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WE CLAIM

1. A tetravalent binding antibody molecule comprising:
(a) an Fc domain or fragment thereof comprising a constant heavy chain domain 3 (CH3),
(b) a bivalent low-density lipoprotein receptor-related protein (LRP) binding domain, and
(c) a bivalent Frizzled (FZD) binding domain,

wherein the LRP binding domain is attached to one terminus of the Fc domain and the

FZD binding domain is attached to the other end of the Fc domain,

wherein the LRP binding domain is selected from the group consisting of: a diabody that
binds LRP5, a diabody that binds LRP6, two scFv that bind LRP5, two scFv that bind LRP6, two
Fab that bind LRP5, and two Fab that bind LRP6 and combinations thereof; and

wherein the FZD binding domain is selected from the group consisting of: a diabody that
binds one or more FZD, two scFv that bind one or more FZD, two Fab that bind one or more
FZD

wherein the FZD is a Frizzled Class Receptor 1 (FZD1), Frizzled Class Receptor 2
(FZD2), Frizzled Class Receptor 3 (FZD3), Frizzled Class Receptor 5 (FZD4), Frizzled Class
Receptor 5 (FZD5), Frizzled Class Receptor 6 (FZD6), Frizzled Class Receptor 7 (FZD7),
Frizzled Class Receptor 8 (FZD8), Frizzled Class Receptor 9 (FZD9), or Frizzled Class Receptor
10 (FZD10)

wherein when the LRP binding domain binds only LRP5, the FZD binding domain binds
a FZD selected from the group consisting of FZD1, FZD2, FZD3, FZD5, FZD6, FZD7, FZD8,
FZD9, FZD10, and combinations thereof.

2. The tetravalent binding antibody molecule of claim 1, wherein the LRP binding domain
diabody is attached to the N-terminal of the Fc domain, and the FZD binding domain is attached
to the C-terminal of the Fc domain and wherein
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(a) the LRP binding domain diabody is attached to the N-terminal of the Fc domain via a
VL or VH of the diabody, and

(b) the FZD binding domain comprises two FZD binding Fab fused to the C-terminal of
the Fc, wherein each Fab is attached to the Fc domain via a heavy or light chain
variable domain (VH or VL) of the Fab linked to the CH3 domain of the Fc domain.

3. The tetravalent binding antibody molecule of claim 1, wherein the FZD binding domain
is attached to the N-terminal of the Fc domain and the LRP binding domain is attached to the C-

terminal of the Fc domain and wherein

(a) the FZD binding domain comprises two Fabs that bind the FZD, wherein each Fab is
attached to N-terminal of the Fc domain via a heavy or light chain variable domain
(VH or VL) of the Fab linked to the CH2 domain of the Fc domain, and

(b) the LRP binding domain comprises a diabody or two scFv that bind LRP5 and/or
LRP6, wherein the diabody or two scFv are attached to the C-terminal of the Fc
domain via a VL or VH of the diabody or scFv linked to the CH3 of the Fc domain.

4. The tetravalent binding antibody molecule of claim 1, wherein the LRP binding domain
and/or the FZD binding domain is bispecific.

5. The tetravalent binding antibody molecule of claim 1, wherein

(a) the diabody of the LRP binding domain binds LRP5 and comprises heavy chain
complementary determining regions CDR-H1, CDR-H2 and CDR-H3 and light chain
complementary determining regions CDR-L1, CDR-L2 and CDR-L3, of an antibody
of Table 3 or Table 6, or

(b) the diabody of the LRP binding domain binds LRP6 and comprises heavy chain
complementary determining regions CDR-H1, CDR-H2 and CDR-H3 and light chain
complementary determining regions CDR-L1, CDR-L2 and CDR-L3 of an antibody of
Table 4 or Table 6, or
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(c) the diabody of the LRP binding domain binds LRP5 and LRP6, the diabody
comprising CDR-H1, CDR-H2 and CDR-H3 and CDR-L1, CDR-L2 and CDR-L3 of
an antibody of Table 3 or Table 6 and CDR-H1, CDR-H2 and CDR-H3 and CDR-L1,
CDR-L2 and CDR-L3 of an antibody of Table 4 or Table 6.

6. The tetravalent binding antibody molecule of claim 1 wherein the Fc domain or fragment

thereof is in a knob-in-hole configuration.

7. The tetravalent binding antibody molecule of claim 1, wherein the Fc domain lacks one

or more effector functions.

