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Aurora kinase A (AURKA), a serine/threonine kinase, has been shown to regulate the cell cycle checkpoint and

maintain genomic integrity. AURKA is overexpressed in various carcinomas. Breast cancer 2, early onset

(BRCA2) has an important role in maintaining genomic stability and acts as a tumor suppressor. Our recent

study suggested that AURKA regulates genomic instability and tumorigenesis through cell cycle dysregulation

and suppression of BRCA2 expression. However, the expression of AURKA, BRCA2 and their clinical

significance is unknown in endometrioid ovarian cancer. In this study, we determined AURKA and BRCA2

expression in endometrioid ovarian carcinoma and correlated them with clinicopathologic characteristics and

patient survival. Immunohistochemical staining was performed in 51 primary endometrioid ovarian carcinoma

tumor samples, using tissue microarray. We then analyzed the associations between AURKA and BRCA2

expression and clinical factors (tumor grade, disease stage, surgical type, clinical response, and relapse) and

overall and disease-free survival durations. AURKA and BRCA2 expression were found in 48 and 29% of the

samples, respectively. The results of Fisher’s exact test suggested that AURKA expression was significantly

associated with no family history of ovarian cancer (P¼ 0.03) and that BRCA2 expression was associated with

early-stage disease (P¼ 0.03), low ascites incidence (P¼ 0.03), younger age (o60) at diagnosis (P¼ 0.03), and

low-grade tumors (Po0.01). The nuclear BRCA2 score was negatively correlated with AURKA score (P¼ 0.019,

two-tailed Pearson correlation). A log-rank test demonstrated that AURKA expression was associated with

shorter overall (P¼ 0.001) and disease-free (P¼ 0.009) survival durations, and that BRCA2 expression was

associated with longer overall (P¼ 0.000) and disease-free (P¼ 0.002) durations. Patients with BRCA2-positive

and AURKA-negative tumors had higher overall (P¼ 0.001) and disease-free (P¼ 0.001) survival rates than did

patients with AURKA-positive and BRCA2-negative tumors. Our results demonstrate that a negative regulatory

loop exists between AURKA and BRCA2 expression in the ovarian endometrioid carcinoma. AURKA expression

is an unfavorable prognostic factor in patients with endometrioid ovarian cancer and BRCA2 is favorable,

combination of these two markers may better predict the prognosis of patients with endometrioid ovarian

carcinoma than individual marker alone.
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Endometrioid ovarian carcinoma accounts for
20–25% of ovarian carcinomas, surpassed in

frequency only by serous carcinoma. Endometrioid
ovarian carcinoma is most common in women in
their 50s (mean age at diagnosis, 56 years) and has a
5-year survival rate of 40–52%, with most patients
presenting with early-stage disease.1 The coinci-
dence of endometriosis and endometrioid ovarian
carcinoma has been well documented in the medical
literature, and the possibility of a direct asso-
ciation has been suggested in 30–40% of patients.2
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The results of some studies have suggested that
endometrioid ovarian carcinoma is associated with a
better outcome than is serous carcinoma.3,4 Contra-
rily, another study showed no difference in prog-
nosis when the clinical characteristics were similar.5

Despite its widespread use, the Gynecologic Oncol-
ogy Group’s endometrioid ovarian carcinoma grad-
ing system can be difficult to use because of its poor
interobserver reproducibility and low association
with prognosis.6–8 Therefore, it is important to
identify prognostic indicators for endometrioid
ovarian carcinoma.

Recent advances in molecular techniques have
shed some light on the molecular events that lead
to ovarian carcinoma. The serine/threonine kinase,
aurora kinase A (AURKA), also called Aurora-2,
BTAK, ARK1, and STK15, maintains cell division by
regulating centrosome separation, bipolar spindle
assembly, and chromosome segregation.9,10 How-
ever, AURKA overexpression also results in a
defective spindle assembly checkpoint, allowing
cells with abnormal chromosomal separation to
enter anaphase, leading to aneuploidy and inducing
genomic instability.11 Human AURKA is amplified
and overexpressed in various carcinomas, including
colorectal,12 bladder,13 pancreatic,14 gastric,15 and
breast16 cancers. AURKA overexpression can trans-
form mouse NIH/3T3 cells by inducing centrosome
amplification and aneuploidy.10 In ovarian cancer,
AURKA activation or overexpression is found in
cancer cell lines17,18 and tumor specimens,19,20 and
is associated with poor prognosis in cancer pa-
tients.20,21 The results of these studies indicate that
AURKA has a key role in the pathogenesis of human
cancers by maintaining genetic stability.

