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The autoregulated instability
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Centrioles organize the centrosome, and accurate con-
trol of their number is critical for the maintenance of
genomic integrity. Centriole duplication occurs once per
cell cycle and is controlled by Polo-like kinase 4 (Plk4).
We showed previously that Plk4 phosphorylates itself to
promote its degradation by the proteasome. Here we dem-
onstrate that this autoregulated instability controls the
abundance of endogenous Plk4. Preventing Plk4 auto-
regulation causes centrosome amplification, stabilization
of p53, and loss of cell proliferation; moreover, suppres-
sion of p53 allows growth of cells carrying amplified
centrosomes. Plk4 autoregulation thus guards against
genome instability by limiting centrosome duplication
to once per cell cycle.

Supplemental material is available for this article.

Received September 27, 2012; revised version accepted
November 14, 2012.

Centrosomes are microtubule-organizing centers (MTOCs)
comprised of a pair of microtubule-based structures termed
centrioles, surrounded by proteinaceous pericentriolar
material (PCM) (Gonczy 2012). Centrioles, the organizer
of the centrosome, normally duplicate once per cell
cycle before the onset of mitosis to create two copies
of the centrosome to instruct the formation of the
bipolar mitotic spindle apparatus (Tsou and Stearns
2006). Abnormalities in centriole duplication can result
in the production of extra copies of centrosomes (known
as centrosome amplification), which can lead to errors in
mitotic spindle formation and chromosome missegrega-
tion (Ganem et al. 2009; Silkworth et al. 2009). Centro-
some amplification is frequently observed in aneuploid
human tumors, where it is proposed it promotes genome
instability and tumor development (Nigg and Raff 2009;
Holland and Cleveland 2012). Therefore, accurate control

of centrosome number is critical for the maintenance of
genomic integrity.

Centriole duplication is under the control of Polo-like
kinase 4 (Plk4; also known as SAK in Drosophila), a
conserved upstream regulator of centriole assembly
(Bettencourt-Dias et al. 2005; Habedanck et al. 2005).
Loss of Plk4 results in a failure to assemble new centrioles,
while, conversely, overexpression of the kinase drives the
assembly of excessive new centrioles and subsequent
centrosome amplification (Bettencourt-Dias et al. 2005;
Habedanck et al. 2005; Kleylein-Sohn et al. 2007; Peel
et al. 2007). Abnormal expression of Plk4 has been linked
with genomic instability and a predisposition to tumori-
genesis (Macmillan et al. 2001; Ko et al. 2005; Basto et al.
2008; Liu et al. 2012), and thus Plk4 abundance must be
tightly regulated in order to correctly control centrosome
number and maintain genome integrity (Holland et al.
2010a). Identifying the pathways responsible for control-
ling Plk4 abundance is important for our understanding of
centriole duplication and the origin of centrosome am-
plification in cancer.

Plk4 is a low-abundance kinase whose stability is
directly linked to the activity of the enzyme, with active
Plk4 phosphorylating itself to promote its own destruc-
tion through the ubiquitin–proteasome pathway (Holland
et al. 2010b; Brownlee et al. 2011). The SCF (Skp/Cullin/
F-box) E3 ligase associates with phosphorylated Plk4
through the F-box protein b-TrCP (known as Slimb in
Drosophila). Phosphorylation of two residues within the
b-TrCP-binding motif of Plk4 promotes the binding of
b-TrCP and subsequent ubiquitylation and destruction of
the kinase (Cunha-Ferreira et al. 2009; Rogers et al. 2009;
Guderian et al. 2010; Sillibourne et al. 2010). In Drosoph-
ila, the phosphatase PP2A in complex with its targeting
subunit, Twins (known as B/PR55 in humans), counter-
acts Plk4-mediated autophosphorylation to stabilize Plk4
during mitosis (Brownlee et al. 2011).

Despite the recent progress in our understanding of
centriole duplication, all of the work to date studying
Plk4 regulation has relied on overexpressed Plk4 trans-
genes. Therefore, it is not established to what extent
autocatalyzed destruction controls the stability of endog-
enous Plk4 and whether autoregulation plays a crucial
role in controlling normal centriole duplication. In this
study, we used gene targeting in human cells to deter-
mine the importance of the autoregulated destruction of
Plk4 in controlling centrosome copy number.

