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TETRAVALENT FZD AND WNT CO-RECEPTOR BINDING ANTIBODY
MOLECULES AND USES THEREOF

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted electronically
in ASCII format and is hereby incorporated by reference in its entirety. Said ASCII copy,
created on December 16, 2021, is named 117946 PD606WO1_FINAL txt and is 989,433

bytes in size.

BACKGROUND

Whnt signaling pathways are critical for embryonic development and tissue homeostasis in
adults. Wnt signaling is initiated when a Frizzled (FZD) receptor on the cell surface
membrane binds with a Wnt ligand. Wnt ligands are secreted growth factors that regulate

various cellular processes such as proliferation, differentiation, survival and migration.

Nineteen Wnt ligands exist in humans that interact with a network of ten Frizzled cell surface
receptors (FZD) and one of several co-receptors that guide the selective engagement of
different intracellular signaling branches (Wodarz, A. and Nusse, R. Annu. Rev. Cell Dev.
Biol. 14, 59-88 (1998); Angers, S and Moon, R.T., transduction. Nat. Rev. Mol. Cell Biol.
10, 468-477 (2009)). FZDs have conserved structural features including seven hydrophobic
transmembrane domains and a cysteine-rich ligand-binding domain. FZDs are known to
function in three distinct signaling pathways, known as the Wnt planar cell polarity (PCP)
pathway, the canonical Wnt/B-catenin pathway, and the Wnt/calcium pathway. The presence
of Wnt co-receptors is also required to direct the differential engagement of the intracellular
signaling cascades listed above. For example, Wnt ligands bind to a Frizzled receptor and a
member of the low-density lipoprotein receptor-related proteins 5 and 6 (LRP5/6) co-
receptor family to activate the Wnt/ B-catenin pathway, or with a receptor tyrosine kinase-like
orphan receptors 1 and 2 (ROR1/2), related to receptor tyrosine kinase (RYK) or protein
tyrosine kinase 7 (PTK7) co-receptor to activate alternate - catenin-independent signaling

pathways.

Whnt ligands are universally important for the control of tissue stem cells self-renewal and
regulation of many progenitor cell populations, but the hydrophobicity and sensitive tertiary

structure of Wnt proteins makes their biochemical purification challenging and their use in
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vitro and in vivo inefficient. Described herein are tetravalent binding antibody molecules that

activate a Wnt signaling pathway and methods for their use.
SUMMARY OF THE INVENTION

Described herein are tetravalent binding antibody molecules that activate a Wnt signaling
pathway and methods for their use. The tetravalent binding antibody molecules bind to both
an FZD receptor, e.g., Frizzled Class Receptor 1 (FZD1), Frizzled Class Receptor 2(FZD?2),
Frizzled Class Receptor 3 (FZD3), Frizzled Class Receptor 4 (FZD4), Frizzled Class
Receptor 5 (FZDS), Frizzled Class Receptor 6 (FZD6), Frizzled Class Receptor 7 (FZD7),
Frizzled Class Receptor 8 (FZDS8), Frizzled Class Receptor 9 (FZD9), or Frizzled Class
Receptor 10 (FZD10) and a Wnt co-receptor, e.g., LRP5 or LRP6 (LRP5/6), thereby
activating a Wnt signaling pathway. In an embodiment, the tetravalent binding antibody
molecules bind to both a FZD4 receptor and LRPS and/or LRP6 and activate the Wnt/p-
catenin signaling pathway. The tetravalent binding antibody molecules of this invention are
also referred herein as “FZD Agonists”, Frizzled and LRP5/6 Agonist (FLAg), and in some

embodiments as “ANTSs”.

The tetravalent binding antibody molecules include an Fc domain comprised of CH2 and
CH3 domains or fragment thereof comprising the CH3 domain, and a first bivalent binding
domain that interacts with one or more FZD receptor, e.g., one or more of FZD1, FZD2,
FZD3, FZD4, FZDS5, FZD6, FZD7, FZD8, FZD9, and FZD10, and a second bivalent binding
domain that binds a WNT co-receptor, e.g., LRP5 or LRP6, wherein the FZD binding domain
is linked to one terminus of the Fc domain and the co-receptor binding domain is linked to
the other terminus of the Fc domain. Thus, the binding domain for the FZD receptor and the
binding domain for the WNT co-receptor are not directly linked rather they are separated by

the Fc domain, or fragment thereof comprising the CH3 domain.

The Fc domain of the FZD Agonists may be an Fc domain of an immunoglobulin with or
without effector function. The immunoglobulin may be an IgG, e.g., an IgG1. In an
embodiment of this invention the tetravalent binding antibody molecule comprises two
polypeptides containing an Fc region that dimerize via the intrinsic ability of the Fc region in
each polypeptide to dimerize or via a knob-in-holes configuration within the Fc. Thus, the Fc
dimer may be a heterodimer or a homodimer. Methods for dimerizing peptides via a knob-

in-hole configuration are described in W02018/026942, inventors Van Dyk et al., Carter P.
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(2001) J. Immunol. Methods 248, 7-15; Ridgway et al. (1996) Protein Eng. 9, 617-621;
Merchant, et al. (1998) Nat. Biotechnol. 16, 677-681, and; Atwell et al., (1997) J. Mol. Biol.
270, 26-35, all incorporated herein by reference.

In an embodiment, each of the binding domains of the FZD Agonists described herein are
bivalent and each may be monospecific, having two binding sites for the same epitope of an
FZD receptor, e.g., FZD4, or Wnt co-receptor, e.g. LRP5/6, or bispecific having two binding
sites with each site binding a different epitope on an FZD or Wnt co-receptor, e.g., a Wntl
binding (domain E1-E2 within the extracellular domain of LRP5/6) site and a Wnt3 binding
site (domain E3-E4 within the extracellular domain of LRP5/6) within the LRP5/6 co-
receptor. In an embodiment, the LRP5/6 binding domain binds to a Wnt3 A site (domain E3-
E4) on LRPS and binds to a Wnt3A site (domain E3-E4) on LRP6.

In embodiments of this invention the FZD binding domain linked to the Fc domain of the
FZD Agonist comprises one or more immunoglobulin heavy-chain variable domain (VH)
fragments and/or one or more immunoglobulin light-chain variable domain (VL) fragments
that bind the FZD, e.g., FZD4. In an embodiment of this invention the FZD binding domain
may comprise Fabs, a diabody or single chain variable fragments (scFv) single-domain
antibody fragments, e.g., VaH, or combinations thereof that bind to the same or different

epitopes on the FZD.

In an embodiment of this invention the VHs and/or VLs of the FZD binding domain binds
FZD4 or FZDS5 and comprise the light chain CDRs and the heavy chain CDRs of a FZD4 or
FZD5 binding antibody of Table 1, Table 2, or Table 6, and/or comprise light chain CDRs
and heavy chain CDRs that are 50%, 55%, 60%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% identical to the CDRs of an FZD4 antibody of Table 1, Table 2 or Table 6, and
still retain binding to the FZD4 or FZD5 receptor. For example, in an embodiment of the
invention, the FZD binding domain may comprise a first heavy chain (CDR-H1), a second
heavy chain (CDR-H2), and/or a third heavy chain (CDR-H3), wherein the VH that binds
FZD may comprise CDR-H1 of SEQ ID NO: 24, SEQ ID NO: 365, or SEQ ID NO: 893, a
CDR-H2 of SEQ ID NO: 51, SEQ ID NO: 61, SEQ ID NO: 462, or SEQ ID NO: 894 and/or
CDR-H3 of SEQ ID NO: 79, SEQ ID NO: 90, SEQ ID NO: 484, or SEQ ID NO: 895 and a
first light chain (CDR-L1), a second light chain (CDR-L2), and/or a third light chain (CDR-
L3), wherein the VL that binds FZD may comprise CDR-L1 of SEQ ID NO: 1, SEQ ID NO:
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3 or SEQ ID NO: 12, a CDR-L2 of SEQ ID NO: 2, SEQ ID NO: 3 or SEQ ID NO: 12 and/or
a CDR-L3 of SEQ ID NO: 3, SEQ ID NO: 12, SEQ ID NO: 285, or SEQ ID NO: 896.

In an embodiment of this invention the co-receptor (LRP5/6) binding domain linked to the Fc
domain of the FZD Agonist comprises one or more immunoglobulin heavy-chain variable
domain (VH) fragments and/or one or more immunoglobulin light-chain variable domain
(VL) fragments that bind to the Wnt co-receptor, e.g., LRPS and/or LRP6. For example, in an
embodiment of the invention, the LRP binding domain may comprise a first heavy chain
(CDR-H1), a second heavy chain (CDR-H2), and/or a third heavy chain (CDR-H3), wherein
the VH that binds LRP may comprise a CDR-H1 of SEQ ID NO: 527, SEQ ID NO: 528,
SEQ ID NO: 536, SEQ ID NO: 716, or SEQ ID NO: 720, a CDR-H2 of SEQ ID NO: 552,
SEQ ID NO: 553, or SEQ ID NO: 566, SEQ ID NO: 785, or SEQ ID NO: 791 and/or a CDR-
H3 of SEQ ID NO: 584, SEQ ID NO: 585, SEQ ID NO: 586 or SEQ ID NO: 603, SEQ ID
NO: 856 or SEQ ID NO: 862 CDR-H3 and and a first light chain (CDR-L1), a second light
chain (CDR-L2), and/or a third light chain (CDR-L3), wherein the VL that binds LRP may
comprise CDR-L1 of SEQ ID NO: 1, a CDR-L2 of SEQ ID NO: 2, or SEQ ID NO: 491
and/or a CDR-L3 of SEQ ID NO: 130, SEQ ID NO: 492, SEQ ID NO: 493, SEQ ID NO:
510, SEQ ID NO: 623 or SEQ ID NO: 665.

In an embodiment of this invention, the Wnt co-receptor binding domain is bivalent and may
comprise a diabody, or may comprise a Fab, a single chain variable fragment (scFv) or a
single domain antibody fragments (VaH) or combinations thereof for binding to the same or
different epitopes on the co-receptor. In embodiments of this invention the VHs and VLs of
the Wnt coreceptor binding domain comprise the light chain CDRs and/or the heavy chain
CDRs of a LRPS5 and/or LRP6 binding antibody of Table 3, Table 4 or Table 6, or comprise
light chain CDRs and/or heavy chain CDRs that are 50%, 55%, 60%, 75%. 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% identical to the CDRs of an LRP5 and/or LRP6 antibody of
Table 3, Table 4 or Table 6, and still retain binding to the LRP5 and/or LRP6 co-receptor.

In an embodiment of this invention the Wnt co-receptor binding domain linked to the Fc
domain of the FZD Agonists described herein comprises a diabody, formed by two peptides
each peptide comprising a heavy-chain variable domain (VH or VH domain) linked to a light-
chain variable domain (VL or VL domain) wherein the VH and the VL from one peptide pair
with the VL and VH of the other peptide forming the diabody. In this configuration, the
binding domain has two binding sites that bind to the Wnt co-receptor, e.g., LRP5 or LRP6.
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The diabody may be monospecific binding the same site on the co-receptor or may be
bispecific (bs) binding two different sites on the co-receptor. By using a knobs-in-holes F¢
configuration, the peptides comprising the VH and VL linked to Fc regions, can be non-
identical but will still pair to form a bispecific binding domain capable of binding to two

different sites on the Wnt co-receptor (e.g. LRP5 or LRP6).

The peptides forming the diabodies, the VaH, the scFv, and the Fabs that form the binding
domains may be derived from an antibody selected for its binding to a desired target, a
“source antibody”. For the FZD binding domain, the “FZD source antibody” may be an
antibody that binds to one or more of the FZD receptor(s), e.g., one or more of FZD1, FZD2,
FZD3, FZD4, FZDS5, FZD6, FZD7, FZDS, FZD9, and FZD10, and antagonizes Wnt signaling
or inhibits Wnt binding to the given FZD receptor(s). Alternatively, the FZD source antibody
may be an antibody that binds to the FZD receptor(s) without antagonizing Wnt signaling or
without inhibiting Wnt binding to the FZD receptor. Likewise, for the co-receptor binding
domain, the “co-receptor source antibody” may be an antibody that binds to the Wnt co-
receptor, e.g., LRP5/6, and antagonizes Wnt signaling or inhibits Wnt binding to the Wnt co-
receptor. Alternatively, the co-receptor source antibody may be an antibody that binds to a
co-receptor, e.g., LRP5/6, without antagonizing Wnt signaling or without inhibiting Wnt

binding to the co-receptor.

In an embodiment of this invention the FZD binding domain of the FZD Agonist may bind
specifically to a specific FZD, e.g., FZD4, with a higher affinity than to other FZDs, i.e.,
FZD1, FZD2, FZD3, FZD5, FZD6, FZD7, FZD8, FZD9, and FZD10, or may be pan-specific,
binding to one or more other members of the FZD receptor family. In an embodiment the
FZD binding domain binds specifically to one FZD with an affinity greater than 10-fold over

the binding to any other Frizzled family member.

In an embodiment of this invention the FZD Agonist binds to FZD4, a “FZD4 Agonist”. The
FZD4 binding domain of the FZD4 Agonist may bind specifically to FZD4, binding with a
higher affinity to FZD4 over other FZDs, or may be pan-specific, binding to FZD4 and one or
more other members of the FZD receptor family, e.g., Frizzled Class Receptor 1 (FZD1),
Frizzled Class Receptor 2(FZD2), Frizzled Class Receptor 3 (FZD3), Frizzled Class Receptor
5 (FZDS5), Frizzled Class Receptor 6 (FZDO6), Frizzled Class Receptor 7 (FZD7), Frizzled
Class Receptor 8 (FZD8), Frizzled Class Receptor 9 (FZD9), or Frizzled Class Receptor 10
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(FZD10). In an embodiment the FZD binding domain binds specifically to FZD4 with an

affinity greater than 10-fold over any other Frizzled family member listed above.

In an embodiment of this invention the FZD Agonist binds to FZDS, a “FZD5 Agonist.” The
FZDS5 binding domain of the FZD5 Agonist may bind specifically to FZDS5, binding with a
higher affinity to FZDS5 over other FZDs, or may be panspecific, binding to FZDS5 and one or
more other members of the FZD receptor family, e.g., FZD1, FZD2, FZD3, FZD4, FZD6,
FZD7, FZDS8, FZD9, or FZD10. In an embodiment the FZD binding domain binds
specifically to FZDS5 with an affinity greater than 10-fold over any other Frizzled family

member listed above.

In an embodiment of the FZD Agonists of this invention the Wnt co-receptor binding domain
is a monospecific bivalent LRP5/6 co-receptor binding domain and binds to a single epitope
on the LRPS and/or LRP6 co-receptor, e.g., an epitope of the LRPS and/or LRP6 coreceptor
that binds to Wnt1(E1-E2 domain of LRP5 or LRP6) or binds Wnt3a (E3-E4 domain of
LRPS or LRP6). In an embodiment of this invention the co-receptor binding domain is a
bispecific bivalent LRP5/6 binding domain that binds to two epitopes within the LRPS and/or
LRP6 co-receptor extracellular domain, e.g., the co-receptor binding domain interacts with
the Wntl (E1-E2) and Wnt3 (E3-E4) epitopes of the LRP5 and/or LRP6 co-receptor. In an
embodiment of this invention the co-receptor binding domain is a bispecific bivalent binding
domain that binds to an extracellular domain of LRP5 and LPR6, e.g., the domain interacts
with the Wnt1 (E1-E2) epitope of the LRP5 co-receptor and the Wnt1 (E1-E2) epitope of the
LRP6 co-receptor LRPS, or the domain interacts with the Wnt3a (E3-E4) epitope of the
LRPS co-receptor and the Wnt3a (E3-E4) epitope of the LRP6 co-receptor or alternatively
the domain interacts with a Wntl (E1-E2) epitope or LRP5 co-receptor and a Wnt3a (E3-E4)

epitope of LPR6 co-receptor or vis versa.

Various formats of tetravalent binding antibody molecules described herein are depicted in
Figure 6. In a particular format, Diabody-Fc-Fab, an LRP5/6 binding diabody is linked to the
N-terminus of an Fc domain and two Fabs are linked to the C-terminus of the Fc domain

wherein the Fab is linked to the CH3 of the F¢ domain via the Fab heavy chain (VH) variable
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domain. Alternatively, the Fab is linked to the CH3 of the Fc domain via the variable region

(VL) of the light chain.

We previously reported multivalent binding molecules comprising an Fc domain, a FZD
binding domain and a Wnt co-receptor (LRP5/6) binding domain on opposite termini of the
Fc domain, e.g., a molecule having a FZD4 diabody linked one terminus of an Fc domain and
a LRP5/6-binding diabody linked to the other terminus of the Fc domain, see
PCT/IB2019/051174 inventors Angers et al. and PCT/IB2020/055463 inventors Angers et al.,

both incorporated in their entirety by reference.

It has been reported that Wnt-Bcatenin signaling, specifically through activation of FZDA4, is
important for vasculature development and for adult vasculature homeostasis. More
specifically, it is critical for barrier function at the blood-retina and blood-brain barriers (BRB
and BBB). Defects in FZD4 signaling can lead to endothelial cell permeability defects and
genetic mutations within this pathway are known to lead to vascular defects (e.g. Norrie
disease, FEVR). At the blood-retina barrier, the extracellular ligand Norrin predominantly
activates a FZD4-TSPAN12-LRPS5 complex to regulate endothelial cell-cell interactions,
barrier functions and permeability (Wang et al. (2012) Norrin/Frizzled4 signaling in retinal
vascular development and blood brain barrier plasticity. Cell. 151:1332-1344). At the blood-
brain barrier the secreted Wnt7a/b growth factor chiefly activates the FZD4-GPR124-LRP6
receptor complex (Chang et al., (2017). GPR124 is essential for blood-brain barrier integrity
in central nervous system disease. (Nat. Med. 23: 450-460). The FZD4 Agonists described
herein, e.g., the configurations having a diabody binding domain for a LRP5/6 and an FZD4
binding domain comprised of two Fab fragments that bind FZD4, wherein the binding
domains are on opposite termini of an Fc domain, produce a particularly stable and
homogenous molecule with an unexpectedly high level of Wnt-Bcatenin signaling pathway
activation in endothelial cells that translates into increased barrier function and decreased
vascular permeability (Figure 11). In essence, the FZD4 Agonists described herein function

as Norrin and Wnt7a/b mimetic molecules.

This invention also includes methods for using the FZD Agonists described herein.
Described herein are methods to activate a Wnt signaling pathway, e.g., the Wnt/B-catenin
signaling pathway, using the tetravalent binding antibody molecules of this invention, which
are contemplated to promote the proximity of FZD receptors and Wnt co-receptors, e.g., one

or more of FZD1, FZD2, FZD3, FZD4, FZDS, FZD6, FZD7, FZD8, FZD9, and FZD10
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receptors and LRP5 and/or LRP6 co-receptors, on a cell wherein binding by the FZD
Agonists to both FZD receptor(s) and the LRPS and/or LPR6 co-receptor(s) activates the Wnt
signaling pathway.

Blood-retina barrier (BRB) formation and retinal angiogenesis require Bcatenin signaling
induced by the ligand norrin (NDP [Norrie disease protein]), the receptor FZD4, co-receptor
LRPS5, and the TSPAN12 (tetraspanin 12). As such, an aspect of this invention is a method
for promoting and/or maintaining retinal vasculature barrier function and angiogenesis by
treating eye tissue, e.g., retinal tissue, with an effective amount of a tetravalent FZD4

Agonists of this invention.

Also, an aspect of this invention is a method for promoting, restoring and/or maintaining the
BRB and BBB functions by treating the BRB or BBB vasculature with an effective amount
of a tetravalent FZD4 Agonist described herein. A further aspect of this invention is a
method for treating a subject having a disorder or condition characterized by defective retinal
or brain angiogenesis characterized by reduced endothelial cell barrier function leading to
vascular leakage by administering to such subject an effective amount of a FZD4 Agonists of
this invention. A further aspect of this invention is a FZD4/LRPS tetravalent binding antibody
molecule or pharmaceutical composition for use in the treatment or prevention of a disorder
or condition characterized by defective retinal or brain angiogenesis and/or characterized by
reduced endothelial cell barrier function and/or vascular leakage. A further aspect of this
invention is a method of treating or preventing a disorder or condition characterized by
defective retinal or brain angiogenesis and/or reduced endothelial cell barrier function and/or
vascular leakage comprising administering to a person in need thereof a therapeutically
effective amount of a FZD4/LRP5 tetravalent binding antibody molecule described herein. A
further aspect of the invention is the use of a FZD4/LRP5 tetravalent binding antibody
molecule for the manufacture of a medicament for the treatment or prevention of a disorder
or condition characterized by defective retinal or brain angiogenesis and/or reduced
endothelial cell barrier function and/or vascular leakage. Such disorders or conditions
include ocular disorders, including but are not limited to disorders of the retina or macula.
Such disorders of the retina or macula include, but are not limited to diabetic retinopathy,
retinipathy of prematurity, Coats’ disease, FEVR, Norrie disease, macular degeneration,

diabetic macular edema, and pediatric vitreoretinopathies. Additional disorders or conditions
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included in embodiments of this invention include but are not limited to Alzheimer’s disease,

epilepsy, multiple sclerosis, ischemia, and stroke.

An embodiment of this invention includes methods for producing vascularized cerebral
organoids by promoting the barrier function of the vasculature network throughout the
organoids, and thereby mimicking blood-brain-barrier function using an effective amount of a

tetravalent FZD4 Agonist described herein.

Also, an embodiment of this invention is a method of treating a subject suffering from a
gastrointestinal disorder, including a subject having inflammation of all or part of the
intestines, also known as inflammatory bowel disease, by administering to such subject an
effective amount of a pharmaceutical composition of this invention, e.g., a composition
comprising a FZD5 Agonist. Examples of inflammatory bowel disease include, but are not

limited to, Crohn’s disease, and ulcerative colitis.

Also, an embodiment of this invention are methods for directing differentiation of iPS or
other pluripotent stem cells (PSCs) towards various lineages by culturing these cells in the

presence of an effective amount of a tetravalent binding antibody molecule of this invention.

Also described herein are methods for making the tetravalent binding antibody molecules of

this invention.

The modular aspects of this invention allow for mixing and matching binding domains
derived from FZD-binding antibodies and LRP5/6-binding antibodies on opposite termini of
the Fc domain to generate a tetravalent binding antibody molecule that can engage a FZD-
LRP5/6 co-receptor complexes to selectively activate Wnt signaling. The modularity and
effectiveness of the tetravalent binding antibody molecules for activating Wnt signaling
pathways described herein contrasts with the Wnt surrogates described in the prior art that
consists of monovalent FZD and Wnt co-receptor binding ligands, or FZD and Wnt co-
receptor binding ligands wherein the binding ligands are not attached to opposite ends of an
Fc domain.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1A and Figure 1B. Single point ELISAs. FZD4-binding antibodies isolated from
affinity matured libraries of the known FZD4-binding antibodies 5044 (Figure 1A) and 5027
(Figure 1B) bind to FZD4 sites that compete with their parental antibody. The reaction was
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stopped by adding 1M H3POu and the absorbance was measured spectrophotometrically at
450 nm in a microtiter plate reader; white=BSA; black and white stripe=Fc; gray=FZD4 +
blocking antibody; and black=FZD4.

Figure 2. Epitope mapping of FZD4 antibodies. FZD4 and 5027 and 5044 have overlapping
epitopes. The pan-FZD binder 5016 is a positive control showing that the antigens are
functional, with the exception of “FZD4 Swap10”. Both FZD4-specific antibodies 5027 and
5044 are unable to bind to “FZD4 Swap 7” suggesting that these molecules bind to this
region of the FZD ECD.

Figure 3A. Size-exclusion chromatography (SEC). Analysis of FZD4 antibodies as compared

to Trastuzumab. Protein elution was monitored using absorbance at 280 nM.

Figure 3B. ELISA specificity. Measurements of the FZD4 antibodies determined against
FZD4 and against FZD1 and FZD10, two members of the FZD family most-closely related to
FZDA4. The reaction was stopped by adding 1M H3PO4 and the absorbance was measured

spectrophotometrically at 450 nm in a microtiter plate reader.

Figure 4. Phage clonal ELISA of synthetic antibodies targeting LRPS. The results
demonstrate that the synthetic antibodies bound to LRPS. The absorbance was measured
spectrophotometrically at 450 nm in a microtiter plate reader; gray=BSA; light gray=his-Fc;
dark gray=LRP5

Figures 5A and 5B. Phage clonal ELISA of synthetic antibodies targeting LRP6. The results
demonstrate the synthetic antibodies bound to LRP6. The absorbance was measured
spectrophotometrically at 450 nm in a microtiter plate reader; black=BSA; gray=Fc; light
gray=LRP6-Fc.

Figure 6. Modalities of tetravalent binding antibody molecules. Illustrated are: a diabody-Fc-
diabody format having an FZD-binding monospecific diabody on the N-terminal of the Fc
domain and a LPR5/6-binding bispecific diabody on the C-terminal of the Fc domain; a
Diabody-Fc-scFv format having an N-terminal LPR5/6-binding bispecific diabody and two
C-terminal FZD binding scFv; an IgG-diabody format having two FZD-binding Fabs forming
an N-terminal binding domain and a bispecific LRP5/6 binding diabody forming the C-
terminal binding domain; an IgG-scFv format having two FZD-binding Fabs forming an N-

terminal binding domain and two LRP5/6 binding scFvs forming the C-terminal binding
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domain, and; a diabody-Fc-Fab format having a bispecific LRP5/6 binding diabody forming
the N-terminal binding domain and two FZD-binding Fabs forming the C-terminal binding
domain, wherein the Fabs are linked to the CH3 of the Fc domain via the Fab variable heavy
region. It is specifically contemplated that in an alternate diabody-Fc-Fab format the Fabs
are linked to the CH3 of the Fc domain via the Fab variable light region. The various
domains of the tetravalent molecules, VL, VH, CH1, CH2, CH3, CL1 and Fc, are joined via
linkers, e.g., peptide linkers. The Fc domain, is formed by the dimerization of the CH2 and
CH3 domains of the Hole construct F¢ region and Knob construct Fe region. The various
domains of the tetravalent molecules, VL, VH, CH1, CH2, CH3, CL1 and Fc, are joined via

linkers, e.g., peptide linkers.

Figure 7. FZD4 Agonist having a Diabody-Fc-Fab format. The Diabody-Fc-Fab format
having an LRP5-binding bispecific diabody forming a bivalent bispecific N-terminal LRP5-
binding domain and two FZD4-binding Fabs forming a bivalent monospecific C-terminal
FZD4-binding domain and an Fc region with attenuated effector functions due to amino acid
mutations, e.g., N297G (NG) and D265A, (DANG) variants. The various domains of the
tetravalent molecules, VL, VH, CH1, CH2, CH3, CL1 and Fc, are joined via linkers, e.g.,
peptide linkers.

