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AURKA suppression induces DU145 apoptosis and
sensitizes DU145 to docetaxel treatment
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Abstract: The palliative therapy effect by docetaxel for CRPC patients makes it urgent to improve the therapy. It
was suggested that PI3K and androgen receptor-directed combination therapy may be effective for prostate cancer
(PCa) patients PTEN negative. However, for those patients PTEN positive, the mechanism of anti-apoptosis survival
of cancer cells is not yet well defined. Amplification of AURKA has been detected in 5% of PCa. In this work, Du145,
a PTEN positive PCa cell model, was employed to investigate the role of aurora kinase a (AURKA) on cell growth.
Inhibition of AURKA expression by shRNA markedly reduced prostate cancer cell viability. Furthermore, we dem-
onstrate that AURKA inhibition induced a remarkable downregulation of AKT activity and Bax induction. Moreover,
specific inhibition of the activity of AURKA, but not other aurora family members, by small molecular chemical inhibi-
tors induced significant cell killing effects. Notably, AURKA inhibition sensitized prostate cancer cells to docetaxel
treatment. Our work suggests that AURKA-directed monotherapy or combination therapy with docetaxel could be a

potent treatment for PCa patients in future.
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Introduction

Prostate cancer (PCa) is the most common
male malignancy and the second leading cause
of male cancer deaths worldwide, behind only
lung cancer. Androgen deprivation therapy has
been the standard treatment of metastatic
prostate cancer for many years; however, pro-
gression to castrate resistance disease occurs
in the majority of patients [1, 2]. Following the
emergence of castrate-resistant prostate can-
cer (CRPC), docetaxel chemotherapy has been
shown to be palliative with only 4 months of the
median increase in survival [3]. Thus, there is
an urgent need for improvements in therapy for
PCa. Deletion of PTEN is present in 40% of
prostate cancers. Recently, it was demonstrat-
ed that reciprocal feedback regulation of PI3K
and androgen receptor signaling in PTEN-
deficient PCa coordinately support PCa cells
survival under androgen deprivation conditions
[4, B]. These findings provide rationale for com-
bination therapy in PTEN negative patients.
However, for those patients with positive PTEN
expression, who occupied 16% or so in all PCa

patients [6], the mechanism of anti-apoptosis
survival of cancer cells remains unclear.

Accumulating evidences suggest that the auro-
ra kinases often act as oncogenic drivers in
many human cancers [7]. The aurora family
consists of three known gene paralogs (AURKA,
AURKB, and AURKC) that are key regulators of
mitosis and cell cycle [8]. The genes each
encode serine/threonine kinases with a
significant degree of homology in the C-terminal
catalytic domain. AURKA has a major role in the
cell cycle and is absolutely required for the
G2/M transition via phosphorylation of polo-
like kinase 1 (PLK1) in concert with the cofactor
Bora [9, 10]. In addition, AURKA is critical for
mitotic spindle assembly and stability, as well
as the regulation of centrosomal and kineto-
chore formation [11]. It is therefore not surpris-
ing that AURKA expression is tightly regulated
throughout normal development and the cell
cycle and those AURKA knockout mice are early
embryonic lethal [10]. Notably, AURKA
amplification/overexpression is commonly seen
in a variety of human cancers, including breast,
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Figure 1. Specific knockdown of AURKA by shRNAs suppresses Du145 cell growth. A. Surviving fractions following
treatment with the four individual shRNAs (shAURKA1-4) and the mixture shRNA (shAURKA) targeting AURKA, and
shControl. Individual shAURKA 1 and shAURKA3 and the shAURKA most significantly reduced cell viability. “p <
0.05, “p < 0.01 and "p < 0.001 compared to shControl-infected cells (Student’s t test). Error bars represent the
SEM. B. AURKA mRNA levels quantified by qPCR following infection of shRNA into Du145 cells. AURKA expression
is shown relative to expression in shControl-infected cells. Individual shAURKA1 and shAURKA3 caused the most
significant reduction in AURKA mRNA expression. “"p < 0.01 compared to shControl-infected cells (Student’s t test).

Error bars represent the SEM.

ovarian, colon, gastrointestinal, esophageal
and prostate cancer [12]. Gene amplification of
AURKA has been shown to correlate with
genomic instability and clinically resistance to
chemotherapy [12, 13]. Silence of AURKA by
shRNAs or small molecular inhibitors induced
apoptosis and attenuated cancer cells growth
as well as tumor growth in various cancers [13-
18]. Most interestingly, inhibition of AURKA
expression can result in chemosensitizing
activity to taxanes in human pancreatic cancer
[13], indicating an important role of AURKA in
cancer therapy. AURKA regulates several impor-
tant proteins such as p53, AKT [19], p73 [12],
BRCA1 [20], GSK3B [21] and N-myc [14, 22], all
of which play critical roles in tumorigenesis and
cancer therapy. AURKA is currently therefore a
hot target for anti-cancer drug development.
Several inhibitors of Aurora kinases, such as
hesperidin, ZM447439, VX-680 [19] and
MLN8054 [12] have been developed and are in
different phases of clinical trials.

