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Abstract. Elevated expression of Aurora-B affects cell apop-
tosis and proliferation in a variety of solid tumors. However, 
the role of Aurora-B has been poorly evaluated in non-small 
cell lung cancer (NSCLC). In the present study, it was found 
that Aurora-B was overexpressed in tissue specimens obtained 
from 174 patients with lung cancer. It was also demonstrated 
that knockdown of Aurora-B induces apoptosis and inhibits 
the growth of lung cancer A549 cells in vitro and in vivo. 
Furthermore, it was found that silencing Aurora-B decreased 
the activity of the phosphoinositide 3-kinase (PI3K)/AKT 
pathway. Therefore, it was concluded that knockdown of 
Aurora-B induces apoptosis and inhibits growth in NSCLC 
A549 cells, in addition to inhibiting the activity of the 
PI3K/AKT signaling pathway. Targeting Aurora-B may 
provide a novel target for lung cancer therapy.

Introduction

Lung cancer is the leading cause of cancer-associated mortality 
worldwide. Non-small cell lung carcinoma (NSCLC) accounts 
for ~80% of lung tumors. Although chemotherapy has been 
increasingly used to treat patients with NSCLC, the five‑year 
survival rate of patients with NSCLC is <15% and has not 
improved over the previous decades (1). Therefore, the devel-
opment of more widely effective targeted agents for NSCLC 
treatment is required.

The Aurora kinases play a critical role in mitosis, and the 
kinases have been indicated to be promising targets for cancer 
therapy due to their frequent overexpression in a variety of 

tumors (2-4). Aurora-B is one of the major protein kinases 
that ensures the correct execution and fidelity of mitosis. 
The increased expression of Aurora-B is evident in various 
cancers, and its upregulated expression has been identified as 
associated with clinical aggressiveness (5-8). Li et al revealed 
that the downregulation of Aurora-B inhibits proliferation 
and metastasis, induces G2/M phase arrest in clear cell renal 
cell carcinoma cells and exerts antitumor activity in a SN12C 
xenograft model (9). These findings indicated that Aurora‑B 
possesses oncogenic characteristics and plays a key role in 
the malignant behavior of tumors, suggesting that Aurora-B 
is an important anti-tumor target. However, there is a lack of 
data for the association between the elevated expression of 
Aurora-B and the malignant potential of NSCLC lesions.

In the present study, immunohistochemistry (IHC) was 
performed to investigate the expression levels of the Aurora-B 
protein in 174 NSCLC tissues and 174 adjacent tissues. 
Furthermore, the effect of knockdown of Aurora-B on the 
proliferation of A549 cells and apoptosis in vitro and in vivo 
was investigated. The present findings indicated that silencing 
of Aurora-B inhibits A549 cell growth and that Aurora-B may 
serve as a promising therapeutic target in NSCLC.

Materials and methods

Patients and specimens. A total of 174 NSCLC and 174 adja-
cent tissue samples were obtained from patients that underwent 
surgery at The First Hospital Affiliated to Nanchang Univer-
sity (Nanchang, Jiangxi, China). The assessment of lymph 
node metastasis was performed by post-operative histological 
diagnosis. The histological diagnosis was determined by 
hematoxylin and eosin staining, according to the World Health 
Organization criteria (10). None of the patients had previously 
been administered with anti-tumor drugs or radiotherapy. 
Written informed consent was obtained from all subjects, 
and the present protocol was approved by the Institute Ethics 
Committee of The First Hospital Affiliated to Nanchang 
University.

