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FRIZZLED SPECIFIC WNT AGONISTS AND ANTAGONISTS 

CROSS REFERENCE 

[0001] This application claims the benefit of United States Provisional Application No. 

62/698,576, filed July 16, 2018, which is incorporated herein by reference in its entirety. 

BACKGROUND 

[0002] Wnts (Wingless and lnt-1) are central mediators of vertebrate and invertebrate 

development, due to their influences on cell proliferation, differentiation, and migration. Wnts act 

through activation of cell surface receptors on responder cells which activate at least three 

different signaling pathways including the "canonical" j3-catenin pathway, and the "non-canonical" 

planar cell polarity (PCP) and Ca2
+ pathways. 

[0003] Wnt/!3-catenin signal transduction results in the cytoplasmic protein !3-catenin entering the 

nucleus to modulate transcription. When the pathway is not activated, !3-catenin is subject to a 

cycle of continual synthesis and destruction by the !3-catenin destruction complex, comprised of 

the scaffold proteins Axin and APC and the kinases GSK3 and casein kinase 1 (CK1). Wnt 

signaling removes APC from the complex and relocalizes the other components to the plasma 

membrane via the adaptor Dsh, thus stabilizing !3-catenin which enters the nucleus to mediate 

transcription. 

[0004] The seven-pass transmembrane receptor Frizzled (Fz) is critical for nearly all Wnt 

signaling, and the N-terminal Fz cysteine rich domain (CRD) serves as the Wnt binding domain. In 

addition to Fz, the Wnt/f3-catenin pathway requires the Low-density lipoprotein receptor related 

proteins 5 and 6 (Lrp5/6) to serve as co-receptors. LRP5 and LRP6 are functionally redundant 

single-pass transmembrane receptors. Biochemical studies of LRP6 indicate that different Wnts 

may bind to different extracellular domains of the LRP5/6 protein. The LRP6 extracellular domain 

contains four repeating sequences of 13-propeller and epidermal growth factor-like (!3P-E) 

domains. The crystal structures of the extracellular LRP6 regions indicate that the !3P-E repeats 

represent two discrete, compact, rigid structures, each containing two !3P-E pairs. Wnt9b binds 

the first two !3P-E repeats on the extracellular domain of LRP6, whereas Wnt3a binds the last two 

!3P-E domains. Binding of Wnt ligands to Fz and LRP5/6 results in the production of 

phosphatidylinositol (4,5)-bisphosphate (PIP2). Increased PIP2 induces oligomerization and 

clustering of LRP5/6. Increased PIP2 induces recruitment of Axin to LRP5/6. This recruitment 

may be due, in part, to the action of Amer1/WTX (APC membrane recruitment 1 or Wilms tumor 

gene on the X chromosome), a tumor suppressor mutated in Wilms' tumor that binds to Axin, 
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CK1y, and GSK3. Amer1/WTX is recruited to the plasma membrane in a PIP2-dependent 

manner. 

[0005] The development of pharmaceutically active Wnt agonist and antagonists that are water 

soluble is therefore of great interest. 

SUMMARY 

[0006] Wnt is a lipidated protein that is difficult to express in a recombinant form. However, a 

number of in vitro cell culture systems, particularly those comprising stem cells, such as organoid 

cultures, may require the presence of Wnt, or molecules that act as Wnt signaling agonists. 

Provided herein are engineered proteins that act as Wnt signaling agonists or antagonists, which 

are readily expressed in conventional recombinant systems, and can be used in culture media to 

provide Wnt 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 embodiment, engineered Wnt signaling antagonist DFBs proteins are provided. 

These proteins are exemplified by the sequences set forth in SEQ ID 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 selected Fzd proteins. The polypeptide binds one 

or more human Fzd proteins at high affinity, e.g. a Kd of less than about 1 x 10-7 M, less than 

about 1 x 1 o-a M, less than about 1 x 10-9 M, or less than about 1 x 10-10 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 frizzled proteins, e.g. one or more of human frizzled 

proteins Fz1, Fz2, Fz3, Fz4, Fz5, Fz6, Fz7, Fz8, Fz9, 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 to other frizzled proteins. 

[0008] In another embodiment, engineered Wnt signaling agonist proteins are provided, which are 

comprised of a Wnt signaling antagonist, e.g. comprising a sequence of any of SEQ ID NO:1-4, 

joined to an Lrp-binding domain. These proteins are exemplified by the sequences set 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 

domain/element and the Lrp5/6 binding domain/element may be directly fused, or may be 

separated by a linker, e.g. a polypeptide linker, or a non-peptidic linker, etc. Where the linker is a 

peptide linker, it may be from about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 
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21, 22, 23, 24, 25, 26, 27, 28, 29, 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 Lrp5/6 at high affinity, e.g. a KD of less than about 1 x 10·7 M, less than 

about 1 x 10·5 M, less than about 1 x 10·9 M, less than about 1 x 10-10 M. Suitable Lrp5/6 binding 

domains include DKK1, DKK2, DKK3, DKK4; and the like. In certain embodiments the Lrp5/6 

binding domain is the c-terminal portion of DKK1. 

[0009] A Wnt signaling agonist or antagonist described herein can be multimerized, e.g. through 

an Fe domain, by concatenation, coiled coils, polypeptide zippers, biotin/avidin or streptavidin 

multimerization, and the like. The Wnt signaling agonist can also be joined to a moiety such as 

PEG, Fe, etc. as known in the art to enhance stability in vivo. 

[001 OJ Compositions of interest include, without limitation, an effective dose of an agonist or 

antagonist described herein in culture media, or a pharmaceutically acceptable excipient. Such 

compositions may comprise additional agents, e.g. adjuvants, additional growth factors, and the 

like. Wnt signaling agonists or antagonists described herein may be produced synthetically; by 

various suitable recombinant methods, and the like, as known in the art. In addition, a benefit of 

the water soluble polypeptides provided herein is the lack of a requirement for formulation 

additives, e.g. lipids, detergents, etc. that might limit their therapeutic utility. 

[0011] 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 vitro, e.g. 

an organoid culture. In such methods, a cell expressing a frizzled receptor is contacted with a 

concentration of a Wnt signaling agonist that is effective to increase signaling, e.g. to increase 

signaling by 25%, 50%, 75%, 90%, 95%, or more, relative to the signaling in the absence of the 

Wnt signaling agonist. Such signaling activation may induce proliferation of the targeted cell, 

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

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is best understood from the following detailed description when read in conjunction 

with the accompanying drawings. It is emphasized that, according to common practice, the 

various features of the drawings are not to-scale. On the contrary, the dimensions of the various 

features are arbitrarily expanded or reduced for clarity. Included in the drawings are the following 

figures. 

[0012] FIG. 1A-1B. (FIG. 1A) ANK12 yeast titration with individual Fzd CRD. (FIG. 18) SPR 

results of ANK12 to Fzd4, 7 and 8. 
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[0013] FIG. 2. Affinity measurement of 1AF34, 1AF34F7 and 4AF3O towards different Fzds. 

[0014] FIG. 3. Affinity measurement of 1AF34F7. 

[0015] FIG. 4. Affinity measurement of 4AF3O. 

[0016] FIG. 5A-5D. (FIG. 5A) Activity of DFBs agonists on HEK293T cell line with Fzd1/2/4/5/7/8 

knockout. {FIG. 58) Activity of agonists against HEK293T cell line with Fzd1i2/4/5i7/8 knockout 

with transfected Fzd4 receptor. (FIG. 5C} Activity of agonists against HEK293T cell line with 

Fzd1/2/4/5/7/8 knockout with transfected Fzd7 receptor. (FIG. 5D) Activity of agonists against 

HEK293T cell line with Fzd1/2/4/5/7/8 knockout with transfected Fzd8 receptor. Going from left to 

right, starting concentrations are 100 nM with 2-fold dilution to 0.39 nM. 

[0017] FIG. 6. Activity of Wnt agonist in supporting human colon organoid growth. 

