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Abstract: Increasing evidences reveal that Aurora-B may be involved in metastasis of malignant tumor. In this study, 
we investigated the inhibitory effect of Aurora-B on invasion and migration of OS cells and the activity of PI3K/Akt/
NF-κB signaling pathway in vitro. The expression of Aurora-B and p-Akt (Ser473) proteins was detected by immu-
nohistochemistry in OS tissues from 24 patients with pulmonary metastatic disease, and the relationship between 
Aurora-B and p-Akt was investigated. The results showed that there was a positive correlation between Aurora-B 
and p-Akt protein expression. Furthermore, we down-regulated the expression of Aurora-B through a recombinant 
lentivirus (Lv-shAURKB). Migration and invasion of cells were investigated by wound healing and transwell invasion 
assays. Results showed that silencing Aurora-B inhibited cell migratory and invasive ability of OS cells in vitro. Fi-
nally, knockdown of Aurora-B suppresses the activity of PI3K/Akt/NF-κB signaling pathway in OS cells. Our results 
indicated that knockdown of Aurora-B suppresses OS cells migratory and invasive ability via modulating the “PI3K/
Akt/NF-κB” signaling pathway in vitro. The Aurora-B blocker may be a new therapeutic strategy in OS management.
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Introduction

Osteosarcoma (OS) is the most common human 
primary malignant bone tumor among children 
and adolescents. With the advent of effective 
chemotherapy, the five-year survival rate for OS 
patients has been reported at 55-80% [1-4]. 
However, numerous studies report that the five-
year survival rate of patients with metastatic 
diseases was less than 20% [5-7]. The pulmo-
nary metastasis is the leading cause of death 
for the patients with extremities OS [8]. 
Therefore, making clear the molecular mecha-
nism of metastasis of OS to improve the cura-
tive effect is necessary for the management of 
OS.

Aurora-B is one of the major protein kinases 
that ensures the proper execution and fidelity 
of mitosis. As one of member of the chromo-
somal passenger complex, Aurora-B has been 

implicated in various mitotic functions, includ-
ing chromosome-microtubule interactions, sis-
ter chromatid cohesion, the spindle-assembly 
checkpoint and cytokinesis. Recently, increas-
ing studies reveal that nuclear Aurora-B are 
strongly associated with metastasis in tumor 
and is believed to be an important anti-tumor 
target [9, 10]. However, whether Aurora-B is 
involved in OS metastasis and the potential 
molecular mechanism are still uncertain.

PI3K/Akt plays a crucial role in the cell- extra-
cellular matrix (ECM) and cell-cell adhesion. 
Due to lack of correct adhesion, the adhesion-
dependent signals are interrupted, resulting in 
adhesion-related apoptosis, namely anoikis. 
Recently studies show that the inhibitor of 
Aurora-B could decrease Akt phosphorylation at 
Ser473 and its substrates GSK3alpha/beta 
phosphorylation at Ser21 and Ser9 in cancer 
cells [11]. The phosphorylation and activation 
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of Akt has been recognized as an important 
regulatory factor in NF-κB signaling pathway. 
Substantial studies reveal that activation of the 
NF-κB gene, the upstream regulator of MMPs, 
promotes the tumor cell invasion and migration 
[12, 13]. Matrix metalloproteinases (MMPs) are 
involved in the degradation of the basement 
membrane and epimatrix, among which MMP-2 
and 9 markedly correlate with tumor invasion. 
MMP-2 and 9 are increased in OS cells and pro-
mote OS cells migration and invasion by degrad-
ing components of the basement membrane 
and epimatrix [14]. Therefore, we hypothesize 
that inhibition of Aurora-B could suppresses OS 
cell invasion and migration via decreasing the 
activity of PI3K/Akt/ NF-κB signaling pathway.

In this study, we investigated the effect of inhi-
bition Aurora-B on the activity of PI3K/Akt/ 
NF-κB signaling pathway, invasion and migra-
tion in OS cells.