Results and Discussion

To establish the importance of Plk4 self-regulation, we
used gene targeting in nontransformed, telomerase-im-
mortalized, human RPE-1 cells to create knock-in alleles
of Plk4 that are predicted to be deficient in self-regula-
tion. Since loss of Plk4 autoregulation is predicated to
have a dominant effect that may be detrimental to the
long-term viability of cells, we used homologous recom-
bination to create heterozygous, conditional alleles of
Plk4 by inserting a transcriptional/translational stop cas-
sette into intron 5 of the endogenous Plk4 locus (Supple-
mental Fig. S1A). The transcriptional/translational STOP
prevents transcription and truncates any translation
downstream from exon 5 of the Plk4 gene, thereby
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creating a null allele (Holland et al. 2012). However, this
cassette is flanked by LoxP sites and can be excised by Cre
recombinase to restore expression of the targeted allele.

Homologous recombination was used to create cell
lines containing conditional Plk4WT (wild-type), Plk4AA,
and Plk4D24 alleles integrated at the endogenous geno-
mic locus (Supplemental Fig. S1A): The Plk4AA allele
contains mutations in both of the phosphorylation sites
required for b-TrCP binding to Plk4, while the Plk4D24

allele contains a deletion of a 24-amino-acid region that
is rich in serine/threonine residues and heavily auto-
phosphorylated (Supplemental Fig. S1B; Cunha-Ferreira
et al. 2009; Rogers et al. 2009; Guderian et al. 2010;
Holland et al. 2010b). This 24-amino-acid domain con-
tains a conserved binding motif for SCF-b–TrCP and is
required for self-catalyzed destruction of kinase-active
Plk4 (Holland et al. 2010b).

In the basal state, cells heterozygous for the conditional
Plk4WT, Plk4AA, and Plk4D24 alleles (hereafter referred to
as Plk4+/WT, Plk4+/AA, and Plk4+/D24 cells, respectively)
displayed a 50% reduction in Plk4 mRNA (Holland et al.
2012) but have normal centrosome numbers and growth
rates (Fig. 1E–H). Using quantitative immunofluores-
cence, we determined the level of Plk4 at the centrosome
before and after activation of Plk4 conditional alleles
with Cre recombinase. The Plk4WT conditional allele
forms an important control for any effects derived from
expression of Cre in cells. To allow for continued growth
(see below), we analyzed Plk4 levels (Fig. 1A–C) in cells
expressing the SV40 large T-antigen. In the basal state,
Plk4+/WT, Plk4+/AA, and Plk4+/D24 cells accumulated sim-
ilar levels of Plk4 at the centrosome, and this level was
unchanged following activation of the Plk4WT allele with
Cre recombinase (Fig. 1A,B). In contrast, activation of
either of the Plk4 alleles that are deficient in autoregula-
tion resulted in a sixfold to eightfold increase in centro-
some-associated Plk4 (a 6.3-fold increase for Plk4+/AA

cells and an 8.4-fold increase for Plk4+/D24 cells). Since
only a portion of the total Plk4 pool is likely to be
associated with the centrosome at a given time, we
determined the total number of Plk4 molecules per cell
using protein absolute quantification (AQUA) mass spec-
trometry (Gerber et al. 2003). For this, a known amount of
a synthetic ‘‘heavy’’ labeled standard Plk4 peptide was
introduced into cell lysates. Protease-digested lysates
were then analyzed by tandem mass spectrometry, and
the internal standard peptide was used to determine the
absolute level of the corresponding native Plk4 peptide.
RPE1 cells contained, on average, 3730 (6986) molecules
of Plk4 per cell, a value very similar to that observed in
cells expressing the Plk4WT allele (3670 [6620] molecules
per cell) (Fig. 1C). On the other hand, loss of Plk4
autoregulation resulted in a fivefold to sixfold increase
in the number of Plk4 molecules per cell (22,400 [63340]
molecules for Plk4+/AA cells, and 20,300 [64080] mole-
cules for Plk4+/D24 cells). While activation of the Plk4WT

allele had no effect on centrosome number, the increased
Plk4 level from loss of Plk4-autoregulated destruction in
Plk4+/AA and Plk4+/D24 cells resulted in dramatic centro-
some amplification, with >80% of these cells possessing
more than two centrosomes within 2 d after viral trans-
duction to express Cre (Fig. 1E). Activation of the Plk4AA

and Plk4D24 allele caused very similar effects in cells,
demonstrating that, of the 13 potential autophosphoryla-
tion sites contained within the 24-amino-acid Plk4 phos-

phodegron (Holland et al. 2010b; Sillibourne et al. 2010),
phosphorylation of the two sites required for b-TrCP
binding (S285 and T289) plays the dominant role in

