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ARTICLE INFO ABSTRACT

Keywords: Background: Recent studies have demonstrated that aberrant expression or activation of kinases results in on-
AURKB cogenesis of a wide range of cancers including GBM. Inhibition of kinases expression induces a reduction of
Hesperadin therapy resistance. In this study, we investigate the underlying mechanism by which glioblastoma (GBM) cells
'?f:ozolomide acquire resistance to Temozolomide (TMZ) through Aurora kinase B (AURKB) thus to identify novel therapeutic

targets and prognostic biomarkers for GBM.

Methods: AURKB was identified as a key candidate kinase-encoding gene in chemoresistance regulation by using
kinome-wide bioinformatic analysis. Afterwards, the potential biological functions of AURKB in oncogenesis and
chemoresistance were investigated by lentivirus-dependent silencing of AURKB combined with qRT-PCR, wes-
tern blot and in vivo intra-cranial xenograft mice models. Additionally, immunohistochemistry (IHC) assays were
performed to explore the clinical significance of AURKB in glioma patients. Lastly, Chou-Talalay method was
used to confirm the synergistic effect of TMZ combined with AURKB inhibitor.

Results: AURKB was among the most significantly up-regulated kinase-coding genes in TMZ resistant GBM cells
according to database GSE68029, moreover, an increased expression of AURKB was closely associated with poor
prognosis in glioma and GBM patients. AURKB knock-down resensitized U87 resistant cells to TMZ both in vitro
and in vivo. Additionally, the combination of TMZ and Hesperadin, a specific AURKB inhibitor, significantly
suppressed the proliferation of TMZ resistant GBM cells thus dramatically prolonged the survival of xenograft
mice viaa synergistic effect with TMZ.

Conclusion: Elevated AURKB expression was strongly correlated to TMZ resistant acquisition and poor prognosis,
furthermore, targeting AURKB would be a potential therapeutic target for GBM patients.

Therapy resistance

1. Introduction position of N-7 or O-6 (4). However, tumor recurrence was frequently

observed in patients with higher expression of O°-methylguanin-DNA-

Glioblastoma multiforme (GBM) is the most frequent and lethal
brain malignant tumor, with a median survival of less than 2 years [1].
In spite of the significant improvement driven by recent studies, clinical
treatments for GBM have progressed relatively slow due to the therapy
resistance and frequent recurrence caused by cellular heterogeneity of
GBM [2]. Current standard treatment for GBM includes maximal safe
surgical resection, temozolomide (TMZ) chemotherapy and radiation
therapy [3]. As well known, TMZ inhibits GBM growth mainly through
DNA alkylation/methylation, which occurs in guanine residues at the

methyltransferase (MGMT) gene, which encodes a specific enzyme in-
ducing chemoresistance in tumor [5]. Accordingly, finding a novel
therapeutic target to enhance the sensitivity of TMZ in GBM becomes
urgently needed.

As well known, kinases function extensively as signals transmission
and processes regulation in cells [6]. Aberrant expression or activation
of kinases results in oncogenesis of a wide range of cancers including
GBM [7]. Accordingly, treatment targeting kinases has been proved to
be an efficient way to reduce tumor proliferation in various subtypes of
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cancer [8-11]. Aurora kinases (AURK) are identified as a group of
serine/threonine kinases which participate in cellular division through
regulation of chromatid segregation [12]. AURK has three subclasses:
AURKA, AURKB and AURKC [13]. Kleiton et al [14] reports that in-
hibition of AURK expression induces a reduction of therapy resistance
of GBM, indicating that AURK contributes to therapy resistance and
could be a potential therapeutic target in GBM. Recent studies de-
monstrated that Aurora kinase B (AURKB) contributes to the develop-
ment and progression of various tumors including gastric cancer, eso-
phageal squamous cell carcinoma and colorectal cancer [15-17].
Accumulating evidence suggests aberrant elevation of AURKB leads to
unequal chromosomal separation in cell division then causes abnormal
numbers of chromosomes in a single cell, which is an initial event
during cancer development [18]. Additionally, Kumari et al [19] found
that siRNA-loaded lactoferrin nanoparticles increased the toxicity of
TMZ on GBM cells, implying that artificial suppression of AURKB
through small molecule inhibitor could be used as adjuvant therapy to
TMZ in purpose to enhance the anti-tumor effects of TMZ in GBM. To
this end, a small molecule Hesperadin was picked for this study based
on its specific inhibition of AURKB by efficient prevention of chromo-
some alignment and segregation [20]. Herein, our study indicated that
AURKB was functionally required for tumorigenesis and acquired TMZ
resistance in GBM. Clinically, AURKB expression was conversely cor-
related to poor prognosis for glioma/GBM patients. Moreover, inhibi-
tion of AURKB through either shRNAs or Hesperadin reduced TMZ re-
sistance in GBM. Altogether, AURKB was a novel clinically relevant
biomarker and could become a potential therapeutic strategy for GBM.

