Cell Cycle 11:18, 3339-3340; September 15, 2012; © 2012 Landes Bioscience

EDITORIALS: CELL CYCLE FEATURES

A novel G, checkpoint mediated by the p57
CDK inhibitor and p38 SAPK promotes
cell survival upon stress
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Eukaryotic  cells  have  developed

sophisticated ~ devices to  constantly
monitor changes in the extracellular envi-
ronment and to orchestrate a proper cel-
lular response. Among the most conserved
signaling modules throughout evolution
are the mitogen-activated, protein kinase
(MAPK) cascades. A prototypical family
of MAPKSs that respond to stress is the p38
stress-activated protein kinase (SAPK).
In mammals, p38 SAPKs are activated
by external stimuli, such as cytokines,
infection, oxidative stress, heat shock,
DNA damage and osmostress, and regu-
late biological processes such as immune
response,
proliferation and survival.! Regardless,

inflammation, development,
the sensor mechanism engaged, signaling
converges on p38, which will mediate an
adaptive response to stress. p38 has been
regarded to act as a tumor suppressor
capable of controlling cell proliferation
through the activation of different cell
cycle checkpoints. Upon DNA damage,
p38 mediates a G,/M checkpoint involv-
ing the downstream kinase MK2. MK2
phosphorylates Cdc25, which creates a
docking site for 14-3-3 proteins that will
retain Cdc25 into the cell cytoplasm, thus
preventing Cdc2-cyclin B dephosphoryla-
tion and activation.”? Genotoxic stresses
also contribute to G /S arrest through the
stabilization of the CDK inhibitors p21<#!
and p27%P%> Despite the p38 relevance
on cell cycle control, the mechanisms by
which this SAPK regulate cell cycle are
not yet fully understood.

A recent study has shown that expos-
ing mammalian cells
resulted in a strong G, delay, suggesting
the existence of an osmostress-regulated

t0 0OSmostress

checkpoint.® p38~ cells were not able to
arrest properly, indicating that this G,
checkpoint relied on p38. Cell cycle pro-
gression throughout G, is controlled by
G, cyclin-dependent kinases (CDKs),
which activity is, in turn, regulated by
several CDK inhibitors (CDKis).” In
yeast, G, progression upon osmostress by
the p38/Hogl SAPK is exerted by down-
regulating cyclin expression and the direct
targeting of the Sicl CDKi.*’ In mam-
mals, osmostress downregulated Cdk2-
CyclinA/E activity in a p38-dependent
manner. Therefore, p38 might be regulat-
ing CDK2 activity through the targeting
of CDKis. p38 was able to directly phos-
phorylate the CDKi p57%%* at T143 both
in vitro and in vivo. This particular site
is located in a central region of p57 not
shared by p21 or p27. Cells genetically
lacking p57%** failed to properly arrest at
G, upon osmostress. Osmostress-induced
p57%" phosphorylation neither affected
its protein half-life nor its nuclear localiza-
tion. Instead, p57"%* phosphorylation at
T143 increased its protein affinity toward
cyclin A/Cdk2 complexes in vitro in
contrast to a non-phosphorylable p57%i*
(T143A). Alrogether, CDK2
activity might be differentially regulated
upon p57%#2 phosphorylation. Indeed,
p57%#? inhibited Cdk2-cyclin A activ-

ity in a dose-dependent manner, and this

mutant

was further increased upon phosphoryla-
tion at T143. The reintroduction of wild-
type p575¥* into p57 cells fully rescued
the osmostress-induced G, checkpoint
and reestablished in vivo CDK2 activ-
ity regulation. Importantly, the T143A
mutant was unable to fully restore the
osmostress-induced G, checkpoint and
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failed to regulate in vivo CDK2 activity.
Therefore, p38 is regulating a novel G
checkpoint by directly targeting the CDKi
p57%¥* (Fig. 1). Since p38 responds to a
number of environmental insults, it was
possible that such a G, checkpoint might
be important for proper cell adaptation
to general stresses. Thus, p387 and p57
" cells underwent programmed cell death
after the exposure to different insults such
as osmostic shock, oxidative stress and
ionomycin. Notably p57/ cell viability
was rescued by reintroducing wild-type
p57, but not by the T143A mutant, point-
ing out the biological relevance of this
novel phosphorylation site to arrest cell
cycle in response to stress.

Surprisingly, neither p21 nor p27 com-
pensated for the lack of p57. Although
p21 was found to be upregulated in the
absence of p57, it was unable to regulate
the G, phase and cell viability upon stress.
Additionally, p27' cell viability was not
compromised upon cell stress, indicating
that p57 is just enough to integrate a broad
range of cell stresses in a p38-dependent
manner. Both p21 and p27 are p38 targets.
Then, why do these CDKs not contribute
to cell survival? One explanation would be
the type of stress. UV and DNA damag-
ing agents activate the p53, ATM/ATR as
well as the p38 SAPK pathways, resulting
in the regulation of both p21 and p27. In
that scenario, p57 is not relevant, since
UV-induced DNA damage did not affect
p577 viability but strongly compromised
p387 cell fitness. Also, downregulation
of p38 substrates such as Cdtl and MK2,
which are involved in controlling S-phase
and G,/M checkpoints, respectively, do not

contribute to cell survival upon stress.>*!
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Figure 1. Schematic diagram depicting the mechanism by which p38 SAPK activation promotes
G, cell cycle arrest through p57“*2 phosphorylation. Transition from G, to S phase requires Cdk2-
cyclinE/A activity. Upon an environmental stress, p38 SAPK becomes transiently activated and
phosphorylates the T143 of the CDKi p57¢?% p57 phosphorylation increases its affinity toward
Cdk2-cyclin E/A complexes, which become inactivated and impose a G, delay. Activation of this
G, checkpoint is essential for proper cell adaptation and survival to stress.

Altogether, p38 and p57 impose a G,
cell cycle arrest to promote cell survival
upon cell stresses. But why is so impor-
tant to delay G, cell cycle progression? We
may speculate that to build up a proper
cell adaptation response, cells need time
to upregulate a specific set of genes.
Indeed, stress-induced p38 controls the
expression of many genes involved in
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cell proliferation as well as cell survival
in a time-dependent manner." The rela-
tionship between cell cycle control and
gene expression regulation has not been
studied thoroughly, but delaying G, pro-
gression might be a step necessary to
upregulate the essential genes needed for
cell adaptation before progressing into

S phase.
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