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FRIZZLED SPECIFIC WNT AGONISTS AND ANTAGONISTS

CROSS REFERENCE
{0001] This appiication claims the benefit of United States Provisional Application No.

B52/698,5786, filed July 16, 2018, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] Writs (Wingless and Int-1) are central mediators of vertebrate and inveriebrate
development, due to their influences on cell proliferation, differentiation, and migration. Wnis act
through activation of cell surface recepiors on responder cells which activate at isast thres
different signaling pathways including the “canonical” B-catenin pathway, and the “non-canonical”
pianar celi polarity (PCP) and Ca?" pathways.

[6003] Wnt/B-catenin signal transduction resulls in the cytoplasmic protein B-catenin entering the
nucleus to modulate transcription. When the pathway is not aclivated, B-calenin is subject to a
cycle of continual synthesis and destruction by the B-calenin destruction complex, comprised of
the scaffold proteins Axin and APC and the kinases GSK3 and casein kinase 1 (CK1). Wni
signaling removes APC from the compilex and relocalizes the other components {o the plasma
membrane via the adaptor Dsh, thus siabilizing B-catenin which enters the nucleus to mediate
transcription.

[0004] The seven-pass transmembrane recepior Frizzled (Fz) is critical for nearly all Wnt
signaling, and the N-termiinal £z cysteine rich domain (CRD) serves as the Wit binding domain. In
addition to Fz, the Wnt/B-catenin pathway requires the Low-density lipoprotein receptor related
proteins 5 and 6 {Lrp5/6) to serve as co-receptors. LRPS and LRPS are functionally redundant
single-pass fransmembrane receptors. Biochemical studies of LRP6 indicate that different Wnts
may bind to different exiracellular domains of the LRP5/6 protein. The LRP6 exiraceliular domain
contains four repeating sequences of B-propsller and epidermal growth factor-like {(BP-E)
domains. The crystal structures of the extracellular LRPS regions indicate that the BP-E repeats
represent two discrete, compact, rigid structures, each containing two BP-E pairs. WniSbh binds
the first two BP-E repeats on the exiracellular domain of LRPG, whereas Wnila binds the last two
pP-E£ domains. Binding of Wnt ligands to Fz and LRPS6 resuils in the production of
phosphatidylinosiiol (4,5)-bisphosphate (PIP2). Increased PIPZ induces oligomerization and
clustering of LRPS/8. Increased PIP2 induces recruitment of Axin to LRPS/E. This recruilment
may be due, in part, {o the action of Amerl/WTX (APC membrane recruitment 1 or Wilms tumor
gene on the X chromosome), a tumor suppressor mutated in Wilms® tumor that binds {o Axin,
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CK1ly, and GS8KS. AmeriMAWTX is recruited to the plasma mambransg in a PlP2-dependent
manner.
[0005] The development of pharmaceutically active Wnt agonist and antagonists that are water

soluble is therefore of great interest.

SUMMARY

[0008] Wit is a lipidated protein that is difficult 1o express in a recombinant form. However, a
number of in vitro cell culture systems, particularly those comprising stem cells, such as organoid
culiures, may require the presence of Wni, or molecules that act as Wit signaling agonists.
Provided herein are engineered proteins that act as Wit signaling agonists or antagonists, which
are readily expressed in conventional recombinant systems, and can be used in culture media to
provide Wni signaling agonist or antagonist activity. The engineered proteins are water soluble
and bind with high affinity to frizzled (Fzd) proteins. A benefit of the proteins disclosed herein is
their selectivity for binding to frizzled sub-types.

[0007) in one smbodiment, engineered Wnt signaling antagonist DFBs proteins are provided.
These proteins are exemplified by the sequences set forth in SEQ 1D NO:1-4. The proteins were
engineered from an ankyrin-repeat (ANK) based protein scaffold by amino acid substitutions and
selections to provide for high affinity binding to selecied Fzd proteins. The polypeptide binds one
or more human Fzd proteins at high affinity, e.g. a Kd of less than about 1x 107 M, less than
about 1 x 107% M, less than about 1 x 10° M, or less than about 1 x 107'° M. Fzd binding domain
can also be affinity selected to enhance binding to a desired Fzd protein or plurality of Fzd
proteins, e.g. to provide tissue selectivity. In some embodiments the Fzd binding domain binds to
one, two, three, four, five or more different frizzied proteins, e.g. one or more of human frizzied
proteins Fzt, Fz2, Fz3, Fz4, F25, Fz8, Fz7, Fz8, Fz8, Fz10. The frizzled binding domain can have
a specificity for the one or more desired frizzled protein of at least 10-fold, 25-fold, 50-fold,
100-fold, 200-fold or more relative {0 other frizzled proteins.

[6008] In another embodiment, enginesred Wit signaling agonist proteins are provided, which are
comprised of a Wit signaling antagonist, 8.g. comprising a sequence of any of SEQ 1D NG 1-4,
jvined to an Lrp-binding domain. Thase proteins are exemplified by the sequences sef forth in
SEQ ID NO:5-8. The Wnt signaling agonist molecule is therefore comprised of separate or
contiguous binding domains or elements for Fzd, and for Lrp5/6. The Fzd binding
domair/element and the Lrp5/6 binding domain/eiement may be directly fused, or may be
separated by a linker, &.¢. a polypeptide linker, or a non-peptidic linker, efc. Where the linkeris a
peptide linker, it may be fromabout 1, 2, 3, 4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20
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24, 22,23, 24,25, 26, 27, 28, 28, 30 or more amino acids in length, and is of sufficient length and
amino acid composition to enforce the distance between binding domains. In some embodiments
the linker comprises or consists of one or more glycine and/or serine residues. The Lrp5/6 binding
domain or element binds Lrp5/8 at high affinity, e.g. a Kp of less than about 1 x 107 M, less than
about 1 x 10 M, less than about 1 x 10° M, less than about 1 x 107'° M. Suitable Lrp5/6 binding
domains include DKK1, DKK2, DKK3, DKK4; and the like. In certain embodimenis the Lrpb/G
binding domain is the cterminal portion of DKK1.

[0009] A Wnt signaling agonist or antagonist described herein can be multimerized, e.g. through
an Fc domain, by concatenation, coiled coils, polypsplide zippers, biotin/avidin or sireptavidin
multimerization, and the Hke. The Wnt signaling agonist can also be joined to a moiety such as
PEG, Fg, ete. as known in the art o enhance stability in vivo.

[0010] Compositions of interest include, without limitation, an effective dose of an agonist or
antagonist described herein in culiure media, or 2 pharmaceulically acceptable excipient. Such
compositions may comprise additional agents, e.g. adjuvants, additional growth factors, and the
like. Wnt signaling agonisis or antagonisis described herein may be produced synthstically; by
various suitable recombinant methods, and the like, as known in the art. In addition, a bensfit of
the water soluble polypeptides provided herein is the lack of a requirement for formulation
additives, e.g. lipids, detergents, efc. that might limit their therapeutic ulility.

[6011] In some aspects of the invention, a method is provided for altering, activating, increasing or
enhancing Wnt signaling in a cell, including without limitation a cell grown in medium in vifro, e.q.
an organoid culture. In such methods, a cell expressing a frizzled receptor is confacted with a
concentration of a Wnt signaling agonist that is effective to increase signaling, e.g. {0 increase
signaling by 25%, 50%, 75%, 90%, 95%, or more, relative o the signaling in the absence of the
Wit signaling agonist. Such signaling activation may induce proliferation of the targeted cell,

which cells include without limitation organoids, stem cells, efc.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description when read in conjunclion
with the accompanying drawings. It is emphasized that, according to common practice, the
various features of the drawings are not to-scale. On the condrary, the dimensions of the various
features are arbitrarily expanded or reduced for clarity. Included in the drawings are the following
figures.

{0012} FIG. 1A-18. (FIG. 1A) ANK12 yeast tifration with individual Fzd CRD. (FIG. 1B) SPR
resulis of ANK12 to Fzd4, 7 and 8.
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[0013] FIG. 2. Affinity measurament of 1AF34, 1AF34F7 and 4AF 30 towards different Fzds.
[0014] FIG. 3. Affinity measurement of 1AF34F7.

[0015] FiG. 4. Affinity measurement of 4AF30.

{0018} FiG. SA-8D. (FIG. 5A) Aclivity of DFBs agonists on HEK293T cell line with Fzd1/2/4/5/7/8

knockout. (FiG. 8B) Aclivity of agonists against HEKZ293T cell line with Fzd1/2/4/5/7/8 knockout
with transfected Fzd4 receplor. (FIG. 8C) Activity of agonists against HEK293T cell line with
Fzd1/2/4/5/7/8 knockout with transfected Fzd7 receptor. (FiG. 8D) Activily of agonists against
HEKZ93T cell line with Fzd1/2/4/5/7/8 knockout with transfected Fzd8 receptor. Going from left to
right, starting concentrations are 100 niM with 2-foid dilution to 0.39 nM.

[0017] FIG. 6. Activity of Wnt agonist in supporting human colon organoid growth.
[0018] FIG. 7. Aclivity of Wit agonist in supporting human rectal organoid.
[0019] FiG. 8. A schematic and sequence of an exemplary expression construct, in which the Wit

signaling agonist is expressed with a cystatin signal sequence, a linker, and an Fclag joined by a
cleavable linker. The complete construct is shown as SEQ 1D NO:14. The coding sequence is

provided as SEQ ID NO:15. The mature protein comprises the sequence of SEQ ID NO:5.

DETAILED DESCRIPTION OF THE INVENTION

[6020] Before the present methods and compositions are described, it is {0 be understood that this
invention is not limited to particular method or composition described, as such may, of course,
vary. It is also to be understiood that the terminology used hersin is for the purpose of describing
particuiar embodiments only, and is not intended o be limiting, since the scope of the present
invention will be limited only by the appended claims.

[6021] Whers a range of values is provided, it is understood thal 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 valus 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 thess
smaller ranges may indepsndently be included or excluded in the range, and sach 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. VWhere the stated range
includes one or both of the limits, ranges excluding either or both of those included limils are also
included in the invention.

[0022] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly undersiood by one of ordinary skill in the art to which this invention

4
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belongs. Although any methods and materials similar or equivalent to those described herein can
be used in the practice or tesling of the present invention, some potential and preferred methods
and materials are now described. All publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or materials in connection with which the
publications are cited. 1 is undersicod that the present disclosure supersedes any disclosure of
an incorporated publication to the extent there is a contradiction.

[0023] it must be noted that 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 1o "a celi” includes a plurality of such ceils and reference to "the peptlide”
includes reference {o one or more peplides and squivalents thereof, e.g. polypeplides, known to
those skilled in the art, and so forth.