Immunohistochemical analysis. The histological tissue sections 
were sliced into 4-µm sections, which were subsequently 
stained with hematoxylin and eosin. Immunohistochemical 
analysis was then performed using a streptavidin-peroxidase 
procedure. Briefly, antigen retrieval was performed by heating 
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the deparaffinized rehydrated sections in 10 mM citrate buffer 
(pH 6.0; 250 ml) for 20 min, followed by blocking with 10% 
goat serum (Gibco Life Technologies, Carlsbad, CA, USA). 
The sections were then incubated overnight at 4˚C with the 
primary rabbit anti-human Aurora-B monoclonal antibody 
(cat no. ab45145; Abcam, Cambridge, UK) at a final dilution 
of 1:500. For the negative control, the tissue sections were 
incubated with phosphate-buffered saline (PBS) instead of 
antibodies. Subsequent to washing three times with PBS, the 
sections were incubated at room temperature with biotinylated 
secondary antibody (dilution, 1:1,000) for 40 min, followed 
by incubation with horseradish peroxidase (HRP)-conjugated 
streptavidin for 30 min. The sections were then stained using 
chemiluminescence and counterstained using hematoxylin. 
The stained sections were evaluated and scored by two patho-
logical doctors in a blind manner, without prior knowledge of 
the clinicopathological features of the patients. The staining 
intensity of ≥500 cells in five representative areas was 
determined by examination of the specimens. The expres-
sion level of Aurora-B was assessed and the intensity scores 
were recorded as follows: 0, no staining; 1, weak staining; 
2, moderate staining; and 3, intense staining. The percentage 
scores were recorded according to the percentage of tumor 
cells with positive expression of Aurora-B, as follows: 0, 0%; 
1, <10%; 2, 47-50%; 3, 51‑80%; and 4, 81‑100%. The final score 
was calculated from the average of the scores provided by the 
two pathological doctors, which were calculated by adding the 
intensity score to the percentage score. A final score <4 was 
defined as no expression, ≥4 to <5 was defined as weak expres-
sion, ≥5 to <6 was defined as moderate expression and ≥6 was 
defined as strong expression.

Recombinant lentivirus vector construction. Short hairpin 
(sh)RNA sequences that targeted Aurora-B mRNA were 
designed online and manufactured by Invitrogen (Carlsbad, 
CA, USA), as follows: Lv‑shRNA‑AURKB, 5'‑AGAGCTGCA 
CATTTGACGA‑3'; and Lv‑shRNA‑CON, 5'‑TTCTCCGAA 
CGTGTCACGT‑3'. Lv‑shRNA‑CON was used as a control. 
The recombinant lentivirus expression plasmids were 
constructed, according to the manufacturer's instructions, to 
generate the AURKB‑shRNA lentivirus (Lv‑shAURKB) or 
negative control lentivirus (Lv-negative).

Cell culture and transfection. The human NSCLC A549 cell 
line was purchased from American Type Culture Collec-
tion (Manassas, VA, USA), and routinely cultured in 
RPMI‑1640 (HyClone, Logan, UT, USA) supplemented with 
10% fetal bovine serum (FBS; Sigma-Aldrich, St. Louis, 
MO, USA) in a humidified 37˚C incubator containing a 5% 
CO2 atmosphere. The A549 cells were grown to 30-40% 
confluency and infected with Lv‑shAURKB or Lv‑negative at 
multiplicity of infection (MOI) of 10. To determine the infection 
efficiency, the cells expressing green fluorescent protein were 
observed using fluorescence microscopy (ECLIPSE‑TS‑100; 
Nikon, Tokyo, Japan).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated 48 h subsequent to extrac-
tion with TRIzol reagent (Invitrogen). RT-qPCR (Applied 
Biosystems Life Technologies, Foster City, CA, USA) was 

performed according to the manufacturer's instructions. The 
primer sequences used to amplify the cDNA compound by 
reverse transcriptase were as follows: Aurora‑B sense, 5'‑AGA 
AGG AGA ACT CCT ACC CCT‑3' and antisense, 5'‑CGC GTT 
AAG ATG TCG GGTG‑3'; GAPDH sense, 5'‑GTG GAC ATC 
CGC AAA GAC‑3' and antisense, 5'‑GAA AGG GTG TAA CGC 
AACT‑3'. Six independent experiments were performed over 
multiple days.

