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Usually, tumor suppressors are associated with signaling pathways that directly impact on 

transcription and gene expression profiles to increase proliferation and survival.  The major 

tumor suppressor in colon cancer is unusual in this regard.  It has many different functions 

and is increasingly recognized as an important cytoskeletal regulator.  A new study by 

Bruce Goode’s team at Brandeis University provides new mechanistic insights into this role 

and its importance for epithelial cell behavior, particularly directed cell migration and the 

associated turnover of focal adhesions [1]. 

The adenomatous polyposis coli (Apc) gene is mutated in most tumors of the lining 

of the intestinal tract and these mutations occur at the earliest stages of cancer initiation 

[2, 3].  The APC protein has received much attention in the context of regulating the activity 

of Wnt signaling, which dominates decisions about proliferation in the colonic epithelium 

[4].  Wnt is particularly important for stem cells and their survival [4].  However, unlike 

other tumor suppressors, APC is also physically linked to many other cellular machineries.  

Most notably it has direct interactions with all cytoskeletal proteins and some of their 

regulators [5].  The large molecular size of APC (2,843 amino acids in human) and the 

complexity of its interactions have made it difficult to separate its contributions to Wnt 
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signaling and cytoskeletal regulation [5].  Nonetheless, the consequences of APC 

cytoskeletal interactions for cell behavior and how changes in these processes contribute to 

cancer when APC is mutated are understood best for its effect on microtubules [6, 7].  APC 

binds to and bundles microtubules and this contributes to normal mitotic spindles and cell 

migration [6, 8].   Importantly, the interaction of APC with microtubules is mutually 

exclusive with its binding to -catenin [9, 10].  That means not only truncation mutations in 

Apc that abolish its binding to microtubules, but also stabilizing mutations in -catenin 

inhibit its contribution to microtubules stability and function [9, 10].  APC also interacts and 

cooperates with other microtubule +TIP binding proteins to form a superstructure that 

promotes the polymerization of microtubules [11].  APC also binds to actin.  Initial studies 

showed that the same domain that binds directly to microtubules is involved in the binding 

and bundling of F-actin [12].  In the new study, a functional consequence of the interaction 

of APC with actin has been revealed and the domain involved has been narrowly defined 

[1].  Specifically, Juanes et al. show that the ability of APC to nucleate actin assembly is 

important for the normal turnover of focal adhesions.  This can explain the deleterious 

effect of APC mutations on directed cell migration, which lead to loss of this domain.   

Generating a uniquely mutated APC protein, the authors generate a separation-of-

function mutant APC protein that is compromised only in this single activity and maintains 

normal interaction with and effect on microtubules in vitro and in vivo.  APC that contains 

two single point mutations at residues 2,539 and 2,541 can rescue microtubules 

organization in APC depleted cells, but not their directed migration.  This is likely due to the 

failure of focal adhesions to disassemble suggested by their persistence and retention of 

markers for mature focal adhesions.  Expression of this mutant APC protein even in the 

presence wild type APC has the same effect suggesting that its association with wild type 



APC creates non-functional protein complexes. Together with the inability of a 

corresponding APC protein fragment carrying these mutations to dimerize, this led to the 

hypothesis that dimerization of APC is a key factor in promoting the actin nucleation 

involved in focal adhesion disassembly. 

This is not the first time APC has been linked to the regulation of focal adhesions.  

Deletion of Apc specifically in the intestinal epithelium leads to upregulation of focal 

adhesion kinase (FAK) [13].  Consistently, prolonged persistence of focal adhesions in cells 

carrying APC defective in actin nucleation is accompanied by persistent FAK activation [1]. 

