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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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Cyclin D associated events in G1 ↗

Stable identifier: R-HSA-69231

Three D-type cyclins are essential for progression from G1 to S-phase. These D cyclins bind to and activate both 
CDK4 and CDK6. The formation of all possible complexes between the D-type cyclins and CDK4/6 is promoted by 
the proteins, p21(CIP1/WAF1) and p27(KIP1). The cyclin-dependent kinases are then activated due to 
phosphorylation by CAK. The cyclin dependent kinases phosphorylate the RB1 protein and RB1-related proteins 
p107 (RBL1) and p130 (RBL2). Phosphorylation of RB1 leads to release of activating E2F transcription factors 
(E2F1, E2F2 and E2F3). After repressor E2Fs (E2F4 and E2F5) dissociate from phosphorylated RBL1 and RBL2, 
activating E2Fs bind to E2F promoter sites, stimulating transcription of cell cycle genes, which then results in proper 
G1/S transition. The binding and sequestration of p27Kip may also contribute to the activation of CDK2 cyclin 
E/CDK2 cyclin A complexes at the G1/S transition (Yew et al., 2001).
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Association of INK4 family proteins with CDK4/6 ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-182594

Type: binding

Compartments: cytosol

Prior to mitogen activation, the inhibitory proteins of the INK4 family (p15, p16, p18, and p19) associate with the 
catalytic domains of free CDK4 and CDK6, preventing their association with D type cyclins (CCND1, CCND2 and 
CCND3), and thus their activation and their inhibitory phosphorylation of the RB family (Serrano et al. 1993, 
Hannon and Beach 1994, Guan et al. 1994, Guan et al. 1996, Parry et al. 1995). Inactivation and defects of RB1 
strongly upregulate p16INK4A (Parry et al. 1995).

Literature references

Hannon, GJ., Serrano, M., Beach, D. (1993). A new regulatory motif in cell-cycle control causing specific inhibition of 
cyclin D/CDK4. Nature, 366, 704-7. ↗

Matera, AG., Xiong, Y., Guan, KL., Zariwala, M., Li, Y., O'Keefe, CL. et al. (1996). Isolation and characterization of 
p19INK4d, a p16-related inhibitor specific to CDK6 and CDK4. Mol Biol Cell, 7, 57-70. ↗

Peters, G., Bates, S., Mann, DJ., Parry, D. (1995). Lack of cyclin D-Cdk complexes in Rb-negative cells correlates with 
high levels of p16INK4/MTS1 tumour suppressor gene product. EMBO J., 14, 503-11. ↗

Hannon, GJ., Beach, D. (1994). p15INK4B is a potential effector of TGF-beta-induced cell cycle arrest. Nature, 371, 
257-61. ↗

Matera, AG., Xiong, Y., Guan, KL., Nichols, MA., Li, Y., O'Keefe, CL. et al. (1994). Growth suppression by p18, a 
p16INK4/MTS1- and p14INK4B/MTS2-related CDK6 inhibitor, correlates with wild-type pRb function. Genes Dev, 8
, 2939-52. ↗

Editions
2005-10-07 Edited Matthews, L.

2006-07-10 Authored Matthews, L.

2013-09-03 Reviewed Samarajiwa, S.

2016-10-07 Edited Orlic-Milacic, M.

2016-11-04 Reviewed Roger, PP.

2019-04-23 Reviewed Bennett, DC.

https://reactome.org Page 4

https://reactome.org/content/detail/R-HSA-182594
http://www.ncbi.nlm.nih.gov/pubmed/8259215
http://www.ncbi.nlm.nih.gov/pubmed/8741839
http://www.ncbi.nlm.nih.gov/pubmed/7859739
http://www.ncbi.nlm.nih.gov/pubmed/8078588
http://www.ncbi.nlm.nih.gov/pubmed/8001816
https://reactome.org


Formation of CDK4/6:CCND complexes ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-8941895

Type: binding

Compartments: cytosol

The cyclin dependent kinase CDK4 or CDK6 forms a complex with one of the cyclin D family (CCND) members: 
cyclin D1 (CCND1), cyclin D2 (CCND2) or cyclin D3 (CCND3) (Matsushime et al. 1992, Meyerson and Harlow 
1994, La Baer et al. 1997, Bagui et al. 2003, Cerqueira et al. 2014). This association is regulated by mitogenic 
pathways (Cheng et al. 1998, Depoortere et al. 1998). While the binding of Cip/Kip CDK-inhibitors (CDKIs) 
(CDKNA1 - p21Cip, CDKN1B - p27Kip or CDKN1C - p57Kip2) stabilizes CDK4/6:CCND complexes by 
decreasing their dissociation rate (La Baer et al. 1997; reviewed by Sherr and Roberts 1999), CIP/KIP CDKIs are not 
needed for binding of CDK4 or CDK6 to CCNDs and activity of CDK4/6:CCND complexes (Bagui et al. 2000, 
Sugimoto et al. 2002, Bagui et al. 2003, Cerqueira et al. 2014; reviewed by Bockstaele et al 2006).

