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Abstract. Aurora-A, encoding serine/threonine kinases with 
a key role in mitosis has been demonstrated to be involved in 
tumor progression. Hematogenous and lymphatic metastasis are 
also involved in cancer progression. Vascular endothelial growth 
factors (VEGFs) and their receptors (VEGFRs) have been 
implicated in tumor-related angiogenesis and lymphagenesis. 
The purpose of this study was to analyze the expression and 
prognostic significance of Aurora-A, VEGFs and VEGFRs in 
gastric cancer. The expression profiles of Aurora-A, VEGF-A 
and VEGF-D in gastric cancer cell lines were detected employing 
real-time reverse transcription polymerase chain reaction and 
Western blot analysis. The expression levels of Aurora-A, 
VEGF-A/VEGFR-2, VEGF-D/VEGFR-3 and clinicopatho-
logical characteristics were analyzed in 89 gastric cancer patients 
treated with curative surgery. Univariate analysis demonstrated 
that histological grade (P=0.052), TNM stage (P<0.001), 
lymphovascular involvement (P<0.001), Aurora-A (P<0.001) and 
VEGF-D (P=0.048) were prognostic factors. The presence of 
Aurora-A was correlated with tumor progression (P=0.053) and 
shorter survival (P=0.001). Cox multivariate regression analysis 
demonstrated that Aurora-A positive expression, stage III-IV 
and lymphovascular involvement were independent unfavorable 
prognostic factors in gastric cancer. Aurora-A positive expression 
was predictive for worse outcome in patients without lymph node 
metastasis (P<0.05) and in patients with stage III-IV (P<0.001). 
Aurora-A could serve as an independent prognostic marker in 
gastric cancer and could identify patients with worse outcome 
even in a relatively early and local disease, thus offering valuable 

information for administering individualized treatment and/or 
surveillance for these patients.

Introduction

Gastric cancer is the fourth most common cancer (1) and the 
second leading cause of cancer death worldwide (2). According 
to the Ministry of Health in China, the mortality of gastric 
cancer was in the third place behind cancers of the lung and 
liver, with 24.71 per 100,000 in 2004-2005 (data not published). 
Surgery is the primary treatment for this disease, but the prog-
nosis is still quite unsatisfactory with 5-year overall survival of 
less than 30% (3). Although recent studies have demonstrated 
that combined modality therapy based on surgery contributes to 
ameliorating survival (4‑6), the optimal tailored treatment for 
high-risk patients remains unclear. Therefore, the identification 
of novel molecular prognostic markers is indispensable to 
implementing individualized treatment.

Aurora-A, a member of mitotic regulated serine/threonine 
kinases in process of chromosome segregation and cytoki-
nesis, plays an important role in maintaining genome stability 
(7). The overexpression of Aurora-A has been observed in a 
variety of solid tumors (8) and most importantly, it has been 
demonstrated to be associated with tumor progression (9‑12). 
An earlier study showed that overexpression of Aurora-A was 
strongly associated with aggressive behavior in bladder cancer 
(13). Further studies have demonstrated that Aurora-A status 
is associated not only with clinicopathological characteristics, 
but also with clinical outcomes in a series of cancers (14‑17), 
indicating that Aurora-A has potential to be a molecular 
marker affecting cancer-specific survival. However, the 
correlation of Aurora-A with cancer progression and clinical 
outcome has not yet been reported in gastric cancer.