Figure 8. FZD4 Agonists having a Diabody-Fc-Fab format (ANT) bind FZD4 with high
selectivity. Figure 8A depicts the apparent selectivity of the FZD4 Agonists for the
recombinant extracellular domain (ECD) of 9 of the 10 FZD as determined by biolayer
interferometry (BLI). Figure 8B demonstrates FZD agonists do not recognize common non-
specific antigens. The FZD Agonists were tested at 100 nM for binding to a panel of antigens
as described in Mouquet et al. Polyreactivity increases the apparent affinity of anti-HIV
antibodies by heteroligation. Nature. 2010 Sep;467(7315):591-595. DOI:
10.1038/nature09385, PMC3699875, and Jain T. et al. Biophysical properties of the clinical-
stage antibody landscape. Proceedings of the National Academy of Sciences of the United

States of America. 2017 Jan;114(5):944-949. DOI: 10.1073/pnas.1616408114, PMC5293111.

Figure 9. FZD4 Agonists (ANT) having a Diabody-Fc-Fab format (having a LRP-binding
bispecific diabody and two FZD4-binding Fabs) are stable and monomeric in solution. Figure
9A presents the results of an analytical SEC analysis of FZD agonists as compared to
trastuzumab IgG. Figure 9B presents the results of differential scanning fluorimetry

demonstrating that the FZD4 Agonists in the Diabody-Fc-Fab format have thermal
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denaturation profiles similar to that of trastuzumab, whereas a first generation diabody-Fc-

diabody FZD4 modality (CM0199) is less optimal.

Figure 10. FZD4-LRPS specific FZD4 Agonists having the Diabody-Fc-Fab format (ANT).
FZDA4-LRPS specific FZD4 Agonists in this format stimulate FZD4 in mouse endothelial cell
line (bEND3.1) and lead to an increase in Axin2 (beta catenin target gene) gene transcription

in a concentration-dependent manner.

Figure 11A and Figure 11B depicts a FZD4-LRP5 specific agonist having the diabody-fc-
diabody format promotes endothelial cell barrier functions in a mechanism opposing VEGF-
induced permeability. Figure 11A depicts Immunofluoresence of ZO-1/CLDN3 and ZO-
1/CLDNS localization on bEnd.3 cell junctions. bEnd.3 cells were treated or not with 30nM
of F4L5.13 (aka CM0199) and Norrin (NDP) in the presence or absence of VEGF (100ng/ml)
for 1h. Starting from the top row and working downward: NT (non-treated) show no change
in permeability, VEGF treatment of bEND3.1 cells leads to junction disassembly as seen by
loss of plasma membrane staining of CLDN3, CLDNS5 and ZO-1; Co-treatment of cells with
VEGF and the FZD4 agonist CM0199 (F4L5.13) leads to a near-complete rescue of the effect
of VEGF alone; the last row of Figure 11A shows co-treatment of cells with VEGF and NDP
and similarly leads to a near-complete rescue of the effect of VEGF alone, suggesting that the
FZD4 Agonists described herein function as Norrin and Wnt7a/b mimetic molecules. Figure
11B shows a transendothelial permeability assay quantifying the passage of FITC-dextran
through a monolayer of bEnd.3 cells. Passage of FITC-dextran was measured after exposure
of bEnd.3 cells to 100 ng/ml VEGF, 30 nM F4L5.13 or both or pretreated with VEGF for 1 h
before treating with F4L5.13 for 1 h. Data are presented as mean = SD, n = 5 independent
experiments. Significance was calculated by one-way ANOVA with Bonferroni’s multiple

comparisons test (*P < 0.05 as compared to VEGF treatment).

Figure 12. Single point ELISA. FZDS5 antibodies that bind the extracellular domain of FZD5
at a site overlapping with 2919 identified from affinity maturation libraries. New FZD5
antibodies bind FZDS at a site overlapping with 2919 identified from affinity maturation
libraries. Single point ELISAs were performed on 96-well Maxisorp plates coated with the
ECDs of human FZDS5 protein in the presence or absence of a saturating concentration of

2919 IgG. The absorbance was measured spectrophotometrically at 450 nm in a microtiter
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plate reader; white with black stripes=BSA; black with white stripes=Fc; gray=FZD5 +
blocking antibody; black=FZDS5.

Figure 13. Single point ELISA. demonstrates new FZDS5 antibodies from 2928 affinity
maturation library selectively bind FZD5. New FZDS5 antibodies from 2928 affinity
maturation library selectively bind FZDS5. Single point ELISAs were performed on 96-well
Maxisorp plates coated with the ECDs of human FZD2, FZDS5, or FZD8 protein. The
absorbance was measured spectrophotometrically at 450 nm in a microtiter plate reader;

black with white stripes=Fc; white with black stripes=FZD2; gray=FZD8; black=FZD5.

Figure 14. Luciferase assay. Pan-FZD/LRP6 ANT9 and FZD5-specific/LRP6 ANTS9
activate Wnt signaling in cells. TOPFLASH cells were treated overnight with varying
concentrations of FZD agonist or a non-targeting control molecule (CM0156) and TCF/LEF-
driven luciferase expression was measured using a standard luciferase assay. Both molecules
are able to activate FZD-mediated luciferase expression in a concentration-responsive
manner. ANT9, which is able to bind to 7 of the 10 FZD receptor subtypes produces a higher
maximal activation signal than the FZDS5-specific ANTS9.

Figure 15. Original format ANT39 and inverted format ANT39i. The FZD4 Agonist ANT39
having a Diabody-Fc-Fab format and FZD4 Agonist ANT391 having an IgG-Diabody format
(having two FZD-binding Fabs forming an N-terminal binding domain and a bispecific
LRP5/6 binding diabody forming the C-terminal binding domain) and an Fc domain. The
FZD binding domain of ANT39i comprises two Fab fragments attached to the N- terminus of
the Fc domain and each Fab binds an FZD. The LRP5/6 co-receptor binding domain is
attached to the C- terminus of the Fc domain and is composed of a diabody that binds two
different sites on the co-receptor, e.g., a Wnt1 site (E1-E2) and a Wnt3 site (E3-E4) on
LRP5/6. The Fabs may be specific for a particular FZD, e.g. FZD4, or may be pan-specific,
binding to more than one FZD, e.g., to FZD4 and one or more other FZD. The Fc region may
have attenuated effector functions due to amino acid mutations, e.g., N297G (NG) and
D265A, (DANG) variants. The various domains of the tetravalent molecules, VL, VH, CHI,
CH2, CH3, CL1 and Fc, are joined via linkers, e.g., peptide linkers.

Figure 16A depicts FZD4 Agonist ANT39 having a Diabody-Fc-Fab format (having an
LRPS5-binding bispecific diabody forming a bivalent bispecific N-terminal LRP5-binding

domain and two FZD4-binding Fabs forming a bivalent monospecific C-terminal FZD4-
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binding domain) with the Fc region having attenuated effector functions due amino acid
mutations to N297G and D265A (DANG) variants or L234A, L235A, P331S (LALAPS)
variants, and with the Fc region further comprising knob-in-hole heterodimerization variants
Merrimack, Merchant or Merchant S:S (Merrimack CH3 mutations as described in
WO02018/026942A1, Merchant CH3 mutations as described in Merchant A M. et al Nature
Biothechnology 1998 vol 16 p677-681). Figure 16A discloses SEQ ID NOS 886, 892, 891,
886, 892, 891, 886, 892, 891, 886, 892, and 891, respectively, in order of appearance. Figure
16B depicts FZD4 Agonist ANT39i having an IgG-Fc-Diabody format (having two Fab
fragments attached to the N- terminus of the Fc domain, each Fab binding to an FZD, 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 two different sites on the co-receptor) and an Fc region
with attenuated effector functions due to DANG or LALAPS variants, and Merrimack,
Merchant or Merchant S:S heterodimerization variants. Figure 16B discloses SEQ ID NOS
891, 886, 891, 886, 891, 886, 891, and 886, respectively, in order of appearance.

Figure 17. Thermostability of ANT39 variants. Figure 17 presents the results of differential
scanning fluorimetry experiments demonstrating that the LALA variant of FZD4 agonist
ANT39 (ANT39 LALA) has improved thermal stability relative to the parental ANT39
(containing DANG mutations in the Fc). Specifically, the LALA variant showed an
improved thermal stability that is closer to the profile of a variant of Trastuzumab that

contains the same Knob/Hole Fc mutations as the ANT.

Figure 18. FZD4 Agonist ANT42 having a Diabody-Fc-Fab format. FZD4 Agonist ANT42
having an LRP5-binding bispecific diabody forming a bivalent bispecific N-terminal LRPS-
binding domain and two FZD4-binding Fabs forming a bivalent monospecific C-terminal
FZD4-binding domain with the Fc region having attenuated effector functions due amino acid
mutations to N297G and D265A (DANG) variants or L234A, L235A, P331S (LALAPS)
variants, and with the Fc region further comprising knob-in-hole heterodimerization variants
Merrimack, Merchant or Merchant S:S (Merrimack CH3 mutations as described in
WO02018/026942A1, Merchant CH3 mutations as described in Merchant A M. et al Nature
Biothechnology 1998 vol 16 p677-681). And FZD4 Agonist ANT42i having an 1gG-Fc-
Diabody format (having two Fab fragments attached to the N- terminus of the Fc domain,
each Fab binding to an FZD, 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 two different sites on the
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co-receptor) and an Fc region with attenuated effector functions due to DANG or LALAPS
variants, and Merrimack, Merchant or Merchant S:S heterodimerization variants. Figure 18
discloses SEQ ID NOS 886, 892, 891, 891, 886, 886, 892, 891, 891, 886, 886, 892, 891, 891,
886, 886, 892, 891, 891, and 886, respectively, in order of appearance.

Figure 19. Antibody modalities tested for FZD agonism. A) Diabody-Fc-Diabody, VH and
VL were tested both FZD or LRP binding variable domains; B) Diabody-Fc-scFv; C) scFv-
Fc-Diabody; D) scFv-Fc-scFv; E) IgG-Diabody; F) IgG-scFv; G) Diabody-Fc-Fab; H)
Diabody-CH3-Diabody; 1) Fab-Diabody. In figure 19, molecules B-F, H-I, comprise N-
terminal variable domains that bind LRP and the C-terminal variable domains bind FZD. In
figure 19, molecule G comprises a variable domain at the N-terminal that binds FZD and a
variable domain at the C-terminal that binds LRP. These antibody formats marked with an *

were tested using a Knobs-in-Holes Fc.

Figure 20. Multiple antibody architectures are able to elicit potent FZD agonism. Paratopes
targeting pan-FZD and LRP6 were configured in various arrangements as described in table
14. Canonical Wnt pathway stimulation by each antibody was determined on wild-type HEK
cells expressing the TOPFLASH reporter in a blinded manner by two different scientists.

Data are presented as mean + SD and are representative of 4 different experiments.

Figure 21. Expression Titers of various FZD agonist modalities. Various FZD agonist
modalities were expressed in HEK cells, purified via protein A chromatography, and
expression titer was determined based on the absorbance at 280 nm. EC50 for FZD activation
was determined on wild-type HEK cells expressing the TOPFLASH reporter in a blinded

manner by two different scientists.

Figure 22. Organoid viability Assay. Mouse small intestine organoids were grown in the
presence of 1 uM LGK-974 to block endogenous Wnt secretion and treated with PBS, Wnt3a
conditioned media or FLAg molecules as indicated. Left, representative images from n=3
independent experiments. Right, quantification of organoid viability via CellTiter-Glo

luminescence assay. Bars represent mean +/- standard error from 3 independent experiments.

Figure 23. Mouse colon histology. Histological appearance of the mouse colon following
DSS treatment cycle (7 days 2% DSS, 3 days 0.5% DSS) with intraperitoneal injection of
either control IgG or ANT59 (10 mg/kg) on days 4 and 7. (A) Images captured at 20X
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magnification showing overall architecture. (B) Images captured at 100X showing rescue of

mucosal integrity with ANTS9 treatment.

Figure 24. (A) Body weight changes in mice throughout DSS treatment cycle (7 days 2%
DSS, 3 days 0.5% DSS) with intraperitoneal injection of either control CM0156, PanFZD
agonist or ANTS9 (10 mg/kg) on days 4 and 7. (B) Left: Representative images of dissected
colons from 6-8 mice per treatment group with centimeter scale for comparison. Right: colon
length from each treatment group with bar representing mean colon length +/- S.D. and
individual data points displayed. *** indicates p < 0.0001 in one-way ANOVA, H20

indicates normal water (no DSS).

Figure 25. Characterization of FZDS/LRP6 ANTs. ANTs were expressed in HEK cells,
purified via protein A chromatography, and expression titer was determined based on the
absorbance at 280 nm. Using biolayer interferometry, the apparent affinity (avidity) of each
molecule for recombinant Fc-fused human FZD5 was determined and selectivity against
other human FZDs was measured. Dose-response curves for the activation of a LEF/TCF
reporter gene in FZD-knockout (1,2,4,5,7) HEK293 cells overexpressing FZDS5. Cells were
seeded in 96-well dishes for 24 hours, then treated as indicated for 17 hours. Reporter
activation was assessed using the Dual-Luciferase Reporter Assay System (Promega). Data
are presented as mean + SD for technical duplicates and representative of n=3 independent
experiments.

DETAILED DESCRIPTION OF THE INVENTION

Described herein are tetravalent binding antibody molecules comprising an Fc domain, with
or without effector function, a bivalent FZD binding domain and a bivalent LRP-binding
domain, wherein the binding domains are attached to opposite ends of the Fc domain. In an
embodiment, the FZD binding domain is attached to the carboxy terminus of the Fc region
and the LRP co-receptor binding domain is attached to the amino terminus of the Fc domain.
Alternatively, the FZD binding domain is attached to the amino terminus of the Fc region and
the co-receptor binding domain is attached to the carboxy terminus of the Fc domain. The
binding domains may be attached directly to the Fc domain or attached to the Fc domain via a
linker. The FZD binding domain may bind to one or to more than one FZD receptor, i.e., one

or more of FZD1, FZD2, FZD3, FZD4, FZD5, FZD6, FZD7, FZD8, FZD9, and FZD10.

In an embodiment of the invention the FZD binding domain is bivalent and comprises a

diabody or comprises a scfv, a VuH fragment, or an Fab fragment or combinations thereof
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that bind FZD, and the co-receptor binding domain is bivalent and comprises a diabody or a
VuH fragment, an Fab, or a scFv or combinations thereof that bind the LRP5/6 co-receptor.
In an embodiment of the invention the FZD binding domain is attached to the carboxy-
terminus of the Fc domain and comprises two scfv, two VuH fragments, two Fab fragments
or a diabody that bind FZD, and the co-receptor binding domain attached to the amino
terminus of the Fc domain comprises a diabody, two VuH fragments or two scFvs that binds
to the LRP5/6 co-receptor. When attached to the carboxy terminus of the Fc¢ domain the FZD-
binding Fabs are linked to the CH3 of the Fc domain via the Fab variable heavy region or
variable light region. In other embodiments the FZD binding domain is attached to the amino
terminus of the Fc domain and is comprised of two Fabs and the LRP5/6 co-receptor binding
domain is attached to the carboxy terminus of the Fc domain and is comprised of a diabody

or two scFvs that bind the co-receptor.

Figure 6 illustrates a tetravalent binding antibody molecule of this invention in the Diabody-
Fc-scFv format having a LRP5/6 co-receptor binding domain, an Fc domain, and a FZD
binding domain. The Diabody-Fc-sFv comprises (i) an Fc domain, (ii) a bispecific diabody
attached to the N-terminal of the Fc domain that binds two different sites on the co-receptor,
e.g., a Wntl (E1-E2) site on LRP5/6, and a Wnt3 site (E3-E4) on LRP5/6, and (iii) a FZD
binding domain comprising two FZD-binding scFv fragments attached to the carboxy
terminus of the Fc domain. The scFv may be specific for a particular FZD, e.g. FZD4, or
may be pan-specific, binding to more than one FZD, e.g. to FZD4 and one or more other
FZD.

An embodiment of this invention is a tetravalent binding antibody molecule in a Diabody-Fc-
scFv format having (i) an Fc domain, (ii) a LRP5/6 co-receptor binding domain that
comprises a bispecific diabody that binds two different sites on the co-receptor, e.g., a Wntl
(E1-E2) site on LRP5/6, and a Wnt3 site (E3-E4) on LRP5/6, wherein the diabody is attached
to the amino terminus of the Fc domain and (iii) a FZD binding domain, attached to the
carboxy terminus of the Fc domain comprising two scFv fragments each binding FZD. The
scFv may be specific for the FZD, or may be pan-specific, binding to the FZD and one or
more other FZD.

Figure 6 also illustrates a tetravalent binding antibody molecule of this invention in the IgG-
diabody format having (i) an Fc domain, (ii) a FZD binding domain that comprises of two

Fab fragments attached to the N- terminus of the Fc domain, each Fab binding to an FZD,
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and (ii1) a LRP5/6 co-receptor binding domain attached to the C- terminus of the Fc domain
that is composed of a diabody that binds two different sites on the co-receptor, e.g., a Wntl
site (E1-E2) and a Wnt3 site (E3-E4) on LRP5/6. The Fabs may be specific for a particular
FZD, e.g. FZD4, or may be pan-specific, binding to more than one FZD, e.g., to FZD4 and

one or more other FZD.

An embodiment of this invention is a tetravalent binding antibody molecule in an IgG-
Diabody format comprising (i) an Fc domain, (ii) an N-terminal binding domain for a FZD,
comprising two FZD-binding Fabs and (ii) a C-terminal binding domain for a LRP5 and/or
LRP6 co-receptor, comprising a LRP5/6 coreceptor-binding diabody. This FZD Agonist in
the IgG-Diabody format comprises,

(1) afirst and second heavy chain monomer, wherein each heavy chain monomer

comprises a single-chain polypeptide comprising from N-terminus to C-terminus:
(a) a heavy chain variable domain (VH) that binds a FZD, 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

(2) a first and second light chain monomer, each light chain monomer comprising
from N terminus to C terminus a VL that binds the FZD, linked to a constant light

chain domain 1 (CL1 domain).

The first and second heavy chain monomers dimerize via their Fc regions, or
fragments thereof. The linker between the VH and VL that bind the LRP5/6 is of a
length that promotes the pairing of the VH and VL of the first heavy chain monomer
with the VL and VH of the second heavy chain monomer thereby forming a LRP5/6
co-receptor binding diabody. The FZD-binding Fabs are formed by the pairing of
each heavy chain monomer with a light chain monomer such that the VH that binds
FZD4 and CH1 of each of the heavy chain monomer, pairs with the VL that binds
FZD4 and CL1 of the light chain monomers. In this [gG-Diabody format, the Fabs
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form the FZD4-binding domain on the N-terminus of the Fc domain and the diabody
forms the co-receptor-binding domain on the C-terminus of the Fc domain. The Fabs
may be specific for one FZD, e.g., FZD4 or FZDS5, or may be pan-specific, binding to
more than one FZD, e.g., to FZD4 and/or FZDS5, and in some cases more FZD. The Fc
regions may dimerize via a knob-in-hole configuration. Methods for dimerizing
peptides via a knob-in-hole configuration are described in W02018/026942, inventors
Van Dyk et al., Carter P. (2001) J. Immunol. Methods 248, 7-15; Ridgway et al.
(1996) Protein Eng. 9, 617-621; Merchant, et al. (1998) Nat. Biotechnol. 16, 677—
681, and; Atwell et al., (1997) J. Mol. Biol. 270, 26-35. The Fc regions may be
Merrimack (knob chain: Q347M, Y349F, T350D, T366W and L368M; hole chain:
S3541, E357L, T366S, L368A and Y407V ), Merchant (knob chain: T366W; hole
chain: T336S, L368A and Y407V) or Merchant S:S (Merchant mutations with
additional S354C variant in the knob chain and Y349C in the hole chain). The Fc
regions may also contain mutations that alter their effector function, e.g., the Fc
region may have attenuated effector functions due to amino acid mutations, e.g.,

DANG variants and LALAPS variants.

Although in Figure 6 the peptides forming the diabody in the IgG-Diabody format are linked
to the C-terminal of the Fc domain via their VH domain in a VH-VL orientation (N terminal
to C terminal), in some embodiments, the peptides forming the diabody are linked to the C-
terminal of the Fc domain via their VL domains in a VL-VH orientation (N-terminal to C-
terminal). And, although the heavy chains are depicted as comprising a VH domain and a
CH1 domain linked to the N-terminal of the Fc domain and the light chains are depicted as
comprising a VL domain and CL1 domain to form the Fabs, in some embodiments (Diabody-
Fc-Fab in Fig.6 and Fig. 7A) the diabodies are fused to the N-terminus of the Fc and the Fabs
are fused to the C-terminus of the Fc. In order to do this, the CH3 domain of the Fc is fused
directly to the heavy chain of the Fab via its VH domain (VH-CH1) or directly to the light
chain via its VL domain (VL-CL) and where the light and heavy chains still associate to form

the Fabs.

Figure 6 illustrates a tetravalent binding antibody molecule in a Diabody-Fc-Fab
configuration having an LRP5/6-binding bispecific bivalent diabody forming the N-terminal
binding domain, and two FZD-binding Fabs forming the C-terminal binding domain. The
Fabs may be specific for a particular FZD, e.g. FZD4, or may be pan-specific, binding to
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more than one FZD, e.g. FZD4 and one or more other FZD. See also Figure 7A, which
illustrates a tetravalent binding antibody molecule in the Diabody-Fc-Fab format having an
Fcin a knob-in-hole (KiH) configuration and an LRP5-binding bispecific bivalent diabody
forming the N-terminal binding domain, and two FZD4-binding Fabs forming the C-terminal
binding domain. Although Figures 6 and 7A illustrates the Fabs linked to the CH3 of the Fc
domain (at the C-terminus) via the Fab variable heavy domain (VH), it is specifically
contemplated that in an alternate diabody-Fc-Fab format the Fabs are linked to the CH3 of
the Fc domain via the Fab variable light domain (VL). The various domains of the
tetravalent molecules, VL, VH, CH1, CH2, CH3, CL1 and Fc, are joined via linkers, e.g.,
peptide linkers.

Also an embodiment of this invention is a tetravalent binding antibody molecule in the
Diabody-Fc-Fab format comprising (i) an Fc domain, (ii) an N-terminal binding domain
comprising a diabody that binds to the co-receptor, e.g., LRPS and/or LRP6 co-receptor and
(i1) a C-terminal binding domain comprising two Fab that bind to one or more FZD, e.g.,

FZD4 or FZD5. This FZD Agonist in the Diabody-Fc-Fab format comprises,

(1) a first and second heavy chain monomer, wherein each heavy chain monomer comprises a

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

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

(b) an Fc region (or fragment thereof comprising a constant heavy chain

domain 3 (CH3 domain)), linked to
(c) a VH domain that binds a FZD, linked to
(d) a CH1 domain, and

(2) a first and second light chain monomer each light chain monomer comprising from N-
terminus to C-terminus a VL domain that binds FZD, and a constant light chain domain 1

(CL1).

The first and second heavy chain monomers dimerize via the Fc regions or fragments thereof

and a bivalent LRP5/6-binding diabody is formed by the pairing of the VH domain and VL
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domain that bind LRP5/6 of the first heavy chain monomer with the VL. domain and VH
domain that bind LRP5/6 of the second heavy chain monomer. The two FZD-binding Fabs
are formed by the pairing of each heavy chain monomer with a light chain monomer such that
the VL that binds the FZD and the CL1 of a light chain monomer pairs with the VH that
binds the FZD and the CH1 of each of the heavy chain monomers. In this Diabody-Fc-Fab
format, the diabody forms the LRP5/6 co-receptor binding domain on the amino terminus of
the tetravalent molecule and the two Fabs form the FZD binding domain on the C-terminus of
the tetravalent binding antibody molecule. The Fc regions may dimerize via a knob-in-hole

configuration.

Methods for dimerizing peptides via a knob-in-hole configuration are described in
WO02018/026942, inventors Van Dyk et al., Carter P. (2001) J. Immunol. Methods 248, 7-15;
Ridgway et al. (1996) Protein Eng. 9, 617-621; Merchant, et al. (1998) Nat. Biotechnol. 16,
677-681, and; Atwell et al., (1997) J. Mol. Biol. 270, 26-35. The Fc regions may be
Merrimack (knob chain: Q347M, Y349F, T350D, T366W and L368M; hole chain: S3541,
E357L, T366S, L368A and Y407V), Merchant (knob chain: T366W; hole chain: T336S,
L368A and Y407V) or Merchant S:S (Merchant mutations with additional S354C variant in
the knob chain and Y349C in the hole chain). The Fc¢ regions may also contain mutations
that alter their effector function, e.g., the Fc region may have attenuated effector functions

due to amino acid mutations, e.g., DANG variants and LALAPS variants.

Although in Figures 6 and 7A the peptides forming the diabody in the Diabody-Fc-Fab
format are linked to the Fc domain via their VL domains, thus in a VH -VL orientation (from
N-terminal to C-terminal), in some embodiments the orientation can be switched such that the
peptides forming the diabody are linked to the N-terminal of the Fc domain via their VH
domains, thus in a VL-VH orientation (from N-terminal to C-terminal). Also, although the
heavy chains in the Diabody-Fc-Fab format are depicted as comprising a VH domain and a
CH1 domain, which pair with the light chain comprising a VL and CL1 domain to form the
Fabs, it is also contemplated that in some embodiments the variable and constant domains are
switched such that the heavy chains comprise a VL domain and a CL.1 domain and the light
chains comprises the VH domain and CH1 domain and the heavy and light chains still pair to

form the Fabs.

In an embodiment of this invention the binding moiety of the FZD binding domain is derived

from an antibody, or an antibody fragment, that binds specifically to one FZD, e.g. FZD4 or
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FZDS5, or is pan-specific interacting with a specific FZD, e.g. FZD4 or FZD5, and one or
more additional FZD receptors (an FZD source antibody), and the co-receptor binding
domain comprises a binding moiety that is derived from an antibody or antibody fragment
that binds to a LPRS and/or LRP6 (a LRP5/6 coreceptor source antibody). In an embodiment
of the invention the FZD-binding antibodies bind to an extracellular cysteine rich domain
(CRD) of the FZD receptor. The antibody that binds FZD may be an antibody that binds the
FZD receptor and antagonizes Wnt signaling or inhibits binding of a Wnt ligand to the FZD
receptor. The antibody that binds FZD may be an antibody that binds the FZD receptor
without antagonizing or inhibiting binding of a Wnt ligand to the FZD receptor. The antibody
that binds FZD may be an antibody that binds FZD and enhances Wnt signaling. The
antibody that binds the LRP5/6 co-receptor may be an antibody that binds the LRP5/6 co-
receptor and antagonizes Wnt signaling or inhibits binding of a Wnt ligand to the co-receptor,
or the antibody that binds the LRP5/6 co-receptor may be an antibody that binds the co-
receptor without antagonizing Wnt or Norrin signaling or inhibiting binding of a Wnt or

Norrin ligand to the co-receptor.

In an embodiment of this invention the LRP5/6 co-receptor binding domain binds to a single
epitope on a co-receptor, e.g., an epitope that binds to the Wntl (E1-E2) or Wnt3 (E3-E4)
interacting domain of LRP5/6. In an embodiment of this invention the LRP5/6 co-receptor
binding domain binds to two epitopes within the co-receptor, e.g., a paratope that binds to the
Wntl (E1-E2) interacting epitope and a paratope that binds to Wnt3 (E3-E4) epitope of
LRP5/6. In an embodiment of this invention the multivalent binding molecule comprises a Fc
domain, wherein the Fc domain is the Fc domain of an immunoglobulin or a fragment thereof
comprising the CH3 domain. In an embodiment of the invention the immunoglobulin is an

IgG. In an embodiment of this invention the IgG is an 1gG1.