[0018] FIG. 7. Activity of Wnt agonist in supporting human rectal organoid. 

[0019] FIG. 8. A schematic and sequence of an exemplary expression construct, in which the Wnt 

signaling agonist is expressed with a cystatin signal sequence, a linker, and an Fe tag joined by a 

cleavable linker. The complete construct is shown as SEQ ID NO: 14. The coding sequence is 

provided as SEQ ID N0:15. The mature protein comprises the sequence of SEQ ID N0:5. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] Before the present methods and compositions are described, it is to 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 understood that the terminology used herein is for the purpose of describing 

particular embodiments only, and is not intended to be limiting, since the scope of the present 

invention will be limited only by the appended claims. 

[0021] 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 stated range 

includes one or both of the limits, ranges excluding either or both of those included limits are also 

included in the invention. 

[0022] Unless defined otherwise, all technical and scientific terms used herein have the same 

meaning as commonly understood by one of ordinary skill in the art to which this invention 
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belongs. Although any methods and materials similar or equivalent to those described herein can 

be used in the practice or testing 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. It is understood 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 othervvise. 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. 

[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 construed as an admission that the 

present invention is not entitled to antedate such publication by virtue of prior invention. Further, 

the dates of publication provided may be different from the actual publication dates which may 

need to be independently confirmed. 

[0025] 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 composition/method/kit 

etc. within the scope of the claim. For example, a composition comprising a Wnt agonist or 

antagonist described herein is a composition that may comprise other elements in addition to Wnt 

agonist or antagonist described herein, e.g. functional moieties 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 elements 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 to the specified materials or steps that do not materially affect the basic and novel 

characteristic(s) of the subject invention. For example, a Wnt agonist or antagonist "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. 
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[0027] 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 Wnt agonist or antagonist 

"consisting of' a disclosed sequence 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 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), the disclosures of which are incorporated herein by reference. Reagents, 

cloning vectors, and kits for genetic manipulation referred to in this disclosure are available from 

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

Compositions 

[0029] Wnt 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. 

[0030] Wnt 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 "Wnt signaling agonist activity" refers to the ability of an agonist to mimic the effect or activity 

of a Wnt protein binding to a frizzled protein and Lrp, thereby activating the Wnt signaling 

pathway. The term "Wnt signaling antagonist activity" refers to the ability of an antagonist to 

reduce or otherwise block Wnt protein binding to a frizzled protein, thereby reducing activity of the 

Wnt signaling pathway. 

[0031] The ability of the engineered proteins to mimic or inhibit the activity of Wnt can be 

confirmed by a number of assays. The engineered proteins typically initiate a reaction or activity 

that is similar to or the same as that initiated by the receptor's natural ligand. In particular, agonists 

of the invention enhance the canonical Wnt/p-catenin signaling pathway while antagonists inhibit 

the pathway. As used herein, the term "enhances" refers to a measurable increase in the level of 

Wntif3-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 Wnt/[3-catenin 

signaling. These include, but are not limited to assays that measure: Wnt/t}-catenin target gene 

expression; TCF reporter gene expression; beta-catenin stabilization; LRP phosphorylation; Axin 

translocation from cytoplasm to cell membrane and binding to LRP. The canonical Wnt/[3-catenin 

signaling pathway ultimately leads to changes in gene expression through the transcription 

factors TCF7, TCF7L 1, TCF7L2 and LEF. The transcriptional response to Wnt 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/[3-catenin signaling activation. 

[0033] 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/.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 CCTTTGA TC, 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 

f3-catenin/TCF4. A higher ratio of these two reporter activities (TOP/FOP) indicates higher 

f3-catenin/TCF4 activity. 

[0034] Various other reporter transgenes that respond to Wnt signals exist intact in animals and 

therefore, effectively reflect endogenous Wnt signaling. These reporters are based on a 

multimerized TCF binding site, which drives expression of Lacz or GFP, which are readily 

detectable by methods known in the art. These reporter genes include: TOP-GAL, BAT-GAL, 

ins-TOPEGFP, ins-TOPGAL, LEF-EGFP, Axin2-LacZ, Axin2-d2EGFP, Lgr5tm1 (cre/ERT2), 

TOPdGFP. 

[0035] The recruitment of dephosphorylated t}-catenin to the membrane, stabilisation and 

phosphorylation status of [3-catenin and translocation of [3-catenin to the nucleus (Klapholz-Brown 

Z et al., PLoS One. 2(9) e945, 2007) in some cases mediated by complex formation with TCF 

transcription factors and TNIK are key steps in the Wnt signaling pathway. Stabilisation is 

mediated by Disheveled family proteins that inhibit the "destruction" complex so that degradation 

of intracellular [3-catenin is reduced, and translocation of [3-catenin to the nucleus follows 

thereafter. Therefore, measuring the level and location of p-catenin in a cell is a good reflection of 

the level of Wnt/[3-catenin signaling. A non-limiting example of such an assay is the "Biolmage 

p-Catenin Redistribution Assay" (Thermo Scientific) which provides recombinant U2OS cells that 

stably express human [3-catenin fused to the C-terminus of enhanced green fluorescent protein 
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(EGFP). Imaging and analysis is performed with a fluorescence microscope or HCS platform 

allowing the levels and distribution of EGFP-!3-catenin to be visualized. 

[0036] Another way, in which the destruction complex is inhibited, is by removal of Axin by 

recruitment of Axin to the cytoplasmic tail of the Wnt co-receptor LRP. Axin has been shown to 

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 

Wnt/f3-catenin signaling. 

[0037] In certain embodiments, the agonist or antagonist of the invention alter ~-catenin signaling 

by at least 30%, 35%, 40%, 45%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 110%, 

150%, 200%, 250%, 300%, 400% or 500% compared to the (3-catenin signaling induced by a 

neutral substance or negative control 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 "Wnt polypeptide" when used herein encompass native sequence 

Wnt polypeptides, Wnt polypeptide variants, Wnt polypeptide fragments and chimeric Wnt 

polypeptides. In particular embodiments, a Wnt polypeptide is a native human full length mature 

Wnt protein. For example, human native sequence Wnt proteins of interest in the present 

application include the following: Wnt-1 {Gen Bank Accession No. NM_OO543O); Wnt-2 (Gen Bank 

Accession No. NM_OO3391); Wnt-2B (Wnt-13) (GenBank Accession No. NM_OO4185 (isoform 1), 

NM_O24494.2 (isoform 2)), Wnt-3 (RefSeq.: NM_O3O753), Wnt3a (GenBank Accession No. 

NM_O33131), Wnt-4 (GenBank Accession No. NM_O3O761), Wnt-5A (GenBank Accession No. 

NM_OO3392), Wnt-58 (GenBank Accession No. NM_O32642), Wnt-6 (GenBank Accession No. 

NM_OO6522), Wnt-7A (GenBank Accession No. NM_OO4625), Wnt-78 (GenBank Accession No. 

NM_O58238), Wnt-8A (Gen Bank Accession No. NM_O58244), Wnt-8B (Gen Bank Accession No. 

NM_OO3393), Wnt-9A (Wnt-14) (GenBank Accession No. NM_OO3395), Wnt-9B (Wnt-15) 

(GenBank Accession No. NM_OO3396), Wnt-10A (GenBank Accession No. NM_O25216), 

Wnt-1 OB (Gen Bank Accession No. NM_OO3394), Wnt-11 (Gen Bank Accession No. NM_OO4626), 

Wnt-16 (GenBank Accession No. NM_O16O87)). Although each member has varying degrees of 

sequence identity with the family, all encode small (i.e., 39-46 kD), acylated, palmitoylated, 

secreted glycoproteins that contain 23-24 conserved cysteine residues whose spacing is highly 

conserved (McMahon, AP et al., Trends Genet. 1992; 8: 236-242; Miller, JR Genome Biol. 2002; 

3(1 ): 3001.1-3001 .15). 
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[0039] "Wnt protein signaling" or "Wnt signaling" is used herein to refer to the mechanism by 

which a biologically 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 LRP5, LRP6 from 

the LRP family of proteins, the protein FRL 1/crypto, and the protein Derailed/Ryk. Once activated 

by Wnt binding, the Wnt receptor(s) will activate one or more intracellular signaling cascades. 