Because of important roles of angiogenesis and lymph-
angiogenesis in cancer progression (18,19), the correlation of 
vascular endothelial growth factors (VEGFs) and their receptors 
(VEGFRs) with lymphangiogenic processes has been evaluated 
(20‑23). The correlation of VEGFs and VEGFRs with lymphatic 
tumor spread, tumor progression as well as clinical outcome 
has been observed in gastric cancer (24,25). Of notable interest, 
VEGF-D and VEGFR-3 have both been identified as indepen-
dent prognostic markers in gastric cancer (26).
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In this study, to clarify the clinical significance of Aurora-A, 
VEGF-A/VEGFR-2 and VEGF-D/VEGFR-3 in gastric cancer, 
we determined transcription and translation levels of Aurora-A, 
VEGF-A and VEGF-D in gastric cancer cell lines, examined 
the protein and their receptors expression in gastric cancer 
tissues and adjacent normal tissues, analyzed the relationship 
between the status of Aurora-A, VEGF-A/VEGFR-2 as well 
as VEGF-D/VEGFR-3 and clinicopathological features and 
clinical outcomes in gastric cancer patients. We hypothesize 
that Aurora-A could be an important prognostic factor and 
a preferable molecular predictive marker, reflecting cancer 
progression and clinical outcomes in gastric cancer.

Materials and methods

Patient selection and tissue specimens. Between March 1999 
and December 2000, the data of 335 gastric patients, who 
were treated with curative surgery, was accrued in Cancer 
Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Beijing, China. Among them, clinical 
data and tissues of 89 consecutive patients were involved in 
our study. These patients were not treated with additional anti-
cancer therapy except curative surgery. Patients with remnant 
gastric cancer and the secondary tumor were not enrolled in 
this study. R0 resection is described as a complete resection 
with negative margins, including proximal or distal margins 
of ≥4 cm from the gross tumor, omental bursa along with the 
front leaf of transverse mesocolon. The extent of lymph node 
dissection described as D2 dissection involves perigastric 
lymph nodes, greater and lesser omental lymph nodes (station 
1-6), the nodes along the corresponding arteries (station 
7-11) except splenectomy. R0 resection and D2 dissection are 
described as the curative surgery. All cases were diagnosed as 
gastric adenocarcinoma. Aurora-A was analyzed in 89 cases. 
For the limitation of tissue specimens, VEGF-A was analyzed 
in 88 cases, VEGF-D in 85 cases, VEGFR-2 in 86 cases and 
VEGFR-3 in 88 cases. The median age for all patients was 66 
years, ranging from 31 to 85 years. The median follow-up time 
was 93 months. Up until the last follow-up, 61 patients died, 
27 patients survived free of disease, and 1 patient survived 
with lymph node metastasis. Staging and diagnosis of gastric 
carcinoma was assessed according to the AJCC Cancer Staging 
Manual (27). Written informed consent was obtained from all 
patients before any study-related procedure was performed.

Cell culture. Gastric cancer (GC) cell lines from both primary 
tumor and metastatic foci with different grades of differentia-
tion such as AGS, MGC803, MKN45, BGC823, SUN-5, N87, 
SNU-16 and SGC7901 were cultured in RPMI‑1640 medium 
supplemented with 10% fetal bovine serum (FBS), penicillin 
100  units/ml, streptomycin 100  µg/ml and L-glutamine 
2 mM/l. The cell lines were maintained at 37˚C under 5% 
CO2 and saturated moisture.

Western blot assay. Western blot analysis was performed as 
described previously (28). The primary antibodies used are 
shown as follows: Aurora-A (dilution, 1:250), polyclonal rabbit 
(Abcam, Ab1287); VEGF-A (dilution, 1:100), polyclonal 
rabbit (Santa Cruz Biotechnology Inc., CA, sc-152); VEGF-D 
(dilution, 1:100), polyclonal goat (Santa Cruz Biotechnology 

Inc., sc-7602). Anti-β-actin mouse monoclonal antibody 
(dilution, 1:1000; Santa Cruz Biotechnology Inc.) was used 
as an internal loading control. The secondary antibodies 
of anti-rabbit, anti-goat and anti-mouse immunoglobulin G 
conjugated to horseradish peroxidase were obtained from 
Santa Cruz Biotechnology Inc. All proteins were visualized 
using an enhanced chemiluminescence detection (Millipore, 
MA, USA).

