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Original Article 
Prognostic significance of astrocyte elevated gene-1 in 
human astrocytomas 

Zhangxiu He1*, Meihui He2*, Chao Wang3, Baozhan Xu1, Liping Tong2, Junming He2, Bowen Sun2, Lanlan 
Wei2, Ming Chu1

1Department of Neurosurgery, The First Affiliated Hospital, Harbin Medical University, Harbin 150001, China; 
2Department of Microbiology, Harbin Medical University, Immunity and Infection, Pathogenic Biology Key 
Laboratory in Heilongjiang Province, Harbin 150081, China; 3Department of Neurosurgery, The Third Affiliated 
Hospital, Harbin Medical University, Harbin 150001, China. *Equal contributors. 

Received June 12, 2014; Accepted July 21, 2014; Epub July 15, 2014; Published August 1, 2014 

Abstract: Astrocyte Elevated Gene-1 (AEG-1) has been proposed as a biomarker for a variety of cancers. This study 
aimed to investigate the expression of AEG-1 in human astrocytomas and the correlation between AEG-1 expres-
sion and clinicopathologic variables of astrocytomas. AEG-1 expression in four pairs of matched astrocytomas tis-
sues and 5 cell lines was detected by immunohistochemical and Western blot analysis. In addition, AEG-1 protein 
expression was examined by immunohistochemical staining in 204 cases, including 32 normal brain tissues, 80 
Low-malignant astrocytomas (LMAs) and 92 High-Malignant astrocytomas (HMAs). AEG-1 expression in 31 LMAs 
and 29 HMAs samples was detected by RT-PCR and Western blot analysis. We detected AEG-1 expression in normal 
neurons and glioma cell lines U87, U251 and M059K, but not in normal glial cells. Immunohistochemical analysis 
showed that 128 of 172 (74.4%) paraffin-embedded archival astrocytomas samples exhibited positive AEG-1 ex-
pression. Statistical analysis suggested that higher AEG-1 level was significantly correlated with histological grade of 
astrocytomas. In addition, AEG-1 mRNA and protein expression was higher in HMAs than in LMAs. AEG-1 expression 
had no correlation with the gender or age of astrocytoma patients. In summary, our data suggest that AEG-1 may 
represent a novel prognostic marker for astrocytomas.
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Introduction 

Astrocytomas are the most common primary 
tumor in central nervous system (CNS), 
accounting for roughly 75% of neuroepithelial 
tumors. Astrocytomas are graded as pilocytic 
astrocytoma (grade I), diffuse astrocytoma 
(grade II), anaplastic astrocytoma (grade III) 
and glioblastoma (grade IV) by World Health 
Organization (WHO) [1]. Grade I and II astrocy-
tomas are classified into Low-Malignant 
Astrocytomas (LMAs), while grade III and IV 
astrocytomas are classified into High-Malignant 
Astrocytomas (HMAs). Some LMAs patients 
respond to chemotherapy, but most HMAs 
patients are chemoresistant [2, 3]. Despite 
contemporary surgery and radiotherapy, sur-
vival rate of astrocytomas patients mostly 
depends on chemotherapy. Several molecules 
have been proposed as prognostic factors for 
astrocytomas [4, 5].

Astrocyte elevated gene-1 (AEG-1), also known 
as metadherin (MTDH) and lysine-rich CEACAM1 
co-isolated (LYRIC), is implicated in cancer che-
moresistance [6]. AEG-1 has been proposed as 
a biomarker for a variety of cancers including 
cervical cancer, hepatocellular carcinoma and 
osteosarcoma [7]. The up-regulation of AEG-1 
promotes the growth, invasion and metastasis 
of cancers via several signaling pathways such 
as PI3K/AKT, NF-Kb and MAPK pathways [8]. 
AEG-1 contributes to broad spectrum resis-
tance to various chemotherapeutics such as 
paclitaxel, doxorubicin and cisplatin by increas-
ing the expression of multidrug resistance 
genes [9, 10]. AEG-1 upregulates matrix metal-
loproteinase-9 and enhanced the migration 
and invasion of human glioma cells [11, 12]. In 
addition, knockdown of AEG-1 enhanced che-
mosensitivity of neuroblastoma cells [13].