Figure 1. The autoregulated destruction of Plk4 limits centrosome
duplication to once per cell cycle. To allow for continued cell
growth, cells analyzed in A–C express the SV40 large T-antigen;
cells in D–H did not. (A) Images show the level of Plk4 at the
centrosome. (Red) g-Tubulin; (green) Plk4; (blue) DNA. Bar, 5 mm.
(B) Quantitative immunofluorescence analysis of Plk4 levels at the
centrosome. Points show the fluorescence intensity of individual
cells from at least two independent experiments. The horizontal line
represents the mean. (C) The number of Plk4 molecules per cell was
determined using AQUA mass spectrometry. Bars represent the
mean of at least two replicas. Error bars represent the standard
deviation (SD). (D) Thin-section transmission electron micrographs
of cells 2 d after infection with adenoviral Cre (Ad-Cre). Bar, 0.5 mm.
(E) Fraction of cells with more than two centrosomes at various
times after infection with Ad-Cre. Points show the mean of at least
three independent experiments. Error bars represent the standard
error of the mean (SEM). (F) Fold increase in cell number at various
times starting 2 d after infection with Ad-Cre. Points show the mean
of at least three independent experiments. Error bars represent the
SEM. (G) Images of crystal violet-stained colonies. (H) Percent
congenic survival of the indicated cells. Bars represent the mean of
at least three independent experiments carried out in triplicate.
Error bars represent the SEM.

Plk4 autoregulation regulates centrosome number

GENES & DEVELOPMENT 2685

 Cold Spring Harbor Laboratory Press on February 23, 2013 - Published by genesdev.cshlp.orgDownloaded from 

http://genesdev.cshlp.org/
http://www.cshlpress.com


controlling Plk4 stability. Rosette-like
arrangements of procentrioles were fre-
quently observed 24 h after expression of
Cre in Plk4+/D24 cells, suggesting that cen-
trosome amplification occurs via the ca-
nonical centriole duplication pathway in
cells lacking Plk4 autoregulation (Sup-
plemental Fig. S1C). Electron microscopy
revealed that the excessive centrioles
generated in cells deficient in Plk4 self-
regulation had a normal ultrastructure
(Fig. 1D). This evidence establishes that
self-catalyzed destruction of Plk4 plays
not only an important role in controlling
endogenous protein levels, but also a cru-
cial role in restricting centriole duplication
to allow the production of a single new
centrosome per cell cycle.

We used our gene targeted cell lines to
examine the primary effect of loss of Plk4
autoregulation in nontransformed human
cells. The dramatic increase in centrosome
amplification in Plk4+/AA and Plk4+/D24

cells by 2 d post-Cre expression was fol-
lowed by a progressive decline in the pro-
portion of cells with extra centrosomes
(Fig. 1E): By 10 d after Cre expression, <10%
of Plk4+/AA and Plk4+/D24 cells exhibited
centrosome amplification. Since our adenovi-
ral transduction is only ;90% efficient, we
reasoned that the decline in cells with
centrosome amplification may be due to
proliferation deficits in the cells with
extra centrosomes that permit them to
be outcompeted by untransduced cells.
Consistently, the growth rate of Plk4+/AA

and Plk4+/D24 cells was dramatically reduced follow-
ing Cre expression, while the growth properties of
Plk4+/WT cells were unchanged (Fig. 1F).

The long-term growth potential of cells that have lost
autoregulated control of endogenous Plk4 levels was
determined in a clonogenic survival assay. Expression of
Cre in Plk4+/AA and Plk4+/D24 cells dramatically reduced
colony formation, while Cre expression in Plk4+/WT cells
had no effect (Fig. 1G,H). Moreover, the few surviving
colonies in Cre-infected Plk4+/D24 cells were analyzed by
PCR and found to have escaped Cre-mediated recombi-
nation (18 of 18) (data not shown). Therefore, autoregu-
lated control of endogenous Plk4 levels is essential for
long-term cell growth.

