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Introduction

Cervical cancer is the second most common cancer among 
women worldwide.1 Infection by human papilloma virus (HPV) 
is a necessary requirement for cervical cancer, but not all women 
infected by HPV develop cervical cancer, indicating that other 
factors contribute to the progression to cervical cancer.2 Poor 
prognosis is usually associated with pelvic lymph node involve-
ment, indicating that the tumor cells have become metastatic.3 
During invasive and metastatic progression, cancer cells acquire 
the ability to breach the basement membrane, and individual 
cancer cells or groups of cancer cells begin to invade the nearby 
stroma. In the initial stage of this process, morphogenetic changes 
due to conversion of polarized epithelial cells to motile mesen-
chymal cells, referred to as epithelial–mesenchymal transition 

(EMT), are associated with tumor dissemination and metastatic 
spread. How cervical cancer cells acquire the ability to invade 
surrounding tissues and metastasize, a property of cancer stem 
cells, is unclear. Little is known about the regulation of EMT in 
cervical cancer cells and tissues.

Astrocyte elevated gene-1 (AEG-1, also known as metad-
herin [MTDH] and lysine-rich CEACAM-1-associated protein 
[Lyric]), was originally identified as an oncogene whose expres-
sion can be induced in primary human fetal astrocytes by infec-
tion with human immunodeficiency virus type 1 (HIV-1) or 
treated with HIV envelope glycoprotein (gp120) or tumor necro-
sis factor-α (TNF-α).4-6 Recently, the AEG-1 expression levels 
have been found to be elevated in many types of human malig-
nancies, such as prostate cancer, breast cancer, neuroblastoma, 
hepatocellular carcinoma, esophageal squamous cell carcinoma, 

*Correspondence to: Ying Zhang; Email: yzhang@jhsph.edu; Bingdong Zhu; Email: bdzhu@lzu.edu.cn
Submitted: 02/16/2014; Revised: 03/13/2014; Accepted: 03/19/2014; Published Online: 03/25/2014
http://dx.doi.org/10.4161/cc.28607

Knockdown of astrocyte elevated gene-1 
(AEG-1) in cervical cancer cells decreases their 

invasiveness, epithelial to mesenchymal transition, 
and chemoresistance

Xiangwen Liu1,2,†, Degui Wang1,†, Huiling Liu3, Ying Feng4, Tianyuan Zhu5, Lang Zhang1, Bingdong Zhu2,*, and Ying Zhang2,6,*

1Institute of Anatomy and Histology & Embryology; School of Basic Medical Sciences; Lanzhou University; China; 2Institute of Pathogenic Biology; School of Basic Medical 
Sciences; Lanzhou University; China; 3Department of Obstetrics and Gynecology; Gansu Provincial People’s Hospital; Lanzhou, China; 4Department of Pathology; the First 

Hospital of Lanzhou University; Lanzhou, China; 5Hysteroscopic Center; Maternal and Child Health Care Hospital of Lanzhou City; Lanzhou, China; 6Department of Molecular 
Microbiology and Immunology; Bloomberg School of Public Health; Johns Hopkins University; Baltimore, MD USA

†These authors should be considered co-first authors.

Keywords: astrocyte elevated gene-1, AEG-1, chemoresistance, epithelial to mesenchymal transition, invasiveness, metastasis, 
cervical cancer

Abbreviations: AEG-1, astrocyte elevated gene-1; CSC, cancer stem cells; EMT, epithelial to mesenchymal transition; NF-κB, 
nuclear factor kappaB; RNAi, RNA interference; shRNA, short hairpin RNA

