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The Janus face of p21
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ABSTRACT
Accumulating data support the bimodal action of several key cellular factors in cancer. The dogma of
p21WAF1/Cip1 as a tumor suppressor has been recently challenged since new data support its tumor
promoting features depending on the tumor environment. Here we discuss the Janus face of p21WAF1/Cip1.
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Accumulating evidence indicates that a number of proteins
involved in key cellular processes display a bimodal behavior in
cancer, acting as either tumor suppressors or oncoproteins
(1- Supplementary Table 1). This duality is commonly attributed to
the cellular or environmental context in which the tumors develop.
The mechanistic basis underlying such context-dependent phe-
nomena is vague in most cases, and its elucidation is essential for
both understanding cell biology and the rational design of cancer
therapy.

For quite a long period, more than 20 years, p21WAF1/Cip1

expression was considered a strong indicator of wild-type (wt)
tumor protein p53 (TP53, best known as p53) activity and thus
a marker of good prognosis.2 However, sparse evidence in the
literature pointed out that this was not always the case.3 For
example, double knockout (Trp53¡/¡Cdkn1a¡/¡)� mice display
a reduced incidence of spontaneous and radiation-induced
lymphomas, contrary to expectations.3

Within this framework we recently demonstrated that pro-
tracted p21WAF1/Cip1 expression in wt p53-deficient tumors stimu-
lated genomic instability by deregulating the replication licensing
machinery and triggering re-replication, a form of replication
stress. These biochemical events took place during an initial senes-
cence-like phase and represented a selective process that led to the
emergence of a subpopulation of p21WAF1/Cip1 aggressive and che-
moresistant cells (Fig. 1). We found that a RAD52-mediated error-
prone double-strand break repair pathway was implicated in form-
ing the genetic landscape of the cells that escaped senescence
(termed “escape cells”).1 At the mechanistic level, 2 key features
dictate the above outcome. The first is the interaction of p21WAF1/

Cip1 with proliferating cell nuclear antigen (PCNA), a sliding DNA
clamp involved in essential cell cycle functions such as DNA repli-
cation and repair.4 Among all PCNA-interacting proteins,

p21WAF1/Cip1 possesses the highest binding affinity (KD»2.5 nM).1

Thus, under conditions of “chronic” expression p21WAF1/Cip1 could
displace all other PCNA competitors, altering vital PCNA-depen-
dent functions. In agreement with this perception, we revealed that
protracted p21WAF1/Cip1 expression abrogated the ability of PCNA
to control turnover of the replication licensing factors Cdt1 and
Cdc6,1 eliciting re-replication.1 The second feature is loss of wt p53
activity. When wt p53 is intact the cells undergoing re-replication
are eliminated via p53-mediated apoptosis, possibly as a result of
the increasing amount of DNA damage accumulated from the col-
lapsed re-replicated forks.1 Consequently, in an environment of
loss of wt p53 function this antitumor barrier is erased, paving the
way for re-replication–driven genomic instability.

A question that emerges is whether overexpression of other
PCNA interacting proteins could produce an analogous phenome-
non. In a recent report, nuclear accumulation of cyclin D1, a well
established PCNA-interacting factor, resulted in Cdt1 abundance,
re-replication, and genomic instability in a p53-dependent man-
ner.5 The high nuclear levels of cyclin D1 were due to a specific
cyclin D1 allele (D1T286Amutation). As this mutation resides out-
side the cyclin D1 PCNA interacting domains6 it does not prevent
PCNA binding and saturation of Cul4-RING protein ligase
(CRL4)CDT2, the E3 ligase that targets both Cdt1 and Cdc6.1 There-
fore, the model that we propose can function in parallel with the
course of action of nuclear cyclin D1, as described previously,5 pro-
viding an additional mechanistic explanation.1 Another question,
from a different angle, is whether increased expression of certain
proteins could lead to accumulation of other substrates that share
the same degradation modules. Although such a scenario is
theoretically possible, an argument against it is provided by
the case of the c-myc oncoprotein, which is frequently over-
expressed in lymphomas. While c-myc shares with cyclin-E,
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c-Jun, and Notch the same E3 ubiquitin ligase, F-box and
WD repeat domain containing 7 (FBW7),7 its overexpres-
sion is not followed by accumulation of the common sub-
strates. An explanation for this discrepancy is that chronic
p21WAFI/Cip1 induction represents a typical case of enzy-
matic competitive inhibition, whereas myc overexpression
in lymphomas is mainly due to translocations [e.g., t
(8;14)].8 Most translocated c-myc alleles contain sequence
alterations, often point mutations or deletions. The most
frequent hotspot is mutation at threonine 58 (T58), which
is essential for ubiquitination by FBW7, thus rendering myc
unaccessible to FBW79 and leaving FBW7 free to target
other available targets.

The model that we propose (Fig. 1) provides an additional
mechanistic explanation, distinct from that of mitotic dysfunc-
tion,10 for the unclarified relationship between cellular senes-
cence and aneuploidy (chromosomal instability), a well defined
hallmark of cancer.1

Lastly, pathologists should cautiously estimate p21WAF1/Cip1

immunopositivity in tumors in everyday practice, always taking
into account the p53 status. This parameter is crucial in deter-
mining whether p21WAF1/Cip1 overexpression is beneficial for
the patient (p53 intact) or harbors deleterious features (p53

mutant) that promote tumor heterogeneity and eventually
tumor relapse and aggressiveness.
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deregulation of the replication licensing machinery that triggers replication stress in the form of re-replication. Subsequently, DNA damage is produced and repaired by
error-prone procedures thus altering the landscape of the genome and fueling genomic instability. The latter might be enhanced by p21WAF1/Cip1-mediated blockage of
mitosis and S/M phase dissociation triggered via re-replication, promoting overall aneuploidy, tumor heterogeneity, and aggressiveness. DDR, DNA damage response;
PCNA, proliferating cell nuclear antigen; RLF, replication licensing factor. Red color indicates protumorigenic events.
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