Western blotting. Total protein from A549 cells was extracted 
using RIPA lysis buffer containing 60 µg/ml phenylmethyl-
sulfonyl fluoride (Vazyme Biotech Co., Ltd., Nanjing, China). 
Protein concentration was determined by the Bradford assay. 
Western blot analysis was conducted using antibodies against 
Aurora-B (dilution, 1:500; Abcam) or mouse anti-human 
monoclonal β-actin (dilution, 1:2,000; cat no. ab8226; Cell 
Signaling Technology, Inc., Danvers, MA, USA). The immune 
complexes were detected using a pro-light HRP kit (Pierce 
Biotechnology, Inc., Rockford, IL, USA). All experiments 
were repeated six times.

Cell growth assay. Subsequent to infection with Lv‑shAURKB 
or Lv-negative, the A549 cells were cultured in 96-well 
tissue culture plates at cell density of 5,000 cells per well, in 
RPMI-1640 containing 10% FBS and 2 mM glutamine. Viable 
proliferating cells were detected using an MTT assay. The cell 
viability was expressed as the optical density (OD), which was 
detected by an ELISA reader (Thermo MK3; Thermo Fisher 
Scientific, Waltham, MA, USA) at a wavelength of 490 nm. Six 
independent experiments were performed over multiple days.

Apoptosis assays. A terminal deoxynucleotidyl trans-
ferase‑mediated dUTP‑biotin nick end labeling (TUNEL) assay 
was used to evaluate apoptotic activity by DNA breakage. The 
cells of each group were smeared on slides and fixed with 4% 
paraformaldehyde at room temperature for 30 min and then 
preprocessed with freshly prepared permeabilization solution 
containing 0.1% Triton X-100 and 0.1% sodium citrate for 
15 min for optimal proteolysis. Apoptosis was detected using 
an apoptosis detection kit (Nanjing KeyGen Biotech, Co., Ltd., 
Nanjing, Jiangsu, China). The TdT reaction was performed for 
1 h at 37˚C in a humidified chamber, and sections were stained 
with DAPI for nuclei. TUNEL‑positive cells were counted in 
a random selection of 10 fields and expressed as a percentage 
of normal nuclei under confocal laser microscopy. The overall 
rate of apoptosis in five fields of view was calculated using the 
following formula: 

 number of apoptotic cells
 Rate of apoptosis (%) = ----------------------------------------------------- x 100
 total number of cells

Six independent experiments were performed.

Nude mice assay. SPF grade male BALB/C nude mice, aged 
between 3 and 4 weeks, were obtained from the Shanghai Insti-
tute of Materia Medica (Shanghai, China), housed in sterile 
cages under laminar airflow hoods in a specific pathogen‑free 
room with a 12-h light and 12-h dark schedule and fed auto-
claved chow and water ad libitum. All animal procedures and 
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maintenance were conducted in accordance with the institu-
tional guidelines of the University of Nanchang (Nanchang, 
Jiangxi, China). The mice were injected with 0.2 ml suspension 
containing 2x106 A549 cells every week until a subcutaneous 
tumor was formed. A suspension containing 2x107 viral parti-
cles was then injected into the formed subcutaneous tumor 
every other day for a week (four doses in total). The mice were 
sacrificed 28 days subsequent to the end of administration of 
viral particles and the tumors were excised. The weight of the 
tumors was measured.

Statistical analysis. All data were expressed as the 
mean ± standard deviation. A two independent samples t-test 
was performed for statistical analysis, and the two indepen-
dent samples test was used to analyze the association of the 
Aurora-B protein expression levels with lymph node metas-
tasis. The association between the expression of the Aurora-B 
protein and the clinicopathological parameters was measured 
using the χ2 test. P<0.05 was considered to indicate a statisti-
cally significant difference. All analyses were performed using 
SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA).

