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Abstract
We investigated the role of Aurora kinase A (AURKA) in regulating p73-dependent apoptosis using the p53-deficient
cancer cell lines H1299, TE7, and HCT116p53 / . Overexpression of AURKA led to down-regulation of the TAp73induced activation of the p53/p73-dependent luciferase
reporter plasmid (pG13-luc). The reduction in the TAp73
transcription activity was confirmed by measuring the activity
of luciferase reporters for p21/WAF1, and PUMA. The siRNA
knockdown of endogenous AURKA reversed these effects and
Western blot analysis showed a significant increase in the
protein level of TAp73 and its downstream transcription
targets, PUMA, NOXA, and p21/WAF1. The coexpression of
AURKA together with TAp73 inhibited the activation of the
pG13-luc, PUMA-luc, and p21/WAF1-luc reporter plasmids
with reduction in the protein levels of TAp73 transcription
targets. Treatment with AURKA-selective small molecule
inhibitor MLN8054 led to a significant increase in the
activities of pG13-luc, PUMA-luc, and p21/WAF1-luc reporter
plasmids. This effect was accompanied by a significant
increase in the mRNA and protein levels of several TAp73
transcription targets: p21/WAF1, PUMA, and NOXA. Flow
cytometry cell cycle analysis, after MLN8054 treatment,
showed more than a 2-fold increase in cell death. The apoptotic outcome was corroborated by showing an increase in
cleaved caspase-3 protein levels by Western blot. Using terminal deoxynucleotidyl-transferase–mediated dUTP nick-end
labeling assay, we showed that the expression of dominantnegative mutant TAp73 expression plasmid (p73DD) counteracted the MLN8054-induced cell death. Taken together, our
results indicate that AURKA regulates TAp73-dependent
apoptosis and highlight the potential of the AURKA inhibitor MLN8054 in treating cancers that are defective in p53
signaling. [Cancer Res 2008;68(21):8998–9004]

Introduction
Aurora Kinase (AURK)A belongs to a conserved family of serine/
threonine protein kinases that also comprises AURKB and AURKC.
AURKA gene encodes a centrosome associated cell cycle regulated
serine/threonine kinase (1) that functions to establish mitotic
spindles by regulating centrosome duplication and separation, as
well as microtubule-kinetochore attachment, spindle checkpoint,
and cytokinesis. Cytologic analysis revealed that overexpression of
AURKA results in centrosome amplification, cytokinesis failure,
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and aneuploidy (2). AURKA is located at chromosome 20q13, a
region that is frequently amplified in a number of human adenocarcinomas derived from breast, ovarian, colon, gastrointestinal,
esophageal, and prostate tissues (2–6). Gene amplification of
AURKA is implicated in oncogenesis and tumor progression (2, 7),
and its overexpression correlates with genomic instability and
clinically aggressive disease showing resistance to chemotherapy
(8–12).
The p53 tumor suppressor gene regulates the expression of
several genes that are involved in apoptosis, DNA repair, and
growth arrest, in response to cellular stress such as DNA damage
induced by several chemotherapeutic agents (13–15). Several
reports indicate that AURKA interacts with the p53 protein at
multiple levels. AURKA phosphorylates p53 at Ser-315 to facilitate
HDM2-mediated degradation of p53 (16) and at Ser-215 to suppress
its transcriptional activity (17). In addition, AURKA regulates p53
through AKT/HDM2 mechanisms (5). The loss of functional p53,
due to deletions or mutations, occurs in over 50% of human
cancers (18) and is a known risk factor related to failure of
chemotherapy and radiotherapy treatments in a subset of cancer
patients (19, 20). Recently, TAp73 was characterized as a p53 family
member that plays an important role in tumorigenesis (21–23).
In fact, TAp73 is a proapoptotic protein, with structural similarity
to p53 that mimics many of the p53¶s biological activities (21, 24).
The p73 protein is expressed as multiple variants arising from an
alternative splicing of the primary TAp73 transcript. The TAp73a is
the longest form, which contains a sterile a motif (SAM) domain
and an extreme COOH-terminal region, whereas TAp73h lacks
the extreme COOH-terminal tail and most of the SAM domain.
At the cellular level, the TAp73 protein can bind to the p53 consensus-binding sites. The resemblance of TAp73 to p53 in terms
of transcriptional activity is translated into a similar biological
outcome. This includes transactivation of an overlapping set of
target genes such as p21/WAF1, BAX, PUMA, NOXA, 14-3-3-a, and
p53AIP1; induction of apoptosis, cell cycle arrest, and cellular senescence (25–28). Similarly, the TAp73 is activated by DNA-damaging
agents such as g-irradiation or treatment with chemotherapeutic
drugs, including cisplatin, camptothecin, etoposide, doxorubicin,
and Taxol (29, 30). Several studies have shown that the COOHterminal splicing variants display different transcriptional and
biological properties (24, 31). A number of reports have indicated
that the ability of the TAp73h protein to transactivate the p53/
TAp73 target genes and to induce apoptosis in cancer cells is
stronger than the TAp73a (24, 31, 32). Taken together, these data
suggest that activation of TAp73 could be a plausible approach for
chemotherapy and radiotherapy, especially in cancers with
nonfunctional p53.
MLN8054 is a recently developed selective inhibitor of AURKA
(33). The MLN8054 inhibits AURKA phosphorylation on Thr-288
without affecting its degradation (33, 34). To date, there are no data
available regarding the regulation of TAp73 by AURKA. In this
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study, we investigated the role of AURKA in regulating TAp73dependent apoptosis and the effects of AURKA perturbation in
p53-deficient cancer cells.