These include the canonical Wnt signaling pathway; the Wnt/planar cell polarity (Wnt/PCP) 

pathway; the Wnt-calcium (Wnt/Ca2+) 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. Cell 

Biol. 16: 2128-2134; Veeman, M. T. et al. (2003) Dev. Cell 5: 367-377); and other Wnt signaling 

pathways as is well known in the art. Activation of the canonical Wnt signaling pathway results in 

the inhibition of phosphorylation of the intracellular protein f1-catenin, leading to an accumulation 

of 11-catenin in the cytosol and its subsequent translocation to the nucleus where it interacts with 

transcription factors, e.g. TCF/LEF, to activate target genes. A "biologically active Wnt signaling 

agonist" is a Wnt signaling agonist composition that is able to specifically bind to a Fzd receptor 

and activate Wnt signaling when provided to a cell in vitro or in vivo, that is, when present in cell 

culture media, etc. 

[0040] In certain embodiments, a Wnt signaling agonist or antagonist alters signaling of the 

canonical Wnt pathway by at least about 501}'0, 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 to the level of Wnt signaling in the 

absence of the protein. 

[0041] The term "specific binding" refers to that binding which occurs between such paired 

species as enzyme/substrate, receptor/ligand, etc. 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 concentration 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 10%, 201}'0, or 30% that of the starting material, more 

usually about 40%, 50%, or 60% that of the starting material, and may be about 50%, about 90% 

or greater. Engineered proteins compositions of the present invention typically form a 

substantially homogeneous aqueous solution at concentrations of at least 25 µM and higher, e.g. 

at least 25 µM, 40 µM, or 50 µM, usually at least 60 µM, 70 µM, 80 µM, or 90 µM, sometimes as 

much as 100 µM, 120 µM, or 15OµM. In other words, proteins of the present invention typically 

form a substantially homogeneous aqueous solution at concentrations of about 0.1 mg/ml, about 

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

[0043] Fzd binding domain. The Fzd binding domain is an engineered protein as described herein 

and exemplified by the polypeptides of any of SEQ ID NO: 1-4. The polypeptides bind to at least 

one Fzd protein at high affinity, e.g. a Ko of less than about 1 x 10-7 M, less than about 1 x 10-0 M, 

less than about 1 x 10-9 M, less than about 1 x 10-10 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 selected to enhance binding to a desired Fzd protein or plurality of Fzd 

proteins, e.g. to provide tissue selectivity. Methods of affinity selection for this purpose utilize 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.g. into yeast cells, 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, Fz5, Fz6, Fz7, Fz8, Fz9, Fz10. 

[0044] Lrp5/6 binding domain. An Lrp5/6 may be selected from any domain that binds Lrp5 or 

Lrp6 at high affinity, e.g. with a Ko of less than about 1 x 10-1 M, less than about 1 x 10-a M, less 

than about 1 x 10·9 M, less than about 1 x 10· 10 M. 

[0045] "LRP", "LRP proteins" and "LRP receptors" is used herein to refer to proteins 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 (GenBank Accession No. NM 002335.2) and LRP6 (GenBank 

Accession No. NM 002336.2) are included in the Wnt receptor complex. 

[0046] Suitable Lrp5/6 binding domains include, without limitation, de novo designed Lrp5/6 

binding proteins, antibody derived binding proteins, e.g. scFv, Fab, etc. and other portions of 
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antibodies that specifically bind to one or more Fzd proteins; nanobody derived binding domains; 

knottin-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. 

[004 7] 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_O14419 (soggy-1); NM_O1442O 

(DKK4); AF177394 (DKK-1); AF177395 (DKK-2); NM_O15881 (DKK3); and NM_O14421 (DKK2). 

In some embodiments of the invention, the Lrp6 binding moiety is a DKK1 peptide, including 

without limitation the C-terminal domain of human DKK 1. The C-terminal domain may comprise 

the sequence (SEQ ID N0:12) 

KMYHTKGQEGSVCLRSSDCASGLCCARHFWSKICKPVLKEGQVCTKHRRKGSHGLEIFQRCY 

CGEGLSCRIQKDHHQASNSSRLHTCQRH (see Genbank accession number NP _036374) or a 

biologically active fragment thereof. 

[0048] Binding of DKK proteins to LRP5/6 are discussed, for example in Brott and Sokol Mol. Cell. 

Biol. 22 ( 17), 6100-6110 (2002); and Li et al. J. Biol. Chern. 277 (8), 5977-5981 (2002), each 

herein specifically incorporated by reference. The corresponding region of human DKK2 

(Genbank reference NP _055236) may comprise the sequence (SEQ ID N0:13) 

KMSHI KGHEGDPCLRSSDCI EGFCCARHFWTKICKPVLHQGEVCTKQRKKGSHGLEI FQRCDC 

AKGLSCKVVVKDATYSSKARLHVCQK or a biologically active fragment thereof. 

[0049] Variants. The polypeptides provided herein may be modified to generate derivatives, 

variants, and biologically active fragments. A "variant" polypeptide means a biologically active 

polypeptide as defined below having less than 100% sequence identity with a provided sequence. 

Such variants include polypeptides comprising one or more amino acid modifications, e.g., 

insertions, deletions or substitutions, as compared to the provided sequence, e.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 to forty amino acid residues are deleted, and optionally substituted by one or more 

amino acid residues; and derivatives of the above polypeptides, wherein an amino acid residue 

has been covalently modified so that the resulting 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 90% amino acid sequence identity with a native sequence polypeptide, preferably at least 

about 95%, 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 biological 

activity in common. The term "derivative" encompasses both amino acid sequence variants of 

polypeptide and covalent modifications thereof. 

[0051] Wnt 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 to 

improve their resistance to proteolytic degradation or to optimize solubility properties or to render 

them more suitable as a therapeutic agent. Analogs of such polypeptides include those 

containing residues other than naturally occurring 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 Wnt signaling agonist or antagonists may be prepared by in vitro synthesis, using 

conventional methods as known in the art. Various commercial synthetic 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 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. Thus cysteines can be used to make thioethers, histidines for linking to a metal ion 

complex, carboxyl groups for forming amides or esters, amino groups for forming amides, and the 

like. 

[0053] A Wnt signaling agonist or antagonist may be fused or bonded to an additional polypeptide 

sequence. Examples include signal sequences for secretion of the polypeptides, 

immunoadhesins, which combine a Wnt signaling agonist or antagonist with an immunoglobulin 

sequence, particularly an Fe sequence, and epitope tagged polypeptides, which comprise a 

native inhibitors polypeptide or portion thereof fused to a "tag polypeptide". The tag polypeptide 

has enough residues to provide an epitope against which an antibody can be made, yet is short 

enough such that it does not interfere with biological activity of the original polypeptide. Suitable 

tag polypeptides generally have at least six amino acid residues and usually between about 6-60 

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 agent that enhances Wnt activity, e.g. R-spondin 1, 

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

[0054] Linker. The Fzd binding sequence and the Lrp5/6 binding sequence may be separated by 

a linker, e.g. a polypeptide linker, or a non-peptidic linker, etc. 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 amino 

acids. In some embodiments, the peptide linker comprises 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 

15, 16, 17, 18, i9,2O,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 but no greater than 100 amino acids. In some embodiments, the peptide 

linker is between 5 to 75, 5 to 50, 5 to 25, 5 to 20, 5 to 15, 5 to 10 or 5 to 9 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-Ser. Suitable linear peptides include poly 

glycine, polyserine, polyproline, polyalanine and oligopeptides consisting of alanyl and/or serinyl 

and/or prolinyl and/or glycyl amino acid residues. In some embodiments, the peptide linker 

comprises the amino acid sequence selected from the group consisting of Glyg, Gius, Sers, 

G ly s-Cys-Pro2-Cys, ( G ly 4-Ser) 3, Ser-Cys-Val-Pro-Leu-Met-Arg-Cys-G ly-G ly-Cys-Cys-Asn, 

Pro-Ser-Cys-Val-Pro-Leu-Met-Arg-Cys-G ly-G ly-Cys-Cys-Asn, 

Gly-Asp-Leu-1 le-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 GSTSGSGKSSEGKG, or (GGGGS)n, where n is 1, 2, 3, 4, 

5, etc.; however many such linkers are known and used in the art and may serve this purpose. 

