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ABSTRACT

Aurora kinases are key regulators of mitotic progression and have also been implicated in
tumorigenesis. Small molecules that inhibit Aurora kinases have shown impressive antic-
ancer activity in preclinical studies and are currently under clinical evaluation. In this study,
our data show that suppression of Aurora activity with a specific inhibitor prevents the
proliferation of breast cancer cells. Molecular modeling studies indicate that the Aurora
inhibitor suppresses Aurora activity by competitive displacement of ATP. Mechanistically,
the Aurora inhibitor causes the accumulation of multinucleated cells, leading to profound
apoptosis in the absence of caspase-3 activity. Further studies show that the sensitivity of
cancer cells to the Aurora inhibitor is independent of the spindle checkpoint. In addition, the
Aurora inhibitor acts synergistically with the vinca alkaloids but not with the taxanes in
inhibiting cell proliferation and inducing apoptosis. These results suggest that Aurora inhi-
bitors might be effective in spindle checkpoint-defective cancer cells and a combination of
Aurora inhibitors with the vinca alkaloids is a promising approach for cancer chemotherapy.

© 2007 Elsevier Inc. All rights reserved.

1. Introduction

As essential mitotic regulators, Aurora kinases are required
for the maintenance of genetic stability. Deregulation of Aurora

The Aurora family of serine/threonine protein kinases plays a
critical role in cell division [1,2]. In mammals, this family of
kinases has three members, namely Aurora-A, -B, and -C,
which differ in cellular localization and function. Aurora-A
accumulates at centrosomes from S phase to the end of
mitosis, and has been implicated in centrosome maturation
and bipolar spindle assembly [3]. Aurora-B localizes at
different places in the mitotic apparatus, depending on the
stage of mitosis, and binds inner centromere protein, survivin,
and borealin to form the chromosome passenger complex,
which is important for chromosome attachment and segrega-
tion, and cytokinesis [1,4]. Aurora-C is localized at the
centrosome during late mitosis and is functionally related
to Aurora-B [1].
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expression or function might provoke genetic instability and
lead to cancer. In fact, overexpression of these kinases has been
detected in various human cancers [2,5-7], and Aurora-A has
been identified as a cancer susceptibility gene [8].

The implication of Aurora kinases in tumorigenesis
suggests that these kinases may serve as effective targets
for the development of anticancer agents. A number of
chemical compounds against Aurora kinases, notably
ZM447439, Hesperadin, and VX-680, have been developed in
the past years, and some of them have shown impressive
anticancer activity in preclinical studies [7]. For example, VX-
680 has been demonstrated to suppress tumor growth in
rodent xenograft models [9], and the anticancer activity of this
agent is currently being investigated in clinical trials. Because
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Aurora kinases are likely to act only in mitotic cells [10], their
inhibitors might have better specificity in cancer treatment
than the well known chemotherapeutic agents, such as
microtubule-interfering agents and alkylating agents.

A key question regarding the mechanism of action of
Aurora inhibitors is whether their efficacy against cancer cell
proliferation depends on the integrity of the spindle check-
point, a cellular surveillance mechanism that ensures accu-
rate chromosome segregation during mitosis [11,12]. Given
that defects in the spindle checkpoint are frequently observed
in human cancers [13], elucidation of the checkpoint impact
on the efficacy of Aurora inhibitors could provide important
insights into the effective development of these agents in the
clinic. This study was undertaken to explore the relationship
between Aurora inhibitor activity and the spindle checkpoint
status, and to further our understanding of the mechanisms of
action of this group of agents.

2. Materials and methods
2.1. Materials

4-(4'-Benzamidoanilino)-6,7-dimethoxyquinazoline (BADIM)
was purchased from Calbiochem. Paclitaxel, vinblastine, sul-
forhodamine B (SRB), 4'-6-diamidino-2-phenylindole (DAPI),
propidium iodide (PI), and the mouse monoclonal antibody
against a-tubulin were obtained from Sigma-Aldrich, and
rhodamine-conjugated anti-mouse secondary antibody was
from Jackson ImmunoResearch Laboratories.