Breast cancer 2, early onset (BRCA2) has an
important role in maintaining genomic stability
and acts as a tumor suppressor. BRCA2 repairs
the double-strand DNA break during the S phase
of the cell cycle, and participates in cytokinesis.
The abnormalities in chromosome number seen in
BRCA2-deficient cells are a direct consequence of
BRCA2 dysfunction. Moreover, BRCA2’s role in
cytokinesis provides a mechanism for polyploidy.22

The results of a recent study suggested that AURKA
regulates genomic instability and tumorigenesis
through cell cycle dysregulation and BRCA2 sup-
pression. This negative correlation between AURKA
and BRCA2 has been found in multiple cancer
types.23

AURKA and BRCA2 expression and their clinical
significance are unknown in endometrioid ovarian
carcinoma. We hypothesize that their expression is
correlated with clinical outcome. Therefore, in this
retrospective study, we evaluated the association
between AURKA and BRCA2 expression and clin-
ical pathologic factors (including tumor grade,
disease stage, surgical type, clinical response, and
relapse), and overall survival and disease-free
survival rates in endometrioid ovarian carcinoma
patients.

Materials and methods

Patients and Clinicopathologic Data

We identified all primary endometrioid ovarian
carcinoma patients who had undergone initial
surgery at The University of Texas MD Anderson
Cancer Center (Houston, TX) from 1990 to 2006, by
reviewing electronic charts. Only patients with pure
endometrioid ovarian carcinoma were included in
the final analysis; those with mixed-type carcino-
mas with an endometrioid component were ex-
cluded. Patient charts were reviewed to exclude
those cases that may have represented other primary
tumor sites, such as the colon. All of the cases were
reviewed independently at least by two pathologists
(JL, FY), with the same cohort that we used in our
previous study.8 Immunohistochemical staining had
been performed, if necessary, at diagnosis to exclude
other type of tumors and other primary tumor sites,
WT-1 is one of markers we used to differentiate high
grade endometrioid ovarian carcinoma and high
grade serous carcinomas. Patients’ follow-up infor-
mation was updated through March 2010 by
reviewing medical records. Demographic and survi-
val data were entered into a comprehensive database
created with Microsoft Access (version 2007; Micro-
soft, Redmond, WA, USA). Histopathologic diag-
noses were based on World Health Organization
criteria, tumor grades were based on Gynecologic
Oncology Group criteria, and disease stages were
assessed according to the International Federation of
Gynecology and Obstetrics system.24 Overall survi-
val durations were computed as the time from the
date of first biopsy to the date of death or last follow-
up, whichever occurred first. Patients alive at the
last follow-up date were censored. Disease-free
survival durations were computed as the time from
the date of first biopsy to the date of recurrence,
death, or last follow-up, whichever occurred first.
Patients alive with no recurrence at last follow-up
were censored. Patients in the progressive disease
group were those in whom no disease remission
had been observed after treatment. Patients in the
relapsed disease group were those in whom disease
remission had been clinically documented. The
extent of cytoreduction was defined as optimal if
the largest diameter of any residual lesion from
surgery had been smaller than 1 cm, or suboptimal if
larger than 1 cm.25,26 The use of tissue blocks and the
chart review were approved by the institutional
review board of MD Anderson.

Construction of Tissue Microarrays

Tissue blocks had been stored under ambient
conditions at approximately 241C. A pathologist
reviewed hematoxylin- and eosin-stained sections
to select representative areas of tumor from which
cores could be acquired for microarray analysis.
Tissue microarray blocks were constructed as
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described earlier,27 with a precision instrument
(Beecher Instruments, Silver Spring, MD, USA) that
uses two separate core needles for punching the
donor and recipient blocks and a micrometer-
precise coordinate system for assembling tissue
samples on a block. For each case, two replicate of
1-mm core-diameter samples were collected and
placed on separate recipient blocks. The final tissue
microarray consisted of one block containing dupli-
cates of 51 spots. All samples were spaced 0.5mm
apart. Sections of 5 mm were obtained from the
microarray and stained with hematoxylin and eosin
to confirm the presence of tumors and assess tumor-
histologic characteristics. Tumor samples were
randomly arranged on blocks.