2. Materials and methods
2.1. Ethical statement

The usage of the experimental animals and human samples in this
study were approved by the Ethics Committee of the School of
Medicine, Xi'an Jiaotong University (approval no. 2016-085) and the
Scientific Ethics Committee of the First Affiliated Hospital of Xi'an
Jiaotong University (approval no. 2016-18), respectively. All patients
signed for the consent of the use for their tissue specimens, and the
standard methodologies strictly followed the Declaration of Helsinki.

2.2. Identification of differentially expressed kinases in TMZ resistance
through GEO database

Gene expression data was extracted from Gene Expression Omnibus
(GSE68029, https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc =
GSE68029). Cluster 3.0 was used to analyze the Hierarchical bi-clus-
tering of the targeting genes. Average linkage and Euclidean distance
were used as clustering methods and similarity metric, respectively.
Fold changes were used to present the comparison of relative gene
expression among naive and TMZ resistant GBM cells. Afterwards, these
differentially expressed genes were aligned with kinases database to
find out differential kinase-encoding genes.

2.3. Analysis of expression and prognostic value of genes in glioma with the
Cancer genome Atlas data (TCGA)

Analyses for the expression pattern and prognostic value of genes in
glioma (low grade glioma and GBM) were performed based on TCGA
RNA sequencing database [21] and Rembrandt [22] databases. The
RNA sequencing expression data are analyzed according to the standard
processing pipeline.

2.4. Reagents and antibodies

Dulbecco's modified Eagle ‘medium-nutrient mixture F12
(DMEM-F12), alamarBlue reagent, fetal bovine serum (FBS), PageRuler
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plus prestained protein ladder and Alexa Fluor® 488 Annexin V/Dead
Cell Apoptosis kit was bought from Thermo Fisher Scientific (Waltham,
MA, USA). Accutase solution, phosphatase inhibitor and protease in-
hibitor, radio immunoprecipitation assay (RIPA) lysis buffer were
purchased from Merck KGaA (Darmstadt, Germany). iScript Reverse
Transcription SuperMix and Bradford reagent were obtained from
Bio-Rad Laboratories (Hercules, CA, USA). Bovine serum albumin (BSA)
was purchased from New England BioLabs (Ipswich, MA, USA).
Hesperadin was obtained from Medchem Express (Cat log no. HY-
12054, NJ, USA). TMZ was provided by Tasly Group Co, Ltd (Jiangsu
province, China).

Antibodies used in this study were shown as below: anti-AURKB
primary antibodies were bought from Abcam (Cat log no. ab2254) for
western blot and immunohistochemistry. Anti-B-actin antibody was
purchased from Abcam (Cat log no. ab115777).

2.5. Cell culturing and proliferation assay

GBM cell lines U251, A172 and NHA were provided by the First
Affiliated Hospital of Xi’an Jiaotong University (Xi’an, China). U87 cell
line was obtained from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China), catalog no. TCHul38. Cells were cultured
in DMEM-F12 containing 10% vol FBS and antibiotics (1% penicillin
and streptomycin). All these cells were cultured in a humidified con-
dition containing 5% CO, at 37°C.

For in vitro cell proliferation assay, cells were collected and sus-
pended adequately and then seeded into 96 wells plate at a density of
1 x 10® cells/well. After seeding, the cell number was counted by
alamarBlue strictly followed the manufacturer’s instructions at day 0, 2,
4, 6 and 8.

2.6. In vitro cell viability assay

Cell number was calculated by cell counter with trypan blue, then
cells were seeded into 96 well plates after adequate suspension at a
density of 2 x 10® cells/100uL per well and cultured for 12h.
Afterwards different concentration of TMZ or Hesperadin containing
fresh medium was added into these plates. Finally, cell number was
counted by alamarBlue and IC50 was calculated by using SPSS 22.0.
The synergism of TMZ and Hesperadin was quantified by Chou-Talalay
method with COMPUSYN 2.0 as previously published [23].

