|
Cell Cycle 12:9, 1340-1351; May 1, 2013; © 2013 Landes Bioscience

Polo-like kinase 1 inhibitors, mitotic stress and the tumor suppressor p53

Mourad Sanhaji, Frank Louwen, Brigitte Zimmer, Nina-Naomi Kreis, Susanne Roth and Juping Yuan*

Department of Gynecology and Obstetrics; School of Medicine; J.W. Goethe-University; Frankfurt, Germany

Keywords: p53, BI 2536, BI 6727,

Poloxin, monastrol

Abbreviations: Plkl1, Polo-like kinase 1;
PBD, Polo-box binding domain; PARP,
poly(ADP-ribose) polymerase

Submitted: 12/21/12

Revised: 04/04/13

Accepted: 04/05/13
htep://dx.doi.org/10.4161/cc.24573

*Correspondence to: Juping Yuan;
Email: yuan@em.uni-frankfurt.de

1340

Polo-like kinase 1 has been established
as one of the most attractive targets
for molecular cancer therapy. In fact,
multiple small-molecule inhibitors tar-
geting this kinase have been developed
and intensively investigated. Recently, it
has been reported that the cytotoxicity
induced by Plk1 inhibition is elevated in
cancer cells with inactive p53, leading to
the hypothesis that inactive p53 is a pre-
dictive marker for the response of Plkl
inhibition. In our previous study based on
different cancer cell lines, we showed that
cancer cells with wild type p53 were more
sensitive to Plkl inhibition by inducing
more apoptosis, compared with cancer
cells depleted of p53. In the present work,
we further demonstrate that in the pres-
ence of mitotic stress induced by different
agents, Plk1 inhibitors strongly induced
apoptosis in HCT116 p53+/* cells, whereas
HCT116 p53~" cells arrested in mitosis
with less apoptosis. Depletion of p53 in
HCT116 p53** or U20S cells reduced
the induction of apoptosis. Moreover, the
surviving HCT116 p53~ cells showed
DNA damage and a strong capability of
colony formation. Plkl inhibition in com-
bination with other anti-mitotic agents
inhibited proliferation of tumor cells
more strongly than Plkl1 inhibition alone.
Taken together, the data underscore that
functional p53 strengthens the efficacy of
Plk1 inhibition alone or in combination
by strongly activating cell death signaling
pathways. Further studies are required to
investigate if the long-term outcomes of
losing p53, such as low differential grade
of tumor cells or defective DNA damage
checkpoint, are responsible for the cyto-
toxicity of Plk1 inhibition.
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Introduction

Polo-like kinase 1 (Plk1), the best-char-
acterized member of the Plk family, is
crucial for the cell cycle and exerts mul-
tiple functions throughout mitosis."?
Overexpression of Plkl enables cells to
override control checkpoints and to pro-
mote transformation of mammalian
cells.* In line with these observations,
numerous studies reveal that elevated
Plkl in tumor tissues is well correlated
with a poor prognosis of tumor patients.*’
Moreover, Plk1 has been identified as the
only kinase selectively required for the
viability of Ras cancer cells in a genome-
wide RNA interference screening.® Thus,
Plkl has been widely considered as one of
the most promising targets for molecular
intervention. In fact, multiple small-mol-
ecule inhibitors targeting the enzymatic
kinase domain and the regulatory Polo-
box binding domain (PBD) have been
recently developed and characterized."”"
In particular, BI 2536 and BI 6727 are
the most intensively investigated Plkl
inhibitors.*** Poloxin, the first reported
non-peptidic inhibitor of the PBD of Plk1,
shows its specificity and anti-proliferative
activity in vitro as well as in vivo.”"
While the preclinical data of Plk1 inhibi-
tors are encouraging, the clinical results
are rather less inspiring, showing limited
anticancer activity.?>*2¢?” It is of impor-
tance to identify the molecules and mech-
anisms responsible for the sensitivity of
Plk1 inhibitors.