Quantitative mRNA determinations. Total RNA was extracted 
from GC cell lines with Trizol reagent (Invitrogen, CA, 
USA) and reversely transcribed with Vigoscript First Strand 
cDNA Synthesis Kit (Vigorous, Beijing, China) according to 
the manufacturer's protocol. The housekeeping gene β-actin 
was used as an internal quantitative control. The gene-specific 
primers for real-time quantitative reverse transcription poly-
merase chain reaction (RT-PCR) are as follows: Aurora-A 
forward (5'-3') ACTCAGCAATTTCCTTGTCAGA, reverse 
(5'-3') GATTATTTTCAGGTGCCGATG; VEGF-A forward 
(5'-3') CTCACCAAGGCCAGCACATAGG, reverse (5'-3')
ATCTGGTTCCGAAAACCCTGAG; VEGF-D forward 
(5'-3') CTGGAACAGAAGACCACTCTCATC, reverse 
(5'-3') CTCGCAACGATCTTCGTCAAA; β-actin forward 
(5'-3') TGCATTGTTACAGGAAGTCCCTT, reverse (5'-3') 
GGGAGAGGACTGGGCCAT. cDNAs generated from 30 ng 
of total RNA were used for real-time quantification. The 
SYBR Premix Ex Taq assay (Takara, Dalian, China) and 
the ABI Prism 7300 sequence detection system (Applied 
Biosystems) were used for detecting real-time quantitative 
PCR products. PCRs for each sample were done in triplicate 
for both target gene and β-actin control. The cycling condi-
tions were as follows: stage 1, 95˚C for 10  sec; stage 2, 
40 cycles of amplification at 95˚C for 5 sec and annealing 
temperature for 40 sec; stage 3, 95˚C for 15 sec, 60˚C for 
20 sec, 95˚C for 15 sec. The annealing temperature for both 
Aurora-A and VEGF-D was 57˚C and 59˚C for VEGF-A. 
The expression levels of target genes and the housekeeping 
gene were analyzed using the 2-ΔΔCT method as described 
previously (29).

Immunohistochemistry analysis. Immunohistochemical 
staining was performed as described previously (9). The staining 
results obtained from the given primary antibodies as described 
above were confirmed by three separate determinations. 
VEGFR-2 (sc-6251) and VEGFR-3 (sc-321) antibodies from 
Santa Cruz Biotechnology Inc. were also assessed (VEGFR-2, 
1:100; VEGFR-3, 1:50). The semi-quantitative evaluation of 
immunohistochemical staining was employed according to 
staining intensity and staining extent. The staining intensity 
was rated as negative, weak, moderate and strong respectively. 
The staining extent was classified according to percentage of 
epithelial cells showing specific immunoreactivity as follows: 
negative (no immunoreactivity), weak (<10% positive cells), 
moderate (10-50% positive cells), strong (>50% positive cells). 
The corresponding score was recorded as 0, 1, 2 and 3 respec-
tively. The comprehensive assessment obtained from staining 
intensity and extent included negative (score 0), weak (score 
1-2), moderate (score 3-4) and strong (score 5-6). Only samples 
showing moderate or strong immunoreactivity were considered 
to be positive expression (score 3-6). For VEGF-A, overexpres-
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sion was described as strong immunoreactivity (score 5-6), and 
low/negative expression included negative, weak and moderate 
immunoreactivity (score 0-4). The positive control staining 
according to the instructions of products was as follows: 
Aurora-A in testis tumor tissues, VEGF-A and VEGFR-3 in 
breast cancer tissues, VEGFR-2 in colon cancer tissues. The 
strongly positive expression of VEGF-D in the tumor tissues 
was used as its own positive control staining. The phosphate-
buffered saline (PBS) substitution for primary antibodies was 
used as a negative control staining. The results of immunohis-
tochemistry staining were scored independently by two expert 
pathologists. Consistent assessments were regarded as results 
of immunohistochemistry. When the discrepancy occurred in 
assessments, consensuses achieved in discussion were adopted 
as results of immunohistochemistry.