[0055] The term "cell culture" or "culture" means the maintenance of cells in an artificial, in vitro 

environment It is 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 cells, but also of tissues or organs. 

[0056] The term "culture system" is used herein to refer to the culture conditions in which the 

subject explants are grown that promote prolonged tissue expansion with proliferation, 

multilineage differentiation and recapitulation of cellular and tissue ultrastructure. 

[0057] By "container" is meant a glass, plastic, or metal vessel that can provide an aseptic 

environment for culturing cells. 
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[0058] Organoid Culture. Organoids are in-vitro derived 3-dimensional cell aggregates derived 

from primary tissue 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 cell culture models are a 

more accurate representation of the natural environment experienced by cells in the living 

organism as opposed to growing cells on 2D flat surfaces. 

[0059] Generally organoids harbor small population of self-renewing stem cells that can 

differentiate into cells of all major cell lineages, with similar frequency as in physiological 

condition. For example, organoids may be generated either from primary tissues or pluripotent 

stem cells (induced pluripotent stem cells (iPSC) or embryonic stem cells (ESCs)) by providing 

appropriate physical and biochemical cue. As such, organoids are biologically relevant to any 

model system and are amenable to manipulate niche components and gene sequence. 

However, the presence of the stem cells requires that suitable growth factors also be present, 

which may include Wnt proteins. The difficulty in producing Wnt protein for this purpose is 

addressed by the use of the engineered molecules, particularly Wnt agonist polypeptides, 

described herein. 

[0060] Organoid cultures are useful as in vitro model systems, to study processes including 

turnorigenesis, infection, gene correction, drug toxicity and efficacy testing, etc. Organoids may 

also provide cells for regenerative medicine. Organoids are also useful in personalized medicine 

applications, for example organoids derived from adult 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 Knoblich 

(2014) Science 345, 1247125; Clevers (2016) Cell 165, 1586-1597; Eiraku and Sasai (2012) 

Curr. Opin. Neurobiol. 22, 768-777; Nakano et al. (2012) Cell Stem Cell 10, 771-785; McCracken 

et al. (2014) Nature 516, 400-404; Wong et al. (2012) Nat Biotechnol. 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) Science 340, 1190-1194; Huch et al. 

(2015) Cell 160, 299-312; Linnemann et al. (2015) Dev. Carnb. Engl. 142, 3239-3251; Boj et al. 

(2015) Cell 160, 324-338; Ciancanelliet al. (2015) Science 348, 448-453; Qian, et al. (2016) Cell 

165, 1238-1254; Spence et al. (2011) Nature 470, 105-109. 

[0062] The terms "stem cell" as used herein, refer to a cell that has the property of self-renewal 

and has the developmental potential to differentiate into multiple cell types. A stern cell is capable 

of proliferation and giving rise to more such stem cells while maintaining its developmental 

potential. Stem cells can divide asymmetrically, 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 function, phenotype and/or developmental potential from the parent cell. 

The daughter cells themselves can be induced to proliferate and produce progeny that 

subsequently differentiate into one or more mature 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 so on. While each of these multi potent cells 

may be considered stem cells, the range of cell types each such stem cell can give rise to, i.e., 

their developmental potential, can vary considerably. Alternatively, some of the stem cells in a 

population can divide symmetrically into two stem cells, known as stochastic differentiation, thus 

maintaining some stem cells in the population as a whole, while other cells in the population give 

rise to differentiated progeny only. Accordingly, the term "stem cell" refers to any subset of cells 

that have the developmental potential, under particular circumstances, to differentiate to a more 

specialized or differentiated phenotype, and which retain the capacity, under certain 

circumstances, to proliferate without substantially differentiating. 

[0063] The term "somatic stem cell" is used herein to refer to 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, skeletal muscle, and cardiac muscle. The term 

"progenitor cell" 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 to by differentiation. Often, 

progenitor cells have significant or very high proliferative potential. Progenitor cells can give rise 

to multiple distinct differentiated cell types, or to a single differentiated cell type, depending on the 

developmental pathway and on the environment 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 to, one or more of the 

following: an origin of replication, one or more marker genes, an enhancer element, a promoter, 

and a transcription termination sequence. Exemplary coding sequences for a Wnt signaling 

agonist are provided as SEQ ID N0:9 and SEQ ID N0:10. 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 Wnt agonist or antagonist coding sequence. Promoters are untranslated 
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sequences located upstream (5') to the start codon of a structural gene (generally within about 

100 to 1000 bp) that control the transcription and translation of particular nucleic acid sequence to 

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. 

[0066] Promoters suitable for use with prokaryotic hosts include the j3-lactamase and lactose 

promoter systems, alkaline phosphatase, a tryptophan (trp) promoter system, and hybrid 

promoters such as the tac promoter. However, other known bacterial promoters are also suitable. 

Such nucleotide sequences have been published, thereby enabling a skilled worker operably to 

ligate them to a DNA coding sequence. Promoters for use in bacterial systems also will contain a 

Shine-Dalgarno (S.D.) sequence operably linked to the coding sequence. 

[0067] Promoter sequences are known for eukaryotes. Examples of suitable promoting 

sequences 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 yeast promoters, which are inducible promoters having the 

additional advantage of transcription controlled by growth conditions, are the promoter regions for 

alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes associated 

with nitrogen metabolism, metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and 

enzymes responsible for maltose and galactose utilization. Suitable vectors and promoters for 

use in yeast expression are further described in EP 73,657. Yeast enhancers also are 

advantageously used with yeast promoters. 

[0068] Transcription from vectors in mammalian host cells may be controlled, for example, by 

promoters obtained from the genomes of viruses such as polyoma virus, fowlpox virus, 

adenovirus {such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus, 

cytomegalovirus, a retrovirus, hepatitis-B virus and most preferably Simian Virus 40 (SV4O), from 

heterologous mammalian promoters, e.g., the actin promoter, PGK (phosphoglycerate kinase), or 

an immunoglobulin promoter, from heat-shock promoters, provided such promoters are 

compatible with the host cell systems. The early and late promoters of the SV4O virus are 

conveniently obtained as an SV4O restriction fragment that also contains the SV4O viral origin of 

replication. The immediate early promoter of the human cytomegalovirus is conveniently 

obtained as a Hindlll E restriction fragment 
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[0069] Transcription by higher eukaryotes is often increased by inserting an enhancer sequence 

into the vector. Enhancers are cis-acting 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 (globin, elastase, albumin, a-fetoprotein, and insulin). Typically, however, one will use an 

enhancer from a eukaryotic cell virus. Examples include the SV4O 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 enhancers. The enhancer may be spliced into 

the expression vector at a position 5' or 3' to the coding sequence, but is preferably located at a 

site 5' from the promoter. 

[0070] Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human, 

or nucleated cells from other multicellular 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. Isolated plasmids or DNA fragments can be cleaved, tailored, 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 to transform host cells, and 

successful transformants selected by ampicillin or tetracycline resistance where appropriate. 

Plasmids from the transformants are prepared, analyzed by restriction endonuclease digestion, 

and/or sequenced. 