2.2. Cells and adenoviruses

Human breast cancer cell line MCF7 was cultured in RPMI 1640
medium supplemented with 2 mM r-glutamine and 10% fetal
bovine serum at 37 °C in a humidified atmosphere with 5%
CO,. Adenoviruses encoding dominant-negative Mad2 and
BubR1 were prepared and amplified in low passage human
embryonic kidney 293 cells as described previously [14].

(A)

AurA-ADP

Adenovirus titers were determined with an adenovirus titer
kit (BD Biosciences).

2.3.  Small interfering RNAs (siRNAs)

Mad2, BubR1, and luciferase siRNAs were designed to
target Mad2 sequence 5'-ACCTTTACTCGAGTGCAGA-3/, BubR1
sequence 5-CAATACTCTTCAGCAGCAG-3, and luciferase
sequence 5'-CGTACGCGGAATACTTCGA-3/, respectively. The
siRNAs were synthesized by Dharmacon and transfected to
cells with the lipofectamine 2000 reagent following the
manufacturer’s instruction (Invitrogen).

2.4.  Molecular modeling

BADIM was docked onto the 1.9-A coordinates obtained from
the crystal structure of Aurora-A [15], using standard DOCK
methodology [16]. The lowest-energy Aurora-A/BADIM inter-
action model is shown in Fig. 1.

2.5.  In vitro cell proliferation assay

Cells grown in 96-well plates were treated with gradient
concentrations of BADIM for 48 h. SRB-based cell proliferation
assays were then performed as described previously [17]. The
percentage of cell proliferation as a function of drug
concentration was plotted to determine the ICso value, which
stands for the drug concentration needed to prevent cell
proliferation by 50%.

2.6.  Flow cytometry

Flow cytometric evaluation of cellular DNA content was
performed as described [14]. Briefly, 2 x 10° cells were
collected, washed twice with ice-cold phosphate-buffered
saline (PBS), and fixed in 70% ethanol for 24 h. Cells were
washed again with PBS and incubated with PI (20 pg/ml)/
RNaseA (20 ng/ml) in PBS for 30 min in the dark. Samples were
analyzed on a BD FACSCalibur flow cytometer.

AurA-BADIM

Fig. 1 - Molecular modeling of the interaction between BADIM and Aurora-A. (A) Schematic models showing Aurora-A with
ADP (left panel) or BADIM (right panel). The Aurora-A/ADP model was derived from the coordinates for the crystal structure
of the Aurora-A/ADP complex [15], and the Aurora-A/BADIM model was created by molecular docking as described in
Section 2. (B) Details of important interactions between BADIM and Aurora-A. BADIM is color coded with red depicting
oxygen, blue depicting nitrogen, yellow showing carbon, and grey representing hydrogen. Amino acid residues of Aurora-A

involved in the interaction with BADIM are labeled.
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2.7.  Immunofluorescence microscopy

Cells grown on glass coverslips were fixed with cold (20 °C)
methanol for 5min and then washed with PBS for 5min.
Nonspecific sites were blocked by incubating with 2% bovine
serum albumin in PBS for 15 min. Cells were incubated with
mouse monoclonal anti-a-tubulin antibody for 2h and then
rhodamine-conjugated anti-mouse secondary antibody for 1 h
followed by staining with DAPI for 5min. Coverslips were
mounted with 90% glycerol in PBS and examined with an
Olympus fluorescence microscope.

2.8.  Apoptosis assays

Annexin V staining of the apoptotic membranes was per-
formed by using the annexin V apoptosis detection kit (FITC)
following the manufacturer’s protocol (Pharmingen). DNA
strand breaks were identified using the terminal deoxynu-
cleotidyltransferase-mediated dUTP nick-end labeling
(TUNEL) assay kit (molecular probes). Caspase-3 activity was
measured by the cleavage of the small synthetic substrate Z-
DEVD-aminoluciferin (Promega) that becomes luminogenic
upon cleavage. The luminescent signal is directly proportional
to the amount of caspase-3 activity.