[0024] The publications discussed herein are provided solely for their disclosure prior to the filing
date of the present application. Nothing herein is to be consirued as an admission that the
present invention is not entitied {0 antedate such publication by virtue of prior invention. Further,
the dates of publication provided may be diffsrent from the actual publication dates which may
need io be independently confirmed.

[0025] By “comprising” it is meant that the recited elemenis are required in the
composition/methodikit, but other elements may be included to form the composition/method/kit
eic. within the scope of the claim. For sxample, a composition comprising a Wnt agonist or
antagonist described herein is a composition that may comprise other elements in addition to Wit
agonist or antagonist described herein, &.q. functional moielies such as polypeptides, small
molecules, or nucleic acids bound, e.g. covalently bound, to the Wnt agonist or antagonist
described herein; agents that promote the stability, agents that promote solubility, adjuvants, etc.
as will be readily understood in the art, with the exception of elemenis that are encompassed by
any negative provisos.

[0026] By “consisting essentially of”, it is meant a limitation of the scope of composition or method
described o the specified materials or steps that do not materially affect the basic and novel
characteristic(s) of the subject invention. For example, a Wit agonist or antagonist “consisting
essentially of” a disclosed sequence has the amino acid sequence of the disclosed saquence 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 residuss,

3 residues, 4 residues, or 5 residuss more than the recited bounding amino acid residus.
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[6027] By “consisting of, it is meant the sxclusion from the composition, method, or kit of any
element, step, or ingredient not specified in the claim. For example, a Whnt agonist or antagonist
“‘consisting of’ a disclosed seguence consists only of the disclosed amino acid sequence.

{0028} General methods in molecular and cellular biochemistry can be found in such standard
textbooks as Molecular Cloning: A Laboratory Manual, 3rd E£Ed. (Sambrook et al., CSH Laboratiory
Press 2001); Shorl Protocols in Molecular Biology, 4th Ed. (Ausubel et al. eds., John Wiley &
Sons 1999); Protein Methods (Bollag et al., John Wiley & Sons 18886}, Nonviral Vecliors 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 Cullure: Laboratory Procedures in Biotechnology (Dovie & Griffiths, John
Wiley & Sons 1908), the disclosures of which are incorporated herein by reference. Reagenis,
cloning vectors, and kits for genetic manipulation referred o in this disclosure are available from

commercial vendors such as BioRad, Stratagene, Invitrogen, Sigma-Aldrich, and ClonTech.

Compositions
[o029] Wit signaling agonist or antagonist proteins and methods for their use are provided. These

and other objects, advantages, and features of the invention will become apparent to those
persons skilled in the art upon reading the details of the compositions and methods as more fully

described below.

[00340] Wit signaling agonist or antagonist proteins of the present invention are biologically active
in binding to a cognate Frizzled receptor, resulting in activation or inhibition of Wnt signaling. The
term "Wt signaling agonist activily” refers to the ability of an agonist to mimic the effect or aclivity
of a Wnt protein binding to a frizzled protein and Lrp, thereby activaling the Wnt signaling
pathway. The term "Wnt signaling antagonist aclivity” refers to the ability of an antagonist to
reduce or otherwise block Wnit protein binding to a frizzled protein, thereby reducing activity of the
Wit signaling pathway.

[0031] The ability of the engineered proleins to mimic or inhibit the activity of Wnt can be
confirmed by a number of assays. The engingered proteins fypically initiate a reaction or activity
that is similar to or the same as that initiated by the receptor's natural ligand. In particular, agonisis
of the invention enhance the canonical Wnt/B-catenin signaling pathway while antagonistis inhibit
the pathway. As used hersin, the term "enhances” refers {0 a measurable increase in the level of

Wnt/B-catenin signaling compared with the level in the absence of an agonist of the invention,
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[0032] Various methods are known in the art for measuring the level of canonical Winit/B-catenin
signaling. These include, but are not limited {o assays that measure: Wni/B-catenin farget gene
expression; TCF reporter gene expression; beta-caienin stabilization; LRP phosphorylation; Axin
translocation from cytoplasm to cell membrane and binding o LRP. The canonical Wnt/B-catenin
signaling pathway ultimately leads to changes in gene expression through the transcription
factors TCF7, TCF7L1, TCF7LZ and LEF. The transcriplionsd response o Wit activation has
been characterized in a number of calls and tissues. As such, global transcriptional profiling by
methods wall known in the art can be used 10 assess Wnt/B-catenin signaling activation.

[0033] Changes in Whni-responsive gene expression are generally mediated by TCF and LEF
transcription factors. A TCF reportsr assay assesses changes in the franscription of TCF/LEF
controlled genes to determine the level of Wnt/ beta.-catenin 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 o-Fos promoter driving luciferase expression (pTCRFLASH
and pFOPRPFLASH, respsclively) to determine the transactivational aclivity of endogenous
g-catenin/TCF4. A higher ratio of these two reporter activities (TORP/FOP) indicates higher
B-catenin/TCF4 activity.

[0034] Various other reporter transgenes that respond 1o Wit signals exist intact in animals and
therefore, effeclively reflect endogenous Wnt signaling. These reporters are based on a
muitimerized TCF binding site, which drives expression of LacZ or GFP, which are readily
detectable by methods known in the art. These reporter genes includs: TOP-GAL, BAT-GAL,
ins-TOPEGFP, ins-TOPGAL, LEF-EGFP, Axin2-LacZ, AxinZ-d2EGFP, LgrStmi{cre/ERT2),
TORIGFP.

[0035] The recruitment of dephosphorylaied B-—catenin io the membrane, stabilisation and
phosphorylation status of f-catenin and translocation of B-catenin to the nucleus (Klaphoiz-Brown
Z et al,, PLoS One. 2(9) 945, 2007) in some cases mediated by complex formation with TCF
transcription factors and TNIK are key steps in the Wit signaling pathway. Stabilisation is
mediated by Dishevsled family proteins that inhibit the "destruction” complex so that degradation
of intracelivlar B-catenin is reduced, and translocation of B-calenin to the nuclsus follows
thereafier. Therefore, measuring the level and location of B-catenin in a cell is a good reflection of
the level of Wn/B-catenin signaling. A non-limiting example of such an assay is the "Bioimage
g-Catenin Redistribution Assay" {Thermo Scientific) which provides recombinant U208 celis that

stably express human f-catenin fused o the C-lerminus of enhanced green flucrescent protein

7
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(EGFP}. Imaging and analysis is performed with a flucrescence microscope or HCS platform
allowing the lsvels and distribution of EGFP-B-calenin o be visualized.

[0036] Ancther way, in which the destruction complex is inhibited, is by removal of Axin by
recruitment of Axin 1o the cytoplasmic tail of the Wit co-receptor LRP. Axin has been shown {o
bind preferentially to a phosphorylated form of the LRP tail. Visualisation of Axin translocation, for
example with a GFP-Axin fusion protein, is therefore another method for assessing levels of
Wint/B-catenin signaling.

[6037] In certain embodiments, the agonist or antagonist of the invention alter B-catenin signaling
by at least 30%, 35%, 40%, 45%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 85%, 100%, 110%,
150%, 200%, 250%, 300%, 400% or 500% compared io the B-catenin signaling induced by a
neutral substance or negative conirol as measured in an assay described above, for example as

measured in the TOPFlash assay. A negative control may be included in these assays.

[0038] "“Wnt gene product” or "Wt polypeptide™ when used herein encompass native seguence
Wit polypeptides, Wnt polypeptide variants, Wnt polypeptide fragmenis and chimeric Wnt
polypeptides. In particular embodiments, a Wnt polypeptide is a native human full length mature
Wit protein.  For example, human native sequence Wnt proteins of interest in the present
application include the following: Wint-1 {GenBank Accession No. NM_005430), Wnt-2 (GenBank
Accession No. NM_003391); Wnt-2B (Winit-13) (GenBank Accession No. NM_004185 (isoform 1),
NM_ 024484 2 (soform 2})), Wnt-3 (RefSeq.: NM_030753), Wnt3a (GenBank Accession No.
NM_033131), Wnt-4 (GenBank Accession No. NM_030761), Wnt-5A (GenBank Accession No.
NM_003392), Wnt-5B (GenBank Accession No. NM_032642), Wnt-6 (GenBank Accession No.
NM_006522), Wint-7A (GenBank Accession No. NM_004825), Wnt-7B (GenBank Accession No.
NR_ 0582383, Winit-8A (GenBank Accession No. NM_058244), Wnt-8B (GenBank Accession No.
NM_003383), Wnt-8A (Wni-14) (GenBank Accession No. NM_003385), Wnt-9B (Wnt-15)
{GenBank Accession No. NM_003396), Wnt-10A (GenBank Accession No. NM_025218),
Wint-10B (GenBank Accession No. NM_003394), Wnt-11 (GenBank Accession No. NM_004626),
Wint-16 (GenBank Accession No. NM_018087)). Although each member has varying degrees of
sequence identity with the family, all encode small (e, 38-48 kD), acylated, palmitoyiated,
secreted glycoproteins that contain 23-24 conserved cysteine residues whose spacing is highly
conserved (McMahon, A P et al., Trends Genet. 1992; 8: 236-242; Miller, J R. Genome Biol. 2002;
3(1): 3001.1-3001.15).
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[6039] “Wnt protein signaling” or “Wnt signaling” is ussed herein to refer to the mechanism by
which a biclogically active Wnt exerts its effects upon a cell to modulate a cell's activity. Wnt
proteins modulate cell activity by binding to Wnt receptors, including proteins from the Frizzled
(Fz) family of proteins, proteins from the ROR family of proteins, the proteins LRPS, LRPS from
the LRP family of proteins, the protein FRL1/crypto, and the protein Derailed/Ryk. Once activated
by Wnt binding, the Wt receptor(s) will activale one or more intracellular signaling cascades.
These include the canonical Wnt signaling pathway; the Wnt/planar cell polarity (Wni/PCP)
pathway; the Wnt-calcium (Wnt/Ca?") pathway (Giles, RH et al. (2003) Biochim Biophys Acta
1653, 1-24,; Peifer, M. et al. (1994) Development 120. 369-380; Papkoff, J. et al (1996) Mol. Csill
Biol. 16: 2128-2134,; Veeman, M. T. et al. (2003) Dev. Cell 5: 367-377); and other Wit signaling
pathways as is well known in the arl. Activation of the canonical Wit signaling pathway resulis in
the inhibition of phosphorylation of the intracellular protein B-catenin, leading to an accumulation
of B-catenin in the cylosol and its subsequent translocation o the nucleus where it interacis with
transcription factors, e.g. TCF/LEF, o activale target genes. A “biclogically active Wit signaling
agonist” is a Wit signaling agonist composition that is able to specifically bind to a Fzd receplor
and activate Wnit signaling when provided to a cell in vilro or in vivo, that is, when present in cell
culture media, sfo.