During cancer development, epithelial–mesenchymal transition (EMT) facilitates tumor dissemination and metastatic 
spread, which is characterized by morphologic changes from epithelial cells to fibroblast-like cells, disassembly of intercel-
lular junction, and increased cell motility. Overexpression of astrocyte elevated gene-1(AEG-1) in various cancer cell lines 
and cancers has been found to be associated with aggressive tumor behavior. We found that AEG-1 expression was elevated 
in low differentiation cervical cancer specimens from patients. However, little is known about the AEG-1’s precise role in 
invasion and metastasis. Here we demonstrate that downregulation of AEG-1 by RNAi significantly decreased the invasion 
and migration of cervical cancer cells, suggesting that AEG-1 overexpression may enhance cancer cell motility by inducing 
EMT. Downregulation of AEG-1 also led to reduced expression of mesenchymal marker vimentin and the transcription fac-
tor Snail but upregulation of epithelial marker E-cadherin in HeLa cells. In addition, knockdown of AEG-1 decreased colony 
forming units and increased sensitivity to cancer drugs in vitro. Taken together, our results suggest that knockdown of 
AEG-1 could decrease EMT and chemoresistance in cervical cancer cells and attenuate their aggressive behavior.
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gastric cancer, and non-small cell lung cancer7-13 and are asso-
ciated with disease progression and poor clinical outcomes. 
Moreover, AEG-1 has been found to promote cancer chemoresis-
tance, metastasis, invasion, and angiogenesis.5,11,12,14-17 Based on 
the previous studies, we hypothesize that AEG-1 might be asso-
ciated with EMT in cervical cancer. In this study, we addressed 
this hypothesis by RNAi knockdown of AEG-1 in cervical can-
cer HeLa cell line and found that AEG-1 knockdown not only 
decreased EMT in cervical cancer cells, but also attenuated their 
aggressive behavior, as shown by reduced colony formation and 
increased sensitivity to cancer drugs.

Results

Elevated AEG-1 expression in poorly differentiated cervical 
cancer tissue samples

AEG-1 expression has been found to be elevated in various 
tumors,12,13 but its expression in cervical cancer has not been 
reported. To determine the level of expression of AEG-1 in cer-
vical cancer, we performed immunohistochemistry analysis of 
52 paraffin-embedded cervical cancer samples, including 27 
high-differentiated samples and 25 low-differentiated samples, 
and 4 fresh surgical cervical cancer samples consisting of 2 low-
differentiated and 2 high-differentiated samples. As shown in 
Figure 1A, low-differentiated samples (a, b) had stronger expres-
sion of AEG-1 than high-differentiated samples (c, d). To further 
confirm this, we performed western blot analysis and found that 
surgical samples from low-differentiated samples (p1 and p3) had 
higher expression of AEG-1 than those in high-differentiated 
samples (p2 and p4) (Fig. 1B).

Knockdown of AEG-1 led to reduction of mesenchymal 
markers

To determine whether AEG-1 plays any role in cervical cancer 
invasion by inducing EMT, we transfected the HeLa cells with 
AEG-1 shRNA and obtained stable cell lines. The expression of 
AEG-1 in HeLa stable cell lines and the markers of EMT, includ-
ing E-cadherin, N-cadherin, vimentin, and snail, were examined 
by western blot. As shown in Figure 2A, cells transfected with 
AEG-1 shRNA1 had significantly decreased levels of AEG-1 
compared with the control cells. Knockdown of AEG-1 down-
regulated the mesemchymal vimentin and EMT transcription 
factor Snail. N-cadherin was downregulated, while the level of 
E-cadherin was not significantly altered. However, western blot 
analysis further showed that the expression of E-cadherin was 
increased in those surgical specimens where the level of AEG-1 
expression was lower (Fig. 2B). Since AEG-1 shRNA2 knock-
down did not work as well as shRNA1 construct (Fig.  2), we 
only used AEG-1 shRNA1 construct as AEG-1 knockdown for 
subsequent assays.

Knockdown of AEG-1 decreased migration and invasion of 
cervical cancer cells

Increased migration and invasion is a key feature of cells that 
undergo EMT.18 To assess whether stable AEG-1 shRNA affects 
migration and invasion of HeLa cells, we evaluated both cell 
migration by scratch assay and invasion by transwell assay. As 

shown in Figure 3, migration distance of AEG-1 shRNA cells 
was greatly reduced compared with the vector control cells by 
24 h (P < 0.05). Moreover, AEG-1 shRNA cells (284.25 ± 39.9) 
showed significantly decreased invasion ability in the transwell 
assay in comparison with the shRNA vector cells (525.4 ± 83.7; 
P < 0.01) (Fig. 4).

