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Abstract. Astrocyte elevated gene-1 (AEG-1), also known
as MTDH and Lyric, is a novel gene that was first cloned
by subtraction hybridization in 2002 and has recently been
shown to play a role as a crucial oncogene that acts as a
promoter of tumor malignancy. Overexpression and inhibition
studies both in in vitro and in vivo models have partly shown
the oncogenic roles of AEG-1 in a number of crucial aspects
of tumor development and progression, including transfor-
mation, evasion of apoptosis, proliferation, cell survival,
migration, invasion, metastasis, angiogenesis and chemoresis-
tance through the activation of numerous signaling pathways,
such as the nuclear factor kB, PI3K/AKT, Wnt/B-catenin
and mitogen-activated protein kinase signaling pathways.
However the potential roles of AEG-1, particularly in specific
organs or tissues, such as breast tissue, require further clarifi-
cation. Studies have found that in normal human breast tissue,
AEG-1 is always expressed at low levels or is absent, while
it is widely overexpressed in many breast cancer cell lines
and breast tumors. The present review evaluates the current
literature with regards to AEG-1 relative to breast cancer
development and progression and highlights new perspectives
relative to this molecule, indicating its potential to become a
new target for the clinical treatment of breast cancer.
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1. Introduction

Breast cancer is the most common type of cancer in females
worldwide. Statistics show that during the period between
2000 and 2005, the incidence of breast cancer in Europe was
approximately 370,000 cases per year. This type of cancer is
the most common cause of cancer-related death in women (1).
Apart from the mortality caused by tumor degradation in situ,
the majority of fatal cases are caused by local, regional or
distant (bone, liver, lung, kidney, thyroid and brain) metastasis
from the primary tumor site (breast tissues), which spreads
through the bloodstream or lymphatic channels (2).

Tumorigenesis is a multistep process that transforms normal
cells into the malignant phenotype, is always accompanied by
genetic alterations. It frequently leads to the dysregulation of
numerous signal transduction pathways, which are usually
involved in cell cycle progression, cell death and survival,
angiogenesis and apoptosis. Moreover, these pathways may
present rational targets, providing opportunities for the targeted
therapeutics of cancer (3). Advances in molecular technology
have led to a better understanding of the mechanisms involved
in the development and progression of breast cancer. Over the
past few decades, an increasing body of knowledge regarding
specific genes and proteins, such as HER2 and VEGF/VEGFR,
as well as biological molecular pathways associated with the
development and progression of breast cancer, has allowed
for the development of targeted therapeutics that ideally aim
at the selective, efficient and safe treatment of cancer. These
developments have greatly improved the survival of breast
cancer patients, while both chemotherapy and hormone therapy
have also significantly prolonged the survival of breast cancer
patients (3.4).

Following its initial cloning in 2002 (5), astrocyte
elevated gene-1 (AEG-1) has been found to be overexpressed
in multiple carcinomas, including melanoma, glioma and
neuroblastoma, as well as carcinomas of the breast, prostate,
liver and esophagus (6). In addition, AEG-1 has been found
to play various roles in the regulation of cancer development,
progression and metastasis.

Recent studies have shown that in normal human breast
tissues, the expression of AEG-1 is decreased or is completely
absent, while it is widely overexpressed in a number of breast
cancer cell lines and breast tumors (7-10). Current investigations
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have revealed that AEG-1 plays a crucial role in the regulation
of specific development and progression of breast cancer, indi-
cating its potential as a specific new target in clinical-targeted
therapeutics of breast cancer.

2. Cloning and molecular structure of AEG-1

Following human immunodeficiency virus (HIV)-1 infection
or treatment with HIV-1 envelope glycoprotein (gpl120) of
primary human fetal astrocytes (PHFA), AEG-1 was found
to be overexpressed by the rapid subtraction hybridization
(RaSH) method (5). In 2003, a customized microarray
approach used to detect the expression of AEG-1 in PHFA
treated with tumor necrosis factor (TNF)-a showed a
concomitant change similar to that following HIV-1 infection
(11).