[0040] in certain embodiments, a Wit signaling agonist or antagonist alters signaling of the
canonical Wit pathway by at least about 50%, about 75%, about 100%, about 150%, about
200%, about 300%, about 400%, about 5-fold, about 10-fold, and may increase or decrease
signaling by 50-fold, 100-fold, 500-fold, or more, relative 1o the level of Wnt signaling in the

absence of the protein.

[6041] The term "specific binding” refers {0 that binding which occurs between such paired
species as enzyme/subsirate, receptorligand, efc. which may be mediated by covalent or
non-covalent interactions or a combination of covalent and non-covalent interactions.
Accordingly, "specific binding” occurs between a paired species where there is interaction
between the two which produces a bound complex. Methods known in the art may be used to

determine the affinity of the interaction.

[0042] By “water soluble” it is meant a composition that is soluble in aqueous buffers in the
absence of detergent, usually soluble at a conceniration that provides a biologically effective dose
of the polypeptide. Compositions that are water soluble form a substantially homogenous

composition that has a specific activity that is at least about 5% that of the starting material from
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which it was purified, usually at least about 18%, 20%, or 30% that of the siarting material, more
usually about 40%, 50%, or 60% that of the starting material, and may be about 50%, about 80%
or greater. Engineered proteins compositions of the present invention typically form a
substantially homogensous aqueous solution at concentrations of at least 25 pM and higher, e.g.
at ieast 25 uM, 40 uM, or 50 uM, usually at least 60 UM, 70 uM, 80 uM, or 80 uM, sometimes as
much as 100 uM, 120 uM, or 150ubM. In other words, proteins of the present invention typically
form a substantially homogeneous aquecus solution at concentrations of about 0.1 mg/mi, about

0.5 mg/mi, of about 1 mg/mi or more.

[0043] Fzd binding domain. The Fzd binding domain is an enginesred prolein as described herein
and exemplified by the polypeptides of any of SEQ 1D NO:1-4. The polypeptides bind o at least
one Fzd protein at high affinity, e.g. a Kp of less than about 1 x 107 M, less than about 1 x 10° M,
fess than about 1 x 10° M, less than about 1 x 107 M. Suitable Fzd binding domains are
engineered Fzd binding proteins based on a DFBs scaffold; and the like. The Fzd binding
domains have been affinity selecied io enhance binding o a desired Fzd protein or plurality of Fzd
profeins, e.g. to provide tissue selectivity, Methods of affinity selection for this purpose ulilize one
or more rounds of selection by introducing targeted amino acid changes and generating a library
of candidate coding sequences, transforming a population of cells with the candidate coding
sequence, e.4. into yeast celis, selecting (for example using paramagnetic microbeads) for the
desired specificity. Typically multiple rounds of selection are performed, and the resulting vectors
sequenced and used as the basis for protein engineering. The Fzd binding domain may bind to
one, two, three, four, five or more different frizzled proteins, e.g. one or more of human frizzled
proteins Fz1, Fz2, Fz3, Fz4, Fzb, Fz6, Fz7, Fz8, Fz8, Fz10.

[0044] Lrp5s/6 binding domain.  An Lrp5/6 may be selected from any domain that binds Lp5 or
Lrp8 at high affinity, e.g. with a Kp of less than about 1 x 107 M, less than about 1 x 10° M, less
than about 1 x 10° M, less than about 1 x 107'° M.

[0045] “LRP”, "LRP proteins” and “LRP receptors” is used herain to refer to proteins of the low
density lipoprolein receptor-related protein family. These recepiors are single-pass
transmembrane proteins that bind and internalize ligands in the process of receptor- mediated
endocytosis. LRP proteins LRP5 (GenBank Accession No. NM 002335.2) and LRPS (GenBank
Accession No. NM 002336.2) are included in the Wit receptor complex.

[0048] Suitable Lrpb/8 binding domains include, without limitation, de novo designed Lrpbi6

binding proteins, aniibody derived binding proteins, e.g. scFv, Fab, efc. and other portions of
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aniibodies that specifically bind to one or more Fzd proteins; nanobody derived binding domains;
knotiin-based engineered scaffolds; naturally occurring Lrp5/6, including particularly limitation,
DKK1, DKK2, DKK3, DKK4, sclerostin, Wise; fusions proteins comprising any of the above;
derivatives of any of the above; variants of any of the above; and biologically active fragments of
any of the above, and the like.

[0047] Members of the Dickkopf (Dkk) gene family (see Krupnik et al. (1999) Gene 238(2):301-13)
include Dkk-1, Dkk-2, Dkk-3, and Dkk-4, and the Dkk-3 related protein Soggy (Sgy). hDkks 1-4
contain two distinct cysteine-rich domains in which the positions of 10 cysteine residues are highly
conserved between family members. Exemplary sequences of human Dkk genes and proteins
are publicly available, e.g. Genbank accession number NM_014419 (soggy-1); NM_014420
(DKK4); AF177394 (DKK-1); AF177385 (DKK-2); NM_015881 (DKK3); and NM_014421 (DKK2).
In some embodiments of the invention, the Lrp6 binding moiety is a DKK1 peptide, including
without mitation the C-terminal domain of human DKK1. The C-terminal domain may comprise
the sequence (SEQ iD NO:12)
KMYHTKGQEGSVCLRSSDCASGLCCARHFWSKICKPVLKEGQVCTKHRRKGSHGLEIFQRCY
CGEGLESCRIQKDHHQASNSSRLHTCGRH (see Genbank accession number NP_036374; or a
biclogically active fragment thereof.

[0048] Binding of DKK proteins to LRPS/6 are discussed, for example in Brott and Sokol Mol Csll.
Biol. 22 (17), 6100-8110 (2002}; and Li et al. J. Biol. Chem. 277 (8), 5977-5881 (2002), each
herein specifically incorporated by reference. The corresponding region of human DKK2
(Genbank reference NP_055238) may comprise the sequence (SEQ 1D NO:A13)
KMSHIKGHEGDPCLRSSDCIEGFCCARHFWTKICKPYLHQGEVCTKQRKKGSHGLEIFQRCDC
AKGLECKVWKDATYSSKARLHVCQK or a biclogically active fragment thereof.

[0048] Variants. The polypeptides provided herein may be modified {o generate derivatives,
variants, and biologically active fragments. A "variant” polypeptide means a biologically active
polypeplide as defined below having less than 100% sequence identity with a provided sequence.
Such variants include polypeplides comprising one or more aminoe acid modifications, e.g.,
insertions, deletions or substitutions, as compared 1o the provided sequence, &.g., wherein one or
more amino acid residues are added at the N- or C-terminus of, or within, the native sequence;
from about one o forty amino acid residues are deleted, and optionally substituted by one or more
aming acid residues,; and derivatives of the above polypeptides, wherein an amino acid residue
has been covalently modifiad so that the resuling product has a non-naturally occurring amino

acid. Ordinarily, a biologically active variant will have an amino acid sequence having at least
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about 80% amino acid sequence identily with a native sequence polypeptide, preferably at lsast
about 85%, more preferably at least about 99%.

[0050] A "functional derivative” of a sequence is a compound having a qualitative biological
property in common with an initial sequence. "Functional derivatives” include, but are not limited
to, fragments of a sequence and derivatives of a sequence, provided that they have a biclogical
activity in common. The term "derivative” encompasses both amino acid seguence varianis of
polypeptide and covalent modifications thereof.

[0051] Wit signaling agonists or antagonists for use in the subject compositions and methods may
be modified using ordinary molecular biological techniques and synthetic chemistry so as o
improve their resistance {o proteolytic degradation or 10 optimize solubiiity propertias or io render
them more suitable as a therapeutic agent.  Analogs of such polypeptides include those
containing residues other than naturally ocecurring L-amino acids, e.g. D-amino acids or
non-naturally occurring synthetic amino acids. D-amino acids may be substituted for some or all
of the amino acid residues.

[0052] The Wi signaling agonist or antagonists may be prepared by in vifro synthesis, using
conventional methods as known in the art. Various commercial synthelic apparatuses are
available, 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 conveniencs,
economics, purity required, and the like. If desired, various groups may be iniroduced inio the
peptide during synthesis or during expression, which allow for linking o other molecules orto a
surface. Thus cysteines can be used o make thioethers, histidines for linking 1o a metal ion
complex, carboxyl groups for forming amides or esters, amino groups for forming amides, and the
fike.

[0053] AWnt signaling agonist or antagonist may be fused or bonded to an additional polypeplide
sequence. Examples include signal sequences for secretion of the polypeptidss,
immunoadhesins, which combine a Wit signaling agonist or antagonist with an immunogicbulin
sequence, particularly an Fo seguence, and epilope tagged polypeptides, which comprise a
native inhibifors polypeptide or portion thereof fused to a "ag polypeptide”. The tag polypeptide
has enough residues to provide an epitope against which an antibody can be made, yet is short
encugh such that it doss not interfere with biclogical activity of the original polypeptide. Suitable
tag polypeptides generally have at least six amino acid residues and usually betweesn about 6-80

amino acid residues. The Wnt agonist or antagonist may also be fused or combined in a
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formulation, or co-administered with an agsnt that enhances Wnt aclivity, e.g R-spondin 1,

R-spondin 2, anti-sclerosin antibody, efc.

[0054] Linker. The Fzd binding sequence and the Lrp5/8 binding sequence may be separated by
a linker, .g. a polypeplide linker, or a non-peplidic linker, efc. In some embodiments the linker is
a rigid linker, in other embodiments the linker is a flexible linker. In some embodiments, the linker
moiety is a peptide linker. In some embodiments, the peptide linker comprises 2 to 100 aming
acids. In some embodiments, the peptide linkercomprises 2,3, 4,5,6,7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 38, 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, 83, 64, 65, 66,
87,68,69,70,71,72,73,74,75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99 but no greater than 100 amino acids. In some embodiments, the peptide
linker is between 51075, 510 50, 510 25, 510 20, 5 to 15, 5 10 10 or 5 to © amino acids in length.
Exemplary linkers include linear peptides having at least two amino acid residues such as
Gly-Gly, Gly-Ala-Gly, Gly-Pro-Ala, Gly-Gly-Gly-Gly-3er. Suitable linear peplides include poly
glycine, polyserine, polyproline, polvalaning and oligopeplides consisting of alanyl and/or serinyl
and/or prolinyl andfor glycyl amino acid residues. In some embodiments, the peptide linker
comprises the amino acid sequence selected from the group consisting of Glys, Glug, Sers,
Glys-Cys-Prog-Cys, (Glys-Sera, Ser-Cys-Val-Pro-Leu-Met-Arg-Cys-Gly-Ghy-Cys-Cys-Asn,
Pro-8er-Cys-Val-Pro-Leu-Met-Arg-Cys-Gly-Gly-Cys-Cys-Asn,
Gly-Asp-Leu-lle-Tyr-Arg-Asn-Gln-Lys, and
Glys-Pro-Ser-Cys-Val-Pro-Leu-Met-Arg-Cys-Gly-Gly-Cys-Cys-Asn.  In one embodiment a linker
comprises the amino acid sequence GSTSGSGKESEGKG, or (GGGGESIn, wherenis 1, 2, 3, 4,

8§, sic.; howevar many such linkers are known and used in the art and may serve this purpose.