Since NF-κB is at the center of multiple pathways that promote 
an invasive phenotype,19 we wondered whether the EMT mark-
ers with significant changes promoted by AEG-1 in our study 
might be induced by activated NF-κB pathway. We then tested 
the NF-κB p65 activity by western blot in AEG-1 knockdown 
cells. We found that NF-κB p65 activity was decreased in AEG-1 
shRNA cells compared with shRNA vector cells (Fig. 4C).

Knockdown of AEG-1 decreased colony formation and cell 
viability upon exposure of HeLa cells to chemotherapy drugs

Since colony formation is one of the characteristics of cancer 
stem cells, we also assessed the effect of AEG-1 knockdown on 
colony formation of HeLa cells. Knockdown of AEG-1 in HeLa 
cells decreased the colony-formation numbers in soft agar assay 
(Fig.  5A). AEG-1 shRNA knockdown cells formed 45 colo-
nies/5000 cells, while shRNA vector control cells formed 102 
colonies/5000 cells (P < 0.05) (Fig. 5A). We further evaluated the 
effects of 2 cancer drugs, paclitaxel and cisplatin, on AEG-1 knock-
down cells and the vector control cells using colony-formation 
assay. Interestingly, AEG-1 knockdown cells were more sensitive to 
the 2 drugs than the vector control cells in colony-formation assay. 
As shown in Figure 5B, paclitaxel (2.5 nM) and cisplatin (5 μM) 
inhibited colony-formation ability of AEG-1 shRNA cells to about 
3–8 colonies/5000 cells, but the same treatment produced about 
30–170 colonies/5000 cells for the vector cells (P < 0.01).

Discussion

Understanding the molecular mechanisms leading to 
invasiveness and metastatic dissemination of carcinoma cells 

Figure 1. AEG-1 expression in different differentiated paraffin-embed-
ded cervical cancer samples. (A) Immunohistochemistry staining with 
AEG-1 antibody of cervical cancer patient samples. (a and b) low-differ-
entiated paraffin embedded samples; (c and d) high differentiated paraf-
fin embedded samples. (B) Western blot analysis of AEG-1 expression in 
different differentiated surgical cervical cancer samples. p1 and p3 refer 
to low differentiated samples; p2 and p4 high differentiated samples.
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We further showed that knockdown of AEG-1 could down-
regulate the transcription of Snail, which is considered to be a 
key regulator of EMT.28 Snail has been shown to correlate with 
E-cadherin downregulation29 and function to promote cell fate 
changes during development, leading to production of mesen-
chymal cells with greater migratory potential.30 Snail has been 
found to be expressed at the invasive front of carcinomas and 
linked to lymph node metastasis and tumor relapse, thus imply-
ing its important role in tumor progression.31 Our observation 
that knockdown of AEG-1 could significantly reduce the inva-
sion and migration ability of cervical cancer cells in cell invasion 
and migration assays indicates that AEG-1 plays an important 
role in EMT and perhaps tumor progression.

AEG-1 is known to activate the NF-κB pathway and interacts 
with the p65 component of NF-κB in the nucleus of cells, which 
then induces invasiveness of tumor cells and increases expression 
of adhesion molecules. NF-κB has been shown to serve as a cen-
tral mediator of EMT in a mouse model of breast cancer progres-
sion.32 Our observation that AEG-1 knockdown caused decreased 
NF-κB expression (Fig. 4C) is consistent with a role that AEG-1 
plays in controlling the expression of NF-κB pathway.

