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Background: The Aurora-A (Aur-A) gene, a key regulator of mitosis, has been proved as an oncogene in a
variety of cancers. The Aur-A overexpression has been proved correlated with aggressiveness of cancer cells.
However, the frequency of Aur-A protein overexpression, as well as its association with clinicopathologic
parameters and prognosis remain unclear in lung adenocarcinoma (ADC). This study tried to clarify the
clinical significance of Aur-A in patients with resected lung ADC.

Patients and methods: A total of 142 informative patients with surgically resected lung ADC and 20
normal lung tissues were enrolled. Western blot and immunohistochemistry (IHC) were utilized to assess
protein expression of Aur-A.

Result: The expression of Aur-A was elevated in most of tumor tissues compared with the adjacent tissues
by western blot. The IHC results showed that Aur-A protein was over-expressed in 98 of 142 (69.0%)
tumor sections, while Aur-A was low-expressed in all normal lung sections. A positive correlation between
Aur-A overexpression rate and ascending pathologic stages was observed (P<0.05). Kaplan-Meier analysis
demonstrated that patients with Aur-A high expression had significantly inferior survival compared to
those with Aur-A low expression. Both overall survival (OS) and disease-free survival (DFS) of positive
overexpression patients were shorter than the negative group (P=0.036, P=0.041, respectively). Multivariate
analysis confirmed that Aur-A expression, as an independent and significant factor for both DFS and OS,
could predict a poor prognosis in patients with resected lung ADC (P=0.022, P=0.049, respectively).
Conclusions: Aur-A was overexpressed in lung ADC and overexpression of Aur-A might be a novel

predictor for poor prognosis and potential therapeutic target in lung ADC.
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Introduction

Lung cancer is the world’s leading cause of cancer-related
deaths, with nearly 1.4 million deaths and approximately
1.6 million new cases each year (1). Lung adenocarcinoma
(ADC), the most common pathological type of non-small
cell lung cancer (NSCLC), accounts for almost 50% of
all lung cancers (2). Even though systemic management
followed by surgery has progressed during the past decade,
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the postoperative prognosis remains poor (3) with 35-50%
of early stage NSCLC patients suffering recurrence (4).
Recently, promising efficacy of epidermal growth factor
receptor tyrosine kinase inhibitors (EGFR TKIs) such as
gefitinib and erlotinib were demonstrated in a subset of
patients with EGFR mutations (1). In addition, crizotinib
has been shown to yield very high response rates (>80%)
and to improve survival when used in only NSCLC patients
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who have EML4-ALK rearrangements (5). However, these
targeted agents were suitable for a minority of cases. Thus,
the identification of other novel targets would contribute to
development of individualized therapy and supplement the
traditional tumor-node-metastasis (TNM) framework for
cancer.

Aurora-A (Aur-A), also known as STK15/BTAK, was
first discovered as the product of gene STK15/BTAK on
chromosome 20q13 (6). A series of previous clinical studies
have demonstrated that Aur-A is overexpressed and up-
modulated in a wide variety of human tumors, such as
esophageal cancer (7), gliomas (8), gastric cancer (9), pancreatic
cancer (10), bladder cancer (11), breast cancer (12), ovarian
cancer (13), and hepatocellular cancer (14). As a member of
the serine/threonine kinase family, Aur-A is a key kinase in
regulation of centrosome function, bipolar spindle assembly
and chromosome segregation, thus playing a crucial role
in mitosis (15). Activation of Aur-A, achieved through
phosphorylation and overexpression in cell cycle control,
accelerates cell proliferation and prolongs cell life span
which may lead to a tumorigenesis (16). Such a process of
tumorigenesis in NIH 37T3 cells has been demonstrated in
nude mice (17). Since Aur-A is involved in multiple aspects
of tumorigenesis; it is postulated that over-expression of
the kinase affects patient prognosis and represents a novel
target for therapy (18). The significance status of Aur-A
in predicting prognosis of lung squamous cell carcinoma
has been proved (19). However, there is a paucity of data
in the relationship between over-expression of Aur-A and
the malignancy of lung ADC. We hypothesized that Aur-A
over-expression in resected lung ADCs would be associated
with worse clinical outcomes.

Patients and methods

All procedures complied with the ethical guidelines for
the collection of human tissue specimens and use of a
laboratory study at the First Affiliated Hospital of Sun Yat-
sen University, Guangzhou, China.

