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Abstract

The WNT signaling pathway is a critical mediator of tissue homeostasis and repair, and frequently

co-opted during tumor development. Almost all colorectal cancers (CRC) demonstrate

hyperactivation of the WNT pathway, which in many cases is believed to be the initiating and
driving event. In this short review, we provide a focused overview of recent developments in our

understanding of the WNT pathway in CRC, describe new research tools that are enabling a
deeper understanding of WNT biology, and outline ongoing efforts to target this pathway
therapeutically.
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Introduction

Colorectal cancer (CRC) is the second leading cause of cancer-related death in the United
States and accounts for almost 600,000 deaths worldwide, annually [1]. The majority of
CRC:s arise sporadically in patients with no family history of disease, and while
colonoscopic removal of premalignant tumors has led to an overall reduction in morbidity,
patients that progress to advanced disease have few effective treatment options and a dismal
prognosis [2]. In the age of rational drug design and precision medicine, CRC research and
treatment is somewhat lagging. It has been more than 25 years since Vogelstein and
colleagues proposed the key genetic drivers of CRC progression, and almost a decade since
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next generation genomic technologies began to define the full genetic landscape of CRC. To
date, this vast knowledge has not translated into effective targeted therapies.

Mutational inactivation of the Adenomatous Polyposis Coli (APC) tumor suppressor is
thought to be the initiating event in most sporadic and familial CRCs. Disruption of APC
drives activation of the WNT signaling pathway, and a wealth of evidence suggests that
WNT hyperactivation is the key oncogenic driver in most, if not all, CRCs. In the past 5
years, extensive genomic analyses and the development of sophisticated model systems to
study normal and transformed intestine have expanded our understanding of WNT signaling
in intestinal biology and CRC pathogenesis.

The WNT Pathway

WNT, a portmanteau of Winglessand Int, was first identified for its role regulating segment
polarity in Drosophila, and its proto-oncogene function in breast tumors induced by mouse
mammary tumor virus. The WNT family consists of 19 secreted, cysteine-rich glycoproteins
that have been implicated in diverse biological processes, including cell fate specification,
cell proliferation, cell migration, dorsal axis formation, and asymmetric cell division [3, 4].
The canonical, or B-catenin-dependent, signaling cascade is a multistep process that
involves the relocalization, phosphorylation, and degradation of multiple proteins,
culminating in a coordinated transcriptional response; detailed mechanistic models for Wnt
signal transduction have been covered extensively elsewhere [5, 6]. While the full, specific
complement of factors involved is often cell and tissue dependent, the core signal
transduction cascade is constant (Fig 1). Briefly, WNT ligands bind FRIZZLED (FZD) and
LRP receptor complexes, initiating membrane recruitment of key scaffold proteins (AXIN,
DVL), and disruption of the p-catenin destruction complex (minimally composed of AXIN,
APC, CK1, GSK3p). In the absence of this complex, p-catenin accumulates in the cytosol,
and through poorly understood mechanisms, translocates into the nucleus where it associates
with TCF family transcription factors and a host of co-activators to drive transcription of
target genes. The direct transcriptional output of Wnt activation is context dependent. For
instance, in the mammalian colon, Wnt activation drives proliferation and stem-like
phenotypes [7-9], while in embryonic stem cells p-catenin can promote pluripotency or
stem cell differentiation [10, 11].

WNT in the Intestine

Whnt signaling is an essential factor in normal intestinal function, and in particular, for the
maintenance and self-renewal of epithelial stem cells located at the base of intestinal crypts
[12, 13]. Using engineered animal models, several groups have shown that either blocking
upstream Wnt ligand-mediated signaling [14, 15], disrupting the TCF transcriptional co-
activator [16, 17] or deleting B-catenin itself [18] drives loss of intestinal crypts and
breakdown of the tissue. Of note, epithelial-specific deletion of the Wnt ligand itself blocks
expansion of intestinal epithelium cultured ex vivo but does not disrupt the intestinal
architecture or expression of stem cell markers in vivo [19], implying that there are
redundant sources of Wnt production in the intestine.

Curr Colorectal Cancer Rep. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schatoff et al.