Despite that AURKA is a promising drug target
in man cancers, the function of AURKA in either
prostate cancer development or target therapy
is little known. AURKA amplification/overex-
pression exists in 5% PCa and 40% neuroendo-
crine prostate cancer (NEPC), an aggressive
subtype of prostate cancer that most common-
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ly evolves from preexisting prostate adenocar-
cinoma [22], providing a rationale for oncogene
addiction-based targeted therapy. Considering
the emergent need to find novel targets and
strategies for prostate cancer therapies, espe-
cially for those patients with function PTEN sig-
naling, it is becoming extremely interesting to
investigate whether AURKA could regulate
prostate cancer cell growth. In this work, a
PTEN-positive and AR-negative PCa cell model,
Dul145, was used to investigate the role of
AURKA in cell growth. Inhibition of AURKA
expression by shRNAs and small molecular
inhibitors markedly induced apoptosis and
resulted in chemosensitizing activity to
docetaxel. Moreover, underlying signal pathway
analyses revealed that p53/Bax upregulation
and p-Akt downregulation coordinately contrib-
ute to the decrease in cell viability induced by
AURKA inhibition. Our data shed light on the
potential role of AURKA in target prostate can-
cer therapy.

Materials and methods
PCa cell lines, cell culture and reagents

LNCaP, Du145 and C4-2 cells (American Type
Culture Collection, Rockville, Md.) were cul-
tured in RPMI 1640 medium supplemented
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with 10% fetal bovine serum (FBS). PC3 cells
were maintained in DMEM medium with 10%
FBS. The AURK inhibitors, Danusertib (PHA-
739358, Selleck, S1107), Aurora A Inhibitor |
(Selleck, S1451) and AMG 900 (Selleck,
S2719), were used at 3 concentrations to inves-
tigate the cytotoxic effect on four PCa cell lines.
For Danusertib, the concentrations are 0.3, 1.5
and 7.5 ymol/I; for Aurora A Inhibitor I, the con-
centrations are 0.2, 1, 5 ymol/I; for AMG 900,
the concentrations are 0.05, 0.25 and 1.25
umol/I.

shRNA construction and lentivirus infection

Four distinct shRNA fragments were construct-
ed into lentivirus vector (3D-HTS company,
Shanghai), and shRNA lentivirus were pack-
aged and titered in HEK293T cells according to
the manufacturer’s protocol. Dul45 cells were
infected by shRNA lentivirus at MOI of 10 in the
presence of polybrene (8 ug/ml).

MTS cell proliferation assay

The tetrazolium compound (MTS) cell prolifera-
tion assay is a quantitative colorimetric assay
for mammalian cell survival and proliferation.
All four PCa cells (4x103) were grown in 100 pl
of culture medium containing serum per well in
a 96-well plate. After 24 h, the cells were treat-
ed by shRNA lentivirus or AURK inhibitors for 72
h. Every treatment for each cell line was tripli-
cate in the same experiment. Then 20 ul of
MTS (CellTiter 96 AQueous One Solution
Reagent; Promega) was added to each well for
1 to 4 h at 37°C. After incubation, the absor-
bance was read at a wavelength of 490 nm
according to the manufacturer’s protocol.

Quantitative PCR

Du145 cells were infected with lentiviral shRNA
under condition above mentioned. After 24 h,
the culture medium was refreshed. RNA was
extracted 48 h later and cDNA was synthesized
using PrimeScript RT reagent kit with gDNA
Eraser (Takara, RRO74A) for RT-PCR with oligo-
dT. Forward primer for AURKA: 5-gca-
gattttgggtggtcagt-3’; reverse primer for AURKA:
5-tccgaccttcaatcatttca-3'. Real-time gPCR was
performed on CFX-96 (Bio-lab), with endoge-
nous control hActb. Gene expression was cal-
culated relative to expression of hActb endoge-
nous control and adjusted relative to expression
in shControl-infected cells.
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Flowcytometry

Cells were harvested with trypsin-EDTA, washed
with PBS, and fixed with 70% ethanol at -20C
for a few days. The fixed cells were pelleted,
resuspended in 100 uL of hypotonic citric buf-
fer (192 mmol/L Na2HPO4 and 4 mmol/L citric
acid), and incubated for 30 minutes at room
temperature. The cells were pelleted and sus-
pended in PI/RNase/PBS (100 ug/mL propidi-
um iodide and 10 pg/mL RNase A) overnight at
4°C. Analysis of DNA content was done on a
FACSCalibur system (BD Immunocytometry
Systems, San Jose, CA).