In an embodiment of this invention the LRP5/6 binding domain comprises a diabody
comprising two peptides each comprising a heavy chain variable domain (VH) that binds to
LRP5/6 linked to a light-chain variable domain (VL) that binds LRP5/6 wherein the binding
domain is formed by pairing of the VH and the VL from one peptide to the VL and VH of the
other peptide thereby forming the LRP5/6 binding domain.

In the tetravalent binding antibody molecules of this invention both of the binding domains
are bivalent and one or both of the bivalent binding domains may be bispecific for the

respective FZD receptor, e.g., FZD4 or FZDS5, or LRP5/6 co-receptor. For example, the



10

15

20

25

30

WO 2022/130341 PCT/1B2021/061971
23

binding molecule may comprise an FZD binding domain that is bivalent and monospecific
(each binding site binding to the same epitope) and the LRP 5/6 binding domain is bivalent
and bispecific, binding to two different epitopes (the Wntl (E1-E2) and Wnt3 (E3-E4) sites
on the LRP5/6 ectodomain). In an embodiment of this invention both binding domains are
bivalent and bispecific, each binding domain binding to two different epitopes on their

respective target FZD receptor or LRP 5/6 co-receptor.

The VH and VL domains of the FZD binding domain of the tetravalent molecules of this
invention may comprise the three light chain CDRs and three heavy chain CDRs of a FZD
source antibody, e.g. the FZD4 or FZDS5, binding antibodies of Table 1, Table 2 or Table 6,
or three light chain CDRs and three heavy chain CDRs that are at least 50%, at least 55%, at
least 60%, at least 75, at least. 80%, at least 85%, at least 90%, at least at least 95%, at least
96%, at least 97%, at least 98% or at least 99% identical to the CDRs of the FZD source
antibody, e.g., the FZD4 antibodies of Table 1, Table 2 or Table 6, and still retain binding to
the FZD or FZDS5 receptor bound by the source antibody.

The VH and VL domains of the LRP5/6 co-receptor binding domain of the tetravalent
molecules of this invention may comprise the three light chain CDRs and three heavy chain
CDRs of an LRP5/6 co-receptor source antibody, e.g., the LRP5/6 binding antibodies of
Table 3, Table 4 or Table 6, or three light chain CDRs and three heavy chain CDRs that are at
least 50%, at least 55%, at least 60%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98% or at least 99% identical to the VH and VL
of the Wnt co-receptor source antibody, e.g., the LRP5/6 binding antibodies of Table 3, Table
4 or Table 6, and still bind to the LRP5/6 co-receptor.

In an embodiment of this invention the FZD binding domain of the tetravalent binding
molecule of this invention binds FZD4 (an FZD4 Agonist) or FZDS5 (FZD5 Agonist) or FZD4
and/or FZDS5 and one or more other FZDs (a pan-FZD Agonist) and comprises

the CDR-H1, CDR-H2 and CDR-H3 and the CDR-L1, CDR-L2 and CDR-L3 of the
antibodies of Table 1, Table 2 or Table 6, or CDRs that are at least 50%, at least 55%, at least
60%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98% or at least 99% identical to the CDR-H1, CDR-H2 and CDR-H3 and CDR-
L1, CDR-L2 and CDR-L3 of the antibodies of Table 1, Table 2 or Table 6, and still bind to
FZD4 or FZD5,
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and the LRP5/6 binding domain of the FZD4 Agonist or FZD5 Agonist or pan-FZD Agonist

comprises

the CDR-H1, CDR-H2 and CDR-H3 and CDR-L1, CDR-L2 and CDR-L3 of the antibodies
of Table 3, Table 4 or Table 6 or the CDRs are at least 50%, at least 55%, at least 60%, at
least 75%. at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98% or at least 99% identical to the CDR-H1, CDR-H2 and CDR-H3 and CDR-L1,
CDR-L2 and CDR-L3 of the antibodies in Table 3, Table 4 or Table 6, and still bind to LRP5
or LRP6.

In an embodiment, the tetravalent binding antibody molecule’s FZD binding domain does not
comprise a diabody, scFv, or Fab comprising the three heavy chain CDRs or three light chain
CDRs of the FZD4-binding antibody 5044 in combination with a Wnt co-receptor binding
domain comprising a diabody, scFv, or Fab comprising the three heavy chain CDRs and three
light chain CDRs of LRP6-binding antibody 2542 and/or antibody 2539. In an embodiment,
the tetravalent binding molecule does not comprise a diabody, scFv, or Fab, comprising the
three heavy chain CDRs and three light chain CDRs of the FZD4-binding antibody 5027 in
combination with a Wnt co-receptor binding domain comprising a diabody, scFv, or Fab
comprising the three heavy chain CDRs and three light chain CDRs of LRP6-binding
antibody 2542 and/or antibody 2539.

Also, an embodiment of this invention are the nucleic acid molecules encoding the tetravalent
binding molecules described herein. An embodiment of this invention are the nucleic acid
molecules encoding the polypeptides of the tetravalent binding molecules described herein
comprising the heavy chain and light chain CDRs set forth in Tables 1, 2, 3, 4, 6. Also an
embodiment of this invention are the nucleic acid molecules that encode the polypeptides of
the tetravalent binding molecules, e.g., FZD5 Agonists or FZD4 Agonists, of Figure 7A and
7B that comprise the CDRs of Table 6. Also, an embodiment of this invention are the nucleic
acid molecules that encode VH and VL domains comprising respectively the heavy chain and
light chain CDRs set forth in Tables 1, 2, 3, 4, and 6. The nucleic acid molecules can be
inserted into a vector and expressed in an appropriate host cell and then the tetravalent
binding antibody molecules may be isolated from the cells using methods well known in the
art. As such, also an aspect of this invention are expression cassettes and vectors comprising
the nucleic acid molecules that encode the polypeptides of the tetravalent binding molecules,

e.g., FZD4 or FZDS5 Agonists, described herein, the VL and VH domains, the Fabs and the
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diabodies comprising the CDRs of set forth in Tables 1, 2, 3, 4, and 6, and the Fc domains
described herein. An aspect of this invention are the host cells expressing these expression

cassettes and vectors.

As used in this invention, the term "vector" refers to a nucleic acid delivery vehicle or
plasmid that can be engineered to contain a nucleic acid molecule, e.g., a nucleic acid
sequence encoding the tetravalent binding antibody molecules described herein. The vector
that can express protein when inserted with a polynucleotide is called an expression vector.
Vectors can be inserted into the host cell by transformation, transduction, or transfection, so
that the carried genetic substances can be expressed in the host cell. Vectors are well known
to the technical personnel in the field, including but not limited to: plasmid; phagemid,;
cosmid; artificial chromosome such as yeast artificial chromosome (YAC), bacterial artificial
chromosome (BAC), or P1 derived artificial chromosome (PAC);, phage such as Aphage or
M13 phage and animal viruses etc. Animal viruses may include but not limited to, reverse
transcriptase virus (including lentivirus), adenovirus, adeno-associated virus, herpes virus (e.
g. herpes simplex virus), chicken pox virus, baculovirus, papilloma virus, and papova virus
(such as SV40). A vector can contain multiple components that control expression of the
tetravalent binding antibody molecules described herein, including but not limited to,
promoters, e.g., viral or eukaryotic promoters, e.g., a CMV promoter, signal peptides, e.g.,
TRYP2 signal peptide, transcription initiation factor, enhancer, selection element, and

reporter gene. In addition, the vector may also contain replication initiation site(s).

As used in this invention, the term "host cell" refers to cells that can import expression
cassettes and vectors, including but not limited to, prokaryotic cells such as Escherichia coli
and Bacillus subtilis, fungal cells such as yeast and Aspergillus, insect cells such as S2
drosophila cells and Sf9, or animal cells, including human cells, e.g., fibroblast cells, CHO

cells, COS cells, NSO cells, HeLa cells, BHK cells, or HEK293 cells.

An embodiment of this invention is a pharmaceutical composition comprising a FZD Agonist
or a nucleic acid molecule, expression cassette and vector encoding a FZD Agonist described
herein and a pharmaceutically acceptable carrier, diluent or excipient. The pharmaceutical
composition may further comprise an additional agent, e.g., a second therapeutic antibody
e.g. an anti-VEGF antibody (aflibercept, ranibizumab and bevacizumab), a growth factor,
e.g., VEGF, or an agent that activates a Wnt pathway, e.g., the small molecule CHIR99021, a

Norrin or R-Spondin, or a nucleic acid molecule, expression cassettes and vectors that encode
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the agent. The pharmaceutical composition may consist of or consist essentially of a FZD
Agonist, or a nucleic acid molecule, an expression cassette or vector encoding an FZD
Agonist described herein, and a pharmaceutically acceptable diluent, carrier or excipient.
Suitable carriers, diluents and excipients, and their formulations are described in Remington:
The Science and Practice of Pharmacy (19th ed.) ed. A. R. Gennaro, Mack Publishing
Company, Easton, Pa. 1995. Typically, an appropriate amount of a pharmaceutically-
acceptable salt is used in the formulation to render the formulation isotonic. Examples of the
pharmaceutically-acceptable carrier include, but are not limited to, saline, Ringer's solution
and dextrose solution. The pH of the solution may be e.g., from about 5 to about 8, from
about 5 to 7.5 or from about 6 to 7. Further carriers include sustained release preparations
such as semipermeable matrices of solid hydrophobic polymers containing the agonist, which
matrices are in the form of shaped articles, e.g., films, liposomes or microparticles. It will be
apparent to those persons skilled in the art that certain carriers may be more preferable
depending upon, for instance, the route of administration and concentration of the FZD

Agonists being administered.

This invention also includes methods for using the FZD Agonists, described herein. An
embodiment of this invention is a method for activating a Wnt signaling pathway in a cell,
comprising contacting a cell having an FZD receptor and a LRP5/6 co-receptor, with a
tetravalent binding antibody molecule of this invention that binds the FZD, e.g., FZD4, and
the LRP5/6 in an amount effective to activate Wnt signaling. It has been reported that the
Norrin-FZD4 pathway plays a role in retinal angiogenesis (see Wang et al. Cell.
2012;151(6):1332-1344.; Braunger BM, Tamm ER. Adv Exp Med Biol. 2012; 723:679-683;
Ohlmann A, Tamm ER. Prog Retin Eye Res. 2012;31(3):243-257 and; Ye et al. Trends Mol
Med. 2010;16(9):417-425). Signaling through Norrin-FZD4 pathway is necessary for
development and maintenance of retinal vasculature. Mutations affecting genes of this
pathway may result in several vitreoretinopathies, such as Norrie Disease, Familial Exudative
Vitreoretinopathy (FEVR), and Pseudoglioma and Osteoporosis Syndrome. Additionally,
Retinopathy of Prematurity (ROP) has been associated with mutations in this Norrin-FZD4
pathway, and Wnt-pathway mutations have been reported in Coats Disease and Persistent
Fetal Vasculature (PFV). FZD4 signaling activated by Norrin and/or WNT7A/B pathway is
also associated with CNS blood brain barrier development and homeostasis. Genetic ablation
of the Norrin, FZD4, LRP5, LRP6 and the co-receptor Tetraspanin-12 (Tspan-12) result in

defective angiogenesis and barrier disruption in the retinal and/or cerebellar vessels (Cho et
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al. (2017) Neuron 95, 1056-1073; Zhou et al., (2014) J Clin Invest 124:3825-3846). Thus, a
functional Wnt signaling system plays a key fundamental role in the development of a
sufficient vascular and neural network in the eye and retina to support vision and in the CNS

to support BBB development and homeostasis.

An aspect of this invention is a method for promoting and/or maintaining retinal vasculature
by treating eye tissue, e.g., retinal tissue, with an effective amount of a pharmaceutical
compositions comprising the tetravalent antibody molecules of this invention, e.g., tetravalent
antibody molecules that binds FZD4 and LRP5/6, a FZD4 Agonists, having the structures
illustrated in Figure 6 through local or systemic administration. Also, an aspect of this
invention is a method for promoting and/or maintaining BBB vasculature by treating a
subject in need thereof with an effective amount of a pharmaceutical compositions of this
invention, e.g., a composition comprising a FZD4 Agonists having the structures depicted in
Figure 6. The BBB is initiated during development and its integrity remains vital for
homeostasis and neural protection throughout life. A subject in need thereof includes a
subject having a neurological condition associated with BBB dysfunction, e.g.,
neurodegenerative diseases such as Alzheimer’s disease, as well epilepsy, multiple sclerosis,

and stroke.

A further aspect of this invention is a method for treating a subject having a disorder
characterized by vascular leakage, particularly retinal vascular leakage, and/or endothelial
cell leakage, and disorders characterized by reduced retinal or brain endothelial cell barrier
functions or a compromised BBB or BRB, e.g., diabetic retinopathy, retinipathy of
prematurity, Coat’s disease, FEVR, Norrie disease, macular degeneration, diabetic macular
edema, and pediatric vitreoretinopathies, by administering to such subject an effective
amount of a pharmaceutical compositions of this invention, e.g., a composition comprising a
FZD4 Agonist having the structures depicted in Figure 6. An effective amount of such
composition is an amount sufficient, e.g., to increase or restore endothelial cell barrier
functions and thereby reducing vascular leakage in such subject. The subject may be a fetus.
The FZD4 Agonists of this invention particularly the FZD4 Agonist in the diabody-Fc-Fab
format comprising two Fab fragments forming the FZD4 binding domain on the carboxy
terminal of the Fc receptor and a binding domain for LRP5 and/or LRP6 composed of a
diabody on the amino terminal of the Fc domain, e.g., as illustrated in Figure 6, activates

FZD4 and B-catenin signaling in endothelial cells, promotes barrier functions and thereby
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reduces endothelial cell permeability and significantly enhance angiogenesis. In particular,
treatment of endothelial cells, in vivo, ex vivo or in vitro, with these FZD4 Agonists,
preferably those with the diabody-Fc-Fab format, enhance the development and maintenance
of retinal vasculature and/or the BRB and the BBB far more effectively than other molecules

that do not have this structure.

A further aspect of the invention is a method for treating a subject having inflammation of all
or part of the intestines, also known as inflammatory bowel disease, by administering to such
subject an effective amount of a pharmaceutical composition of this invention, e.g., a
composition comprising a FZDS Agonist. Examples of inflammatory bowel disease include,
but are not limited to, Crohn’s disease, and ulcerative colitis. An effective amount of such
composition is an amount sufficient to reduce, ameliorate, eliminate, or treat the
inflammation. A subject in need thereof includes a subject having inflammation of the
mucosal of the gastrointestinal tract. The methods disclosed herein may be practiced to
reduce inflammation (e.g., inflammation associated with IBD or in a tissue affected by IBD,
such as gastrointenstinal tract tissue, e.g., small intestine, large intestine, or colon), activate
WNT signaling, or reduce any of the histological symptoms of IBD (e.g., those disclosed

herein).

The FZD Agonists of the present invention may be administered systemically or locally, e.g.,
by injection (e.g. subcutaneous, intravenous, intraperitoneal, intrathecal, intraocular,
intravitreal, etc.), implantation, topically, or orally. Depending on the route of
administration, the FZD Agonists may be coated in a material to protect the agonists from
conditions that may inactivate the agonists. The tetravalent binding antibody molecules
described herein may be dissolved or suspended in a pharmaceutically acceptable, preferably
aqueous carrier. In addition, the composition comprising the FZD Agonists can contain
excipients, such as buffers, binding agents, blasting agents, diluents, flavors, lubricants, etc.
An extensive listing of excipients that can be used in such a composition, can be, for
example, taken from A. Kibbe, Handbook of Pharmaceutical Excipients (Kibbe, 2000). The
tetravalent binding antibody molecules can also be administered together with immune

stimulating substances, such as cytokines.

An embodiment of this invention includes a method for deriving cerebral organoids with a
vascular network exhibiting barrier functions by using the tetravalent antibody molecules

described herein. The tetravalent binding antibody molecules described herein that activate
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FZD4 signaling are envisioned to promote barrier function within endothelial cells cultured

with cerebral organoids and thereby promoting angiogenesis.

An embodiment of this invention includes a method for directed differentiation of multipotent
or pluripotent stem cells (PSC) or induced pluripotent stem (iPS) cells comprising culturing
the cells under conditions suitable for directed differentiation wherein said culturing
conditions further comprise an effective amount of a tetravalent binding antibody molecule
described herein. Studies in mouse and human PSCs have identified specific approaches to
the addition of growth factors, including Wnt, which can induce PSC differentiation into
different lineages. Methods for directed differentiation of PSCs comprising the activation of
Wht signaling are known in the art see e.g. Lam et al. (2014) Semin Nephol 34(4); 445-461,
Yucer et al. (September 6, 2017) Scientific Reports 7, Article number 10741, Itis
contemplated that the FZD Agonists, e.g. FZD4 Agonists, described herein can be used in an
amount sufficient to effect activation of Wnt signaling pathways to direct differentiation of
the PSCs to certain mesodermal lineages such as cardiomyocytes (cite Yoon et al. FZD4
Marks Lateral Plate Mesoderm and Signals with NORRIN to Increase Cardiomyocyte
Induction from Pluripotent Stem Cell-Derived Cardiac Progenitors. Stem Cell Reports. 2018
Jan;10(1):87-100. DOI: 10.1016/j.stemcr.2017.11.008 PMID: 29249665).

An embodiment of this invention is a method for enhancing tissue regeneration in a subject in
need thereof by activating Wnt signaling in such subject by administering to the subject in

need thereof an effective amount of a FZD Agonists described herein.

An embodiment of this invention includes a method for promoting endothelial cell barrier
functions in eye tissue, e.g., retinal tissue, in a subject in need thereof, by administering an
effective amount of a tetravalent binding molecule of this invention that binds FZD4 and
LPR5/6, an FZD4 Agonist. In a particular embodiment the FZD4 Agonist of this invention
that binds to FZD4 and a binding domain that binds to LRP5 or/and LRP6 has a diabody-Fc-
Fab structure depicted in Figure 6 and 7. In an embodiment of this invention the FZD4
Agonists for enhancing retinal angiogenesis comprise the light chain CDRs, i.e., CDR-L1,
CDR-L2, and CDR-L3 and heavy chain CDRs, i.e., CDR-H1, CDR-H2 and CDR-H3 of the
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FZD4-binding antibodies set forth in Tables 1, 2, and 6 and the LRP5/6-binding antibodies
set forth in Tables 3, 4, and 6.

A subject as used herein may be any animal (e.g., a mammal), including, but not limited to,
humans, non-human primates, horses, cows, dogs, cats, rodents, and the like. The subject

may be a fetus. Typically, the subject is human.

Effective dosages and schedules for administering the FZD Agonists and nucleic acids that
encode them described herein may be determined empirically, and making such
determinations is within the skill in the art. Those skilled in the art will understand that the
dosage of such FZD Agonists that must be administered will vary depending on, for example,
the subject who will receive the antibody, the route of administration, the particular type of
FZD Agonists used and other drugs being administered. Guidance in selecting appropriate
doses for FZD Agonists is found in the literature on therapeutic uses of antibodies, e.g.,
Handbook of Monoclonal Antibodies, Ferrone, eds., Noges Publications, Park Ridge, N.J.,
(1985) ch. 22 and pp. 303-357; Smith, Antibodies in Human Diagnosis and Therapy, Haber,
eds., Raven Press, New York (1977) pp. 365-389. The dosage ranges for the administration
of the compositions are those large enough to produce the desired effect, e.g., promote
endothelial cell barrier functions, vascular homeostasis, or enhance Wnt signaling. The
dosage should not be so large as to cause adverse side effects, such as unwanted cross-
reactions, anaphylactic reactions, and the like. Generally, the dosage will vary with the age,
condition, gender and the extent of the disease or disorder, in the patient and can be
determined by one of skill in the art. The dosage can be adjusted by the individual physician
in the event of any contraindications. Dosage can vary, and can be administered in one or
more dose administrations daily, for one or several days. While individual needs vary,
determination of optimal ranges of effective amounts of the vector is within the skill of the

art.

Also, an aspect of this invention is a method for making the tetravalent binding antibody
molecules described herein. The amino acid sequences of FZD receptors, e.g. FZD4, and the
Whnt co-receptors LRP5/6, and nucleotide sequences encoding FZD receptors and the Wnt co-
receptors LRP5/6, as well as antibodies and libraries of antibodies that bind FZD, e.g., FZD4,
or the Wnt co-receptors LRP5/6, are readily available or can be generated using methods well
known in the art (see e.g., U.S. publication no. 2015/0232554, inventors Gurney et al. and US
publication no. 2016/0194394, inventors Sidhu et al. and US 20190040144, inventors Pan et
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al.; U.S. publication no. 2017/0166636, inventors Wu et al.; U.S. publication no.
2016/0208018, inventors Chen et al.; U.S. publication no. 2016/0053022, inventors Macheda
et al.; U.S. publication no. 2015/031293, inventors Damelin et al.). And a variety of methods
are known in the art for generating and screening such phage display libraries for antibodies,
and antibody fragments, scFv, Fab, VL, and VH possessing the desired binding
characteristics. Such methods are reviewed, e.g., in Hoogenboom et al. in Methods in
Molecular Biology 178:1-37 (O'Brien et al., ed., Human Press, Totowa, N.J., 2001) and
further described, e.g., in the McCafferty et al., Nature 348:552-554; Clackson et al., Nature
352: 624-628 (1991); Marks et al., J. Mol. Biol. 222: 581-597 (1992); Marks and Bradbury,
in Methods in Molecular Biology 248:161-175 (Lo, ed., Human Press, Totowa, N.J., 2003);
Sidhu et al., J. Mol. Biol. 338(2): 299-310 (2004); Lee et al., J. Mol. Biol. 340(5): 1073-1093
(2004); Fellouse, Proc. Natl. Acad. Sci. USA 101(34): 12467-12472 (2004); and Lee et al., J.
Immunol. Methods 284(1-2): 119-132(2004), all incorporated herein by reference. In certain
phage display methods, repertoires of VH and VL genes are separately cloned by polymerase
chain reaction (PCR) and recombined randomly in phage libraries, which can then be
screened for antigen-binding phage as described in Winter et al., Ann. Rev. Immunol., 12:
433-455 (1994). Phage typically display antibody fragments, either as single-chain Fv (scFv)
fragments or as Fab fragments. Libraries from immunized sources provide high-affinity
antibodies to the immunogen without the requirement of constructing hybridomas.
Alternatively, the naive repertoire can be cloned (e.g., from human) to provide a single source
of antibodies to a wide range of non-self and also self antigens without any immunization as
described by Griffiths et al., EMBO J, 12: 725-734 (1993). Finally, naive libraries can also be
made synthetically by cloning unrearranged V-gene segments from stem cells, and using
PCR primers containing random sequence to encode the highly variable CDR3 regions and to
accomplish rearrangement in vitro, as described by Hoogenboom and Winter, J. Mol. Biol ,
227:381-388 (1992). Patent publications describing human antibody phage libraries include,
for example: U.S. Pat. No. 5,750,373, and US Patent Publication Nos. 2005/0079574,
2005/0119455, 2005/0266000, 2007/0117126, 2007/0160598, 2007/0237764, 2007/0292936,
and 2009/0002360, all incorporated herein by reference. Antibodies or antibody fragments
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isolated from human antibody libraries are considered human antibodies or human antibody

fragments herein.

In an embodiment of this invention a tetravalent binding antibody molecule in a diabody-Fc-
scFv format comprising a LRP5/6 coreceptor binding domain comprising LRP5/6 -binding
diabody and an FZD-binding domain comprising two FZD-binding scFvs is generated by,

(a) selecting an Fc domain having a C-terminus and an N-terminus

(b) identifying an antibody that binds to an FZD receptor (the “FZD source
antibody”), and

(c) identifying an antibody that binds LRP 5/6 co-receptor (“coreceptor source
antibody” or “LRP 5/6 source antibody”),

(d) generating a nucleic acid molecule comprising a nucleotide sequence that encodes

a polypeptide monomer comprising

(i) a peptide comprising a VL domain linked to a VH domain, the domains
comprising the heavy chain and/or light chain CDRs of the antibody of step
b that bind the FZD receptor, or comprising heavy chain and/or light chain
CDRs derived from the antibody of step b that still bind the FZD, linked to

(i1) an Fc domain of step a, linked to

(iii) a peptide comprising VL. domain linked to a VH domain comprising
the light chain and/or heavy chain CDRs of the antibody of step c, or
comprising CDRs derived from the antibody of step ¢ and that still bind
LRP 5/6 co-receptor,

(e) expressing the nucleic acid molecule of step d to produce the polypeptide

monomer and then dimerizing the polypeptide,

wherein the VH and VL that bind the FZD of each monomer form a scFv that binds FZD, and
the VH and VL domains that bind the LRP 5/6 coreceptor of one monomer bind the VL and
VH that binds the Wnt coreceptor of another monomer forming a LRP5/6 co-receptor-

binding diabody, and
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wherein the polypeptide monomer dimerizes via the Fc regions to form a tetravalent binding
antibody molecule comprising an Fc domain, a FZD-binding domain comprised of two FZD-

binding scFvs, and a LRP5/6 coreceptor binding domain comprised of the diabody,

wherein the FZD binding domain and the LRP5/6 co-receptor binding domain are on
opposite termini of Fc domain. It is contemplated that the peptides comprising the VL and
VH domains that bind the FZD or the LRP may be linked to either the N or C terminus of the
Fc domain via the VL domain or the VH domain provided the FZD binding domain and LRP
binding domain are on opposite termini of the Fc domain. The FZD may be one or more of

FZD1, FZD2, FZD3, FZD4, FZD5, FZD6, FZD7, FZD8, FZD9, and FZD10.