Page 3

WNTSs are secreted glycoproteins that must undergo a series of modifications before they are
physiologically active. In the endoplasmic reticulum (ER), the transmembrane O-
acyltransferase Porcupine (PORCN) catalyzes the lipidation (palmitoylation) of nascent
WNT proteins at two distinct sites [reviewed in [20]]. Next, lipid-bound WNTSs are
glycosylated in the ER before transitioning to the Golgi, where they interact with a second
transmembrane protein, Wntless (WLS). WLS is essential for the delivery and secretion of
WNT ligands at the cell surface [21] and following secretion, WI protein is recycled back to
the Golgi, via retromer endosome transport [22—24]. Inhibiting either the lipidation or
transport of WNT via PORCN or WLS is sufficient to completely block WNT ligand
secretion, and thus, offers two potential therapeutic nodes for WNT-ligand driven disease.

Recent work, led primarily by Hans Clevers’ laboratory, has further refined our
understanding of how Whnt signaling is regulated in the adult intestine. Beginning with the
identification of Leucine-rich G-protein coupled receptor 5 (LGR5) as a key marker of stem
cells in the gut [25], subsequent studies implicated this ‘marker’ as a direct regulator of Wnt
activity, identified the ligand/s for LGR5 as R-Spondin/s (RSPOs), and produced a structure-
based model to explain the control of Wnt signaling. In this model, Wnt ligand-mediated
signaling is limited via two transmembrane E3-ligases, RNF43 and ZNRF3, which
polyubiquitinate active WNT-FZD complexes and target them for degradation in the
lysosome [26]. In LGR5+ intestinal stem cells, however, Wnt-mediated signaling is
maintained at high levels by R-Spondins (RSPO1-4), secreted ligands that bridge a physical
interaction between Lgr4/5 and RNF43/ZNRF3, thus sequestering the ligases, and enabling
continued signal activation from the WNT-FZD complex [27].

WNT pathway disruptions in CRC

Since the initial identification of APC alterations in human CRC, and the recognition that
the APC protein controls WNT activity, it was clear that the majority of colon tumors carried
high levels of WNT pathway activity. In fact, the 2012 report from The Cancer Genome
Atlas (TCGA) consortium estimated that up to 92% of sporadic CRCs contained at least one
alteration in a known WNT regulator [28]. In addition to the WNT regulators described by
the TCGA, several studies have since expanded the range of potential WNT-driving genetic
alterations.

In 2012, de Sauvage and colleagues identified the first recurrent genomic translocations in
CRC, involving RSPO family members (RSPOZ2and RSPO3) [29]. Interestingly, although
relatively few cases have been identified, in both their study and in follow up work [30-32],
RSPO translocations were mutually exclusive with APC mutations. Though correlative, this
pattern suggests either synthetic lethality, as has been shown for coincident RAS-MAPK
alterations [33], or that these events are functionally redundant. Indeed, enforced expression
of RSPO1 or RSPO3 can drive proliferation in the intestine in animal models, but in both
cases seems to be due to a paracrine effect of the secreted RSPO ligand [34, 35]. Further
work will be required to determine whether RSPO rearrangements alone are sufficient to
drive tumor development in the intestine. Similar to RSPO fusions, RNF43 mutations were
identified in a significant proportion of human CRCs (up to 18%), and were found to be
largely exclusive with APC (and RSPO) alterations [36].
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Thus, accumulated evidence suggests that the vast majority (i.e., close to 100%) of CRCs
carry WNT signaling alterations. Still, there are many unknowns regarding the strong
selection for mutations in particular WNT pathway genes, and this may significantly impact
our ability to exploit such alterations for therapeutic gain. For instance, CRCs show a
remarkable bias toward truncating mutations in APC within a central 200 amino acid region
of the protein, known as the mutation cluster region. Such a clustering of non-sense and
frameshift mutations is not typical of classic tumor suppressor genes, and implies that these
specific disruptions provide a selective advantage for tumor growth. To explain this
phenomenon, many have proposed the ‘just right” hypothesis [37], which infers that pre-
cancerous cells must receive ‘not too little, and not too much’ WNT activation to drive
transformation. Indeed the level of Wnt induction is dependent on the position of the APC
truncation [38], but there is little experimental evidence to explain why this is important for
CRC development.

A related, but distinct and unexplained mystery, is the dominance of APC alterations in CRC
at the expense of other WNT activating mutations. In hepatocellular carcinoma (HCC), up to
25-35% of tumors show heightened WNT pathway activation, driven through disruption of
AXINI or activating mutations in CTNNBI (cbioportal.org) yet they do not show recurrent
mutations in APC [28]. In contrast, AX/N and p-catenin mutations make up only a small
fraction (5—-6%) of CRC cases. Defining the molecular underpinnings of this remarkable
tumor-specific mutational profile may provide critical insights into how Wnt pathway
deregulation drives tumor growth in different tissues. For this, the development of
sophisticated model systems with tight cell and tissue-specific control over gene activation
or disruption will be essential.

