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COMPOSITIONS AND METHODS OF USE FOR THERAPEUTIC LOW
DENSITY LIPOPROTEIN — RELATED PROTEIN 6 (LRP6) MULTIVALENT
ANTIBODIES

Related Applications

This application claims priority to U.S. Provisional Application Serial No. 61/331,993
filed May 6, 2010, the contents of which are incorporated herein by reference in its

entirety.
Field of the Invention

The present invention relates to multivalent antibodies comprising at least two receptor
binding domains for two different binding sites on LRP6. The invention more specifically

relates to multivalent antibodies that are LRP6 antagonists.
Background of the Invention

The Wnt/B-catenin pathway regulates diverse biological processes during development
and tissue homeostasis through modulating the protein stability of B-catenin (Clevers et
al., {2006) Cell 127:469-480; and Logan ef al., (2004) Annu. Rev Cell Dev. Biol 20:781-
810). In the absence of Wnt signaling, cytoplasmic B-catenin is associated with the -
catenin destruction complex that contains multiple proteins including adenomatous
polyposis coli (APC), Axin, and glycogen synthase kinase 3 (GSK3). In this complex, B-
catenin is constitutively phosphorylated by GSK3 and degraded by the proteasome
pathway. The Wnt signal is transduced across the plasma membrane through two distinct
receptors, the serpentine receptor Frizzled, and the single-transmembrane protein LRPS 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 p-
catenin degradation complex. Stabilized 3-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 B-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 B-propeller structure.
Biochemical studies suggest that Wnt proteins physically interact with both Frizzled and
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LRP6 and induce formation of Frizzled-LRP6 signaling complex (Semenov et al., (2001)
Curr. Biol 11, 951-961; and Tamai, ef al. (2000) Nature 407, 530-535). Besides Wnt
proteins, the large extracellular domain of LRP5/6 binds to multiple secreted Wnt
modulators, including Wnt antagonist, DKK1 and Sclerostin (SOST), and Wnt agonist R-
Spondins,

Mutations in pathway components such as APC and B-catenin have been associated with
human cancers. Recent studies suggest that overexpression of Wnt proteins and/or
silencing of Wnt antagonists such as DKK1, WISP and sFRPs promote cancer
development and progression (Akiri et al., (2009) Oncogene 28:2163-2172; Bafico ef al.,
(2004) Cancer Cell 6:497-506; Suzuki et al., (2004) Nat Genet. 36:417-422; Taniguchi ef
al., (2005) Oncogene. 24:7946-7952; Veeck et al,, (2006) Oncogene. 25:3479-3488; Zeng
et al., (2007) Hum. Pathol. 38:120-133). In addition, Wnt signaling has been implicated
for the maintenance of cancer stem cells (Jamieson ef al., (2004) Cancer Cell 6:531-533

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

Antibody therapy has been used as a means to treat certain cancers. Efforts to increase
the valency or the number of antigenic determinants that an individual antibody molecule
can bind have lead to the development of bispecific antibodies (for examples see Jimenez
et al., Molecular Cancer Therapeutics 2005:4427-434, Lu et al,, J. of Immun. Methods
1999:230, 159-171 and U.S. Patent Publication Nos. 20070014794 and 20050100543).
Bispecific antibodies are immunoglobulin (Ig)-based molecules that bind to two different
epitopes on either the same or distinct antigens. The antibodies, for example, could be
specific for a tumor cell antigen and an effector cell such as an activated T-cell or two

functional targets or epitopes.

A major obstacle in the development of bispecific antibodies as therapeutics has been
difficulty in producing the antibodies in sufficient quantity and quality for clinical studies.
In particular, traditional methods, including hybrid hybridoma, in which two distinct
hybridomas are fused to create a cell expressing two sets of heavy and light chains, and
chemical conjugation (Carter et al., (1995) J. Hematotherapy 4:463-70) have been
inadequate. For example, coexpression of two different sets of IgG light and heavy
chains in a hybrid hybridoma may produce up to 10 light- and heavy-chain pairs, with
only one of these pairs forming the functional bispecific heterodimer (Suresh ef al. (1986)

Methods Enzymol. 121:210-28). In addition, purification of the antibodies from the non-
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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 et al. (1998)
Bioconj. Chem. 9:635-44).

Accordingly, a need exists for functional multivalent antibodics capable of binding at
least two or more epitopes with high affinity. In particular, there is need for functional
multivalent antibodies that modify receptors with more then one modifying ligand, such

as the canonical Wnt signaling co-receptor, LRP6.
Summary of the Invention

The present invention provides novel multivalent antibodies that bind to multiple binding
sites on the LRP6 receptor. In particular, the invention provides LRP6 multivalent

antibodies that inhibit thecanonical Wnt signaling pathway.

The present invention is based on the discovery that the multivalent antibodies (e.g., a
single LRP6 biparatopic antibody) have the ability to inhibit both propeller 1 (e.g., Wntl)
and propeller 3 (e.g., Wnt 3) ligands. Furthermore, and unexpectedly, the multivalent
antibody (e.g., a single LRP6 biparatopic antibody) display no significant potentiation
(enhancement) of a Wnt signal. The multivalent antibody binds to distinct LRP6 p-
propeller domains. Propeller 1 antibodies bind to the B-propeller 1 domain and block
propellerl-dependent Wnts such as Wntl, Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9, Wntl0A,
Wnt10B. Propeller 3 antibodies bind to the B-propeller 3 domain and block propelier3-
dependent Wnts such as Wnt3a and Wnt3. LRP6 antibodies differentiate propeller | 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, Dkk1).
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Similarly, Propeiler 3 antibodies are expected to inhibit the interaction with other
propeller 3 binding ligands (e.g. Dkk1). 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 mulitiple -
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 p-
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 | and
propeller 3 domains of LRP6. Thus, a single LRP6 multivalent antibody has increased
potency of action by binding to multiple B-propeller domains and inhibiting Wnt
signaling mediated by each domain. For example, a single LRP6 multivalent antibody
inhibits both propeller 1 and propeller 3 mediated Wnt signaling binding to both propeller
1 and propeller 3 domains, respectively. The increased potency of action may be due to

increased avidity or better binding of the LRP6 multivalent antibody.

Accordingly, in one aspect, the invention pertains to an isolated multivalent antibody
having at least two receptor binding domains for two different binding sites of a target
receptor, wherein the first receptor binding domain binds to a first binding site on the
target receptor and the second receptor binding domain binds to a second binding site on
the same target receptor, wherein the first and second receptor binding domains are linked
together such that the binding of the first and second receptor binding domains to the first
and second binding sites of the target receptor inhibits a canonical Wnt signal
transduction pathway; and wherein the antibody or antigen binding fragment displays no

significant potentiation of a Wnt signal.

The multivalent antibody has an affinity for target receptor of approximately nanomolar
affinity, or of approximately 1 picomolar affinity. The multivalent antibody is a
multivalent antibody, a bivalent antibody, a bispecific antibody, or a biparatopic antibody.
In one embodiment, the first and second receptor binding domains is an IgG antibody, an
scFv fragment, a single chain diabody, an antibody mimetic, or an antibody variable
domain. The first and second receptor binding domains are linked together by a linker

with a spatial distribution that permits the first and second receptor binding domains to
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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 Wnt1 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 LRPS6, respectively. In one
embodiment, the linker is a Gly-Ser linker selected from the group consisting of
(GlysSer)s, and (Gly4Ser);.

In one embodiment, the first epitope of the LRP6 target receptor is a B-propeller 1 domain
and the second epitope of the LRP6 target receptor is a B-propeller 3 domain. In one
embodiment, the antibody or antigen binding fragment binds to the LPR6 B-propeller 1
domain and comprises a heavy chain CDRI 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
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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 CDRI selected from the group consisting of SEQ ID NO: 4, SEQ ID NO: 24, and
SEQ ID NO: 50; a CDR2 selected from the group consisting of SEQ ID NO: 5, SEQ ID
NO: 25, and SEQ ID NO: 51; and a CDR3 selected from the group consisting of SEQ ID
NO: 6, SEQ ID NO: 26, and SEQ ID NO: 52.

In one embodiment, the antibody or antigen binding fragment binds to the LPR6 -
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
1D NO: 18, 66, and 101 and the light chain is selected from the group consisting of SEQ
ID NO: 17, 86, and 85. In one embodiment, the scFv is selected from the group consisting
of SEQ ID NO: 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, and 164. In one
embodiment, the scFv fragment comprises at least one amino acid mutation that improves
stability of the scFv compared with the unmutated scFv fragment, wherein the amino acid
mutation is selected from Figures 29-32. In one embodiment, the multivalent antibody has
the functional activity of inhibiting a canonical Wnt signal transduction pathway selected
from the group consisting of Wntl signal pathway and Wnt3 signal transduction pathway.
In another embodiment, the multivalent antibody has the functional activity of depleting a
cell population, inhibiting or reducing proliferation of a cell population, inhibiting or
reducing secretion of inflammatory mediators from a cell population, inhibiting or
reducing secretion of cytoplasmic granules from a cell population, wherein the cell
population is selected from the group consisting of tumor cells, T cells B cells, and Wnt

dependent cells.

In another aspect, the invention pertains to an isolated biparatopic antibody comprising
an IgG antibody that binds to a B-propeller 1 domain on an LRP6 target receptor and a
scFv that binds to a B-propeller 3 domain on the LRP6 target, where the IgG antibody and
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the scFv are linked by a linker such that the binding of the IgG antibody and the scFv to
the B-propeller 1 domain and the 3-propeller 3 domains, respectively inhibits a canonical
Wt 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 | 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 B-propeller 1 domain of LRP6 and the f3-
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 (GlysSer)s, and (GlysSer)s. In another embodiment,
the F¢ binding site of the IgG antibody is a CH3 domain. In another embodiment, the
scFv is linked by a Ser-Gly linker to the light chain of the IgG antibody, where the Ser-
Gly linker is selected from the group consisting of (GlyaSer)s, and (GlysSer);. In one
emdodiment, the scFv comprises at least one amino acid mutation that improves stability
of the scFv compared with the unmutated scFv fragment, wherein the amino acid

mutation is selected from Figures 29-32.

In one embodiment, the antibody comprises a heavy chain variable region CDR1 of SEQ
ID NO: 1; a heavy chain variable region CDR2 of SEQ ID NO: 2; a heavy chain variable
region CDR3 of SEQ ID NO: 3; a light chain variable region CDR1 of SEQ ID NO: 4; a
light chain variable region CDR2 of SEQ ID NO: §; and a light chain variable region
CDR3 of SEQ ID NO: 6, wherein the antibody binds to a §-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 B-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.
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In one embodiment, the antibody comprises a heavy chain sequence selected from the
group consisting of SEQ ID NOs: 166, 171, 173, 175, 195, 201 and 207 in combination
with a light chain sequence selected from the group consisting of SEQ ID NOs: 170, 193,
199, and 205. In one embodiment, the antibody comprises a combination of heavy and
light chain sequences selected from the group consisting of SEQ ID NOs: 166/170,
171/170, 173/170, 175/170, 201/199, 207/205, and 195/193. In one embodiment, the
antibody comprises heavy and light chain sequences with SEQ ID NOs: 166/170. In one
embodiment, the antibody comprising heavy and light chain sequences with SEQ ID
NOs; 177/ 181.

In one embodiment, the antibody has the functional activity of inhibiting a canonical Wnt
signal transduction pathway selected from the group consisting of Wntl signal pathway
and Wnt3 signal transduction pathway. In another embodiment, the antibody has the
functional activity of depleting a cell population, inhibiting or reducing proliferation of a
cell population, inhibiting or reducing secretion of inflammatory mediators from a cell
population, inhibiting or reducing secretion of cytoplasmic granules from a cell
population, wherein the cell population is selected from the group consisting of tumor

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

In another aspect, the invention pertains to an isolated biparatopic antibody comprising an
IgG antibody that binds to a -propeller 3 domain on an LRP6 target receptor and a scFv
that binds to a f-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
B-propeller 3 domain and the B-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
lIgG antibody and the scFv to bind the B-propeller 3 domain of LRP6 and the B-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 (GlysSer)4, and (Gly4Ser);. In one embodiment, the Fc
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binding site of the IgG antibody is a CH3 domain. In one embodiment, the scFv
comprises at least one amino acid mutation that improves stability of the scFv compared
with the unmutated scFv fragment, wherein the amino acid mutation is selected from

Figures 29-32.

In one embodiment, the antibody comprises a heavy chain variable region CDR1 of SEQ
ID NO: 69; a heavy chain variable region CDR2 of SEQ ID NO: 70; a heavy chain
variable region CDR3 of SEQ ID NO: 71; a light chain variable region CDR1 of SEQ ID
NO: 72; a light chain variable region CDR2 of SEQ ID NO: 73; and a light chain variable
region CDR3 of SEQ ID NO: 74, wherein the antibody binds to a B-propeller 3 domain of
L.LRP6; and an scFv with a heavy chain variable region CDR] of SEQ ID NO: |; 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 $-propeller 1 domain of LRP6. In one
embodiment, the scFv VH and VL are linked with a linker comprising 3 amino acids. In
another embodiment, the scFv VH and VL are linked with a linker comprising 4 amino
acids. In one embodiment, the antibody comprises a heavy chain sequence selected from
the group consisting of SEQ ID NO:, 187, and 189; and a light chain sequence comprising
SEQ ID NO: 185. In one embodiment, the antibody has the functional activity of
inhibiting a canonical Wnt signal transduction pathway selected from the group consisting
of Wnt1 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.
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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 1D 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 NQOs: 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.

10
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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
(GlysSer)s, and (GlysSer);. 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
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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 1D
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 1D 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 NQO: 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 {o 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.
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Brief Description of Figures

Figure 1 is a graph showing FACS ECsg determination of selected Fabs on PA1 cells,
1266 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-1. are graphs showing anti-LRP6 Fab fragments activity in HEK293T/17 STF
cells (gene reporter assay) expressing Wntl or Wnt3A ligands The data shows that anti-
LRP6 Fabs selectively block Wnt1 or Wnt3 signaling;

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

antibodies for human, mouse and cymologous monkey;

Figure 4 is a graph showing transient expression of various WNT ligands in HEK293T/17
STF cells (gene reporter assay) and treatment with anti-LRP6 antibodies, showing activity
inhibition of particular WNTs based on antibody binding/blocking to specific B-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 p-

propeller 1 region at Smg/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 | mAb on the growth of the MMTV-Wnt! tumor model;

Figure 10 is a graph showing Propeller 3, but not Propeller 1 mAb, causes inhibition of
tumor growth in a MMTV-Wnt3 model;
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Figure 11 is a graph showing Propeller 3, but not Propeller 1 mAb causes inhibition of
Wnt3A-induced Super Top Flash activity in PA-1 cells in vivo,

Figure 12 1s a figure showing solvent protected regions of LRP6 PD3-4 by MOR06475 by
HDx MS (A) and that mutations of specific residues result in loss of binding of scFv
MORO06475 (B);

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

Figure 14 1s a photograph of an SDS-PAGE gel showing that all scFv molecules

successfully expressed and purified from E. coli;

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 F¢ (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

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

Figure 17 shows activity in STF assay of a biparatopic antibody and respective
component parts separately;

Figure 18 shows activity in STF assay of linker length comparisons in scFv molecules;
Figure 19 is a table showing the binding activity a biparatopic antibody;

Figure 20 shows the activity of a biparatopic antibody and a Prop3 antibody but not a
Propl antibody in a PA-1/Wnt3a L-cell co-culture model;

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

antibody and a Prop1/3 biparatopic antibody at Smg/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-Wntl mammary tumors is induced

by antagonistic LRP6 antibodies. A-B) Fragments of MMTV-Wntl tumors were
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implanted subcutaneously into nude mice. Tumor-bearing mice were treated with either a
single dose of PBS (control) or 5mg/kg MOR08168IgG1LALA 6475 scfv. A)
Representative images of Oil Red O staining for lipid. B) Quantification of Oil Red O
staining. Graph represents mean+SEM values. n=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 Prop1/3 binding biparatopic antibody in the E-
Cadherin negative MDA-MB231 xenograft model;

Figure 26 shows the affinity and binding kinetics of MOR08168, MOR(6475 and
MORO08168IgG1LALA 6475 scfv to recombinant LRP6 PD1/2 and PD3/4. A) summary
table of the affinities and on/off rates as determined by Biacore analysis. B) representative
binding curves of the anti-LRP6 molecules for corresponding LRP6 receptor domains,
PD1/2 and PD3/4. C) sequential binding of LRP6 PD1/2 and PD3/4 to
MORO08168I1gG11.ALA 6475 scfv;

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

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

scFv expression in E. coli;

Figure 29 is a table showing the effect of single mutations in MOR06475 scFv on Tm.
Figure 30 is a table showing the effect of single mutations in MOR08168 scfv on Tm;

Figure 31 is a table showing the effect of double mutations in MOR08168 scFv on Tm in

material expressed in both bacterial and mammalian systems;

Figure 32 is a table summarizing the binding and functional activities of the WILD TYPE
and single/double mutated versions of MOR06475 and MOR08168 scFvs in ELISA,

Proteon affinity and STF reporter gene assays;

Figure 33 is an illustration of selected examples of the designed mutations. In all figures,
the protein backbone is rendered in ribbon diagram while selected side chains are
rendered as sticks. (a): In the homology model of scFv6475, VH:137 is close to two
aromatic residues, which were VL:F98 and VH:W103. (b) In the VH:137F 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
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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. (¢): 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 LRP$, 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 B-catenin to be translocated into the nucleus, interact

with the LEF/TCF transcription factors and activate target gene expression. The Wnt
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signaling pathway can be measured using a Wnt reporter gene assay or other measure of
Wht directed signaling (e.g., LRP6 phosphorylation, 3-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 Wnt1 ligand and the class of Wntl binding ligands, such as
Wnt2, Wnt6, Wnt7a, Wnt7b, Wnt9a, Wnt10a, 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 “LLRP6” refers to human LLRP6 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 V,
regions can be further subdivided into regions of hypervariability, termed
complementarity determining regions (CDR), interspersed with regions that are more
conserved, termed framework regions (FR). Each VH and VL is composed of three CDRs
and four FRs arranged from amino-terminus to carboxy-terminus in the following order:
FR1, CDRI, 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-1d)
antibodies (including, e.g., anti-Id antibodies to antibodies of the invention), and epitope-

binding fragments of any of the above. The antibodies can be of any isotype (¢.g., IgG,
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IgE, IgM, IgD, IgA and IgY), class (e.g., IgG1, 1gG2, 1gG3, 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 fuﬁctionally. In this regard, it
will be appreciated that the variable domains of both the light (VL) and heavy (VH) chain
portions determine antigen recognition and specificity. Conversely, the constant domains
of the light chain (CL) and the heavy chain (CH1, CH2 or CH3) confer important
biological properties such as secretion, transplacental mobility, Fc receptor binding,
complement binding, and the like. By convention the numbering of the constant region
domains increases as they become more distal from the antigen binding site or amino-
terminus of the antibody. The N-terminus is a variable region and at the C-terminus is a
constant region; the CH3 and CL domains actually comprise the carboxy-terminus of the
heavy and light chain, respectively. 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 CH1 domains; a F(ab), fragment, a bivalent fragment
comprising two Fab fragments linked by a disulfide bridge at the hinge region; a Fd
fragment consisting of the VI and CH1 domains; a Fv fragment consisting of the VL and
VH domains of a single arm of an antibody; a dAb fragment (Ward ef al., (1989) Nature
341:544-546), which consists of a VH domain; and an isolated complementarity

determining region (CDR).

Furthermore, although the two domains of the Fv fragment, VL and VH, are coded for by
separate genes, they can be joined, using recombinant methods, by a synthetic linker that

enables them to be made as a single protein chain in which the VL and VH regions pair to
form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al., (1988)

Science 242:423-426; and Huston ef al., (1988) Proc. Natl. Acad. Sci. 85:5879-5883).
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Such single chain antibodies are also intended to be encompassed within the term
“antibody fragment”. These antibody fragments are obtained using conventional
techniques known to those of skill in the art, and the fragments are screened for utility in

the same manner as are intact antibodies.

Antibody fragments can also be incorporated into “single domain antibodies”,
“maxibodies”, “minibodies”, “diabodies”, “triabodies”, “tetrabodies”, “v-NAR” and “bis-
scFv” (see, e.g., Hollinger and Hudson, (2005) Nature Biotechnology 23: 1126-1136).
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,
SH3 domains, PDZ domains, Tendamistat, Neocarzinostatin, Protein A domains,
Lipocalins, Transferrin, and Kunitz domains that specifically bind epitopes, which are

within the scope of the invention.

The term “multivalent antibody” refers to a single binding molecule with more than one
valency, where “valency” is described as the number of antigen-binding moieties present
per molecule of an antibody construct. As such, the single binding molecule can bind to
more than one binding site on a target receptor. Examples of multivalent antibodies
include, but are not limited to bivalent antibodies, trivalent antibodies, tetravalent
antibodies, pentavalent antibodies, and the like, as well as bispecific antibodies and
biparatopic antibodies. For example, for the LRP6 receptor, the mutivalent antibody

(e.g., an LRP6 biparatopic antibody) has a binding moiety for the f-propeller 1 domain
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binding site and a binding moiety for the B-propeller 3 domain binding site of LRP6,

respectively.

The term “multivalent antibody” also refers to a single binding molecule that has more
than one antigen-binding moieties for two separate target receptors. For example, an
antibody that binds to both an LRP6 target receptor and a second target receptor that is
not LRP6 (such as ErbB, cmet, IGFR1, Smoothened, Notch receptors). In one
embodiment, a multivalent antibody is a tetravalent antibody that has four receptor
binding domains. A tetravalent molecule may be bispecific and bivalent for each binding

site on that target receptor.

The multivalent antibody mediates biological effect (e.g., which modulates cellular
activation (e.g., by binding to a cell surface receptor and resulting in transmissjon 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 -
propeller 1 domain of two LRP6 receptors, or an antibody that binds to the B-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 B-
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propeller | domain and the B-propeller 3 domain of a single LRP6 receptor. The term
also includes an antibody, which binds to both the B-propeller 1 and -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, bisepeific
antibodies, etc. that have ubstantially identical to amino acid sequence or are derived from
the same genetic source. This term also includes preparations of antibody molecules of
single molecular composition. A monoclonal antibody composition displays a single

binding specificity and affinity for a particular epitope.

The phrase “human antibody™, as used herein, includes antibodies having variable regions
in which both the framework and CDR regions are derived from sequences of human
origin. Furthermore, if the antibody contains a constant region, the constant region also is
derived from such human sequences, e.g., human germline sequences, or mutated
versions of human germline sequences or antibody containing consensus framework
sequences derived from human framework sequences analysis, for example, as described
in Knappik, et al. (2000. J Mol Biol 296, 57-86). The structures and locations of
immunoglobulin variable domains, e.g., CDRs, may be defined using well known
numbering schemes, e.g., the Kabat numbering scheme, the Chothia numbering scheme,
or a combination of Kabat and Chothia (see, e.g., Sequences of Proteins of
Immunological Interest, U.S. Department of Health and Human Services (1991), eds.
Kabat et al.; Al Lazikani et al., (1997) J. Mol. Bio. 273:927 948); Kabat et al., (1991)
Sequences of Proteins of Immunological Interest, 5th edit., NIH Publication no. 91-3242
U.S. Department of Health and Human Services; Chothia et al., (1987) J. Mol. Biol.
196:901-917; Chothia ef al., (1989) Nature 342:877-883; and Al-Lazikani et al., (1997)
J. Mol. Biol. 273:927-948.

The human antibodies of the invention may include amino acid residues not encoded by
human sequences (e.g., mutations introduced by random or site-specific mutagenesis in
vitro or by somatic mutation in vivo, or a conservative substitution to promote stability or

manufacturing). However, the term “human antibody” as used herein, is not intended to
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include antibodies in which CDR sequences derived from the germline of another
mammalian species, such as a mouse, have been grafied 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),, i.e., (Gly: Ser), where n is a positive integer equal to
or greater than 1. For example, n=1, n=2, n=3. n=4, n=5 and n=6, n=7, n=8, n=9 and
n=10. In one embodiment, the linkers include, but are not limited to, (Gly4 Ser)4 or (Glyy
Ser)s . 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 (GlyzSer), (GlySer) or (Gly;Ser). In anther embodiment, the linkers include
combinations and multiples of (Gly;Ser)+(GlysSer)+HGlySer). In another embodiment,
Ser can be replaced with Ala e.g., (GlysAla) or (GlysAla). In another embodiment, the
linker comprises any combination of Gly, Ser and Pro. In yet another embodiment, the
linker comprises the motif (GluAlaAlaAlaLys),, where n is a positive integer equal to or

greater than 1.
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The term “Fc region” as used herein refers to a polypeptide comprising the CH3, CH2
and at least a portion of the hinge region of a constant domain of an antibody. Optionally,
an Fc region may include a CH4 domain, present in some antibody classes. An Fc region,
may comprise the entire hinge region of a constant domain of an antibody. In one
embodiment, the invention comprises an Fc region and a CH1 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 (CH1, CH2 or CH3) and/or to the light chain constant region domain (CL).
Exemplary modifications include additions, deletions or substitutions of one or more

amino acids in one or more domains. Such changes may be included to optimize effector
function, half-life, etc.

The term “binding site” as used herein comprises an area on a target receptor to which an
antibody or antigen binding fragment selectively binds. For example, the binding sites on
LRP6 include the B- propeller 1 binding domain, p- propeller 2 binding domain, 3-

propeller 3 binding domain, and 3- 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 sulfony! groups, and may
have specific three dimensional structura | 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.
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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, ¢.g., Epitope Mapping
Protocols in Methods in Molecular Biology, Vol. 66 (Glenn E.Morris, Ed., 1996) Humana
Press, Totowa, New Jersey. For example, linear epitopes may be determined by e.g.,
concurrently synthesizing large numbers of peptides on solid supports, the peptides
corresponding to portions of the protein molecule, and reacting the peptides with
antibodies while the peptides are still attached to the supports. Such techniques are known
in the art and described in, e.g., U.S. Patent No. 4,708,871 ; Geysen et al., (1984) Proc.
Natl. Acad. Sci. USA 8:3998-4002; Geysen et al., (1985) Proc. Natl. Acad. Sci. USA
82:78-182; Geysen et al., (1986) Mol. Immunol. 23:709-715. Similarly, conformational
epitopes are readily identified by determining spatial conformation of amino acids such as
by, e.g., x-ray crystallography and two-dimensional nuclear magnetic resonance. See,
e.g., Epitope Mapping Protocols, supra. Antigenic regions of proteins can also be
identified using standard antigenicity and hydropathy plots, such as those calculated
using, e.g., the Omiga version 1.0 software program available from the Oxford Molecular
Group. This computer program employs the Hopp/Woods method, Hopp et al., (1981)
Proc. Natl. Acad. Sci USA 78:3824-3828; for determining antigenicity profiles, and the
Kyte-Doolittle technique, Kyte et al., (1982) J.Mol. Biol. 157:105-132; for hydropathy
plots.

The term “specific binding” between two entities means a binding with an equilibrium
constant (K4) (kon/kofr) of at least 102M'], at least SXIOZM'I, at least 10° M'], at least
5x103M'1, at least 104M'], at least 5x104M'], at least IOSM'I, at least SXIOSM'l, at least
106M'1, at least SXIO(’M'], at least 107M'1, at least 5xlO7M'], at least IOSM'I, at least
SXIOSM'], at least 109M'l, at least le()gM", at least IOIOM'I, at least SXIOIOM'I, at least
10! ]M'], at least SXIO“M'I, at least 10"2M™, at least SXIOIZM'], at least 10]3M'1, at least
5x107 M, at least 10"*M™, at least 5x10'"M™, at least 10"*M}, or at least 5x10"°M"!

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 (K 4), an LRP6 multivalent antibody of
the invention typically also has a dissociation rate constant (Kp) of about (k,s'kon) of less
than 5x10°°M, less than 107M, less than 5x107M, less than 10°M, less than 5x10™'M, less
than 10‘4M, less than 5x107°M, less than 10°M, less than 5x10'6M, less than 10'6M, less
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than 5x107M, less than 107M, less than 5x10®M, less than 10*M, less than 5x10°M, less
than 10°M, less than 5x107'°M, less than 10°1°M, less than 5x10'!M, less than 101'M,
less than 5x107'?M, less than 10"12M, less than 5x10°M, less than 10°*M, less than 5x10
1M, less than 107"*M, less than 5x10°'°M, or less than 10"M or lower, and binds to
LRP6 with an affinity that is at least two-fold greater than its affinity for binding to a non-
specific antigen (e.g., HSA). In one embodiment, the LRP6 multivalent antibody has
dissociation constant (K4) 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 “Kassoc” oF “Ky”, as used herein, refers to the association rate of a particular
antibody-antigen interaction, whereas the term “Kgis” or “Kg,” as used herein, refers to the
dissociation rate of a particular antibody-antigen interaction. The term “Kp”, as used
herein, refers to the dissociation constant, which is obtained from the ratio of K4 to Kq
(i.e. K¢/K,) and is expressed as a molar concentration (M). Kp values for antibodies can
be determined using methods well established in the art. A method for determining the
Kp of an antibody is by using surface plasmon resonance, or using a biosensor system

such as a Biacore® system.

The term “affinity” as used herein refers to the strength of interaction between antibody
and antigen at single antigenic sites. Within each antigenic site, the variable region of the
antibody “arm’ interacts through weak non-covalent forces with antigen at numerous

sites; the more interactions, the stronger the affinity.

The term “avidity” as used herein refers to an informative measure of the overall stability
or strength of the antibody-antigen complex. It is controlled by three major factors:
antibody epitope affinity; the valence of both the antigen and antibody; and the structural
arrangement of the interacting parts. Ultimately these factors define the specificity of the
antibody, that is, the likelihood that the particular antibody is binding to a precise antigen
epitope.

The term “Wnt 1> as used herein refers to Wntl, Wnt2, Wnt6, Wnt7a, Wnt7b, Wnt9%a,
Wntl0a, or Wnt10b
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The term “Wnt 3a™ as used herein refers to Wnt3a and Wnit3.

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.
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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.
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Standard assays to evaluate the binding ability of the multivalent antibodies toward LRP6
of various species are known in the art, including for example, ELISAs, western blots and
RIAs. Suitable assays are described in detail in the Examples. The binding kinetics (e.g.,
binding affinity) of the multivalent antibodies also can be assessed by standard assays
known in the art, such as by Biacore™ analysis. Assays to evaluate the effects of the
multivalent antibodies on functional properties of LRP6 (e.g., receptor binding assays,
modulating the Wnt pathway, or IgG production) are described in further detail in the

Examples.

Accordingly, a multivalent antibody that “inhibits” one or more of these LRP6 functional
properties (e.g., biochemical, immunochemical, cellular, physiological or other biological
activities, or the like) as determined according to methodologies known to the art and
described herein, will be understood to relate to a statistically significant decrease in the
particular activity relative to that seen in the absence of the multivalent antibody (e.g., or
when a control antibody of irrelevant specificity is present). A multivalent antibody that
inhibits LRP6 activity effects such a statistically significant decrease by at least 10% of
the measured parameter, by at least 50%, 80% or 90%, and in certain embodiments an
antibody of the invention may inhibit greater than 95%, 98% or 99% of LRP6 functional

activity.

The phrases “percent identical” or “percent identity,” in the context of two or more
nucleic acids or polypeptide sequences, refers to two or more sequences or subsequences
that are the same. Two sequences are "substantially identical” if two sequences have a
specified percentage of amino acid residues or nucleotides that are the same (i.e., 60%
identity, optionally 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% over a specified
region, or, when not specified, over the entire sequence), when compared and aligned for
maximum correspondence over a comparison window, or designated region as measured
using one of the following sequence comparison algorithms or by manual alignment and
visual inspection. Optionally, the identity exists over a region that is at least about 50
nucleotides (or 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,
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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 ef al., (2003) Current Protocols

in Molecular Biology).

Two examples of algorithms that are suitable for determining percent sequence identity
and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described
in Altschul et al., (1977) Nuc. Acids Res. 25:3389-3402; and Altschul ef 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 1s used to calculate the
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cumulative score. Extension of the word hits in each direction are haited when: the
cumulative alignment score falis 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 BLOSUMS62 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 aigorithm 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 smaliest 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 exampie, 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 preferabiy iess 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
nucieic acid sequences or polypeptides are substantially identical is that the polypeptide
encoded by the first nucieic acid is immunologically cross reactive with the antibodies

raised against the polypeptide encoded by the second nucleic acid, as described below.
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Thus, a polypeptide is typically substantially identical to a second polypeptide, for
example, where the two peptides differ only by conservative substitutions. Another
indication that two nucleic acid sequences are substantially identical is that the two
molecules or their complements hybridize to each other under stringent conditions, as
described below. Yet another indication that two nucleic acid sequences are substantially

identical is that the same primers can be used to amplify the sequence.

The phrase “nucleic acid” is used herein interchangeably with the term
“polynucleotide”and refers to deoxyribonucleotides or ribonucleotides and polymers
thereof in either single- or double-stranded form. The term encompasses nucleic acids
containing known nucleotide analogs or modified backbone residues or linkages, which
are synthetic, naturally occurring, and non-naturally occurring, which have similar
binding properties as the reference nucleic acid, and which are metabolized in a manner
similar to the reference nucleotides. Examples of such analogs include, without
limitation, phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl
phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic acids (PNAs).

Unless otherwise indicated, a particular nucleic acid sequence also implicitly
encompasses conservatively modified variants thereof (e.g., degenerate codon
substitutions) and complementary sequences, as well as the sequence explicitly indicated.
Specifically, as detailed below, degenerate codon substitutions may be achieved by
generating sequences in which the third position of one or more selected (or all) codons is
substituted with mixed-base and/or deoxyinosine residues (Batzer et al., (1991) Nucleic
Acid Res. 19:5081; Ohtsuka et al., (1985) J. Biol. Chem. 260:2605-2608; and Rossolini ef
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, premoter 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,
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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
al] 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).
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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

Whnt 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
Whnt 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/B-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 f-propeller and the third B-propeller of LRP6 respectively, suggesting that Wnt1 and
Wnt3a proteins bind to different 3-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 | and

6 of Propeller 3 domain.

The Whnt 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
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cell growth and survival and can consequently drive the development of cell proliferative
diseases, such as cancer. Altematively, 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): LRPS and LRP6 (reviewed in He et al.,(2004) Development
31:1663-1677).

The role of LRP6 in canomical Wnt signaling was discovered via genetic studies. Mutant
mice lacking LRP6 exhibited composite phenotypes similar to mutations in several
individual Wnt genes (Pinson ef al., (2000) Nature 407:535-538). In Xenopus embryos,
dominant-negative LRP6 blocked signaling by several Wnt proteins, whereas
overexpression of LRP6 activated Wnt/ B-catenin signaling (Tamai ef al, (2000) Nature
407:530-535). Furthermore, it has been shown that expression of either LRP6 or LRPS is
necessary for cells to respond to canonical Wt signaling (reviewed in He ef dl., 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 LRPS and LRP6 comprise three basic domains: 1) a YWTD
(tyrosine, tryptophan, threonine, aspartic acid)-type B-propeller region, 2) an EGF
(epidermal growth factor)-like domain, and 3) an LDLR type A (LA) domain.

The YWTD-type B-propeller region contains six YWTD repeats of 43-50 amino acid
residues each and forms a six-bladed B-propeller structure. In LRP5 and LRP6, there are
four YWTD-type B-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. Mol. Biol. 283:837-
862; Jeon et al., (2001) Nat. Struct. Biol. 8:499-504). The B- 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 B-propeller domains at amino acid
residues 43-324, 352-627, 654-929, and 957-1250, which correspond to B-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.
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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 B-catenin signaling can be divided into two
classes and they require different B-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 -propeller 1 and f3-
propeller 3 are differentially required for signaling activity of Wntl and Wnt 3. These
findings provide new insights on Wnt-induced LRP6 activation and pave the way for the
development of LRP6 antibodies to modulate Wnt signaling in different diseases.
Furthermore, conversion of fragments of the LRP6 antibodies into an 1gG 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 B-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 B-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
B-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
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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 B-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 | pathway to generate a
signal. When the Wnt 3 Fab is converted to a full length Wnt 3 IgG, the Wnt 3 1gG binds
to the B-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 B-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 B-propeller 1 region of LRP6 is used in
combination with a monomeric LRP6 antibody that binds to the B-propeller 3 region of
LRP6. In another embodiment, the LRP6 antibodies are used as multimeric antibodies or

fragments thereof such as bispecific, biparatopic LRP6 antibodies.

In addition to Wnt ligands LRP6 Propeller 1 antibodies are expected to inhibit the
interaction with other Propeller 1 binding ligands (e.g. Sclerostin, Dkk1). Similarly,
Propeller 3 antibodies are expected to inhibit the interaction with other propeller 3
binding ligands (e.g. Dkk1). 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
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and/or cynomologus LRP6), the antibodies comprising (or alternatively, consisting of)
one, two, three, four, five or more VH CDRs having an amino acid sequence of any of the

VH CDRs listed in Table 1, infra.

The present invention provides antibodies that specifically bind a LRP6 protein (e.g.,
human and/or cynomologus LRP6), the antibodies comprising a VH domain having an
amino acid sequence of SEQ ID NOs: 14, 34, 36, 44, 60 and 62. The present invention
provides antibodies that specifically bind to a LRP6 protein (e.g., human and/or
cynomologus LRP6), the antibodies comprising a VL domain having an amino acid
sequence of SEQ ID NOs: 13, 33, 35, 43, 59, and 61.

The present invention provides antibodies that specifically bind a LRP6 protein (e.g.,
human and/or cynomologus LRP6), the antibodies comprising a VH domain having an
amino acid sequence of SEQ ID NOs: 82, 89, 106, 108, 128, 130, and 138. The present
invention provides antibodies that specifically bind to a LRP6 protein (e.g., human and/or
cynomologus LRP6), the antibodies comprising a VL. domain having an amino acid
sequence of SEQ ID NQs: 81, 90, 105, 107, 127, and 129.

Other antibodies of the invention include amino acids that have been mutated, yet have at
least 60%, 70%, 80%, 90%, 95% or 98% identity in the CDR regions with the CDR
regions depicted in the sequences described in Table 1. In some embodiments, it includes
mutant amino acid sequences wherein no more than 1, 2, 3, 4 or 5 amino acids have been
mutated in the CDR regions when compared with the CDR regions depicted in the
sequence described in Table 1, while still maintaining their specifity for the the orignal

antibody’s epitope .

Other antibodies of the invention include amino acids that have been mutated, yet have at
least 60%, 70%, 80%, 90%, 95% or 98% identity in the framework regions with the
framework regions depicted in the sequences described in Table 1. In some
embodiments, it includes mutant amino acid sequences wherein no more than 1, 2, 3, 4, 5,
6, or 7 amino acids have been mutated in the framework regions when compared with
the framework regions depicted in the sequence described Table 1, while still maintaining

their specifity for the the orignal antibody’s epitope

The present invention also provides nucleic acid sequences that encode VH, VL, the full

length heavy chain, and the full length light chain of the antibodies that specifically bind
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to a LRP6 protein (e.g., human and/or cynomologus LRP6). Such nucleic acid sequences
can be optimized for expression in mammatian cells (for example, Table 1 for
MORO08168, MORO08545, and MORO06706 for B-propeller 1 antibodies and MOR06475,
MORO08193, and MORO08473 for B-propeller 3 antibodies).

The LRP6 antibodies of the invention bind to distinct LRP6 B-propeller regions.
Propeller 1 antibodies bind to the B-propeller 1 domain and block Propeller1-dependent
Wnts such as Wntl, Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9, Wnt10A, Wnt10B. Propeller 3
antibodies bind to the B-propeller 3 domain and block Propeller 3-dependent Wnts such
as Wnt3a and Wnt3.

Table 1: Examples of LRP6 Antibodies of the Present Invention

SEQID Ab region Sequence

NUMBER

MOCROB168

Propl

SEQ ID ND:1 HCDR1 DYVIN

(Kabat)

SEQID NO:2 HCDR2 GISWSGVNTHYADSVKG
{Kabat)

SEQID NO:3 HCDR3 LGATANNIRYKFMDV
(Kabat) .