Materials and Methods
Tissue culture, vectors, transfection, and MLN8054 treatment. In
this study, the three p53-deficient cancer cell lines used were as follows:
H1299, TE7, and HCT116p53 / . The H1299 cells were obtained from
American Tissue Culture Collection; HCT116p53 / and TE7 were gifts
from Dr. Bert Vogelstein (Johns Hopkins University, Baltimore, MD) and
Hiroshi Nakagawa (University of Pennsylvania, Philadelphia, PA), respectively. Cells were cultured in DMEM supplemented with 10% fetal bovine
serum (FBS; Invitrogen Life Technologies) at 37jC in an atmosphere
containing 5% CO2. The full-length coding sequence of AURKA was cloned
in-frame into pcDNA3.1 (5). A synthetic Flag tag sequence was added at
the NH2 terminus of AURKA. The pcDNA3-flag-TAp73h, p73DD-IRES-GFP,
and MSCV-IRES-GFP were previously described (35). The luciferase
reporter plasmids pG13-luc, MG-15-luc, PUMA-luc, and p21/WAF1-luc
were described elsewhere (5, 35, 36). For knockdown of AURKA, smallinterfering RNA (siRNA) oligonucleotides for AURKA were used (#427;
Ambion). Transient transfections were performed using Lipofectamine

2000 (Invitrogen Life Technologies) following the manufacturers’ protocols.
MLN8054 (Millennium Pharmaceuticals) was dissolved in DMSO.
Luciferase assays. Luciferase activity assays were performed using
pG13-luc, MG-15-luc, PUMA-luc, and p21/WAF1-luc reporter plasmids in
p53-deficient cells. The pG13-luc is a p53/TAp73 response reporter plasmid
containing 13 tandem repeats of the p53/TAp73 consensus DNA binding
sites and is used to measure the transcriptional activity of p53/TAp73 (36).
The MG-15-luc is a modified pG13-luc with mutations on the p53/TAp73
binding sites (36). PUMA-luc and p21/WAF1-luc vectors were used as a
measure of the promoter activity of PUMA and p21/WAF1 (5, 36). Luciferase
activity was determined using a Dual-luciferase Reporter Assay kit
(Promega). The results were averaged from three independent experiments
and expressed as mean values F SD.
Cell viability assay and fluorescence-assorted cell sorting. Cell
survival was measured using the CellTiter-Glo Luminescent Cell Viability
Assay (Promega). This is a homogeneous method of determining the
number of viable cells in culture based on quantification of the ATP present,
an indicator of metabolically active cells. Cells (5  103 per well) were
seeded onto a 96-well plate, and the analysis was performed following the
manufacturers’ protocol. The cell cycle analysis was performed using flow
cytometry. Cells were synchronized by growing them in the presence of 1%
FBS for 24 h. Cells were trypsinized, washed twice in 1 ice-cold PBS, and