What emerges is the idea that focal adhesion disassembly requires the delivery of 

APC by microtubules, likely as part of a +TIP complex, to focal adhesions where it engages 

in promoting actin nucleation locally to initiate their disassembly (Figure).  Questions that 

now arise include how this handoff is orchestrated.  Specifically, what are molecular events 

that facilitate the local switch from being part of the microtubule +TIP complex to engaging 

in actin nucleation.  And how are proteins that regulate focal adhesions, particularly FAK, 

involved.  The specific domain of APC that was identified in the new study is flanked by two 

direct microtubule binding sites of APC and its activity requires dimerization [9, 11].  The 

ability of APC to stimulate microtubule polymerization does not require its dimerization 

and is enhanced by the presence of other +TIPs [11, 14].   This makes it attractive to 

speculate that engagement of both microtubule domains, binding to other +TIPs, 

dimerization (or multimerization) are involved in the change from microtubule 

polymerization to actin nucleation (Figure).  The idea that a complex interplay between 

different protein interactions can direct the function of APC locally, is also supported by the 

relationship between microtubule and -catenin binding by APC.  Binding of APC to 

microtubules and -catenin is mutually exclusive although it involves distinct regions of the 



APC molecule [9, 10].  Furthermore, the region of the APC protein involved in interactions 

with -catenin, microtubules, F-actin and +TIPs is predicted to be unstructured [15].  This 

may allow APC to assume different conformations when associating with different binding 

partners and provide the means to allow APC to be segregated into different functions.  

Altered migration is a commonly associated with tumor cells.  Invasion of tumor 

cells to form metastases distant from the original tumor site is what is most commonly 

responsible for lethality.  That means the idea that mutations in Apc that decrease cell 

migration are involved in tumorigenesis seems counterintuitive.  However, in the intestinal 

epithelium decreased migration is absolutely required to initiate cells that can form tumors 

at least initially.  Migration of cells in the colonic epithelium is particularly important for 

normal tissue homeostasis. Normally, proliferating cells produced by stem cells at the base 

of tissue invaginations called crypts of Lieberkühn, continually migrate upwards towards 

the lumen of the colon where they are exfoliated [16].  An important consequence of this 

highly dynamic turnover is that the lifetime of cells in the epithelium is extremely short.  An 

increase in the residency time in the epithelium is absolutely required for a cell to form 

tumors in the intestinal epithelium.  Indeed, decreased migration is a well-recognized 

consequence of Apc mutations in cultured cells and in intestinal tissue [6, 17]. Furthermore, 

computational models for tissue dynamics of crypts have shown that simply increasing the 

proliferation rate of cells is not sufficient to explain the ability of Apc mutant cells to 

preferentially colonize crypts over wild type cells [18].  Only by introducing increased 

retention of APC mutant cells, by making them more adherent or less migratory, could 

these models produce data matching in vivo results.  The new study provides molecular 

confirmation for these models [1].  Combined with the increase in genetic instability 



resulting from Apc mutations, prolonged retention of Apc mutant cells lays the foundation 

for the highly penetrant phenotype of Apc mutations [19].   

In summary, much like “Dementors” deliver the kiss of death to people in the 

famous Harry Potter stories, APC delivers a kiss of death to focal adhesions [20].  

Understanding how other protein interactions of APC keep this activity in check and how 

exchange between them is regulated will explain how cells conjure up a corresponding 

“Patronus” to protect them.  Given the complexity of APC interactions, it is likely that, just 

like the different shapes these protective spirits assume, a number of different mechanisms 

are involved.  

 

 

References: 

1. Juanes, M.A., Bouguenina, H., Eskin, J.A., Jaiswal, R., Badache, A., and Goode, B.L. 
(2017). Adenomatous polyposis coli nucleates actin assembly to drive cell migration 
and microtubule-induced focal adhesion turnover. J Cell Biol. 

2. Cancer Genome Atlas, N. (2012). Comprehensive molecular characterization of 
human colon and rectal cancer. Nature 487, 330-337. 

3. Jones, S., Chen, W.D., Parmigiani, G., Diehl, F., Beerenwinkel, N., Antal, T., 
Traulsen, A., Nowak, M.A., Siegel, C., Velculescu, V.E., et al. (2008). Comparative 
lesion sequencing provides insights into tumor evolution. Proc Natl Acad Sci U S A 
105, 4283-4288. 

4. Kretzschmar, K., and Clevers, H. (2017). Wnt/beta-catenin signaling in adult 
mammalian epithelial stem cells. Developmental biology. 

5. Nelson, S., and Nathke, I.S. (2013). Interactions and functions of the adenomatous 
polyposis coli (APC) protein at a glance. J Cell Sci 126, 873-877. 

