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Introduction

Cancers are often associated with numerous cell cycle and mor-
phological abnormalities. Centrosome amplification (i.e., more 
than two centrosomes per cell) is frequently seen in both solid 
and hematological human cancers, while it rarely occurs in nor-
mal cells.1,2 Previous studies indicate centrosome amplification 
may be a causative agent in tumorigenesis.1,2 Centrosomes are 
commonly called the microtubule-organizing complex and are 
comprised of two orthogonally arranged centrioles surrounded 
by a dense lattice of proteins constituting the pericentrosomal 
matrix (PCM). The recruitment of γ-tubulin to the heart of the 
proximal ends of centrioles is critical for centrosome maturation 
and successful progression through mitosis.3,4

Organization and maturation of centrosomes is a complex and 
dynamic process that involves numerous proteins, many of which 
are regulated in a cell cycle-dependent manner. For instance, 
recruitment of γ-tubulin to mitotic centrosomes requires the 
phosphorylation of pericentrin (PCNT) by Polo-like kinase 1 
(PLK-1).5,6 Gamma-tubulin then feeds back into the development 

Loss of the tumor suppressor pteN is observed in many human cancers that display increased chromosome instability 
and aneuploidy. the subcellular fractions of pteN are associated with different functions that regulate cell growth, 
invasion and chromosome stability. In this study, we show a novel role for pteN in regulating mitotic centrosomes. pteN 
localization at mitotic centrosomes peaks between prophase and metaphase, paralleling the centrosomal localization of 
pLK-1 and γ-tubulin and coinciding with the time frame of centrosome maturation. In primary keratinocytes, knockdown 
of pteN increased whole-cell levels of γ-tubulin and pLK-1 in an Akt-dependent manner and had little effect on recruitment 
of either protein to mitotic centrosomes. Conversely, knockdown of pteN reduced centrosomal levels of pericentrin in 
an Akt-independent manner. Inhibition of Akt activation with MK2206 reduced the whole-cell and centrosome levels of 
pLK-1 and γ-tubulin and also prevented the recruitment of pteN to mitotic centrosomes. this reduction in centrosome-
associated proteins upon inhibition of Akt activity may contribute to the increase in defects in centrosome number and 
separation observed in metaphase cells. Concomitant pteN knockdown and Akt inhibition reduced the frequency of 
metaphase cells with centrosome defects when compared with MK2206 treatment alone, indicating that both pteN 
and pAkt are required to properly regulate centrosome composition during mitosis. the findings presented in this study 
demonstrate a novel role for pteN and Akt in controlling centrosome composition and integrity during mitosis and 
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of mature centrosomes, in part by enhancing the recruitment of 
other PCM proteins, including PLK-1.6

Multipolar spindle formation, caused either by failure of cen-
trosomes to mature or by amplification of centrosome number, 
can have catastrophic effects on chromosome segregation and 
fidelity.7,8 Constitutive activation of Akt has been shown to cause 
centrosome abnormalities and amplification.9 Overexpressing 
the tumor suppressor PTEN (phosphatase and tensin homolog 
deleted on chromosome ten) can reverse this amplification, at 
least in part by inhibiting the activation of Akt.9 PTEN is the 
second most commonly lost or mutated tumor suppressor in all 
of human cancers.10 Loss of PTEN is associated with increased 
growth rates, invasion, chromosome instability and aneuploidy, 
the latter phenotypes generally being associated with centrosome 
abnormalities.11,12

PTEN has many functions dependent on its location 
within cells. Cytoplasmic PTEN is most notably associated 
with Akt inhibition but is also important in suppressing inva-
sion and migration as well as contributing to proper cell 
polarization through dephosphorylation of PtdIns(3,4,5)P

3
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minimal co-localization in the few mitotic cells with detectable 
centrosomal ninein. The relative intensity of PTEN at the PCM 
during mitosis was similar to PLK-1, another transiently associ-
ated PCM protein, confirming the mitosis specific centrosomal 
localization of PTEN (Fig. 1B).