Followed by: Translocation of CDK4/6:CCND complexes from the cytoplasm to the nucleus, Cip/Kip CDK 
inhibitors bind CDK4/6:CCND complexes
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Cip/Kip CDK inhibitors bind CDK4/6:CCND complexes ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-8941915

Type: binding

Compartments: cytosol

Binding of CDK inhibitors of the Cip/Kip family, CDKNA1 (p21Cip), CDKN1B (p27Kip) or CDKN1C (p57Kip2) 
to the complex of CDK4 or CDK6 and cyclin D family members (CCND1, CCND2 or CCND3), inhibits kinase 
activity of the CDK4/6:CCND complexes but at the same time increases their stability and, hence, their abundance 
(La Baer et al. 1997, Bagui et al. 2003, Cerqueira et al. 2014; reviewed by Bockstaele et al. 2006). Based on 
structural studies of CDKN1B, Cip/Kip inhibitors simultaneously interact with CDK4/6 and CCNDs (Liu et al. 
2010). Phosphorylation of CDKN1B on threonine residues T157 and T198 by activated AKT in early G1 may 
precede binding of CDKN1B to CDK4/6:CCND complexes (Larrea et al. 2008).

Preceded by: Formation of CDK4/6:CCND complexes

Followed by: Tyrosine kinases phosphorylate Cip/Kip inhibitors bound to CDK4/6:CCND complexes, 
Translocation of CDK4/6:CCND complexes from the cytoplasm to the nucleus
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Tyrosine kinases phosphorylate Cip/Kip inhibitors bound to CDK4/6:CCND com-
plexes ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-8942607

Type: transition

Compartments: cytosol

Phosphorylation of Cip/Kip cyclin-dependent kinase (CDK) inhibitors CDKN1A (p21Cip), CDKN1B (p27Kip1) and 
CDKN1C (p57Kip2) on conserved tyrosine residues Y77, Y88 and Y91, respectively, can convert them from bound 
inhbitors to bound non-inhibitors of CDK4 or CDK6 complexes with D cyclins by dislodging them from the active 
site of CDK4 or CDK6. This mechanism was studied in most detail on the example of CDKN1B associated with the 
CDK2:CCNA complex (Grimmler et al. 2007) and the CDK4:CCND1 complex (James et al. 2008, Patel et al. 2015). 
For a review of this topic, please refer to Blain 2008. 
CDKN1A can be phosphorylated at tyrosine residue Y77 by protein tyrosine kinase ABL1 (Hukkelhoven et al. 
2012). CDKN1B can be phosphorylated at tyrosine residue Y88, and probably also at the adjacent Y89, by protein 
tyrosine kinases ABL1 (Grimmler et al. 2007, James et al. 2008, Ray et al. 2009, Ou et al. 2011), LYN (Grimmler et 
al. 2007), SRC (Larrea et al. 2008), JAK2 (Jakel et al. 2011) and PTK6 (Patel et al. 2015). CDKN1C can be 
phosphorylated at tyrosine residue Y91 by protein tyrosine kinase ABL1 (Borriello et al. 2011). 
Dislodgment of the tyrosine phosphorylated 3-10 helix of Cip/Kip CDK inhibitors from the active site of cyclin D-
bound CDK4 or CDK6 results in increased catalytic activity of CDK4 or CDK6 by allowing ATP binding to the 
active site, but also by enabling activating phosphorylation of the T-loop of CDK4 or CDK6 phosphorylation by 
CDK7 in complex with cyclin H (Ray et al. 2009). 
SRC-mediated phosphorylation of CDKN1B on tyrosine residue Y88 was shown to reduce protein stability of 
CDKN1B (Chu et al. 2007). 
Without overexpression of BCR-ABL or SRC-family tyrosine kinases in several cell systems, tyrosine 
phosphorylated p27 is either undetectable or a very low abundance species (Ishida et al. 2000, Jaimes et al. 2008, 
Grimmler et al. 2007) that does not bind preferentially to CDK4 (Jaimes et al. 2008). Therefore, tyrosine 
phosphorylation of p27 is unlikely to be the sole explanation of the full activity of p27-bound CDK4:CCND 
complexes reported in previous studies (Blain et al. 1997, Coulonval et al. 2003, Bockstaele et al. 2006). It has been 
proposed that stoichiometry of the Cip/Kip complex with CDK4 or CDK6 and cyclin D, in addition to or alternative 
to tyrosine phosphorylation of Cip/Kip CDK inhibitors, determines their inhibitory role where binding of more than 
one molecule of CDKN1A, CDKN1B or CDKN1C would be needed to achieve inhibition of the CDK4/6:CCND 
complex (reviewed by Paternot et al. 2010).

