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Hyperactivation of the mTOR-AKT pathway frequently contributes to the spread of cancer 19 

cells, especially in aggressive breast cancer, to distant organs, promoting the lethal metastatic 20 

program. Despite advances in the understanding of this signaling pathway and the 21 

development of inhibitors, efforts are still needed to dissect its complexity. This is particularly 22 

the case for mTORC2, which constitutes one of the two major branches of the mTOR 23 

pathway and whose mode of regulation is poorly defined. The mTORC2 complex consists of 24 

RICTOR, an evolutionarily conserved protein associated to mTOR, LST8 and SIN1, which is 25 

responsible for the phosphorylation of AGC protein kinases (AKT, SGK1 and PKCα). In a 26 

recent report1, we reveal that, in breast cancer cells, the mTORC2 complex, through the 27 

RICTOR subunit, can associate with PRICKLE1, a core member of planar cell polarity (PCP) 28 

which normally shapes organs during embryogenesis of Metazoans (Figure 1). PRICKLE1 is 29 

a developmental gene upregulated in breast cancer cells which, along with other PCP 30 

components, promotes breast cancer cell motility through a WNT-dependent signaling 31 

cascade2,3. We provide evidence that the PRICKLE-RICTOR complex promotes cytoskeleton 32 

reorganization of breast cancer cells, cell motility, and proliferation. Cancer cells adopt an 33 

invasive phenotype by remodeling their actomyosin cytoskeleton leading to changes in cell 34 

shape, and the acquisition of a mesenchymal phenotype. In our study, we observe that cells 35 

defective for the PRICKLE1 complex are more spread out, present thicker actin bundles and 36 

more stable focal adhesions. We propose that this phenotype is due, at least in part, to a defect 37 

of integrin internalization, which is required for focal adhesion dynamics. However what links 38 

PRICKLE1 to the regulation of integrin endocytosis remains unknown. Our data further show 39 

that the association between PRICKLE1 and RICTOR is positively regulated by MINK1, a 40 

prometastatic serine-threonine kinase phosphorylating PRICKLE14. As a matter of fact, 41 

MINK1 acts as a rheostat not only for the control of the PRICKLE1-RICTOR association, but 42 

also for RICTOR - and thus mTORC2 - membrane localization, and induction of AKT 43 
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phosphorylation (Figure 1). This PRICKLE1-dependent AKT phosphorylation is rather 44 

specific as i) PKCα phosphorylation is insensitive to PRICKLE1 or MINK1 deficiency, and 45 

ii) only phosphorylation of AKT at serine 473 (required for signaling) and not at threonine 46 

450 (required for protein stability) is affected. 47 

AKT is a pivotal enzyme regulated by phosphorylation, controlling numerous cellular 48 

processes such as proliferation, survival and cell motility. Previous work suggested that 49 

mTORC2 localization may play an important role in the regulation of AKT phosphorylation5. 50 

Our work suggests that it may be due, in part, to the PRICKLE1 complex which localizes in 51 

discrete membrane compartments1. We obtained some interesting confirmation of our data in 52 

clinical samples by showing that, in aggressive triple-negative (also called basal) breast 53 

cancers, overexpression of PRICKLE1 correlates with high levels of phosphorylated AKT as 54 

well as of two AKT substrates (FOXO3A and PRAS40)1. 55 

Our findings raise several issues. We will discuss four of them (Figure 1). First, do other PCP 56 

components belong to the PRICKLE1-mTORC2-AKT pathway described above? It may well 57 

be that VANGL1 and VANGL2, two homologous PCP receptor associated with PRICKLE1 58 

and overexpressed in breast cancers1-3, act upstream with the help of WNT ligands and co-59 

receptors. Upstream regulators may vary with cell context: in drug-resistant melanoma, 60 

increased levels of WNT5A and the presence of FRIZZLED7 and RYK PCP receptors 61 

correlate with AKT phosphorylation6. However, hijacking of the mTORC2-AKT pathway by 62 

overexpressed PRICKLE1 in cancer cells remains a possibility. Definitive answers should be 63 

provided by genetic studies testing the involvement of the mTORC2-AKT pathway in PCP-64 

dependent developmental processes. Second, the role of PRICKLE1 in cell shape regulation 65 

requires further investigations. Interestingly, a recent report addressed this issue and showed 66 

the importance of Rho signaling7. However the role of MINK1 in this process remains 67 

unknown. Third, as we do not fully recapitulate the phenotypes observed by knock-down of 68 
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the PRICKLE1-mTORC2 complex with AKT inhibitors, we suspect the involvement of non-69 

AKT signaling, maybe linked to RhoA, associated with PRICKLE1. Some candidate 70 

molecules could be certainly selected from the large web of PRICKLE1 interactors recently 71 

identified by our lab and others1,4,7. Fourth, we previously showed that Rab5 and Rab11 are 72 

required for the asymmetrical distribution of the PRICKLE1 protein complex at the plasma 73 

membrane4. As these small GTPases are implicated in cancer progression, their role in 74 

PRICKLE1-dependent cancer cell migration will have to be tested.  75 

Our report reveals a previously unidentified link between the developmental PCP pathway 76 

and mTORC2, in breast cancer, adding further support to recent data implicating this pathway 77 

in tumorigenesis. Further, it paves the way to the development of strategies for potential 78 

inhibition of this hyperactive signaling cascade, either directly (inhibition of MINK1 or 79 

PRICKLE1-RICTOR interaction) or indirectly (AKT inhibition) in the future. 80 
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Figure 1: Left: localization of Venus-PRICKLE1 at the leading edge of a migratory MDA-93 

MB231 breast cancer cell. Right: schematic of PRICKLE1 recruitment at the plasma 94 

membrane. Phosphorylation of PRICKLE1 by MINK1 leads to the localization of the 95 

PRICKLE1-mTORC2 protein complex and to AKT phosphorylation. The four main questions 96 

to answer (see text) are numbered in red. 97 