In order to further verify that detection of endogenous centro-
somal PTEN was not due to cross-reaction with another protein, 
we performed immunofluorescence studies in PTEN-null PC3 
cells. No PTEN signal was detected in asynchronously growing 
PC3 cells demonstrating that labeling of PTEN at mitotic cen-
trosomes is specific (Fig. 2, top row). Co-localization of PTEN 
and γ-tubulin was also detected in multiple cell lines, albeit to 
a low extent in the atypical squamous cell line A431, further 
demonstrating that localization of PTEN to mitotic centrosomes 
is neither cell line- nor lineage-specific (Fig. 2). We confirmed 
the localization of PTEN to mitotic centrosomes with a sec-
ond PTEN-specific antibody (Fig. S2), excluding the possibil-
ity that staining of PTEN at mitotic centrosomes is an artifact. 
Knockdown of ΔNp63α, previously shown by our laboratory 
to transcriptionally repress PTEN,21 also increased centrosomal 
levels of PTEN in HaCaT cells (Fig. S3A–C). This further con-
firms that the centrosomal labeling of PTEN is not a byproduct 
of the staining techniques used.

PTEN indirectly represses PLK-1 and γ-tubulin via regu-
lation of Akt. Loss of PTEN has been associated with chro-
mosome instability and aneuploidy,11,12 suggesting that reduced 
levels of PTEN at mitotic centrosomes may contribute to genetic 
instability. To determine if PTEN influenced genetic instabil-
ity via its localization to mitotic centrosomes, we first examined 
the effects of silencing PTEN on PCM-associated proteins. 
Immunoblot analyses of whole-cell extracts after knockdown of 
PTEN in NHEKs resulted in modest but statistically signifi-
cant increases in both PLK-1 and γ-tubulin (Fig. 3A). Previous 
studies in prostate cancer cells have demonstrated that PTEN 
catalyzes the degradation of PLK-1 independent of the phos-
phatase activity of PTEN, and thus independent of Akt.22 To 
determine if PLK-1 and γ-tubulin were similarly regulated by 
an Akt-independent mechanism in normal keratinocytes, we 
silenced PTEN and then treated cells with the Akt1/2 selective 
inhibitor MK2206. Although MK2206 alone had little effect 
on whole-cell levels of either PLK-1 or γ-tubulin (Fig. 3B), con-
comitant knockdown of PTEN and inhibition of Akt phosphor-
ylation and subsequent kinase activity by MK2206 completely 
blocked the induction in PLK-1 and γ-tubulin caused by silenc-
ing PTEN (Fig. 3B). The panAkt inhibitor, Perifosine, dis-
played similar, but less robust, effects on PLK-1 and γ-tubulin 
expression in transformed keratinocyte cells (Fig. S4). To fur-
ther confirm functionality of MK2206, the levels of ΔNp63α, 
which is stabilized by active Akt, were monitored.23,24 Similar to 
PLK-1 and γ-tubulin, increased ΔNp63α levels observed upon 
silencing PTEN were inhibited upon treatment with MK2206 
(Fig. S3D).

Both PTEN and Akt activity are critical to centrosome 
composition during mitosis. We next examined the effects of 
silencing PTEN on centrosome levels of PLK-1 and γ-tubulin 
during mitosis by immunofluorescence, since both PLK-1 and 

(phosphatidylinositol-3,4,5-trisphosphate).13,14 Nuclear PTEN is 
important for inducing cell cycle arrest and maintaining chromo-
some stability; these processes are, at least in part, independent 
of Akt inhibition.15,16 Interestingly, PTEN−/− mouse embryonic 
fibroblasts (MEFs) escape taxol-mediated mitotic arrest more 
quickly than wild type cells, suggesting that PTEN is important 
for a mitotic spindle checkpoint.17 It is not clear if the ability of 
PTEN to influence mitotic checkpoints is via the regulation of 
centrosome number, and thus via an Akt-dependent manner, or if 
PTEN is capable of regulating mitotic machinery independently 
of Akt.

