
The Wnt/β-catenin signalling pathway

In the absence of Wnt ligand, b-catenin is 
sequestered in a multiprotein degradation 
complex containing the scaffold protein Axin, 
APC, casein kinase I (CKI) and glycogen 
synthase kinase 3b (GSK3b). 

Upon phosphorylation b-catenin is 
ubiquitinated and subsequently degraded by 
the proteasome machinery. As a 
consequence, there is no transcription of Wnt
target genes.



In the presence of Wnt ligand, Axin is 
recruited to the plasma membrane. b-catenin 
is then released from the multiprotein
degradation complex and accumulates in the 
cytoplasm in a stabilized non-phosphorylated
form. 

As a consequence, b-catenin is translocated
into the nucleus, where it associates with 
transcription factors of the T-cell 
factor/lymphoid enhancing factor (TCF/LEF) 
family leading to the transcription of Wnt
target genes, such as the c-myc oncogene 
and cyclin D1. 



• In vertebrates, Wnt proteins
are inhibited by direct
binding to either secreted
frizzled-related protein 
(SFRP) or Wnt inhibitory
factor (WIF).
• SFRP is similar in sequence to

the cysteine-rich domain 
(CRD) of Frizzled, one of the
Wnt receptors.



Notum shoots the messenger in Wnt signalling. 
In Wnt-producing cells, the Wnt protein is made in the endoplasmic reticulum. There, 
an acyl group is added to Wnt by the membrane-spanning enzyme Porcupine. 
Secreted Wnt binds to its receptor Frizzled on target cells. This binding depends on 
the acyl group in Wnt. 
Kakugawa et al. report that the Wnt–Frizzled interaction is inhibited by the 
extracellular enzyme Notum, which specifically removes the acyl group from Wnt. 



Wnt signalling is essential in early 
embryonic development





The Wnt cascade is the dominant force in 
controlling cell fate along the crypt-villus axis.



The intestinal epithelium: a dynamic tissue

The absorptive epithelium of the 
small intestine is ordered into 
submucosal invaginations, the 
crypts of Lieberkuhn, and 
luminal protrusions termed villi. 

1- The crypt is mainly a proliferative 
compartment, monoclonal and 
is maintained by multipotent 
stem cells.

2- The villus represents the 
differentiated compartment, it is 
polyclonal as it receives cells 
from multiple crypts.



Slowly dividing multipotent stem cells are 
anchored at the base of each crypt. 

Stem cells give rise to an intermediate cell 
population referred to as transit amplifying (TA) 
cells: they undergo rapid proliferation (approx. 
every 12 h) and expands into a population of non-
proliferating daughter cells. 

These daughter cells gradually differentiate into 4 
epithelial lineages: 

1- absorptive cells or enterocytes; 

2- mucus-producing goblet cells; 

3- enteroendocrine cells, secreting hormones such 
as serotonin or secretin;

4- Paneth cells, secreting antimicrobial peptides 
such as cryptidins, defensins and lysozyme.

A sheath of specialized fibroblasts is apposed to the epithelial crypt cells. 

These so-called myo-epithelial fibroblasts are critical to the establishment of the crypt niche, 
sending signals which regulate the whole differentiation program.



Intestinal stem cells divide asymmetrically or symmetrically to maintain the stem cell 
compartment. ISCs give rise to Transit Amplifying (TA) cells which actively proliferate and can 
further differentiate into enterocytes, tuft cells, enteroendocrine (EE) cells or goblet cells. 
Wnt signaling maintains the stem-like phenotype of ISCs, while Notch signaling maintains
the proliferation of progenitor cells. 
In the upper crypt region, hedgehog (hh) triggers BMP expression in stromal cells which 
activates PTEN expression; all these factors inhibit Wnt signaling in the ISC niche

Lineage specification of intestinal stem cells





The multistep evolution of 
cancer (Fearon & Vogelstein, 1990)

(i) colorectal tumors result from mutational 
activation of oncogenes combined with 
the inactivation of tumor-suppressor 
genes, 

(ii) multiple gene mutations are required to 
produce malignancies, and 

(iii) genetic alterations may occur in a 
preferred sequence, yet the accumulation 
of changes rather than their chronologic 
order determines histopathological and 
clinical characteristics of the colorectal 
tumor.