SEQ IDNO:4 LCDR1 SGDSLRNKVY
(Kabat)

SEQID NO:5 LCDR2 KNNRPS

{Kabat)

SEQ ID NO:6 LCDR3 QSYDGQOKSLV
(Kabat)

SEQID NO:7 HCDR1 GFTFSDY

{Chothia)

SEQ 1D NO:B HCDR2 SWS5GVN

{Chothia)

SEQIDNO:9 HCDR3 LGATANNIRYKFMDV
{Chothia)

SEQID NO:10 LCDR1 DSLRNK

{Chothia)

SEQID ND:11 LCDR2 KN

{Chothia)

SEQ D NO:12 LCDR3 YDGQOKSL

(Chothia)
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SEQ ID ND:13

Vi

DIELTQPPSVSVAPGQOTARISCSG DSLRNKVYWYQQKPGQAPY LVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA
EDEADYYCQSYDGOKSLVFGGGTKLTVL

SEQ IDND:14

VH

QVALVESGGGLVYQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSS

SEQ ID ND:1S

DNAVL

GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTIGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC

GATFCTCTTCGTAATAAGGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTFCTTGTGATTTATAAGA

ATAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCATTAG
CGGCACTCAGGCGGAAGACGAAGCGGATTATFATIGCCAGTCTTATGATGGTCAGAAGTCTCTTGTGTTTGGC
GGCGGCACGAAGTTAACCGTCCTA

SEQ ID NO:16

DNA VH

CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGL
CTCCGGATTTACCTTTTCTGATTATGTTATTAATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGGTATTTICTTGGTCTGGTGTTAATACTCATTATGCTGATICTG TTAAGGGTCGTTITACCATTTCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
GTCTTGGTGCTACTGCTAATAATATTCGTTATAAGTTTATGGATGTTTGGGGCCAAGGCACCCTGGTGACGGT
TAGCTCA

SEQ ID NO:17

Light Lambda

DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQOKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA
EDEADYYCQSYDGOKSLVFGGGTKLTVLGOPKAAPSVTLFPPSSEELOANKATLYCUSDFYPGAVTVAWKADSSP
VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGS TVEKTVAPTECS

SEQ ID NO:18

Heavy IgG1
LALA

QVOLVESGGGLVOPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRY KFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSYVTVPSSSLGTOTYICNVNHKPSNTKVDKRVEPKS
CDKTHTCPPCPAPEAAGGPSYFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLP PSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGS FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP
GK

SEQIDNO; 19

DNA
Light Lambda

GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATTCTCTTCGTAATAAGG TTTATFGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTICTTGTGATTTATAAGA
ATAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCATTAG
CGGCACTCAGGCGGAAGACGAAGCGGATFATTATTGCCAGTCTTATGATGGTCAGAAGTCTCTTGTGTTTGGC
GGCGGCACGAAGTTAACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGG TCACTCTGTTCCCGCCCTCCTCTG
AGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGG
CCTGGAAGGCAGATAGCAGCCCCGTCAAGGLGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAAC
AAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAG
GTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTICA

SEQID NO: 20

DNA
Heavy IgG1
LALA

CAGGTGCAATTGGTGGAAAGCGGLGGLGGLCTGGTGCAACCGGGLGGCAGCCTGLGTCTGAGCTGCGCGGC
CTCCGGATTTACCTTTTCTGATTATGTTATTAATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGGTATTTCTTGGTCTGGTGTTAATACTCATTATGCTGATTCYGTTAAGGGTCGTTTTACCATTTCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGLGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
GTCTIGGTGCTACTGCTAATAATATICGTTATAAGTTTATGGATGTTTGGGGCCAAGGCACCCTGGTGACGGT
TAGCTCAGCCTCCACCAAGGGTCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACA
GLGGCCCTGGGLTGLCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTG
ACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCG
TGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGG
ACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGG
GGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAG GACACCCTCATGATCTCCCGGACCCCTGAGGTCAC
ATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTICAACTGGTACGTGGACGGCGTGGAGG
TGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACC
GTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCC
ATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCLGG
GAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGG CTTCTATCCCAGCGACATCGCCGTG
GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTC
CTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTG
ATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA
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MORO8545

Propl

SEQ ID ND:21 HCDR1 VNGMH

(Kabat)

SEQID NO:22 HCDR2 VIDGMGHTYYADSVKG

(Kabat)

SEQIDND:23 HCDR3 YDYIKYGAFDP

(Kabat)

SEQ ID NO:24 LCDR1 SGDNIGSKYVH

(Kabat)

SEQ D NO:25 LDCR2 GDSNRPS

(Kabat)

SEQ ID NO:26 LCDR3 TRTSTPISGV

(Kabat)

SEQ ID NO:27 HCDR1 GFTFSVN

(Chothia)

SEQ ID NO:28 HCDR2 DGMGH

(Chothia)

SEQ ID NO:29 HCDR3 YDYIKYGAFDP

{Chothia)

SEQ ID NO:30 LCDR1 DNIGSKY

{Chothia)

SEQ ID NO:31 LDCR2 GDS

(Chothia)

SEQ ID NO:32 LCDR3 TSTPISG

(Chothia)

SEQID NO:33 VL DIELTQPPSVSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPYLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT
QAEDEADYYCTRTSTPISGVFGGGTKLTVL

SEQID NO:34 VH QVQLVESGGGLVQPGGSLRLSCAASGFTFSYNGMHWYROAPGKGLEWVSVIDGMGHTYYADSVYKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSS

SEQ ID NO:35 VL Germlined SYELTQPPSVSVSPGQTASITCSGDNIGSKYVHWYQQKPGQSPYLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT
QAMDEADYYCTRTSTPISGVFGGGTKLTVL

SEQ ID NO:36 WH Germlined EVQLVESGGGLVQPGGSLRLSCAASGFTFSYNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN
SKNTLYLOQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSS

SEQID NO:37 DNA VL GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATG
GTGATICTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGAC
CATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATT GCACTCGTACTTCTACTCCTATTITCTGGTGTGT
TTGGCGGUGGCACGAAGTTAACCGTTCTT

SEQ 1D NO:38 DNAVH CAGGTGCAATTGGTGGAAAGCGGCGGLGGLCTGGTG CAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGT
CTCCGGATTTACCTITTCTGTTAATGGTATGCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGATAA
TICGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT
TATGATTATATTAAGTATGGTGCTTITTGATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA
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SEQ 1D NO:39

Light lambda

DIELTQPPSVSVAPGQTARISCSGDNIGSKYVHWYQOKPGQAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT
QAEDEADYYCTRTSTPISGVFGGGTKLTVLGQP KAAPSVTLFPPSSEELOANKATLVCLISDFYPGAVTVAWKADSS
PVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTEA

SEQ 1D NC:40

Heavy Fab

QVOLVESGGGLVQPGGSLRLSCAASGFTFSYNGMHWVROAPGKGLEWVSVIDGMGHTYY ADSVKGRFTISRDN
SKNTLYLOQMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS

SEQ 1D NO:41

DNA Light
lambda

GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTIGTGATTTATG
GTGATTCTAATCGTCCCTCAGGCATCCCGGAACGCTITAGCGGATCCAACAGCGGCAACACCGCGACCCTGAC
CATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCACTCGTACTTCTACTCCTATTTCTGGTGTGT
TTGGCGGCGGCACGAAGTTAACCGTTCTTGGCCAGCCGAAAGCCGCACCGAGTGTGACGCTGTTTCCGCCGA
GCAGCGAAGAATTGCAGGCGAACAAAGCGACCCTGGTGTGCCTGATTAGCGACTITTATCCGGGAGCCGTGA
CAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGC
AACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGC
TGCCAGGTCACGCATGAGGGGAGCACCGTGGAAAAAACCGTTGCGCCGACTGAGGCC

SECQ 1D NO:42

DNA Heavy
Fab

CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGLGCGGE
CTCCGGATTTACCTITICTGTTAATGGTATGCATTGGG TGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGATAA
TTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT
TATGATTATATTAAGTATGGTGCTTTTGATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGTCGA
CCAAAGGTCCAAGCGTGTTTCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGGGLT
GCCTGGTTAAAGATTATTTCCCGGAACCAGTCACCGTGAGCTGGAACAGCGGGGLGCTGACCAGCGGCGTGC
ATACCTTTCCGGCGGTGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCAGCA
GCTTAGGCACTCAGACCTATATITGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAGTGG
AACCGAAAAGC

SEQ 1D NO:43

VL Germlined

SYELTQPLSVSVALGQTARITCGGDNIGSKYVHWYQOKPGOAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISRA
QAGDEADYYCTRTSTPISGVFGGGTKLTVL

SEQIDNO:44

VH Germlined

EVCQLLESGGGLVOPGGSLRLSCAASGFTFSYNGMHWVYROAPGKGLEWVSVIDGMGHTYY ADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARYDYIKYGAFDPWGQGTLVTVSS

SEQ ID NO:45

DNA VL
Germlined

AGCTATGAACTGACCCAGCCGCTGTCTGTGAGCGTGGCGCTGGGCCAGACCGCGCGTATTACCTGCGGTGGC
GATAACATTGGCAGCAAATATGTGCATTGGTATCAGCAGAAACCGBGCCAGGCGCCGGETGCTGGTGATTTAT
GGCGATAGCAACCGTCCGAGCGGCATTCCGGAACGTTTTAGCGGCAGCAACAGCGGCAACACCGCGACCCTG
ACCATTTCTCGCGCGCAGGCGGG TGATGAAGCGGATTATTATTGCACCCGTACCAGCACCCCGATTAGCGGE
GTGTTTGGCGGCGGTACGAAGTTAACCGTTCTT

SEQID ND:46

DNA VH
Germlined

GAGGTGCAATTGCTGGAAAGCGGCGGCGGCCTGETGCAACCGGGLGGCAGCCTGCGTCTGAG CTGCGLGGC
CTCCGGATTTACCTITTICTGTTAATGGTATGCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGTTATTGATGGTATGGGTCATACTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGATAA
TTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGCGT
TATGATTATATTAAGTATGGTGCTTTTGATCCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

MORO6706
Propl

SEQ 1D NO:47
{Kabat)

HCDR1

DYAIH

SEQ |DND:48
{Kabat)

HCDR2

GISYSGSSTHYADSVKG

SEQ 1D NO:49
(Kabat}

HCDR3

GSHGNIMAKRYFDF

SEQ D NO:50

LCDR1

SGDNIRKKYVY
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{Kabat)

SEQID NO:51 LDCR2 EDSKRPS

(Kabat)

SEQID NO:52 LCDR3 STADSGINNGV

(Kabat)

SEQ ID NO:53 HCDR1 GFTFSDY

{Chothia)

SEQ 1D NO:54 HCDR2 SYSGSS

{Chothia)

SEQID NO:55 HCDR3 GSHGNIMAKRYFDF

{Chothia)

SEQ ID NO:56 {CDR1 DMNIRKKY

(Chothia)

SEQ 1D NO:57 LDCR2 EDS

{Chothia)

SEQ 1D NO:58 LCDR3 ADSGINNG

{Chothia)

SEQ ID ND:59 Vi DIELTOPPSVSVAPGQTARISCSGDNIRKKYVYWYQQKPGQAPYVILVIYEDSKRPSGIPERFSGSNSGNTATLTISGTQ
AEDEADYYCSTADSGINNGVFGGGTKLTVL

SEQID NO:60D VH QVALVESGGGLVQPGGSLRLSCAASGFTFS DYAIHWVROAPGKGLEWVSGISYSGSSTHYADSVKGRFTISR ONSK
NTLYLOMNSLRAEDTAVYYCARGSHGNIMAKRYFDFW GQGTLVTVSS

SEQID NO:61 VL Germlined SYELTQPPSVSVSPGQTASITCSGDNIRKKYVYWYQOKPGQSPVLVIYEDSKRPSGIPERFSGSNSGNTATLTISGTQ
AMDEADYYCSTADSGINNGVFGGGTKLTVL

SEQ 1D NO:62 VH Germlined EVQLVESGGGLVAPGGSLRLSCAASGFTFS DYAIHWVROQAPGKGLEWVSGISYSGSSTHYADSVKGRFTISRDNSK
NTLYLOMNSLRAEDTAVYYCARGSHGNIMAKRYFDFWGQGTLVTVSS

SEQ D NO:63 DNA VL GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATAATATTCGTAAGAAGTATGTITATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTICTTGTGATITATG
AGGATTCTAAGCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGA
CCATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCTCTACTGCTGATTCTGGTATTAATAATGG
TETGTT TGGCGGLGGCACGAAGTTAACCGTTCTT

SEQ 1D NO:64 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCAGTCTGAGCTGCGCGGC
CTCCGGATTTACCTTTTCTGATTATGCTATFCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGGTATCTCTTATICTGGTAGCTCTACCCATTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCACGTGA
TAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATIATTIGCGCG
CGTGGTTCTCATGGTAATATTATGGCTAAGCGTTATTTTGATTTTTGGGGCCAAGGCACCCTGGTGACGGTTA
GCTCA

SEQ 1D NO:65 Light Lambda DIELTOPPSVSVAPGOTARISCSGDNIRKKYWVYWYQOKPG QAPYLVIVEDSKRPSGIPERFSGSNSGNTATLTISGTQ
AEDEADYYCSTADSGINNGVFGGGTKLTVLGQOPKAAPSVTLFPPSSEELOQANKATLVCLISDFYPGAVTVAWKADS
SPVKAGVETTTPSKOSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQ 1D NO:6b6 Heavy IgG1 QVALVESGGGLYOPGGSLRLSCAASGFTFSDYAIHWYVROAPGKG LEWVSGISYSGSSTHYADSVKGRFTISRDNSK

LALA NTLYLOMNSLRAEDTAVYYCARGSHGNIMAKRYFDFWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL

VKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTATYICNVNHKPSNTKVDKRVEPKSCDK
THTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVY DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY N
STYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYP
SDIAVEWESNGQOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
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SEQ ID ND:67 ONA hlamda GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGACCGCGCGTATCTCGTGTAGCGGC
GATAATATTCGTAAGAAGTATGTTTATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATG
AGGATTCTAAGCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGA
CCATTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATTGCTCTACTGCTGATTCTGGTATTAATAATGG
TGTGTTTGGCGGCGGCACGAAGTTAACCG TCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCG
CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCG
TGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAA
AGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTAC
AGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCA

SEQ ID ND:68 DNA Heavy CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGC

1gG1 LALA CTCCGGATTTACCTITTCTGATTATGCTATTCATTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCGGTATCTCTTATICTGGTAGCTCTACCCATTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCACGTGA
TAATTCGAAAAACACCCTGTATCTG CAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCG
CGTGGTTCTCATGGTAATATTATGGCCAAGCGTTATTTTGATTITTGGGGCCAAGGCACCCTGGTGACGGTTA
GCTCAGCCTCCACCAAGGGTCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGC
GGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGAC
CAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTG
CCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGAC
AAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGCGGGG
GGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATG
CGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGG TCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGC
ATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCC
TGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCG
AGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGG
AGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGT
GGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCT
TCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGC
ATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA

MOR06475

Prop3

SEQ ID NO:69 HCDR1 NRGGGVG

{Kabat}

SEQ ID NO:70 HCDR2 WIDWDDDKSYSTSLKT

{Kabat)

SEQID NO:71 HCDR3 MHLPLVFDS

{Kabat)

SEQ ID NO:72 LCDR1 RASQFIGSRYLA

{Kabat)

SEQID NO:73 LDCR2 GASNRAT

(Kabat)

SEQ ID ND:74 LCDR3 QQYYDYPQT

{Kabat}

SEQ 1D ND: 75 HCDR1 GFSLSNRGG

{Chothia}

SEGIDND:76 HCDR2 DWDDD

{Chothia)

SEQ ID NO:77 HCDR3 MHLPLVFDS

{Chothia)

SEQ ID NO:78 LCDR1 SQFIGSRY

{Chothia)
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SEQID ND:79
(Chothia}

LDCR2

GAS

SEQ ID NO:80
(Chothia)

LCDR3

YYDYPQ

SEQID NO:81

VL

DIVLTQSPATILSISPGERATLSCRASQFIGSRYLAWYQOKPGQOAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL
EPEDFATYYCQQYYDYPQTFGQGTKVEIK

SEQ ID NO:82

VH

QVOLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLYISKDTS
KNOGVVLTMTNMDPVDTATYYCARMH LPLVFDSWGQGTLVTVSS

SEQID NO:B3

DNA VL

GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGLCTGCAGA
GCGAGCCAGTTTATIGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA
TITATGGTGCTTCTAATCGTGCAACTG GGG TCCCOGOLGCGTTTTAGCGG CTCTGOATCCGGCACGGATTTTAC

CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTCAGA
CCTTTGGCCAGGGTACGAAAGTTGAAATTAAA

SEQID NO:84

DNA VH

CAGGTGCAATTGAAAGAAAGCGGLCCGGLCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTIT
CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTEGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATIG
CGCGCGTATGCATCTTCCTCITGTTTTTGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ 1D NO:85

Light kappa

DIVLTQSPATLSLSPGERATISCRASCQFIGSRYLAWYQOKPGQOAPRLLIVGASNRATGVPARFSGSGSGTDFTLTISSL
EPEDFATYYCQQYYDYPATFGQGTKVEIKRTVAAPSVFFPPSDEQLKSGTASVYCLLNNFYPREAKVOWKVDNAL
QSGNSQESVTEQDSKDSTYSISSTLTLSKADY EKHKVYACEVTHOGLSSPVTKSFNRGEC

SEQ D NO:86

Heavy IgG1
LALA

QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS
KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD
YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTATYICNVYNHKPSNTKVDKRVEPKSCOKTHT
CPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCYVYDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS KAKGQPREPQVYTLPPSREE MTKNQVSLTCLVKGFY PSDI
AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSYMHEALHNHYTQKSLSLSPGK

SEQ ID NO:87

DNA
Light kappa

GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
GCGAGCCAGTTTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAG AAACCAGGTCAAGCACCGCGTCTATTAA
TITATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGLTCTGGATCCGGCACGGATTTTAC
CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTATIGCCAGCAGTATTATGATTATCCTCAGA
CCTTTGGCCAGGGTACGAAAGTTGAAATT AAACGTACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCT
GATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG CTGAATAACTT CTATCCCAGAGAGGCCAAAG
TACAGTGGAAGGTGGATAACGCCCTCCAATCGG GTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAG
GACAGCACCTACAGCCTCAGCAGCACCCTGACGLTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCC
TGCGAAGTCACCCATCAGGGCCTOAGLTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

SEQID NO:88

DNA
Heavy IgG1
LALA

CAGGTGCAATTGAAAGAAAGCGGLCCGGLCCTGGTGAAACCGACCCAMACCCTGACCCTGACCTGTACCTTTT
CCGGATTITAGCCTGTCTAATCGTGGTGG TGG TG TGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGLTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG
COCOCGTATGCATCTICCTCTTGTITITGATTCTTGGGGCCAAGGCACCLCTGGTGACGGTTAGLTCAGCCTCCA
CCAAGGGTCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGLCCTGGGLTG
CCTGGTCAAGGACTACTTCCCCGAACCGGTGALGGTGTCGTGGAALTCAGGCGCCLTGACCAGCGGCGTGCA
CACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGLT
TGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTGAGC
CCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAGCAGLGGGGGGACCGTCAGTCTT
CCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGG TG GTGGAL
GTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGAL
AAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGGGTGGTCAGCGTCCTCACCGTCCTGCACCAGGALT
GGLTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCT
CCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCOGGGAGGAGATGACCAAG
AACCAGGTCAGLCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAT
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCOTGLTGGACTCCGACGGCTCCITCTTCCTCTACAGCA
AGCTCACCGTGOACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGLTCTGL

44




WO 2011/138391

PCT/EP2011/057200

ACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA

SEQUID NO:89 VH Germlined QVTLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWILAWIDWDDDKSYSTSLKTRLTISKDTS
KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQIDND:90 | VLGermlined | EIVLTQSPATLSLSPGERATLSCRASOFIGSRYLAWYQQOKPGOAPRLLIYGASNRATGIPARFSGSGSGTDFTLTISSLE
PEDFAVYYCQQYYDYPQTFGQGTKVEIK

SEQID NO:91 DNA VH CAGGTCACACTGAAAGAGTCCGGCCCTGCCCTGGTCAAACCCACCCAGACCCTGACCCTGACATGCACCTTCA

Germlined GCGGCTTCAGCCTGAGCAACAGAGGCGGCGGAGTGGGLTGGATCAGACAGCCTCCCGGLAAGGCLCTGGAA

TGGCTGGCCTGGATCGACTGGGACGACGACAAGAGCTACAGCACCAGCCTGAAAMACCCGGCTGACCATCAGC
AAGGACACCAGCAAGAACCAGGTGGTGCTGACCATGACCAACATGGACCCCGTGGACACCGCCACCTACTAC
TGCGCCCGGATGCATCTGCCCCTGGTGTTCGATAGCTGGGGCCAGGGCACCCTGGTCACCGTCAGCTCA

SEQID NO:92 DNA VL GAAATCGTGCTGACCCAGAGCCCCGCCACCCTGTCTCTGAGCCCTGGUGAGAGAGCCACCCTGAGCTGCCGG

Germlined GCCAGCCAGTTCATCGGCAGCAGATACCTGGCTTGGTATCAGCAGAAGCCCGGLCAGGCCCCCAGACTGCTG

ATCTACGGCGCCAGCAACCGGGCCACCGGCATCCCTGCCAGATTTICTGG CAGCGGCAGCGGCACCGACTTC
ACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCGTGTACTACTGCCAGCAGTACTACGACTACCCCC
AGACCTTCGGCCAGGGCACCAAGGTGGAAATCAAG

MORO08193

Prop3

SEQID ND:93 HCDR1 NRGGGVYG

{Kabat)

SEQID NO:94 HCDR2 WIDWDDDKSYSTSLKT

{Kabat)

SEQ ID NO:95 HCDR3 MHLPLVFDS

{Kabat)

SEQ D NO:96 LCDR1 RASOFIGSRYLA

{Kabat)

SEQID ND:97 LDCR2 GASNRAT

{Kabat)

SEQID NO:98 LCDR3 QQYWSIPIT

{Kabhat)

SEQ 1D ND:99 HCDR1 GFSLSNRGG

{Chothia}

SEQID NO:100 | HCDR2 DWODD

{Chothia)

SEQIDND:101 | HCDR3 MHLPLVEDS

(Chothia)

SEQ 1D NO:102 | LCDR1 SQFIGSRY

(Chothia)

SEQIDNO:103 | LDCR2 GAS

(Chothia}

SEQ ID NO:104 LCDR3 YWSIPI

{Chothia)
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SEQ ID NO:105

VL

DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQOKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL
EPEDFAVYYCQQYWSIPITFGQGTKVEIK

SEQ ID NO:106

VH

QVOLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS
KNQVVLTMTNMDPVDTATYYCARMMLPLVFDSWGQGTLVTVSS

SEQID NO:107

VL Germlined

EIVLTOSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIYGASNRATGIPARFSGSGSGTDFTLTISSLE
PEDFAVYYCQQYWSIPITFGQGTKVEIK

SEQ ID NO:108

VH Germlined

QVTLKESGPALVKPTATLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWILAWIDWDDDKSYSTSLKTRLTISKDTS
KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ ID NC:109

DNAVL

GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGLCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
GCGAGCCAGTTTATTGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA
TTTATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCRTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC

CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTGTATTATTGCCAGCAGTATTGG TCTATTCCTATTA
CCTTTGGCCAGGGTACGAAAGTTGAAATTAAA

SEQ ID NO:110

DNAVH

CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT
CCGGATTTAGCCTGTCTAATCGTGG TGGTGG TG TGGG TTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGG TGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATIATIG
CGCGCGTATGCATCTICCTCTTGTTTITGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGLCTCA

SEQIDNC:111

Light kappa

DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGOAPRLLIYGASNRA TGVPARFSGSGSGTDFTLTISSL
EPEDFAVYYCQQYWSIPITFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNEYPREAKVOQW KVDNAL
QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGEA

SEQID NO:112

Heavy Fab

QVALKESGPALVKPTQTLTLTCTFSGFSLSNRGGGYGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS
KNOQVVLITMTNMDPVDTATYYCARMHLPLYFDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD
YFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKS

SEQIDNQ:113

DNA Light
kappa

GATATCGTGCTGACCCAGAGCCCGGLGACCCTGAGCCTGTCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
GCGAGCCAGTTTATTGGTICTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA
TITATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC
CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTGTATTATTGCCAGCAGTATTIGGTCTATTCCTATTA
CCTTTGGCCAGGGTACGAAAGTTGAAATTAAACGTACGGTGGCTGCTCCGAGCGTGTTTATTTTTCCGCCGAG
CGATGAACAACTGAAAAGCGGCACGGCGAGCGTGGTGTGCCTGCTGAACAACTTTTATCCGCGTGAAGCGAA
AGTTCAGTGGAAAGTAGACAACGCGCTGCAAAGCGGCAACAGCCAGGAAAGCG TGACCGAACAGGATAGCA
AAGATAGCACCTATTCTCTGAGCAGCACCCTGACCCTGAGCAAAGCGGATTATGAAAAACATAAAG TGTATGC
GTGCGAAGTGACCCATCAAGGTCTGAGCAGCCCGGTGACTAAATCTTTTAATCGTGGCGAGGCC

SEQIDNO:114

DNA Heavy
Fab

CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT
CCGGATTTAGCCTGTCTAATCGTGGTGGT GG TGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAAT CAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG
CGCGCGTATGCATCTTCCTCTTGTITITGATIC TIGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCGTCGA
CCAAAGGTCCAAGCGTGTTTCCGC TGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGCCCTGGGCT
GCCTGGTTAAAGATTATTTCCCGGAACCAGTCACCGTGAGCTGGAACAGCGGGGCGCTGACCAGCGGLGTGC
ATACCTTTCCGGCGGTGLTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCAGCA
GCTTAGGCACTCAGACCTATATTTGCAACGT GAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAGTGG
AACCGAAAAGC

MOR084T73
Prop3

SEQ ID NO:115
{Kabat)

HCDR1

SYGMS

SEQID NO:116
{Kabat}

HCDR2

NISNDGHYTYYADSVKG
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SEQID ND:117 HCDR3 FQASYLDIMDY

{Kabat)

SEQ ID ND:118 LCDR1 SGDNIGSKYVH

{Kabat)

SEQID NO:119 LDCR2 NDSNRPS

{Kabat)

SEQ 1D NO:120 LCOR3 CAWGDNGTRY

{Kabat)

SEQID ND:121 HCDR1 GFTFSSY

{Chothia)

SEQ ID NO:122 HCDR2 SNDGHY

{Chothia)

SEQIDNO:123 | HCDR3 FQASYLDIMDY

{Chothia)

SEQID ND:124 LCDR1 PNIGSKY

{Chothia)

SEQID ND:12S LDCR2 NDS

{Chothia)

SEQID NO:126 LCDR3 WGDNGTR

{Chothia)

SEQ ID ND:127 VL DIELTQPPSVSVAPGQOSITISCSG DNIGSKYVHWYQQKPG QAPVLVIYNDSNRPSGIPERFSGSNSGNTATLTISGTQ
AEDEADYYCQAWGDNGTRVFGGGTKLTVL

SEQID NO:128 VH QVALVESGGGLVYOPGGSLRLSCAASGFTESSYGMSWVRGAPGKGLEWVSNISNDGHYTYYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSS

SEQ ID NO:129 VL Germlined SYELTQPPSVSVSPGQOTASITCSGDNIGS KYVHWYQQKPGQSPYLVIYNDSNRPSGIPERFSGSNSGNTATLTISGT
CAMDEADYYCQAWGDNGTRVFGGGTKLTVL

SEQ ID ND:130 | VH Germlined EVOLVESGGGLVQPGGSLRLSCAASG FTFSSYGMSWVRQAPGKGLEWVSNISNDGHYTYYADSVKGRFTISRDNS
KNTLYLQMNSLRAEDTAVYYCARFQASYLDIMDYWG QGTLVTVSS

SEQID ND:131 DNA VL GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGAGCATTACCATCTCGTGTAGCGGCG
ATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTIGTGATTTATAAT
GATTCTAATCGTCCCTCAGGCATCCOCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCA
TTAGCGGCACTCAGGCGGAAGACGAAGCGGATTATTATIGCCAGGCTTGGGG TGATAATGGTACTCGTGTGT
TTGGCGGCGGCACGAAGTTAACCGTTCTT

SEQID ND:132 DNA VH CAGGTGCAATTGGTGGAAAGCGGCGGCEGCCTGOTGCAACCGGGCGGCAGCCTGCGTCTGAGCTGCGCGGE
CTCCGGATITACCYTTTICTTCTTATGGTATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCAATATTTCTAATGATGGTCATTATACTTATTATGCTGATTCTG TTAAGGGTCGTTTTACCATITCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
GTTTTCAGGCTTCTTATCTTGATATTATGGATTATIGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA

SEQ 1D ND:133 Light lambda DIELTQP PSVSVA PGOSITISCSG DNIGSKYVHWYQQKPGOAPYLVIYNDS NR PSGIPERFSGSNSGNTATLTISGTO
AEDEADYYCQAWGDNGTRYFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADS
SPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTEA

SEQID NO:134 Heavy Fab QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYGMSWVRQAPG KGLEWVSNISNDGHYTYYADSVKGRFTISRDN

SKNTLYLQMNSLRAE DTAVYYCARFQASYLDIMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVK
DYFPEPVTVSWNSGALTSG VHTFPAVLOSSGLYSLSSVVTVPSSSLG TQTYICNVNHKPSNTKVDKKVEPKS
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SEQID ND:135

DNA Light
lambda

GATATCGAACTGACCCAGCCGCCTTCAGTGAGCGTTGCACCAGGTCAGAGCATTACCATCTCGTGTAGCGGLG
ATAATATTGGTTCTAAGTATGTTCATTGGTACCAGCAGAAACCCGGGCAGGCGCCAGTTCTTGTGATTTATAAT
GATTCTAATCGTCCCTCAGGCATCCCGGAACGCTTTAGCGGATCCAACAGCGGCAACACCGCGACCCTGACCA
TTAGCGGCACTCAGGCGGAAGACG AAGCGGATTATTATTGCCAGGCTTGGGGTGATAATGGTACTCGTGTGT
TTGGCGGCGECACGAAGTTAACCGTTCTTGGCCAGCCGAAAGCCGCACCGAGTGTGACGCTGTTTCCGCCGA
GCAGCGAAGAATTGCAGGLGAACAAAGCGACCCTGGTGTGLCTGAT TAGCGACTTTTATCCGGGAGCCGTGA
CAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGLGGGAGTGGAGACCACCACACCCTCCAAACAAAGT
AACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGC
TGCCAGGTCACGCATGAGGGGAGCACCGTGGAAAAAACCGTTGCGCLGACTGAGGLC

SEQ ID ND:136

DNA Heavy
Fab

CAGGTGCAATTGGTGGAAAGCGGCGGLGGLCTGGTGCAACCGGGLGGLAGCCTGCGTCTGAGCTGLGLGGL
CTCCGGATTTACCTTTTCITCTTATGGTATG TCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCAATATTTCTAATGATGGTCATTATACTTATTATGCTGATTCTGTTAAGGG TCGTTTTACCATTITCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACGGCCGTGTATTATTGCGCGC
OTTTTCAGGCTTCTTATCTTGATATTATGGATTATTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGLCGTC
GACCAAAGGTCCAAGCGTGTTTCCGCTGGCTCCGAGCAGCAAAAGCACCAGCGGCGGCACGGCTGLLCTGG
GCTGCCTGGTTAAAGATTATITCCCGGAACCAGTCACCG TGAGLTGGAACAGCGGGGLGCTGACCAGLGGLG
TGCATACCTTTCCGGCGGTGCTGCAAAGCAGCGGCCTGTATAGCCTGAGCAGCGTTGTGACCGTGCCGAGCA
GCAGCTTAGGCACTCAGACCTATATTTGCAACGTGAACCATAAACCGAGCAACACCAAAGTGGATAAAAAAG
TGGAACCGAAAAGC

SEQ 1D ND:137

VL Germlined

SYELTQPLSVSVALGQTARITCGGDNIGSKYVHWYQOKPGQAPVLVIYNDSNRPSGIPERFSGSNSGNTATLTISRA
QAGDEADYYCOAWGDNGTRVFGGGTKLTVL

SEQ ID NO:138

VH Germlined

EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYGMSWVRQAPGKG LEWVSNISNDGHYTYYADSVKGRFTISRDNS
KNTLYLOMNSLRAEDTAVYYCARFQASYLDIMDYWGQGTLVTVSS

SEQ 1D NO:139

DNA VL
Germlined

AGCTATGAACTGACCCAGCCGCTGAGTGTTAGCGTTGLGCTGGOTCAGACCGCGCGTATTACCTGCGGLGGT
GATAACATTGGCAGCAAATATGTGCATTGGTATCAGCAGAAACCGGGCCAGGCGCCGGTGCTGGTGATTTAT
AACGATAGCAACCOTCCGAGCGGCATTCCGGAACGTTTTAGCGGCAGCAACAGCGGCAATACCGCGACCCTG
ACCATTAGCCGTGLGCAGGCGGGTGATGAAGLGGATTATTATIGCCAGGCGTGGGGCGATAATGGTACGLG

TGTGTITGGCGGTGGTACGAAGTTAACCGTTCTT

SEQ 1D NO:140

DNA VH
Germlined

GAGGTGLAATTGCTGGAAAGCGGCGGLGGCCTGGTGCAACCGGGLGGCAGCCTGCGTCTGAGCTGCGLGGC
CTCCGGATTTACCTTTICTTCTTATGGTATGTCTTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTG
AGCAATATTTCTAATGATGG TCATTATACTTATTATGCTGATTCTGY TAAGGGTCGTTTTACCATTTCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCG TGCGGAAGATACGGCLGTGTATTATTGCGCGE
GTTTTCAGGCTTCTTATCTTGATATTATGGATTATTGGGGCCAAGGCACCCTGG TGACGGTTAGCTCA

Biparatopic
construction

MORO06475

SEQ 1D NO:141

DNA VL-
(GGGGS)3-VH
scFv

Gatatcgttctgacecagagtecggcaaccctgagectgagtocgggtgaacgigecacectgagetgtcgtacaagecagtitatigetageeg
ttatctggcatggtatcageagaaaccgggtcaggcaccgegtctgctgatttatggtpcaagcaatcgtgeaaccggtgttccggracgtittag
ceplagiggtagtgecaccgattttacectgaccattagcagectggaaccggaagattttgeaacctattattgecageagtattatgattatee

geagacctttggteagegcaccaaggtggaaattaaagptegtggtgetagegetggtegtegcteaggtggtgecegtagtcageticaattg

aaagaaageggtccgecactiggtiaaaccgacocagaccctgacectgacatgtacetttagegpttttagectgageaategtggtesteetpt
tggtiggattcgteagectecgggtaaageaciggaatgactggeatggatigattpgeatgatgataaaagetatageaccagectgaaaace

cgtctgaccattagtaaagataccageaaaaatcaggtgetictgaceatgaccaatatggatecgettgataccgecacctattattgtgeacgt
atgcatctgoegetpptitiigatagetggegtcagegtacactagttacegttageage

SEQ ID NO:142

VL-{GGGGS)3-
VH scFv

DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGOAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL
EPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGESGGGGSAVALKESGPALVKPTQTLTLTCTFSGFSLSN
RGGGVGWIRQPPGKALE WLAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMODPVDTATYYCARMM LPL
VEDSWGQGTLVTVSS
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SEQID ND:143

DNA VL-
(GGGGS)4-VH
scFv

Gatatcgtgctgacacagageectgecaccctgtctetgagoectggegagagagecaccctgagetgecgggeeageeagticategecteec

gctacciggeciggtatcageagaageecggacaggeteccagactgetgatctacggegeeageaacagagetaccggegteccegecagatt
tctpgcageggeageggeaccgacticaccctgaccateageagectggaacecgaggacttegeeacctactactgecageagtactacgac

tacceccagaccticggecagggcaccaagelgpagatcaagggcgagecgRatccRBERBIBECEBAaEgEAEECBRaRRAAECARAR
gReEcggaagecaggptgcaattgaaagagtecggecctgccctggigaagectacccagaccctgacectgacatgeaccticageggeticag
cctgageaacagaggcgecgeagtgggctggatcagacagecteccggeaaggecctggaatgpetggectggategactgggacgacgaca
agagctacagcactagectgaaaacecggetgaccatciccaaggacaccageaagaaccagptgetgcicaccatgaccaacatggacece

gtggacaccgecacctattatigegeccggatgcatotgecectggtgticgatagetggegccagggaaccctggtgacagtgiecage

SEQ ID ND:144

VL-{GGGGS)A-
VH scFv

DIVLTOSPATLSESPGERATLSCRASQFIGSRY LAWYQQOKPGQOAPRLLIYGASNRATGVPARFSGSGSGTOFTLTISSL
EPEDFATYYCOQYYDYPQTFGQAGTKVEIKGGGGSGGGGSGGGGSGGGESQVALKESGPALVKPTQTLTLTCTFS
GFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLYISKDTSKNQVVLTMTNMDPVDTATYYCAR
MHLPLVFDSWGQGTLVTVSS

SEQ ID NO:145

DNA VH-
(GGGGS)3-VL
scFv

Caggttcaattgaaagaaagegetecggeactggttaaaccgacccagaccctgaccctgacatgtacctttageggttitagectgageaate
gtegiestagtettggtiggattcgteagectecgggtaaageactggaatggctggeatggattgatigggatgatgataaaagctatageace
agccigaaaacccgictgaccatiagcaaagataccagcaaaaatcaggtigtictgaccatgaccaatatggatecggtigatacegeaacct
attattgtgcacgtatgcatetgecgetggtittigatagetpgeetcapggtacactagtiaccgtiagcagcgptBgtEgtERtagCRRIRIE
geegttcagetgptgptpcagtgatatcgtictgacceagagtecggcaaccctgagoctgagtecgagtgaacgtgecaccetgagetgtegt
geaagecagttiatiggtagocgttatctggeatggtatcageagaaaceggeteaggraccgegtetgetgatttatggtgcaageaatcgtge
aaccggtgttccgecacgtitiageggtagegetagtggeaccgattitaccctgaccattagtagectggaaccggaagattttgecacctatta
ttgccagcagtattatgattatccgeagaccttiggtcagggeaccaaggtggaaattaaa

SEQIDNO:146

VH-(GGGGS)3-
VL scFv

QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGYGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKOTS
KNQVVLTMTNMDPVOTATYYCARMHLPLYFDSWGQGTLVTVSSGGGGSGGGGSGGGGSDIVLTASPATLSISP
GERATLSCRASQFIGSRY LAWYQQOKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSLEPEDFATYYCQQY
YDYPQTFGQGTKVEIK

SEQ ID NO:147

DNA VH-
(GGGGS)-VL
scFv

Cagettcaatigaaagaasgcretccgecactggttaaaccgacccagacectgacectgacatgtaccittageggtittagectgagcaate
glegtgptegtatiggtiggaticgtcagectceggptaaageactggaatggctgecatggatigattgggatgatgataaaagctatageace
agcctgaaaacccgictgaccatiagcaaagataccageaaaaatcaggtigttctgaccatgaccaatatggatccggitgatacegeaacct
attattgtgcacgtatgeatctgecgctggtittigatagetpgegteapggtacactagtiacegitageagcgetBRIg e RtagceRtEaty
geggttcagetpetpptepcagtegergtggtggtagtgatatcgtictgacccagagtecggeaaccetgagectgagtecgggtgaacgtyce
accctgagetgtegtgcaagecagtttatiggtagocgttatctgecatggtatcageagaaac cggetcaggeaccgegictgctgatttatgat
gcaageaatcgtgcaaccggtgttceggeacgttitageggtagegetagiggcaccgattttaccctgaccattagtagectggaaccggaaga
ttttgccacctattatigccageagtattatgattatecgeagacctitgglcagggcaccaaggtagaaattaaa

SEQ ID NO:148

VH-{GGGGS5}4-
VL scFv

QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGYGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKOTS
KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSGGGGSGGGGESGGEESGGGGSDIVLTOSPA
TISLSPGERATLSCRASQFIGSRY LAWY QQKPGOAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSLEPEDFATYY
CQAYYDYPQTFGQGTKVEIK

MOR08168

SEQIDND:149

DNA VL-
{GGGGS)3-VH
stFv

Gatatcgaactgacccagectecgagegtiagegtigeaccgggtcagaccgeacgtattaget gtagegetgatagectgogtaataaagtita
tiggtatcageagaaaccgggtcaggeaccggtictgatiatitataaaaataatcgiccgageggtaticcggaacgtittagcggtagcaata

gcggtaataccgeaaccctgaceattagegeeacccaggeagaagatgaagagattattatigeccagagetatgatggicagaaaageeteg
tttitgetgetpecaccaagettaccgtictggetpategtagtagcgetgptgetagcteagetegtggcggtictcageticaattggtigaaag
tggtgategtctggticagcctggtggtagcctgegtetgagetgtgeageaagegpttttacctitagegatiatgtgattaattggeticgecag

geaccgegtaaageictgpaatggpttageggtatiagetgetcaggtgttaatacecattatgcagatage gtgasaggtcgttttaccattag

ceglgataatageaaaaatacectgtatetgcagatgaatagectgcgtgcagaagatacegeagittattattgtgcacgtetgggigeaaccy
caaataataticgctataaatitatggatgtgtgpgpteappptacactagttaccgtiageage

SEQ ID NO:150

V0L-(GGGGS)3-
VH scFv

DIELTQPPSYSVAPGQTARISCSG DSLRNKVYWYQQKPGOAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTOA
EDEADYYCQSYDGQOKSLVFGGGTKLTVLGGGGSGGGGSGEGESQVALVESGGGLYAQPGGSLRLSCAASGFTFSD
YVINWVROAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDNSKNTLYLOMNSELRAEDTAVYYCARLGATANN
IRYKFMDVWGQGTLVTVSS
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SEQID ND:151