We found that AEG-1 was overexpressed in cervical cancer 
patient specimens with low differentiation compared with those 
with high differentiation (Fig.  1). This is consistent with the 
observations that AEG-1 overexpression is associated with poor 
prognosis in several cancers, including gastric, breast, and pros-
tate cancers and neuroblastoma.33 It has been shown that EMT-
expressing cells have properties of stem cells,18 and that EMT is 
upregulated in cancer stem cells (CSC).34,35 We found that AEG-1 
knockdown caused significant reduction in CFU-forming ability 
of HeLa cells. This finding is consistent with a previous study 
that showed knockdown of AEG-1 could decrease the colony for-
mation in SiHa cells.36 Furthermore, that AEG-1 knockdown led 
to reduced NF-kB expression (Fig. 4C) is also consistent with 
our previous finding that NF-κB played important roles in more 
quiescent cancer stem-like cells than in the bulk cells.37 Cancer 
stem cells are known to be involved in tumorigenesis, chemoresis-
tance, and invasion/metastasis.38,39 Our results that knockdown 
of AEG-1 caused decrease of cancer stem cell properties such as 
reduced CFU formation, decreased cell migration, and invasion 
as well as increased susceptibility to chemotherapy drugs suggest 
that AEG-1 is very likely a cancer stem cell marker.

In conclusion, we have shown that knockdown of AEG-1 
could decrease EMT in cervical cancer cells. To the best of our 
knowledge, this is the first study to provide evidence that AEG-1 
is involved in EMT in cervical cancer. In addition, we found that 
knockdown of AEG-1 weakened stem-like property of HeLa 
cells, as shown by reduced cell migration and invasion, decreased 
colony formation, and increased susceptibility to cancer drugs. 
Further studies are needed to investigate the mechanism by 
which AEG-1 controls EMT and confirm the reduced tumori-
genicity in animal models. The findings that AEG-1 is involved 
in controlling EMT and diverse cancer stem cell-like properties 
suggest that AEG-1 may be a promising target for development 
of novel drugs for improved treatment of cervical cancer.

is important for development of new therapeutic strategies 
against cancer. Epithelial to mesenchymal transition (EMT) 
is believed to be one of the critical steps in progression to 
malignancy.18 EMT endows cells with migratory and invasive 
properties, but little is known about the regulation of EMT in 
cervical cancer cells. To date, only membrane KCl co-trans-
porter-3, human papillomavirus, and transforming growth 
factor-β1 were reported as EMT inducers in cervical cancer 
cell lines.20-22 In the present study, we presented evidence show-
ing that AEG-1 is involved in EMT in cervical cancer HeLa 
cells. We found that transfection of shRNA AEG-1 in HeLa 
cells could induce changes of EMT markers, as shown by 
upregulation of E-Cadherin and downregulation of vimentin 
and N-Cadherin in cervical cancer cells upon shRNA AEG-1 
knockdown (Fig.  2). E-cadherin is a cell-adhesion molecule 
associated with epithelial cell-to-cell adhesion;23 its loss or 
reduced expression is a critical step in EMT process24 and has 
been used as a molecular biomarker to predict the clinical out-
come for patients with esophageal carcinoma and other solid 
malignant tumors.25,26 Cells losing E-cadherin had increased 
expression of N-cadherin. In addition, Vimentin is one of the 
major mesenchymal intermediate filaments, and its expression 
has often been described as the end-stage progression in EMT, 
and it represents the completely dedifferentiated state in tumor 
cells that are highly proliferative and invasive. Consistent with 
this view, overexpression of vimentin in breast cancer cells led 
to enhanced migration of breast cancer cells.27 Conversely, 
knockdown of vimentin with antisense oligonucleotides 
reduced cell motility. Our finding that AEG-1 knockdown 
causing upregulation of E-cadherin and decreased expression 
of vimentin and N-cadherin suggests that AEG-1 is involved 
in EMT in HeLa cells.

Figure  2. Expression of epithelial and mesenchymal markers in HeLa 
cells and patient samples. (A) Knockdown of AEG-1 led to reduction of 
mesenchymal markers in HeLa cells. (B) Expression of E-cadherin was 
increased in patient specimens where the level of AEG-1 was lower. In 
contrast, AEG-1 was increased in the surgical specimens (p5, p8, p9), 
where the level of E-cadherin was lower (p7, p10).
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Figure 3. Effect of AEG-1 knockdown on cervical cancer cell migration. 
(A) The scratch assay showed that the migration distance of AEG-1 knock-
down cells was greatly reduced compared with the vector control cells 
24 h later; (a and c) shRNA vector 0 h, 24 h; (b and d) AEG-1 shRNA 0 h, 
24 h). (B) The difference in migration distance of AEG-1shRNA knockdown 
cells compared with the vector control cells at 24 h and 48 h. The differ-
ence in migration between AEG-1 shRNA knockdown cells, and the vector 
control cells was statistically significant (*P < 0.05) at 24 h but not at 48 h.