In current study, we aimed to investigate the 
expression of AEG-1 in human astrocytomas 
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and the correlation between AEG-1 expression 
and clinicopathologic variables of astrocyto-
mas. Our results showed that AEG-1 expression 
was significantly correlated with histological 
grade of astrocytomas.

Materials and methods

Patients and tissue specimens

Total 204 paraffin-embedded glioma speci-
mens were collected, which had been histo-

pathologically and clinically diagnosed at the 
First Hospital Affiliated with Harbin Medical 
University from 2008 to 2012. 32 normal brain 
tissues were used as controls. Among 204 glio-
ma specimens, 92 were LMAs tissues, and 80 
were HMAs tissues. The 204 tissues were from 
128 males and 76 females with a median age 
of 42 years (range 2-80 years old). In addition, 
31 LMAs and 29 HMAs samples from 204 
cases were collected and immediately frozen in 
liquid nitrogen, and subsequently stored at 
-80°C. The clinicopathologic variables, such as 

Figure 1. Immunohistochemical analysis of AEG-1 protein expression in astrocytomas tissues (AT) and their adjacent 
noncancerous tissues (ANT) paired from the same patient. (A-a) The adjacent noncancerous tissue from the Low-
Malignant Astrocytomas (LMAs) patient; (A-b) The astrocytomas tissue from the same patient as (A-a); (A-c) The ad-
jacent noncancerous tissue from High-Malignant Astrocytomas (HMAs) patient; (A-d) The astrocytomas tissue from 
the same patient as (A-c). Original magnification ×400; (B) Quantitative analysis of AEG-1 staining in astrocytomas 
tissues; (C) Western blot analysis of AEG-1 expression in human glioma U87, U251, SHG44, M059J and M059K 
cell lines.
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age, gender and histopathologic classification 
were recorded. Prior informed consent was 
obtained from the patients for collection of glio-
ma specimens in accordance with the guide-
lines of the Hospital, and the study protocols 
have been approved by Ethics Committee of 
Harbin Medical University.

Real-time quantitative RT-PCR

Total RNA was extracted from the tissues or 
cells by using Trizol (Invitrogen). Reverse tran-
scription was performed with 2 μg total RNA 
and M-MLV reverse transcriptase (Takara), and 
2 μg cDNA was used for PCR reaction. Primer 
sequences of AEG-1 and GAPDH were designed 
by Primer-5.0 primer and synthesized by 
Sangon Biological Engineering (Shanghai, 
China): AEG-1 forward, AAATAgCCAgCCTATCA 
AgACTC’, reverse, TTCAgACTTggTCTgTGAAggAg; 
GAPDH forward, ATCACTgCCCACCCAgAAgAC, 
reverse, TTTCTAgACggCAggTCAgg. PCR param-
eters were as follows: 95°C for 30 s (one cycle), 

20 s at 95°C, 20 s at 60°C and 20 s at 72°C 
(45 cycles), and 1 min at 72°C (one cycle). 
Relative AEG-1 mRNA level was defined as the 
ratio of A value of AEG-1 to that of GAPDH.

Western blot analysis

The protein was extracted from tissues by using 
RIPA (Beyotime) and protein concentration was 
determined by Bradford assay using BSA. Equal 
quantities of protein were separated electro-
phoretically on 10% SDS-polyacrylamide gels 
and transferred onto polyvinylidene difluoride 
membranes (Millipore Corporation). Next, the 
membranes were probed with AEG-1 rabbit 
antibody (Epitomics, 1:1000 dilution), or GAPDH 
mouse monoclonal antibody (Zhongshanjin- 
qiao, 1:1000 dilution), followed by incubation 
with horseradish peroxidase conjugated anti-
rabbit IgG (1:4000 dilution). The membranes 
were developed by using enhanced chemilumi-
nescence kit (Thermo) according to the manu-
facturer’s protocols, and exposed to X-ray film.

Immunohistochemical staining

Formalin-fixed, paraffin embedded tissue sec-
tions were deparaffinized and rehydrated 
through a xylene and ethanol series and then 
treated with 3% hydrogen peroxide for 5 min to 
block endogenous peroxidase activity. Subs- 
equently, slides were washed in distilled water, 
and then pretreated with boiling citric acid buf-
fer (pH 6.0) for 5 min. The slides were incubat-
ed with 10% normal goat serum in phosphate-
buffered saline for 10 min. The sections were 
probed with primary monoclonal antibodies to 

Figure 2. Immunohistochemical analysis of AEG-1 protein expression in formalin-fixed paraffin-embedded normal 
brain tissues and astrocytomas tissues. A. Normal brain tissue; B. Low-Malignant Astrocytoma tissue; C. High-Malig-
nant Astrocytoma tissue. Original magnification × 100.