DNA VL-
(GGGGS)4-VH
scFv

Gatatcgaactgacccagectecgagegttagegtigeacegggtcagacegeacgtattagetgtageggtgatagectgegtaataaagtita
ttggtatcageagaaaccgggteaggeaccggtictggttatttataaaaataatcgiccgagcggtattccggaacgtittagcggtageaata

gcggtaataccgcaaccectgaccattagcggcacccaggcagaagatgaageagattattatigecagagetatgatggtcagaaaagectgg
titttggiggtegcaccaagcttacegitctgegtpgtestagtagcgstagtpategctcagstggtgacagtictegtgacagtggticacaggt
tcaatiggtigaaagtggtegtggtctggttcagectggtggtagectgegtetgagetgtg cageaageggttitacctitagegatiatgtgatt

aattgggticgccaggcaccggataaaggtctggaatggptiagcggtatiagetggtcaggtgttaatacccattatgcagatagegtgaaag

gtegttttaccatiageegigataatageaaaaataccetgtatetgeagatgaatagectgegtgcagaagataccgeagtitattatigtgeac
glctgpgigeaaccgeaaataatattegctataaattiatggatgigtgggetcageatacactagtiaccgttageage

SEQ iD ND:152

VL-(GGGGS)4-
VH scFv

DIELTQPPSVSVAPGQOTARISCSGDSLRNKVYWYQQKPGOAPYLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA
EDEADYYCQSYDGQKSLVFGGGTKLTVIGGGGSGGGGEGGGGESGGGGSQVOLVESGGGLVQPGGSLRLSCAAS
GFTFSDYVINWVRQAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARL
GATANNIRYKFMDVWGQGTLVTVSS

SEQ D NO:153

DNA VH-
(GGGGS)3-VL
scFv

Caggticaatiggtigaaagcggtpeteetctgettcagectggtgatag cctgegtetgagcigipeageaageggittiacctttagegattat

glgattaattgggticgtcaggcaccgggtaaaggictggaatgggttageggtattagetggtcaggtgttaatacccattatgeagatagegtg
aaaggtcgtitiaccattageegtgataatageaaaaatacectgtatctgeagatgaatagectgeglgeagaagataccgcagtitattattpt
geacgictgggigeaaccgcaaataatattogctataaatttatpgat gtgtgggetcagggtacactagttaccgttagea giggtegigatagt
ageggtggtggcggatctg gipgopgtppcagigatatcgaactgacceagectecgagegttagegttgeaccgggtcagaccgcacgtatta
getgtagegstgatagictgcgtaataaagtitattggtatcageagaaaccgggtcaggctecggtictggtiatitataaaaataategtecga
geggtattecggaacgtitiageggtageaatageggtaataccgcaaccetgaccattageggeacceaggeagaagatgaagecgattatta
tigtcagagctatgatggicagaaaagectgetittigetpetgecaccaagcttaccgticty

SEQID ND:154

VH-(GGGGS)3-
VL sckv

QVOLVESGGGLYQPGGS LRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGVYNTHYADSVKGRFTISRDN

SKNTLYLGMNS LRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSGGGG5GGGGSGGGGSDIELTOPPS
VSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYC
QSYDGOKSLVFGGGTKLTVL

SEQID NO:155

DNA VH-
(GGGGS)4-VL
scFv

Caggticaattggitgaaageggiggiggtctagticagectggiggtagoctgcgtetgaget gigcagcaagcgatittacctttagcgattat

gigattaattgggticgtcaggcaccggptaaaggictpgaatggetiagoggtattagctggtcaggtgttaatacceattatgeagatagegts
Jaaggtegtittaccatiagecglgataatageaaaaataccetgtatetgcagatgaatagectgcgigcagaagataccgeagttiattattgt
gcacgtctgggtgcaaccgcaaataataticgctataaattiatggatgtglggagtcagggtacactagttaccgttageagtegtegteptagt
agcgetggtgecegatctgataeceetgpticagetggtagtgacagtgatatcgaactgacccagectcegagegttagegttgcaccgggte

agaccgeacgtatiagetgtageggtgatagictgegtaataaagtitatiggtatcagcagaaaccgggteaggctecggtictggttatttata

aaaataatcgtccgagegetattecggaacgtittageggtageaatageggtaataccgcaaccctgaccattageggeacccagecagaag

atgaagcegattattattgtecagagctatgatggtcagaaaagectggtititggtggtegcaccaagcttacegtictg

VH scFv

SEQID NG:156 | VH-(GGGGS)- | QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDN
VL scFv SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVYWGQGTLVTVSSGGGGSGGGGESGEGEGSGGGGSDIE
LTQPPSVSVAPGQTARISCSG DSLRNKVYWYQQKPGQAPYLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQAED
EADYYCQSYDGQKSLVFGGGTKLTVL
MOR0D8545
SEQ ID NO:157 DNA VL- Gatatcgaactgacccagectcegagegttagegitgeaccgggtaagacegeacgtattagetglageggtgataatatiggcagcaaatatg
(GGGGS)3-VH tgcatiggtatcagcagaaaccggptcaggcaccagtictggtiatitatggtgatageaategtecgageggtattceggaacgttitagegeta
sCFv geaatageggtaataccgeaaccetgaccattageggeacccaggcagaagatgaageagattattattgtaccegtaccageaccoegattag
cgglgtititggtpgtppcaccaagcttaccgtictpgetgptagigatagegatgpteptepctcapptesteatapttcacagsttcaatiggtt
gaaagtggtggipggtctggitcagoctggtagtagectgcgtetgagctgtgcagcaageggtittacctttagegttaatggtatgeattgggtic
gecaggeaccgpglaaaggtctggaatggpttagegttattgatggtatgggccatacctatiatgecgatagegttaaaggtegttitaccatta
gecgtgataatageaaaaatacectgtatetgcagatgaatagectgegtgcagaagataccgeagtttatiattgcgeacgctatgatiatatta
aatatgetgocttigatecgtggpetcagggtacactagttacegttagcage
SEQ 1D NO:158 | VL-(GGGGS)3- DIELTQPPSVSVAPGQTARISCSGONIGSKYVHWYQOQKPGQAPVLYIYGDSNRPSGIPERFSGSNSGNTATLTISGT

QAEDEADYYCTRTSTPISGVFGGGTKLTVLGGGGSGGGGSGGGGSQVQLVESGGE LYQPGGSLRLSCAASGFTFS
VNG MHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYDYIKY
GAFDPWGQGTLVTVSS
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SEQID NO:159

DNA VL-
(GGGGS)4-VH
sty

Gatatcgaactgacccagectccgagegttagegtigeaccggetcagaccgcacgtattagetgtageggtgataatattggcageaaatatg
tgcattggtatcagcagaaaccepetcaggcaccegttctgettatttatggtgatagcaatcgteccgageggtattccggaacgttitagegeta
geaatagegetaataccgeaaccctgaccattageggcacccaggeagaagatgaageagattattatigtaccegtaccageaccecgattag
cggtetttitgetggtegcaccaagettaccgiictggpteategteetagcteaiggtpecicagetsatpecagtictggtppcgptagtica
taggttcaattggttgasagtgetegteetctggticagectgetgetagectgegtctgagetgtgcageaageggttitacctttagegitaatg
gtatgcattgggttcgecaggcac ggetaaagetctggaatggettagegttatigatggtatggeccatacctatiatgecgatagegttaaa
getcgttttaccattagecgtgataatageaaaaataccctgtatetgcagatgaatagectgegtgcagaagataccgeagtttattatigegea
cgctatgattatattaaatatggtgectttgatccgtggegteaggetacactagttaccgttageage

SEQ ID ND:160

VL-(GGGGS)4-
VH seFv

DIELTQPPSYSVAPGQTARISCSGDNIGSKYVHWYQQKPGQAPYLVIYGDSNRPSGIPERFSGSNSGNTATLTISGT
QAEDEADYYCTRTSTPISGVFGGGTKLTVLGGGGESGGGG5GGGESGGGESAVALVESGGGLYOPGGSLRLSCAA
SGFTFSYNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
YDYIKYGAFDPWGQGTLVTVSS

SEQID NO:161

DNA VH-
(GGGGS)3-VL
stFv

Caggttcaattggttgaaagcggtggiggtctggttcagectggtgetagectgegt ctgagetpgtgcageaageggtittacctitagegttaat

gRtatgeattggaticgtcaggeaccgggtaaagetctggaatgggttagcgttattgatggtatgggceatacctattatgecgatagegttaaa
gRtcgititaccattagecgtgataatageaaaaataccetgtatetgcagatgaatagectgegtgeagaagataccgeagtitattattgtgec
cgttatgattatattaaatatggtgectitgatecgtggeptcaggetacactagitaccgttageagtggtagtgetegtageestgetggcega
tetggtggcgaiggitcagatatcgaactgacccagectecgagepttagegtigeaccggpteagacegeacgtattageigtageggtgataa
tattggcageaaatatgtgcattggtatcageagaaaccggeteaggctecggtictggttattiatggtgatagcaatcgtecgagegsgtattce
geaacgtittagcgetageaatageggtaataccgeaaccctgaccattagegecacccaggcagaagatgaagecgattattattgcaceegt
accageaccecgattageggtgtititggtgetggcaccaagettacegttctg

SEQ ID ND:162

VH-(GGGGS)3-
VLscFv

QVALVESGGGLVOPGGSLRLSCAASGFTFSYNGMHWVRQOAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYY CARYDYIKYGAFDPWGOGTLVTVSSGGGGSGGEGSGEGGESDIELTOPPSVSVA

PGOTARISCSGDNIGSKYVHWYQQKPGOAPVLVIYGDSNRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYCTR

TSTPISGVFGGGTKLTVL

SEQ ID NO:163

DNA VH-
(GGGGS)4-VL
stFv

Caggttcaattggtigaaagcesigetgetctgeticagoctggtggtagectgegtctgagetgtgcageaagegptittaccittagepttaat

getatgcattgegticgtcagpcaccgagtaaagetetggaateggttagegttatigatggtatgggecatacctattatgecgatagegttaaa
geEtcgittiaccattagecgtgataatageaaaaataccctgtatcigeagatgaatagectgogtgeagaagataccgagtitattattgtgec
cgitatgatiatattaaatatggtgectitgatecgtggggteaggatacactagttaccgitageagtggteetggtegtageegtagtegegea
tctegtggcRgtEgticagetgetegtggcagtgatategaactgacccagectecgagegtiagegttgcaccggeteagaccgeacgtattag
ctgtagcggtgataatatiggcageaaatatgtgeattggtatcageagaaaccgggtcaggetccggtictegtiatitatggtgatageaateg
teegagegetattecggaacgttttagegetageaatageggtaataccgeaaccctgaccattageggeacceaggeagaagalgaagecga

ttattattgcaccegtaccageacceegattageggtettittgatpptgecaccaagettaccgttcty

SEQ ID ND:164

VH-(GGGGS)4-
VLscFv

QVALVESGGGLVAPGGSLRISCAASGFTFSYVNGMHWVRQAPGKGLEWVSVIDGMGHTYYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARYDY!IKYGAF DPWGQGTLVTVSSGGGGSGGEGESGGGGSGGGGSDIELTAPP
SVSVAPGUTARISCSGDNIGSKYVHWYQQKPGOAPYLVIYGDSNRPSGIPERFSGSNSGNTATLTISGTQAEDEAD
YYCTRTSTPISGVFGGGTKLTVL

Biparatopic
MOR08168/
MOR06475

SEQID NO:165

DNA Heavy
MOR08168
higGl LALA
MOR0BA7S
scFv

caggtgeaatiggicgagtctggcgeaggactegtacagectggtggeagectgagactgagctpegecgecageggcttcaccticagegact
acgtgatcaactgggtgegacaggecectggaaaggecciggaatgggtgtoecgecatctetiggtetggcgtgaacaccactacgecgacag
cEtgaaggecaggticaccatcagecgggacaacageaagaacacectgtacctgcagatgaacagectgagageegageacacegecgtet
actactgtgccagactgggegecaccgecaacaacatccggtacaagticatggacgtgtggggccagepcacactggtgacegteagetcag
ctagcaccaagggccccagegtgticccectggcceccageagcaagageaccageggcggeacageegeccigggetgectggtgaaggact
acttccccgageecgtgacegtgtectggaacagegeageectgacctecggegtgeacaccticcccgecgtgctacagageageggectgtac
agectgtecagegtggtgacagtgoccageageagectgggeacccagacctacatctgeaacgtgaaccacaageecageaacaccaaggly
gacaagagagtgeagcctaagagetgegataagacccacacctgecceccctgoccagoccagagecagegggepgeacccteegtgtteet
gttcocccecaageccaageacacectgatgateageaggacceccgaggtgacctgcgiggtgetggacgtgagecacgaggacccagaget
gaagiicaaciggtacgtgeacgecatggaggtgcacaacgecaagaccaagcccagagaggageagtacaacageacclacageptagigt
ceglgetgacegtgetgeaccaggactggctgaacgecaaggaatacaagtgeaagetctecaacaaggeectgecagececcategaaaaga
ccatcagcaaggecaagggecagecacgggagecccaggtgtacacectgeccecctece gEgaggagatgaccaagaaccaggipieecly
acctgtctggtgaagggctictaccecagegacategecgtggagtgggagageaacgeccageccgagaacaactacaagaccaccoccoea
gtectgpacagegacggcageticticcigtacageaagelgaccgtggacaagtccaggtgecageagggcaacgigticageigeagegtaa
tgcacgaagegetgeacaaccactacacccagaagagectgageetgteccocggeaagggegectecggcgeaagegatategtgetgacac
agagccctgecacectgtetetgagecctggegagagagecaccetgagetgecggeccagecagticatcggetecegetacctggectggtat
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Ccagcagaageccggacagectcccagactgetgatetacggegecageaacagagetaccggegtgccegecagattttctggeagegpcage
gecaccgacticaccotgaccatcageagectggaacccgaggacttcgecacctactactgecageagtactacgactacccccagaccticg
gecaggpcaccaagetggagatcaagppceragecgpatecggegptgacagaagtggagpceRagasgcEEsLeRRRCERaARCCAE
glgcaatigaaagagtecgpcccigecciggtgaagectacecagaccetgacectgacatgeaccticageggcttcagectgageaacagag
geggcgeagipgectagatcagacagectcecggeaaggecctgpaatggetggectggategactgpggacgacgacaagagetacageacc
agcctgasaacceggelgaccatctccaaggacaceageaagaaccagetegtgelcaccatgaccaacatggacccegtgpacaccgocac
clattattgegeccggatgeatctgeecctggtgttcgatagetgggeccapgeaacectggtgacagigtecage

SEQ ID NO:166 | Heavy QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDN
MDR081538 SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
hlgG1 LALA GCLVKDYFPEPYTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTATYICNVNHKPSNTKVYDKRVEPKS
MDR06475 COKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
scFv QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLYK

GFYPSDIAVEWESNGQPENNYKTTPPVLDS DGSFFLYSKLTVDKSRWQQGNVFSCSYMHEALHNHYTQKSLSLSP
GKGGSGGSDIVLTOSPATLSLSPGERATLSCRASOFIGSRYLAWYQQOKPGOAPRLLIYGASNRATGVPARFSGSGSG
TDFTLTISSLEPEDFATYYCQQYYDYPQTFGAG TKVEIKGGGGSGGGGSGGGGSGGGGSQVALKESGPALVKPTO,
TLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEW LAWIDW DDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMDPY
DTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ ID NO:167 | VL MDRO8168 | DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGQAPYLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA
EDEADYYCQSYDGQKSLVFGGGTKLTVL

SEQIDND:168 | DNA VL GACATCGAGCTGACCCAGCCCCCTTCTG TG TCTGTGGCCCCTGGCCAGACCGCCAGAATCAGCTGCAGCGGC
MOR08168 GACAGCCTGCGGAACAAGGTGTACTGG TATCAG CAGAAGLCCGGCCAGGCTCCCGTGCTGGTGATCTACAAG
AACAACCGGCCCAGCGG CATCCCTGAGCGGTTCAGCGGCAGCAACAGCGGCAATACCGCCACCCTGACCATC
AGCGGCACCCAGGCCGAAGATGAGGCCGACTACTACTGCCAGAGCTACGACGGCCAGAAAAGCCTGGTGTT
CGGCGGAGGCACCAAGCTTACCGTGCTG

SEQ 1D NO:169 DNA Light Gacatcgagetgacccagoceoctictgtgtetgtggeocctggecagaccgecagaatcagelgeagegpcgacagect gegpaacasggte
lambda tactggtatcagcagaageceggecaggetecegtgctgptgatctacaagaacaaccggeccagegecatecctgagegeticagegpeage
MOR08168 aacagcggcaataccgecaccctgaccatcageggcacccaggccgaagatgagpecgactactactgecagagelacgacgpccagaaaag

cctggtgticggeggaggcaceaagettaccgtgetggeccageccaaagecgeccctagegtgacectgticocccccageagegageaactg
caggccaacaaggecaccctggtetgectgateagegacttetacectgpegecgtgaceglggectggaaggccgacageageccegtgasg
geegecglgpagacaaccacccccagoaagragagcaacaacaagtacgecgecageagetacctgagectgacceecgageagtggaaga
gccacagaagetacagetgecaggtcacccacgagepcageaccgtggagaaaaccgtggeccccaccgaglgeage

SEQ 1D NO:170 | Light lambda DIELTQPPSVSYAPGQTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA
MOR08168 EDEADYYCQSYDGOKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEE LQANKATLVYCLISDFYPGAVTVAWKADSSP
VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQID NO:171 | Heavy QVALVESGGGLVQPGGSLRLSCAASGFTFSDYVINWYRQAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDN
MOR08168 SKNTLYLOMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
higG1 LALA GCLVKDYFPEPVTVSWNSGALTSGYHTFPAVLASSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKRVEPKS
(w/o K) CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCYVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
MORO06475 QYNSTYRVVSVLTVIHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK
scFv GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVFSCSYMHEALHNHYTQKSLSLSP

GGGSGGSDIVLTOSPATLSLSPGERATLSCRASQFIGSRYLAWYQQOKPGOAPRLLIYGASNRATGVPARFSGSGSGT
DFTLTISSLEPEDFATYYCQQYYDYPQIFGOGTKVEIKGGGGSGGGG5666GG5GGGGSQVALKESGPALVKPTQT
LTLTCTFSGFSLSNRGGGYGWIRQPPGKALEW LAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTN MDPVD
TATYYCARMHLPLVFDSWGQGTLVTVSS

SEQID NO:172 | DNA Heavy CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGGTGCAGCCTGGTGGCAGCCTGAGACTGAGLIGCGCCGC
MDR0O8168 CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGG TGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT
higG1 LALA GTCCOGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG
(wfoK) GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG
MOR06475 TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT
scFv GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCG TG TTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGG

CGGCACAGCCGCCCTGGGCTGLCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGLGE
AGCCCTGACCTCCGGCOTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTG TCCAGCGTG
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GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA
GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCG
TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC
GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC
TGCAGCGTGATGCACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCLTGTCCCCCGGLGGCGGC
TCCGGCGGAAGCGATATCGTGUTGACACAGAGCCCTGCCACCCTGTCTCTOAGCCCTGGCGAGAGAGCCACC
CTGAGCTGCCGGGCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAGGLT
CCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTITCTGGCAGCGGCAGC
GGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGTACT
ACGACTACCCCCAGACCTTCGGUCAGGGCACCAAGGTGGAGATCAAGGGCOGGAGGCGGATCCGEGGGTGE
CGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCCCTG
GTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGLGGCGGA
GTGGGCTGGATCAGACAGCCTCCCGGLAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGACAA
GAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCTCAC
CATGACCAACATGGACCCCGTGGACACCGCCACCTATTATTIGCGCCCGGATGCATCTGCCCCTGGTGTTCGAT
AGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC

scFv (DP to DA)

SEQIDND:173 | Heavy QVQLVESGGGLVOPGGSLRLSCAASGFTFSDYVINWYRQAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
MDRO8168 SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
hlgG1 LALA GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS
MDRO6475 CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVYDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
scFv (DP to DA) | QYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK

GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSYMHEALHNHYTOKSLSLSP
GKGGSGGSDIVLTOSPATLSLSPGERATLSCRASQFIGSRYLAWYQOKPGQAPRLLIYGASNRATGVPARFSGSGSG
TDFELTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGS5GGGEGS5GEGGSQVOLKESGPALVKPTG
TLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMDAY
DTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ (D ND:174 | DNA Heavy CAGGTGCAATTGGTCOAGTCTGGCGGAGGACTEGTGCAGCCTGGTGGCAGCCTGAGACTGAGCTGLGCCGC
MORO08168 CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGLCTGGAATGGGT
higG1 LALA | GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG
MDRQB475 GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG

TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT
GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGE
CGGCACAGCCGLCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGE
AGCCCTGACCTCCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG
GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCLCAGA
GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCG
TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGBBAGCCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGC
GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC
TGCAGCGTGATGCACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCOCCCGGCAAGGGE
GGCTCCGGCGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCC
ACCCTGAGCTGCCGGGCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAG
GCTCCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCATGCCCGCCAGATTTTCTGGCAGCGGC
AGCGGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGT
ACTACGACTACCCCCAGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGUGGATCCGGGGGT
GGCGGAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTGCAATTGAAAGAGTCCGGCCCTGCC
CTGGTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGC
GGAGTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGA
CAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCT
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CACCATGACCAACATGGACGLCGTGGACACCGUCACCTATTATTGUGCCCGGATGCATCTGCCCCTGGTGTTC
GATAGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC

SEQID NO:175 | Heavy QVOLVESGGGLVOPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDN
MOR08168 SKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKF MDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
higG1 LALA GCLVKDYFPEPYTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTATYICNYNHKPSNTKVDKRVEPKS
MORDB475 CDKTHTCPPCPAPEAAGG PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYYDGVEVHNAKTKPREE

QYNSTYRVVSVLTVLHODWINGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLYK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN VFSCSVMHEALHNHYTQXSLSLSP
GKGGSGGSDIVLTOSPATLSLSPGERATLSCRASQFIGSRYLAWYQOKPGQOAPRLLIYGASNRATGYPARFSGSGSG
TDFTLTISSLEPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGG5GGGGESGGGESGGEESQVALKESGPALVKPTQ
TLTLTCTFSGFSLSNRGGGYGWIRQPPGKALEWLAWIDWDODDKSYSTSLKTRLTISKDTSKNQVVLTMTNMTAVD
TATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ ID NO:176

DNA Heavy
MOR0B168
higGl LALA
MOR06475
scFv (DP to TA}

CAGGTGCAATTGGTCGAGTCTGGLGGAGGACTGGTGCAGCCTGGTGGCAGCCTGAGACTGAGCTGCGCCGL
CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGGTGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT
GTCCGGCATCTCTTGGTCTGGCGTGAACACCCACTACGCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCG
GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG
TGCCAGACTGGGCGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT
GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGLACCAGCGG
CGGCACAGCCGLCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGLGG
AGCCCTGACCTCCGGCGTOCACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTG
GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACALT
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA
GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAG CACCTACAGGGTGGTGTCCG
TGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGCAAGGTCTCCAACAAGGCCCTGC
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAACGGLCAGCCCOGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGT
GACGGCAGCTTCTTCCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGC
TGCAGCGTGATGCACGAAGCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGT
GGCTCCGGLGGAAGCGATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTGGCGAGAGAGCC
ACCCTGAGCTGLCGUGCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAG
GCTCCCAGACTGCTGATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGC
AGCGGCACCGACTTCACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGT
ACTACGACTACCCCCAGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGT
GUCGUAAGTGGAGGCGGAGGAAGCGGAGGGGGCGGAAGCCAGGTG CAATTGAAAGAGTCCGGCCCTGCC
CTGGTGAAGCCTACCCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGLGGTC
GGAGTGGGCTGGATCAGACAGCCTCCCGGCAAGGCCCTGGAATGGCTGGCCTGGATCGACTGGGACGACGA
CAAGAGCTACAGCACCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGGTGGTGCT
CACCATGACCAACATGACCGCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGGTGTTC
GATAGCTGGGGCCAGGGAACCCTGGTGACAGTGTCCAGC

SEQ ID NO:177

Light
MOR(06475
scFv
MOR08168
lambda

DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQOXKPGQAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL
EPEDFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGGSGGGESQVQLKESGPALVKPTQTLTLTCTFS
GFSLSNRGGGVGWIROQPPGKALEWILAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMDPYDTATYYCAR
MHLPLVFDSWGQGTLVTVSSGGSGGSDIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQOKPGQAPVLVIYKN
NRPSGIPERFSGSNSGNTATLTISGTQAEDEADYYCQSYDGOKSLVFGGGTKLTVLGOPKAAPSVTLFPPSSEELOQA
NKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSY LSLTPEQWKSHRSYSCOVTHEGSTVE
KTVAPTECS

SEQID NO:178

DNA Light
MOCR06475
scFv
MOR0B168
lambda

GATATCGTGCTGACACAGAGCCCTGCCACCCTGTCTCTGAGCCCTG GCGAGAGAGCCACCCTGAGCTGCCGG
GCCAGCCAGTTCATCGGCTCCCGCTACCTGGCCTGGTATCAGCAGAAGCCCGGACAGGCTCCCAGACTGCTG
ATCTACGGCGCCAGCAACAGAGCTACCGGCGTGCCCGCCAGATTTTCTGGCAGCGGCAGCGGCACCGACTTC
ACCCTGACCATCAGCAGCCTGGAACCCGAGGACTTCGCCACCTACTACTGCCAGCAGTACTACGACTACCCCC
AGACCTTCGGCCAGGGCACCAAGGTGGAGATCAAGGGCGGAGGCGGATCCGGGGGTGGCGGAAGTGGAG
GCGOAGGAAGCGGAGGOGGECGGAAGCCAGGTGCAATTGAAAGAGTCCGGLCCTGCCCTGGTGAAGCCTAC
CCAGACCCTGACCCTGACATGCACCTTCAGCGGCTTCAGCCTGAGCAACAGAGGCGGCGGAGTGGGCTGGAT
CAGACAGCCTCCCGG CAAGGLCCTGBAATGGCTGGLCTGGATCGACTGGGACGACGACAAGAGCTACAGCA
CCAGCCTGAAAACCCGGCTGACCATCTCCAAGGACACCAGCAAGAACCAGG TGGTGCTCACCATGACCAACA
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TGGACCCCGTGGACACCGCCACCTATTATTGCGCCCGGATGCATCTGCCCCTGG TG TTCGATAGCTGGGGCCA
GGGAACCCTGGTGACAGTGTCCAGLGGLGGCTCCGGCGGAAGCGACATCGAGCTGACCCAGCCCCCTTCTGT
GTCTGTGGCGCCCGGGCAGACCGCCAGAATCAGCTGCAGCOGCGACAGCCTGCGGAACAAGGTGTACTGET
ATCAGCAGAAGCCCGGLCAGGCTCCCGTGCTGGTGATCTACAAGAACAACCGGCCCAGCGGCATCCCTGAGC
GGTTCAGCGGCAGCAACAGCGGCAATACCGCCACCCTGACCATCAGCGGCACCCAGGCCGAAGATGAGGCT
GACTACTACTGCCAGAGCTACGACGGCCAGAAAAGCLTGGTGTILGGCGGAGE CACCAAGCTTACCETGLTG
GGCCAGCCCAAAGCCGCCCCTAGCGTGACCCTGTTCCCCCCCAGCAGCGAGGAACTGCAGGCCAACAAGGCC
ACCCTGGTCTGCCTGATCAGCGACTTCTACCCTGGCGCCGTGACCETGGCCTGGAAGGCCGACAGCAGCCCC
GTGAAGGCCGGCGTGGAGACAACCACCCCCAGCAAGCAGAGCAACAACAAGTACGCCGCCAGCAGCTACCT
GAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGAAGCTACAGCTGCCAGGTCACCCACGAGGG CAGCACCG
TGGAGAAAACCGTGGCCCCCACCGAGTGCAGC

SEQ ID NO:179

vH MDROB168

QVOLVESGGGLVOPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARLGATANNIRYKFMDVYWGQGTLVTVSS

SEQID ND:;180

DNAVH
MDROB168

Caggtgcaatiggtcgaptctggcggaggactgetpcagoctggtgecagectgagactgapetgepccgccagepgecticacctteagcgact
acgtgatcaactggetgcgacaggcccctggaaagegoctggaatggetptocggcatetettggtetggcgtgaacacccactacgcgacag
cetgaagBgccegticaccatcagecggeacaacageaagaacacoctgtacctgeagatgaacagectgagagecgaggacaccgecgtet
actactgtgccagactgggegecaccgecaacaacatecgetacaagticatggacgtgtpggeccagggeacactgetgaccgicageica

SEQLID ND:181

Heavy
MDROB168
higG1 LALA

QVOLVESGGGLVOPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTATYICNYNHKPSNTKYDKRVEPKS
CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQAQGNVFSCSYMHEALHNHYTQKSLSLSP
GK

SEQ 1D ND:182

DNA Heavy
MDROB168
hlgG1 LALA

CAGGTGCAATTGGTCGAGTCTGGCGGAGGACTGG TG CAGLCTGGTGGCAGCCTGAGACTGAGLTGCGCCGC
CAGCGGCTTCACCTTCAGCGACTACGTGATCAACTGGG TGCGACAGGCCCCTGGAAAGGGCCTGGAATGGGT
GTCCGGCATCTCTTGGTCTGGCG TGAACACCCACTACGCCGACAGCGTGAAGGGCCGG TTCACCATCAGCCG
GGACAACAGCAAGAACACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTG
TGCCAGACTGGGLGCCACCGCCAACAACATCCGGTACAAGTTCATGGACGTGTGGGGCCAGGGCACACTGGT
GACCGTCAGCTCAGCTAGCACCAAGGGCCCCAGCGTGTTCCCCCTGRLCCCCAGCAGCAAGAGCACCAGLGG
CGGCACAGCCGCCCTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGLGG
AGCCCTGACCTCCGGOGTGCACACCTTCCCCGCCGTOGLTGCAGAGCAGCGGLCTGTACAGCCTGTCCAGCGTG
GTGACAGTGCCCAGCAGCAGCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACC
AAGGTGGACAAGAGAGTGGAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGA
GGCAGCGGGCGGACCCTCCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCC
GAGGTGACCTGCGTGGTGGTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCAGAGAGGAGCAGTACAACAGLACCTACAGGGTGGTGTCCG
TGCTGACCGTGCTGCACCAGGACTGGLTGAACGGCAAGGAATACAAGTGCAAGG TCTCCAACAAGGCCCTGE
CAGCCCCCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCACGGBAGLCCCAGGTGTACACCCTGCCCC
CCTCCCGGGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACA
TCECCGTEGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGE
GACGGCAGCTTCTICCTGTACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGE
TGCAGCGTGATG CACGAGGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGLAAG

SEQLID ND:183

VL MOR06475

DIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGOAPRLLIYGASNRATGVPARFSGSGSGTDFTLTISSL
EPEDFATYYCQQYYDYPQTFGAGTKVEIK

SEQLID NO:184

DNAVL
MOR0O6475

Gatatcgtgetgacecagageccggegaccctgagectgictecgggcgaacgtgegaccctgagetgcagagegagecagtitattgeticte
gttatctggertgetaccageagaaaccaggtcaagcacceegtctattaatttatggtgctictaategtecaactggggteecggegegttitag
cggcictggatccgecacggatittaccctpaccattagcagectggaacctgaagactitgegactiatiattgecageagtatiatgattatect
cagaccttiggccaggetacgaaagttgaaattaaa

SEQ ID NO:185

Light
MDROB47S
kappa

DIVLTQSPATLSLSPGERATLSCRASOFIGSRY LAWYQQOKPGOAPRLLIYGASNRATGYPARFSGSGSGTDFTLTISSL
EPEDFATYYCQQYYDYPQTFGQG TKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNAL
QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOG LSSPVTKSFNRGEC

SEQUID ND:1B6

DNA Light
MDR0O6475

GATATCGTGCTGACCCAGAGCCCGGLGACCCTEAGCCTG TCTCCGGGCGAACGTGCGACCCTGAGCTGCAGA
GCGAGCCAGTTTATIGGTTCTCGTTATCTGGCTTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAA
TITATGGTGCTTCTAATCGTGCAACTGGGGTCCCGGCGLGTTTTAGCGGCTCTGGATCCGGCACGGATTTTAC
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kappa

CCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTATTGCCAGCAGTATTATGATTATCCTCAGA
CCTTTGGCCAGGGTACGAAAGTTGAAATTAAACGTACGGTGGLCGCTCCCAGCGTGTTCATCTTCCCCCCCAG
CGACGAGCAGCTGAAGAGUGGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTACCCCCGGGAGGCCA

AGGTGCAGTGGAAGGTGGACAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGCG TCAUCGAGCAGGACAG
CAAGGACTCCACCTACAGCCTGAGCAGCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGCATAAGGTGTA
CGCCTGCBAGGTGACCCACCAGGGCCTG TCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTGL

SEQID NO:187

Heavy
MOR06475
higG1LALA
MOROB168
scFv (VH-3-vL)

QVOLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGVGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS
KNQVVLTMTNMDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLYKD
YFPEPVTVSWNSGALTSGVHTFPAVLOSSGLY SLSSVVTVPSSSLGTATYICNVNHKPSNTKVDKRVEPKSCDKTHT
CPPCPAPEAAGGPSVFLFPPKPKDTLMISRYPEVTCVVVDVSHE DPEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDI
AVEWESNGQPENNYKTTPPVYLDSDGSFFLYSKLTY DKSRWQQGNVFSCSVMHEALHNRYTQKSLSLSPGKGGSG
GSQVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVRQAPGKGLEWVSGISWSGVNTHYADSVKGRETISR
DNSKNTLYLQMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSGGGGSGGGGSGGGGSDIELTO
PPSVSVAPGQTARISCSGDSLRNKVYWYQQOK PGOAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQAEDEAD
YYCQSYDGQKSLVFGGGTKLTVL

SEQIDNO:188

DNA Heavy
MOR0G47S
higG1LALA
MOR08168
scFv (VH-3-VL)

CAGGTGCAATTGAAAGAAAGCGGLCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT
CCGGATTTAGCCTGTCTAATCGTGGTGGTGG TG TGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
GGCTGGCTTGGATCGATTGGGATGATGATAAG TCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACGGCCACCTATTATTG
CGCGCGTATGCATCTTCCTCTTGTITITGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCTAGCA
CCAAGGGCCCCAGCGTOTTCCOCCTEOUCCCCAGCAGCAAGAGCACCAGLGGCGGCACAGCCGCLCTGGGCT
GCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGGAGCCCTGACCTCCGGCGTGE
ACACCTTCCCCGCCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTOGTGACAG TGCCCAGCAGCA
GUCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTG
GAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGLCCCAGAGGLCAGCGGGCGGACCCTCC
GTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAGGACCCCCGAGGTGACCTGCGTGGTG
GTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGC
CAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCGTGCTGACCGTGCTGCACCA
GGACTGGCTGAACGGCAAGGAATACAAG TGCAAGGTCTCCAACAAGGCCCTGCCAGCCCCCATCGAAAAGAC
CATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCOCCTCCCGGGAGGAGATGA
CCAAGAACCAGGTOTCCCTGACCTGTCTGG TGAAGGGLTICTACCCCAGCGACATCGCCGTEGAGTGGGAGA
GCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGCAGCTTCTTCCTGT
ACAGCAAGCTGACCG TGGACAAGTCCAGGTGGCAGCAGGGCAACG TGTTCAGCTGCAGCGTGATGCACGAA
GCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCCCGGCAAGGGCGGCTCCGGCGGAAGCCA
GGTTCAATTGGTTGAAAGCGGTGGTGGTCTGGTTCAGCCTGG TGGTAGCCTGCGTCTGAGCTGTGCAGCAAG
CGGTTTTACCTTTAGCGATTATGTGATTAATTGGGTTCGTCAGGCACCGGGTAAAGGTCTGGAATGGGTTAGC
GGTATTAGCTGGTCAGGTGTTAATACCCATTATGCAGATAGCGTGAAAGGTCGTTTTACCATTAGCCGTGATA
ATAGCAAAAATACCCTGTATCTGCAGATGAATAGCCTGCGTGCAGAAGATACCGCAGTITATTATTGTGCACG
TCTGGGTGCAACCGCAAATAATATICGCTATAAAT I TATGGATGTGTGGGGTCAGGGTACACTAGTTACCGTT
AGCAGTGGTGGTGGTEGTAGUGGTGGTGGCGGATCTGGTGGCGGTGGCAGTGATATCGAACTGACCCAGLC
TCCGAGCGTTAGCGTTGCACCGGGTCAGACCGCACGTATTAGCTGTAGLGGTGATAG TCTGCGTAATAAAGTT
TATTGGTATCAGCAGAAACCGGGTCAGGCTCCGGTTCTGGTTATTTATAAAAATAATCGTCCGAGCGGTATTC
CGGAACGTTTTAGCGGTAG CAATAGCGGTAATACCGCAACCCTGACCATTAGCGGCACCCAGGCAGAAGATG
AAGCCGATTATTATIGTCAGAGCTATGATGG TCAGAAAAGCCTGGTTTTTGGTGGTGGCACCAAGCTTACCGT
TCTG

SEQ 1D NO:189

Heavy
MOR06475
higG1 LALA
MOROE168
scFv (VH-4-vL)

QVQLKESGPALVKPTQTLTLTCTFSGFSLSNRGGGYGWIRQPPGKALEWLAWIDWDDDKSYSTSLKTRLTISKDTS
KNQVVLTMTN MDPVDTATYYCARMHLPLVFDSWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKD
YFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVOKRVEPKSCDKTHT
CPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPRE POVYTLPPSREEMTKNQVSLTCLVKGFYPSDE
AVEWESNGQPENNYKTTPPVLOS DGSFFLYSKLTVDKSRWQQGNVFS CSVMHEALHNHYTQKSLSLSPGKG GSG
GSQVOLVESGGGLVOPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGVYNTHYADSVKGRFTISR

DNSKNTLYLOMNSLRAEDTAVYYCARLGATANMNIRYKFMDVW GQGTLVTVSSGGGGSGEGGSGGGESGGEGS
DIELTQPPSVSVAPGOTARISCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTOQA
EDEADYYCQSYDGQKSLVFGGGTKLTVL

SEQID NO:190

DNA Heavy
MOR0G475

CAGGTGCAATTGAAAGAAAGCGGCCCGGCCCTGGTGAAACCGACCCAAACCCTGACCCTGACCTGTACCTTTT
CCGGATTTAGCCTGTCTAATCGTGGTGGTGGTGTGGGTTGGATTCGCCAGCCGCCTGGGAAAGCCCTCGAGT
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higG1 LALA
MOR0B168
scFv (VH-4-vL)

GGCTGGCTTGGATCGATTGGGATGATGATAAGTCTTATAGCACCAGCCTGAAAACGCGTCTGACCATTAGCA
AAGATACTTCGAAAAATCAGGTGGTGCTGACTATGACCAACATGGACCCGGTGGATACG GCCACCTATTATTG
CGCGCGTATGCATCITCCTCTTGTITITGATTCTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGCTAGCA
CCAAGGGCCCCAGCGTGTTCCCCCTGGCCCCCAGCAGCAAGAGCACCAGCGGCGGCACAGCCGCCCTGGGLT
GCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAACAGCGGAGCCCTGACCTCCGGCGTGE
ACACCTTCCCCGLCGTGCTGCAGAGCAGCGGCCTGTACAGCCTGTCCAGCGTGGTGACAGTGCCCAGCAGCA
GCCTGGGCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACACCAAGG TGGACAAGAGAGTG
GAGCCCAAGAGCTGCGACAAGACCCACACCTGCCCCCCCTGCCCAGCCCCAGAGGCAGLGGGCGGACCCTCC
GTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCAG GACCCCCGAGGTGACCTGCGTGGTG
GTGGACGTGAGCCACGAGGACCCAGAGGTGAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGC
CAAGACCAAGCCCAGAGAGGAGCAGTACAACAGCACCTACAGGGTGGTGTCCGTGCTGACCGTGCTGCACCA
GGACTGGCTGAACGGCAAGGAATACAAGTGCAAGG TCTCCAACAAGGCCCTGCCAGCCCCCATCGAAAAGAC
CATCAGCAAGGCCAAGGGCCAGCCACGGGAGCCCCAGGTGTACACCCTGCCCCCCTCCCGGGAGGAGATGA
CCAAGAACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGA
GCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCAGTGCTGGACAGCGACGGCAGCTTCTITCCTGT
ACAGCAAGCTGACCGTGGACAAGTCCAGGTGGCAGCAGGGCAACGTGTTCAGCTGLAGCGTGATGCACGAA
GCGCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCOCCGGCAAGGGLGGCTCCGGCGGAAGCCA
GGTTCAATTGGTTGAAAGCGGTGGTGGTCTGGTTCAGCCTGGTGGTAGCCTGCGTCTGAGCTGTGCAGCAAG
CGGTTTTACCTTTAGCGATTATGTGATTAATTGGGTTCGTCAGGCACCGGGTAAAGGTCTGGAATGGGTTAGC
GGTATTAGCTGGTCAGGTGTTAATACCCATTATGCAGATAGCGTGAAAGGTCGTTTTACCATTAGCCGTGATA
ATAGCAAAAATACCCTGTATCTGCAGATGAATAGCCTGCG TGCAGAAGATACCGCAGTTTATTATTGTGCACG
TCTGGGTGCAACCGCAAATAATATTCGCTATAAATTTATGGATG TG TGGGGTCAGGGTACACTAGTTACCGTT
AGCAGTGGTGGTGGTGGTAGCGGTGGTGGCGGATCTGGTGGCGGTGGTTCAGGTGGTGGTGGCAGTGATA
TCGAACTGACCCAGCCTCCGAGCGTTAGCGTTGCACCGGGTCAGACCGCACGTATTAGCTGTAGCGGTGATA
GTCTGCGTAATAAAGTTTATTGGTATCAGCAGAAACCGGGTCAGGCTCCGGTTCTGGTTATTTATAAAAATAA
TCGTCCGAGCGGTATTCCGGAACGTTTTAGCGGTAGCAATAGCGG TAATACCGCAACCCTGACCATTAGCGGT
ACCCAGGCAGAAGATGAAGCCGATTATTATTGTCAGAGCTATGATGGTCAGAAAAGCCTGGTTTTIGGTGGT
GGCACCAAGCTTACCGTTCTG