In an embodiment of this invention, the tetravalent binding antibody molecule has two FZD-
binding Fabs, e.g., FZD4-binding Fabs, linked to one terminus of the Fc domain and two
LRP5/6-binding scFvs or a LRP5/6-binding diabody linked to the other terminus of the Fc

domain and is generated by,

(a) identifying the light chain complementary determining regions (CDR-L1, CDR-
L2, and CDR-L3) and/or heavy chains complementary determining regions (CDR-H1,
CDR-H2, and CDR-H3) of an antibody that binds to the FZD, e.g., FZD4 or FZDS5,
(the “FZD source antibody”) and

(b) identifying the CDR-L1, CDR-L2, and CDR-L3 and/or the CDR-H1, CDR-H2,
and CDR-H3 of one or more antibodies that binds to LRP5 or LRP6, (the “LRP5/6

source antibody™),

(c) generating a nucleic acid molecule encoding a “heavy chain” polypeptide

comprising

(1) a peptide comprising an immunoglobulin constant heavy chain region 1
(CHI domain) linked to a VH domain comprising the CDR-H1, H2 and H3
of the antibody of step a), or a CDR-H1, CDR-H2 and CDR-H3 derived
from the antibody of step a) that still binds the FZD4, linked to

(i1) an Fc region, linked to

(iii) a peptide comprising a VL domain comprising the CDR-L1, CDR-L2
and CDR-L3 of an antibody of step b) linked to a VH domain comprising
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the CDR-H1, CDR-H2 and CDR-H3 of an antibody of step b), or CDR-H1,
CDR-H2 and CDR-H3 derived from the antibody of step b) that binds to
LRP5 or LRP6,

(d) generating a nucleic acid molecule comprising a nucleic acid sequence that
encodes a “light chain” polypeptide comprising an immunoglobulin constant light
region 1 (CL1) linked to a VL domain wherein the VL domain comprises the FZD
light chain CDR-L1, CDR-L2 and CDR-L3 of the antibody in step a),

(e) expressing the nucleic acid molecules of (c¢) and (d) to produce the heavy chain

polypeptide and the light chain polypeptide,

wherein two heavy chain polypeptides dimerize via their Fc regions and the VH that binds
the FZD and CH1 domains of the heavy chain polypeptide pair with the VL that binds the
FZD and CL1 domains of the light chain polypeptide forming two FZD Fabs and

wherein the VH and VL that binds LRP5/6 in each heavy chain polypeptide pair to form an
scFv that binds LRP5/6, or the VH and VL that bind LRP5/6 of one heavy chain polypeptide
in the dimer pair with the VL and VH that bind the LRP5/6 of the other heavy chain
polypeptide in the dimer to form a diabody, thereby forming the tetravalent binding antibody
molecule comprising an Fc domain, two FZD Fabs linked to either the N or C terminus of the
Fc domain and two LRP5/6-binding scFvs or a LRP5/6-binding diabody linked to the other

terminus of the Fc domain.

The FZD source antibody may be an antibody that binds specifically to one FZD, e.g., FZDA4,
or is a pan-specific antibody binding FZD, e.g., FZD4 or FZDS5, and one or more other FZD
receptors and antagonizes Wnt signaling or inhibits Wnt binding to the receptor.
Alternatively, the FZD source antibody may be an antibody that binds specifically to one
FZD, e.g., FZD4 or FZD35, or is a pan-specific antibody binding one FZD, e.g., FZD4 or
FZD5, and one or more other FZD receptors without antagonizing Wnt signaling or inhibiting
Whnt binding to the receptor. The LRP source antibody may be an antibody that binds
specifically to LRP5/6, or is panspecific binding to LRP5/6 and to one or more of the Wnt co-
receptors, and antagonizes Wnt signaling or inhibits Wnt binding to the co-receptor.

Alternatively, the LRP5/6 source antibody may be an antibody that binds to the LRP 5/6 co-
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receptor, or is panspecific binding to LRP5/6 and to one or more of the Wnt co-receptors,

without antagonizing Wnt signaling or inhibiting Wnt binding to the LRP5/6 co-receptor.

The FZD source antibody may be an antibody fragment that binds the FZD receptor, e.g., an
Fab, a VL or VH. The light chain and heavy chain CDRs, the VH and/or VL in the FZD
binding domain of the FZD Agonists may be identical to the CDRs, the VH and/or VL of the
FZD source antibody or may be at least 50%, at least 55%, at least 60%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98% or at
least 99% identical to the CDRs, VH or VL of the source antibody and still retain binding to
the FZD receptor. The CDRs, the VH and/or VL in the FZD binding domain of the FZD
Agonists may be identical to the CDRs, the VH and/or VL of a FZD4-binding or FZD5-
binding antibody of Table 1, Table 2 or Table 6, or may be at least 50%, at least 55%, at
least 60%, 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98% or at least 99% identical to the CDRs, VH or VL of a FZD4-binding or
FZD5-binding antibody of Table 1 or Table 2 or Table 6 and still retain binding to the FZD

receptor.

Likewise, the Wnt co-receptor source antibody may be an antibody fragment, e.g. an Fab, a
VL or a VH, that binds the LRP co-receptor, e.g., LRP5/6. The light chain CDRs and heavy
chain CDRs, the VH and/or VL in the Wnt co-receptor binding domain of the FZD4 Agonists
may be identical to the CDRs, the VH and/or VL of the Wnt co-receptor source antibody or
may be at least at least 50%, at least 55%, at least 60%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
identical to the CDRs, VHs or VLs of the source antibody and still retain binding to the LRP
co-receptor. The light chain CDRs and heavy chain CDRs, the VH and/or VL in the LRP5/6
binding domain of the FZD Agonists may be identical to the light chain CDRs and heavy
chain CDRs, the VH and/or VL of a LRP-binding antibody of Table 3, Table 4 or Table 6 or
may be at least at least 50%, at least 55%, at least 60%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
identical to the light chain CDRs and heavy chain CDRs, VH or VL of a LRP-binding
antibody of Table 3, Table 4 or Table 6 and still retain binding to the LRP co- receptor.

In an embodiment of this invention, two polypeptides of the tetravalent binding antibody
molecule dimerize via knob-in-hole configuration of their Fc sequences. The tetravalent

binding antibody molecules of this invention may be generated by dimerizing two
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polypeptides in a “knob-in-hole” configuration. The knob-in-hole configuration increases the
modularity of this invention by facilitating the association of peptides that comprise binding
moieties that bind different epitopes on a FZD receptor or LRP5/6 co-receptor or to epitopes
on different members of the FZD receptor or co-receptor family, see e.g., Figure 6. Methods
for engineering Fc molecules via the knobs into holes design are well known in the art, see
e.g., W0O2018/026942, inventors Van Dyk et al., Carter P. (2001) J. Immunol. Methods 248,
7-15; Ridgway et al. (1996) Protein Eng. 9, 617-621; Merchant, et al. (1998) Nat.
Biotechnol. 16, 677-681, and; Atwell et al., (1997) J. Mol. Biol. 270, 26-35.

Without wishing to be bound by theory, it is contemplated that the tetravalent binding
antibody molecules of this invention facilitate the interaction of a FZD receptor and an
LRP5/6 co-receptor on a cell by promoting their proximity and stabilizing conformations of
the receptor proteins that are favorable for activating Wnt signaling pathways. Another
embodiment of this invention is a method for facilitating the interaction of a FZD receptor
and an LRP5/6 co-receptor on a cell thereby activating a Wnt signaling pathway in the cell
comprising, a) selecting an Fc domain, or fragment thereof comprising a CH3 domain,
having a C-terminus and an N-terminus b) linking a first bivalent binding domain, which
binds the FZD receptor, on one terminus of the Fc domain and linking a second bivalent
binding domain, which binds to the Wnt co-receptor, on the other terminus of the Fc domain
thereby forming a tetravalent binding antibody molecule; ¢) contacting said tetravalent
binding antibody molecule with the cell expressing said FZD receptor and Wnt co-receptor
under conditions wherein the FZD receptor and co-receptor both bind to the tetravalent
binding antibody molecule thereby activating the Wnt signaling pathway. The Wnt co-
receptor binding domain and FZD binding domain are bivalent and each comprise a VL
and/or a VH, or VgH domain and one or both of the binding domains may be monospecific.
In an embodiment of the invention one or both the Wnt co-receptor binding domain and FZD
binding domain are bispecific. In an embodiment of the invention the Wnt co-receptor
binding domain is bivalent and bispecific. The FZD binding domain may comprise a scFV
that binds FZD, a VuH that binds FZD, or an Fab that binds FZD, or combinations thereof, or
a diabody that binds FZD. The Wnt co-receptor binding domain may comprise a scFV that
binds the LRP5/6 co-receptor, a VuH that binds LRP5/6, an Fab that binds the LRP5/6 co-
receptor, or combinations thereof, or a diabody that binds the LRP5/6 co-receptor. In an

embodiment of the invention the FZD binding domain comprises two FZD-binding Fabs and
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the Wnt co-receptor binding domain comprises a bispecific bivalent diabody that binds

LRP5/6 on two different epitopes.

The tetravalent binding antibody molecules of this invention initiate the Wnt signaling
pathway(s) that are stimulated by the FZD-co-receptor complexes, e.g., the B-catenin
pathway stimulated by FZD-LRP5/6 complexes. Wnt ligands function by promoting the
clustering of FZD receptors with co- receptors. Without wishing to be bound by theory, it is
contemplated that the FZD Agonists described herein bind both the FZD receptor and its
LRP5/6 co-receptor thereby forming a complex that mimics the binding of a Wnt molecule to
the FZD receptor and LRP 5/6 co-receptor(s), which in turn activates Wnt signaling
pathways, the Wnt B-catenin pathway.

An embodiment of this invention is a method for activating a Wnt signaling pathway
comprising contacting a cell expressing a FZD receptor and its LRP5/6 co-receptor with an
effective amount of the FZD Agonists of this invention comprising a FZD binding domain

and a LRP5/6 co-receptor binding domain.

The FZD Agonists of this invention may be made recombinantly, e.g., by Gibson assembly
(see Gibson et al. (2009) Nature Methods 6 (5): 343-345 and Gibson DG. (2011) Methods in
Enzymology 498: 349-361), or the molecules may be made synthetically e.g., using
commercial synthetic apparatuses, for example, automated synthesizers by Applied
Biosystems, Inc., Beckman, etc. By using synthesizers, naturally occurring amino acids may
be substituted with unnatural amino acids. The particular sequence and the manner of
preparation will be determined by convenience, economics, purity required, and the like. If
desired, various groups may be introduced into the peptide during synthesis or during

expression, which allow for linking to other molecules or to a surface.

The binding domains of the FZD Agonists may be linked to the Fc domain via a linker. In
some embodiments, adjacent VH and VL domains may be attached to each other via a
peptide linker. In some embodiements adjacent constant domains and variable domains are
attached via a peptide linker. The linker may be, e.g. a polypeptide linker, or a non-peptidic
linker. In some embodiments the constant domains and variable domains of the FZD
Agonists are attached to the Fc domain via a peptide linker. Suitable linkers are well known
in the art, e.g., an XTEN linker (see W02013120683, inventors Schellenberger et al.) In
some embodiments, the peptide linker comprises at least 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13,
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14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or at least 100 amino acids. In some embodiments,
the peptide linker is between 1 to 100, 5to 75, 1 to 50, 5 to 50, 1 to 30, 1 to 25, 5to 25, 5to
20, 5to 15, 5to 10, 1-10 or 1-5 amino acids in length. The modular aspects of this invention
allow for mixing and matching of binding domains derived from antibodies that bind to FZD
receptor or antibodies that bind LRP5/6 co-receptor on the opposite termini of the Fc domain
to generate a tetravalent binding antibody molecule that can engage FZD receptor — LRP5/6

co-receptor complexes to activate Wnt signaling.

The Fc domain of the FZD Agonists, with or without the linker, is of a length and flexibility
that allows for the tetravalent binding antibody molecule of this invention to bind both the
FZD receptor and its LRP5/6 co-receptor thereby stabilizing receptor conformations that are
compatible with activation of downstream Wnt signaling pathways. In an embodiment of this
invention the Fc domain, or fragment thereof comprising the CH3 domain, with or without
the linker is greater than 100 amino acids spanning up to 3004, greater than 125 amino acids
spanning up to 3754, greater than 150 amino acids spanning up to 4504, greater than 175
amino acids spanning up to 5254, or greater than 300 amino acids spanning up to 900A.

Preferably the Fc domain is about 200 amino acids to about 300 amino acids in length.

As used herein and in the appended claims, the singular forms "a", "an", and "the" include
plural referents unless the context clearly dictates otherwise. Thus, for example, reference to
"a cell" includes a plurality of such cells and reference to "the peptide" includes reference to
one or more peptides and equivalents thereof, e.g. polypeptides, known to those skilled in the

art, and so forth.

An "affinity matured" antibody or “maturation of an antibody” refers to an antibody with one
or more alterations in one or more hypervariable regions (HVRs), compared to a parent or
source antibody which does not possess such alterations, such alterations resulting in an
improvement in the affinity of the antibody for antigen or to other desired properties of the

molecule.

By "comprising" it is meant that the recited elements are required in the

composition/method/kit, but other elements may be included to form the
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composition/method/kit etc. within the scope of the claim. For example, a composition
comprising tetravalent binding antibody molecules is a composition that may comprise other
elements in addition to the tetravalent binding antibody molecules, e.g. functional moieties
such as polypeptides, small molecules, or nucleic acids bound, e.g. covalently bound, to the
tetravalent binding antibody molecules; agents that promote the stability of the tetravalent
binding antibody molecule composition, agents that promote the solubility of the tetravalent
binding antibody molecule composition, adjuvants, etc. as will be readily understood in the

art, with the exception of elements that are encompassed by any negative provisos.

By "consisting essentially of", it is meant a limitation of the scope of composition or method
described to the specified materials or steps that do not materially affect the basic and novel
characteristic(s) of the subject invention. For example, a tetravalent binding antibody
molecule "consisting essentially of" a disclosed sequence has the amino acid sequence of the
disclosed sequence plus or minus about 5 amino acid residues at the boundaries of the
sequence based upon the sequence from which it was derived, e.g. about 5 residues, 4
residues, 3 residues, 2 residues or about 1 residue less than the recited bounding amino acid
residue, or about 1 residue, 2 residues, 3 residues, 4 residues, or 5 residues more than the

recited bounding amino acid residue.

By "consisting of", it is meant the exclusion from the composition, method, or kit of any
element, step, or ingredient not specified in the claim. For example, a tetravalent binding
antibody molecule "consisting of" a disclosed sequence consists only of the disclosed amino

acid sequence.

Where a range of values is provided, it is understood that each intervening value, to the tenth
of the unit of the lower limit unless the context clearly dictates otherwise, between the upper
and lower limits of that range is also specifically disclosed. Each smaller range between any
stated value or intervening value in a stated range and any other stated or intervening value in
that stated range is encompassed within the invention. The upper and lower limits of these
smaller ranges may independently be included or excluded in the range, and each range
where either, neither or both limits are included in the smaller ranges is also encompassed

within the invention, subject to any specifically excluded limit in the stated range. Where the
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stated range includes one or both of the limits, ranges excluding either or both of those

included limits are also included in the invention.

The basic antibody structural unit is known to comprise a tetramer. Each tetramer is
composed of two identical pairs of polypeptide chains, each pair having one "light" (about 25
kDa) and one "heavy" chain (about 50-70 kDa). The amino-terminal portion of each chain
includes a variable region of about 100 to 110 or more amino acids primarily responsible for
antigen recognition. The carboxy-terminal portion of each chain defines a constant region
primarily responsible for effector functions, e.g., binding Fc receptors and activation of
antibody-dependent cellular cytotoxicity (ADCC) and complement dependent cytotoxicity
(CDC). Methods for dimerizing peptides via a knob-in-hole configuration are described in
WO02018/026942, inventors Van Dyk et al., Carter P. (2001) J. Immunol. Methods 248, 7-15;
Ridgway et al. (1996) Protein Eng. 9, 617-621; Merchant, et al. (1998) Nat. Biotechnol. 16,
677-681, and; Atwell et al., (1997) J. Mol. Biol. 270, 26-35. The Fc regions may be
Merrimack (knob chain: Q347M, Y349F, T350D, T366W and L368M; hole chain: S3541,
E357L, T366S, L368A and Y407V), Merchant (knob chain: T366W; hole chain: T336S,
L368A and Y407V) or Merchant S:S (Merchant mutations with additional S354C variant in
the knob chain and Y349C in the hole chain). The Fc¢ regions may also contain mutations
that alter their effector function, e.g., the Fc region may have attenuated effector functions
due to amino acid mutations, e.g., DANG variants and LALAPS variants. Methods are well
known in the art for mitigating antibody effector function, including for example amino acid
substitutions in the Fc regions, e.g., the N297G and D265A, N297G (DANG) variants,
L234A, L235A, P331S (LALAPS), LALAPS Merchant, LALAPS Merchant S-S (Merchant
A M. et al Nature Biothechnol 1998 vol 16 p677-681) variants, or L234A, L235A, P329G
(LALA-PG) substitutions, see e.g., Lo et al. “Effector Attenuating Substitutions that Maintain
Antibody Stability and Reduce Toxicity in Mice. The Journal of Biological Chemistry Vol.
292, No. 9, pp. 3900 —3908, March 3, 2017, incorporated herein by reference. In general,
antibody molecules obtained from humans relate to any of the classes IgG, IgM, IgA, IgE and
IgD, which differ from one another by the nature of the heavy chain present in the molecule.
Certain classes have subclasses as well, such as IgGi, IgGa, and others. Furthermore, in

humans, the light chain may be a kappa chain or a lambda chain.

Three highly divergent stretches within each of the heavy chain variable domain, VH or VH

domain, and light chain variable domain, VL or VL domain, referred to as complementarity
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determining regions (CDRs), are interposed between more conserved flanking stretches
known as "framework regions”, or "FRs". Thus, the term "FR" refers to amino acid sequences
which are naturally found between, and adjacent to, CDRs in immunoglobulins. A VH
domain typically has four FRs, referred to herein as VH framework region 1 (FR1), VH
framework region 2 (FR2), VH framework region 3 (FR3), and VH framework region 4
(FR4). Similarly, a VL domain typically has four FRs, referred to herein as VL framework
region 1 (FR1), VL framework region 2 (FR2), VL framework region 3 (FR3), and VL
framework region 4 (FR4). In an antibody molecule, the three CDRs of a VL. domain (CDR-
L1, CDR-L2 and CDR-L3) and the three CDRs of a VH domain (CDR-H1, CDR-H2 and
CDR-H3) are disposed relative to each other in three-dimensional space to form an antigen-
binding site within the antibody variable region. The surface of the antigen-binding site is
complementary to a three-dimensional surface of a bound antigen. The amino acid sequences
of VL and VH domains may be numbered, and CDRs and FRs therein identified/defined,
according to the Kabat numbering system (Kabat et al., 1991, Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health,
Bethesda, Md.) or the INTERNATIONAL IMMUNOGENETICS INFORMATION
SYSTEM (IMGT numbering system; Lefranc et al., 2003, Development and Comparative
Immunology 27:55-77), both incorporated herein by reference. One of ordinary skill in the art
would possess the knowledge for numbering amino acid residues of a VL domain and of a
VH domain, and identifying CDRs and FRs therein, according to a routinely employed
numbering system such as the IMGT numbering system, the Kabat numbering system, and

the like.

The term “antibody” as referred to herein includes whole antibodies and any antigen binding
fragment (i.e., “antigen-binding portion™) or single chain thereof. A “whole antibody” or full-
length refers to a glycoprotein comprising at least two heavy (H) chains and two light (L)
chains inter-connected by disulfide bonds, or an antigen binding portion thereof. Each heavy
chain is comprised of a heavy chain variable region or domain (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
or domain (abbreviated herein as VL) and a light chain constant region. The light chain
constant region is comprised of one domain, CL or CL1. The VH and VL regions can be
further subdivided into regions of hypervariability, termed complementarity determining

regions (CDR), interspersed with regions that are more conserved, termed framework regions



10

15

20

25

30

WO 2022/130341 PCT/1B2021/061971
42

(FR). Each VH and VL is composed of three CDRs and four FRs, arranged from amino-
terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3,
FR4. The variable regions of the heavy and light chains contain a binding domain that
interacts with an antigen. The constant regions of the antibodies may mediate the binding of
the immunoglobulin to host tissues or factors, including various cells of the immune system

(e.g., effector cells) and the first component (Clq) of the classical complement system.

The term "antigen-binding portion" or "antigen-binding fragment" of an antibody (or simply
"antibody portion" or "antibody fragment"), as used herein, refers to one or more fragments,
portions or domains of an antibody that retain the ability to specifically bind to an antigen. It
has been shown that fragments of a full-length antibody can perform the antigen-binding
function of an antibody. Examples of binding fragments encompassed within the term
"antigen-binding portion" of an antibody include (i) an Fab fragment, a monovalent fragment
consisting of the VL, VH, CL1 and CH1 domains; (ii) an F(ab"): fragment, a bivalent
fragment comprising two F(ab)' fragments linked by a disulfide bridge at the hinge region;
(iii) an Fd fragment consisting of the VH and CH1 domains; (iv) an Fv fragment consisting of
the VL and VH domains of a single arm of an antibody; (v) a dAb fragment (Ward et al.
(1989) Nature 241:544-546), which consists of a VH domain; and (vi) an isolated
complementary 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
contiguous chain in which the VL and VH regions pair to form monovalent molecules
(known as single chain Fv (scFv); see e.g., Bird et al. (1988) Science 242:423-426; and
Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single chain antibodies
are also intended to be encompassed within the term "antigen-binding portion" of an
antibody. Other forms of single chain antibodies, such as diabodies, are also encompassed

(see e.g., Holliger et al. (1993) PNAS. USA 90:6444-6448).

“Diabodies,” or sometimes referred to herein as “Dia,” as used herein are dimeric antibody
fragments. In each polypeptide of the diabody, a heavy-chain variable domain (VH) is linked
to a light-chain variable domain (VL) but unlike single-chain Fv fragments, the linker
between the VL and VH is too short for intramolecular pairing and as such each antigen-
binding site is formed by pairing of the VH and VL of one polypeptide with the VH and VL

of the other polypeptide. Diabodies thus have two antigen-binding sites, and can be
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monospecific or bispecific. (see, e.g., Holliger, P., et al. (1993) Proc. Natl. Acad. Sci. USA
90:6444-6448; Poljak, R. J, et al. (1994) Structure 2:1121-1123; Kontermann and Dubel
eds., Antibody Engineering (2001) Springer-Verlag. New York. 790 pp. (ISBN 3-540-41354-

5) incorporated herein by reference.

As used herein an "effective amount" of an agent, e.g., the tetravalent binding antibody
molecules or a pharmaceutical composition comprising the molecules, refers to an amount
effective, at dosages and for periods of time necessary, to achieve the desired result. In some
embodiments, a therapeutically effective amount is one that reduces the incidence and/or
severity of, stabilizes one or more characteristics of, and/or delays onset of, one or more
symptoms of the disease, disorder, and/or condition. In some embodiments, the amount of a
FZD Agonists administered to the subject is in the range of about 0.001mg/kg to 10mg/kg,
0.5 mg/kg to about 10 mg/kg, or about 0.5 mg/kg to about 1mg/kg of the subject's body
weight. For example, in some embodiments the FZD4 Agonist may be applied to the eye in

an amount of, e.g., about 0.02 -1.5 mg, about 0.05-1.0mg, or about 0.1-0.5 mg per eye.

As used herein, the term "epitope"” includes any protein determinant capable of specific
binding to an immunoglobulin or fragment thereof, or a T-cell receptor. The term "epitope"
includes any protein determinant capable of specific binding to an immunoglobulin or T-cell
receptor. Epitopic determinants usually consist of chemically active surface groupings of
molecules such as amino acids or sugar side chains and usually have specific three-
dimensional structural characteristics, as well as specific charge characteristics. An antibody
is said to specifically bind an antigen when the dissociation constant is <10uM; e.g., <100

nM, preferably <10 nM and more preferably <1 nM.

The constant region of immunoglobulin molecules is also called the fragment crystallizable
region, the “Fc region” or “Fc domain.” The Fc domain is composed of two identical protein
fragments, derived from the second and third constant domains of the antibody's two heavy
chains and the Fc domains of IgGs bear a highly conserved N-glycosylation site.
Glycosylation of the Fc fragment is essential for Fc receptor-mediated activity. In an
embodiment of the invention the Fc domain of the tetravalent binding antibody molecule is
engineered such that it does not target the cell that binds the tetravalent binding antibody
molecule for ADCC or CDC-dependent death. In an embodiment of the invention the Fc
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domain of the tetravalent binding antibody molecule is a peptide dimer in a knob-in-hole

configuration. The peptide dimer may be a heterodimer.

The terms "individual," "subject," "host," and "patient," are used interchangeably herein and
refer to any mammalian subject for whom diagnosis, treatment, or therapy is desired,

particularly humans.

"LRP", "LRP proteins" and "LRP receptors" is used herein to refer to members of the low
density lipoprotein receptor-related protein family. These receptors are single-pass
transmembrane proteins that bind and internalize ligands in the process of receptor-mediated
endocytosis. LRP proteins LRP5 (e.g., LRP5: NP_002326.2) and LRP6 (e.g., LRP6:
NP_002327.2) are included in a Wnt receptor complex required for activation on the Wnt-
Bcatenin signaling pathway. See also, for human/mouse LRPS and LRP6: https ://
www.uniprot. org/uniprot/O75197, https :// www.uniprot. org/uniprot/Q91VNO, https ://
www.uniprot. org/uniprot/O75581, https :// www.uniprot .org/uniprot/O88572.

The term "polypeptide fragment" as used herein refers to a polypeptide that has an amino
terminal and/or carboxy-terminal deletion, but where the remaining amino acid sequence is
identical to the corresponding positions in the naturally-occurring sequence deduced, for

example, from a full-length cDNA sequence.

As used herein the term “paratope” includes the antigen binding site in the variable region of

an antibody that binds to an epitope.

"Single-chain Fv" or "scFv" antibody fragments comprise the VH and VL domains of an
antibody, wherein these domains are present in a single polypeptide chain. Generally, the Fv
polypeptide further comprises a polypeptide linker between the VH and VL domains which
enables the scFv to form the desired structure for antigen binding. For a review of scFv and
other antibody fragments, see James D. Marks, Antibody Engineering, Chapter 2, Oxford
University Press (1995) (Carl K. Borrebaeck, Ed.).

“Single-domain antibody” (sdAb), or “nanobody”, is an antibody fragment consisting of a
single monomeric variable antibody domain. “VHH” or “VHH fragment” as used herein

refers to a human VH that has been engineered to be independent of the light chain
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(Nilvebrant et al. Curr Pharm Des. (2016) 22(43):6527-6537; Barthelemy et al., Journal of
Biological Chemistry (2007) 283:3639-3654).

The terms "treatment", "treating" and the like are used herein to generally mean obtaining a
desired pharmacologic and/or physiologic effect. The effect may be prophylactic in terms of
completely or partially preventing a disease or symptom thereof and/or may be therapeutic in
terms of a partial or complete cure for a disease and/or adverse effect attributable to the
disease. "Treatment" as used herein covers any treatment of a disease in a mammal, and
includes: (a) preventing the disease from occurring in a subject which may be predisposed to
the disease but has not yet been diagnosed as having it; (b) inhibiting the disease, i.e., slowing
or arresting its development; or (¢) relieving the disease, i.e., causing regression of the
disease. The therapeutic agent may be administered before, during or after the onset of
disease or injury. The treatment of ongoing disease, where the treatment stabilizes or reduces
the undesirable clinical symptoms of the patient, is of particular interest. Such treatment is
desirably performed prior to complete loss of function in the affected tissues. The subject
therapy may be administered during the symptomatic stage of the disease, and in some cases

after the symptomatic stage of the disease.

The ability of the tetravalent binding antibody molecules of this invention to activate Wnt
signaling can be confirmed by a number of assays. The tetravalent binding antibody
molecules of this invention typically initiate a reaction or activity that is similar to or the
same as that initiated by the FZD receptor’s natural ligand. The tetravalent binding antibody
molecules of this invention activates the Wnt signaling pathways, e.g., the canonical Wnt-
Becatenin signaling pathway. As used herein, the term "activates" refers to a measurable
increase in the intracellular level of a Wnt signaling pathway, e.g., the Wnt-Bcatenin
signaling pathway, compared with the level in the absence of a FZD Agonist of the

invention.

