACGTGAACCACAAGCCTAGTAACACTAAG
GTGGACAAGCGGGTGGAACCTAAGTCTTGCGATAAGACTCACACCTGTCCCCCCTGCCCTGCCCCAGAAGCTG
CTGGCGGACCTAGCGTGTTCCTGTTCCCACCTAAGCCTAAAGACACCCTGATGATTAGTAGGACCCCCGAAGT
GACCTGCGTGGTGGTGGACGTCAGCCACGAGGACCCTGAAGTGAAGTTCAATTGGTATGTGGACGGCGTGG
AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTGTCAGTGCTGA
CCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTATAAGTGTAAAGICTCTAACAAGGCCCTGCCTGCCC
CTATCGAAAAGACTATCTCTAAGGCTAAGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTGCCCCCTAGTAG
AGAAGAGATGACTAAGAATCAGGTGTCCCTGACCTGTCTGGTCAAGGGCTTCTACCCTAGCGATATCGCCGTG
GAGTGGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCTGTGCTGGATAGCGACGGCTCT
TTCTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTGGCAGCAGGGCAACGTGTTCAGCTGTAGCGTGA
TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGGCTCAGGCG
GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGCCCTGGCGAGCGGGCTACACTGAGCT
GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGCCCCTAGACT
GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGTTTAGCGGCTCAGGATCAGGCACCGA
CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTGICAGCAGTACTACGACTACC
CTCAGACCTTCGGCCAGGGAACTAAGGTCGAGATTAAGGGCGGTGGCGGTAGCGGCGGAGGCGGATCAGG
TGGTGGIGGTAGTGGCGGCGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCIGGICAAGCCTA
CTCAGACCCTGACCCTGACCTGCACTTTTAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA
TTAGACAGCCTCCAGGCAAAGCCCTGGAGTGGCTGGCCTGGATCGACTGGGACGACGATAAGTCCTACTCCA
CTAGCCTGAAAACTAGGCTGACAATCAGCAAGGACACTAGTAAAAACCAGGTGGTGCTGACTATGACTAATA
TGGACCCCGTGGACACCGCTACCTATTATTGCGCTAGAATGCACCTCCCACTGGTGITCGATAGCTGGGGICA
GGGAACTCTGGTCACAGTCAGTAGC SEQ ID NO:197 VL M0Ft08168 Dl
SYELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGT
QA EDEADYYCQSYDGQICSLVIGGGTKLTVL SEQ ID NO:198 DNA VL MOR08168 DI
TCTTACGAGCTGACCCAGCCCCCTTCCGTGTCTGTGGCTCCTGGCCAGACCGCCAGAATCTCTTGCTCCGGCGA
CTCCCTGCGGAACAAGGTGTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTACAAGAA
CAACCGGCCCTCCGGCATCCCCGAGAGATTCTCTGGCTCCAACTCCGGCAACACCGCCACCCTGACAATCTCT
GGCACACAGGCCGAGGACGAGGCCGACTACTACTGCCAGTCCTACGACGGCCAGAAATCACTGGTG1TCGGC
GGAGGCACCAAGCTGACAGTGCTG SEQ ID NO:199 Light lambda MOR08168 DI
SYELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGT
QA
EDEADYYCO,SYDGQICSLVFGGGIKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKAD
SSP VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS 



SEQ ID NO:200 DNA Light lambda M0R08168 DI
TCTTACGAGCTGACCCAGCCCCCTTCCGTGTCTGTGGCTCCTGGCCAGACCGCCAGAATCTCTTGCTCCGGCGA
CTCCCTGCGGAACAAGGTGTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTACAAGAA
CAACCGGCCCTCCGGCATCCCCGAGAGATTCTCTGGCTCCAACTCCGGCAACACCGCCACCCTGACAATCTCT
GGCACACAGGCCGAGGACGAGGCCGACTACTACTGCCAGTCCTACGACGGCCAGAAATCACTGGTGTTCGGC
GGAGGCACCAAGCTGACAGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCIGTTCCCCCCCAGCAGC
GAGGAGCTGCAGGCCAACAAGGCCACCCTGGTGTGCCTGATCAGCGACTTCTACCCAGGCGCCGTGACCGTG
GCCTGGAAGGCCGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAACAA
CAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGCCA
GGIGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC SEQ ID NO:201 Heavy
MOR08168IgG 1LALA_6475sc Iv DI
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKRVEP
KS CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLM IS RTPEVTCVVVDVSH E DPEVKFNWYVDGVEVH
NAKTKPREE QYNSTYRVVSVLTVLHQDWINGKEYKCINS NKALPAPIE KTISKAKGQPREPQVYTLP PS
REE MTKN QVSLTCLVK GFYPSDIAVEWESNGQPEN NYKTTP PVLDS DGS F
FLYSKLTVDKSRWQQGNVFSCSVM H EALHNHYTQKS LS L5P  WO
2011/138391PCT/EP2011/057200
GKGGSGGSDIVLTOSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRWYGASNRATGVPARFSGSGSG
TDFTLTISSLEPE
DFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPIQ TLTLTCTFSG
FSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTN MDPV
DTATYYCARMHLPLVFDSWGQGTLVTVSS SEQ ID ND:202 DNA Heavy MOR08168IgG
1LALA_6475sc Fv DI 



CAGGTGCAGCTGGTGGAATCAGGCGGAGGACTGGTCCAGCCTGGCGGATCACTTAGACTGAGCTGTGCCGC
TAGTGGCTTCACCTTTAGCGACTATGTGATTAACTGGGTCCGACAGGCCCCTGGCAAGGGACTGGAATGGGT
GTCAGGCATTAGTTGGAGCGGCGTGAACACTC.ACTACGCCGATAGCGTGAAGGGCCGGITCACTATTAGCCG
GGATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGCCTGAGAGCCGAGGACACCGCCGTCTACTACTG
CGCTAGACTGGGCGCTACCGCTAACAACATCCGCTATAAGTTCATGGACGTGTGGGGCCAGGGCACCUGGT
CACAGTGTCTTCAGCTAGCACTAAGGGCCCCTCAGTGT1CCCCCTGGCCCCTAGCTCTAAGTCTACTAGCGGTG
GCACCGCCGCTCTGGGCTGCCIGGTCAAGGACTACTTCCCCGAGCCCGTGACCGTGTCTTGGAATAGCGGCG
CTCTGACTAGCGGAGTGCACACCTTCCCCGCCGTGCTGCAGTCTAGCGGCCIGTATAGCCTGTCTAGCGTCGT
GACCGTGCCTAGCTCTAGCCTGGGCACTCAGACCTATATCTGTAACGTGAACCACAAGCCTAGTAACACTAAG
GTGGACAAGCGGGTGGAACCTAAGTCTTGCGATAAGACTCACACCTGTCCCCCCTGCCCTGCCCCAGAAGCTG
CTGGCGGACCTAGCGTGTTCCTGTTCCCACCTAAGCCTAAAGACACCCTGATGATTAGTAGGACCCCCGAAGT
GACCTGCGTGGTGGTGGACGTCAGCCACGAGGACCCTGAAGTGAAGTTCAATTGGTATGTGGACGGCGTGG
AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTGTCAGTGCTGA
CCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTATAAGTGTAAAGTCTCTAACAAGGCCCTGCCTGCCC
CTATCGAAAAGACTATCTCTAAGGCTAAGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTGCCCCCTAGTAG
AGAAGAGATGACTAAGAATCAGGTGTCCCTGACCIGTCTGGTCAAGGGCTTCTACCCTAGCGATATCGCCGTG
GAGTGGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCTGTGCTGGATAGCGACGGCTCT
TTCTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTGGCAGCAGGGCAACGTGTTCAGCTGTAGCGTGA
TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGGCTCAGGCG
GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGCCCTGGCGAGCGGGCTACACTGAGCT
GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGCCCCTAGACT
GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGITTAGCGGCTCAGGATCAGGCACCGA
CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTGTCAGCAGTACTACGACTACC
CTCAGACCTTCGGCCAGGGAACTAAGGTCGAGATTAAGGGCGGTGGCGGTAGCGGCGGAGGCGGATCAGG
TGGTGGTGGTAGTGGCGGCGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA
CTCAGACCCTGACCCTGACCTGCACTFTTAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA
TTAGACAGCCTCCAGGCAAAGCCCTGGAGTGGCTGGCCTGGATCGACTGGGACGACGATAAGTCCTACTCCA
CTAGCCTGAAAACTAGGCTGACAATCAGCAAGGACACTAGTAAAAACCAGGTGGTGCTGACTATGACTAATA
TGGACCCCGTGGACACCGCTACCTATTATTGCGCTAGAATGCACCTCCCACTGGTGITCGATAGCTGGGGICA
GGGAACTCTGGTCACAGTCAGTAGC SEQ ID NO:203 VI M0R08168 GL
SYELTQPLSVSVALGQTARITCSGDSLRNICVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISR
AQA GDEADYYCQSYDGQKSLVFGGGTKLTVL SEQ ID NO:204 DNA VI M0R08168 GL
AGCTACGAGCTGACTCAGCCCCTGAGCGTGTCAGTGGCTCTGGGCCAGACCGCTAGAATCACCTGTAGCGGC
GATAGCCTGAGAAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCIGTGCTGGTCATCTATAAG
AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA
GTAGGGCTCAGGCCGGCGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG
GCGGCGGAACTAAGCTGACCGTGCTG SEQ ID NO:205 Light lambda MDR08168 GL
SYELTQPLSVSVALGQTARITCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISRA
QA
GDEADYYCOSYDGQKSLVfGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSS
P VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSH RSYSCQVTHEG5TVEKTVAPTECS SEQ ID NO:206
DNA Light lambda M0R08168 GL
AGCTACGAGCTGACTCAGCCCCTGAGCGTGTCAGTGGCTCTGGGCCAGACCGCTAGAATCACCTGTAGCGGC
GATAGCCTGAGAAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG
AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA 



GTAGGGCTCAGGCCGGCGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGThi i lb
GCGGCGGAACTAAGCTGACCGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGITCCCCCCCAGCA
GCGAGGAGCTGCAGGCCAACAAGGCCACCCTGGTGTGCCTGATCAGCGACTTCTACCCAGGCGCCGTGACCG
TGGCCIGGAAGGCCGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAAC
AACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGC
CAGGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC SEQ ID NO:207
Heavy MOR08168IgG 1 tAtA_6475sc
EVCtLLESGGGLVQPGGSLRLSCAASGFTF5DYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
5
KNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAP5SKSTSGGTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS.SGLYSISSVVTVPSSSLGTQTVICNVNHKP5NTKVDKRVEP
KSC  WO 2011/138391PCT/EP2011/057200  Re GL
DKTHTCPPCPAPEAAGGPSVFLFPPKPKOTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEC
L YNSTYRVVSVLTVLH QD W LNGK EYKCKVS NKA LPAP I E KTISKAKGQP RE P CLVYTL P
PSREEMTK NQVSLTCLVKG F
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLIVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
GGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGVPARFSGSGSG
TD
FILTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLKESGPALVKPTQTL
TLTCTFSG FSLSNRGGGVG W I RQP P GKALE W LAW IDW
DDDICSYSTSLKTRLTISKDTSKNQVATIVITN MDPVDT ATYYCARMHLPLVFDSWGQGTLVTVSS 



SEQ ID ND:208 DNA Heavy
GAGGIGCAGCTGCTGGAATCAGGCGGAGGACTGGTGCAGCCTGGCGGATCACTGAGACTGAGCTGTGCCGC
IVIDR081681gG
TAGTGGCTTCACCTTTAGCGACTATGTGATTAACTGGGTCCGACAGGCCCCTGGCAAGGGACTGGAATGGGT  1
LALA_6475sc
GTCAGGCATTAGTTGGAGCGGCGTGAACACTCACTACGCCGATAGCGTGAAGGGCCGGTFCACTKITAGCCG
Fy GL
GGATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGCCTGAGAGCCGAGGACACCGCCGTCTACTACTG  



CGCTAGACTGGGCGCTA CCGCTAACAACATCCGC TATAAGITCATGGACGTGIGGGGCCAGGG CACCCTGG
T   CA CAGTGTCTTCAGCTAG
CACTAAGGGCCCCTCAGTGTTCCCCCTGGCCCCTAGCTCTAAGTCTACTAGCGGTG
GCACCGCCGCTCTGGGCTGCCIGGICAAGGACTACTTCCCCGAGCCCGTGACCGTGTCTTGGAATAG CGGCG
CTCTGACTAGCGGAGTG CACACCTTCCCCG CCG TG CTG CAG TCTAG CG G CCTG TATA
GCCTGTCTAG CG TCG T   



GACCGTGCCTAGCTCTAGCCTGGGCACTCAGACCTATATCTGTAACGTGAACCACAAGCCTAGTAACACTAAG
GTGGACAAGCGGGTGGAACCTAAGTCTTGCGATAAGACTCACACCTGTCCCCCCTGCCCTGCCCCAGAAGCTG
CIGGCGGACCTAGCGTGTTCCTGTTCCC,ACCTAAGCCTAAAGACACCCTGATGATIAGTAGGACCCCCGAAGT
GACCTGCGTGGIGGTGGACGTCAGCCACGAGGACCCTGAAGTGAAGTICAATTGGTATGTGGACGGCGTGG
AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTG TCAGTGCTGA 



CCGTGCTGCACCAGGACTGG CTGAACGGCAAAGAGTATAAGTGTAAAGTCTCTAACAAGGCCCTGCCTGCCC
CTATCGAAAAGACTATCTCTAAGGCTAAGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTG CCCCCTAGTAG
AGAAGAGATGACTAAGAATCAGGTGICCCTGACCIGTCTGGTCAAGGGCTICTACCCTAGCGATATCGCCGTG
GAGTGGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCIGTGCTGGATAGCGACGGCTCT  



TTCTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTGGCAGCAGGGCAACGTGTICAGCTGTAGCGTGA
TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGG CTCAGGCG
GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGCCCTGGCGAGCGGGCTACACTGAGCT
GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCIGGCCIGGTATCAGCAGAAGCCCGGCCAGGCCCCTAGACT



GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGTTTAGCGGCTCAGGATCAGGCACCGA
CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTGTCAG CAG
TACTACGACTACC   CTCAGACCTTCGGCCAGGGAACTAAGGTCGAGATTAAGGGCGGTGGCGG
TAGCGGCGGAGGCGGATCAGG   TGG
TGGTGGTAGTGGCGGCGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA
CTCAGACCCTGACCCTGACCTG CACTTTTAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA 



ITAGACAGCCTCCAGGCAAAGCCCTGGAGTGGCTGGCCTGGATCGACTGGGACGACGATAAGTCCTACTCCA
CTAGCCTGAAAACTAGGCTGACAATCAGCAAGGACACTAGTAAAAACCAGGTGGTGCTGACTATGACTAATA
TGGACCCCGTGGACACCGCTACCTATTATTGCGCTAGAATGCACCTCCCACTGGTGTTCGATAGCTGGGGTCA
GGGAACTCTGGTCACAGTCAGTAGC  



Other antibodies of the invention include those where the amino acids or
nucleic acids encoding the amino acids have been mutated, yet have at least
60%, 70%, 80%, 90%, 95% or 98% identity to the sequences described in Table
1. In some embodiments, it include mutant amino acid sequences wherein no
more than 1, 2, 3, 4 or 5 amino acids have been mutated in the variable
regions when compared with the variable regions depicted in the sequence
described in Table 1, while retaining substantially the same therapeutic
activity. Since each of these antibodies can bind to LRP6, the VH, VL, full
length light chain, and full length heavy chain sequences (amino acid
sequences and the nucleotide sequences encoding the amino acid sequences)
can be "mixed and matched" to create other LRP6 antibodies of the
invention. Such "mixed and matched" LRP6 antibodies can be tested  using
the binding assays known in the art (e.g., ELISAs, and other assays
described in the Example section). When these chains are mixed and matched,
a VH sequence from a particular VHNL pairing should be replaced with a
structurally similar VH sequence. Likewise a full length heavy chain
sequence from a particular full length heavy chain / full length light
chain pairing should be replaced with a structurally similar full length
heavy chain sequence. Likewise, a VL sequence from a particular VHNL
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 13 propeller 1 domain of LRP6 that comprise the heavy chain and light
chain CDR1 s, 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 CDR1s 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 etal., (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 etal., (1989) Nature 342: 877-883; and Al-I ,azikani etal., (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 VH CDR2s of the antibodies and are shown in
SEQ ID NOs: 70, 94, and 116. The amino acid sequences of the VH CDR3s of
the antibodies are shown in SEQ ID NOs: 71, 95, and 117. The amino acid
sequences of the VL 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 etal., (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 CDR1, 2 and 3
regions, the VH CDR1, 2 and 3 sequences and VL CDR1, 2 and 3 sequences can
be "mixed and matched" (i.e., CDRs from different antibodies can be mixed
and match, although each antibody must contain a VH CDR1, 2 and 3 and a VL
CDR1, 2 and 3 to create other LRP6 binding molecules of the invention. Such
"mixed and matched" LRP6 antibodies can be tested using the binding assays
known in the art and those described in the Examples (e.g., ELISAs). When
VH CDR sequences are mixed and matched, the CDR1, CDR2 and/or CDR3 sequence
from a particular VH sequence should be replaced with a structurally
similar CDR sequence(s). Likewise, when VL CDR sequences are mixed and
matched, the CDR1, CDR2 and/or CDR3 sequence from a particular VL sequence
should be replaced with a structurally similar CDR sequence(s). It will be
readily apparent to the ordinarily skilled artisan that novel VH and VL
sequences can be created by substituting one or more VH and/or VL CDR
region sequences with structurally similar sequences from the CDR sequences
shown herein for monoclonal antibodies of the present invention.
Accordingly, the present invention provides an isolated LRP6 I3-propeller 1
monoclonal antibody or fragment thereof comprising a heavy chain variable
region CDR1 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 CDR1 comprising an amino acid
sequence selected from the group consisting of SEQ ID NOs: 4, 24, and 50; a
light chain variable region CDR2 comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 5, 25, and 51; and a light chain
variable region CDR3 comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 6, 26, and 52; wherein the antibody binds
LRP6. 



Accordingly, the present invention provides an isolated LRP6 13-propeller 3
monoclonal antibody or fragment thereof comprising a heavy chain variable
region CDR1 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 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. 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
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.  In a specific
embodiment, an antibody that binds to LRP6 comprises a heavy chain variable
region CDR1 of SEQ ID NO: 47; a heavy chain variable region CDR2 of SEQ ID
NO: 48; a heavy chain variable region CDR3 of SEQ ID NO: 49; a light chain
variable region CDR1 of SEQ ID NO: 50; a light chain variable region CDR2
of SEQ ID NO: 51; and a light chain variable region CDR3 of SEQ ID NO: 52.
In a specific embodiment, an antibody that binds to LRP6 comprises a heavy
chain variable region CDR1 of SEQ ID NO: 69; a heavy chain variable region
CDR2 of SEQ ID NO: 70; a heavy chain variable region CDR3 of SEQ ID NO: 71;
a light chain variable region CDR1 of SEQ ID NO: 72; a light chain variable
region CDR2 of SEQ ID NO: 73; and a light chain variable region CDR3 of SEQ
ID NO: 74. In a specific embodiment, an antibody that binds to LRP6
comprises a heavy chain variable region CDR1 of SEQ ID NO: 93; a heavy
chain variable region CDR2 of SEQ ID NO: 94; a heavy chain variable region
CDR3 of SEQ ID NO: 95; a light chain variable region CDR1 of SEQ ID NO: 96;
a light chain variable region CDR2 of SEQ ID NO: 97; and a light chain
variable region CDR3 of SEQ ID NO: 98. In a specific embodiment, an
antibody that binds to LRP6 comprises a heavy chain variable region CDR1 of
SEQ ID NO: 115; a heavy chain variable region CDR2 of SEQ ID NO: 116; a
heavy chain variable region CDR3 of SEQ ID NO: 117; a light chain variable
region CDR1 of SEQ ID NO: 118; a light chain variable region CDR2 of SEQ ID
NO: 119; and a light chain variable region CDR3 of SEQ ID NO: 120. In a
specific embodiment, an antibody that binds to LRP6 comprises a VH of SEQ
ID NO: 14 and VL of SEQ ID NO: 13. In a specific embodiment, an antibody
that binds to LRP6 comprises a VII of SEQ ID NO: 34 and VL of SEQ ID NO:
33. In a specific embodiment, an antibody that binds to LRP6 comprises a
VII 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 VII 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 VII of  SEQ ID NO: 106 and VL of SEQ ID NO: 105. In a
specific embodiment, an antibody that binds to LRP6 comprises a VH of SEQ
ID NO: 108 and VL of SEQ ID NO: 107. In a specific embodiment, an antibody
that binds to LRP6 comprises aVH of SEQ ID NO: 128 and VL of SEQ ID NO:
127. In a specific embodiment, an antibody that binds to LRP6 comprises a
VH of SEQ ID NO: 130 and VL of SEQ ID NO: 129. In a specific embodiment, an
antibody that binds to LRP6 comprises a VH of SEQ ID NO: 138 and VL of SEQ
ID NO: 137. In one embodiment, the LRP6 antibodies are antagonist
antibodies. In one embodiment, the LRP6 antibodies are agonist antibodies.
In certain embodiments, an antibody that binds to LRP6 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 immunoglobulins and
selecting the human germline immunoglobulin sequence that is closest in
sequence (i.e., greatest % identity) to the sequence of the human antibody.
A human antibody that is "the product of' or "derived from" a particular
human germline immunoglobulin sequence may contain amino acid differences
as compared to the germline sequence, due to, for example, naturally
occurring somatic mutations or intentional introduction of site-directed
mutations. However, in the VH or VL framework regions, a selected human
antibody typically is at least 90% identical in amino acids sequence to an
amino acid sequence encoded by a human germline immunoglobulin gene and
contains amino acid residues that identify the human antibody as being
human when compared to the germline inrununoglobulin 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. 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 etal., (1993) Proc. Natl. Acad.
Sci. USA 90:6444-6448, and Poljak etal., (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 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 13-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, I3-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 13-prope1ler 3 of LRP6 (e.g.,
human and/or cynomologus LRP6), 



and inhibits the signaling activity of n-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 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 in 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 VH and/or VL amino acid sequences may be 50%, 60%, 70%,
80%, 90%, 95%, 96%, 97%, 98% or 99% identical to the sequences set forth in
Table 1.  In other embodiments, the VH and/or VL amino acid sequences may
be identical except an amino acid substitution in no more than 1, 2, 3, 4
or 5 amino acid position. An antibody having VH and VL regions having high
(i. e., 80% or greater) identity to the VH and VL regions of those
Propeller 1 antibodies described in Table 1 can be obtained by mutagenesis
(e.g., site-directed or PCR-mediated mutagenesis) of nucleic acid molecules
encoding SEQ ID NOs: 14, 34, 60, 13, 33, and 59 respectively, followed by
testing of the encoded altered antibody for retained function using the
functional assays described herein. An antibody having VH and VL regions
having high (i. e., 80% or greater) identity to the VH and VL regions of
those Propeller 3 antibodies described in Table 1 can be obtained by
mutagenesis (e.g., site-directed or PCR-mediated mutagenesis) of nucleic
acid molecules encoding SEQ 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 (Le.,% 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 etal. (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. Accordingly, the invention provides an isolated Propeller 1
monoclonal antibody, or a functional fragment thereof, consisting of a
heavy chain variable region comprising CDR I, CDR2, and CDR3 sequences and
a light chain variable region comprising CDR 1, 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, 0-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 119, and
conservative modifications thereof; the light chain variable regions of
CDR3 amino acid sequences are selected from the group consisting of SEQ ID
NOs: 74, 98, and 120, and conservative modifications thereof; the antibody
or fragment thereof specifically binds to LRP6, and inhibits activities of
Propeller 3-dependent Wnt proteins, which can be measured in Wnt reporter
gene assay or other measure of Wnt directed signaling (e.g., LRP6
phosphorylation, 13-catenin stabilization and nuclear translocation,
cellular proliferation/ survival) as described herein. Antibodies That Bind
to the Same Epitope The present invention provides antibodies that bind to
the same epitope as do the LRP6 antibodies described in Table 1. Additional
antibodies can therefore be identified based on their ability to
cross-compete (e.g., to competitively inhibit the binding of, in a
statistically significant manner) with other antibodies of the invention in
LRP6 binding assays. The ability of a test antibody to inhibit the binding
of antibodies of the present invention to a LRP6 protein (e.g., human
and/or cynomologus LRP6) demonstrates that the test antibody can compete
with that antibody for binding to LRP6; such an antibody may, according to
non-limiting theory, bind to the same or a related (e.g., a structurally
similar or spatially proximal) epitope on the LRP6 protein as the antibody
with which it competes. In an embodiment, the antibody that binds to the
same epitope on LRP6 as the antibodies of the present invention is a human
monoclonal antibody. Such human monoclonal antibodies can be prepared and
isolated as described herein. Engineered and Modified Antibodies An
antibody of the invention further can be prepared using an antibody having
one or more of the VII and/or VL sequences shown herein as starting
material to engineer a modified antibody, which modified antibody may have
altered properties from the  starting antibody. An antibody can be
engineered by modifying one or more residues within one or both variable
regions e., VH and/or VL), for example within one or more CDR regions
and/or within one or more framework regions. Additionally or alternatively,
an antibody can be engineered by modifying residues within the constant
region(s), for example to alter the effector function(s) of the antibody. 