It has been reported that the cyto-
toxicity resulting from Plkl inhibition
is elevated in cancer cells with defective

p53,%83° leading to the hypothesis that the
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inactive p53 might be a predictive marker
for sensitive response of Plkl inhibition.
However, in our previous work based on
various cancer cell lines with or without
functional p53, we demonstrated that
inactive p53 is clearly not a predictor for
the sensitive response to Plk1 inhibition."
In contrast, cancer cells with wild type
p53 responded more strongly in apoptosis
induction than cancer cells without p53.
We could not exclude the possibility that
other circumstances, such as mitotic stress
or DNA damage, could render cancer cells
with inactive p53 more susceptible to Plk1
inhibitors. In the current work, we have
systematically addressed whether mitotic
stress, which is very often observed in can-
cer cells, could affect the efficiency of Plk1
inhibitors in cancer cells with or without
functional p53.

Results

Plkl inhibitors trigger more apoptosis
in HCT116 p53*" cells than in HCT116
p337"- cells under mitotic stress. To
address the impact of mitotic stress on
the efficiency of Plkl inhibitors in con-
text of the p53 status of cancer cells, we
have chosen the isogenic HCT116 p53*"
and HCT116 p53~ cell lines, as they
comprise comparable cellular context
with the exception of the p53 status and
are very well characterized.”’ Microtubule
destabilizer nocodazole and vincristine,
microtubule stabilizer paclitaxel and the
kinesin Eg5 inhibitor monastrol were cho-
sen as mitotic stress inducers for pretreat-
ment. As indicated in the figure legend, all
mitotic stress inducers were used in a low
dose after performing dose-kinetics, so
that they induce mitotic stress but not yet
apoptosis during pretreatment. BI 2536
and BI 6727,'%3%3 two of the most inten-
sively studied kinase domain inhibitors,
and Poloxin, the selective PBD inhibi-
tor,'®"” were taken as representatives of
Plk1 inhibitors.

As illustrated in Figure 1A, cells were
treated with a mitotic stress inducer for 10
h and then further incubated with Plkl
inhibitor Poloxin, BI 2536 or BI 6727
for 28 h. Cells were harvested, and cellu-
lar lysates were prepared for western blot
analysis. HCT116 p53*/* cells, pretreated
with monastrol then with Plk1 inhibitor,
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clearly displayed more apoptosis by show-
ing cleaved poly(ADP-ribose) polymerase
(PARP), an apoptosis marker (Fig. 1B,
first row), increased pro-apoptotic protein
Bax (Fig. 1B, fourth row) and enhanced
caspase-3/7 activity (Fig. 1F). By con-
trast, monastrol-Plkl inhibitor-treated
HCT116 p53~~ cells exhibited mitotic
arrest, as evidenced by increased mitotic
proteins Plkl and cyclin Bl (Fig. 1B,
second and third rows) and less apopto-
sis (Fig. 1F) accompanied with increased
anti-apoptotic proteins Mcl-1 and Bcl-2
(Fig. 1B, fifth and sixth rows). Mitotic
arrest in HCT116 p53~'" cells was further
underscored by displaying an increased
G,/M peak via FACS analysis (data not
shown). The same experiments were
also performed using microtubule stabi-
lizer paclitaxel, microtubule destabilizer
nocodazole and vincristine. As shown in
Figure 1C-E, similar to monastrol-Plkl
inhibitor-treated cells (Fig. 1B), HCT116
p53*" cells demonstrated a strong apopto-
sis induction (Fig. 1C-E, first row) with
increased Bax (Fig. 1C-E, fourth rows),
whereas HCT116 p53~"~ cells showed a
mitotic arrest (Fig. 1C-E, second and
third rows) with increased pro-survival
molecules Mcl-1 and Bcl-2 (Fig. 1C, fifth
and sixth rows; Fig. 1D and E, fifth row).
The activities of caspase-3/7 in HCT116
p53*" cells were much higher upon vin-
cristine alone or combined treatment than
in HCT116 p53~" cells (Fig. 1G). Taken
together, in the presence of mitotic stress,
Plk1 inhibitors trigger a strong apoptosis
in HCT116 cells with functional p53,
whereas they arrest HCT116 cells without
p53 in mitosis with less apoptosis.
Depletion of p53 reduces apoptosis in
HCT116 p53*"* and U208 cells. To rule
out the genetic background responsible
for the different response, HCT116 p53*"
cells were depleted of p53 with siRNA and
then treated as described (Fig. 2A). As
shown in Figure 2B, depletion of p53 in
HCT116 p53*" cells reduced the cleavage
of PARP (Fig. 2B, first row), associated
with reduced pro-apoptotic protein Bax
(Fig. 2B, sixth row). Decreased induc-
tion of apoptosis was further corrobo-
rated by reduced activity of caspase-3/7
(Fig. 2C). U20S cells, osteosarcoma cell
line with wild type p53, were also treated
with siRNA against p53, and comparable
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results were observed (Fig. 2D and E). The
darta indicate that induction of apoptosis
is indeed dependent on functional p53 in
cells upon combined Plkl treatment.