Figure 4. AEG-1 knockdown caused decreased invasive ability of HeLa 
cells. (A) Invasive cell numbers of shRNA vector (a) and AEG-1 shRNA (b); 
(B) AEG-1 shRNA (284.25 ± 39.9) cells showed significantly decreased 
invasive ability compared with the shRNA vector control cells (525.4 ± 
83.7; **P < 0.01). (C) NF-κB p65 activity decreased in AEG-1 shRNA knock-
down cells compared with shRNA vector control cells by western blot.

Materials and Methods

Tissue samples and immunohistochemistry
The streptavidin-peroxidase-biotin (SP) immunohistochemis-

try method was performed to study altered protein expression in 52 
paraffin-embedded cervical cancer tissues, which were histopatho-
logically diagnosed as high- or low-differentiated cervical cancer 
at the Department of Pathology, the First Hospital of Lanzhou 
University from 2009 to 2011. Paraffin-embedded specimens were 
cut into 5-μm sections and baked at 60 °C for 60 min. The sections 
were deparaffinized with xylene and rehydrated. Sections were 
submerged into antigenic retrieval buffer and microwaved for anti-
genic retrieval, and then cooled at room temperature for 20 min. 
The sections were treated with 3% hydrogen peroxide in methanol 
to quench the endogenous peroxidase activity, followed by incu-
bation with normal serum to block nonspecific binding. Rabbit 
anti-AEG-1 (1:1000; Sigma-Aldrich) was incubated with the sec-
tions overnight at 4  °C. After washing, the tissue sections were 
treated with biotinylated anti-rabbit secondary antibody, followed 
by further incubation with streptavidin-horseradish peroxidase 
complexed with substrate diaminobenzidine (DAB). The sec-
tions were counterstained with hematoxylin. For negative controls,  
the rabbit anti-AEG-1 antibody was replaced with PBS buffer.

Cell cultures and surgical specimens
The human cervical carcinoma cell line HeLa (Chinese 

Academy of Sciences, Scsp-q07) was routinely maintained in 
Dulbecco modified Eagle medium (DMEM, Sigma-Aldrich) 

supplemented with 10% fetal bovine serum (FBS, Gibco), 100 
units/ml penicillin, and 100μg/ml streptomycin. In all experi-
ments, cells were maintained at 37 °C, 5% CO

2
, and 95% air 

atmosphere. All of our experiments were performed on cultures 
that were 70% confluent. We selected 10 surgical specimens 
of cervical cancer patients from Department of Obstetrics and 
Gynecology, Gansu Provincial People’s Hospital, Lanzhou, 
China. Squamous cell carcinoma is the most common type of 
cervical cancer. The clinical staging was assessed based on the 
criteria of International Federation of Gynecology and Obstetrics 
classification. The experiment involving human participants was 
approved by the Human Research Ethics Committee of Lanzhou 
University and Gansu Provincial People’s Hospital. Each indi-
vidual was informed about the nature of the research and given 
the study protocol, and they all signed the informed consents.

Construction of stably transfected cell lines
Endogenous AEG-1 was knocked down using the pLKO.1.puro 

vector containing short hairpin RNA (shRNA) against AEG-1. 
The cells were transfected with either shRNA against AEG-1 or 
a control vector using Lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s instructions, and mixed resistant clones 
were collected and cultured in medium containing puromycin 
(Invitrogen). Western blot analysis was used to verify the down-
regulation of AEG-1expression in HeLa cells as described above.