Sample tracking was based on coordinate posi-
tions for each tissue spot in the tissue microarray
block; the spots were transferred onto tissue micro-
array slides for staining. This sample tracking
system was linked to a Microsoft Access database,
containing demographic, clinicopathologic, and
survival data for patients for whom samples were
available, thereby allowing us to rapidly determine
associations between histologic data and clinical
features. The arrays were read according to the given
tissue microarray map, each core was scored, and
the results are presented as the mean of the two
replicate core samples. Cases in which no tumor
had been found or no cores were available were
excluded from the final data analysis.

Immunohistochemical Analysis

Tissue microarray slides were treated and stained
according to a previously published method.27 In
brief, slides were deparaffinized in xylene and
rehydrated in a graded series of ethanol, and
sections were subjected to antigen retrieval by being
boiled in 0.01M sodium citrate buffer (pH 6.0) in a
microwave oven for 10min. After blocking the
endogenous peroxidase activity and the nonspecific
protein binding with 0.3% hydrogen peroxide and
1.5% normal goat serum, respectively, we incubated
the sections overnight with primary antibodies at
41C in a humid chamber. The primary antibody
against AURKA (GTX13824, monoclonal antibody,
Genetax) or BRCA2 (MAB2476, monoclonal anti-
body, R&D Systems) was applied at a dilution of
1:200 or 1:100, respectively, at 41C in a humid
chamber. A biotin-labeled secondary antibody (Uni-
versal Goat Link, Biocare Medical) was added for
15min, followed by horseradish peroxidase (Biocare
Medical) for 15min. Tissues were then stained for
5min with 3,30-diaminobenzidine (Biocare Medi-
cal). Sections were lightly counterstained with
hematoxylin. The primary antibody was replaced
with 1� phosphate-buffered saline as a negative
control. Staining intensity for immunohistochem-
ical localization of BRCA2 and AURKA was
independently determined by two pathologists

(F.Y. and J.L.) in a blinded manner. BRCA2 expres-
sion was scored for the number of cells with nuclear
expression, whereas AURKA was scored for both
cytoplasmic and nuclear staining. The pattern
chosen for the analysis is the most consistent with
previously published cell biology results; BRCA2
predominantly functions in the nucleus, whereas
AURKA, a kinase, predominantly functions in the
cytoplasm, although nuclear subcellular localization
has been found in ovarian cancer cells.23 Thus, cores
in which o5% of cells were BRCA2 (nucleus)
and AURKA (cytoplasm and nucleus) positive were
considered negative (a score of 0), 5–20% were
scored as 1, 20–50% were scored as 2, and 450%
were scored as 3. The cases, that showed significant
discrepancies in the staining of their two replicate
core samples after repeated staining, were excluded
from this study.

Statistical Analysis

Fisher’s exact test and a logistic regression analysis
were performed to evaluate the association between
AURKA and BRCA2 with clinical factors. The
Kaplan–Meier method was used to estimate the
probability of overall and disease-free survival, and
the log-rank test was used to compare overall or
disease-free survival between comparison groups.
Multivariate Cox proportional hazards regression
models were fitted to determine the significant
factors associated with overall and disease-free
survival, and assess the association between AUR-
KA and BRCA2 expression and overall and disease-
free survival after adjusting for the effects of other
clinical factors. The relationships between BRCA2
and AURKA expression were analyzed by Pearson’s
correlation coefficient. Results were considered
statistically significant at the Po0.05 level. SPSS
17.0 software (SPSS, Chicago, IL, USA) was used for
the statistical analysis.

Results

Patient Characteristics

A total of 51 patients were included in this study,
with a median age of 58 years (range, 22–83 years).
The median overall survival duration was 6.7 years
(95% confidence interval (CI): 2.1–11.4 years), and
the overall survival rates were 79% (95% CI: 0.73–
0.85) at 3 years, 68% (95% CI: 0.61–0.74) at 5 years,
and 55% (95% CI: 0.47–0.63) at 10 years. The
median follow-up interval was 11.0 years, with a
95% CI of 8.9–13.1 years.