2.7. Lentiviral shRNA construction and transfection

Lentivirus production and transduction was conducted as previously
described [23]. The plasmid for shAURKB lentivirus targeting se-
quences were shown below:

shAURKB#1: GGAGGAGGATCTACTTGATTC

shAURKB#2: GCAGAAGAGCTGCACATTTGA

2.8. TMLZ resistance induction in GBM cells

U87 GBM cells were seeded into the 6-well plates and incubated
overnight with DMEM-F12 medium containing 10% FBM. Afterwards
cells were cultured with TMZ containing medium at a starting dose of
100 u M. For the first 5 days, the medium with TMZ was replaced every
24h. TMZ concentration was gradually increased every 2 weeks for 3
consecutive months and the dose limit was 500 u M.

2.9. Flow cytometry

Flow cytometry assays were conducted as mentioned previously
[23]. U87 cell apoptosis was measured by the Alexa Fluor® 488 Annexin
V/Dead Cell Apoptosis kit according to the manufacturer’s instructions.
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Fig. 1. AURKB was overexpressed in GBM.
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A. Genome-wide transcriptome microarray analysis (GSE 68,029) indicated that AURKB was among the most enriched kinase-encoding genes in TMZ resistant group
compared with naive GBM cell lines. B. Top 10 kinase-encoding differentially expressed genes in TMZ resistant GBM cells to naive GBM cell lines. C. Expression
patterns of AURKB in TCGA database, red bar represents the glioma tissues and blue bar shows the normal brain tissues (with t test). D. Analysis of Rembrandt
database shows AURKB expression in different glioma subtypes (*P < 0.05, **P < 0.01, with one-way ANOVA followed by Dunnett’s posttest). E. AURKB mRNA
expression in human glioma cell lines and NHA was measured by quantitative real-time RT-PCR (**P < 0.01, with one-way ANOVA followed by Dunnett’s posttest).
F. AURKB protein expression in human glioma cell lines and NHA were measured by Western blot analysis. B-actin was used as an internal control. All data were
presented as the mean + standard deviation of triplicate independent experiments. TMZ, Temozolomide; AURKB, Aurora Kinase B; RT-PCR, reverse transcription-

polymerase chain reaction; mRNA, messenger RNA.

2.10. Quantitative real-time RT-PCR (qRT-PCR)

Total RNA of patients’ samples and glioma cells were extracted
using the RNeasy mini kit according to the protocol. Nanodrop 2000
was utilized to determine the concentration of RNA. iScript reverse
transcription Supermix was used to synthesize cDNA according to the
manufacturer’s instructions. qRT-PCR analysis was performed using
StepOnePlus real-time PCR system strictly followed the manufacturer’s
protocol with SYBR Select Master Mix (Applied Biosystems). GAPDH
was utilized as internal controls. The primers sequences were shown as
below:

AURKB, Forward: 5-CTGCACCATCCCAACATCCT-3’; Reverse:
5-TGCCAACTCCTCCATGATCG-3
GAPDH, Forward: 5-GAAGGTGAAGGTCGGAGTCA-3’; Reverse:

5-TTGAGGTCAATGAAGGGGTC-3";
Relative gene expression was calculated by using the 2744¢
method.

2.11. Western blot analysis

Western blot analysis was performed as previously diescribed [23].
After protein of cell lysates was distracted by RIPA buffer containing
protease and phosphatase inhibitor, the concentrations of proteins were
measured by Bradford method. 10ug/lane of protein was electro-
phoresed and transferred to PVDF membrane (Invitrogen) and then
incubated with corresponding primary antibodies overnight at 4°C,

afterwards, the secondary antibodies was used at room temperature for
1h. Consequently, the immunocomplexes were detected by the en-
hanced chemiluminescence kit and AI600 Imager System (Amersham,
GE Healthcare Life Sciences). B-actin was used as a internal control.