Preceded by: Cip/Kip CDK inhibitors bind CDK4/6:CCND complexes

Followed by: Translocation of CDK4/6:CCND complexes from the cytoplasm to the nucleus
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Translocation of CDK4/6:CCND complexes from the cytoplasm to the nucleus ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-8942803

Type: omitted

Compartments: nuclear envelope

Cyclin D:CDK4/6 complexes translocate to the nucleus from the cytoplasm at G1/S transition (Wang et al. 2008). 
This nuclear accumulation requires the binding to the Cip/Kip cyclin-dependent kinase (CDK) inhibitors CDKN1A 
(p21Cip), CDKN1B (p27Kip1) and probably also CDKN1C (p57Kip2), and the C-terminal NLS sequence of 
Cip/Kip proteins (LaBaer et al. 1997, Reynisdottir and Massagué 1997). Phosphorylations close to the NLS (at T145 
in CDKN1A and T157 in CDKN1B) impede the nuclear localization of Cip/Kip proteins (Zhou et al. 2001, Shin et 
al. 2005) and potentially of CDK4/6:CCND complexes. One study suggested that tyrosine phosphorylation of p27 
(CDKN1B) could facilitate the nuclear import of p27-bound CDK4 (Kardinal et al. 2006). However, others observed 
that endogenous Y88-phosphorylated p27Kip1, as well as overexpressed p27Kip1 phosphorylated by JAK2 was 
predominantly cytoplasmic (Jäkel et al. 2011). Effects of tyrosine phosphorylation of CDKN1A and CDKN1C on 
their localization have not been investigated. 
In the absence of Cip/Kip proteins, a small number of CDK4/6:CCND complexes enter the nucleus through an 
unknown mechanism and phosphorylate target proteins (Bagui et al. 2003).

Preceded by: Formation of CDK4/6:CCND complexes, Tyrosine kinases phosphorylate Cip/Kip inhibitors 
bound to CDK4/6:CCND complexes, Cip/Kip CDK inhibitors bind CDK4/6:CCND complexes

Followed by: CDK4/6:CCND complexes are activated by T-loop phosphorylation of CDK4/6
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CDK4/6:CCND complexes are activated by T-loop phosphorylation of CDK4/6 ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-8942836

