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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 hormal 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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TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest 7

Stable identifier: R-HSA-6804116

The most prominent TP53 target involved in G1 arrest is the inhibitor of cyclin-dependent kinases CDKN1A (p21).
CDKNZ1A isone of the earliest genesinduced by TP53 (El-Deiry et al. 1993). CDKN1A binds and inactivates CDK?2
in complex with cyclin A (CCNA) or E (CCNE), thus preventing G1/S transition (Harper et al. 1993). Considering
itsimpact on the cell cycle outcome, CDKN1A expression levels are tightly regulated. For instance, under prolonged
stress, TP53 can induce the transcription of an RNA binding protein PCBP4, which can bind and destabilize
CDKN1A mRNA, thus alleviating G1 arrest and directing the affected cell towards G2 arrest and, possibly,
apoptosis (Zhu and Chen 2000, Scoumanne et al. 2011). Expression of E2F7 is directly induced by TP53. E2F7
contributes to G1 cell cycle arrest by repressing transcription of E2F1, a transcription factor that promotes expression
of many genes needed for G1/S transition (Aksoy et al. 2012, Carvajal et al. 2012). ARID3A is a direct
transcriptional target of TP53 (Maet al. 2003) that may promote G1 arrest by cooperating with TP53 in induction of
CDKN1A transcription (Lestari et a. 2012). However, ARID3A may also promote G1/S transition by stimulating
transcriptional activity of E2F1 (Suzuki et al. 1998, Peeper et al. 2002).

TP53 has co-factors that are key determinants of transcriptional selectivity within the p53 network. For instance, the
zinc finger transcription factor ZNF385A (HZF) is a direct transcriptional target of TP53 that can form a complex
with TP53 and facilitate TP53-mediated induction of CDKN1A, strongly favouring cell cycle arrest over apoptosis
(Das et . 2007).
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TP53 in complex with ZNF385A binds the CDKN1A promoter 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest

Stable identifier: R-HSA-6803801
Type: binding

Compartments: nucleoplasm

p-515,S20-TP53
Tetramer:ZNF385A

CDKN1A gene

» p-S15,520-TP53 Tetramer:

ZNF385A:CDKN1A Gene

nucleoplasm

TP53 (p53) binds at least two p53 response elements in the promoter of the CDKN1A (p21, WAF1) gene (El-Deiry
et al. 1993, Espinosa et al. 2003). Formation of the complex of TP53 and ZNF385A (HZF) facilitates binding of
TP53 to the CDKN1A promoter (Das et a. 2007).

Followed by: TP53 stimulates CDKN1A (p21) transcription

Literature references

Verdun, RE., Emerson, BM., Espinosa, JM. (2003). p53 functions through stress- and promoter-specific recruitment
of transcription initiation components before and after DNA damage. Mol. Cell, 12, 1015-27. 7

Tokino, T., el-Deiry, WS., Kinzler, KW., Vogelstein, B., Lin, D., Mercer, WE. et al. (1993). WAF1, a potential mediator
of p53 tumor suppression. Cell, 75, 817-25. 7

Bernstein, A., Aaronson, SA., Kimura, Y., Raj, L., Lee, SW., Das, S. et al. (2007). Hzf Determines cell survival upon

genotoxic stress by modulating p53 transactivation. Cell, 130, 624-37. 7

Editions

2013-07-15
2013-09-03
2015-10-07
2015-10-14
2016-02-04

https://reactome.org

Authored
Reviewed
Revised
Authored, Edited

Reviewed

Orlic-Milacic, M.
Samarajiwa, S.
Orlic-Milacic, M.
Orlic-Milacic, M.

Inga, A., Zaccara, S.