Activation of the spindle assembly
checkpoint in HCT116 p53-'- cells. Next,
we took a close look into the happening
of these cells after combined treatment.
HCT116 cells were treated as illustrated in
Figure 3A and harvested at indicated time
points for western blot analysis. Treated
HCT116 cells, regardless of the p53 sta-
tus, arrested in mitosis at 6 h, showing
increased Plkl and cyclin Bl (Fig. 3B,
first and second rows). While HCT116
p537' cells kept further in mitosis during
36 h (Fig. 3B, right panel, first and second
rows), HCT116 p53** cells were no longer
in mitosis (Fig. 3B, left panel, second row).
Further analysis by measuring the activ-
ity of caspase-3/7 showed that apoptosis
occurred already at 6 h, and the activities
increased throughout the 36 h duration
with single (Fig. 3C, left and middle pan-
els) or double treatment in HCT116 p53**
cells (Fig. 3C, right panel). In HCT116
p537" cells, apoptosis also took place,
yet to a much lesser extent (Fig. 3C). In
particular, more apoptosis was induced at
24 h upon combined treatment (Fig. 3C,
right panel) than that with single treat-
ment (Fig. 3C, left and middle panels),
suggesting efficacy of combined strategy.
To examine why HCT116 p53~"~ cells still
arrested in mitosis, the staining of BubR1,
a marker for active spindle assembly check-
point, was performed. We observed that
95.4% of arrested mitotic cells displayed
a strong staining of BubR1 (Fig. 3D). The
results indicate that upon combined treat-
ment, HCT116 cells without p53 activate
the spindle assembly checkpoint, conse-
quently leading to mitotic arrest, but are
not much capable of triggering apoptosis
within cells.

Phenotype of treated HCT116 cells
with or without p53. To understand the
mechanisms by which the treated cells
activate the spindle assembly checkpoint
and arrest in mitosis, indirect immunoflu-
orescence staining was performed. Cells
were treated as described in Figure 1A,
fixed and stained for Plkl, centro-
some (pericentrin), tubulin and DNA.
Interestingly, while a low dose of mon-
astrol combined with BI 2536 induced
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Figure 1. For figure legend, see page 1343.

almost 100% monopolar spindle cells
(Fig. 4A—C), monastrol together with
BI 6727 triggered much less monopolar
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spindle cells (Fig. 4C). Instead, monastrol
with BI 6727 induced rather multipolar
spindle cells in both cell lines (Fig. 4A,