•Inactivating mutations in the APC gene (that selectively disable binding to b-catenin) or activating 
mutations in b-catenin (that remove the regulatory phosphorylation sites) lead to nuclear accumulation of 
b-catenin . 

•Any mutational event stabilizing nuclear b-catenin in the intestinal epithelium, which leads to 
constitutively activated canonical Wnt signaling, represents the initiating event of intestinal tumorigenesis.

The Wnt/β-catenin signalling pathway controls the homoeostasis of 
the intestinal epithelium



The Wnt pathway in colon cancer

In FAP, as in most sporadic CRCs, tumorigenesis occurs incrementally. The earliest lesions 
in the colon or the rectum are “aberrant crypt foci” which progress to benign tumors 
termed adenomas or adenomatous polyps. Colorectal polyps can eventually develop 
into malignant tumor stages termed adenocarcinomas. 

FAP patients develop hundreds to thousands of adenomatous polyps in the colon and 
rectum at an early age, of which a subset inevitably progresses to carcinomas if not 
surgically removed.

Germline (loss-of-function) mutations in the APC gene were found to be the essential 
genetic event responsible for FAP.

The APC gene was originally discovered to be 
the culprit in a hereditary cancer syndrome
termed familial adenomatous polyposis (FAP).



1- nuclear accumulation of b-catenin is a hallmark of    activated canonical 
Wnt signaling; 

2- APC (and Axin) is critical for b-catenin degradation and thus considered 
a key negative regulator of the Wnt/b-catenin signaling cascade. 

•Nuclear b-catenin accumulates in the crypt stem 
cell/progenitor compartments in small intestine and 
colon;

•Transgenic expression in the intestine of adult mice of 
the Wnt inhibitor Dkk- 1 results in greatly reduced 
epithelial proliferation coincident with the loss of crypts;

•Inducible inactivation of APC in the intestine of adult 
mice results within days in the entire repopulation of villi 
by crypt-like cells, which accumulate nuclear b-catenin 
and fail to migrate and differentiate.

Wnt signaling is absolutely required for driving and maintaining crypt stem cell/progenitor 
compartments, and, thus, is essential for homeostasis of the intestinal epithelium.



The Hippo pathway in 
the intestinal crypts



Potential mechanism for YAP repression of Wnt in intestinal crypts

(a) Under normal conditions, YAP levels and Wnt signaling are balanced. Wnt signaling is received by ISCs in 
intestinal crypts from Paneth cells as well as other sources. ISCs divide and cells progress upward out of 
the crypt and begin to differentiate. YAP is found in the nucleus of ISCs and some other crypt cells, but is 
primarily cytoplasmic in the upper crypt and villi, where it is likely that Hippo targets YAP for 
phosphorylation. It is currently unclear if Hippo activity is strictly found in the villi as compared the 
crypts. Although immunohistochemical analysis would suggest that Hippo is primarily active in villi, this 
deserves more analysis. 

(b) When YAP is overabundant in the cytoplasm, Wnt signaling is repressed and the ISC niche is disrupted, 
causing aberrant upward migration of Paneth cells and loss of ISCs. 

(c) Because of ISC loss, the intestinal epithelium degenerates.



YAP/TAZ orchestrate the Wnt response





Cooperation between the HGF and 
WNT–β-catenin pathways. 

A recent report has shown that interaction of 
stroma-derived hepatocyte growth 
factor/scatter factor (HGF/SF) controls the 
maintenance of stem cell-like properties of 
colon cancer cells, which is a function of WNT–
β-catenin signalling.
A stem cell niche (top of the figure) contains 
epithelial (cancer) stem cells (shown in yellow) 
that are surrounded by mesenchymal
(myofibrillar) niche cells (shown in blue), which 
secrete HGF/SF. Multiple mechanisms have 
been reported to allow interactions between 
MET and WNT–β-catenin signalling in 
epithelial cells, of which a few are shown here. 
MET can contribute to the transcriptional 
activation of WNT ligands, such as WNT7B. 
MET can also induce the activation of 
β-catenin–TCF–LEF-target genes; for example, 
through direct or indirect (SRC) tyrosine 
phosphorylation (P) and nuclear targeting of 
β-catenin, or by inhibition of the β-catenin 
degradation complex by AKT phosphorylation 
of glycogen synthase kinase-3β (GSK3β). 
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The Hippo pathway in colon cancer