Materials and methods

Antibodies

Rabbit monoclonal Aurora-B, NF-κB (p65), 
PI3K, p-PI3K (Tyr199), p-Akt (Ser473), goat 
monoclonal Akt and mouse monoclonal β-actin 
were purchased from Cell Signaling Technology 
Inc.

Patient specimens

A total of 24 samples of OS tissues were 
obtained from patients with pulmonary meta-
static disease who underwent surgery in our 
hospital (The First Hospital Affiliated to Nan- 
chang University, China) from 2005 to 2012. 
The pulmonary metastasis survey was per-
formed with plain films and chest CT scans at 
first diagnosis. All the patients have no history 
of prior therapies with anticancer drugs or 
radiotherapy. The samples were fixed with 10% 
formalin and embedded in paraffin, and then, 
were cut into 4 μm sections. In all cases, in- 
formed consent was taken from related depart-
ments and persons, and the study had the 
approval from the Institute Ethics Committee.

Immunohistochemical analysis

Immunoperoxidase procedure (S-P procedure) 
and hematoxylin and eosin (H&E) staining were 
performed on paraffin-embedded sections. 
Antigen retrieval was performed with heating 

the sections in 10 mmol/L citrate buffer (pH 
6.0) for 20 min. Anti-Aurora-B (1:500) and p-Akt 
(Ser473) (1:1000) antibodies were used as the 
primary antibody at a final dilution as corre-
sponding product specifications. Then the sec-
tions were chemiluminescence stained and 
counterstained using hematoxylin. Stained sec-
tions were evaluated and scored by two patho-
logic doctors in a blind manner without prior 
knowledge of the clinical pathological features 
of patients. According to the staining intensity 
by examining at least 500 cells in five represen-
tative areas, the expression level of Aurora-B 
and p-Akt protein was judged and the intensity 
scores were recorded as follows: none, 0; weak, 
1; moderate, 2; and intense, 3. According to the 
percentage of tumor cells with positive expres-
sion of p-Akt and Aurora-B protein, the percent-
age scores were recorded: 0% (score 0); less 
than 10% (score 1), 11-50% (score 2), 51-80% 
(score 3), and 81-100% (score 4). The final 
score was averaged with the scores from the 
two pathologic doctors; these scores were cal-
culated by multiplying the intensity score to the 
percentage score.

Construction of AURKB-shRNA-expressing 
lentiviral vector

The shRNAs targeting Aurora-B mRNA were 
designed online (Hwww.invitrogen.com/rnaiH): 
homo-shRNA-AURKB-1, 5’-AGAGCTGCACATTTG- 
ACGA-3’; homo-shRNA-AURKB-2, 5’-TGCGTCTC- 
TACAACTATTT-3’; homo-shRNA-AURKB-3, 5’- 
ACCTCCTCCTTTGTTTAAT-3’; shRNA-NC, 5’-TTC- 
TCCGAACGTGTCACGT-3’, was used as control. 
The lentivirus expression plasmid (pGC-LV-
AURKB or pGC-LV-control vector), together with 
pHelper 1.0 and pHelper 2.0 plasmids that con-
tained the imperative elements for virus pack-
aging, were co-infected into 293T cells with 
lipofectamine 2000, according to the manufac-
turer’s instructions for the generation of 
AURKB-shRNA lentivirus (LV-AURKB-1, LV-AU- 
RKB-2 and LV-AURKB-3) or control lentivirus 
(LV-NC). Lentivirus was harvested at 48 h post-
infection, centrifuged to get rid of cell debris, 
and then filtered through 0.45 μm cellulose 
acetate filters followed by ultracentrifugation.