Results

Association between Aurora‑B protein expression levels in 
NSCLC tissues with clinicopathological parameters. Aurora-B 
was found to be expressed in the nucleus (Fig. 1A-D). The asso-
ciation identified between Aurora‑B expression in NSCLC and 
the clinicopathological parameters is summarized in Table I. 
The expression levels of Aurora-B protein in NSCLC tissues 
was significantly increased compared with non-tumor tissues 

(P=0.001). Notably, the positive expression rate of Aurora-B 
in the cases with lymph node metastasis was 78.3% (65/83), 
but only 47.3% (43/91) in those without metastasis, and this 
difference was significant (P<0.0001). The association between 
Aurora-B expression levels and tumor size and pathological 
stage was also investigated. The data revealed that Aurora-B 
expression was associated with the tumor size (P=0.000) and 
pathological stage (P=0.001). No significant association was 
observed between Aurora-B expression levels and other clinico-
pathological variables, including age at diagnosis (P=0.998) and 
gender (P=0.827). The present findings indicated that Aurora‑B 
may contribute to the malignant phenotype in NSCLC.

Plasmid targeting Aurora‑B inhibits Aurora‑B expres‑
sion in A549 cells. In order to investigate the effect of the 
inhibition of Aurora-B on the growth of A549 cells, the 
plasmid targeting Aurora-B was used to suppress Aurora-B 
expression in A549 cells. RT-PCR and western blot analysis 
revealed that the mRNA and protein expression of the 
Aurora‑B were significantly decreased in cells transfected 
with Lv‑shAURKB compared with those transfected with 
Lv-negative (Fig. 1E and F).

Knockdown of Aurora‑B induces apoptosis and inhibits 
proliferation in A549 cells in vitro. To explore the association 
between Aurora-B expression and A549 cell proliferation, cell 
proliferation was measured by MTT assays. The A549 cells 
were treated with Lv‑shAURKB at a MOI of 10. The results 
revealed that silencing Aurora-B led to a significant decrease 
in cell proliferation (Fig. 2A). Furthermore, treatment with 
Lv‑shAURKB increased the percentage of apoptotic cells, 

Table I. The clinical and pathological parameters.

 Aurora-B expression
 -------------------------------------------------------------------------------------------------------------------------
Characteristic - + ++ +++ P-value

Non-tumor tissue 117 19 21 17 0.000
Lung cancer tissue   66 28 36 44
Age     0.998
  ≥65 years   36 15 19 24
  <65 years   30 13 17 20
Gender     0.827
  Male   38 15 20 28
  Female   28 13 16 16
Tumor size     0.000
  ≤3 cm   36 20 13 10
  >3 cm   30   8 23 34
Lymph node metastasis     0.000
  N0   48   9 15 19
  N1/N2   18 19 21 25
Pathological stage     0.001
  I/II   45 11 11 17
  III/IV   21 17 25 27

-, no expression; +, weak expression; ++, moderate expression; +++, strong expression.
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Figure 1. (A and B) Hematoxylin and eosin and (C and D) immunohistochemical staining for Aurora-B expression in (A and C) non-small cell lung cancer 
and (B and D) non‑tumor tissues. Aurora‑B was expressed in the nucleus, with significantly lower (E) protein and (F) mRNA expression in cells transfected 
with the Lv‑shAURKB plasmid compared to Lv‑negative‑transfected cells. Results are expressed as the mean ± standard deviation. *P<0.05 vs. Lv-negative 
transfected group.

Figure 2. MTT and terminal deoxynucleotidyl transferase‑mediated dUTP‑biotin nick end labeling assays were performed to evaluate the (A) cell proliferation 
and (B) apoptosis, respectively, in vitro. The results indicated that silencing Aurora‑B efficiently induces cell apoptosis and inhibits cell proliferation in vitro.
OD, optical density.

  A

  B

  A   B

  C   D

  E   F
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which was determined by TUNEL (Fig. 2B). These results 
indicated that silencing Aurora-B may efficiently induce cell 
apoptosis and inhibit cell proliferation in vitro.