Various methods are known in the art for measuring the level of Wnt-Bcatenin activation.
These include but are not limited to assays that measure: Wnt-Pcatenin target gene
expression; LEF/TCF reporter gene expression (such as TopFLASH, superTopFLASH,
pBAR); Bcatenin stabilization; LRP5/6 phosphorylation; Dishevelled phosphorylation; Axin
translocation from cytoplasm to cell membrane and binding to LRP5/6. The canonical Wnt-
Beatenin signaling pathway ultimately leads to changes in gene expression through the

transcription factors TCF1, TCF7L1, TCF7L2 and LEF1. The transcriptional response to Wnt
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activation has been characterized in a number of cells and tissues. As such, global
transcriptional profiling by methods well known in the art can be used to assess Wnt-fcatenin

signaling activation.

Changes in Wnt-responsive gene expression are generally mediated by TCF and LEF
transcription factors. A TCF reporter assay assesses changes in the transcription of TCF/LEF
controlled genes to determine the level of Wnt-Bcatenin signaling. A TCF reporter assay was
first described by Korinek, V. et al., 1997. Also known as TOP/FOP this method involves the
use of three copies of the optimal TCF motif CCTTTGATC, or three copies of the mutant
motif CCTTTGGCC, upstream of a minimal c-Fos promoter driving luciferase expression
(pTOPFLASH and pFOPFLASH, respectively) to determine the transactivational activity of
endogenous Pcatenin/TCF. A higher ratio of these two reporter activities (TOP/FOP)
indicates higher Bcatenin/TCF activity. A newer and more sensitive version of this reporter is
called pBAR and contains 12 repeats of the TCF motifs (Biechele and Moon, Methods Mol
Biol. 2008;468:99-110, PMID: 19099249).

General methods in molecular and cellular biochemistry can be found in such standard
textbooks as Molecular Cloning: A Laboratory Manual, 3rd Ed. (Sambrook et al., CSH
Laboratory Press 2001); Short Protocols in Molecular Biology, 4th Ed. (Ausubel et al. eds.,
John Wiley & Sons 1999); Protein Methods (Bollag et al., John Wiley & Sons 1996);
Nonviral Vectors for Gene Therapy (Wagner et al. eds., Academic Press 1999); Viral Vectors
(Kaplift & Loewy eds., Academic Press 1995); Immunology Methods Manual (I. Lefkovits
ed., Academic Press 1997); and Cell and Tissue Culture: Laboratory Procedures in

Biotechnology (Doyle & Griffiths, John Wiley & Sons 1998).
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Unless otherwise defined, scientific and technical terms used in connection with the present
invention shall have the meanings that are commonly understood by those of ordinary skill in
the art. Further, unless otherwise required by context, singular terms shall include pluralities
and plural terms shall include the singular. Generally, nomenclatures utilized in connection
with, and techniques of, cell and tissue culture, molecular biology, and protein and oligo- or
polynucleotide chemistry and hybridization described herein are those well-known and
commonly used in the art. Standard techniques are used for recombinant DNA,
oligonucleotide synthesis, and tissue culture and transformation (e.g., electroporation,
lipofection). Enzymatic reactions and purification techniques are performed according to
manufacturer's specifications or as commonly accomplished in the art or as described herein.
The foregoing techniques and procedures are generally performed according to conventional
methods well known in the art and as described in various general and more specific
references that are cited and discussed throughout the present specification. See e.g.,
Sambrook et al. Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1989)). The nomenclatures utilized in
connection with, and the laboratory procedures and techniques of, analytical chemistry,
synthetic organic chemistry, and medicinal and pharmaceutical chemistry described herein
are those well-known and commonly used in the art. Standard techniques are used for
chemical syntheses, chemical analyses, pharmaceutical preparation, formulation, and

delivery, and treatment of patients.

EXAMPLES

EXAMPLEI Identification and characterization of FZD4 binding or FZD5 binding Fab-
phage.

A FZD4 antibodies from affinity matured libraries of FZD4-binding antibody 5027
and 5044; FZDS5 antibodies from affinity matured libraries of FZD5-binding antibody 2919
and 2928.

Affinity matured libraries of known FZD4-binding antibodies 5027 and 5044 and known
FZD5-binding antibodies 2919 and 2928 were prepared using routine methods, essentially as

described in US publication no. 2016/0194394, inventors Sidhu et al., see also Persson et al.
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J. Mol. Biol,, 2013 Feb 22; 425(4):803-11 https ://pubmed. ncbi.nlm.nih. gov/23219464/,

both incorporated herein in their entirety by reference.

The 6 CDRs of the heavy chain (CDR-H1, CDR-H2 and CDR-H3) and light chains (CDR-
L1, CDR-L2 and CDR-L3) of antibodies 5044, 5027, 2919, and 2928 antibodies isolated
from the affinity matured libraries are set forth in Table 1 and Table 2.

Single point ELISAs were performed on 96-well Maxisorp plates coated with the
extracellular domains (ECDs) of human FZD4 protein in the presence or absence of a
saturating concentration of 5027 diabody-Fc (a diabody comprising the VL and VH of 5027
linked to an Fc domain). The plates were incubated with monoclonal Fab-phage followed by
incubation with horseradish peroxidase (HRP)-conjugated anti-M13 antibody. Wells were
subsequently washed 8 times followed by incubations with 3,3,°5,5’-
tetramethylbenidine/H20: peroxidase (TMB) substrate for 5-10 min. The reaction was
stopped by adding 1M H3POs and the absorbance was measured spectrophotometrically at
450 nm in a microtiter plate reader. The results of the assay are depicted in Figure 1 and
Figure 2 and demonstrate that the newly identified FZD4 antibodies bind FZD4 at a site
overlapping with the site recognized by antibody 5027. FZD4 binding antibodies 5027 and
5044 are described in US provisional application no. 62/885,781, incorporated herein by

reference.
B. Epitope mapping of Lead FZD4 antibodies.

ELISA assays were performed in 384-well Maxisorp plates coated with FZD4 ECD wild-type
(FZD4) or mutant FZD4 proteins (FZD_swap1-18) that replace segments of the FZD4 ECD
with corresponding regions from FZDS5. The plates were incubated with 10 nM IgG known
to bind specifically to FZD4, i.e., 5044 and 5027, or to be panspecific, i.e., 5016 (binds
FZD4, FZDS5, and other FZD receptors), followed by incubation with horseradish peroxidase
(HRP)-conjugated anti-Kappa light chain antibody. Phosphate buffered saline (PBS) and IgG
4275 which does not bind FZD4 or FZDS5 were used as controls. The wells were washed 6
times followed by incubations with 3,3,’5,5’-tetramethylbenidine/H20: peroxidase (TMB)
substrate for 3-5 min. The reaction was stopped by adding 1M H3POs and the absorbance
was measured spectrophotometrically at 450 nm in a microtiter plate reader, see Figure 2.

The pan-FZD binder 5016 is a positive control showing that the antigens are functional, with

the exception of “FZD4 Swap10”. Both FZD4-specific antibodies 5027 and 5044 are unable



10

15

20

WO 2022/130341 PCT/1B2021/061971
49

to bind to “FZD4 Swap 77, suggesting that these molecules bind to this region of the FZD
ECD.

C. Characterization of FZD4 IgG.

FZD4-binding full length IgGs were expressed via transient transfection in an Expi293 cell
culture system, essentially as described in Tao et al., Tailored tetravalent antibodies potently
and specifically activate Wnt/Frizzled pathways in cells, organoids and mice. Elife. 2019 Aug
27.8:e46134. doi: 10.7554/eLife.46134; PMID: 31452509. and purified via Protein A affinity
chromatography. Briefly, cells were grown to a density of approximately 2.5 x 10° cells/ml in
Expi293 Expression Media (Gibco) in baffled cell culture flasks and transfected with the
appropriate vectors using FectoPRO transfection reagent (Polyplus-transfection) using
standard manufacture protocols (ThermoFisher). Expression was allowed to proceed for 5
days at 37 °C and 8% COz with shaking at 125 rpm. After expression, cells were removed by
centrifugation and protein was purified from the conditioned media using rProtein A
Sepharose (GE Healthcare). Purified protein was buffer exchanged into either PBS or a
formulated stabilization buffer (36.8 mM citric acid, 63.2 mM Na;HPOs4, 10% trehalose, 0.2
M L-arginine, 0.01% Tween-80, pH 6.0) for storage. Proteins concentrations were

determined by absorbance at 280 nm and purity was confirmed by SDS-PAGE analysis.

Expression titers were determined as mg of purified protein per liter of mammalian cell
culture. Size exclusion chromatography (SEC) results in Table A below are defined as “-”:
evidence of multiple peaks on SEC trace, <50% monomeric species; “+”: >50% monomeric
species, delayed retention time (>14 min.); “++”: >90% of major peak at/near expected
retention time for a monomeric IgG. Standard retention time was determined by comparison

to Trastuzumab.
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Table A
Expression Titer | SEC
TRACID (mg/1) Result

13980 58 -
13981 40 -
13982 43 -
13983 65 ++
13984 52 -
13985 61 ++
13956 47 +
13957 52

13958 58 -
13959 46 +
13962 38 -
13963 56 -
13964 47 -
13965 74 ++
13966 86 -
13967 87 -
13968 89 +
13969 72 -
13970 36 -
13971 46 ++
13972 27 +
13973 411 +
13974 11 +
13975 411 ++
13979 49 -

Trac ID corresponds to the antibody number in Table 1 and Table 2.

D. Size-exclusion chromatography analysis and ELISA specificity measurements of

the FZD4 IgGs.

Twenty micrograms of the FZD4 binding IgGs were separated over an AdvanceBio SEC,
3004, 2.7 um, 4.6 x 300 mm column in a mobile phase of PBS using an Agilent Bio-Inert
HPLC. Protein elution was monitored using absorbance at 280 nM. The results are presented

in Figure 3A.

ELISA specificity measurements of the FZD4 antibodies were determined against FZD1 and
FZD10, the two FZD family member most closely related to FZD4. ELISA assays were
performed in 384-well Maxisorp plates coated with FZD ECD wild-type or mutant proteins at

a concentration of 1 pg/ml and excess binding sites were blocked with 0.5% BSA. The plates
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were incubated with 10 nM of the FZD4 binding IgGs followed by incubation with
horseradish peroxidase (HRP)-conjugated anti-Kappa light chain antibody. The wells were
washed 6 times followed by incubations with 3,3,’5,5 -tetramethylbenidine/H20: peroxidase
(TMB) substrate for 3-5 min. The reaction was stopped by adding 1M H3POs and the
absorbance was measured spectrophotometrically at 450 nm in a microtiter plate reader. The

results are presented in Figure 3B.
E. Identification of the CDRs of the FZD4 or FZDS5 binding antibodies.

The amino acid sequences of the CDRs of the FZD4-binding and FZD5-binding
immunoglobulins are set forth in Tables 1 and 2. The CDRs were identified according to the
INTERNATIONAL IMMUNOGENETICS INFORMATION SYSTEM (IMGT numbering
system; Lefranc et al., 2003, Development and Comparative Immunology 27:55-77), and
annotated as described in Persson et al. J Mol Biol. 2013 Feb 22;425(4):803-11, both

incorporated herein by reference.
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EXAMPLE 2: Identification and characterization of LRP binding synthetic antibodies
A. Phage Clonal ELISA of Synthetic Antibodies targeting LRPS and LRP6.

Single point ELISAs were performed on 96-well Maxisorp plates coated with the ECDs of
mouse LRP5-his protein or human Fc and blocked with BSA (0.5%). The plates were
incubated with monoclonal Fab-phage, or VH-phage and titers >10° phage/ml followed by
incubation with horseradish peroxidase (HRP)-conjugated anti-M13 antibody. The wells
were washed 8 times followed by incubations with 3,3,’5,5’-tetramethylbenidine/H202
peroxidase (TMB) substrate for 5-10 min. the reaction was stopped by adding 1M H3PO4 and
the absorbance was measured spectrophotometrically at 450 nm in a microtiter plate reader.
The results are presented in Figure 4. The results demonstrate that the synthetic antibodies
bound to LRPS. LRPS binding antibodies, 2459, 2460 and 8716, are described in US

provisional application no. 62/886,913, incorporated herein by reference.

Single point ELISAs were performed on 96-well Maxisorp plates coated with the ECDs of
human LRP6-Fc¢ protein chimeras. The plates were incubated with the monoclonal Fab-
phage, or VH-phage and titers >109 phage/ml followed by incubation with horseradish
peroxidase (HRP)-conjugated anti-M 13 antibody. The wells were washed 8 times followed
by incubations with 3,3,’5,5’-tetramethylbenidine/H20: peroxidase (TMB) substrate for 5-10
min. the reaction was stopped by adding 1M H3PO4 and the absorbance was measured
spectrophotometrically at 450 nm in a microtiter plate reader. The results are presented in
Figures 5A and 5B. The results demonstrate the synthetic antibodies bound to LRP6. LRP6
binding antibodies, 2539, 2540, and 2542 are described in US provisional application no.
62/886,918, incorporated herein by reference.

B. Identification of the CDRs of the synthetic antibodies targeting LRP5 and LRP6.

The CDRs of the LRP5-binding and LRP6-binding immunoglobulins set forth in Tables 3
and 4 were identified according to the INTERNATIONAL IMMUNOGENETICS
INFORMATION SYSTEM (IMGT numbering system; Lefranc et al., 2003, Development
and Comparative Immunology 27:55-77) and annotated as described in Persson et al. J Mol
Biol. 2013 Feb 22;425(4):803-11, both incorporated herein by reference.
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EXAMPLE 3: Tetravalent binding antibody molecule formats

A. We generated various formats of tetravalent binding antibody molecules comprising
pan-FZD and LRP5/6 antibody fragments, e.g., scFv, diabodies and Fab, on either end of an Fc
domain, see Table 5 and Figure 6, and assayed their Wnt agonist activity. DNA fragments
encoding antibody variable domains were either amplified by PCR from phagemid DNA
template or were constructed by chemical synthesis (Twist Biosciences). The DNA fragments
were cloned into mammalian expression vectors (pSCSTa). Bispecific diabodies and IgGs
contained an optimized version of a “knobs-in-holes” heterodimeric Fc (Ridgway et al. Protein
Eng. 9, 617-621 (1996)). Diabody domains were arranged in a VH-VL orientation with the
variable domains separated by a short GGGGS linker (SEQ ID NO: 886), which favors
intermolecular association between VH and VL domains and thus favors diabody formation. To
produce diabody fusion constructs, the diabody chains were fused to human IgG1 Fc. Diabody-
fc-diabody proteins were constructed as VH-x-VL-y-[human IgG1 Fc]-z-VH-x-VL where
linkers are x= GGGGS (SEQ ID NO: 886), y= LEDKTHTKVEPKSS (SEQ ID NO: 887), and
z= SGSETPGTSESATPESGGG (SEQ ID NO: 888). In this format, the human IgG1 Fc or
knob-in-hole IgG1 Fc fragments spanned from position 234-478 (Kabat numbering). For scFv-
Fc fusions, the variable domains were arranged in a VL-VH orientation and were connected by a
long GTTAASGSSGGSSSGA linker (SEQ ID NO: 889), which favors intramolecular
association between VH and VL domains and thus favors scFv formation. Variants with a Fab
domain fused to the C-terminus of the Fc were generated via chemical synthesis (Twist
Biosciences). For all constructs, the entire coding region was cloned into a mammalian

expression vector in frame with the secretion signal peptide.

These various of tetravalent binding antibody molecules comprising pan-specific FZD and
LRP5/6 antibody fragments were tested in a TOPFLASH assay to monitor beta catenin-
mediated gene reporter activity. Proteins were compared against the native ligand Wnt3a.
Assays were performed by plating TOPFLASH cells to ~70% confluency in a 96-well tissue
culture treated plate. Agonists were diluted in DMEM to provide a final assay concentration of
0.046 nM — 100 nM and cells were treated overnight at 37°C under 5% CO:. Luciferase
expression was quantified using the Dual-Luciferase Reporter Assay System (Promega) in 96-
well black plates in accordance with the manufacturer’s instructions. Briefly, HEK293T cells
were transduced with lentivirus coding for the pBARIs reporter (Biechele and Moon in Wnt

Signaling: Pathway Methods and Mammalian Models, E. Vincan, Ed. (Humana Press, Totowa,
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NJ, 2008), pp. 99—-110) and with Renilla Luciferase as a control to generate a Wnt-Bcatenin
signaling reporter cell line. 1-2 x 107 cells in 120 ul were seeded in each well of 96-well plates
for 24 hours prior to transfection or stimulation. The following day, FZD Agonists or Ab protein
was added, and following 15-20 hours of stimulation, cells were lysed and luminescence was
measured in accordance with the dual luciferase protocol (Promega) using an Envision plate
reader (PerkinElmer). For the FZD4 Agonist assay, FZD4 cDNA was transfected for 6 hours
prior to adding the FZD Agonist. For the Wnt inhibition assays, Wnt1 was introduced by cDNA
transfection or WNT3A protein was applied for 6 hours prior to the addition of Ab protein. All
assays were repeated at least three times. The results are presented in Table 5. As shown in
Table 5, each of the tetravalent formats activate FZD signaling to differing degrees when
clustering FZD4 and LRP5. These formats were also evaluated for stability, homogeneity and
yield production from Expi293 (Figures 3 and 9). From these analyses, the Diabody-Fc-Fab
format provides the best balance of activity, expression, stability. Finally, we applied the same
modality arrangement for FZD5 and LRP6 and we observed potent agonist activity. The results
in Table 5 show that the various tetravalent modalities elicit WNT agonism and that engagement
of 2 LRP5/6 epitopes produces WNT signaling activity (maxima) higher than with 1 LRP5/6
epitope.
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B. Diabody-Fc-Fab format FZD4 Agonists.

FZD Agonists having a bispecific LRP5-binding diabody and a FZD4 binding domain
comprising FZD4-binding Fabs (FZD4 Agonists), a FZDS5 binding domain comprising
FZD5-binding Fabs (FZD5 Agonists), or a FZD binding domain that binds multiple FZD
(pan-FZD Agonist) were generated using a knob-in-holes system. Briefly, the constructs were
generated by chemical synthesis (Twist Biosciences) or by standard molecular biology
techniques in a mammalian expression vector (pSCSTa). Diabody constructs were arranged
in a VH-VL manner with a short (GGGGS (SEQ ID NO: 886)) linker linking the VH and VL
to favor intermolecular pairing. For bispecific diabody arrangements, the variable domains
for paratopes A and B, respectively, were arranged as VH(A) — VL(B) on the Hole Fc chain
and VH(B)-VL(A) on the Knob Fc chain to facilitate proper paratope formation. Diabodies
were fused to the N-terminus of an optimized knob-in-holes heterodimeric Fc (Ridgway et al.
Protein Eng. 9, 617-621 (1996) via a GGGGSGGGGSEPKSS linker (SEQ ID NO: 890). The
Fc region also contains the effector-null mutations D278A and N314G (Kabat numbering),
corresponding to D655A/N297G (EU numbering). Fab domains were fused to the C-terminus
of the heterodimeric Fc via a GGGSGGGSGGGSGGGSGSTG linker (SEQ ID NO: 891).
Directly to this linker was fused the N-terminus of the Fab VH domain followed by CH1,
terminating at T238 (Kabat numbering). This Fab pairs with a standard kappa light chain
which was cloned as described above. For all constructs, the entire coding region was cloned

into a mammalian expression vector in frame with the secretion signal peptide.

In addition, Diabody-fc-Fab formats were constructed as VH-x-VL-y-[human IgG1 Fc]-z-VH
where linkers are x= GGGGS (SEQ ID NO: 886), y= GGGGSGGGGSEPKSSDKTHT (SEQ
ID NO: 892), and z= GGGSGGGSGGGSGGGSGSTG (SEQ ID NO: 891). Diabody domains
were arranged in a VH-VL orientation with the variable domains separated by a short
GGGGS linker (SEQ ID NO: 886), which favors intermolecular association between VH and
VL domains and thus favors diabody formation. Further, the Fc region may exhibit attenuated
effector functions due amino acid mutations to N297G and D265A (DANG) variants or
L234A, L235A, P331S (LALAPS) variants, and with the Fc region further comprising knob-

in-hole heterodimerization variants Merrimack, Merchant or Merchant S:S.

Figure 7 is an illustration of the Diabody-Fc-Fab format FZD4 Agonists having a LRP5
binding domain comprised of a diabody that is bivalent and bispecific for LRP5 and a FZD4
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binding domain comprised of two FZD4 binding Fab fragments formed by a VL and CL1 of
the light chain construct pairing with the VH and CH1 of each of the heavy chain hole and
heavy chain knob constructs. Table 12 presents the amino acid sequences of heavy chains
and light chains of FZD4 Agonists ANT’s (Diabody-Fc-Fab format): the heavy chain knob
construct (ANT16 knob), the heavy chain hole construct (ANT hole) and the light chain

construct. The light chain and heavy chain variable CDRs are in bold underlined italics.

Figure 16A depicts Diabody-Fc-Fab format FZD4 Agonists having Fc regions with
attenuated effector functions due to amino acid mutations, e.g., N297G (NG) and D265A,
(DANG) variants, and/or LALAPS variants, and with the Fc region further comprising knob-

in-hole heterodimerization variants Merrimack, Merchant or Merchant S:S
B. IgG-Diabody format FZD4 Agonists.

FZD Agonists having two FZD-binding Fabs forming an N-terminal binding domain and a
bispecific LRP5/6 binding diabody forming the C-terminal binding domain and an Fc domain
were generated using a knob-in-holes system. IgG-Diabody proteins were constructed as VH-
[human IgG1 Fc]-y- VH-x-VL where linkers are x= GGGGS (SEQ ID NO: 886) and y=
GGGSGGGSGGGSGGGSGSTG (SEQ ID NO: 891).

Figure 15 presents an illustration of the IgG-Diabody format FZD4 Agonists having an FZD
binding domain comprising two Fab fragments attached to the N- terminus of the Fc domain
with each Fab binding an FZD. The LRP5/6 co-receptor binding domain is attached to the C-
terminus of the Fc domain and is composed of a diabody that binds two different sites on the
co-receptor, e.g., a Wntl site (E1-E2) and a Wnt3 site (E3-E4) on LRP5/6. The Fabs may be
specific for a particular FZD, e.g. FZD4, or may be pan-specific, binding to more than one

FZD, e.g., to FZD4 and one or more other FZD.

Figure 16B depicts IgG-Diabody FZD4 Agonists having Fc regions with attenuated effector
functions due to amino acid mutations, e.g., N297G (NG) and D265A, (DANG) variants,
and/or LALAPS variants, and with the Fc region further comprising knob-in-hole
heterodimerization variants Merrimack, Merchant or Merchant S:S. Table 13 presents the
amino acid sequences of heavy chains and light chains of FZD4 Agonist, ANT39 (Diabody-
Fc-Fab format) and ANT39wi (IgG-Diabody format): the heavy chain knob construct
(ANT39 and ANT39i knob), the heavy chain hole construct (ANT39 and ANT39i hole) and

the light chain construct. Also included in Table 13 are amino acid sequences of heavy chains
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and light chains of FZD4 Agonist, ANT39 and ANT39i variants DANG, LALAPS, LALAPS
Merchant and LALAPS Merchant S-S. The light chain and heavy chain variable CDRs are in

bold underlined italics.
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Table 6B FZD4 FAb

SEQ SEQ SEQ SEQ

ID D ID ID
Molecule [7] 81  [NO: 9] NO: [10] NO: | [11] [NO:

CDR-HI CDR-H2 CDR-H3 CDR-L3

ANTI16-Hole T | LSSYSM P4 | YISSYYGYTY [51 | PAPGHWGF [19 |WYYAPI| 3
ANTI16-Knob T | LSSYSM P4 | YISSYYGYTY [s1 | PAPGHWGF [79 |WYYAPI| 3
ANTI8-Hole T | LSSYSM P4 | YISSYYGYTY [51 | PAPGHWGF [79 [WYYAPI| 3
ANTI8-Knob T | LSSYSM P4 | YISSYYGYTY [s1 | PAPGHWGF [79 [WYYAPI| 3
ANT20-Hole T | LSSYSM P4 | YISSYYGYTY [51 | PAPGHWGF [19 |WYYAPI[ 3
ANT20-Knob T | LSSYSM P4 | YISSYYGYTY [51 | PAPGHWGF [19 |WYYAPI| 3
ANT21-Hole T | LSSYSM P4 | YISSYYGYTY [51 | PAPGHWGF [79 |[WYYAPI| 3
ANT21-Knob T | LSSYSM P4 | YISSYYGYTY [51 | PAPGHWGF [79 [WYYAPI| 3
ANT36-Hole T | LSSYSM P4 | YISSYDSITD 61 | PAVGHMAF [90 [WYNAPI| 12
ANT36-Knob T | LSSYSM p4 | YISSYDSITD |61 | PAVGHMAF [90 [WYNAPI| 12
ANT39-Hole T | LSSYSM P4 | YISSYDSITD [61 | PAVGHMAF [90 [WYNAPI 12
ANT39-Knob T | LSSYSM P4 | YISSYDSITD [61 | PAVGHMAF [90 [WYNAPI 12
ANTA42-Hole T | SDFYFI |i64 | TIYPFIGNTY [194 | AFPGSYHPF [220 |STGSLI| 135
ANT42-Knob | T | SDFYFI |i64 | TIYPFIGNTY [194 | AFPGSYHPF [20 [STGSLI| 135

In all the molecules the FZD FAB CDR-L1 and CDR-L2 are respectively SVSSA (SEQ ID
NO: 1) and SASSLYS (SEQ ID NO: 2)
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C. FZD Agonists are highly specific for FZD4, bind with high specificity and are

stable in solution.

Using biolayer interferometry (BLI) we have found that FZD4 Agonists described herein are
highly specific for FZD4 over other FZD receptors. Recombinant FZD ECD proteins were
immobilized on BLI sensors. The FZD4 Agonists in the Diabody-Fc-Fab format, having a
LRPS5 binding domain comprised of a diabody that is bivalent and bispecific for LRP5 and a
FZD4 binding domain comprised of two FZD4 binding Fab fragments, were tested at a
concentration of 100 nM in a buffer of PBS+0.05% Tween-20 and 1% BSA for binding to the
ECD proteins. The results are presented in Figure 8A. Controls in the assay included
CMO199, a diabody-Fc-diabody format FZD agonist that recognizes FZD4 and LRP5 and
Immunoglobulin 4275, which is an IgG that does not bind FZD or LRP.

The FZD4 Agonists also did not recognize common non-specific antigens. The FZD4
Agonists were tested at 100 nM for binding to a panel of antigens essentially as described in
Monquet et al. “Polyreactivity increases the apparent affinity of anti-HIV antibodies by
heteroligation” Nature 2010 Sep 30;467(7315):591-5(PMC3699875), and Jain et al.,
“Biophysical properties of the clinical-stage antibody landscape” Proc Natl Acad Sci 2017
Jan 31;114(5):944-949. (PMC5293111). Controls in the assay included CM0199, a diabody-
Fc-diabody format FZD agonist that recognizes FZD4 and LRP5 and immunoglobulin 6606,
which is an IgG that is particularly prone to non-specific binding in this assay. The results are

presented in Figures 8B.