[0072] Suitable host cells for cloning or expressing the DNA in the vectors herein are the 

prokaryote, yeast, or higher eukaryote cells described above. Suitable prokaryotes for this 

purpose include eubacteria, such as Gram-negative or Gram-positive organisms, for example, 

Enterobacteriaceae such as Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, 

Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and Shigella, 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. 

[0073] In addition to prokaryotes, eukaryotic microbes such as filamentous 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 useful herein, such as 
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Schizosaccharomyces pombe; Kluyveromyces hosts such as K. lactis, K. fragilis, etc.; Pichia 

pastoris; Candida; Neurospora crassa; Schwanniomyces such as Schwanniomyces occidentalis; 

and filamentous fungi such as Penicillium, Tolypocladium, and Aspergillus hosts such as A 

nidulan, and A. niger. 

[0074] Examples of useful mammalian host cell lines are mouse L cells (L-M[TK-], 

ATCC#CRL-2648), monkey kidney CV1 line transformed by SV40 (COS-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 cells (TM4); monkey kidney cells (CV1 ATCC CCL 70); African green monkey kidney cells 

(VERO-76, ATCC CRL-1 587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine 

kidney cells (MOCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human 

lung cells (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 a human hepatoma line 

(Hep G2). 

[0075] Host cells are transfected with the above-described expression vectors for Wnt signaling 

agonist or antagonist production, and cultured in conventional nutrient media modified as 

appropriate for inducing promoters, selecting transformants, 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 

culturing 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 chloride, calcium, magnesium, and phosphate), buffers (such as HEPES), nucleosides 

(such as adenosine and thymidine), antibiotics, trace elements, and glucose or an equivalent 

energy source. Any other necessary supplements may also be included at appropriate 

concentrations that would be known to those skilled in the art. The culture conditions, such as 

temperature, pH and the like, are those previously used with the host cell selected 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 to cells, e.g. by contacting the cell with an 

effective amount of that composition to achieve a desired effect, e.g. to enhance Wnt signaling, 

proliferation, etc. In particular embodiments, the contacting occurs in vitro, ex vivo or in vivo. In 
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particular 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 effective amount or 

effective dose of a Wnt agonist or antagonist is an amount to alter Wnt signaling in a cell by at 

least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 9O'Yo, 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 to 

one of ordinary skill in the art of Wnt biology. 

[0078] In a clinical sense, an effective dose of a Wnt agonist or antagonist composition is the dose 

that, when administered to a subject for a suitable period of time, e.g., at least about one week, 

and maybe about two weeks, or more, up to a period of about 4 weeks, 8 weeks, or longer, will 

evidence 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 disease 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] Cells in vitro may be contacted with a composition comprising a Wnt agonist or antagonist 

by any of a number of well-known methods in the art. For example, the composition may be 

provided to the cells in the media in which the subject cells are being cultured. Nucleic acids 

encoding the Wnt 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 Wnt agonist or antagonist may be provided to the subject cells or to 

cells cocultured with the subject cells via a virus, i.e. the cells are contacted with viral particles 

comprising nucleic acids encoding the Wnt peptide agonist or antagonist polypeptide. 

Retroviruses, for example, lentiviruses, are particularly suitable to the method of the invention, as 

they can be used to transfect non-dividing cells (see, for example, Uchida et al. (1998) P.N.AS. 

95(20):11939-44). Commonly used retroviral vectors are "defective", i.e. unable to produce viral 

proteins required for productive infection. Rather, replication of the vector requires growth in a 

packaging cell line. 

[0080] Likewise, cells in vivo may be contacted with the subject Wnt agonist or antagonist 

compositions by any of a number of well-known methods in the art for the administration of 

peptides, small molecules, or nucleic acids to a subject The Wnt agonist or antagonist 

19 



WO 2020/018445 PCT/0S2019/041852 

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, etc., as 

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

[0081] Wnt signaling is a key component of stem cell culture. For example, the stem cell culture 

media as described in WO2010/090513, WO2012i014076, Sato et al., 2011 

(GASTROENTEROLOGY 2011; 141 :1762-1772) and Sato et al., 2009 (Nature 459, 262-5). The 

Wnt 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 supplying 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 Wnt or Rspondin, but wherein the Wnt or Rspondin is 

replaced (wholly or partially) or supplemented by agonists of the invention. For example, the 

culture medium may be as described in as described in WO2010/090513, WO2012/014076, 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. 

[0083] Stem cell culture media often comprise additional growth factors. This method may thus 

additionally comprise supplying the stem cells with a grovvth factor. Growth factors commonly 

used in cell culture medium include epidermal growth factor (EGF, (Peprotech), Transforming 

Growth Factor-alpha (TGF-alpha, Peprotech), basic Fibroblast Growth Factor (bFGF, Peprotech), 

brain-derived neurotrophic factor (BDNF, R&D Systems), Human Growth Factor (HGF) and 

Keratinocyte Growth Factor (KGF, Peprotech, also known as FGF7). EGF is a potent mitogenic 

factor for a variety of cultured ectodermal and mesodermal cells and has a profound effect on the 

differentiation 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 proteolytically cleaved to generate the 

53-amino acid peptide hormone that stimulates cells. EGF or other mitogenic growth factors may 

thus be supplied to the stem cells. During culturing of stem cells, the mitogenic growth factor may 

be added to the culture 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: i) 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; ix) or from TGF a and a FGF. 
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[0084] These methods of enhancing proliferation of stem cells can be used to grow new organoids 

and tissues from stem cells, as for example described in WO2010/090513 WO2012/014076, Sato 

et al., 2011 (GASTROENTEROLOGY 2011; 141:1762-1772) and Sato et al., 2009 (Nature 459, 

262-5). 

Compositions 

[0085] For use in cell culture the Wnt 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 Wnt signaling agonist or antagonist may be administered to a mammal, 

preferably a human, in a physiologically acceptable dosage form, including those that may be 

administered to a human intravenously as a bolus or by continuous infusion over a period of time. 

Alternative routes of administration include topical, intramuscular, intraperitoneal, 

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 perilesional routes or to the lymph, to exert local as well as systemic 

therapeutic effects. 

[0086] Pharmaceutical compositions may also comprise combinations of the molecules of the 

invention with cells, including stem cells, progenitor cells, and the like. In some embodiments, the 

compositions comprise the molecules of the invention in combination with regenerative somatic 

stem cells, e.g. 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 cells with the Wnt agonist or antagonist; cells can be administered concomitantly with 

a molecule of the invention in a separate or combined formulation; cells can be provided to an 

individual prior to treatment 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 diluents, which are defined as vehicles 

commonly used to formulate pharmaceutical compositions for animal or human administration. 

The diluent is selected so as not to affect the biological activity of the combination. Examples of 

such diluents are distilled water, buffered water, physiological saline, PBS, Ringer's solution, 

dextrose solution, and Hank's solution. In addition, the pharmaceutical composition or formulation 

can include other carriers, adjuvants, or non-toxic, nontherapeutic, nonimmunogenic stabilizers, 

excipients and the like. The compositions can also include additional substances to approximate 

physiological conditions, such as pH adjusting and buffering agents, toxicity adjusting agents, 
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wetting agents and detergents. Further guidance regarding formulations that are suitable for 

various types of administration can be found in Remington's Pharmaceutical Sciences, Mace 

Publishing Company, Philadelphia, Pa., 17th ed. (1985). For a brief review of methods for drug 

delivery, see, Langer, Science 249: 1527-1533 {1990). 

[0088] The components used to formulate the pharmaceutical compositions are preferably of high 

purity and are substantially free of potentially harmful contaminants (e.g., at least National Food 

(NF) grade, generally at least analytical grade, and more typically 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 to use, 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 also sterile, 

substantially isotonic and made under GMP conditions. 