One type of variable region engineering that can be performed is CDR
grafting. Antibodies interact with target antigens predominantly through
amino acid residues that are located in the six heavy and light chain
complementarity determining regions (CDRs). For this reason, the amino acid
sequences within CDRs are more diverse between individual antibodies than
sequences outside of CDRs. Because CDR sequences are responsible for most
antibody-antigen interactions, it is possible to express recombinant
antibodies that mimic the properties of specific naturally occurring
antibodies by constructing expression vectors that include CDR sequences
from the specific naturally occurring antibody grafted onto framework
sequences from a different antibody with different properties (see, e.g.,
Riechmann etal., (1998) Nature 332:323-327; Jones et al., (1986) Nature
321:522-525; Queen etal., (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 etal.) Accordingly, another
embodiment of the invention pertains to an isolated Propeller 1 monoclonal
antibody, or fragment thereof, comprising a heavy chain variable region
comprising CDR1 sequences having an amino acid sequence selected from the
group consisting of SEQ ID NOs: 1, 21, and 47; CDR2 sequences having an
amino acid sequence selected from the group consisting of SEQ ID NOs: 2,
22, and 48; CDR3 sequences having an amino acid sequence selected from the
group consisting of SEQ ID NOs: 3, 23, and 49, respectively; and a light
chain variable region having CDR1 sequences having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 4, 24, and 50; CDR2
sequences having an amino acid sequence selected from the group consisting
of SEQ ID NOs: 5, 25, and 51; and CDR3 sequences consisting of an amino
acid sequence selected from the group consisting of SEQ ID NOs: 6, 26, and
52, respectively. Thus, such antibodies contain the 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 CDR1
sequences having an amino acid sequence selected from the group consisting
of SEQ ID NOs: 69, 93, and 115; CDR2 sequences having an amino acid
sequence selected from the group consisting of SEQ ID NOs: 70, 76, 100, and
116; CDR3 sequences having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 71, 95, and 117, respectively; and a light chain
variable region having CDR1 sequences having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 72, 96, and 118; CDR2
sequences having an amino acid sequence selected from the group consisting
of SEQ ID NOs: 73, 97, and 119; and CDR3 sequences consisting of an amino
acid sequence selected from the group consisting of SEQ ID NOs: 74, 98, and
120, respectively. Thus, such antibodies contain the VH and VL CDR
sequences of monoclonal antibodies, yet may contain different framework
sequences from these antibodies. Such framework sequences can be obtained
from public DNA databases or published references that include germline
antibody gene sequences. For example, germline DNA sequences for human
heavy and light chain variable region genes can be found in the "Vase"
human germline sequence database (available on the Internet at
www.mrccpe.cam.ac.uldvbase), as well as in Kabat etal., (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 etal., (1989) Nature 342:877-883;
and Al-Lazikani etal., (1997) J. Mol. Biol. 273:927- 948; Tomlinson et al.,
(1992) J. fol. Biol. 227:776-798; and Cox et al., (1994) Eur. J Immunol.
24:827-836; the contents of each of which are expressly incorporated herein
by reference. An example of framework sequences for use in the antibodies
of the invention are those that are structurally similar to the framework
sequences used by selected antibodies of the invention, e.g., consensus
sequences and/or framework sequences used by monoclonal antibodies of the
invention. The VH CDR 1, 2 and 3 sequences, and the VL CDR 1, 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 eta!). Another type of variable region modification is to mutate
amino acid residues within the VH 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 to introduce the
mutation(s) and the effect on antibody binding, or other functional
property of interest, can be evaluated in in vitro or in vivo assays as
described herein and provided in the Examples. Conservative modifications
(as discussed above) can be introduced. The mutations may be amino acid
substitutions, additions or deletions. Moreover, typically no more than
one, two, three, four or five residues within a CDR region are altered.
Accordingly, in another embodiment, the invention provides isolated
Propeller 1 monoclonal antibodies, or fragment thereof, consisting of a
heavy chain variable region having: a VH CDR1 region consisting of an amino
acid sequence selected from the group having SEQ ID NOs: 1, 21, and 47or an
amino acid sequence having one, two, three, four or five amino acid
substitutions, deletions or additions as compared to SEQ ID NOs: 1, 21, and
47; a VH CDR2 region having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 2, 22, and 48, or an amino acid sequence having
one, two, three, four or five amino acid substitutions, deletions or
additions as compared to SEQ ID NOs: 2, 22, and 48; a VH CDR3 region having
an amino acid sequence selected from the group consisting of SEQ ID NOs: 3,
23, and 49, or an amino acid sequence having one, two, three, four or five
amino acid substitutions, deletions or additions as compared to SEQ ID NOs:
3, 23, and 49; a VL 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 VL CDR3 region having an amino
acid sequence selected from the group consisting of SEQ ID NOs: 6, 26, and
52, or  an amino acid sequence having one, two, three, four or five amino
acid substitutions, deletions or additions as compared to SEQ ID NOs: 6,
26, and 52. 



Accordingly, in another embodiment, the invention provides isolated
Propeller 3 monoclonal antibodies, or fragment thereof, consisting of a
heavy chain variable region having: a VH CDR1 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 V1-1 CDR2 region having an amino acid sequence selected from the
group consisting of SEQ ID NOs: 70, 94, and 116, or an amino acid sequence
having one, two, three, four or five amino acid substitutions, deletions or
additions as compared to SEQ ID NOs: 70, 94, and 116; a VII 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 Pharmaceuticals Inc., Seattle, WA), maxybodies (Avidia, Inc.,
Mountain View, CA), Protein A (Affibody AG, Sweden), and affilin
(gamma-crystallin or ubiquitin) (Scil Proteins GmbH, Halle, Germany).  The
libronectin scaffolds are based on fibronectin type III domain (e.g., the
tenth module of the fibronectin type III (1 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 libronectin-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 libronectin-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 0-turn. Binding of the
variable regions is mostly optimized by using ribosome display.   Avimers
are derived from natural A-domain containing protein such as LRP6. These
domains are used by nature for protein-protein interactions and in human
over 250 proteins are structurally based on A-domains. Avimers consist of a
number of different "A-domain" monomers (2-10) linked via amino acid
linkers. Avimers can be created that can bind to the target antigen using
the methodology described in, for example, U.S. Patent Application
Publication Nos. 20040175756; 20050053973; 20050048512; and 20060008844.
Affibody affinity ligands are small, simple proteins composed of a
three-helix bundle based on the scaffold of one of the IgG-binding domains
of Protein A. Protein A is a surface protein from the bacterium
Staphylococcus aureus. This scaffold domain consists of 58 amino acids, 13
of which are randomized to generate affibody libraries with a large number
of ligand variants (See e.g., US 5,831,012). 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 imrnunoglobulin domain. The set of four
loops, which makes up the binding pocket, shows pronounced structural
plasticity and tolerates a variety of side chains. The binding site can
thus be reshaped in a proprietary process in order to recognize prescribed
target molecules of different shape with high affinity and specificity. One
protein of lipocalin family, the bilin-binding protein (BBP) of Pieris
Brassicae has been used to develop anticalins by mutagenizing the set of
four loops. One example of a patent application describing anticalins is in
PCT Publication No. WO 199916873.  Affilin molecules are small
non-immunoglobulin proteins which are designed for specific affinities
towards proteins and small molecules. New affilin molecules can be very  



quickly selected from two libraries, each of which is based on a different
human derived scaffold protein. Affilin molecules do not show any
structural homology to immunoglobulin proteins. Currently, two affilin
scaffolds are employed, one of which is gamma crystalline, a human
structural eye lens protein and the other is "ubiquitin" superfamily
proteins. Both human scaffolds are very small, show high temperature
stability and are almost resistant to pH changes and denaturing agents.
This high stability is mainly due to the expanded beta sheet structure of
the proteins. Examples of gamma crystalline derived proteins are described
in W0200104144 and examples of "ubiquitinlike" 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, M0R08545, M0R06706, M0R06475, MOR08193, and M0R08473 in Table 1
can be converted to IgG1 format by adding the amino acid sequence:
CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPOK (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 IgG1 Fe sequence in which the amino acid sequence has been altered to
decrease Fc-mediated effector functions (for example ADCC and/or CDC). Such
an antibody will typically have decreased binding to Pc receptors. In some
other embodiments, the Fabs are converted to IgG2 format. For example,
antibodies MOR08168, M0R08545, M0R06706, M0R06475, MOR08193, and M0R08473
in Table 1 can be converted to IgG2 format by substituting the constant
sequence with the constant sequence for the heavy chain of IgG2:
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCP
APPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFN WYVDGVEVH NAKTKPREEQFNS TFRV
VSVLTVVHQDWLNGKEYKCKVSNKGLP APIEKTISKT KGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKT TPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
(SEQ ID NO: 210). Human or humanized antibodies The present invention
provides fully human antibodies that specifically bind to a LRP6 protein
(e.g., human and/or cynomologus LRP6). Compared to the chimeric or
humanized antibodies, the human LRP6 antibodies of the invention have
further decreased antigenicity when administered to human subjects. The
human LRP6 antibodies can be generated using methods that are known in the
art. For example, the htunaneering technology used to converting non-human
antibodies into engineered human antibodies. U.S. Patent Publication No.
20050008625 describes an in vivo method for replacing a nonhuman antibody
variable region with a human variable region in an antibody while
maintaining the same or providing better binding characteristics relative
to that of the nonhuman antibody. The method relies on epitope guided
replacement of variable regions of a non-human reference antibody with a
fully human antibody. The resulting human antibody is generally unrelated
structurally to the reference nonhuman antibody, but binds to the same
epitope on the same antigen as the reference antibody. Briefly, the serial
epitope-guided complementarity replacement approach is enabled by setting
up a competition in cells between a "competitor" and a library of diverse
hybrids of the reference antibody ("test antibodies") for binding to
limiting amounts of antigen in the presence of a reporter system which
responds to the binding of test antibody to antigen. The competitor can be
the reference antibody or derivative thereof such as a single-chain Fv
fragment. The competitor can also be a natural or artificial ligand of the
antigen which binds to the same epitope as the reference antibody. The only
requirements of the competitor are that it binds to the same epitope as the
reference antibody, and that it competes with the reference antibody for
antigen binding. The test antibodies have one antigen-binding V-region in
common from the nonhuman reference antibody, and the other V-region
selected at random from a diverse source such as a repertoire library of
human antibodies. The common V-region from the reference antibody serves as
a guide, positioning the test antibodies on the same epitope  



on the antigen, and in the same orientation, so that selection is biased
toward the highest antigen-binding fidelity to the reference antibody. Many
types of reporter system can be used to detect desired interactions between
test antibodies and antigen. For example, complementing reporter fragments
may be linked to antigen and test antibody, respectively, so that reporter
activation by fragment complementation only occurs when the test antibody
binds to the antigen. When the test antibody- and antigen-reporter fragment
fusions are co-expressed with a competitor, reporter activation becomes
dependent on the ability of the test antibody to compete with the
competitor, which is proportional to the affinity of the test antibody for
the antigen. Other reporter systems that can be used include the
reactivator of an auto-inhibited reporter reactivation system (RAIR) as
disclosed in U.S. Patent Application Ser. No. 10/208,730 (Publication No.
20030198971), or competitive activation system disclosed in U.S. Patent
Application Ser. No. 10/076,845 (Publication No. 20030157579). With the
serial epitope-guided complementarity replacement system, selection is made
to identify cells expresses a single test antibody along with the
competitor, antigen, and reporter components. In these cells, each test
antibody competes one-on-one with the competitor for binding to a limiting
amount of antigen. Activity of the reporter is proportional to the amount
of antigen bound to the test antibody, which in turn is proportional to the
affinity of the test antibody for the antigen and the stability of the test
antibody. Test antibodies are initially selected on the basis of their
activity relative to that of the reference antibody when expressed as the
test antibody. The result of the first round of selection is a set of
"hybrid" antibodies, each of which is comprised of the same non-human
V-region from the reference antibody and a human V-region from the library,
and each of which binds to the same epitope on the antigen as the reference
antibody. One of more of the hybrid antibodies selected in the first round
will have an affinity for the antigen comparable to or higher than that of
the reference antibody. In the second V-region replacement step, the human
V-regions selected in the first step are used as guide for the selection of
human replacements for the remaining non-human reference antibody V-region
with a diverse library of cognate human V-regions. The hybrid antibodies
selected in the first round may also be used as competitors for the second
round of selection. The result of the second round of selection is a set of
fully human antibodies which differ structurally from the reference
antibody, but which  compete with the reference antibody for binding to the
same antigen. Some of the selected human antibodies bind to the same
epitope on the same antigen as the reference antibody. Among these selected
human antibodies, one or more binds to the same epitope with an affinity
which is comparable to or higher than that of the reference antibody. Using
one of the mouse or chimeric LRP6 antibodies described above as the
reference antibody, this method can be readily employed to generate human
antibodies that bind to human LRP6 with the same binding specificity and
the same or better binding affinity. In addition, such human 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
VHH can be obtained by genetic engineering to yield a small protein having
high affinity for a target, resulting in a low molecular weight
antibody-derived protein known as a "camelid nanobody". See U.S. patent
number 5,759,808 issued June 2, 1998; see also Stijlemans etal., (2004) J
Biol Chem 279:1256-1261; Dumoulin et al., (2003) Nature 424:783-788;
Pleschberger et al. (2003) Bioconjugate Chem 14:440-448; CortezRetamozo et
al. (2002) Int J Cancer 89:456-62; and Lauwereys et all (1998) EMBO J
17:3512-3520. Engineered libraries of camelid antibodies and antibody
fragments are commercially available, for example, from Ablynx, Ghent,
Belgium. As with other antibodies of non-human origin, an amino acid
sequence of a camelid antibody can be altered recombinantly to obtain a
sequence that more closely resembles a human sequence, i.e., the nanobody
can be "humanized". Thus the natural low antigenicity of camelid antibodies
to humans can be further decreased.  The camelid nanobody has a molecular
weight approximately one-tenth that of a human IgG molecule, and the
protein has a physical diameter of only a few nanometers. One consequence
of the small size is the ability of camelid nanobodies to bind to antigenic
sites that are functionally invisible to larger antibody proteins, i.e.,
camelid nanobodies are useful as reagents detect antigens that are
otherwise cryptic using classical immunological techniques, and as possible
therapeutic agents. Thus yet another consequence of small size is that a
camelid nanobody can inhibit as a result of binding to a specific site in a
groove or narrow cleft of a target protein, and hence can serve in a
capacity that more closely resembles the function of a classical low
molecular weight drug than that of a classical antibody. 



The low molecular weight and compact size further result in camelid
nanobodies being extremely thermostable, stable to extreme pH and to
proteolytic digestion, and poorly antigenic. Another consequence is that
camelid nanobodies readily move from the circulatory system into tissues,
and even cross the blood-brain barrier and can treat disorders that affect
nervous tissue. Nanobodies can further facilitated drug transport across
the blood brain barrier. See U.S. patent application 20040161738 published
August 19, 2004. These features combined with the low antigenicity to
humans indicate great therapeutic potential. Further, these molecules can
be fully expressed in prokaryotic cells such as E. coli and are expressed
as fusion proteins with bacteriophage and are functional. Accordingly, a
feature of the present invention is a camelid antibody or nanobody having
high affinity for LRP6. In certain embodiments herein, the camelid antibody
or nanobody is naturally produced in the camelid animal, L 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/EP93102214.  Multivalent Antibodies The
present invention features multivalent antibodies (e.g., biparatopic,
bispecific antibodies) comprising at least two receptor binding domains for
two different binding sites on one or more target(s) receptors. Clinical
benefits may be provided by the binding of two or more binding
specificities within one antibody (Morrison et al., (1997) Nature Biotech.
15:159-163; Alt etal. (1999) FEBS Letters 454: 90-94; Zuo et al, (2000)
Protein Engineering 13:361-367; Lu etal., (2004) JBC 279:2856-2865; Lu et
aL, (2005) JBC 280:19665-19672; Marvin etal., (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; Dirriasi et al., (2009) J. Mol Biol.
393:672-692; and Michaelson etal., (2009) inAbs 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 LRP6I3-propel1er regions. Propeller 1 antibodies bind to
then-propeller 1 domain and block propellerl-dependent Wnts such as Wntl,
Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9, Wntl OA, WntlOB and inhibit a Wnt 1 signal
transduction pathway. Propeller 3 antibodies bind to the 13-propeller 3
domain and block propeller3-dependent Wnts such as Wnt3a and Wnt3 and
inhibit a Wnt3 signal transduction pathway. LRP6 antibodies differentiate
propeller 1 and propeller 3 ligands into two separate classes and bind to
distinct epitopes of the LRP6 target receptor. Conversion of fragments of
the LRP6 antibodies (e.g., Fabs) to full length IgG antibody results in an
antibody that potentiates (enhances) a Wnt signal in the presence of
another protein such as a Wnt 1 or Wnt 3 ligand. Multivalent antibodies
provide advantages over traditional antibodies for example, expanding the
repertoire of targets, having new binding specificities, increased potency,
and no signal potentiation. A single LRP6 multivalent antibody can bind to
multiple propeller regions on a single LRP6 target receptor on the same
cell, and inhibit Wnt signaling. In one embodiment, the multivalent
antibody binds to any combination of a 13- 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 13-propeller regions
and inhibiting Wnt signaling mediated by each domain. For example, a single
LRP6 multivalent antibody inhibits both propeller 1 and propeller 3
mediated Wnt signaling by binding to both propeller 1 and propeller 3
domains, respectively. The increased potency of action may be due to
increased avidity or better binding of the LRP6 multivalent antibody. In
one embodiment, multivalent antibodies are produced by linking an scFv to
an IgG antibody. The VH and VL domains used to make an scFv may be derived
from the same or from different antibodies. The scFv comprises at least
one, two, three, four, five, or six CDRs. The Fc region of the IgG antibody
and the scFv fragment may be linked together in many different
orientations. In one embodiment, the scFv is linked to the C-terminus of
the Fc region. In other embodiments, the scFv is linked to the N-terminus
of the Fc region. In other embodiments, scFvs are are linked to both the
N-terminus and C-terminus of the Fc region. In another embodiment, the scFv
can be linked to a light chain of an antibody. The multivalent antibodies
of the invention can bind multiple binding sites of a target receptor
concurrently. The receptor binding domains of multivalent antibodies of the
invention may bind at least 1, 2, 3, 4, 5, 6, 7, 8or more binding sites.
Each receptor binding domain can be specific for the same binding site. The
multivalent antibodiesof the invention comprise one or more receptor
binding domains that are specific for distinct epitopes on the same target
receptor, e.g., 13-propeller 1 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,
cmet, IGFR1, Smoothened, and Notch receptors. Each receptor binding domain
within the multivalent antibodies of the invention can also have different
(i.e. a higher or lower) affinity for the antigen compared to the
traditional antibodies. In one embodiment, the multivalent antibodies of
the invention are biparatopic antibody comprising at least one receptor
binding domain for a first eptope on LRP6 target receptor 



and a second receptor binding domain for a second epitope on the same LRP6
target receptor. The multivalent antibody of the invention comprises at
least one CDR of an antibody, at least two CDRs of a given antibody, or at
least three CDRs of a given antibody, at least four CDRs of a given
antibody, at least five CDRs of a given antibody, or at least six CDRs of a
given antibody. The multivalent antibody of the invention comprises at
least one VH domain of an antibody, at least one VL domain of a given
antibody, or at least one VH domain and one VL domain of an antibody. ScFv
molecules can be constructed in a VH-linker-VL orientation or VL-linker-VH
orientation. The stability of scFv molecules of the invention or fusion
proteins comprising them can be evaluated in reference to the biophysical
properties (e.g., thermal stability) of a conventional control scFv
molecule or a full length antibody. In one embodiment, the multivalent
antibodies of the invention have a thermal stability that is greater than
about 0.1, about 0.25, about 0.5, about 0.75, about 1, about 1.25, about
1.5, about 1.75, about 2, about 2.5, about about 3, about 3.5, about 4,
about 4.5, about 5, about 5.5, about 6, about 6.5, about 7, about 7.5,
about 8, about 8.5, about 9, about 9.5, about 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 2C or 3C as compared to a conventional
antibody. In one embodiment, a multivalent antibody of the invention has a
1C improved thermal stability as compared to a conventional antibody. In
another embodiment, a multivalent antibody of the invention has a 2C
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, 15C improved thermal stability as compared to
a conventional antibody. Comparisons can be made, for example, between the
scFv molecules of the invention and scFv molecules made using prior art
methods or between scFv molecules and Fab fragments of an antibody from
which the scFv VH and VL were derived. Thermal stability can be measured
using methods known in the art. For example, in one embodiment, Tm can be
measured. Methods for measuring Tm and other  methods of determining
protein stability are described in more detail below. In one embodiment,
the scFv linker consists of the amino acid sequence (Gly4Ser)3 or 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 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 are
disclosed 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
13-prope1ler 1 domain of LRP6 linked to an scFv that binds to the
n-propeller 3 domain of LRP6 using a (GlyGlySer)2 linker lined to the CH3
region of the Fe. In one embodiment, a full length IgG antibody that binds
to the LPR6 n-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 Construct
Heavy Chain SEQ ID NO:  Light Chain SEQ ID NO: BiPa 166,171, 173,175,195,
201, 170, 



193, 199, and 205  and 207     Propeller 1      



IgG/Propeller 3 scFv attached to Fc      Alternative BiPa 177   181
Propeller 1 



IgG/Propeller 3 scFv       WO 2011/138391PCT/EP2011/057200 



attached to light chain   Reverse BiPa Propeller 3 IgG/Propeller 1 say
attached to Fc 187, and 189 185  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, 1 75 /1 70, 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 13-propeller 3 domain is used to attach a scFv fragment
of an antibody that binds to the LRP6 13- propeller 1 domain, referred to
as "reverse biparatopic". In one embodiment, reverse biparatopic antibodies
of the invention are constructed using a Propeller 3 IgG antibody 



and a Propeller 1 scFv. In one embodiment, a reverse biparatopic antibody
is constructed using any heavy chains sequence selected from the group
consisting of SEQ ID NOs: 187 and 189; and a light chain sequence SEQ ID
NO: 185. In one embodiment, the reverse biparatopic antibody comprises
heavy SEQ ID NO: 187 and light chain SEQ ID NO: 185. In one embodiment, the
reverse biparatopic antibody comprises heavy chain SEQ ID NO: 189 and light
chain SEQ ID NO: 185. The invention also pertains to biparatopic antibodies
having a heavy chain variable region comprising a CDR1 sequences having an
amino acid sequence selected from the group consisting of 1, 21, and 47,
CDR2 sequences having an amino acid sequence selected from the group
consisting of 2, 22, and 48, CDR3 sequences having an amino acid sequence
selected from the group consisting of 3, 23, and 49, respectively; a light
chain a light chain variable region comprising a CDR1 sequences having an
amino acid sequence selected from the group consisting of 4, 24, and 50,
CDR2 sequences having an amino acid sequence selected from the group
consisting of 5, 25, and, 51, CDR3 sequences having an amino acid sequence
selected from the group consisting of 6, 26, and 52; combined with a heavy
chain variable region comprising a CDR1 sequences having an amino acid
sequence selected from the group consisting of 69, 93, and 115, CDR2
sequences having an amino acid sequence selected from the group consisting
of 70, 94, and 116, CDR3 sequences having an amino acid sequence selected
from the group consisting of 71, 95, and 117, respectively; a light chain a
light chain variable region comprising a CDR1 sequences having an amino
acid sequence selected from the group consisting of 72, 96, and 118, CDR2
sequences having an amino acid sequence selected from the group consisting
of 73, 97, and 119, CDR3 sequences having an amino acid sequence selected
from the group consisting of 74, 98 and 120; the antibody binds to LRP6
(e.g., human and/or cynomologous LRP6) and inhibits LRP6 biological
activity which can be measured in a Wnt reporter gene assay or any other
measure of Wnt directed signaling (e.g., LRP6 phosphorylation,13-catenin
stabilization and nuclear translocation, cellular proliferation/ survival)
as described herein. Antibodies that can be employed in the multivalent
antibodies of the invention are human, murine, chimeric and humanized
monoclonal antibodies. The multivalent antibodies of the present invention
can be prepared by conjugating the constituent receptor binding domains,
using methods known in the art. For example, each  receptor binding domain
of the multivalent antibody can be generated separately and then conjugated
to one another. When the receptor binding domains are proteins or peptides,
a variety of coupling or cross-linking agents can be used for covalent
conjugation. Examples of cross-linking agents include protein A,
carbodiimide, N-succinimidyl-Sacetyl-thioacetate (SATA),
5,5'-dithiobis(2-nitrobenzoic acid) (DTNB), ophenylenedimaleimide (oPDM),
N-succinimidy1-3-(2-pyridyldithio)propionate (SPDP), and sulfosuccinimidyl
4-(N-maleimidomethyl) cyclohaxane-l-carboxylate (sulfo-SMCC) (see e.g.,
Katpovsky etal., (1984) J. Exp. Med. 160:1686; Liu etal. (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 at, (1985) Science
229:81-83), and Glennie et a/., (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 the
multivalent antibody is a mAb x mAb, mAb x Fab, Fab x F(ab')2 or ligand x
Fab fusion protein. Methods for preparing multivalent antibodies are
described for example in U.S. Patent Number 5,260,203; U.S. Patent Number
5,455,030; U.S. Patent Number 4,881,175; U.S. Patent Number 5,132,405; U.S.
Patent Number 5,091,513; U.S. Patent Number 5,476,786; U.S. Patent Number
5,013,653; U.S. Patent Number 5,258,498; and U.S. Patent Number 5,482,858.
Binding of the multivalent antibodies to their targets can be confirmed by,
for example, enzyme-linked immunosorbent assay (ELISA), radioimmunoassay
(REA), FACS analysis, bioassay (e.g., growth inhibition), or Western Blot
assay. Each of these assays generally detects the presence of
protein-antibody complexes of particular interest by employing a labeled
reagent (e.g., an antibody) specific for the complex of interest. In
another aspect, the present invention provides multivalent antibodies
comprising at least two different receptor binding domains of the
antibodies of the invention binding to LRP6. The receptor binding domains
can be linked together via protein fusion or  covalent or non covalent
linkage. Tetravalent antibodies can be obtained for example by
cross-linking the antibodies of the invention with an antibody that binds
to the constant regions of the antibodies of the invention, for example the
Fc or hinge region. 