Cell culture and infection

The human OS cell line U2-OS and HOS were 
purchased from American Type Culture 
Collection (Manassas, VA), and routinely cul-
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tured in RPMI-1640 (HyClone) supplemented 
with 10% fetal bovine serum (Sigma) in a 
humidified 37°C incubator containing 5% CO2. 
The U2-OS and HOS cells were grown to 30-40% 
confluence and infected with LV-AURKB or 
LV-NC at MOI of 12.5 and 25. In order to deter-
mine the infection efficiency, cells expressing 
GFP protein were observed using fluorescence 
microscopy (ECLIPSE-TS-100, Nikon, Japan) 3 
days after infection.

qRT-PCR

The OS cell total RNA was isolated after inflect-
ed 72 h with Trizol reagent (Invitrogen, USA). 
MMLV Reverse Transcriptase and oligo (dT) 
were used to primer Reverse transcription 
Relative .Levels of Aurora-B mRNA were exam-
ined using SYBR green real-time quantitative 
reverse transcription-PCR (qRT-PCR) (Applied 
Biosystems) and normalized with β-actin. All 
amplifications were performed in the final reac-
tion mixture (20 μl). Primer sequences used to 
amplify the containing were as follows: Aurora-B 
sense 5’-AGAAGGAGAACTCCTACCCCT-3’, Auro- 
ra-B antisense 5’-CGCGTTAAGATGTCGGGTG-3’; 
β-actin sense 5’-CGGGAAATCGTGCGTGAC-3’, β- 
actin antisense 5’-TGGAAGGTGGACAGCGAGG- 
3’. The amplification reaction was performed 
using MJ real-time PCR (Bio-Rad, Hercules, CA, 
USA) for 40 cycles. Relative expression was cal-
culated using the 2-ΔΔCt method.

Western blot assay

Total protein from the cells was extracted using 
RIPA lysis buffer containing 60 μg/ml PMSF. 
Protein concentrations were determined by 
BCA protein assay kit (Boster, China). The pro-

tein samples were denatured at 100°C for 10 
min and then preserved at -20°C for later use. 
The protein samples were separated by 8% 
SDS-polyacrylamide gels and transblotted onto 
Nitrocellulose blotting membrane (0.22 μm). 
Membranes were blocked with 5% skim milk for 
1 h at room temperature, and probed with pri-
mary antibodies (rabbit anti-Aurora-B IgG, 
1:5000; rabbit anti-PI3K, anti-p-PI3K (Tyr199), 
anti-NF-κB (p65) and anti-p-Akt (Ser473) IgG, 
1:1000; goat anti-AKT IgG, 1:1000; mouse anti-
β-actin, 1:2000) overnight at 4°C. After incuba-
tion with the appropriate anti-rabbit, anti-goat 
or anti-mouse horseradish peroxidase-conju-
gated secondary antibody (1:5000, Boster, 
China) for 1.5 hours at room temperature, 
immunoreactive bands were visualized by the 
chemiluminescence dissolvent (Thermo, USA) 
and exposed to the X-ray film (Kodak, USA). The 
determination of grayscale value was pro-
cessed by Image J. All experiments were repeat-
ed by six times over multiple days.

Transwell assay

Invasion of OS cells was measured using the 
BD BioCoatTM BD MatrigelTM Invasion Chamber 
(BD Biosciences, Franklin Lakes, NJ, USA) 
according to the manufacturer’s protocol. The 
medium in the lower chamber contained 5% 
fetal calf serum as a source of chemo attrac-
tants. Cultures were rinsed with PBS and 
replaced with fresh quiescent medium alone or 
containing 10% FBS, following which the cells 
were incubated at 37°C for 24 h. Cells that 
passed through the Matrigel-coated membrane 
were stained with Diff-Quik (Sysmex, Kobe, 
Japan) and photographed under a microscope 
(ECLIPSE-TS-100, Nikon, Japan; magnification, 

Figure 1. Representative images of HE staining and immunohistochemical staining of Aurora-B or p-Akt protein in 
OS. A: Cells in osteosarcoma (OS) tissues with pulmonary metastasis were polygonal and short spindle, with large 
pleomorphic nuclei and abundant cytoplasm. B: Aurora-B protein was showed brownish-yellow particle deposition 
and expressed in the nucleus. C: p-AKT protein was shown as brownish-yellow particle deposition and expressed in 
the cytoplasm and nucleus.
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400×). Cell migration was quantified by direct 
microscopic visualization and counting. The val-
ues for invasion were obtained by counting 
three fields per membrane and represented as 
the average of six independent experiments 
done over multiple days.