Protein isolation and western blotting

Cell pellets were resuspended in 1xSDS load-
ing buffer (1 mmol-L-1 Na3VvO4, 10 mmol-L-1
NaF, 1 mmol-L-1 PMSF) containing protease
inhibitors. Lysates (20 ug each lane) were
applied to SDS-PAGE. Immunoblotting of Abs
specific for GAPDH (Abmart, 080922), p53
(ABclonal Biotechnology, A2063), Bax (ABclonal
Biotechnology, A0207), AKT (Santa Cruz,
sc-8312), and p-AKT (Santa Cruz, SC-7985-R)
were detected using HRP-conjugated anti-
mouse (Promega) or anti-rabbit (Promega) and
visualized by chemiluminescence detection
system (Millipore, WBKLS0500).

Results

Inhibition of AURKA by shRNAs attenuates
Du145 cell growth

To investigate the role of AURKA in PCa cell
growth, we depleted the expression of AURKA
by introducing short hairpin RNA (shRNA) tar-
geting AURKA into PCa cells as described in
Materials and Methods. To avoid off-target
effects of shRNA [23], we designed 4 indepen-
dent shRNAs to inhibit AURKA expression. It is
generally considered that a phenotype caused
by two distinct shRNAs is unlikely to be the
result of an off-target effect [24].

ShAURKA, the mixture of 4 independent AURKA
shRNAs ( see datail in Materials and Methods),
shAURKA1 and shAURKA3 decreased Dul45
cell viability significantly by 39% (P<0.001),
25% (P=0.006) and 17% (P=0.02), respectively
(Figure 1A). AURKA silencing by shRNA was
confirmed by quantitative PCR (Figure 1B).
Consistently, the two AURKA-targeting shRNAs
(shAURKA1 and shAURKA3) that caused signifi-
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Figure 2. AURK inhibitors have significant cytotoxic
effect on PCa cells. The cytotoxic effects of the AURK
inhibitors were measured by MTS assay after 72 h
treatment with these inhibitors, as described in the
materials and methods. The viability fraction was
compared to the untreated cells for each cell line.
Error bars represent the SEM. A. Relative cell vability
of PCa cells treated with Danusertib at the concen-
trations of 0.3, 1.5 and 7.5 ymol/I. B. Relative cell
vability of PCa cells treated with AURKA inhibitor | at
the concentrations of 0.2, 1.0 and 5.0 ymol/I. C. Rel-
ative cell vability of PCa cells treated with AMG 900
at the concentrations of 0.05, 0.25 and 1.25 pmol/I.

cant inhibition of cell growth also induced an
obvious down-regulation of AURKA mRNA
expression.

Inhibition of AURKA inhibitors on prostate
cancer cells

Due to the ubiquitous overexpression and
amplification of AURKA in many cancers, multi-

362

ple AURKA inhibitors are currently tested in
clinical trials. To further validate the inhibition
effect of AURKA silencing on Dul145 cell viabili-
ty, we test the anti-tumor effect of AURK inhibi-
tors on a panel of prostate cancer cells. AURKA
inhibitor | is specific to inhibit AURKA, while
Danusertib (PHA-739358) and AMG 900 target
to all three AURKs [25-27]. We found that both
Danusertib and AURKA specific inhibitor,
AURKA inhibitor I, inhibited the growth of all
prostate cancers (Figure 2A and 2B).
Importantly, AURKA inhibitor | had more signifi-
cantly inhibitory effects on PC3 and LNCaP
cells in a dose-dependent manner (Figure 2B).
Considering that PC3 is a p53-null, androgen-
independent cell line and LNCaP is a p53-posi-
tive and androgen-dependent cell line, our
results suggest that AURKA inhibitor induces
prostate cancer cell growth inhibition in a both
p53- and androgen-independent way.