The AEG-1 gene consists of 12 exons and 11 introns
and is located at 8q22 via genomic blast search. Excluding
the poly-A tail, the full-length AEG-1 cDNA consists of
3,611 bp (8). The open reading frame (ORF) from 220 to
1,968 nt of human AEG-1 encodes a 582-amino acid protein
with a calculated molecular mass of 64 kDa and a pl of
9.33. Protein motif analysis of the AEG-1 protein and three
independent transmembrane protein prediction methods
(PSORT 1I, TMpred and HMMTOP) predicted that the
AEG-1 protein contains a single-transmembrane domain.
Notably, PSORT II and TMpred predicted AEG-1 as a type
Ib protein (C terminal in the cytoplasmic side with no signal
peptide), whereas TMHMM and TopPred 2 obtained a reverse
localization of the C terminal, indicating that it was a type II
protein. Although the analysis of the amino acid sequence of
AEG-1 revealed that it does not have any recognizable protein
domains, the presence of putative, either monopartite or
bipartite, nuclear localization signals (NLS) between amino
acids 432-451 and 561-580 was confirmed, suggesting that it
may enter into the nucleus to play a significant role (12). In
another study (13), it was shown that AEG-1 contains three
NLS which may regulate its distribution and function in
cells. The final results obtained suggest that extended NLS-1
(amino acids 78-130) regulates its nucleolar localization, and
the extended NLS-2 region (amino acids 415-486) mediates
its modification via ubiquitination almost exclusively within
the cytoplasm, whereas the COOH-terminal extended NLS-3
(amino acids 546-582) is the predominant regulator of nuclear
localization (13). Moreover, AEG-1 was found to be rich in
both lysine residues, which are targets for post-translational
modification by ubiquitination, and serine residues, required
for the redistribution of AEG-1 within the cell (13).

3. Intracellular localization of AEG-1

Intracellular localization of AEG-1 has been examined in
various cell types, using a polyclonal anti-AEG-1 antibody
and immunofluorescence microscopy. In immortalized PHFA
(IM-PHFA), endogenous AEG-1 was stained. The image
showed that AEG-1 was located in the perinuclear region and
in endoplasmic reticulum (ER)-like structures, but not in the
plasma membrane. It was colocalized with the ER-specific
protein calreticulin, but not with the mitochondrial marker
MitoTracker (8). Concomitantly, the observed ER localization
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of AEG-1 indicates that it is a type Ib membrane protein (8).
However, following TNF-a treatment or forced overexpression
of AEG-1, localization of the protein was detected both in the
cytoplasm and nucleus in HeLa cells (12). This phenomenon
is similar to that of the nuclear receptor coactivator SRC-3
(pCIP/ACTR/AIB-1/RAC-3/TRAM-1), which is located
mainly in the cytoplasm and translocates from the cytoplasm
to the nucleus in response to TNF-a (14), indicating a potential
direct or indirect interaction between AEG-1 and SRC-3 or
other unknown factors. Although various studies (8,12) have
been performed to investigate the intracellular localization of
AEG-1, the specific localization and the relationship between
its localization and function require further clarification.

4. Molecular mechanism of AEG-1 action

AEG-1 contributes to several hallmarks of metastatic cancers,
including proliferation, evasion of apoptosis and cell survival
under stressful conditions, such as serum deprivation and
chemotherapy. AEG-1 also enhances migration, invasion,
angiogenesis and metastasis by modulating various signaling
pathways (Fig. 1). It is well established that the Ha-ras and
c-Myc genes cooperate to promote transformation, tumor
development and progression, and metastasis. However, the
precise mechanism underlying this cooperation remains to
be determined. The overexpression of AEG-1 and oncogenic
Ha-Ras has been found to collaborate to enhance the soft agar
colony formation of immortalized melanocytes and astrocytes
(8). It was observed that human AEG-I can be induced at the
transcription level by oncogenic Ras in human fetal astro-
cytes, whereas AEG-1 knockdown suppressed Ras-induced
colony formation (15). Moreover, when inhibitors for various
Ras downstream signaling pathways were examined, only
PI3K/AKT inhibitors LY294002 and PTEN were able to block
AEG-1 promoter activation by Ras, suggesting the involvement
of the PI3K/AKT pathway in Ha-ras-induced AEG-1 regula-
tion (15). To confirm that the PI3K/AKT signaling pathway
is involved in oncogenic Ha-ras-induced AEG-1 expression,
the phosphorylation of AKT and GSK3fp was analyzed by
Western blotting, indicating a parallel overexpression of AKT
and GSK3p. Promoter mapping subsequently identified the
region -356 to -302 of the AEG-1 promoter containing two
E-box elements that bind to Ha-ras-activated transcription
factors, such as c-Myc.