2.12. Immunohistochemistry (IHC)

IHC was performed as described previously [23]. German im-
munohistochemical scoring (GIS) was utilized to analyze the expression
of AURKB immunoreactivity score. The positive cell score was counted
as below: 0, negative; 1, < 10% positive; 2, 11-50% positive; 3, 51-80%
positive; 4, > 80% positive. Staining intensity score was grouped as: 0,
negative; 1, weakly positive; 2, moderately positive; 3, strongly posi-
tive. Immunoreactivity score > 3 was considered as positive staining.

2.13. In vivo intracranial xenograft model

In vivo xenograft model was performed by using 6-week-old female
nude mice. Corresponding GBM cell (pre-transfected with shNT and
shAURKB) was adequately suspended and diluted to the density of
1 x 10° cells in 2uL PBS then injected into the nude mice brains as
described previously [23]. Each group of treatment was consist of 5
mice and they were monitored unless the following symptoms came
out: arched back, unsteady gait, more than 10% bodyweight loss or leg
paralysis. TMZ (50 mg/kg/d) and Hesperadin (20 mg/kg/d) was in-
jected through vein after 7 days of implantation. Moreover, Hesperadin
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was injected into xenograft mice’s tail right after TMZ injection when
they were combined.

2.14. Statistical analysis

All the results in this study are exhibited as mean + Standard
Deviation. Number of independent replications is presented in the
corresponding Figure legends. 2-tailed t tests were used to evaluate
statistical differences. One-way ANOVA following Dunnett’s posttest
was utilized in comparisons more than 2 groups. Kaplan-Meier survival
analysis was conducted using log-rank analysis. All statistical analysis
was calculated by SPSS 22.0 or GraphPad Prism 7 software. Unless
specifically indicated, statistical significance was considered as a two-
sided P value < 0.05.

3. Results
3.1. AURKB was overexpressed in TMZ resistant GBM

To investigate the differentially expressed kinase-encoding genes in
TMZ resistant GBMs and their original source, GSE68029 database was
analyzed and we found out the differentially expressed genes in two
groups, afterwards we aligned the results with the 668 known kinase-
encoding gene symbols. As is shown in Fig. 1A, AURKB was among the
most significantly elevated kinase-encoding genes in TMZ resistant
group, together with other kinases including NTRK2, MAST4, MARK1,
HIPK2, STYK1, SPHK1, IRAK2, AXL, EPHA6 (Fig. 1B). Based on the
result derived from GEPIA [21], we found that AURKB was significantly
upregulated in GBM tissues compared with normal tissues (Fig. 1C). To
further explore whether the expression of AURKB had subtype differ-
ences in glioma, AURKB expression among 4 subtypes including pro-
neural, classical, mesenchymal and neural glioma cell in TCGA GBM
database were compared. As is shown in Fig. 1D, AURKB was sig-
nificantly upregulated in these subtypes, proneural cell in particular.
Additionally, AURKB expression is higher in GBM cell lines compared
with the NHA (normal human astrocyte) (Fig. 1E and F). Altogether,
these results suggested that AURKB expression was highly enriched in
GBM and it might be essential for TMZ resistance of GBM.

3.2. Elevated AURKB expression was closely associated with poor prognosis
in glioma/GBM patients

Results from the Rembrandt database [22] indicated that AURKB
was highly expressed in GBM compared with astrocytoma (Fig. 2A). To
gain more insight into the clinical characters of AURKB, IHC staining by
using tumor samples derived from patients underwent surgical resec-
tion in the First Affiliated Hospital of Xi’an Jiaotong University was
performed. The results showed that AURKB was more likely to be ele-
vated in high grade glioma rather than low grade glioma (Fig. 2B and
C). Furthermore, Kaplan-Meier analysis showed that higher AURKB
expression was correlated to more severe overall survival than those
with lower AURKB (Fig. 2D). In addition, similar results could be ob-
served in when analyzing Rembrandt and TCGA databases (Fig. 2E-G).
Notably, the expression level of AURKB not only correlated to overall
survival but also strongly affected disease free survival (Fig. 2G). These
data indicated that the upregulation AURKB might be a contributory
factor in progression and poor prognosis of glioma, suggesting that
AURKB could be considered as a novel diagnostic and prognostic
marker in glioma.