AURKA, BRCA2 Expression, and Localization

Diffuse cytoplasmic and nuclear staining for AUR-
KA and BRCA2 with moderate intensity were
observed in different proportions of tumor cells.
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BRCA2 nuclear expression was scored and sub-
jected to statistical analysis, whereas AURKA was
scored for both cytoplasmic and nuclear staining.
The percentage of positive cancer cells varied from
o5 to 450% in our patient population (Figure 1).

Correlation between AURKA and BRCA2 Expression
and Clinicopathologic Variables

The tumor microarray immunohistochemical re-
sults, organized according to patients’ clinicopatho-
logic characteristics, are shown in Table 1. A total of
51 cases were included in this study after two cases
excluded, because of significant discrepancies in the

staining between their two replicate core samples.
No cells expressed AURKA (score¼ 0) in 22 patients
(52%), 5–20% expressed AURKA in 18 patients
(43%; score¼ 1), and 20–50% expressed AURKA in
two patients (5%; score¼ 2). No patients had a score
of 3. Nine cases for which no tumor was found or
no cores were available for AURKA staining were
excluded from the final data analysis. No cells
expressed BRCA2 (score¼ 0) in 36 patients (71%),
5–20% expressed BRCA2 in 5 patients (10%;
score¼ 1), 20–50% expressed BRCA2 in 7 patients
(14%; score¼ 2), and 450% expressed BRCA2 in 3
patients (5%; score¼ 3).

The nuclear BRCA2 score was negatively corre-
lated with AURKA total score (P¼ 0.019, two-tailed

Figure 1 BRCA2 and AURKA expression in endometrioid ovarian carcinoma. (a) Endometrioid ovarian carcinoma cells show nuclear
staining for BRCA2 (�400). (b) AURKA-negative staining in endometrioid ovarian carcinoma (� 400). (c) BRCA2-negative staining in
endometrioid ovarian carcinoma (� 400). (d) Diffuse positive staining for AURKA in endometrioid ovarian carcinoma (�400).
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Pearson correlation) in 42 cases in which BRCA2
and AURKA scores were available, as evidenced by
the representative images that show positive BRCA2
and negative AURKA expression (Figure 1, upper
panel), or negative BRCA2 and positive AURKA
expression (Figure 1, lower panel).

BRCA2 expression (45% of cells) was associated
with early-stage disease (P¼ 0.03) (the cut-off for
early vs late stage was I and II vs III and IV), low
ascites incidence (P¼ 0.03), younger age (o60) at
diagnosis (P¼ 0.03), and low-grade tumors (Po0.01)
(the cut-off for low grade vs high grade tumor was 1

Table 1 Correlation between AURKA and BRCA2 expression and clinicopathological characteristics

Characteristic No. of patients (%)

AURKA negative AURKA positive Total BRCA2 negative BRCA2 positive Total

FIGO disease stage
Stage I 5 (45) 6 (55) 11 8 (67) 4 (33) 12
Stage II 3 (50) 3 (50) 6 4 (36) 7 (64) 11
Stage III 12 (67) 6 (33) 18 18 (86) 3 (14) 21
Stage IV 2 (29) 5 (71) 7 6 (86) 1 (14) 7
P-valuea 0.36 0.03

Family history
Yes 14 (56) 11 (44) 25 14 (61) 9 (39) 23
No 2 (18) 9 (82) 11 20 (77) 6 (23) 26
Unknown 6 2
P-valuea 0.03 0.23

Age at diagnosis
Z60 10 (56) 8 (44) 18 20 (83) 4 (17) 24
o60 12 (50) 12 (50) 24 16 (59) 11 (41) 27
P-valuea 0.53 0.03

Relapse
Yes 9 (64) 5 (36) 14 15 (75) 5 (25) 20
Progressive disease 2 (40) 3 (60) 5 6 (100) 0 6
No 9 (43) 12 (57) 21 11 (52) 10 (48) 21
Unknown 2 4
P-valuea 0.46 0.05

Type of surgery
Optimal 15 (45) 18 (55) 33 26 (65) 14 (35) 40
Suboptimal 5 (71) 2 (29) 7 7 (87) 1 (13) 8
Unknown 2 3
P-valuea 0.09 0.23