6. Kroboth, K., Newton, I.P., Kita, K., Dikovskaya, D., Zumbrunn, J., Waterman-Storer, 
C.M., and Näthke, I.S. (2007). Lack of adenomatous polyposis coli protein correlates 
with a decrease in cell migration and overall changes in microtubule stability. Mol 
Biol Cell 18, 910-918. 

7. Li, Z., Kroboth, K., Newton, I.P., and Nathke, I.S. (2008). Novel self-association of 
the APC molecule affects APC clusters and cell migration. J Cell Sci 121, 1916-1925. 

8. Dikovskaya, D., Newton, I.P., and Näthke, I.S. (2004). The Adenomatous Polyposis 
Coli protein is required for the formation of robust spindles formed in CSF Xenopus 
extracts. Mol Biol Cell 15, 2978-2991. 



9. Dikovskaya, D., Li, Z., Newton, I.P., Davidson, I., Hutchins, J.R., Kalab, P., Clarke, 
P.R., and Nathke, I.S. (2010). Microtubule assembly by the Apc protein is regulated 
by importin-beta--RanGTP. J Cell Sci 123, 736-746. 

10. Penman, G.A., Leung, L., and Näthke, I.S. (2005). The adenomatous polyposis coli 
protein (APC) exists in two distinct soluble complexes with different functions. J Cell 
Sci 118, 4741-4750. 

11. Gupta, K.K., Alberico, E.O., Nathke, I.S., and Goodson, H.V. (2014). Promoting 
microtubule assembly: A hypothesis for the functional significance of the +TIP 
network. BioEssays : news and reviews in molecular, cellular and developmental 
biology 36, 818-826. 

12. Moseley, J.B., Bartolini, F., Okada, K., Wen, Y., Gundersen, G.G., and Goode, B.L. 
(2007). Regulated binding of adenomatous polyposis coli protein to actin. J Biol 
Chem 282, 12661-12668. 

13. Ashton, G.H., Morton, J.P., Myant, K., Phesse, T.J., Ridgway, R.A., Marsh, V., 
Wilkins, J.A., Athineos, D., Muncan, V., Kemp, R., et al. (2010). Focal adhesion 
kinase is required for intestinal regeneration and tumorigenesis downstream of 
Wnt/c-Myc signaling. Dev Cell 19, 259-269. 

14. Zumbrunn, J., Inoshita, K., Hyman, A.A., and Näthke, I.S. (2001). Binding of  the 
Adenomatous Polyposis Coli protein to microtubules increases microtubule stability 
and is regulated by GSK3b phosphorylation. Curr. Biol. 11, 44-49. 

15. Li, Z., and Näthke, I.S. (2005). Tumor-associated NH2-terminal fragments are the 
most stable part of the adenomatous polyposis coli protein and can be regulated by 
interactions with COOH-terminal domains. Cancer Res 65, 5195-5204. 

16. Kaur, P., and Potten, C.S. (1986). Cell migration velocities in the crypts of the small 
intestine after cytotoxic insult are not dependent on mitotic activity. Cell and tissue 
kinetics 19, 601-610. 

17. Sansom, O.J., Reed, K.R., Hayes, A.J., Ireland, H., Brinkmann, H., Newton, I.P., 
Batlle, E., Simon-Assmann, P., Clevers, H., Näthke, I.S., et al. (2004). Loss of Apc in 
vivo immediately perturbs Wnt signaling, differentiation, and migration. Genes & 
development 18, 1385-1390. 

18. Mirams, G.R., Fletcher, A.G., Maini, P.K., and Byrne, H.M. (2012). A theoretical 
investigation of the effect of proliferation and adhesion on monoclonal conversion 
in the colonic crypt. J Theor Biol 312, 143-156. 

19. Lugli, N., Dionellis, V.S., Ordonez-Moran, P., Kamileri, I., Sotiriou, S.K., Huelsken, J., 
and Halazonetis, T.D. (2017). Enhanced Rate of Acquisition of Point Mutations in 
Mouse Intestinal Adenomas Compared to Normal Tissue. Cell Rep 19, 2185-2192. 

20. Rowling, J.K. (1999). Harry Potter and the Prisoner of Azkaban, (London: 
Bloomsbury). 
 