Western blotting
The cells were washed in PBS and lysed in RIPA buffer (1% 

NP-40, 0.1% SDS, 5 mM EDTA, 0.5% sodium deoxycholate, 
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and 1 mM sodium vanadate) containing protease inhibitors 
(1 mM PMSF, 1 mM sodium fluoride). The samples were incu-
bated on ice for 30 min and centrifuged at 12 000 g for 15 min at 
4 °C. The supernatants were collected, and the protein concen-
tration was measured with the BCA Protein Assay Kit (Merck). 
An equal amount of total protein was separated by 10% sodium 
lauryl sulfate-PAGE (SDS-PAGE) and electroblotted onto a PVDF 
membrane (Millipore) using a semi-dry blotting apparatus (Bio-
Rad Laboratories). Membranes were blocked in 5% non-fat milk 
in TBST at room temperature for 1 h, incubated overnight with 
primary antibodies at 4 °C, and then washed 3 times with TBST. 
The primary antibodies included AEG-1 (1:500, Sigma-Aldrich), 
E-cadherin (1:200, Santa Cruz Biotechnology), N-cadherin, vimen-
tin, snail (1:200, Cell Signaling Technology, Inc), and GAPDH 
(1:1000) were used at appropriate dilutions for the western blot. 
This was followed by an additional 2 h of incubation with HRP-
labeled secondary antibodies (Bioworld Technology CO, Ltd) in 
blocking buffer (1:5000). Finally, the membranes were washed 3 
times with TBST, and the protein bands were detected using an 
ECL system (Merck) according to the manufacturer’s instructions.

Scratch assay
The scratch assay was performed as described.40 AEG-1 

shRNA cells or shRNA vector cells were cultured to 70–80% 
confluency in 6-well plates. Pipette tip was used to create a 
scratch of the cell monolayer. The plates were washed 3 times 
with Hanks Buffered Salt Solution and replenished with the 
DMEM (serum free). The plates were incubated at 37 °C in 5% 
CO

2
 atmosphere for 24 h and 48 h, respectively. Pictures were 

taken at 0 h, 24 h, and 48 h, respectively. Distance from scratch 
was measured from one side to the other side with Motic Images 
Advanced3.2.

Invasion assay
The invasion assay was performed in 24-well transwell cham-

bers (Corning) containing polycarbonate filters with 8-μm pores 
coated with matrigel (BD Biosciences).41 First, the invasion 
chambers were rehydrated with DMEM (serum free) for 2 h at 
37 °C in 5% CO

2
 atmosphere. Seven hundred µL of conditioned 

medium with 15% fetal bovine serum was added to the lower 
compartment as the chemotactic factor. Then, 1 × 105 shRNA-
AEG-1 cells and shRNA-vector cells in serum-free DMEM were 
added to the upper compartment of the chamber. Each cell group 
was plated in 3 duplicate wells. After incubation for 48 h, the 
noninvasive cells were removed with a cotton swab. Cells that 
had migrated through the membrane and stuck to the lower 
surface of the membrane were fixed with methanol and stained 
with Crystal Violet. Finally, the cells in the lower compartment 
of the chamber were counted under a light microscope in at least 
10 random visual fields.

Colony-formation assay
The colony-formation assay was performed in 35-mm dishes 

as described.42 Briefly, both AEG-1 shRNA and vector control 
cells were plated in 35-mm dishes at 5000 cells/well in 0.35% top 
agar in culture medium over a 0.5% agar layer. For drug sensitiv-
ity testing, drugs were added into the top agar at concentrations 
as indicated. Plates were incubated in cell culture incubator for 
12 d, until colonies were large enough to be visualized. Colonies 
were stained with 200 μl MTT (3-[4.5-dimethylthiazol-2-yl]-
2.5-diphenyl-tetrazoliumbromide) (5 mg/ml) for 30 min and 
counted. Experiments were done in triplicate.

Statistical analysis
Statistical analysis was performed using SPSS 13.0 for 

Windows. Student t test was used to analyze the statistical differ-
ence. Results were presented as mean ± standard deviation (SD). 
P < 0.05 was considered statistically significant and the experi-
ments were repeated at least 3 times.
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Figure 5. Knockdown of AEG-1 decreased colony formation in soft agar 
assay. (A) AEG-1 knockdown cells led to fewer colonies than vector con-
trol cells (*P < 0.05). (B) Paclitaxel and cisplatin caused more growth inhi-
bition in AEG-1 shRNA cells than in shRNA vector control cells (*P < 0.05, 
** P < 0.01, respectively).
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