Type: transition

Compartments: nucleoplasm

T-loop phosphorylation of CDK4 and CDK6 on threonine residues T172 and T177, respectively, is necessary for 
catalytic activity of complexes of CDK4 and CDK6 with D-type cyclins (CCND1, CCND2 and CCND3) (Kato, 
Matsuoka, Strom and Sherr 1994, Merzel-Schachter et al. 2013, Bisteau et al. 2013). These phosphorylations depend 
on prior D type cyclin binding (Kato, Matsuoka, Polyak et al. 1994, Bockstaele et al. 2006). The T-loop 
phosphorylation is not precluded by the association of CDK4/6:CCND complexes to Cip/Kip cyclin-dependent 
kinase (CDK) inhibitors CDKN1A (p21Cip) and CDKN1B (p27Kip1), however high expression levels of CDKN1B 
reduce the T172 phosphorylation of CDK4 (Kato, Matsuoka, Polyak et al. 1994, Bockstaele et al. 2006, Ray et al. 
2009). Phosphorylation at tyrosine residue Y89 of CDKN1B (p27Kip1) bound to CDK4:CCND complexes was 
found to be necessary for phosphorylation of CDK4 by the CAK complex (composed of CDK7, CCNH and MAT1) 
in vitro, but not for the phosphorylation by CSK1 of S. pombe (Ray et al. 2009). T-loop phosphorylations of CDK4 
and CDK6 are differentially regulated (Bockstaele et al. 2009). Especially, the T172 phosphorylation of CDK4 is 
strictly controlled by mitogenic and antimitogenic pathways (Paternot and Roger 2009), and it can be differentially 
regulated in cyclin D1:CDK4 and cyclin D3:CDK4 complexes (reviewed by Paternot et al. 2010). The T-loop T172 
phosphorylation motif of CDK4 differs from the other cell cycle CDKs, including CDK6, by the presence of an 
adjacent proline residue (P173) that is evolutionarily conserved. This proline residue is required for T172 
phosphorylation of CDK4 in vivo, but not for its in vitro phosphorylation by CAK. This indicates that CDK4 might 
be activated by other proline-directed kinases in vivo (Bockstaele et al. 2009). Nevertheless, in HCT116 colon 
carcinoma cell line, the activity of CDK7 is required for the T172 phosphorylation of CDK4 and the activity of 
CDK4/6:CCND complexes (Merzel Schachter et al. 2013, Bisteau et al. 2013). T170 phosphorylation of CDK7 
facilitates the activity of CAK on CDK4 (Merzel Schachter et al. 2013). However, CDK7 inhibition in HCT116 cells 
does not preclude the T172 phosphorylation of CDK4:CCND complexes that are not associated with CDKN1A 
(Bisteau et al. 2013). 
Phosphorylation of CDKN1A at serine residue S130 by CDK4/6 and CDK2 has been implicated as a pre-requisite 
for CAK-mediated phosphorylation of CDKN1A-bound CDK4 (Bisteau et al. 2013). Other kinases involved in 
phosphorylation of CDK4 at T172 remain to be defined (Bockstaele et al. 2009, Bisteau et al. 2013, reviewed by 
Paternot et al. 2010).

Preceded by: Translocation of CDK4/6:CCND complexes from the cytoplasm to the nucleus

Followed by: Cyclin D:CDK4/6 mediated phosphorylation of p107 (RBL1) and dissociation of phos-
phorylated p107 (p-RBL1) from DP1:E2F4 complex, Cyclin D:Cdk4/6 mediated phosphorylation of p130 
(RBL2) and dissociation of phosphorylated p130 (RBL2) from DP1:E2F4/5 complex, Cyclin D:CDK4/6 
phosphorylates RB1 and prevents RB1 binding to E2F1/2/3:DP1/2 complexes
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RB1 translocates to the nucleus ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-9659820

Type: omitted

Compartments: nucleoplasm, cytosol

Amino acid residues 860-876 in the C terminal part of RB1 constitute a bipartite nuclear localization signal (NLS), 
needed for translocation of RB1 from the cytosol to the nucleus. In the absence of the NLS, only a small portion of 
RB1 translocates to the nucleus, while a large portion of RB1 is retained in the cytosol (Zacksenhaus et al. 1993).

Followed by: RB1 binds and inhibits E2F1/2/3:DP1/2 complexes, Cyclin D:CDK4/6 phosphorylates RB1 
and prevents RB1 binding to E2F1/2/3:DP1/2 complexes

Literature references

Gallie, BL., Zacksenhaus, E., Phillips, RA., Bremner, R. (1993). A bipartite nuclear localization signal in the retino-
blastoma gene product and its importance for biological activity. Mol. Cell. Biol., 13, 4588-99. ↗
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RB1 binds and inhibits E2F1/2/3:DP1/2 complexes ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-9018017

Type: binding

Compartments: nucleoplasm

RB1 tumor suppressor, the product of the retinoblastoma susceptibility gene, binds to E2F transcription factors 
E2F1, E2F2 and E2F3, presumably heterodimerized with TFDP1 or TFDP2. The interaction involves the pocket 
domain of RB1. RB1 binding inhibits transcriptional activity of E2F1/2/3:TFDP1/2 complexes, resulting in 
prevention of G1/S transition (Chellappan et al. 1991, Bagchi et al. 1991, Chittenden et al. 1991, Lees et al. 1993, 
Hiebert 1993, Wu et al. 2001). Once RB1 is phosphorylated on serine residue S795 by Cyclin D:CDK4/6 complexes, 
it can no longer associate with and inhibit E2F1/2/3:TFDP1/2 complexes. Thus, CDK4/6-mediated phosphorylation 
of RB1 leads to transcriptional activation of E2F1/2/3 target genes needed for the S phase of the cell cycle (Connell-
Crowley et al. 1997).