8. The tetravalent binding antibody molecule of claim 1, wherein the LRP binding domain

and FZD binding domain are each attached to the Fc domain by a linker.

9. The tetravalent binding antibody molecule of claim 1, wherein the FZD binding domain
binds FZD4 or FZD5 and the LRP binding diabody binds to a Wnt3A site on LRP5 and a Wnt
3A site on LRP6.

10.  The tetravalent binding antibody molecule of claim 1, wherein the FZD-binding Fab
comprise light chain complementary determining regions CDR-L1, CDR-L2 and CDR-L3 and
heavy chain CDRs, CDR-H1, CDR-H2 and CDR-H3 of an antibody of Table 1, Table 2 or Table
6.

11.  The tetravalent binding antibody molecule of claim 2 comprising,

(a) a dimer of a first and second heavy chain monomer, each monomer comprising a

single-chain polypeptide comprising, from N-terminus to C-terminus:

(1) a peptide comprising a heavy chain variable domain (VH) that binds LRP5
and/or LRP6 and a light chain variable domain (VL) that binds LRP5 and/or
LRP6

(2) an Fc region, or fragment thereof comprising the CH3,
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(3) a VH that binds FZD4, FZD5, or FZD4 and/or FZD5 and one or more other
FZD, and

(4) a constant heavy chain domain 1 (CH1),

wherein

(5) the VH that binds LRP5 comprises heavy chain CDRs (CDR-H1, CDR-H2
and CDR-H3), of an antibody of Table 3 or Table 6, or

the VH that binds LRP6 comprises the CDR-H1, CDR-H2 and CDR-H3 of an
antibody of Table 4 or Table 6, and

(b) the VL that binds LRP5 comprises light chain CDRs (CDR-L1, CDR-L2 and CDR-
L3), of an antibody of Table 3 or Table 6, or

the VL that binds LRP6 comprises the CDR-L1, CDR-L2 and CDR-L3 of an antibody
of Table 4 or Table 6, and

(c) the VH that binds FZD4, FZD5, or FZD4 and/or FZD5 and one or more other FZD
comprises the heavy chain CDRs (CDR-H1, CDR-H2 and CDR-H3), of an antibody
of Table 1, Table 2 or Table 6,
and

(d) athird and fourth light chain monomer each comprising from N terminus to C
terminus a VL that binds FZD4, FZD5, or FZD4 and/or FZD5 and one or more other
FZD and a constant light chain domain 1 (CL1), the VL that binds FZD4, FZD5, or
FZD4 and/or FZD5 and one or more other FZD comprises the light chain CDRs
(CDR-L1, CDR-L2 and CDR-L3), of an antibody of Table 1, Table 2 or Table 6,

wherein the first and second heavy chain monomer dimerize via their Fc regions and the VL and
VH that bind LRP5 or LRP6 of the first monomer pair with the VH and VL that bind LRP5 or
LRP6 of the second monomer forming a bivalent diabody that binds LRP5 or LRP6, and

the CL1 and VLs that bind FZD4, FZD5, or FZD4 and/or FZD5 and one or more other FZD of
the third and fourth light chain monomers pair with the CH1 and VVHs that bind FZD4, FZD5, or
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FZD4 and/or FZD5 and one or more other FZD of the first and second heavy chain monomers
forming two Fabs that bind FZD4, FZD5, or FZD4 and/or FZD5 and one or more other FZD,
wherein the diabody forms the N-terminal bivalent LRP5 or LRP6 binding domain and the two
Fab form the C-terminal bivalent FZD4, FZD5, or FZD4 and/or FZD5 and one or more other
FZD binding domain.

12.  The tetravalent binding antibody molecule of claim 11, wherein the LRP binding diabody
is bispecific, wherein

the CDRs of the VHs that bind LRP5 or LRP6 of the first heavy chain monomer and
the CDRs of the VHSs that bind LRP5 or LRP6 of the second heavy chain monomer are

non-identical, and

the CDRs of the VLs that bind LRP5 and LRP6 of the first heavy chain monomer and
the CDRs of the VLs that bind LRP5 and LRP6 second heavy chain monomer are non-

identical.

13.  The tetravalent binding antibody molecule of claim 11, wherein the first and second

monomers dimerize via a knob-in-hole configuration of the Fc regions or fragments thereof.