In this study we demonstrate that PTEN distribution 
changes through the cell cycle, and it localizes to centrosomes 
during mitosis. PTEN knockdown affected the whole cell and 
centrosome-associated levels of γ-tubulin and PLK-1 in an Akt-
dependent manner while affecting centrosomal levels of PCNT 
in an Akt-independent manner. Akt activity is critical for recruit-
ment of PTEN to centrosomes and maintenance of centrosome 
stability, as pharmacologic inhibition of Akt greatly increased the 
number of centrosomal defects during mitosis.

Our study identifies a novel pool of PTEN, which, in conjunc-
tion with Akt, plays an important role in regulating centrosome 
composition during mitosis. This study demonstrates an essential 
role for PTEN and Akt in regulating the mitotic machinery and 
provides an explanation as to how loss of PTEN in human malig-
nancies plays a multi-faceted role in tumor progression.

Results

Localization of PTEN to mitotic centrosomes. PTEN has been 
implicated in the mitotic checkpoint as well as in the induction 
of genes associated with microtubule formation and/or stabili-
zation.17,18 To this end, we investigated a role for endogenous 
PTEN in centrosome function. Because of the complex inter-
play between centrosomes and genomic stability, we conducted 
all experiments, unless stated otherwise, in primary neonatal 
human epidermal keratinocytes (NHEK) rather than in can-
cer cell lines that frequently display centrosome abnormalities 
and genomic instability. Immunofluorescence labeling with a 
monoclonal PTEN-specific antibody showed that PTEN cel-
lular distribution changes through the cell cycle (Fig. 1A). 
During interphase, endogenous PTEN is localized to both 
the cytoplasm and nucleus, with the nuclear fraction display-
ing a mildly stronger signal. In NHEKs, little to no centro-
somal labeling of endogenous PTEN was observed during G

1
 

or G
2
; however, clear labeling of PTEN at centrosomes during 

mitosis was observed (Fig. 1A). The intensity of PTEN at the 
centrosomes was most evident during prophase and metaphase 
(Fig. 1B), which coincides with the time frame for centro-
some maturation.19 Similar patterns were also observed in the 
non-tumorigenic HaCaT keratinocyte cell line (Fig. S1A) and 
the non-small cell lung carcinoma H1299 cell line (Fig. S1B). 
PTEN is located in the PCM, as shown by co-localization with 
PLK-1, PCNT and γ-tubulin (Fig. 1A). Ninein, a protein asso-
ciated with centrosomes predominantly during interphase,20 
showed no co-localization with PTEN during interphase and 
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Figure 1. For figure legend, see page 1409.



©
20

13
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com Cell Cycle 1409

after re-expression of wild-type or C124S PTEN, potentially 
because of the differences in transformed vs. primary cell lines 
or due to the fact that PCNT levels were already at maximum 
detection level in the parental PC3 cells (Fig. S5). Treatment 
of NHEKs with MK2206 reduced PLK-1 and γ-tubulin lev-
els at mitotic centrosomes in both the presence and absence of 
PTEN-specific siRNA (Fig. 5A and B, quantitated in B). This 
indicates that while PTEN status is dispensable, Akt activity is 
required for full recruitment of PLK-1 and γ-tubulin to mitotic 
centrosomes. In contrast, the reduction in centrosomal levels of 
PCNT observed after knockdown of PTEN was shown not to 
be the result of downstream activation of Akt, since inhibition 
of Akt signaling with MK2206 had no effect on centrosomal 

γ-tubulin have different subcellular localizations during the cell 
cycle.25,26 Contrary to the effects on whole-cell levels measured 
by immunoblot (Fig. 3), knockdown of PTEN alone did not 
significantly increase PLK-1 or γ-tubulin levels at mitotic cen-
trosomes (Fig. 4A). However, re-expression of wild-type PTEN 
and catalytically inactive C124S PTEN, in PTEN-null PC3 cells 
did result in reduced expression of both PLK-1 and γ-tubulin at 
mitotic centrosomes (Fig. S5A and C). This further suggests that 
impaired organization of mitotic centrosomes is independent of 
inhibition of Akt by PTEN. Interestingly, a 29% reduction in 
centrosomal levels of the constitutive PCM protein PCNT was 
observed after knockdown of PTEN (Fig. 4B). A change in 
PCNT levels, however, was not observed in mitotic centrosomes 