Preceded by: RB1 translocates to the nucleus

Literature references

Hiebert, SW. (1993). Regions of the retinoblastoma gene product required for its interaction with the E2F transcrip-
tion factor are necessary for E2 promoter repression and pRb-mediated growth suppression. Mol. Cell. Biol., 13, 
3384-91. ↗

Nevins, JR., Maiti, B., Chong, GT., Leone, G., Sang, L., Wu, L. et al. (2001). The E2F1-3 transcription factors are essen-
tial for cellular proliferation. Nature, 414, 457-62. ↗

Chittenden, T., Kaelin, WG., Livingston, DM. (1991). The T/E1A-binding domain of the retinoblastoma product can 
interact selectively with a sequence-specific DNA-binding protein. Cell, 65, 1073-82. ↗

Connell-Crowley, L., Goodrich, DW., Harper, JW. (1997). Cyclin D1/Cdk4 regulates retinoblastoma protein-mediated 
cell cycle arrest by site-specific phosphorylation. Mol Biol Cell, 8, 287-301. ↗

Bagchi, S., Raychaudhuri, P., Weinmann, R. (1991). The retinoblastoma protein copurifies with E2F-I, an E1A-regu-
lated inhibitor of the transcription factor E2F. Cell, 65, 1063-72. ↗
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Cyclin D:CDK4/6 phosphorylates RB1 and prevents RB1 binding to E2F1/2/3:DP1/2 
complexes ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-69227

Type: transition

Compartments: nucleoplasm

CDK4 and CDK6, in complex with D type cyclins (CCND1, CCND2 or CCND3) monophosphorylate RB1 
(Narasimha et al. 2014). In G1, any serine or threonine residue on RB1 can be monophosphorylated by CDK4/CDK6 
in complex with cyclin D. Studies have implicated progressive phosphorylation of RB1 by CDK2. CDK4/CDK6-
mediated monophosphorylation is a pre-requisite for hyperphosphorylation of RB1 mediated by the complex of 
CDK2 and E type cyclins (CCNE1 or CCNE2) (Connell-Crowley et al. 1997, Lundberg and Weinberg 1998, Brown 
et al. 1999, Harbour et al. 1999, Yu et al. 2000, Ezhevsky et al. 2001). Some studies imply that CDK4/CDK6 activity 
results in RB1 hyperphosphorylation in late G1 phase, while the CDK2:CCNE complex takes over the role of RB1 
hyperphosphorylation at S phase entry (Chung et al. 2019). Several studies have shown that the complex of 
CDK4/CDK6 and cyclin D monophosphorylates RB1 on any of the fourteen in vivo phosphorylated RB1 residues 
(out of sixteen predicted CDK-target sites). Monophosphorylation at different residues has different consequences on 
RB1 protein-protein interactions (Narasimha et al. 2014, Sanidas et al. 2019).

Preceded by: CDK4/6:CCND complexes are activated by T-loop phosphorylation of CDK4/6, RB1 translo-
cates to the nucleus

Literature references

Dean, DC., Dei Santi, A., Postigo, AA., Harbour, JW., Luo, RX. (1999). Cdk phosphorylation triggers sequential in-
tramolecular interactions that progressively block Rb functions as cells move through G1. Cell, 98, 859-69. ↗
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tion Modulates the Function of RB. Mol. Cell, 73, 985-1000.e6. ↗

Weinberg, RA., Lundberg, AS. (1998). Functional inactivation of the retinoblastoma protein requires sequential 
modification by at least two distinct cyclin-cdk complexes. Mol. Cell. Biol., 18, 753-61. ↗

Gallie, BL., Brown, VD., Phillips, RA. (1999). Cumulative effect of phosphorylation of pRB on regulation of E2F activ-
ity. Mol. Cell. Biol., 19, 3246-56. ↗

Meyer, T., Köberlin, MS., Yang, HW., Liu, C., Cappell, SD., Chung, M. (2019). Transient Hysteresis in CDK4/6 Activity 
Underlies Passage of the Restriction Point in G1. Mol. Cell, 76, 562-573.e4. ↗
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Cyclin D:CDK4/6 mediated phosphorylation of p107 (RBL1) and dissociation of phos-
phorylated p107 (p-RBL1) from DP1:E2F4 complex ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-1226095

Type: transition

Compartments: nucleoplasm

In late G1, cyclin D dependent kinases CDK4 and CDK6 phosphorylate RBL1 (p107) on four serine and threonine 
residues (S964, S975, T369 and S640), leading to dissociation of phosphorylated RBL1 (p107) from E2F4 in 
complex with either DP-1 or DP-2. E2F4, which lacks nuclear localization signal, is then thought to translocate to 
the cytosol, allowing E2F promoter sites to become occupied by activating E2Fs (E2F1, E2F2, and E2F3), resulting 
in transcription of E2F targets needed for cell cycle progression.