B and D). It is obvious that the working
mechanism of BI 2536 differs from that
of BI 6727, although both are targeting
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Figure 1 (See previous page). Plk1 inhibitors trigger more apoptosis in HCT116 p53** cells than in HCT116 p53~~ cells in the presence of mitotic
stress. (A) lllustration of experimental schedule. Cells were pretreated with a low dose of mitotic stress inducers (15 LM monastrol, 7 nM paclitaxel, 1.2
nM vincristine or 50 ng/ml nocodazole) for 10 h, then PIk1 inhibitor (25 .M Poloxin, 25 nM Bl 2536 or Bl 6727) was added for further 28 h. (B) Western
blot analysis for cells treated with monastrol and Plk1 inhibitors. HCT116 p53** or HCT116 p53~'~ cells were treated as described in (A) and harvested
for western blot analysis using indicated antibodies. -actin served as loading control. (C) Western blot analysis for cells treated with paclitaxel and
Plk1 inhibitors. (D) Western blot analysis for cells treated with vincristine and Plk1 inhibitors. (E) Western blot analysis for cells treated with nocodazole
and PIk1 inhibitors. (F) Quantification of relative activity of caspase-3/7 for cells treated as in (B). (G) Quantification of relative activity of caspase-3/7 for
cells treated as in (D). The results are presented as mean + SD; mona, monastrol; vincris, vincristine.
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Figure 2. Depletion of p53 reduces apoptosis in HCT116 p53*+ and U20S cells. (A) Experimental schedule. (B) HCT116 p53** cells were treated with 20
nM control siRNA (siRNA con) or siRNA against p53 (siRNA p53) for 24 h and then further incubated as described in (A). Cellular lysates were prepared
for western blot analysis with antibodies as indicated. B-actin served as loading control. (C) Cellular lysates were also used for measuring the activity
of caspase-3/7. The results are presented as mean * SD (D) U20S cells were treated as described in (A). Cellular lysates were prepared for western blot
analysis with antibodies as indicated. -actin served as loading control. (E) Cellular lysates were also used for measuring the activity of caspase-3/7.
The results are presented as mean =+ SD.

the kinase domain of Plk1: while BI 2536
appears to majorly disrupt centrosome
separation, showing monopolar spindle
cells, BI 6727 impacts centrosome dupli-
cation and cytokinesis by displaying
multipolar cells (Fig. 4 and our previous
data®). We speculate that BI compounds
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interfere with possibly not only Plk1, but
also other kinases responsible for these
processes within tumor cells.

HCT116 p53~'- cells show more DNA
damage in mitosis than cells with p53
upon treatment. Missegregated chro-
mosomes are frequently damaged during

Cell Cycle

cytokinesis, triggering a DNA double-
strand break response even in respective
daughter cells.* Since cells with monopo-
lar or multipolar spindles were not capable
of proper chromosome segregation, we
were interested in seeing if DNA dam-
age could happen in surviving HCT116
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cells after combined treatment. To answer
this question, cells were pre-treated with
paclitaxel for 10 h and then treated with
BI 6727 for 28 h. Treated cells were fixed
and stained for YH2AX, a DNA damage
marker, tubulin and DNA. As shown in
Figure 5, surviving HCT116 p537/~ cells
displayed more strong staining of YH2AX
than the cells with p53 (Fig. 5A and B).
Further analysis revealed that paclitaxel or
combined treatment induced more posi-
tive staining of YH2AX in HCT116 cells
without p53 than HCT116 cells with p53
(Fig. 5C). Even DMSO induced almost
10% cells showing this staining (Fig. 5C),
indicating that cells without p53 are sus-
ceptible to any damage inducer.
Long-term kinetics of treated cells
with or without p53. Next we studied
the fate of these DNA-damaged cells.
Cells were treated as described in Figure
1A and harvested on day 1, day 2 and
day 3 for western blot analysis. Again,
HCT116 cells without p53 remained in
mitosis after combined treatment even on
day 2 and day 3, as evidenced by increased
Plkl and cyclin Bl (Fig. 6A, second and
third rows) and showed less apoptosis
(Fig. 6A, first row) with enhanced anti-
apoptotic protein Bcl-2 (Fig. 6A, fifth
row). Interestingly, p21 was also induced
in HCT116 p53~'- cells on day 2 and day 3
(Fig. 6A, seventh row) in a p53-indepen-
dent manner (Fig. 6A, sixth row). By con-
trast, apoptosis was strongly induced in
HCT116 p53* cells (Fig. 6A, first row),
accompanied by induction of p53 and
p21 (Fig. 6A, sixth and seventh rows),
and increased pro-apoptotic protein Bax
(Fig. 6A, fourth row). These observations
were further underlined by phospho-his-
tone H3 (S10) staining, a mitotic marker
(Fig. 6B and C), and active caspase-3 mea-
surement (Fig. 6D and E). Intriguingly,
almost 35% of HCTI116 p537 cells
were arrested in mitosis (Fig. 6C, day 1),
whereas only 15% of HCT116 p53+* cells
stayed in mitosis on day 1 upon combined
treatment (Fig. 6B, day 1). On day 3,
there were still 10% of HCT116 p53~'-
cells kept in mitosis (Fig. 6C, day 3).
Moreover, 60-80% of HCT116 p53*"*
cells were positively stained with active
caspase-3, whereas 20-30% of HCT116
p537'~ cells exhibited the positive staining
during these three days (Fig. 6D and E).
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The data suggest further that in the pres-
ence of p53, HCT116 cells are susceptible
to combined mitotic agents by showing a
strong induction of apoptosis.