To verify our observations, we created an additional pair
of targeted RPE-1 cells carrying conditional Plk4WT

and Plk4D24 knock-in alleles in which the transcriptional/
translational stop cassette was inserted into intron 4 (as
opposed to intron 5) of the endogenous Plk4 gene (Sup-
plemental Fig. S2A). Again, activation of the Plk4D24 allele
resulted in an increase (;4.2-fold) in centrosome-associated
Plk4 (Supplemental Fig. S2B,C), centrosome amplifica-
tion (Supplemental Fig. S3A–C), impaired proliferation
(Supplemental Fig. S3D–F), and a dramatically reduced
clonogenic survival (Supplemental Fig. S3G,H).

To determine the effect that activation of the Plk4D24

allele had on cell division, we created Plk4+/WT and
Plk4+/D24 cells coexpressing EYFP-a-tubulin and histone
H2B-mRFP and monitored cells by time-lapse micros-

copy. Filming began 1 d after transduction with adeno-
viral Cre and proceeded for 12 h. During this time, all of
the Plk4+/WT cells divided normally, while 36% of the
Plk4D24-expressing cells divided abnormally with an in-
creased mitotic duration (average of 22 min for normal
divisions compared with 35 min for abnormally dividing
cells) (Fig. 2A–C; Supplemental Movie S1). Newly assem-
bled centrioles undergo a modification during mitosis
that allows them to recruit PCM and act as an MTOC in
the next cell cycle (Wang et al. 2011). The low frequency
of abnormally dividing Plk4+/D24 cells at 1 d after Cre
expression is likely to reflect the additional time re-
quired for the newly assembled centrioles to mature
into MTOCs.

All abnormally dividing Plk4+/D24 cells entered mitosis
with more than two MTOCs, and in most instances (73%
of the time), cells failed to cluster these into two groups
prior to division, dividing in a multipolar fashion (Fig.
2A,B; Supplemental Movie S2). The remaining abnor-
mally dividing Plk4+/D24 cells coalesced multiple MTOCs
into two groups prior to anaphase and divided in a bipolar
fashion (Fig. 2A,B; Supplemental Movie S3). Remarkably,
2 d after transduction with adenoviral Cre, mitotic di-
visions in Plk4+/D24 cells ceased, while divisions in Plk4+/WT

cells proceeded unabated (Fig. 2D). Consistent with the
observed reduction in proliferation, Plk4+/D24 but not
Plk4+/WT cells showed marked stabilization of p53 and
the cell cycle inhibitor p21 2 d after infection with
adenoviral Cre (Fig. 2E). Centrosome amplification did

Figure 2. Loss of Plk4 autoregulation leads to p53/p21 stabilization and cell cycle arrest.
(A) Time-lapse images of cells stably expressing histone H2B-mRFP (red) and EYFP-
a-Tubulin (green). Filming began 24 h after infection with Ad-Cre. Numbers in the top
left refer to the time in minutes after nuclear envelope breakdown. (B) Quantification
of the proportion of cells with normal, multipolar, or clustered spindle poles at the time
of division. Cells were filmed for 16 h beginning 1 d after infection with Ad-Cre. Bars
show the mean of >116 cells per condition from at least two independent experiments.
Error bars represent the SEM. (C) Duration of mitosis in normal or abnormally
dividing cells. Cells were filmed for 16 h beginning 1 d after infection with Ad-Cre.
The line shows the mean of >116 cells per condition from at least two independent
experiments. (D) Fraction of cells dividing in a 12-h period beginning 1 or 2 d after Ad-Cre
infection. (E) Immunoblots of protein harvested 48 h after Ad-Cre infection or 12 h after
UV irradiation.
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not create a measurable increase in gH2A.X phosphory-
lation in Plk4D24-expressing cells (Fig. 2E), suggesting that
DNA damage is unlikely to be the cause of p53 and p21
stabilization in these cells.

The inhibitory effect that loss of Plk4 autoregulation
has on cell growth may arise as a consequence of in-
creased levels of Plk4 kinase activity acting on what are
as-yet-unidentified substrates. An alternative and non-
mutually exclusive possibility is that the extra centro-
somes produced as a result of excessive Plk4 levels inhibit
long-term cell growth. Since centrosomes are stable
structures that persist even after the signal that led to
their creation has decayed, inhibition of cellular growth
as a result of centrosome amplification should require
only a transient elevation in Plk4 levels. To investigate
this possibility, we used RPE1 cells in which reversible
overexpression of Plk4AA can be achieved with a doxycy-
cline-inducible promoter (Wang et al. 2011). Plk4AA levels
were chronically elevated by continuous treatment with
doxycycline or transiently elevated with a 48-h pulse of