SEQID NO:191

VL
MDROB168wt

DIELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQOKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA
EDEADYYCQSYDGQKSLYFGGGTKLTVL

SEQID ND:192

DNA VL
MOROB168 wt

GACATCGAGCTGACTCAGCCCCCTAGCGTGTCAGTGGCTCCTGGLCAGACCGCTAGAATTAGCTGTAGCGGC
GATAGCCTGCGTAACAAGGTCTACTGGTATCA GCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG
AACAATAGGCCTAGCGGCATCCCCGAGCGG TTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA
GCGGCACTCAGGCCGAGGACGAGGLCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG
GCGGLGGAACTAAGCTGACCGTGCTG

SEQID NO:193

Light lambda
MDROB168 wt

DIELTQPPSVSVAPGQOTARISCSGOSLRNKVYWYQOKPGOAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTOA
EDEADYYCQSYDGQKSLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELOANKATLYCLISDFYPGAVTVAWKADSSP
VKAGVETTTPSKOQSNNKYAASSY LSLTPEQW KSHRSYSCQVTHEGSTVEKTVAPTECS

SEQID NO:194

DNA Light
lambda
MOROB168 wt

GACATCGAGCTGACTCAGLLCCCTAGCGTGTCAGTGGCTCCTGGCCAGACCGCTAGAATTAGCTGTAGCGGC
GATAGCCTGCGTAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG
AACAATAGGCCTAGCGGCATCCCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA
GCGGCACTCAGGCCGAGGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG
GCGGCGGAACTAAGCTGACCGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGTTCCCCCCCAGTA
GCGAGGAGCTGCAGGCCAACAAGGCCACCCTGGTG TGCCTGATCAGCGACTTCTACCCAGGCGCCGTGACCG
TGGCCTGGAAGGLLGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAAC
AACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGC
CAGGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC

SEQ ID NO:195

Heavy
MOROB168IgG
1LALA_6475sc
Fv wt

QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGYNTHYADSYKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPYTVSWNSGALTSGYHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKS
CDKTHTCPPCPAPEAAGGPSYFLFPPKPKDTLMISRTPEVTCYVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLIHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTP PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP
GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQOKPGOAPRLLIYGASNRATGVPARFSGSGSG
TDFTLTISSLEPEDFATYYCQQYYDYPOQTFGOG TKVEIKGGGGSGGGGSGGGGSGGGGSQVALKESGPALVKPTQ
TLTLTCTFSGFSLSNRGGGYGWIRQPPGKALEW LAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMODPY
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DTATYYCARMHLPLVFOSWGQGTLVTVSS

SEQID NO:196

DNA Heawy
MOR0OB1681gG
1LALA_B475sc
Fvwt

CAGGTGCAGCTGGTGGAATCAGGLGGAGGACTGGTCCAGCCTGGCGGATCACTTAGACTGAGCTGTGCCGC
TAGTGGCTTCACCTTITAGCGACTATGTGATTAACTGGGTCCGACAGGCCCCTGGCAAGGGACTGGAATGGGT
GTCAGGCATTAGTTGGAGCGGCGTGAACACTCAC TACGLCGATAGCGTGAAGGGCCGGTTCACTATTAGCLG
GGATAACTCTAAGAACACCCTGTACCTG CAGATGAATAGCCTGAGAGCCGAGGACACCGCCGTCTACTACTG
CGCTAGACTGGGCGCTACCGUTAACAACATCCGCTATAAGTTCATGGACGTGTGGGGCCAGGGCACCCTGGT
CACAGTGTCTTCAGCTAGCACTAAGG GCCCCTCAGTGTTCCCCCTGGCCCCTAGCTC TAAGTCTACTAGCGGTG
GCACCGCCGCTCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAGCCCGTGACCGTGTCTTGGAATAGCGGLG
CTCTGACTAGCGGAGTGCACALCTTCCCCGLCGTOLTGCAGTCTAGCGGCCTGTATAGCCTGTCTAGCGTCGT
GACCGTGCCTAGCTCTAGCCTGGGCACTCAGACCTATATCTG TAACGTGAACCACAAGCCTAGTAACACTAAG
GTGGACAAGCGGGTGGAACCTAAGTCTTGCGATAAGACTCACACCTGTCCCCCCTGECCTGCCCCAGAAGCTG
CTGGCGGACCTAGCGTGTTCCTGTTCCCACCTAAGCCTAAAGACACCCTGATGATTAGTAGGACCCCCGAAGT
GACCTGCGTGGTGETGGACGTCAGC CACGAGGACCCTGAAGTGAAGTTCAATTGGTATGTGGACGGCGTGG
AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTGTCAGTGCTGA
CCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTATAAGTGTAAAGTCTCTAACAAGGCCCTGCCTGCCC
CTATCGAAAAGACTATCTCTAAGGLTAAGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTGCCCCCTAGTAG
AGAAGAGATGACTAAGAATCAGGTGTCCCTGACCTGTCTGGTCAAGGGCTTCTACCCTAGCGATATCGCCGTG
GAGTGGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCTG TGCTGGATAGCGACGGCTCT
TICTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTGGCAGCAGGGCAACGTGTTCAGCTGTAGCGTGA
TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGGLTCAGGLG
GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGCCCTGGCGAGCGGGCTACACTGAGLT
GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGLCCAGGCCCCTAGACT
GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGTITAGCGGCTCAGGATCAGGCACCGA
CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTG TCAGCAGTACTACGACTACC
CTCAGACCTTCGGCCAGGGAACTAAGGTCGAGATTAAGGGCGGTGGCGGTAGCGGCGGAGGCGGATCAGG
TGGTGGTGGETAGTGGCGGCGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA
CTCAGACCCTGACCCTGACCTGCACTTTTAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA
TTAGACAGCCTCCAGGCAAAGCCCTGGAGTGGLTGGLCTGGATCGACTGGGACGACGATAAGTCCTACTECA
CTAGCCTGAAAACTAGGCTGACAATCAGCAAGGACACTAGTAAAAACCAGGTGG TGCTGACTATGACTAATA
TGGACCCCGTGGACACCGCTACCTATTATTGCGCTAGAATGCACCTCCCACTGGTGTTCGATAGCTGGGGTCA
GGGAACTCTGGTCACAGTCAGTAGC

SEQID NO:197

VL MORO8 168
Dl

SYELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQQKPGOAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISGTQA
EDEADYYCQSYDGOKSLVFGGGTKLTVL

SEQID NO:198

DNA VL
MOR08168 DI

TCTTACGAGCTGACCCAGCCCCCTTCCGTGTCTGTGGCTCCTGGLCAGACCGCCAGAATCTCTTGCTCCGGCGA
CTCCCTGCGGAACAAGGTGTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTACAAGAA
CAACCGGCCCTCCGGCATCCCCGAGAGATTCTCTGGCTCCAACTCCGGCAACACCG CCACCCTGACAATCTCT
GGCACACAGGCCGAGGACGAGGCCGACTACTACTGCCAGTCCTACGACGGCCAGAAATCACTGGTGTTCGGE
GGAGGCACCAAGCTGACAGTGCTG

SEQID NO:159

Light lambda
MOR08168 DI

SYELTQPPSVSVAPGQTARISCSGDSLRNKVYWYQOKPGQOAPYLVIYKNNRPSGIPERFSGSNSGNTATLTISGTOA
EDEADYYCQOSYDGOKSLVFGGGTKLTVLGOPKAAPSVTLFPPSSEELOANKATLVCLISDFYPGAVTVAWKADSSP
VKAGVETTTPSKOSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQ D NO:200

DNA Light
fambda
MORO08168 DI

TCTTACGAGCTGACCCAGCCCCCTTCLGTGTCTG TGGCTCCTGGCCAGACCGCCAGAATCTCTTGLTCCGGCGA
CTCCCTGCGGAACAAGGTGTACTGGTATCAGCAGAAGCCCGG CCAGGLCCCTGTGCTGGTCATCTACAAGAA
CAACCGGCCCTCCGGCATCCCCGAGAGATTCTCTGGCTCCAACTCCGGCAACACCGCCACCCTGACAATCTCT
GGCACACAGGCCGAGGACGAGGCCGACTACTACTGCCAGTCCTACGACGGL CAGAAATCACTGGTGTTCGGE
GGAGGCACCAAGCTGACAGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGTTCCCCCCCAGCAGE
GAGGAGCTGCAGGCCAACAAGGLCACCCTGGTGTGCCTGATCAGCGACTTCTACCCAGGCGCCGTGACCGTG
GCCTGGAAGGCCGACAGCAGCCCCGTGAAGGCCGGCGTGGAGACCACCACCCCCAGCAAGCAGAGCAACAA
CAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGCCA
GGTGACCCACGAGGGCAGCACCGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC

SEQID NO:201

Heavy
MOROB1681G
1LALA_B475s¢
Fv Dl

QVOLVESGGGLVOPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGVNTHYADSVKGRFTISRDN
SKNTLYLOMNSLRAEDTAVYYCARLGATANNIRYKFMDVWGQGTLVTVSSASTKGPSVFP LAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVYNHKPSNTKYDKRVEPKS
CDKTHTCPPCPAPEAAGGPSYFLFPPKPKDTLMISRTPEVTCYVYDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLIHODWILNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDS DGS FFLYSKLTVDKSRWOQGNYFSCSVMHEALHNHYTQOKSLSLSP
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GKGGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQOKPGQAPRLLIYGASNRATGVPARFSGSGSG
TDFTLTISSLEPE DFATYYCQQYYDYPQTFGQGTKVEIKGGGGSGGGGSGGGESGGGGSQV QLKESGPALVKPTO
TLTLTCTFSGFSLSNRGG GV GWIRQPPGKA LEWLAWIDWDDDKSYSTSLKTRLTISKDTSKNGVVLTMTNMDPY
DTATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ 1D ND:202

DNA Heavy
MOROB168IgG
1{ALA 6475sc
Fv DI

CAGGTGCAGCTGGTGGAATCAGGCGGAGGACTGGTCCAGCCTGGCGGATCACTTAGACTGAGCTGTGLLGC
TAGTGGCTTCACCTTTAGCGACTATGTGATTAACTGGGTCCGACAGGCCCCTGGCAAGGGACTGGAATGGGT
GTCAGGCATTAGTTGGAGCGGLGTGAACACTCACTACGCCGATAGCGTGAAGGGCCGGTTCACTATTAGLCG
GGATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGCCTGAGAGLCGAGGACACCGCCGTCTACTACTG
CGCTAGACTGGGLGCTACCGCTAACAACATCCGCTATAAGTTCATGGACGTGTGGGGCCAGGGCACCCTGGT
CACAGTGTCTTCAGCTAGCACTAAGGGCCCCTCAGTG TTCCCCCTGGCCCCTAGCTCTAAGTCTACTAGLGGTG
GCACCGLCGCTCTGGGCTGLCTGGTCAAGGACTACTTCCCCGAGLCCGTGACCGTGTCTTGGAATAGCGGLG
CTCTGACTAGCGGAGTGCACACCTTCLLCGLLGTGCTGCAGTCTAGLGGCCTGTATAGCCTGTCTAGCGTCGT
GACCGTGCCTAGCTCTAGCCTGGGCACTCAGACCTATATCTGTAACGTGAACCACAAGCCTAGTAACACTAAG
GTGGACAAGCGGGTGGAACCTAAGTCTTGLGATAAGACTCACACCTGTCCCCCCTGCCCTGLCCCAGAAGCTG
CYGGCGGACCTAGCGTGTTCCTG TTCCCACCTAAGCCTAAAGACACCCTGATGATTAGTAGGACCCCCGAAGT
GACCTGCGTGGTGGTGGACGTCAGLCALGAGGACCCTGAAGTGAAGTTCAATTGGTATGTGGACGGCGTGG
AAGTGCACAACGCTAAGACTAAGCOCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTGTCAGTGCTGA
CCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTATAAGTGTAAAGTCTCTAACAAGGCCCTGCCTGOCC
CTATCGAAAAGACTATCTCTAAGGCTAAGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTGCCCCCTAGTAG
AGAAGAGATGACTAAGAATCAGGTGTCCCTGACCTGTCTGGTCAAGGGCTTCTACCCTAGCGATATCGCCGTG
GAGTGGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCLCCCCTGTGCTGGATAGCGACGGCTCT
TTCTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTGGCAGCAGGGCAACGTGTTCAGCTGTAGCGTGA
TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCLGGLAAGGGCGGCTCAGGCG
GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGLCCTGGCGAGCGGGCTACACTGAGLT
GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCCCGGCCAGGLCCCTAGACT
GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGTTTAGLGGCTCAGGATCAGGCACCGA
CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTGTCAGCAGTACTACGACTACC
CTCAGACCTTCGGLCAGGGAACTAAGGTCGAGATTAAGGGLGGTGGCGGTAGCGGLGGAGGLGGATCAGG
TGGTGGTGGTAGTGGCGGLGGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA
CTCAGACCCTGACCCTGACCTGCACTTITAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA
TTAGACAGCCTCCAGGCAAAGCCCTGGAGTGGCTGGCCTGGATCGACTGGGACGACGATAAGTCCTACTCCA
CTAGCCTGAAAACTAGGCTGACAATCAGCAAGGACACTAGTAAAAACCAGGTGGTGCTGACTATGACTAATA
TGGACCCCGTGGACACCGCTACCTATTATTGCGCTAGAATGCACCTCCCACTGGTGTICGATAGCTGGGGTCA
GGGAACTCTGGTCACAGTCAGTAGE

SEQID NO:203

VLMOR08168
GL

SYELTQPLSVSVALGQTARITCSGDSLRNKVYWYQQKPGOAPYLVIYKNNRPSGIPERFSGSNSGNTATLTISRAQA
GDEADYYCQSYDGQKSLVFGGGTKLTVL

SEQ ID NO:204

DNAVL
MOR0S8168 GL

AGCTACGAGCTGACTCAGLCLCTGAGCGTGTCAGTGGCTCTGGGCCAGACCGCTAGAATCACCTGTAGCGGC

GATAGLCCTGAGAAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGLLCCTGTGCTGGTCATCTATAAG

AACAATAGGCCTAGCGGCATCLCCGAGCGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA
GTAGGGCTCAGGCCGGLGACGAGGCCGACTACTACTGTCAGTCCTACGACGGCCAGAAGTCACTGGTCTTTG
GCGGCGGAACTAAGCTGACCGTGCTG

SEQ ID NO:205

Light lambda
MDRO8168 GL

SYELTQPLSVSV ALGQTARITCSGDSLRNKVYWYQQKPGQAPVLVIYKNNRPSGIPERFSGSNSGNTATLTISRAQA
GDEADYYCQSYDGOKSLVFGGG TKLTVLGOQPKAAPSVTLF PPSSEELOANKATLVCLISDF YPGAVTVAWKADSSP
VKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQ ID NO:206

DNA Light
lambda
MOROB168 GL

AGCTACGAGCTGACTCAGCCCCTGAGCG TGTCAGTGGCTCTGGGCCAGACCGCTAGAATCACCTGTAGCGGC
GATAGCCTGAGAAACAAGGTCTACTGGTATCAGCAGAAGCCCGGCCAGGCCCCTGTGCTGGTCATCTATAAG
AACAATAGGCCTAGCGGCATCCCCGAGLGGTTTAGCGGCTCTAATAGCGGCAACACCGCTACCCTGACTATTA
GTAGGGCTCAGGCCGGCGACGAGGCCGACTACTACTGTCAGTCCTACGACGGLCAGAAGTCACTGGTCTTTG
GCGGCGGAACTAAGCTGACCGTGCTGGGACAGCCTAAGGCTGCCCCCAGCGTGACCCTGTTCCCCCCCAGCA
GLGAGGAGCTGCAGGCCAACAAGGLCACCCTGRTG TGCCTGATCAGCGACTTCTACCCAGGLCGCCGTGACCG
TGGCCTGGAAGGLCGACAGCAGCCCCGTGAAGGLCGGLGTGGAGACCACCACCCCCAGCAAGCAGAGCAAC
AACAAGTACGCCGCCAGCAGCTACCTGAGCCTGACCCCCGAGCAGTGGAAGAGCCACAGGTCCTACAGCTGC
CAGGTGACCCACGAGGGCAGCACLGTGGAAAAGACCGTGGCCCCAACCGAGTGCAGC

SEQ ID NO:207

Heavy
MORO08168IgG
1LALA_6475sc

EVOLLESGGGLVQPGGSLRLSCAASGFTFSDYVINWVROAPGKGLEWVSGISWSGYNTHYADSVKGRFTISRDNS
KNTLYLOMNSLRAEDTAVYYCARLGATANNIRYKF MDVWGQGTLVYTVSSASTKGPSVFPLAPSSKSTSGGTAALG
CLVKDYFPEPVTVSWNSGALTSGYHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSC
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Fv GL DKTHTCPPCPAPEAAGG PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ,
YNSTYRVVSVLTVIHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQOVSLTCLVKGF
YPSDIAVEWESNGQPENNYKTTPPYLDSDGSFFLYSKLTVDKSRWQOGNVFSCSYMHEALHNHYTOKSLSLSPGK
GGSGGSDIVLTQSPATLSLSPGERATLSCRASQFIGSRYLAWYQQKPGQAPRLLIY GASNRATGVPARFSGSGSGTD
FTLTISSLEPEDFATYYCQQYYDYPQATFGAGTKVEIKGGGGSGGGGSGGGGSGGGGSQVALKESGPALVKPTATL
TLTCTFSGFSLSNRGGGVGWIRQPPGKALE WLAWIDWDDDKSYSTSLKTRLTISKDTSKNQVVLTMTNMDPYDT
ATYYCARMHLPLVFDSWGQGTLVTVSS

SEQ ID ND:208 | DNA Heavy GAGGTGCAGCTGCTGGAATCAGGCGGAGGACTGGTGCAGCCTGGCGGATCACTGAGACTGAGCTGTGCCGE
MDROB168IgG | TAGTGGCTTCACCTTTAGCGACTATGTGATTAACTGGGTCCGACAGGCCCCTGGCAAGGGACTGGAATGGGT
1LALA_6475sc | GTCAGGCATTAGTTGGAGCGGCGTGAACACTCACTACGCCGATAGCGTGAAGGGCCGGTTCACTATTAGCCG
Fv GL GGATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGCCTGAGAGCCGAGGACACCGCCGTCTACTACTG
CGCTAGACTGGGCGCTACCGCTAACAACATCCGCTATAAGTTCATGGACGTGTGGGGCCAGGGCACCCTGGT
CACAGTGTCTTCAGCTAGCACTAAGGGCCCCTCAGTG TTCCCCCTGGCCCCTAGCTCTAAGTCTACTAGCGGTG
GCACCGCCGCTCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAGCCCGTGACCGTGTCTIGGAATAGCGGCG
CTCTGACTAGCGGAGTGCACACCTTCCCCGCCGTGCTGCAGTCTAGCGGCCTG TATAGCCTGTCTAGCGTCGT
GACCGTGCCTAGCTCTAGCCTGGGCACTCAGACCTATATCTGTAACGTGAACCACAAGCCTAGTAACACTAAG
GTGGACAAGCGGGTGGAACCTAAGTCTTGCGATAAGACTCACACCTGTCCCCCCTGCCCTGCCCCAGAAGCTG
CTGGCGGACCTAGCGTGTTCCTGTTCCCACCTAAGCCTAAAGACACCCTGATGATTAGTAGGACCCCCGAAGT
GACCTGCGTGGTGGTGGACGTCAGCCACGAGGACCCTGAAGTGAAGTTCAATTGGTATGTGGACGGCGTGG
AAGTGCACAACGCTAAGACTAAGCCTAGAGAGGAACAGTATAACTCCACCTATAGGGTGGTGTCAGTGCTGA
CCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTATAAGT GTAAAGTCTCTAACAAGGCCCTGCCTGCCE
CTATCGAAAAGACTATCTCTAAGGCTAAGGGCCAGCCTAGAGAACCCCAGGTCTACACCCTGCCCCCTAGTAG
AGAAGAGATGACTAAGAATCAGGTGTCCCTGACCTGTCTGGTCAAGGGCTTCTACCCTAGCGATATCGCCGTG
GAGTGGGAGTCTAACGGCCAGCCCGAGAACAACTATAAGACTACCCCCCCTGTGCTGGATAGCGACGGCTCT
TTCTTCCTGTACTCTAAACTGACCGTGGACAAGTCTAGGTGGCAGCAGGGCAACGTGTTCAGCTGTAGCGTGA
TGCACGAGGCCCTGCACAATCACTACACTCAGAAGTCACTGAGCCTGAGTCCCGGCAAGGGCGGCTCAGGCG
GTAGCGATATCGTGCTGACTCAGTCACCCGCTACCCTGAGTCTGAGLCCTGGCGAGCGGGCTACACTGAGCT
GTAGAGCTAGTCAGTTTATCGGCTCACGCTACCTGGCCTGGTATCAGCAGAAGCLCGGCCAGGCCCCTAGACT
GCTGATCTACGGCGCTAGTAATAGAGCTACCGGCGTGCCCGCTAGGTTTAGCGGCTCAGGATCAGGCACCGA
CTTTACCCTGACTATTAGTAGCCTGGAACCCGAGGACTTCGCTACCTACTACTGTCAGCAGTACTACGACTACC
CTCAGACCTTCGGCCAGGGAACTAAGGTCGAGATTAAGGGCGGTGGCGG TAGCGGCGGAGGCGGATCAGG
TGGTGGTGGTAGTGGCGGCEGAGGTAGTCAGGTCCAGCTGAAAGAGTCAGGCCCTGCCCTGGTCAAGCCTA
CTCAGACCCTGACCCTGACCTGCACTTTTAGCGGCTTTAGCCTGAGTAATAGAGGCGGCGGAGTGGGCTGGA
TTAGACAGCCTCCAGGCAAAGCCCTGGAGTGGCTGGCCTGGATCGACTGGGACGACGATAAGTCCTACTCCA
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" ILRP6 antibodies can be tested
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using the binding assays known in the art (e.g., ELISAs, and other assays described in the
Example section). When these chains are mixed and matched, a VH sequence from a
particular VH/VL pairing should be replaced with a structurally similar VH sequence.
Likewise a full length heavy chain sequence from a particular full length heavy chain /
full length light chain pairing should be replaced with a structurally similar full length
heavy chain sequence. Likewise, a VL sequence from a particular VH/VL pairing should
be replaced with a structurally similar VL sequence. Likewise a full length light chain
sequence from a particular full length heavy chain / full length light chain pairing should
be replaced with a structurally similar full length light chain sequence. Accordingly, in
one aspect, the invention provides an isolated monoclonal antibody or fragment thereof
having: a heavy chain variable region comprising an amino acid sequence selected from
the group consisting of SEQ ID NOs: 14, 34, 36, 44, 60, and 62; and a light chain variable
region comprising an amino acid sequence selected from the group consisting of SEQ ID
NOs: 13, 33, 35, 43, 59 and 61; a heavy chain selected from the group consisting of SEQ
ID NOs: 82, 106, 108, 128, 130 and 138; and a light chain variable region comprising an
amino acid sequence selected from the group consisting of SEQ ID NOs: 81, and 90, 105,
107, 127, 129, and 137; wherein the antibody specifically binds to LRP6 (e.g., human
and/or cynomologus LRP6).

In another aspect, the present invention provides LRP6 antibodies that bind to the 3
propeller 1 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: 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 ez 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 ai., (1987) J. Mol. Biol. 196:
901-917; Chothia ef al., (1989) Nature 342: 877-883; and Al-Lazikani et al., (1997) J.
Mol. Biol. 273, 927-948).
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In another aspect, the present invention provides LRP6 antibodies that bind to the
propeller 3 domain of LRP6 that comprise the heavy chain and light chain CDR s,
CDR2s and CDR3s as described in Table |, 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 ef al.,
(1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department
of Health and Human Services, NIH Publication No. 91-3242; Chothia et al., (1987) J.
Mol. Biol. 196: 901-917; Chothia et al., (1989) Nature 342: 877-883; and Al-Lazikani ef
al., (1997) 1. 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 CDRI1, 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 CDRI, 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 B-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
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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 p-propeller 3 monoclonal
antibody or fragment thereof comprising a heavy chain variable region CDRI1 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.
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In a specific embodiment, an antibody that binds to LRP6 comprises a heavy chain
variable region CDR1 of SEQ ID NO: 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
1D 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 1D NO: 120.

In a specific embodiment, an antibody that binds to LRP6 comprises a VH of SEQ ID
NO: 14 and VL of SEQ ID NO: 13. In a specific embodiment, an antibody that binds to
LRP6 comprises a VH of SEQ 1D NO: 34 and VL of SEQ ID NO: 33. In a specific
embodiment, an antibody that binds to LRP6 comprises a VH of SEQ ID NO: 35 and VL,
of SEQ ID NO: 36. In a specific embodiment, an antibody that binds to LRP6 comprises
a VH of SEQ ID NO; 43 and VL of SEQ ID NO: 44. In a specific embodiment, an
antibody that binds to LRP6 comprises aVH of SEQ ID NO: 60 and VL of SEQ ID NO:
59. In a specific embodiment, an antibody that binds to LRP6 comprises a VH of SEQ ID
NO; 62 and VL of SEQ ID NO: 61. In a specific embodiment, an antibody that binds to
LRP6 comprises a SEQ ID NO: 82 and VL of SEQ ID NO: 81. In a specific embodiment,
an antibody that binds to LRP6 comprises a VH of SEQ 1D NO; 90 and VL of SEQ ID
NO: 89. In a specific embodiment, an antibody that binds to LRP6 comprises a VH of
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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 immunoglobulin amino acid sequences of other species (e.g.,
murine germline sequences). In certain cases, a human antibody may be at least 60%,
70%, 80%, 90%, or at least 95%, or even at least 96%, 97%, 98%, or 99% identical in
amino acid sequence to the amino acid sequence encoded by the germline

immunoglobulin gene. Typically, a recombinant human antibody will display no more
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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 ef al., (1988) Proc. Natl. Acad. Sci. USA
85:5879-3883). A “disbud” consists of two chains, each chain comprising a heavy chain
variable region connected to a light chain variable region on the same polypeptide chain
connected by a short peptide linker, wherein the two regions on the same chain do not
pair with each other but with complementary domains on the other chain to form a
bispecific molecule. Methods of preparing diabodies are known in the art (See, e.g,,
Holliger et al., (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448, and Poljak et al., (1994)
Structure 2:1121-1123). Domain antibodies (dAbs) are small functional binding units of
antibodies, corresponding to the variable regions of either the heavy or light chains of
antibodies. Domain antibodies are well expressed in bacterial, yeast, and mammalian cell
systems. Further details of domain antibodies and methods of production thereof are
known in the art (see, for example, U.S. Pat. Nos. 6,291,158; 6,582,915; 6,593,081;
6,172,197, 6,696,245; European Patents 0368684 & 0616640; W005/035572,
W004/101790, W0O04/081026, W0Q04/058821, W004/003019 and WO03/002609.
Nanobodies are derived from the heavy chains of an antibody. A nanobody typically
comprises a single variable domain and two constant domains (CH2 and CH3) and retains
antigen-binding capacity of the original antibody. Nanobodies can be prepared by
methods known in the art (See e.g., U.S. Pat. No. 6,765,087, U.S. Pat. No. 6,838,254, WO
06/079372). Unibodies consist of one light chain and one heavy chain of a IgGG4 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, Dkk1). Similarly,
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Propeller 3 antibodies are expected to inhibit the interaction with other propeller 3
binding ligands (e.g. Dkk1). 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 B-propeller 1
of LRP6 {e.g., human and/or cynomologus LRP6), and inhibits the signaling activity of
B-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, 3-catenin
stabilization and nuclear translocation, cellular proliferation/ survival) as described
herein. In a specific example, such antibodies have an ECsp value in a Wnt] 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 B-propeller 3 of LRP6 (e.g., human and/or cynomologus LRP6),
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and inhibits the signaling activity of B-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, 3-catenin stabilization and nuclear translocation, cellular
proliferation/ survival) as described herein. In a specific example, such antibodies have an
ECsp value in a Wnt3a assay of less than 10 nM when using conditioned medium or using

transfected celis.

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 1D 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 ammno 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.
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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 (i.e., % identity equals number of identical
positions/total number of positions x 100), taking into account the number of gaps, and
the length of each gap, which needs to be introduced for optimal alignment of the two
sequences. The comparison of sequences and determination of percent identity between
two sequences can be accomplished using a mathematical algorithm, as described in the

non-limiting examples below.

Additionally or alternatively, the protein sequences of the present invention can further be
used as a “query sequence” to perform a search against public databases to, for example,
identifies related sequences. For example, such searches can be performed using the

BLAST program (version 2.0) of Altschul ef al. (1990) ].Mol. Biol. 215:403-10.
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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
CDRI, CDR2, and CDR3 sequences and a light chain variable region comprising CDRI1,
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 1D 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 1D 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, 3-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
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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 1D 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, B-catenin stabilization and nuclear translocation, cellular proliferation/

survival) as described herein.
Antibodies That Bind to the Same Epitope

The present invention provides antibodies that bind to the same epitope as do the LRP6
antibodies described in Table 1. Additional antibodies can therefore be identified based
on their ability to cross-compete (e.g., to competitively inhibit the binding of, in a
statistically significant manner) with other antibodies of the invention in LRP6 binding
assays. The ability of a test antibody to inhibit the binding of antibodies of the present
invention to a LRP6 protein (e.g., human and/or cynomologus LRP6) demonstrates that
the test antibody can compete with that antibody for binding to LRP6; such an antibody
may, according to non-limiting theory, bind to the same or a related (e.g., a structurally
similar or spatially proximal) epitope on the LRP6 protein as the antibody with which it
competes. In an embodiment, the antibody that binds to the same epitope on LRP6 as the
antibodies of the present invention is a human monoclonal antibody. Such human

monoclonal antibodies can be prepared and isolated as described herein.
Engineered and Modified Antibodies

An antibody of the invention further can be prepared using an antibody having one or
more of the VH and/or VL sequences shown herein as starting material to engineer a

modified antibody, which modified antibody may have altered properties from the
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starting antibody. An antibody can be engineered by modifying one or more residues
within one or both variable regions (i. 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 inferact with target antigens predominantly through amino acid residues that
are located in the six heavy and light chain complementarity determining regions (CDRs).
For this reason, the amino acid sequences within CDRs are more diverse between
individual antibodies than sequences outside of CDRs. Because CDR sequences are
responsible for most antibody-antigen interactions, it is possible to express recombinant
antibodies that mimic the properties of specific naturally occurring antibodies by
constructing expression vectors that include CDR sequences from the specific naturally
occurring antibody grafted onto framework sequences from a different antibody with
different properties (see, e.g., Riechmann et al., (1998) Nature 332:323-327; Jones ef al.,
(1986) Nature 321:522-525; Queen et al., (1989) Proc. Natl. Acad., U.S.A. 86:10029-
10033; U.S. Patent No. 5,225,539 to Winter, and U.S. Patent Nos. 5,530,101; 5,585,089;
5,693,762 and 6,180,370 to Queen ef al.)

Accordingly, another embodiment of the invention pertains to an isolated Propeller 1
monoclonal antibody, or fragment thereof, comprising a heavy chain variable region
comprising CDR1 sequences having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 1, 21, and 47; CDR2 sequences having an amino acid
sequence selected from the group consisting of SEQ ID NOs: 2, 22, and 48; CDR3
sequences having an amino acid sequence selected from the group consisting of SEQ ID
NOs: 3, 23, and 49, respectively; and a light chain variable region having CDR1
sequences having an amino acid sequence selected from the group consisting of SEQ ID
NOs: 4, 24, and 50; CDR2 sequences having an amino acid sequence selected from the
group consisting of SEQ ID NOs: 5, 25, and 51; and CDR3 sequences consisting of an
amino acid sequence selected from the group consisting of SEQ ID NOs: 6, 26, and 52,
respectively. Thus, such antibodies contain the VH and VL CDR sequences of
monoclonal antibodies, yet may contain different framework sequences from these

antibodies.
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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 CDRI
sequences having an amino acid sequence selected from the group consisting of SEQ ID
NOs: 72, 96, and 118; CDR2 sequences having an amino acid sequence selected from the
group consisting of SEQ ID NOs: 73, 97, and 119; and CDR3 sequences consisting of an
amino acid sequence selected from the group consisting of SEQ ID NOs: 74, 98, and 120,
respectively. Thus, such antibodies contain the VH and VL CDR sequences of
monoclonal antibodies, yet may contain different framework sequences from these

antibodies.

Such framework sequences can be obtained from public DNA databases or published
references that include germline antibody gene sequences. For example, germline DNA
sequences for human heavy and light chain variable region genes can be found in the
“Vase” human germline sequence database (available on the Internet at www.mrc-
cpe.cam.ac.uk/vbase), as well as in Kabat et al., (1991) Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services,
NIH Publication No. 91-3242; Chothia ef al., (1987) J. Mol. Biol. 196:901-917; Chothia
et al., (1989) Nature 342:877-883; and Al-Lazikani ef al., (1997) J. Mol. Biol. 273:927-
948; Tomlinson et al., (1992) J. fol. Biol. 227:776-798; and Cox et al., (1994) Eur. ]
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 CDRI1, 2 and 3 sequences, and the VL CDRI, 2 and
3 sequences, can be grafied 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 grafied onto framework regions that contain one or

more mutations as compared to the germline sequences. For example, it has been found
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that in certain instances it is beneficial to mutate residues within the framework regions to
maintain or enhance the antigen binding ability of the antibody (see e.g., U.S. Patent Nos.
5,530,101; 5,585,089; 5,693,762 and 6,180,370 to Queen et al).

Another type of variable region modification is to mutate amino acid residues within the
VH and/or VL. 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 CDRI region consisting of an amino acid sequence selected from the group
having SEQ 1D 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,
2], 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 CDRI 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 1D 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
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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 VH CDR2 region having an amino acid sequence sclected 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 VH CDR3 region having an amino acid sequence
selected from the group consisting of SEQ ID NOs: 71, 95, and 117, or an amino acid
sequence having one, two, three, four or five amino acid substitutions, deletions or
additions as compared to SEQ ID NOs: 71,95, and 117; a VL. CDRI 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.
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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 imnmuno-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 fibronectin scaffolds are based on fibronectin type I1I domain (e.g., the tenth module
of the fibronectin type III ('° Fn3 domain)). The fibronectin type III domain has 7 or 8
beta strands which are distributed between two beta sheets, which themselves pack
against each other to form the core of the protein, and further containing loops (analogous
to CDRs) which connect the beta strands to each other and are solvent exposed. There are
at least three such loops at each edge of the beta sheet sandwich, where the edge is the
boundary of the protein perpendicular to the direction of the beta strands (see US
6,818,418). These fibronectin-based scaffolds are not an immunoglobulin, although the
overall fold is closely related to that of the smallest functional antibody fragment, the
variable region of the heavy chain, which comprises the entire antigen recognition unit in
camel and llama IgG. Because of this structure, the non-immunoglobulin antibody
mimics antigen binding properties that are similar in nature and affinity to those of
antibodies. These scaffolds can be used in a loop randomization and shuffling strategy in
vitro that is similar to the process of affinity maturation of antibodies in vivo. These
fibronectin-based molecules can be used as scaffolds where the loop regions of the

molecule can be replaced with CDRs of the invention using standard cloning techniques.

The ankyrin technology is based on using proteins with ankyrin derived repeat modules
as scaffolds for bearing variable regions which can be used for binding to different
targets. The ankyrin repeat module is a 33 amino acid polypeptide consisting of two anti-
parallel a-helices and a B-turn. Binding of the variable regions is mostly optimized by

using ribosome display.
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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 Aisa
surface protein from the bacterium Staphylococcus aureus. This scaffold domain consists
of 58 amino acids, 13 of which are randomized to generate affibody libraries with a large
number of ligand variants (See e.g., US 5,831,012). Affibody molecules mimic
antibodies, they have a molecular weight of 6 kDa, compared to the molecular weight of
antibodies, which is 150 kDa. In spite of its small size, the binding site of affibody

molecules is similar to that of an antibody.

Anticalins are products developed by the company Pieris ProteoLab AG. They are
derived from lipocalins, a widespread group of small and robust proteins that are usually
involved in the physiological transport or storage of chemically sensitive or insoluble
compounds. Several natural lipocalins occur in human tissues or body liquids. The
protein architecture is reminiscent of immunoglobulins, with hypervariable loops on top
of a rigid framework. However, in contrast with antibodies or their recombinant
fragments, lipocalins are composed of a single polypeptide chain with 160 to 180 amino
acid residues, being just marginally bigger than a single immunoglobulin domain. The set
of four loops, which makes up the binding pocket, shows pronounced structural plasticity
and tolerates a variety of side chains. The binding site can thus be reshaped in a
proprietary process in order to recognize prescribed target molecules of different shape
with high affinity and specificity. One protein of lipocalin family, the bilin-binding
protein (BBP) of Pieris Brassicae has been used to develop anticalins by mutagenizing the
set of four loops. One example of a patent application describing anticalins is in PCT
Publication No. WO 199916873.

Affilin molecules are small non-immunoglobulin proteins which are designed for specific

affinities towards proteins and small molecules. New affilin molecules can be very
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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 "ubiquitin-
like" proteins are described in W02004106368.

Protein epitope mimetics (PEM) are medium-sized, cyclic, peptide-like molecules (MW
1-2kDa) mimicking beta-hairpin secondary structures of proteins, the major secondary

structure involved in protein-protein interactions.

In some embodiments, the Fabs are converted to silent IgGl format by changing the Fc
region. For example, antibodies MOR08168, MOR08545, MOR06706, MOR(6475,
MORO08193, and MORO08473 in Table 1 can be converted to IgG1 format by adding the

amino acid sequence:

CDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQODWLNGKEYKCKVSNKA
LPAPIEKTISKAK GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK (SEQ ID NO: 209).

and substituting the light chain with: CS if the light chain is lambda, or C if the light chain
is kappa. As used herein, a “silent IgG1” is an IgG] Fc sequence in which the amino acid
sequence has been altered to decrease Fc-mediated effector functions (for example ADCC
and/or CDC). Such an antibody will typically have decreased binding to Fe receptors . In
some other embodiments, the Fabs are converted to IgG2 format. For example,
antibodies MOR08168, MOR(8545, MOR06706, MOR06475, MOR08193, and
MORO08473 in Table 1 can be converted to IgG2 format by substituting the constant

sequence with the constant sequence for the heavy chain of IgG2:

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP A
VLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCP
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APPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVH

NAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCK VSNKGLPAPIEKTISKT

KGQPREPQV YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT
TPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK
(SEQ ID NO: 210).

Human or humanized antibodies

The present invention provides fully human antibodies that specifically bind to a LRP6
protein (e.g., human and/or cynomologus LRP6). Compared to the chimeric or
humanized antibodies, the human LRP6 antibodies of the invention have further

decreased antigenicity when administered to human subjects.

The human LRP6 antibodies can be generated using methods that are known in the art.
For example, the humaneering technology used to converting non-human antibodies into
engineered human antibodies. U.S. Patent Publication No. 20050008625 describes an in
vivo method for replacing a nonhuman antibody variable region with a human variable
region in an antibody while maintaining the same or providing better binding
characteristics relative to that of the nonhuman antibody. The method relies on epitope
guided replacement of variable regions of a non-human reference antibody with a fully
human antibody. The resulting human antibody is generally unrelated structurally to the
reference nonhuman antibody, but binds to the same epitope on the same antigen as the
reference antibody. Briefly, the serial epitope-guided complementarity replacement
approach is enabled by setting up a competition in cells between a "competitor" and a
library of diverse hybrids of the reference antibody ("test antibodies") for binding to
limiting amounts of antigen in the presence of a reporter system which responds to the
binding of test antibody to antigen. The competitor can be the reference antibody or
derivative thereof such as a single-chain Fv fragment. The competitor can also be a
natural or artificial ligand of the antigen which binds to the same epitope as the reference
antibody. The only requirements of the competitor are that it binds to the same epitope as
the reference antibody, and that it competes with the reference antibody for antigen
binding. The test antibodies have one antigen-binding V-region in common from the
nonhuman reference antibody, and the other V-region selected at random from a diverse
source such as a repertoire library of human antibodies. The common V-region from the

reference antibody serves as a guide, positioning the test antibodies on the same epitope
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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 tumn 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
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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 liama
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 s 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 ef al., (2004} J Biol Chem 279:1256-1261; Dumoutlin ef al., (2003) Nature
424:783-788; Pleschberger ef al. (2003) Bioconjugate Chem 14:440-448; Cortez-
Retamozo ef al.(2002) Int J Cancer 89:456-62; and Lauwereys ef al. (1998) EMBO }
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.
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The camelid nanobody has a molecular weight approximately one-tenth that of a human
IgG molecule, and the protein has a physical diameter of only a few nanometers. One
consequence of the small size is the ability of camelid nanobodies to bind to antigenic
sites that are functionally invisible to larger antibody proteins, i.e., camelid nanobodies
are useful as reagents detect antigens that are otherwise cryptic using classical
immunological techniques, and as possible therapeutic agents. Thus yet another
consequence of small size is that a camelid nanobody can inhibit as a result of binding to
a specific site in a groove or narrow cleft of a target protein, and hence can serve in a
capacity that more closely resembles the function of a classical low molecular weight

drug than that of a classical antibody.