Multivalent Antibody Orientation The invention pertains to multivalent
antibodies that have multiple receptor binding domains ("RBD"), which
include for example, antibody variable regions, antibody fragments (e.g.,
Fabs), scFvs, single chain diabodies, or IgG antibodies. Examples of RBDs
are components of a Fab fragment, a monovalent fragment consisting of the
VL, VH, CL and 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 VII 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). RBDs also
are also components of single domain antibodies, maxibo dies, 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.,
scFvdiabody-Fc-IgG. In another embodiment, one, two, three or more receptor
binding  domains (e.g., scFv) are linked to the C-terminus of an IgG. In
another embodiment, one, two, three or more receptor binding domains (e.g.,
scFv) are linked to the N-terminus of an IgG. In another embodiment, one,
two, three or more receptor binding domains (e.g., scFv) are linked to the
N-terminus and C-terminus of an IgG. In other embodiments, the multivalent
antibodies of the invention are generated using more than one receptor
binding domain of a different type linked to the C-terminus, e.g.,
scFv-diabody-Fc-IgG; diabody-scFv-Fc-IgG; scFv-scFv-diabody-Fc-IgG; scFv-
diabodyscFv-Fc-IgG; diabody- scFv-scFv-Fc-IgG; antibody variable
region-scFv-diabody-FcIgG; and the like. Multivalent antibodies with any
number of permutations of receptor binding domains can be generated. These
multivalent antibodies can be tested for functionality using the methods
and assays described within. In other embodiments, the multivalent
antibodies of the invention are generated using more than one receptor
binding domain of a different type linked to the N-terminus, e.g.,
IgG-Fc-scFv-diabody; IgG-Fc-diabody-scFv; IgG-Fc-scFv-scFv-diabody; IgG-Fc-
scFvdiabody-scFv; IgG-Fc-diabody-scFv-scFv; IgG-Fc-antibody variable
region-scFvdiabody; and the like. In yet other embodiments, multivalent
antibodies of the invention are generated using a single receptor binding
domain (e.g., an scFv, a single chain diabody, an antibody variable region)
linked to the C-terminus and N-terminus of the Fc region. In another
embodiment, multiple receptor binding domains are linked to the N-terminus
of the Fc region, for example, at least 1, 2, 3, 4, 5, 6, 7, 8 or more
receptor binding domains linked to the C-terminus and N-terminus of the Fc
region. For example, the multivalent antibodies of the invention can
comprise one or more scFvs linked to the C-terminus and N-terminus of the
Fc region, e.g., scFv-Fc-scFv-scFv; -scFv-scFv-Fc-scFv-scFv, and the like.
In other embodiments, the multivalent antibodies of the invention are
generated using more than one receptor binding domain of a different type
linked to the N-terminus, e.g., scFv-Fc-scFv-diabody; scFv-Fc-diabody-scFv;
scFv-Fc-scFv-scFv-diabody; scFvFc- scFv- diabody-scFv;
scFv-Fc-diabody-scFv-scFv; scFv-Fc-antibody variable regionscFv-diabody;
and the like Multivalent antibodies with any number of permutations of
receptor binding domains can be generated. These multivalent antibodies can
be tested for functionality using the methods and assays described within.
Linker Length It is known that linker length can greatly affect how the
variable regions of an scFv fold and interact. In fact, if a short linker
is employed (e.g., between 5-10 amino acids; between 5-20 amino acids)
intrachain folding is prevented and interchain folding is required to bring
the two variable regions together to form a functional epitope binding
site. For examples of linker orientation and size see, e.g., Hollinger et
al. 1993 Proc Nati 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, CH1, 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 (Gly4Ser), where n is a
positive integer equal to or greater than 1. In one embodiment, the linkers
include, but are not limited to, (Gly4Ser)4 or (G1y4Ser)3. In another
embodiment, the linkers Giu 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 (G1y3Ser). In anther
embodiment, the linkers include combinations and multiples of
(Gly3Ser)-F(Gly4Ser)-F(GlySer). In another embodiment, Ser can be replaced
with Ala e.g., (Gly4A1a) or (Gly3A1a). In yet another embodiment, the
linker comprises the motif (GluAlaAlaAlaLys)n, where n is a positive
integer equal to or greater than 1.  Hinge Region The multivalent
antibodies of the invention may comprise all or at least a portion of an
antibody Hinge region. The Hinge region or portion thereof may be connected
directly to an receptor binding domain, a CH 1, 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. 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. Mal, 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 Dicluaism (CD)
spectroscopy. CD spectrometry measures the optical activity of a
composition as a function of increasing temperature. Circular dichroism
(CD) spectroscopy measures differences in the absorption of left-handed
polarized light versus right-handed polarized light which arise due to
structural asymmetry. A disordered or unfolded structure results  in a CD
spectrum very different from that of an ordered or folded structure. The CD
spectrum reflects the sensitivity of the proteins to the denaturing effects
of increasing temperature and is therefore indicative of a protein's
thermal stability (see van Mierlo and Steemsma, J. Biotechnol.,
79(3):281-98, 2000). Another exemplary analytical spectroscopy method for
measuring thermal stability is Fluorescence Emission Spectroscopy (see van
Mierlo and Steemsma, supra). Yet another exemplary analytical spectroscopy
method for measuring thermal stability is Nuclear Magnetic Resonance (NMR)
spectroscopy (see, e.g. van Mierlo and Steemsma, supra). The thermal
stability of a composition of the invention can be measured biochemically.
An exemplary biochemical method for assessing thermal stability is a
thermal challenge assay. In a "thermal challenge assay", a composition of
the invention is subjected to a range of elevated temperatures for a set
period of time. For example, in one embodiment, test scFv molecules or
molecules comprising scFv molecules are subject to a range of increasing
temperatures, e.g., for 1-1.5 hours. The activity of the protein is then
assayed by a relevant biochemical assay. For example, if the protein is a
binding protein (e.g. an scFv or scFv-containing polypeptide of the
invention) the binding activity of the binding protein may be determined by
a functional or quantitative ELISA. Such an assay may be done in a
high-throughput format and those disclosed in the Examles using E. coli and
high throughput screening. A library of scFv variants may be created using
methods known in the art. scFv expression may be induced an scFvs may be
subjected to thermal challenge. The challenged test samples may be assayed
for binding and those scFvs which are stable may be scaled up and further
characterized. Thermal stability is evaluated by measuring the melting
temperature (Tm) of a composition of the invention using any of the above
techniques (e.g. analytical spectroscopy techniques). The melting
temperature is the temperature at the midpoint of a thermal transition
curve wherein 50% of molecules of a composition are in a folded state (See
e.g., Dimasi et al. (2009) J. Mol Biol. 393: 672-692). In one embodiment,
Tm values for a scFv are about 40C, 41C, 42C, 43C, 44C, 45C, 46C, 47C, 48C,
49C, 50C, 51C, 52C, 53C, 



54C, 55C, 56C, 57C, 58C, 59C, 60C, 61C, 62C, 63C, 64C, 65C, 66C, 67C, 68C,
69C, 70C, 7IC, 72C, 73C, 74C, 



75C, 76C, 77C,   78C, 79C, 80C, 81C, 82C, 83C, 84C, 85C, 86C, 87C, 88C,
89C, 90C, 91C, 



92C, 93C, 94C, 95C, 96C, 97C, 98C, 99C, 100C. In one embodiment, Tim
values for an IgG is about 40C, 41C, 42C, 43C, 44C, 45C, 46C, 47C, 48C,
49C, 50C, 51C, 52C, 



53C, 54C, 55C, 56C, 57C, 58C, 59C, 60C, 61C, 62C, 63C, 64C, 65C, 



66C, 67C, 68C, 69C, 70C, 71C, 72C, 73C, 74C, 75C, 76C, 77C, 78C, 



79C, 80C, 81C, 82C, 83C, 84C, 85C, 86C, 87C, 88C, 89C, 90C, 91C, 



92C, 93C, 94C, 95C, 96C, 97C, 98C, 99C, 100C. In one embodiment, Tm  values
for an multivalent antibody is about 40C, 41C, 42C, 43C, 44C, 45C, 46C,
47C, 48C, 49C, 



50C, 51C, 52C, 53C, 54C, 55C, 56C, 57C, 58C, 59C, 60C, 61C, 62C, 



63C, 64C, 65C, 66C, 67C, 68C, 69C, 70C, 71C, 72C, 73C, 74C, 75C, 



76C, 77C, 78C, 79C, 80C, 81C, 82C, 83C, 84C, 85C, 86C, 87C, 88C, 



89C, 90C, 91C, 92C, 93C, 94C, 95C, 96C, 97C, 98C, 99C, 100C.  



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 1C, 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 confers thermal
stability to the overall multivalent antibody. In one embodiment, the scFv
comprises a single mutation that confers thermal stability to the scFv. In
another embodiment, the seFv 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 bio specific
interactions by detection of alterations in protein concentrations within a
biosensor matrix, for example using the BIAcore system (Pharmacia Biosensor
AB, Uppsala, Sweden and Piscataway, N.J.). For further descriptions, see
Jonsson, U., et al. (1993) Ann. Biol. Clin. 51:19-26; Jonsson, U., i (1991)
Biotechniques 11:620-627; Johnsson, B., et al. (1995) J. Mol. Recognit.
8:125- 131; and Johnnson, B., et al. (1991) Anal. Biochem. 198:268-277.
Antibodies with Extended Half Life 



The present invention provides for antibodies and multivalent antibodies
that specifically bind to LRP6 protein which have an extended half-life in
vivo. Many factors may affect a protein's half life in vivo. For examples,
kidney filtration, metabolism in the liver, degradation by proteolytic
enzymes (proteases), and immunogenic responses (e.g., protein
neutralization by antibodies and uptake by macrophages and dentritic
cells). A variety of strategies can be used to extend the half life of the
antibodies of the present invention. For example, by chemical linkage to
polyethyleneglycol (PEG), reCODE PEG, antibody scaffold, polysialic acid
(PSA), hydroxyethyl starch (HES), albumin-binding ligands, and carbohydrate
shields; by genetic fusion to proteins binding to serum proteins, such as
albumin, IgG, FcRn, and transferring; by coupling (genetically or
chemically) to other binding moieties that bind to serum proteins, such as
nanobodies, Fabs, DARPins, avimers, affibodies, and anticalins; by genetic
fusion to rPEG, albumin, domain of albumin, albumin-binding proteins, and
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 with or without a multifunctional linker either through
site-specific conjugation of the PEG to the N- or C-terminus of the
antibodies or via epsilon-amino groups present on lysine residues. To
pegylate, a antibody typically is reacted with polyethylene glycol (PEG),
such as a reactive ester or aldehyde derivative of PEG, under conditions in
which one or more PEG groups become attached to the antibody or antibody
fragment. The pegylation can be carried out by an acylation reaction or an
alkylation reaction with a reactive PEG molecule (or an analogous reactive
water-soluble polymer). As used herein, the term "polyethylene glycol" is
intended to encompass any of the forms of PEG that have been used to
derivatize other proteins, such as mono (CI-CIO) alkoxy- or
aryloxy-polyethylene glycol or polyethylene glycol-maleimide. In certain
embodiments, the antibody to be pegylated is an aglycosylated antibody.
Linear or branched polymer derivatization that results in minimal loss of
biological activity will be used. The degree of conjugation can be closely
monitored by SDS-PAGE and mass spectrometry to ensure proper conjugation of
PEG molecules to the antibody. Unreacted PEG can be separated from
antibody-PEG conjugates by size-exclusion or by ion-exchange
chromatography. PEG-derivatized antibodies can be tested for binding
activity as 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
al. and EP 0 401 384 by Ishikawa et al. Other modified pegylation
technologies include reconstituting chemically orthogonal directed
engineering technology (ReCODE PEG), which incorporates chemically
specified side chains into biosynthetic proteins via a reconstituted system
that includes tRNA synthetase and tRNA. This technology enables
incorporation of more than 30 new amino acids into biosynthetic proteins in
E.coli, yeast, and mammalian cells. The tRNA incorporates a 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, such as
antibodies of the invention. PSA is a polymer of sialic acid (a sugar).
When used for protein and therapeutic peptide drug delivery, polysialic
acid provides a protective mieroenvironment 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.  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 antibodies conjugates can be customized.
Antibodies having an increased half-life in vivo can also be generated
introducing one or more amino acid modifications (i.e., substitutions,
insertions or deletions) into an IgG constant domain, or FcRri binding
fragment thereof (preferably a Fc or hinge Fc domain fragment). See, e.g.,
International Publication No. WO 98/23289; International Publication No. WO
97/34631; and U.S. Patent No. 6,277,375. Further, antibodies can be
conjugated to albumin in order to make the antibodies more stable in vivo
or have a longer half life in vivo. The techniques are well-known in the
art, see, e.g., International Publication Nos. WO 93/15199, WO 93/15200,
and WO 01/77137; and European Patent No. EP 413,622. 



Antibody Conjugates The present invention provides antibodies and
multivalent antibodies thereof that specifically bind to a LRP6 protein
recombinantly fused or chemically conjugated (including both covalent and
non-covalent conjugations) to a heterologous protein or polypeptide (or
fragment thereof, preferably to a polypeptide of at least 10, at least 20,
at least 30, at least 40, at least 50, at least 60, at least 70, at least
80, at least 90 or at least 100 amino acids) to generate fusion proteins.
In particular, the invention provides fusion proteins comprising an
antigen-binding fragment of antibodies described herein (e.g., a Fab
fragment, Fd fragment, Fy fragment, F(ab)2 fragment, a VH domain, a VH CDR,
a VL domain or a VL CDR) and a heterologous protein, polypeptide, or
peptide. Methods for fusing or conjugating proteins, polypeptides, or
peptides to an antibody or an antibody fragment are known in the art. See,
e.g., U.S. Patent Nos. 5,336,603, 5,622,929, 5,359,046, 5,349,053,
5,447,851, 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 etal., (1995)
J.  Itnmunol. 154:5590-5600; and Vii 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 (e.g., multivalent, biparatopic or bispecific antibodies or
fragments thereof with higher affinities and lower dissociation rates).
See, generally, U.S. Patent Nos. 5,605,793; 5,811,238; 5,830,721;
5,834,252; and 5,837,458; Patten etal., (1997) CUrr. Opinion Biotechnol.
8:724-33; Harayama, (1998) Trends Biotechnol. 16(2):76-82; Hansson etal.,
(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 thereof, may be altered by
being subjected to random mutagenesis by error-prone PCR, random nucleotide
insertion or other methods prior to recombination. A polynucleotide
encoding a multivalent antibody or fragment thereof that specifically binds
to a LRP6 protein may be recombined with one or more components, motifs,
sections, parts, domains, fragments, etc. of one or more heterologous
molecules. Moreover, the antibodies or fragments thereof can be fused to
marker sequences, such as a peptide to facilitate purification. In one
embodiment, the marker amino acid sequence is a hexa-histidine peptide,
such as the tag provided in a pQE vector (QIAGEN, Inc., 9259 Eton Avenue,
Chatsworth, CA, 91311), among others, many of which are commercially
available. As described in Gentz etal., (1989) Proc. Natl. Acad. Sci. USA
86:821-824, for instance, hexa-histidine provides for convenient
purification of the fusion protein. Other peptide tags useful for
purification include, but are not limited to, the hemagglutinin ("HA") tag,
which corresponds to an epitope derived from the influenza hemagglutinin
protein (Wilson et aL, (1984) Cell 37:767), and the "flag" tag. In other
embodiments, antibodies of the present invention or fragments thereof
conjugated to a diagnostic or detectable agent. Such antibodies can be
useful for monitoring or prognosing the onset, development, progression
and/or severity of a disease or disorder as part of a clinical testing
procedure, such as determining the efficacy of a particular therapy. Such
diagnosis and detection can accomplished by coupling the  antibodies to
detectable substances including, but not limited to, various enzymes, such
as, but not limited to, horseradish peroxidase, alkaline phosphatase,
beta-galactosidase, or acetylcholinesterase; prosthetic groups, such as,
but not limited to, streptavidinlbiotin and avidin/biotin; fluorescent
materials, such as, but not limited to, umbelliferone, fluorescein,
fluorescein isothiocynate, rhodamine, dichlorotriazinylamine fluorescein,
dansyl chloride or phycoerythrin; luminescent materials, such as, but not
limited to, luminol; bioluminescent materials, such as but not limited to,
luciferase, luciferin, and aequorin; radioactive materials, such as, but
not limited to, iodine (1311, 1251, 1231, and a 1,), carbon (14-), c sulfur
(35S), tritium (3H), indium ("51n, 1131n, 112/n, and In,), technetium
(99Tc), 



thallium (2otTi), gallium (68Ga, 67Ga), palladium (13Pd), molybdenum
(99Mo), xenon (133Xe), fluorine (18F), 153Sm, 177Lu, 159Gd, 149pm, 140La,
175yb, 166no, Y 47SC, 186RC, 188Re, 142 pr, 105Rh-- , 97Ru, 68Ge, 57ce,
65zu, 85sr, 32p, 153Gd, 169-- , Yb 5ICr,54Mn, 75Se, 117 and Tin; and
positron emitting metals using various positron emission tomographies, and
noradioactive paramagnetic metal ions. The present invention further
encompasses uses of antibodies or fragments thereof conjugated to a
therapeutic moiety. The antibodies or fragment thereof may be conjugated to
a therapeutic moiety such as a cytotoxin, e.g., a cytostatic or cytocidal
agent, a therapeutic agent or a radioactive metal ion, e.g.,
alpha-emitters. A cytotoxin or cytotoxic agent includes any agent that is
detrimental to cells. Further, antibodies or fragments thereof may be
conjugated to a therapeutic moiety or drug moiety that modifies a given
biological response. Therapeutic moieties or drug moieties are not to be
construed as limited to classical chemical therapeutic agents. For example,
the drug moiety may be a protein, peptide, or polypeptide possessing a
desired biological activity. Such proteins may include, for example, a
toxin such as abrin, ricin A, pseudomonas exotoxin, cholera toxin, or
diphtheria toxin; a protein such as tumor necrosis factor, a-interferon,
I3-interferon, nerve growth factor, platelet derived growth factor, tissue
plasminogen activator, an apoptotic agent, an anti-angiogenic agent; or, a
biological response modifier such as, for example, a lymphokine. In one
embodiment, the antibody, or a fragment thereof, conjugated to a
therapeutic moiety, such as a cytotoxin, a drug (e.g., an
immunosuppressant) or a radiotoxin. Such conjugates are referred to herein
as "immunoconjugates". Immunoconjugates that include one or more cytotoxins
are referred to as "immunotoxins." A cytotoxin or cytotoxic agent  includes
any agent that is detrimental to (e.g., kills) cells. Examples include
taxon, cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin,
etoposide, tenoposide, vincristine, vinblastine, t. colchicin, doxorubicin,
daunorubicin, dihydroxy anthracin dione, mitoxantrone, mithramycin,
actinomycin D, 1 -dehydrotestosterone, glucocorticoids, procaine,
tetracaine, 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, cannustine (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, mithratnycin, and
anthramycin (AMC)), and anti-mitotic agents (e.g., vincristine and
vinblastine). Other examples of therapeutic cytotoxins that can be
conjugated to a antibody of the invention include duocarmycins,
calicheamicins, maytansines and auristatins, and derivatives thereof. An
example of a calicheamicin antibody conjugate is commercially available
(MylotargTm; Wyeth-Ayerst). 



Cytoxins can be conjugated to antibodies of the invention using linker
technology available in the art. Examples of linker types that have been
used to conjugate a cytotoxin to an antibody include, but are not limited
to, hydrazones, thioethers, esters, disulfides and peptide-containing
linkers. A linker can be chosen that is, for example, susceptible to
cleavage by low pH within the lysosomal compartment or susceptible to
cleavage by proteases, such as proteases preferentially expressed in tumor
tissue such as cathepsins (e.g., cathepsins B, C, D). For further
discussion of types of cytotoxins, linkers and methods for conjugating
therapeutic agents to antibodies, see also Saito et aL, (2003) Adv. Drug
Deily. Rev. 55:199-215; Trail et al., (2003) Cancer Immunol. Immunother.
52:328-337; Payne, (2003) Cancer Cell 3:207-212; Allen, (2002) Nat. Rev.
Cancer 2:750-763; Pastan and Kreitman, (2002) Curr. Opin. Investig. Drugs
3:1089-1091; Senter and Springer, (2001) Adv. Drug Deliv. Rev. 53:247-264.
Antibodies of the present invention also can be conjugated to a radioactive
isotope to generate cytotoxic radiopharmaceuticals, also referred to as
radioimmunoconjugates.  Examples of radioactive isotopes that can be
conjugated to antibodies for use diagnostically or therapeutically include,
but are not limited to, iodine, indium", yttrium", and lutetiumm. Method
for preparing radioinununconjugates 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-
tetraazacyclododecane-N,N',N",N'"-tetraacetic acid (DOTA) which can be
attached to the antibody via a linker molecule. Such linker molecules are
commonly known in the art and described in Denardo etal., (1998) Clin
Cancer Res. 4(10):2483-90; Peterson etal., (1999) Bioconjug. Chem.
l0(4):553-7; and Zimmerman et al., (1999) Nucl. Med. Biol. 26(8):943-50,
each incorporated by reference in their entireties. Techniques for
conjugating therapeutic moieties to antibodies are well known, see, e.g.,
Arnon et al., "Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer
Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al.
(eds.), pp. 243- 56 (Alan R. Liss, Inc. 1985); Hellstrom etal., "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 etal. (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 (1) Nucleic Acids Encoding the Antibodies
The invention provides substantially purified nucleic acid molecules which
encode multiple epitope binding proteins, e.g., antibodies and antigen
binding fragments thereof  comprising segments or domains of the LRP6
antibody chains described above. Some of the nucleic acids of the invention
comprise the nucleotide sequence encoding the propeller 1 antibody heavy
chain variable region shown in SEQ ID NO: 14, 19, 34, and 60, and/or the
nucleotide sequence encoding the light chain variable region shown in SEQ
ID NO: 13, 20, 33, and 59. In a specific embodiment, the nucleic acid
molecules are those identified in Table 1. Some other nucleic acid
molecules of the invention comprise nucleotide sequences that are
substantially identical (e.g., at least 65, 80%, 95%, or 99%) to the
nucleotide sequences of those identified in Table 1. Some of the nucleic
acids of the invention comprise the nucleotide sequence encoding the heavy
chain variable region shown in SEQ ID NO: 82, 106, and 128, and/or the
nucleotide sequence encoding the light chain variable region shown in SEQ
ID NO: 81, 105, and 127. In a specific embodiment, the nucleic acid
molecules are those identified in Table 1. Some other nucleic acid
molecules of the invention comprise nucleotide sequences that are
substantially identical (e.g., at least 65, 80%, 95%, or 99%) to the
nucleotide sequences of those identified in Table 1. When expressed from
appropriate expression vectors, polypeptides encoded by these
polynucleotides are capable of exhibiting LRP6 antigen binding capacity. 



Also provided in the invention are polynucleotides which encode at least
one CDR region and usually all three CDR regions from the heavy or light
chain of the LRP6 antibody set forth above. Some other polynucleotides
encode all or substantially all of the variable region sequence of the
heavy chain and/or the light chain of the LRP6 antibody set forth above.
Because of the degeneracy of the code, a variety of nucleic acid sequences
will encode each of the immunoglobulin amino acid sequences. The nucleic
acid molecules of the invention can encode both a variable region and a
constant region of the antibody. Some of nucleic acid sequences of the
invention comprise nucleotides encoding a mature heavy chain variable
region sequence that is substantially identical (e.g., at least 80%, 90%,
or 99%) to the mature heavy chain variable region sequence set forth in SEQ
ID NO: 14, 19, 34, and 60. Some other nucleic acid sequences comprising
nucleotide encoding a mature light chain variable region sequence that is
substantially identical (e.g., at least 80%, 90%, or 99%) to the mature
light chain variable region sequence set forth in SEQ ID NO: 13, 20, 33,
and 59.  The nucleic acid molecules of the invention can encode both a
variable region and a constant region of the antibody. Some of nucleic acid
sequences of the invention comprise nucleotides encoding a mature heavy
chain variable region sequence that is substantially identical (e.g., at
least 80%, 90%, or 99%) to the mature heavy chain variable region sequence
set forth in SEQ ID NO: 82, 106, and 128. Some other nucleic acid sequences
comprising nucleotide encoding a mature light chain variable region
sequence that is substantially identical (e.g., at least 80%, 90%, or 99%)
to the mature light chain variable region sequence set forth in SEQ ID NO:
81, 105, and 129. The polynucleotide sequences can be produced by de novo
solid-phase DNA synthesis or by PCR mutagenesis of an existing sequence
(e.g., sequences as described in the Examples below) encoding an LRP6
antibody or its binding fragment. Direct chemical synthesis of nucleic
acids can be accomplished by methods known in the art, such as the
phosphotriester method of Narang et al., (1979) Meth. Enzymol. 68:90; the
phosphodiester method of Brown et 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 polynucleotide sequence by PCR can be performed
as described in, e.g., PCR Technology: Principles and Applications for DNA
Amplification, H.A. Erlich (Ed.), Freeman Press, NY, NY, 1992; PCR
Protocols: A Guide to Methods and Applications, Innis et al. (Ed.),
Academic Press, San Diego, CA, 1990; Mattila et al., (1991) Nucleic Acids
Res. 19:967; and Eckert et al., (1991) PCR Methods and Applications 1:17.
Also provided in the invention are expression vectors and host cells for
producing the antibodies described above. Various expression vectors can be
employed to express the polynucleotides encoding the antibody fragments
thereof. Both viral-based and nonviral expression vectors can be used to
produce the antibodies in a mammalian host cell. Nonviral vectors and
systems include plasmids, episomal vectors, typically with an expression
cassette for expressing a protein or RNA, and human artificial chromosomes
(see, e.g., Harrington et al., (1997) Nat Genet 15:345). For example,
nonviral vectors useful for expression of the antibody polynucleotides and
polypeptides in mammalian (e.g., human) cells include pThionis 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 a antibody or fragment thereof In some
embodiments, an inducible promoter is employed to prevent expression of
inserted sequences except under inducing conditions. Inducible promoters
include, e.g., arabinose, lacZ, metallothionein promoter or a heat shock
promoter. Cultures of transformed organisms can be expanded under
noninducing conditions without biasing the population for coding sequences
whose expression products are better tolerated by the host cells. In
addition to promoters, other regulatory elements may also be required or
desired for efficient expression of the antibody or fragment thereof These
elements typically include an ATG initiation codon and adjacent ribosome
binding site or other sequences. In addition, the efficiency of expression
may be enhanced by the inclusion of enhancers appropriate to the cell
system in use (see, e.g., Scharf et al., (1994) Results Probl. Cell Differ.
20:125; and Bittner et al., (1987) Meth. Enzymol., 153:516). For example,
the 5V40 enhancer or CMV enhancer may be used to increase expression in
mammalian host cells. The expression vectors may also provide a secretion
signal sequence position to form a fusion protein with polypeptides encoded
by inserted LRP6 antibody sequences. More often, the inserted LRP6 antibody
sequences are linked to a signal sequences before inclusion in the vector.
Vectors to be used to receive sequences encoding LRP6 antibody light and
heavy chain variable domains sometimes also encode constant regions or
parts thereof. Such vectors allow expression of the variable regions as
fusion proteins with the constant regions thereby leading to production of
intact antibodies or fragments thereof Typically, such constant regions are
human. The host cells for harboring and expressing the antibodies can be
either prokaryotic or eukaryotic. E. 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 antibodies of the
invention. Insect cells in combination with baculovirus vectors can also be
used. 