Models of Colon Biology & CRC

Organoids

Much of our understanding of the WNT pathway in CRC comes from model systems.
Human CRC cell lines have been extensively used to characterize many aspects of CRC
biology, and while they are readily accessible and grow rapidly, thus facilitating
biochemistry and cell biology experiments, the genetic complexity and variability of such
lines often confounds detailed genetic analysis. While cell lines are still heavily used today,
the coming years will see a major shift toward new /n vitroand /n vivotools to study normal
intestinal function and CRC biology.

A recent advance that has revolutionized the modeling of CRC is the development of
techniques to isolate and maintain normal and transformed intestinal ‘organoids’. In 2009,
Clevers and colleagues reported that mouse small intestinal stem cells are able to proliferate
in 3D Matrigel culture, spontaneously self-organize into crypt-villus units, self-renew, and
differentiate into all intestinal lineages [39]. The relative ease in establishing and
manipulating organoids has sparked a wave of studies to characterize the genetics, signaling,
metabolism, and therapeutic response of normal and transformed stem cells [40-44]. In one
example, Farin et al. recently used organoids to develop a model of how Wnt gradients in the
intestine are established, and maintain the geography of stem and progenitor cells within the
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crypt [45]. First, Wnt is delivered to the Lgr5+ stem cell via direct contact with the Wnt-
producing Paneth cell. Second, low level, diffuse Wnt dispersal is generated as a
consequence of cell division. This elegant work was made possible by the unique three-
dimensional architecture and heterotypic cell-cell interactions enabled by organoid culture.
While the precise molecular mechanism by which Wnt ligand is delivered from the Paneth
cell to the intestinal stem cell remains to be shown, organoids will likely play a key role in
defining this process.

Adding to the flexibility of organoid culture systems, advances in CRISPR/Cas9-based
genome editing provide a means to efficiently and strategically introduce CRC-relevant
mutations /n vitro. Two independent studies highlight the power of this approach,
recapitulating the proposed sequence of oncogenic disruptions observed in sporadic CRC
[40, 42]. In addition to the culture and manipulation of ‘normal’ colonic tissue, numerous
institutes, including ours, have invested in the generation of patient-derived organoid banks
that include both normal and cancer-derived tissue [41]. This resource provides an
unprecedented opportunity to study Wnt pathway alterations and a multitude of other cancer
associated genetic events, and it provides a platform to interrogate therapeutic responses in
normal and cancer-derived tissue. Indeed, the first large-scale example of this showed how
medium throughput drug screens on a human colon organoid bank can identify rare drug
sensitivities and/or drug combinations that have potent mutation-specific effects on
individual organoids [41].

Finally, to bridge the gap between /in vitroand in vivo analysis of CRC, we and others have
developed strategies for the orthotopic engraftment of normal [46] and transformed mouse
and human organoids (O’Rourke et al, /n press; J. Roper et al, in press). Platforms such as
this provide a unique, functional way to study the mechanisms of disease progression in the
colon /n situ, and/or develop tailored pre-clinical models for drug testing.

Animal models

The earliest genetic model of CRC arose by chance from an ENU mutagenesis screen
performed in the late 1980s in the laboratory of William Dove. The multiple intestinal
neoplasia (Min) phenotype was subsequently mapped and identified as a single nonsense
(truncating) mutation in Apc (ApcVin) [47]. Apc™ mice served as the backbone of genetic
and pre-clinical research in CRC for many years, and are still used today. However, they are
often deemed an imperfect model of human CRC because they develop tumors
predominantly in the small intestine, rather than in the colon. The generation of increasingly
sophisticated genetic engineering technologies has dramatically improved our ability to
model human CRC in the mouse. Not surprisingly, most efforts have focused on strategies to
induce deletion of Apcin the colon, as this provides the most robust induction of tumor
development of any genetic lesion tested.