3.3. Close Correlation between AURKB expression and TMZ resistance in
GBM cell lines

To validate the potential function of AURKB as previously men-
tioned, we induced TMZ resistance U87 cell lines according to the
previous studies [24,25]. As is shown in, After 3 months of culturing
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with TMZ-contained medium, U87 cells acquired stable TMZ resistance
(Fig. 3A and B). Furthermore, mRNA and protein expression of AURKB
were measured in TMZ resistance and naive U87 cells and the results
showed that AURKB expression was markedly increased in TMZ re-
sistant U87 cells while the naive cells exhibited a lower expression of
AURKB expression (Fig. 3C and D). Altogether, these results suggested a
possible correlation between AURKB expression and TMZ resistance in
GBM.

3.4. AURKB knock-down enhanced TMZ sensitivity in GBM

To further investigate the biological functions of AURKB in GBM
cells, AURKB specific lentiviral sShRNA were introduced into U87 TMZ
resistant cells. Afterwards, qQRT-PCR and western blot analysis illu-
strated that up to 70% of AURKB expression was inhibited by lentiviral
shAURKB (Fig. 4A and B). In addition, in vitro cell viability assays were
conducted to explore the combined effect of TMZ and shAURKB on TMZ
resistant cells. As is shown in Fig. 4C, TMZ combined with AURKB
knock-down significantly downregulated the cell growth of TMZ re-
sistant U87 cells. Similarly, flow cytometry analyses also indicated that
shAURKB-transfected U87 TMZ resistant cells were more vulnerable to
TMZ than control groups (Fig. 4D). We then tested the effect of
shAURKB on acquired TMZ resistance by using mice xenograft models.
Consistently, a prolonged survival was observed when xenograft mice
were treated with the combination of shAURKB and TMZ (Fig. 4E).
Altogether, our results illustrated that inhibition of AURKB enhanced
the sensitivity to TMZ in GBM.

3.5. AURKB inhibitor reduced TMZ resistance of GBM viaa synergistic
effect

As mentioned previously, AURKB functions as a key regulator of the
acquisition of TMZ resistance in GBM. To further investigate the effi-
cacy of AURKB inhibition in GBM, a small molecule Hesperadin was
picked as a specific AURKB inhibitor (Fig. 5A) [20]. As is shown in
Fig. 5B, both TMZ resistant U87 and its naive controls exhibited an
undifferentiated sensitivity to Hesperadin, indicating that Hesperadin
functioned equally to these two cell groups. Additionally, in vitro cell
viability assays demonstrated that Hesperadin inhibited cell prolifera-
tion of TMZ resistant U87, notably, the acquired TMZ resistance was
dramatically reversed by Hesperadin (Fig. 5C). Furthermore, flow cy-
tometry analyses were conducted to measure the combined effect of
Hesperadin and TMZ on TMZ resistant U87 cells. The results demon-
strated that the combination of Hesperadin and TMZ significantly in-
creased the ratio of apoptotic cells and strengthened the cytotoxicity of
TMZ on resistant U87 cells (Fig. 5D). Next, we explored the effect of
Hesperadin and TMZ combination on intracranial xenograft mice
models. Similar to our prediction, although there were no significant
differences on survival when the mice were treated with TMZ alone, the
Hesperadin and TMZ combination dramatically increased the survival
of xenograft mice models (Fig. 5E). Taken together, these results in-
dicated that AURKB inhibitor reduced tumor proliferation as well as
TMZ resistance of GBM both in vitro and in vivo.

To further evaluate the clinical prospect of AURKB inhibition, Chou-
Talalay model aimed to detect and quantify the drug combination ef-
fects between TMZ and Hesperadin was used in this study [26]. TMZ
resistance acquired U87 cells were exposed to different dose of either
TMZ, Hesperadin or their combination for 3 days, then the inhibition of
cell viability was investigated. As is shown in Fig. 5F, the combination
index (CI) was less than 1.0, indicating that Hesperadin had synergistic
effects with TMZ. Accordingly, our results suggested that TMZ treat-
ment combined with AURKB inhibition overcame TMZ resistance viaa
synergistic effect.
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Fig. 2. Elevated AURKB expression was closely associated with poor prognosis in glioma/GBM patients.