Figure 1 (See opposite page). pteN localizes to mitotic centrosomes. (A) Actively growing, asynchronous, neonatal primary epidermal keratinocytes 
(NHeK) were fixed and stained for the indicated proteins. Representative cells from each stage of the cell cycle as determined by chromatin condensa-
tion and centrosome number are shown in each row. Arrowheads point to the centrosome enlarged within the inset box, while full arrows point to 
the remaining centrosome. Bars = 5 μm. (B) Mean fluorescence intensity (arbitrary units) of pteN, pLK-1, γ-tubulin and pericentrin (pCNt) during each 
stage of mitosis from NHeK. error bars represent S.e.M. from three independent experiments. At least 25 centrosomes per experiment were measured.

Figure 2. Centrosomal pteN is not cell line-specific. pteN-null pC3 cells and pteN+/+ HaCat, A431 and H1299 cells were stained for pteN (green) and 
γ-tubulin (red). the pteN+/+ cell lines show varying amounts of co-localization (observed as yellow in the last column) with γ-tubulin. Arrowheads 
indicate the centrosome enlarged within the inset box while full arrows indicate the remaining centrosome. Bars = 5 μm.
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Discussion

Previous studies have implicated a role for PTEN in regulating 
the mitotic spindle, either by controlling cell polarity28 or main-
taining a proper mitotic checkpoint.17 In this study we show for 
the first time a direct linkage between PTEN and the mitotic 
spindle through localization of PTEN to the pericentrisomal 
matrix in mitotic cells (Fig. 1). The localization of PTEN to 
mitotic centrosomes was found to be a conserved phenomenon 
in human cells, as centrosomal PTEN was neither cell line- nor 
lineage-specific (Fig. 2).

Microarray studies in breast29 and endometrial30 cancers have 
demonstrated that aberrant PTEN expression correlates with poor 
prognosis with concomitant upregulation of many centrosome-
associated proteins. Studies that only measure global changes in 
proteins may not accurately represent the changes occurring at a 
specific cellular compartment. This appears to be the case with 
PTEN, as knockdown of PTEN in primary human epidermal 
keratinocytes differentially affected centrosome-associated pro-
teins. Loss of PTEN increased whole-cell levels of γ-tubulin and 
PLK-1 in an Akt-dependent manner (Fig. 3) but did not signifi-
cantly alter their levels at mitotic centrosomes (Fig. 4). Conversely, 
knockdown of PTEN reduced centrosomal levels of PCNT in an 
Akt-independent manner (Fig. 5). The recruitment of γ-tubulin 
to mitotic centrosomes has been shown to be mediated, in part, 

levels of PCNT (Fig. 5A and B, quantitated in B). 
Unexpectedly, centrosomal levels of PTEN were also 
significantly reduced in cells treated with MK2206 
(Fig. 5). Altogether, these studies demonstrate that Akt 
activity is important to the full recruitment of PTEN, 
PLK-1 and γ-tubulin to mitotic centrosomes. However, 
PTEN also contributes to centrosome composition 
independent of its influence on Akt activity by posi-
tively influencing the recruitment of PCNT to mitotic 
centrosomes.