2.9.  Analysis of combined drug effects

Cells were treated with a range of BADIM and paclitaxel (or
vinblastine) concentrations alone and in combination at a
fixed ratio of 1000:1 for 48 h. At the end of this period, the
inhibition of cell proliferation was measured for each
condition. Treatment interaction effects of BADIM and
paclitaxel (or vinblastine) were then determined by calculat-
ing the combination index (CI) values for each fraction
affected using the commercially available CalcuSyn program
(Biosoft), which is based on the median-effect principle of
Chou and Talalay [18]. The CalcuSyn program automatically
analyzes a data set using both the mutually exclusive
assumption (similar mechanisms of action of both drugs)
and the mutually nonexclusive assumption (dissimilar
mechanisms of action of both drugs). The CI equation
determines the additive effect of drug combinations, such
that synergism is defined as a greater-than-the-expected-
additive effect, and antagonism is defined as less-than-the-
expected-additive effect. Thus, CI values less than 1 corre-
spond to synergistic drug interactions, CI values equal to 1
correspond to additive interactions, and CI values greater
than 1 correspond to antagonistic interactions.

3. Results

3.1.  Molecular modeling of the interaction between BADIM
and Aurora-A

BADIM is a cell-permeable anilinoquinazoline compound
that potently and selectively inhibits the activity of both
Aurora-A and Aurora-B [19]. To gain mechanistic insight
into how BADIM exerts such an inhibitory effect, we
simulated the interaction of BADIM with Aurora-A by

molecular modeling. BADIM was docked onto the 1.9-A
coordinates obtained from the crystal structure of Aurora-A
[15], and the lowest-energy interaction model was then
generated. As shown in Fig. 1A, a bi-lobal shape character-
istic of protein kinases was presented by the model, and the
BADIM binding pocket was situated between the two lobes,
where the ATP/ADP binding pocket resides [15]. A detailed
examination of the molecular interaction revealed amino
acid residues on Aurora-A that are involved in BADIM
binding, including K162-V163, E211 ~ A213, G216-T217, and
A273-G276 (Fig. 1B), many of which are critical for ATP/ADP
interaction with Aurora-A [15]. These data indicate that
BADIM is likely to inhibit Aurora activity by competitive
displacement of ATP, like the action of many other Aurora
inhibitors.
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Fig. 2 - Inhibition of Aurora activity with BADIM prevents
the proliferation of human breast cancer cells. (A) MCF7
cells were treated with varying concentrations of BADIM
for 48 h, and the percentage of cell proliferation was
measured by SRB-based in vitro cell proliferation assay.
The drug concentration needed for 50% inhibition of cell
proliferation (ICso) is shown at the upper side. Values,
means of three independent experiments; bars, SD. (B)
Phase contrast images of MCF7 cells treated with 5 pM
BADIM or equal volume of the DMSO control for 0, 24, or
48 h.
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3.2, Inhibition of Aurora activity with BADIM prevents the
proliferation of human breast cancer cells

Suppression of Aurora kinase activity by compounds such as
ZM447439, Hesperadin, and VX-680 has been demonstrated to
inhibit cancer cell proliferation [7]. In this study, we examined
whether the Aurora inhibitor BADIM has a similar anti-
proliferative activity. MCF7 human breast cancer cells were
treated with gradient concentrations of BADIM, and its effect
on cell proliferation was then evaluated by SRB staining assay.
We found that BADIM prevented the proliferation of MCF7
cells in a concentration-dependent manner, and the ICs
value, which stands for the drug concentration needed to
prevent cell proliferation by 50%, was determined to be 5.0 pM
(Fig. 2A). Phase contrast microscopic analysis of the cell
morphology revealed that while MCF7 cells proliferated
normally in DMSO-treated cells, their proliferation was
significantly impaired in the presence of BADIM (Fig. 2B).
Together these results demonstrate a potent anti-proliferative
activity for the Aurora inhibitor BADIM.