All of the above data indicate that Ha-ras increases binding
of c-Myc to the E-box elements in the AEG-1 promoter
through the PI3K/AKT/GSK3p/c-Myc pathway to act in
Ha-ras-mediated oncogenesis through AEG-1 (15). However,
inhibition of the MEK pathway was found to slightly increase
Ha-ras-mediated AEG-1 promoter activation, the significance
of which remains to be determined (15). Notably, transcrip-
tion of AEG-1 is induced by c-Myc, whereas AEG-1 induces
c-Myc expression (in neuroblastoma cells it induces N-Myc
expression), thereby amplifying the tumorigenic effect (16). A
recent study showed that one mechanism by which cells with
altered AEG-1 expression evade apoptosis and increase cell
growth during tumorigenesis involves the repression of the
function of promyelocytic leukemia zinc finger (PLZF) (17).
The transcriptional repressor PLZF, which has been found to
regulate the expression of genes involved in cell growth and
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Figure 1. Hypothetical model of the signal transduction pathways associated with the development and progression of cancer, which are regulated by AEG-1
(thin arrows) and the signal transduction pathways modulating the expression of AEG-1 (thick arrows). The contents marked by symbol ‘?” indicate the issues
requiring further elucidation.

apoptosis, including c-Myc, was found to interact with AEG-1
through a yeast two-hybrid screening system. It was also noted
that AEG-1 interacts with PLZF, reducing PLZF binding to
promoters, thereyb reducing PLZF-mediated repression (17).
AEG-1 activates several downstream signal transduction
pathways, including the nuclear factor kB (NF-«xB), PI3K/AKT,
Wnt/B-catenin and MAPK pathways to enhance various
aspects of tumor development and progression. The first
signaling pathway identified as being activated by AEG-1 was
NF-«B (12). In HeLa cells, following infection with Ad.AEG-1
or treatment with TNF-a, AEG-1 was found to translocate into
the nucleus where it interacted with the p65 subunit of NF-«B
and enhanced NF-kB-induced gene expression. AEG-1 acti-
vates NF-kB via IkBa degradation and p65 translocation (12). A
gene array analysis revealed that Ad.AEG-1 infection resulted
in a marked up-regulation of NF-kB-responsive cell adhe-
sion molecules (ICAM-2 and ICAM-3, selectin E, selectin L
and selectin P ligand), TLR4 and TLRS, and cytokines, such
as IL-8 (12). Following AEG-1 overexpression or TNF-a
treatment, AEG-1 was found to interact with p65 and cyclic
AMP-responsive element binding protein-binding protein
(CBP) on the IL-8 promoter, increasing IL-8 transcription,
suggesting that AEG-1 acts as a bridging factor among NF-«B,
CBP and the basal transcription mechanisms (18). AEG-1-
induced increase of soft agar growth and matrigel invasion may
be restrained by the inhibition of NF-«xB in HeLa cells (12).
The present review elucidates the domains of AEG-1 that
are crucial for mediating its role. Functional analysis revealed
that the functions of AEG-1 in invasion, migration and
NF-kB-activating properties are mediated by NH,-terminal 71
amino acids, whereas amino acids 101 to 205 were identified
as a p65-interaction domain, indicating that p65 interaction
alone is not sufficient to mediate AEG-1 function (18). NF-xB
activation by AEG-1 has also recently been documented in
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prostate and liver cancer cells (19,20). Notably, AEG-1 was
found to be induced via NF-«xB activation in LPS-stimulated
U937 human promonocytic cells, and AEG-1 induced by LPS
subsequently regulated NF-kB activation in turn. Moreover,
LPS-induced TNF-a and prostaglandin E2 production were
inhibited by preventing the expression of AEG-1. Therefore,
we hypothesize that AEG-1 is a LPS-responsive gene and is
involved in LPS-induced inflammatory response (21).

PI3K/AKT is another pathway involved in the tumorigen-
esis mediated by AEG-1. This pathway is not only activated
by AEG-1, but also regulates the expression of AEG-1 (15).
PIBK/AKT signals modulates various growth-regulatory
transcription factors, such as the forkhead box (FOXO) protein
and NF-kB. AEG-1 knockdown was found to induce cell
apoptosis through the up-regulation of FOXO3a activity in
prostate cancer cells, and subsequently revealed that AEG-1
expression plays a dominant role as a positive auto-feedback
activator of AKT and as a suppressor of FOXO3a to promote
PC progression (20). Moreover, it was noted that AEG-1
knockdown down-regulated the constitutive activity of NF-xB
and the activator protein 1 (AP-1), while the mRNA and
protein expression levels of NF-kB and AP-1-regulated genes
IL-6, IL-8 and matrix metalloproteinase-9 (MMP-9) were
significantly decreased. The invasive properties of PC-3 and
DUI145 cells were also found to be decreased (20).