PTEN and Akt activity both contribute to centro-
some integrity during mitosis. The proper recruitment 
of PLK-1 and γ-tubulin is critical for centrosome matu-
ration, as inhibition of either protein leads to reduced 
microtubule-organizing activity, which negatively 
impacts the completion of mitosis. Consistent with the 
requirement of Akt activity to fully recruit PLK-1 and 
γ-tubulin to mitotic centrosomes (Fig. 5), inhibition 
of Akt signaling with MK2206 drastically increased 
the frequency of mitotic cells with centrosome defects  
(Fig. 6). Although MK2206 or PTEN knockdown did 
not dramatically alter the frequency of prophase cells 
with centrosome defects (Fig. 6A), MK2206 increased 
the frequency of metaphase cells with centrosome 
defects to 58.3 ± 2.37% (Fig. 6B). Although not as 
robust as treatment with MK2206, silencing PTEN 
also significantly increased the percentage of metaphase 
cells with centrosome abnormalities to 21.8 ± 2.37%. 
Concomitant knockdown of PTEN and MK2206 
treatment reduced the frequency of metaphase cells 
with centrosome defects as compared with MK2206 
treatment alone (18.7 ± 7.04% vs. 58.3 ± 2.37%), but was still 
significantly higher than in non-silencing control, DMSO-
treated cells (Fig. 6B). This may be the result of combined PTEN 
knockdown and MK2206 treatment allowing cells to progress 
through mitosis without resolving defects, as it has been reported 
earlier that PTEN-null cells have a deficient mitotic checkpoint.17

In examining mitotic cells, independently of the stage of 
mitosis, the most common defects observed were fragmented 
centrosomes (Fig. 7A) and centrosome amplification (Fig. 7B), 
as determined by staining for constitutive centrosome compo-
nents PCNT and γ-tubulin. Interestingly, knockdown of PTEN 
led to a small but statistically significant decrease in the percent 
of mitotic cells with fragmented centrosomes as compared with 
DMSO-treated cells (Fig. 7A). The reduction in fragmented cen-
trosomes may be due to increased Akt activation, since concomi-
tant knockdown of PTEN and Akt inhibition with MK2206 
ablated this reduction (Fig. 7A).

Consistent with previous reports,9,27 loss of PTEN increased 
the frequency of centrosome amplification (Fig. 7B). Inhibition 
of Akt with MK2206 after knockdown of PTEN reduced the 
number of cells with supernumerary centrosomes, confirming 
that centrosome amplification is caused by increased Akt activity 
rather than PTEN loss (Fig. 7B, right panel). Altogether, these 
studies demonstrate that PTEN and Akt activity must be ade-
quately balanced to prevent centrosome aberrations.

Figure 3. pteN suppresses pLK-1 and γ-tubulin by inhibiting the activation of Akt. 
(A) pteN was silenced in NHeKs followed by immunoblot analysis for the indicated 
proteins. Quantitation of the change in proteins levels is graphed in the right panel. 
error bars represent s.d. from three separate experiments. (B) NHeKs were trans-
fected with non-silencing control (NSC) or pteN specific siRNA followed by treat-
ment with 10 μM MK2206 or DMSo control for 16 h. Immunoblot analysis for the 
indicated proteins was performed, and the change in total protein levels is plotted 
in the right panel. error bars represent s.d. from three separate experiments.
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centrosomes (Fig. 5) without significantly affecting steady-state 
levels of centrosome-associated proteins in normal, healthy cells 
(Fig. 3B). Inhibition of basal Akt activity with MK2206 sig-
nificantly reduced centrosomal levels of PLK-1 and γ-tubulin in 
mitotic cells (Fig. 5). The inhibition of Akt activity seems to have 
a greater effect on centrosomal levels of PLK-1 and γ-tubulin 
in mitotic cells (Fig. 5) as compared whole-cell levels seen in 
Figure 3. The difference the magnitude of change in response to 
MK2206 treatment between immunoblot and immunofluores-
cence results may be due to the fact that the immunofluorescence 
measurements were taken of only mitotic centrosomes, while the 
immunoblot analyses in Figure 3B measure total protein levels (at 
all subcellular compartments) and at all stages of the cell cycle. 
This is important given that the levels of PLK-125 and γ-tubulin26 
at centrosomes are dependent on the cell cycle, and changes in 
the mitotic centrosome levels could easily be masked in immu-
noblot analyses of whole-cell extracts from asynchronous cells.