Figure 1. AURKA expression interferes with the transcriptional activity TAp73. A and B, luciferase assays using pG13-luc, PUMA-luc, and p21/WAF1-luc reporter
vectors were used to study the effect of AURKA expression on TAp73 in H1299 (A ) and TE7 (B ) p53-deficient cancer cell lines. The cells were transfected with pcDNA3AURKA (AURKA ), empty vector control (pcDNA3 ), AURKA-siRNA, or scrambled siRNA (Sc.RNA ). Overexpression of AURKA led to reduction in the luciferase activity
of the three reporters, whereas AURKA-siRNA led to an induction of the pG13-luc reporter. C and D, H1299 (C ) and TE7 (D ) cells were transiently transfected with
scrambled siRNA or AURKA siRNA oligonucleotides. Cell lysates were analyzed by Western blotting for AURKA, TAp73, p21/WAF1, PUMA, NOXA, and h-actin. The
knockdown of AURKA with siRNA up-regulated the protein expression of endogenous TAp73h and its downstream targets, p21/WAF1, PUMA, and NOXA
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Figure 2. AURKA regulates exogenous TAp73 and its targets. A to C, the luciferase assays were performed on HCT116p53 / cells that were transfected with
pcDNA3-AURKA at different ratios (3:1 or 5:1) with TAp73h pcDNA3, or empty vector control (pcDNA3 ) in combination with pG13-luc (A), PUMA-luc (B ), and
p21/WAF1-luc (C ) reporter plasmids. Whereas TAp73h expression activated all three reporters, the coexpression of AURKA together with TAp73h reduced the
promoter activities of the pG13-luc and the TAp73 downstream targets (PUMA and p21/WAF1). D, HCT116p53 / cells were cotransfected with GFP and TAp73h
in combination with either empty vector or AURKA-pcDNA3 expression plasmid. Cell lysates were subjected to Western blot analysis using antibodies against Flag,
for detection of the exogenous AURKA, TAp73, PUMA, NOXA, p21/WAF1, h-actin, and GFP. The transfection and gel loading were normalized for equal GFP and hactin. In agreement with the reporter assays (A–C ), the cotransfection with AURKA and TAp73h plasmids led to a significant decrease of the TAp73h, PUMA, NOXA,
and p21/WAF1 protein levels.

then resuspended in 0.2 mL ice-cold PBS. Cells were fixed in 1 mL ice-cold
70% ethanol for 1 h. After centrifugation, cells were resuspended in
1 mL PBS and treated with propidium iodide (50 Ag/mL) and RNase A
(100 Ag/mL) for 30 min at 37jC. Flow cytometry was performed using a BD
LSR II cytometer (BD Biosciences) and the data were analyzed with the BD
FACS Diva software. Apoptotic cells were calculated as the percentage
of sub-G1 cells (sub-G1 to G0 cell DNA content) after drug treatment.
Western blot analysis. Cell lysates were prepared in PBS containing
1 protease cocktail inhibitor (Pierce) and centrifuged at 1,500 rpm for
10 min at 4jC. Protein concentration was measured using a Bio-Rad protein assay (Bio-Rad Laboratories). Proteins (10–15 Ag) from each sample
were subjected to SDS-PAGE and transferred onto nitro-cellulose membranes. Target proteins were detected by using specific antibodies against
AURKA (TransGenic, Inc.); p53 and p21/WAF1 (Oncogene); PUMA actin,
cleaved Caspase-3, and Flag (Cell Signaling Technology); and NOXA
(Imgenex) and TAp73 (Bethyl laboratories).
Terminal deoxynucleotidyl transferase-mediated nick-end labeling
assay. HCT116p53 / cells were seeded into 8-well chamber slides and
transfected with 500 ng of p73DD-IRES-GFP (dominant-negative mutant of
TAp73) per well. Cells were treated either with MLN8054 (2 Amol/L) or
DMSO (vehicle, control) for 24 h. The cells were then stained by terminal

deoxynucleotidyl transferase-mediated nick-end labeling (TUNEL), according to the manufacturers’ instructions (Roche Diagnostics), and visualized
by TRITC (red fluorescence; ref. 37). The expression of p73DD was
visualized by green fluorescent protein (GFP). The nuclei were stained with
4¶,6-diamidino-2-phenylindole (DAPI; blue fluorescence), and TUNELpositive cells were visualized by red fluorescence. More than 200 GFPpositive and GFP-negative cells were examined in 20 random fields, and
TUNEL-positive cells were counted.

