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Wnt signalling  

Canonical (Wnt/Catenin) and Non-canonical (Wnt/Planar Cell Polarity 

and Wnt/Ca2+ Signalling) pathways  
Wnt proteins are secreted signal molecules that function as local autocrine mediators and 

morphogens to control many aspects of development. The term is derived from the orthologous 

genes wingless and proto oncogene Int-1. They are unusual, secreted proteins as they contain a fatty 

acid covalently attached to their N-terminus, which increases binding to their cell surfaces. There are 

19 wnt proteins in humans, that have different yet overlapping functions. For example, in adults, 

wnt signalling is very important as it determines cell fate by sustaining constant cellular regeneration 

by inducing stem cells to grow, whereas in embryo development, wnt signalling regulates 

developmental nephrogenesis and differentiation of tissues and cell fate specification which is 

critical for the development of important organs and tissues. The three wnt pathways are the 

canonical wnt/catenin pathway, the wnt/planar cell polarity pathway (regulates cytoskeleton which 
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Active type I receptors bind to and phosphorylates both Smad 2 and 3 (R-Smads) transcription regulators. 

Smad 2 and 3 then bind to Smad4 – a co-Smad, forming a heterodimer. This Smad complex then relocates to 

the nucleus and associates with other gene expression regulators to control transcription. 

 

 

Figure 1: TGFβ Smad-dependent pathway showing the binding and activation of tetrameric receptors and 

formation of Smad complex which passes through nuclear membrane to control gene transcription and assist 

cell growth and survival. 

The smad complex moves backwards and forwards between the nucleus and cytoplasm during the signalling. 

They become dephosphorylated in the nucleus and then can be rephosphorylated by the active receptors. This 

indicates that the effect on the target relates to the concentration of the signal and the amount of time that 

the signal lasts, which can take hours. This signalling pathway is controlled by negative feedback. In the target 

genes activated, the Smad complex can encode inhibitory Smad 7 and 6. These bind to the tail of the active 

receptor and inhibits the signalling ability in different ways including: competitive binding with R-Smads on the 

receptor to decrease R-Smad phosphorylation, recruitment of a ligase Smurf that ubiquitylates the receptor 

and causes degradation, and dephosphorylation and inactivation of the receptor by a phosphatase. Smad-4 

can also be inhibited by these inhibitory Smads which prevents its binding to R-Smads or causes degradation. 

The Estrogen Receptor 
The estrogen receptors (ER) are members of the nuclear hormone receptor superfamily and are transcription 

regulators. The two classes of estrogen receptor are ERα and ERβ (Fuentes & Silveyra, 2019). Estrogen is a 

steroid hormone that enters the plasma membrane and binds to the ER to directly influence binding to DNA 

target regions. Steroid hormone receptors including estrogen receptors have four main structural domains: the 

N-terminal (involved in gene transcription and mediates binding to target sequences), DNA binding domain 

(involved in ER dimerization and sequence specific binding on chromatin), hinge domain (connects the DNA 