In some preferred embodiments, mammalian host cells are used to express and
produce the antibodies of the present invention. For example, they can be
either a hybridoma cell line expressing endogenous immunoglobulin genes
(e.g., the 1D6.C9 myeloma hybridoma clone as described in the Examples) or
a mammalian cell line harboring an exogenous expression vector (e.g., the
513210 myeloma cells exemplified below). These include any normal mortal or
normal or abnormal immortal animal or human cell. For example, a number of
suitable host cell lines capable of secreting intact immunoglobulins have
been developed including the CHO cell lines, various Cos cell lines, HeLa
cells, myeloma cell lines, transformed B-cells and hybridomas. The use of
mammalian tissue cell culture to express polypeptides is discussed
generally in, e.g., Winnacker, FROM GENES TO CLONES, VCH Publishers, N.Y.,
N.Y., 1987. Expression vectors for mammalian host cells can include
expression control sequences, such as an origin of replication, a promoter,
and an enhancer (see, e.g., Queen et 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
polIII promoter, the constitutive MPSV promoter, the tetracycline-inducible
CMV promoter (such as the human immediate-early CMV promoter), the
constitutive CMV promoter, and promoter-enhancer combinations known in the
art.  Methods for introducing expression vectors containing the
polynucleotide sequences of interest vary depending on the type of cellular
host. For example, calcium chloride transfection is commonly utilized for
prokaryotic cells, whereas calcium phosphate treatment or electroporation
may be used for other cellular hosts. (See generally Sambrook, et al.,
supra). Other methods include, e.g., electroporation, calcium phosphate
treatment, liposome-mediated transformation, injection and microinjection,
ballistic methods, virosomes, immunoliposomes, polycation:nucleic acid
conjugates, naked DNA, artificial virions, fusion to the herpes virus
structural protein VP22 (Elliot and O'Hare, (1997) Cell 88:223),
agent-enhanced uptake of DNA, and ex vivo transduction. For longterm,
high-yield production of recombinant proteins, stable expression will often
be desired. For example, cell lines which stably express antibody domains
or binding fragments can be prepared using expression vectors of the
invention which contain viral origins of replication or endogenous
expression elements and a selectable marker gene. Following the
introduction of the vector, cells may be allowed to grow for 1-2 days in an
enriched media before they are switched to selective media. The purpose of
the selectable marker is to confer resistance to selection, and its
presence allows growth of cells which successfully express the introduced
sequences in selective media. Resistant, stably transfected cells can be
proliferated using tissue culture techniques appropriate to the cell type.
(ii) Generation of Antibodies Monoclonal antibodies be produced using the
methods disclosed in the Examples. These antibodies or fragments thereof
can be used to generate multivalent antibodies, (e.g.,
bispecific/biparatopic) as disclosed in the Examples section. For example,
a biparatopic LRP6 antibody can be generated by linking scFvs, e.g., an
scFv that binds to the 3-propeller 3 domain of LRP6, to a full length IgG
monoclonal antibody. Alternatively, monoclonal antibodies can be produced
by a variety of techniques, including conventional monoclonal antibody
methodology e.g., the standard somatic cell hybridization technique of
Kohler and Milstein, (1975) Nature 256: 495. Many techniques for producing
monoclonal antibody can be employed e.g., viral or oncogenic transformation
of B lymphocytes. An animal system for preparing hybridomas is the murine
system. Hybridoma production in the mouse is a well established procedure.
Immunization protocols and techniques for  isolation of immunized
splenocytes for fusion are known in the art. Fusion partners (e.g., murine
myeloma cells) and fusion procedures are also known. Chimeric or humanized
antibodies of the present invention can be prepared based on the sequence
of a murine monoclonal antibody prepared as described above. DNA encoding
the heavy and light chain immunoglobulins can be obtained from the murine
hybridoma of interest and engineered to contain non-murine (e.g.,. human)
immunoglobulin sequences using standard molecular biology techniques. For
example, to create a chimeric antibody, the murine variable regions can be
linked to human constant regions using methods known in the art (see e.g.,
U.S. Patent No. 4,816,567 to Cabilly etal.). 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(r) (Medarex, Inc.) contains
human immunoglobulin gene miniloci that encode un-rearranged human heavy
(1.1 and i) and K light chain immunoglobulin sequences, together with
targeted mutations that inactivate the endogenous and K chain loci (see
e.g., Lonberg, etal., (1994) Nature 368(6474): 856-859). Accordingly, the
mice exhibit decreased expression of mouse IgM or x, 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 etal.,
(1993) International Immunology 5: 647-656; Tuaillon etal., (1993) Proc.
Natl. Acad. Sci. USA 94:3720- 3724; Choi etal., (1993) Nature Genetics
4:117-123; Chen et aL , (1993) EMBO J.  



12:821-830; Tuaillon etal., (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 In another embodiment, human antibodies of the invention can be
raised using a mouse that carries human imtnunoglobulin 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 the invention. For example, mice carrying both a human heavy
chain transchromosome and a human light chain tranchromosome, referred to
as "TC mice" can be used; such mice are described in Tomizuka et al.,
(2000) Proc. Natl. Acad. Sci. USA 97:722-727. Furthermore, cows carrying
human heavy and light chain transchromosomes have been described in the art
(Kuroiwa et al., (2002) Nature Biotechnology 20:889-894) and can be used to
raise LRP6 antibodies of the invention. Human monoclonal antibodies of the
invention can also be prepared using phage display methods for screening
libraries of human immunoglobulin genes. Such phage display methods for
isolating human antibodies are established in the art or described in the
examples below. See for example: U.S. Patent Nos. 5,223,409; 5,403,484; and
5,571,698 to Ladner etal.; U.S. Patent Nos. 5,427,908 and 5,580,717 to
Dower etal.; U.S. Patent  Nos. 5,969,108 and 6,172,197 to McCafferty etal.;
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 etal. 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 Fc
engineering Engineered antibodies of the invention include those in which
modifications have been made to framework residues within VII 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 "backtnutated" to the gerrnline sequence by, for example,
site-directed mutagenesis. Such "backtnutated" antibodies are also intended
to be encompassed by the invention. Another type of framework modification
involves mutating one or more residues within the framework region, or even
within one or more CDR regions, to remove T cell - epitopes to thereby
decrease the potential immunogenicity of the antibody. This approach is
also referred to as "deimmunization" and is described in further detail in
U.S. Patent Publication No. 20030153043 by Carr etal. In addition or
alternative to modifications made within the framework or CDR regions,
antibodies of the invention may be engineered to include modifications
within the Fc region, typically to alter one or more functional properties
of the antibody, such as serum half-life, complement fixation, Fc receptor
binding, and/or antigen-dependent cellular cytotoxicity. Furthermore, an
antibody of the invention may be chemically modified (e.g., one or more
chemical moieties can be attached to the antibody) or be modified to alter
its glycosylation, again to alter one or more functional properties of the
antibody. Each of  



these embodiments is described in further detail below. The numbering of
residues in the Fc region is that Kabat (Supra). The Hinge region of CH1
can be modified such that the number of cysteine residues in the Hinge
region is altered, e.g., increased or decreased. This approach is described
further in U.S. Patent No. 5,677,425 by Bodmer et al. The number of
cysteine residues in the Hinge region of CH1 is altered to, for example,
facilitate assembly of the light and heavy chains or to increase or
decrease the stability of the antibody. The Fc-hinge region of a
multivalent antibody can be modified to increase its biological half-life.
Various approaches are possible. For example, one or more of the following
mutations can be introduced: T252L, T254S, T256F, as described in U.S.
Patent No. 6,277,375 to Ward. Alternatively, to increase the biological
half life, the antibody can be altered within the CH1 or CL region to
contain a salvage receptor binding epitope taken from two loops of a CH2
domain of an Fe region of an IgG, as described in U.S. Patent Nos.
5,869,046 and 6,121,022 by Presta et al. The Fc-hinge region of the
multivalent antibody can be modified to decrease its biological half-life,
for example to control dose, toxicity, and clearance therefore allowing for
better clinical management through control of dose. The Fe region can be
altered by replacing at least one amino acid residue with a different amino
acid residue to alter the effector functions of the antibody. For example,
one or more amino acids can be replaced with a different amino acid residue
such that the antibody has an altered affinity for an effector ligand but
retains the antigen-binding ability of the parent antibody. The effector
ligand to which affinity is altered can be, for example, an Fe receptor or
the Cl component of complement. This approach is described in further
detail in U.S. Patent Nos. 5,624,821 and 5,648,260, both by Winter et al.
One or more amino acids can be replaced with a different amino acid residue
such that the antibody has altered Clq binding and/or decreased or
abolished complement dependent cytotoxicity (CDC). This approach is
described in further detail in U.S. Patent Nos. 6,194,551 by Idusogie et
al. One or more amino acid residues can be altered to alter the ability of
the in antibody to fix complement. This approach is described further in
PCT Publication WO 94/29351 by Bodmer et al.  The Fc region can be modified
to increase the ability of the antibody to mediate antibody dependent
cellular cytotoxicity (ADCC) and/or to increase the affinity of the
multivalent antibody for an Fey receptor by modifying one or more amino
acids. This approach is described further in PCT Publication WO 00/42072 by
Presta. Moreover, the binding sites on human IgG1 for FcyR1, FcyRII,
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).
The glycosylation of an antibody can be modified. For example, an aglyco
slated 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 etal. Additionally or alternatively, antibody can be
made that has an altered type of glycosylation, such as a hypofitcosylated
antibody having reduced amounts of fucosyl residues or an antibody having
increased bisecting GlcNac structures. Such altered glycosylation patterns
have been demonstrated to increase the ADCC ability of antibodies. Such
carbohydrate modifications can be accomplished by, for example, expressing
the antibody in a host cell with altered glycosylation machinery. Cells
with altered glycosylation machinery have been described in the art and can
be used as host cells in which to express recombinant antibodies of the
invention to thereby produce an antibody with altered glycosylation. For
example, EP 1,176,195 by Hang et al. describes a cell line with a
functionally disrupted FUT8 gene, which encodes a fucosyl transferase, such
that antibodies expressed in such a cell line exhibit hypofucosylation. PCT
Publication WO 03/035835 by Presta describes a variant CHO cell line, Lec13
cells, with reduced ability to attach fucose to Asn(297)-linked
carbohydrates, also resulting in hypofucosylation of antibodies expressed
in that host cell (see also Shields et al., (2002) J. Biol. Chem.
277:26733-26740). PCT Publication WO 99/54342 by Umana et al. describes
cell lines engineered to express glycoprotein-modifying glycosyl
transferases (e.g., beta(1,4)-N acetylglucosaminyltransferase III (GnTIII))
such that antibodies  expressed in the engineered cell lines exhibit
increased bisecting GlcNac structures which results in increased ADCC
activity of the antibodies (see also Umana et al., (1999) Nat. Biotech.
17:176-180). The antibody can be modified to increase its biological
half-life. Various approaches are possible. For example, one or more of the
following mutations can be introduced: T252L, T254S, T256F, as described in
U.S. Patent No. 6,277,375 to Ward. Alternatively, to increase the
biological half life, the antibody can be altered within the CH1 or CL
region to contain a salvage receptor binding epitope taken from two loops
of a CH2 domain of an Fc region of an IgG, as described in U.S. Patent Nos.
5,869,046 and 6,121,022 by Presta et al. 



(iv) Methods of Engineering Altered Antibodies As discussed above,
antibodies having VH and VL sequences or full length heavy and light chain
sequences shown herein can be used to create new antibodies by modifying
full length heavy chain and/or light chain sequences, VH and/or VL
sequences, or the constant region(s) attached thereto. Thus, in another
aspect of the invention, the structural features of a antibody of the
invention are used to create structurally related antibody that retain at
least one functional property of the antibodies of the invention, such as
binding to human LRP6 and also inhibiting one or more functional properties
of LRP6 (e.g., Wnt signaling activity).  For example, one or more CDR
regions of the antibodies of the present invention, or mutations thereof,
can be combined recornbinantly with known framework regions and/or other
CDRs to create additional, recornbinantly-engineered, antibodies of the
invention, as discussed above. Other types of modifications include those
described in the previous section. The starting material for the
engineering method is one or more of the VH and/or VL sequences provided
herein, or one or more CDR regions thereof. To create the engineered
antibody, it is not necessary to actually prepare (i.e., express as a
protein) a antibody having one or more of the VII 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 JD 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 sequence and/or the light chain variable
region antibody sequence to create at least one altered antibody sequence;
and expressing the altered antibody sequence as a protein. Accordingly, in
another embodiment, the invention provides a method for preparing a
multispecific (e.g., a biparatopic) LRP6 antibody consisting of: a heavy
chain variable region antibody sequence having a CDR1 sequence selected
from the group consisting of SEQ ID NOs: 1, 21, 47, 69, 93, and 115, a CDR2
sequence selected from the group consisting of SEQ ID NOs: 2, 22, 48, 70,
94, and 116, and/or a CDR3 sequence selected from the group consisting of
SEQ ID NOs: 3, 23, 49, 71, 95, and 117; and a light chain variable region
antibody sequence having a CDR1 sequence selected from the group consisting
of SEQ ID NOs: 4, 24, 50, 72, 96, and 118, a CDR2 sequence selected from
the group consisting of SEQ ID NOs: 5, 25, 51, 73, 97, and 119, and/or a
CDR3 sequence  selected from the group consisting of SEQ ID NOs: 6, 26, 52,
74, 98, and 120; altering at least one amino acid residue within the heavy
chain variable region antibody sequence and/or the light chain variable
region antibody sequence to create at least one altered antibody sequence;
and expressing the altered antibody sequence as a protein.The altered
antibody sequence can also be prepared by screening antibody libraries
having fixed CDR3 sequences or minimal essential binding determinants as
described in U520050255552 and diversity on CDR1 and CDR2 sequences. The
screening can be performed according to any screening technology
appropriate for screening antibodies from antibody libraries, such as phage
display technology. Standard molecular biology techniques can be used to
prepare and express the altered antibody sequence. The antibody encoded by
the altered antibody sequence(s) is one that retains one, some or all of
the functional properties of the antibodies described herein, which
functional properties include, but are not limited to, specifically binding
to human and/or cynomolgus LRP6; the antibody binds to LRP6 and inhibits
LRP6 biological activity by inhibiting the canonical Wnt signaling activity
in a Wnt gene assay. 



The functional properties of the altered antibodies can be assessed using
standard assays available in the art and/or described herein, such as those
set forth in the Examples (e.g., ELISAs). In certain embodiments of the
methods of engineering antibody of the invention, mutations can be
introduced randomly or selectively along all or part of an antibody coding
sequence and the resulting modified antibodies can be screened for binding
activity and/or other functional properties as described herein. Mutational
methods have been described in the art. For example, PCT Publication WO
02/092780 by Short describes methods for creating and screening antibody
mutations using saturation mutagenesis, synthetic ligation assembly, or a
combination thereof. Alternatively, PCT Publication WO 03/074679 by Lazar
et al. describes methods of using computational screening methods to
optimize physiochemical properties of antibodies. Characterization of the
Antibodies The antibodies and multivalent antibodies of the invention can
be characterized by various functional assays. For example, they can be
characterized by their ability to inhibit biological activity by inhibiting
canonical Wnt signaling in a Wnt gene assay as  described herein, their
affinity to a LRP6 protein (e.g., human and/or cynomolgus LRP6), the
epitope binning, their resistance to proteolysis, and their ability to
block the Wnt pathway. In addition, the antibodies are characterized by
ability to potentiate an agonistic effect after cross linking to Fab
fragments The multivalent antibodies (e.g., a single biparatopic or a
bispecific antibody) has the ability to inhibit both propeller 1 (e.g., Wnt
1) and propeller 3 (e.g., Wnt 3) ligands. Furthermore and unexpectedly, the
multivalent antibodies (e.g., a single biparatopic or a bispecific
antibody) displays no significant potentiation of a Wnt signal. The
multivalent antibodies bind to distinct LRP6 n-propeller regions. For
example a biparatopic antibody comprises an receptor binding domain that
binds to the n-propeller 1 domain of LRP6 and blocks Propellerl-dependent
Wnts such as Wntl, Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9, Wntl OA, WntlOB to
inhibit Wnt 1 signal transduction, and also has an epitope binding domain
that binds to the n-propeller 3 domain of LRP6 to block
Propeller3-dependent Wnts such as Wnt3a and Wnt3 to inhibit Wnt 3 signal
transduction. The multivalent antibodies provide advantages over
traditional antibodies for example, by expanding the repertoire of targets,
having new binding specificities, increased potency and no signal potency.
A single LRP6 multivalent antibody can bind to multiple - propeller regions
on a single LRP6 target on the same cell and inhibit Wnt signaling. In one
embodiment, the multivalent antibody binds to any combination of
p-propeller regions selected from the group consisting of propeller 1,
propeller 2, propeller 3, and propeller 4. In one embodiment, the
multivalent antibody binds to propeller 1 and propeller 3 domains of LRP6.
Thus, a single LRP6 multivalent antibody has increased potency of action by
binding to multiple n-propeller regions and inhibiting Wnt signaling
mediated by each region. For example, an LRP6 biparatopic antibody inhibits
both propeller 1 and propeller 3 mediated Wnt signaling by binding to both
p- propeller 1 and n-propeller 3 domains, respectively. The increased
potency of action may be due to increased avidity or better binding of the
bipatatopic antibody compared to a monospecific antibody. Various methods
can be used to measure LRP6-mediated Wnt signaling. For example, the Wnt
signaling pathway can be monitored by (i) measurement of abundance and
localization of p-catenin; and (ii) measurement of phosphorylation of LRP6
or other  downstream Wnt signaling proteins (e.g. DVL), and (iii)
measurement of specific gene signatures or gene targets (e.g. c-myc,
Cyclin-D, Axin2).  The ability of antibodies to bind to LRP6 can be
detected by labelling the antibodies of interest directly, or the
antibodies may be unlabelled and binding detected indirectly using various
sandwich assay formats known in the art. In some embodiments, antibodies of
the invention block or compete with binding of a reference LRP6 antibody to
a LRP6 polypeptide. These can be fully human antibodies described above.
They can also be other mouse, chimeric or humanized t antibodies which bind
to the same epitope as the reference antibody. The capacity to block or
compete with the reference antibody binding indicates that the antibodies
under test binds to the same or similar epitope as that defined by the
reference antibody, or to an epitope which is sufficiently proximal to the
epitope bound by the reference LRP6 antibody. 



Such antibodies are especially likely to share the advantageous properties
identified for the reference antibody. The capacity to block or compete
with the reference antibody may be determined by, e.g., a competition
binding assay. With a competition binding assay, the antibody under test is
examined for ability to inhibit specific binding of the reference antibody
to a common antigen, such as a LRP6 polypeptide. A test antibody competes
with the reference antibody for specific binding to the antigen if an
excess of the test antibody substantially inhibits binding of the reference
antibody. Substantial inhibition means that the test antibody decreases
specific binding of the reference antibody usually by at least 10%, 25%,
50%, 75%, or 90%. There are a number of known competition binding assays
that can be used to assess competition of a antibodies with the reference
LRP6 antibody for binding to a LRP6 protein. These include, e.g., solid
phase direct or indirect radioimmunoassay (RIA), solid phase direct or
indirect enzyme immunoassay (EIA), sandwich competition assay (see Stahli
etal., (1983) Methods in Enzymology 9:242-253); solid phase direct
biotin-avidin EIA (see Kirkland et al., (1986) J. Immunol. 137:3614-3619);
solid phase direct labeled assay, solid phase direct labeled sandwich assay
(see Harlow & Lane, supra); solid phase direct label RIA using 1-125 label
(see Morel et al., (1988) Molec. Immunol. 25:7-15); solid phase direct
biotin-avidin EIA (Cheung etal., (1990) Virology 176:546-552); and direct
labeled RIA (Moldenhauer eta?., (1990) Scand. J. Immunol. 32:77-82).
Typically, such an assay involves the use of purified antigen bound to a
solid surface or cells bearing  either of these, an unlabelled test
antibody and a labelled reference antibody. Competitive inhibition is
measured by determining the amount of label bound to the solid surface or
cells in the presence of the test antibody. Usually the test antibody is
present in excess. Antibodies, e.g., a bispecific or biparatopic LRP6
antibodies identified by competition assay (competing antibodies) include
antibodies binding to the same epitope as the reference antibody and
antibodies binding to an adjacent epitope sufficiently proximal to the
epitope bound by the reference antibody for steric hindrance to occur. To
determine if the selected antibody binds to unique epitopes, each antibody
can be biotinylated using commercially available reagents (e.g., reagents
from Pierce, Rockford, IL). Competition studies using unlabeled antibodies
and biotinylated antibodies can be performed using a LRP6 polypeptide
coated-ELISA plates. Biotinylated antibodies binding can be detected with a
strep-avidin-alkaline phosphatase probe. To determine the isotype of
purified antibodies, isotype ELISAs can be performed. For example, wells of
microtiter plates can be coated with 1 pg/m1 of anti-human IgG overnight at
4C. After blocking with 1% BSA, the plates are reacted with 1 mg/m1 or less
of the antibody or purified isotype controls, at ambient temperature for
one to two hours. The wells can then be reacted with either human IgG1 or
human IgM-specific alkaline phosphataseconjugated probes. Plates are then
developed and analyzed so that the isotype of the purified antibody can be
determined. To demonstrate binding of antibodies to live cells expressing a
LRP6 polypeptide, flow cytometry can be used. Briefly, cell lines
expressing LRP6 (grown under standard growth conditions) can be mixed with
various concentrations of a t antibodies in PBS containing 0.1% BSA and 10%
fetal calf serum, and incubated at 37C 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
FAC Scan instrument using light and side scatter properties to gate on
single cells. An alternative assay using fluorescence microscopy may be
used (in addition to or instead of) the flow cytometry assay. Cells can be
stained exactly as described above and examined by fluorescence microscopy.
This method allows visualization of individual cells, but may have
diminished sensitivity depending on the density of the antigen. The
antibodies can be further tested for reactivity with a LRP6 polypeptide or
antigenic fragment by Western blotting. Briefly, purified LRP6 polypeptides
or fusion proteins, or  cell extracts from cells expressing LRP6 can be
prepared and subjected to sodium dodecyl sulfate polyacrylamide gel
electrophoresis. After electrophoresis, the separated antigens are
transferred to nitrocellulose membranes, blocked with 10% fetal calf serum,
and probed with the antibodies to be tested. Human IgG binding can be
detected using antihuman IgG alkaline phosphatase and developed with
BCIP/INIBT substrate tablets (Sigma Chem. Co., St. Louis, MO). Other
examples of functional assays are also described in the Example section
below. Binding Characteristics of Antibodies of the Invention (1) Binding
Specificities The invention provides antibodies and multivalent antibodies
comprising multiple receptor binding domains (e.g., scFvs, single chain
diabodies, antibody variable regions) that have specificities for different
binding sites on one or more target receptor(s). In one embodiment,
multivalent antibodies of the invention comprise receptor binding domains
(e.g., scFvs) with identical binding specificities. In another embodiment,
multivalent antibodies of the invention comprise scFvs with non-identical
binding specificities. 