Wound healing assay

We assessed cell migration by determining the 
ability of the cells to move into a cellular space 
in a two-dimensional in vitro “wound healing 
assay”. In brief, cells were grown to confluence 
in 6-well tissue culture plastic dishes to a den-
sity of approximately 5×106 cells/well. The cells 
were denuded by dragging a rubber policeman 
(Fisher Scientific, Hampton, NH, USA) through 
the center of the plate. Cultures were rinsed 
with PBS and replaced with fresh quiescent 
medium alone or containing 10% FBS, follow-

the nucleus and the p-Akt protein was expressed 
in the nucleus and cytoplasm (Figure 1A-C). 
There was a significant positive relationship 
between Aurora-B and p-Akt expression (R = 
0.726, P = 0.02). These data suggest that a 
possible connection between Aurora-B expres-
sion and the phosphorylation of Akt exists in 
OS.

Specific shRNA lentivirus inhibited Aurora-B 
expression in OS cells

In order to investigate effect of inhibition 
Aurora-B in the subsequent experiments, the 
LV-AURKB was used to suppress Aurora-B 
expression in U2-OS and HOS cells. The result 
of qRT-PCR and western blot assays show that 
the Aurora-B protein and mRNA was significant-
ly lower in cells infected by LV-AURKB than in 
those infected by LV-NC (Figure 2A, 2B).

Figure 2. The specific shRNA lentivirus suppressed the expres-
sion of Aurora-B in OS cells. A: The expression of Aurora-B pro-
tein was measured by western blot. The result showed that 
Aurora-B was significantly blocked in positive groups compared 
with control group. B: The mRNA level of Aurora-B was detected 
by qRT-PCR. The data indicated that the Aurora-B mRNA was 
also inhibited both in U2-OS and HOS infected by LV-AURKB 
compared by LV-NC. Columns, mean (n = 6); bars, SD; *P<0.05 
VS LV-NC group.

ing which the cells were incubated at 37°C 
for 24 h. Images were captured under a 
microscope (ECLIPSE-TS-100, Nikon, Ja- 
pan; magnification, 200×) at 0 and 24 h, 
and the migrated distance was measured 
using Image J (NIH, Bethesda, MD, USA). 
The cells migration rate was obtained by 
counting three fields per area and repre-
sented as the average of six independent 
experiments done over multiple days.

Statistical analysis

The correlation of Aurora-B with p-Akt pro-
tein in OS tissues was evaluated using the 
Wilcoxon rank Sum Test. All measurement 
data were presented as 

_
x  ± SD and ana-

lyzed by one-way ANOVA. A value of P<0.05 
was considered as a significant difference. 
All analysis was performed with SPSS 
Version 13.0 (SPSS Inc, Chicago, IL, USA).

Results

Positive correlation between Aurora-B and 
p-Akt (Ser473) protein expression in tis-
sues of OS with pulmonary metastasis

In order to investigate the relationship 
between Auror-B and p-Akt in OS tissues 
which exist pulmonary metastatic disease, 
the Aurora-B and p-Akt protein in 24 sam-
ples from patients with pulmonary meta-
static disease was detected by immuno-
histochemistry. Aurora-B was expressed in 
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Silencing Aurora-B decreased PI3K/Akt/NF-κB 
signaling pathway in OS cells

In order to investigate the effect of inhibiting 
Aurora-B on the activity of PI3K/Akt/NF-κB sig-
naling pathway in OS cells, the U2-OS and HOS 
cells were infected with LV-AURKB or LV-NC for 
8 h, and then cultured for 72 h. The protein of 
p-PI3K (Tyr199), PI3K, AKT, p-Akt (Ser473) and 
NF-κB (p65) was measured using Western blot 
analysis. Results revealed that PI3K, p-PI3K 
(Tyr199), and p-Akt (Ser473), NF-κB (p65) pro-
tein expression in cells infected with LV-AURKB 
was significantly lower than cells treated with 
LV-NC (Figure 3).