[0089] In another embodiment of the invention, an article of manufacture containing materials 

[0090] 

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, bottles, vials, 

syringes, and test tubes. The containers may be formed from a variety of materials such as glass 

or plastic. The container holds a composition that is effective for treating the condition and may 

have a sterile access port (for example the container may be an intravenous solution bag or a vial 

having a stopper pierceable by a hypodermic injection needle). 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 treating the condition of choice. Further container(s) 

may be provided with the article of manufacture which may hold, for example, a 

pharmaceutically-acceptable buffer, such as phosphate-buffered saline, Ringer's solution or 

dextrose solution. The article of manufacture may further include other materials desirable from a 

commercial and user standpoint, including other buffers, diluents, filters, needles, syringes, and 

package inserts with instructions for use. 

The following examples are put forth so as to provide those of ordinary skill in the art with a 

complete disclosure and description of how to 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, etc.) 

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

temperature is in degrees Centigrade, and pressure is at or near atmospheric. 

Example 1. 

[0091] DFBss are genetically engineered 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 cell 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 to provide a hydrophilic surface. Their molecular mass 

is about 14 or 18 kDa for four- or five-repeat DFBs, respectively. 

[0092] DFBs are derived from naturally occurring ankyrin proteins, a protein class that mediates 

high-affinity protein-protein interactions in nature. DFBs can be expressed in the cytoplasm of 

Escherichia coli at high levels in soluble form. The proteins exhibit high thermal and 

thermodynamic stability increasing with increasing repeat number. 

[0093] A protein scaffold was based on the Rosetta-built idealized Ankyrin repeat protein (PDB: 

4GPM, see Fallas et al. (2017) Nat. Chem. 9:353-360). Starting from this scaffold, we combined 

computational design and in vitro evolution with yeast surface display to evolve high affinity Wnt 

antagonists. Rosetta was used to build the idealized Ankyrin repeat protein and we further 

allowed randomization at positions permitted by Rosetta calculation to retain original packing. 

[0094] SEQ ID NO: 1-4 provide the amino acid sequences of the antagonist proteins thus 

developed, which have the following sequences and frizzled specificity: 

[0095] 1AF34 comprises the amino acid sequence set forth in SEQ ID NO: 1. It binds with high 

affinity to human frizzled proteins Fzd1, Fzd2, Fzd5, Fzd7, Fzd8. The sequence of the mature 

protein is as follows, although it may be noted that the last two residues (LE) provide a flexible 

loop but may be deleted without affecting activity. 

SEQ ID NO:1 

SELGTRLI RAALDG N KDRVKDLI ENGADVNASLMSGA TPLHAAAM NG H KEVVKLLI SKGADVNA 

QSVAGSTPLDAAAFSGH KEVVKLLI SKGADVNA VNAAG L TPLHAAADNGH KEVVKLLI SKGADV 

NAKADHGMTPLHFAAQRGHKEWKLLISKGADLNTSAKDGATPLDMARESGNEEVVKLLEKQL 

E 
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[0096] ANK12 comprises the amino acid sequence set forth in SEQ ID NO:2. It binds with high 

affinity to human frizzled proteins Fzd5, Fzd8. The sequence of the mature protein is as follows: 

SEQ ID NO:2 

SELGKRLIMAALDGNKDRVKDLIENGADVNASLVSGATPLHAAAMNGHKEVVKLLISKGADVNA 

QSAAGSTPLAAAAINGHKEVVKLLISKGADVNAVTAAGMTPLHAAAANGHKEWKLLISKGADV 

NAKADRGMTPLHFAAWRGHKEVVKLLISKGADLNTSAKDGATPLDMARESGNEEVVKLLEKQL 

E 

[0097] 1AF34F7 comprises the amino acid sequence set forth in SEQ ID NO:3. It binds with high 

affinity to human frizzled proteins Fzdi, Fzd2, Fzd7. The sequence of the mature protein is as 

follows: 

SEQ ID NO:3 

SELGTRLI RAALDG N KDRVKDLI ENGADVNASLMSGA TPLHAAAMNG H KEVVKLLISKGADVNA 

QSVAGSTPLDAAAFSGHKEVVKLLISKGADVNAVNAAGLTPLHDAADDGHNEVVKLLISKGADV 

NAKADHGMTPLHFAAQRGHKEVVKLLISKGADLNTSAKDGATPLDMARESGNEEWKLLEKQL 

E 

[0098] 4AF30 comprises the amino acid sequence set forth in SEQ ID NO:4. It binds with high 

affinity to human frizzled protein Fzd4. The sequence of the mature protein is as follows: 

SEQ ID NO:4 

SELG KRLI RAALDG N KDRVKDLI ENGADVNASLMSGTTPL Y AAAM NG H KEWKLLI SKGADVNA 

QSVAGSTPLVAAANFGHNEVVKLLISKGADVNAVTAFGVTPLHAAAADGHKEWKLLISKGADV 

NAKAGRGMTPLHIAAFRGHKEVVKLLISKGADLNTSAKDGATPLDMARESGNEEWKLLEKQLE 

[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 yeast stained with biotinylated Fzd CRDs. The cells were washed and 

Streptavidin, Alexa FluorTM 647 conjugates were used to stain the yeasts. The fluorescence 

signals were read on flow cytometry. 

[00100] Second, individual DFB proteins were purified and surface Plasmon Resonance (SPR) 

used to measure the affinity between Fzd CRD with the DFB. The biotinylated Fzd CRD was 

captured on SA sensor chip at low density. A gradient concentration of DFB analyte was flown 

over the chip. The data was analyzed by BIACore accompanying software. 

[00101] The results of these experiments are shown in Figures 1A and 1 B. Figure 1A shows the 

results of ANK12 yeast titration with individual Fzd CRD. ANKi2 showed ECso of 4.4 nM and 3.6 

nM for Fz5 and Fz8 while not interacting with Fz1, 2, 4 and 7. Figure 1 B shows the SPR results of 
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ANK12 to Fzd4, 7 and 8. ANK12 showed no binding to Fzd4 or Fzd7 while showing a Kd of 200 

pM for Fzd8. Collectively, ANK12 showed high specificity and affinity to Fzd5 and Fzd8. 

[00102] Similar affinity measurement of 1 AF34, 1 AF34F7 and 4AF3O towards different Fzds using 

both methods were performed, as shown in Figure 2. 1AF34 showed ECso of 19.0, 31.6 and 5.6 

nM to Fz1, 2 and 7. 1AF34 showed weaker staining to Fz5/8 with ECso not available. By SPR, 

1AF34 binds to Fzd7 at 1 nM affinity and Fzd8 at 23 nM affinity. Shown in Figure 3, 1AF34F7 

showed ECso of 7.5 nM, 9.9 nM and 1.8 nM to Fz1, 2 and 7, respectively. 1AF34F7 showed no 

cross-reactivity to Fz5/8 up to 1 ~1M concentration. Using SPR, 1AF34F7 shows 1.6 nM affinity to 

Fzd7 CRD. Shown in Figure 4, 4AF3O only binds to Fz4 with ECso of 1.6 nM. Using SPR, 4AF3O 

shows 1.4 nM affinity to Fzd4 and 400 nM for Fzd8. 

[00103] To generate Fzd subtype specific Wnt agonists, the DFBs were fused with DKK1 c to 

generate bi-specific molecules that bridge specific Fzd receptors with co-receptors Lrp5/6 to 

activate canonical Wnt signaling. The amino acid sequence of all four DFBs agonists are set forth 

in SEQ ID N0:5-8. 

[00104] SEQ ID N0:5-8 provide the amino acid sequences of the agonist proteins thus developed, 

which have the following sequences and frizzled specificity: 

[00105] 1AF34-DKK1c comprises the amino acid sequence set forth in SEQ ID N0:5. It binds with 

high affinity to human frizzled proteins Fzd1, Fzd2, Fzd5, Fzd7, Fzd8. The sequence of the 

mature protein is as follows. Amino acid residues 1-192 correspond to SEQ ID NO: 1, residues 

193-202 are a 1 Omer GS linker, residues 203-292 correspond to human DKKi c. 