Additionally, regulation of PLK-1 by Akt may have effects 
far beyond the recruitment of γ-tubulin to mitotic centrosomes. 
Phosphorylation of 4E-BP139 and AMPK40 by PLK-1 has been 
shown to be critical for healthy progression through mitosis. 
During interphase, Akt and AMPK have antagonistic effects 
on the mTOR pathway and subsequently on cell progression. 
However, the nutrient-sensing functions of AMPK are dispens-
able for its mitotic functions,41 and thus PLK-1 may act as a 
bridge to connect the AMPK and Akt pathways to ensure suc-
cessful completion of mitosis. The ability of Akt and PTEN to 
regulate centrosome composition during mitosis likely contrib-
utes to proper spindle formation, as demonstrated by the increase 
in centrosome defects caused by the knockdown of PTEN and/
or inhibition of Akt with MK2206 (Fig. 7). It is important to 
note that even though loss of PTEN and MK2206 treatment 
increased the number of centrosome defects, no overt chromo-
somal abnormalities were observed in NHEK cells during our 
short-term study. Because these studies were conducted in pri-
mary cells, it indicates that disruption of the PTEN/Akt path-
way is sufficient to cause centrosome defects, but that additional 

by PCNT31 after the phosphorylation of PCNT by PLK-1,6 and 
thus disruption of PCNT levels by silencing PTEN could have 
indirect effects on the recruitment of γ-tubulin in normal kerati-
nocytes. There is likely a minimal threshold level of PCNT that is 
sufficient to recruit γ-tubulin to mitotic centrosomes and events 
that deplete PCNT, but failure to reach this threshold level would 
only have minimal effects on γ-tubulin recruitment. This notion 
is supported by multiple lines of evidence. First, our results in 
Figure 4 demonstrating that while silencing PTEN led to a mod-
est ~29% reduction in PCNT levels, no significant change in cen-
trosomal levels of γ-tubulin were observed. Furthermore, studies 
demonstrating the importance of PCNT to the recruitment of 
γ-tubulin have employed PCNT-specific siRNA to directly 
deplete PCNT levels by at least 80%.6,31,32

The full recruitment of PCNT to mitotic centrosomes appears 
to be dependent on PTEN (Fig. 4), and intriguingly, the cen-
trosomal localization of PTEN in mitotic cells was found to be 
dependent on the kinase activity of Akt (Fig. 5). The dependence 
on Akt activity for centrosomal localization of PTEN is interest-
ing given the canonical role of cytoplasmic PTEN in preventing 
the activation of Akt. However, the ability of Akt to control the 
subcellular localization of PTEN is not completely unexpected, 
as Akt has previously been reported to accentuate the nuclear 
export of PTEN by facilitating the interaction of PTEN and 
S6 kinase 2 (S6K2).33 One could speculate that Akt-mediated 
control of S6K2 could also influence recruitment of PTEN to 
mitotic centrosomes, since S6K2 is known to physically inter-
act with PTEN as well as localize to centrosomes.33,34 However, 
further investigation would be needed to test this hypothesis. 
Additionally, it is possible that PTEN may influence Akt activity 
at mitotic centrosomes, as both PI3K and Akt have been reported 
to localize to centrosomes in other cell lines.35-37

The kinase activity of Akt is well known for promoting cell 
proliferation and also important for preventing mitotic catastro-
phe in cancer cells lines.38 To the best of our knowledge, how-
ever, the current study is the first to specifically demonstrate that 
basal Akt activity is critical for protein recruitment to mitotic 