Inhibiting Aurora-B blocked OS cells invasion 
and migration

Transwell assays was used to examine the 
effect of inhibiting Aurora-B on the invasion of 
OS cells. In transwell invasion assays, the num-
ber of invaded cells infected by LV-AURKB was 
significantly lower than those of cells infected 
by LV-NC (P<0.05) (Figure 4A). Those data sug-

gested that inhibiting Aurora-B could suppress 
OS cell invasion in vitro. The migration was 
measured by “wound healing” assay and the 
results showed that the migrated rate of OS 
cells infected by LV-NC, LV-AURKB-1, LV- 
AURKB-2 and LV-AURKB-3 was as follows: 90 ± 
4.5%, 40 ± 7.5%, 42 ± 6.0% and 35 ± 5.6% 
(U2-OS); 93 ± 4.0%, 60 ± 7.0%, 53 ± 6.5% and 
46 ± 5.4% (HOS). The difference was significant 
(P<0.05) (Figure 4B). These data showed that 
inhibiting Aurora-B could suppress the migra-
tion of OS cell in vitro.

Discussion

Aurora kinases are serine/threonine kinases 
essential for cell cycle control and mitosis. 
Mammals have three Aurora kinase family 
members (A, B and C), and these kinases are 
expressed at maximum levels during mitosis. 
Aurora B, part of the chromosome passenger 
complex (CPC), is located on the chromosome 
arms during prophase and at the centromeres 
during prometaphase and metaphase, and 
subsequently localizes to the midbody during 
cytokinesis [15]. Aurora-B has been shown to 
be over-expressed in many types of tumors [16, 
17]. Various studies reveal that inhibition 
Aurora-B could block cell proliferation and 
induce cell apoptosis in varieties tumors [18, 
19]. These findings have led to an interest in 
Aurora-B as molecular targets for cancer treat-
ment. Interesting, recently studies show that 
the up-regulated expression was associated 
with tumor cells metastasis, and down-regulat-
ing Aurora-B could inhibit cell invasion and 
migration in various tumor [19, 20]. However, 
the effect of inhibition Aurora-B on the meta-
static behaviors of OS cells remains to be lack 
of fully elucidation. In this study, to explore the 
effect of inhibition Aurora-B on OS cells migra-
tion and invasion, the plasmid targeting 
Aurora-B was used to inhibit Aurora-B express 
in U2-OS and HOS cells, and the results showed 
that the migrated and invaded cells was signifi-
cantly lower in cells infected by LV-AURKB than 
those infected by LV-NC. It indicated that knock-
down of Aurora-B could suppress OS cell migra-
tion and invasion in vitro.

In this study, the potential molecular mecha-
nism associated with Aurora-B inhibiting OS 
cells migration and invasion was also analyzed. 
The role of the PI3K/Akt/NF-κB signaling path-
way in tumors cell survival, angiogenesis, differ-