Knockdown of Aurora‑B induces apoptosis and inhibits growth 
in A549 cells in vivo. To evaluate the effect of the inhibition of 
Aurora-B on the growth of A549 cells in vivo, a subcutaneous 
tumor was constructed in mice by injecting the mice with a 
suspension containing A549 cells. The Lv‑shAURKB or 
Lv-negative viral particles were injected into the formed subcu-
taneous tumor on alternate days for a week (four doses in total). 
Tumor growth was evaluated by measuring the weight of the 
tumors. The average tumor weight in the Lv‑shAURKB group 
was significantly decreased compared with the tumor weight 
in the Lv-negative group (P<0.05), suggesting that knockdown 
of Aurora‑B significantly inhibited the growth of A549 cells 
in vivo (Fig. 3A and B). Furthermore, to investigate the mecha-
nism of silencing Aurora-B on the inhibition of A549 cell 
growth, a TUNEL assay was performed to evaluate the cell 
apoptosis in tumor tissues that were obtained from mice. The 
results revealed that the apoptotic rate in the Lv‑shAURKB 
group was significantly increased compared with the apoptotic 
rate in the Lv-negative group (Fig. 3C-F), which indicated that 
silencing Aurora-B may induce apoptosis in A549 cells in vivo.

Silencing Aurora‑B decreases the activity of the phos‑
phoinositide 3‑kinase (PI3K)/AKT/nuclear factor (NF)‑κB 

Figure 3. (A) Representative image of mice injected with Lv‑shAURKB or Lv‑negative viral particles. (B) Tumor growth in the mice was evaluated by measuring 
the weight of the tumors. The results revealed that the weight of tumors in the Lv‑shAURKB-injected group was significantly lower compared with the tumor 
weight in the Lv-negative-injected group. (C and D) Hematoxylin and eosin staining and (E and F) terminal deoxynucleotidyl transferase‑mediated dUTP‑biotin 
nick end labeling assays were performed to evaluate the cell apoptosis in tumor tissues injected with (D and F) Lv‑shAURKB or (C and E) Lv‑negative viral 
particles. The results revealed that the apoptotic rate in the Lv‑shAURKB‑injected group was significantly higher compared with the apoptotic rate of the 
Lv-negative injected group. 

Figure 4. Western blot analysis was performed to evaluate the expression of 
the PI3K/AKT signaling pathway. The results revealed that PI3K, p-AKT 
and NF-κB(p65) protein expression in cells transfected with Lv‑shAURKB 
was significantly lower compared with cells treated with Lv‑negative. PI3K, 
phosphoinositide 3-kinase; p-AKT, phosphorylated AKT; NF-κB; nuclear 
factor κB.
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signaling pathway in A549 cells. In order to investigate 
the effect of inhibiting Aurora-B on the activity of the 
PI3K/AKT signaling pathway in A549 cells, the A549 cells 
were transfected with Lv‑shAURKB or Lv‑negative for 6 h, 
and then cultured for 48 h. The protein expression of PI3K, 
AKT, NF-κB (p65) and phosphorylated AKT (p-AKT) was 
measured using western blot analysis in the A549 cells. The 
results revealed that the protein expression of PI3K, p-AKT 
and NF-κB (p65) in cells transfected with Lv‑shAURKB 
was significantly decreased compared with the expression 
in the cells treated with Lv-negative (Fig. 4). This indicated 
that Aurora-B inhibition may decrease the activity of the 
PI3K/AKT/NF-κB signaling pathway in A549 cells.

Discussion

Targeting the progression of mitosis is a highly successful 
strategy for anticancer treatment (11). Aurora kinases are 
serine/threonine kinases that are essential for cell cycle control 
and mitosis. Mammals possess three Aurora kinase family 
members, consisting of Aurora-A, -B and -C, and these kinases 
are expressed at maximum levels during mitosis. Aurora-B is a 
component of the chromosome passenger complex (CPC), and 
the gene is located on the chromosome arms during prophase 
and at the centromeres during prometaphase and metaphase. 
Aurora-B has been reported to be overexpressed in numerous 
types of cancer (5-8).