SEQ ID N0:5 

SELGTRLI RAALDG N KDRVKDLI ENGADVNASLMSGA TPLHAAAM NG H KEVVKLLI SKGADVNA 

QSVAGSTPLDAAAFSGHKEWKLLISKGADVNAVNAAGLTPLHAAADNGHKEWKLLISKGADV 

NAKADHGMTPLHFAAQRGHKEWKLLISKGADLNTSAKDGATPLDMARESGNEEVVKLLEKQL 

EGSGSGGSGSGKMYHTKGQEGSVCLRSSDCASGLCCARHFWSKICKPVLKEGQVCTKHRRK 

GSHGLEI FQRCYCGEGLSCRIQKDHHQASNSSRLHTCQRH 

[00106] ANK12-DKK1c comprises the amino acid sequence set forth in SEQ ID N0:6. It binds with 

high affinity to human frizzled proteins Fzd5, Fzd8. The sequence of the mature protein is as 

follows. Amino acid residues 1-192 correspond to SEQ ID N0:2, residues 193-202 are a 1Omer 

GS linker, residues 203-292 correspond to human DKK1 c. 

SEQ ID N0:6 

SELG KRLI MAALDG N KDRVKDLI ENGADVNASL VSGA TPLHAAAM NG H KEVVKLLISKGADVNA 

QSAAGSTPLAAAAINGHKEVVKLLISKGADVNAVTAAGMTPLHAAAANGHKEVVKLLISKGADV 
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NAKADRGMTPLHFAAWRGHKEVVKLLISKGADLNTSAKDGATPLDMARESGNEEVVKLLEKQL 

EGSGSGGSGSGKMYHTKGQEGSVCLRSSDCASGLCCARHFWSKICKPVLKEGQVCTKHRRK 

GSHGLEI FQRCYCGEGLSCRIQKDHHQASNSSRLHTCQRH 

[00107] 1AF34F7-DKK1c comprises the amino acid sequence set forth in SEQ ID NO:7. It binds 

with high affinity to human frizzled proteins Fzd1, Fzd2, Fzd7. The sequence of the mature 

protein is as follows. Amino acid residues 1-192 correspond to SEQ ID NO:3, residues 193-202 

are a 1 Omer GS linker, residues 203-292 correspond to human DKK1 c. 

SEQ ID NO:7 

SELGTRLI RAALDG N KDRVKDLI ENGADVNASLMSGA TPLHAAAM NG H KEVVKLLI SKGADVNA 

QSVAGSTPLDAAAFSGHKEWKLLISKGADVNAVNAAGL TPLHDAADDGH NEVVKLLISKGADV 

NAKADHGMTPLHFAAQRGHKEWKLLISKGADLNTSAKDGATPLDMARESGNEEWKLLEKQL 

EGSGSGGSGSGKMYHTKGQEGSVCLRSSDCASGLCCARHFWSKICKPVLKEGQVCTKHRRK 

GSHGLEI FQRCYCGEGLSCRIQKDHHQASNSSRLHTCQRH 

[00108] 4AF30-DKK1c comprises the amino acid sequence set forth in SEQ ID NO:8. It binds with 

high affinity to human frizzled protein Fzd4. The sequence of the mature protein is as follows. 

Amino acid residues 1-90 correspond to human DKK1 c, residues 91-100 are a 1 Omer GS linker, 

residues 101-292 correspond to SEQ ID NOA 

SEQ ID NO:8 

KMYHTKGQEGSVCLRSSDCASGLCCARHFWSKICKPVLKEGQVCTKHRRKGSHGLEIFQRCY 

CGEGLSCRIQKDHHQASNSSRLHTCQRHGSGSGGSGSGSELGKRLIRAALDGNKDRVKDLIE 

NGADVNASLMSGTTPL YAAAMNGHKEVVKLLISKGADVNAQSVAGSTPLVAAANFGH NEVVKL 

LISKGADVNAVTAFGVTPLHAAAADGHKEWKLLISKGADVNAKAGRGMTPLHIAAFRGHKEVV 

KLLI SKGADLNTSAKDGA TPLDMARESG N EEVVKLLEKQ LE 

[00109] To confirm the Fz specificity of each DFBs agonist of SEQ ID NO:5-8, the HEK293T cell 

line with Fzd1/2/4/5/7/8 knockout was used. Shown in Figure 5A, the Wnt agonists show no 

activity in this knockout cell line. Mouse Fzd4 receptor was transfected into the cell line and 

stimulated with all four types of Wnt agonists. Only Fzd4 specific agonist (4AF30-DKK1 c, shown 

in Figure 5B) showed potent activation of Wnt signaling, shown by SuperTop Flash Wnt reporter 

assays. 

[0011 O] Shown in Figure 5C and D, mouse Fzd7 and Fzd8 receptor was transfected into 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 {1AF34-DKK1 c and 1AF34F7-DKK1 c) showed 

potent activation of Wnt signaling, shown by SuperTop Flash assays. In the cells transfected with 

Fz8 receptors, two of the agonists (1AF34-DKK1c and ANK12-DKK1c) showed potent activation 
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of Wnt signaling. Fzd4 specific agonist (4AF3O-DKK1c) showed activation of Wnt 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 

[00111] Having confirmed the specificity of our DFBs based Wnt agonists, it was determined if the 

agonist was active in supporting organoid growth. The Wnt agonist 1AF34-DKK1c (SEQ ID 

N0:5), which has broad spectrum of activity for most Fz receptors (Fz1/2/5/7/8) was tested, 

shown in Figure 6. Wnt3a conditioned media (CM) was used as control to our Wnt agonist 

(1AF34-DKK1 c at 025 nM) in supporting human colon organoid growth. The agonist or 

antagonist Wnt agonist not only support human colon organoid growth but also shows better 

growth compared to Wnt3a CM. Shown in Figure 7 are similar experiments on human rectal 

organoid. The agonist or antagonist Wnt agonist also supports rectal organoid and shows better 

response compared to Wnt3a CM. 

[00112] The coding sequence for SEQ ID N0:5 was designed, in one iteration, as SEQ ID N0:9: 

GGATCCTCTGAACTGGGTACGCGTCTGATCAGGGCAGCATTAGACGGTAACAAAGACCGT 

GTTAAAGACCTCATTGAAAATGGTGCTGACGTTAACGCGTCCCTTATGTCTGGGGCGACTC 

CGTTACACGCCGCCGCCATGAACGGCCACAAAGAGGTTGTGAAGTTACTGATCTCCAAGG 

GCGCAGATGTGAATGCTCAGTCCGTTGCGGGTTCTACACCTCTGGATGCGGCGGCGTTTA 

GTGGACATAAAGAAGTGGTAAAACTGCTGATAAGTAAAGGAGCAGACGTCAATGCTGTTAA 

TGCGGCTGGATTGACCCCCCTACATGCTGCTGCTGATAATGGGCACAAGGAAGTAGTGAA 

GTTGCTTATTTCTAAGGGGGCCGACGTAAATGCGAAAGCTGACCATGGCATGACTCCACTC 

CATTTCGCAGCACAGCGCGGTCATAAGGAAGTCGTTAAACTATTAATCAGCAAAGGTGCGG 

ATTTGAACACCTCTGCCAAAGACGGTGCAACCCCGCTTGACATGGCGCGTGAATCTGGCA 

ATGAGGAGGTTGTCAAGCTCTTGGAAAAGCAACTCGAGGGAAGCGGTTCCGGAGGTTCTG 

GCTCCGGAAAAATGTATCACACTAAGGGACAGGAAGGCAGCGTGTGCCTGAGGTCCTCTG 

ACTGTGCATCTGGCCTGTGCTGCGCCAGACACTTTTGGTCCAAAATCTGCAAGCCGGTTCT 

GAAAGAGGGCCAGGTGTGCACAAAGCATCGACGAAAGGGCAGCCATGGACTCGAGATCTT 

TCAGAGGTGCTACTGCGGGGAGGGTCTGTCTTGCAGAATCCAGAAAGATCATCATCAGGC 

CTCCAACTCCTCCCGCCTGCACACCTGCCAGCGACATGCGGCCGC 

[00113] In another version, the coding sequence for SEQ ID N0:5 was optimized for expression in 

human cells, e.g. in HEK cells, show as SEQ ID N0:10: 