[0055] The term “cell culfure” or "culture” means the maintenance of cells in an artificial, in vitro
environment. itis to be understood, however, that the term "cell culture” is a generic term and may
be used to encompass the cultivation not only of individual celis, but also of tissues or organs.

{00561 The term “cufture systen? is used herein to refer 1o the culture conditions in which the
subject explants are grown thal promote prolonged tissue expansion with proliferation,
muitilineage differentiation and recapitulation of cellular and fissue ultrastructure.

[0057] By "container” is meant a giass, plastic, or metal vessel that can provide an asepiic

snvironment for culturing cells.
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[6058] Crganoid Culture. Organoids are in-vitre derived 3-dimensional cell aggregates derived
from primary lissue or stem cells that are capable of self-renewal, self-organization and exhibit
organ functionality. Organoids provide a 3-dimensional model system that recapitulates body
processes and functions from the molecular to whole organism level. 3D celi cuiture models are a
more accurate representation of the natural environment experienced by celis in the living
organism as opposed {o growing cells on 2D flat surfaces.

[0058] Generally organcids harbor small population of self-renewing stem cells that can
differentigte into cells of all major cell lineages, with similar frequency as in physiological
condition. For example, organcids may be generaled either from primary tissues or pluripotent
stemn cells (induced pluripotent stem celis (IPSC) or embryonic stem cells (ESCs)) by providing
appropriate physical and biochemical cue. As such, organoids are biologically relevant o any
model system and are amenable io manipulate niche componenis and gene sequence.
However, the presence of the stem cells requires that suitable growth factors also be present,
which may include Wt proteins. The difficulty in producing Wni protein for this purpose is
addressed by the use of the engineered molecules, particularly Wt agonist polypeplides,
described herein.

[00B0] Organoid cultures are useful as in vitro model systems, o study processes including
turmnorigenesis, infection, gene correction, drug toxicily and efficacy testing, stc. Organoids may
also provide calls for regenerative medicine. Organocids are also useful in personalized madicine
applications, for example organocids derived from adull stem cell of individual patients allows
ex-vivo testing of drug response and treatment options.

[0061] See, for example, Yin et al. (2016) Cell Stem Cell 18, 25-38; Lancaster and Knobilich
(2014) Science 345, 1247125; Clevers (2016} Celi 165, 15861597, Eiraku and Sasai (2012)
Curr. Opin. Nsurobiol, 22, 768-777, Nakano et al. (2012) Cell Stem Cell 10, 771-785; McCracken
et al. (2014) Nature 518, 400-404; Wong et al. (2012) Nat. Biolechnol. 30, 876-882; Huang et al.
(2014) Nat. Biotechnol. 32, 84-91; Takebe et al. (2013) Nature 499, 481-484; Takasato et al.
{(2015) Nature 526, 564-568; Sato and Clevers (2013) Scisnce 340, 11901194, Huch et al
(2015) Ceil 160, 298312, Linnemann et al. (2015) Dev. Camb. Engl. 142, 3238-3251; Boj et al.
(2015) Cell 160, 324338, Ciancanelliet al. (2015) Science 348, 448-453; Qian, et al. (2016} Csli
165, 1238-1254; Spence et al. (2011) Nature 470, 105-109.

[0062] The terms “stem cell” as used herein, refer {o a celi that has the property of self-renewal
and has the developmental potential to differentiate into muitiple cell types. A stem cell is capable
of proliferation and giving rise to more such stem celis while maintaining iis developmantal

potential. Stem cells can divide asymmeltrically, with one daughter cell retaining the
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developmental potential of the parent stem cell and the other daughter cell expressing some
distinct other specific funcilion, phenotype and/or developmental potential from the parent cell.
The daughter cells themselves can be induced io proliferale and produce progeny that
subsequently differentiate infc one or more malure cell types, while also retaining one or more
cells with parental developmental potential. A differentiated cell may derive from a multipotent
cell, which itself is derived from a multipotent cell, and 50 on. While each of these multipotent cells
may be considered stem cells, the range of cell types each such stem cell can give rise o, L.,
their developmental potential, can vary considerably. Allernatively, some of the stem cells in a
population can divide symmetrically into two stem cells, known as stochastic differentiation, thus
maintaining some stem celis in the population as a whole, while other cells in the population give
rise o differentiated progeny only. Accordingly, the term “stem cell’ refers to any subset of celis
that have the developmental potential, under particular circumstances, to differentiate to a more
specialized or differentiated phenotype, and which retain the capacily, under ceriain
circumstances, to proliferate without subsiantially differentiating.

[0063] The term "somatic stem cell” is used herein to refer {0 any pluripotent or multipotent stem
cell derived from non-embryonic tissue, including fetal, juvenile, and adult tissue. Natural somatic
stem cells have been isolated from a wide variety of adult tissues including blood, bone marrow,
brain, olfactory epithelium, skin, pancreas, skelstal muscle, and cardiac muscle. The term
“progenitor call” is used herein to refer to cells that are at an earlier stage along a developmental
pathway or progression, relative to a cell which it can give rise fo by differentiation. Often,
progenitor cells have significant or very high proliferative potential. Progenitor cells can give rise
to multiple distinct differentiated cell types, or 1o a single differentiated cell type, depending on the

developmental pathway and on the environmeant in which the cells develop and differentiate.

[0064] Expression construct. In the present methods, a Wnt signaling agonist or antagonist, if a
polypeptide, may be produced by recombinant methods. The nucleic acid encoding the Wnt
agonist or antagonist can be inserted into a replicable vector for expression. Many such vectors
are available. The vector components generally include, but are not limited o, one or more of the
following: an origin of replication, ons or more marksr genes, an enhancer slement, a promoter,
and a transcription termination sequence. Exemplary coding sequences for a Wt signaling
agonist are provided as SEQ 1D NO:8 and SEQ 1D NO:10. Codon usage may be optimized for the
desired host cell.

[0065] Expression vectors will contain a promoter that is recognized by the host organism and is

operably linked to the Wit agonist or anlagonist coding seguence. Promoters are untranslated
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sequences located upstream (5} to the start codon of a structural gene (generally within aboui
100 10 1000 bp) that control the transcription and franslation of particular nucleic acid sequence o
which they are operably linked. Such promoters typically fall into two classes, inducible and
constitutive. Inducible promoters are promoters that initiate increased levels of transcription from
DNA under their control in response to some change in culture conditions, e.g., the presence or
absence of a nutrient or a change in temperature.

[o068] Promoters suitable for use with prokaryotic hosts include the B-lactamase and lactose
promoter systems, alkaline phosphatase, a tryplophan (rp) promoter systemn, and hybrid
promoters such as the tac promoter. Howsver, other known baclerial promoters are also suitable.
Such nucleotide sequences have been published, thereby enabling a skilled worker operably to
ligate them o a DNA coding segquence. Promoters for use in bacterial systems also will contain a
Shine-Dalgarno (8.D.) sequence operably linked 1o the coding sequence.

[6067] Promoter sequences are known for eukaryotes. Examples of suilable promoding
seqguences for use with yeast hosts include the promoters for 3-phosphoglyceratekinase or other
glycolytic enzymes, such as enolase, glyceraldehyde-3-phosphate dehydrogenase, hexokinase,
pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase,
3-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose
isomerase, and glucokinase. Other yveast promoters, which are inducible promoters having the
additional advantage of tfranscription controlled by growth conditions, are the promoter regions for
alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes associated
with nitrogen metabolism, metaliothionein, glyceraldehyde-3-phosphate dehydrogenase, and
enzymes responsibie for maltose and galactose ulilization. Suitable vectors and promoters for
use in yeasi expression are further described in EP 73,657, Yeast enhancers alsc are
advantageously used with veast promoters.

[0068] Transcription from vectors in mammalian host celis may be controlled, for example, by
promoters obtained from the genomes of viruses such as polyoma virus, fowipox virus,
adenovirus {(such as Adenovirus 2), bovine papiloma virus, avian sarcoma virus,
cytomegalovirus, a retrovirus, hepatitis-B virus and most preferably Simian Virus 40 (8V40}, from
heterologous mammalian promoters, .q., the aclin promoter, PGK {phosphoglycerate kinase), or
an immunogiobulin promoter, from heat-shock promoters, provided such promoters are
compatible with the host cell systems. The sarly and late promoters of the SV40 virus are
conveniently obiainad as an 8V40 restriction fragment that also contains the 8V40 viral origin of
replication.  The immediate early promoter of the human cviomegalovirus is conveniently
obtained as a Hindi E restriction fragment.
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[o069] Transcription by higher eukaryotes is often increased by inseriing an enhancer sequence
into the veclor. Enhancers are cis-acling elements of DNA, usually about from 10 to 300 bp,
which act on a promoter to increase its transcription.  Enhancers are relatively orientation and
position independent, having been found 5 and 3' to the transcription unit, within an intron, as well
as within the coding sequence itself. Many enhancer sequences are now known from mammalian
genes (giobin, slastase, albumin, a-feloprotein, and insulin}. Typically, however, one will use an
enhancer from a eukaryotic cell virus. Examples include the SV40 enhancer on the late side of
the replication origin, the cytomegalovirus early promoter enhancer, the polyoma enhancer on the
late side of the replication origin, and adenovirus snhancers. The enhancer may be spliced into
the expression vector al a position &' or 3' {0 the coding sequence, but is preferably located at a
site &' from the promoter.

[0070] Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plani, animal, human,
or nucleated cells from other multiceliular organisms) may also contain sequences necessary for
the termination of transcription and for stabilizing the mRNA. Such sequences are commonly
available from the 5 and, occasionally 3', untranslated regions of eukaryotic or viral DNAs or
cDNAs.

[0071] Construction of suitable vectors containing one or more of the above-listed components
employs standard techniques. Isolaied plasmids or DNA fragments can be cleaved, tailoraed, and
re-ligated in the form desired to generate the plasmids required. For analysis to confirm correct
sequences in plasmids constructed, the ligation mixtures are used o fransform host cells, and
successful transformants seiected by ampicillin or tetracycline resistance where appropriate.
Plasmids from the transformants are preparsd, analyzed by restriction endonucleass digestion,
and/or sequenced.