More strongly inhibited proliferation
in HCT116 p53** cells upon treatment.
Furthermore, we examined anti-pro-
liferation effect of combined treatment
on HCT116 cells with or without p53.
Cells were treated, and cell titer assay
was performed at indicated time points.
Proliferation of HCTI116 p53*" cells
was more strongly inhibited than that in
HCT116 p537"~ cells (Fig. 7A, left and
right panels). Moreover, colony-formation
assay was performed. Upon treatment,
the colony numbers of HCT116 p53+*"*
cells were much less than that of HCT116
p53~" cells (Fig. 7B).

Discussion

Multiple small-molecule inhibitors tar-
geting Plkl have been intensively investi-
gated with encouraging preclinical data.’
The data from clinical trials are, however,
less promising.”>*® It is of importance
to explore predictive biomarkers for the
response of Plk1 inhibitors to successfully
select suitable patients for therapy. Plkl
associates with p53 in many aspects.? In
the search of biomarkers for Plkl inhibi-
tors, several reports suggest that Plkl
inhibition preferably affects p53-deficient
cancer cells.”?* However, we and others
observed that Plkl inhibitors affect both
tumor cells with functional or deficient
p53 as well as primary/normal non-trans-
formed proliferating cells.'®'*#%% In the
previous work, based on different can-
cer cell lines, we have demonstrated that
cancer cells with wild type p53 actually
responded more sensitively to Plk1 inhibi-
tors, as evidenced by a high degree of
apoptosis induction.” In the present work,
we have focused on the question whether
mitotic stress influences the effect of Plkl
inhibitors in cancer cells in context of the
p53 status.

The tumor suppressor p53 serves as a
critical signaling hub to determine cell fate
in response to genotoxic and other cellular
stress.” % The inactivation of functional
p53 is the most common single mutation
observed in a wide variety of cancers.*
As mutant p53 is often associated with
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malignancy of tumors and with therapy

resistance, 40

restoration of p53 function
is widely regarded as an important strategy
4748 p53 is activated

in response to various mitotic stresses,

for combating cancer.