Table 1. AEG-1 expression in astrocytomas 
normal and tumor tissues

Patients AEG-1 expression
Group n Negative Positive P
N 32 30 2 0.000*

LMAs 92 34 58
HMAs 80 10 70
Statistical analysis was performed using the chi squared 
test; a P-value <0.05 was considered significant. N, 
Normal brain tissues; LMAs, Low-Malignant Astrocytomas 
tissues; HMAs, High-Malignant Astrocytomas tissues. 
*P<0.05.
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AEG-1 (1:150), followed by secondary goat anti-
rabbit IgG conjugated to horseradish peroxi-
dase (1:1000). Then the sections were stained 
with 0.02% diaminobenzidine and 0.02% H2O2 
in 0.05 M Tris-HCl buffer for 10 min. Finally, the 
sections were counterstained with 10% Mayer 
hematoxylin. For negative controls, rabbit 
serum was used instead of the primary anti-
body. The positive controls were prostate can-
cer with positive expression of AEG-1.

Evaluation of immunohistochemical staining

The sections were scored by combining the pro-
portion and intensity of positively stained tumor 
cells in a series of 10 randomly selected high-
power fields. The proportion of positively 
stained tumor cells was scored as follows: 0 (no 
positive tumor cells), 1 (<10% positive tumor 
cells), 2 (10-50% positive tumor cells) and 3 
(>50% positive tumor cells). Staining intensity 
was classified according to the following crite-
ria: 0 (no staining), 1 (weak staining, light yel-
low), 2 (moderate staining, yellow brown) and 3 
(strong staining, brown). AEG-1 expression was 
evaluated by determining the staining index 
(SI), calculated as the staining intensity score x 
the proportion score.

Statistical analysis

All statistical analyses were carried out using 
SPSS16.0 statistical software package. Quan- 
titative values were presented as mean ± SD or 
median (range). Independent Student’s t test 
was used to compare AEG-1 mRNA and protein 
expression in LGA and HMAs samples. The Chi-

Square test was performed to analyze the rela-
tionship between AEG-1 expression and histo-
pathologic classification. Bivariate correlations 
between study variables were calculated by 
Spearman's rank correlation coefficients. All 
tests were two tailed and P-value of <0.05 was 
considered statistically significant.

Results

AEG-1 expression in matched astrocytomas 
tissues and glioma cell lines

The immunohistochemical staining of AEG-1 
was performed with 4 matched astrocytomas 
and their adjacent noncancerous tissues (ANT) 
from 4 patients, including two-paired LMAs tis-
sues and two-paired HMAs tissues. AEG-1 
expression was detected in all four astrocyto-
mas tissues and AEG-1 was localized mainly in 
the cytoplasm as in many other cancer tissues. 
In contrast, weak or no AEG-1 was observed in 
glial cells of the 4 adjacent noncancerous brain 
tissues (Figure 1A). Immunohistochemistry 
showed that AEG-1 protein level was at least 
2-fold higher in all 4 tumor tissues compared 
with tissues adjacent to the tumors (Figure 1B). 
In adjacent noncancerous brain tissues, neu-
rons showed high level of AEG-1 protein expres-
sion (Figure 1A-a, 1A-c).

Western blot analysis showed that AEG-1 
expression was higher in HMAs cell lines U87, 
U251 and M059K than in LMAs cell line SHG44. 
AEG-1 expression in HMAs cell line M059J, defi-
cient in DNA dependent protein kinase (DNA-
PK), was low (Figure 1C).