Preceded by: CDK4/6:CCND complexes are activated by T-loop phosphorylation of CDK4/6

Followed by: Dephosphorylation of p107 (RBL1) by PP2A

Literature references

Kerkhoven, RM., Carlée, L., Beijersbergen, RL., Bernards, R. (1995). Regulation of the retinoblastoma protein-re-
lated p107 by G1 cyclin complexes. Genes Dev, 9, 1340-53. ↗

Livingston, DM., Gaubatz, S., Lindeman, GJ., Ginsberg, D. (1997). The subcellular localization of E2F-4 is cell-cycle 
dependent. Proc Natl Acad Sci U S A, 94, 5095-100. ↗

Leng, X., Adams, PD., Noble, M., Qin, J., Harper, JW. (2002). Reversal of growth suppression by p107 via direct phos-
phorylation by cyclin D1/cyclin-dependent kinase 4. Mol Cell Biol, 22, 2242-54. ↗
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Dephosphorylation of p107 (RBL1) by PP2A ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-1363274

Type: transition

Compartments: nucleoplasm

Dephosphorylation of p107 (RBL1) by PP2A complex containing either PPP2R3B (B" beta) or PPP2R2A (B alpha) 
regulatory subunit plays a role in maintaining the equilibrium of hyperphosphorylated and hypophosphorylated p107 
(RBL1), through counteracting action of cyclin dependent kinases (CDKs) throughout the cell cycle. It is assumed 
that PP2A dephosphorylates p107 (RBL1) on all four phosphorylation sites, but further experiments are needed to 
confirm this.

Preceded by: Cyclin D:CDK4/6 mediated phosphorylation of p107 (RBL1) and dissociation of phos-
phorylated p107 (p-RBL1) from DP1:E2F4 complex

Literature references

Haines, DS., Grana, X., Davis, AJ., Garriga, J., Jayadeva, G., Sotillo, E. et al. (2010). B55alpha PP2A holoenzymes mod-
ulate the phosphorylation status of the retinoblastoma-related protein p107 and its activation. J Biol Chem, 285, 
29863-73. ↗
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Cyclin D:Cdk4/6 mediated phosphorylation of p130 (RBL2) and dissociation of phos-
phorylated p130 (RBL2) from DP1:E2F4/5 complex ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-1226094

Type: transition

Compartments: nucleoplasm

At G1 entry from G0, p130 (RBL2) is phosphorylated on three threonine and serine residues by cyclin D1 dependent 
kinases CDK4 and/or CDK6, leading to dissociation of p130 (RBL2) from complexes it formed with E2F4 or E2F5 
and DP1 or DP2. This is thought to promote translocation of E2F4 and E2F5, which lack nuclear localization signals, 
to the cytosol, allowing activating E2Fs (E2F1, E2F2 and E2F3) to bind E2F promoters and activate transcription of 
genes needed for G1 progression.

Preceded by: CDK4/6:CCND complexes are activated by T-loop phosphorylation of CDK4/6

Followed by: Dephosphorylation of p130 (RBL2) by PP2A, Phosphorylated p130 (RBL2) binds 
SCF(Skp2):Cks1 complex

Literature references

Holm, K., Farkas, T., Lukas, J., Hansen, K., Bartek, J., Rönnstrand, L. (2001). Phosphorylation-dependent and -inde-
pendent functions of p130 cooperate to evoke a sustained G1 block. EMBO J, 20, 422-32. ↗
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Dephosphorylation of p130 (RBL2) by PP2A ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-1363276

Type: transition

Compartments: nucleoplasm

Dephosphorylation of p130 (RBL2) by PP2A complex containing either PPP2R3B (B" beta) or PPP2R2A (B alpha) 
regulatory subunit plays a role in maintaining the equilibrium of hyperphosphorylated and hypophosphorylated p130 
(RBL2), through counteracting action of cyclin dependent kinases (CDKs). It is assumed that PP2A 
dephosphorylates p130 (RBL2) on all three phosphorylation sites, but further experiments are needed to confirm this.

