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Obijectives: Astrocyte elevated gene-1 (AEG-1) plays a critical role in tumor progression
and chemoresistance. The aim of the present study was to investigate the protein expression
of AEG-1 in patients with epithelial ovarian cancer (EOC) who underwent debulking surgery
after neoadjuvant chemotherapy (NAC).

Materials and methods: The protein expression of AEG-1 was analyzed using immuno-
histochemistry in 162 patients with EOC. The relationship between AEG-1 expression and
chemotherapy resistance was assessed using univariate and multivariate logistic regression
analyses with covariate adjustments.

Results: High AEG-1 expression was significantly associated with the International Federation
of Gynecology and Obstetrics stage, age, serum cancer antigen-125 concentration, histological
grade, the presence of residual tumor after the interval debulking surgery, and lymph node
metastasis. Furthermore, AEG-1 expression was significantly higher in NAC-resistant disease
than in NAC-sensitive disease (P<<0.05). Multivariate analyses indicated that elevated AEG-1
expression predicted poor survival.

Conclusion: Our findings indicate that AEG-1 may be a potential new biomarker for predicting
chemoresistance and poor prognoses in patients with EOC.

Keywords: AEG-1, epithelial ovarian cancer, neoadjuvant chemotherapy, interval debulking

surgery

Introduction

Epithelial ovarian cancer (EOC) is the most common type of ovarian cancer and the
leading cause of mortality among gynecological malignancies. Despite the fact that
rapid advances have been made in surgical methods and new chemotherapeutic regi-
mens, the 5-year survival rate for patients with EOC remains <30%.!? Currently, the
standard therapy regimen for ovarian cancer is cytoreductive surgery combined with
platinum-based chemotherapy. In recent years, neoadjuvant chemotherapy (NAC)
followed by cytoreduction surgery has been proposed as an alternative approach for
treating women with advanced stage EOC with the aim of improving surgical efficiency
and the quality of life of patients.** However, resistance to chemotherapeutic agents is
a common occurrence that is often attributed to poor response and prognosis. Several
studies have investigated the biomarkers that distinguish patients with EOC according
to their response to NAC. However, the molecular basis that underlies NAC resistance
is largely undefined. Therefore, it is necessary to identify reliable predictive biomarkers
for responsiveness to NAC and to address the issue of drug resistance.
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Astrocyte elevated gene-1 (AEG-1) was originally
cloned as a novel gene that is induced in primary human
fetal astrocytes. Recent findings suggest that AEG-1 plays a
dominant role in the development and progression of diverse
cancers including colorectal cancer,’ pancreatic ductal
adenocarcinoma,® prostate cancer,’ gastric carcinoma,® rec-
tal cancer,’ hepatocellular carcinoma,'® non-small-cell lung
cancer,'' and cervical carcinoma.'>? AEG-1 has also been
reported to be associated with chemotherapy-associated drug
resistance in several cases of cancer." In addition, our previ-
ous studies have demonstrated that AEG-1 overexpression
is associated with a poor prognosis and cisplatin resistance
in patients with stage III-IV serous ovarian carcinoma.'
However, this is not the case in patients treated with NAC,
and the role of AEG-1 in NAC resistance remains unclear.
Therefore, in the present study, we aimed to investigate
the expression of AEG-1 in patients with EOC who were
treated with debulking surgery after NAC and to define its
significance in predicting prognoses.

Materials and methods

Patient population

This retrospective study was approved by the Ethical Com-
mittee of the Affiliated Tumor Hospital of Harbin Medical
University, Harbin, People’s Republic of China. All patients
provided written informed consent. Paraffin-embedded tumor
specimens were obtained from 162 patients who had NAC
followed by debulking surgery between September 2008
and July 2010 in the Affiliated Tumor Hospital of Harbin
Medical University. The initial diagnosis of EOC was made
using a core needle biopsy. Core needle biopsy specimens
were obtained from all patients before NAC and tissue
sections were embedded with paraffin. Tumor stages were
assessed based on the staging system of the International
Federation of Gynecology and Obstetrics (FIGO). Histo-
logical grades were determined based on the World Health
Organization classification standards.

The principles of chemotherapy instruct us to follow the
National Comprehensive Cancer Network guidelines that
were published in 2009."5 Twenty-seven patients had distant
metastases, as indicated by surgical and pathological findings.
The metastasis locations were as follows: lung (nine cases),
pleura (seven cases), brain (five cases), breast (four cases), and
bone (two cases). All patients received three cycles of NAC
before surgery. The NAC regimen consisted of either cisplatin/
carboplatin plus paclitaxel or carboplatin plus docetaxel. The
surgeries were performed between 3 and 6 weeks after the
last cycle of NAC was administered.