Patients and specimens

In this study, 142 lung ADC patients who underwent surgery
in the Thoracic Department of The First Affiliated Hospital,
Sun Yat-sen University, Guangzhou, China, from 2006 to
2012 were enrolled. The cases were selected consecutively on
the basis of availability of resection tissue and follow-up data.
Patients with prior malignancies, a second primary tumor
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or those who received neoadjuvant radiotherapy and/or
chemotherapy were excluded. Informed consent was obtained
from all patients. Histological diagnosis was determined
by hematoxylin and eosin staining according to the World
Health Organization (WHO) criteria. Clinical data were
reviewed retrospectively using written and electronic medical
records. Patients accepted a telephone follow-up every
three months until death. These data were used to analyze
the relation between Aur-A expression level and tumor
characteristics and clinical outcomes such as clinical stage,
tumor size, lymph node status, nuclear grade, disease-free
survival (DFS) rate and overall survival (OS) rate.

Western blot analysis

The lung ADC samples were cut into small pieces and
dissolved into lysis solution in order to perform Western
blot testing. The complex solution was homogenized and
sonicated for 5 minutes on ice. Protein concentration was
assessed by the Bio-Rad Protein Assay (Bio-Rad Laboratories,
Inc. California, USA). A total of 50 pg of lung ADC protein
was loaded onto 10% SDS-PAGE for electroblotting. The
proteins were transferred to the polyvinylidene fluoride
membrane (Bio-Rad Laboratories, Inc. Singapore) by
electroblotting. After being washed with PBST (PBS with
1%0 Tween) and blocked in 5% skim milk, the membranes
were incubated with the Aur-A antibody (BS1860, Bioworld
technology, Co.,Ltd. Nanjing, China) at 4 °C overnight on a
shaker. Then the HRP-conjugated goat anti-rabbit IgG as a
secondary antibody was used at room temperature for 2 hours.
The membranes were washed three times with PBST and
fluorescence was detected by enhanced chemiluminescence
(Bio-Rad Laboratories, Inc.) and exposed to X-ray film.

Immunobistochemistry (IHC)

Expression of the Aur-A protein in tissue sections was
measured by IHC staining. The sections were heated at 65 °C
for 2 hours, deparaffinized in xylene, and rehydrated in
a graded series of alcohol solutions. These sections were
covered with 10mM sodium citrate buffer (PH 6.0), heated
in a pressure cooker for five minutes, and treated with
1% (v/v) normal goat serum for 15 minutes. The Aur-A
antibody (BS1860, Bioworld technology, Co.,Ltd. Nanjing.
China) had been produced and its reliability had been
confirmed by western blotting. The antibody was incubated
with the sections at 4 °C overnight in a humid chamber,
at a 1:200 dilution. The antibody complex was detected
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Figure 1 Western blot analysis of Aur-A expression in lung

samples. Aur-A, Aurora-A.

by incubation with an avidin-biotin-peroxidase complex
solution and visualized by 3,3-diamino-benzidine. The
sections were counterstained with hematoxylin for 2 min.
Normal lung tissue, serving as the negative controls, and
esophageal cancer tissue (known to express Aur-A) serving
as positive controls, were processed in the same way.

Evaluation of IHC staining

All slides were assessed independently by two pathologists
blind to patients and their clinical information. Positive
staining of the cytoplasm was evaluated in at least five
area 200x magnification. Aur-A IHC was initially scored
into four groups according to the extent and intensity of
cytoplasmic staining of the tumor cells. Staining intensity
was scored as: negative [0]; weak [1]; moderate [2]; or
strong [3]. Staining extent was scored according to the
percentage of positive staining tumor cells seen. Slides with
no staining tumor cells were scored 0; samples with <25% of
tumor cells were scored 1; those with 25-50% of tumor cells
were scored 2 and >50% of the cells were scored 3. The
overall staining score was the result of the staining intensity
score multiplied by the extent score. The specimens whose
overall scores were 6 or 9 were defined as moderate-density
or high-density of Aur-A protein, respectively, which
were considered positive over-expression. Negative over-
expression group included negative expression or low-
expression samples with overall scores of 0 or 2.