3.3.  BADIM causes the accumulation of multinucleated
cells, leading to apoptotic cell death

To better understand the mechanism of action of BADIM, we
examined the morphology of microtubules and DNA of
BADIM-treated cells by immunofluorescence microscopy.
We found that this agent caused the accumulation of cells
with multi-lobed nuclei (Fig. 3A), suggesting a failure of
cytokinesis. For example, 16% of BADIM-treated cells had
multi-lobed nuclei upon treatment with 5 pM BADIM for 24 h,
whereas multinucleated cells were rarely detected in the
control group (Fig. 3B).

Examination of MCF7 cells treated with BADIM for a longer
period revealed that this agent induced the formation of
condensed and fragmented nuclei characteristic of apoptosis
(Fig. 4A). The induction of apoptosis by BADIM exhibited a
time-dependent manner. For example, 7.3% and 39.8% of cells
underwent apoptosis upon treatment with 5 pM BADIM for 24
and 48h, respectively (Fig. 4B). We then performed flow

Control

BADIM

cytometry to further examine BADIM-induced apoptosis.
MCEF?7 cells treated with BADIM for 48 h were collected and
stained with the DNA dye PI, and cellular DNA content was
analyzed by a flow cytometer. The percentage of cells with less
than 2N DNA content (sub-G1 cell population) was quantified
as a measure of apoptosis. BADIM was found to increase the
percentage of sub-G1 cells (Fig. 4C). In addition, consistent
with the multinucleation induced by BADIM, a subset of cells
was found to be polyploid upon BADIM treatment (Fig. 4C).

To investigate further whether BADIM-treated cells die
through the apoptosis pathway, we performed annexin V
staining assay, which reports the loss of phosphatidylserine
asymmetry of plasma membrane at the early stage of
apoptosis. As shown in Fig. 4D, BADIM induced the accumula-
tion of annexin V-positive cells. We also performed TUNEL
assay, which detects DNA breaks in the process of apoptosis,
and found that BADIM increased TUNEL-positive cells (Fig. 4E).
These results indicate that MCF7 cells are committed to die by
apoptosis upon BADIM treatment.

We then measured caspase-3 activity in BADIM-treated
cells, using the small synthetic substrate Z-DEVD-aminoluci-
ferin. As shown in Fig. 4F, BADIM did not increase caspase-3
activity in MCF7 cells, although it significantly increased
caspase-3 activity in CEM lymphoblastoid cells. This finding is
consistent with the previous observations that MCF7 cells lack
caspase-3 activity and can die in the absence of caspase-3
activity [20,21], and suggests that MCF7 cells die by non-
canonical apoptosis upon BADIM treatment.

3.4.  BADIM-induced apoptosis is independent of the
spindle checkpoint

To test whether BADIM is effective in cancer cells that harbor
spindle checkpoint defects, we knocked down the expression
of two essential components of the spindle checkpoint, Mad2
and BubR1 [11], to inhibit the spindle checkpoint function.
MCF7 cells were transfected with Mad2, BubR1, or control
siRNAs for 24 h and then treated with 5 uM BADIM or 50 nM
paclitaxel for 0, 12, 24, or 36 h. The percentage of mitotic cells
was quantified by immunofluorescence microscopy. As
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Fig. 3 - BADIM results in the accumulation of multinucleated cells. (A) Immunofluorescence images of microtubules (red) and
DNA (blue) in cells treated for 24 h with 5 puM BADIM or DMSO (control). (B) Experiments were performed as in (A), and the
percentage of multinucleated cells was then quantified. Values, means of three independent experiments; bars, SD; **,