Page 5


https://reactome.org/content/detail/R-HSA-6803801
http://www.ncbi.nlm.nih.gov/pubmed/14580351
http://www.ncbi.nlm.nih.gov/pubmed/8242752
http://www.ncbi.nlm.nih.gov/pubmed/17719541
https://reactome.org

TP53 stimulates CDKN1A (p21) transcription 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-6803388

Type: omitted

Compartments: nucleoplasm, cytosol

| \ Ml » CDKN1A

L\ L« mRNA

CDKN1A gene

p-S15,520-TP53 Tetramer:
ZNF385A:CDKN1A Gene

nucleoplasm
nuclear envelope

cytosol
Binding of TP53 (p53) to its response elements in the promoter of the CDKN1A (p21) gene stimulates CDKN1A
transcription (El-Deiry et a. 1993). Binding of ZNF385A (HZF) to the DNA binding domain of TP53 facilitates
CDKNZ1A induction and the consequent cell cycle arrest (Das et al. 2007).

Preceded by: TP53 in complex with ZNF385A binds the CDKN1A promoter

Followed by: PCBP4 binds the CDKN1A mRNA, PCBP4 modulates CDKN1A translation

Literature references
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Inactivation of Cyclin A:Cdk2 complexes by p27/p21 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-187934

Type: transition

Compartments: nucleoplasm

nucleoplasm
[
CDKN1A,
CDKN1B
Cyclin A:Cdk2:p21/
L p27 complex
CCNA:CDK2

During G1, the activity of cyclin-dependent kinases (CDKSs) is controlled by the CDK inhibitors (CKIs) CDKN1A
(p21) and CDKN1B (p27), thereby preventing premature entry into S phase (Guardavaccaro and Pagano, 2006).

Preceded by: PCBP4 modulates CDKN1A translation

Literature references
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Inactivation of Cyclin E:Cdk2 complexes by p27/p21 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-69562

Type: transition

Compartments: nucleoplasm

nucleoplasm
[
CDKN1A,
CDKN1B
Cyclin E:CDK2:
L CDKN1A,CDKN1B
CCNE:CDK2

During G1, the activity of cyclin-dependent kinases (CDKSs) is controlled by the CDK inhibitors (CKIs) CDKN1A
(p21) and CDKN1B (p27), thereby preventing premature entry into S phase (see Guardavaccaro and Pagano, 2006).
The efficient recognition and ubiquitination of p27 by the SCF (Skp2) complex requires the formation of atrimeric
complex containing p27 and cyclin E/A:Cdk2.

Preceded by: PCBP4 modulates CDKN1A translation

Literature references

Eytan, E., Draetta, GF., Hershko, A., Montagnoli, A., Pagano, M., Carrano, AC. et al. (1999). Ubiquitination of p27 is
regulated by Cdk-dependent phosphorylation and trimeric complex formation. Genes Dev, 13, 1181-9. 7
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TP53 binds the ARID3A gene 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-6791387

Type: binding

Compartments: nucleoplasm

p-515,520-TP53
Tetramer

p-515,520-TP53

o Tetramer: ARID3A
Gene

ARID3A Gene

nucleoplasm

TP53 (p53) binds the p53 response element located in the second intron of the ARID3A gene (Maet al. 2003).
Followed by: TP53 stimulates ARID3A gene expression

Literature references
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TP53 stimulates ARID3A gene expression 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-6791363

Type: omitted

Compartments: nucleoplasm

N\

ARID3A Gene

ARID3A

>[=]
v

p-515,S20-TP53
Tetramer:ARID3A
Gene

nucleoplasm

TP53 (p53) stimulates transcription of the ARID3A gene upon binding to the p53 response element in the second
intron of the ARID3A gene (Ma et al. 2003). ARID3A isimplicated as both a positive and a negative cell cycle
regulator. It interacts with E2F1 and stimulates E2F1 transcriptional activity (Suzuki et al. 1998, Peeper et al. 2002).
It may also cooperate with TP53 in the activation of CDKN1A (p21) transcription (Lestari et al. 2012).

Preceded by: TP53 binds the ARID3A gene

Literature references
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TP53 binds the E2F7 gene 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-6798304

Type: binding

Compartments: nucleoplasm

p-515,520-TP53
Tetramer

. p-515,S20-TP53
Tetramer:E2F7 Gene

E2F7 Gene

nucleoplasm

TP53 (p53) binds the p53 response element in the promoter of the E2F7 gene (Carvajal et al. 2012, Aksoy et al.
2012).