(ii) Binding Affinity The antibodies or multivalent antibodies of the
invention may have a high binding affinity to one or more of its cognate
antigens. For example, an epitope binding protein described herein may have
an association rate constant or kon rate (epitope binding protein
(RBP)+antigen->RBP-Ag) of at least 2x105M1s-1, at least 5x105Mis-1, at
least 106Mls-I, at least 5x106M1s-I, at least 107M1s-1, at least
5x107Mis-1, or at least 108M1s-1. In one embodiment, the antibodies or
multivalent antibody may have a koff rate (RBP-Ag>RBP+Ag) of less than
5x10-1s-I, less than 10-1s-I, less than 5x10-2s-I, less than 10-2s-1, less
than 5x10-3s-I, less than 10-3s-1, less than 5x10-4s-1, or less than
5x10-4s-1. The antibodies or multivalent antibodies have a koff of less
than 5x10-5s-I , less than 10-5sI, less than 5x10-6s-I , less than 10-6s-I,
less than 5x10-7s-I, less than 5x10-7s-1, less than 5x10-8s-1, less than
10-8s-1, less than 5x10-9s-I, less than 10-95-1, or less than 10-9s-1.  In
another embodiment, the antibodies or multivalent antibody may have an
affinity  constant or Ka (kodkoff) of at least 102M-1, at least 5x102M-1,
at least 103M-1, at least 5x103M-1, at least 104M4, at least 5x104M-I, at
least 105M-1, at least 5x105M-1, at least 106M-1, at least 5x106M-1, at
least 107M-1, at least 5x107M-1, at least 108M-1, at least 5x108M-I, at
least 109M-I, at least 5x109M-1, at least 101M-1, at least 5x1010M-1, at
least 1011M-1, at least 5x1011M-1, at least 1012M-1, at least 5x1012M-I, at
least 1013M-1, at least 5x1013 M-1, at least 1014M-I, at least 5x1014M-1,
at least 1015M-1, or at least 5x1015M-1. In yet another embodiment, the
antibody or multivalent antibody may have a dissociation constant or IQ
(lcaffikon) 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 5x10-1M, less than 10-1M, less than 5x10-11M, less
than 10-11M, less than 5x10-12M, less than 10-12M, less than 5x10-13M, less
than 10-I3M, less than 5x10-14M, less than 10-14M, less than 5x10-15M, or
less than 10- 15M. The antibody or multivalent antibody used in accordance
with a method described herein may have a dissociation constant (IQ) 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 BIAcore assay, ELISA, FACS, SET)
(Biacore International AB, Uppsala, Sweden). The antibody or multivalent
antibodies used in accordance with a method described herein may have a
dissociation constant ((j) of between 25 to 3400 pM, 25 to 3000 pM, 25 to
2500 pM, 25 to 2000 pM, 25 to 1500 pM, 25 to 1000 pM, 25 to 750 pM, 25 to
500 pM, 25 to 250 pM, 25 to 100 pM, 25 to 75 pM, 25 to 50 pM as assessed
using a method described herein or known to one of skill in the art (e.g.,
a BIAcore assay, ELISA, FACS, SET). The antibody or multivalent antibodies
used in accordance with a method described herein may have a dissociation
constant (Kd) of 500 pM, 100 pM, 75 pM or 50 pM as assessed using a method
described herein or known to one of skill in the art (e.g., a BIAcore
assay, ELISA, FACS, SET). (iii) Relative Binding Affinities of Multivalent
Antibodies It is to be understood that the invention provides proteins
carrying multiple receptor  



binding domains that may retain functionality within the protein in a
similar fashion or better to the functionalities exhibited in an isolated
state (i.e. the receptor binding domain exhibits similar properties as part
of the multivalent antibody as compared to the domain if expressed or
isolated independently). For example, an isolated scFv specific for epitope
Y exhibits a specific functional profile including binding affinity,
agonistic or antagonistic functions. It is to be understood that the same
scFv expressed as a recptor binding domain within a multivalent antibody of
the invention would exhibit similar binding affinity or better and/or
agonistic or antagonistic properties as compared to the isolated scFv. In
one embodiment, the multivalent antibodies of the invention comprise
receptor binding domains (e.g., scFvs) with binding affinities lower than
the same isolated (free from other components of the multivalent antibody)
receptor binding domains (e.g., scFvs). In another embodiment, multivalent
antibodies of the invention comprise receptor binding domains (e.g.,
scFvs), with binding affinities higher than the same isolated (free from
other components of the multivalent antibody) receptor binding domains
(e.g., scFvs). In another embodiment, multivalent antibodies of the
invention comprise receptor binding domains (e.g., scFvs), with binding
affinities essentially the same as the corresponding isolated (free from
other components of the multivalent antibody) receptor binding domains
(e.g., scFvs). Binding affinities can be routinely assayed by many
techniques known in the art, such as ELISA, BiaCoreTM, K1nExATM, cell
surface receptor binding, competitive inhibition of binding assays, SET.
The binding affinities of the multivalent antibodies of the invention can
be assayed by the techniques presented in the Examples. An receptor binding
domain (e.g., scFv) of a multivalent antibody exhibits a binding affinity
less than 99%, less than 95%, less than 90%, less than 80%, less than 70%,
less than 60%, less than 50%, less than 40%, less than 30%, less than 20%,
or less than 10% to a specific epitope than an identical functional
isolated receptor binding domain (e.g., scFv) as measured by any assay
known in the art. In another embodiment, a receptor binding domain (e.g.,
scFv) of a multivalent antibody exhibits a binding affinity less than 99%,
less than 95%, less than 90%, less than 80%, less than 70%, less than 60%,
less than 50%, less than 40%, less than 30%, less than 20%, or less than
10% to a specific epitope  than an identical functional isolated receptor
binding domain (e.g., scFv) as measured by the techniques presented in any
of the Examples. A receptor binding domain (e.g., scFv) of a multivalent
antibody exhibits a binding affinity more than 99%, more than 95%, more
than 90%, more than 80%, more than 70%, more than 60%, more than 50%, more
than 40%, more than 30%, more than 20%, or more than 10% to a specific
epitope than an identical functional isolated receptor binding domain
(e.g., scFv) as measured by any assay known in the art. In another
embodiment, an receptor binding domain (e.g., scFv) of a multivalent
antibody exhibits a binding affinity more than 99%, more than 95%, more
than 90%, more than 80%, more than 70%, more than 60%, more than 50%, more
than 40%, more than 30%, more than 20%, or more than 10% to a specific
epitope than an identical functional isolated receptor binding domain
(e.g., scFv) as measured by the techniques presented in any of the
Examples. (iv) Assays For Epitope Binding and Activity The antibodies and
multivalent antibodies of the invention may be assayed for specific (i.e.,
itnmunospecific) binding by any method known in the art. The immunoassays
which can be used, include but are not limited to, competitive and
non-competitive assay systems using techniques such as western blots,
radioitnmunoassays, ELISA (enzyme linked immunosorbent assay), "sandwich"
immunoassays, immunoprecipitation assays, precipitin reactions, gel
diffusion precipitin reactions, immunodiffusion assays, agglutination
assays, complement-fixation assays, inununoradiometric assays, fluorescent
immunoassays, protein A immunoassays, to name but a few. Such assays are
routine and known in the art (see, e.g., Ausubel et al, eds, 1994, Current
Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York).
Exemplary immunoassays are described briefly below (but are not intended by
way of limitation). Immunoprecipitation protocols generally comprise lysing
a population of cells in a lysis buffer such as RIPA buffer (1% NP-40 or
Triton X-100, 1% sodium deoxycholate, 0.1% SDS, 0.15 M NaC1, 0.01 M sodium
phosphate at pH 7.2, 1% Trasylol) supplemented with protein phosphatase
and/or protease inhibitors (e.g., EDTA, PMSF, aprotinin, sodium vanadate),
adding the epitope binding protein of interest to the cell lysate,
incubating for a period of time (e.g., 1-4 hours) at 4C., adding protein A
and/or protein G sepharose beads to the cell lysate, incubating for about
an hour or more at 4C., washing the beads  in lysis buffer and resuspending
the beads in SDS/sample buffer. The ability of the protein of interest to
immunoprecipitate a particular antigen can be assessed by, e.g., western
blot analysis. One of skill in the art would be knowledgeable as to the
parameters that can be modified to increase the binding of the epitope
binding protein to an antigen and decrease the background (e.g.,
pre-clearing the cell lysate with sepharose beads). For further discussion
regarding immunoprecipitation protocols see, e.g., Ausubel et al, eds,
1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons,
Inc., New York at 10.16.1. Western blot analysis generally comprises
preparing protein samples, electrophoresis of the protein samples in a
polyacrylamide gel (e.g., 8%-20% SDS-PAGE depending on the molecular weight
of the antigen), transferring the protein sample from the polyacrylamide
gel to a membrane such as nitrocellulose, PVDF or nylon, blocking the
membrane in blocking solution (e.g., PBS with 3% BSA or non-fat milk),
washing the membrane in washing buffer (e.g., PBS-Tween 20), blocking the
membrane with primary antibody diluted in blocking buffer, washing the
membrane in washing buffer, blocking the membrane with a secondary antibody
(which recognizes the primary antibody) conjugated to an enzymatic
substrate (e.g., horseradish peroxidase or alkaline phosphatase) or
radioactive molecule (e.g., 32P or 1251) diluted in blocking buffer,
washing the membrane in wash buffer, and detecting the presence of the
antigen. One of skill in the art would be knowledgeable as to the
parameters that can be modified to increase the signal detected and to
reduce the background noise. For further discussion regarding western blot
protocols see, e.g., Ausubel et al, eds, 1994, Current Protocols in
Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York at 10.8.1. 



ELISAs comprise preparing antigen, coating the well of a 96 well microliter
plate with the antigen, adding the epitope binding protein of interest
conjugated to a detectable compound such as an enzymatic substrate (e.g.,
horseradish peroxidase or alkaline phosphatase) to the well and incubating
for a period of time, and detecting the presence of the antigen. In ELI SAs
the epitope binding protein of interest does not have to be conjugated to a
detectable compound; instead, a second antibody (which recognizes the
protein of interest) conjugated to a detectable compound may be added to
the well. Further, instead of coating the well with the antigen, the
protein of interest may be coated to the well. In this case, a second
antibody conjugated to a detectable compound may be  added following the
addition of the antigen of interest to the coated well. One of skill in the
art would be knowledgeable as to the parameters that can be modified to
increase the signal detected as well as other variations of ELISAs known in
the art. For further discussion regarding ELISAs see, e.g., Ausubel et al,
eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley &
Sons, Inc., New York at 11.2.1. The binding affinity and other binding
properties of an antibody or multivalent antibody to an antigen may be
determined by a variety of in vitro assay methods known in the art
including for example, equilibrium methods (e.g., enzyme-linked
immunoabsorbent assay (ELISA; or radioimmunoassay (MA)), or kinetics (e.g.,
BIACORETM analysis), and other methods such as indirect binding assays,
competitive binding assays fluorescence resonance energy transfer (FRET),
gel electrophoresis and chromatography (e.g., gel filtration), FACS. These
and other methods may utilize a label on one or more of the components
being examined and/or employ a variety of detection methods including but
not limited to chromogenic, fluorescent, luminescent, or isotopic labels. A
detailed description of binding affinities and kinetics can be found in
Paul, W. E., ed., Fundamental Immunology, 4th Ed., Lippincott-Raven,
Philadelphia (1999), which focuses on antibody-itnmunogen interactions. One
example of a competitive binding assay is a radioinununoassay comprising
the incubation of labeled antigen with the epitope binding protein of
interest in the presence of increasing amounts of unlabeled antigen, and
the detection of the epitope binding protein bound to the labeled antigen.
The affinity of the epitope binding protein of interest for a particular
antigen and the binding off-rates can be determined from the data by
scatchard plot analysis. Competition with a second antibody can also be
determined using radioimmunoassays. In this case, the antigen is incubated
with epitope binding protein of interest conjugated to a labeled compound
in the presence of increasing amounts of an unlabeled second antibody.
Prophylactic and Therapeutic Uses The present invention also encompasses
the use of antibodies or multivalent antibodies of the invention for the
prevention, diagnosis, management, treatment or amelioration of one or more
symptoms associated with diseases, disorders of diseases or disorders,
including but not limited to cancer, inflammatory and autoimmune diseases
either alone or in combination with other therapies. The invention also
encompasses the use of antibodies of the invention conjugated or fused to a
moiety (e.g., therapeutic agent or drug) for  prevention, management,
treatment or amelioration of one or more symptoms associated with diseases,
disorders or infections, including but not limited to cancer, inflammatory
and autoimmune diseases either alone or in combination with other
therapies. Many cell types express various common cell surface antigens and
it is the specific combination of antigens that distinguish a defined
subset of cells. Using the multivalent antibodies of the invention, it is
possible to target specific subsets of cells without cross-reacting with
other unrelated populations of cells. Further, it is possible that
multivalent antibodies of the invention comprise one to several (two,
three, four, five, six, seven, eight, nine, ten, etc.) receptor binding
domains that bind cell surface antigens present on non-target cell
populations, however, it is the combined avidity of the set of receptor
binding domains, which confer an effective level of binding (i.e., a
therapeutically effective level of binding) to the target cell population.
In other words, several of the receptor binding domains are engaged to
facilitate the targeting of a particular cell type, which would not be
achieved by binding of an individual isolated domain (e.g., isolated from
the multivalent antibody) or not achieved by one or more, but not all
(i.e., a subset) of receptor binding domains (control peptides) exposed to
the same cell, but not as part of a multivalent antibody. It is envisioned
that the relative avidity contribution of each receptor binding domain may
be tailored to only target the specific cell population of interest. Such
affinity alterations may be performed by art-accepted techniques, such as
affinity maturation, site-specific mutagenesis, and others known in art. It
is also contemplated that the relative avidity contribution of each
receptor binding domain may also be altered by changing the relative
orientation of the receptor binding domains in the multivalent antibody.
Accordingly, provided herein in one embodiment are methods of using
multivalent antibodies of the invention to identify, deplete, modulate
(e.g., activate, inhibit) a cell population (e.g., in vivo in a mammal
(e.g., a human) and/or in vitro). In some embodiments, the increase in
avidity exhibited by the multivalent antibodies of the invention for a
target cell population in vitro or when administered to a mammal (e.g., a
human) is at least 2 fold, at least 3 fold, at least 4 fold, at least 5
fold, at least 6, fold, at least 7 fold, at least 8 fold, at least 9 fold,
at least 10 fold, at least 15 fold, at least 20 fold, or at least 25 fold
as compared to a "control epitope binding protein" which comprises one or
more, but not all (i.e., a subset) of receptor binding domains isolated
from the  multivalent antibody. In some embodiments, the increase in
avidity exhibited by the multivalent antibodys of the invention is at least
5%, at least 10%, at least 15%, at least 20%, at least 30%, fold, at least
40%, at least 50%, at least 75%, at least 85%, at least 90%, at least 95%,
or at least 150% over the "control epitope binding protein". In some
embodiments, multivalent antibodys of the invention have an increase in
avidity for a particular antigen compared to a control receptor binding
protein, which comprises one or more, but not all (i.e., a subset) of
receptor binding domains isolated from the multivalent antibody. In some
embodiments, the increase in avidity exhibited by the multivalent antibodys
of the invention is at least 2 fold, at least 3 fold, at least 4 fold, at
least 5 fold, at least 6, fold, at least 7 fold, at least 8 fold, at least
9 fold, at least 10 fold, at least 15 fold, at least 20 fold, or at least
100 fold over or at least 1000 fold over the control receptor binding
protein. In some embodiments, the increase in avidity exhibited by the
multivalent antibodys of the invention is at least 5%, at least 10%, at
least 15%, at least 20%, at least 30%, fold, at least 40%, at least 50%, at
least 75%, at least 85%, at least 90%, at least 95%, 100% over the control
receptor binding protein. 



In other embodiments, multivalent antibodies of the invention comprising X
number of receptor binding domains (where X is any positive integer from 2
through 6) exhibit an increase in avidity (in vitro or when administered to
a mammal (e.g., a human) for a particular antigen compared to a control
receptor binding protein (such as, but not limited to an antibody" an scFv)
wherein the control receptor binding protein comprises X-Y (where X and Y
are any positive integer from 2 through 6and X is greater than Y) receptor
binding domains, wherein at least one receptor binding domain in the
control receptor binding domain protein is specific for the same epitope as
the receptor binding domain present in the protein of the invention. In
other words, the invention provides multivalent antibodies with increased
avidity for a particular target as compared to control receptor binding
proteins with greater or fewer receptor binding domains wherein at least
one receptor binding domain is specific for a common antigen with the
protein of the invention. Such avidity changes in multivalent antibodies
allow for the decrease of toxicity of such therapeutic proteins (for
example, combinations of any antibodies listed in Table I. It is understood
that the proteins of the invention may exhibit a "tailor-fit" avidity
and/or  affinity to decrease toxicity in vivo. As such, the invention also
provides multivalent antibodies of the invention that exhibit a lower
toxicity in an animal, than a control receptor binding protein. It is also
appreciated that avidity changes may be evaluated by readily available in
vitro methods such as functional assays (including but not limited to
cytokine expression/release/binding, gene expression, morphology changes,
chemotaxis, calcium flux, and the like, growth and signaling), binding
measurements determined by BIAcore or KinExa measurements with control
receptor binding domain proteins. In some embodiments, control receptor
binding proteins may contain a subset of receptor binding domains from the
proteins of the invention. In other embodiments, control receptor binding
proteins may comprise at least one or more isolated receptor binding
domains from the multivalent antibodies of the invention. For example, for
a protein of the invention with 8 epitope binding domains, a control
receptor binding protein may comprise I, 2, 3, 4, 5, or 6receptor binding
domains, with at least one receptorbinding domain having specificity for an
antigen recognized by both the protein of the invention and the control
protein. In one embodiment, the multivalent antibodies of the invention are
used to specifically identify, deplete, activate, inhibit, or target for
neutralization cells which are defined by the expression of multiple cell
surface antigens. In a specific embodiment, the present invention provides
methods of treating cancers associated with a Wnt signaling pathway that
include, but are not limited to breast cancer, lung cancer, multiple
myeloma, ovarian cancer, liver cancer, bladder cancer gastric cancer,
prostate cancer, acute myeloid leukemia, chronic myeloid leukemia,
osteosarcoma, squamous cell carcinoma, and melanoma. Antibodies can also be
used to treat or prevent other disorders associated with aberrant or
defective Wnt signaling, including but are not limited to osteoporosis,
osteoarthritis, polycystic kidney disease, diabetes, schizophrenia,
vascular disease, cardiac disease, nononcogenic proliferative diseases,
fibrosis, and neurodegenerative diseases such as Alzheimer's disease. The
Wnt signaling pathway plays a critical role in tissue repair and
regeneration. Agents that sensitize cells to Wnt signaling can be used to
promote tissue  regeneration for many conditions such as bone diseases,
mucositis, acute and chronic kidney injury, and others. Suitable agents for
combination treatment with LRP6 antibodies include standard of care agents
known in the art that are able to modulate the activities of canonical Wnt
signaling pathway (e.g., PI3 kinase agents). Diagnostic Uses 



In one aspect, the invention encompasses diagnostic assays for determining
LRP6 protein and/or nucleic acid expression as well as LRP6 protein
function, in the context of a biological sample (e.g., blood, serum, cells,
tissue) or from individual afflicted with cancer, or is at risk of
developing cancer. Diagnostic assays, such as competitive assays rely on
the ability of a labelled analogue (the "tracer") to compete with the test
sample analyte for a limited number of binding sites on a common binding
partner. The binding partner generally is insolubilized before or after the
competition and then the tracer and analyte bound to the binding partner
are separated from the unbound tracer and analyte. This separation is
accomplished by decanting (where the binding partner was preinsolubilized)
or by centrifuging (where the binding partner was precipitated after the
competitive reaction). The amount of test sample analyte is inversely
proportional to the amount of bound tracer as measured by the amount of
marker substance. Dose-response curves with known amounts of analyte are
prepared and compared with the test results in order to quantitatively
determine the amount of analyte present in the test sample. These assays
are called ELISA systems when enzymes are used as the detectable markers.
In an assay of this form, competitive binding between antibodies and LRP6
antibodies results in the bound LRP6 protein, being a measure of antibodies
in the serum sample, most particularly, antibodies in the serum sample. A
significant advantage of the assay is that measurement is made of
neutralising antibodies directly (i.e., those which interfere with binding
of LRP6 protein, specifically, epitopes). Such an assay, particularly in
the form of an ELISA test has considerable applications in the clinical
environment and in routine blood screening. The invention also provides for
prognostic (or predictive) assays for determining whether an individual is
at risk of developing a disorder associated with LRP6. For example,
mutations in a LRP6 gene can be assayed in a biological sample. Such assays
can be used for prognostic or predictive purpose to thereby
prophylactically treat an individual prior to the onset of a disorder
characterized by or associated with LRP6 protein, nucleic acid expression
or activity. Another aspect of the invention provides methods for
determining LRP6 nucleic acid expression or LRP6 protein activity in an
individual to thereby select appropriate therapeutic or prophylactic agents
for that individual (referred to herein as "phannacogenomics").
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 an antibody or multivalent
antibodies of the invention mixed with a pharmaceutically acceptable
carrier or excipient. The compositions can additionally contain one or more
other therapeutic agents that are suitable for treating or preventing
cancer (breast cancer, lung cancer, multiple myeloma, ovarian cancer, liver
cancer, bladder cancer gastric cancer, prostate cancer, acute myeloid
leukemia, chronic myeloid leukemia, osteosarcoma, squamous cell carcinoma,
and melanoma). Formulations of therapeutic and diagnostic agents can be
prepared by mixing with physiologically acceptable carriers, excipients, or
stabilizers in the form of, e.g., lyophilized powders, slurries, aqueous
solutions, lotions, or suspensions (see, e.g., Hardman, et al. (2001)
Goodman and 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 al. (eds.) (1993) Pharmaceutical Dosage Forms: Parenteral
Medications, Marcel Dekker, NY; Lieberman, et al. (eds.) (1990)
Pharmaceutical Dosage Forms: Tablets, Marcel Dekker, NY; Lieberman, et al.
(eds.) (1990) Pharmaceutical Dosage Forms: Disperse Systems, Marcel Dekker,
NY; Weiner and Kotkoskie (2000) Excipient Toxicity and  



Safety, Marcel Dekker, Inc., New York, N.Y.). Selecting an administration
regimen for a therapeutic depends on several factors, including the serum
or tissue turnover rate of the entity, the level of symptoms, the
immunogenicity of the entity, and the accessibility of the target cells in
the biological matrix. In certain embodiments, an administration regimen
maximizes the amount of therapeutic delivered to the patient consistent
with an acceptable level of side effects. Accordingly, the amount of
biologic delivered depends in part on the particular entity and the
severity of the condition being treated. Guidance in selecting appropriate
doses of antibodies, cytokines, and small molecules are available (see,
e.g., Wawrzynczak (1996) Antibody Therapy, Bios Scientific Pub. Ltd,
Oxfordshire, UK; Kresina (ed.) (1991) Monoclonal Antibodies, Cytokines and
Arthritis, Marcel Dekker, New York, N.Y.; Bach (ed.) (1993) Monoclonal
Antibodies and Peptide Therapy in Autoimmune Diseases, Marcel Dekker, New
York, N.Y.; Baert et al., (2003) New Engl. J. Med. 348:601-608; Milgrom et
al., (1999) New Engl. J. Med. 341:1966-1973; Slamon et al., (2001) New
Engl. J. Med. 344:783-792; 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 dosage level will depend
upon a variety of pharmacokinetic factors including the activity of the
particular compositions of the present invention employed, or the ester,
salt or amide thereof, the route of administration, the time of
administration, the rate of excretion of the particular compound being
employed, the duration of the treatment, other drugs,  compounds and/or
materials used in combination with the particular compositions employed,
the age, sex, weight, condition, general health and prior medical history
of the patient being treated, and like factors known in the medical arts.
Compositions comprising antibodies of the invention can be provided by
continuous infusion, or by doses at intervals of, e.g., one day, one week,
or 1-7 times per week. Doses may be provided intravenously, subcutaneously,
topically, orally, nasally, rectally, intramuscular, intracerebrally, or by
inhalation. A specific dose protocol is one involving the maximal dose or
dose frequency that avoids significant undesirable side effects. A total
weekly dose may be at least 0.05 lug/kg body weight, at least 0.2 lug/kg,
at least 0.5 iug/kg, at least 1 lug/kg, at least 10 lug/kg, at least 100
lug/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 etal., (1999) J. Neurol. Neurosurg. Psych.
67:451-456; Portielji et al., (20003) Cancer Immunol. Immunother.
52:133-144). The desired dose of multivalent antibody is about the same as
for an antibody or polypeptide, on a moles/kg body weight basis. The
desired plasma concentration of a multivalent antibody is about the same as
for an antibody, on a moles/kg body weight basis. The dose may be at least
15 lug at least 20 lug, at least 25 iug, at least 30 lug, at least 35 lug,
at least 40 lug, at least 45 lug, at least 50 lug, at least 55 lug, at
least 60 lug, at least 65 iug, at least 70 lug, at least 75 lug, at least
80 lug, at least 85 lug, at least 90 iug, at least 95 iug, or at least 100
lug. 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 of the invention, the
dosage administered to a patient may be 0.0001 mg/kg to 100 mg/kg of the
patient's body weight. The dosage may be between 0.0001 mg/kg and 20 mg/kg,
0.0001 mg/kg and 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
mg/kg, 0.001 to 0.5 mg/kg, 0.01 to 0.25 mg/kg or 0.01 to 0.10 mg/kg of the
patient's body weight. The dosage of the antibody of the invention may be
calculated using the patient's weight in kilograms (kg) multiplied by the
dose to be administered in mg/kg. The dosage of the  antibodies of the
invention may be 150 jig/kg or less, 125 jig/kg or less, 100 jig/kg or
less, 95 jig/kg or less, 90 jig/kg or less, 85 jig/kg or less, 80 jig/kg or
less, 75 jig/kg or less, 70 jig/kg or less, 65 jig/kg or less, 60 jig/kg or
less, 55 jig/kg or less, 50 jig/kg or less, 45 jig/kg or less, 40 jig/kg or
less, 35 jig/kg or less, 30 jig/kg or less, 25 jig/kg or less, 20 jig/kg or
less, 15 jig/kg or less, 10 jig/kg or less, 5 jig/kg or less, 2.5 jig/kg or
less, 2 jig/kg or less, 1.5 jig/kg or less, 1 jig/kg or less, 0.5 jig/kg or
less, or 0.5 jig/kg or less of a patient's body weight. Unit dose of
theantibodies of the invention may be 0.1 mg to 20 mg, 0.1 mg to 15 mg, 0.1
mg to 12 mg, 0.1 mg to 10 mg, 0.1 mg to 8 mg, 0.1 mg to 7 mg, 0.1 mg to 5
mg, 0.1 to 2.5 mg, 0.25 mg to 20 mg, 0.25 to 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, 1
mg to 20 mg, 1 mg to 15 mg, 1 mg to 12 mg, I 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 antibodiesof the invention may achieve a serum titer of
at least 0.1 jig/ml, at least 0.5 jig/ml, at least 1 jig/ml, at least 2
jig/ml, at least 5 jig/ml, at least 6 jig/ml, at least 10 jig/ml, at least
15 jig/ml, at least 20 jig/ml, at least 25 jig/ml, at least 50 jig/ml, at
least 100 jig/ml, at least 125 jig/ml, at least 150 jig/ml, at least 175
jig/ml, at least 200 jig/ml, at least 225 jig/ml, at least 250 jig/ml, at
least 275 gghnl, at least 300 jig/ml, at least 325 jig/ml, at least 350
jig/ml, at least 375 jig/ml, or at least 400 jig/ml in a subject.
Alternatively, the dosage of the antibodies of the invention may achieve a
serum titer of at least 0.1 jig/ml, at least 0.5 jig/ml, at least 1 jig/ml,
at least, 2 jig/ml, at least 5 jig/ml, at least 6 jig/ml, at least 10
jig/ml, at least 15 jig/ml, at least 20 .mu.g/ml, at least 25 jig/ml, at
least 50 jig/ml, at least 100 jig/ml, at least 125 jig/ml, at least 150
jig/ml, at least 175 jig/ml, at least 200 jig/ml, at least 225 jig/ml, at
least 250 jig/ml, at least 275 jig/ml, at least 300 jig/ml, at least 325
jig/ml, at least 350 jig/ml, at least 375 jig/ml, or at least 400 jig/ml in
the subject. Doses of antibodies of the invention may be repeated and the
administrations may be separated by at least 1 day, 2 days, 3 days, 5 days,
10 days, 15 days, 30 days, 45 days, 2 months, 75 days, 3 months, or at
least 6 months.  An effective amount for a particular patient may vary
depending on factors such as the condition being treated, the overall
health of the patient, the method route and dose of administration and the
severity of side affects (see, e.g., Maynard, et al. (1996) A Handbook of
SOPs for Good Clinical Practice, Interphann Press, Boca Raton, Fla.; Dent
(2001) Good Laboratory and Good Clinical Practice, Urch Publ., London, UK).
The route of administration may be by, e.g., sutaneous application,
injection or infusion by intravenous, intraperitoneal, intracerebral,
intramuscular, intraocular, intraarterial, intracerebrospinal,
intralesional, or by sustained release systems or an implant (see, e.g.,
Sidman et aL, (1983) Biopolymers 22:547-556; Langer et al., (1981) J.
Biomed. Mater. Res. 15:167-277; Langer, (1982) Chem. Tech. 12:98-105;
Epstein et al., (1985) Proc. Natl. Acad. Sci. USA 82:3688-3692; Hwang et
al., (1980) Proc. Natl. Acad. Sci. USA 77:4030-4034; U.S. Pat. Nos.
6,350,466 and 6,316,024). Where necessary, the composition may also include
a solubilizing agent and a local anesthetic such as lidocaine to ease pain
at the site of the injection. In addition, pulmonary administration can
also be employed, e.g., by use of an inhaler or nebulizer, and formulation
with an aerosolizing agent. See, e.g., U.S. Pat. Nos. 6,019,968, 5,985,320,
5,985,309, 5,934,272, 5,874,064, 5,855,913, 5,290,540, and 4,880,078; and
PCT Publication Nos. WO 92/19244, WO 97/32572, WO 97/44013, WO 98/31346,
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 of the
invention include intravenous, intramuscular, intradermal, intraperitoneal,
subcutaneous, spinal or other parenteral routes of administration, for
example by injection or infusion. Parenteral administration may represent
modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal, intracapsular, intraorbital,
intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous,
subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal,
epidural and intrastemal injection and infusion. In one embodiment, the
antibody of the invention is administered by infusion. In another
embodiment, the antibody of the invention is administered  WO
2011/138391PCT/EP2011/057200 subcutaneously. If the antibodies of the
invention are administered in a controlled release or sustained release
system, a pump may be used to achieve controlled or sustained release (see
Langer, supra; Sefton, (1987) CRC Crit. Ref Biomed. Eng. 14:20; Buchwald
etal., (1980) Surgery 88:507; Saudek etal., (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 pynolidone), poly(vinyl alcohol),
polyacrylamide, poly(ethylene glycol), polylactides (PLA),
poly(lactide-co-glycolides) (PLGA), and polyorthoesters. In one embodiment,
the polymer used in a sustained release formulation is inert, free of
leachable impurities, stable on storage, sterile, and biodegradable. A
controlled or sustained release system can be placed in proximity of the
prophylactic or therapeutic target, thus requiring only a fraction of the
systemic dose (see, e.g., Goodson, in Medical Applications of Controlled
Release, supra, vol. 2, pp. 115-138 (1984)). Controlled release systems are
discussed in the review by Langer ((1990), Science 249:1527-1533). Any
technique known to one of skill in the art can be used to produce sustained
release formulations comprising one or more antibodies of the invention.
See, e.g., U.S. Pat. No. 4,526,938, PCT publication WO 91/05548, PCT
publication WO 96/20698, Ning et aL, (1996) "Intratumoral
Radioimmunotheraphy of a Human Colon Cancer Xenoigaft Using a
Sustained-Release Gel," Radiotherapy & Oncology 39:179- 189, Song etal.,
(1995), "Antibody Mediated Lung Targeting of Long-Circulating Emulsions,"
PDA Journal of Pharmaceutical Science & Technology 50:372-397, Cleek et
al., (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. Intl. Symp.
Control Rel. Bioact. Mater. 24:759-760, each of which is incorporated
herein by reference in their entirety. 