One of the earliest strategies to localize tumor development to the colon focused on
administering Cre-expressing adenovirus to the colonic lumen of mice carrying a Cre-
conditional allele of Apc [48]. Though this approach proved difficult for many in the field to
reproduce, more than 10 years after the initial description, two groups published similar
methods to enable the investigation of colon cancer in the mouse [49, 50]. In parallel, many
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groups have developed tissue-specific Cre mouse strains. These transgenic and knock-in
alleles including Fabp-Cre [51], Cax2-Cre[52], Cax2-CreER [53], CAC[54], and Carl-
CreER [55], all enable reproducible, colon-restricted gene inactivation or activation,
depending on the genetic context. One recent publication describes the development of the
Carl-CreER strain, which outlines an extremely complex model to generate oncogenic
mutations in the four most common CRC-associated alterations (Apc, Kras, Trp53and
Smad4) [55]. This is an impressive example of what can be accomplished with traditional
genetically engineered mouse models (GEMMS), but also a cautionary tale. Due to the extra-
colonic complications of p53 loss, and the difficulty in breeding so many alleles, the authors
could only analyze a single mouse with this genetic configuration. When developing
complex models to interrogate multiple-hit CRC, there is a clear need to consider alternate
strategies.

To accelerate the generation of tailored and complex animal models, we recently described
the generation of inducible CRISPR/Cas9-based mice, which allows the simultaneous
induction of multiple mutations from a single targeted allele [56]. In addition to providing a
powerful platform for multiplexed mutagenesis /n vivo, we believe this technology creates a
specific opportunity for investigating Apc and Wnt biology. Due to the unusual genomic
structure of Apc, in which 75% of its coding sequence is contained within a single exon, it
has been challenging to produce Cre-conditional alleles that represent the most frequent
CRC-associated mutations. As mentioned above, the majority of Apc mutations in human
CRC lie between amino acids 1250 and 1450 in the “Mutation Cluster Region”, and there is
a strong correlation between the type of APC truncation, level of Wnt signaling and disease
severity in familial cases [57-59]. Inducible CRISPR/Cas9-based genome editing how
provides an avenue to assess the impact of specific Apc alterations on tumor initiation,
progression and response.

The animal models described above clearly demonstrate that Apc loss is sufficient for
tumorigenesis in the intestine. But, once established, is WNT hyperactivation necessary for
tumor maintenance and progression? Various distinct animal models suggest the answer is
yes. For example, doxycycline-mediated activation of B-catenin, or suppression of Apc,
drives hyperplasia in the intestinal crypts, whereas withdrawal of B-catenin, or restoration of
Apc, reverses these acute effects [9, 60]. More importantly, restoration of Apc is sufficient to
induce sustained tumor regression, even in tumors carrying additional oncogenic alterations
in Kras and p53 [9]. This work provides compelling evidence that viable therapeutic targets
for the Wnt pathway could have a profound impact on the treatment of CRC.

WNT signaling as a therapeutic target in CRC

Despite the overwhelming evidence that WNT pathway hyperactivation drives CRC,
targeted WNT therapies have not made headway in the clinic. While the overall survival
(OS) for patients with CRC has progressively lengthened over the last 30 years, it is largely
attributed to advances in surgery, chemotherapy, adenoma detection and removal by
colonoscopy, the use of aspirin and NSAIDs for other clinical indications, and more recently,
development of agents targeting VEGF and EGFR signaling. Hence, the question remains,
why have WNT-targeted agents failed to have a clinical impact, and where do we head from
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here? We will not attempt to detail all WNT-targeted therapeutics, but rather provide some
key examples of current strategies to control WNT pathway hyperactivation, and where
future efforts might lead. Conceptually, WNT-targeting approaches can be divided into three
categories: 1) Targeting the WNT ligand-receptor interface, 2) Regulation of the endogenous
destruction complex, and 3) Direct interference with g-catenin-mediated transcription.

The WNT ligand/receptor interface

Although direct WNT pathway agents are not yet in clinical practice, a number are in
various stages of preclinical development, some are in early Phase clinical trials. Perhaps the
most mature of all efforts to target hyperactive WNT signaling are small molecules and
antibodies designed to block WNT-FZD ligand-receptor interaction at the cell surface. For
example, Vantictumab (OMP-18R5) is an antibody targeting FZD receptors [61], and
Ipafricept is a decoy-receptor, comprised of the FZD8 extracellular domain and the Fc
domain of human immunoglobulin [62]. While both drugs have shown acceptable safety
profiles and progressed to Phase 1b evaluation for breast, ovarian and pancreatic cancers,
neither is under investigation for treatment of CRC. This is not surprising, as the majority of
CRCs activate WNT signaling independent of actual WNT ligand. A similar paradigm is
expected to hold true for strategies that aim to prevent the secretion of Wnt ligands (i.e.,
Porcupine inhibitors) or neutralize Wnt ligand directly, thus reinforcing the challenge of
targeting activated WNT signaling in CRC.