such as aberrant spindle formation, abnor-
mal centrosome separation and chromo-
some damage or mis-segregation.>#>
Our data show that in the presence of
mitotic stress induced by various anti-
mitotic agents and Plk1 inhibitors, p53 is
increased in HCT116 p53* cells, accom-
panied by elevated downstream effectors
Bax and p21 (Fig. 1B-E). Moreover,
HCT116 p53*"* cells respond to combined
Plkl inhibition with a strong induction
of apoptosis, whereas HCT116 p53~'-
cells arrest in mitosis with less apoptosis
(Fig. 1). Interestingly, reduced apoptosis
in HCT116 p53~" cells is associated not
only with weak Bax expression, the conse-
quence of the absence of p53, but also with
increased anti-apoptotic proteins, such as
Mcl-1 and Bcl-2 (Fig. 1B-E). Depletion of
p53 reduces apoptosis in HCT116 p53*"
and U20S cells, indicating that apoptosis
induction is directly associated with func-
tional p53 (Fig. 2). In response to cellular
stress, p53 determines cell fate, activating
apoptosis or arresting the cell cycle. The
latter is usually considered as a means for
tumor cells to escape cytotoxicity of anti-
cancer agents. Plkl combined therapy
induces severe mitotic defects, such as
aberrant spindles (Fig. 4), which make
p53 vote for inducing a strong apoptosis
in HCT116 p53** cells. By contrast, in
the absence of p53, HCT116 cells treated
with combined Plk1 inhibition are neither
able to execute a strong apoptosis nor to
exit from mitosis, as observed with other
anti-microtubule agents’"** In addition,
YH2AX staining, a DNA damage marker,
was enhanced in HCT116 p53~ cells
after combined treatment (Fig. 5). These
cells with DNA damage survived lon-
ger (Fig. 7A) with less caspase-3 activity
(Fig. 6D and E), compared with HCT116
p53*" cells. Moreover, the ability of clono-
genic survival of HCT116 p537' cells was
much better than that of HCT116 cells
with p53 after treatment (Fig. 7B). In
this regard, Plk1 inhibition in cancer cells
with inactive p53 could lead to accumula-
tion of polyploidy/aneuploidy due to the
lack of p53-mediated cell death signaling
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pathway. These surviving tumor cells
could be more malignant. Collectively,
the present data, in line with our previ-
ous results,” demonstrate that wild type
p53 makes tumor cells more susceptible to
Plk1 inhibitors, alone or in combination
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Furthermore, anti-microtubule agents
remain the most reliable anticancer ther-
apy. They interfere with microtubule
dynamics, leading to many defects in
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Figure 3. Activation of the spindle assembly checkpoint in HCT116 p53~~ cells. (A) Experimental schedule. (B) HCT116 p53*+ and HCT116 p53~/ cells
were treated as described in (A) and harvested at 0, 6, 12, 18, 24 and 36 h for western blot analysis with indicated antibodies. (C) The same lysates were

also used for measurement of the caspase-3/7 activity. The results are presented as mean * SD. (D) Treated cells with monastrol and Bl 6727 were fixed
and stained for BubR1, pericentrin and DNA. The representatives of confocal microscopy are shown. Scale: 5 pm.

mitosis and activation of spindle assembly
checkpoint.®** Undesirable side effects
and resistance challenge the use of microtu-
bule-targeting agents.’** It is thus desired
to develop novel drugs targeting key but
nonstructural components of the mitotic
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cells (B). Scale: 5 pm. (C) Quantification of monopolar spindle. About 300 to 400 mitotic cells were evaluated from each cell line. The results are pre-
sented as mean * SD; con, control; mona,: monastrol. (D) Quantification of multipolar spindle. About 300 to 400 mitotic cells were evaluated from each
cell line. The results are presented as mean + SD; con, control; mona,: monastrol.

machinery. In fact, various inhibitors proteins (Eg5), have been developed. trials is still limited. Combinatorial strat-
targeting specific mitotic molecules, like  These drugs are indeed more mitosis selec-  egy may harness the full potential of new
mitotic kinases (Plk1) and mitotic motor tive, yet the response in patients in clinical  anti-mitotic drugs. Interestingly, retinoids
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Figure 5. Survived HCT116 p53~~ cells show more mitotic DNA damage than the cells with p53. (A and B) HCT116 p53** cells (A) and HCT116 p53~/~

cells (B) were pre-treated with paxlitaxel for 10 h and then treated with Bl 6727 for 28 h. Cells were fixed and stained for DNA damage marker yH2AX,
for centromere (ACA, anti-centromere antibody), for tubulin and DNA. The representatives are shown. Scale: 5 um. (C) Quantification of yH2AX foci in
about 100-150 mitotic nuclei. The results are presented as mean + SD. PTX, paclitaxel.