If the antibodies of the invention are administered topically, they can be
formulated in the form of an ointment, cream, transdermal patch, lotion,
gel, shampoo, spray, aerosol, solution, emulsion, or other form well-known
to one of skill in the art. See, e.g., Remington's Pharmaceutical Sciences
and Introduction to Pharmaceutical Dosage Forms, 19th ed., Mack Pub. Co.,
Easton, Pa. (1995). For non-sprayable topical dosage forms, viscous to
semi-solid or solid forms comprising a carrier or one or more excipients
compatible with topical application and having a dynamic viscosity, in some
instances, greater than water are typically employed. Suitable formulations
include, without limitation, solutions, suspensions, emulsions, creams,
ointments, powders, liniments, salves, and the like, which are, if desired,
sterilized or mixed with auxiliary agents (e.g., preservatives,
stabilizers, wetting agents, buffers, or salts) for influencing various
properties, such as, for example, osmotic pressure. Other suitable topical
dosage forms include sprayable aerosol preparations wherein the active
ingredient, in some instances, in combination with a solid or liquid inert
carrier, is packaged in a mixture with a pressurized volatile (e.g., a
gaseous propellant, such as freon) or in a squeeze bottle. Moisturizers or
humectants can also be added to pharmaceutical compositions and dosage
forms if desired. Examples of such additional ingredients are well-known in
the art. If the compositions comprising antibodies are administered
intranasally, it can be formulated in an aerosol form, spray, mist or in
the form of drops. Methods for co-administration or treatment with a second
therapeutic agent, e.g., a cytokine, steroid, chemotherapeutic agent,
antibiotic, or radiation, are known in the art (see, e.g., Hardman et al.,
(eds.) (2001) Goodman and Gilman's The Pharmacological Basis of
Therapeutics, 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 of 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 1
to about 2 hours apart, at about 2 hours to about 3 hours apart, at about 3
hours to about 4 hours apart, at about 4 hours to about 5 hours apart, at
about 5 hours to about 6 hours apart, at about 6 hours to about 7 hours
apart, at about 7 hours to about 8 hours apart, at about 8 hours to about 9
hours apart, at about 9 hours to about 10 hours apart, at about 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 of the invention. The two or more therapies may be administered
within one same patient visit. The antibodies of the invention and the
other therapies may be cyclically administered. Cycling therapy involves
the administration of a first therapy (e.g., a first prophylactic or
therapeutic agent) for a period of time, followed by the administration of
a second therapy (e.g., a second prophylactic or therapeutic agent) for a
period of time, optionally, followed by the administration of a third
therapy (e.g., prophylactic or therapeutic agent) for a period of time and
so forth, and repeating this sequential administration, i.e., the cycle in
order to reduce the development of resistance to one of the therapies, to
avoid or reduce the side effects of one of the therapies, and/or to improve
the efficacy of the therapies. In certain embodiments, the multivalent
antibodies of the invention can be formulated to ensure proper distribution
in vivo. For example, the blood-brain barrier (BBB) excludes many highly
hydrophilic compounds. To ensure that the therapeutic compounds of the
invention cross the BBB (if desired), they can be formulated, for example,
in liposomes. For methods of manufacturing liposomes, see, e.g., U.S. Pat.
Nos. 4,522,811; 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. Pharmacol. 29:685). Exemplary targeting moieties include
folate or biotin (see, e.g., U.S. Pat. No. 5,416,016 to Low et al);
mannosides (Umezawa et al., (1988) Biochem. Biophys. Res. Commun.
153:1038); antibodies (P. G. Bloeman et al. (1995) FEBS Lett. 357:140; M.
Owais etal., (1995) Antimicrob. Agents Chemother. 39:180); surfactant
protein A receptor (Briscoe etal., (1995) Am. J. Physiol. 1233:134); p 120
(Schreier el al., (1994) J. Biol. Chem. 269:9090); see also Keinanen et
al., (1994) FEBS Lett. 346:123; Killion el aL, (1994) Immunomethods 4:273.
The invention provides protocols for the administration of pharmaceutical
composition comprising antibodies of the invention alone or in combination
with other therapies to a subject in need thereof. The therapies (e.g.,
prophylactic or therapeutic agents) of the combination therapies of the
present invention can be administered concomitantly or sequentially to a
subject. The therapy (e.g., prophylactic or therapeutic agents) of the
combination therapies of the present invention can also be cyclically
administered. Cycling therapy involves the administration of a first
therapy (e.g., a first prophylactic or therapeutic agent) for a period of
time, followed by the administration of a second therapy (e.g., a second
prophylactic or therapeutic agent) for a period of time and repeating this
sequential administration, i.e., the cycle, in order to reduce the
development of resistance to one of the therapies (e.g., agents) to avoid
or reduce the side effects of one of the therapies (e.g., agents), and/or
to improve, the efficacy of the therapies. The therapies (e.g.,
prophylactic or therapeutic agents) of the combination therapies of the
invention can be administered to a subject concurrently. The term
"concun-ently" 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 comprising antibodies of the
invention are administered to a subject in a sequence and within a time
interval such that the antibodiesof the invention can act together with the
other therapy(ies) to provide an increased benefit than if they were
administered otherwise. For example, each therapy may be administered to a
subject at the same time or sequentially in any order at different points
in time; however, if not administered at the same time, they should be
administered sufficiently close in time so as to provide the desired
therapeutic or prophylactic effect. Each therapy can be administered to a
subject separately, in any appropriate form and by any suitable route. In
various embodiments, the therapies (e.g., prophylactic or therapeutic
agents) are administered to a subject less 



than 15 minutes, less than 30 minutes, less than 1 hour apart, at about 1
hour apart, at about 1 hour to about 2 hours apart, at about 2 hours to
about 3 hours apart, at about 3 hours to about 4 hours apart, at about 4
hours to about 5 hours apart, at about 5 hours to about 6 hours apart, at
about 6 hours to about 7 hours apart, at about 7 hours to about 8 hours
apart, at about 8 hours to about 9 hours apart, at about 9 hours to about
10 hours apart, at about 10 hours to about 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
samepatient visit. The prophylactic or therapeutic agents of the
combination therapies can be administered to a subject in the same
pharmaceutical composition. Alternatively, the prophylactic or therapeutic
agents of the combination therapies can be administered concurrently to a
subject in separate pharmaceutical compositions. The prophylactic or
therapeutic agents may be administered to a subject by the same or
different routes of administration. The invention having been fully
described, it is further illustrated by the following examples and claims,
which are illustrative and are not meant to be further limiting. Examples
Methods and Materials 1: Pannings, antibody identification and
characterization (a) Panning (i) HuCAL GOLD(r) 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(r) library. The phagemid library is based
on the HuCAL(r) concept (Knappik et al., (2000) J Mol Biol 296:57-86) and
employs the CysDisplayTM technology for displaying the Fab on the phage
surface (W001105950 to Lohning).  In detail, the HuCAL GOLD(r) library used
in the current project is described in (Rothe et al., (2007) J Mal Bial)
Either phagemids produced with helper phage VCSMI3 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(r) 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 TG1
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
Fe-captured LRP6-Fc and unspecific phage were washed away using different
concentrations of PBST, and PBS at different times. The remaining phage
were eluted, and used immediately for infection of E. coli 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-Fc were performed as described above for whole
cell pannings and for Fc capture pannings. During the selection process,
unspecific phage were removed using different concentrations of PBS and
PBST for different time periods. Phage infection of E. coli 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(r) phage were subcloned into an expression vector
pMORPH(r)X9_FH or pMORPleX9 FS. After transformation of TG 1-F single clone
expression and preparation of periplasmic extracts containing HuCAL(r)-Fab
fragments were performed as described previously (Rauchenberger et al.,
(2003)). 2: Screening FAGS 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 Pc capture panning strategy as described
above were also tested by flow cytometry. Cells were harvested at 70 to 80
% confluency, resuspended in FACS buffer, and stained with bacterial cell
lysates in 96 well U-bottom microtiter plates. Antibody binding was
revealed with flurochrome-conjugated detection antibodies. Stained cells
were washed twice and mean fluorescence intensity was measured and analyzed
using a FACSArray instrument (BectonDickinson). (ii) Fc-capture Screening
on Recombinant Human LRP6-Fc Clones selected in the Pc-capture panning were
screened in an Pc-capture-ELISA setup.  Maxisotp (Nunc, Rochester, NY, USA)
384 well plates were coated with goat anti-human IgG, Fc fragment specific
antibody. After washing with PBST and blocking the wells, recombinant human
LRP6-Fc was added. After washing the coated plates, cell lysates were added
and bound Fab fragments were detected using AP-conjugated goat IgG
antihuman IgG F(ab')2 with the substrate AttoPhos. Fluorescence was read at
535 rim using a Tecan Plate Reader.  3: Expression and Purification of
HuCAL8)-Fab Antibodies in E. coil Expression of Fab fragments encoded by
pMORPH*X9 Fab_FH or pMORP11X 1 l_Fab_FH in TG-1 cells was induced by
addition of IPTG. Cells were disrupted using lysozyme and Fab fragments
isolated by Ni-NTA chromatography (BioRad, Germany). Protein concentrations
were determined by UV-spectrophotometry. Purity of Fab fragments was
analyzed in denatured, reduced state using SDS-PAGE and in native state by
HP-SEC.  4: Affinity Determination N Surface Plasmon Resonance Measurements



For determination of KD values, surface plasmon resonance technology was
applied. Antihuman-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 KD 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 (Haenel 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 ,,--- An. (  ril",
([Fab] + x + I C 1_) - 11(Vabi, + x + KD)2 - 4 x[F ab],)) 2 If ab J, [Fabl:
applied total Fab concentration x: applied total soluble antigen
concentration (binding sites) B.: maximal signal of Fab without antigen KD:
affinity 5: Screening After Affinity Maturation EC50 Determination on
HEK293T/17 cells 



EC50 values were determined on parental HEK293T/17 cells in FACS
measurements. A typical antibody titration curve contained ten to twelve
different antibody dilutions, and titrations started at concentrations of
approx. 150 to 200 p.g / mL (final concentration). Cells were harvested
using Accutase, resuspended in FACS buffer, distributed to the wells of a
96-well plate, and stained with antibody dilutions. 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 pMORP1-14)_hIg
vectors for human IgG2, human IgG4, human IgG4_Pro, and human IgG I f LALA.
7: Transient Expression and Purification of Human IgG Eukaryotic HKB 11
cells were transfected with equal amounts of IgG heavy and light chain
expression vector (pMORPH2) or expression vector DNA encoding for heavy and
light chains of IgGs (pMORPH4). After sterile filtration, the solution was
subjected to standard protein A affinity chromatography (MabSelect SURE, GE
Healthcare). Protein  concentrations were determined by
UV-spectrophotometry. Purity of IgG was analyzed under denaturing, reducing
and non-reducing conditions in SDS-PAGE or by using Agilent BioAnalyzer and
in native state by HP-SEC. 8: Wnt Reporter Gene Assay The ability of
anti-LRP6 antibodies to inhibit Wnt signaling was tested in a Wntl and
Wnt3a responsive luciferase reporter gene assay. Cells were either
stimulated with Wnt3a conditioned medium or by co-transfection of Wnt 1,
Wnt3a, or other Wnt expression plasmids. (1) 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 p.L medium. 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 i.tL/well of the supernatant was
removed from the 96 well tissue culture plate and replaced by 60 li.L/well
of the conditioned medium/antibody dilutions. After Incubation for 16 to 24
h at 37 C/5 % CO2, 100 lit 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) 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 p.L medium as described in
Table 3. After 12 to 16 h, cells were transfected with empty vector Wnt
expression plasmidl ng/well; pTA-Luc-10xSTF (Firefly luciferase
construct)50 ng/well; or phRL-SV40 (Renilla luciferase construct) 0.5
ng/well. A transfection premix (10 pL/well) was prepared containing the
plasmids listed above and 0.2 pt FuGene6/well (Roche). The transfection
premix was incubated 15 min at RI  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 (75 4/well). After 18 to 24 h, 75 4/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 4/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 1C50-determination of the
anti-LRP6 antibodies, the relative luciferase values were analyzed using
GraphPad Prism. A similar assay can also be performed using co-culture of
Wntl or other Wntl class ligand over-expressing cells (e.g. CHO-K1, TM3, L
or HEK293 cells). 9: FACS Cross-Reactivity Studies Cross-species reactivity
to murine and cynomologus LRP6 was determined on cells by FACS analysis.
FACS staining was performed essentially as described above. Human U266
cells (no expression of LRP6) were used as a negative control.
Cross-reactivity to murine LRP6 was tested on murine NIH-3T3 cells.
Cross-reactivity to cynomologus LRP6 was tested on the cynomologus cell
line Cynom-Kl and on transiently transfected HEK293T/17 cells: For testing
cynomologus cross-reactivity on the human cell line HEK293T/17, the cells
were transiently transfected using Lipofectamine (Invitrogen) according to
the manufacturer's instructions. Cells were either transfected with a
mixture of the human LRP6 expression plasmid pCMV6_XL4_LRP6 and the
chaperone-encoding plasmid pcDNA3.1-flag_MESD or with a mixture of
pcDNA3.1-nV5-DEST_cynoLRP6 and pcDNA3.1-flag_MESD (overexpression of
cynomologus LRP6). 50 1.1.g of LRP6 expression plasmid and 20 jig 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.  11: IIIMTV-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 tnm3, 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 1-1EK293 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
pt/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, 711, 9, 10A, 1011) 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 Ix with FACS buffer, they were incubated with
PE-conjugated Streptavidin (Dianova) for 1 hour at 4C on a plate shaker in
the dark. Cells were washed twice with FACS buffer and fluorescence was
measured using FACS Array (BD). Similarly, unbiotinylated anti-LRP6 Fabs
were competed with a 100-fold molar excess of the LRP6-binding protein SOST
and binding of the Fabs to the cells was monitored by PE-conjugated anti
human IgG antibody (Dianova). 14: Immunoblotting assay 



Total cell lysates were prepared in RIPA buffer (50 mM Tris-HC1, pH 7.4,
150 mM NaC1, 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-HC1 p117.5, 10mM KC1) 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 FACS Detection of endogenous cell surface expression of
LRP6 was examined on a number of tumor cells using the anti-LRP6 antibodies
and FACS analysis. As shown in Fig. IA, PA I 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 antiLRP6
antibody, although they express LRP6, demonstrating the specificity of
anti-LRP6  antibody. Furthermore, anti-LRP6 antibody staining of PA1 cells
is significantly reduced upon depletion of endogenous LRP6 using LRP6
shRNA, further demonstrating the specificity of the LRP6 antibody. In
additional studies, knockdown of LRP6 by shRNA in PA1 cells further
confirms specificity of Propl 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.
Example 2: Differential inhibition of wnti and Wnt3a reporter gene assays
by Propeller 1 and Propeller 3 anti-LRP6 Fabs Different anti-LRP6 Fabs were
tested in in vitro Wnt reporter assays. Writl 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 etal. (2009), Nature;
461:614-20. Epub 2009 Sep 16. As seen in Fig. 2A, Propeller I anti-LRP6
Fabs (MOR08168, M0R08545, M0R06706) specifically reduced Wntl -dependent
signaling without much effect on Wnt3A-dependent signaling. Conversely as
shown in Fig. 2B, Propeller 3 antiLRP6 Fabs (M0R06475, MOR08193, M0R08473)
specifically reduced Wnt3Adependent signaling without significant effects
on Wntl-dependent Wnt1-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
11EK293T/17 STF cells (gene reporter assay) and treated with Propeller 1 or
Propeller 3 anti-LRP6 antibodies. STF assays were conducted using the
protocols described by Huang et al. (2009), Nature; 461:614-20. Epub 2009
Sep 16. The results are shown in Fig. 4 which depicts the activity
inhibition of particular Wnts based on antibody binding/blocking to
specific propeller regions of LRP6. Fig. 4 shows that signaling induced by
Wntl, Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9, Wntl0A, Wntl OB can be specifically
inhibited by Propeller 1 anti-LRP6 Fabs, while signaling induced by Wnt3
and Wnt3A can be specifically inhibited by Propeller 3 anti-LRP6 Fabs.
Example 5: Conversion of LRP6 antibodies from Fab fragments to IgG
potentiates Wnt signaling induced by the other class of Wnt In a rather
unexpected observation, conversion of LRP6 antibodies from Fab fragments to
IgG potentiates WNT signaling. Propeller 1 anti-LRP6 IgG inhibits Wntl
-dependent and potentiates Wnt3A-dependent signaling in a 293T/17 STF
reporter assay. Similarly, Propeller 3 anti-LRP6 IgG inhibits
Wnt3A-dependent and potentiates Wntl-dependent signaling as shown in Fig.
5. This finding suggests that the Wnt signaling pathway may be modified or
"fine tuned" using Propeller 1 and Propeller 3 antibodies. Similar effects
were observed in STF reporter assays in other cellular backgrounds (e.g.
MDA-MB231, MDA-MB435, PA-1, TM3 and 3t3 cells - data not shown) Example 6:
Propeller] or Propeller 3 anti-LRP6 Fabs specifically inhibits Wnt] or
Wnt3A-induced LRP6 phosphorylation. HEK293T/17 cells were transiently
transfected with Wntl or Wnt3A expression plasmids and treated with
Propeller lor Propeller 3 anti-LRP6 Fabs. As seen in Fig. 6, Propeller 1
anti-LRP6 Fabs specifically inhibits Wntl-induced phosphorylation of LRP6,
for example, T1479 and 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 Will 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-Wnt 1 transgenic mice are Wnti 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-Wnt1
tumors, mice implanted with MMTV-Wntl tumors were dosed i.v. with a single
dose of 5 mg/kg Wntl class-specific antagonistic anti-LRP6 antibody. Serum
concentrations of the antibody as well as the mRNA expression of p-catenin
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 Wnt1class-specific anti-LRP6 antibody suppresses
Wnt signaling in MMTVWntl 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 antiLRP6 antibody caused tumor regression. Together,
these results demonstrate that Propeller 1-specific anti-LRP6 antibody
induces regression of MMTV-Wntl xenografts, MMTV-Wntl tumor xenografis 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 Litnma 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. SA is a table that shows genes that were upregulated >2-fold
with an adjusted P-value of <0.01 and Fig. 8B is a table that shows genes
that were downregulated >2-fold with an adjusted P-value of <0.01. Example
8: Anti-tumor activities of Propeller 1 and Propeller 3 anti-LRP6
antibodies in MMTV-Wntl allograft model. 