AEG-1 provides protection from serum starvation-induced
apoptosis of normal cells by activating the PI3K/AKT pathway
(22). In order to clarify the molecular mechanisms underlying
AEG-1-dependent enhanced cell growth under conditions of
serum starvation, the downstream antiapoptotic substrates
of AKT were examined, revealing that the phosphorylation-
induced inactivation of GSK3[f increased c-Myc levels,
inhibited serum starvation-dependent p2l/mda-6 expres-
sion and phosphorylation of Bad, a proapoptotic member of
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the Bcl-2 family, in Ad.AEG-1-infected PHFA (22). In less
aggressive neuroblastoma cells, the overexpression of AEG-1
enhanced proliferation and expression of the transformed
state by activating the PI3BKAKT signaling pathway (16). In
esophageal cancer cells, the up-regulation of AEG-1 reduced
the expression of p27 and induced the expression of cyclin D1
through the AKT/FOXO3a pathway (23).

The PI3K/AKT pathway regulates AEG-1-induced angio-
genesis (24). An immunohistochemical analysis revealed
that tube formation induced by enhanced AEG-1 expression
correlates with an increased expression of specific angiogen-
esis molecules, including angiopoietin-1 (Angl), MMP-2 and
hypoxia-inducible factor 1-o (HIF1-a) in tumor sections. To
analyze the potential importance of the PI3K/AKT signaling
pathway in AEG-1-mediated angiogenesis, Ad.DN.AKT was
constructed. The result showed that AEG-1-mediated endothe-
lial cell tube formation was significantly inhibited by Ad.DN.
AKT, suggesting that the PI3K/AKT pathway is an integral
component of this process (24).

AEG-1 has also been associated with the Wnt/B-catenin
pathway in hepatocellular carcinoma (HCC) cells through the
activation of the Raf/MEK/MAPK branch of the Ras signaling
pathway (19). In HCC, AEG-1 was found to activate Wnt/p3-
catenin signaling by activating ERK42/44 and up-regulating
lymphoid-enhancing factor 1/T-cell factor 1 (LEF1/TCF1),
the ultimate executor of the Wnt pathway (19). Moreover,
specific inhibitors of the MAPK pathway are able to abolish
the oncogenic effect of AEG-1 on Matrigel invasion and
anchorage-independent growth, indicating that AEG-1 also
plays an oncogenic role in tumor development and progression
through activation of the MAPK signal pathway (19).

5. AEG-1 and proliferation of breast cancer

Uncontrolled cell growth is largely associated with alterations
in genes or proteins related to the regulation of proliferation,
cell death, apoptosis and genetic stability, such as tumor
suppressor genes, oncogenes, growth factors and cell adhe-
sion molecules, which vary among different cancer types
(25). Findings of a recent study showed that AEG-1 promotes
proliferation of breast cancer cells by down-regulating the
transcriptional activity of FOXOl by inducing its phos-
phorylation through the PI3K/AKT signaling pathway (26).
Up-regulation of AEG-1 was found to markedly promote
proliferation (detected by MTT) and tumorigenicity (tested by
anchorage-independent growth) in MCF-7 and MDA-MB-435
breast cancer cells, whereas an AEG-1-knockdown cell model
with shRNAs inhibited cell proliferation and the colony-
forming ability of cells in soft agar. Furthermore, since
these proliferative effects were significantly associated with
decreases in p27%®! and p21°r!, two key cell cycle inhibitors,
overexpression of AEG-1 in breast cancer cells may signifi-
cantly impact cell cycle checkpoints, thereby promoting the
proliferation of breast cancer cells (26). In addition, BCCIP
o expression was reduced in human breast tissue and it was
found that when the BCCIP a protein was re-introduced into
MCF7 breast cancer cells, the growth of breast cancer cells
was inhibited (27). Studies have shown the multifaceted roles
played by BCCIP a. It binds to p21 and enhances the p21-medi-
ated inhibition of Cdk2 kinase, whereas loss of BCCIP
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impairs G1/S checkpoint activation following DNA damage.
BCCIP also plays a role in homologous recombination repair
of DNA damage by interacting with BRCA2 and contributes
to the maintenance of chromosome stability (27-30). Recently,
it was found that AEG-1 promotes proteasomal degrada-
tion of tumor suppressor BCCIP a (29). Therefore, whether
AEG-1 promotes proliferation of breast cancer through the
regulation of the expression of BCCIP a should be confirmed.
Moreover, AEG-1 was found to promote the proliferation of
various types of cancer cells by activating the PI3K/AKT and
NF-«B signaling pathways. Thus, apart from the PI3K/AKT
signaling pathway, whether the ectopic expression of AEG-1
enhances the proliferation and anchorage-independent growth
of breast cancer cells by activating other prosurvival signaling
pathways, such as NF-kB, remains to be determined.