sensitize Plk1 inhibitor GSK461364.° BI
2536 in combination with pemetrexed
shows an encouraging antitumor activ-
ity.* In this work, our results show that
combined anti-mitotic agents are effective
and support further investigations of Plk1
inhibitors in a combined manner.

Taken together, based on the data

from our studies and others,'®!>1:19:38

we
suggest that loss of functional p53 does

not directly facilitates the cytotoxicity of

www.landesbioscience.com

Plk1 inhibition. Rather, by activating cell
death signaling pathways, functional p53
strengths the efficacy of Plk1 inhibitors
and prevents possibly genome instability
caused by Plk1 inhibitors.*® Further stud-
ies are required to investigate whether the
long-term outcomes of losing p53, such as
low differential grade of tumor cells, defec-
tive DNA damage checkpoint or unbal-
anced metabolism in tumor cells, which
makes possible the survival of cancer cells

Cell Cycle

that are more dependent on Plk1 function,
are responsible for the cytotoxicity of Plk1
inhibition.

Materials and Methods
Cell culture, cell cycle and phospho-
histone H3 and active caspase-3 mea-
surement. HCT116 p53**, HCTI116

p53~"~ and U20S cells were cultured as
instructed. BI 2536 and BI 6727 were
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Figure 6. Long-time kinetics. (A) Cells were treated with monastrol for 10 h and further incubated together with Plk1 inhibitor Bl 6727 for 1,2 and 3
d. Cells were harvested and cellular lysates were prepared for western blot analysis with indicated antibodies. B-actin served as loading control. (B
and C) Treated HCT116 p53*/* cells (B) and HCT116 p53~/ cells (C) were also collected for phospho-histone H3 (S10) staining and measured by FACS.
The results are presented as mean + SD. (D and E) HCT116 p53** cells (D) and HCT116 p53~- cells (E) were treated with paclitaxel for 10 h and further
incubated with Plk1 inhibitor Bl 6727 for 1, 2 and 3 d. Cells were then collected for active caspase-3 staining and measured by FACS. The results are

presented as mean + SD and statistically analyzed. *p < 0.05; ***p < 0.001.

purchased from Selleck Chemicals LLC.
Monastrol, paclitaxel, nocodazole and
vincristine were obtained from Sigma-
Aldrich. All mitotic stress inducers were

1348

used in a low dose after performing dose
kinetics: 15 wM monastrol, 7 nM pacli-
taxel, 50 ng/ml nocodazole and 1.2 nM
vincristine.

Cell cycle was analyzed

Cell Cycle

using a FACSCalibur (BD Biosciences,
Heidelberg), as described.”” The stain-
ing of phospho-histone H3 and active
caspase-3 was also evaluated by FACS.
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Figure 7. More HCT116 without p53 survived upon combined treatment. (A) Cells were seeded
in 96-well plates, pre-treated with paclitaxel for 10 h then incubated with Plk1 inhibitors for
indicated time periods and cell viability was measured. The results are presented as mean =+ SD.
(B) Colony-formation assay. Treated cells were seeded in 6-well plates and cultured for 12-14

d. Cells were then stained, and the colony numbers were counted. The results are presented as

Briefly, treated HCT116 cells were tryp-
sinized, washed twice with pre-warmed
PBS, fixed and permeabilized with 2%
paraformaldehyde and 0.1% Triton X-100
for 15 min at 37°C. Cells were blocked
with 2% BSA for 15 min at 37°C prior
to be incubated with antibody against
phospho-histone H3 (pS10, Millipore)

www.landesbioscience.com

or with antibody against active caspase-3
(Cell Signaling) for 1 h at 37°C and then
washed twice. Cells were then incubated
with secondary FITC-labeled polyclonal
donkey anti-mouse antibody (DAKO) for
30 min at 37°C. Finally, the stained cells
were evaluated by a FACSCalibur (BD
Biosciences).