[0072] Suitable host cells for cloning or expressing the DNA in the vectors herein are the
prokaryote, veast, or higher eukaryole cells described above. Suitable prokaryotes for this
purpose include eubacieria, such as Gram-negative or Gram-positive organisms, for sxampile,
Erterobacteriaceae such as Escherichia, e.g., E. coli, Enterobacter, Erwinia, Kiebsiella, Proteus,
Saimonelia, e.g., Salmonella typhimurium, Serralia, &.Q., Serratia marcescans, and Shigsilla, as
well as Bacilli such as B. subtilis and B. licheniformis, Pseudomonas such as P. aeruginosa, and
Streptomyces. These examples are illustrative rather than limiting.

[6073] In addition to prokaryotes, eukaryotic microbes such as filamenious fungi or yeast are
suitable expression hosts. Saccharomyces cerevisiae, or common baker's yeast, is the most
commonly used among lower eukaryotic host microorganisms.  However, a number of other
genera, species, and strains are commonly available and wuseful herein, such as

17

MS&D Exhibit 1014, Page 19 of 46



WO 2020/018445 PCT/US2019/041852

Schizosaccharomyces pombe; Kluyveromyces hosts such as K lactis, K fragilis, etc.; Pichia
pastoris; Candida; Neurospora crassa; Schwanniomyces such as Schwanniomyces occidentalis;
and filamenious fungi such as Penicillium, Tolypocladium, and Aspergillus hosis such as A
ridulan, and A. niger.

[0074] Examples of ussful mammalian host cell lines are mouse L cells (L-M{TK-],
ATCC#CRL-2648), monkey kidney CV1 line transformed by 8V40 (COS8-7, ATCC CRL 1651);
human embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture; baby
hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR (CHO), mouse
sertoli ceils (TM4);, monkey kidney celis (CV1 ATCC CCL 70); African green monkey kidnsy celis
(VERO-78, ATCC CRL-1 587y, human cervical carcinoma cells (HELA, ATCC CCL 2); canins
kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human
lung celis (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor
(MMT 060562, ATCC CCL51), TRI cells; MRC 5 cells; FS4 cells; and & human hepatoma line
{(Hep G2).

[0075) Host cells are transfected with the above-described expression veciors for Wit signaling
agonist or antagonist production, and cultured in conventional nutrient media modified as
appropriate for inducing promoters, selecting fransformants, or amplifying the genes encoding the
desired sequences. Mammalian host cells may be cultured in a variety of media. Commercially
available media such as Ham's F10 (Sigma), Minimal Essential Medium ((MEM), Sigma), RPMI
1640 (Sigma), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma) are suitable for
culiuring the host cells. Any of these media may be supplemented as necessary with hormones
and/or other growth factors (such as insulin, transferrin, or epidermal growth factor), salts {such
as sodium chioride, caicium, magnesium, and phosphate), buffers (such as HEFPES), nucleosides
(such as adenosine and thymiding), antibictics, trace slements, and glucose or an sguivalent
energy source. Any other necessary supplements may also be included al appropriate
concenirations that would be known to those skilled in the art. The culture conditions, such as
tempsrature, pH and the like, are those previously used with the host cell sslected for expression,

and will be apparent to the ordinarily skilled artisan.

Methods of Use

[0076] In certain methods of the present invention, an effective amount of a composition

comprising a Wnt agonist or antagonist is provided {0 celis, e.g. by contacting the ceil with an
sffective amount of that composition to achieve a desired effect, e.¢. to enhance Wnt signaling,

proliferation, efc. In particular embodiments, the contacting occurs in vitro, ex vivo or in vivo. In
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particuiar embodiments, the cells are derived from or present within a subject in need or
increased Wnt signaling.

[0077] In some methods of the invention, an effective amount of the subject composition is
provided to enhance Wnt signaling in a cell. Biochemically speaking, an effsctive amount or
effective dose of a Wit agonist or antagonist is an amount to alter Whnt signaling in a cell by at
least 30%, at least 40%, at least 50%, at least 60%, at lsast 70%, at least 80%, at least 90%, at
least 95%, or by 100% relative to the signaling in the absence of the Wnt agonist or antagonist.
The amount of modulation of a cell’'s activity can be determined by a number of ways known 1o
one of ordinary skili in the art of ¥nt biclogy.

[0078] In a clinical sense, an effective dose of a Wit agonist or antagonist composition is the doss
that, when administered {0 a subject for a suilable period of time, e.g., al least aboutl one week,
and maybe about two weeks, or more, up {0 a period of about 4 weeks, 8 weeks, or longer, will
gvidence an alteration in the symptoms associated with lack of Wnt signaling. In some
embodiments, an effective dose may not only slow or halt the progression of the dissase condition
but may also induce the reversal of the condition. it will be understood by those of skill in the art
that an initial dose may be administered for such periods of time, followed by maintenance doses,
which, in some cases, will be at a reduced dosage.

[0079] Celis in vitro may be contacted with a composition comprising a Wit agonist or antagonist
by any of a number of well-known methods in the art. For example, the composition may be
provided {o the cells in the media in which the subject cells are being cultured. Nucleic acids
encoding the Wit agonist or antagonist may be provided to the subject cells or to cells co-cultured
with the subject cells on vectors under conditions that are well known in the art for promoting their
uptake, for example electroporation, calcium chloride transfection, and lipofection. Alternatively,
nucleic acids encoding the Wit agonist or antagonist may be provided o the subject celis or to
cells cocultured with the subject cells via a virus, Le. the cells are contacled with viral particles
comprising nucleic acids encoding the Wnt peptide agonist or antagonist polypeptide.
Retroviruses, for exampile, lentiviruses, are particularly suitable 1o the method of the invention, as
they can be used to transfect non-dividing cells (see, for example, Uchida ef &/ (1998) P.N.A.S.
85(20:11938-44). Commonly used retroviral vectors are “defective”, i.e. unable o produce viral
proteins required for productive infection. Rather, replication of the vector requires growth in a
packaging cell line.

[6080] Likewise, cells in vivo may be contacted with the subject VWnt agonist or antagonist
compositions by any of a number of weli-known msthods in the art for the administration of

peptides, small molecules, or nucleic acids to a subject. The Wnt agonist or antagonist
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composition can be incorporated into a variety of formulations or pharmaceutical compositions,
which in some embodiments will be formulated in the absence of detergents, liposomes, efc., as

have been described for the formulation of full-length Whnt proteins.

[0081] Wit signaling is a key component of stem cell culture. For exampie, the sterm cell culture
media as described In WO2010/080513, WO2012/014078, Sato et al, 2011
(GASTROENTEROLOGY 2011; 141:1762-1772) and Sato et al,, 2008 (Nature 4598, 262-5). The
Wit signaling agonists of the invention are suitable alternatives to Rspondin for use in these stem
cell culture media, or may be combined with Rspondin.

[0082] Accordingly, in one embodiment, the invention provides a method for enhancing the
proliferation of stem cells comprising supplving stem cells with agonists of the invention. In one
embodiment, the invention provides a cell culture medium comprising one or more agonists of the
invention. In some embodiments, the cell culture medium may be any cell culture medium already
known in the art that normally comprises Wit or Rspondin, but wherein the Wit or Rspondin is
raplaced {(wholly or partially) or supplemented by agonists of the invention. For example, the
culiure medium may be as described in as described in WO2010/080513, W02012/014078, Sato
et al., 2011 (GASTROENTEROLOGY 2011, 141:1762-1772) and Sato et al,, 2009 (Nature 459,
262-5), which are hereby incorporated by reference in their entirety.

[6083) Staem cell culture media often comprise additional growth faciors. This method may thus
additionally comprise supplying the stem cells with a growth faclor. Growth factors commonly
used in cell culture medium include epidermal growth factor (EGF, (Peprotech), Transforming
Growth Factor-alpha (TGF-alpha, Peprotech), basic Fibroblast Growth Faclor (bFGF, Peprotech),
brain-derived neurctrophic factor (BDNF, R&D Systems), Human Growth Facior (HGF) and
Keratinocyte Growth Factor (KGF, Peprotech, also known as FGF7). EGF is a potent mitogenic
faclor for a variety of cultured ectodermal and mesodermal cells and has a profound effect on the
differentigtion of specific cells in vivo and in vitro and of some fibroblasts in cell culture. The EGF
precursor exists as a membrane-bound molecule which is proteciviically cleaved to generate the
53-amino acid peptide hormones that stimulates cells. EGF or other mitogenic growth faciors may
thus be supplied to the stem cells. During culturing of stem cells, the mitogenic growth factor may
be added fo the culiure medium every second day, while the culture medium is refreshed
preferably every fourth day. In general, a mitogenic factor is selected from the groups consisting
of iy EGF, TGF-.alpha. and KGF, ii} EGF, TGF-.alpha. and FGF7; iii} EGF, TGF-.alpha. and FGF;
iv} EGF and KGF; v} EGF and FGF7, vi} EGF and a FGF; vii) TGF-a and KGF; viii} TGF-.alpha.
and FGF7; ) or from TGF o and a FGF.
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[6084] Thess methods of enhancing proliferation of stem cells can be used 1o grow new organoids
and tissues from stem cells, as for example described in W0O2010/080513 W02012/014078, Sato
et al., 2011 (GASTROENTEROLOGY 2011; 141:1782-1772) and Saio et al., 2008 (Nature 459,
262-5).

Compositions
[0085] For use in cell culture the Wit signaling agonist or antagonist may be provided in culture

medium, or may be provided in a form useful to diluting into culture medium. For therapeutic
applications, the Whnt signaling agonist or antagonist may be administered to a mammail,
preferably a human, in a physiologically acceptable dosags form, including those that may be
administered {0 a human intravenously as a bolus or by continuous infusion over a pericd of time.
Alternative routes of administration include topical, intramuscular, infraperitoneal,
intra-cerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or
inhalation routes. The Wnt agonist or antagonists also are suitably administered by intratumoral,
peritumoral, intralesional, or pertlesional routes or o the lymph, {0 exert local as well as systemic
therapeutic effects.

[0088] Pharmaceutical compositions may also comprise combinations of the molecules of the
invention with cells, including stem celis, progenitor cells, and the like. in some embodiments, the
compositions comgprise the molecules of the invention in combination with regensrative somatic
stem cells, e.q. epithelial stem cells, neural stem cells, liver stem cells, hematopoietic stem cells,
osteoblasts, muscle stem cells, mesenchymal stem cells, pancreatic stem cells, etc. In such
combinations, cells can be pre-treated with a molecule of the invention prior to use, e.g. ex vivo
treatment of celis with the Wit agonist or antagonist; cells can be administered concomitantly with
a moleculs of the invention in a separaie or combined formulation; cells can be provided 0 an
individual prior to freatment with a molecule of the invention, and the like.