Figure 4. Loss of pteN reduces centrosome levels of pericentrin. (A) pteN was silenced in NHeKs then stained for the indicated proteins. Arrowheads 
point to the centrosome enlarged bottom panels. Bars = 5 μm. (B) the mean fluorescence intensities of each protein at mitotic centrosomes, relative 
to control treated cells, are plotted. error bars represent S.e.M. from three separate experiments, at least 25 centrosomes measured for each protein 
per condition per experiment. *p values ≤ 0.05; #p values ≤ 0.009.
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Figure 5. Centrosome composition is regulated by Akt. (A) Immunofluorescence analysis for the indicated proteins was performed on NHeKs 
transfected with NSC- or pteN-specific siRNA followed by 10 μM MK2206 or DMSo control treatment for 16 h. Arrowheads point to the centrosome 
enlarged bottom panels; Bars = 5 μm. (B) the mean fluorescent intensities of each protein at mitotic centrosomes, relative to NSC/DMSo-treated cells, 
are plotted. error bars represent S.e.M. from three separate experiments, at least 25 centrosomes measured for each protein per condition per experi-
ment. *p values ≤ 0.05; #p values ≤ 0.009.

stressors may be required before the effects on chromosome stabil-
ity are detectable. Additionally, silencing of PTEN only achieved 
a ~50% reduction in centrosomal levels of PTEN (Fig. 4), sug-
gesting that centrosome-associated PTEN may somehow be sta-
bilized and continuing to assist in chromosome maintenance. 
Consistent with this notion are previous studies demonstrating 
that PTEN−/− MEFs exposed to γ-irradiation accumulate chro-
mosomal abnormalities.17 The activity of Akt is also critically 

important for mitotic progression under stress conditions, as Akt 
removes the G

2
/M block caused by DNA damage by preventing 

the ubiquitination and degradation of PLK-1.42

Akt inhibitors in addition to MK2206 have been shown to 
cause spindle abnormalities during mitosis in cancer cells,43 but 
the studies in Figure 5 provide the first evidence that PTEN 
and Akt play a direct role in controlling centrosome composi-
tion during mitosis. Because of the direct effects on recruiting 
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Figure 6. Loss of Akt activity and pteN lead to centrosome defects during metaphase. Immunofluorescence analysis for the indicated proteins was 
performed on NHeKs transfected with NSC- or pteN-specific siRNA followed by 10 μM MK2206 or DMSo control treatment for 16 h. (A) the number of 
centrosomal defects in each stage of mitosis were scored. error bars represent s.d. from at least five separate experiments: *p values ≤ 0.05.

Figure 7. Loss of Akt activity and pteN lead to increased frequencies of centrosome fragmentation and amplification. (A) Representative images of 
fragmented and (B) supernumerary centrosome defects. Arrowheads point to the centrosome enlarged within the inset box, while full arrows point to 
the remaining centrosome. Bars = 5 μm. the frequency of each type of defect is graphed in the lower panels. error bars represent s.d. from at least five 
separate experiments: *p values ≤ 0.05.
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PTEN and PLK-1 to mitotic centrosomes in addition to the tra-
ditional growth-suppressive effects of Akt inhibition, combina-
torial therapies of MK2206 with other mitotic inhibitors may 
prove extremely beneficial in cancer treatment. The ability of 
MK2206 to induce centrosome defects in the normal, primary 
skin cells highlight the need for more investigation into the safety 
of is uses as a chemotherapeutic. In fact, dose-limiting toxicities 
from phase I clinical trials of MK2206 were comprised mainly 
of skin rashes.44 More studies will be needed to determine if the 
rashes observed in clinical trials of MK2206 are a direct result of 
off-target effects in normal skin, and if so, what steps could be 
taken to prevent them and enhance the efficacy of MK2206. The 
potential therapeutic value of centrosomal PTEN and its regula-
tion by Akt activity warrants future studies.

Materials and Methods

Cell lines and reagents. H1299, HaCaT, A431, parental PC3 
(PTEN-null), PC3 cells expressing WT or mutant PTEN C142S 
cell lines were grown in Dulbecco’s modified Eagles medium 
(DMEM) supplemented with 8% fetal bovine serum and 100 U/
mL of penicillin/streptomycin and maintained at 37°C in 5% CO

2
. 

Neonatal human keratinocytes (NHEK) were grown in KGM-
Gold media, supplemented and maintained as per manufacturer’s 
instructions (Lonza). Cells were transfected with non-silencing 
control or PTEN specific siRNA using a previously described 
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