Clinical response
Complete 14 (52) 13 (48) 27 22 (67) 11 (33) 33
Partial 2 (67) 1 (33) 3 4 (100) 0 4
None 2 (67) 1 (33) 3 3 (100) 0 3
Unknown 9 11
P-valuea 0.83 0.23

Ascites
No 5 (56) 4 (44) 9 8 (50) 8 (50) 16
Yes 9 (45) 11 (55) 20 16 (80) 4 (20) 20
Unknown 13 15
P-valuea 0.43 0.03

CA125 (U/ml)
o500 2 (25) 6 (75) 8 6 (55) 5 (45) 11
4500 4 (57) 3 (43) 7 5 (62) 3 (38) 8
Unknown 27 32
P-valuea 0.12 0.66

Grade
1 3 (50) 3 (50) 6 4 (57) 3 (43) 7
2 6 (55) 5 (45) 11 7 (44) 9 (56) 16
3 13 (52) 12 (48) 25 25 (89) 3 (11) 28
P-valuea 0.91 o0.01

AUARK: aurora kinase A; BRCA2: breast cancer 2, early onset.
a
P-values were calculated by Fisher’s exact test.
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and 2 vs 3). We found a trend towards earlier relapse
in BRCA2-negative patients than in BRCA2-positive
patients (P¼ 0.05). AURKA expression (45% of
cells) was associated with no family history of breast
or ovarian cancer (P¼ 0.03) (Table 1).

The results of a multivariate logistic regression
analysis suggested that BRCA2 was significantly
associated with stage, ascites, and grade (Table 2).
Patients with stage I endometrioid ovarian carcino-
ma were more likely to have BRCA2 expression than
those with stage IV adenocarcinoma (OR¼ 14.00,
P¼ 0.028). Patients with grade 1 tumors or no ascites
were more likely to have BRCA2 expression

(OR¼ 13.80 and 0.125 and P¼ 0.001 and 0.009,
respectively).

Association between AURKA and BRCA2 Expression
and Overall and Disease-Free Survival

The results of a multivariate Cox proportional
hazards regression analysis indicated that stage,
relapse, surgery type, clinical response, and BRCA2
and AURKA expression were significantly asso-
ciated with overall and disease-free survival. More-
over, ascites was significantly associated with
overall survival. Patients with late-stage (stage III
and IV) disease, relapsed disease, suboptimal surgi-
cal type, ascites, no clinical response, and AURKA
expression had a lower survival duration (HR¼ 5.8,
14.4, 5.9, 11.7, and 0.3 and P¼ 0.006, 0.001, 0.001,
0.014, and 0.017, respectively). BRCA2 expression
was associated with a good outcome (HR¼ 5.8
P¼ 0.007) (Tables 3 and 4).

The overall and disease-free survival rates at 3, 5,
and 10 years are shown in relation to AURKA and
BRCA2 expression in Table 5. At the time of this
report, 22 of the 51 patients were alive without
clinical evidence of ovarian carcinoma, eight were
alive with ovarian carcinoma, 17 had died of ovarian
carcinoma, three had died of other causes, and 1 had
been lost to follow-up and was excluded from the
overall and disease-free survival analyses. AURKA
and BRCA2 expression were correlated with overall
and disease-free survival duration. Patients with
BRCA2-positive tumors had higher overall
(P¼ 0.000) and disease-free (P¼ 0.002) survival rates

Table 2 Multivariate analysis of factors associated with BRCA2
expression

Variable OR (95% CI) P a

Stage
IV Reference
I 14.00 (1.33–147.43) 0.028
II 0.35 (0.07–1.71) 0.195
III 0.23 (0.021–2.59) 0.236

Ascites
Yes Reference
No 0.125 (0.026–0.593) 0.009

Grade
3 Reference
2 4.60 (0.709–29.84) 0.110
1 13.80 (3.12–61.14) 0.001

BRCA2: breast cancer 2, early onset; OR: odds ratio; 95% CI: 95%
confidence interval.
a
P-values were derived from multivariate logistic regression analysis.