Anti-tumor activity of LRP6 Propeller 1 and 3 antibodies was evaluated in
the MMTVWntl allograft model. MMTV-Wntl 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 M0R06475 (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 I 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 MMTVWnt3 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
M0R06475 LRP6-Propeller 3 Ab (10 mg/kg, i.v., 2qw) and tumors calipered
twice per week. M0R06475 LRP6-Propeller 3 Ab demonstrated antitumor
activity (T/C=34%, p<0.05) (See Fig. 10).  Example 10: Evaluation of
ability of Propeller 1 and 3 anti-LRP6 antibodies to inhibit 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 10x 10e6 PA1 -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, M0R08168 LRP6- Propeller 1 Ab (10
mg/kg), or M0R06475 LRP6-Propeller 3 Ab (10 mg/kg) and were imaged by
Xenogen 6 hours, 24 hours, 48 hours, 72 hours and 168 hours later. M0R06475
was able to inhibit Wnt3a induced signaling for at least 72 hours, whereas
Mor08168 increased Wnt3A induced signaling (Fig. 11). Example 11: Epitope
mapping of LRP6 PD3/4 and its antibody complex by HDx MS To identify
antibody binding sites within YWTD-EGF region of Propeller 3,
hydrogen-deuterium exchange (HDx) mass spectrometry (MS) was employed. LRP6
Propeller domains 3-4 (PD3/4) has 12 cysteines and 4 N-linked glycosylation
sites. All 4 N-linked glycosylation sites are positioned in Propeller 3
domain (631-932). By HDx MS, close to 100% coverage (amount of protein it
was possible to get structural information for) was mapped on the Propeller
4 domain, and about 70% coverage on Propeller 3 domain. Regions immediately
surrounding the 4 glycosylated sites remain undetected (Fig. 12A). In the
presence of Fab 06745, 2 weakly solvent protected peptides were found in
Propeller 3 (Phe636-Leu647, Tyr 844_856                             Glu--
'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 P1J34, 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, W850A1S851A, R852/R853A, and
D874A1Y875A) 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, W850/5851, and R8521R853) 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, S851, R852, and R853
participate directly in the epitope. Collectively, these results show that
different Wnt proteins require different Propeller regions of LRP6 for
signaling. The Wnt 1 class of Wnt proteins (Wntl, 1, 2, 6, 7A, 7B, 9,10A,
10B) requires Propeller 1 of LRP6 for Wntl signaling, and they can be
inhibited by Propeller 1 specific anti-LRP6 antibodies. The Wnt 3A class of
Wnt proteins (Wnt3 and Wnt3a) requires Propeller 3 of LRP6 for Wnt3
signaling, and they can be inhibited by Propeller 3 specific anti-LRP6
antibodies (Fig. 13). Another unexpected finding was the Wnt-potentiating
activity of the antibodies in the bivalent IgG format in the presence of
Wnt ligands. All antibodies tested in IgG format enhanced either Wntl or
Wnt3A signaling in the STF Luc reporter gene assay. Interestingly, most
Fabs that inhibited Wnt 1 and were inactive in the Wnt3A assay, still
inhibited Wnt 1 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, IgG2, IgG4, IgG4_Pro). These data shows that different Wnt
proteins bind to different Propellers of LRP6 for signaling. Dimerization
of LRP6 using bivalent LRP6 antibodies is not sufficient to stimulate Wnt
signaling by itself, but can potentiate Wnt signaling initiated by the
other class of Wnt proteins. These findings demonstrate that different
canonical Wnt ligands use distinct binding sites on LRP6 and that all
bivalent antibodies enhance Wnt activity in IgG format in the presence of
the non-blocked Wnt Fab (single chain antibodies, unibodies). Monovalent
structures of any kind as a final format circumvent the Wnt potentiation.
Alternative ly, the construction of a bispecific 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 Writ pathway Example 12: Generating a Biparatopic LRP6
Antibody This example describes the production and characterization of
biparatopic anti-LRP6 IgG-scFv antibodies. Various anti-LRP6 scFv's
containing different domain orientations (e.g. VH-VL or VL-VH) and
different linker lengths (e.g. (Gly4Ser)3 or (Gly4Ser)4) were initially
expressed, purified and characterized. Based on results of the scFv study,
different biparatopic anti-LRP6 IgG-scFv's were prepared and further
evaluated. The scFv may be placed at various positions within the IgG
including the C-terminus of CH3 or CL and the N-terminus of VH or VL.
Furthermore, various linkers may be used to connect the scFv to the IgG
including Gly4Ser and (GlyGlySer)2. (a) Materials and Methods (0 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 pFAB15-FkpA, resulting
constructs were called pFab15-MOR06475-VH-(Gly4Ser)3-VL, pFabl 5-
MOR06475-VH-(Gly4Ser)4-VL, pFab15-MOR06475-VL-(Gly4Ser)3-VH, pFab15-
M0R06475-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, pFab I 5-MOR08545-VH-(Gly4Ser)3-VL, pFabl 5-
MOR08545-VH-(Gly4Ser)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 MOR081 68
hIgG1LALA containing codon-optimized VH-sequence (synthesized by Geneart)
was used as source for generation of biparatopic construct. Initially,
AfeI-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'-



gtagtggttgtgcagcgcttcgtgcatcacgctg-3' (SEQ ID NO; 214)). Gene coding for
MOR06475scFv (VL-VH-orientation, separated by (Gly4Ser)4-linker) was
synthesized by Geneart. 5'-primer containing Ate-site and sequence coding
for (GlyGlySer)2 -linker as well as 3'-primer containing Ase-site were used
for amplification of entire MOR06475- scFv-gene (primer no. 3:
5'-tgatgcacgaagcgctgcacaaccactacacccagaagagcctgagcctgtcccceggcaag
ggeggaccggeggaagcgatatc-3' (SEQ ID NO: 215) and primer no. 4: 5%
gagcggccgcccggcgcgcc tcatcagctggacactgtcaccaggg-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
hIgG1LALA-6475sc-fv. Gene coding for codonoptimized VL of MOR08168 was
synthesized by Geneart. 5'-primer containing Age-site and 3'-primer
containing HindIII-site were used for amplification of entire MOR08168-
VL-genes (primer no. 5: (5'-gcttccggacaccaccggt gacatcgagctgacccagcc-3' SEQ
ID NO: 217) and primer no. 6: 5'-cagcacggtaagctt ggtgcctccgccgaacaccag-3'
(SEQ ID NO: 218)). PCR-product was then cloned via AgeI/HindIII into vector
pRS5ahlambda resulting in the final construct pRS5a M0R08168 hlambda.
anti-LRP6_M0R08168 hIgG1LALA 6475scFv without Lys (1Q Vector pRS5a MOR08168
hIgG1LALA-6475scFv (SEQ ID NO:165) was used as template DNA for removal of
C-terminal Lysin at CH3. Quick Change XL Site-Directed Mutagenesis Kit
(Stratagene) was used in combination with following primers:
5'-ctgtcccccggeggcggctccggc-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 M0R08168opt 6475 scFv K. 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 AspAla (DP to DA)  Vector pRS5a MOR08168 higG1LALA-6475scFv (SEQ
ID NO: 165) was used as template DNA for substitution of DP to DA in VH of
scFv. Quick Change XL Site-Directed Mutagenesis Kit (Stratagene) was used
in combination with following primers:
5'-ccatgaccaacatgga_cgccgtggacaccgccacc-3' (SEQ ID NO: 221)
5'-ggtggcggtgtccacggcgtccatgaggtcatgg-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 M0R08168 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: 5'-caccatgaccaacatgaccgccgtggacaccgccacc-3' (SEQ ID NO: 223)
5'-ggtggeggtgtccacggcggtcatgaggtcatggtg-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_M0R08168
hIgG1LALA_6475scFv) containing codon-optimized VL-sequence (synthesized by
Geneart) was used w/o any modifications for expression of LC. anti-LRP6
MOR08168hIgG1 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/HindIII into vector pRS5a hlambda MOR08168. Resulting vector was
called pRS5a hlambda MOR08168 6475scFv at VL. anti-LRP6 MOR06475hIgG1 LALA
8168scfv JVH-3-VL), where 3 represents a (Gly4Ser)3 amino acid linker
between the VH and VL chains.  M0R06475-VH was amplified from vector pM2
hIgG1LALA M0R06475 with following primers:
5'-gttectggtcgcgatcctggaaggggtgcactgccaggtgcaattgaaagaaagcg-3 (SEQ ID NO:
225) 5'-cttggtggaggctgagetaac-3' (SEQ ID NO: 226) PCR-roduct was cloned via
NruI/B1pI into vector pRS5a hIgG1LALA MOR08168 6475scFv, resulting vector
was called pRS5a hIgG1LALA M0R06475 6475scFv.  MOR08168scFv was amplified
from vector pRS5a MOR08168 scFv (VH-3-VL) with following primers: 



5'-gcacgaagcgctgcacaaccactacacccaga.agagcctgagcctgtcccccggcaagggcggctccggcg
gaagc caggttcaattggttgaaagc-3' (SEQ ID NO: 227)
5'-gggccactagageggccgcccggcgcgcctcatcacagaacggtaagcttggtgcc-3' (SEQ ID NO:
228) PCR-product was cloned via AfeI/XbaI into vector pRS5a hIgG1LALA
M0R06475 6475scFv, resulting final vector was called pRS5a hIgG1LALA
M0R06475 8168scFv (VH-3-VL). M0R06475-VL was amplified from vector pM2
hkappa MOR06475 with following primers:
5'-gacaccaccggtgatatcgtgctgacccagagc-3' (SEQ ID NO: 229)
5'-gcagccaccgtacgtttaatttca.ac-3' (SEQ ID NO: 210) PCR-product was cloned
into vector pRS5a hkappa M0R06654 via AgeI/BsiWI, resulting vector was
called pRS5a hkappa M0R06475. anti-LRP6 MOR06475hIgG1 LALA 8168scfv
(VH-4-VL). where 4 represents a fay_44  amino acid linker between the VH
and VL chains.  M0R06475-VH was amplified from vector pM2 hIgG1LALA
MOR06475 with following primers:
5'-gttcctggtcgcgatcctggaaggggtgcactgccaggtgcaattgaaagaaagcg-3' (SEQ ID NO:
211) 5'-cttggtggaggctgagctaac-3' (SEQ ID NO: 212) PCR-product was cloned
via NruI/B1pI into vector pRS5a hIgG1LALA MOR08168 6475scFv, resulting
vector was called pRS5a hIgG1LALA M0R06475 6475scFv. MOR08168scFv was
amplified from vector pRS5a MOR08168 scFv (VH-4-VL) with following primers:
5'-gcacgaagcgctgcacaaccactacacccagaagagcctgagcctgteccceggcaagggeggetccggegg
aagc caggttcaattggttgaaagc-3' (SEQ ID NO: 213)
5'-gggccetctagagcggccgcccggcgcgcctcatcacagaacggtaagcttggtgcc-3' (SEQ ID NO:
214) M0R06475-VL was amplified from vector pM2 hkappa M0R06475 with
following primers: 5'-gacaccaccggtgatatcgtgctgacccagagc-3' (SEQ ID NO: 215)
5'-gcagccaccgtacgtttaatttca.ac-3' (SEQ ID NO: 216) PCR-product was cloned
into vector pRS5a hkappa MOR06654 via AgeI/BsiWI, resulting vector was
called pRS5a hkappa MOR06475.  (iii) Expression of anti-LRP6-scFv 



Electrocompetent E. coli strain W3110 was transformed with plasmid-DNA.
Pre-cultures (150 ml LB-medium containing 12.5 [tg Tetracyline/ml and 0.4%
Glucose, in 500 ml flask) were inoculated with a single colony and
incubated over night at 37C/230 rpm. Expression cultures (6x 500 ml
SB-medium containing 12.5 pg Tetracycline/ml, in 2 1 flask) were inoculated
with pre-cultures to 0.13600 of 0.1 and incubated at 25C/230 rpm to 0.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 25C/230 rpm. Cells were harvested
by centrifugation (20 min at 4600 rpm, 4C) and cell pellets were frozen at
-20C. (iv) Purification of anti-ISP6-scFv Pellets from 3 1 expressions were
suspended in 50 ml Lysis-Buffer (20 mM NaH2PO4, 20 mM Imidazole, 500 mM
NaC1, 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 mm at 16000xg, 4C. lml
HisTrap HP column (GE Helthcare) was equilibrated with 10 ml Lysis-Buffer.
Supernatants were filtrated through Stericup Filter (Millipore) and loaded
into equilibrated column (1 ml/min). Column was washed with Lysis-Buffer
(20 ml) and bound protein was eluted with 3 ml Elution-Buffer (as
Lysis-Buffer but 250 mM Imidazole). Eluate was directly loaded on
Superdex75-column (HiLoad 16/60, GE-Healthcare), equilibrated with 130 ml
PBS (1 ml/min). Run was done with PBS at 1 ml/min, eluate was collected in
1.5 ml fractions and analyzed on 10% Bis-Tris-Gel (NuPage, Invitrogen).
Adequate fractions were pooled, filtrated through 0.2 i,tm filter and
stored at 4C. 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 M1 1V3 Media : Lot# D07668B in a BioWave20 at Rocks 10 rpm,
Angle 70, 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 M0R08168
hlarnbda 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: 70, Aeration 25
L/h, 02 25%, CO2 0-6%. Seven days after transfection, cells were removed by
crossflow filtration using Fresenius filters 0.2 pm. 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 pm). The sterile
supernatant was stored at 4C. 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 6C in a
cooling cabinet, using a freshly sanitised (0.2 M Na0H/ 30% isopropanol)
XK16/20 column with 25 ml of self-packed MabSelect SuRe resin (all GE
Healthcare). All flow rates were 3.5 ml/min, except for loading, at a
pressure limit of 5 bar. The column was equilibrated with 3 CV of PBS (made
from 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, pH 2.5, followed by a 2 CV constant step of the same
pH 2.5 buffer. The biparatopic IgG eluted during the gradient in a single
symmetric peak around pH 3.8, and was collected into 4 ml fractions. The
fractions were pooled into three pools, left slope, main peak and right
slope. The pools were immediately titrated to pH 7.0, slowly and under
stirring, using 2 M Tris, pH 9.0. The pools were sterile filtered
(Millipore Steriflip, 0.22 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 (UNIchipt 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/mi. 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 pg/ml. Microan-ay 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 of the secondary
antibody directly to the printed antigens, the secondary antibody was also
incubated on the UNIchip(r) without the use of the primary antibody. For
the determination of the level of cross reactivity normalized to the
corresponding antigen, the fluorescent signal intensity value at saturated
concentration (20 fmol/spot) was set as 100%. All signal intensities for a
given protein, which were more than 4 % of the antigen signal, were
considered as positive hits, providing they were not also found in the
respective control with only the secondary labeled antibody.  (viii)
Conformational stability measured by Differential Scanning Calorimetry
(DSC) DSC was measured using a capillary cell microcalorimeter VP-DSC from
Microcal, equipped with a deep-well plate auto-sampler. Data were analyzed
with the software Origin 7.5. The samples (400 pi), were added to 2 ml
deep-well plates from Nunell. 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" 1. 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/mi. Samples were
incubated at 37C in a plate incubator. 4 pl of each sample were taken at
different time-points, 10 pi sample buffer (4x, NuPage,  Invitrogen) and 26
ill water were added and samples were frozen at -20C. 12 ill of each sample
were loaded into 12% Bis-Tris-Gel (NuPage, Invitrogen), electrophoresis was
done at 200V for 35min. Protein transfer was done to PVDF-membrane
(Invitrogen) in Borate buffer (50 mM Borate, 50 mM Tris) at 30V for 1 h.
Membranes were briefly washed in TBST (10 mM Tris-HC1, pH 7.5, 150 mM NaC1,
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). (b) Results (i) Expression, purification and
characterisation of anti-LRP6-scFvs All scFv's were successfully expressed
in E. coil W3110 and purified by affinity chromatography followed by size
exclusion chromatography. Expected size (M0R06475 (Gly4Ser)3 /(Gly4Ser)4:
26.74 and 27.06 kDa respectively, MOR08168 (Gly4Ser)3 /(Gly4Ser)4: 26.5 and
26.85 kna respectively, M0R08545 (Gly4Ser)3 /(Gly4Ser)4: 25.99 and 26.31
kna 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 i.tg
of each purified protein were loaded into 10% Bis-Tris gel (NuPage,
Invitrogen) M: Marker See Blue Plus2 (Invitrogen); (1):
M0R06475-VH-(Gly4Ser)4-VL; (2) M0R06475-VL(Gly4Ser)4-VH; (3)
MOR08168-VH-(Gly4Ser)4-VL; (4) MOR08168-VL-(Gly4Ser)4-VH; (5)
M0R08545-VH-(Gly4Ser)4-VL; (6) M0R08545-VL-(Gly4Ser)4-VH (7) M0R06475-
VH-(Gly4Ser)3-VL; (8) M0R06475-VL-(Gly4Ser)3-VH (9) MOR08168-VH-(Gly4Ser)3-
VL; (10) MOR08168-VL-(Gly4Ser)3-VH; (11) M0R08545-VH-(Gly4Ser)3-VL; (12)
M0R08545-VL-(Gly4Ser)3-VH. Thermal Stability was compared for all Say's by
DSC. The melting temperature (Tm) was significantly higher for the M0R06475
variants. The highest Tm (64.7C) was observed for M0R06475-VL-(Gly4Ser)4-VH
therefore this molecule is believed to be potentially more stable then the
other constructs produced.  Activity of M0R06475, M0R08168 and M0R08545
scFv 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 (M0R08168) inhibits Propeller 1 ligands such as
Wntl, while potentiating Propeller 3 ligands such as Wnt3 in the STF assay.
Propeller 3 scFv6475 inhibits Propeller 3 ligands such as Wnt3, while
having no activity on Propeller 1 ligands such as Wntl. Furthermore,
M0R08168/6475 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-scFv format produced in this 



study is presented in Fig. 15. Fig. 15A represents a scFv scFv attached to
the C-terminus of an IgG; 15B scFv scFv attached to the N-terminus of an
Fe; 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 FeRn at pH 6.0 with a Kd of 0.021 and 0.0231.tM 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 37C, 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. coil. Anti-LRP6 M0R06475, 8168 and 8545 were expressed
as VHVL and VL-VH scFv's with a (Gly4Ser)3 and (Gly4Ser)4 linker. All
M0R06475 and MOR08168 variants were successfully expressed and purified
with a low level (<5%) of aggregates. Correctly processed protein with
expected sizes were obtained. Thermal stability data showed that the most
stable scFv format was M0R06475-VL- (Gly4Ser)4 - VH with a Tm of 64.7C. All
tested M0R08168 scFv formats showed significantly reduced thermal stability
with a Tm of 50-52C. Biparatopic anti-LRP6 IgG's with scFv at CH3 and VL as
well as modified variants (without C-terminal Lys (K) at CH3, with
substitutions AspPro (DP) to AspAla (DA) and AspPro (DP) to ThrAla (TA) in
VH of scFv) were successfully expressed and purified with a low level (<5%)
of aggregates from cell culture. The expected sizes of approximately
197-198 kDa were determined. Constructs anti-LRP6 MOR08168 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 VH. 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 M0R08168 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 p117.4. The parental
antibody bound with similar kinetics. 



Example 13: In vivo evaluation of biparatopic antibody anti-LRP6
MOR08168hIgG1LALA 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 PA1-STF reporter cells
co-implanted with Wnt3A secreting L cells. Female nude mice were implanted
subcutaneously with 10x1 0e6 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, M0R08168 LRP6-Propeller 1 Ab (10 mg/kg),
M0R06475 LRP6- Propeller 3 Ab (10 mg/kg), or the biparatopic antibody
anti-LRP6 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 M0R06475 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 MMTVWnt1 tumors, mice implanted with MMTV-Wntl tumors
were dosed i.v. with a single dose of 5 mg/kg of the biparatopic antibody
anti-LRP6 MOR08168hIgG1LALA 6475 scfv or a single dose of 5 mg/kg of the
MOR08168 LRP6-Propeller 1 antibody. Serum concentrations of the biparatopic
antibody, and propeller 1 antibody, as well as the mRNA expression
of13-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 MOR08168hIgGILALA 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 mm3) 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 bipatatopic antibody anti-LRP6 M0R08168hIgG1LALA
6475 scfv antibody induced tumor regressions (-93%, p<0.05 and -91%, p<0.05
respectively) (See Fig. 22). The dose dependency of the biparatopic
antibody anti-LRP6 MOR08168hIgG1LALA 6475 scfv was evaluated and is
depicted in Fig. 23. Inhibition of Wnt signaling in colorectal cancer cells
by 13-catenin siRNA or dominant-negative TCF-4 causes rapid cell cycle
arrest and induces an intestinal differentiation program (van der Wetering
et al. (2002), Cell, 111, 241-250; van der Wetering etal. (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 pm 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 meanSEM 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 scfv was further
evaluated in the MDA-MB-231 breast xenograft model. 5x10e6 MDAMB-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 MOR08168hIgGILALA 6475 scfv (3mg/kg, i.v., qw), and
tumors calipered twice a week. The biparatopic antibody anti-LRF16
MOR08168hIgG1LALA 6475 scfv antibody dosed at 3 mg/kg weekly, significantly
delayed tumor growth (T/C=23%, p<0.05) (See Fig. 25). Example 14: In vivo
evaluation of additional biparatopic antibodies in the MMTVWntl model As
described in Example 10, additional anti-LRP6 reverse biparatopic
antibodies were generated consisting of the propeller 3 antibody M0R06475
and the propeller 1 MOR08168 scfv domains. The ability of these biparatopic
antibodies (MOR06475hIgG1 LALA_8168scfv JVH-3-VL) and MOR06475h1gGI
LALA_8168scfv_(VH-4-VL) to inhibit Wntl signaling in vivo, relative to
MOR08168hIgG1LALA 6475 scfv, was determined in the MMTV-Wntl model. Mice
implanted with MMTV-Wntl tumors were dosed i.v. with a single dose of 5
mg/kg of each of the antibodies described above. Serum concentrations of
each antibody (MOR08168hIgG1LALA 6475 scfv, MOR06475hIgG I LALA 8168scfv
JVH-3-VL), and MOR06475hIgG1 LALA 8168scfv JVH-4-VL), as well as the mRNA
expression of[3-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 MOR08168hIgGILALA 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 ig/m1 at 24 h compared
with 120 h for MOR08168hIgG1LALA 6475 scfv. 



Example 15: Binding affinity of a biparatopic antibody to recombinant LRP6
PD1/2 And PD 3/4 Binding affinities of anti-LRP6 MOR08168hIgG1LALA 6475
scfv, M0R08168, and M0R6475 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 6311246 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-Ethy1-343-dimethylaminopropyl] carbodiimide hydrochloride) and 0.1 M NHS
(N-hydroxysuccinimide). Excess reactive esters were then blocked with 1M
ethanolamine. anti-LRP6 MOR08168hIgGILALA 6475 scfv was prepared at 10
Ag/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 Al/min. PD1/2
and PD3/4 were prepared as two fold concentration series stalling at 50 nM,
and injected at 30 pl/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 PD 1/2 and PD3/4,
anti-LRP6 MOR08168hIgGILALA 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 pl/min for 30 min. A saturating concentration of 100 nM PD
1/2 was injected immediately after the PD3/4. The dissociation constant
(KD), association (kon), and dissociation (koff) rates were calculated from
the baseline subtracted corrected binding curves using the BIAevaluation
software (GE Healthcare). Anti-LRP6 MOR08168hIgG1 LALA 6475 scfv
(biparatopic antibody) binding to PD1/2 and PD3/4 was compared with that of
MOR08168 (propeller 1 antibody) and M0R6475(propeller 3 antibody). Fig. 26A
shows affinities of the molecules for corresponding LRP6 receptor domains,
PD1/2 and PD3/4. The determined KD of antiLRP6 MOR08168hIgG1LALA 6475 scfv
for PD1/2 and PD3/4 was similar to that of  M0R08168 to PD 1/2 and M0R6475
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 MOR08168hIgG1LALA 6475 scfv
to PD1/2 is slower than that to PD3/4. Further studies demonstrated in
which PD 1/2 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 Thermostabilhy of scFv08168 and scFv06475 This Example describes
mutatons made in the scFvs of propeller 1 and propeller 3 antibodies and
the effect of individual and a combination of mutations to the stability of
the scFv as determined by thermal stability. Improvments in the stability
of the scFv can be translated to the overall stability of an antibody
construct comprising the mutated scFv. Material and methods Constructs For
IgG based biparatopic molecules, scFv06475 was fused to the C-terminal of
MOR08168 IgG1 via a GlyGlySer linker to make biparatopic antibody
designated "901" in Fig. 27 (MOR08168IgG1LALA 6475 scfv), or scFv08168 was
fused to the C-terminal of M0R06475 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 VH
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 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
etal. (1996) J. Molecular Graphics, 14: 33-38. The mutated models were then
energy minimized and simulated in six stages. 5000 steps of energy
minimization were performed in the first to the fourth stage. Restraints of
30 kcal/mol/A2 were applied on all atoms but the side chain of the mutated
residue in the first stage. Restraints of the same strength were applied on
all atoms but the mutated residue in the second stage. The restraints on
the side chain atoms of the residues within 5A to the mutated residue were
removed in the third stage. The restraints on the backbone atoms of the
residues within 5A to the mutated residue were released as well in the
fourth stage. With the same restraints as those in the fourth stage
applied, the mutated models were simulated in vacuum for 100 ps at 50K. The
last snapshots of the simulation trajectories  were then energy minimized
for 5000 steps again, with the same restraints as those in the fourth
stage. These minimized models were taken as the homology models of the
mutants. Plate based-library construction, expression and purification in
E. 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 itl. The reactions were
carried out in the 96 well PCR plate. After the cycling, 0.5111 DpnI enzyme
was added to each amplification reaction and incubated at 37C for 2 h to
digest the parental dsDNA. Transformation was done by adding 2 Ill of DpnI
digested mutagenesis reaction into 20R1Acella chemical competent cells in
96 well PCR plate. Three individual colonies were picked from each
transformation plate for expression and purification. Expression was done
in two 96-well deep-well plates using autoinduction media. Aliquots of
bacterial culture were saved as glycerol stocks and sent for sequencing
analysis. Bacterial pellet combined from the two plates for each individual
colony was lysed and purified with MagneHis protein purification system
from Promega. KingFisher instrument was set up for high-throughput
purification. 1 M NaC1 was added into the lysis and wash buffer to improve
protein purity. Protein was eluted with 100 pi 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 Calorimetty (DSC) Depending on the protein amount
purified for each sample, usually 10 to 201.1.1 of elution was used for DSF
analysis. Specifically, samples of 10-20 RI were mixed with Sypro Orange
(Invitrogen) of a final dilution at 1:1000, in a total volume of 25111 in
PBS. The samples were run by BioRad CFX1000 (25t for 2 min, then increment
0.5C for 30 second, 25 to 95C). 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 pg 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 ml. Supernatant was concentrated to
around 1 ml for optimal protein recovery. Protein is purified manually by
MagneHis kit according to the instructions from the manufacturer. Purified
protein was dialyzed in PBS overnight with changing of buffers. Protein
samples either before or after dialysis were used for DSF analysis.
Affinity 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 31..ig/m1 at 4C overnight. The plate was
blocked with 50 !al of 2% BSA for one hour, and washed five times with the
wash solution. The samples were diluted with 1% BSA accordingly. The plate
was incubated at RT for 1 h, and washed for 3 times. Detection was done by
adding 50 pl pentallis-HRP (Qiagen Mat. No. 1014992) at 1:2000 dilution in
1% BSA, incubated at RT for 1 h, and washed 3 times. 50 pl of substrate
reagent A plus B (R&D systems) was added, then incubated for 5-20 min
depending on the color. The reaction was stopped by adding 25 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 mm at a flow rate of 30 ill/min using
freshly prepared mixture of EDC (400 inM) and sNHS (100 mM). Anti-His mouse
IgG1 (R&D systems, catalog No: MAB050) was diluted to 20 pg/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 pl/min. 1 M ethanolamine was then
injected for 5 min at 30 pl/min to deactivate the un-reacted sNHS groups.
2iig/m1MOR08168 scFv wild type or 2 pWm1 MOR08168 DI mutant was then
immobilized on different vertical channels for 15 sec at 100 pl/min
followed by two I min injection of the running buffer at 30 pl/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 1.11/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 1.11/min for 18 s in the horizontal direction
followed by the same running condition in the vertical direction. Kinetics
analysis on the Proteon was performed in Proteon Manager v.2.1.1. Each
interaction spot data was subtracted by a channel reference followed by a
row reference to correct the real time baseline drifting. The processed
data were fit globally to a bivalent analyte model. Results 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 BL21) was
used for all the subsequent experiments as cloning and expression can be
done in the same strain with high efficiency. The protein was purified from
cell lysate by KingFisher using MagneHis kit. Estimated yield for scFv08168
was around 10 lig per sample of combined wells from deep well culturing
plate, of which 2 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 1C 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 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:W52a0 and VH:1158Y 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 7.5C,
3.0C, 7.0C, and 3.5C, respectively. In the structure based approach, a
homology model of scFv06475 and a homology model of scFv08168 were first
built with MOE then energy minimized with NAMD. These models were then
visually inspected for potential mutations to enhance local interaction.
Mutations on various residues of scFv06475 and scFv08168 were designed,
based on five biophysical understandings of protein stability. The first
approach was to increase the size of side chains in the protein core to
improve packing. A few hydrophobic residues with side chains facing the
protein core were mutated to larger side chains so as to improve the
packing around these residues. After screening, three mutations designed by
this approach were found to improve the stability of scFv08168. As listed
in Fig. 30, the VH:I34F, VL:V47L and VL:G64V mutations improved the melting
temperature of the scFv08168 by 4.0C, 2.5C, and 2.0C, respectively. The
second approach was to mutate hydrophobic residues to aromatic residues to
form pi-pi stacking interaction. In the wild type scFv06475 homology model,
as shown in Fig.   33a, the side chain of the VH:I37 residue was in close
vicinity to two aromatic residues of VH:W103 and VL:F98. The closest
distance between any non-hydrogen side chain atom of VH:I37 and any
non-hydrogen side chain atom of VH:Wl 03 was 3.82A. The counterpart
distance between VI-1:137 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:I37F mutation: one
between VH:F37 and VH:Wl 03, and the other between VH:F37 and VL:F98. Newly
formed pi-pi stacking interaction must be stronger than the original
hydrophobic interaction in this localized region, as the melting
temperature of scFv6475 was improved by this mutation from 61 to 64.5C
(Fig. 28). The VH:M95F mutation also improved the stability of scFv06475 by
forming pi-pi stacking interaction with VH:W50 and V1-I:F100 (Fig. 29). The
Tin was improved from 61 to 64.5C. The third approach was to mutate
non-charged residues to charged residues so as to form salt bridge. The
VI-1: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 V1-I: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:Nl 00a. Homology modeling suggested that the distance
between the ND2 atom of VH:N33 and one of the OD atoms of VH:N100a could be
as short as 2.80A, which was within the range of a hydrogen bond, as shown
in Fig. 33d. As shown in Fig. 29, this VH:V33N mutation improved the
stability of scFv08168 by 2.0C. 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 2.5C
and 5.5C, 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 7C but showed much reduced binding activity as compared to
wild type scFv08168. Therefore it was not selected for further analysis.
The presence of 300 mM imida7ole 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 seFv08168 is VH: I34M with an
improvement of 7.5C. 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 D1, which  showed a improvement of
12.5C by combination of two mutations of VII: I34M and VH: S49A, whereas
the single mutation leaded to 7.5 and 5.5C 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 D1 was 2.55 nM, whereas KD of wild type was 3.82 nM (Fig.32). For
scFv06475, there were two mutations affecting the activity as detected by
ELISA and Proteon kinetics analysis. Specifically, in ELISA, VII: G34V and
VH: I37F showed EC50 to be 27 nM and 4.3 nM respectively as compared to
wild type of 0.76 nM. In Proteon analysis, VII: G34V and VII: I39F showed
significant drop in off rate (data not shown). Improved thermostability of
biparatopic molecules 