Results
AURKA regulates TAp73 protein and its transcription
targets in p53-deficient cells. In this study, we used p53-deficient
cancer cell lines (TE7, H1299, and HCT116p53 / ) to rule out any
effect of p53 expression on apoptosis mediated through TAp73.
The pG13-luc reporter was used to measure the transcriptional
activity of TAp73 in cells. Transient transfection with AURKA for
48 hours down-regulated the pG13-luc activity in both the H1299
(P < 0.005) and TE7 (P < 0.005) cells (Fig. 1A–B). Consistent with
the reduction in the pG13-luc activity, the promoter activity of two

Figure 3. MLN8054 up-regulates promoter activity and mRNA levels of TAp73 target genes. A, luciferase assay of HCT116p53 / cells transfected with pG13-luc
reporter vector and treated with AURKA inhibitor MLN8054 (2 Amol/L) for different time periods as indicated. The pG13 promoter activity was significantly induced
by MLN8054 (2 Amol/L) in a time-dependent manner. The MG15-luc has mutated binding sites for p53 family members and was used as a negative control. The
treatment with MLN8054 (2 Amol/L) did not induce promoter activity of the MG15-luc (mutant of pG13-luc). B and C, the HCT116p53 / cells were transfected with
PUMA-luc and p21/WAF1-luc reporter vectors, respectively, and treated with 2 Amol/L MLN8054 (M ) or DMSO (D )for 24 h. These cells exhibited induction of the PUMA
and p21/WAF1 promoter activities. D, quantitative real-time reverse transcription-PCR analysis showed >5-fold increase in the expression of various downstream
proapoptotic targets (p21/WAF1, NOXA, PUMA, and p53AIP1), after treatment with MLN8054 (2 Amol/L for 24 h). However, no effect on the mRNA level of TAp73
was observed.
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TAp73 downstream targets; PUMA and p21/WAF1 were also significantly diminished by overexpression of AURKA (Fig. 1A–B).
Depletion of endogenous AURKA in these cells using siRNA transfection for 48 hours had the opposite effect on TAp73 activity and
led to a 3.5- and 2.5-fold induction in the pG13-luc activity in H1299
cells (P < 0.005) and TE7 cells (P < 0.005), respectively (Fig. 1A–B).
Western blot analysis indicated up-regulation of the endogenous
TAp73hisoform protein expression (the TAp73a isoform was undetectable), after AURKA knockdown, in both cell lines (Fig. 1C–D).
Consistent with this finding, we detected up-regulation of the
protein levels of TAp73 targets; p21/WAF1, PUMA, and NOXA
(Fig. 1C–D). Similar results were obtained in HCT116p53 / cells
(data not shown). These findings show that AURKA affects endogenous TAp73 protein expression and its transcriptional activity in
p53-deficient cancer cells.
We next examined the role of AURKA in regulating ectopically
overexpressed TAp73 in p53-deficient cells. We performed these
experiments in HCT116p53 / because it has relatively lower
expression of AURKA compared with TE7 and H1299. The cotransfection of AURKA and TAp73h plasmids in HCT116p53 / cells
showed AURKA-dependent reduction in the luciferase activity of
pG13-luc, PUMA-luc, and p21/WAF1-luc reporters (Fig. 2A–D).
On the other hand, the cotransfection of TAp73h with AURKA
led to a significant reduction in the TAp73h protein level, and
suppressed the induction of its transcription targets, p21/WAF1,
PUMA, and NOXA, in HCT116p53 / cells (Fig. 2D).
MLN8054 suppresses cell viability and induces TAp73 and
its downstream proapoptotic targets promoting apoptosis in
p53-deficient cancer cells. The above results indicated that
knockdown of AURKA using siRNA can induce the TAp73 transcription activity and up-regulates its targets. To pursue the
potential therapeutic significance of this finding, we used the
AURKA-selective pharmacologic inhibitor MLN8054. MLN8054
(2 Amol/L) treatment of HCT116p53 / cells transfected with
pG13-luc vector led to a significant time-dependent induction of
the pG13-luc reporter activity (Fig. 3A). The MLN8054 treatment
had no effect on MG15-luc, a modified pG13-luc reporter with
mutant p53/TAp73 binding sites, reporter activity (Fig. 3A).
We further observed activation of PUMA-luc and the activities
of p21/WAF1-luc reporters, downstream targets of p53 and TAp73
(Fig. 3B–C). The qRT-PCR analysis showed mRNA up-regulation
of several TAp73 downstream targets (p21/WAF1, NOXA PUMA,
and p53AIP1), after the treatment with MLN8054 (2 Amol/L) for
24 hours (Fig. 3D). Interestingly, the TAp73 mRNA expression
remained unchanged, after the MLN8054 treatment (Fig. 3D).
Indeed, the treatment of H1299, TE7, and HCT116p53 / cells with
2 Amol/L MLN8054 for 48 hours led to f50% decrease in their
viability compared with vehicle-treated cells (P < 0.01; Fig. 4A).
To corroborate this effect, AURKA was knocked down by RNA
interference in H1299, TE7, and HCT116p53 / , which led to a
significant decrease in the cell viability in all three p53-deficient
cancer cells (P < 0.01; Fig. 4B). The Western blot analysis indicated up-regulation of TAp73h (the TAp73aisoform was neither
expressed nor induced) and its downstream targets p21/WAF1,
PUMA, and NOXA at the protein level in all three p53-deficient
cancer cell lines (Fig. 4C). The TAp63, a p53 family member, which
regulates similar downstream targets, was neither expressed nor
induced by MLN8054 treatment (data not shown). Taken together,
these results confirm that AURKA inhibition by siRNA or MLN8054
treatment specifically induces TAp73h, at the protein and not at
the mRNA level, and its downstream proapoptotic targets.