The patients were followed up every 3 months for 2 years
and then every 6 months for the next 3 years using clinical
and radiological examinations and by monitoring the serum
levels of cancer antigen 125 (CA-125). The median follow-up
duration was 39 months (range 8—78 months).

Assessment of clinical responses to NAC
Responses to chemotherapy were determined accord-
ing to the Response Evaluation Criteria in Solid Tumors
(version 1.0).'® The size of the primary tumor, as measured
by magnetic resonance imaging, was recorded before treat-
ment. The primary tumor was measured across its greatest
diameter. The clinical response was classified as complete
response, partial response, stable disease, or progressive
disease. The first two categories, complete response and
partial response, were judged as effective (chemotherapy
sensitive). Chemotherapy resistance was defined as stable
disease and progressive disease.

Immunohistochemical staining

Biopsy specimens were taken before NAC. We evaluated
core biopsy samples from 162 advanced patients with EOC
enrolled in this study. AEG-1 expression was detected using
immunohistochemistry in paraffin-embedded specimens.
Immunohistochemistry staining was performed on paraffin
sections using the avidin—biotin immunoperoxidase tech-
nique, according to the manufacturer’s instructions. Tissue
sections were dewaxed in xylene and rehydrated using
standard procedures. After they were washed in phosphate-
buffered saline (three times for 5 minutes each), endogenous
peroxidase was blocked by treating the tissues with 3%
H,0O, for 30 minutes at room temperature. The slides were
incubated with a primary antibody against human AEG-1
(dilution 1:50; Abcam, Cambridge, UK) overnight at 4°C.
After the slides were washed with phosphate-buffered saline,
the sections were incubated with a biotin-labeled secondary
antibody (Santa Cruz Biotechnology Inc., Dallas, TX, USA).
Finally, the sections were immersed in diaminobenzidine
(Dako Denmark A/S, Glostrup, Denmark) and then coun-
terstained with hematoxylin. Negative control slides were
stained with rabbit serum instead of primary antibody.

Evaluation procedures

The expression levels of AEG-1 were semiquantitatively
classified based on the total combined scores for the per-
centage of positively stained tumor cells and the staining
intensity. The staining was scored according to the number
of positive tumor cells as follows: 0, no positive tumor cells;
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1, <10% positive tumor cells; 2, 10%—50% positive tumor
cells; and 3, >50% positive tumor cells. Staining inten-
sity was scored as follows: score 0 (no staining), 1 (weak
staining), 2 (moderate staining), and 3 (strong staining) in
at least five different high-power fields. The final score for
AEG-1 expression was defined as “low expression” if the
product of the positive score and the corresponding intensity
score was <3.

The evaluation procedure was performed twice by two
independent pathologists who were blinded to the clinico-
pathological information and the corresponding hematoxylin
and eosin slides of the patients.

Statistical analysis

We used y? tests or Fisher’s exact tests to assess differences
in categorical variables. The relationship between AEG-1
overexpression and chemotherapy resistance was assessed
using univariate and multivariate logistic regression with
covariate adjustment. Overall survival (OS) and disease-
free survival (DFS) were measured using the Kaplan—Meier
method with a log-rank test. Finally, a Cox proportional
hazards regression was performed in the multivariate analysis
of prognostic predictors. All statistical analyses were per-
formed using Statistical Package for the Social Sciences 21.0
software (IBM Corporation, Armonk, NY, USA). P-values
were considered statistically significant when <0.05.

Results

Patient characteristics

The demographic characteristics of the 162 patients with EOC
are summarized in Table 1. The 162 ovarian cancer cases
included 118 (72.8%) cases of serous ovarian carcinoma and
44 (27.2%) cases of nonserous ovarian carcinoma. A total of
135 patients had EOC that was classified as FIGO stage III,
and 27 had FIGO stage IV EOC. The tumor size after cytore-
ductive surgery was smaller than 1 cm in 120 (74.1%) of the
patients. The serum CA-125 concentration was >35 U mL™
in 107 (66.0%) of the patients. Lymph node metastases were
found in 45 (27.8%) of the patients.