Statistical analysis

Statistical analysis was carried out with the SPSS software
(SPSS version 19.0; IBM SPSS Inc. Chicago, IL, USA).
The correlation of Aur-A protein expression with clinic
pathologic characteristic of lung ADC patients was assessed
by the chi-square test. Kaplan-Meier curves were used to
model OS (i.e., the time from day of surgery to death) and
DES (i.e., the time from day of surgical to recurrence or
death) and the log-rank test was used to compare differences
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in survival between groups. Univariate and multivariate
analysis of the prognostic factors were examined by Cox’s
proportional hazard model. A two-side P value of <0.05 was
considered statistically significant.

Results
Aur-A expression in lung ADC and normal lung tissues

The Aur-A protein was detected by western blot and IHC
in this study. A total of 12 consecutive pairs of surgically
resected lung ADC tumors and normal adjacent tissues
were chosen. In 10 of 12 tumor samples, Aur-A protein
were elevated compared with the normal adjacent tissues by
western blot analysis (Figure I). A total of 142 lung ADC
tumor sections and 20 normal lung tissue sections were
detected by IHC (Figure 2). In the cohort of 142 lung ADC
patients, high expression of Aur-A was detected in 98 of 142
(69.0%) patients and low expression of Aur-A was detected
in 44 of 142 (31.0%) patients. The overall scores of all
normal lung sections were below 2.

The relationship between Aur-A expression, pathological
characteristics and survival of lung ADC patients

Clinical characteristics of the 142 lung ADC patients,
including age, gender, tumor differentiation, pathological
stage, tumor status, lymph node status, are summarized in
Tuble 1. The age of the patients ranged from 32 to 79 years
(median of 58 years), and included 83 males (58%) and
59 females (42%). The pathologic (p)-stages of patients
range from I to IITA which are reevaluated and determined
according to the criteria of the WHO. The performance
status (PS) of all patients is 0. The follow-up period ranged
from 3 to 66 months, with a median of 27 months.

The overexpression of Aur-A protein was closely related
to the pathological stage (P=0.043); positive staining was
detected in 58.5% (38/65) of p-stage I patients, 76.5%
(26/34) of p-stage II patients and 79.1% (34/43) of p-stage
IITA patents (Zable I). No significant association was found
between Aur-A overexpression and other clinicopathologic
features such as tumor size and tumor differentiation in our
study (Table 1).

The OS of positive over-expression patients was shorter
than the negative (P=0.036) (Figure 3). The median OS
was 38 months for positive over-expression patients and
48 months for negative expression patients. The negative
group have longer DFS compared with positive group

www.thecjcr.org Chin J Cancer Res 2014;26(2):166-173



Chinese Journal of Cancer Research, Vol 26, No 2 April 2014

169

Figure 2 Immunohistochemistry (IHC) analysis of Aur-A expression in normal and lung ADC tissues. (A) Normal lung ADC tissue showed

nearly negative expression of Aur-A (400x); (B) Low expression of Aur-A was shown in lung ADC patient samples (400x); (C) Moderate

expression of Aur-A was detected in lung ADC samples (400x); (D) High expression of Aur-A was detected in lung ADC case (400x). Aur-A,

Aurora-A; ADC, adenocarcinoma.

(P=0.041) (Figure 3). The median DFS was 15 months for
positive over-expression patients and 30 months for negative
expression patients. In addition, our results showed that
Aur-A expression might have preferentially greater impact
on patients’ DFS in stage II or III than stage I (P=0.116 vs.
P=0.548) (Figure 4)

Univariate analysis demonstrated that over-expression
of Aur-A adversely affected DFS (hazard ratio, 1.545;
95% CI, 1.005-2.377; P=0.048, Table 2) and OS (hazard
ratio, 1.896; 95% CI, 1.027-3.501; P=0.041, Table 3) in
lung ADC patients. Multivariate analysis of prognostic
factors suggested that Aur-A protein was an independent
prognostic factor for DFS (hazard ratio, 1.694; 95% CI,
1.077-2.663; P=0.022, Tiable 2) and OS (hazard ratio, 1.898;
95% CI, 1.003-3.591; P=0.049, Table 3) in the cohort of 142
resected lung ADC patients.

