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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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Degradation of AXIN ↗

Stable identifier: R-HSA-4641257

AXIN is present in low concentrations in the cell and is considered to be the limiting component of the beta-catenin 
destruction complex in Xenopus; this may not be the case in mammalian cells, however (Lee et al, 2003; Tan et al, 
2012). Cellular levels of AXIN are regulated in part through ubiquitin-mediated turnover. E3 ligases SMURF2 and 
RNF146 have both been shown to play a role in promoting the degradation of AXIN by the 26S proteasome (Kim 
and Jho, 2010; Callow et al, 2011; Zhang et al, 2011).
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Tankyrase binds AXIN ↗

Location: Degradation of AXIN

Stable identifier: R-HSA-3640862

Type: binding

Compartments: cytosol

Several recent chemical screens have identified inhibitors of the poly-ADP ribosylation enzymes tankyrase (TNKS) 
1 and 2 as regulators of WNT signalling (Huang et al, 2009; Chen et al, 2009; Waaler et al, 2012). Endogenous 
TNKS1 and 2 associate with AXIN2 in SW480 cells as assessed by co-immunoprecipitation. Both AXIN1 and 
AXIN2 interact strongly with TNKS1/2 by two-hybrid, and deletion analysis shows that amino acids 19-30 of 
AXIN1 are necessary and sufficient for binding to TNKS1. This region, termed the tankyrase-binding-domain (TBD) 
is necessary and sufficient for the interaction in GST-pulldown and co-immunoprecipitation studies (Huang et al, 
2009).

Followed by: Tankyrase ADP-ribosylates AXIN
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Tankyrase ADP-ribosylates AXIN ↗

Location: Degradation of AXIN

Stable identifier: R-HSA-3640858

Type: transition

Compartments: cytosol

TNKS1 and 2 function redundantly to control AXIN protein levels through the addition of poly-ADP-ribosyl groups 
(PARSylation), which may lead to subsequent ubiquitination and degradation by the proteasome. In HEK293, 
SW480 and breast cancer cell lines, depletion of TNKS1 and 2 increases the protein levels of AXIN1 and AXIN2 
resulting in increased beta-catenin phosphorylation, decreased beta-catenin abundance and decreased expression of 
WNT targets and WNT-responsive reporters (Huang et al, 2009; Callow et al, 2011; Waaler et al, 2012; Bao et al, 
2012). In vitro, TNKS2 catalyzes the addition of ADP-ribosyl groups to the TBD fragment of AXIN1, while in vivo, 
both exogenous GST-AXIN1 and endogenous AXIN1 are PARSylated in a TNKS-dependent manner (Huang et al, 
2009; Callow et al, 2011; Zhang et al, 2011). PARSylation is likely required for the subsequent proteasome-mediated 
degradation of AXIN, as the increase in levels of polyubiquitinated AXIN1 and 2 seen upon treatment of cells with 
the proteasome inhibitor MG132 is lost if cells are simultaneously treated with an inhibitor of TNKS1 and 2 (Huang 
et al, 2009). Although in this reaction, TNKS is shown PARSylating unbound AXIN, it is likely that this regulation 
occurs at the level of the destruction complex. Also not shown in this reaction is the ability of TNKS to catalyze 
autoPARSylation reactions, which ultimately lead to its own degradation (Yeh et al, 2006; Huang et al, 2009; Zhang 
et al, 2011).

Preceded by: Tankyrase binds AXIN

Followed by: RNF146 binds RibC-AXIN:TNKS complex
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RNF146 binds RibC-AXIN:TNKS complex ↗

Location: Degradation of AXIN

Stable identifier: R-HSA-3640844

Type: binding

Compartments: cytosol

RNF146 is an E3 RING ubiquitin ligase that was identified as a positive regulator of WNT signalling (Callow et al, 
2011; Zhang et al, 2011). Depletion of RNF146 increases the levels of AXIN and decreases expression of WNT 
target genes and WNT-responsive reporters in a WNT-independent manner (Zhang et al, 2011; Callow et al, 2011). 
RNF146 binds directly to poly-ADP-ribose groups through its WWE domain and ubiquitinates substrates in a 
tankyrase-dependent manner (Zhang et al, 2011). AXIN, Tankyrase and RNF146 are thought to exist in a complex 
(Callow et al, 2011) and RNF146 mediates the tankyrase-dependent ubiquitination of all three proteins to promote 
their degradation (Callow et al, 2011; Zhang et al, 2011). In this reaction, only the targeted degradation of AXIN is 
depicted.

Preceded by: Tankyrase ADP-ribosylates AXIN

Followed by: RNF146 ubiquitinates ADP-ribosylated AXIN
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RNF146 ubiquitinates ADP-ribosylated AXIN ↗

Location: Degradation of AXIN

Stable identifier: R-HSA-3640861

Type: transition

Compartments: cytosol

RNF146 has in vitro and in vivo ubiquitination activity against AXIN, Tankyrase and itself (Callow et al, 2011; 
Zhang et al, 2011).

Preceded by: RNF146 binds RibC-AXIN:TNKS complex

Followed by: Ub-RibC-AXIN is degraded by the proteasome
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Ub-RibC-AXIN is degraded by the proteasome ↗

Location: Degradation of AXIN

Stable identifier: R-HSA-3640874

Type: omitted

Compartments: cytosol

In the presence of the proteasome inhibitor MG132, polyubiquitinated forms of AXIN accumulate (Huang et al, 
2009; Zhang et al, 2011; Callow et al, 2011). This effect is abrogated by co-treatment of cells with both MG132 and 
inhibitors of tankyrase activity, suggesting that both PARSylation and ubiquitination are required for AXIN 
degradation (Huang et al, 2009).

Preceded by: RNF146 ubiquitinates ADP-ribosylated AXIN
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SMURF2 binds AXIN ↗

Location: Degradation of AXIN

Stable identifier: R-HSA-4641134

Type: binding

Compartments: cytosol

SMURF2 is an E3 ubiquitin ligase for AXIN and promotes its ubiquitin-mediated degradation. Ectopic SMURF2 
immunoprecipitates both exogenously expressed and endogenous AXIN. AXIN is polyubiquitinated by SMURF2 at 
lysine 505 both in vitro and in vivo (Kim and Jho, 2012).

Followed by: AXIN is ubiquitinated by SMURF2
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AXIN is ubiquitinated by SMURF2 ↗

Location: Degradation of AXIN

Stable identifier: R-HSA-4641129

Type: transition

Compartments: cytosol

SMURF2 has been shown to ubiquitinate AXIN at lysine 505 both in vitro and in vivo in a manner that depends on 
the interaction between the two proteins (Kim and Jho, 2012).

Preceded by: SMURF2 binds AXIN

Followed by: Ubiquitinated AXIN is degraded by the proteasome
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Ubiquitinated AXIN is degraded by the proteasome ↗

Location: Degradation of AXIN

Stable identifier: R-HSA-4641256

Type: omitted

Compartments: cytosol

After ubiquitination by SMURF2, AXIN is degraded by the proteasome.

Preceded by: AXIN is ubiquitinated by SMURF2
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