www.aacrjournals.org

Figure 4. MLN8054 treatment suppresses cell survival and induces endogenous
TAp73 and its target genes at the protein level in p53-deficient cells. A, cell
viability assay of three p53-deficient cells (H1299, TE7, and HCT116p53 / ) was
carried out by Cell Titer Glo assay after treating them with MLN8054 (2 Amol/L) for
72 h. These cells showed f50% reduction in cell viability. B, the knockdown of
AURKA by specific validated siRNA in H1299, TE7, and HCT116p53 / showed a
similar effect on cell viability. C, the H1299, TE7, and HCT116p53 / cells were
treated with vehicle (DMSO) or MLN8054 (2 Amol/L) for 24 h. Cell lysates were
subjected to immunoblotting for p53, TAp73, p21/WAF1, PUMA, NOXA, and
h-actin. Treatment with MLN8054 up-regulated TAp73h and its downstream
apoptotic targets p21/WAF1, PUMA, and NOXA at protein levels. TAp63 was
neither expressed nor induced by MLN8054 treatment (data not shown). The
results indicate that MLN8054 can specifically induce the expression of TAp73,
but not TAp63, in these p53-deficient cancer cell lines.

Using flow cytometry cell cycle analysis, we observed a substantial increase in the sub-G1 cell population, indicative of apoptosis after 2 and 5 Amol/L treatment with MLN8054 for 24 hours,
compared with DMSO control (Fig. 5A–C). In addition to the
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increase in the number of cells in the sub-G1 peak, we also
observed a significant increase in cells in the G2-M and cells with
more than 4N DNA content, indicating a delay in the mitosis
process and polyploidy, which is known to occur upon AURKA
inhibition (9, 33, 34, 38). The induction of apoptosis by MLN8054
treatment, as indicated by increased cells in the sub-G1 peak, was
further confirmed by the elevated expression of cleaved caspase-3
(Fig. 5A–C). These results are consistent with the inhibition in cell
viability after MLN8054 treatment (Fig. 4) and show that MLN8054
induces cell death in p53-deficient cancer cell lines.
The TAp73 protein is required for MLN8054-induced
apoptosis in p53-deficient cancer cells. The aforementioned
results indicate that the MLN8054 treatment induces expression
of TAp73hand its proapoptotic targets, which in turn, leads to
decreased cell survival and increased apoptosis in p53-deficient
cancer cells. To ascertain the role of TAp73 in the MLN8054induced cell death, we expressed the p73DD protein, a dominantnegative mutant of TAp73, in p53-deficient cells. The treatment
with MLN8054 led to an f50% reduction in cell viability in all cell
lines. This effect was partially abrogated by overexpressing the
p73DD (dominant-negative mutant of TAp73) where cells showed
an f20% decrease, instead of 50%, in cell viability (Fig. 6A–C).
These results were further supported by the TUNEL assay, which
specifically indicated that the p73DD expressing cells (GFP
positive) are resistant to MLN8054-induced apoptosis (Fig. 6D).
We observed a 50% reduction in the number of cells with positive
TUNEL signals in the p73DD-expressing cells compared with the
non–p73DD-expressing cells (P < 0.001). These results confirm that