A. The expression patterns of AURKB in Rembrandt database (*P < 0.05, **P < 0.01, ***P < 0.001ns P > 0.05, with one-way ANOVA followed by Dunnett’s
posttest). B. Representative images of IHC results indicating AUKRB expression in different grades of glioma; C. pie chart shows the different proportion of glioma
patients grouped by high or low level of AURKB expression; D. Kaplan-Meier plot indicates the overall survival in glioma patients grouped by high or low level of
AURKB (P < 0.01, n = 41 for AURKB up-regulated group, n = 25 for AURKB down-regulated group, with log-rank test). E. Kaplan-Meier plot with log-rank test
derived from Rembrandt database, different expression groups is shown as indicated; F, G the overall and disease-free Kaplan-Meier survival curve (with log-rank
test) for AURKB expression in glioma patients. Red curve represents patients with a high level of AURKB expression (top 25%), while blue curve represents patients
with low levels of AURKB expression (bottom 25%). AURKB, Aurora Kinase B; TPM, transcripts per Kilobase million.

4. Discussion

GBM is among one of the most common malignancies in human
brain. Despite the evolution in therapy strategies during the past dec-
ades, the prognosis of GBM patients is still dismal [27]. Therefore,
discovery of new therapeutic targets and screening survival-relevant
biomarkers for early diagnosis are meaningful to improve the clinical
outcomes of GBM patients [28]. Recent studies have clarified that ki-
nase-dependent activation of treatment resistance is critical for mor-
tality and recurrence in GBM patients [29]. Accumulating data pin-
points that AUKRB, a serine/threonine kinases participates in cellular
division by controlling chromatid segregation, contributes to che-
moresistance by promoting the cellular survival in response to che-
motherapeutic drugs [30-32]. Additionally, AURKB has also been de-
monstrated to participate in the regulation of various biological
behaviors such as cell proliferation and tumorigenesis as a pivotal on-
cogene in chromosomal separation [33]. Previous studies clarify that
abnormal expression of AURKB results in tumorigenesis of astrocytoma
and pediatric diffuse intrinsic pontine glioma [34-36]. However, the

clinical significance of AURKB in glioma has not been fully elucidated.

In this study, we illustrated that AURKB was overexpressed in
glioma and its elevation was closely correlated to poor prognosis.
Moreover, our findings demonstrated that AURKB was highly expressed
in TMZ resistant GBM cells and was responsible for TMZ resistance in
GBM. Furthermore, our results showed that inhibition of AURKB
through either lentiviral transfection or specific small molecule in-
hibitor caused a reduced TMZ resistance as well as decreased tumor-
igenesis of glioma cells in vitro and in vivo, indicating the potentials of
AURKB to become a novel clinical therapeutic target for GBM.
Additionally, the specific AURKB inhibitor Hesperadin exhibited sig-
nificant reduction on tumor growth both in vivo and in vitroviaa sy-
nergistic effect with TMZ. Most intriguingly, Chou-Talalay model was
used to detect and quantify the drug combination effects between TMZ
and Hesperadin, and we found that Hesparadin suppressed glioma
progression as well as chemoresistance in a synergistic manner with
TMZ [26]. Taken together, these findings demonstrated that AURKB
promoted TMZ resistance and tumorigenesis and could be used as a
prognostic factor for GBM patients, moreover, small specific molecules
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A. Cell viability assay indicates the different susceptibility of TMZ resistant U87 cells and naive U87 cells to graded concentration of TMZ (P < 0.01, with t test). B.
Time survival curve exposed to the same concentration of TMZ shows the different in vitro cell viability of TMZ resistant cells and naive cells (P < 0.01, with t test).
C. AURKB mRNA expression in TMZ resistant U87 cells and naive cells (**P < 0.01, with ¢t test). D. AURKB protein expression in TMZ resistant U87 cell line and
naive cell lines, 3-actin served as a loading control. AURKB, Aurora Kinase B; mRNA, messenger RNA.

for AURKB could be synthesized and served as an ancillary drug to
enhance the vulnerability of GBM cells to TMZ in order to improve the
survival of GBM patients. However, due to the limitation of in vitro
experiments and the small number of replicates, it is hardly to extend
the conclusion to in vivo system which are more complicated and
multivariate regulated. Furthermore, as the tumor microenvironment of
xenograft intracranial mice model is more complicated than in vitrocell
proliferation or flow cytometry assays, no significance is found in the
survival of mice despite the proliferation or apoptotic rate has changed
significantly in AURKB-KD cells. Therefore, new AURKB inhibitor with
less side effect should be designed and synthesized, and further multi-
central clinical trials need to be conducted to deeply testify the effect of
AURKB inhibition.

