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Abstract 

Amplification of Cyclin D1 is a frequent alteration in many cancers of different type and 

origin. We recently described a novel regulatory axis involving Cyclin D1 in the regulation 

of tumor invasion and metastasis. Membrane-associated Cyclin D1-CDK4 complexes 

promote the activation of the small GTPase RAC1 through the phosphorylation of the 

regulatory protein Paxillin (PXN). 

 

D-type cyclins are the regulatory subunits of the Cyclin-dependent Kinases 4/6 (CDK4/6). 

These complexes trigger cell cycle entry by phosphorylation and inactivation of the 

retinoblastoma protein (RB1, hereinafter pRB) and consequently, by releasing E2F-

dependent transcription of S phase genes. Among D-type cyclins, Cyclin D1 (CCND1) is 

one of the most studied oncogenes, and the presence of abundant amounts of this cyclin 

in cells and tissues is a mark of proliferation and tumor growth (for a review see ref.1). 

Indeed, many tumors of different type and origin show amplification of Ccnd1. But besides 

the pRB-dependent role of Ccnd1 in the regulation of proliferation, this cyclin also 

regulates other cellular processes, such as cell adhesion and migration. Ccnd1-/- 

macrophages and fibroblasts show increased capacity of attachment to the extracellular 

matrix and reduced potential of cell migration and invasion 2. We and others have 

previously showed that the Ccnd1-Cdk4 complex impinges upon the activity of different 

small GTPases such as RHOA and RALA/B. Ccnd1-Cdk4 negatively regulates RhoA 

activity through the stabilization of the Cyclin-dependent Kinase Inhibitor p27 (CDKN1B) 3, 
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and the same complex seems to positively regulate Ral A and B activities by the 

phosphorylation of the GTPase Exchange Factor (GEF) RGL2 4. The spatial and temporal 

adjustment of all these small GTPases is essential for an efficient cell migration and 

invasion. Now, in a recent work, we have contributed another member to this repertoire, 

the GTPase RAC1, showing that Ccnd1 regulates cell adhesion and migration via 

activation of this small GTPase 5. The Ccnd1-Cdk4 complex reduces cell adhesion and 

increases cell migration/invasion through the phosphorylation of Paxillin (PXN) at serines 

83 and 178. Although Paxillin is a scaffold protein mainly localized at focal adhesions we 

have shown that a subpopulation of Paxillin and Ccnd1 exclusively co-localize at the cell 

membrane, and that Ccnd1-Cdk4 triggers the accumulation of Rac1-GTP in a manner that 

depends upon its ability to phosphorylate Paxillin. Hence, we have described a new 

regulatory axis composed of Ccnd1·Cdk4-Paxillin-Rac1 that controls cell adhesion and 

migration.  

Nuclear Ccnd1-Cdk4 exerts its function as a modulator of transcription acting on different 

targets 1. In agreement with this, Ccnd1 is visualized by fluorescence microscopy and 

immunohistochemistry in the nucleus of cells in culture and in tissues, respectively. 

However, Ccnd1 can be localized in the cytoplasm and in the cell membrane under certain 

conditions (see Figure 1). Diehl and co-workers demonstrated that Ccnd1 is re-localized 

and degraded in the cytoplasm of fibroblasts during S-phase after phosphorylation by 

GSK3(GSK3B)6. Also, Balda and collaborators revealed that tight junction proteins 

sequester Ccnd1-Cdk4 in the membrane of epithelial cells to reduce cell proliferation as a 

mechanism of proliferative arrest during cell-to-cell contact inhibition 7. In both cases, 

Ccnd1 does not seem to play an active role in the cytoplasm and its re-localization is 

viewed as part of a mechanism to keep Ccnd1 out of the nucleus. Despite this, there are 

some previous indications pointing to an active role of Ccnd1-Cdk4 in the cytoplasm and in 

the cell membrane. For instance, Ccnd1 has been shown to interact with filamin A (FLNA) 

and to co-localize with this protein in membrane ruffles 8. Our recent contribution confirms 

that a subpopulation of the Ccnd1 protein is localized in the membrane 5, together with 

Paxillin and active Rac1, and it strongly suggests that this localization is functionally 

relevant in the regulation of cell adhesion and invasion. Hence, we provide new and 

compelling evidence that cytoplasmic Ccnd1 has an important role regulating different 

pathways to induce migration and invasion.   
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The accumulation of Ccnd1 and Cdk4 in the nucleus promotes growth of the tumors due to 

an increment in the proliferative capabilities of tumor cells 1. It is generally accepted that 

activation/inactivation of many transcriptional factors by Ccnd1-Cdk4, including the 

canonical pathway to inactivate pRB, produces this hyperproliferative effect. But in addition 

to this phenotype, Ccnd1-Cdk4 also promotes cell invasion and metastasis. For instance, 

the expression of Ccnd1 is associated with metastases from prostate tumors 9. It has been 

suggested that metastatic potential of Ccnd1 is related to its ability to increment cell 

motility and migration 2. Our results suggest that membrane-associated activity of the 

Ccnd1-Cdk4 complex is responsible at least in part of the induction of invasion and 

metastasis in tumors overexpressing Ccnd1. As mentioned above, Ccnd1 induces 

invasion through the phosphorylation of Paxillin in the cell membrane 5. In agreement with 

this, we have observed that a phosphomimetic allele of Paxillin rescues the metastatic 

potential of Ccnd1-defficient cells without affecting their proliferative state. This also 

agrees with the reported requirement of phospho-Pxn for the induction of metastases in 

different tumor models. Reinforcing the idea that cytoplasmic Ccnd1 is important in 

promoting metastases, we have recently demonstrated that expression of a membrane-

associated allele of Ccnd1 harboring a C-terminus farnesylation motif increases the 

invasive and metastatic potential of tumor cells 10.  

In mammals the differentiation of many tissues and organs requires cell polarization, 

migration and changes in cell-substrate adherence. Polarity may be coordinated with the 

proliferation machinery to achieve proper organism development and tissue homeostasis. 

Anomalies in this coordination may be critical in the development of oncogenesis. In view 

of all the new facts concerning Ccnd1, this cyclin is now a solid candidate to participate in 

processes involved in the coordination of cell proliferation and migration. Under normal 

and pathological conditions, changes in the subcellular localization of Ccnd1-Cdk4 activity 

could be part of a mechanism for the cell to decide whether it proliferates or migrates. 

Therefore, the presence of abnormal levels of cytoplasmic Ccnd1-Cdk4 in tumor cells may 

be taken as an indication of high invasion potential and may be useful as a diagnostic 

marker for high metastatic risk. In addition, the dual role of Ccnd1-Cdk4 in regulating both 

tumor growth and invasion in many different tumors decidedly supports the use of 

therapies based on Cdk4/6 inhibitors.   
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