Figure 3. AEG-1 expression is higher in HMAs tissues than in LMAs tissues. A. Western blot analysis of AEG-1 expres-
sion in HMAs tissues and LMAs tissues. Ten representative LMAs and HMAs tissues were shown. Glyceraldehyde 
3-phosphate dehydrogenase was used as loading control. B. Quantitative analysis of AEG-1 mRNA and protein levels 
in 31 LMAs and 29 HMAs tissues. LMAs, Low-Malignant Astrocytomas; HMAs, High-Malignant Astrocytomas.
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AEG-1 expression is higher in HMAs tissues 
than in LMAs tissues

Next we analyzed the association between 
AEG-1 expression level and histological grade 
of astrocytomas. We performed immunochemi-
cal staining on 32 normal brain tissues, 92 
LMAs tissues and 80 HMAs tissues. The results 
showed that the frequency and intensity of 
AEG-1 expression were gradually elevated from 
normal brain tissues to astrocytoma tissues 
and were the highest in GBM tissues. For the 
transition from LMAs tissues to HMAs tissues, 
AEG-1 staining was more intense in HMAs tis-
sues than in LMAs tissues (Figure 2). AEG-1 
expression was significantly different between 
normal brain tissues and LMAs tissues 
(P<0.001), between normal brain tissues and 
HMAs tissues (P<0.001), and between LMAs 
tissues and HMAs (P<0.001) (Table 1). Western 
blot and RT-PCR analysis showed that AEG-1 
protein and mRNA levels of HMAs tissue were 
significantly increased compared to those of 
LMAs tissues (Figure 3).

Correlations between AEG-1 expression and 
clinicopathologic variables of astrocytomas

We analyzed 172 astrocytomas tissues, which 
were from 100 males and 72 females. As 
shown in Table 2, for males, 40 were negative 
of AEG-1 expression and 60 were positive; for 
females, 38 were negative of AEG-1 expression 
and 34 were positive. For subjects younger 
than 45 years old, 36 were negative of AEG-1 
expression and 50 were positive; for subjects 
older than 45 years old, 38 were negative of 
AEG-1 expression and 48 were positive. 

that in glial cells. As AEG-1 could prevents 
serum starvation-induced cell death in primary 
human fetal astrocytes (PHFA) through PI3K-
Akt signaling, the expression of AEG-1 may be 
important for the survival of normal neurons in 
bad situation [14]. Further experiments are 
needed to elucidate the exact function of AEG-1 
in normal neurons. However, up-regulation of 
AEG-1 expression in glioma can cause neuronal 
cell death by negatively regulating EAAT2 
expression and glutamate uptake [15, 16]. 
Interestingly, AEG-1 gene is located at 8q22.1 
on which there is a common susceptibility vari-
ant for migraine, indicating that AEG-1 may be 
implicated in migraine [17].

LMAs are well-differentiated and slow growing 
tumors. In most astrocytomas patients, the 
progression into HMAs occurs during the 
course of this ultimately fatal disease [18]. 
HMAs are infiltrative and diffuses in nature. In 
this study we found that AEG-1 expression was 
higher in HMAs tissues and glioma cells than in 
LMAs, normal brain tissues and glial cells, in 
agreement with the results of other research-
ers [19]. AEG-1 has been shown to be overex-
pressed in a variety of cancers and proposed 
as a negative prognostic and predictive factor 
for these cancers owing to its multiple contribu-
tions to chemoresistance, vasculogenesis, 
invasiveness and metastasis [20]. Our data 
suggest that AEG-1 may indicate poor progno-
sis in astrocytomas patients as well.

In conclusion, AEG-1 may serve as a new bio-
marker for the diagnosis, therapy and progno-
sis of astrocytomas patients, and appears as 
an ideal adjuvant reagent to decrease the che-
moresistance in astrocytomas therapy.

Table 2. Correlations between AEG-1 expression and clinicopathologic 
variables of astrocytomas

Patients AEG-1 expression
P

Spearman Rank Correlations
Variables n Negative Positive r (P)
Gender 0.097 0.127 (0.098)
    Male 100 40 60
    Female 72 38 34
Age 0.758 0.070 (0.363)
    <45 86 36 50
    ≥45 86 38 48
AEG-1 expression was determined in 172 astrocytomas samples by immunohistochemi-
cal staining. Bivariate correlations between study variables were calculated by Spear-
man’s rank correlation coefficients.

Spearman’s correlation 
analysis showed that th- 
ere was no correlation 
between AEG-1 expressi- 
on and the gender (P = 
0.098) or the age (P = 
0.363).

Discussion

In this study, we found 
that AEG-1 was expressed 
in normal brain tissues 
and the expression of 
AEG-1 in normal neurons 
was much higher than 
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