Followed by: TP53 stimulates E2F7 expression

Literature references

Manfredi, JJ., Tonnessen, C., Hamard, PJ., Carvajal, LA. (2012). E2F7, a novel target, is up-regulated by p53 and me-
diates DNA damage-dependent transcriptional repression. Genes Dev., 26, 1533-45. 71
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TP53 stimulates E2F7 expression 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-6798299

Type: omitted

Compartments: nucleoplasm

N\

E2F7 Gene

> E2F7

>[=]

p-515,S20-TP53
Tetramer:E2F7 Gene

nucleoplasm

Binding of TP53 (p53) to the p53 response element in the promoter of the E2F7 gene stimulates E2F7 transcription
(Carvajd et al. 2012, Aksoy et a. 2012).

Preceded by: TP53 binds the E2F7 gene

Followed by: E2F7 binds E2F8, E2F7 forms homodimers

Literature references
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E2F7 forms homodimers 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-8952996

Type: binding

Compartments: nucleoplasm

E2F7

[~]
®

E2F7
homodimer

nucleoplasm

E2F7 forms homodimers (Di Stefano et a. 2003, Logan et al. 2004). While E2F7 also forms heterodimers with
E2F8, co-immunoprecipitation experiments suggest that E2F7 has higher affinity for itself than for E2F8 (Li et al.
2008)

Preceded by: TP53 stimulates E2F7 expression

Followed by: E2F7 and E2F8 homo- and heterodimers bind the E2F1 gene promoter

Literature references

Reilly, C., Delavaine, L., Graham, A., Wilson, J., Logan, N., Brummelkamp, TR. et al. (2004). E2F-7: a distinctive E2F
family member with an unusual organization of DNA-binding domains. Oncogene, 23, 5138-50. 7
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E2F7 binds E2F8 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-8953013

Type: binding

Compartments: nucleoplasm

E2F7

o P | E2F7:E2F8

E2F8

nucleoplasm

E2F7 forms heterodimers with E2F8 (Li et a. 2008, Zalmas et al. 2008).
Preceded by: TP53 stimulates E2F7 expression

Followed by: E2F7 and E2F8 homo- and heterodimers bind the E2F1 gene promoter

Literature references

Coutts, AS., Reilly, C., Zalmas, LP., La Thangue, NB., Zhao, X., Fisher, R. et al. (2008). DNA-damage response control
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E2F8 forms homodimers 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-8953037

Type: binding

Compartments: nucleoplasm

E2F8

[~]
®

E2F8
homodimer

nucleoplasm

E2F8 forms homodimers (Maiti et al. 2005, Li et al. 2008). E2F8 also forms heterodimers with E2F7 and co-
immunopreci pitation experiments suggest that E2F8 has higher affinity for E2F7 than for itself (Zalmas et al. 2008,
Li et al. 2008).

Followed by: E2F7 and E2F8 homo- and heterodimers bind the E2F1 gene promoter

Literature references
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E2F7 and E2F8 homo- and heterodimers bind the E2F1 gene promoter 7
Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-6798347

Type: binding

Compartments: nucleoplasm

E2F7,E2F8
dimers

. E2F7,E2F8 dimers:
E2F1 Gene

nucleoplasm
E2F7 binds to E2F sites in the promoter of the E2F1 gene to inhibit its expression (Di Stefano et a. 2003, Carvajal et
al. 2012, Aksoy et al. 2012). Besides E2F7 homodimers, heterodimers of E2F7 and E2F8, as well as E2F8
homodimers, can also bind to the promoter of the E2F1 gene to inhibit its transcription (Li et al. 2008, Zalmas et al.
2008).