AEG-| expression

AEG-1 was localized in the cytoplasm of tumor cells
(Figure 1). Of the 162 EOC samples that were analyzed,
low AEG-1 expression was observed in 54 (33.3%) patients
and high AEG-1 expression in 108 (66.7%) patients.
AEG-1 expression was significantly associated with the
FIGO stage, age, serum CA-125 concentration, histologi-
cal grade, the presence of residual tumor after the interval

Table | Association analyses between the expression levels of
AEG-1 and the clinicopathological characteristics of EOCs

Variables Patients AEG-1 P-value®
(n) expression
Low High

All cases

Age (years)
=55 82 34 48 P=0.031
>55 80 20 60

Histological type
Serous 118 34 84 P=0.061
Nonserous 44 20 24

FIGO stage
n 135 53 82 P<<0.001
v 27 | 26

Histological grade
Gl 92 52 40 P<0.001
G2/G3 70 2 68

CA-125 (U mL™)
=35 55 32 23 P<0.001
>35 107 22 85

Residual tumor (cm)
=I 120 53 67 P<0.001
> 42 | 4]

Lymph node metastasis
No 17 45 72 P=0.027
Yes 45 9 36

Note: *Chi-square test.

Abbreviations: AEG-I, astrocyte-elevated gene-1; CA-125, cancer antigen [25;
EOC, epithelial ovarian cancer; FIGO, International Federation of Gynecology
and Obstetrics; G1, well differentiated; G2, moderately differentiated; G3, poorly
differentiated.

debulking surgery, and tumor lymph node metastasis, but
not histological type (Table 1).

The effect of AEG-1 overexpression on
prognosis in patients with EOC who
received NAC

In a univariate Kaplan—Meier analysis, high levels of AEG-1
expression were associated with poor OS or DFS in patients
with EOC (P<<0.001) (Figure 2A and B; Table 2).

The multivariate Cox regression analysis demonstrated
that AEG-1 expression, FIGO stage, and large residual tumor
size were independent prognostic factors for both OS and
DFS (P<0.001) (Table 3).

Effect of AEG-I overexpression on NAC
resistance in EOC

Among the 162 patients with EOC included in this study, 57
exhibited chemotherapy resistance and 105 exhibited che-
motherapy sensitivity. Among the 57 patients with chemo-
therapy resistance, AEG-1 was overexpressed in 48 (84.2%)

OncoTargets and Therapy 2016:9

submit your manuscript

2387

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Wang et al

Dovepress

Figure | Immunohistochemical staining of AEG-I| in EOC specimens.

Notes: (A and B) High expression of AEG-1 in EOC; (C and D) low expression of AEG-1 in EOC; original magnification, x400.

Abbreviations: AEG-1, astrocyte elevated gene-|; EOC, epithelial ovarian cancer.

patients. Drug resistance to NAC was significantly associated
with AEG-1 expression, histological grade, FIGO stage, and
residual tumor size (P<<0.05) (Table 4).

The results of the multivariate analysis showed that
AEG-1 overexpression was independently associated with
chemotherapy resistance (odds ratio: 3.325; 95% confidence
interval: 1.153-9.593; P=0.026) (Table 5).

Discussion

AEG-1 plays an important role in multiple mechanisms of
tumorigenesis, including proliferation, invasion, apoptosis,
angiogenesis, and cell survival.'” In addition, AEG-1 regu-
lates tumor cell sensitivity to chemotherapy and radiation
therapy.!! Our previous studies demonstrated that AEG-1 was
overexpressed in human EOC and that it was significantly

associated with clinicopathological features, such as FIGO
stage, histological grade, and the presence of residual tumor
after interval debulking surgery.'®* We also found that AEG-1
functions as a vital regulator through which miR-137 acts
to inhibit cancer growth.!” We also revealed that AEG-1 is
related to cisplatin resistance in patients with stage [1I-IV
serous ovarian carcinoma.'* These findings indicate that
AEG-1 might be an important proto-oncogene during the
development of EOC.

NAC is regarded as an efficient treatment for many locally
advanced human cancers, including breast and gastroin-
testinal cancers and bone and soft tissue malignancies.?®2
Currently, NAC is supported by the National Comprehen-
sive Cancer Network guidelines for patients with advanced
ovarian cancer. However, the value of AEG-1 as a predictor
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Figure 2 Kaplan—Meier analysis of overall survival and disease-free survival related to the expression of AEG-1.