Statistical analysis. Comparison of the qualitative data was 
done by χ2 test. Relationships between positivity for Aurora-A, 
VEGF-A/VEGFR-2, VEGF-D/VEGFR-3 and clinico-
pathological features were evaluated using Spearman's rank 
correlation coefficient. Overall survival (OS) and disease-free 
survival (DFS) were estimated by the product-limit Kaplan-
Meier method. OS was measured from the date of curative 

surgery until time of death of any causes, or until last follow-
up. DFS was measured from the date of curative surgery 
until time of local relapse or distant metastasis, or until last 
follow-up, or death. The differences between survival curves 
were calculated by the log-rank test. Multivariate analysis was 
performed using the Cox model.

Results

Aurora-A, VEGF-A and VEGF-D mRNA and protein levels in 
GC cell lines. The real-time RT-PCR detection demonstrated 
that the mRNA levels of Aurora-A, VEGF-A and VEGF-D 
varied with the cell lines (Fig. 1). Aurora-A mRNA had 
relatively high expression in well and moderately differenti-
ated type such as N87 and SGC803 cell lines (Fig. 1A). 
High VEGF-A gene transcription was observed in poorly 
differentiated type such as MGC803 and MKN45 cell lines 
(Fig.  1B). Higher VEGF-D mRNA was more commonly 
seen in poorly and moderately differentiated types such as in 
BGC823, SNU-16 and SGC7901 cell lines (Fig. 1C). Western 
blot analysis revealed that the protein levels of Aurora-A, 
VEGF-A and VEGF-D were expressed in GC cell lines 
(Fig. 2). Aurora-A protein was expressed in all GC cell lines 
with different levels, basically consistent with the counterpart 
mRNA levels (Fig. 2A). VEGF-A protein expression was 
relatively high in a majority of GC cell lines, whereas it was 
lowly expressed in N87 cell line (Fig. 2B). VEGF-D protein 
expression was low in the SNU-16 cell line (Fig. 2C).

Aurora-A, VEGF-A and VEGF-D in GC tissues. Immunohisto-
chemistry analysis of Aurora-A, VEGF-A/VEGFR-2 and 
VEGF-D/VEGFR-3 protein were performed in GC tissues and 
adjacent normal tissues (n=89) (Fig. 3). In contrast to the normal 
tissues, Aurora-A, VEGF-A and VEGF-D were significantly 
highly expressed in cancer tissues (P<0.001) (Table I), indicating 
an active role in carcinogenesis and as a potential marker 
differentiating normal and cancer tissues.

Correlation analysis and clinicopathological characteristics. 
The median DFS and OS were 16.7 months (1.0‑54.9 months) 
and 28.3 months (1.0‑104.1 months), respectively. Table  II 
shows the correlation between the positive expression of 
Aurora-A, VEGF-D, VEGF-A and clinicopathological char-

Figure 1. Real-time reverse transcription polymerase chain reaction deter-
mination of Aurora-A (A), VEGF-A (B) and VEGF-D (C) mRNA levels in 
diverse gastric cancer cell lines. The data shown represent typical results 
obtained in a series of three independent experiments.

Figure 2. Results of Western blot analysis of Aurora-A (A), VEGF-A (B) and 
VEGF-D (C) protein expression in gastric cancer cell lines.



wang et al:  Aurora-A in Gastric Cancer26

acteristics in 89 gastric cancer patients treated with curative 
surgery. The positive expression of Aurora-A protein showed 
a close association with pathological TNM stage (P=0.053). 
There was no significant correlation between the positive 
expression of VEGF-A and clinicopathological character-
istics. There was a significant correlation between the 
positive expression of VEGF-D and age (P=0.021), T stage 
(P<0.001), N stage (P=0.013) and pathological TNM stage 
(P=0.004).