Figure 3. Inhibiting Aurora-B suppressed the expres-
sion of p-PI3K, PI3K, p-Akt and NF-κB proteins in U-2 
OS and HOS cells. The OS cells were infected with LV-
AURKB or LV-NC for 8 h, cultured for 72 h, and then 
lysed. The protein was quantified, separated with 8% 
SDS-PAGE and assayed by Western-Blot. This is a 
representative image of the six experiments shown 
for each groups. It show that with the silencing of 
Aurora-B, the p-PI3K, PI3K, p-Akt and NF-κB proteins 
were blockaded in varying degrees, which indicated 
that Aurora-B may down-regulate the PI3K/Akt/NF-
κB signaling pathway.
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entiation, growth and metastasis was con-
firmed [21]. Yao JE showed that Aurora-A 
kinase, via activating Akt, stimulated nuclear 
factor-kappaB signaling pathway to promote 
cancer cell survival [22]. To investigate the 
potential connection between Aurora-B and Akt 
activity, the Aurora-B and p-Akt protein expres-

sion in 24 samples from OS patients with pul-
monary metastatic disease was detected by 
IHC. Unfortunately, with the emergence of new 
adjuvant chemotherapy, the number of OS tis-
sue samples meeting the requirement of this 
research, which had not received chemothera-
py, is very limited, and only 24 samples were 

Figure 4. Inhibiting Aurora-B blocked OS cells invasion and migration. A: Cellular invasion through Matrigel-coated 
transwells is shown for each group. The number of cells invading through the membrane was on the lower right 
corner. It indicated that cell invasion was significantly inhibited by Silencing Aurora-B. *P<0.05 versus LV-NC group. 
B: A representative image of the wound healing assays is shown for each group. The migration rate on the lower 
right corner of micrograph (24 h) indicated the migration of OS cells is significantly inhibited by Silencing Aurora-B. 
*P<0.05 VS LV-NC group.
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collected in this study. The results showed that 
the positive expression of Aurora-B was 
observed in nucleus and p-Akt protein was 
located in cytoplasm and nucleus. There was a 
significant relationship between Aurora-B and 
p-Akt protein expression. It suggested that a 
possible connection between Aurora-B expres-
sion and the phosphorylation of Akt exists in 
OS.

Therefore, we speculated that knockdown of 
Aurora-B could decrease activation of Akt in OS 
cell. To define our hypothesis, the Aurora-B 
expression in OS cells was inhibited by RNAi. 
The results show the protein of p-Akt was sig-
nificant decreased in cells transfected by 
LV-AURKB when compared with those in cell 
infected by LV-NC. The phosphorylation of Akt 
has been recognized as an important regulato-
ry factor in regulation NF-κB activation. 
Specifically, activation of Akt has been identi-
fied to be essential for degradation of an inhibi-
tor of NF-κB, inhibitor of κB (IκB) and NF-κB acti-
vation mediated by IκB kinases (IKKs). NF-κB is 
composed of DNA-binding subunits (p50 and 
p52) and subunits with transcriptional activity 
(p65 and RelB or c-Rel), which dimerize in vari-
ous combinations. The primary form of NF-κB is 
a heterodimer of the p50 and p65 subunits and 
is localized mainly to the cytoplasm in an inac-
tive form bound to IκB. Substantial studies 
reveal that activation of the NF-κB gene play an 
important role by regulation expression of 
Matrix metalloproteinases (MMPs) [12, 13]. 
Elevated expression of MMP-2 and MMP-9 pro-
mote OS cells metastasis by degrading compo-
nents of the basement membrane and epima-
trix [14]. In this study, the activity of NF-κB was 
measured by evaluating the effect of decreas-
ing phosphorylation of Akt by silencing Aurora-B 
on NF-κB (p65) protein expression in OS cells. 
The results revealed that the expression of 
NF-κB (p65) protein was significantly inhibited 
by decreasing Akt phosphorylation mediated by 
knockdown of Aurora-B.

Taking together, our findings indicate that inhi-
bition of Aurora-B may suppress OS cells inva-
sion and migration via modulation of the PI3K/
Akt/NF-κB pathway in vitro. However, further 
experiments in vivo are necessary to be per-
formed to make it clear whether the Aurora-B 
blockers could represent a new molecular strat-
egy in the management of OS with metast- 
ases.
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