P <0.01.
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Fig. 4 - BADIM triggers apoptosis in breast cancer cells. (A) MCF7 cells were treated for 0, 24, or 48 h with 5 pM BADIM and
stained with the DNA dye DAPI. The nuclear morphology of cells was then observed under a fluorescence microscope.
Apoptotic cells exhibit condensed and fragmented nuclei. (B) Experiments were performed as in (A), and the percentage of
cells with apoptotic nuclear morphology was quantified. (C) Flow cytometric analysis of DNA content in MCF7 cells treated
for 48 h with 5 pM BADIM or DMSO (control). BADIM treatment resulted in a clear increase in the percentage of cells with
less than 2N DNA content (sub-G1 population). (D) Quantitation of apoptosis by annexin V staining in MCF7 cells treated for
48 h with 5 pM BADIM or DMSO (control). The M1 and M2 gates indicate annexin V-negative and -positive staining
populations, respectively. (E) Quantitation of apoptosis by TUNEL analysis in MCF?7 cells treated for 48 h with 5 M BADIM
or DMSO (control). (F) Quantitation of caspase-3 activity in MCF7 and CEM cells treated with 5 nM BADIM for 0, 24, or 48 h.

Caspase-3 activity was analyzed using the luminogenic substrate Z-DEVD-aminoluciferin. Values, means of three

independent experiments; bars, SD; **, P < 0.01.

shown in Fig. 5A, siRNA-mediated knockdown of Mad2 or
BubR1 remarkably inhibited the ability of paclitaxel to arrest
cells at mitosis, indicating that the siRNAs could impair the
spindle checkpoint. In contrast, no significant mitotic arrest
was observed for BADIM treatment, either in control siRNA or
Mad2/BubR1 siRNA-transfected cells. We then examined the
effects of the siRNAs on paclitaxel- and BADIM-induced
apoptosis in MCF7 cells. Cells were transfected with Mad?2,
BubR1, or control siRNAs for 24 h and then treated with 5 pM

BADIM or 50nM paclitaxel for 48 h. The percentage of
apoptotic cells was quantified by fluorescence microscopic
analysis of nuclear morphology. Consistent with previous
findings [22,23], our data revealed that knockdown of Mad2 or
BubR1 significantly prevented paclitaxel-induced apoptosis
(Fig. 5B). In contrast, BADIM-induced apoptosis was not
obviously affected by knockdown of Mad2 or BubR1 (Fig. 5B).
Similar results were achieved by using adenoviruses expres-
sing dominant negative Mad2 and BubR1. As shown in Fig. 5C
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Fig. 5 - BADIM-induced apoptosis is independent of the spindle checkpoint. (A) Cells were transfected with Mad2, BubR1, or
luciferase (control) siRNAs for 24 h and then treated with 5 xM BADIM or 50 nM paclitaxel (PTX) for 0, 12, 24, or 36 h. The
percentage of mitotic cells was quantified by immunofluorescence microscopic analysis of microtubules and DNA. (Inset)

Western blot analysis of the expression of Mad2, BubR1, and B-actin in cells transfected with Mad2, BubR1, or control
siRNAs. siC, control siRNA; siB; BubR1 siRNA; siM, Mad2 siRNA. (B) Cells were transfected with Mad2, BubR1, or control
siRNAs for 24 h and then treated with 5 xM BADIM or 50 nM paclitaxel for 48 h. The percentage of apoptotic cells was
quantified by fluorescence microscopic analysis of nuclear morphology. (C) Cells were treated with dominant negative
Mad2 (dnMad2), dominant negative BubR1 (dnBubR1), or B-galactosidase (control) adenoviruses for 24 h and then treated
with 5 xM BADIM or 50 nM paclitaxel for 0, 12, 24, or 36 h. The percentage of mitotic cells was quantified as in (A). (D) Cells
were treated with dnMad2, dnBubR1, or control adenoviruses for 24 h and then treated with 5 puM BADIM or 50 nM
paclitaxel for 48 h. The percentage of apoptotic cells was quantified as in (B). Values, means of three independent

experiments; bars, SD; #, P> 0.1; *, P < 0.05; **, P < 0.01.

and D, impairment of spindle checkpoint function by the
dominant negative adenoviruses could inhibit the efficacy of
paclitaxel to induce mitotic arrest and apoptosis. However, the
adenoviruses did not significantly influence the sensitivity of
MCF7 cells to the Aurora inhibitor BADIM. These results
indicate that BADIM-induced apoptosis is independent of the
spindle checkpoint.