Notes: Patients with high expression of AEG-1 had a poorer prognosis than that of patients with low expression of AEG-I. (A) Overall survival curves of the 162 patients with EOC
according to their AEG-| expression status (P<<0.001); (B) disease-free survival curves of the 162 patients with EOC according to their AEG-| expression status (P<<0.001).
Abbreviations: AEG-1, astrocyte elevated gene-1; EOC, epithelial ovarian cancer.

Table 2 Univariate survival analysis of OS and DFS in 162 patients with EOC

Variables oS P-value® DFS P-value®
Mean + SE 95% CI Mean £ SE 95%
(months) (months) Cl

Age (years)
=55 82 3812 3443 P=0.129 3312 29-37 P=0.089
>55 80 4613 40-51 4013 34-45

Histological cell type
Serous 118 42142 3845 P=0.164 3542 32-38 P=0.449
Nonserous 44 40+4 3248 40+4 3148

FIGO stage
1] 135 48+2 44-52 P<0.001 412 3845 P<0.001
v 27 171 14-19 14+ 12-16

Histological grade
Gl 92 5343 47-58 P<0.001 4512 41-50 P<0.001
G2/G3 70 29+2 26-32 2542 22-28

CA-125 (U/mL™)
=35 55 49+4 42-57 P=0.016 44+4 37-51 P=0.009
>35 107 3812 3541 3312 30-36

Residual tumor (cm)
=I 120 50+2 46-54 P<0.001 4312 39-47 P<0.001
>| 42 23+2 20-26 20+2 17-23

Lymph node metastasis
No 17 4612 42-50 P=0.004 40+2 3644 P=0.001
Yes 45 34t4 2742 2843 22-33

AEG-1 expression
Low expression 54 62+3 56-67 P<<0.001 55%3 50-60 P<0.001
High expression 108 KB 28-34 261 24-29

Note: *Log-rank test.

Abbreviations: AEG-1, astrocyte-elevated gene-l; CA-125, cancer antigen 125; CI, confidence interval; DFS, disease-free survival; EOC, epithelial ovarian cancer;
FIGO, International Federation of Gynecology and Obstetrics; Gl, well differentiated; G2, moderately differentiated; G3, poorly differentiated; OS, overall survival;
SE, standard error.
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Table 3 Multivariate survival analysis of OS and DFS in
162 patients with EOC

Table 5 Multivariate analysis of the association between AEG-I|
expression and NAC resistance

Variables OS DFS Variable B SE P-value* OR 95% CI
Exp 95% P-value* Exp 95% P-value® FIGO stage
(B) ClI (B) cl I
FIGO 1328 6724- P<000l 10383 5340- P<0.00l v 3753 0875 <0001 42657 7677-237.034
stage 26.244 20.191 AEG-I
AEG-| 8644 4255~ P<000l 5.132  2.943- P<0.00I Low expression
17.556 8.949 High expression 1728  0.614 0.005 5631 1.691-18.756
Residual 2788 1.768- P<0.001 2802 1798~ P<0.00I CA-125 (U/mL™)
tumor 4.395 4.366 =35
>35 —1.205 0.513 0.019 0300 0.110-0.819

Note: *Cox regression test.

Abbreviations: AEG-I, astrocyte-elevated gene-I; Cl, confidence interval; DFS,
disease-free survival; EOC, epithelial ovarian cancer; FIGO, International Federation
of Gynecology and Obstetrics; OS, overall survival.

of chemosensitivity to NAC in human cancer has rarely
been addressed. This study was conducted to analyze the
expression of AEG-1 in patients with EOC who were treated
with NAC and to determine the correlation between AEG-1
expression and chemosensitivity and survival. This is the first
report to show that AEG-1 is overexpressed in patients with

Table 4 The association between NAC resistance and clinico-
pathological characteristics in patients with EOC

Variables Total Platinum resistance P-value®
Present (%) Absent (%)

Age (years)
=55 82 26 (31.7) 56 (68.3)
>55 80 31 (38.8) 49 (61.3)

Histological cell type 0.360
Serous 118 44 (37.3) 74 (62.7)
Nonserous 44 13 (29.5) 31 (70.5)

FIGO stage <0.001
1] 135 32(23.7) 103 (76.3)
\% 27 25 (92.6) 2(74)

Histological grade 0.002
Gl 92 23 (25.0) 69 (75.0)
G2/G3 70 34 (48.6) 36 (51.4)

CA-125 (U/mL™) 0.108
=35 55 24 (43.6) 31 (56.4)
>35 107 33 (30.8) 74 (69.2)

Residual tumor (cm) 0.003
=I 120 34 (28.3) 86 (71.7)
>| 42 23 (54.8) 19 (45.2)

Lymph node metastasis 0.997
No 117 12 (10.3) 105 (89.7)
Yes 45 45 (100.0) 0 (0.0

AEG-1| expression
Low expression 54 9 (l6.7) 45 (83.3) 0.001
High expression 108 48 (44.4) 60 (55.6)

Note: *Univariate logistic regression.