Current standard therapeutic strategy for GBM includes surgery,
radiotherapy and chemotherapy, besides, TMZ is the most commonly
used agent for the chemotherapy of GBM [37]. However, the overall
survival of GBM patients is still less than 15 months even the patients
were treated with the maximum comprehensive treatment [38]. Herein,

we found that abnormally enriched AURKB expression promotes TMZ
resistance in GBM and was conversely correlated with poor prognosis in
GBM, which is consistent with the previous studies in gastric cancer,
lung cancer and breast cancer [16,39,40]. As is well known, cell pro-
liferation is an exceedingly complex process that involves multiple co-
ordinated and sequential steps, including the contribution of several
kinases like cyclin-dependent kinases, polo-like kinases and Aurora
kinases [41]. A previous study showed that the expression and activa-
tion of AURKB begin in S phase and peak in the G2/M phase, indicating
that AURKB might promote cell proliferation in leukemia [18]. Mean-
while, He et al [42] reports that inhibition of AURK induced apoptosis
and autophagy viaAURKB/p70S6K/RPL15 axis through PI3K/Akt/
mTOR, AMPK, and p38 MAPK signaling pathways in leukemia. More-
over, Borges et al [14]. Reports that suppressing Aurora kinases by
unspecific inhibitor enhances the efficacy of radiotherapy in GBM, in-
dicating that Aurora kinases might confer GBM cells with radio-
resistance. Additionally, AURKB have also been found to directly
phosphorylate p53 and induce the degradation of p53 through Mdm2-
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Fig. 4. AURKB knock-down enhanced TMZ sensitivity in GBM.

A. qRT-PCR analysis indicating AURKB mRNA expression in TMZ resistant U87 cells transfected with lentiviral shAURKB and negative control (**P < 0.01, with t
test). B. Representative images of immunofluorescence showing the transfection efficiency of shAURKB. C. Western blot analysis showing AURKB protein expression
in TMZ resistant U87 cells transfected with lentiviral shAURKB and its negative control, B-actin was used as an internal control. D. In vitro cell proliferation assays for
AURKB knock-down combined with TMZ using resistant U87 cell line (P < 0.01, with one-way ANOVA followed by Dunnett’s posttest). E. Flow cytometry analysis
using Annexin V and Propidium Iodide for apoptotic ratio analysis in TMZ resistant U87 cells transfected with lentiviral shAURKB with or without TMZ treatment. F.
Kaplan-Meier analysis for in vivo xenograft mice models using TMZ resistant U87 cells transfected with lentiviral shAURKB or shNT, afterwards these intracranial
implanted mice received corresponding treatment (TMZ 50 mg/kg/d or DMSO viatail vein injection) as indicated for continuous 10 days through tail vein injection
(P = 0.0201, with log-rank test).

mediated ubiquitination thus promoting carcinogenesis and cancer pathways were not deeply investigated in this study. Further studies
progression [43]. These studies suggest that AURKB regulates enormous focused on the transcriptional regulator and downstream targets of
functional proteins and crucial signaling pathways including cell cycle AURKB in TMZ resistance of GBM should be performed in the future.

procession, apoptosis and autophagy. To this end, the exact molecular
mechanism of the regulation of AURKB in malignancies still remained
unclear. The activation mechanisms of AURKB and the related
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Fig. 5. AURKB inhibitor reduced TMZ resistance of GBM via asynergistic effect.
A. The chemical formula of Hesperadin, a specific AURKB inhibitor. B. In vitro cell viability assays of TMZ resistant U87 cells and naive U87 cells treated with graded
concentration of Hesperadin (P > 0.05, with ¢ test). C. In vitro cell proliferation assays of TMZ resistant U87 cells received the indicated treatments (P < 0.05, with
one-way ANOVA followed by Dunnett’s posttest). D. Flow cytometry analysis showing the different apoptotic ratio of TMZ resistant U87 cells treated with TMZ,
Hesperadin or their combination. E. Kaplan-Meier curve indicating the different survival of intracranial TMZ resistant U87 cells implanted mice models when
received indicated treatments (TMZ 50 mg/kg/d, Hesperadin 20 mg/kg/d or DMSO through tail vein injection, P = 0.0177 with log-rank test). F. CI-Fa analysis was
used to quantify the synergistic effect of Hesperadin combined with TMZ in resistant GBM cells.
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