6. AEG-1 and the invasion and migration of breast cancer

Overexpression of AEG-1 significantly enhances the invasive
ability of cells as revealed by Matrigel invasion assay in HeLa
cells, while inhibition of AEG-1-induced NF-xB activation
blocks invasion (12). Overexpression of AEG-1 increases,
whereas siRNA inhibition of AEG-1 decreases the migration
and invasion of human glioma cells, respectively (31). AEG-1
was also found to induce invasion in normal immortal cloned
rat embryo fibroblast (CREF) cells (24). During the early
progression of metastasis, a number of signal transduction
pathways are activated, including PI3K/AKT and NF-kB. The
two signaling pathways have been found to be linked to the
promotion of cancer cell invasion and migration through the
down-regulation of cell-cell contact protein E-cadherin and
the up-regulation of MMP-2 and MMP-9 (32-34). It is known
that AEG-1 activates the PI3K/AKT and NF-kB signaling
pathways, and AEG-1 has been found to up-regulate MMP-9
and induce human glioma cell invasion (35). Although
experiments investigating the invasion and migration of breast
cancer have yet to be conducted, it is thought that AEG-1
promotes the invasion and migration of breast cancer by acti-
vating the PI3K/AKT and/or NF-kB signaling pathways, or
other signaling pathways, which requires confirmation.

7. AEG-1 and metastasis of breast cancer

Tumor metastasis is a complex multistep process in which
cancer cells detach from the primary tumor tissue and estab-
lish metastatic foci at specific sites. Brown and Ruoslahti (9)
used a phage expression library of cDNAs from metastatic
breast carcinoma to identify protein domains that bind to lung
vasculature. These authors found an extracellular lung-homing
domain (LHD; amino acids 378-440 in mouse or 381-443 in
human) in AEG-1 to be a mediator of 4T1 mouse mammary
tumor cell adhesion to lung vasculature (9). In addition,
antibodies to AEG-1 showed a high expression of AEG-1
throughout human breast tumors and breast tumor xenografts,
while markedly lower levels of AEG-1 were present in normal
breast tissue (9). Moreover, antibodies reactive to the lung-
homing domain of AEG-1 and siRNA-mediated knockdown
of AEG-1 expression inhibited experimental breast cancer
lung metastasis. Conversely, enhanced localization to lung
vasculature was noted in HEK293T cells transiently trans-
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fected with AEG-1. These results suggest that AEG-1 plays
an important role in breast cancer metastasis (9). To further
clarify the mechanism of metastasis of breast cancer, human
breast cancer cell line MDA-MB-231 was used to investigate
the roles of a number of genes in metastasis, including
UQCRB, PTDSSI1, TSPYLS, AEG-1, LAPTM4f and SDC2
(10). The data showed that AEG-1 overexpression significantly
accelerated the development of lung metastasis and led to a
modest, but significant, increase in bone and brain metastases
(10). These results suggest that AEG-1 preferentially promotes
metastasis to the lung, but has a modest impact on metastasis to
other organs. As mentioned above, the PI3K/AKT and NF-«xB
signaling pathways are involved in the early progression of
metastasis. AEG-1 may promote metastasis through the inter-
action of the LHD, with an unknown receptor expressed in the
surface of endothelial cells, or indirectly through the activa-
tion of signaling pathways, such as PI3K/AKT and NF-«kB,
which involve adhesion molecules, such as MMPs.