For IgG based fusion molecules 902 and mutant version 902T, the first Tm
peak shifted from 47C to 62C. This peak corresponded to scFv08168
unfolding. The second peak shifted from 72 C to 76C. This peak corresponded
to Fab06475, as shown in Fig. 34. Discussion Rational design based on
sequence analysis and homology modeling has yielded thermo stable mutations
for scFvs. In the current examples, the hit rate was around 18% for both
scFv08168 and scFv06475. The most significant improvement was 7.5*C
increase in Tm over wild type by a single point mutation VH: I34M in
scFv08168. On the sequence perspective, this position was highly conserved
to Met. Structurally, a larger hydrophobic side chain at this position
could improve the packing around this residue. Another point mutation VII:
S49A in scFv08168 variant raised Tm by 5C. This mutation was picked by
homology modeling. Though this position is more conserved to  Ser than to
Ala, structurally Ala may fit better due to the lack of polar side chain
around this residue. For structure based mutation design using homology
modeling, a combination of mechanisms was utilized. In scFv06475 and
scFv08168, positive hits were discovered by each of the five biophysical
considerations: packing improvement, more Pi-Pi stacking, more hydrogen
bonds, more salt bridges and removal of buried polar groups. It was by this
combination of mechanisms that a total of 10 stabilizing mutations have
been identified, as listed in Fig. 29 and 30. Combination of mutations
identified to improve thermal stability ("beneficial mutations") further
improve thermostability if they were located in different areas. This was
demonstrated in the case of scFv08168. When beneficial mutation VII: I34M
and VII: S49A were combined, Tm was further increased to 62.5C vs wild type
at 49 C. This was 13.5C increase over wild type, where the individual
mutation VII I34M and VII: S49A each raised Tm by 7.5C and 5C respectively.
This was a clear indication for additive effect. I34M was very close to CDR
l-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 VII. Out of
the 15 stabilizing mutations listed in Fig. 29 and 30, 11 were mutations on
the VII domain whereas only 4 were on the VL domain. When incorporated into
IgG or other formats (e.g. serum albumin fusions), the stabilized VII and
VL led to a dramatic improvement in thermostability of the molecules. For
IgG fusion, the lower Tm of 47C corresponded to the Tm of scFv08168,
whereas the higher peak at 72.5C correspond to the Tm of CH2 and Fab06475.
The incorporation of two mutations VII: I34M and VII: S49A has improved the
Tm of scFv08168 from 47C to 62C, whereas the incorporation of VII: M95F in
6475 further improved the Tm of Fab from 72.5C to 76C. The improvement was
not only shown on scFv itself, but also on the  



Fab due to the improved stability of VH and VL. This may provide a more
general strategy for improving overall antibody stability. Rational design
coupled with HTP screening in E. coli system has offered very quick
turnaround time and high hit rate. Tm measured with materials from E. coli
correlated with that from mammalian, or ranking remained the same. This
greatly simplied screening process to implemented as HTP in E. coli. Plate
based mutagenesis, transformation, expression and purification has shorted
the time to less than one week. Using the methods disclosed herein, a
number of mutations can be made in seFvs or other antigen binding fragments
and screened for thermal stability. These mutated scFvs or antigen binding
fragments can then be used as components of larger antibody constructs such
as biparatopic antibodies, to confer such stabilty to the larger antibody
construct.  Claims   1. An isolated multivalent antibody having at least
two receptor binding domains for two different binding sites of an LRP6
target receptor, wherein the first receptor binding domain binds to a first
binding site on the target receptor and the second receptor binding domain
binds to a second binding site on the same LRP6 target receptor, wherein
the first and second receptor binding domains are linked together such that
the binding of the first and second receptor binding domains to the first
and second binding sites of the LRP6 target receptor inhibits a canonical
Wnt signal transduction pathway, and wherein the antibody or antigen
binding fragment displays no significant potentiation of a Wnt signal.  2.
The antibody of claim 1, wherein the antibody has an affinity for target
receptor of approximately nanomolar affinity.  3. The antibody of claim 1,
wherein the antibody has an affinity for target receptor of approximately 1
picomolar affinity.  4. The antibody of claim 1, wherein the first and
second receptor binding domain is selected from the group consisting of an
IgG antibody, an scFv fragment, a single chain diabody, an antibody
mimetic, and an antibody variable domain.  5. The antibody of claim 1,
wherein the antibody is selected from the group consisting of a multivalent
antibody, a bivalent antibody, a bispecific antibody, and a biparatopic
antibody.  6. The antibody of claim 1, wherein the first receptor binding
domain is an IgG antibody and the second receptor binding domain is an scFv
fragment, wherein the IgG antibody and scFv fragment are linked together by
a linker with a spatial distribution that permits the IgG antibody and scFv
fragment to bind to the first and second epitopes of LRP6, respectively.
7. The antibody of claim 6, wherein the linker is a Gly-Ser linker selected
from the group consisting of (Gly4Ser)4 , and (Gly4Ser)3.  8. The antibody
of claim 1, wherein the first epitope of the LRP6 target receptor is 



181  WO 2011/138391PCT/EP2011/057200 a 13-propel1er 1 domain.  9. The
antibody of claim 1, wherein the second epitope of the LRP6 target receptor
is a 13-propeller 3 domain.  10. The antibody of claim 1, wherein the
antibody binds to the LPR613-propeller 1 domain and comprises a heavy chain
CDR1 selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 21, and
SEQ ID NO: 47; a CDR2 selected from the group consisting of SEQ ID NO: 2,
SEQ ID NO: 22, and SEQ ID NO: 48; and a CDR3 selected from the group
consisting of SEQ ID NO: 3, SEQ ID NO: 23, and SEQ ID NO: 49; and a light
chain CDR1 selected from the group consisting of SEQ ID NO: 4, SEQ ID NO:
24, and SEQ ID NO: 50; a CDR2 selected from the group consisting of SEQ ID
NO: 5, SEQ ID NO: 25, and SEQ ID NO: 51; and a CDR3 selected from the group
consisting of SEQ ID NO: 6, SEQ ID NO: 26, and SEQ ID NO: 52.  11. The
antibody of claim 1, wherein the antibody binds to the LPR613-prope1ler 3
domain and comprises a heavy chain CDR1 selected from the group consisting
of SEQ ID NO: 69, SEQ ID NO: 93, and SEQ ID NO: 115; a CDR2 selected from
the group consisting of SEQ ID NO: 70, SEQ ID NO: 94, and SEQ ID NO: 116;
and a CDR3 selected from the group consisting of SEQ ID NO: 71, SEQ ID NO:
95, and SEQ ID NO: 117; and a light chain CDR1 selected from the group
consisting of SEQ ID NO: 72, SEQ ID NO: 96, and SEQ ID NO: 118; a CDR2
selected from the group consisting of SEQ ID NO: 73, SEQ ID NO: 97, and SEQ
ID NO: 119; and a CDR3 selected from the group consisting of SEQ ID NO: 74,
SEQ ID NO: 98, and, SEQ ID NO: 120.  12. The antibody of claim 6, wherein
the IgG heavy chain antibody is selected from the group consisting of SEQ
ID NO: 18, 66, and 101 and the light chain is selected from the group
consisting of SEQ ID NO: 17, 86, and 85.  13. The antibody of claim 6,
wherein the scFv is selected from the group consisting of SEQ ID NO: 142,
144, 146, 148, 150, 152, 154, 156, 158, 160, 162, and 164.   14. The
antibody of claim 13, wherein the scFv fragment comprises at least one
amino acid mutation that improves stability of the scFv compared with the
unmutated scFv fragment, wherein the amino acid mutation is selected from
Figures 29-32.  15. The antibody of claim 1, wherein the antibody has the
functional activity of inhibiting a canonical Wnt signal transduction
pathway selected from the group consisting of Wntl signal pathway and Wnt3
signal transduction pathway.  16. The antibody of claim 1, wherein the
antibody has the functional activity of depleting a cell population,
inhibiting or reducing proliferation of a cell population, inhibiting or
reducing secretion of inflammatory mediators from a cell population,
inhibiting or reducing secretion of cytoplasmic granules from a cell
population, wherein the cell population is selected from the group
consisting of tumor cells, T cells B cells, and Wnt dependent cells. 



17. An isolated biparatopic antibody comprising an IgG antibody that binds
to a 13-propeller 1 domain on an LRP6 target receptor and a scFv that binds
to a P-propeller 3 domain on the LRP6 target, wherein the IgG antibody and
the scFv are linked by a linker such that the binding of the IgG antibody
and the scFv to the P-propeller 1 domain and then-propeller 3 domains,
respectively inhibits a canonical Wnt signal transduction pathway, and
wherein the biparatopic antibody displays no significant potentiation of a
Wnt signal.  18. The antibody of claim 17, wherein the antibody has an
affinity for target receptor of approximately nanomolar affinity.  19. The
antibody of claim 17, wherein the antibody has an affinity for target
receptor of approximately 1 picomolar affinity.  20. The antibody of claim
17, wherein the linker comprises a spatial distribution that permits
binding of the IgG antibody and the scFv fragment to bind the p-propeller 1
domain of LRP6 and the P-propeller 3 domain of LRP6, respectively.  21. The
antibody of claim 17, wherein the scFv is linked by a Ser-Gly linker to the
Fe binding site of the IgG antibody, wherein the Ser-Gly linker is selected
from the group consisting of (Gly4Ser)4 , and (Gly4Ser)3.   22. The
antibody of claim 21, wherein the Fc binding site of the IgG antibody is a
CH3 domain.  23. The antibody of claim 17, wherein the scFv is linked by a
Ser-Gly linker to the light chain of the IgG antibody, wherein the Ser-Gly
linker is selected from the group consisting of (Gly4Ser)4, and (Gly4Ser)3.
24. The antibody of claim 20, wherein the scFv comprises at least one amino
acid mutation that improves stability of the scFv compared with the
unmutated scFv fragment, wherein the amino acid mutation is selected from
Figures 29-32.  25. The antibody of claim 17, comprising a heavy chain
variable region CDR1 of SEQ ID NO: 1; a heavy chain variable region CDR2 of
SEQ ID NO: 2; a heavy chain variable region CDR3 of SEQ ID NO: 3; a light
chain variable region CDR1 of SEQ ID NO: 4; a light chain variable region
CDR2 of SEQ ID NO: 5; and a light chain variable region CDR3 of SEQ ID NO:
6, wherein the antibody binds to a (3-propeller 1 domain of LRP6; and a
scFv heavy chain variable region CDR1 of SEQ ID NO: 69; a heavy chain
variable region CDR2 of SEQ ID NO: 70; a heavy chain variable region CDR3
of SEQ ID NO: 71; a light chain variable region CDR1 of SEQ ID NO: 72; a
light chain variable region CDR2 of SEQ ID NO: 73; and a light chain
variable region CDR3 of SEQ ID NO: 74, wherein the scFv binds to a
13-propeller 3 domain of LRP6.  26. The antibody of claim 25 further
comprising a Lys deletion from position 454 of SEQ ID NO: 166.  27. The
antibody of claim 25 further comprising a Pro to Ala mutation at position
677 of SEQ ID NO: 166.  28. The antibody of claim 25 further comprising an
AspPro to ThrAla mutation at positions 676-677 of SEQ ID NO: 166. 



29. The antibody of claim 17 comprising a heavy chain sequence selected
from the group consisting of SEQ ID NOs: 166, 171, 173, 175, 195, 201 and
207 in combination with a light chain sequence selected from the group
consisting of SEQ ID NOs: 170, 193, 199, and 205.   30. The antibody of
claim 17 comprising a combination of heavy and light chain sequences
selected from the group consisting of SEQ ID NOs: 166/170, 171/170,
173/170, 175/170, 201/199, 207/205 "and 195/193.  31. The antibody of claim
17, comprising heavy and light chain sequences with SEQ ID NOs: 166/170.
32. The antibody of claim 23, comprising a heavy chain sequence of SEQ ID
NO; 177; and a light chain sequence comprising SEQ ID NO: 181.  33. The
antibody of claim 17, wherein the antibody has the functional activity of
inhibiting a canonical Wnt signal transduction pathway selected from the
group consisting of Wntl signal pathway and Wnt3 signal transduction
pathway.  34. The antibody of claim 17, wherein the antibody has the
functional activity of depleting a cell population, inhibiting or reducing
proliferation of a cell population, inhibiting or reducing secretion of
inflammatory mediators from a cell population, inhibiting or reducing
secretion of cytoplasmic granules from a cell population, wherein the cell
population is selected from the group consisting of tumor cells, T cells B
cells, and Wnt dependent cells.  35. An isolated biparatopic antibody
comprising an IgG antibody that binds to aI3- propeller 3 domain on an LRP6
target receptor and a scFv that binds to a p-propeller 1 domain on the LRP6
target, wherein the IgG antibody and the scFv are linked by a linker such
that the binding of the IgG antibody and the scFv to the (3- propeller 3
domain and the I3-propeller 1 domains, respectively inhibits a canonical
Wnt signal transduction pathway, and wherein the biparatopic antibody
displays no significant potentiation of a Wnt signal.  36. The antibody of
claim 35, wherein the antibody has an affinity for target receptor of
approximately nanomolar affinity.  37. The antibody of claim 35, wherein
the antibody has an affinity for target receptor of approximately 1
picomolar affinity.  38. The antibody of claim 35, wherein the linker
comprises a spatial distribution that permits binding of the IgG antibody
and the say to bind the (3-propeller 3 domain of LRP6 and the I3-propeller
1 domain of LRP6, respectively.   39. The antibody of claim 35, wherein the
scFv is linked by a Ser-Gly linker to the Fc binding site of the IgG
antibody, wherein the Ser-Gly linker is selected from the group consisting
of (Gly4Ser)4 , and (Gly4Ser)3. 



40. The antibody of claim 39, wherein the Fc binding site of the IgG
antibody is a CH3 domain.  41. The antibody of claim 35, wherein the scFv
comprises at least one amino acid mutation that improves stability of the
scFv compared with the unmutated scFv fragment, wherein the amino acid
mutation is selected from Figures 29-32.  42. The antibody of claim 35,
comprising a heavy chain variable region CDR1 of SEQ ID NO: 69; a heavy
chain variable region CDR2 of SEQ ID NO: 70; a heavy chain variable region
CDR3 of SEQ ID NO: 71; a light chain variable region CDR1 of SEQ ID NO: 72;
a light chain variable region CDR2 of SEQ ID NO: 73; and a light chain
variable region CDR3 of SEQ ID NO: 74, wherein the antibody binds to a
(3-propeller 3 domain of LRP6; and an scFv with a heavy chain variable
region CDR1 of SEQ ID NO: 1; a heavy chain variable region CDR2 of SEQ ID
NO: 2; a heavy chain variable region CDR3 of SEQ ID NO: 3; a light chain
variable region CDR1 of SEQ ID NO: 4; a light chain variable region CDR2 of
SEQ ID NO: 5; and a light chain variable region CDR3 of SEQ ID NO: 6,
wherein the scFv thereof binds to an-propeller 1 domain of LRP6  43. The
antibody of claim 42, wherein scFv VH and VL are linked with a linker
comprising 3 amino acids.  44. The antibody of claim 42, wherein scFv VH
and VL are linked with a linker comprising 4 amino acids.  45. The antibody
of claim 42, comprising a heavy chain sequence selected from the group
consisting of SEQ ID NO: 187, and 189; and a light chain sequence
comprising SEQ ID NO: 185.  46. The antibody of claim 35, wherein the
antibody has the functional activity of inhibiting a canonical Wnt signal
transduction pathway selected from the group consisting of Wntl signal
pathway and Wnt3 signal transduction pathway.   47. The antibody of claim
35, wherein the antibody has the functional activity of depleting a cell
population, inhibiting or reducing proliferation of a cell population,
inhibiting or reducing secretion of inflammatory mediators from a cell
population, inhibiting or reducing secretion of cytoplasmic granules from a
cell population, wherein the cell population is selected from the group
consisting of tumor cells, T cells B cells, and Wnt dependent cells.  48. A
nucleic acid comprising a nucleotide sequence encoding a multivalent
antibody of claims 1, 17, and 35.  49. A nucleic acid comprising a
nucleotide sequence encoding a multivalent antibody comprising a heavy
chain sequence selected from the group consisting of SEQ ID NOs: 166, 171,
173, 175, 195, 201, and 207; and light chain sequences selected from the
group consisting of SEQ ID NOs: 170, 193, 199, and 205. 50. A nucleic acid
comprising a nucleotide sequence encoding a multivalent antibody comprising
a heavy chain sequence selected from the group consisting of SEQ ID NOs:
166, 171, 173, 175, 195, 201, and 207; and light chain sequences selected
from the group consisting of SEQ ID NOs: 170, 193, 199, and 205 least,
wherein the antibody has 98% sequence identity to SEQ ID NOs: 166, 171,
173, 175, 195, 201, and 207; and light chain sequences selected from the
group consisting of SEQ ID NOs: 170, 193, 199, and 205. 51 A nucleic acid
comprising a nucleotide sequence encoding a multivalent antibody comprising
a SEQ ID NO: 166 and SEQ ID NO: 170. 



52. A nucleic acid comprising a nucleotide sequence encoding a multivalent
antibody comprising at least 98% sequence identity to a SEQ ID NO: 166 and
SEQ ID NO: 170.  53. A nucleic acid comprising a nucleotide sequence
encoding a multivalent antibody comprising a sequence selected from the
group consisting of SEQ ID NOs: 177, and; and a light chain sequence of SEQ
ID NO: 181. 54. A nucleic acid comprising a nucleotide sequence encoding a
multivalent antibody comprising at least 98% sequence identity to SEQ ID
NOs: 177; and a light chain sequence of SEQ ID NO: 181.   55. A nucleic
acid comprising a nucleotide sequence encoding a multivalent antibody
comprising a sequence selected from the group consisting of SEQ ID NOs:
187, and 189; and a light chain sequence of SEQ ID NO: 185. 56. A nucleic
acid comprising a nucleotide sequence encoding a multivalent antibody
comprising at least 98% sequence identity to SEQ ID NOs: 187, and 189; and
a light chain sequence of SEQ ID NO: 185.  57. A vector comprising the
nucleic acid of claims 48-56.  58. A pharmaceutical composition comprising
a multivalent antibody thereof having at least two receptor binding domains
for two different binding sites of a target receptor selected from claims
1-47 and a pharmaceutically acceptable carrier.  59. A method of obtaining
a multivalent antibody of claims 1, 17, and 35 comprising:(a) providing a
first receptor binding domain which binds to a first binding site of an
LRP6 target receptor; (b) providing a second receptor binding domain which
binds to a second binding site of an LRP6 target receptor; and (c) linking
the first receptor binding domain to the second receptor binding domain.
60. The method of claim 59, wherein the first or second receptor binding
domain are selected from the group consisting of an IgG antibody, an scFv
fragment, a single chain diabody, an antibody mimetic, and an antibody
variable domain.  61. The method of claim 59, wherein the first and second
receptor binding domains are linked together by a linker with a spatial
distribution that permits the first and second receptor binding domains to
bind to the first and second epitopes of LRP6, respectively.  62. The
method of claim 61, wherein the linker is a Gly-Ser linker selected from
the group consisting of (Gly4Ser)4, and (Gly4Ser)3.  63. The method of
claim 59, further comprising introducing at least one amino acid mutation
to the first or second receptor binding domain, such that the amino acid
mutation improves stability of the first or second receptor binding domain
compared with the untnutated first or second receptor binding domain,
wherein the amino acid mutation is selected from Figures 29-32. 



64. A method of treating a cancer comprising selecting a subject having an
LRP6 expressing cancer, administering to a subject in need thereof an
effective amount of a composition comprising a multivalent antibody having
at least two receptor binding domains for two different binding sites of a
target receptor of claims I - 47.  65. The method of claim 64, wherein the
subject is a human.  66. A method of treating a cancer comprising selecting
a subject having an LRP6 expressing cancer, administering to a subject in
need thereof an effective amount of a composition comprising a multivalent
antibody having at least two receptor binding domains for two different
binding sites of a target receptor of claims 1- 47, wherein the cancer is
selected from the group consisting of breast cancer, lung cancer, multiple
myeloma, ovarian cancer, liver cancer, bladder cancer,gastric cancer,
prostate cancer, acute myeloid leukemia, chronic myeloid leukemia,
osteosarcoma, squamous cell carcinoma, and melanoma.  67. The method of
claim 66, wherein the cancer is breast cancer.  68. A method of treating a
disease mediated by a canonical Wnt signaling pathway using a multivalent
antibody to LRP6. 69. A method of treating a cancer comprising selecting a
subject having an LRP6 expressing cancer, administering to the subject an
effective amount of a composition comprising multivalent antibody with
heavy and light chain sequences selected from the group consisting of SEQ
ID NOs: 166/170, 171/170, 173/170, 175/170, 201/199, 207/205, and 195/193
in combination with any standard of care cancer therapies. 70. Use of
multivalent antibody of any one of the previous claims in the manufacture
of a medicament for the treatment of a cancer selected from the group
consiting of breast cancer, lung cancer, multiple myeloma, ovarian cancer,
liver cancer, bladder cancer gastric cancer, prostate cancer, acute myeloid
leukemia, chronic myeloid leukemia, osteosarcoma, squamous cell carcinoma,
and melanoma.   71. A multivalent antibody having VH of SEQ ID NO: 14; VL
of SEQ ID NO: 13; VH of SEQ ID NO: 82; VL of SEQ ID NO: 81 for use in
treating a cancer mediated by a canonical Wnt signaling pathway.  72. A
multivalent antibody having VH of SEQ ID NO: 14; VL of SEQ ID NO: 13; VH of
SEQ ID NO: 82; VL of SEQ ID NO: 81 for use as a drug.  73. A multivalent
antibody having SEQ ID NO: 166 and SEQ ID NO: 170 for use in treating a
cancer mediated by a canonical Wnt signaling pathway.  74. A multivalent
antibody having SEQ ID NO: 166 and SEQ ID NO: 170 for use as a drug. 



75. A multivalent antibody of claims 1-47, for use as a medicament.  76. A
multivalent antibody of claims 1-47, for use as a medicament for treatment
of an LRP6 expressing cancer.  77. A multivalent antibody of claims 1-47,
for use as a medicament for treatment of an LRP6 expressing cancer, wherein
the cancer is selected from the group consisting of breast cancer, lung
cancer, multiple myeloma, ovarian cancer, liver cancer, bladder
cancer,gastric cancer, prostate cancer, acute myeloid leukemia, chronic
myeloid leukemia, osteosarcoma, squamous cell carcinoma, and melanoma. 




