While drugs tested to date that block ligand-receptor signaling have been ineffective in the
majority of CRCs, tumors carrying RSPO rearrangements or RNF43 mutations, which
require ligand-mediated activation to initiate the WNT response, are potential candidates for
this approach [31, 41, 63-65]. Indeed, an ongoing basket trial for patients with treatment-
refractory metastatic CRC carrying RSPO/RNF43 and BRAF mutations combines a PORCN
inhibitor (WNT974), a BRAF inhibitor (LGX818), and the EGFR-targeted antibody
Cetuximab. Preliminary work with PORCN inhibitors in CRC organoids [41], xenograft
models [31] or GEMMs [66] appears promising, but it is still unclear whether these
inhibitors, alone or in combination, will provide an effective and safe therapeutic window for
CRC treatment.

In a related, and perhaps more direct approach, Genentech and OncoMed Pharmaceuticals
have developed RSPO3 neutralizing antibodies to target tumors with RSPO3 chromosome
rearrangements. This approach has shown efficacy in patient-derived xenografts [32], and
the OncoMed drug (OMP-131R10) has now entered a Phase 1a/b study for patients with
various advanced solid tumors. An important aspect to ensure success of these clinical
studies will be incorporating sensitive biomarker assays to prospectively identify the small
fraction of CRC cases that are predicted to benefit from this approach.

Targeting the Destruction Complex

The destruction complex, composed of APC, AXIN, GSK3b, CK1, is the core network that
regulates B-catenin degradation, and thereby serves as a cytosolic gatekeeper for B-catenin-
mediated transcription. As the destruction complex enforces endogenous tumor suppression,
it represents an attractive target to attenuate WNT signaling. In theory, there are numerous
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paths to stabilize the destruction complex, but the best explored is the regulation of AXIN
function via Tankyrase activity.

Tankyrase enzymes (TNKS and TNKS2) are members of the Poly ADP-Ribose Polymerase
(PARP) family of proteins that act to PARsylate AXIN, marking it for degradation, thus
destabilizing the destruction complex. In the past 5-6 years, numerous academic groups and
commercial entities have identified independent TNKS/2 inhibitors as potent suppressors of
WNT pathway activity. Most importantly, several studies showed that TNKS blockade can
block the proliferation of APC-mutant CRC cell lines in vitro, and some have demonstrated
efficacy /n vivoin GEMMs with Apc-mutant adenomas. Moreover, three recent studies
showed that TNKS inhibition synergizes with approved chemotherapies [67] and drugs
targeting RAS-MAPK and PI3K-AKT pathways [68, 69]. Despite the excitement of TNKS
inhibition as a potential therapy to treat the majority of APC-mutant CRCs, the field is
clouded by uncertainty, as multiple studies have reported conflicting data on the toxicity of
TNKS blockade. In addition to toxicity associated with WNT suppression in normal
intestine and bone marrow, TNKS modulates the stability of proteins involved in cell
division (e.g., PLK1) and telomere elongation (e.g., TERF1), among others [70]. Thus, there
may be multiple confounding variables that influence the effectiveness of TNKS-based
approaches. Further genetic and pharmacologic studies will be required to address the safety
and efficacy of TNKS inhibition as a therapeutic strategy in CRC.

Targeting B-catenin-mediated transcription

The ultimate effector of WNT pathway activity is B-catenin mediated gene transcription.
Hence, it follows that the most direct path to blocking WNT hyperactivation is by inhibiting
this transcriptional response. However, it is clear from genetic studies that complete ablation
of B-catenin is overtly toxic to normal intestinal epithelium [18]. As an alternative, several
groups have attacked this issue by developing strategies to block p-catenin association with
specific transcriptional co-activators. The first example of this was published more than 10
years ago, with the description of ICG-001, a small molecule that specifically blocks the
interaction of B-catenin with CREB binding protein (CBP), but not p300 [71]. ICG-001, now
known as PRI-724, was developed by Prism Pharma for treatment of CRC, pancreatic
adenocarcinoma, myeloid malignancies and HCV-induced liver cirrhosis (clinicaltrials.gov).
A number of Phase 1 trials for these indications are ongoing, and Prism has registered a
Phase 2 randomized study for initial treatment of metastatic CRC in combination with
FOLFOX/Bevacizumab. The results of this study are widely anticipated by both oncologists
and scientists studying WNT hyperactivation in CRC and other cancers.