The FZD4 Agonists comprising binding domains for FZD4 and LRPS5 bind both FZD4 and
LRPS5 with high affinity. The apparent affinity of the FZD4 Agonists for recombinant ECD
of FZD4 were determined by biolayer interferometry essentially as described in Elife. 2019
Aug 27, 8: e46134., Briefly, BLI assays were performed using an Octet HTX instrument
(ForteBio). For measuring binding to antigen, FZD-Fc proteins were captured on AHQ BLI
sensors (18-5001, ForteBio) to achieve a BLI response of 0.6—1 nm and remaining Fc-
binding sites were saturated with human Fc (009-000-008, Jackson ImmunoResearch). FZD-
coated or control (Fc-coated) sensors were transferred into 100-0.1 nM tetravalent FZD
agonist in assay buffer (PBS, 1% BSA, 0.05% Tween20) and association was monitored for

300 s. Sensors were then transferred into assay buffer and dissociation was monitored for an
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additional 300 s. Shake speed was 1000 rpm and temperature was 25°C. The results are

presented in Table 7.

Table 7

Molecule | FZD4 KD (nM) LRP5 EC50 (nM)
CMO0199 | 0.7 75

ANTI16 0.6 14

ANTI18 2.6 ND

ANT20 0.7 ND

ANT21 2.2 ND

ANT36 <0.1* ND

ANT39 0.3 ND

The FZD4 Agonists were also analyzed by SEC as compared to trastuzumab IgG. The results

are presented in Figure 9A and demonstrate that the diabody-Fc-Fab format Agonists are

stable and homogenous in solution.

The FZD4 Agonists are also stable in solution. Purified FZD4 Agonists, ANT16, ANT18,
ANT20, ANT21 and ANT 36 were resuspended to 1 mg/ml (except for ANT18, which was
resuspended at 0.34 mg/ml) in 10 mM Histidine, 140 mM NaCl, 0.9% sucrose, pH 6 and

stored either at 4°C or 40°C for a period of 6 days. Samples were removed at various time

points, centrifuged to remove precipitated protein and residual protein concentration was

measured. The results are presented in Tables 8 and 9.

Table 8

Soluble Protein Remaining (%)

Time at 40 degrees

(days) 0 1 2 6
CM0199 100% 60%  64%  40%
ANT-16 100% 102% 104% 104%
ANT-18 100% 92%  83%  105%
ANT-20 100% 97%  67%  104%
ANT-21 100% 102%  75%  102%
ANT-36 100% 100% 149%  106%
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Table 9
Active Protein Remaining
(%)
Time at 40 degrees
(days) 0 6
CM0199 100% 42%
ANT-16 100% 34%
ANT-18 100% 42%
ANT-20 100% 30%
ANT-21 100% 25%

On Day 6, the amount of FZD4-specific binding sites remaining in the samples were
quantified using BLI. Analysis by differential scanning fluorimetry showed that the FZD4
Agonists having a Diabody-Fc-Fab formats with an LRP-binding diabody on the N-terminal
of the F¢ domain and two FZD4-binding Fabs on the C-terminal of the Fc domain, have
thermal denaturation profiles similar to that of Trastuzumab. IgGs generally display two
peaks in a thermal stability assay, the first corresponding to CH2, the later to the Fab domain
and CH3, see Figure 9B.

The FZD4 Agonists were also assayed for induction of the beta-catenin target gene AX7N2 in
a mouse endothelial cell line (bEND3.1) and were shown to induce transcription in a

concentration dependent manner. These results are presented in Figure 10.

TABLE 10
Antibody Co-Receptor
No. FZD recognized recognized
5019 FZD1, FZD2, FZD4, FZD5, FZD7, FZD8
5027 FZD4
5044 FZD4
5016 FZD1, FZD2, FZD4, FZD5, FZD7, FZD8
FZD1, FZD 2, FZD 4, FZD5, FZD7, FZDS,
5056 FZD10
2459 LRP3-W3
2460 LRP5-W1
8716 LRP3-W3
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TABLE 10
Antibody Co-Receptor
No. FZD recognized recognized

12600 LRP5-W1
12608 LPR3-W1
2539 LRP6-W3
2540 LRP6-W3
2542 LRP6-W1
CMO0199 FZD4 LRP5
6066 N/A Positive control for non-specificity assay
4275 no FZD/LRP binding

EXAMPLE 4. The FZD4 agonist was assayed for its ability to oppose the effect on cell
junction disassembly and increased permeability mediated by VEGF, a cytokine released
during tissue hypoxia. VEGF treatment of bEND?3.1 cells leads to junction disassembly as
seen by loss of plasma membrane staining of CLDN3, CLDNS5 and ZO-1. Co-treatment of
cells with VEGF and the FZD4 agonist leads to a near-complete rescue of this effect (Fig.
11). This decrease cell-cell junction stability mediated by VEGF treatment translates into
increase endothelial cell permeability as monitor in a transendothelial permeability assay
measuring the passage of 40-kDa FITC-dextran across a confluent endothelial monolayer of
bEnd.3 grown on transwell filters. Co-treatment of cells with VEGF and the FZD4 agonist
completely rescues that VEGF-mediated increase in cell permeability. These results indicate
that the FZD4 agonist promotes endothelial cell barrier functions in a mechanism

independent of VEGF.

A) Immunofluoresence of ZO-1 (green)/CLDN3(red) and ZO-1 (green)/CLDN5(red)
localization on bEnd.3 cell junctions. bEnd.3 cells were treated or not with 30nM of F4L5.13
(aka CM0199) and Norrin in the presence or absence of VEGF (100ng/ml) for 1h. DAPI
(blue) stain the nucleus. B) Transendothelial permeability was determined by measuring the
passage of FITC-dextran through the bEnd.3 monolayer. Passage of FITC-dextran was
measured after bEnd.3 treatment with VEGF (100ng/ml) and F4L5.13 (30nM) alone or
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simultaneously or upon pre-treatment with VEGF for 1h followed by FAL5.13 treatment for
1h. Error bar indicate SEM, n=5. The results are presented in Figure 11.

EXAMPLE 5. New FZDS5 antibodies bind FZDS5 at a site overlapping with 2919 identified

from affinity maturation libraries.

Single point ELISAs were performed on 96-well Maxisorp plates coated with the ECDs of
human FZDS protein in the presence or absence of a saturating concentration of 2919 IgG.
The plates were incubated with the monoclonal Fab-phage followed by incubation with
horseradish peroxidase (HRP)-conjugated anti-M13 antibody. Wells were subsequently
washed 8 times followed by incubations with 3,3,’5,5’-tetramethylbenidine/H202 peroxidase
(TMB) substrate for 5-10 min. the reaction was stopped by adding 1M H3POs and the
absorbance was measured spectrophotometrically at 450 nm in a microtiter plate reader. The

results are presented in Figure 12.

EXAMPLE 6. New FZD5 antibodies from 2928 affinity maturation library selectively bind
FZD5.

Single point ELISAs were performed on 96-well Maxisorp plates coated with the ECDs of
human FZD2, FZDS, or FZD8 protein. The plates were incubated with the monoclonal Fab-
phage followed by incubation with horseradish peroxidase (HRP)-conjugated anti-M13
antibody. Wells were subsequently washed 8 times followed by incubations with 3,3,’5,5’-
tetramethylbenidine/H20: peroxidase (TMB) substrate for 5-10 min. the reaction was
stopped by adding 1M H3POs and the absorbance was measured spectrophotometrically at

450 nm in a microtiter plate reader. The results are presented in Figure 13.

EXAMPLE 7. Pan-FZD/LRP6 ANT9 and FZD5-specific/LRP6 ANT9 activate Wnt

signaling in cells.

TOPFLASH HEK?293 cells were treated overnight with varying concentrations of FZD
agonist or a non-targeting control molecule (CM0156) and TCF/LEF-driven luciferase
expression was measured using a standard luciferase assay. Both molecules are able to

activate FZD-mediated luciferase expression in a concentration-responsive manner. ANTO,
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which is able to bind to 7 of the 10 FZD receptor subtypes produces a higher maximal
activation signal than the FZDS5-specific ANTS9.

In vivo Experiments
DSS induced colitis model

In figure 24, C57/BL6 mice were given 2% DSS in the drinking water for 7 days and 0.5%
DSS for an additional 3 days to induce colitis. Control-FLAg, Pan-FLAg and ANTS9 were
administered via intraperitoneal injection on days 4 and 7 at a dosage of 10 mg/kg. Mice were
weighed daily. On day 10 mice were euthanized and tissues were harvested for measurement

of colon length and histology.
Histology

For histological analysis, harvested tissues were fixed in 4% paraformaldehyde and
embedded in paraffin. Sections of 5 pm were stained with haematoxylin and eosin (H&E).

Images were captured using a Nikon Eclipse microscope (figure 23).
Organoid Culture and Viability Measurement

Small intestine crypts were harvested from 8-week-old, female, C57BL/6 mice and cultured
as previously described (O'Rourke et al., 2016). Organoid cultures were passaged and
embedded in 25 pl Growth Factor Reduced Matrigel (Corning, 356231) and plated in
triplicates in a 48-well plate. Organoid cultures were treated with DMSO, 1 uM LGK974, 1
uM LGK974 +50% WNT3A conditioned media, 1 uM LGK974 +30 nM Pan-FLAg, 1 uM
LGK974 +30 nM FZD2-FLAg, 1 uM LGK974 +30 nM FZD4-FLAg, 1 uM LGK974 +30 nM
FZD5-FLAg, 1 uM LGK974 +30 nM FZD7-FLAg. Treatments were prepared in 250 ul of
complete media, added to each well on day of passaging and changed every 2-3 days. At the
endpoint (7 days), 150 ul Cell Titer-Glo3D (Promega) was added to 150 ul media in each
well. Organoids were lysed on a rocking platform for 30 min at room temperature. The
luminescence reading was measured in duplicates for 20 pl lysate from each well on the
Envision multilabel plate reader. The average luminescence reading for each condition was

normalized to the control condition to calculate relative viability (figure 22).

EXAMPLE 8. Transient expression of 8 ANT39 variants. A series of eight ANT39 variants

(Figures 16A and 16B) were transiently expressed in CHO cells using standard manufacture
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lipid based protocols (ThermoFisher). Briefly cells were grown to a density of approximately
2.0 x106 cells/ml in growth media and relevant DNAs were transfected with appropriate
transfection reagent. For each variant two alternate input plasmid ratios were tested, either
1:1:2 or 2:1:3 (knob heavy chain : hole heavy chain : light chain). Conditioned media was

harvested 7 days later, purified by Protein A Sepharose and the titre measured.

Table 11

1:1:2 390
ANT39

2:1:3 290

1:1:2 260
ANT39i

2:1:3 250

1:1:2 330
ANT39 LALAPS

2:1:3 250

1:1:2 300
ANT39i LALAPS

2:1:3 270
ANT39 LALAPS 1:1:2 340
Merchant 213 280
ANT391 LALAPS 1:1:2 240
Merchant 213 280
ANT39 LALAPS 1:1:2 320
Merchant S:S 213 190
ANT391 LALAPS 1:1:2 300
Merchant S:S 213 250
ANT42* 1:1:2 107
ANT42 LALA* 1:1:2 287
ANT42 LALAPS* 1:1:2 95
ANT42i LALAPS* 1:1:2 49

*Variants were transiently expressed in HEK293 cells

Those skilled in the art will recognize, or be able to ascertain, using no more than routine

experimentation, numerous equivalents to the specific procedures described herein. Such



10

15

20

25

WO 2022/130341 PCT/IB2021/061971
85

equivalents are considered to be within the scope of the inventions. Various substitutions,
alterations and modifications may be made to the invention without departing from the spirit
and scope of the invention. Other aspects, advantages, and modifications are within the scope

of the invention.

The contents of all references, issued patents, and published patent applications cited through
this application are hereby incorporated by reference. The appropriate component, process
and methods of those patents, applications and other documents may be selected for the

invention and embodiments thereof.

Throughout the specification and the claims which follow, unless the context requires
otherwise, the word ‘comprise’, and variations such as ‘comprises’ and ‘comprising’, will be
understood to imply the inclusion of a stated integer, step, group of integers or group of steps

but not to the exclusion of any other integer, step, group of integers or group of steps.

To clarify the use of and to hereby provide notice to the public, the phrases "at least one of
<A> <B>, ... and <N>" or "at least one of <A>, <B>, ... or <N>" or "at least one of <A>,
<B>, ... <N>, or combinations thereof" or "<A>, <B>, ... and/or <N>" are defined by the
Applicant in the broadest sense, superseding any other implied definitions hereinbefore or
hereinafter unless expressly asserted by the Applicant to the contrary, to mean one or more
elements selected from the group comprising A, B, ... and N. In other words, the phrases
mean any combination of one or more of the elements A, B, ... or N including any one
element alone or the one element in combination with one or more of the other elements
which may also include, in combination, additional elements not listed. Unless otherwise

indicated or the context suggests otherwise, as used herein, "a" or "an" means "at least one"

or "one or more."
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LAHNHTVHHWASIOSIANDOOMESIAA L TIASATIISOASATAIILLIANNIdOONSIMAAVIASdAIDOIAFIS TSAONLLNATISdd 1L
IDAOITIdOONVISILIAISVA TV INSAIDIATION TMAOH TAL TASAA YA LSNAOITAI L IVNHATADAA A MNAIATdAIHSATA
AADIATALISIN TLAATIAII TIASIDOV VAV dIddD LTHLIAIS dIATIAA XINSdTHNANIIALOILOTSSSIALAASS TSATOSSO'T
AVIALHADS LTVOSNMSALAJAdIATIATOO TVV.IOOSLSASSAV TdIASIDMNLSVSSALA TLOOOMATATHAS DAV AVIAAAV LA
VITSNNOTAVINISLAVSILIIDNASAV AXINDIAIA LV AMTTIONDIV O YA MHIAXAAS L AOSVV IS TITSODIOA TOOOSHATOAT

S-S TUBPRIA SAVIV'1 210U DH TP INV IMEN

(656 :ON

a1 OdS) «MMAAMLOODALITOVOVAOOIAALVAAAdOTSSIL TLAALOSYSOSTISIADSATASVS AT TTIAV IDIIOOAMVAVSSASOS
VIDLILAYADOASVSISSASOLNOIASDODDSSALATLOOOMAAATMSIVIAAAY LAV I ISNNO TAV INSLAVSILIIOIASAV AL
IADASSSISVAMATONDIVOIAMHISSSSATIDSVV IS TIISOOIOA TOOOSTATOATDISDSDODSDHHSHODSHODINIS TS IS IO
LAHNHTVHHWASIOSIANDOOMISIAA L TIASATIISOASATAIALLIANNIdOONSIMAAVIASdAIDOIAFIS TSAONLINATISdd 1L
AAOITIdOO NV ISILIAISVA TV INSAIDIATION TMAOH TAL TASAAYA LSNAOTTId L IVNHATADAA AMNIIATdAIHSATA
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VOIAMHAVAVIATIDSVVIS TITISODIOA TOOOSTATOATDISOHSDHOHSHOHOSHOOSHODIDIS TS TSTOLAHNHTVAHNASISIA
NOOOMISIAAL TIASATIISOASATAILLIANNAdOONSAMIAVIASdAADIA TOM TSAONITINATIDId TLAAOITIJOO NV ISILY
AISVA TV INS A MATION TMAOHTALTASAA YA LSNAOTTIILIVNHATADAAAMNIIAAdATHSATAAADLATd LISTAN TLANT
DIAdATIASAOOFFAdV dDddILHLIADS IdIA IAALINSdSHNANIIALO LD TSSSAALAASS TSATOSSOTAVAALHADS L TVOSNM
SALAdAdAATIATODTVVIOODSLISASSAV IdIASADMLSVSSALATLOOOMATATHAS DAV AVIXAAV LATVITSNINO TAVINIS L
AVSILIIOMASAV ALINDIAAILV AMTTONDIVOIAMHIAAAIASLADSVV IS TITISODIOA TOOOSHATOAIVAVVVALL T TTININ

S-S WEPRA SAVIVT qoud] DH TP INV

(£96 ‘ON A1 OAS) «MIALOODALIS

TAVMAOOIAALVAAAdO ISSIL TLAALOSYSOS TISIADSAISSFS AT TTIAV IO OO AMVAFSSASOSVIDLILAIADASVSTISSASOL
NOIASODDDSSALATIOOOMAATVAAASTAVIAAAVLATVIISNNO TAV INIS LAV SILIIONASAV AVIADDSIAISVAMNT IO MO
VOIAMHAFAVIATIDSVVIS TIISODIOA TODOSHATOATDISOSODDSOHOHOSHOHDSOHDDNOIS TS IS MO LAHNH TVAHNA SIS IA
NOOOMISIAAL TIASATIISOASATAdILLIANNAdOONSIMIAVIASdAIDIATOM TISAONNLNATISAd TLAAOITIdOD NV ISILY
AISVATYINSAIDTATION TMAOHTALTASAAYALSNAOTTIIALAVNHATADAA AMNIIAIdATHS AAAADLATI LIS TN TLAY
DIAdATIASAOOFFAdV dDddIOLHLIADS IdIA IAAXINSdSIHNANIIALOLOTSSSAALAASS TSATOSSOTAVALLHADS LTVOSNM
SALAdAdAATIATIOTVVIOOSLSASSAV IdIASAONLSVSSALA TLOOOMAUATHAS DAV IVIAAAY LAV I ISNINO TAV INS.L
AVSILIIDMASAV AXINDIAIAILV AN TONDAVOIAMHIALAASLADSVV IS TIISOOIOA TOOOSHATOATVAVVVALL T TTINIA

e SAVIVT qoud] DH TP INV

(296 :ON dI OAS) «MHAAXLOOOALIISAX

YHMAOOIAALVAAAdOTSSIL TLAALOSYSOSTISAADSAISSFS AT T TIAVIODIIOO AMVAFSSASOSVIILILAYADASVSTISSISOLN
OIASDODDSSALATIOOOMATTVAXASH AVIAAAVIAIVIISNINO TAVINIS.LAVSILIIDNASAV AVIADDSIAISVAMNT TONOIY
OYAMHAVAVIATIOSVVIS TIISOOIOATOODSTATOATOISOSOHDDSHOHHSOHOHOSOODNOIS IS TSMIOLAHNH TVAHNASISIAN
DOOMISIAALTIASA TIISOASATAIILLIANNAJOONSTMAAVIAS A IDMNANIM TSAONLNATISdd T7ZAAANITIIOO IV IASILY

HAISVATVINSAIDTATION TMAOHTALTASAAYALSNAOTTIIILIVNHATADAA AMNIIATdATHS ATAAADLAII LIS TN TLAY
DIAdATIASAOOFFAdV dDddILHLIADS IdAA SIAASLINS STHNANIIALOLOTSSSAALAASS TSATOSSO TAVAALHADS L TVOSNM
SALAdAdAATIATOOTVVIOOSISISSAV TIIASADOMLSVSSALA TLOOOMAUAITHASDIAV AVIAAAY LATV I ISNINO TAVINSL

AVSLLIIONASAVALINDIAIAIL VAN TONOAVOIAMHIAAAASLADOSVV IS TIISOOdOA TOOOSHA TOATVAVVVALL T TTINIA

SAVIVT qoudy DH Ty INV
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AADIAFALISINTLANINddATIASIDOF AV dDddILIHLAADIS AdAA NTNAALINSIMTHNANIIALOLDTSSSIALAASS TSATOSSOT
AVJALHADSLTVOSNMSALAdAdIAAAATIDTVVIODSLSASSAV TdAASIONLSVSSALATLOOOMAAAIHASDIAV AVIAAAY LAT
VITSNNOTAVINMS LAVSILAIDMASAV AXINDIAIAILY AMATONDIVOIA MHIAXAAS L ADSVV IS TIISOOIOA TODDSHATOAA

JUEYP.RIN SAVIVT qoud] JH 1T LNV 1B

(996 :ON A1 O4S)

« MHAANLOODALIISAAVHMAOOIAALY AAAdOTSSILTLAALOSYSOSTYSIADSTISSVS AT TV IDIIOOAMVAVSSASOSVEDL
LLAYADASVSTSSASOLNOIASDDDDSSALA TLOOOMATTVAAAST AVIAAAVIATVIISNNO TAV.INISLAVSILIIOMASAV AVLIA
DOSIAISVAMATONOIVOIAMHATVAVLATIDSVVIS TIISOOIOA TOODSTATOATDISOHSOODOSHOHOHSHHHSOHOD AOIS IS ISIOL
AHNHTVAHINASOSIANOOOMISIAA L TIAS A TIISOASATAIALLIANNAJOONSHMIAVIAS A A ADTANIM TSAONILNGTISdd 17
AANAITIdOONVISILIAISVA TV INSA IO IATION TMAOHTALTASAA YA LSNAOTTIITILIVNHATADAA A MNAIATdATHSATA
AADLATdLISIN TLAATIAdI TIASIDOV VAV DA LHLIAIS MdIATIAA XINSdTHNANIIALOLO TSSSAALAASS TSATOSSO'T
AVAALHADSLTVOSNMSALAdHdAATIA TOD TV V.IOOSLSMSSAV TdIASIDMLSVSSALA TLOOO MAUATHASDIAV AVIAAAV LAT
VITSNNO TAVINISLAVSILIIDOMNASAV AXINDIAIA LV AMTTIONODAV O YA MHIAXAAS L AOSVV IS TITSOOIOA TOOOSHATOAL

SAVIVTqoud] DH TP LNV 9.IMEA

(596 :ON A1 O4S)

AHASLOODALIISAAVHMAOOIAALY AAIdO TS SIL TLAALOSYSOSTISIADSAISS VS AL T TIAV IO OO AMVAFSSASOSVIOL
LLAYADASVSTSSASOLNOIASDDDDSSALATLOOOMATTVAAAST AVIAAAVIATVIISNANO TAV.INISLAVSILIIOMASAV AVLA
DOSIAISV AMTTONOIVOIAMHAVAVIATAIOSVVIS TEISOOIOA TOOISHATOATDISDSDDDSHODSODDSDOD OIS IS ISIOL
AHNHTVAHINASOSAANODOOMISIAA L TASA TIISOASATAIILLIANNAJOONSHMIAVIASd A ADTANIM TSAONILNGTISdd 17
AANAITIdOOAV ASLLIAIdV ATV INSAINATION TMAOHTALTASAATALSOAOTTATALIVNHATADAA AMNIIATIATHSAVA
AADLATdLISIN TLAAIAAdI TIASIDD TTHAVAIddD LHLIADS MdIATIAA XINSdTHNANIIALOLO TSSSAALAASS TSATOSSO'T
AVIALHADSLTVOSNMSALAdAdIATIATOOTVVIOOSLSASSAV TdIASIOMLSVSSALA TLOOOMATATHAS DAV AVIAAAV 1AL
VITSNNO TAVINISLAVSILIIDOMASAV AXINDIAIA LV AMTTONDIVO YA MHIAXAAS LAOSVV IS TITSOOIOA TOOOSHATOAL

ONVA qouy JH TP LNV 9.IMEA

(#96 :ON dI OAS) «MIANLOODALIS
AAVMAOOIAALY AAAdO ISSIL TLAALOSYSOS TASIADSAISSFS AT T AV IDIIOOAMVAVSSASO SV I LILAYADASVSISSASOL
NOIASODDDSSALATIOOOMATTVAXASTAVIAAAVLAAV A ISNNO TAV INIS LAV SILIIOMASAV AVIADDSIAISV AMNTTO MO
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(116 :ON dI OAS) «LHLIAISMdIAIAA XINSIIHNAND

IALOIOTSSSAALAASS TSATOSSOTAVAILHADS L TVOSNMSALAdAdIATIA TOD TVV.IOOSISISSAV TdIASIOMLSVSSALATLD

OOMATATHAS DAV AVIAAAVLATVITSNNO TAV.INAS LAV SILIIDOMASAV AXINDIAIALLV AMTATONDIVOIAMBTAXAAS LD
SYVISTITISODIOATOODSTATOATDISOSODDHSHODOSHOOSOHODNOIS TS TSIOLAHNH TVAHINASISIANDOOMISIAALTISAT
AASOASATAdALLIANNAdOONSIMTAVIASAAIDIATIS ISAONS LN 7T/ dd TLAAOdTIdOO MV ASLLIAIdVA TV INSA MO SIAT IO

NTMAOHTALTASAAYALSO AOTTAIALIVNHATADAA AMNIIATdATHSAVAAADLAII LIS TN TLAAIAddA TIASIOD TTAdV D

ddOIHIIASSIdASDODDSOHODDNIHANLOODALITOVOVAOOIAALY AAddOISSIL TLAALOSISOS TISIADSA TAS VS AT TTId VIO
DIOOAMVAVSSASOSVIILILAYADASVSTSSASOLNOIASDODDSSALATLOOOMAAAVMSIVIAAAV LAV I ISNINO TAV.INIS

LAVSILIYONASAVALLIADASSSIS VA MT TOMOIVOIA MHISSSSATAOSVVIS TIISOOdOA TOOOSHA TOATVAVVVAILL T TTINIA

ONVAIoH °H TrINV

(896 :ON I O4S)

IHALOODALIISAAVMAOOIAALY AATdO TS SIL TLAALOSYSOSTASIADSAISSFS AL T TIAV IO IIOOAMVAFSSASOSVIDL
LLAYADASVSTSSASOLNOIASDODDSSALATLOOOMATTVAXAST AVIAAAVIATVIISNINO TAV.INISLAVSILIIOMASAVAVIA
DOSIAISVAMTTONOIVOIAMHAVAVIATIOSVVIS TIISODIOATONDSTATOATDISDSDDDSHOHDSHODSOODIDIS TS ISMOL
AHNHTVAHWASISIANOOOMUSSIAAL TISA TIISOASATAdALLIANNAJOONSIMAAVIASdA IDMA TOM TSAONSLLNITIDId TL
AAOdTIdOONVIASILIAISVA TVINS AN ATIONTMAOHTALTASAAIALSNAQTTIIILLIVNHATADAA AMNIIATIAIHSATA
AADLAAdLISIN TLAIIAd A TIA SOV FAIV dIddD LHLIADS IdAA IAASINS AHNANIIALOLOTISSSAALAASS TSATOSSOT
AVAALHADS LTVOSNMSALAdAdAATIATOOTVVIOOSLSASSAV IdAASIDNLSVSSALA TLOOOMAUATHAS DdAVY IVIAAAV LAA
VITSNINO TAVINISLAVSILIIDMASAV AXINDIAIALLV AN TONDAV O YA MHIAAAASLAOSVV IS TIISOOIOA TOODSHATOAL

S-S JUBP.RN SAVIVT qousd] DH TP LNV 2-1ME

(L96 :ON A1 O4S)