Abbreviations: AEG-I, astrocyte-elevated gene-I; CA-125, cancer antigen 125;
EOC, epithelial ovarian cancer; FIGO, International Federation of Gynecology and
Obstetrics; NAC, neoadjuvant chemotherapy.

Note: *Multivariate logistic regression.

Abbreviations: AEG-I|, astrocyte-elevated gene-l; Cl, confidence interval;
FIGO, International Federation of Gynecology and Obstetrics; NAC, neoadjuvant
chemotherapy; OR, odds ratio; SE, standard error.

EOC who received NAC and is positively correlated with
FIGO stage, age, serum CA-125 concentration, histological
grade, residual tumor size after the primary surgery, tumor
lymph node metastasis, and poor prognosis. High AEG-1
expression plays a critical role in EOC progression and may
therefore serve as an important biomarker for predicting
chemosensitivity to NAC. The protein expression of AEG-1
has also been explored and found to be correlated with clini-
copathologic factors and poor prognosis in various cancers
such as oral squamous cell carcinoma,? primary gallbladder
carcinoma,* renal carcinoma,? tongue carcinoma,?® gastric
cancer,”” pancreatic ductal adenocarcinoma,?” and hepatocel-
lular carcinoma.? Our results are consistent with previous
findings regarding the role of AEG-1 in tumor progression
in various cancers. All studies performed to date suggest that
AEG-1 plays an important biological role in carcinogenesis
and tumor progression.

Recently, AEG-1 has been identified as a marker that
contributes to the sensitivity of tumor cells to chemotherapy
and radiation therapy. The AEG-1 DNA copy number
was found to be inversely correlated with sensitivity to
chemotherapeutic agents in the first report that exam-
ined the role of AEG-1 in chemoresistance.” Lu et al'!
also showed that patients with low AEG-1 expression in
non-small-cell lung cancer experienced the best results
from both postoperative chemotherapy and radiotherapy.
Follow-up studies have revealed that AEG-1 overexpres-
sion confers resistance to several chemotherapeutic drugs,
including 5-fluorouracil, doxorubicin, paclitaxel, and
cisplatin.” In the present study, we identified an associa-
tion between AEG-1 and NAC resistance and found that
AEG-1 expression is an independent predictor of NAC
resistance, which implies that AEG-1 plays a crucial role
in chemotherapy resistance.
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Some clues that help to explain the mechanisms by
which AEG-1 mediates chemotherapy resistance have
recently been discovered. These clues include evidence
showing the involvement of AEG-1 in the inhibition of
apoptosis, protective autophagy, the activation of the tran-
scription factor nuclear factor kappa-light-chain-enhancer of
activated B cells, the regulation of translation, the inhibition
of stress granule formation, the regulation of gene silenc-
ing, and the regulation of the tumor microenvironment.'?
Another potential mechanism has also been reported
through which AEG-1 might contribute to drug resistance
by facilitating the translation of the multidrug resistance
gene 1. In addition, AEG-1 has a newly identified role as
an RNA-binding protein. All of these studies indicate that
AEG-1 regulates the expression of a collection of multidrug
resistance-related genes. Finally, the effects of AEG-1 on
drug resistance in various cancers may also be mediated
by microRNAs.*

The fact that AEG-1 plays important roles in drug resis-
tance suggests that AEG-1 is a potential target for anticancer
therapies. At the present time, there are some reports show-
ing that therapies can target AEG-1. For example, Hu et al*®
showed that inhibiting AEG-1 expression using RNA inter-
ference reduced lung metastasis in a xenograft model of
breast cancer lung metastasis, and Qian et al showed that
AEG-1-based DNA vaccines act as an effective treatment
for prostate cancer by inhibiting tumor growth and producing
better prognoses in carcinoma-bearing animals.*! These data
indicate that AEG-1 is a potential novel agent for therapies
to treat EOC.

In conclusion, AEG-1 is overexpressed in patients with
EOC, and high AEG-1 expression was a good predictor when
estimating responsiveness to NAC and poor prognoses in
patients with EOC. Confirmation of this pilot study in larger
multicenter studies is needed.
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