Beyond this early example, various screens have identified a number of small molecule
inhibitors, such as iCRT14 [72] and CCT036477 [60]. Promising /n vitro data shows their
capacity to reduce levels of Wnt reporter gene activity, decrease expression of p-catenin
transcriptional targets, and block binding to the co-activator TCF [60, 73—75]. Despite this
potential, strong /in vivo data demonstrating the efficacy of these compounds in colorectal
cancer is lacking. Thus, further studies are required to validate p-catenin as a therapeutic
target and to ensure anti-tumor activity in a mechanism that minimizes intestinal toxicity.
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WNT and immunotherapy - toward the unknown

The most promising cancer treatments to emerge over the past 5-10 years are immune
checkpoint inhibitors, such as anti-CTLA4, anti-PD1, and anti-PDL1 blocking antibodies.
These immunotherapies suppress the endogenous mechanism that restrains autoimmunity,
and permit adaptive immune response to ablate tumors cells. In contrast to many targeted
therapies, immunotherapies often induce sustained anti-tumor responses, leading to long-
term regression of advanced cancers. DNA mismatch repair (MMR) deficient, hypermutated
CRCs demonstrated promising responses to checkpoint blockade [76]; however, these
tumors represent only 10-15% of CRCs. The mechanism underlying the lack of response in
non-hypermutated CRCs and other solid tumors is not clearly defined. Some evidence from
colon and lung cancers suggests it is due to the reduced burden of neoantigens [76, 77],
while other models imply active T cell exclusion from the tumor mass [78]. Interestingly, a
recent analysis of melanoma non-responders concluded that activated WNT/B-catenin
signaling mediates resistance to anti-CTLA4 and anti-PD-L1 treatment by preventing
recruitment of antigen presenting dendritic cells (DCs) [79]. Additional work suggests that
suppressing WNT activity may decrease DC-mediated tolerance [80-83], and drive
differentiation of cytotoxic T lymphocytes, thus bolstering anti-tumor immunity [84]. It is
tempting to speculate that part of the reason CRCs show a poor response to checkpoint
blockade is due to high WNT activity, and that inhibition of WNT signaling would provide
both a cell intrinsic and non-cell intrinsic anti-tumor effect, in combination with
immunotherapy. Of course, it is possible WNT inhibition may have other unexpected
consequences for effective immune-based approaches. Regardless, our first priority is to
generate safe and effective WNT-targeted small molecules. The identification of such drugs
will likely have far reaching applications beyond the treatment of CRC.

Conclusion

In the 30 years since its discovery, WNT signaling has emerged one of the most important
biological pathways in development and disease. In CRC, WNT pathway hyperactivation is
arguably the most critical cancer driver, and represents an exciting avenue for targeted
therapy. As new technologies pave the way for a more refined understanding of WNT
function in normal and transformed cells, we expect the identification and development of
WNT-targeted therapeutics to accelerate, and hope that these efforts translate into a
significant clinical benefit.
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Figure 1. WNT Pathway Overview
WNT ligand is palmitoylated by Porcupine (PORCN) in the endoplasmic reticulum, and

transported to the plasma membrane via Whntless (WLS). Once secreted and binds receptors
FZD and LRP5/6 and this interaction recruits AXIN to the cell membrane and destabilizes
the destruction complex, composed of APC, AXIN1, CK1, and GSK3p. Reduced p-catenin
phosphorylation by GSK3p and CK1 decreases protein turnover, enabling it to translocate
into the nucleus, where it can associate with co-activators and promote the transcription of a
plethora of target genes, including MYC, CCND1, FZD, AXINZ. The secreted ligand,
RSPO, forms complex with LGR4/5/6 and RNF43, preventing RNF43-dependent
degradation of FZD receptors, and potentiating WNT signaling. In the absence of WNT or
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RSPO ligand, the destruction complex efficiently phosphorylates p-catenin, tagging it for
subsequent degradation by the proteasome. Red boxes indicate various nodes of existing
small molecule inhibitors designed for WNT-targeted therapies.
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