HAANLOODALIISAAVHMAOOIAALY AAAdO IS SIL TLAALOSYSOSTISAADSA TS S VS AL T TV IO ISIOO AMVAFSSASOSVIDL
LLAYADASVSTSSASOLNOIASDDDDSSALATIOODMATTVAXAASY AVIAAAV LAAVIISNINO TAV INMS LAV SILIIDOMASAVAVIA
DOSIAISVAMTTONOIVOIAMHAVAVIATIDSVVIS TITISODIOATONDSTATOATDISDSDDDSDHOHDSHODSOOD IDIS TS ISMOL
AHNHTVAHNASDSIANDOOMISIAAL TIASA TIASOASATAdILLIANNAdOONSHMAAVIASdAIDIA TOM TSAONILNGTISdd 1L
AAOITIdOOAVISILIAIS VA TV INSAIIIATION TMAOHTALTASAA YA LSNA OIS LIVNHATADAA AMNIIATIAIHSAAA
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VVISTITISODIOATODOSTATOATADISOSOODHSHOOHSOHHOHSOHODIOIS TS TS AOLAHNH TVAHNASISIANOOOMIASIAAL TIASA T
ASOASATAIILLIANNAdOONSTMAAVIASIAIDOIAFT IS TSAONILNGTISAd TLIAOdTIdOO NV IASILIFIS VA TVINSAMIIATID
NTMAOHTALTASAAYALSNAOTTIIILIVNHATADAA AMNIIATIATHSATAAADLATALISIN TLA NI ddA TIASIOOFFAdV D
ddDIHIIASSIdASODDDSOHOODMIANIOODALITOVOVAOOIX ALV AAAdO TS SIL TLAALOSUSOS TISIADSA TAS VS AI T TV IO
DIOOAMVAFSSASOSVIDLILAYADASVSTISSASOLNOIASOODDSSALATLOOOMATAVMSIVIAAAVLATV I ISNINO TAV.LNIS
LAVSILIIOMASAV ALIADASSSIS VA MATOMODIVOIAMHISSSSH T ADSVVIS TIISOOIOA TOODSHATOAIVAVVVALL T TTINIA

S-S WEP.RIN SAV IV 1 910H 9H ¢PINV

(0L6 :ON dI O4S) «LHLIAISMdIAIIAAMXLNSIIHNANDI
ALOIOTSSSAALAASSTSATOSSOTAVAALHADS L TVOSNMSALAdIdAATIATIDTVVIODSISASSAV IdIASADMLSVSSALATLOO
OMAUATHASDIAV AVIAAAY LAV I ISNINO TAV INMSLAVSILIIOMASAY ATINDIAIAILV AMTTIONOAV O YA MHIAAA TS L ADS
VVISTIISOOdOATOOOSTAATOATDISOSDOOSDODSHODSOHODMIDIS TS TS MO LAHNH TVAHINASISAANDOOM IS IAAL TISA 1A

ASOASATAJILLIANNAJOONSTMAAVIASIAIDOIAFTIS TSAONIINITISAd TLAAOdTIdOO NV IASILIFIS VA TVINSA MDA TID
NTMAOHTALTASAAYALSNAOTTIIILIVNHATADAA AMNIIATdATIHS ATAAADLATALISIN TLAAIAddA TIASIOOF FAdV D
ddOIHIIASSIdASOODDSOOODMHANLOOOALTTOVOVAOOIAALY AAAdOISSIL TLAALOSYSOS TISIADSATTAS VS AT T TV IO
DIOOAMVAVSSASOSVIILILAYADASVSTISSASOLNOIASDODDSSALATLOOOMATAVMSIVIAAAV LATV I ISNINO TAV.LNIS
LAVSILIIDMIASAV AXLLADASSSISVAMATONDIVOIAMHISSSSH TADSVV IS TITISODIOA TOODSTATOATVAVVVALL T TTINIA

JUEPRIN SAV IV 9I°H OH FINV

(696 :ON dI OAS) «LHLIAISMdIAIAAXINSIIHNAND
IALOLOTSSSAALAASSTSATOSSOTAVAILHADS L TVOSNMSALAdIdIATIATIO TV V.IOOSLSASSAV IdIASIDOMLSVSSALATLO
OO MAUITHAS DAV IVIAAAVIAIVITISNANO TAVINISLAVSLLIIDNASAV ALINDIAIALL YV AMATONOIVOIAMHIAXAASLAD
SYVISTITISODIOATOODSTATOATDISOSODDHSHODOSHOOSOHODNOIS IS TSIOLAHNH TVAHINASISIANDOOMISIAALTISAT
AASOASATAIALLIANNAJOONSAMAAVIASAAIDIAFTISTSAONSLNTTI/dd TLAAOITIdOO IV JASILIAIS VA TV INSA IO IATIO
NTMAOHTALTASAAYALSNAOITINLLIVNHATGADAA AMNIIATdAIHSAAAAADILATdLISIN TLA NI AddI TIASIDOV VAdV dD
ddOIHIIASSAdASDDDDSOOODMHANLOOOALTTOVOVAOOIAALY AAAdOISSIL TLAALOSYSOS TASIADSTTAS VS AL T TV D
DIOOAMVAVSSASOSVIILILAYADASVSTSSASOLNOIASDODDSSALATLOOOMATAVMSIVIAAAV LAV I ISNINO TAV.INIS
LAVSILIYONASAVALIADASSSIS VA MA TOMOIVOIA MHISSSSHATIOSVVIS TIISOOdOA TOOOSTA TOATVAVVVALL T TTININ

SAVIVIOI0H dH TV INV
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ATIASIDOVFAdVIDddOTHILIAASSAdASOODDOSODOONHANLOODALTITOVOVAOOIAALVAAAdOTSSILTLAALOSISOSTISIADS
ATASVS A TTIAVIDIOOAMVAVSSASOSVIILILAYADASVSISSASOLNOIASDODDSSALATLOOOM ATV MSIVIAAAV LA
VITSNINOTAV INIISLAVSILIYOMASAVALLADASS SISV AMT TONODIVOIAMHISSSSAT ADSVV IS TITISOOIOA TODDSHATOAHT

JUBPRBN SAV' IV 1 2I0H OH PNV dTEN

(£L6 :ON I OdS) «LHLJMAISIdIA N
AAMINSIIHNANIIALOLOTSSSAALAASSTSATOSSOTAVAILHADS L TVOSNMSALAdIdIATIATODTVV IODSISISSAV IdIAS
dOMLSVSSALATLOOOMATATHAS DAV IVIAXAVIATVITISNINOTAVINIS LAVSILIIDIASAV AL INDIAJAILV AMTTONOIV
OYAMHIAAAASIADSVVISTIISOOIOA TODDSTATOATDISOSDODSOODHSOOHDHSOHODNOIS TS ISMOLAHNH TVAHINASISIAND
OOMISTAAL TIASA TIASOASATAIALLIANNAdOONSAMTAVIASdAIDIAFIS TSAONS LN TTIIdd TLAAOITIdOD TV IASILIAISV
dTVINSAIDIADIONTMAOHTA L TASAA YA LSNAOTTAILIVNHATADAA AMNIIATdATHSAAAAADI LA LIS TN TLAAI A
ATIASIOOFFAdVIIddOTHIIAS S AdASODDDSOODDNHANLOODALITOVDFAOOIAALVAAAdOISSIL TLIALOSUSOSTISIADS
TTASVS A TTAdVIDIOOAMVAVSSASOSVIILILAYADASVSISSASOLNOIASODDDSSALATLOOOM ATV MSIVIAAAV LA
VITISNINOTAVINISLAVSILIIOMASAVALLADASSSISV AMATONOIVOIAMHISSSSHT AOSVV IS TIISOOIOA TODOSTATOAA

SAV'IV'I 9I0H H ¢PINV 3ITEN

(zL6 'ON I OdS) «LHLMAISIdIA
AAMINSIIHNANIIALOLOTSSSAALAASSTSATOSSOTAVAALHADS L TVOSNMSALAdIdAAMTIATODTVV LODSLISMSSAV IdIAS
dOMLSVSSALATIOOOMAAATHAS DAV AVIAAAYV LATVITISNNO TAVINISLAVSILIYOMASAV ALINDIAIALLV AMA IO DIV
OYAMHIAAAASL IDSVVISTIISOOIOA TODDSTATOATDISOSDHOHDSOHHOHSOHOHHSOHOHMOIS IS TSMOLAHNH TVHHINAS IS IAND
OOMISIAAL TIASATIAISOASATAdILLIANNAIOONSHMTAVIASIAADIAFISTISAONS LN 7TAIdd TLAAOdTIdOO NV ISIL IV
dTVINSAIDNATIONTMAOH TALTASAA YA LSO AOTTIIILIVNHATADAA AMNIIATIATHS A VAAAD LATd LIS TN TLAd M dd
ATIASIDOTTAdVIDddDIHIIASSIdASOODOSODOOMHAANLOODALITOVOVAOOIAALVAAAdOTSSIL TLAALOSISOSIISIADS
TTASVS AITTAAVIDIIOOAMVAVSSASOSVIILILAYADASVSISSASOLNOIASDDDDSSALATLOOOM ATV MSIVIAAAVY.LAL
VITISNINOTAVINISLAVSILIIOMASAVALLADASSSISVAMATONOIVOIAMHISSSSHT AOSVV IS TIISOOIOA TODOSTATOAH

ONVARIOH °H Tr NV 21mEN

(IL6 :ON dI OFS) «LHLIADSIdIAIAANLINSdIHNANDI
ALOLOTSSSAALAASSTSATOSSOTAVAALHADS LTVOSNMSALAdAdAATIATID TV VIOOSISASSAV IdIASADMLSVSSALATLOO
DMAATATHASDIAV AV IAAAVILAGVITISNINO TAV INS LAV SILIIONASAV ATINDIAIAIL VA MATOIDIVOIAMHIAAAASL ADS
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(9L6 :ON dI OAS) «LHLIAISAdIAIAAXINSIIHNANIIALOLIOT
SSSAALAASSTSATOSSOTAVAALHADSLTVOSNMSALAJAdIATIA TOO TVV.LOOSISISSAV TdIASIOMLSVSSALA TIOOOMATL
dHASOIAVIVIAAAVLAAVITISNANO TAVINISLAVSLLIIDIASAV ALINDIAIALLY A MATONOIVOIAMHIAXAASLIDSVV IS T
TSOOIOATOHDSTHATOATDISOHSHODSOHOHOSOHODSHODNDISTSTISIOLAHNH TVAHINA SIS IANOOOMISIAAL TISA TIASOASA
TAddLLYANNAdOONSTMAA VIASdAIDOMIANIM TSAONSLLNATISdd TTAAANITIdOO TV ASILIFIIVA TV INSASIDMATIONTMA
OHTALTASAAYALSHO AOFTAILIVNHATADAA AMNIIATIATHSAVAAAI LAFd LISIN TLAATIdIA TIASIOD TTAIVIIddDIH
IIASSIdASODDOSODODMAANLOODALIISAAVMAOODAXALY AAAdOTISSIL TLAALOSISOS TISIADSATSSFS AL TV D00
AMVAVSSASOSVIILILAIADASVSTISSISOLNOIASODDDSSALATLOODMATTVAZAST AVIAAAV LAV I TSNNO TAVINISLA
VSILTIOMASAVAVIADDSIAISV A MATONODIVOIAMHAVAVIATIOSVVIS T ISOOdOA TOOOSTA TOATVAVVVAILL T TTINA

ONVA qouy OH TrINV

(L6 :ON dI OdS) +LHLIAISIdIA
AALINSIIHNANIIALOLOTSSSdALAASS TSATOSSOTAVAALHADS LTVOSNMSA LAdAdAAAIA TIOTVV LODSLSASSAV IdAASd
DILSVSSALATLOOOMAAATHASOIAVIVIAAAY LAAVITISNINO TAV INS.LAVSLLIYOMASAY ALINDIAIALLV AMATONOIVO
AAMHIAAAASLAOSV VIS TIISOOIOA TOODSTA TOATDISOSOHDOHSHOHDHSOHOHDHSHOONOIS IS ISTOLAHNH TVAHWNASISIANDO

OMASTAA L TASATIASOASATAdILLIANNAIOONSHMIAVIASdAIDNAF IS ISAONILNTTISdd TLIAOITIIOO IV ASILIHISV
dTVINSAIDIATION TMAOHTALTASAASALSNAOTTIIALIVNHATADAA AMNIIATdATHS ATAAAD LA LIS TN TLA NI M dd
ATIASIOOF YAV dJddDIHLIASSIdASDODDOSOODDNTAANLOODALITOVOFAOOIAALVAAAdOTISSIL TLAALOSYSOSTISIADS
ATASVSAITTAdAVIOIIOO AMVAVSSASOSVIDLILAYADAS VS TSSASOLINOIASDDDDSSALATLOOOM AT MSIVIAAAVLAT
VITISNWOTAV INASLAVSILIIDMNASAVALLADASSSIS VAM T TONDIVOIAMHISSSSATAOSVV IS TITSOOIOATOOOSTAATOAT

S-S JUBYIIPA SAVIVIPI0H H ¢H LNV 3IMEBJA

(FL6 :ON dI OFAS) «ILHLIAISMdIA A
AAMINSIIHNANIIALOIOTSSSAALAASS TSATOSSO TAVAAILHADS L TVOSNMSA LAdAdIAAIATOO TVV IOOSLSISSAV IdIASd
OMNLSVSSALATIOOOMAAATHASOIAVY IVIAAAY LATVITSNINO TAV INSLAVSILIYONASAY ALINDIAIAILV AMATONOIVO
YAMHIAAAASIADSVVIS TIISOOIOA TOOOSHA TOATDISOSODDDSHOHOSOOHOSOODNOIS IS TSTOLAHNH TVAHNA SIS IANDO

OMISIAALTASATIISOASATAIILLIANNAJOONSIMIAVIASAAIDIAFISTSAONILNTTISdd TLAAOdTIdOO IV ISILIHISV
JTVINSAIDIATION TMAOHTALTASAATALSNAOTTIIALAVNHATADAA AMNIIATIATHS ATAAAD LA LIS TN TLA NI M dd
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ATSOOIOATOOODSTHATOATDISOSOOHSHODOSOHOHOSOHODIOIS TS TS IOLAHNH TVAHNASISIANOOOM IS TAAL TIS A TLISOHAS
ATAddLLIANNAJOONSIMTAVIASAAIDIA TOM TSAONILINTTIDId TLAAOITIdOO NV ISILIAIS VA TV INSASIOIATIONTAA
OHTALTASAAYALSNAOTTIILIVNHATADAA AMNIIATIATHSATAAADILATdLISIN TLAAIIAdA TIASIODFFAdVIIddOIH
IIASSSIdASOOOOSOOOOMAANLOOOALIISAAVMAOOI AR LY AAAJOTISSIL TLAALOSISOS TISIADSA IS SFS AT T TV OO0
AMVAVSSASOSVIDLILAYAOASVSISSASOLNOIASOODDSSALA TLOOOMATTVAXAAST AVIAAAV LAY A ISNNOTAVINIS LA
VSILIIOMASAVAVIADDSIAIS VA MATONOIVOIAMHAVAVIATIDOSVVISTIISOOIOA TOODSHATOAIVAVVVALL T TTINIA

S-SIUEPRIA SAV'IV' 1 400 OH ¢FINV

(8,6 :ON dI OAS) «LHLIAISAdAANIAAMNINSSIHNANIIALOLD
TSSSAALAASSTSATOSSOTAVAILHADS LTVOSNMSALAJAdAATIA TOO TVV.LOOSLSISSAV TdAASIDMLS VSSALATLOOOMAA
AdJHASOdAVIVIAAAV LAV I ISNNOTAV INIS LAV SILIIONASAV AXINDIAIALL VAMA TONDAVOIA MHIAXAAS LIOSVVIST
Y ISOOIOATOOOSHATOATDISDSODDDHSOHOHHSHOHOSOHODNOIS IS TS IOLAHNH TVAHNA SOSIANDOOM IS IAAL TIS A TIISOAS
ATAddLLIANNAIJOONSAMTAVIASAAIDIA TOM ISAONSILNTTISAd TLAAOdTIdOONVISILIFIS VA TVINSA IO IATIONTMA
OHTALTASAAYALSNAOITAIILIVNHATADAA AMNIIATIATHSATAAAD LAFd LISIN TLAAI NI TIASIOD VYAV IIddOIH
IIASSSIdASOOOOSOOOSMAANLOOOALIISAAVMAOOIAALY AAAJOTSSIL TLAALOSISOS TASIADSAISSFS AT T TV OO0
AMVAVSSASOSVIDLILAYADOASVSISSASOLNOIASOODDSSALA TLOOOMATTVAAAST AVIAAAV LAY A ISNNOTAVINIS LA
VSILDIDMASAY AVZADDSIAISVAMATONOIVOIAMHAVAVIATIDOSVVISTITISODIOA TOODSIATOAIVAVVVALL T TTINIA

JURRRIN SAV' IV 1 400 OH (FINV

(LL6 *ON dI OES) «LHLIADSAdIAIAAINSdIHNANIIALOLOT
SSSAALAASSTSATOSSOTAVAILHADSLTVOSNMSALAJAdIATIA TOD TVVLOOSISISSAV TdIASIOMLSVSSALATIOOOM AT
dHASOIAVIVIAAAVLAAVIISNANO TAVINIS LAV SLLIIDIASAV ALINDIAIALLY AMATONOIVOIAMBIAXAASLADSVV IS T
TSOOIOATOHDSTHATOATDISDHSDHODSOHOHOHSOHODSHODIDISTSTISIOLAHNH TVAHINASOSIANDOOMISIAAL TISA TIASOASA
TAdALLIANNAdOONSTMAAVIASdA IDIANIM TSAONNLNATISAd TTA ANITIdOO NV ISLLIAIS VA TV INSA IO ATIONTMAA
OHTALTASAAYALSNAOITAIILIVNHATADAA AMNIIATIATHSATAAAD LAFd LISIN TLAAI NI TIASIOD VYAV IIddOIH
IIASSIdASOODDSOHOODNIAANLOODILIISAA VMAOOIAALY AAAdOTSSIL TLAALOSISOSTISIADSATISSFS AT T TV D00
AMVAVSSASOSVIDLILAYADASVSISSASOLNOIASOODDSSALATLOOOMATTVAXAST dVIAAAV LAV A ISNNOTAVINIS LA
VSILIIOMASAV AVIADDSIAISVAMATONODIVOIAMHIAVAVIATIOSVVIS TIISOOIOA TOOOSTATOATVAVVVAILL T TTININ

SAVIVTqouq OH TV INV
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SAOOFFAdVIIddIITHLIAS S JAdASODODSOOOONTTANLOODALITSAAVMAOOIAA LY AAAdOTSSIL TLAALOSISOS TISIADSA TS
STSAITDIAVIODNIOOAMVAFSSASOSVIILILAYADASVSTISSASOLNOIASDDDDSSALATLOOO MATTVAAASH AVIAAAV LAAV
Y ISNNOTAV INSLAVSILIYOMASAV AVIADDSIAISV AMTTONOIV OIAMHAFA VLATIDSVV IS TITSOOIOA TOOOSTATOAT

TUCPRRIA SAV 1V 1 400 H P LNV MIEIAl

(186 :ON dI O4S) «LHLIAISIdIAIAAMIN
SAMHNANIIALOLOTSSSAALAASSTSATOSSOTAVAALHADS LTVOSNMSALAJIdAATIATOD TV VIOOSLSASSAV TdIASIDNLSV
SSALATLOOOMATATHAS DAV AVIAAAVLATVITSNINO TAVINIS LAV SILIIDONASAV AXINDIAIAILV AMTATONDIVOIAMH
THAAASIAOSVV IS TIISOOIOA TODOSTATOATDISDSOHDDHSOHOHHSOHOHHSOHOOMOIS IS TS MOLAHNH TVAHIWA SOSIANDOOM IS
SMAALTASATIASOASATAALLIANNAdOONSTMIAVIAS d A IO IAANIM TSAONLLNATIS dd TTZANITIdOO AV ISLLIAIS VATV Y
NSAMOMATIONTMAOHTALTASAAYALSNAOTTANNLAVNHATADAA A MNIIATIATHSATAAADLATALASIN TLAAIAdd A TIA
SADOFFAIVIIdIDIHLIASS IdISDODDSOHODDNHANLOODALIISAA FMAOOIAA LV AAAdO TS SIL TLAALOSYSOS TISIADSATS
SVSAITTIAVIOIIOOAMVAVSSASOSVIDLILAYADASVSTSSASOLNOIASDDDDSSALATLOOO MATTVAAAST IVOAAAV.LAAV
YISNINOTAV LNMS LAV SILIYOMASAV AVIADDSIAIS VAMT TONOIY OYAMHIAVAVIAT IOSVV IS TIISOOIOA TOOOSTATOAT

SAV'IV'I Q00 OH ¢FINV dIMEN

(086 :ON dI O4S) «LHLIAISAdIAIAANIN
SAMHNANIIALOLYTISSSAALAASS TSATOSSOTAVAILHADS L TVOSNMSALAJAdIATIA TOO TVV.IOOSLSASSAV TdIASIONLSV
SSALATLOOOMATATHAS DAV AVIAAAVLATVITSNINO TAV.INIS LAV SILIIDNASAV AXINDIAIALILV AMATONDIVOIAMH
THAAASIAOSVV IS TIISOOdOA TODOSTATOATDISDSOHDDSOHOHSOHOHSOOOMOIS IS TS MOLAHNH TVAHIWA SOSIANOOOM IS
MAALTIASATIISOASATAIALLIANNAJOONSHMAAVIASd A ADTAANIM TSAONIILNATISdd TTA ANITIAOONVIASILIAIIVI TV I
NSAIDIATIONTMAOHTALTASAAYALSOAOTTATILIVNHATADAA AMNIIAAIATHSAVAAADLATdLISIN TLANdAdd A TIA
SAOOTIHdVIIddIIHLIAS SAdASOODDSOHOODMHA LLOODALIISAA VHMAOOIAALY AAAdO ISSIL TLAALOSYSOS TISIADSA TS
SVSAITTIAVIOIIOOAMVAVSSASOSVIILILAYADASVSTSSASOLNOIASDDDDSSALATLOOO MATTVAAAST dVOAAAV.LAAV
YTISNINOTAVINISLAVSILIIONASAVAVIADDSIAISV AMATONOAV OIAMHAVAVIATIDSVV IS TITISOOIOATOODSTATOAT

ONVA qouy OH TP LNV 3IMEBA

(6L6 ‘ON AI OFS) « LHLIADSAdIATIAASINSdIHNANIIALOLD
TSSSAALAASSTSATOSSOTAVIALHADS L TVOSNMSALAdAdAATIATIDTVVLODSLSASSAV TdIASIDMNLSVSSALATIOOOMAA
AdHASOIAV IV IAAAV LATVITSNNO TAV INISLAVSILIIONASAV AXINDIAJALLV AMTTONDAVOIAMHIAAAAS L ADOSVVIST
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(#86 :ON A1 0FS) DHOUNASALAISS TOOHLATIVAANHIFAAV IS
TLTLSSTSALSMISAOALASAOSNOSO TYNAAIMOANVIIdAANNTIIAASV.IOSTTOAASAdATIASAVV ALIAHANLOODALTISOL
SOODAALVAAdOTSSIL TLAALOSUSOS TASAADSAISSVS AT TV IDIIOOAMVAVSSASOSVID LILAIADASYSTISSASOLNOIA

DT CPINV IMEN

(T16 :ON dI OdS) «DADINASMLASS TOOHLATOVAAHIAAAV IS TLTLSSTSALSANSAD
ALASAOSNOSOTVNAAIMOAINVIAdAAINNTIDAASVIOSTTOAASddATIASAVVA LIIHA S LOOOAITISDLSOOIA ALYV AAAdO TS
SILTLIALOSYSOSTASIADSAISSVS AT T TV IOINIOOAMVAVSSASO SV IDLILAYADASVSTISSASOLNOIAVAVVVALL T TTININ

ITIWINV

(£86 :ON dI OAS) «IHLIAISAdIAIAANIN
SAMHNANIIALOLOTISSSAALAASSTSATOSSOTAVAALHADS L TVOSNMSALAJAdIATIA TOO TVV.LOOSLSASSAV TdIASIONLSV
SSAIATIOOOMATATHASOIAV AVIAAAVLAAVITISNNO TAVINS LAV SILIIONASAV ALINDIAIALLV AMTTOMOIVOIAMH
THAAASIADSVV IS TIISOOdOA TOOOSTATOATDISDSODDSOHOHSOOHSOOOMOIS IS TS TOLAHNH TVAHIWA SOSIANOOOM IS
MAALTISATLISOASATAdALLIANNAIOONSIMIAVIASdAIDIATOM ISAONSILNATIDId TLAAOITIdOO NV ASLLIAIS VA TV Y
NSAMOMATIONTMAOHTALTASAAYALSNAOTTANNLAVNHATADAA AMNIIATIATHSAAAAADLATALISIN TLANIAdd A TIA
SAOOFFHdVdIddIIHLIASSAdASDODDSOOODMIHA LLOODALIISAA VHMAOOIAALY AAHdO ISSIL TLAALOSYSOSTISIADSA TS
STSAITTIAVIODIIOO AMVAVSSASOSVIILILAYADASVSISSASOLNOIASDODDSSALA TLOOOMATTVAXASH AVOAAAV LAAY
ATISNINOTAVINISLAVSILIIONASAVAVIADDSIAISVAMNATOIOIV OIAMHAVAVIATIOSVV IS TITSOOIOATOOOSTATOAT

S-S WEYPLRA SAVIVT qou¥ OH TP LNV 3IMEJA

(286 ‘ON I OAS) «LHLIAISIdIANIAASLIN
SAMHNANIIALOLYTSSSAALAASSTSATOSSOTAVAILHADS L TVOSNMSALAJAdIATIA TOO TVV.LIOOSLSASSAV TdIASIONLISV
SSALATIOOOMATATHASOIAV AVIAAAV LATVIISNINO TAV INIS LAV SILIIONASAV ALINDIAIAILV AN TONOIVOIAMH
THAAASIADSVVIS TIISOOdOATOOOSTATOATDISDSOODSOHOHSOOOSOOOMOIS IS TS TOLAHNH TVAHINA SOSIANOOOM IS
MAALTISATIISOASATAIILLIANNAdOONSHMIAVIASAAIDIA TOM TSAONITLINATISAd TLAAQOITIdOD NV ISILIAIS VATV
NSAMNATIONTMAOHTALTASAAIALSNAOTTII AL AIVNHATADAA AMNIIATIATHSAAAAADI LA LISIN TLANIAdd A TIA
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TSOOHIOATOOOSHATOATOLSDSHOOSHODSOHODSHOONOIS TS ISTOLAHNH TVAHIWASISIANOOOMUSSIAA L TISA T1ISOHASA
TAAdLLIANNAdOONSTAMTAVIASIAIDIAVISTSAONS LN TTIIdd TLAAOITIJOO NV IS ILIAIIVA TVINS A IO IATION TMAOH
TALTASAAYALSOAOTTAdILIVNHATADAA AMNIIATIATHSAVAAAILATAd LIS TN TLANIAddA TIASAOO TTHdVIIddDLHLY
ASSAdASHODDSHOODNAANLOODILIdATAAOOIAALY AAAJO TSSIL TLAALOSUSOSTISIADSATISSFS AT T TV IDIMIOOAMV A
VSSASOSVIDLILAYADASVSTISSASOLNOIASDOODSSALATLOOOMAAWD OIS TIINLSMA IVIAAAV LAV I TSNINO TAVIN IS
LAVSLLIYOMASAVATLVOIASAISVAMT IONOIVOIAMHIASAS TLIOSV VIS TIISOOIOA TOOOSHATOAIVAVVVALL T TTINIA