3.5.  BADIM acts synergistically with the vinca alkaloids
but not with the taxanes in inhibiting MCF7 cell proliferation
and inducing apoptosis

The mechanism of action of the Aurora inhibitor BADIM is
clearly different from that of microtubule inhibitors, whose
sensitivity depends on a functional spindle checkpoint.
However, both BADIM and microtubule inhibitors inhibit cell
proliferation and induce apoptosis. Thus, we wanted to
investigate whether the combination of BADIM with micro-
tubule inhibitors would result in a synergistic inhibition of cell
proliferation and induction of apoptosis. We treated MCF7
cells with varying concentrations of BADIM and paclitaxel
alone and in combination at a fixed ratio of 1000:1 for 48 h. At
the end of this period, the inhibition of cell proliferation was
measured by the SRB assay for each condition. Treatment

interaction effects of BADIM and paclitaxel were then
determined by calculating the CI values for each fraction
affected using the CalcuSyn program, based on the principle of
Chou and Talalay [18]. Such analysis yielded CI values greater
than 1 for the combination of BADIM with paclitaxel,
corresponding to an antagonistic interaction between these
two drugs (Fig. 6A). In contrast, the CI values were less than 1
for the combination of BADIM with vinblastine, indicating a
synergistic interaction between these two drugs (Fig. 6B).
Nuclear morphology analysis further revealed that BADIM
substantially potentiated vinblastine-induced apoptosis, but
not paclitaxel-induced apoptosis (Fig. 6C and D). Similarly,
BADIM was antagonistic with docetaxel, but synergistic with
vincristine in inhibiting MCF7 cell proliferation and inducing
apoptosis (data not shown).

4, Discussion

Chemotherapy represents one of the major treatment options
to cancer patients. Unfortunately, side effects have significantly
impeded the use of currently available drugs. Consequently, itis
necessary to develop novel anticancer agents that have reduced
side effects and better pharmacological profiles. Small mole-
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Fig. 6 - BADIM acts synergistically with vinblastine but not with paclitaxel in inhibiting MCF7 cell proliferation and inducing
apoptosis. (A) Cells were treated with varying concentrations of BADIM and paclitaxel (PTX) alone and in combination at a
fixed ratio of 1000:1 for 48 h. At the end of this period, the inhibition of cell proliferation was measured by the SRB assay for
each condition. Treatment interaction effects of BADIM and paclitaxel were then determined by calculating the CI values for
each fraction affected using the CalcuSyn program. CI < 1, synergistic drug interaction; CI = 1, additive drug interaction;

CI > 1, antagonistic drug interaction. (B) Experiments were performed as in (A) except that vinblastine (VBL) was used
instead of paclitaxel. (C) Percentage of apoptosis in cells treated for 48 h with 2 pM BADIM, 2 nM paclitaxel, or a combination
of the two. (D) Percentage of apoptosis in cells treated for 48 h with 2 uM BADIM, 2 nM vinblastine, or a combination of the
two. Values, means of three independent experiments; bars, SD; #, P > 0.1; *, P < 0.05; **, P < 0.01.