Table 4 Multivariate Cox proportional hazards model to estimate the association between covariate and overall survival

Variables Estimate s.e. P a HR (95% CI)

Stage (3,4 vs 1,2) 1.63 0.56 0.004 5.1 (1.7–15.3)
Relapse (yes vs no) 2.04 0.64 0.001 7.7 (2.2–26.9)
Surgery (suboptimal vs optimal) 2.06 0.53 0.000 7.9 (2.8–22.4)
Clinical response (yes vs no) 2.40 0.85 0.005 11.1 (2.1–58.4)
Ascites (yes vs no) 1.16 0.53 0.028 3.2 (1.1–9.0)
BRCA2 �1.95 0.63 0.002 7.0 (2.0–24.2)
AURKA 1.66 0.57 0.004 0.2 (0.1–0.6)

AUARK: aurora kinase A; BRCA2: breast cancer 2, early onset; 95% CI: 95% confidence interval.
a
P-values were derived from multivariate Cox proportional hazards model analysis.

Table 3 Multivariate Cox proportional hazards model to estimate the association between covariate and disease free survival

Variables Estimate s.e. P a HR (95% CI)

Stage (3,4 vs 1,2) 1.75 0.64 0.006 5.8 (1.6–20.3)
Relapse (yes vs no) 2.67 0.77 0.001 14.4 (3.2–64.9)
Surgery (suboptimal vs optimal) 1.78 0.54 0.001 5.9 (2.1–16.9)
Clinical response (no vs yes) 2.46 1.00 0.014 11.7 (1.6–82.8)
BRCA2 �1.76 0.65 0.007 5.8 (1.6–20.7)
AURKA 1.36 0.57 0.017 0.3 (0.1–0.8)

AUARK: aurora kinase A; BRCA2: breast cancer 2, early onset; 95% CI: 95% confidence interval.
a
P values were derived from multivariate Cox proportional hazards model analysis.
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than did patients with BRCA2-negative tumors. In
contrast, patients with AURKA-positive tumors had
lower overall (P¼ 0.001) and disease-free (P¼ 0.009)
survival rates than did patients with BRCA2-
negative tumors (Figure 2). In all, 14 cases were
BRCA2 positive and AURKA negative, and nine
were AURKA positive and BRCA2 negative. The
results of our survival analysis suggested that
patients with BRCA2-positive and AURKA-negative
tumors had higher overall (P¼ 0.001) and disease-
free (P¼ 0.001) survival rates than did patients
with AURKA-positive and BRCA2-negative tumors
(Figure 2).

Discussion

In this study of well-characterized patients with
long-term follow-up data, AURKA expression was
found in 48% of 42 cases, and was correlated with
no family history and poor survival; BRCA2 expres-
sion was observed in 29% of 51 cases, and was
correlated with early-stage disease, a low ascites
incidence, younger age (o60 years) at diagnosis,
low-grade tumors, and longer survival durations.
BRCA2 expression was negatively correlated with
AURKA expression in 42 cases. A recent study by
our research group demonstrated that the positive
percentage of AURKA and BRCA2 in serous ovarian
carcinoma is about 40 and 15%, respectively,23

which suggests that the percentage of BRCA2-
positive cells is higher in endometrioid ovarian

carcinoma than in serous ovarian carcinoma. In our
study, a multivariate Cox proportional hazards
regression analysis revealed that early-stage disease,
optimal surgical type, good clinical response, no
ascites, BRCA2 expression, and no AURKA expres-
sion were strongly associated with longer overall
and disease-free survival durations and were in-
dependent predictors of prognosis. Yang et al23

reported that in high-grade ovarian serous carcino-
ma, BRCA2 expression was associated with longer
overall and disease-free survival durations, whereas
AURKA expression was associated with shorter
durations. AURKA and BRCA2 expression may be
prognostic factors in ovarian carcinoma, not only in
serous or endometrioid histotypes. This hypothesis
should be investigated in other ovarian carcinoma
histotypes.