[0087] Pharmaceutical compositions can include, depending on the formulation desired,
pharmaceutically-acceptable, non-toxic carriers of diiuents, which are defined as vehicles
commonly used to formulate pharmaceutical compositions for animal or hurman administration.
The diluent is seleclted s as not {o affect the biological aclivity of the combination. Examples of
such diluents are distilled waler, buffered water, physiclogical saline, PBE, Ringer's solution,
dexirose solution, and Hank's solution. in addition, the pharmaceutical composition or formulation
can include other carrisrs, adiuvants, or non-toxic, nontherapeutic, nonimmunogenic stabilizers,
gxcipients and the like. The compositions can also include additional substances to approximate
physiological conditions, such as pH adjusting and buffering agents, toxicity adjusting agenis,
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wetting agents and detsrgents. Further guidance regarding formulations that are suitable for
various types of administration can be found in Remington's Pharmaceulical Sciences, Mace
Publishing Company, Philadelphia, Pa., 17th ed. (1985). For a brief review of methods for drug
delivery, see, Langer, Science 249:1527-1533 (1980).

[0088] The components used to formulate the pharmaceutical compositions are preferably of high
purity and are substantially free of polentially harmful contaminants {e.g., at least National Food
{NF) grade, generally at least analvtical grade, and more iypically at least pharmaceutical grade).
Moreover, compositions intended for in vivo use are usually sterile. To the extent that a given
compound must be synthesized prior o uss, the resulting product is typically substantially free of
any potentially toxic agents, particularly any endotoxins, which may be present during the
synthesis or purification process. Compositions for parental administration are aiso slerile,
substantially isotonic and made under GMP conditions.

[0089] in another embodiment of the invention, an arlicle of manufacture containing materials
useful for the treatment of the conditions described herein is provided. The article of manufacture
comprises a container and a label. Suitable containers include, for example, boitles, vials,
ayringes, and test tubes. The containers may be formed from a variety of materials such as glass
or plastic. The container holds a compaosition that is effective for treating the condition and may
have a sterile access port (for exampie the container may be an intravenous solution bag or a vial
having a siopper plerceable by a hypodermic injection needie). The active agent in the
composition is the Wnt agonist or antagonist. The label on, or associated with, the container
indicates that the composition is used for freating the condition of choice. Further container(s)
may be provided with the article of manufacture which may hold, for example, za
pharmaceulically-acceplable buffer, such as phosphate-buffered saline, Ringer's solution or
dextrose solution. The article of manufacture may further include other materials desirable froma
commercial and user standpoint, including other buffers, diluents, filters, needles, syringes, and

package inserts with instructions for use.

[0080] The foliowing examples are put forth so as 1o provide those of ordinary skill in the art with a
complete disclosurs and description of how {0 make and use the present invention, and are not
intended to limit the scope of what the inventors regard as their invention nor are they intended to
represent that the experiments below are all or the only experiments performed. Efforts have
been made to ensure accuracy with respect to numbers used {(e.g. amounts, temperature, eic.)

but some experimental errors and devialions should be accounted for. Unless indicated
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otherwise, paris are paris by weight, molscular weight is weight average molecular weight,

temperature is in degrees Centigrade, and prassure is al or near atmospheric.

Example 1.

[0091] DFBss are genelically enginesred antibody mimetic proteins typically exhibiting highly
specific and high-affinity target protein binding. They are derived from natural ankyrin proteins,
one of the most common classes of binding proteins in nature, which are responsible for diverse
functions such as celi signaling, regulation and structural integrity of the cell. DFBs consist of at
least three, repeat motifs proteins, and usually consist of four or five, of which the first {N-capping
repeat) and last (C-capping repeat) serve {0 provide a hydrophilic surface. Their molecular mass
is about 14 or 18 kDa for four- or five-repeat DFBs, respectively.

[6092] DFBs are derived from naturaily occurring ankyrin proteins, a protein class that mediates
high-affinity protein-protein inferactions in nature. DFBs can be expressed in the cvioplasm of
Escherichia coli at high levels in soluble form. The proteins exhibit high thermal and
thermodynamic stability increasing with increasing repeat number.

[0083] A protein scaffold was based on the Rosetia-buill idealized Ankyrin repeat protein (PDB:
4GPM, see Falias et al. (2017} Nat. Chem. 9:353-380). Starting from this scaffold, we combined
computational design and in vitro evolution with yeast surface display to evolve high affinity Wnt
aniagonisis. Rosefta was used {0 build the idealized Ankyrin repeat protein and we further
allowed randomization at positions permitted by Rosetia calculation to retain original packing.

[0094] SEQ 1D NGO:1-4 provide the amino acid seguences of the antagonist proteins thus
developed, which have the following sequences and frizzled specificiiy:

[0095] 1AF34 comprises the amino acid sequence set forth in SEQ D NO:1. i binds with high
affinity to human frizzled proteins Fzd1, Fzd2, Fzdb, Fzd7, Fzd8. The sequence of the mature
protein is as follows, although it may be noted that the last two residuss (LE) provide a flexible
foop but may be deleted without affecting aclivity.

SEQ ID NOG: 1
SELGTRLIRAALDGNKDRVKDLIENGADVNASLMSGATPLHAAAMNGHKEVVKLLISKGADVNA
QSVAGSTPLDAAAFSCHEKEVVKLLISKGADVNAVNAAGLTPLHAAADNGHKEVVKLLISKGADY
NAKADHGMTPLHFAAGRGHKEVVKLLISKGADLNTSAKDGATPLDMARESGNEEVVKLLEKOL
E
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[o0e8] ANK12 comprises the aming acid sequence set forth in 8EQ ID NG:2. 1t binds with high
affinity to human frizzled proteins Fzd5, Fzd8. The sequence of the mature protein is as follows:
SEQ D NO:2Z
SELGKRUMAALDGNKDRVYKDLIENGADVNASLYSGATPLHAAAMNGHKEVVKLLISKGADVNA
QSAAGSTPLAAAAINGHKEVVKLLISKGADVNAVTAAGMTRPLHAAAANGHKEVVKLLISKGADY
NAKADRGMTPLHFAAWRGHKEVVKLLISKGADLNTSAKDGATPLODMARESGNEEVVKLLEKQL
E

[0097] 1AF34F7 comprises the amino acid sequence set forth in SEQ 1D NO:3. 1t binds with high
affinity to human frizzied proteins Fzd1, Fzd2, Fzd7. The sequence of the mature protein is as
foliows:

SEQ ID NG:3
SELGTRLIRAALDGNKDRVKDLIENGADVNASLMSGATPLHAAAMNGHKEVVKLLISKGADVNA
QSVAGSTPLDAAAFSGHKEVVKLLISKGADVNAVNAAGLTRLHDAADDGHNEVVKLLISKGADY
NAKADHGMTPLHFAAGRGHKEVVKLLISKGADLNTSAKDGATPLDMARESGNEEVVKLLEKGL
E

[o0e8] 4AF30 comprises the amino acid sequence set forth in SEQ 1D NO:4. H binds with high
affinity to human frizzled protein Fzd4. The seguence of the mature protein is as follows:

SEQ D NG4

SELGKRLIRAALDGNKDRVKDLIENGADVNASLMSGTTPLYAAAMNGHKEVVKLLISKGADVNA
QSVAGESTPLVAAANFGHNEVVKLLISKGADVNAVTAFGVTPLHAAAADGHKEVWKLLISKGADY
NAKAGRGMTPLHIAAFRGHKEVVKLLISKGADLNTSAKDGATPLDMARESGNEEVWWKLLEKGLE

[0099] To understand the affinity of individual DFBs towards different Fzd CRDs, two different
methods were used to measure the specificity and affinity. DFBs were expressed on yeast
surface and the vyeast stained with biotinvlated Fzd CRDs. The cells weres washed and
Streptavidin, Alexa Fluor™ 847 conjugates were used 1o stain the veasts. The fluorescence
signals were read on flow cytometry.

[6G100] Second, individual DFB proteins were purified and surface Plasmon Resonance (SPR)
used to measure the affinity between Fzd CRD with the DFB. The bictinylated Fzd CRD was
capiured on SA sensor chip at low density. A gradient concentration of DFB analyte was flown
over the chip. The data was analyzed by BlACore accompanying software.

[00101] The results of these experiments are shown in Figures 1A and 1B. Figure 1A shows the
results of ANK12 yeast titration with individual Fzd CRD. ANK12 showed ECsp of 4.4 nM and 3.6
nbd for Fz5 and Fz8 while not interacting with Fz1, 2, 4 and 7. Figure 1B shows the SPR resulis of
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ANK12 to Fzd4, 7 and 8 ANK12 showead no binding to Fzdd or Fzd7 while showing a Kd of 200
pM for Fzd8. Collectively, ANKA12 showed high specificity and affinily to Fzd5 and Fzd8.

[00102] Similar affinity measurement of 1AF34, 1AF34F7 and 4AF30 towards different Fzds using
hoth methods were performed, as shown in Figure 2. 1AF34 showed ECse of 18.0, 318 and 5.6
ni to Fz1, 2 and 7. 1AF34 showed weaker staining to Fz5/8 with ECs not available. By SPR,
1AF34 binds to Fzd7 at 1 nM affinily and Fzd8 at 23 nM affinity. Shown in Figure 3, 1AF34F7
showed ECs of 7.5 nM, 9.9 nM and 1.8 nM 1o Fz1, 2 and 7, respectively. 1AF34F7 showed no
cross-reactivity o Fz5/8 up to 1 uM concentration. Using SPR, 1AF34F7 shows 1.6 nM affinity to
Fzd7 CRD. Shown in Figure 4, 4AF30 only binds {o Fz4 with ECse of 1.6 nM. Using SPR, 4AF30
shows 1.4 nM affinity to Fzd4 and 400 nM for Fzd8.

[06103] To generate Fzd subtype specific Wt agonists, the DFBs were fused with DKK1ic to
generate bi-specific molecules that bridge specific Fzd recepiors with co-recepiors Lrpd/6 {o
activaie canonical Wit signaling. The amino acid sequence of all four DFBs agonists are set forth
in SEQ 1D NOG:5-8.

[00104] SEQ 1D NQO:5-8 provide the aminc acid sequences of the agonist proteins thus developed,
which have the following sequences and frizzled specificity:

[60105] 1AF34-DKK1c comprises the amino acid sequence set forth in SEQ 1D NG5, 1t binds with
high affinity t0 human frizzied proteins Fzdi, Fzd2, Fzd5, Fzd?, Fzd8. The sequence of the
mature protein is as follows. Amino acid residues 1-192 correspond to SEQ 1D NO:1, residues
193-202 are a 10mer GS linker, residues 203-292 correspond to human DKK1ic.