14.  The tetravalent binding antibody molecule of claim 11, wherein the Fc domain lacks one

or more effector functions.

15.  The tetravalent binding antibody molecule of claim 11, wherein the peptide of (a)(1) is
linked to the Fc region by a first peptide linker, and the Fc region is linked to the VVH that binds
FZD4 or FZD5 or to multiple FZD (pan-FZD) by a second peptide linker and the VH that binds
FZD4 or FZD5 or to multiple FZD (pan-FZD) is linked to the CH1 by a third peptide linker,
and the VL that binds FZD4 or FZD5 or to multiple FZD (pan-FZD) is linked to the CL1
domain by a peptide linker.

16.  The tetravalent binding antibody molecule of claim 11, wherein the tetravalent binding

antibody molecule comprises

(@) a first heavy chain comprising the amino acid sequence of the hole heavy chain

construct of FZD5-LRP6 of Table 11, a second heavy chain comprising the amino
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acid sequence of the knob heavy chain construct of FZD5-LRP6 of Table 11 and a
light chain comprising the amino acid sequence of the light chain construct of LRP6 of
Table 11 wherein the amino acid sequence of the CDRs are the amino acid sequence
of the CDRs of ANT59, or

5 (b) a first heavy chain comprising the amino acid sequence of the hole heavy chain
construct of pFZD-LRP6 of Table 11, a second heavy chain comprising the amino
acid a knob heavy chain construct of pFZD-LRP6 of Table 11and a light chain
comprising the amino acid sequence of the light chain construct of pFZD-LRP6 of
Table 11 wherein the amino acid sequence of the CDRs are the amino acid sequence

10 of the CDRs of ANT9.

17. A tetravalent binding antibody molecule having an N-terminal FZD4 or FZD5 binding
domain comprising two FZD4-binding or two FZD5-binding Fabs and a C-terminal LRP binding
domain comprising two LRP binding scFvs, the tetravalent binding antibody molecule

comprising

15 (a) adimer of a first and second heavy chain monomer, wherein each monomer
comprises a single-chain polypeptide comprising, from N-terminus to C-terminus:

(i) a first heavy chain variable domain (VVH) that binds FZD 4 or 5
(ii) a heavy chain constant region domain 1 (CH1 domain)

(i) an Fc region or fragment thereof comprising a constant heavy chain domain 3
20 (CH3 domain),

(iv) a peptide comprising a VH that binds LRP5 or LRP6, and a first light chain
variable domain (VL) that binds LRP5 or LRP6, and

(b) a third and fourth light chain monomer each monomer comprising from N terminus to
C terminus a second VL that binds the FZD and a constant light chain domain 1 (CL1
25 domain),
wherein the first and second heavy chain monomers dimerize via the Fc regions or

fragments thereof,
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wherein the first VH that binds FZD4 or FZD5 and CH1 domain of the first and second
monomer pairs with the second VL and CL1 domain of the third and fourth monomers forming
two Fabs that bind FZD4 or FZDS5, and the second VH and first VL of each heavy chain
monomer pair to form a scFv that binds LRP5 or LRP6,

wherein the LRP binding scFvs form a C-terminal LRP binding domain of the tetravalent
binding antibody molecule and the FZD4 or FZD5 binding Fabs form an N-terminus FZD4 or
FZD5-binding domain of the tetravalent binding antibody molecule,

wherein when the LRP binding domain binds only LRP5, the FZD binding domain binds
FZD5.

18.  The tetravalent binding antibody molecule of claim 17, wherein

the VH that binds FZD4 or FZD5 comprises the heavy chain CDRs (CDR-H1, CDR-
H2 and CDR-H3), of an antibody of Table 1, Table 2 or Table 6,

the VH that binds LRP5 comprises heavy chain CDRs (CDR-H1, CDR-H2 and CDR-
H3), of an antibody of Table 3 or Table 6, or the VH that binds LRP6 comprises the
CDR-H1, CDR-H2 and CDR-H3 of an antibody of Table 4, and

the VL that binds LRP5 comprises light chain CDRs (CDR-L1, CDR-L2 and CDR-
L3), of an antibody of Table 3 or Table 6, or the VL that binds LRP6 comprises the
CDR-L1, CDR-L2 and CDR-L3 of an antibody of Table 4.