The human AURKA gene is located in the 20q13
chromosome region and is involved in the G2–M
checkpoint and mitosis commitment.28 AURKA
interacts with p53 and BRCA1 to regulate the cell
cycle checkpoint and maintain genomic integrity by
phosphorylating p53 at Ser 215 and Ser 315 (8,
9),29,30 or BRCA1 at Ser 308 (10).31,32 It is amplified
and overexpressed in several malignant tumor
types, including ovarian carcinomas.16,33 Our results
demonstrate that AURKA expression in endome-
trioid ovarian carcinoma is associated with poor
survival, which suggests that AURKA has a role
in tumorigenesis. The tumor suppression function
of BRCA2 is mediated by multiple processes,
including suppression of cell proliferation34 and

Table 5 Correlation between AURKA, BRCA2 expression and disease free and overall survival

Expression pattern No. of
patients

Median survival
years (95% CI)

Survival rate (95% CI) P a

3 Year 5 Year 10 Year

AURKA
Disease free survival
� 21 11.7 (9.2–14.3) 0.83 (0.75–0.90) 0.78 (0.70–0.86) 0.78 (0.70–0.86) 0.009
+ 20 3.0 (1.3–4.8) 0.35 (0.19–0.51) 0.35 (0.19–0.51) —

Overall survival
� 21 12.8 (10.4–15.3) 0.86 (0.79–0.92) 0.78 (0.71–0.86) 0.69 (0.59–0.78) 0.001
+ 20 3.6 (2.1–5.1) 0.46 (0.29–0.62) 0.46 (0.29–0.62) —

BRCA2
Disease free survival
� 35 6.7 (4.0–9.3) 0.52 (0.42–0.62) 0.47 (0.36–0.57) 0.37 (0.25–0.49) 0.002
+ 15 14.0 (11.8–16.3) 0.90 (0.83–0.97) 0.90 (0.83–0.97) 0.90 (0.83–0.97)

Overall survival
� 30 7.3 (5.0–9.6) 0.67 (0.58–0.76) 0.51 (0.41–0.60) 0.26 (0.16–0.37) 0.000
+ 15 15.1 (12.8–17.4) 0.95 (0.90–0.99) 0.90 (0.83–0.97) 0.90 (0.83–0.97)

AURKA, BRCA2
Disease free survival
AURKA(�) BRCA2(+) 14 13.6 (10.8–16.5) 0.93 (0.86–0.99) 0.93 (0.86–0.99) 0.93 (0.86–0.99) 0.001
AURKA(+) BRCA2(�) 9 2.4 (0.8–3.9) 0.27 (0.11–0.43) 0.27 (0.11–0.43) —

Overall survival
AURKA(�) BRCA2(+) 14 14.9 (11.9–17.8) 0.93 (0.86–0.99) 0.93 (0.86–0.99) 0.93 (0.86–0.99) 0.001
AURKA(+) BRCA2(�) 9 3.0 (1.8–4.2) 0.40 (0.22–0.56) 0.26 (0.10–0.42) —

AUARK: aurora kinase A; BRCA2: breast cancer 2, early onset; 95% CI: 95% confidence interval.
a
P-values were derived from the log-rank test.
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maintenance of DNA damage repair35 and genomic
integrity.28 Inactivation of BRCA2 induces genomic
instability as a result of defective DNA damage
repair and cell cycle dysregulation in cancer
cells.16,33 BRCA2 expression was associated with
good survival in our study, which demonstrates the
tumor suppression function of BRCA2 in endome-
trioid ovarian carcinoma. Moreover, our results
demonstrate a negative correlation between AURKA
and BRCA2 expression, which is consistent with the
results of a recent report. Yang et al23 found that
AURKA knockdown can restore BRCA2 expression,
leading to increased genomic stability and de-
creased tumorigenesis in ovarian cancer cells,
suggesting that AURKA negatively regulates BRCA2
expression to control genomic instability.23 The
reverse correlation between BRCA2 and AURKA
expression has also been found in serous ovarian
cancer, pancreatic cancer, and breast cancer and
thus may represent a general mechanism in epithe-
lial cancers with AURKA overexpression. Yang
et al23 found that AURKA overexpression represses

p21, pRb, and BRCA2, which promotes cell cycle
progression, anti-apoptosis, and genomic instability,
leading to increased tumorigenesis.23 The clinical
correlation between AURKA and BRCA2 expression
and patient survival strongly suggests that the
negative correlation, illustrated by the results of
clinicopathologic and molecular biologic research,
can be used to predict endometrioid ovarian
carcinoma outcomes.

In summary, our results demonstrate that AURKA
expression is an unfavorable prognostic factor in
patients with endometrioid ovarian carcinoma,
whereas BRCA2 is a favorable prognostic factor.
The negative correlation between AURKA and
BRCA2 represents a novel prognostic marker for
endometrioid ovarian carcinoma.
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