Prognostic significance of Aurora-A, VEGF-A and VEGF-D. 
To elucidate the prognostic significance of Aurora-A, VEGF-A 
and VEGF-D in gastric cancer, clinicopathological character-
istics and the molecular markers were analyzed in 89 gastric 

Figure 3. Representative results of immunohistochemistry analysis for Aurora-A (A), VEGF-A (B), VEGF-D (C) and VEGF-R2 (D) and VEGF-R3 (E) 
proteins in gastric cancer tissues. The arrows shown gastric cancer tissues in the left (x100) were magnified in the right (x400).

Table I. Positive expression levels of the biomarkers in gastric 
cancer.

	T umor	N ormal
	 ---------------------	 ---------------------
Biomarker	N o.	N	  (%)	N	  (%)	P -value

Aurora-A	 89	 51	 57.3	 9	 10.1	 <0.001
VEGF-A	 88	 54	 61.4	 17	 19.3	 <0.001
VEGF-D	 85	 65	 76.5	 10	 11.8	 <0.001
VEGFR-2	 86	 68	 79.1	 31	 45.6	 <0.001
VEGFR-3	 88	 30	 34.1	 20	 22.7	 0.095

VEGF, vascular endothelial growth factor; VEGFR, VEGF receptor.
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cancer patients with curative surgery. Univariate analysis 
demonstrated that histological grade (P=0.052) (Fig. 4A), 
TNM stage (P<0.001) (Fig. 4B) and lymphovascular involve-
ment (P<0.001) (Fig. 4C) were clinicopathological factors 
affecting survival; Aurora-A and VEGF-D were molecular 
prognostic factors (P<0.001 and 0.048, respectively) (Fig. 4D 
and F). There was no significant correlation between the 

positive expression of VEGF-A, VEGFR-2, VEGFR-3 and 
survival. In contrast to patients with low and negative expres-
sion of VEGF-A, the patients with overexpression of VEGF-A 
had a worse survival (P=0.029) (Fig. 4E). Cox regression 
analysis demonstrated that Aurora-A positive expression, 
stage III-IV and lymphovascular involvement were indepen-
dent unfavorable prognostic factors (Table III).

Table II. Correlation of Aurora-A, VEGF-A and VEGF-D immunochemistry with clinicopathological characteristics in patients 
with curative surgery in gastric cancer.

	 Aurora-A positive	 VEGF-A positive	 VEGF-D positive
	 --------------------------------------------------------	 --------------------------------------------------------	 -----------------------------------------------------------
Characteristics	N o.	N	  (%)	P -value	N o.	N	  (%)	P -value	N o.	N	  (%)	P -value