doxycycline (Fig. 3A). Elevated levels of Plk4AA declined
to below the limit of detection within <24 h of removing
doxycycline (Fig. 3B). Forty-eight hours of Plk4AA expres-
sion drove centrosome amplification in ;100% of cells,
an effect that was maintained even after the disappear-
ance of Plk4AA (Fig. 3C). Increased Plk4AA levels and
centrosome amplification resulted in activation of p38
MAPK signaling (as revealed by activating Thr180/
Tyr182 phosphorylation), stabilization of p53, and up-
regulation of the cyclin-dependent kinase inhibitor p21
(Fig. 4B). This alteration in cellular homeostasis persisted
for >3 d after the transiently elevated Plk4AA was no
longer detectable (Fig. 3B). Moreover, the growth rate and
clonogenic survival of Plk4AA cells were severely im-
paired whether Plk4 levels were continually or tran-
siently (for 48 h) elevated (Fig. 3D; Supplemental Fig.
S4A). Essentially identical results were obtained in cells
carrying a doxycycline-inducible Plk4WT transgene (Sup-
plemental Fig. S4B–D). Therefore, even a transient eleva-
tion in Plk4 levels is sufficient to bring about a long-term
inhibition of cell growth.

As a further test of whether centrosome amplification
suppresses the growth of RPE1 cells, we used an alterna-
tive means to drive the formation of excessive centro-
somes that does not require overexpression of Plk4 and its
kinase activity. SAS6 is a conserved structural compo-
nent required for centriole assembly. Human SAS6 con-
tains a C-terminal KEN box required to target the protein
for destruction at the end of mitosis, and expression of
SAS6 with a mutated KEN box (SAS6DKEN) has been
shown to promote centrosome amplification (Strnad
et al. 2007). We created monoclonal RPE1 cells contain-
ing either a Myc-SAS6DKEN or, as a control, a Myc-Plk4WT

doxycycline-inducible transgene. As expected, overex-
pression of either Myc-Plk4WT or Myc-HsSAS6DKEN

drove centrosome amplification, but the fraction of cells
with excessive centrosome numbers increased more slowly
in Myc-HsSAS6DKEN-expressing cells: More than 85% of
Myc-HsSAS6DKEN cells had centrosome amplification
at 6 d after doxycycline addition, while expression of
Myc-Plk4WT for just 2 d resulted in >95% centrosome
amplification (Fig. 3E). Importantly, centrosome amplifica-
tion resulting from overexpression of Myc-Plk4WT or
Myc-HsSAS6DKEN both caused a dramatic reduction in
long-term clonogenic survival (Fig. 3F; Supplemental Fig.
S4E). Taken together, these data are consistent with the
view that centrosome amplification plays a major role in
suppressing the proliferation of cells deficient in Plk4
self-regulation.

We tested whether stabilization of p53 contributes to
the prolonged cell cycle delay/arrest that occurs follow-
ing loss of Plk4 autoregulation and centrosome amplifi-
cation. Inhibition of p53 through expression of the SV40
large T-antigen completely eliminated the growth defect
and reduced clonogenic survival observed following
activation of the Plk4D24 allele in our gene targeted cell
line (Fig. 4A,B; Supplemental Fig. S5A). Clonal cell lines
were isolated that stably expressed the SV40 large T-antigen
and the Plk4D24 allele. Remarkably, these clones grew
indefinitely despite the loss of the autoregulated control
of Plk4 levels and dramatic centrosome amplification
(Fig. 4C–E; Supplemental Fig. S5B). Preventing p53 ac-
cumulation using a stably expressed p53 shRNA (Figs.
3D, 4F) also eliminated the reduced clonogenic survival
observed after (transient or chronic) doxycycline-induced