TAp73 activity is required for the MLN8054-induced apoptosis in
p53-deficient cancer cells.

Discussion
In this study, we used the pG13-luc reporter as a measure of the
transcriptional activity of p53/p73 (36) in p53-deficient cancer cell
lines. Our findings that AURKA overexpression led to downregulation of the activity of the pG13-luc in p53-deficient cells
suggested that AURKA regulated other members of the p53 family
protein. TAp73 is a proapoptotic protein that mimics many of the
biological activities of p53 and belongs to p53 family proteins (21).
At the cellular level, the resemblance of TAp73 to p53 in terms
of transcriptional activity is translated into a similar biological
outcome (21, 27). This includes transactivation of an overlapping set of target genes that are involved in cell cycle regulation
and apoptosis, such as p21/WAF1, PUMA, NOXA, and p53AIP1 ( for
review see refs. 21, 28). Indeed, we showed activation of the p21/
WAF1-luc and PUMA-luc reporters. Conversely, the expression of
AURKA together with TAp73 led to reduction in the activity of
pG13-luc, p21/WAF1-luc, and PUMA-luc reporters. Along with the
reduction in the activities of luciferase reporters, the Western blot
analysis confirmed the down-regulation of TAp73, PUMA, NOXA,
and p21/WAF1 proteins. The AURKA knockdown confirmed our
hypothesis, and we observed >4-fold induction of the activity
of pG13-luc reporter that was accompanied by up-regulation in
the protein level of TAp73, p21/WAF1, PUMA, and NOXA. We
detected expression and induction of the TAp73h isoform in our

Figure 5. Cell cycle analysis after MLN8054 treatment in p53-deficient cancer cell lines. The H1299 (A), TE7 (B), and HCT116p53 / (C) were treated with two
different concentrations of MLN8054 (2 and 5 Amol/L) for 24 h. A significant increase in the percentage of cells in the sub-G1 peak was seen in H1299 and HCT116p53 /
cells, summarized in the bar graphs. In addition, the inhibition of AURKA by MLN8054 led to accumulation of cells at G2-M phase with a subsequent increase in the
polyploidy of cells. The cell lysates from A to C were subjected to immunoblotting for cleaved caspase-3. Gel loading was normalized for equal h-actin. Cleaved caspase-3
protein was up-regulated in MLN8054-treated cells, confirming the induction of apoptosis as suggested by the increase of cells in the sub-G1 peak.
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Figure 6. The dominant-negative TAp73 mutant abrogates the MLN8054-induced cell death in p53-deficient cells. A to C, the H1299 (A ), TE7 (B), and HCT116p53 /
(C ) cells were transfected with control vector (pcDNA3) or TAp73 dominant-negative (p73DD ) expression plasmid and treated with vehicle (DMSO) or MLN8054
(2 Amol/L) for 24 h. Cell survival was determined by CellTiter Glo assay. Although the control cells showed an f50% reduction in cell viability, after ML8054
treatment, the p73DD-transfected cells had only 20% reduction in their cell viability. D, the HCT116p53 / cells were transfected with control vector or p73DD-IRESGFP plasmid, and then treated with vehicle or MLN8054 (2 Amol/L) for 24 h. Apoptotic cells were detected by TUNEL assay (red fluorescence). The DAPI (blue
fluorescence ) was used as nuclear counterstain to count all cells. The majority of p73DD-expressing cells (green fluorescence, white arrows ) resisted MLN8054induced apoptosis as indicated by negative TUNEL staining. The bar graph summarizes the results and shows a 50% reduction in the MLN8054-induced apoptosis level
in p73DD-expressing cells compared with control cells (P < 0.001).