The low molecular weight and compact size further result in camelid nanobodies being
extremely thermostable, stable to extreme pH and to proteolytic digestion, and poorly
antigenic. Another consequence is that camelid nanobodies readily move from the
circulatory system into tissues, and even cross the blood-brain barrier and can treat
disorders that affect nervous tissue. Nanobodies can further facilitated drug transport
across the blood brain barrier. See U.S. patent application 20040161738 published
August 19, 2004. These features combined with the low antigenicity to humans indicate
great therapeutic potential. Further, these molecules can be fully expressed in prokaryotic
cells such as E. coli and are expressed as fusion proteins with bacteriophage and are

functional.

Accordingly, a feature of the present invention is a camelid antibody or nanobody having
high affinity for LRP6. In certain embodiments herein, the camelid antibody or nanobody
is naturally produced in the camelid animal, i.e., is produced by the camelid following
immunization with LRP6 or a peptide fragment thereof, using techniques described herein
for other antibodies. Alternatively, the LRP6 camelid nanobody is engineered, i.e.,
produced by selection for example from a library of phage displaying appropriately
mutagenized camelid nanobody proteins using panning procedures with LRP6 as a target
as described in the examples herein. Engineered nanobodies can further be customized
by genetic engineering to have a half life in a recipient subject of from 45 minutes to two
weeks. In a specific embodiment, the camelid antibody or nanobody is obtained by
grafting the CDRs sequences of the heavy or light chain of the human antibodies of the
invention into nanobody or single domain antibody framework sequences, as described

for example in PCT/EP93/02214.
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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 ef al., (1997) Nature
Biotech. 15:159-163; Alt ef al. (1999) FEBS Letters 454: 90-94; Zuo ef al., (2000)
Protein Engineering 13:361-367; Lu e al., (2004) JBC 279:2856-2865; Lu et al., (2005)
JBC 280:19665-19672; Marvin ef al., (2005) Acta Pharmacologica Sinica 26:649-658;
Marvin et al., (2006) Curr Opin Drug Disc Develop 9:184-193; Shen ef al,, (2007) J
Immun Methods 218:65-74; Wu et al., (2007) Nat Biotechnol. 11:1290-1297; Dimasi ef
al., (2009) J. Mol Biol. 393:672-692; and Michaelson ef al,, (2009) mAbs 1:128-141.

The present invention is based on the discovery that the multivalent antibodies (e.g., a
single LRP6 biparatopic or bispecific antibody) have the ability to inhibit both propeller 1
(e.g. Wntl and propeller 3 (e.g. Wnt3) ligand-mediated signaling Furthermore, and
unexpectedly, the multivalent antibodies (e.g., a single LRP6 biparatopic or bispecific
antibody) display no significant potentiation of a Wnt signal. The multivalent antibodies
bind to distinct LRP6 B-propeller regions. Propeller 1 antibodies bind to the B-propeller 1
domain and block propeller1-dependent Wnts such as Wntl, Wnt2, Wnt6, Wnt7A,
Wnt7B, Wnt9, Wnt10A, Wntl0B and inhibit a Wnt 1 signal transduction pathway.
Propeller 3 antibodies bind to the B-propeller 3 domain and block propeller3-dependent
Wnts such as Wni3a 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 1gG antibody results in an antibody that
potentiates (enhances) a Wnt signal in the presence of another protein such as a Wnt 1 or
Want 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 3~

propeller regions selected from the group consisting of propeller 1, propeller 2, propeller
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3, and propeller 4. In one embodiment, the multivalent antibody binds to propeller 1 and
propeller 3 domains of LRP6. Thus, a single LRP6 multivalent antibody has increased
potency of action by binding to multiple p-propeller regions and inhibiting Wnt signaling
mediated by each domain. For example, a single LRP6 multivalent antibody inhibits both
propeler 1 and propeller 3 mediated Wnt signaling by binding to both propeller | 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., f-propeller 1 domain or B-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
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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 'c_mtibody, at least five CDRs of a given antibody, or at least six
CDRs of a given antibody. The multivalent antibody of the invention comprises at least
one VH domain of an antibody, at least one VL. domain of a given antibody, or at least
one VH domain and one VL domain of an antibody. ScFv molecules can be constructed

in a VH-linker-VL. orientation or VL-linker-VH orientation.

The stability of scFv molecules of the invention or fusion proteins comprising them can
be evaluated in reference to the biophysical properties (e.g., thermal stability) of a
conventional control scFv molecule or a full length antibody. In one embodiment, the
multivalent antibodies of the invention have a thermal stability that is greater than about
0.1, about 0.25, about 0.5, about 0.75, about 1, about 1.25, about 1.5, about 1.75, about 2,
about 2.5, about about 3, about 3.5, about 4, about 4.5, about 5, about 5.5, about 6, about
6.5, about 7, about 7.5, about 8, about 8.5, about 9, about 9.5, about 10 degrees, about 11
degrees, about 12 degrees, about 13 degrees, about 14 degrees, or about 15 degrees

Celsius than a control binding molecule (e.g. a conventional scFv molecule).

The scFv molecules comprise an scFv linker with an optimized length and/or amino acid
composition. Preferred scFv linkers of the invention improve the thermal stability of a
multivalent antibody of the invention by at least about 2°C or 3°C as compared to a
conventional antibody. In one embodiment, a multivalent antibody of the invention has a
1°C improved thermal stability as compared to a conventional antibody. In another
embodiment, a multivalent antibody of the invention has a 2°C improved thermal stability
as compared to a conventional antibody. In another embodiment, a multivalent antibody
of the invention has a 4, 5, 6,.7, 8,9, 10, 11, 12, 13, 14, 15°C improved thermal stability
as compared to a conventional antibody. Comparisons can be made, for example, between
the scFv molecules of the invention and scFv molecules made using prior art methods or
between scFv molecules and Fab fragments of an antibody from which the scFv VH and
VL. were derived. Thermal stability can be measured using methods known in the art. For

example, in one embodiment, Tm can be measured. Methods for measuring Tm and other
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methods of determining protein stability are described in more detail below.

In one embodiment, the scFv linker consists of the amino acid sequence (GlysSer)s or
comprises a (GlysSer)s sequence., Other exemplary linkers comprise or consist of
((GlysSer)s and (Gly,Ser)s 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
mvention 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 (GlysSer); or (Gly,Ser)s interposed between a VH domain and a

VL domain, wherein the VH and VI. domains are linked by a disulfide bond.

The scFv molecules of the invention can further comprise at least one disulfide bond
which Jinks 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
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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 Fc region, for example at the hinge region, using linkers such as GlySer
linkers. In one embodiment, the invention pertains to an antibody or antigen binding
fragment that binds to the B-propeller 1 domain of LRP6 linked to an scFv that binds to
the B-propeller 3 domain of LRP6 using a (GlyGlySer), linker lined to the CH3 region of
the Fc. In one embodiment, a full length 1gG antibody that binds to the LPR6 B-propeller
1 domain is used to attach a scFv fragment of an antibody that binds to the LRP6 B-

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
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attached to light chain

Reverse BiPa 187, and 189 185

Propeller 3
{gG/Propeller 1 scFv
attached to Fc

Accordingly, the invention pertains to biparatopic antibodies constructed using a
Propeller 1 IgG antibody and a Propeller 3 scFv. In one embodiment, the biparatopic
antibody is constructed using any heavy chains sequence selected from the group
consisting of SEQ ID NOs: 166, 171, 173, 175, 195, 201, and 207; and any light chain
sequence selected from the group consisting of SEQ 1D NOs: 170, 193, 199, and 205. In
one embodiment, the biparatopic antibody comprises heavy and light chain sequences
selected from the group consisting of SEQ ID NOs: 166/170, 171/170, 173/170, 175/170,
201/199, 207/205, and 195/193.

In one embodiment, the biparatopic antibody comprises heavy chain SEQ ID NO: 166
and light chain SEQ ID NO: 170. In one embodiment, the biparatopic antibody comprises
heavy chain SEQ ID NO: 171 and light chain SEQ ID NO: 170. In one embodiment, the
biparatopic antibody comprises heavy chain SEQ 1D 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 1D 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 lgG antibody that binds to the LPR6 B-propeller 3
domain is used to attach a scFv fragment of an antibody that binds to the LRP6 [3-
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
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and a Propeller 1 scFv. 1none 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, B-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
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receptor binding domain of the multivalent antibody can be generated separately and then
conjugated to one another. When the receptor binding domains are proteins or peptides, a
variety of coupling or cross-linking agents can be used for covalent conjugation.
Examples of cross-linking agents include protein A, carbodiimide, N-succinimidyl-S-
acetyl-thioacetate (SATA), 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB), o-
phenylenedimaleimide (0PDM), N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP),
and sulfosuccinimidyl 4-(N-maleimidomethyl) cyclohaxane-l-carboxylate (sulfo-SMCC)
(see e.g., Karpovsky ef al., (1984) J. Exp. Med. 160:1686; Liu ef al. (1985) Proc. Natl.
Acad. Sci. USA 82:8648). Other methods include those described in Paulus (1985)
Behring Ins. Mitt. No. 78:118-132; Brennan ef af., (1985) Science 229:81-83), and
Glennie ef al., (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 sulthydryl
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 sulthydryl

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"); 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), radicimmunoassay (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
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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), 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 VI. and VH domains of a single
arm of an antibody; a dAb fragment (Ward ef al., (1989) Nature 341:544-546), which
consists of a VH domain; and an isolated complementarity determining region (CDR).
RBDs also are also components of single domain antibodies, maxibodies, unibodies,
minibodies, diabodies, triabodies, tetrabodies, v-NAR and bis-scFv (see, e.g., Hollinger
and Hudson, (2005) Nature Biotechnology 23: 1126-1136.

The multivalent antibodies of the invention are generated in any orientation using at least
one receptor binding domain (e.g., an scFv, a single chain diabody, an antibody variable
region) as long as the resulting multivalent antibodies retain functional activity (e.g.,
inhibiting Wnt signaling). It should be understood that any number of receptor binding
domains can be added to the C-terminus and /or N-terminus of the Fc as long as the
resulting multivalent antibodies retain functional activity (e.g., inhibiting Wnt signaling).
In an embodiment, one, two, three, or more receptor binding domains are linked to the C-
terminus of the Fc region. In other embodiments one, two, three, or more receptor binding
domains are linked to the N-terminus of the Fc region. In other embodiments, one, two,
three, or more receptor binding domains are linked to both the N-terminus and C-terminus
of the Fc region. For example, multivalent antibodies of the invention can comprise more
than one receptor binding domain of the same type linked to the C-terminus and/or N-
terminus of an Fc region, e.g., scFv-scFv-Fc —IgG. Alternatively, the multivalent
antibodies of the invention can comprise more than one receptor binding domain of a
different type linked to the C-terminus and/or N-terminus of the Fc region, e.g., scFv-

diabody-Fc-IgG. In another embodiment, one, two, three or more receptor binding
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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-term:nus 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-Fe-IgG; scFv-sctv-diabody-Fe-IgG; scFv- diabody-
scFv-Fc-1gG; diabody- scFv-scFv-Fc-1gG; antibody variable region-scFv-diabody-Fc-
IgG; and the like. Multivalent antibodies with any number of permutations of receptor
binding domains can be generated. These multivalent antibodies can be tested for

functionality using the methods and assays described within.

In other embodiments, the multivalent antibodies of the invention are generated using
more than one receptor binding domain of a different type linked to the N-terminus, e.g.,
IgG-Fc-scFv-diabody; 1gG-Fe-diabody-scFv; IgG-Fe-sclFv-sclv-diabody; IgG-Fe- scFv-
diabody-sctv; IgG-Fc-diabody-scFv-scFv; IgG-Fe-antibody variable region-scFv-
diabody; and the like.

In yet other embodiments, multivalent antibodies of the invention are generated using a
single receptor binding domain (e.g., an sctv, 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-Fe-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-Fe-scFv-diabody; scFv-Fc-diabody-scFv; scFv-Fe-scFv-scFv-diabody; scFv-
Fec- scFv- diabody-scFv; scFv-Fe-diabody-scFv-scFv; scFv-Fec-antibody variable region-
scFv-diabody; and the like Multivalent antibodies with any number of permutations of
receptor binding domains can be generated. These multivalent antibodies can be tested

for functionality using the methods and assays described within.
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Linker Length

It is known that linker length can greatly affect how the variable regions of an scFv fold
and interact. In fact, if a short linker is employed (e.g., between 5-10 amino acids;
between 5-20 amino acids) intrachain folding is prevented and interchain folding is
required to bring the two variable regions together to form a functional epitope binding
site. For examples of linker orientation and size see, e.g., Hollinger et al. 1993 Proc Natl
Acad. Sci. U.S.A. 90:6444-6448, U.S. Patent Application Publication Nos.
2005/0100543, 2005/0175606, 2007/0014794, and PCT publication Nos.
W02006/020258 and W02007/024715, is incorporated herein by reference.

It is also understood that the receptor binding domains may be separated by linker regions
of various lengths. The receptor binding domains can be separated from each other, a
Ckappa/lambda, 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,
4,56,7,8,9,10, 11,12, 13,14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 63,
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 (GlysSer),, where n is a positive integer equal to or

greater than 1.

In one embodiment, the linkers include, but are not limited to, (Glys Ser)s or (Gly, Ser); .
In another embodiment, the linkers Glu and Lys residues can be interspersed within the
Gly-Ser linkers for better solubility. In another embodiment, the linkers include multiple
repeats of (Gly,Ser), (GlySer) or (Gly;Ser). In anther embodiment, the linkers include
combinations and multiples of (Gly;Ser)+(GlysSer)+(GlySer). In another embodiment,
Ser can be replaced with Ala e.g., (GlysAla) or (Gly;Ala). In yet another embodiment, the
linker comprises the motif (GluAlaAlaAlalys),, where n is a positive integer equal to or
greater than 1.
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Hinge Region

The multivalent antibodies of the invention may comprise all or at least a portion of an
antibody Hinge region. The Hinge region or portion thereof may be connected directly to
an receptor binding domain, a CH1, a Ckappa/lambda, a CH2, or a CH3. In one
embodiment, the Hinge region, or portion thereof may be connected through a variable
length linker region to a receptor binding domain, a CH1, a Ckappa/lambda, a CH2, or a
CH3.

The multivalent antibodies of the invention can comprise 1, 2, 3, 4, 5, 6, or more Hinge
regions or portions thercof. 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 thercof 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 enginecred 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
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To assess the stability of multivalent antibodies, the stability of the least stable domain of
a multidomain protein is predicted using the methods of the invention and those described

below.

Such methods allow for the determination of multiple thermal unfolding transitions where
the least stable domain either unfolds first or limits the overall stability threshold of a
multidomain unit that unfolds cooperatively (i.e. a multidomain protein which exhibits a
single unfolding transition). The least stable domain can be identified in a number of
additional ways. Mutagenesis can be performed to probe which domain limits the overall
stability. Additionally, protease resistance of a multidomain protein can be performed
under conditions where the least stable domain is known to be intrinsically unfolded via
DSC or other spectroscopic methods (Fontana, et al., (1997) Fold. Des., 2: R17-26;
Dimasi et al. (2009) J. Mol. Biol. 393: 672-692). Once the least stable domain is
identiﬁed,. the sequence encoding this domain (or a portion thereof) may be employed as a

test sequence in the methods of the invention.

a) Thermal Stability
The thermal stability of the compositions of the invention may be analyzed using a
number of non-limiting biophysical or biochemical techniques known in the art. In certain

embodiments, thermal stability is evaluated by analytical spectroscopy.

An exemplary analytical spectroscopy method is Differential Scanning Calorimetry
(DSC). DSC employs a calorimeter which is sensitive to the heat absorbances that
accompany the unfolding of most proteins or protein domains (see, e.g. Sanchez-Ruiz, et
al., Biochemistry, 27: 1648-52, 1988). To determine the thermal stability of a protein, a
sample of the protein is inserted into the calorimeter and the temperature is raised until
the Fab or scFv unfolds. The temperature at which the protein unfolds is indicative of

overall protein stability.

Another exemplary analytical spectroscopy method is Circular Dichroism (CD)
spectroscopy. CD spectrometry measures the optical activity of a composition as a
function of increasing temperature. Circular dichroism (CD) spectroscopy measures
differences in the absorption of left-handed polarized light versus right-handed polarized
light which arise due to structural asymmetry. A disordered or unfolded structure results
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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, €.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 scl'vs which are stable may be scaled up and further characterized.

Thermatl 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 ef al. (2009) J. Mol Biol. 393: 672-692). In one embodiment, Tm values
for a scFv are about 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C, 47°C, 48°C, 49°C,
50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C, 61°C, 62°C, 63°C,
64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C, 74°C, 75°C, 76°C, 77°C,
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78°C, 79°C, 80°C, 81°C, 82°C, 83°C, 84°C, 85°C, 86°C, 87°C, 88°C, 89°C, 90°C, 91°C,
92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C. In one embodiment, Tm
values for an IgG is about 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C, 47°C, 48°C, 49°C,
50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C, 61°C, 62°C, 63°C,
64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C, 74°C, 75°C, 76°C, 77°C,
78°C, 79°C, 80°C, 81°C, 82°C, 83°C, 84°C, 85°C, 86°C, 87°C, 88°C, 89°C, 90°C, 91°C,
92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C. In one embodiment, Tm
values for an multivalent antibody is about 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C,
47°C, 48°C, 49°C, 50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C,
61°C, 62°C, 63°C, 64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C, 74°C,
75°C, 76°C, 77°C, 78°C, 79°C, 80°C, 81°C, 82°C, 83°C, 84°C, 85°C, 86°C, 87°C, 88°C,
89°C, 90°C, 91°C, 92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C.

Thermal stability is also evaluated by measuring the specific heat or heat capacity (Cp) of
a composition of the invention using an analytical calorimetric technique (e.g. DSC). The
specific heat of a composition is the energy (e.g. in kcal/mol) required to raise by 1°C, the
temperature of 1 mol of water. As large Cp is a hallmark of a denatured or inactive
protein composition. The change in heat capacity (ACp) of a composition is measured by
determining the specific heat of a composition before and after its thermal transition.
Thermal stability may also be evaluated by measuring or determining other parameters of

thermodynamic stability including Gibbs free energy of unfolding (AG), enthalpy of
unfolding (AH), or entropy of unfolding (AS).

One or more of the above biochemical assays (e.g. a thermal challenge assay) is used to
determine the temperature (i.¢. the T¢ value) at which 50% of the composition retains its

activity (e.g. binding activity).

In addition, mutations to the scFv alter the thermal stability of the scFv compared with the
unmutated scFv. When the mutated scFv is incorporated into a multivalent antibody, the
mutated scFv confers thermal stability to the overall multivalent antibody. In one
embodiment, the scFv comprises a single mutation that confers thermal stability to the

scFv. In another embodiment, the scFv comprises multiple mutations that confer thermal
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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 Jarge 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 s an optical phenomenon that allows for the
analysis of real-time biospecific interactions by detection of alterations in protein
concentrations within a biosensor matrix, for example using the BIAcore system
(Pharmacia Biosensor AB, Uppsala, Sweden and Piscataway, N.J.). For further
descriptions, see Jonsson, U., et al. (1993) Ann. Biol. Clin. 51:19-26; Jonsson, U., i
(1991) Biotechniques 11:620-627; Johnsson, B., ef al. (1995) J. Mol. Recognit. 8:125-
131; and Johnnson, B., et al. (1991) Anal. Biochem. 198:268-277.
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Antibodies with Extended Half Life

The present invention provides for antibodies 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 vive. 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, 1gG, FcRn, and transferring; by coupling (genetically or chemically) to other
binding moieties that bind to serum proteins, such as nanobodies, Fabs, DARPins,
avimers, affibodies, and anticalins; by genetic fusion to rPEG, albumin, domain of
albumin, albumin-binding proteins, and Fc¢; or by incorporation into nancarriers, slow

release formulations, or medical devices.

To prolong the serum circulation of antibodies in vivo, inert polymer molecules such as
high molecular weight PEG can be attached to the antibodies with or without a
multifunctional linker either through site-specific conjugation of the PEG to the N- or C-
terminus of the antibodies or via epsilon-amino groups present on lysine residues. To
pegylate, a antibody typically is reacted with polyethylene glycol (PEG), such as a
reactive ester or aldehyde derivative of PEG, under conditions in which one or more PEG
groups become attached to the antibody or antibody fragment. The pegylation can be
carried out by an acylation reaction or an alkylation reaction with a reactive PEG
molecule (or an analogous reactive water-soluble polymer). As used herein, the term
“polyethylene glycol” is intended to encompass any of the forms of PEG that have been
used to derivatize other proteins, such as mono (C1-C10) 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
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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 ef a/. and EP 0 401 384 by

Ishikawa ef 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
microenvironment on conjugation. This increases the active life of the therapeutic protein
in the circulation and prevents it from being recognized by the immune system. The PSA
polymer is naturally found in the human body. It was adopted by certain bacteria which
evolved over millions of years to coat their walls with it. These naturally polysialylated
bacteria were then able, by virtue of molecular mimicry, to foil the body’s defence
system. PSA, nature's ultimate stealth technology, can be easily produced from such
bacteria in large quantities and with predetermined physical characteristics. Bacterial
PSA is completely non-immunogenic, even when coupled to proteins, as it is chemically

identical to PSA in the human body.
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Another technology include the use of hydroxyethyl starch (“HES™) derivatives linked to
antibodies. HES is a modified natural polymer derived from waxy maize starch and can
be metabolized by the body’s enzymes. HES solutions are usually administered to
substitute deficient blood volume and to improve the rheological properties of the blood.
Hesylation of an antibody enables the prolongation of the circulation half-life by
increasing the stability of the molecule, as well as by reducing renal clearance, resulting
in an increased biological activity. By varying different parameters, such as the

molecular weight of HES, a wide range of HES antibodies conjugates can be customized.

Antibodies having an increased half-life in vivo can also be generated introducing one or
more amino acid modifications (i.e., substitutions, insertions or deletions) into an IgG
constant domain, or FcRn binding fragment thereof (preferably a Fc or hinge Fc domain
fragment). See, e.g., International Publication No. WO 98/23289; International
Publication No. WO 97/34631; and U.S. Patent No. 6,277,375.

Further, antibodies can be conjugated to albumin in order to make the antibodies more
stable in vivo or have a longer half life in vivo. The techniques are well-known in the art,
see, e.g., International Publication Nos. WO 93/15199, WO 93/15200, and WO 01/77137;
and European Patent No. EP 413,622.

Antibody Conjugates

The present invention provides antibodies and multivalent antibodies thereof that
specifically bind to a LRP6 protein recombinantly fused or chemically conjugated
(including both covalent and non-covalent conjugations) to a heterologous protein or
polypeptide (or fragment thereof, preferably to a polypeptide of at least 10, at least 20, at
least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90 or at least
100 amino acids) to generate fusion proteins. In particular, the invention provides fusion
proteins comprising an antigen-binding fragment of antibodies described herein (e.g., a
Fab fragment, Fd fragment, Fv fragment, F(ab)2 fragment, a VH domain, a VH CDR, a
VL domain or a VL CDR) and a heterologous protein, polypeptide, or peptide. Methods
for fusing or conjugating proteins, polypeptides, or peptides to an antibody or an antibody
fragment are known in the art. See, e.g., U.S. Patent Nos. 5,336,603, 5,622,929,
5,359,046, 5,349,053, 5,447,851, and 5,112,946; European Patent Nos. EP 307,434 and
EP 367,166; International Publication Nos. WO 96/04388 and WO 91/06570; Ashkenazi
et al., (1991) Proc. Natl. Acad. Sci. USA 88:10535-10539; Zheng et al., (1995) J.
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Immunol. 154:5590-5600; and Vil et al., (1992) Proc. Natl. Acad. Sci. USA 89:11337-
11341.

Additional fusion proteins may be generated through the techniques of gene-shuffling,
motif-shuffling, exon-shuffling, and/or codon-shuffling (collectively referred to as “DNA
shuffling”). DNA shuffling may be employed to alter the activities of antibodies of the
invention (e.g., multivalent, biparatopic or bispecific antibodies or fragments thereof with
higher affinities and lower dissociation rates). Sece, generally, U.S. Patent Nos.
5,605,793; 5,811,238; 5,830,721; 5,834,252; and 5,837,458; Patten ef al., (1997) Curr.
Opinion Biotechnol. 8:724-33; Harayama, (1998) Trends Biotechnol. 16(2):76-82;
Hansson et al., (1999) J. Mol. Biol. 287:265-76; and Lorenzo and Blasco, (1998)
Biotechniques 24(2):308- 313 (each of these patents and publications are hereby
incorporated by reference in its entirety). Antibodies or fragments thercof, 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 et al., (1989) Proc. Natl. Acad. Sci. USA 86:821-824,
for instance, hexa-histidine provides for convenient purification of the fusion protein.
Other peptide tags useful for purification include, but are not limited to, the
hemagglutinin (“HA”) tag, which corresponds to an epitope derived from the influenza

hemagglutinin protein (Wilson ef 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
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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 (13 11, 125, 137 and ml,), carbon
(*C), sulfur (*S), tritium CH), indium ('"In, 'PIn, "In, and ""'In,), technetium (*Tc),
thallium (*°'Ti), gallium (®*Ga, *’Ga), palladium ('*’Pd), molybdenum (**Mo), xenon
(PXe), fluorine ('*F), '2Sm, '"'Lu, "G4, “SPm, MOp o 175y, 166H, %0y, 47Sc, ¥ Re,
18R, 142 pp 15g SRy, #Ge, 'Co, $Zn, ¥Sr, 2P, 1%Gd, '©Yb, 51Cr, *Mn, PSe, '3Sn,
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 moicty 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, B-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
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includes any agent that is detrimental to (e.g., kills) cells. Examples include taxon,
cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide,
tenoposide, vincristine, vinblastine, t. colchicin, doxorubicin, daunorubicin, dihydroxy
anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1 -dehydrotestosterone,
glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and puromycin and analogs
or homologs thereof. Therapeutic agents also include, for example, antimetabolites (e.g.,
methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil decarbazine),
ablating agents (e.g., mechlorethamine, thioepa chloraxnbucil, meiphalan, carmustine
(BSNU) and lomustine (CCNU), cyclothosphamide, busulfan, dibromomannitol,
streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) (DDP) cisplatin,
anthracyclines (e.g., daunorubicin (formerly daunomycin) and doxorubicin), antibiotics
(e.g., dactinomycin (formerly actinomycin), bleomycin, mithramycin, and anthramycin

(AMC)), and anti-mitotic agents (e.g., vincristine and vinblastine).

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 ef al., (2003) Adv. Drug Deliv. 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.

104



WO 2011/138391 PCT/EP2011/057200

Examples of radioactive isotopes that can be conjugated to antibodies for use

diagnostically or therapeutically include, but are not limited to, iodine®', indium'"',

yitrium®, and lutetium'”’

. Method for preparing radioimmunconjugates are established in
the art. Examples of radioimmunoconjugates are commercially available, including
Zevalin™ (DEC Pharmaceuticals) and Bexxar ™ (Corixa Pharmaceuticals), and similar
methods can be used to prepare radioimmunoconjugates using the antibodies of the
invention. In certain embodiments, the macrocyclic chelator is 1,4,7,10-
tetraazacyclododecane-N, N’ N> N**’-tetraacetic acid (DOTA) which can be attached to
the antibody via a linker molecule. Such linker molecules are commonly known in the art
and described in Denardo ef al., (1998) Clin Cancer Res. 4(10):2483-90; Peterson et al.,
(1999) Bioconjug. Chem. 10(4):553-7; and Zimmerman ef 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.,
Armon et al., “Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer
Therapy”, in Monoclonal Antibodies And Cancer Therapy, Reisfeld ef al. (eds.), pp. 243-
56 (Alan R. Liss, Inc. 1985); Hellstrom ef al., “Antibodies For Drug Delivery”, in
Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker,
Inc. 1987); Thorpe, “Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A
Review”, in Monoclonal Antibodies 84: Biological And Clinical Applications, Pinchera
et al. (eds.), pp. 475-506 (1985); “Analysis, Results, And Future Prospective Of The
Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy”, in Monoclonal
Antibodies For Cancer Detection And Therapy, Baldwin ef al. (eds.), pp. 303-16
(Academic Press 1985), and Thorpe ef 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
(i) Nucleic Acids Encoding the Antibodies

The invention provides substantially purified nucleic acid molecules which encode

multiple epitope binding proteins, e.g., antibodies and antigen binding fragments thereof

105



WO 2011/138391 PCT/EP2011/057200

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 1D 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.
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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 1D 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 1D 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 nucieic 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 ef 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 mammailian host cell.
Nonviral vectors and systems include plasmids, episomal vectors, typically with an
expression cassette for expressing a protein or RNA, and human artificial chromosomes
(see, e.g., Harrington et al., (1997) Nat Genet 15:345). For example, nonviral vectors
useful for expression of the antibody polynucleotides and polypeptides in mammalian
(e.g., human) cells include pThioHis A, B & C, pcDNA3.1/His, pEBVHis A,B & C,
(Invitrogen, San Diego, CA), MPSV vectors, and numerous other vectors known in the art
for expressing other proteins. Useful viral vectors include vectors based on retroviruses,

adenoviruses, adenoassociated viruses, herpes viruses, vectors based on SV40, papilloma
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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 SV40 enhancer or CMV enhancer

may be used to increase expression in mammalian host cells.

The expression vectors may also provide a secretion signal sequence position to form a
fusion protein with polypeptides encoded by inserted LRP6 antibody sequences. More
often, the inserted LRP6 antibody sequences are linked to a signal sequences before
inclusion in the vector. Vectors to be used to receive sequences encoding LRP6 antibody
light and heavy chain variable domains sometimes also encode constant regions or parts
thereof. Such vectors allow expression of the variable regions as fusion proteins with the
constant regions thereby leading to production of intact antibodies or fragments thereof.

Typically, such constant regions are human.

The host cells for harboring and expressing the antibodies can be either prokaryotic or
eukaryotic. E. 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
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expression vectors, which typically contain expression control sequences compatible with
the host cell (e.g., an origin of replication). In addition, any number of a variety of well-
known promoters will be present, such as the lactose promoter system, a tryptophan (trp)
promoter system, a beta-lactamase promoter system, or a promoter system from phage
lambda. The promoters typically control expression, optionally with an operator
sequence, and have ribosome binding site sequences and the like, for initiating and
completing transcription and translation. Other microbes, such as yeast, can also be
employed to express LRP6 antibodies of the invention. Insect cells in combination with

baculovirus vectors can also be used.

In some preferred embodiments, mammalian host cells are used to express and produce
the antibodies of the present invention. For example, they can be either a hybridoma cell
line expressing endogenous immunoglobulin genes (e.g., the 1D6.C9 myeloma
hybridoma clone as described in the Examples) or a mammalian cell line harboring an
exogenous expression vector (e.g., the SP2/0 myeloma cells exemplified below). These
include any normal mortal or normal or abnormal immortal animal or human cell. For
example, a number of suitable host cell lines capable of secreting intact immunoglobulins
have been developed including the CHO cell lines, various Cos cell lines, HeLa cells,
myeloma cell lines, transformed B-cells and hybridomas. The use of mammalian tissue
cell culture to express polypeptides is discussed generally in, e.g, Winnacker, FROM
GENES TO CLONES, VCH Publishers, N.Y., N.Y., 1987. Expression vectors for
mammalian host cells can include expression control sequences, such as an origin of
replication, a promoter, and an enhancer (see, e.g., Queen et 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 MMTYV promoter, the SV40 promoter, the MRP pollIl
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.
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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, ef al., supra). Other methods include, e.g., electroporation, calcium phosphate
treatment, liposome-mediated transformation, injection and microinjection, ballistic
methods, virosomes, immunoliposomes, polycation:nucleic acid conjugates, naked DNA,
artificial virions, fusion to the herpes virus structural protein VP22 (Elliot and O'Hare,
(1997) Cell 88:223), agent-enhanced uptake of DNA, and ex vivo transduction. For long-
term, high-yield production of recombinant proteins, stable expression will often be
desired. For example, cell lines which stably express antibody domains or binding
fragments can be prepared using expression vectors of the invention which contain viral
origins of replication or endogenous expression elements and a selectable marker gene.
Following the introduction of the vector, cells may be allowed to grow for 1-2 days in an
enriched media before they are switched to selective media. The purpose of the selectable
marker is to confer resistance to selection, and its presence allows growth of cells which
successfully express the introduced sequences in selective media. Resistant, stably

transfected cells can be proliferated using tissue culture techniques appropriate to the cell

type.
(i) 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 -
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
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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 ef al.). To
create a humanized antibody, the murine CDR regions can be inserted into a human
framework using methods known in the art. See e.g., U.S. Patent No. 5225539 to Winter,
and U.S. Patent Nos. 5530101; 5585089; 5693762 and 6180370 to Queen ef al.

In a certain embodiment, the antibodies of the invention are human monoclonal
antibodies. Such human monoclonal antibodies directed against LRP6 can be generated
using transgenic or transchromosomic mice carrying parts of the human immune system
rather than the mouse system. These transgenic and transchromosomic mice include mice
referred to herein as HuMAb mice and KM mice, respectively, and are collectively

referred to herein as “human Ig mice.”

The HuMAb mouse® (Medarex, Inc.) contains human immunoglobulin gene miniloci that
encode un-rearranged human heavy (p and y) and k light chain immunoglobulin
sequences, together with targeted mutations that inactivate the endogenous p and k chain
loci (see e.g., Lonberg, ef al., (1994) Nature 368(6474): 856-859). Accordingly, the mice
exhibit decreased expression of mouse IgM or k, and in response to immunization, the
introduced human heavy and light chain transgenes undergo class switching and somatic
mutation to generate high affinity human IgGx monoclonal (Lonberg et al., (1994) supra;
reviewed in Lonberg, (1994) Handbook of Experimental Pharmacology 113:49-101;
Lonberg and Huszar, (1995) Intern. Rev. Immunol.13: 65-93, and Harding and Lonberg,
(1995) Ann. N. Y. Acad. Sci. 764:536-546). The preparation and use of HuMADb mice,
and the genomic modifications carried by such mice, is further described in Taylor ef al.,
(1992) Nucleic Acids Research 20:6287-6295; Chen et al., (1993) International
Immunology 5: 647-656; Tuaillon ef al., (1993) Proc. Natl. Acad. Sci. USA 94:3720-
3724; Choi et al., (1993) Nature Genetics 4:117-123; Chen et al., (1993) EMBO J.

111



WO 2011/138391 PCT/EP2011/057200

12:821-830; Tuaillon ef al., (1994) J. Immunol. 152:2912-2920; Taylor et al., (1994)
International Immunology 579-591; and Fishwild ef al., (1996) Nature Biotechnology 14:
845-851, the contents of all of which are hereby specifically incorporated by reference in
their entirety. See further, U.S. Patent Nos. 5,545,806; 5,569,825; 5,625,126; 5,633,425;
5,789,650, 5,877,397; 5,661,016; 5,814,318; 5,874,299; and 5,770,429; all to Lonberg
and Kay; U.S. Patent No. 5,545,807 to Surani et al.; PCT Publication Nos. WO
92103918, WO 93/12227, WO 94/25585, WO 97113852, WO 98/24884 and WO
99/45962, all to Lonberg and Kay; and PCT Publication No. WO 01/14424 to Korman et

al

In another embodiment, human antibodies of the invention can be raised using a mouse
that carries human immunoglobulin sequences on transgenes and transchomosomes such
as a mouse that carries a human heavy chain transgene and a human light chain
transchromosome. Such mice, referred to herein as "KM mice", are described in detail in

PCT Publication WO 02/43478 1o 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 ef 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 ef 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 ef al.; U.S. Patent Nos. 5,427,908 and 5,580,717 to Dower et al.; U.S. Patent
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Nos. 5,969,108 and 6,172,197 to McCafferty ef al.; and U.S. Patent Nos. 5,885,793;
6,521,404; 6,544,731; 6,555,313; 6,582,915 and 6,593,081 to Griffiths ef al.

Human monoclonal antibodies of the invention can also be prepared using SCID mice
into which human immune cells have been reconstituted such that a human antibody
response can be generated upon immunization. Such mice are described in, for example,
U.S. Patent Nos. 5,476,996 and 5,698,767 to Wilson ef al.

(iii) Framework or Fc engineering

Engineered antibodies of the invention include those in which modifications have been
made to framework residues within VH and/or VL, e.g. to improve the properties of the
antibody. Typically such framework modifications are made to decrease the
immunogenicity of the antibody. For example, one approach is to “backmutate” one or
more framework residues to the corresponding germline sequence. More specifically, an
antibody that has undergone somatic mutation may contain framework residues that differ
from the germline sequence from which the antibody is derived. Such residues can be
identified by comparing the antibody framework sequences to the germline sequences
from which the antibody is derived. To return the framework region sequences to their
germline configuration, the somatic mutations can be “backmutated” to the germline
sequence by, for example, site-directed mutagenesis. Such “backmutated” antibodies are

also intended to be encompassed by the invention.

Another type of framework modification involves mutating one or more residues within
the framework region, or even within one or more CDR regions, to remove T cell -
epitopes to thereby decrease the potential immunogenicity of the antibody. This approach
is also referred to as “deimmunization” and is described in further detail in U.S. Patent
Publication No. 20030153043 by Carr ef al.

In addition or alternative to modifications made within the framework or CDR regions,
antibodies of the invention may be engineered to include modifications within the Fc
region, typically to alter one or more functional properties of the antibody, such as serum
half-life, complement fixation, Fc receptor binding, and/or antigen-dependent cellular
cytotoxicity. Furthermore, an antibody of the invention may be chemically modified (e.g.,
one or more chemical moieties can be attached to the antibody) or be modified to alter its

glycosylation, again to alter one or more functional properties of the antibody. Each of
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these embodiments is described in further detail below. The numbering of residues in the

Fc region is that Kabat (Supra).

The Hinge region of CHI 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 ef al. The number of cysteine residues in
the Hinge region of CHI is altered to, for example, facilitate assembly of the light and

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

The Fc-hinge region of a multivalent antibody can be modified to increase its biological
half-life. Various approaches are possible. For example, one or more of the following
mutations can be introduced: T252L, T2548S, T256F, as described in U.S. Patent No.
6,277,375 to Ward. Alternatively, to increase the biological half life, the antibody can be
altered within the CHI or CL region to contain a salvage receptor binding epitope taken
from two loops of a CH2 domain of an Fc region of an IgG, as described in U.S. Patent
Nos. 5,869,046 and 6,121,022 by Presta ef al. The Fc-hinge region of the multivalent
antibody can be modified to decrease its biological half-life, for example to control dose,
toxicity, and clearance therefore allowing for better clinical management through control

of dose.

The Fc region can be altered by replacing at least one amino acid residue with a different
amino acid residue to alter the effector functions of the antibody. For example, one or
more amino acids can be replaced with a different amino acid residue such that the
antibody has an altered affinity for an effector ligand but retains the antigen-binding
ability of the parent antibody. The effector ligand to which affinity is altered can be, for
example, an Fc receptor or the 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 ef al.

One or more amino acid residues can be altered to alter the ability of the m antibody to fix
complement. This approach is described further in PCT Publication WO 94/29351 by

Bodmer ef al.
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The Fe 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 Fcy ‘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 FcyRl, FcyRII, FeyRIT and FcRn have been mapped and
variants with improved binding have been described (see Shields et al., (2001) J. Biol.
Chen. 276:6591-6604).

~ The glycosylation of an antibody can be modified. For example, an aglycoslated antibody
can be made (i.e., the antibody lacks glycosylation). Glycosylation can be altered to, for
example, increase the affinity of the antibody for antigen. Such carbohydrate
modifications can be accomplished by, for example, altering one or more sites of
glycosylation within the antibody sequence. For example, one or more amino acid
substitutions can be made that result in elimination of one or more variable region
framework glycosylation sites to thereby eliminate glycosylation at that site. Such
aglycosylation may increase the affinity of the antibody for antigen. Such an approach is
described in further detail in U.S. Patent Nos. 5,714,350 and 6,350,861 by Co et al.