GGATCCAGCGAACTCGGCACCCGACTTATCAGAGCTGCCCTTGATGGAAATAAGGACCGG 

GTCAAAGACCTGATAGAGAATGGGGCGGACGTTAATGCAAGTCTTATGTCCGGTGCTACC 

CCGTTGCATGCCGCTGCAATGAATGGCCACAAGGAGGTTGTAAAATTGCTCATAAGTAAAG 

GCGCAGACGTAAACGCACAATCCGTGGCGGGCAGTACCCCCTTGGATGCCGCTGCGTTCT 
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CAGGCCATAAAGAGGTCGTAAAACTGCTGATCTCCAAAGGAGCGGACGTCAATGCAGTAA 

ATGCTGCAGGACTTACCCCCTTGCACGCCGCTGCCGACAATGGACACAAGGAGGTTGTAA 

AACTTCTCATATCTAAAGGCGCGGACGTCAACGCTAAAGCGGACCACGGAATGACGCCGC 

TCCACTTTGCGGCACAGAGGGGCCATAAAGAGGTAGTGAAACTTCTGATCTCAAAAGGAG 

CCGACTTGAATACGAGCGCTAAGGATGGTGCAACGCCATTGGATATGGCCAGGGAGTCCG 

GAAATGAAGAGGTGGTGAAGCTGCTTGAGAAGCAACTCGAAGGTAGCGGGAGCGGCGGG 

AGTGGCTCTGGCAAGATGTACCATACCAAGGGCCAAGAAGGGAGTGTGTGCCTGCGGTCA 

AGCGACTGCGCATCAGGCTTGTGCTGTGCTAGGCATTTCTGGTCCAAGATTTGTAAGCCAG 

TATTGAAGGAAGGCCAGGTGTGTACTAAACATAGGCGCAAGGGAAGTCATGGTCTCGAGA 

TATTCCAACGCTGTTACTGTGGCGAGGGATTGTCTTGCCGCATACAAAAAGACCACCACCA 

GGCGTCTAACTCTAGTAGGCTTCACACATGCCAACGGCACGCGGCCGC 

[00114] For some purposes, for example protein stability and expression, the Wnt agonist proteins 

described herein are joined to an Fe sequences, including for example human lgG1, shown in 

SEQ ID N0:11 

GCTAGCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGG 

GGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTC 

GTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTC 

AGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGAC 

CTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCC 

CAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGG 

ACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCT 

GAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTG 

GTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACA 

ACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCA 

AGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCT 

CCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAG 

GAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGAC 

ATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCC 

CGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAG 

GTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTA 

CACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAATGA 

The coding sequence of the construct for expression may have the sequence of SEQ ID NO: 15: 
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ATGGCCCGGCCTCTGTGTACCCTGCTACTCCTGATGGCTACCCTGGCTGGGGCTCTGGCC 

GGATCCAGCGAACTCGGCACCCGACTTATCAGAGCTGCCCTTGATGGAAATAAGGACCGG 

GTCAAAGACCTGATAGAGAATGGGGCGGACGTTAATGCAAGTCTTATGTCCGGTGCTACC 

CCGTTGCATGCCGCTGCAATGAATGGCCACAAGGAGGTTGTAAAATTGCTCATAAGTAAAG 

GCGCAGACGTAAACGCACAATCCGTGGCGGGCAGTACCCCCTTGGATGCCGCTGCGTTCT 

CAGGCCATAAAGAGGTCGTAAAACTGCTGATCTCCAAAGGAGCGGACGTCAATGCAGTAA 

ATGCTGCAGGACTTACCCCCTTGCACGCCGCTGCCGACAATGGACACAAGGAGGTTGTAA 

AACTTCTCATATCTAAAGGCGCGGACGTCAACGCTAAAGCGGACCACGGAATGACGCCGC 

TCCACTTTGCGGCACAGAGGGGCCATAAAGAGGTAGTGAAACTTCTGATCTCAAAAGGAG 

CCGACTTGAATACGAGCGCTAAGGATGGTGCAACGCCATTGGATATGGCCAGGGAGTCCG 

GAAATGAAGAGGTGGTGAAGCTGCTTGAGAAGCAACTCGAAGGTAGCGGGAGCGGCGGG 

AGTGGCTCTGGCAAGATGTACCATACCAAGGGCCAAGAAGGGAGTGTGTGCCTGCGGTCA 

AGCGACTGCGCATCAGGCTTGTGCTGTGCTAGGCATTTCTGGTCCAAGATTTGTAAGCCAG 

TATTGAAGGAAGGCCAGGTGTGTACTAAACATAGGCGCAAGGGAAGTCATGGTCTCGAGA 

TATTCCAACGCTGTTACTGTGGCGAGGGATTGTCTTGCCGCATACAAAAAGACCACCACCA 

GGCGTCTAACTCTAGTAGGCTTCACACATGCCAACGGCACGCGGCCGCAGAGAACCTGTA 

CTTCCAGGGATCTTCCGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCA 

GCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACC 

CTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGAC 

CCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAG 

CCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCA 

CCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGC 

CCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACAC 

CCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAA 

AGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACA 

ACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGC 

TCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATG 

AGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAGGGGCCG 

CATAG 

[00115] The preceding merely illustrates the principles of the invention. It 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 its 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 invention and the concepts 

contributed by the inventors to furthering the art, and are to be construed as being without 

limitation to such specifically recited examples and conditions. Moreover, all statements herein 

reciting principles, aspects, and embodiments of the invention as well as specific examples 

thereof, are intended to encompass both structural and functional equivalents thereof. 

Additionally, it is intended that such equivalents include both currently known equivalents and 

equivalents developed in the future, i.e., any elements developed that perform the same function, 

regardless 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 embodied by the appended claims. 
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WHAT iS CLAIMED IS: 

1. A Wnt signaling antagonist polypeptide comprising an amino acid sequence set forth in 

any of SEQ ID NO: 1-4, or a variant thereof. 

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

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

3. The Wnt signaling agonist of claim 2, wherein the binding domains is joined to the 

polypeptide of claim 1 through a linker. 

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

binds one or more Fzd proteins with a KD of at least about 1 x 10-1 M. 

5. The Wnt signaling agonist of any of claims 2-4, wherein the Lrp5/6 binding domain 

binds one or both of Lrp5 and Lrp6 proteins with a Ko of at least about 1 x 10-7 M. 

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

polypeptide. 

7. The Wnt signaling agonist of Claim 6, wherein the Lrp5/6 binding domain 

comprises a binding portion of a DKK protein. 

8. The Wnt signaling agonist of Claim 7, wherein the Lrp5/6 binding domain 

comprises the C-terminal domain of human DKK1. 

9. A Wnt signaling agonist comprising the amino acid sequence set forth in any of 

SEQ ID NO:5, 6, 7, 8 or 14. 

10. A polynucleotide encoding the Wnt signaling agonist of claim 9. 

11. The polynucleotide of claim 10, comprising the coding sequence set forth in any of 

SEQ ID NO:9, 10 or 15. 
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12. A cell culture medium, comprising an effective 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 frizzled receptor with an effective dose of a Wnt 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 

culture medium. 

15. The method of claim 14, wherein the cell population comprises stem cells. 

16. The method of claim 14, wherein the cell population comprises organoids. 
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Agonist specificity In Fzd KO cell line 
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Agonist specificity in Fzd7 cell line 
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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 
Wnt 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 polynucleotide 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 I+ and, accordingly, these groups lack unity a priori. 

Additionally, even if Groups I+ 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 
Wnt 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. 
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