SEQ D NGS5
SELGTRLIRAALDGNKDRVKDLIENGADVNASLMSGATPLHAAAMNGHKEVVKLLISKGADVNA
QSVAGETPLDAAAFSGHKEVWWKLLISKGADVNAVNAAGLTPLHAAADNGHKEWVWKLLISKGADY
NAKADHGMTPLHFAAQRGHKEVVKLLISKGADLNTSAKDGATPLDMARESGNEEVVYKLLEKQL
EGSGSGGSGSGKMYHTKGREGSVCLRSSDCASGLCCARHFWSKICKPVLKEGQVCTKHRRK
GSHGLEIFQRCYCGEGLSCRIQKDHHQASNSSRLHTCQRH

[60108] ANK12-DKK ¢ comprises the amino acid sequence set forth in SEQ 1D NGC:8. It binds with
high affinity to human frizzled proteins Fzdb, Fzd8. The sequence of the mature protein is as
follows. Amino acid residues 1-192 correspond to SEQ 1D NO:2, residues 193-202 are a 10mer
G5 linker, residues 203-292 correspond o human DKK1c.

SEQ ID NO:6

SELGKRLIMAALDGNKDRVEKDLIENGADVNASLVSGATPLHAAAMNGHKEVVKLLISKGADVNA

COSAAGSTPLAAAAINGHKEVVKLLISKGADVNAVTAAGMTPLHAAAANGHKEVVKLLISKGADY
25

MS&D Exhibit 1014, Page 27 of 46



WO 2020/018445 PCT/US2019/041852

NAKADRGMTPLHFAAWRGHKEVVKLLISKGADLNTSAKDGATPLDMARESGNEEVVKLLEKQL
EGESGSGGESGSGKMYHTKGQEGSYVCLRESDCASGLCCARHFWSKICKPYLKEGQVCTKHRRK
GSHGLEIFQRCYCGEGLSCRIQKDHHQASNSSRLHTCQRH

[60107] 1AF34F7-DKK1c comprises the amino acid sequence set forth in SEQ D NO:7. i binds
with high affinity to human frizzied proteins Fzd1, Fzd2, Fzd7?. The ssquence of the mature
profein is as follows. Amino acid residues 1-192 correspond {o SEQ 1D NO:3, residues 193-202
are a 10mer GS linker, residues 203-292 correspond 1o human DKK1c.

SEQ D NOGT
SELGTRLIRAALDGNKDRYKDLIENGADVNASLMSGATPLHAAAMNGHKEVVKLLISKGADVNA
QSVAGSTPLDAAAFSGHKEVVKLLISKGADVNAVNAAGLTPLHDAADDGHNEVVKLLISKGADY
NAKADHGMTPLHFAAQRGHKEVVKLLISKGADLNTSAKDGATPLDMARESGNEEVVKLLEKQL
EGSGSGGSGSGKMYHTKGUEGSVCLRSSDCASGLCCARHFWSKICKPYLKEGQVCTKHRRK
GSHGLEIFQRCYCGEGLSCRIQKDHHQASNSSRLHTCQRH

[60108] 4AF30-DKK1c comprises the aminoe acid sequence set forth in SEQ 1D NO:8. i binds with
high affinity to human frizzled protein Fzd4. The ssguence of the mature protein is as follows.
Amino acid residues 1-80 correspond o human DKK1g, residues 91-100 are a 10mer GS linker,
residues 101-292 correspond to SEQ 1D NO4.

SEQ D NG:S8
KMYHTKGQEGSVCLRSSDCASGLCCARHFWSKICKPVLKEGOQVCTKHRRKGSHGLEIFQRCY
CGEGLSCRIQKDHHQASNSSRLHTCQRHGSGSGGESGEGEELGKRLIRAALDGNKDRVKDLIE
NGADVNASLMSGTTRPLYAAAMNGHKEVVKLLISKGADVNAQSVAGSTRPLVAAANFGHNEVVKL
LISKGADVNAVTAFGVTPLHAAAADGHKEVVKLLISKGADVNAKAGRGMTPLHIAAFRGHKEVY
KLLISKGADLNTSAKDGATPLDMARESGNEEVVKLLEKQLE

[60108] To confirm the Fz specificity of each DFBs agonist of SEQ 1D NO:5-8, the HEK233T cell
line with Fzd1/2/4/5/7/8 knockout was used. Shown in Figure 5A, the Wnt agonisis show no
activity in this knockout cell line. Mouse Fzd4 receplor was transfected into the cell ine and
stimulated with all four types of Wit agonists. Only Fzd4 specific agonist (4AF30-DKK1¢, shown
in Figure 5B) showed potent activation of Wnt signaling, shown by SuperTop Flash Wnt reporter
assays.

[00110] Shown in Figure 5C and D, mouse Fzd7 and Fzd8 recepior was transfecied inlo the cell
line and stimulated with all four types of agonist or antagonist agonists. In the cells with
transfected Fz7 receptor, two of the agonists (TAF34-DKKic and 1AF34F7-DKK1c) showed
potent activation of Wt signaling, shown by SuperTop Flash assays. In the cells transfected with
Fz8 receptors, two of the agonists (1AF34-DKKAc and ANK12-DKK1c) showed potent activation
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of Wit signaling. Fzd4 specific agonist (4AF30-DKK1c) showed aclivation of Wit signaling, but
the activity is diminished significantly at low concentration (< 3 nM). The Fzd agonist specificity is
consistent with their specificity to Fzd CRD, as shown by SPR.

[60111] Having confirmed the specificity of our DFBs based Wit agonists, it was determined if the
agonist was active in supporting organoid growth. The Whnt agonist 1AF34-DKK1¢ (SEQ 1D
NO:8Y, which has broad spectrum of activily for most Fz receplors (Fz1/2/5/7/8) was tested,
shown in Figure 6. Wni3a conditioned media (CM) was used as control {o our Wnt agonist
(1AF34-DKK1e at 0.25 nM) in supporting human colon organoid growth. The agonist or
antagonist Wit agonist not only support human colon organoid growth but alsc shows betier
growth compared to Wni3a CM. Shown in Figure 7 are similar experiments on human rectal
organcid. The agonist or antagonist Wt agonist also supports rectal organoid and shows better
response compared to Wni3a CM.

[00112] The coding sequence for SEQ 1D NO:5 was designed, in one Heration, as SEQ 1D NO:S:
GGATCCTCTGAACTGGGTACGCGTCTGATCAGGGCAGCATTAGACGGTAACAAAGACCET
GTTAAAGACCTCATTGAAAATGGTGCTGACGTTAACGCGTCCCTTATGTCTGGGGCGACTC
CGTTACACGCCGCCGCCATCGAACGGCCACAAAGAGGTTGTGAAGTTACTGATCTCCAAGS
GCGCAGATGTGAATGCTCAGTCCGTTGCGGETTCTACACCTCTGCATGCGGCGGCGTTTA
GTGGACATAAAGAAGTGGTAAAACTGCTGATAAGTAAAGGAGCAGACGTCAATGCTGTTAA
TGCGGCTGGATTGACCCCCCTACATGCTGCTGCTCGATAATGGGCACAAGGAAGTAGTGAA
GTTGCTTATTTCTAAGGGGGCCGACGTAAATGCGAAMAAGCTGACCATGGCATGACTCCACTC
CATTTCGCAGCACAGCGCGGTCATAAGGAAGTCGTTAAACTATTAATCAGCAAAGGTGCGG
ATTTGAACACCTCTGCCAAAGACGGTGCAACCCCGCTTGACATGGCGCETGAATCTGGCA
ATCGAGGAGGTTGTCAAGCTCTTGCGAAAAGCAACTCGAGGGAAGCGGTTCCBGAGGTTCTG
GCTCCGGAAAAATGTATCACACTAAGGGACAGGAAGGCAGCGTGTGCCTGAGGTCCTCTG
ACTGTGCATCTGGCCTGTGCTGCGCCAGACACTTTTGGTCCAAAATCTGCAAGCCGGTTCT
GAAAGAGGGCCAGGTGTGCACAAAGCATCGACGAAAGGGCAGCCATGGACTCGAGATCTT
TCAGAGGTGCTACTGCGEGCAGGGTCTCGTCTTGCAGAATCCAGAAAGATCATCATCAGGC
CTCCAACTCCTCCCGCCTGCACACCTGCCAGCGACATGLGGCCGC

[60113] in ancther version, the coding sequence for SEQ 1D NO:5 was oplimized for expression in
human cells, &.q. in HEK celis, show as SEQ (D NO: 10
GGATCCAGCGAACTCGGCACCCGACTTATCAGAGCTGCCCTTGATGGAAATAAGGACCGEG
GTCAAAGACCTGATAGAGAATGGGGTGGACGTTAATGCAAGTCTTATGTCCGGTGCTACC
CCGTTGCATGCCGCTGCAATCGAATGGCCACAAGCGAGGTTGTAAAATTGCTCATAAGTAAAG
GCGCAGACGTAAACGCACAATCCGTGGCGGGCAGTACCCCCTTGGATGCCGCTGCGTTCT
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CAGGCCATAAAGAGGTCGTAAAACTGCTGATCTCCAAAGGAGCGGACGTCAATGCAGTAA
ATGCTGCAGGACTTACCCCCTTGCACGCCGCTGCCGACAATGGACACAAGGAGGTTGTAA
AACTTCTCATATCTAAAGGCGCGGACGTCAACGCTAAAGCGGACCACGGAATGACGLCCGC
TCCACTTTGCGGCACAGAGGGGUCATAAAGAGETAGTGAAACTTCTGATCTCAAAAGGAG
CCGACTTGAATACGAGCGCTAAGGATGGTGCAACGCCATTGGATATGGCCAGGGAGTCCG
GAAATGAAGAGGTGGTGAAGCTGCTTGAGAAGCAACTCGAAGGTAGCGGGAGCGGECGGE
AGTGGCTCTGGCAAGATGTACCATACCAAGGGLCAAGAAGGGAGTGTGTGCCTGCGGTCA
AGCGACTGCGCATCAGGCTTGTGCTGTGCTAGGCATTTCTGGTCCAAGATTTGTAAGCCAG
TATTGAAGGAAGGCCAGGTGTGTACTAAACATAGGCGCAAGGGAAGTCATGGTCTCGAGA
TATTCCAACGCTGTTACTGTGGCGAGGGATTGTCTTIGCCGCATACAAAAAGACCACCACCA
GGCGTCTAACTCTAGTAGGCTTCACACATGCCAACGGCACGCEGCCGE

[00114] For some purposes, for example protein stability and expression, the Wnt agonist proteins
described herein are joined o an Fc¢ sequences, including for example human 1gG1, shown in
SEQ ID NO: 11
GCTAGCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGG
GGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGETETC
GTGGAACTCAGGCGCCCTGACCAGCGGUGTGCACACCTTCCCGGCTGTCCTACAGTCCTC
AGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGLCCTCCAGCAGCTTGGGCACCCAGAL
CTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCC
CAAATCTTCTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGEGG
ACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCT
GAGGTCACATGCGCTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTG
GTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGCAGGAGCAGTACA
ACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCA
AGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCT
CCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAG
GAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGAC
ATCGCCGTGGAGTGGGAGAGCAATGGGLAGCCGGAGAACAACTACAAGACCACGLCTCC
COGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAG
GTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTA
CACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAATGA

The coding seguence of the construct for expression may have the seguence of SEQ 1D NG:15:
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ATGGCCCGGCCTCTGTGTACCCTGCTACTCCTGATGGCTACCCTGGCTGGGEGCTCTGGEC
GGATCCAGCGAACTCGGCACCCGACTTATCAGAGCTGCCCTTGATGGAAATAAGGACCGG
GTCAAAGACCTGATAGAGAATGGGGCGGACGTTAATGCAAGTCTTATGTCCGGTGCTACC
CCOTTGCATGCCGCTGCAATGAATGGCCACAAGCGAGGTTGTAAAATTGCTCATAAGTAAAG
GCGCAGACGTAAACGCACAATCCGTGGLCGGGLAGTACCCCCTTGGATGCCGCTGCGETICT
CAGGCCATAAAGAGGTCGTAAAACTGCTGATCTCCAAAGGAGCGGACGTCAATGCAGTAA
ATGCTGCAGGACTTACCCCCTTGCACGCCGCTGCCGACAATGGACACAAGGAGGTTGTAA
AACTTCTCATATCTAAAGGCGCGGACGTCAACGCTAAAGCGGACCACGGAATGACGLCGC
TCCACTTTGCGGCACAGAGGGGCCATAAAGAGGTAGTGAAACTTCTCGATCTCAAAAGGAG
CCGACTTGAATACGAGCGCTAAGGATGGTCGCAACGCCATTGCATATGGCCAGGGAGTCCG
GAAATGAAGAGGTGGTGAAGCTGCTTGAGAAGCAACTCGAAGGTAGCGGGAGCGGCGGE
AGTGGCTCTGGCAAGATGTACCATACCAAGGGCCAAGAAGGGAGTGTGTGCCTGCGGTCA
AGCGACTGCGCATCAGGCTTGTGCTGTGCTAGGCATTTCTGGTCCAAGATTTGTAAGCCAG
TATTGAAGGAAGGCCAGGTGTGTACTAAACATAGGCGCAAGCGGAAGTCATGGTCTCGAGA
TATTCCAACGCTGTTACTGTGGCGAGGGATTGTCTTGCCGCATACAAAAAGACCACCACCA
GGCEGTCTAACTCTAGTAGGCTTCACACATGCCAACGGCACGCGGCCGCAGAGAACCTGTA
CTTCCAGGGATCTTCCGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCA
GCACCTGAACTCLCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAMACCCAAGGACACC
CTCATGATCTCCCGGACCCCTGAGGTCACATGCCTGETGGTGGACGTGAGCCACGAAGAC
CCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAG
CCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCA
CCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGC
CCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACALC
CCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAA
AGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACA
ACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGT
TCACCGTGGACAAGAGCAGGTGGCAGCAGGLCGAACGTCTTCTCATGCTCCGTGATGCATG
AGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAGGGGECCG
CATAG

[00115] The preceding merely llustrates the principles of the invention. 1t will be appreciated that
those skilled in the art will be able to devise various arrangements which, although not explicitly
described or shown herein, embody the principles of the invention and are included within ifs spirit

and scope. Furthermore, all examples and conditional language recited herein are principally
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intended to aid the reader in understanding the principles of the inveniion and the concepts
contributed by the inventors to furthering the art, and are {o be construed as being without
limitation o such specifically recited examples and conditions. Moreover, all statements herein
reciting principles, aspecis, and embodiments of the invention as well as specific examples
thereof, are intended io encompass both siructural and functional equivalents thereof
Additionally, it is intended that such equivalentis include both currently known eguivalenis and
equivalents developed in the future, i.e., any elemenis developed that perform the same function,
regardiess of structure. The scope of the present invention, therefore, is not intended to be limited
to the exemplary embodiments shown and described herein. Rather, the scope and spirit of the

present invention is embodiad by the appended claims.
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WHAT 18 CLAIMED IS

1. A Wnt signaling antagonist polypeplide comprising an amino acid sequence set forth in
any of SEQ 1D NQ:1-4, or g variant thereof.

2. A Wnt signaling agonist comprising a polypeptide of claim 1, linked {0 a binding domain

having high affinity 1o one or both of Lrp5 and Lrp6 protein.

3. The Wnt signaling agonist of claim 2, whersin the binding domains is joined io the

polypeptide of claim 1 through a linker.

4, The Wit signaling agonist of claim 2 or claim 3, wherein the Fzd binding domain

binds one or more Fzd proteins with a Kp of at least about 1 x 107 M.

5. The Wnt signaling agonist of any of claims 2-4, wherein the Lrp5/5 binding domain
binds one or both of Lrp5 and Lrpd proteins with a Kp of at least about 1 x 107 M.

6. The Wnt signaling agonist of claim 5, wherein the Lrp5/8 binding domain is a

polvpentids.

7. The Wni signaling agonist of Claim &, wherein the Lrpb/6 binding domain

comprises a binding portion of a DKK protein.

8. The Wnt signaling agonist of Claim 7, wherein the Lrpb/6 binding domain

comprises the C-terminal domain of human DKK1.

Q. A Wnt signaling agonist comprising the amino acid sequence set forth in any of
SEQIDNGS, 86,7, 8 or 14

10. A polynucleotide encoding the Wit signaling agonist of claim @,

11. The polynucleotide of claim 10, comprising the coding sequence set forth in any of
SEQ IDNO:Q, 10 or 15.

31
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12. A cell culture medium, comprising an effsclive dose of a Wnt signaling agonist

according to any of claims 2-9.
13. A method of activating or enhancing Wnt signaling, the method comprising
contacting a cell expressing a frizzied receptor with an effective dose of a Wit signaling agonist

according to any one of Claims 2-9.

14. The method of claim 13, wherein the cell is present as a population in an in vitro

culiure medium.
15. The method of claim 14, wherein the cell population comprises siem cells.

18. The method of claim 14, wherein the cell population comprises organoids.

32
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FIG. 5A
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is cited to establish t eg)ubllcatlon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” documentreferring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art
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Date of the actual completion of the international search
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INTERNATIONAL SEARCH REPORT International application No.
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I___] Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. K‘ Claims Nos.: 5-8 and 12-16
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Ty

-***-Please See Supplemental Page-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Groups I+, Claims 1-4, 9-11; SEQ ID NO: 1 (Wnt signaling antagonist polypeptide sequence); SEQ ID NO: 5 (Wnt signaling
agonist amino acid sequence); SEQ ID NO: 9 (Wnt signaling agonist polynucleotide sequence)

Remark on Protest l:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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-***-Continued from Box No. Ill: Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I+, Claims 1-4, 9-11; SEQ ID NO: 1 (Wnt signaling antagonist polypeptide sequence); SEQ ID NO: 5 (Wnt signaling agonist amino
acid sequence); and SEQ ID NO: 9 (Wnt signaling agonist polynucleotide sequence) are directed toward Wnt signaling antagonists and
agonists.

The antagonists and agonists will be searched to the extent that they encompass SEQ ID NO: 1 (first exemplary Wnt signaling antagonist
polypeptide sequence); SEQ ID NO: 5 (first exemplary Wnt signaling agonist amino acid sequence); and SEQ ID NO: 9 (first exemplary
Wt signaling agonist polynucleotide sequence). Applicant is invited to elect additional antagonist(s) and/or agonist(s), with specified
SEQ ID NO: for each, or with specified substitution(s) at specified site(s) of a SEQ ID NO:, such that the sequence of each elected
species is fully specified (i.e. no optional or variable residues or substituents), and available as an option within at least one searchable
claim, to be searched. Additional antagonist(s) and/or agonist(s) will be searched upon the payment of additional fees. It is believed that
claims 1-4 (each in-part), and 9-11 (each in-part) encompass this first named invention and thus these claims will be searched without fee
to the extent that they encompass SEQ ID NO: 1 (Wnt signaling antagonist polypeptide sequence); SEQ ID NO: 5 (Wnt signaling agonist
amino acid sequence); and SEQ ID NO: 9 (Wnt signaling agonist polynuclectide sequence). Applicants must specify the searchable
claims that encompass any additionally elected antagonist(s) and/or agonist(s). Applicants must further indicate, if applicable, the claims
which encompass the first named invention, if different than what was indicated above for this group. Failure to clearly identify how any
paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be searched/examined.
An exemplary election would be SEQ ID NO: 2 (Wnt signaling antagonist polypeptide); SEQ ID NO: 6 (Wnt signaling agonist amino acid
sequence); SEQ ID NO: 10 (Wnt signaling agonist polynucleotide sequence).

No technical features are shared between the antagonists and/or agonists. of Groups !+ and, accordingly, these groups lack unity a priori.

Additionally, even if Groups |+ were considered to share the technical features including: a Wnt signaling antagonist polypeptide
comprising an amino acid sequence; a Wnt signaling agonist comprising said polypeptide, linked to a binding domain having high affinity
to one or both of Lrp5 and Lrp6 protein; a Wnt signaling agonist comprising an amino acid sequence; a polynuceotide encoding the Wnt
signaling agonist; these shared technical features are previously disclosed by WO 2016/040895 A1 (THE BOARD OF TRUSTEES OF
THE LELAND STANFORD JUNIOR UNIVERSITY, et al.) (hereinafter ‘Stanford') in view of US 2014/0200179 A1 to Garcia et al.
(hereinafter ‘Garcia’).

California discloses a Wnt signaling agonist comprising a polypeptide (a Wnt signaling agonist comprising a polypeptide; abstract), linked
to a binding domain having high affinity to one or both of Lrp5 and Lrp6 protein (linked to a binding domain having high affinity to one or
both of Lrp5 and Lrp6 protein; abstract); a Wnt signaling agonist comprising an amino acid sequence (a Wnt signaling agonist comprising
an amino acid sequence; abstract; paragraph [00104)); a polynuceotide encoding the Wnt signaling agonist (a polynuceotide encoding
the Wnt signaling agonist; paragraph [00105]).

California does not disclose a Wnt signaling antagonist polypeptide comprising an amino acid sequence.

Garcia discloses a Wnt signaling antagonist polypeptide comprising an amino acid sequence (polypeptides that inhibit Wnt signaling;
abstract; paragraphs [0041], [0091], {0108])

It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the disclosure of California, to include a
Whnt signaling antagonist polypeptide comprising an amino acid sequence, as disclosed by Garcia, in order to provide superior
compositions for the treatment of conditions involving Wnt signaling.

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by a combination of the Stanford and Garcia references, unity of invention is lacking.

Form PCT/ISA/210 (extra sheet) (July 2019)
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