AURKA inhibition induces Du145 cell apopto-
sis

Previous studies have suggested that inhibition
of AURKA results in cell cycle arrest and/or
apoptosis in most cases [12, 13, 28, 29]. As
shown in Figure 3A and 3B, we did not find cell
cycle arrest after AURKA inhibition in Dul45
cells. Interestingly, introduction of shAURKA1
and shAURKA3 into Dul45 cells increased
apoptosis from 5% to 14% and 20%, respec-
tively (Figure 3A). Since AKT is an important
regulator of cancer cell survival and previous
reports showed that upregulation of AURKA
expression enhance AKT phosphorylation at
Serd 473, we next examine whether AURKA
inhibition decreases AKT activity and in turn
affects Dul45 survival. Western blot analysis
demonstrated an obvious reduction of AKT
phosphorylation (Figure 3C), indicating that
impaired AKT activation might partially contrib-
ute to the inhibition effects induced by AURKA
knockdown.

Given that p53 plays an important role in apop-
tosis and AURKA has been reported to induce
p53 degradation via phosphorylation of p53
[30], we next examine whether knockdown of
AURKA expression in Du145 could induce p53
activation. As shown in Figure 3D, we found an
induction of p53 expression after AURKA inhibi-
tion. Bax, an apoptosis inducer, is the down-
stream target of p53. We also detected an
increase in Bax expression upon ARUKA inhibi-
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Figure 3. AURKA silencing induces Dul145 cells apoptosis and inactives the AKT pathway. A. AURKA knockdown
resulted in increasing of sub-G1 fraction. Cells were infected with shAURKA1, shAURKA3 or shControl. Cell cycle
profiles were assessed by propidium iodide (Pl) staining and fluorescence-activated cell scanning (FACS) from cell
aliquots. B. Histogram represented the percentage of cells in each phase of the cell cycle. Significantly larger differ-
ences in sub-G1 phase and smaller differences in G1 phase after shAURKA1 or shAURKA3 infection were observed,
indicating apoptosis induced by AURKA silencing. C. shAURKA1 or shAURKAS infected-cells have significantly lower
expression of p-AKT protein than shControl-infected cells. Du145 cells were infected with shAURKA1, shAURKAS3 or
shControl. Lysates were made 72 h following infection. Antibodies recognizing phosphoserine 473 and total AKT
were used with GAPDH as a loading control. D. shAURKAZL or shAURKAS3 infected-cells have significantly higher
expression of p53 and Bax protein than shControl-infected cells. Du145 cells were infected with shAURKA1, shAUR-
KA3 or shControl. Lysates were made 72 h following infection. Antibodies recognizing p53 and Bax were used with
GAPDH as a loading control.

tion (Figure 3D). Collectly, these results sug-
gest that AURKA inhibition induces apoptosis in
Dul145 cells via induction of Bax expression
and inhibition of AKT activity.

Knockdown of AURKA significantly enhances
cytotoxicities of docetaxel

Docetaxel therapy is the routine treatment for
CRPC patients. In addition, it was demonstrat-
ed that AURKA knockdown by shRNAs or inhibi-
tors resulted in chemosensitizing activity to
taxanes and cisplatin in pancreatic cancer and
esophageal adenocarcinoma cells [13, 31, 32].
Therefore, we next investigated the synergistic
effects of AURKA inhibition and docetaxel treat-
ment in Dul4d5 cells. Since introduction of
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shRNA3 induces a better knockdown of AURKA
inhibition in Du145 cells, we transfected Du145
cells with lenti-shRNA3 viral vectors and treat-
ed cells with docetaxel after AURKA inhibition.
Consistent with data shown in Figure 1, MTT
analysis revealed that shAURKA1/3 treatment
caused only 20% or so of cell death, while com-
bination of docetaxel treatment and AURKA
inhibition induced more cell death (Figure 4),
indicating AURKA inhibition could sensitize
cells to docetaxel treatment.

Discussion
Everlasting progression of prostate cancer

eventually leads to the emergence of castrate-
resistant prostate cancer (CRPC), which is diffi-
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Figure 4. Synergistic enhancement of cytotoxicity
between AURKA shRNA and docetaxel. Survival cells
were quantitated by MTS assay after infection of
shAURKA3 or shControl only or subsequent addition
of 0.9 nmol/L docetaxel. These experiments were
performed for three times. Doc, docetaxel.

cult to treat and there is only palliative therapy
by docetaxel. Recently, it was demonstrated
that PI3K and AR combinational inhibition may
be possible therapy for PTEN negative patients.
However, in PCa patients, those of PTEN nega-
tive occupied 20% or so [6]. Therefore, for
patients PTEN positive, it is urgent to under-
stand the mechanism by which the cancer cells
survive.