Discussion

This study demonstrated that Aur-A up-regulation is a
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common finding in lung ADC and may play a potential role
in its development. Furthermore, our results suggested that
there was a consistent trend that Aur-A overexpression rate
was associated with the status of lymph node metastasis.
Previous study showed up-regulation of Aur-A, as an early
event in tumorigenesis, was more found in early stage of
cancers (20). Growing evidences demonstrated that Aur-A
not only plays a role in the formation of tumors, but also
in the cancer progression. In this study, an ascending
expression of Aur-A was in accord with the rise of the
clinical stage, a validated and the most important tool to
determine the progress of lung cancer (18). The promoting
of cell migration and invasion is the most notable feature of
the malignant behavior in cancer progression. Previously,
the function of Aur-A in cellular mobility and metastasis
has been reported in several studies. Wu, et al. found that
the activation of RalA, as one of the downstream substrates
of Aur-A, could induce cell migration and transformation
through V23RalA-Ser'™* phosphorylation (21). After that,
another Chinese research team further reported that Aur-A
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Table 1 Aurora-A expression and clinicopathalogic characteristics

Positive expression

Characteristics  Total cases P value
of Aurora-A

Age (years) 0.587
<58 75 (52.8%) 50 (66.7%)
>58 67 (47.2%) 48 (71.6%)

Gender 1.000
Male 83 (58.5%) 57 (68.7%)
Female 59 (41.5%) 41 (69.5%)

Tumor differentiation 0.847
Well 20 (14.1%) 13 (65.0%)
Moderately 70 (49.3%) 48 (68.6%)
Poorly 52 (36.6%) 37 (71.2%)

Pathologic (p-) stage 0.043
| 65 (45.8%) 38 (58.5%)
Il 34 (23.9%) 26 (76.5%)
A 43 (30.3%) 34 (79.1%)

PT status 0.198
T 28 (19.7%) 18 (64.3%)
T2 82 (57.7%) 54 (65.9%)
T3 24 (16.9%) 21 (87.5%)
T4 8 (5.7%) 5 (62.5%)

PN status 0.057
NO 80 (56.3%) 49 (61.3%)
N1 27 (19.0%) 20 (74.1%)
N2 35 (24.6%) 29 (82.9%)

could enhance LSCC (laryngeal squamous cell carcinoma)
cell growth and migration mediated by up-regulation of
Aktl (22), and increased epithelial-mesenchymal transition
and invasion by activation of MAPK (mitogen-activated
protein kinase) in nasopharyngeal carcinoma cells (23).
Next they also identified that overexpression of Aur-A
could induce mammary cell migration and breast cancer
metastasis by activating the Cofilin-F-actin pathway (24).
All the past evidences revealed Aur-A as a vital role in the
migration and invasiveness of cancer cells.

Considering the intricacy of oncogenic mechanisms seen
in the vast majority of tumors, it is unlikely that Aur-A is
the sole contributor to lung ADCs. Extensive investigations
revealed that Aur-A can interact with a broad spectrum of
other biological molecules, such as EGFR and Ki-67, which
can promote the cancer cells’ growth (25,26). The result
highlighted its role in cancer cell proliferation. Combined
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Figure 3 Kaplan-Meier survival analysis of Aur-A expression in
total cohort of lung ADC patients (n=142); (A) High expression
of Aur-A was closely correlated with inferior disease-free survival;
and (B) overall survival in lung ADC patients. The median survival
time for patients with high and low expression of Aur-A was 15
vs. 30 months for DFS (P=0.041), and 38 vs. 48 months for OS
(P=0.036). Aur-A, Aurora-A; ADC, adenocarcinoma.

with our data, Aur-A was confirmed to prompt recurrence
and poor prognosis in lung ADCs. Recently, a previous
study reported that the overexpression of Aur-A protein
on perimembrane was significantly correlated with poor
prognosis in lung squamous cell carcinoma. However, their
reports failed to show the correlation between Aur-A and
prognosis in ADC (19). In our study, it was the first time to
show that cytoplasmic staining of Aur-A was significantly
correlated with poor prognosis in lung ADC overall and
disease free survival. These conflicting results on clinical
significance of Aur-A expression status might be partly
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Figure 4 Kaplan-Meier survival analysis of DFS according to Aur-A expression in stage I (A) and stage II or IITA (B) of lung ADC patients.

Abbreviations: Aur-A, Aurora-A; DFS, disease-free survival, ADC, adenocarcinoma.