Additionally or alternatively, antibody can be made that has an altered type of
glycosylation, such as a hypofucosylated antibody having reduced amounts of fucosyl
residues or an antibody having increased bisecting GlcNac structures. Such altered
glycosylation patterns have been demonstrated to increase the ADCC ability of
antibodies. Such carbohydrate modifications can be accomplished by, for example,
expressing the antibody in a host cell with altered glycosylation machinery. Cells with
altered glycosylation machinery have been described in the art and can be used as host
cells in which to express recombinant antibodies of the invention to thereby produce an
antibody with altered glycosylation. For example, EP 1,176,195 by Hang ef al. describes
a cell line with a functionally disrupted FUT8 gene, which encodes a fucosyl transferase,
such that antibodies expressed in such a cell line exhibit hypofucosylation. PCT
Publication WO 03/035835 by Presta describes a variant CHO cell line, Lecl3 cells, with
reduced ability to attach fucose to Asn(297)-linked carbohydrates, also resulting in
hypofucosylation of antibodies expressed in that host cell (see also Shields et al., (2002)
J. Biol. Chem. 277:26733-26740). PCT Publication WO 99/54342 by Umana ef al.
describes cell lines engineered to express glycoprotein-modifying glycosyl transferases

(e.g., beta(1,4)-N acetylglucosaminyltransferase I1I (GnTIII)) such that antibodies
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expressed in the engineered cell lines exhibit increased bisecting GlcNac structures which
results in increased ADCC activity of the antibodies (see also Umana ef 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,
T2548, 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 recombinantty with known framework regions and/or
other CDRs to create additional, recombinantly-engineered, antibodies of the invention,
as discussed above. Other types of modifications include those described in the previous
section. The starting material for the engineering method is one or more of the VH and/or
VL sequences provided herein, or one or more CDR regions thereof. To create the
engineered antibody, it is not necessary to actually prepare (i.e., express as a protein) a
antibody having one or more of the VH and/or VL sequences provided herein, or one or
more CDR regions thereof. Rather, the information contained in the sequence(s) is used
as the starting material to create a “‘second generation” sequence(s) derived from the
original sequence(s) and then the “second generation” sequence(s) is prepared and

expressed as a protein.
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Accordingly, in another embodiment, the invention provides a method for preparing a
propeller 1 LRP6 antibody consisting of: a heavy chain variable region antibody
sequence having a CDR1 sequence selected from the group consisting of SEQ ID NOs: 1,
21, and 47, a CDR2 sequence selected from the group consisting of SEQ ID NOs: 2, 22,
and 48, and/or a CDR3 sequence selected from the group consisting of SEQ ID NOs: 3,
23, and 49; and a light chain variable region antibody sequence having a CDR1 sequence
selected from the group consisting of SEQ ID NOs: 4, 24, and 50, a CDR2 sequence
selected from the group consisting of SEQ ID NOs: 5, 25 and, 51, and/or a CDR3
sequence selected from the group consisting of SEQ ID NOs: 6, 26, and 52; altering at
least one amino acid residue within the heavy chain variable region antibody sequence
and/or the light chain variable region antibody sequence to create at least one altered

antibody sequence; and expressing the altered antibody sequence as a protein.

Accordingly, in another embodiment, the invention provides a method for preparing a
propeller 3 LRP6 antibody consisting of: a heavy chain variable region antibody
sequence having a CDR1 sequence selected from the group consisting of SEQ ID NOs:
69, 93, and 115, a CDR2 sequence selected from the group consisting of SEQ ID NOs:
70, 94, and 116, and/or a CDR3 sequence selected from the group consisting of SEQ ID
NOs: 71, 95, and 117; and a light chain variable region antibody sequence having a CDR1
sequence selected from the group consisting of SEQ ID NOs: 91, 107, and 118, a CDR2
sequence selected from the group consisting of SEQ ID NOs: 73, 97, and 121, and/or a
CDR3 sequence selected from the group consisting of SEQ ID NOs: 74, 98, and 120;
altering at least one amino acid residue within the heavy chain variable region antibody
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
SEQID 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 1D NOs: 5, 25, 51, 73, 97, and 119, and/or a CDR3 sequence
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selected from the group consisting of SEQ ID NOs: 6, 26, 52, 74, 98, and 120; altering at
least one amino acid residue within the heavy chain variable region antibody sequence
and/or the light chain variable region antibody sequence to create at least one altered
antibody sequence; and expressing the altered antibody sequence as a protein. The altered
antibody sequence can also be prepared by screening antibody libraries having fixed
CDR3 sequences or minimal essential binding determinants as described in
US20050255552 and diversity on CDRI and CDR?2 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
acttvity by mhibiting 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
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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 p-propeller regions. For example a biparatopic antibody
comprises an receptor binding domain that binds to the B-propeller 1 domain of LRP6 and
blocks Propeller1-dependent Wnts such as Wntl, Wnt2, Wnt6, Wnt7A, Wnt7B, Wnt9,
Wnt10A, Wnt10B to inhibit Wnt 1 signal transduction, and also has an epitope binding
domain that binds to the B-propeller 3 domain of LRP6 to block Propeller3-dependent
Whts 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 p-
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 B-propeller
regions selected from the group consisting of propeller 1, propeller 2, propeller 3, and
propeller 4. In one embodiment, the multivalent antibody binds to propeller 1 and
propeller 3 domains of LRP6. Thus, a single LRP6 multivalent antibody has increased
potency of action by binding to multiple p-propeller regions and inhibiting Wnt signaling
mediated by each region. For example, an LRP6 biparatopic antibody inhibits both
propeller 1 and propeller 3 mediated Wnt signaling by binding to both - propeller 1 and
B-propeller 3 domains, respectively. The increased potency of action may be due to
increased avidity or better binding of the biparatopic antibody compared to a

monospecific antibody.

Various methods can be used to measure LRP6-mediated Wnt signaling. For example, the
Whnt signaling pathway can be monitored by (i) measurement of abundance and

localization of B-catenin; and (i) measurement of phosphorylation of LRP6 or other
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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 ef al., (1983) Methods in Enzymology 9:242-253); solid phase direct biotin-avidin
EIA (sce 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 I-125 label (see Morel et al., (1988) Molec. Immunol. 25:7-15);
solid phase direct biotin-avidin EIA (Cheung e/ al., (1990) Virology 176:546-552); and
direct labeled RIA (Moldenhauer ef al., (1990) Scand. J. Immunol. 32:77-82). Typically,

such an assay involves the use of purified antigen bound to a solid surface or cells bearing
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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/ml of anti-human IgG overnight at 4°C. After
blocking with 1% BSA, the plates are reacted with 1 pg/ml or less of the antibody or
purified isotype controls, at ambient temperature for one to two hours. The wells can then
be reacted with either human IgGl or human IgM-specific alkaline phosphatase-
conjugated probes. Plates are then developed and analyzed so that the isotype of the

purified antibody can be determined.

To demonstrate binding of antibodies to live cells expressing a LRP6 polypeptide, flow
cytometry can be used. Briefly, cell lines expressing LRP6 (grown under standard growth
conditions) can be mixed with various concentrations of a t antibodies in PBS containing
0.1% BSA and 10% fetal calf serum, and incubated at 37°C for 1 hour. After washing,
the cells are reacted with Fluorescein-labeled anti-human IgG antibody under the same
conditions as the primary antibody staining. The samples can be analyzed by FACScan
instrument using light and side scatter properties to gate on single cells. An alternative
assay using fluorescence microscopy may be used (in addition to or instead of) the flow
cytometry assay. Cells can be stained exactly as described above and examined by
fluorescence microscopy. This method allows visualization of individual cells, but may

have diminished sensitivity depending on the density of the antigen.

The antibodies can be further tested for reactivity with a LRP6 polypeptide or antigenic
fragment by Western blotting. Briefly, purified LRP6 polypeptides or fusion proteins, or
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cell extracts from cells expressing LRP6 can be prepared and subjected to sodium dodecyl
sulfate polyacrylamide gel electrophoresis. After electrophoresis, the separated antigens
are transferred to nitrocellulose membranes, blocked with 10% fetal calf serum, and
probed with the antibodies to be tested. Human IgG binding can be detected using anti-
human IgG alkaline phosphatase and developed with BCIP/NBT substrate tablets (Sigma
Chem. Co., St. Louis, MO). Other examples of functional assays are also described in the

Example section below.

Binding Characteristics of Antibodies of the Invention

(i) Binding Specificities
The invention provides antibodies and multivalent antibodies comprising multiple
receptor binding domains (e.g., scFvs, single chain diabodies, antibody variable regions)

that have specificities for different binding sites on one or more target receptor(s).

In one embodiment, multivalent antibodies of the invention comprise receptor binding
domains (e.g., scFvs) with identical binding specificities. In another embodiment,
multivalent antibodies of the invention comprise scFvs with non-identical binding

specificities.

(ii) Binding Affinity

The antibodies or multivalent antibodies of the invention may have a high binding affinity
to one or more of its cognate antigens. For example, an epitope binding protein described
herein may have an association rate constant or k,, rate (epitope binding protein
(RBP)+antigen->RBP-Ag) of at least 2x10°M's™), at least 5x10°M!s™, at least 10°Ms™, at
least leOﬁM's'l, at least IOTMIS'I, at least 5x107Mls'l, or at least 10°M's™,

In one embodiment, the antibodies or multivalent antibody may have a k,grate (RBP-Ag-
>RBP+Ag) of less than 5x10']s", less than 10'13", less than leO'zs'l, less than 10'25'1,
less than 5x107 s", less than 107 s'l, less than 5x10'4s'1, or less than 5x107%™. The
antibodies or multivalent antibodies have a ko of less than 5x107s! , less than 10'531, less
than 5x107% , less than 10'63", less than 5x10'7s'1, less than 5x10'7s'1, less than 5x10'gs",

less than 10'85'], less than 5x10'gs'1, less than 107", or less than 107",
In another embodiment, the antibodies or multivalent antibody may have an affinity
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constant or K, (Kon/kofr) of at least 10°M™, at least 5x10°M", at least 103M", at least
5x10°M, at least 10°M™, at least 5x10°M, at least 10°M', at least 5x10°M, at least
10°M!, at least 5x10°M, at least 10'M, at least 5x10'M, at least 108M'1, at least
5x10°M, at least 10°M™, at least 5x10°M, at least 10''M", at least 5x10'*M, at least
IO”M'I, at least 5x10“M“', at least 1012M", at least SXIOIZM'I, at least ]013M", at least
5x10" M, at least 10'4M'1, at least 5x1014M", at least IOISM", or at least 5x10°M™.

In yet another embodiment, the antibody or multivalent antibody may have a dissociation
constant or Kq (Kef'kon) of less than 5x1072M, less than 10”M, less than 5x107°M, less
than 10°M, less than 5x10™*M, less than 10*M, less than 5x107M, less than 10°M, less
than 5x10°M, less than 107°M, less than 5x10°'M, less than 107M, less than 5x10°M, less
than 10M, less than 5x10”°M, less than 10”M, less than 5x1077°M, less than 107'°M, less
than 5x10™"'M, less than 10"1'M, less than 5x10"?M, less than 10"'*M, less than 5x107°M,
less than 107°M, less than 5x107M, less than 10"*M, less than 5x10"°M, or less than 10°
ISM.

The antibody or multivalent antibody used in accordance with a method described herein
may have a dissociation constant (Kg) 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 (Kg) of between 25 to 3400
pM, 25 to 3000 pM, 25 1o 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 (K4) 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 BlAcore assay, ELISA, FACS, SET).

(iii) Relative Binding Affinities of Multivalent Antibodies

It is to be understood that the invention provides proteins carrying multiple receptor
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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

1solated scFv.

In one embodiment, the multivalent antibodies of the invention comprise receptor binding
domains (e.g., scFvs) with binding affinities lower than the same isolated (free from other
components of the multivalent antibody) receptor binding domains (e.g., scFvs). In
another embodiment, multivalent antibodies of the invention comprise receptor binding
domains (e.g., scFvs), with binding affinities higher than the same isolated (free from
other components of the multivalent antibody) receptor binding domains (e.g., scFvs). In
another embodiment, multivalent antibodies of the invention comprise receptor binding
domains (e.g., scFvs), with binding affinities essentially the same as the corresponding
isolated (free from other components of the multivalent antibody) receptor binding

domains (e.g., scFvs).

Binding affinities can be routinely assayed by many techniques known in the art, such as
ELISA, BiaCore™, KinExA™, cell surface receptor binding, competitive inhibition of
binding assays, SET. The binding affinities of the multivalent antibodies of the invention

can be assayed by the techniques presented in the Examples.

An receptor binding domain {e.g., scFv) of a multivalent antibody exhibits a binding
affinity less than 99%, less than 95%, less than 90%, less than 80%, less than 70%, less
than 60%, less than 50%, less than 40%, less than 30%, less than 20%, or less than 10%
to a specific epitope than an identical functional isolated receptor binding domain {e.g.,
scFv) as measured by any assay known in the art. In another embodiment, a receptor
binding domain (e.g., scFv) of a multivalent antibody exhibits a binding affinity less than
99%, less than 95%, less than 90%, less than 80%, less than 70%, less than 60%, less than
50%, less than 40%, less than 30%, less than 20%, or less than 10% to a specific epitope
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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., immunospecific) binding by any method known in the art. The immunoassays which
can be used, include but are not limited to, competitive and non-competitive assay
systems using techniques such as western blots, radioimmunoassays, ELISA (enzyme
linked immunosorbent assay), “sandwich” immunoassays, immunoprecipitation assays,
precipitin reactions, gel diffusion precipitin reactions, immunodiffusion assays,
agglutination assays, complement-fixation assays, immunoradiometric assays, fluorescent
immunoassays, protein A immunoassays, to name but a few. Such assays are routine and
known in the art (see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular
Biology, Vol. 1, John Wiley & Sons, Inc., New York). Exemplary immunoassays are
described briefly below (but are not intended by way of limitation).

Immunoprecipitation protocols generally comprise lysing a population of cells in a lysis
buffer such as RIPA buffer (1% NP-40 or Triton X-100, 1% sodium deoxycholate, 0.1%
SDS, 0.15 M NaCl, 0.01 M sodium phosphate at pH 7.2, 1% Trasylol) supplemented with
protein phosphatase and/or protease inhibitors (e.g., EDTA, PMSF, aprotinin, sodium
vanadate), adding the epitope binding protein of interest to the cell lysate, incubating for a
period of time (e.g., 1-4 hours) at 4°C., adding protein A and/or protein G sepharose

beads to the cell lysate, incubating for about an hour or more at 4°C., washing the beads
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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, €.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 sclution (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

1251 diluted in blocking buffer, washing

phosphatase) or radioactive molecule (e.g., **P or
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, €.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 microtiter plate with
the antigen, adding the epitope binding protein of interest conjugated to a detectable
compound such as an enzymatic substrate (e.g., horseradish peroxidase or alkaline
phosphatase) to the well and incubating for a period of time, and detecting the presence of
the antigen. In ELISAs the epitope binding protein of interest does not have to be
conjugated to a detectable compound; instead, a second antibody (which recognizes the
protein of interest) conjugated to a detectable compound may be added to the well.
Further, instead of coating the well with the antigen, the protein of interest may be coated

to the well. In this case, a second antibody conjugated to a detectable compound may be
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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 (RIA)), or kinetics (e.g., BIACORE™ analysis), and other
methods such as indirect binding assays, competitive binding assays fluorescence
resonance energy transfer (FRET), gel electrophoresis and chromatography (e.g., gel
filtration), FACS. These and other methods may utilize a label on one or more of the
components being examined and/or employ a variety of detection methods including but
not limited to chromogenic, fluorescent, luminescent, or isotopic labels. A detailed
description of binding affinities and kinetics can be found in Paul, W. E., ed.,
Fundamental Immunology, 4th Ed., Lippincott-Raven, Philadelphia (1999), which
focuses on antibody-immunogen interactions. One example of a competitive binding
assay is a radioimmunoassay comprising the incubation of labeled antigen with the
epitope binding protein of interest in the presence of increasing amounts of unlabeled
antigen, and the detection of the epitope binding protein bound to the labeled antigen. The
affinity of the epitope binding protein of interest for a particular antigen and the binding
off-rates can be determined from the data by scatchard plot analysis. Competition with a
second antibody can also be determined using radioimmunoassays. In this case, the
antigen is incubated with epitope binding protein of interest conjugated to a labeled

compound in the presence of increasing amounts of an unlabeled second antibody.
Prophylactic and Therapeutic Uses

The present invention also encompasses the use of antibodies or multivalent antibodies of
the invention for the prevention, diagnosis, management, treatment or amelioration of one
or more symptoms associated with diseases, disorders of diseases or disorders, including
but not limited to cancer, inflammatory and autoimmune diseases either alone or in
combination with other therapies. The invention also encompasses the use of antibodies

of the invention conjugated or fused to a moiety (e.g., therapeutic agent or drug) for
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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 possibie 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 ali (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
recepltor 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
affimity 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 vifro). 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 2 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
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multivalent antibody. In some embodiments, the increase in avidity exhibited by the
multivalent antibodys of the invention is at least 5%, at least 10%, at least 15%, at least
20%, at least 30%, fold, at least 40%, at least 50%, at least 75%, at least 85%, at least
90%, at least 95%, or at least 150% over the “control epitope binding protein”.

In some embodiments, multivalent antibodys of the invention have an increase in avidity
for a particular antigen compared to a control receptor binding protein, which comprises
one or more, but not all (i.e., a subset) of receptor binding domains isolated from the
multivalent antibody. In some embodiments, the increase in avidity exhibited by the
multivalent antibodys of the invention is at least 2 fold, at least 3 fold, at least 4 fold, at
least 5 fold, at least 6, fold, at least 7 fold, at least 8 fold, at least 9 fold, at least 10 fold, at
least 15 fold, at least 20 fold, or at least 100 fold over or at least 1000 fold over the
control receptor binding protein. In some embodiments, the increase in avidity exhibited
by the multivalent antibodys of the invention is at least 5%, at least 10%, at least 15%, at
least 20%, at least 30%, fold, at least 40%, at least 50%, at least 75%, at least 85%, at
least 90%, at least 95%, 100% over the control receptor binding protein.

In other embodiments, multivalent antibodies of the invention comprising X number of
receptor binding domains (where X is any positive integer from 2 through 6) exhibit an
increase in avidity (in vitro or when administered to a mammal (e.g., a human) for a
particular antigen compared to a control receptor binding protein (such as, but not limited
to an antibody, , an scFv) wherein the control receptor binding protein comprises X-Y
(where X and Y are any positive integer from 2 through 6and X is greater than Y)
receptor binding domains, wherein at least one receptor binding domain in the control
receptor binding domain protein is specific for the same epitope as the receptor binding
domain present in the protein of the invention. In other words, the invention provides
multivalent antibodies with increased avidity for a particular target as compared to control
receptor binding proteins with greater or fewer receptor binding domains wherein at least
one receptor binding domain is specific for a common antigen with the protein of the

invention.
Such avidity changes in multivalent antibodies allow for the decrease of toxicity of such
therapeutic proteins (for example, combinations of any antibodies listed in Table 1. It is

understood that the proteins of the invention may exhibit a “tailor-fit” avidity and/or
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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 1, 2, 3, 4, 5, or 6receptor binding domains, with at least one receptorbinding
domain having specificity for an antigen recognized by both the protein of the invention

and the control protein.

In one embodiment, the multivalent antibodies of the invention are used to specifically
identify, deplete, activate, inhibit, or target for neutralization cells which are defined by

the expression of multiple cell surface antigens.

In a specific embodiment, the present invention provides methods of treating cancers
associated with a Wnt signaling pathway that include, but are not limited to breast cancer,
lung cancer, multiple myeloma, ovarian cancer, liver cancer, bladder cancer gastric
cancer, prostate cancer, acute myeloid leukemia, chronic myeloid leukemia,

osteosarcoma, squamous cell carcinoma, and melanoma.

Antibodies can also be used to treat or prevent other disorders associated with aberrant or
defective Wnt signaling, including but are not limited to osteoporosis, osteoarthritis,
polycystic kidney disease, diabetes, schizophrenia, vascular disease, cardiac disease, non-
oncogenic proliferative diseases, fibrosis, and neurodegenerative diseases such as
Alzheimer's disease. The Wnt signaling pathway plays a critical role in tissue repair and

regeneration. Agents that sensitize cells to Wnt signaling can be used to promote tissue
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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,
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mutations in a LRP6 gene can be assayed in a biological sample. Such assays can be used
for prognostic or predictive purpose to thereby prophylactically treat an individual prior
to the onset of a disorder characterized by or associated with LRP6 protein, nucleic acid

expression or activity.

Another aspect of the invention provides methods for determining LRP6 nucleic acid
expression or LRP6 protein activity in an individual to thereby select appropriate
therapeutic or prophylactic agents for that individual (referred to herein as
"pharmacogenomics”). Pharmacogenomics allows for the selection of agents (e.g., drugs)
for therapeutic or prophylactic treatment of an individual based on the genotype of the
individual (e.g., the genotype of the individual examined to determine the ability of the

individual to respond to a particular agent.)

Yet another aspect of the invention pertains to monitoring the influence of agents (e.g.,

drugs) on the expression or activity of LRP6 protein in clinical trials.
Pharmaceutical Compositions

To prepare pharmaceutical or sterile compositions including 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
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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 ef 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,
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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, subcutancously, 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 pug/kg body weight, at least 0.2 pg/kg, at least 0.5
ng/kg, at least 1 pg/kg, at least 10 pg/kg, at least 100 pg/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 ef al., (2003) New Engl. J. Med. 349:427-434; Herold et al., (2002) New
Engl. J. Med. 346:1692-1698; Liu ef al., (1999) J. Neurol. Neurosurg. Psych. 67:451-456;
Portielji er 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 pug at least 20 ug, at least 25 pg, at least 30 pg, at least 35 pg, at least 40 pg, at least 45
ug, at least 50 ug, at least 55 ug, at least 60 g, at least 65 ug, at least 70 g, at least 75
ug, at least 80 ug, at least 85 ug, at least 90 pg, at least 95 pg, or at least 100 pug. The
doses administered to a subject may number at least 1, 2,3, 4,5,6,7,8,9,10, 11, or 12,

Oor 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

inkilograms (kg) multiplied by the dose to be administered in mg/kg. The dosage of the
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antibodies of the invention may be 150 ng/kg or less, 125 pg/kg or less, 100 pg/kg or
less, 95 pg/kg or less, 90 pg/kg or less, 85 pg/kg or less, 80 pg/kg or less, 75 pg/kg or

less, 70 pg/kg or less, 65 pg/kg or less, 60 pg/kg or less, 55 pg/kg or less, 50 pg/kg or
less, 45 pg/kg or less, 40 pg/kg or less, 35 pg/kg or less, 30 pg/kg or less, 25 pg/kg or
less, 20 pg/kg or less, 15 pg/kg or less, 10 pg/kg or less, 5 pg/kg or less, 2.5 pg/kg or

less, 2 pg/kg or less, 1.5 pg/kg or less, 1 ng/kg or less, 0.5 pg/kg or less, or 0.5 pg/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, 0.25to 12 mg, 0.25 to 10 mg, 0.25 to 8 mg,
0.25mgto7mg, 0.25 mgto 5 mg, 0.5 mg to 2.5 mg, | mg to 20 mg, 1 mgto 15 mg, 1
mg to 12 mg, 1 mg to 10 mg, ! mg to 8 mg, 1 mg to 7 mg, 1 mg to 5mg, or | mgto 2.5

mg.

The dosage of the antibodiesof the invention may achieve a serum titer of at least 0.1
pg/ml, at least 0.5 pg/ml, at least 1 pg/ml, at least 2 pg/ml, at least 5 pg/ml, at least 6
pg/mi, at least 10 pg/ml, at least 15 pg/ml, at least 20 pg/ml, at least 25 pg/ml, at least 50
pg/ml, at least 100 pg/ml, at least 125 pg/ml, at least 150 pg/ml, at least 175 pg/ml, at
least 200 pg/ml, at least 225 pg/ml, at least 250 pg/ml, at least 275 pg/ml, at least 300
pg/mi, at least 325 pg/mi, at least 350 pg/ml, at least 375 pg/ml, or at least 400 pg/ml ina
subject. Alternatively, the dosage of the antibodies of the invention may achieve a serum
titer of at least 0.1 pg/ml, at least 0.5 pg/ml, at least 1 pg/mi, at least, 2 pg/mi, at least 5
pg/ml, at least 6 pg/mi, at least 10 pg/mi, at least 15 pg/mi, at least 20 .mu.g/ml, at least
25 pg/ml, at least 50 pg/ml, at least 100 pg/ml, at least 125 pg/ml, at least 150 pg/ml, at
least 175 pg/ml, at least 200 pg/ml, at least 225 pg/ml, at least 250 pg/ml, at least 275
pg/ml, at least 300 pg/ml, at least 325 pg/ml, at least 350 pg/ml, at least 375 pg/ml, or at
least 400 pg/m! in the subject.

Doses of antibodies of the invention may be repeated and the administrations may be

separated by at least 1 day, 2 days, 3 days, 5 days, 10 days, 15 days, 30 days, 45 days, 2

months, 75 days, 3 months, or at least 6 months.
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An effective amount for a particular patient may vary depending on factors such as the
condition being treated, the overall health of the patient, the method route and dose of
administration and the severity of side affects (see, e.g., Maynard, et al. (1996) A
Handbook of SOPs for Good Clinical Practice, Interpharm Press, Boca Raton, Fla.; Dent
(2001) Good Laboratory and Good Clinical Practice, Urch Publ., London, UK).

The route of administration may be by, e.g., sutaneous application, injection or infusion
by intravenous, intraperitoneal, intracerebral, intramuscular, intraocular, intraarterial,
intracerebrospinal, intralesional, or by sustained release systems or an implant (see, e.g.,
Sidman et al., (1983) Biopolymers 22:547-556; Langer et al., (1981) J. Biomed. Mater.
Res. 15:167-277; Langer, (1982) Chem. Tech. 12:98-105; Epstein ef al., (1985) Proc.
Natl. Acad. Sci. USA 82:3688-3692; Hwang ef 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 intrasternal injection
and infusion. In one embodiment, the antibody of the invention is administered by

infusion. In another embodiment, the antibody of the invention is administered
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subcutaneously.

If the antibodies of the invention are administered in a controlled release or sustained
release system, a pump may be used to achieve controlled or sustained release (see
Langer, supra; Sefton, (1987) CRC Crit. Ref Biomed. Eng. 14:20; Buchwald et a/., (1980)
Surgery 88:507; Saudek ef al., (1989) N. Engl. J. Med. 321:574). Polymeric materials can
be used to achieve controlled or sustained release of the therapies of the invention (see
e.g., Medical Applications of Controlled Release, Langer and Wise (eds.), CRC Pres.,
Boca Raton, Fla. (1974); Controlled Drug Bioavailability, Drug Product Design and
Performance, Smolen and Ball (eds.), Wiley, New York (1984); Ranger and Peppas,
1983, J., Macromol. Sci. Rev. Macromol. Chem. 23:61; see also Levy et al., 1985,
Science 228:190; During et al., 1989, Ann. Neurol. 25:351; Howard et al., 1989, J.
Neurosurg. 7 1:105); U.S. Pat. No. 5,679,377; U.S. Pat. No. 5,916,597; U.S. Pat. No.
5,912,015; U.S. Pat. No. 5,989,463; U.S. Pat. No. 5,128,326; PCT Publication No. WO
99/15154; and PCT Publication No. WO 99/20253. Examples of polymers used in
sustained release formulations include, but are not limited to, poly(2-hydroxy ethyl
methacrylate), poly(methyl methacrylate), poly(acrylic acid), poly(ethylene-co-vinyl
acetate), poly(methacrylic acid), polyglycolides (PLG), polyanhydrides, poly(N-vinyl
pyrrolidone), poly(vinyl alcohol), polyacrylamide, poly(ethylene glycol), polylactides
(PLA), poly(lactide-co-glycolides) (PLGA), and polyorthoesters. In one embodiment, the
polymer used in a sustained release formulation is inert, free of leachable impurities,
stable on storage, sterile, and biodegradable. A controlled or sustained release system can
be placed in proximity of the prophylactic or therapeutic target, thus requiring only a
fraction of the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled
Release, supra, vol. 2, pp. 115-138 (1984)).

Controlled release systems are discussed in the review by Langer ((1990), Science
249:1527-1533). Any technique known to one of skill in the art can be used to produce
sustained release formulations comprising one or more antibodies of the invention. See,
e.g., U.S. Pat. No. 4,526,938, PCT publication WO 91/05548, PCT publication WO
96/20698, Ning et al., (1996) "Intratumoral Radioimmunotheraphy of a Human Colon
Cancer Xenograft Using a Sustained-Release Gel," Radiotherapy & Oncology 39:179-
189, Song et al., (1995), "Antibody Mediated Lung Targeting of Long-Circulating
Emulsions," PDA Journal of Pharmaceutical Science & Technology 50:372-397, Cleek ef
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al., (1997), "Biodegradable Polymenic Carriers for a bFGF Antibody for Cardiovascular
Apphcation,” Pro. Int'l. Symp. Control. Rel. Bioact. Mater. 24:853-854, and Lam ef al.,
{1997), "Microencapsulation of Recombinant Humanized Monoclonal Antibody for Local
Delivery," Proc. Int'l. Symp. Control Rel. Bioact. Mater. 24:759-760, each of which is

incorporated herein by reference in their entirety.

If the antibodies 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 catrier or one or more excipients
compatible with topical application and having a dynamic viscosity, in some instances,
greater than water are typrcally 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 vartous
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 o/, (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
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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 | 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.c., 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.
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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 ef al., (1995) Antimicrob. Agents Chemother.
39:180); surfactant protein A receptor (Briscoe ef al., (1995) Am. J. Physiol. 1233:134); p
120 (Schreier ef al., (1994) J. Biol. Chem. 269:9090); see also Keinanen et af., (1994)
FEBS Lett. 346:123; Killion ef al., (1994) Immunomethods 4:273.

The invention provides protocols for the administration of pharmaceutical composition
comprising antibodies of the invention alone or in combination with other therapies to a
subject in need thereof. The therapies (e.g., prophylactic or therapeutic agents) of the
combination therapies of the present invention can be administered concomitantly or
sequentially to a subject. The therapy (e.g., prophylactic or therapeutic agents) of the
combination therapies of the present invention can also be cyclically administered.
Cycling therapy involves the administration of a first therapy (e.g., a first prophylactic or
therapeutic agent) for a period of time, followed by the administration of a second therapy
(e.g., a second prophylactic or therapeutic agent) for a period of time and repeating this
sequential administration, i.e., the cycle, in order to reduce the development of resistance
to one of the therapies (e.g., agents) to avoid or reduce the side effects of one of the

therapies (e.g., agents), and/or to improve, the efficacy of the therapies.

The therapies (e.g., prophylactic or therapeutic agents) of the combination therapies of the
invention can be administered to a subject concurrently. The term "concurrently” is not
limited to the administration of therapies (e.g., prophylactic or therapeutic agents) at
exactly the same time, but rather it is 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
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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
1o a subject in the same pharmaceutical composition. Alternatively, the prophylactic or
therapeutic agents of the combination therapies can be administered concurrently to a
subject in separate pharmaceutical compositions. The prophylactic or therapeutic agents

may be administered to a subject by the same or different routes of administration.

The invention having been fully described, it is further illustrated by the following

examples and claims, which are illustrative and are not meant to be further limiting.
Examples

Methods and Materials

1: Pannings, antibody identification and characterization

(a) Panning

(i) HuCAL GOLD® Pannings

For the selection of antibodies recognizing human LRP6 several panning strategies were
applied. Therapeutic antibodies against human LRP6 protein were generated by selection
of clones having high binding affinities, using as the source of antibody variant proteins a

commercially available phage display library, the MorphoSys HuCAL GOLD® library.

The phagemid library is based on the HuCAL® concept (Knappik et al., (2000) J Mol Biol
296:57-86) and employs the CysDisplay™ technology for displaying the Fab on the
phage surface (W001/05950 to Lohning).
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In detail, the HuCAL GOLD® library used in the current project is described in (Rothe et
al., (2007) J Mol Biol) Either phagemids produced with helper phage VCSM13 or
produced with Hyperphage (Rondot ef al.,, (200]1) 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-hLLRP6AC-eGFP was used expressing the
amino terminal fragment (amino acid 1-1482) of LRP6 fused to eGFP. Specific HuCAL
GOLD® antibody phagemids were eluted after incubation to the LRP6 expressing cell line
followed by post-adsorption to HEK293-LRP5/6-shRNA cells. The resulting HuCAL
phage-containing supernatant was titered on E. coli TG1 cells and rescued after infection
of E. coli TG 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-hI.RP6AC-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.
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(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 cluted and immediately used for infection of E. coli TG1 bacteria. Phage infection,
amplification, phage production and output titer determination were conducted as

described above in whole cell panning against LRP6.
(b) Subcloning and Microexpression of Selected Fab Fragments

To facilitate rapid expression of soluble Fab, the Fab encoding inserts of the selected
HuCAL GOLD® phage were subcloned into an expression vector pMORPH®X9_FH or
pMORPH®X9 FS. After transformation of TG1-F single clone expression and
preparation of periplasmic extracts containing HuCAL®-Fab fragments were performed

as described previously (Rauchenberger ef al., (2003)).
2: Screening
(i) FACS Screening on HEK293-hLRP6AC-eGFP cells

Clones sclected by the panning strategies whole cell panning, differential whole cell
panning, and semi-solution panning were screened by flow cytometry on HEK293-
hLRP6AC-eGFP cells and HEK293-LRP5/6-shRNA cells for counterscreening. Primary
hits of Fc capture panning strategy as described above were also tested by flow

cytometry.

Cells were harvested at 70 to 80 % confluency, resuspended in FACS buffer, and stained
with bacterial cell lysates in 96 well U-bottom microtiter plates. Antibody binding was
revealed with flurochrome-conjugated detection antibodies. Stained cells were washed
twice and mean fluorescence intensity was measured and analyzed using a FACSArray

instrument (BectonDickinson).
(ii) Fc-capture Screening on Recombinant Human LRP6-Fc

Clones selected in the Fc-capture panning were screened in an Fe-capture-ELISA setup.
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Maxisorp (Nunc, Rochester, NY, USA) 384 well plates were coated with goat anti-human
IgG, Fc fragment specific antibody. After washing with PBST and blocking the wells,
recombinant human LRP6-Fc was added. After washing the coated plates, cell lysates
were added and bound Fab fragments were detected using AP-conjugated goat IgG anti-
human IgG F(ab’); with the substrate AttoPhos. Fluorescence was read at 535 nm using a

Tecan Plate Reader.

3: Expression and Purification of HuCAL®-Fab Antibodies in E. coli

Expression of Fab fragments encoded by pMORPH®X9 Fab FH or

pMORPH®*X11 Fab_FH in TG-1 cells was induced by addition of IPTG. Cells were
disrupted using lysozyme and Fab fragments isolated by Ni-NTA chromatography (Bio-
Rad, Germany). Protein concentrations were determined by UV-spectrophotometry.
Purity of Fab fragments was analyzed in denatured, reduced state using SDS-PAGE and
in native state by HP-SEC.

4: Affinity Determination
(i} Surface Plasmon Resonance Measurements

For determination of Ky, values, surface plasmon resonance technology was applied. Anti-
human-Fc-capture CM5 chip (Biacore, Sweden) was used for capturing LRP6-Fc-Fusion

followed by ligand (Fab) injection at different concentrations.

(ii) Solution Equilibrium Titration (SET) Method for Kp Determination Using Sector
Imager 6000 (MSD)

For Kp 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).

Affimty 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 ez al,, (2005) Anal Biochem. 339:182-184).
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The data was evaluated with XLfit (IDBS) software applying customized fitting models.
For Kp 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.

B 2
y=B_ - [ Z[F';*Z I ([Fab], +x+ K, —J(Fab), +x+K,)* —4x[Fab] )]

[Fab};: applied total Fab concentration

x: applied total soluble antigen concentration (binding sites)
Buax: maximal signal of Fab without antigen

Kp: affinity

5: Screening After Affinity Maturation

ECsy Determination on HEK2931/17 cells

ECs 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 pg / 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. ECsy values were determined

with the program GraphPad Prism using non-linear regression analysis.
6: Conversion to IgG

In order to express full length 1gG, variable domain fragments of heavy (VH) and light
chains (VL) were subcloned from Fab expression vectors into appropriate
pMORPH® hlg vectors for human IgG2, human IgG4, human IgG4_Pro, and human
IgGIf LALA. |

7: Transient Expression and Purification of Human IgG

Eukaryotic HKB11 cells were transfected with equal amounts of IgG heavy and light
chain expression vector (p)MORPH?2) or expression vector DNA encoding for heavy and
light chains of 1gGs (pMORPH4). After sterile filtration, the solution was subjected to
standard protein A affinity chromatography (MabSelect SURE, GE Healthcare). Protein
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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
Whnt3a conditioned medium or by co-transfection of Wnt 1, Wnt3a, or other Wnt

expression plasmids.
(i) Wnt3a Reporter Gene Assay with Conditioned Medium

10* HEK293-STF cells/well were sceded into a 96 well tissue culture plate, and cells were
incubated overnight at 37 °C/S % CO; in 100 pL medium.

The following day, various anti-LRP6 antibody dilutions and DKK1 dilutions (positive
conirol) were prepared either in pure or in diluted in Wnt3a-conditioned medium. 60
uL/well of the supernatant was removed from the 96 well tissue culture plate and replaced

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

After Incubation for 16 to 24 h at 37 °C/5 % COa, 100 pL 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)
(i) Wnil/Wnt3a Reporter Gene Assay with Transiently Transfected Cells

3x10* HEK293T/17 cells/well were seeded into a 96 well tissue culture plate (Costar),
and cells were mcubated at 37 °C/S % CO; in 100 pL medium as described in Table 3.
After 12 to 16 h, cells were transfected with empty vector Wnt expression plasmid1l
ng/well; pTA-Luc-10xSTF (Firefly luciferase construct}50 ng/well; or phRL-SV40

{Rentlla luciferase construct) 0.5 ng/well.

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

and 0.2 pL FuGene6/well (Roche). The transfection premix was incubated 15 min at RT
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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 % COs,. In the meantime, antibodies were diluted in

medium and added to the transfected cells (75 pL/well).

After 18 to 24 h, 75 uL/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 ul./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 ICso-determination of the anti-LRP6 antibodies, the relative

luciferase values were analyzed using GraphPad Prism.

A similar assay can also be performed using co-culture of Wntl or other Wnt! 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-K1 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_XI14 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 pg of LRP6
expression plasmid and 20 ug 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).
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10: Binder Optimization
Generation of Affinity Maturation Libraries

To increase affinity and biological activity of selected antibody fragments, L.-CDR3 and
HCDR?2 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 TOP10F cells
(Invitrogen). Sequencing of randomly picked clones showed a diversity of 100%. No

parental binders were found among the picked clones. Finally phage of all libraries were

prepared separately.

11: MMTV-Whntl xenografis

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 mm’, 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

HEK?293 cells were grown in D-MEM supplemented with 10% fetal bovine serum at 37
°C with 5% CO,. Cells were seeded into a 96 well tissue culture plate (Costar) at
3x10*well and transfected with 0.1ng/well Wnt expression plasmid, 50 ng/well STF
reporter, and 0.5 ng/ml phRL-SV4(0 (Promega) mixed with 0.2 pL/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 1gG formats tested have potent and complete inhibition of Wntl (2, 6, 7A, 7B, 9, 10A,
10B) generated canonical signal. All give rise to a bell shaped potentiation curve in the

presence of a Wnt3/3A generated signal.
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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 1x with FACS buffer, they were incubated with PE-conjugated
Streptavidin (Dianova) for 1 hour at 4°C on a plate shaker in the dark. Cells were washed
twice with FACS buffer and fluorescence was measured using FACS Array (BD). |
Similarly, unbiotinylated anti-L.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 (S0 mM Tris-HCl, pH 7.4, 150 mM NaCl,

1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 1 mM EDTA). Lysates were
normalized for protein concentration, resolved by SDS-PAGE, transferred onto
nitrocellulose membranes and probed with the indicated antibodies. pT1479 LRP6
antibody requires generation of membrane extracts to achieve satisfactory results. To
generate membrane extracts, cells were lysed in hypotonic buffer (10mM Tris-HCl
pH7.5, 10mM KCl) by performing four freeze-thaw cycles, and insoluble membrane
fraction was solubilized using RIPA buffer. Protease inhibitor cocktail (Sigma) and 1x
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-L RP6 antibodies to endogenous LRP6 by FACS

Detection of endogenous cell surface expression of LRP6 was examined on a number of
tumor cells using the anti-LRP6 antibodies and FACS analysis. As shown in Fig. 1A,
PAI cells express both LRP5 and LRP6 mRNA, while U266 and Daudi cells do not
express LRP6 mRNA. PAL cells, but not U266 and Daudi cells, show significant staining
with a Propeller 1 anti-LRP6 IgG. More importantly, U266 cells are not stained by anti-
LRP6 antibody, although they express LRP6, demonstrating the specificity of anti-LRP6
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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 a/. in 2009 Cell Cycle 8: 498-504. Epub 2009 Feb
25.

Example 2: Differential inhibition of Wntl and Wnt3a reporter gene assays by
Propeller 1 and Propeller 3 anti-LRP6 Fabs

Different anti-LRP6 Fabs were tested in in vitro Wnt reporter assays. Wntl or Wnt3A
ligands were transiently expressed in HEK293T/17 STF cells (gene reporter assay) and
treated with varying concentrations of anti-LRP6 Fab fragments. STF assays were
conducted using the protocols described by Huang ef al. (2009), Nature; 461:614-20.
Epub 2009 Sep 16. As seen in Fig. 2A, Propeller 1 anti-LRP6 Fabs (MOR08168,
MORO08545, MOR06706) specifically reduced Wntl-dependent signaling without much
effect on Wnt3A-dependent signaling. Conversely as shown in Fig. 2B, Propeller 3 anti-
LRP6 Fabs (MOR06475, MOR08193, MOR08473) specifically reduced Wnt3A-
dependent signaling without significant effects on Wntl-dependent Wnt1-dependent
signaling. The results demonstrate that Wnt1 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 Whats based on their sensitivity to Propeller 1 and
Propeller 3 anti-LRP6 antibodies.
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To evaluate Wnts based on their sensitivity Propeller 1 and Propeller 3 anti-LRP6
antibodies, various Wnt ligands were transiently expressed into HEK293T/17 STF cells
(gene reporter assay) and treated with Propeller | or Propeller 3 anti-LRP6 antibodies.
STF assays were conducted using the protocols described by Huang ef 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, Wni{7A,
Wnt7B, Wnt9, Wnt10A, Wnt10B 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 potentiales WNT signaling. Propeller 1 anti-LRP6 IgG inhibits Wnt1-dependent and
potentiates Wnt3A-dependent signaling in a 2937T/17 STF reporter assay. Similarly,
Propeller 3 anti-LRP6 IgG inhibits Wnt3 A-dependent and potentiates Wnt1-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 313 cells — data not shown)

Example 6: Propellerl or Propeller 3 anti-LRP6 Fabs specifically inhibits Wntl or
Wnt3A-induced LRPG6 phosphorylation.