Gender				    0.846								        0.288
	 Male	 78	 45	 57.7		  77	 46	 59.7	 0.414	 75	 56	 74.7
	 Female	 11	 6	 54.5		  11	 8	 72.7		  10	 9	 90.0
Age (years)				    0.676								        0.021
	 ≤60	 26	 14	 53.8		  26	 13	 50.0	 0.160	 25	 15	 60.0
	 >60	 63	 37	 58.7		  62	 41	 66.1		  60	 50	 83.3
Tumor site				    0.376								        0.118
	P roximal	 49	 26	 53.1		  49	 34	 69.4	 0.085	 47	 39	 83.0
	N on-proximal	 40	 25	 62.5		  39	 20	 51.3		  38	 26	 68.4
Histological grade				    0.834								        0.807
	 Well-moderately	 34	 19	 55.9		  34	 24	 70.6	 0.162	 32	 24	 75.0
	P oorly-undifferentiated	 55	 32	 58.2		  54	 30	 55.6		  53	 41	 77.4
Tumor infiltration				    0.110								        <0.001
	T 1	 18	 7	 38.9		  18	 8	 44.4	 0.125	 18	 8	 44.4
	T 2	 3	 2	 66.7		  3	 2	 66.7		  2	 1	 50.0
	T 3	 68	 42	 61.8		  67	 44	 65.7		  65	 56	 86.2
Lymph node metastasis				    0.083								        0.013
	N 0	 25	 12	 48.0		  25	 12	 48.0	 0.313	 24	 14	 58.3
	N 1	 37	 20	 54.1		  37	 25	 67.6		  35	 28	 80.0
	N 2	 17	 11	 64.7		  17	 13	 76.5		  16	 14	 87.5
	N 3	 10	 8	 80.0		  9	 4	 44.4		  10	 9	 90.0
TNM stage				    0.053								        0.004
	 IA	 16	 6	 37.5		  16	 7	 43.8	 0.277	 16	 7	 43.8
	 IB	 2	 1	 50.0		  2	 2	 100.0		  1	 1	 100.0
	 II	 9	 6	 66.7		  9	 4	 44.4		  9	 7	 77.8
	 IIIA	 35	 19	 54.3		  35	 24	 68.6		  33	 27	 81.8
	 IIIB	 17	 11	 64.7		  17	 13	 76.5		  16	 14	 87.5
	 IV	 10	 8	 80.0		  9	 4	 44.4		  10	 9	 90.0
					     0.254								        0.006
	 I-II	 27	 13	 48.1		  27	 13	 48.1	 0.092	 26	 15	 57.7
	 III-IV	 62	 38	 61.3		  61	 41	 67.2		  59	 50	 84.7
Lymphovascular
involvement				    0.187								        0.898
	P resent	 12	 9	 75.0		  11	 9	 81.8	 0.140	 12	 9	 75.0
	 Absent	 77	 42	 28.6		  77	 45	 58.4		  73	 56	 76.7

The bold indicates statistically significant correlation. Results were calculated by Spearman's rank correlation coefficient. VEGF, vascular 
endothelial growth factor.
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Predictive value of Aurora-A in gastric cancer. To clarify the 
predictive value of Aurora-A as an independent molecular 
prognostic factor in gastric cancer with curative surgery, the 
intensive analysis was performed to discriminate high-risk 
patients over strata of clinicopathological characteristics. 
In the subset analysis of lymph node metastases (pN+), 
Aurora-A could show a significant survival difference in 
patients with pN0 and pN1 (P<0.05) (Fig. 5A and B). Owing 
to lymphovascular involvement and stage III/IV as an 
independent unfavorable prognostic factor, the significance 
of Aurora-A was also analyzed. Compared with patients 
with Aurora-A negative expression, Aurora-A positive 
expression indicated a worse outcome in patients without 
lymphovascular involvement and in patients with stage III/
IV (P<0.001) (Fig. 5C and D).

Discussion

As far as we know, the present study is the first report on 
Aurora-A as an independent molecular prognostic factor in 

gastric cancer patients treated with radical surgery. Firstly, 
expression of Aurora-A in transcriptional and protein level 
varied with gastric cancer cell lines, to some extent, reflecting 
the innate characteristics in cell phenotypes. Secondly, there 
was significant expression difference of Aurora-A between 
cancer tissues and the adjacent normal tissues (P<0.001). 
Thirdly, Aurora-A protein was significantly associated with 
TNM stage (Table II). More importantly, Aurora-A as an inde-
pendent molecular prognostic factor that identified a worse 
outcome in patients with pN0 (Fig. 5A) and pN1 (Fig. 5B). 
Also, Aurora-A identified unfavorable outcome in patients 
without lymphovascular involvement (Fig. 5C) and in patients 
with stage III/IV (Fig. 5D). These results further demonstrated 
that Aurora-A could offer valuable prognostic information in 
relative early and local advanced gastric cancer.