in vitro cell models. Indeed, the ability of p73h to transactivate a
variety of p53/TAp73 target genes and to induce apoptotic cell
death in cancerous cells is stronger than those of the full-length
p73a (24, 31, 32). Our results are in agreement with earlier studies
reporting that TAp73 can induce PUMA and p21/WAF1 and induce
apoptosis irrespective of the p53 status (39–42). Furthermore, our
findings provide an explanation for a recent study that showed
enhancement of radiation response by inhibition of AURKA using
siRNA in p53-deficient cancer cells (43). In fact, our experimental
data indicate that AURKA expression can interfere with the TAp73
protein and the levels of its proapoptotic targets.
Several clinical studies have shown that loss of functional p53 is
associated with resistance to chemotherapy (44, 45) such as
resistance to cisplatin in small-cell lung cancer (46) and doxorubicin
in breast cancer patients (47). The p53 protein is nonfunctional
(deficient or mutant) in >50% of the human tumors (18). Our
aforementioned results encouraged us to test the effect of a recently
developed AURKA specific inhibitor MLN8054 in p53-deficient
cancer cell lines. Indeed, the MLN8054 induced the activity of the
pG13-luc reporter but not its mutant MG15-luc. Along with this
finding, this treatment led to a significant increase in the protein
level of TAp73, p21/WAF1, PUMA, and NOXA. The qRT-PCR results
showed a 4- to 10-fold increase in the mRNA levels of several TAp73
transcription targets; p21/WAF1, NOXA, PUMA, and p53AIP1.
However, the TAp73 mRNA levels remained unchanged, suggesting
that the increase in the protein level was unlikely a transcriptional
effect. Furthermore, we did not observe induction of TAp63, another
p53 family member, by MLN8054 treatment, suggesting that the
induction of proapoptotic targets is specifically due to TAp73. We
next compared the knockdown of AURKA using siRNA versus the
biochemical inhibition with MLN8054 treatment on cancer cell
survival. Both approaches revealed a significant reduction in cell
survival in p53-deficient cells. We also observed a considerable
decrease in the cell survival and accumulation of G2-M and 4N cells
both by MLN8054 treatment and AURKA knockdown. The AURKA
knockdown is reported to inhibit cell proliferation (8) and cause
spindle pole and chromosome congression defects leading to

www.aacrjournals.org

deleterious aneuploidy and mitotic catastrophe (34, 48). The Pololike kinase-1 (PLK1) is an essential mitotic kinase regulating multiple aspects of the cell division process. A recent report has shown
that PLK1 activation occurs several hours before entry into mitosis,
and requires AURKA-dependent phosphorylation of Thr-210,
suggesting that the initial activation of PLK1 is a primary function
of AURKA (49). Taken together, our results are in agreement with
these recent reports. In addition, the treatment of cells with
MLN8054 led to a substantial increase in the percentage of cells in
sub-G1 peak, indicative of cell death, and an increase in the
expression level of cleaved caspase-3, thus, supporting our findings
of the induction of the several proapoptotic proteins and consistent
with the decrease in cell survival. We have further confirmed that the
MLN8054-mediated apoptosis through TAp73 in p53-deficient cells
using TUNEL assay and showed a significant reduction in apoptosis
rate in cells transfected with the dominant-negative mutant TAp73
(p73DD). Taken together, these results indicate that AURKA can
regulate the p73-dependent apoptosis, and this inhibitor can have a
dual effect by inducing massive polyploidy and mitotic catastrophe
(33, 34) and also by induction of TAp73-dependent apoptosis. The
ability to induce TAp73-dependent apoptosis by knockdown or
inhibition of AURKA is an attractive approach that can have a
significant effect especially in tumors that have lost the functional
p53 activities. The mechanisms by which AURKA interferes with the
TAp73 protein level remain to be elucidated in future studies.
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