HEK293T/17 cells were transiently transfected with Wnt1 or Wnt3A expression plasmids
and treated with Propeller 1or Propeller 3 anti-LRP6 Fabs. As seen in Fig. 6, Propeller 1
anti-LRP6 Fabs specifically inhibits Wntl-induced phosphorylation of LRPS, for
example, T1479 and S1490 sites and Propeller 3 antibodies do not. In contrast, Propeller
3 anti-LRP6 specifically inhibits Wnt3 A-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.
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Example 7: Inhibition of expression of Wnt target gene in a MMTV-Whntl tumor
xenograft model using a Propeller 1 anti-LRP6 IgG,

The LRP6 antibodies were further characterized in vivo in an art recognized genetically
engineered mouse model known as MMTV-Wntl. Experiments were conducted to
determine if the anti-LRP6 antibodies in the IgG format could inhibit Wnt signaling and
tumor growth in vivo. Mammary tumors derived from MMTV-Wntl transgenic mice are
Wntl dependent; turning off Wntl expression using a tetracyclin-regulated system
(Gunther ef al. (2003), supra) or blocking Wnt activity using FZ8CRDFc¢ (DeAlmeida et
al. (2007) Cancer Research 67:5371-5379) inhibits tumor growth in vive. To measure the
effect of anti-LRP6 antibodies on Wnt signaling in MMTV-Wnt1 tumors, mice implanted
with MMTV-Wntl tumors were dosed 1.v. with a single dose of 5 mg/kg Wnt1 class-
specific antagonistic anti-LRP6 antibody. Serum concentrations of the antibody as well
as the mRNA expression of -catenin target gene Axin2 were analyzed over a period of
two weeks. The terminal B-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 Wntlclass-specific anti-LRP6 antibody suppresses Wnt signaling in MMTV-
Wnt1 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 ! -, Propeller 3-specific anti-LRP6 antibodies, or isotype matched
control antibodies. Mice were dosed i.v. with an initial dose of 20 mg/kg, followed every
third day with 10 mg/kg. In this experiment Propeller 1, but not Propeller 3-specific anti-
LRP6 antibody caused tumor regression. Together, these results demonstrate that
Propeller 1-specific anti-LRP6 antibody induces regression of MMTV-Wnt1 xenografis,

MMTV-Wnt] tumor xenografts in nude mice were treated with MOR08168, a Propeller 1
anti-LRP6 IgG at different timepoints ranging from 1 hour to 14 days. Fig. 7 shows an
inverse correlation with PK serum concentration of the antibody and mRNA expression
of Wnt target gene Axin2. Axin2 gene expression levels in tumors are inhibited with

MORO08168 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

evatuated. Affymetrix Mouse430 2.0 Arrays were used to profile a time course
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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 antib'ody, 8 h was chosen as best representative time point to
determine differentially expressed genes putatively responding to Wnt pathway
inhibition. The R / Bioconductor framework was utilized and Limma package was
employed to determine differentially expressed genes between the 0 hour time point and
the 8 hour time point. An adjusted P-value of .05 was used as the threshold to determine
the set of differentially expressed genes. Based on this cutoff there are 1270 probe sets
called differentially expressed mapped to 972 gene(s). Fig. 8A is a table that shows genes
that were upregulated >2-fold with an adjusted P-value of <0.01 and Fig. 8B is a table
that shows genes that were downregulated >2-fold with an adjusted P-value of <0.01.

Example 8: Anti-tumor activities of Propeller 1 and Propeller 3 anti-LRP6 antibodies
in MMTV-Whntl allograft model.

Anti-tumor activity of LRP6 Propeller 1 and 3 antibodies was evaluated in the MMTV-
Wntl allograft model. MMTV-Wntl tumor fragments were implanted subcutaneously
(s.c.) into female nude mice. 11 days after implantation, mice carrying MMTV-Wntl1
tumors (n=8, average 121 mm>; range: 100-147 mm3) were treated with vehicle 1gG (10
mg/kg, intravenously (i.v.), every third day (q3d), LRP6-Propeller | Ab MORO08168 (10
mg/kg, i.v., g3d), or LRP6-Propeller 3 Ab MOR06475 (10 mg/kg, i.v., q3d), and tumors
calipered every third day. LRP6-Propeller 1 MOR08168 Ab dose-dependently induced
tumor regressions (-55%, p<0.05) (See Fig. 9).

Example 9: Anti-tumor activities of Propeller 1 and Propeller 3 anti-LRP6 antibodies
in MMTV-Wnit3 allograft model.

Anti-tumor activity of LRP6 Propeller 1 and 3 antibodies was evaluated in the MMTV-
wnt3 allograft model. MMTV-Wnt3 tumor fragments were implanted subcutaneously
(s.c.) into female nude mice. 15 days after implantation, mice carrying MMTV-Wnt3
tumors (n=6, average 209 mm’; range: 113-337 mm®) were treated with vehicle IgG
(10mg/kg, intravenously (i.v.), twice a week (2qw), MOR08168 LRP6-Propeller 1 Ab (3
mg/kg, i.v., qw), or MOR06475 LRP6-Propeller 3 Ab (10 mg/kg, i.v., 2qw) and tumors
calipered twice per week. MOR06475 LRP6-Propeller 3 Ab demonstrated antitumor
activity (T/C=34%, p<0.05) (See Fig. 10).
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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 PA1-STF reporter cells co-implanted
with Wnt3A secreting L cells. Female nude mice were implanted subcutaneously with
10x10e6 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, MOR08168 LRP6-
Propeller 1 Ab (10 mg/kg), or MOR06475 LRP6-Propeller 3 Ab (10 mg/kg) and were
imaged by Xenogen 6 hours, 24 hours, 48 hours, 72 hours and 168 hours later.
MORO06475 was able to inhibit Wnt3a induced signaling for at least 72 hours, whereas
Mor08168 increased Wnt3A induced signaling (Fig. 11).

Example 11: Epitope mapping of LRP6 PD3/4 and its antibody complex by HDx MS

To identify antibody binding sites within YWTD-EGF region of Propeller 3, hydrogen-
deuterium exchange (HDx) mass spectrometry (MS) was employed. LRP6 Propeller
domains 3-4 (PD3/4) has 12 cysteines and 4 N-linked glycosylation sites. All 4 N-linked
glycosylation sites are positioned in Propeller 3 domain (631-932). By HDx MS, close to
100% coverage (amount of protein it was possible to get structural information for) was
mapped on the Propeller 4 domain, and about 70% coverage on Propeller 3 domain.
Regions immediately surrounding the 4 glycosylated sites remain undetected (Fig. 12A).
In the presence of Fab 06745, 2 weakly solvent protected peptides were found in
Propeller 3 (Phe®*®-Leu®’, Tyr *-G1u*** Fig. 11A). This suggests that the residues or a
fraction of the residues responsible for the epitope are either on the protected peptides or
spatially nearby. Based on the crystal structure of LRP6 PD34, the solvent protected

regions correspond to the concave surface between blade 1 and 6 of Prop 3.

Mutations that disrupt the interaction of ScFvl16475 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/E7T08A, W850A/S851A, R852/R853A, and D874A/Y875A) that also
approximately covered the region implicated by HDx in binding. To ensure that the
mutant proteins are properly folded, differential static light scattering (DSLS) thermal-

melt assay was performed. Temperature denaturation experiment showed that the

154



WO 2011/138391 PCT/EP2011/057200

aggregation temperature, Tyge, (the temperature at which 50% of the protein is denatured)
of wild-type and mutant proteins was similar. Thus, the mutations had no effect on the

folding or stability of the protein.

The binding capacity of mutant LRP6 to scFv MOR06475 was determined by ELISA.
Mutation of residues (R638, W850/5851, and R852/R853) that are located on peptides
that showed solvent protection in HDx MS experiments also showed dramatic decrease in
antibody binding (See Fig. 12B). Mutation of residues (Y706/E708) that are located on
peptides showing no solvent protection in HDx also showed no change in antibody
binding capability (Fig. 11B). Thus the binding assay data are in good agreement with the
binding interface as mapped by HDx MS suggesting the residues R638, W850, 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 Wnt1 signaling, and they can be inhibited
by Propeller 1 specific anti-LRP6 antibodies. The Wnt 3 A 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
Whnt-potentiating activity of the antibodies in the bivalent IgG format in the presence of
Whnt ligands. All antibodies tested in IgG format enhanced either Wntl or Wnt3A
signaling in the STF Luc reporter gene assay. Interestingly, most Fabs that inhibited Wntl
and were inactive in the Wnt3 A assay, still inhibited Wntl as an IgG, but potentiated
Wnt3 A signaling and vice versa. Most Fabs that inhibited Wnt3 A potentiated Wntl
activity as an IgG. The effect was independent of the IgG format, as several formats were
tested (IgG1LALA, IgG2, IgG4, 1gG4_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
Whnt signaling initiated by the other class of Wnt proteins. These findings demonstrate
that different canonical Wnt ligands use distinct binding sites on LRP6 and that all
bivalent antibodies enhance Wnt activity in IgG format in the presence of the non-blocked
Wnt Fab (single chain antibodies, unibodies). Monovalent structures of any kind as a
final format circumvent the Wnt potentiation. Alternative ly, the construction of a bi-

specific IgG or IgG-like molecule carrying both the Wntl- and Wnt3A inhibitory activity
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circumvent potentiation. Thus, LRP6 antibody constructs can be deisgned to control and

“fine-tune” the Wnt pathway
Example 12: Generating a Biparatopic LRP6 Antibody

This example describes the production and characterization of biparatopic anti-LRP6
IgG-sclv antibodies. Various anti-LRP6 scFv’s containing different domain orientations
(e.g. VH-VL or VL-VH) and different linker lengths (e.g. (GlysSer); or (GlysSer),) were
initially expressed, purified and characterized. Based on results of the scFv study,
different biparatopic anti-LRP6 1gG-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 Gly,Ser and (GlyGlySer),.

{a) Materials and Methods

(i) Generation of anti-LRP6 scFv

Genes coding for all scFv-variants were synthesized by Geneart. DNA-fragments coding
for scFv in both orientations (VH-VL and VL-VH, separated by two different linkers:
(Gly4Ser); and (GlysSer)s, with N-terminal signal sequence and C-terminal 6xHis-tag)
were directly cloned from Geneart vectors via Ndel/Xbal into vector pFAB15-FkpA,
resulting constructs were called pFabl5-MOR06475-VH-(Gly;Ser);-VL, pFabl 5-
MOR06475-VH-(GlysSer)s-VL, pFabl 5-MOR06475-VL-(Gly,Ser);-VH, pFabl5-
MOR06475-VL-(Gly,Ser)s-VH, pFab15-MOR08168-VH-(Gly,Ser);-VL, pFab15-
MORO08168-VH-(Gly4Ser)s-VL, pFab15-MOR08168-VL-(Gly,Ser);-VH, pFabl5-
MORO08168-VL-(GlysSer)s-VH, pFab15-MOR08545-VH-(Gly,Ser);-VL, pFabl 5-
MOR08545-VH-(GlysSer)4-VL, pFab15-MOR08545-VL-(GlysSer);-VH and pFab15-
MORO08545-VL-(GlysSer)s-VH.

(ii) Generation of biparatopic anti-LRP6 IgG-scFv
anti-LRP6_MORO08168 hIgGILALA 6475scFv
Vector pRS5a MORO08168 hIgG1LALA containing codon-optimized VH-sequence

(synthesized by Geneart) was used as source for generation of biparatopic construct.
Initially, Afel-site was introduced by QuickChange Site-Directed Mutagenesis
(Stratagene) at 3’- end of sequence coding for hlgG1LALA (primer no. 1: 5°-
agegtgatgcacgaagegetgeacaaccactac-3” (SEQ ID NO: 213) and primer no. 2: 5°-
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gtagtggttgtgcagegettegtgeatcacgetg-3° (SEQ ID NO; 214)). Gene coding for
MOR06475scFv (VL-VH-orientation, separated by (GlysSer)s-linker) was synthesized by
Geneart. 5’-primer containing Afel-site and sequence coding for (GlyGlySer), -linker as
well as 3’-primer containing Ascl-site were used for amplification of entire MOR06475-
scFv-gene (primer no. 3:
5’-tgatgcacgaagegetgeacaaccactacacccagaagagectgagectgtceeceggeaag
ggcggetcecggeggaagegatate-3° (SEQ ID NO: 215) and primer no. 4: 5°-
gagcggcegeccggegegee (eatcagetggacactgteaccaggg-3’ (SEQ 1D NO: 216)). PCR-product
was then cloned via Afel/Ascl into vector pRS5a MOR08168 hIgG1LALA resulting in
the final construct pRS5a MOR08168 higG1LALA-6475sc-fv. Gene coding for codon-
optimized VL of MOR08168 was syntheéized by Geneart. 5’-primér containing Agel-site
and 3’-primer containing HindIII-site were used for amplification of entire MOR08168-
VL-genes (primer no. 5: (5’-gettccggacaccaccggt gacatcgagetgacccagee-3°

SEQ ID NO: 217) and primer no. 6: 5°-cagcacggtaagctt ggtgectccgecgaacaccag-3°

(SEQ ID NO: 218)). PCR-product was then cloned via Agel/HindIII into vector pRS5a-
hlambda resulting in the final construct pRS5a MOR08168 hlambda.

anti-LRP6_MORO08168 hlgG1LALA_6475scFv_without Lys (K)
Vector pRS5a MORO08168 hIgG1LALA-6475scFv (SEQ 1D 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’-ctgtcecceggeggeggcetecgge-3° (SEQ IDNO: 219)
5’-geeggagecgecgecgggggacag-3°(SEQ 1D NO: 220)

Site-Directed Mutagensis was done according to Stratagene protocol; resulting new
construct was called pRS5a higG1LALA MORO08168opt 6475 scFv K.

Vector pRS5a MORO08168 hlambda (generation described for anti-LRP6_MOR08168
hIgGILALA 6475scFv) containing codon-optimized VL-sequence (synthesized by

Geneart) was used w/o any modifications for expression of LC.

anti-LRP6 MORO08168 hIgG1LAYLA_6475scFv_AspPro to AspAla (DP_to_DA)
Vector pRS5a MORO08168 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’-ccatgaccaacatggacgeegtggacaccgecace-3’ (SEQ 1D NO: 221)
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5’-ggtggcggtgtecacggegtecatgttggteatgg-3° (SEQ ID NO: 222)

Site-Directed Mutagensis was done according to Stratagene protocol; resulting new
construct was called pRS5a hlgG1LALA MORO08168opt 6475 scFv DP to DA.
Vector pRS5a MOR08168 hlambda (generation described for anti-LRP6 MOR08168
hlgGILALA_6475scFv) containing codon-optimized VL-sequence (synthesized by

Geneart) was used w/o any modifications for expression of LC.

anti-LRP6_MORO08168 higG1LALA_6475scFv_AspPro to ThrAla (DP_to_TA)
Vector pRS5a MORO08168 hlgGILALA-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’-caccatgaccaacatgaccgeegtggacaccgecace-3’ (SEQ ID NO: 223)
5’-ggtgecggtgteccacggeggicatgttggtcatggte-3° (SEQ 1D NO: 224)

Site-Directed Mutagensis was done according to Stratagene protocol; resulting new
construct was called pRS5a higG1LALA MORO08168opt 6475 scFv DP to TA.

Vector pRS5a MOR08168 hlambda (generation described for anti-LRP6 MOR08168
hlgG1LALA_6475scFv) containing codon-optimized VL-sequence (synthesized by

Geneart) was used w/o any modifications for expression of LC.

anti-LRP6_MORO8168hlgG1 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 MORO08168-VL was synthesized
by DNA2.0 and was cloned via Agel/Hindlll into vector pRS5a hlambda MOR08168.
Resulting vector was called pRS5a hlambda MORO08168 6475scFv at VL.

anti-LRP6 MOR06475hIgG1 LALA_8168scfv_(VH-3-VL), where 3 represents a
(Gly4Ser); amino acid linker between the VH and VL chains.
MOR06475-VH was amplified from vector pM2 hlgG1LALA MOR06475 with

following primers:

5’-gttcctggtegegatectggaaggggtgcactgecaggtgcaattgaaagaaageg-3° (SEQ ID NO: 225)
5’-cttggtggagpctgagetaac-3’° (SEQ ID NO: 226)

PCR-roduct was cloned via Nrul/Blpl into vector pRS5a hIgG1LALA MOR08168
6475scFv, resulting vector was called pRS5a hlgG1LALA MOR06475 6475scFv.
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MORO08168scFv was amplified from vector pRS5a MOR08168 scFv (VH-3-VL) with
following primers:
5’-gcacgaagegcetgeacaaccactacacccagaagagectgagectgteeceeggeaagggeggetecggeggaage
caggttcaattggttgaaage-3° (SEQ ID NO: 227)
5’-gggecectetagageggeegeecggegegectcatcacagaacggtaagettggtgee-3° (SEQ ID NO: 228)
PCR-product was cloned via Afel/Xbal into vector pRS5a hlgG1LALA MOR06475
6475scFv, resulting final vector was called pRS5a hIgG1LALA MOR06475 8168scFv
(VH-3-VL).

MORO06475-VL was amplified from vector pM2 hkappa MOR(06475 with following
primers:

5’-gacaccaccggtgatatcgtgetgacecagage-3’ (SEQ ID NO: 229)
5’-gcagecaccgtacgtitaatttcaac-3’ (SEQ ID NO: 210)

PCR-product was cloned into vector pRS5a hkappa MOR06654 via Agel/BsiWI,
resulting vector was called pRS5a hkappa MOR06475.

anti-LRP6 MOR06475hlgG1 LALA 8168sctfv (VH-4-VL), where 4 represents a
{GlysSer), amino acid linker between the VH and VL chains.
MORO06475-VH was amplified from vector pM2 hIgG1LALA MOR06475 with

following primers:

5’-gttectggtegegatectggaaggpgtocactgecaggtgeaattgaaagaaageg-3° (SEQ ID NO: 211)
5’-cttggtggaggetgagetaac-3’ (SEQ ID NO: 212)

PCR-product was cloned via Nrul/Blpl into vector pRS5a hIgG1LALA MOR08168
6475scFv, resulting vector was called pRS5a higG1LALA MOR06475 6475scFv.
MORO0G8168scFv was amplified from vector pRS5a MORO08168 scFv (VH-4-VL) with
following primers:
5’-gcacgaagcegcetgeacaaccactacacccagaagagecigagectgteceeeggeaagggeggetecggeggaage
caggttcaattggttgaaage-3’ (SEQ ID NO: 213)
5’-gggccetetagageggecgeccggegegectcatcacagaacggtaagettggtgee-3° (SEQ 1D NO: 214)
MOR06475-VL was amplified from vector pM2 hkappa MOR06475 with following
primers:

5’-gacaccaccggtgatatcgtgctgaccecagage-3’ (SEQ 1D NO: 215)
5’-geagccaccgtacgtttaatttcaac-3’ (SEQ ID NO: 216)

PCR-product was cloned into vector pRS5a hkappa MOR(06654 via Agel/BsiWI,
resulting vector was called pRS5a hkappa MOR(06475.
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(iii) Expression of anti-LRPG6-scFv

Electrocompetent E. coli strain W3110 was transformed with plasmid-DNA. Pre-cultures
(150 ml LB-medium containing 12.5 pug Tetracyline/m] and 0.4% Glucose, in 500 ml
flask) were inoculated with a single colony and incubated over night at 37°C/230 rpm.
Expression cultures (6x 500 ml SB-medium containing 12.5 pg Tetracycline/ml, in 2 |
flask) were inoculated with pre-cultures to O.D600 of 0.1 and incubated at 25°C/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 25°C/230 rpm. Cells were harvested by

centrifugation (20 min at 4600 rpm, 4°C) and cell pellets were frozen at -20°C,

(iv) Purification of anti-LRP6-scFv

Pellets from 3 | expressions were suspended in 50 m] Lysis-Buffer (20 mM NaH2PO4, 20
mM Imidazole, 500 mM NaCl, pH 7.4; 1 tablet Complete without EDTA per 50 m}
buffer, Roche # 11836170001, 10 mM MgSO4 and Benzonase ). Cell suspensions were
treated by French Press (2x at 1000bar) and centrifuged for 30 min at 16000xg, 4°C. 1ml
HisTrap HP column (GE Helthcare) was equilibrated with 10 m] Lysis-Buffer.
Supernatants were filtrated through Stericup Filter (Millipore) and loaded into
equilibrated column (} ml/min). Column was washed with Lysis-Buffer (20 ml) and
bound protein was cluted 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 mi PBS (1 ml/min). Run was done with PBS at 1
mi/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 um filter and
stored at 4°C. All purified proteins were analyzed by LC-MS (with oxidized and reduced
samples) and by SEC-MALS (aggregation analysis).

(v) Transient expression of biparatopic anti-LRP6 IgG-scFv

3.2 L. HEK293-6E cells were cultivated in M11V3 Media : Lot# D07668B in a
BioWave20 at Rocks 10 rpm, Angle 7°, Aeration 25 L/h, O, 25%, CO, 6% to a density of
2E6 viable cells/mL. The cells were transiently transfected with 1.8 L DNA:PEI-MIX
(plasmid: pRS5a MORO8168 hlgG1 LALA-6475sc-Fv 5 mg + pRS5a MOR08168
hlambda 5 mg + 20 mg PEI). 6 hours after transfection 5 L. Feeding media (Novartis) with
Yeastolate: Lot# 09-021 was added to the culture. The cells were then further culivated at
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Rocks 24 rpm, Angle: 7°, Aeration 25 L/h, O, 25%, CO, 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
4°C. All described biaparatopic anti-LRP6-scFv variants were expressed in a similar

manncr.

(vi) Purification of biparatopic anti-LRP6 IgG-scFv

The purification of the biparatopic IgG was performed on a AKTA 100 explorer Air
chromatography system at 6°C in a cooling cabinet, using a freshly sanitised (0.2 M
NaOH/ 30% isopropanol) XK 16/20 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 NaCl, pH 4.5, going linearly down
in 12 CV to 50 mM citrate, 70 mM NaCl, pH 2.5, followed by a 2 CV constant step of the
same pH 2.5 buffer. The biparatopic IgG eluted during the gradient in a single symmetric
peak around pH 3.8, and was collected into 4 ml fractions. The fractions were pooled into
three pools, left slope, main peak and right slope. The pools were immediately titrated to
pH 7.0, slowly and under stirring, using 2 M Tris, pH 9.0. The pools were sterile filtered
(Millipore Steriflip, 0.22 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 (UNIchip® AV-VAR-EP) and contained 384 pre-defined and purified human
proteins printed in quadruplicates on a nitrocellulose coated glass slide. The proteins are

classified as extracellular or secretory proteins based on gene ontology and expressed as
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an N-terminal His-tag fusion protein using Escherichia coli, and purified using
immobilized metal ion affinity chromatography (IMAC). The hybridization of the
antibody was done using the TECAN Hybridization Station HS400Pro, programmed with
a protocol developed by Protagen AG. The primary antibodies were tested at a final
concentration of 5 pg/ml. The secondary labeled antibody, a Cy5-conjugated AffimPure
Goat anti-hslgG F(ab’),, fragment specific (Jackson Immunoresearch, code no. 109-175-
097), was used at a final concentration of 7.5 pg/ml. Microarray image acquisition was
done using a GenePix Professional 4200A fluorescence microarray scanner (Axon
Instruments, CA) equipped with a red laser (635 nm). Image analysis was performed
using the GenePix Pro v6.0 software. Data analysis was done using Protagen UNIchip®
Data Analysis Tool v1.8. To determine unspecific cross-reactivity derived from binding
of the secondary antibody directly to the printed antigens, the secondary antibody was
also incubated on the UNIchip® without the use of the primary antibody. For the
determination of the level of cross reactivity normalized to the corresponding antigen, the
fluorescent signal intensity value at saturated concentration (20 fmol/spot) was set as
100%. All signal intensities for a given protein, which were more than 4 % of the antigen
signal, were considered as positive hits, providing they were not also found in the

respective control with only the secondary labeled antibody.

(viii) Conformational stability measured by Differential Scanning Calorimetry (DSC)
DSC was measured using a capillary cell microcalorimeter VP-DSC from Microcal,
equipped with a deep-well plate auto-sampler. Data were analyzed with the software
Origin 7.5. The samples (400 pl), were added to 2 ml deep-well plates from Nunc'™. The
samples in PBS pH 7.0 were analyzed at 1 mg/ml. The reference sample contained 400 pl
of the same buffer as the analyte, usually PBS. Heat change associated with thermal
denaturation was measured between 20 °C and 100 °C, with a heating rate of 3.3 °C min’
!. The apparent melting temperature (Tm), corresponded to the thermal transition

midpoint, where 50% of the analyte is unfolded.

(ix) Serum stability studies
Purified proteins were solved in 35 pl rat serum or mouse serum (Gene Tex) resulting in
an end concentration of 0.3 mg/ml. Samples were incubated at 37°C in a plate incubator.

4 pl of each sample were taken at different time-points, 10 pl sample buffer (4x, NuPage,
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Invitrogen) and 26 ul water were added and samples were frozen at -20°C. 12 pl of each
sample were loaded into 12% Bis-Tris-Gel (NuPage, Invitrogen), electrophoresis was
done at 200V for 35min. Protein transfer was done to PVDF-membrane (Invitrogen) in
Borate buffer (50 mM Borate, 50 mM Tris) at 30V for 1 h. Membranes were briefly
washed in TBST (10 mM Tris-HCI, pH 7.5, 150 mM NaCl, 0.1% Tween80) and then
incubated for 2 h at RT/shaker in TBST containing 5% milk powder. Membranes were
briefly washed in TBST and then incubated for 1 h at RT/shaker in TBST containing
POD-conjugated Goat-anti-human IgG, Fab fragment specific (Dianova), diluted
1:10.000 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. coli W3110 and purified by affinity
chromatography followed by size exclusion chromatography. Expected size (MOR06475
(Gly4Ser); /(GlysSer)s: 26.74 and 27.06 kDa respectively, MOR08168 (GlysSer)s
/(GlysSer)s: 26.5 and 26.85 kDa respectively, MOR08545 (GlysSer); /(GlysSer)s: 25.99
and 26.31 kDa respectively was confirmed for all purified samples by LC-MS analysis
done with reduced and oxidized samples and by SDS PAGE. Purities > 95% were
obtained. Fig. 14 shows the results of SDS-PAGE analysis in which 1.5 pg of each
purified protein were loaded into 10% Bis-Tris gel (NuPage, Invitrogen) M: Marker See
Blue Plus2 (Invitrogen); (1): MOR06475-VH-(Gly,Ser)s-VL; (2) MOR06475-VL-
(GlysSer)s-VH; (3) MOR08168-VH-(Gly4Ser)s-VL; (4) MOR08168-VL-(GlysSer)s-VH;
(5) MOR08545-VH-(GlysSer)s-VL; (6) MOR08545-VL-(Gly4Ser)s-VH (7) MOR06475-
VH-(GlysSer);-VL; (8) MOR06475-VL-(GlysSer);-VH (9) MORO08168-VH-(GlysSer)s-
VL; (10) MOR08168-VL-(GlysSer);-VH; (11) MOR08545-VH-(Gly,Ser);-VL; (12)
MOR08545-VL-(GlysSer);-VH.

Thermal Stability was compared for all ScFv’s by DSC. The melting temperature (Tm)
was significantly higher for the MOR06475 variants. The highest Tm (64.7°C) was
observed for MOR06475-VL-(Gly;Ser)s-VH therefore this molecule is believed to be
potentially more stable then the other constructs produced.
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Activity of MOR06475, MOR08168 and MOR08545 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 (MORO08168) inhibits Propeller 1 ligands
such as Wntl, while potentiating Propeller 3 ligands such as Wnt3 in the STT assay.
Propeller 3 scFv6475 inhibits Propeller 3 ligands such as Wnt3, while having no activity
on Propeller 1 ligands such as Wntl. Furthermore, MOR08168/6475 biparatopic
antibodies have activity against both Propeller 1 and Propeller 3 ligands, and no

potentiating activity at any concentrations applied in the HEK293 Wnt STF assay.

(ii} Expression, purification and characterisation of biparatopic anti-LRP6 IgG-scFv

A schematic representation of biparatopic anti-LRP6 Ig-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 Fc; 15C represents an scFv
scFv attached to the C-terminus of an Fc; and 15D represents an scFv scFv attached to the

N- and C-terminus of an Fc,

The biparatopic antibody in the current experiment is the biparatopic full-IgG with scFv
fused to the C-terminus of hlgGl LALA CH3. In this particular study the scFv was
separated by a (GlyGlySer),-linker from the full-1gG. The scFv consists of VL-VH

orientation with a (GlysSer), linker.

Biparatopic anti-LRP6 IgG-scFv’s were transiently expressed in HEK293-6E cells and
purified by affinity chromaiography with gradient e]ution 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-LLRP6 IgG scFv and parental anti-LRP6 IgG bound to human FcRn at pH
6.0 with a Kd of 0.021 and 0.023uM respectively, as determined by Biacore. Both
formats demonstrated low level binding to human FcRn at pH 7.4, so this BpAb is
expected to behave as a standard IgG in vivo (PK characteristics similar to IgG1) (See
Fig. 19).
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Biparatopic anti-LRP6 IgG scFv was stable in both mouse and rat serum at 37°C, tested
up to 336 hours (data not shown) and showed no binding >4% when evaluated on a
custom Protagen Unichip containing 384 purified extracellualr or secreted proteins (data

not shown).

(c) Discussion

Various anti-LRP6 scFv’s were initially characterised to enable optimisation of the final
biparatopic antibody. ScFv’s in both orientations and with two different linker lengths
were expressed in E. coli. Anti-LRP6 MOR06475, 8168 and 8545 were expressed as VH-
VL and VL-VH scFv’s with a (GlysSer); and (GlysSer), linker. All MOR06475 and
MORO08168 variants were successfully expressed and purified with a low level (<5%) of
aggregates. Correctly processed protein with expected sizes were obtained. Thermal
stability data showed that the most stable scFv format was MOR06475-VL- (GlysSer), -
VH with a Tm of 64.7°C. All tested MOR08168 scFv formats showed significantly
reduced thermal stability with a Tm of 50-52°C.

Biparatopic anti-LRP6 IgG’s with scFv at CH3 and VL as well as modified variants
(without C-terminal Lys (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
hlgG1LALA 6475scFv and anti-LRP6 MOR08168hIgGl 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 (GlysSer), linker. A (GlyGlySer); linker was used to
attach the scFv to the CH3 domain of hlgG1 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 (Gly,Ser); and (GlysSer), linker. A (GlyGlySer); linker was used to attach
the scFv to the CH3 domain of hlgGl LALA.
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The biparatopic anti-LRP6 MOR08168 hIgG1LALA 6475scFyv was stable in serum
(tested up to 336 hours). The biparatopic bound as expected to human FcRn at pH6.0, low

level binding was seen at pH7.4. The parental antibody bound with similar kinetics.

Example 13: In vivo evaluation of biparatopic antibody anti-LRP6
MOR08168higGILALA 6475 scfv

The ability of biparatopic antibody anti-LRP6 MOR08168hIgG1LALA 6475 scfv to
inhibit Wnt3 class Wnt signaling in vive 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 10x10e6 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, MOR08168 LRP6-Propeller 1 Ab (10 mg/kg), MOR06475 LRP6-
Propeller 3 Ab (10 mg/kg), or the biparatopic antibody anti-L.LRP6
MORO08168hlgG1LALA 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 MORO08168hlgG1LALA 6475 scfv showed a dose-related inhibition
of Wnt3A induced signaling, with 1 mg/kg showing maximum inhibition at 24 hours,
returning to baseline at 48 hours, and 3 mg/kg and 10 mg/kg showing sustained inhibition
for at least 72 hours. The MOR06475 LRP6-Propeller 3 Ab dosed at 10 mg/kg was able
to inhibit Wnt3a induced signaling for at least 72 hours, whereas MOR08168 LRP6-
Propeller 1 Ab dosed at 10 mg/kg increased Wnt3a induced signaling (Fig. 20).

To measure the effect of the biparatopic antibody anti-LRP6 MOR08168hIgG1LALA
6475 scfv, relative to the MORO08168 LRP6-Propeller 1 Ab, on Wnt signaling in MMTV-
Wntl tumors, mice implanted with MMTV-Wntl tumors were dosed i.v. with a single
dose of 5 mg/kg of the biparatopic antibody anti-LRP6 MORO08168hlgG11.ALA 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 of B-catenin target gene Axin2, were analyzed over a period of two
weeks. The terminal B-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-
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LRP6 MOR08168hIgGl1LALA 6475 scfv and the MORO08168 LRP6-Propeller 1 antibody
(Fig. 21).

Anti-tumor activity of the biparatopic antibody anti-LRP6 MORO08168hIgG1LALA 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 mm’; range: 81-272 mm®) were
treated with vehicle IgG, MOR08168 LRP6-Propeller 1 Ab (3 mg/kg, i.v., qw), or
biparatopic antibody anti-LRP6 MOR08168hIgG1LALA 6475 scfv (3 mg/kg, i.v., 2qw),
and tumors calipered twice a week. Both MOR08168 LRP6-Propeller 1 Ab and
biparatopic antibody anti-LRP6 MOR08168hlgG1LALA 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 MORO08168hIgG1LALA 6475 scfv
was evaluated and is depicted in Fig. 23.

Inhibition of Wnt signaling in colorectal cancer cells by B-catenin siRNA or dominant-
negative TCF-4 causes rapid cell cycle arrest and induces an intestinal differentiation
program (van der Wetering ef al. (2002), Cell, 111, 241-250; van der Wetering ef al.
(2003), EMBO Reports, 4, 609-615). To determine if inhibition of Wnt signaling by
antagonistic LRP6 antibodies has similar consequences in murine MMTV-Wntl
mammary tumors, secretory differentiation was examined by Oil Red O staining for lipid,
a major component of milk. MMTV-Wnt1 tumor bearing mice were treated with either a
single dose of PBS (control) or 5 mg/kg anti-LRP6 MORO08168hIgG1LALA 6475 scfv 24
h, 72 h or 5 days after treatment, sections of frozen murine tumor allografts were cut at 5
um thickness, Slides were air-dried for 30-60 minutes at room temperature and then fixed
in ice-cold 10% formalin for 5-10 minutes. Slides were immediately rinsed three times in
dH,0. Oil Red O staining was performed using an Oil Red O staining kit (Poly Scientific
R&D, Cat # k043). Slides were scanned with ScanScope CS/GL scanner (Aperio
Technologies), and tissue sections analyzed with ImageScope v10.2.1.2315 software
(Aperio Technologies), using the IHC color deconvolution algorithm with a positive-pixel
count. Representative images of Oil Red O staining are shown in Fig 24A and
quantification in Fig 24B. The graph represents meantSEM 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 O staining during the time course of the experiment.
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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. 5x10¢6 MDA-
MB-231 cells in 50% matrigel were implanted subcutaneously (s.c.) into female nude
mice. 31 days after implantation, mice carrying MDA-MB-231 tumors (n=7, average 165
mm?; range 99-238 mm®) were treated with vehicle, or biparatopic antibody anti-LRP6
MORO08168hIgG1LALA 6475 scfv (3mg/kg, i.v., qw), and tumors calipered twice a
week. The biparatopic antibody anti-LRP6 MOR08168hIgGILALA 6475 scfv antibody
dosed at 3 mg/kg weekly, significantly delayed tumor growth (T/C=23%, p<0.05) (See

Fig. 25).

Example 14: In vivo evaluation of additional biparatopic antibodies in the MMTV -
Wntl model

As described in Example 10, additional anti-LRP6 reverse biparatopic antibodies were
generated consisting of the propeller 3 antibody MOR06475 and the propeller 1
MORO08168 scfv domains. The ability of these biparatopic antibodies (MOR06475hIgG1
LALA_8168scfv_(VH-3-VL) and MOR06475hIgG1 LALA_8168scfv_(VH-4-VL) to
inhibit Wnt1 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 (MORO08168hIgG1LALA 6475 scfv, MOR06475h1gG1
LALA_8168scfv_(VH-3-VL), and MOR06475hlgG] LALA 8168scfv_(VH-4-VL), as
well as the mRNA expression of B-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
MORO08168hIgGILALA 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 pg/ml at

24 h compared with 120 h for MOR08168hIgGI1LALA 6475 scfv.

168



WO 2011/138391 PCT/EP2011/057200

Example 15: Binding affinity of a biparatopic antibody to recombinant LRP6 PD1/2
And PD 3/4

Binding affinities of anti-LRP6 MORO08168hlgG1LALA 6475 scfv, MOR08168, and
MORG6475 to Propeller Domains 1-2 of LRP6 (PD1/2, amino acid residues 19 to 629 of
Accession No. NP002327) and Propeller Domains 3-4 of LRP6 (PD3/4, amino acids 631-
1246 of Accession No. NP002327) were evaluated via surface plasmon resonance (SPR)
using a Biacore T-100 (GE Healthcare). For the affinity determinations, anti-human IgG
Fey specific antibody (#109-005-098, Jackson Immunology) was diluted in 10 mM
sodium acetate (pH 5.0) buffer, and then immobilized onto CM4 chip (GE Healthcare,
BR-1005-34) for all 4-flow cells to a density of ~2000 RU using standard amine coupling
chemistry. The carboxymethyl dextran surface was activated with a 7 min injection of a
1:1 ratio of 0.4 M EDC (1-Ethyl-3-[3-dimethylaminopropyl] carbodiimide hydrochloride)
and 0.1 M NHS (N-hydroxysuccinimide). Excess reactive esters were then blocked with
IM ethanolamine. anti-LRP6 MORO08168hlgGl1LALA 6475 scfv was prepared at 10
prg/ml in HBS-EP buffer (GE Healthcare), and captured onto a separate flow cell of the
CM4 chip to a density of ~70 RU at flow rate 10 pl/min. PD1/2 and PD3/4 were prepared
as two fold concentration series starting 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 MORO08168hlgG1LALA 6475 scfv to PD1/2 and PD3/4, anti-LRP6
MORO08168hlgGI1LALA 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 PD1/2 was injected immediately after the PD3/4. The
dissociation constant (Kp), association (kop), and dissociation (ko) rates were calculated
from the baseline subtracted corrected binding curves using the BIAevaluation software
(GE Healthcare).

Anti-LRP6 MORO08168hlgG1LALA 6475 scfv (biparatopic antibody) binding to PD1/2
and PD3/4 was compared with that of MORO08168 (propeller 1 antibody) and
MORG6475(propeller 3 antibody). Fig. 26A shows affinities of the molecules for
corresponding LRP6 receptor domains, PD1/2 and PD3/4. The determined K, of anti-
LRP6 MORO08168hlgG1LALA 6475 scfv for PD1/2 and PD3/4 was similar to that of
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MORO08168 to PD1/2 and MOR6475 to PD3/4, respectively. Fig. 26B shows the
association and dissociation phases of anti-LRP6 MORO08168hIgG1LALA 6475 scfv
binding to each of the proteins. The off-rate for binding of anti-LRP6
MORO08168hIgG1LALA 6475 scfv to PD1/2 is slower than that to PD3/4. Further studies
demonstrated in which PD1/2 and PD3/4 were injected sequentually indicated that, as
expected, anti-LRP6 MOR08168hlgG1LLALA 6475 scfv was capable of binding to both
propeller domain constructs (Fig. 26C).

Example 16: scFv Mutations fo Improve Thermostability of scFv08168 and scFv06475

This Example describes mutatons made in the scFvs of propeller 1 and propeller 3
antibodies and the effect of individual and a combination of mutations to the stability of
the scFv as determined by thermal stability. Improvments in the stability of the scFv can

be translated to the overall stability of an antibody construct comprising the mutated scFv.

Material and methods
Constructs

For IgG based biparatopic molecules, scFv06475 was fused to the C-terminal of

MORO08168 IgG1 via a GlyGlySer linker to make biparatopic antibody designated “901”

in Fig. 27 (MORO08168IgG1LALA 6475 scfv), or scFv08168 was fused to the C-terminal
- of MOR06475 IgG1 via a GGS linker to make biparatopic antibody designated “902” in

Fig. 27. . For detailed information, please refer to other parts of this patent application.

Rational design of the focused library for sciv06475 and sciv08168

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
sckv06475, and of the VH and VL domains of scFv08168 were BLASTed against the
non-redundant protein sequence database of NCBI. After each BLAST run, the query
sequence and the top 250 homologous sequences were aligned by the clustalW program.
An in-house computer program was used to count the most common amino acid at every
residue position among the aligned sequences. At each position where the amino acid in

the query sequence differed from the most common amino acid in the aligned sequence

170



WO 2011/138391 PCT/EP2011/057200

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 sckv06475 and scFv(8168,
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/A? 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/A? 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/A?
applied on the backbone atoms. The models after these five stages of minimization and

MD simulation were taken as the homology models for structure based mutation design.