The correlation of Aurora-A status with malignant pheno-
type and tumor progression has been evaluated in a series of 
studies. The earlier studies revealed that Aurora-A expres-
sion was involved with aneuploid formation, differentiated 
type and poor prognosis in gastric cancer (30,31). Similarly, 

Figure 4. Relationships between histological grade (A), TNM stage (B), lymphovascular involvement (LVI) (C), immunohistochemistery expression for 
Aurora-A (D), VEGF-A (E), VEGF-D (F) and carcinoma-specific survival were evaluated using Kaplan-meier method. Comparison of survival curves were 
performed using log-rank test.
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Table III. Determination of independent factors affecting carcinoma-specific and disease-free survival in patients treated with 
curative surgery in gastric cancer.

	 Carcinoma-specific survival	 Disease-free survival
	 -----------------------------------------------------------------------------	 ------------------------------------------------------------------------------
Prognostic factor	RR	  95% CI	P -value	RR	  95% CI	P -value

Aurora-A			   0.001			   0.001
	N egative	 1			   1
	P ositive	 2.923	 1.577-5.416		  2.941	 1.585-5.457
VEGF-A			   0.231			   0.322
	L ow expression/negative	 1			   1
	O verexpression	 1.417	 0.801-2.507		  1.338	 0.752-2.378
VEGF-D			   0.675			   0.764
	N egative	 1			   1
	P ositive	 1.170	 0.561-2.441		  1.119	 0.536-2.338
Histological grade			   0.158			   0.255
	 Well / moderately	 1			   1
	P oorly-undifferentiated	 1.532	 0.848-2.767		  1.419	 0.777-2.591
Stage			   <0.001			   <0.001
	 I-II	 1			   1
	 III-IV	 5.298	 2.256-12.441		  5.234	 2.216-12.359
Lymphovascular involvement			   0.007			   0.013
	P resent	 1			   1
	 Absent	 2.665	 1.300-5.461		  2.495	 1.216-5.119

The bold indicates statistically significant results. RR, ratio of relative risk of death; CI, confidence interval; VEGF, vascular 
endothelial growth factor.

Figure 5. Comparisons of survival curves between Aurora-A negative and positive expression in pN0 (A) and pN1, in absence of lymphovascular involvement 
(C) and in stage III/IV (D).
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Aurora-A was also found to be differentially expressed and 
regulated in colorectal cancers (32). Moreover, several studies 
reported that there was a close association between Aurora-A 
overexpression and malignant biological behavior of cancer 
progression (9,16,33-35). Additionally, Aurora-A overexpres-
sion was observed to be associated with EGFR activation and 
overexpression (36,37). These studies support our results that 
Aurora-A as a molecular marker representing invasive differ-
ences in malignant phenotypes and could serve as a prognostic 
factor reflecting the extent of cancer progression in gastric 
cancer.

Similar to previous reports in bladder cancer (13), esopha-
geal squamous cell carcinoma (14), head and neck squamous 
cell carcinoma (15), non-small cell lung cancer (17), ovarian 
cancer (38,39), cervical cancer (40), breast cancer (41), neuro-
blastoma (42) and urothelial carcinoma (43) (Table IV), our 
results demonstrate that Aurora-A is an independent molecular 
prognostic marker in gastric cancer. The presence of Aurora-A 
identified poor clinical outcome in patients with pN0 and pN1 
(P<0.05) (Fig. 5A and B), in patients without lymphovascular 
involvement (P<0.001) (Fig. 5C), even in patients with stage 
III/IV (P<0.001) (Fig. 5D). These results offer important and 
helpful information to indicate subsequent individualized 
treatment in patients receiving curative surgery gastric cancer, 
even in patients with relatively early and local advanced 
disease.

In our series, VEGF-D significantly correlates with T 
category, N category and TNM stage (Table II), and is demon-
strated to be an unfavorable prognostic factor in univariate 
analysis (P=0.048). Our results are in agreement with previous 
clinical studies that VEGF-D is associated with lymphatic 
tumor spread, tumor progression and clinical outcome in 
gastric cancer (24,26,44). However, VEGF-D is not an inde-
pendent prognostic factor when Aurora-A and VEGF-A are 
incorporated into multivariate analysis (Table III). Juttner et al 
(26) reported that VEGF-D, VEGFR-3 and venous invasion 

were independent unfavorable prognostic factors in gastric 
cancer. Unfortunately, pathological stage regarded as a ‘gold 
criteria’ in evaluating outcome was not analyzed in the Cox 
hazard model. Compared with VEGFs/VEGFRs, Aurora-A 
seems to be a more informative prognostic marker in our 
study.