Figure 3. Centrosome amplification inhibits proliferation of RPE1
cells. (A) Schematic of the strategy for doxycycline (Dox)-inducible
expression of Plk4AA in RPE1 cells. (B) Immunoblots showing the
levels of protein in Plk4AA cells at various times after doxycycline
addition. Cells were left untreated, grown in the continuous pres-
ence of doxycycline, or transiently exposed to doxycycline for 48 h.
(C) Fraction of RPE1 and Plk4AA cells with more than two centro-
somes at various times after doxycycline addition. Points show the
mean of two independent experiments, and error bars represent the
SEM. (D) Percent congenic survival for the indicated cells. Immu-
noblots of p53 protein in UV-irradiated cells stably expressing a p53
shRNA. Bars represent the mean of two independent experiments
carried out in triplicate. Error bars represent the SEM. (E) Fraction
of cells with more than two centrosomes at various times after
doxycycline addition. Points show the mean of two independent
experiments, and error bars represent the SEM. (F) Percent congenic
survival for the indicated cells. Bars represent the mean of two
independent experiments carried out in triplicate. Error bars repre-
sent the SEM.
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expression of Plk4AA (Fig. 3D) or following activation of
the Plk4D24 allele in the gene targeted cell line (Fig. 4G,H).
Thus, increased Plk4 levels resulting from loss of Plk4
autoregulation bring about a p53-dependent cell cycle
arrest.

Here we provide the first evidence that the self-cata-
lyzed destruction of endogenous Plk4 plays a critical role
in suppressing Plk4 protein levels to limit centriole
duplication to the production of one new centrosome
per cell cycle. Preventing Plk4 autoregulation elicits rapid

and highly penetrant centrosome amplification followed
by a p53-dependent proliferative block. While we cannot
formally exclude the possibility that transiently in-
creased Plk4 levels directly suppress cellular prolifera-
tion, this would be hard to reconcile with continued
growth inhibition after removal of excessive Plk4 and
with the block to proliferation caused by increases in the
level of SAS6, a structural component of the centrosome.
Taken together, our data argue that it is centrosome
amplification itself that severely impairs the proliferation
of nontransformed RPE1 cells deficient in Plk4 autoregu-
lation. Importantly, removal of p53 overcomes this pro-
liferative block, providing a mechanism for how loss of
p53 could lay the foundation for centrosome amplifica-
tion and further genomic instability.

Materials and methods

Cell culture and creation of stable cell lines

hTERT RPE-1 cells were used in all experiments and maintained at 37°C
in a 5% CO2 atmosphere with 21% oxygen. Cells were grown in

DMEM:F12 medium containing 10% tetracycline-free fetal bovine serum

(Clontech), 0.348% sodium bicarbonate, 100 U/mL penicillin, 100 U/mL

streptomycin, and 2 mM L-glutamine. To carry out Cre recombination,

cells were incubated for 4 h with adenoviral-Cre in DMEM:F12 medium

containing 2% tetracycline-free fetal bovine serum (Clontech), 0.348%

sodium bicarbonate, 100 U/mL penicillin, 100 U/mL streptomycin, and 2

mM L-glutamine. Two days after transduction, cells were counted, and

the same number of cells in the untreated or Cre-infected population was

seeded for growth assays and clonogenic assays.

Stable cell lines expressing RFP-tagged histone H2B, EYFP-a-Tubulin,

SV40 large T-antigen, or p53 shRNA were created as described (Holland

et al. 2012). Doxycycline-inducible Myc-Plk4 and Myc-SAS6DKEN hTERT

RPE1 cells were created using lentiviral delivery, and single clones were

isolated using fluorescence-activated cell sorting. Expression of trans-

genes was induced with 1 mg/mL doxycycline (Sigma).

Gene targeting

Gene targeting was performed using adeno-associated virus as previously

described (Holland et al. 2012). Taq polymerase (Invitrogen) was used to

amplify fragments of the human Plk4 locus from genomic RPE1 DNA for

use in construction of the targeting construct. Plk4 AA and D24 mutations

were created by QuikChange site-directed mutagenesis (Agilent Technol-

ogies). The targeting construct and targeted Plk4 allele were sequenced to

verify their integrity.

Detailed Materials and Methods can be found in the Supplemental

Material.
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Erratum

Genes & Development 26: 2684–2689 (2012)

The autoregulated instability of Polo-like kinase 4 limits centrosome duplication to once per cell cycle
Andrew J. Holland, Daniele Fachinetti, Quan Zhu, Manuel Bauer, Inder M. Verma, Erich A. Nigg,
and Don W. Cleveland

After review of the above-mentioned article, the authors added an immunoblot panel to Figure 2E that resulted in the
accidental duplication of the ‘‘p53 pSer15’’ immunoblot on top of the ‘‘p21’’ immunoblot. The corrected Figure 2E,
containing the original ‘‘p21’’ immunoblot that was obscured in the published image, is shown below and in the article
PDF on the journal website, which has been updated to reflect this change. The authors apologize for any
inconvenience this may cause.
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