Table 2 Results of univariate and multivariate Cox proportional-hazards analysis in lung adenocarcinoma (ADC) for disease-free survival (n=142)

Univariate analysis Multivariate analysis
Variable Beta P value Haz.ard rati.o 95% Beta P value Hha?ard rat?o 95%
confidence interval) confidence interval)

Age -0.112 0.558 0.894 (0.614 to 1.302) -0.167 0.402 0.846 (0.572 to 1.251)
Differentiation

Differentiation [1] -0.816 0.000 0.442 (0.294 to 0.664) -0.919 0.000 0.399 (0.260 to 0.612)

Differentiation [2] -0.923 0.006 0.398 (0.206 to 0.769) -0.907 0.008 0.392 (0.205 to 0.793)
P-stage (II+1ll vs. 1) 0.482 0.013 1.619 (1.107 to 2.368) —0.049 0.905 0.952 (0.421 to 2.150)
N

N[1] 0.757 0.002 2.131 (1.320 to 3.440) 0.780 0.053 2.181 (0.991 to 4.799)

N[2] 0.187 0.414 1.206 (0.770 to 1.889) 0.156 0.688 1.168 (0.547 to 2.497)
T(T3+T4 vs. T1+T2) 0.519 0.017 1.681(1.096 to 2.579) 0.452 0.114 1.572 (0.897 to 2.756)
Aurora 0.435 0.048 1.545 (1.005 to 2.377) 0.527 0.022 1.694 (1.077 to 2.663)

Table 3 Results of univariate and multivariate Cox proportional-hazards analysis in lung adenocarcinoma (ADC) for overall survival (n=142)

Univariate analysis Multivariate analysis

B Pue e PR Pue e e
Age 0.231 0.369 1.260 (0.761 to 2.086) 0.306 0.248 1.358 (0.807 to 2.285)
Differentiation

Differentiation [1] -0.783 0.004 0.457 (0.267 to 0.781) —1.013 .001 0.363 (0.203 to 0.650)

Differentiation [2] -1.009 0.039 0.364 (0.140 to 0.948) -0.835 0.097 0.434 (0.162 to 1.163)
P-stage (II+11l vs. I) 0.698 0.010 2.010 (1.184 to 3.414) 0.193 0.713 1.213 (0.433 to 3.403)
N

N[1] 0.233 0.508 1.263 (0.633 to 2.517) 0.129 0.798 1.138 (0.423 to 3.059)

NI[2] 0.415 0.155 1.515 (0.855 to 2.685) 0.282 0.541 1.326 (0.537 to 3.275)
T(T3+T4 vs.T1+T2) 1.077 0.000 2.935 (1.726 to 4.993) 0.977 0.010 2.656 (1.261 to 5.595)
Aurora 0.640 0.041 1.896 (1.027 to 3.501) 0.641 0.049 1.898 (1.003 to 3.591)
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due to the different evaluation system. Thus, Aur-A may
serve as a novel molecular target to optimize individual
therapy by determining whether a multimodality approach
is need. Since the current study was based on a relatively
small sample, a multicenter study in a larger population of
lung ADC:s is needed to confirm the results. The current
study did not examine the gene amplification because the
regulation mechanism of Aur-A expression are complicated.
Not only the gene amplification, but also many other
mechanisms can regulate the modification. Further
researches need to be conducted to identify the precise
signaling pathway or network of Aur-A which is ultimately
involved to the pathogenesis of lung ADC.

With a deeper analysis of Aur-A overexpression performed
in tumorigenesis, developing potent Aur-A kinase inhibitors
(AKIs) had become a hotspot in cancer molecular therapeutic
area. Some AKIs, such as MK-0457, MLLN-8054, and PHA-
739358 were testified to show certain abilities to inhibit
tumor cell growth and to selectively kill proliferating cells.
Moreover, the drugs even were involved in clinical trials in
the United States and Europe (18). Recently, MK-0457,
a novel kinase inhibitor, was active in patients with some
phenotypes of leukemia and was well tolerated in a phase I
dose study meanwhile almost half the patients with advanced
solid tumors attained a stable disease (27,28). On the other
hand, RNA interference technique-specific knockdown
of Aur-A to induce down-regulation had been showed to
suppress tumor growth iz vitro pancreatic cancer cells and
in vivo tumorigenicity (29). Since AKIs are emerging as
a potential target drug to regulate cell circle, one might
reasonably expect that they could be used to enhance the
clinical treatment of cancer in the future.

In conclusion, our results showed some evidences for the
concept that Aur-A acted as an independent and significant
predictor for poor prognosis. Up-regulated expression
of Aur-A may not only be involved in the initiation of
lung ADCs, but also in the progression. The activation of
Aur-A may provide some conditions for cancer to thrive.
Therefore, Aur-A may serve as a promising individual
therapeutic target in treatment of lung ADC, although
further studies will be carried on necessarily.
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