19. A tetravalent binding antibody molecule comprising an N-terminal LRP binding diabody
and a C-terminal domain comprising two FZD4-binding or FZD5-binding scFv, the tetravalent
binding antibody molecule comprising

a dimer of a first and second monomer, wherein each monomer comprises a single-chain

polypeptide comprising, from N-terminus to C-terminus:

(a) a first peptide, said first peptide comprising a first heavy chain variable domain (VH)
and a first light chain variable (VL) domain that bind LRP5 or LRP6,
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(b) an Fc region, or fragment thereof comprising a constant heavy chain domain 3 (CH3),

and

(c) a second peptide, said second peptide comprising a second VL and a second VH that
bind a FZD4 or FZD5,
wherein the first and second monomers dimerize via the Fc regions or fragments thereof,
the first VH and VL of each monomer pairs with the first VH and VL of the other monomer
forming a diabody that binds LRP5 or LRP6 and the second VL and VH of each monomer pair
to form a scFvs that bind FZD4 or FZD5,

wherein the LRP binding diabody forms the N-terminal LRP binding domain of the tetravalent
binding antibody molecule and the two FZD4-binding or FZD5-binding scFvs form the C-

terminal FZD-binding domain of the tetravalent binding antibody molecule

wherein when the LRP binding domain binds only LRPS5, the FZD binding domain binds FZD5.

20.  The tetravalent binding antibody molecule of claim 19, wherein

the VH that binds LRP5 comprises heavy chain CDRs (CDR-H1, CDR-H2 and CDR-
H3), of an antibody of Table 3 or Table 6, or the VH that binds LRP6 comprises the
CDR-H1, CDR-H2 and CDR-H3 of an antibody of Table 4,

the VL that binds LRP5 comprises light chain CDRs (CDR-L1, CDR-L2 and CDR-
L3), of an antibody of Table 3 or Table 6, or the VL that binds LRP6 comprises the
CDR-L1, CDR-L2 and CDR-L3 of an antibody of Table 4, and

the VH that binds FZD comprises the heavy chain CDRs (CDR-H1, CDR-H2 and
CDR-H3), of an antibody of Table 1, Table 2 or Table 6.

21. A tetravalent binding antibody molecule in a Diabody-Fc-scFv format comprising an Fc
domain, a LRP5/6 co-receptor binding domain including a bispecific diabody that binds at least

two sites on the co-receptor,
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wherein the diabody is attached to the amino terminus of the Fc domain and a FZD
binding domain is attached to the carboxy terminus of the Fc domain comprising two scFv
fragments each binding FZD wherein the scFv is specific for FZDS5, or pan-specific binding to
FZD5 and one or more other FZD.

22. A tetravalent binding antibody molecule in an IgG-diabody format having an Fc domain,
a FZD binding domain that comprises of two Fab fragments attached to the N-terminus of the Fc
domain, each Fab binding to an FZD5, or FZD4 and FZD5 and a LRP5/6 co-receptor binding
domain attached to the C- terminus of the Fc domain that is composed of a diabody that binds at
least two sites on the co-receptor LRP5/6, wherein the Fabs are specific for FZD5 or pan-

specific, binding to FZD5 and one or more FZD.

23.  Atetravalent binding antibody molecule in an 19G-Diabody format comprising an Fc
domain, an N-terminal binding domain for a FZD, wherein the FZD-binding Fabs bind FZD5 or
FZD5 and at least one other FZD and a C-terminal binding domain for a LRP5/6 co-receptor and
including a LRP5/6 coreceptor-binding diabody.

24.  The tetravalent binding antibody molecule of claim 23, comprising:

a first and second heavy chain monomer, wherein each heavy chain monomer includes a

single-chain polypeptide from N-terminus to C-terminus:
(a) a heavy chain variable domain (VH) that binds FZD5 or FZD4 and FZD5, linked to
(b) a heavy chain constant region domain 1 (CH1 domain), linked to

(c) an Fc region (or fragment thereof comprising a constant heavy chain domain 3 (CH3

domain)), linked to

(d) a peptide comprising a VH that binds a LRP5/6 co-receptor, linked to a light chain
variable domain (VL) that binds a LRP5/6 co-receptor, and

a first and second light chain monomer, wherein each light chain monomer includes
from N terminus to C terminus a VL that binds the FZD, linked to a constant light

chain domain 1 (CL1 domain).
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25. A pharmaceutical composition comprising a tetravalent binding antibody molecule of any

one claims 1 to 24 and a pharmaceutically acceptable carrier.