Preceded by: E2F7 binds E2F8, E2F7 forms homodimers, E2F8 forms homodimers

E2F1 gene

Followed by: E2F7 and E2F8 homo- and heterodimers inhibit E2F1 expression
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Coutts, AS., Reilly, C., Zalmas, LP., La Thangue, NB., Zhao, X., Fisher, R. et al. (2008). DNA-damage response control
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E2F7 and E2F8 homo- and heterodimers inhibit E2F1 expression 7
Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-6798353

Type: omitted

Compartments: nucleoplasm

| \ m > E2F1

E2F1 gene

E2F7,E2F 8 dimers:
E2F1 Gene

nucleoplasm

Upon binding to E2F elements in the promoter of the E2F1 gene, E2F7 represses transcription of E2F1 (Di Stefano
et al. 2003, Li et a. 2008, Zalmas et a. 2008, Carvajal et al. 2012). E2F1 transcription is also directly repressed by
E2F8. E2F7 and E2F8 bind to the E2F1 gene promoter as homo- or heterodimers (Li et al. 2008, Zalmas et al. 2008).
E2F7- and E2F8-mediated repression of E2F1 transcription is an important step in the DNA damage induced cell
cycle arrest (Zalmas et al. 2008). E2F8-mediated repression of the E2F1 gene is involved in the polyploidization of
hepatocytes during liver development (Pandit et al. 2012). Loss of E2F7 and E2F8 triggers apoptosis via induction of
E2F1 in response to stress (Li et al. 2008, Thurlings et al. 2016).

Preceded by: E2F7 and E2F8 homo- and heterodimers bind the E2F1 gene promoter
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TP53 binds the PCBP4 gene 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-6803391

Type: binding

Compartments: nucleoplasm

p-515,520-TP53

Tetramer

p-515,520-TP53

o Tetramer:PCBP4
Gene

PCBP4 Gene

nucleoplasm

TP53 (p53) binds two p53 response elements in the promoter of the PCBP4 (MCG10) gene (Zhu and Chen 2000).
Followed by: TP53 stimulates PCBP4 expression

Literature references
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TP53 stimulates PCBP4 expression 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-6803400

Type: omitted

Compartments: nucleoplasm, cytosol

"\

PCBP4 Gene

PCBP4

>
N

p-515,520-TP53

Tetramer:PCBP4
Gene

nucleoplasm
nuclear envelope

cytosol

Binding of TP53 (p53) to two p53 response elements in the promoter of the PCBP4 (MCG10) gene stimulates
PCBPA4 transcription. PCBP4 has three K homology (KH) domainsinvolved in RNA binding that can interact with a
poly(C) sequence. PCBP4 binding destabilizes its targets, including CDKN1A (p21), thus favouring p53-dependent
apoptosis over cell cycle arrest (Zhu and Chen 2000).

Preceded by: TP53 binds the PCBP4 gene
Followed by: PCBP4 binds the CDKN1A mRNA
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PCBP4 binds the CDKN1A mRNA 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-6803403

Type: binding

Compartments: cytosol

PCBP4
o PCBP4:CDKN1A
mRNA
CDKN1A
mRNA

cytosol
PCBP4 binds the 3-UTR of the CDKN1A (p21) mRNA and reduces its stability (Scoumanne et al. 2011).

Preceded by: TP53 stimulates PCBP4 expression, TP53 stimulates CDKN1A (p21) transcription
Followed by: PCBP4 modulates CDKNIA translation
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PCBP4 modulates CDKN1A translation 7

Location: TP53 Regulates Transcription of Genes Involved in G1 Cell Cycle Arrest
Stable identifier: R-HSA-6803411

Type: omitted

Compartments: nucleoplasm, cytosol

CDKN1A 1 ~
MRNA 1\ » CDKN1A

nucleoplasm

nuclear envelope

PCBP4:CDKN1A

mRNA

cytosol

PCBP4 binding to the 3-UTR of the CDKN1A (p21) mRNA reduces half-life of the CDKN1A mRNA and the
amount of CDKN1A protein. Upon DNA damage, TP53-mediated induction of CDKN1A is rapid, while the
induction of PCBP4 is more gradual. It is hypothesized that, under prolonged stress, PCBP4-mediated down-
regulation of CDKN1A may switch from G1 cell cycle arrest to G2 arrest, which may precede apoptosis (Scoumanne
et a. 2011).

Preceded by: PCBP4 binds the CDKN1A mRNA, TP53 stimulates CDKN1A (p21) transcription

Followed by: Inactivation of Cyclin A:Cdk2 complexes by p27/p21, Inactivation of Cyclin E:Cdk2 com-
plexes by p27/p21
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