Mutant models were built upon the wild type homology models. The “mutate” command
of the “psfgen” module of VMD was used to mutate residues to the designed amino acids
(William Humphrey et al. (1996) J. Molecular Graphics, 14: 33-38. The mutated models
were then energy minimized and simulated in six stages. 5000 steps of energy
minimization were performed in the first to the fourth stage. Restraints of 30 keal/mol/A?
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
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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 XI. 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
ul. The reactions were carried out in the 96 well PCR plate. After the cycling, 0.5 pl
Dpnl enzyme was added to each amplification reaction and incubated at 37°C for 2 h to
digest the parental dsDNA. Transformation was done by adding 2 pl of Dpnl digested

mutagenestis reaction into 20 pl Acella chemical competent cells in 96 well PCR plate.

Three individual colonies were picked from each transformation plate for expression and
purification. Expression was done in two 96-well deep-well plates using autoinduction
media. Aliquots of bacterial culture were saved as glycerol stocks and sent for sequencing
analysis. Bacterial pellet combined from the two plates for each individual colony was
lysed and purified with Magnellis protein purification system from Promega. KingFisher
instrument was set up for high-throughput purification. 1 M NaCl was added into the lysis
and wash buffer to improve protein purity. Protein was eluted with 100 pl of 300 mM
imidazole in PBS. Protein quantity was briefly checked with Coomasie plus (Thermo) in
order to determine the optimal amount of protein for Differential Scanning Fluorimetry

(DSF).

Screening of thermostable mutations by DSF and Differential Scanning Calorimetry
(DSC)

Depending on the protein amount purified for each sample, usually 10 to 20 pl of elution
was used for DSF analysis. Specifically, samples of 10-20 pl were mixed with Sypro
Orange (Invitrogen) of a final dilution at 1:1000, in a total volume of 25 pl in PBS. The
samples were run by BioRad CFX1000 (25°C for 2 min, then increment 0.5°C for 30
second, 25 to 95°C). Hits were defined as Tm over 2C above wild type scFv. scFv binding
activity was determined by one-point ELISA.
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Protein production in mammalian cells

Mutations were introduced into mammalian construct pRS3a 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 €6 per ml were use for transfection. Transfected cells were
collected after six days of incubation in CO, 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 ECs of scFvs against LRP6 protein was measured by ELISA. Maxisorp plate
was coated with LRP6-Fc (R&D Sysytems, catalog No: 1505-LR) at 3 pg/ml at 4°C
overnight. The plate was blocked with 50 pl 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 | h, and washed for 3 times. Detection was done by adding
50 pl pentaHis-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 pl of the stop solution, followed by plate reading at 450 nm.

Kinetics experiments were performed using BioRad’s Proteon XPR36 biosensor. All
experiments were performed at room temperature using PBST (phosphate buffered saline
with 0.05% Tween-20) as the running buffer. All of the six vertical channels on a GLM
chip were activated for 5 min at a flow rate of 30 pl/min using freshly prepared mixture
of EDC (400 mM) and sNHS (100 mM). Anti-His mouse IgG1 (R&D systems, catalog
No: MABO050) 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. 2 pg/ml MORO08168 scFv wild type or 2 pg/ml MOR08168 D1 mutant was then
immobilized on different vertical channels for 15 sec at 100 ul/min followed by two 1
min injection of the running buffer at 30 ul/min in the horizontal direction. The sixth

vertical channel was used as the channel reference and no ligand was immobilized on this
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channel. A dilution series of a 360 KD homodimer antigen LRP6-F¢ (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 pul/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 pl/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. coli 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 pg per sample of combined wells from deep well culturing plate, of which 2 pg
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 1°C above

wild type consistently. There were 9 hits from a total of 51 sequence confirmed variants
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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 scFv(06475, VH: 34 position was
commonly occupied by either Met (45%) or Val (48%) (all numbering system in the text
is from Kabat system). Yet this position was a Gly residue in the wild type sequence of
scFv06475. Two mutants, VH:G34M and VH:G34V, were designed to mutate the wild
type amino acid to the more popular amino acids at this position. As listed in Fig. 28, the
VH:G34V mutant consistently showed higher stability than the wild type scFv06475
when expressed and purified by two different protocols. The VH:G34M mutant did not
express well in bacterial, likely due to wrong sequence caused by errors in the PCR

procedure.

Based on the same sequence consensus analysis, mutations of VH:134M, VH:G50S,
VH:W52aG and VH:H58Y were designed to mutate residues in scFv08168 to the
consensus amino acids in its top 250 homologous sequences. As shown in Fig. 30, these

mutations improved the Tm of scFv08168 by 7.5°C, 3.0°C, 7.0°C, and 3.5°C, respectively.

In the structure based approach, a homology model of scFv06475 and a homology model
of scFv08168 were first built with MOE then energy minimized with NAMD. These
models were then visually inspected for potential mutations to enhance local interaction.
Mutations on various residues of scFv06475 and scFv08168 were designed, based on five

biophysical understandings of protein stability.

The first approach was to increase the size of side chains in the protein core to improve
packing. A few hydrophobic residues with side chains facing the protein core were
mutated to larger side chains so as to improve the packing around these residues. After
screening, three mutations designed by this approach were found to improve the stability
of scFv08168. As listed in Fig. 30, the VH:I34F, VL:V47L and VL.:G64V mutations
improved the melting temperature of the scFv08168 by 4.0°C, 2.5°C, and 2.0°C,

respectively.

The second approach was to mutate hydrophobic residues to aromatic residues to form pi-

pi stacking interaction. In the wild type scFv06475 homology model, as shown in Fig.
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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:W103 was 3.82A. The
counterpart distance between VH:137 and VL:F98 was 3.77A. As shown in Fig. 33b, two
perpendicular pi-pi stacking interaction were formed when an Phe residue was introduced
to this local region through the VH:I37F mutation: one between VH:F37 and VH:W103,
and the other between VH:F37 and VL:F98. Newly formed pi-pi stacking interaction
must be stronger than the original hydrophobic interaction in this localized region, as the
melting temperature of scFv6475 was improved by this mutation from 61 to 64.5°C (Fig.
28). The VH:M95F mutation also improved the stability of scFv06475 by forming pi-pi
stacking interaction with VH: W50 and VH:F100 (Fig. 29). The Tm was improved from
61 to 64.5°C.

The third approach was to mutate non-charged residues to charged residues so as to form
salt bridge. The VH:K43 residue of scFv6475 did not form a salt bridge with neighboring
residues in the homology model. Since the VH: V85 side chain faced directly to VH:K43
in the homology model of scFv06475 (Fig. 33e), it was mutated to negative charged to
form a salt bridge with VH:K43. As shown in Figure 33f, the distance between the
mutated VH:E85 side chain non-hydrogen atoms and the VH:K43 side chain non-
hydrogen atoms could be as short as 2.61A, suggesting that a salt bridge could be
established between the two residues. Improved stability of scFv6475 upon the VH:V85E

mutation listed in Fig. 29 indeed supported the design rationale at this position.

The fourth approach was to mutate hydrophobic residues to polar residues to establish
hydrogen bonds. As illustrated in Fig. 33c, the hydrophobic VH:V33 residue was close to
a polar residue VH:N100a in the homology model of scFv08168. When a polar residue
was inserted to this region through the VH:V33N mutation, an extra hydrogen bond could
be formed between VH:N33 and VH:N100a. Homology modeling suggested that the
distance between the ND2 atom of VH:N33 and one of the OD atoms of VH:N100a could
be as short as 2.80A, which was within the range of a hydrogen bond, as shown in Fig.
33d. As shown in Fig. 29, this VH: V33N mutation improved the stability of scFv08168
by 2.0°C. Likewise, the stability enhancement of the VL:D93N mutation on scFv06475
(see Fig. 29) could be attributed to the improved hydrogen bond geometry with VL:Q27
and VL:QQ90.

176



WO 2011/138391 PCT/EP2011/057200

Based on the surprising observation in the homology model of scFv08168 that two polar
residues of VL: T78 and VH S49 were both surrounded by purely hydrophobic side
chains, the fifth approach was utilized to mutate the two polar residues in the otherwise
hydrophobic environment to non-polar residues. Two polar residues of VL:T78 and
VH:S49 were both surrounded by purely hydrophobic side chains. As listed in Fig. 29, the
VL:T78V and VH:S49A mutations increased the melting temperature of scFv08168 by
2.5°C and 5.5°C, respectively.

One point ELISA was carried out to evaluate binding activity. Certain hits were
eliminated due to reduced or loss of binding activity towards LRP6. For example, the
mutation VH W052aG of scFv08168 improved Tm by 7°C but showed much reduced
binding activity as compared to wild type scFv08168. Therefore it was not selected for

further analysis.

The presence of 300 mM imidazole in the elution buffer sometimes caused an overall
shift of Tm by DSF, as observed in scFv06475. But the effect did not affect the ranking of
Tm. There was also difference in protein produced in E. coli vs. in mammalian cells for
scFv06475, as shown in Fig. 28. On the contrary, the presence of imidazole has minimal
effect on Tm of scFv8168, as shown in Fig. 30 and Fig. 31. In addition, the Tm value
remained unchanged for protein produced from E. coli or from mammalian for
scFv08168, as shown in Fig. 31. Whether there was shift in Tm or not, the Tm ranking

remained the same.

To confirm the effect of thermostability in proteins produced in mammalian cells, these
mutations were introduced into construct for mammalian expression vector and expressed
in 293 T 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 scFv(08168 is VH: I34M with an improvement of 7.5°C.

Combination of mutations to further improve thermostability

To further improve thermostability single mutations that improved the thermostability of
the scFv combined to make double mutations in scFv08168. As shown in Fig. 31, the

additive effects were observed for most of the double mutants including D1, which
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showed a improvement of 12.5°C by combination of two mutations of VH: 134M and VH:

S49A, whereas the single mutation leaded to 7.5 and 5.5°C increase in Tm, respectively.
Thermostable mutants characterized for binding and functional activity

Affinity analysis ELISA ECsy was carried out for both scFv08168 and scFv06475 wild
type and variants. As shown in Fig. 32, for scFv(8168, the hits showed mostly
comparable ECsp as wild type scFv08168, with a few mutants appeared to be a little more
active than wild type, including the double mutant D1. 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, VH: G34V and VH: 137F showed ECsp
to be 27 nM and 4.3 nM respectively as compared to wild type of 0.76 nM. In Proteon
analysis, VH: G34V and VH: I39F showed significant drop in off rate (data not shown).

Improved thermostability of biparatopic molecules

For IgG based fusion molecules 902 and mutant version 9027, the first Tm peak shifted
from 47°C to 62°C. This peak corresponded to scFv08168 unfolding. The second peak
shifted from 72 °C to 76°C. This peak corresponded to Fab06475, as shown in Fig. 34.

Discussion

Rational design based on sequence analysis and homology modeling has yielded
thermostable mutations for scFvs. In the current examples, the hit rate was around 18%
for both scFv08168 and sc'v06475. The most significant improvement was 7.5°C
increase in Tm over wild type by a single point mutation VH: 134M in scFv08168. On
the sequence perspective, this position was highly conserved to Met. Structurally, a
larger hydrophobic side chain at this position could improve the packing around this
residue. Another point mutation VH: S49A in scFv08168 variant raised Tm by 5°C. This

mutation was picked by homology modeling. Though this position is more conserved to
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Ser than to Ala, structurally Ala may fit better due to the lack of polar side chain around

this residue.

For structure based mutation design using homology modeling, a combination of
mechanisms was utilized. In scFv06475 and scFv08168, positive hits were discovered by
each of the five biophysical considerations: packing improvement, more Pi-Pi stacking,
more hydrogen bonds, more salt bridges and removal of buried polar groups. It was by
this combination of mechanisms that a total of 10 stabilizing mutations have been

identified, as listed in Fig. 29 and 30.

Combination of mutations identified to improve thermal stability (“‘beneficial mutations™)
further improve thermostability if they were located in different areas. This was
demonstrated in the case of scFv08168. When beneficial mutation VH: 134M and VH:
S49A were combined, Tm was further increased to 62.5°C vs wild type at 49 °C. This was
13.5°C increase over wild type, where the individual mutation VH [34M and VH: S49A
each raised Tm by 7.5°C and 5°C respectively. This was a clear indication for additive
effect.

134M was very close to CDR1-H of scFv08168, however the mutation did not affect the

binding affinity as evidenced by a number of assays. CDR plays a role in overall scFv or
full antibody stability. Significant improvement may be achieved through engineering of
residues close to the CDR region using the methods disclosed, as long as the mutation

does not affect binding affinity and specificity.

Most of stabilizing mutations have been located on VH. Out of the 15 stabilizing
mutations listed in Fig. 29 and 30, 11 were mutations on the VH domain whereas only 4

were on the VL. domain.

When incorporated into IgG or other formats (e.g. serum albumin fusions), the stabilized
VH and VL led to a dramatic improvement in thermostability of the molecules. For IgG
fusion, the lower Tm of 47°C corresponded to the Tm of scFv08168, whereas the higher
peak at 72.5°C correspond to the Tm of CH2 and Fab06475. The incorporation of two
mutations VH: 134M and VH: S49A has improved the Tm of scFv08168 from 47°C to
62°C, whereas the incorporation of VH: M95F in 6475 further improved the Tm of Fab

from 72.5°C to 76°C. The improvement was not only shown on scFv itself, but also on the
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Fab due to the improved stability of VH and VL. This may provide a more general
strategy for improving overall antibody stability.

Rational design coupled with HTP screening in E. coli system has offered very quick
turnaround time and high hit rate. Tm measured with materials from E. coli correlated
with that from mammalian, or ranking remained the same. This greatly simplied
screening process to implemented as HTP in E. coli. Plate based mutagenesis,
transformation, expression and purification has shorted the time to less than one week.
Using the methods disclosed herein, a number of mutations can be made in scFvs or other
antigen binding fragments and screened for thermal stability. These mutated scFvs or
antigen binding fragments can then be used as components of larger antibody constructs

such as biparatopic antibodies, to confer such stabilty to the larger antibody construct.

180



WO 2011/138391 PCT/EP2011/057200

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 (GlysSer)s , and (GlysSer)s.

8. The antibody of claim 1, wherein the first epitope of the LRP6 target receptor is
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a B-propeller 1 domain.

9. The antibody of claim 1, wherein the second epitope of the LRP6 target

receptor is a B-propeller 3 domain.

10. The antibody of claim 1, wherein the antibody binds to the LPR6 B-propeller |
domain and comprises a heavy chain CDRI1 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 1D NO: 23, and
SEQ ID NO: 49; and a light chain CDR] 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 LPR6 B-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 1D NO: 74,
SEQ ID NO: 98, and , SEQ 1D 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 NQO: 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162,
and 164.
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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
p-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 | domain and the B-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 I[gG antibody and the scFv fragment to bind the -
propeller 1 domain of LRP6 and the B-propeller 3 domain of LRP6, respectively.

21. The antibody of claim 17, wherein the scFv is linked by a Ser-Gly linker to
the Fc binding site of the [gG antibody, wherein the Ser-Gly linker is selected
from the group consisting of (GlysSer)s , and (GlysSer)s.
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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 (GlysSer)s, and (GlysSer);.

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 B-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 B-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.
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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 a -
propeller 3 domain on an LRP6 target receptor and a scFv that binds to a B-
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 p-
propeller 3 domain and the B-propeller 1 domains, respectively intibits a
canonical Wnt signal transduction pathway, and wherein the biparatopic antibody

displays no significant potentiation of a Wnt signal.

36. The antibody of claim 35, wherein the antibody has an affinity for target

receptor of approximately nanomolar affinity.

37. The antibody of claim 35, wherein the antibody has an affinity for target

receptor of approximately 1 picomolar affinity.

38. The antibody of claim 35, wherein the linker comprises a spatial distribution
that permits binding of the IgG antibody and the scFv to bind the B-propeller 3
domain of LRP$ and the B-propeller 1 domain of LRP6, respectively.
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39. The antibody of claim 35, 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 (GlysSer), , and (Gly,Ser)s.

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 CDR] 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 -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 B-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 1D 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.
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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.
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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 (GlysSer)s, and (Gly,Ser);.

63. The method of claim 59, further comprising introducing at Jeast one amino
acid mutation to the first or second receptor binding domain, such that the amino
acid mutation improves stability of the first or second receptor binding domain
compared with the unmutated first or second receptor binding domain, wherein

the amino acid mutation is selected from Figures 29-32.
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64. A method of treating a cancer comprising selecting a subject having an LRP6
expressing cancer, administering to a subject in need thereof an effective amount
of a composition comprising a multivalent antibody having at least two receptor
binding domains for two different binding sites of a target receptor of claims 1-
47.

65. The method of claim 64, wherein the subject is a human.

66. A method of treating a cancer comprising selecting a subject having an LRP6
expressing cancer, administering to a subject in need thereof an effective amount
of a composition comprising a multivalent antibody having at least two receptor
binding domains for two different binding sites of a target receptor of claims 1-
47, wherein the cancer is selected from the group consisting of breast cancer, lung
cancer, multiple myeloma, ovarian cancer, liver cancer, bladder cancer,gastric
cancer, prostate cancer, acute myeloid leukemia, chronic myeloid leukemia,

osteosarcoma, squamous cell carcinoma, and melanoma.
67. The method of claim 66, wherein the cancer is breast cancer.

68. A method of treating a disease mediated by a canonical Wnt signaling

pathway using a multivalent antibody to LRP6.

69. A method of treating a cancer comprising selecting a subject having an LRP6
expressing cancer, administering to the subject an effective amount of a
composition comprising multivalent antibody with heavy and light chain
sequences selected from the group consisting of SEQ ID NOs: 166/170, 171/170,
173/170, 175/170, 201/199, 207/205, and 195/193 in combination with any

standard of care cancer therapies.

70. Use of multivalent antibody of any one of the previous claims in the
manufacture of a medicament for the treatment of a cancer selected from the
group consiting of breast cancer, lung cancer, multiple myeloma, ovarian cancer,
liver cancer, bladder cancer gastric cancer, prostate cancer, acute myeloid
leukemia, chronic myeloid leukemia, osteosarcoma, squamous cell carcinoma, and

melanoma.
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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.
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Fig. 3
Prop 1 Prop3
MOR08168 | MOR08545 | MOR06706 | MORO06475 | MOR0O8I93 | MORO08473
human LRP6 0.28 0.09 0.14 0.31 0.36 0.74
mouse LRP6 0.12 0.06 n/a 0.96 0.08 0.46
cynomolgus LRP6 0.88 0.30 0.46 0.22 0.20 0.52

ECsp values expressed in nM.




WO 2011/138391 PCT/EP2011/057200

6/45
Fig. 4
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Fig. 6
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Fig. 7
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Fig. 8A
log(2)fold adj.P.val
Probe ID Gene Symbol Gene Title Entrez Gene ID change Ohvs. 8h Ohvs.8h
1435154 at  AUD18091 expressed sequence AUD18091 245128 2.51 0.0081676
100047138 ///
1418743 a_at LOC100047138 /// Tesc similarto Tescalcin /// tescalcin = 57816 2.42 0.0007069
100047138 ///
1418744_s_at LOC100047138 /// Tesc similar to Tescalcin /// tescalcin 57816 2.41 0.0011682
1447891 at  --- -- --- 2.35 0.0012203
cell death-inducing DNA
1417956 _at  Cidea fragmentation factor, alpha 12683 2.32 0.0061736
1436279 _at - 2.25 0.0007424
1451139 at  Slc3%ad solute carrier family 29 (zinc 72027 2.04 0.0003359
1417130 _s_at Angptl4 angiopoietin-like 4 57875 1.94 0.0007217
1434918 at  Soxb6 SRY-box containing gene 6 20679 1.7 0.0021073
1451612 at  Mtl metallothionein 1 17748 1.74 0.0046064
1441915 _s_at 2310076L05Rik RIKEN cDNA 2310076L05 gene 66968 1.71 0.0024997
1423860 at  Ptgds prostaglandin D2 synthase (brain) 19215 1.66 0.0012372
cytochrome P450, family 2,
1428283 at  Cypzsl subfamily s, polypeptide 1 74134 1.64 0.004778
ATPase, Na+/K+transporting, beta
1439036_a_at Atplbl 1 polypeptide 11931 1.63 0.0070499
1451410 a_at Crip3 cysteine-rich protein 3 114570 162 0.000223
1459898 at  Shsn suprabasin 282619 1.60 0.0022588
ATPase, Ca++ transporting, plasma
1433888 at  Atp2b2 membrane 2 11941 1.58 0.0099753
1450435 at  Llcam L1 cell adhesion molecule 16728 157 0.001168
solute carrier family 25, member
1455506 at  Sic25a34 34 384071 155 7.26E-05
1422820 at  Lipe lipase, hormone sensitive 16890 1.52 0.0034308
1447655 x_at Sox6 SRY-box containing gene 6 20679 1.51 0.003772
1451204 _at  Scarab scavenger receptor class A, 71145 151 0.0017923
1451828 a_at Acsl4 acyl-CoA synthetase long-chain 50750 1.48 6.46E-05
protein phosphatase 1, regulatory
1451331 at  Ppplrib (inhibitor) subunit 1B 19049 1.44 0.0025364
ATPase, Na+/K+ transporting, beta
1418453_a_at Atplbl 1polypeptide 11931 1.43 0.0049563
A kinase (PRKA) anchor protein
1419706 _a_at Akapl2 (gravin) 12 83397 1.42 0.0001178
1418911 s_at Acsl4 acyl-CoA synthetase long-chain 50790 1.40 0.003297
1439630 x_at Shsn suprabasin 282619 1.38 0.0007395
Chp/p300-interacting
transactivator, with Glu/Asp-rich
carboxy-terminal domain, 4,
mRNA (cDNA clone
1438261_at  Cited4 IMAGE:3670674) 56222 1.36 0.0067834
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Fig. 8A CON
log(2)fold adj.P.val
Probe ID Gene Symbol Gene Title Entrez Gene ID cthange Ohvs.8h Ohvs. 8h
1429952_at  Mospd4 motile sperm domain containing 4 72075 1.36 0.0055785
1435595 at  1810011010Rik RIKEN cDNA 1810011010 gene 69068 134 0.000592
1429352 _at  Mocos molybdenum cofactor sulfurase 68591 1.32 0.0090359
1459897_a_at Sbsn suprabasin 282619 1.32 0.0014474
1447845 s_at Vnnl vanin1 22361 1.31 0.004465
1421841 at  Fgfr3 fibroblast growth factor receptor 3 14184 1.29 7.26E-05
1424937 at  2310076L09Rik RIKEN cDNA 2310076L09 gene 66968 1.29 0.0001178
1448403 at Pde% phosphodiesterase 9A 18585 1.27 0.0097294
cAMP responsive element binding
1424218 _a_at Creb3l4 protein 3-like 4 78284 1.21 0.0020445
radial spoke head 9 homolog
1424763 at  Rsph9 {Chlamydomonas) 75564 1.21 0.0067834
papilin, proteoglycan-like
1420521_at  Papin sulfated glycoprotein 170721 1.21 0.0045018
1434442 at  Stbd1 starch binding domain 1 52331 1.19 0.0047233
1438033 at Tef thyrotroph embryonic factor 21685 1.17 0.0013355
1442335_at - - --- 1.16 0.0061736
growth factor receptor bound
1448227 at  Grb7 protein 7 14786 1.14 0.0012612
1416596 at  Slcd4dad solute carrier family 44, member 4 70129 1.14 0.0088984
1439620_at  Carl3 carhonic anhydrase 13 71934 1.13 0.0032295
cytochrome P450, family 39,
1418780 _at  Cyp39al subfamily a, polypeptide 1 56050 1.12 0.0061736
carnitine palmitoy!transferase 1a,
1460409_at Cptla liver 12894 1.10 0.003297
Notch gene homolog 4
1449146 at  Notché {Drosophila) 18132 1.10 0.0083512
UDP-N-acteylglucosamine
1443841 x_at Uaplil pyrophosphorylase 1-like 1 227620 1.08 0.0076401
pyruvate dehydrogenase kinase,
1417273 at  Pdk4 isoenzyme 4 27273 1.08 0.0061736
1430278 _a_at Dgxl DEAQ RNA-dependent ATPase 93838 1.07 0.0024997
1426065_a_at Trib3 tribbles homolog 3 (Drosophila) 228775 1.04 0.0028588
1438038 _at  4930402H24Rik RIKEN ¢DNA 4930402H24 gene 228602 1.03  0.00599
1427537 at  Eppkl epiplakin 1 223650 1.02 0.0011399
dimethylarginine
1416457 at  Ddah2 dimethylaminohydrolase 2 51793 1.01 0.0057377
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Fig. 8B
log{2)fold adj.P.val
Probe ID Gene Symbol  Gene Title Entrez Gene c¢hangeOhvs.8h Ohvs.8h
serine (or cysteine) peptidase inhibitor,
1449451 at  Serpinbi1 clade B (ovalbumin), member 11 66957 -3.95 7.37E-07
1451129 at  Calb2 calbindin 2 12308 -3.14 0.006783
1436845_at  Axin2 axin2 12006 -2.92 4.53E-07
aldehyde dehydrogenase family 1,
1416468_at  Aldhlal subfamily A1 11668 -2.83 0.000506
1427508 _at  Arsi arylsulfatase i 545260 -2.55 (.000592
aldehyde dehydrogenase family 1,
1418601 at  Aldhla7 subfamily A7 26358 -2.55 0.005578
1432592 _at  Pappa pregnancy-associated plasma protein A 18491 -2.55 6.46E-05
mannan-binding lectin serine peptidase
1425985 _s_at Maspl 1 17174 -2.48 0.001787
1434802_s_at Ntf3 neurotrophin 3 18205 -2.43 0.000914
1425978 at  Myocd myocardin 214384 -2.39  0.00374
immunoglobulin-like domain containing
1436221 at  lidr2 receptor 2 100039795 -2.36  0.0029
1418678 at  Has2 hyaluronan synthase 2 15117 -2.31 0.0009%
immunoglobulin-like domain containing
1436894 at  lldr2 receptor 2 100039795 -2.3  0.0025
1427633 a_at Pappa pregnancy-associated plasma protein A 18491 -2.21 (.002187
immunoglobulin-like domain containing
1436293 x_at lldr2 receptor 2 100039795 -2.17 0.00279%
1433959 at Zmat4 zinc finger, matrin type 4 320158 -2.14  0.00638
1427600_at  --- - -2.12 6.46E-05
1432591 at  Pappa pregnancy-associated plasma protein A 18491 -2.07 (.00115%
1448397 at  Gjb6 gap junction protein, beta 6 14623 -2.06 0.002796
1449926 at  Cd70 CD70 antigen 21948 -2.05 0.006174
1441807 s_at --- --- -2.02 0.004956
mannan-binding lectin serine peptidase
1438602_s_at Maspl 1 17174 -2.01  0.00255
tumor necrosis factor receptor
1425212_a_at Tnfrsf19 superfamily, member 19 29820 -1.94 6.46E-05
major facilitator superfamily domain
1428223 _at  Mfsd2 containing 2 76574 -1.93 0.006536
Bone morphogenetic protein 15
1420006_at  Bmpl5 {8mp15), MRNA 12155 -1.91 0.000707
1429506 _at  Nkd1 naked cuticle 1 homolog {Drosophila) 93960 -1.91 0.001459
1433804 _at  Jazfl JAZF zinc finger 1 231986 -1.9 0.000592
1422659 _at  Alox12 arachidonate 12-lipoxygenase 11684 -1.89 0.001168
ankyrin repeat and sterile alpha motif
1460449 at  Ankslb domain containing 1B 77531 -1.87 0.000592
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Fig. 8B CON
log(2}fold adj.P.val
Probe ID Gene Symbol Gene Title EntrezGene change Ohvs.8h Ohvs.8h
myelin and iymphocyte protein, T-cell
1417275 at  Mal differentiation protein 17153 -1.87 0.002349
1449169 at  Has2 hyaluronan synthase 2 15117 -1.8 0.000707
1420005_s_at Bmpl5 bone morphogenetic protein 15 12155 -1.78 0.002107
tumor necrosis factor receptor
superfamily, member 11b
1449033 at  Tnfrsfiib {osteoprotegerin) 18383 -1.76  0.00402
1433990_at  Lhfpl3 lipoma HMGIC fusion partner-like 3 269629 -1.73 0.001503
imprinted gene in the Prader-Willi
1431229 at  lpw syndrome region 16353 -1.71 0.0022
1429592_at  Lhfpl3 lipoma HMGIC fusion partner-like 3 269629 -1.7 0.004465
1457617 at - -1.64 0.008558
1434265_s_at Ank2 ankyrin 2, brain 109676 -1.64 0.006936
ankyrin repeat and sterile alpha motif
1449634 _a_at Ankslb dornain containing 1B 77531 -1.6 0.005666
1455436 _at  Diras2 DIRAS family, GTP-binding RAS-like 2 68203 -1.56 0.00813
1457429 s at Gmi06 gene model 106, {(NCBI) 2260866 -1.56 0.000118
1425425 _a_at Wift Wnt inhibitory factor 1 24117 -1.55 0.000336
tumor necrosis factor receptor
1415921_a_at Tnfrsfi9 superfamily, member 19 29820 -1.53 8.15E-05
Growth arrest-specific 7-cb protein
1457948 _at  Gas? {Gas7-cb) 14457 -1.53 0.006196
1439954 _at  6430514M23Rik RIKEN cDNA 6430514M23 gene 399595 -1.52 0.006504
cytochrome P450, family 46, subfamily a,
1417709_at  CypdGal polypeptide 1 13116 -1.52 0.004364
1445247 _at  C530044C16Rik RIKEN cDNA C530044C16 gene 319981 -1.52 0.000604
1428665_at  Pfn4 profilin family, member 4 382562 -1.51 0.006174
tumor necrosis factor receptor
1448147 at  Tnfrsfi9 superfamily, member 19 29820 -1.47 2.14E-08
1456335 at  Gmild6 gene model 106, (NCBI) 220866 -1.47 0.001787
1440546 _at  9630002D21Rik RIKEN cDNA 9630002021 gene 319560 -1.44 0.003664
1450506_a_at Aen apoptosis enhancing nuclease 68048 -1.43 0.005422
1453041_at  AnoS anoctamin 9 71345 -1.41 0.000592
4933403003Rik  RIKEN cDNA 4932403003 gene ///
1453700_s_at /// EG245263 predicted gene, EG245263 245263 /// 74: -1.41 0.004956
1449478_at  Mmp7 matrix metallopeptidase 7 17393 -1.39 0.009559
ankyrin repeat and sterile alpha motif
1452938 at  Anksib domain containing 1B 77531 -1.37 0.006568
1444541 _at - --- -1.37 0.000828
1450728_at  Fjx1 four jointed box 1 {Drosophila) 14221 -1.36 0.00323
1452728 at  Kirrel3 kin of IRRE like 3 {Drosophila) 67703 -1.36 0.005549
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Fig. 8B CON
iog(2}fold adj.P.val

Probe ID Gene Symbol  Gene Titie Entrez Gene changeOhvs.8h Ohvs.8h
1430118 at  2700046A07Rik  RIKEN ¢DNA 2700046A07 gene 78449 -1.31 0.008169

Matrin 3, mRNA (cDNA cione MGC:28206
1441272 _at  Matr3 IMAGE:3989214) 17184 -1.29 0.002269

Iroquois reiated homeobox 4
1419539 at  Irx4 {Drosophiia) 50916 -1.26  0.005098
1442456_at  Spata5 spermatogenesis associated 5 57815 -1.26 0.006174
1456672 at  --- --- --- -1.24 0.006783

transient receptor potential cation
1439026_at  Trpm3 channel, subfamily M, member 3 226025 -1.23 0.006174
1440446_at  --- --- —- -1.21 0.001125
1426139 _a_at Ceril chemokine {C-C motif} receptor-like 1 252837 -1.2 0.009707
1435941 at  RhbdI3 rhomboid, veinlet-like 3 {Drosophila) 246104 -1.18 0.004465
1453645 _at  2700046A07Rik  RIKEN cDNA 2700046A07 gene 78449 -1.18 0.000692

DNA segment, Chr 1, ERATO Doi 705,
1444905 _at  D1Ertd705e expressed 51940 -1.17 0.003297
1422733 at  Fjxl four jointed box 1 (Drosophila) 14221 -1.14 0.007138
1423957 at  Aen apoptosis enhancing nuclease 68048 -1.07 0.000391
1433084 _at  4930402C16Rik RIKEN cDNA 4930402C16 gene 73812 -1.07 0.006802
1421498_a_at 2010204K13Rik RIKEN ¢cDNA 2010204K13 gene 68355 -1.07 0.007469

proprotein convertase subtilisin/kexin
1426981 _at  Pcské type & 18553 -1.06 0.000506
1446846 at  --- -1.05 0.004364
1429861 at  Pcdh9 protocadherin 9 211712 -1.04 0.006174
1447958 at  --- - -—- -1.02 0.000592

similar to Goliath homolog precursor

LOC631806/// (Ringfinger protein 130) (R-goliath) ///

1435608 _at  Znrf3 zine and ring finger 3 407821 /// 63: -1.02 0.000118
1456266_at  --- - -1.02 0.002282
1421341 at  Axin2 axin2 12006 -1.02 0.001447
1418495 at  Zc3h8 zine finger CCCH type containing 8 57432 -1.01 0.000233
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Fig. 9A
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Fig 10
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Fig 11

Signal intensity in the PA1 / Wnt3
co-implant model
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Fig. 12A
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Fig. 12B
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Fig. 13
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Fig. 14
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Fig. 15
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Fig. 16
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Fig. 17
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Fig. 18

PCT/EP2011/057200

HEK STF IC50 (pg/mi)

WNT1 WNT3a
MORO0E475-sc-fv-VI-Vh n/a 0.07
MOR06475-sc-fv-Vh-VI n/a 0.06
MORO06475-sc-fv-VI-Vh-(GGGGS)3 n/a 0.08
MORO06475-sc-fv-Vh-VI-(GGGGS)3 n/a 0.08
MOR06475-Fab n/a 0.1
MOR08168-sc-fv-VI-Vh 0.05 nfa
MORO08168-sc-fv-Vh-VI 0.06 n/a
MORO08168-sc-fv-VI-Vh-(GGGGS)3 0.07 nfa
MOR08168-sc-fv-Vh-VI-(GGGGS)3 0.1 nfa
MOR08168-Fab 0.15 nfa
MORO08545-sc-fv-VI-Vh 0.53 n/a
MOR08545-sc-fv-Vh-VI 0.06 n/a
MOR08545-sc-fv-VI-Vh-(GGGGS)3 nfa n/a
MOR08545-sc-fv-Vh-VI{HGGGGS)3 0.05 nfa
MORO08545-Fab 0.05 nfa
anti-LRP6_MOR08168_higG1 LALA_6475scfv_at_VL 0.013 0.0071
anti-LRP6_MOR06475_hlgG1 LALA_8168scfvatCH3_(VH-3-Vi) 0.013 0.0082
anti-LRP6_MORO06475_hlgG1 LALA_8168scfvatCH3_(VH-4-VL) 0.016 0.0094
anti-LRP6_MORO08168_hlgG1 LALA_6475scfvatCH3_opt DPtoDA 0.02 0.0076
anti-LRP6_MORO08168_hlgG1 LALA_6475scfvatCH3_opt DPtoTA 0.026 0.0098
anti-LRP6_MORO08168_hlgG1 LALA 6475scfvatCH3_opt w/o-K 0.015 0.0064
MOR06475 IgG n/a 0.0038
MOR08168 IgG 0.025 n/a
MOR08168hIgG1LALA 6475 scfv 0.016 0.011
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Fig. 19
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Fig. 20

Signal intensity in the PA1 / Wnt3
co-implant model
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Fig. 21

PCT/EP2011/057200
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Fig. 22

Tumor Growth Curve
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Fig. 23
Tumor Growth Curve
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Fig. 24A

Post single dose of 5mg/kg
MOR08168hIlgG1LALA 6475 scfv

Oil Red O

T K

24Hrs




WO 2011/138391 PCT/EP2011/057200
32/45

Fig. 24B
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Fig. 25
Tumor Growth Curve
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Fig26A

Summary of KD measurement of MOR08168 1gG LALA 6475scFv, MOR0B168 and MOR06475 binding to PD1/2 and PD3/4
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Fig26B
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Fig. 26B CON
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Fig. 26C

Dual binding to PD3/4 and PD1/2
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Fig. 27
MOR(8168 MOR6475
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Prop 3 scFv6475 ’ . <

Prop1 scFv8168
801-MOR8168 IgG1LALA 6475scFv 902-MORGB475 1gG1 LALA 8168scFv
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Fig. 28
a. Effect of leader sequences b. Effect of Bacterial strains and
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Fig. 29

Tm of single point mutations in scFv06475

. T on protein T-on
ConstructiD mutation from E.coli proteit from
€Ol mammalian
ScFv0B475WT 59 61
6475-52 VH:G34V 61 64
6475-53 VHI3TF 61 64.5
6475-S6  VH-V8SE 60 62.5
6475-58 VH:M95F 615 64.5
6475-59 VL:D93N 59.5 60.5

aBoth kabat and Chothia numbering system have been
used. Thenumbernngisthe samefor all mutations but VH:
G34Vin scFv6475 Thiswouldbe VH: G32V in Chothia
numbering system. Thenumbering systemn in thetextis
Kabat system
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Fig. 30

Tm of single point mutations in scFv08168

7., on protein from

Construct D mutation E coli’
WT WT 48.50
BO2 VH VO33N 50.50
B03-S1 VHI1034M 56.00
BO4 VH:I034F 52.50
€05 VH:S049A 54.00
Co7 VH.G050S 51.50
Co8 VHW052aG  55.50
C10 VHHO58Y 52.00
F11 VL:VO47L 51.00
G02 VL:GOs4Y 5050
GO7 V0L TO78V 51.00

aProtein swere expressed from Acella strain Sampleswere
analyzed by DSF withoutremoval of iridazole.



WO 2011/138391 PCT/EP2011/057200

42/45

Fig. 31

Tm of single v double mutalions in scFv08163

T. onprotein T onproteinfrom T on pratein from

Construct 1D Mutation from E.coh? mammalian’ mammalian

“F;\Oﬁma WT 48.50 49 49

seFyDstes VH:VA3N 50.50

scggg 351:3 8 VH 13411 56.00 57 56.5

SCFggi’s‘g VH I34F 5250

¢ Fége;ms VH 5494 54.00

¢ F;ga?ma VH:G56S 5150

s FE??% VH H58Y 52.00

b F;??'BS VLVATL 51.00

s¢ Fé%szlss VL:GE4Y 50.50

seF oot VL T78Y 51.00
ScFUOB1GBD1  VH S49A. 13401 61 615 625
scFvOS168D2 UM S49A. I34F 575 58 58.5
ScFV08168D4  VH I3dM. GS0S 59.5 595 60
ScFV08168D5  VH I34M, H58Y 59 59 59
SCFVOB1G8DE  WH I34M. V481 57 56 575
scFv0816807 VR 1341 VL S22T 57 57 )
scFV0B168 D8 VH 13411 VL ¥4ATL 57.5 56 58.5
SCFVOB16809  VH [34k1, vL GE4V 57.5 58 5 57.5

2Prateinswere expressed from Acella strain Samples were analyzed by DSF without removal of imidazole
bProten expressed from 2337 suspension cells. Saimples were analyzed by DSF wathout removal of irmida zole
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Fig. 32

Activity of scFv06475, scFv08168 and the variants in different assays

Construct ID Mutations EC50 by Affinity by 1C50 by IC50 by STF
ELISA Proteon STF assay  assay for Wnt3a
nM nM for Wntl  inhibition (nM)
inhibition
(nM)

scFv06475 WT 0.76 - - 1.48
scFv06475-82 VH:G34V 274 - - :

43 - ] )
scFv06475-S3 VH:I37F
scFv06475-56 VH:V8SE 0.73 - - 1.33
scFv06475-58 VH:MO5F 1.0 . ] 0.96
scFv06475-89 VL:D93N 0.38 - ;
scFv08168 WT 2.04 3.82 7.41 -

scFv08168 B03-S1 VH:I34M 0.98 - 519 N

scFv08168-D1 VH S49A, 134M 1.61 2.55 2.44 -
scFv08168-D2 VH S49A, I34F 1.68 - 2.59 -
scFv08168-D4 VH 134M, G508 147 - 5.56 -

1.22 . ] )
scFv08168-D5 VH 134M, H58Y
scFv08168-D6 VH 134M, V48] 1.24 - 0.74 ]
scFv08168-D7 VH 134M, VL S22T 115 - 4.81 -

0.91 ] ] )
scFv08168-D8 VH 134M, VL V47L

1.26 - 11.11 ]

scFv08168-D9 VH 134M, VL G64V
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Fig. 33

Selected examiples of stabilizing imutations
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Fig. 34

Thermostabllity measurement of HSA fusion and igG based biparatopic molecules

T, by DSF (ProteoSTAT) T,byDSC

MORS8475 IgG1-scFv8168 (902wt) 47,725 ND
MORB4751gG 1-scFvB8168 (902 mutant) 62,76 ND
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