Preceded by: Cyclin D:Cdk4/6 mediated phosphorylation of p130 (RBL2) and dissociation of phos-
phorylated p130 (RBL2) from DP1:E2F4/5 complex

Literature references

Haines, DS., Grana, X., Davis, AJ., Garriga, J., Jayadeva, G., Sotillo, E. et al. (2010). B55alpha PP2A holoenzymes mod-
ulate the phosphorylation status of the retinoblastoma-related protein p107 and its activation. J Biol Chem, 285, 
29863-73. ↗
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Phosphorylated p130 (RBL2) binds SCF(Skp2):Cks1 complex ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-1363328

Type: binding

Compartments: nucleoplasm

Phosphorylated p130 (RBL2) binds SCF (Skp2) ubiquitin ligase in complex with Cks1. Phosphorylation of p130 
(RBL2) serine residue S672 by CDK4/6 is critical for this interaction.

Preceded by: Cyclin D:Cdk4/6 mediated phosphorylation of p130 (RBL2) and dissociation of phos-
phorylated p130 (RBL2) from DP1:E2F4/5 complex

Followed by: Ubiquitination of p130 (RBL2) by SCF (Skp2)

Literature references

Lukas, J., Reed, SI., Tedesco, D. (2002). The pRb-related protein p130 is regulated by phosphorylation-dependent pro-
teolysis via the protein-ubiquitin ligase SCF(Skp2). Genes Dev, 16, 2946-57. ↗
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Ubiquitination of p130 (RBL2) by SCF (Skp2) ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-1363331

Type: transition

Compartments: nucleoplasm

As quiescent G0 cells reenter the cell cycle, p130 (RBL2) is phosphorylated by CDK4/6. This phosphorylated p130 
(RBL2) binds ubiquitin ligase SCF (Skp2) in complex with Cks1, and is subsequently ubiquitinated and degraded 
similarly to p27, which is another target of SCF (Skp2).

Preceded by: Phosphorylated p130 (RBL2) binds SCF(Skp2):Cks1 complex

Literature references

Lukas, J., Reed, SI., Tedesco, D. (2002). The pRb-related protein p130 is regulated by phosphorylation-dependent pro-
teolysis via the protein-ubiquitin ligase SCF(Skp2). Genes Dev, 16, 2946-57. ↗
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Drug-mediated inhibition of CDK4/CDK6 activity ↗

Location: Cyclin D associated events in G1

Stable identifier: R-HSA-9754119

Cyclin dependent kinases CDK4 and CDK6 regulate crucial steps in the G1 phase of the cell cycle that commit cells 
to transition to the S phase and ultimately divide. Many growth signaling pathways, frequently perturbed in cancer, 
converge on CDK4/CDK6 activation, thus driving cellular proliferation. This makes CDK4 and CDK6 promising 
targets for anti-cancer therapy. So far, three CDK4/6 inhibitors, palbociclib, ribociclib and abemaciclib, have been 
approved for clinical use and many others are at different stages of clinical testing. CDK4/6 inhibitors mainly have a 
cytostatic effect on tumor cells, but can also influence immune response to tumor by targeting immune system cells 
in the tumor microenvironment. While intact RB1, the main target of CDK4/6 during cell cycle progression, is in 
general considered to be a prerequisite for the success of CDK4/6-targeted anti-cancer therapy, the status of other, 
less explored CDK4/6 targets can also affect the treatment outcome. For review, please refer to Asghar et al. 2015, 
Klein et al. 2018, Álvarez-Fernández and Malumbres 2020, Petroni et al. 2020).

Literature references

Witkiewicz, AK., Asghar, U., Turner, NC., Knudsen, ES. (2015). The history and future of targeting cyclin-dependent 
kinases in cancer therapy. Nat Rev Drug Discov, 14, 130-46. ↗

Petroni, G., Formenti, SC., Chen-Kiang, S., Galluzzi, L. (2020). Immunomodulation by anticancer cell cycle inhibitors
. Nat Rev Immunol, 20, 669-679. ↗
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Alvarez-Fernández, M., Malumbres, M. (2020). Mechanisms of Sensitivity and Resistance to CDK4/6 Inhibition. Can-
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