In addition to as a prognostic marker, Aurora-A has 
potential to be as a therapeutic target in individualized treat-
ment. A previous study revealed that the treatment targeting 
Aurora-A kinase could suppress the tumor growth and 
enhance the taxane chemosensitivity (45). A further study 
demonstrated that Aurora-A served as a potential therapeutic 
target predicating outcomes in the patients receiving taxane-
based and non-taxane-based chemotherapy (46). Recent 
studies suggested that Aurora-A kinase inhibitors showed 
antitumor activity alone and in combination with docetaxel 
(47,48).

Given the evidence of the tumor progression and lymphatic 
tumor spread affecting survival, the independent molecular 
prognostic marker reflecting more invasive malignant pheno-
type, the improved survival available after targeting treatment 
against the molecular, Aurora-A is shown as a molecular 
prognostic marker and as a potential predictive marker in 
gastric cancer. For those patients with high risk of tumor 
progression and lymphatic tumor spread, combined modality 
should be considered for patients receiving curative-intent 
surgery. Taxane-based chemotherapy and Aurora-A kinase 
inhibitors should be considered to be as a therapeutic option 
for patients with Aurora-A positive expression. Observation 
only would be advisable for low risk of death and Aurora-A 
negative expression in the patients receiving radical surgery. 
In summary, Aurora-A is demonstrated to be a molecular 
prognostic marker for gastric cancer patients with curative 
surgery, which offers valuable prognostic information to 
administer individualized treatment and/or surveillance in the 
future.

Table IV. Correlation between Aurora-A and clinicopathological characteristics, prognosis in tumors.

				C    linicopathologic
Author	T ime	T umor	N o.	 characteristics	T reatment	P rognosis

Sen et al (13)	 2002	 Bladder cancer	 205	T  category, grade, stage	N o adjuvant therapy	 DFS, OS
Tanaka et al (14)	 2005	ESCC	  142	T  category, LNM	P reoperative chemotherapy	 DFS, OS
Reiter et al (15)	 2006	 HNSCC	 66	LN M, DM, stage	 Unknown	 DFS, OS
Ogawa et al (17)	 2008	NSCLC	  189	S tage	P ostoperative chemotherapy	OS
Landen et al (38)	 2007	O varian cancer	 70		  Adjuvant therapy	OS
Mendiola et al (39)	 2009	O varian cancer	 68	 Unknown	P ostoperative chemotherapy	P FS, OS
Zhang et al (40)	 2009	C ervical cancer	 74	S tage, grade, LNM, HM, PM	 Unknown	 DFS, OS
Nalder et al (41)	 2008	 Breast cancer	 533	G rade, PR, LNM	N o adjuvant therapya	OS
Shang et al (42)	 2009	N euroblastoma	 67	S tage, histology	 Unknown	P FS
Scarpini et al (43)	 2010	 Urothelial cancer	 42	 Vascular invasion	 Unknown	R FS
Wang et al 	P resent	G astric cancer	 89	S tage	N o adjuvant therapy	 DFS, OS

HNSCC, head and neck squamous cell cancer; ESCC, esophageal squamous cell cancer; NSCLC, non-small cell lung cancer. DFS, disease-free 
survival; OS, overall survival; LNM, lymph node metastasis; DM, distant metastasis; PFS, progression-free survival; HM, hematogenous 
metastasis; PM, parametrial invasion; PR, progesterone receptor. aExcept for Tamoxifen; RFS, relapse-free survival.
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