cules that inhibit Aurora kinases have emerged over the past
years as a novel class of cancer chemotherapeutics. Because
these kinases are only expressed and active as kinases in
mitotic cells [10], their inhibitors might spare the non-
proliferating cells and have higher specificity than current
chemotherapeutics. In the present study, our data demonstrate
that BADIM, a cell-permeable Aurora inhibitor, potently inhibits
the proliferation of human breast cancer cells. This finding
underscores the potential of Aurora kinases as valuable
therapeutic targets for the treatment of breast cancer.
Mechanistically, our study has docked BADIM to the ATP/
ADP pocket on Aurora-A, indicating that this agent might
inhibit Aurora kinase activity through competitive binding
with respect to ATP, like the action of many other Aurora
inhibitors [7]. Biochemical studies are warranted, however, to
investigate this possibility. The data presented in this study
reveal that BADIM causes the accumulation of cells with
multi-lobed nuclei, leading to apoptotic death. Given that
Aurora kinases play an important role in cytokinesis [1,2],
BADIM-induced multinucleation might be due to a failure of
cytokinesis. The following apoptosis in turn might result from
an alteration in the cytoplasm/nucleus ratio, which is known
to be critical for cell viability. It is worth noting that
multinucleation and subsequent apoptosis are also observed
upon inhibition of several other kinases such as Polo-like
kinases [24]. Therefore, it might be interesting to investigate in

the future whether BADIM interacts with other apoptosis-
inducing kinases in addition to Aurora kinases.

The spindle checkpoint acts as a molecular safeguard to
ensure the fidelity in chromosome transmission during
mitosis. It delays anaphase onset until all chromosomes are
properly attached to the mitotic spindle [11,12]. Defects in the
spindle checkpoint have been observed in many types of
human cancers [13], and demonstrated to influence the
efficacy of spindle-targeted drugs, including microtubule
inhibitors and Eg5 inhibitors [25,26]. Interestingly, in this
study, we find that the sensitivity of cancer cells to the Aurora
inhibitor BADIM does not depend on a functional spindle
checkpoint. The difference between BADIM and microtubule/
Eg5 inhibitors in spindle checkpoint requirement is consistent
with robust mitotic arrest following microtubule/Eg5 inhibitor
treatment yet rather weak mitotic arrest when cells are
exposed to the Aurora inhibitor. On the other hand, the
difference might reflect fundamentally distinct mechanisms
of action of these two groups of agents. Given that Aurora
kinases per se are involved in the spindle checkpoint
machinery, inhibition of Aurora activity by BADIM would
compromise the checkpoint function; in this scenario, it is not
difficult to understand why Mad2 or BubR1 siRNAs do not
obviously decrease Aurora inhibitor sensitivity.

Synergistic drug combination is an important strategy in
chemotherapeutic management of human cancer, which has



1034

BIOCHEMICAL PHARMACOLOGY 75 (2008) 1027-1034

apparent advantages over the use of a single agent, such as
reducing drug resistance and side effects and increasing drug
efficacy [27]. Microtubule inhibitors, mainly referring to the
taxanes and vinca alkaloids, have proven useful in the
treatment of certain types of cancers [28]. However, their
effectiveness in the clinic is significantly impaired by various
side effects, notably neurological and hematological toxicities.
Drug resistance is another notorious factor that thwarts the
effectiveness of these agents [28,29]. Therefore, there has been
a worldwide effort in the development of therapies using
microtubule inhibitors combined with other chemical agents
[27]. In this study, we find that the Aurora inhibitor BADIM acts
synergistically with the vinca alkaloids but not with the
taxanes in inhibiting cancer cell proliferation and inducing
apoptosis. These findings suggest that a combination of
Aurora inhibitors with the vinca alkaloids is a promising
approach for cancer chemotherapy. In vivo studies are
warranted to examine whether the vinca alkaloids synergize
with Aurora inhibitors in inhibiting tumor growth. At
represent, it remains elusive how the taxanes and vinca
alkaloids have different BADIM-combination activities. One
possibility is that the taxanes and vinca alkaloids may have
different additional targets besides their common target—the
microtubule, and inhibition of their additional targets may
underlie their different BADIM-combination activities.
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