In this work, a PTEN positive PCa cell line,
Dul145, was employed to examine the role of
AURKA in cell growth and survival. We found
that AURKA knockdown induced Dul45 apop-
tosis and sensitized cells to docetaxel treat-
ment. Interestingly, treatment with AURKA
inhibitors also reduced cell viability in p53-null
PC3 cells and p53-mutated Dul45 cells, indi-
cating that AURKA inhibition induces a
p53-independent cell death. However, we can-
not exclude the possibility that AURKA could
regulate cancer cell survival in a p53-depen-
dent way. Dul145 is a p53 mutant strain with
heterozygous pb3, indicating that p53 in
Dul45 remains partial normal function [33].
Consistent with this, WYC02-9, a novel syn-
thetic flavonoid, has been reported to induce
DNA damage and apoptosis in Du145 through
activation effect of reactive oxygen species
on ATM-p53-H2A.X pathway [34]. More impor-
tantly, we found that knockdown of AURKA
expression induces an upregulation of p53 as
well as its downstream target, Bax. Therefore,
further experiments, like the knockdown of p53
expression in either Dul145 or p53 wild type
LNCaP cells, need to be performed to test this
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possibility. Interestingly, p53 has been proved
to repress AURKA expression [30]. Our study,
together with previous report demonstrate an
inhibition of p53 by AURKA [35], suggests that
there exists a reciprocal feedback regulation
between p53 and AURKA. This feedback loop
regulation may represent a balance between
the protective mechanism for cell survival and
the evolution of cancer cells for unlimited
growth. Previous study has shown that cell
apoptosis induced by AURKA inhibition is
p73-dependent in p53 deficient cancer cells
[12]. However, it was demonstrated that p73
loss is usually concomitant with p53 in andro-
gen-independent PCa cells [36]. Therefore, it is
unknown whether p73 or other signal molecular
would mediate cell death induced by AURKA
inhibition in pb53-deficient prostate cancer
cells.

Treatment with AURKA inhibitors showed differ-
ent cytotoxic effects on tested PCa cell lines in
our study (Figure 2), i.e., LNCaP and PC3 are
more sensitive to these inhibitors than Dul45
and C4-2. Among which, LNCaP, PC3 and C4-2
are PTEN negative strains, while Dul45 is a
PTEN positive strain. Moreover, PC3, Dul45
and C4-2 are androgen-independent and
LNCaP is androgen-dependent. Therefore, it
seems likely that cell killing effects by AURKA
inhibition is neither PTEN nor androgen signal-
ing-dependent. Although it has been suggested
that PTEN deletion and AURKA amplification
occur concomitantly in colorectal cancer [37],
there is no report on the correlation of PTEN
loss and AURKA amplification in PCa so far. It is
therefore extremely interesting to investigate
the relationship between the amplification sta-
tus of AURKA and other drug targets in prostate
cancer.

The cytotoxic effect of AURKA inhibitors on can-
cer cells have been proved by previous studies
and our work. However, our data demonstrate
that the specific inhibitor, AURKA inhibitor I,
showed most significant inhibition on prostate
cancer viability, indicating that AURKA has
strongest cell Killing activity among three auro-
ra family members. However, AURKA knock-
down caused no or only minor growth delay in
leukemic cell lines [38]. It has been shown that
AURKB was overexpressed in many cancers,
including high-grade prostate cancer [39].
AURKB knockdown resulted in proliferation
arrest and apoptosis. AZD1152, an AURKB
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inhibitor, enhances radiosensitivity of andro-
gen-resistant prostate cancer cell lines, PC3
and Dul145 [40]. Furthermore, AURKB and
EGFR siRNA in combination have shown
enhanced therapeutic effect by inhibiting PC3
cell proliferation and inducing apoptosis in
vitro, whereas androgen-dependent cancer
cells LNCaP remain unaffected [41].
Additionally, over-expression of AURKC has
also been detected in many cancers and sev-
eral cancer cell lines, although it is unknown
whether AURKC inhibition is associated with
cancer cell death. Collectively, these data
together with our data suggest that different
aurora family members exhibit a specific
activity in different cancers.

Recently, an AURK inhibitor, Danusertib (PHA-
739358) was in phase Il clinical trial for treat-
ment of patients with metastatic castration-
resistant prostate cancer after docetaxel
failure [42]. The results showed that Danusertib
monotherapy shows minimal efficacy in
patients with castration-resistant prostate can-
cer. One possible reason for the failure of this
trial is that patients are not selected by
AURKA overexpression or other specific bio-
markers. Further retrospective analysis need to
be performed to identify patients on whom
Aurora kinase inhibition has more significant
effects. Another reason is that Danusertib
might not be as effective as Aurora A Inhibitor |
in prostate cancer patients, as shown in Figure
2A and 2B. It is anticipated that specific inhibi-
tion of AURKA would have significantly inhibito-
ry effects in clinic.
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