Cell Cycle

siRNA treatment, cellular extract
preparation and western blot analysis.
siRNA targeting p53 and control siRNA
were obtained from Sigma-Aldrich and
Qiagen, respectively. siRNA was tran-
siently transfected as described.” Cell lysis
was performed with RIPA buffer [50 mM
TRIS-HCI pH 8.0, 150 mM NaCl, 1%
NP-40, 0.5% Na-desoxycholate, 0.1%
SDS, 1 mM NaF, 1 mM DTT, 0.4 mM
PMSF, 0.1 mM Na,VO,, and protease
inhibitor cocktail complete (Roche)].
Western blot analysis was performed, as
previously described.”” Mouse monoclo-
nal antibodies against cyclin Bl, Plkl,
Bax, Bcl-2 and p53 were obtained from
Santa Cruz (Heidelberg). Mouse mono-
clonal antibody against p21 and rabbit
polyclonal antibody against PARP were
purchased from Cell Signaling. Mouse
antibody against Mcl-1
was obtained from PharMingen. Mouse

monoclonal

monoclonal antibody against B-actin was
from Sigma-Aldrich.

Indirect immunofluorescence stain-
ing. The staining was performed as
described.”® In brief, control or treated
cells were fixed for 15 min with 4% para-
formaldehyde containing 0.2% Triton
X-100 at room temperature. The follow-
ing primary antibodies were used for
rabbit
against pericentrin (Abcam), polyclonal
rabbit antibody against YH2AX (Upstate
Biotechnology), monoclonal mouse anti-
body against BubR1 (BD Transduction),

monoclonal mouse antibody against Plkl

staining:  polyclonal antibodies

(Santa Cruz), immune serum against
antibody,
ACA, Immuno Vision) and monoclonal

centromere  (anti-centromere
rat antibodies against o-tubulin (Sigma-
Aldrich). FITC goat anti-mouse, Cy3 goat
anti-rabbit, Cy5 donkey anti-human and
Cy3 donkey anti-rat antibodies (Jackson
Immunoresearch, West Grove) were used
as secondary antibodies. DNA was stained
using DAPI (4,6-diamidino-2-phenylin-
dol-dihydrochlorid) (Roche). Slides were
examined using an Axio Imager 7.1 micro-
scope (Zeiss, Géttingen) and images were
taken using an Axio Cam MRm camera
(Zeiss). To quantify YH2AX foci formation
150—200 mitotic nuclei from each cell line
were evaluated. The immunofluorescence
stained slides were also examined by a con-
focal laser scanning microscope (CLSM)
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(Leica CTR 6500, Heidelberg, Germany).
Images were processed using Photoshop.

Active caspase-3/7 measurement, cell
proliferation assay and colony-formation
assay. The activity of caspase-3/7 was
analyzed with Caspase-Glo® 3/7 Assay
(Promega, Mannheim), as instructed.
Cell proliferation assays were performed
by using Cell Titer-Blue® Cell Viability
Assay on treated cells in 96-well plates,
based on the reduction of the indicator dye
Resazurin into Resorufin by viable cells
(Promega). Twenty wl of CellTiter-Blue®
reagent was added to each well and then
incubated at 37°C with 5% CO, for 3 h
before fluorescence reading using a Victor
1420 Multilabel Counter (Wallac). Data
were presented as percentage compared
with control. For colony-formation assay,
treated cells were plated into 6-well plates
(BD Biosciences). After 12—14 d, colonies
were stained with methylene-blue solu-
tion for 30 min and counted. All experi-
ments were performed in triplicate and at
least three independent experiments were
performed.
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