90H I-86LNV

(L86 :ON dI OAS) LHLIAISAdIAIAAXINSIIHNANIIALO
LOTSSSAALAASSTSATOSSOTAVAILHADSLTVOSNMSALAdIdAATIATIOTVV.IOOSLSISSAV IdIASIOMLSVSSALATLOOOM
AAAVALIVIAAAVIAIVITISNINO TAV INISLAVSLLIIDOMASAV AXLLSSASIALL VAMATOIODIVOIAMHASSA FVIN IDSVVIS TI'T

SOOJOATOODSHATOATOLSOSOHODSHOHSHODSOHODNOISTS TSTOLAHNHTVIAHIWASISIANOOOMESIAA L TIASATIISOASAT
AddLLIANNAdOONSAMTAVIASdAIDIANI M TSAONILNTTISdd TAIAWITIJOO NV ASILIAId VA TV INSA SO IATIONTMAO
HTALTASAAYALSOAOTTAITALAVNHATADAA AMNIIATIATHSAVAAAILATILISIN TLAAIAddI TIASIOO TTAdVIIddOLHL
SMASLIAdASOOOOSOOOOMHANLOODAIIILLAHOOIAALVAAAdO ISSIL TLIALOSYSOS TASIADSA TAS VS AL T IV IOIIOOAM
VAVISATOSYIDLILAYADASVSTISSASOLNOIASHOODSSALATIOOOMAATVAAMIAASSIVIXAAV LATV I TSNINO TAVINISL
AVSILIIDMASAY AHLADAHSSISVAMATONOIVOIAMHISSHS TAIDOSVV IS TIISOOIOA TOOOSTATOATVAVVVAIL T TTINIA

qoud] T-08LNV

(986 :ON I O4S) LHLIADSAdIAIAALINSIIHNANIIA
LOIOTSSSAALAASSTISATOSSOTAVAALHADS LTVOSNMSA LAdAdAATIA TOO TVVIOOSLSASSAV TdAASID LS VSSALATLOOD
MAAAFALIVIAAAY LAY I ISNNO TAVINISLAVSILIIOMASAY ALLSSASIAIL VA MATOMNDIY OYAMHIWSSAVIN IDOSVV IS T
TSHOIOATOODSTAATOATOLSOHSHOHDSHOHOSHOHSHOD OIS TS TSMOLAHNHTVAHIWASISIANDOOMISIAA L TISA T1ISOHASA
TAAdLLIANNAdOONSTIMTAVIASdAIDIAVISTSAONS LN TTIIdd TLAAOITIJOO NV IS ILIAIVd TVINS A IO IATION TMAOH

TALTASAAYA LSO AOHTANLIVNHATADAA AMNIIATIATHSAVAAADLAId LISTA TLANIAddA TIASIOD TTHdVAIddOLHLY
ASSIdASODODSHOODNAANILOODALIdTALOOI AALVAAAIOTSSIL TLAALOSISOS TISAADS A TSSVSAI T TIAdVIOIIIOOAMV A
FSSASOSVIDLILAYADASVSISSASOLNOIASOOODSSALATIOOOMAAWDIDAS TIINLSMAIVIAXAVLATVIISNINO TAVINS
LAVSLLIYDMIASAVATLVOIASAISVAMTIONOIVOIAMHIASAS TLIOSYV VIS TITISOOIOA TOODSHATOAIVAVVVALL T TTINIA

9I0H T-081LNV
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MAAWAALIVIAAAY LAGVITSNINO TAV INMS LAVSILIIOMASAV AXLLSSASIALL V AMT TOMOIVOIAMHASSAVINIOSVVIS T
TSOOIOATODDSTATOATDLSOSHODSOHODSOHODSHOONDISTSTISIOLAHNH TVAHINA SOSAIANDOOOMISIAA L TISA TIASOASA
TAddLLIANNAdOONSIMAAVIASAAIOIA VIS TSAONS LN TIIIdd TLAAQITIIOO VIS ILIAIdVd TV INS A IO SIATION TMAOH
TALTASAAYALSOAOTTATILIVNHATADAA AMNIIATIATHSAVAAA DI LATdLISIN TLAATAAIA TIASIDD TTAIVIIddDLHLY
ASSdISHDDDSOOODMHANLOODILIITALOOIAA LV AAAdO ISSIL TLAIALOSYSOSTISIADSA IS S VS AT T TV IOIIOOAMVA
FSSASOSVIDLILAYADASVSTISSASOLNOIASHDDDSSALATIOOOMAANWDDAS TIINLSMA IVIAAAV LAV ITISNINO TAV.INS
LAVSILIIDMASAVATLVOIASAISVAMNTTONOIVOIA MHIASAS TL ADSVVIS TIISOOIOA TOODSTATOAIVAVVVALL T TTINIA

9[0H 1-66LNV

(686 :ON dI OAS) LHLIADSIdIANIAANINSIIHNANDIIALO
IOTSSSAALAASSTSATOSSOTAVAILHADS L TVOSNMSALAJAdIATIATOO TVV.LOOSLSASSAV TdIASIOMLSVSSALATLOOOM
AQAVATIVIAAAVLATVITISNNO TAVINISLAVSLLIIDIASAV AXLSSASIATL VA MATOIDIVOIAMHISSA VIN ADSVVIS TI'T

SHOJOATOODSTATOATOLSOSOHOHDSHOHSHOHOSOHODNOIS TS TSTOLAHNH TVAHNASISIANDOOMISTAAL TISA TIISOASAT
AddLLIANNAdOONSAMTAVIASdAIDIANI M TSAONILNTTISdd TAIAWITIIOO NV ASTLIHII VA TV INSA IO SIATIONTMAO
HTALTASAAYALSOAOTTATAILIVNHATADAA AMNIIATIATHSAVAAAILATILISIN TLANIAddA TIASIDD TTHdVIIddILHL
MASLIAdASOHOOOSOOODMHAXLOODAIIILIAHOOIAALVAAIdOTSSIL TLAALOSISOS TASIADSA TASFS AT T IV IDIIOOAM
VAVISATOSVIDLILAYADASVSISSASOLINOIASOOODSSALATIOOOMATTVAIMIAASS AVIAAAV LAV A TSNINOTAVINISL
AVSILIIDMASAV AHLADAHSSISVAMATIONOIVOIAMHISSHS TAADSVV IS TIISODIOA TOOOSHATOATVAVVVALL T TTINIA

qousdy T-86INV

(886 :ON I OFS) ILHLIADSIAIIANIAANINSdIHNANDIIA
LOLOTSSSAALAASSTSATOSSOTAVAALHADS LTVOSNMSALAJAdAATIATIDTVV LODSLSASSAV IdIASIDMLSVSSALATLOOD
MATAVATIVIAAAY LAY I TSNNOTAV INISLAVSILAIDOIASAY AXLSSASIALL VA MATO DAV OIA MHASSAVINADSVV IS T

0¢

Sl

01



PCT/IB2021/061971

WO 2022/130341

122

(€66 :ON dI OAS) JMHAMNLOODIILAIOMSAOOIAALY AATIOTSSIL

TLAALOSYSOSTISIADSATSSFS AT TTAdVIDIIOOAMVAFSSASOSVIDLILAYADASVSISSASOLNOIASODDDSSALIATLOOOMA
ANWVOVMdATHY IVIAAAYV LATVITISNINO TAV INIS LAV SILIYOMASAY ALLADAASSIA VAMATONDIVOIAMHISSASIN ADSVY
ISTIISOOIOATODDSTATOATDOOSHILYSASIOAIASOSIOS TSTSTOLAHNH TVAHIWA SOSIANDOOMESTAA L TISA T41SOHA
SATAddLLIANNAJOONSIMAAVIASdAIOTATIL TSAONILNATISAd TLAAOITIdOO AV IASILIAIdVA TVINS A IATIONTM
AOHTALTASAAYALSNAOTTIILIVNHATADAA AMNIIATIATHSATAAAD LASd LISTAN TLAAIAddA TIASIDD TTAdVAIddDL
HIMASSTdIANLHIIAA TIEANLOODAIATAADOOIAALY AAAdO TSSIL TLAALOSUSOS TASIADSAISSFS AL TTIAV IO IIOOAM
VAVSSASOSVIILILAYADASVSTISSASOLNOIASHODOSSALATIOOOMATTVADATAHA dIVIAAAV LAV I TISNINOTAVINIS LA
VSILIIOMASAVASISVAVSAISV AMATONDIY OIAMHISSSDIN ADSVV IS TITISODIOATODDSHATOATIAVAVV VALL T TTINIA

(B1@-24-81@) TH00IND

(266 :ON dI OFS) DHDUANASTLAISS TOOHLAZIVAAIHIFAAVAS TLTLSS ISALSANSAD
ALASAOSNOSOTYVNAAIMOAINVIIIAINNTIDOAASV.IOSTTOAASAdATIASAV VAL INHAXLOODALIdAAHV OOI A ALY AAAdO TS
SILTLAALOSYSOSTISIADST ISSFS AT TTIAAV IDIIOOAMVAFSSASOSVIDLILAIADASVSTISSASOLNOIAVAVVVALL T TTININ

DT 66LNV 86LNV 08SLNV

(166 :ON dI OFS) LHLIADSMdIAIAAMINSIIHNANDIIALO
IOTSSSAALAASSTSATOSSOTAVAILHADSLTVOSNMSALAJAdIATIA T TVV.IOOSLISASSAV TdIASIONLSVSSALATLOOOM
AQAAINIVIAAAVLIAIVIISNNO TAV INISLAVSILIIOMASAV AXLLSSASIATL VAMT IOMDIVOIAMHASSAVIN IDSVVIS TI'T

SHOIOATOODSTATOATOLSOSHHNSHONSHNOSOHODIDIS TS TSTOLAHNH TVAHNASISIANDOOMISTAAL TIAS A TIISOASAT
AddLLIANNAdOONSAMTAVIASdAIDIANDI M TSAONIINTTISdd TAIAWITIAOO NV ISILIFId VA TV INS A IO JIATIONTMAAO
HTALTASAAYALSOAOTTITALIVNHATADAA AMNIIATIATHSAVAAAILATILISIN TLANIAddA TIASIDO TTHdVIIddDLHL
SMASIIdASOOOOSOOODMHANLOODALIILIAHOOIAALVAAIdOTSSIL TLAALOSASOS TISIADSA TAS VS AT T TV IDIIO0 A M
VAVISATOSYIDLILAYADASYSTISSASOLNOIASODODSSALATIOOOMAATVAAMIAASS AVIAAAY LATV I TSNINO TAV INISL
AVSILIIDMASAV AHLADAHSSISVAMTTONOIVOIAMHISSHS TAADSVV IS TIISODIOA TOOOSHATOATVAVVVALL T TTINIA

qoud] T-66INV

(066 :ON dI OFS) LHLIADSMdIAMAAAMINSIHNANDIIA
LOILOTSSSIALAASSTSATOSSOTAVIALHADS LTVOSNMSALAJAdIATIATOIOTVV IODSLSASSAV ITdAASIDOALSVSSALATIOOD
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MOSTAIDDISOIALIVIXAAAV LAV I TISNINO TAV INIS LAV SILIIONASAV ASZADASSAISVAMATONDIVOIAMHIAASSIN IOSV
VOSTITSOOIOATOODSTATOATOODOSAI LV SASLOAILASOS OIS TS TSTOLAHNH TVAHINA SISIAND OO M IS TAA L TISA TIAISO
ASATAdALLIANNAdOONSTMTAVIASdAIDIAVISTSAONSINTTIIdd TLAAOITIdOO AV IASILIAIdVA TV INSA IO TATIONTMA
AOHTALTASAAYALSNAOTTIILIVNHATADAA AMNIIATIATHSAAAAADILATILISIN TLANINAdA TIASIOD TTAIV IDddON
HIMASSMdIANLHIIAd IAANLOODALL TAAD OOIAA LY AAAdOISSIL TLAALOSISOS TISIADSA IS SFS AT T DIAVIDIIOOAM
VAVSSASOSVIDLILAYADASVSISSASOLNOIASDOODSSALATIOOOM ATTVADAIHHA AVIAAAV LAV I TISNINO TAVINS LA
VSILTIDNASAVALISDASSALY VAMTTIONOIVOIA MHISSSHIN ADSVV IS TIISODIOATODOSHATOATIAVAVVVAIL T TTINIA

TCIA-24-21() 910H 9Z10IND

($66 :ON dI OFS) MHAMLOODILIIMALOOIAA LV IAIdOTSSILTL
AALOSYSOSTISIADSAISSFS AT T TV IDIIOOAMVAFSSASOSVIILILAYADASVSTSSISOLNOIASHOODSSALATIOOOMAA
WVOVMdAAHVY IVIAAAY LAV I TSNINO TAV INMSLAVSILIIDMASAY ALLADAASSTA VA MATONDIVOIAMHISSASIN ADSVV D
STIISODIOATODOSTATOATDODSHILVSASIOALASOSIDIS TS TS IOLAHNH TVAHINA SOSAANDOOM IS IAAL TIAS A T1ASOAS
ATAdALLIANNAdOONSIMAAVIASdAIDTANIM TSAONILNATISdd TAIANITIdOD AV IASILIAIIVA TV INSA D MATIONTM
AOHTALTASAAYALSNAOTTIILIVNHATADAA AMNIIATdATHSATAAAD LAId LISTAN TLAAIAddA TIASIDD TTAdVAIddDL
HIASLIdAALHLIAT TIEAAMLOOO AL TAAD OO AALV AAAdO TSSIL TLAALOSYSOS TASAADSA IS S VS AT T TV IODIIOO A M
VAVSSASOSVIILILAYADASVSTISSASOLNOIASHODOSSALATIOOOMATTVADATAHA dIVIAAAV LAV I TISNINOTAVINIS LA
VSILIIDMASAV ASISVAVSAISVAMATONMOIVOIAMHISSSDINIDSVV IS TIISODIOATOODSHATOATIAVAVV VALL T TTINIA

(er@-o4-e1@) qoud] 1100INO

(P66 :ON dI OFS) STHAMIOODAIAIDMSAOOIAALY AAAJOTSSIL TLIA
LOSYSOSTISIADSAISS VS AT T TV IODIOOAMVAVSSASOSVIDLILAYADASVS TISSASOLINOIASDOODOSSALA TIOOOM AT
MOSAADDISDIALIVIAAAV LAV I ISNINO TAV INJISLAVSLLIIOMASAV ASIADASSAIS VAMT IO IOIVOYA MHIXASSTN 1DOSV
VOSTITSOOIOATOODSTHATOATDDOSAILYSASLOAILASOS OIS TS TSTOLAHNH TVAHINASISIAND OO M IS TAA L TIASA TLISO
ASATAddLLIANNAdOONSHMAAVIASIAIDMAVISTSAONS LN TIIIdd TLAAQOITIdOO IV ISLLIAIIVA TV INSAMDMATIONTM
AOHTALTASAAYALSNAQITIILIVNHATADAAAMNIIATIATHSAAAAADLATILISIN TLAAIAddA TIASIDD TTAdVIDddON
HLMASSAdIAXLHLIAT TIEHANLOODAIT TAADOOIAALY AAAdO TSSIL TLAALOSYSOSTISIADSAISSFS AL T TIAV IO IIOOAM
VAVSSASOSVIDLILAYADASVSTISSASOLNOIASDODOSSALATIOOOMAATVADAITAHA IVIAXAVIATVIISNINOTAVINIS LA
VSILTIDYMASAVASISVAVSAISVAMATIONDIVOIAMHISSSDIN IDSVV IS TITISODIOATODOSHATOATIAVAVVVAIL T TTINIA
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AOHTALTASAAYALSNAOTTIILIVNHATADAA AMNIIATdATHSATAAAD LASd LISTN TLAAIAddA TIASIDD TTAdVAIddDL
HIASIdAALHLIAT TIAAMNLOOOALLTAAD OO AALV AAAdO TSSIL TLAALOSYSOS TASAADSA IS S VS AT T TV IODIIOO A M
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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
LRPS5, a diabody that binds LRP6, two scFv that bind LRPS, 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 (FZDS), Frizzled Class Receptor 6 (FZD6), Frizzled Class Receptor 7 (FZD7),
Frizzled Class Receptor 8 (FZDS), Frizzled Class Receptor 9 (FZD?9), or Frizzled Class Receptor
10 (FZD10)

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

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

3. The tetravalent binding antibody molecule of claim 2, 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

5 variable domain (VH or VL) of the Fab linked to the CH3 domain of the Fc domain.

4. 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.
5. The tetravalent binding antibody molecule of claim 4, wherein

10 (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 LRPS and/or
LRP6, wherein the diabody or two scFv are attached to the C-terminal of the Fc
15 domain via a VL or VH of the diabody or scFv linked to the CH3 of the Fc domain.

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

and/or the FZD binding domain is bispecific.

7. The tetravalent binding antibody molecule of claim 6 wherein the LPR binding domain binds

to LRPS and LRP6.

20 8. The tetravalent binding antibody molecule of claim 7 wherein the LPR binding domain binds

to a Wnt3A site (E3E4 domains) on LRP5 and a Wnt3A site (E3E4 domains) on LRP6.
9. 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
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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
5 complementary determining regions CDR-L1, CDR-L2 and CDR-L3 of an antibody of
Table 4 or Table 6, or

(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,

10 CDR-L2 and CDR-L3 of an antibody of Table 4.

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

thereof is in a knob-in-hole configuration.

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

more effector functions.

15 12. 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.

13. The tetravalent binding antibody molecule of claim 12, wherein the linker comprises 1 to

100, 1 to 50, 1-30, 1-25, 1- 10, 1-6 amino acids, 1-5 amino acids, or 2-4 amino acids.

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

20  binds LRP6 or binds LRP5 and LRP6, and the FZD binding domain binds a FZD selected from
the group consisting of: FZD1, FZD2, FZD3, FZD4, FZDS, FZD6, FZD7, FZD8, FZD9, and
FZD10.

15. The tetravalent binding antibody molecule of claim 14, wherein the FZD binding domain

binds FZD4 or FZD5.

25  16. The tetravalent binding antibody molecule of claim 15, wherein the FZD binding domain
comprises two Fabs that bind FZD4 or FZDS5 or multiple FZD.
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17. The tetravalent binding antibody molecule of claim 16, 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.

5 18. The tetravalent binding antibody molecule of claim 15, wherein the LRP binding diabody
binds to a Wnt3A site on LRPS and a Wnt 3A site on LRP6.

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

(a) the diabody of the LRP binding domain binds LRPS comprises heavy chain
complementary determining regions CDR-H1, CDR-H2 and CDR-H3 and light chain
10 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

15 Table 4 or Table 6, or

(c) the diabody of the LRP binding domain binds LRP5 and LRP6, the diabody

comprising

(i) 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

20 (11) CDR-H1, CDR-H2 and CDR-H3 and CDR-L1, CDR-L2 and CDR-L3 of an
antibody of Table 4 or Table 6.

20. The tetravalent binding antibody molecule of claim 3 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:
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(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 LRPS and/or
LRP6

(2) an Fc region, or fragment thereof comprising the CH3,

(3) a VH that binds FZD4, FZDS5, or FZD4 and/or FZDS5 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, FZDS, 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,

(d) athird and fourth light chain monomer each comprising from N terminus to C
terminus a VL that binds FZD4, FZDS5, or FZD4 and/or FZD5 and one or more other
FZD and a constant light chain domain 1 (CL1), the VL that binds FZD4, FZDS, or
FZD4 and/or FZDS5 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,
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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 LRPS or
LRP6 of the second monomer forming a bivalent diabody that binds LRP5 or LRP6, and

the CL1 and VLs that bind FZD4, FZDS5, or FZD4 and/or FZDS5 and one or more other FZD of
the third and fourth light chain monomers pair with the CH1 and VHs that bind FZD4, FZDS5, or
FZD4 and/or FZD5 and one or more other FZD of the first and second heavy chain monomers
forming two Fabs that bind FZD4, FZDS5, or FZD4 and/or FZD5 and one or more other FZD,
wherein the diabody forms the N-terminal bivalent LRPS 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.

21. The tetravalent binding antibody molecule of claim 20, wherein the LRP binding diabody is

bispecific, wherein

the CDRs of the VHs that bind LRPS or LRP6 of the first heavy chain monomer and
the CDRs of the VHs that bind LRPS 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.

22. The tetravalent binding antibody molecule of claim 20, wherein the first and second

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

23. The tetravalent binding antibody molecule of claim 20, wherein the Fc domain lacks one or

more effector functions.

24. The tetravalent binding antibody molecule of claim 20, 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 VH that binds
FZD4 or FZDS5 or to multiple FZD (pan-FZD) by a second peptide linker and the VH that binds
FZD4 or FZDS5 or to multiple FZD (pan-FZD) is linked to the CH1 by a third peptide linker,
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and the VL that binds FZD4 or FZDS5 or to multiple FZD (pan-FZD) is linked to the CL1
domain by a peptide linker.

25. The tetravalent binding antibody molecule of claim 24, wherein one or more of the second,

third or fourth peptide linker comprises 1 to 100, 1 to 50, 1-30, 1-25, 1- 10 or 1-5 amino acids.

26. The tetravalent binding antibody molecule of claim 20, wherein in each first and second
heavy chain monomer, the VH that binds to LRP5 or LRP6 is linked to the VL that binds to
LRPS or LRP6 by a peptide linker.

27. The tetravalent binding antibody molecule of claim 26, wherein the peptide linker comprises

1-6 amino acids, 1-5 amino acids, or 2-4 amino acids.

28. The tetravalent binding antibody molecule of claim 20 wherein the tetravalent binding
antibody molecule does not comprise a FZD binding domain comprising the CDRs of the FZD-
binding antibody 5044 in combination with the Wnt co-receptor binding domain comprising the

CDRs of LRP6-binding antibody 2542 and/or antibody 2539.

29. The tetravalent binding antibody molecule of claim 20, wherein the tetravalent binding

antibody molecule comprises

(a) a first heavy chain comprising the amino acid sequence of the hole heavy chain
construct of FZDS-LRP6 of Table 11, a second heavy chain comprising the amino
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 ANTS9, or

(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

of the CDRs of ANT9.
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30. A tetravalent binding antibody molecule having an N-terminal FZD4 or FZDS5 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

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

comprises a single-chain polypeptide comprising, from N-terminus to C-terminus:
(1) a first heavy chain variable domain (VH) that binds FZD 4 or 5
(1) a heavy chain constant region domain 1 (CH1 domain)

(i1) an Fc region or fragment thereof comprising a constant heavy chain domain 3

(CH3 domain),

(1v) a peptide comprising a VH that binds LRP5 or LRP6, and a first light chain
variable domain (VL) that binds LRPS 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
domain),
wherein the first and second heavy chain monomers dimerize via the Fc regions or fragments

thereof,

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

LRPS or LRPS6,

wherein the LRP binding scFvs form a C-terminal LRP binding domain of the tetravalent
binding antibody molecule and the FZD4 or FZDS5 binding Fabs form an N-terminus FZD4 or

FZD5-binding domain of the tetravalent binding antibody molecule,
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wherein when the LRP binding domain binds only LRPS, the FZD binding domain binds FZDS.
31. The tetravalent binding antibody molecule of claim 30, 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-HI1, CDR-H2 and CDR-H3 of an antibody of Table 4, and

the VL that binds LRPS 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.

32. 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 LRPS5 or LRP6,

(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 FZDS5,
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 LRPS or LRP6 and the second VL and VH of each monomer pair to form a
scFvs that bind FZD4 or FZDS5,
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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 LRP5, the FZD binding domain binds FZD5.

33. The tetravalent binding antibody molecule of claim 32, 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 LRPS 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.

34. 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,

wherein the diabody is attached to the amino terminus of the F¢c 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 FZDS, or pan-specific binding to
FZDS5 and one or more other FZD.

35. 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 FZDS5, or FZD4 and FZD5 and a LRP5/6 co-receptor binding
domain attached to the C- terminus of the F¢c 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 FZDS or pan-

specific, binding to FZDS5 and one or more FZD.
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36. A tetravalent binding antibody molecule in an IgG-Diabody format comprising an Fc
domain, an N-terminal binding domain for a FZD, wherein the FZD-binding Fabs bind FZDS5 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.

37. The tetravalent binding antibody molecule of claim 36, 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 FZDS5 or FZD4 and FZDS5, 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).

38. The tetravalent binding antibody molecule of any one of claims 1 to 37, wherein the

tetravalent binding antibody molecule comprises

(a) a first heavy chain comprising the amino acid sequence of the hole heavy chain construct of
SEQ ID NO: 986, a second heavy chain comprising the amino acid a knob heavy chain construct
of SEQ ID NO: 987 and a light chain comprising the amino acid sequence of the light chain
construct of SEQ ID NO: 992 wherein the amino acid sequence of the CDRs are the amino acid
sequence of the CDRs of ANTS80; or

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

SEQ ID NO: 988, a second heavy chain comprising the amino acid a knob heavy chain construct
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of SEQ ID NO: 989 and a light chain comprising the amino acid sequence of the light chain
construct of SEQ ID NO: 992 wherein the amino acid sequence of the CDRs are the amino acid

sequence of the CDRs of ANT 98; or

(c) a first heavy chain comprising the amino acid sequence of the hole heavy chain construct of
SEQ ID NO: 990, a second heavy chain comprising the amino acid a knob heavy chain construct
of SEQ ID NO: 991 and a light chain comprising the amino acid sequence of the light chain
construct of SEQ ID NO: 992 wherein the amino acid sequence of the CDRs are the amino acid

sequence of the CDRs of ANT99; or

(d) a first heavy chain comprising the amino acid sequence of the hole heavy chain construct
selected from the group consisting of SEQ ID NO: 986, SEQ ID NO: 988, and SEQ ID NO: 990,
a second heavy chain comprising the amino acid of a knob heavy chain construct selected from
the group consisting of SEQ ID NO: 987, SEQ ID NO: 989, and SEQ ID NO: 991; and a light
chain comprising the amino acid sequence of the light chain construct of SEQ ID NO: 992.

39. A pharmaceutical composition comprising a tetravalent binding antibody molecule of any

one claims 1 to 38 and a pharmaceutically acceptable carrier.

40. A method for promoting endothelial cell barrier functions in a tissue comprising
administering an effective amount of a tetravalent binding antibody molecule of any one of

claims 1 to 38 to a tissue.
41. The method of claim 40, wherein the tissue is brain, kidney or eye tissue.

42. The method of claim 41, wherein the tetravalent binding antibody molecule is administered

to eye tissue by intravitreal injection.

43. A method for treating inflammatory bowel disease in a subject in need thereof comprising
administering an effective amount of a tetravalent binding molecule of any one of claims 1 to 38

to said subject.

44. A method for increasing retinal or brain endothelial cell barrier functions, decreasing
endothelial cell permeability, enhancing or restoring blood retina and blood brain barrier

maintenance in a subject in need thereof comprising contacting an endothelial cell comprising an
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FZD4 receptor and an LRPS and/or LRP6 in a subject in need thereof with an effective amount

of a tetravalent binding antibody molecule of any one of claim 1 to 38.

45. The method of claim 43 or 44, wherein the tetravalent binding antibody molecule is

administered to the subject in need thereof by injection, topically, or orally.

46. The method of claim 43 or 44, wherein the tetravalent binding antibody molecule is
administered subcutaneously, intravenously, intraperitoneally, intrathecally, intravitreously or

intraocularly.
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