In the present study, the expression levels of Aurora-B 
protein in NSCLC tissues and adjacent non-tumor tissues was 
detected by IHC, which revealed that the Aurora-B protein 
was expressed in the nucleus and the positive expression levels 
was significant increased in NSCLC tissues compared with the 
adjacent non-tumor tissues. The association between Aurora-B 
expression levels and clinicopathological parameters was 
investigated, and no association between Aurora-B expres-
sion levels and clinicopathological parameters (P>0.05), 
including gender and age at diagnosis, was observed. The 
NSCLC tissues used in the present study were obtained in 
the previous six months. To the best of our knowledge, the 
association between Aurora-B expression levels in NSCLC 
tissues and the prognosis of patients, including survival time, 
has not been analyzed previously. However, Kaste et al (12) 
and Ozger et al (13) reported that the presence of metastasis 
and tumor size at diagnosis are important prognosis factors 
for patients with osteosarcoma. Osteosarcoma and NSCLC are 
both malignant tumors; therefore, the presence of metastasis 
and tumor size at diagnosis may also be important prognostic 
factors for patients with NSCLC. In the present study, the 
expression of the Aurora-B protein in NSCLC tissues was 
found to be associated with the tumor size, pathological tumor 
stage and presence of lymph node metastasis in patients with 
NSCLC. The current results are similar to those obtained by 
Takeshita et al (14) and Wang et al (15), which indicated that 
Aurora-B may act as an oncogene and contribute to the malig-
nant potential of NSCLC.

Various studies have revealed that the inhibition of Aurora-B 
may block cell proliferation and induce cell apoptosis in various 
tumor types (16-18). To evaluate the effect of the inhibition of 
Aurora-B on NSCLC cell proliferation and apoptosis in vitro, 
the plasmid targeting Aurora‑B (Lv‑shAURKB) was used to 

inhibit Aurora-B expression in A549 cells. The cell viability 
and apoptosis assays revealed that silencing Aurora-B induces 
cell apoptosis and inhibits cell proliferation in A549 cells. In 
addition, the association between Aurora-B expression levels 
and cell growth in NSCLC was investigated in vivo, and the 
data revealed that elevated Aurora-B expression suppresses 
cell apoptosis and promotes cell growth in A549 cells.

The potential molecular mechanisms associated with 
Aurora-B-induced apoptosis and inhibition of cell growth 
were also analyzed. The oncogene AKT is involved in the 
regulation of cell survival, and the PI3K/AKT signaling 
pathway regulates numerous normal cellular processes, 
including cell proliferation, survival, growth and motility. The 
aberrant activation of this pathway has been considered to be 
critical for tumorigenesis (19,20). Long et al demonstrated that 
ZM447439, a small molecular inhibitor of Aurora-B, induces 
cell apoptosis and inhibits cell proliferation by decreasing 
AKT phosphorylation at Ser473 in Hep2 cancer cells (21). 
Accumulated data has revealed that the PI3K/AKT signaling 
pathway plays a key role in NSCLC malignant behavior (22-24). 
Therefore, it was hypothesized that silencing Aurora-B may 
decrease the activity of the PI3K/AKT signaling pathway in 
NSCLC cells. This hypothesis was confirmed in vitro and 
in vivo in the present study. In the current study, the protein 
expression of PI3K, AKT and p-AKT in A549 cells and xeno-
graft tumors was detected by western blot analysis. The results 
revealed that the protein expression of PI3K and p-AKT was 
significantly decreased in cells and xenograft tumors treated 
with Lv‑shAURKB compared with the expression in cells 
treated with Lv‑negative. This finding indicated that silencing 
Aurora-B inhibits the activity of the PI3K/AKT signaling 
pathway in NSCLC tissues.

In conclusion, the present findings indicate that the knock-
down of Aurora-B induces cell apoptosis and suppresses cell 
growth, in addition to inhibiting the activity of PI3K/AKT 
in NSCLC tissues. The current study indicates that targeting 
Aurora-B may be a potential treatment strategy for treating 
NSCLC.
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