8. AEG-1 and angiogenesis of breast cancer

Hanahan and Weinberg proposed that six essential ‘hall-
marks’ or processes are required for the transformation
of a normal cell to a cancer cell. These processes include:
i) self-sufficiency in growth signals; ii) insensitivity to anti-
growth signals; iii) evasion of programmed death (apoptosis);
iv) endless replication potential; v) sustained angiogenesis;
and vi) tissue invasion and metastasis (36). Overexpression
of AEG-1 increases the expression of molecular markers of
angiogenesis, including Angl, MMP-2 and HIFl-a (24).
In vitro angiogenesis studies further demonstrated that AEG-1
promotes tube formation in Matrigel and increases invasion
of human umbilical vein endothelial cells via the PI3BK/AKT
signaling pathway (24). The angiogenesis-promoting function
of AEG-1 was also noted in human HCC (19). Numerous genes
play important roles in angiogenesis, apart from VEGF and
VEGFR, which are the most representative. IL-8 and COX2
also promote tumor angiogenesis, but are not involved in the
VEGF pathway (37-39). Many genes are involved in the NF-kB
signaling pathway, such as IL-8 and COX2. IL-8 and COX2
are overexpressed in breast cancer (40,41), and the expres-
sion of IL-8 can be regulated by AEG-1 (12), indicating that
AEG-1 may also promote the angiogenesis of breast cancer
by activating the PI3K/AKT signaling pathway as well as the
NF-kB or VEGF signaling pathway. Experiments in vivo and
in vitro should be performed to clarify the mechanism.

9. AEG-1 and chemoresistance of breast cancer

AEG-1 plays a role in chemoresistance in human HCC,
neuroblastoma cell lines and breast cancer (10,19,40). An
Affymetrix oligonucleotide microarray was performed in
human HCC to analyze the downstream genes of AEG-1. The
results of the microarray showed a cluster of genes associated
with chemoresistance, including drug-metabolizing enzymes
for various chemotherapeutic agents, such as dihydropyrimi-
dine dehydrogenase (DPYD), principal enzyme-inactivating
5-fluorouracil (5-FU) cytochrome P4502B6 (CYP2BO6),
dihydrodiol dehydrogenase (AKR1C2) and the ATP-binding
cassette transporter ABCC11 for drug efflux (19). AEG-1 was
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also found to enhance the expression of the transcription factor
LSF, which regulates the expression of thymidylate synthase,
a target of 5-FU. In addition, AEG-1 enhanced the expres-
sion of dihydropyrimidine dehydrogenase (DPYD), which
catalyzes the initial and rate-limiting step in the catabolism of
5-FU (42). A recent study reported a new mechanism through
which AEG-1 plays a role in chemoresistance in human HCC
(43). AEG-1 increases the expression of multidrug resistance
gene 1 (MDRI) protein, resulting in increased efflux and
decreased accumulation of doxorubicin, thereby promoting
doxorubicin resistance (43). AEG-1 increases the expression
of MDRI1 by facilitating the association of MDR1 mRNA
to polysomes, resulting in increased translation. AEG-1 also
inhibits ubiquitination and subsequent proteasome-mediated
degradation of the MDRI1 protein (43). In neuroblastoma cells,
a significant enhancement in chemosensitivity to cisplatin and
doxorubicin by knockdown of AEG-1 was observed (40). In
breast cancer, in vitro and in vivo analyses of chemoresistance
revealed that AEG-1 knockdown sensitized various breast
cancer cell lines (LM2, MDA-MB-231, MCF7 and T47D) to
paclitaxel, doxorubicin, cisplatin, 4-hydroxycylcophospha-
mide and hydrogen peroxide (10). AEG-1 did not affect the
uptake or retention of chemotherapy drugs in breast cancer
tissue (10). Instead, AEG-1 may increase chemoresistance
by promoting cellular survival against antineoplastic stresses
(10).

Since we confirmed that AEG-1 activates the PI3K/AKT
and NF-«B signaling pathways, chemoresistance may be medi-
ated by these prosurvival pathways through the interaction
between AEG-1 and molecules involved in these pathways.
Microarray analysis of AEG-1-knockdown breast cancer
cells revealed that two AEG-1-down-regulated genes (TRAIL
and BINP3, two cell death-inducing genes) and a number of
AEG-1-up-regulated genes (ALDH3AI, MET, HSP90 and
HMOX]) are involved in chemoresistance (10). Among these
candidate AEG-1 downstream genes, ALDH3AI (aldehyde
dehydrogenase 3 family, member Al) and MET (hepatocyte
growth factor receptor) collectively contribute to its role in
broad-spectrum chemoresistance (10). Whether AEG-1 regu-
lates MDRI1 expression in breast cancer and whether AEG-1
increases chemoresistance by promoting cellular survival or
regulating downstream genes that directly modulate chemore-
sistance require elucidation. Moreover, the specific mechanism
of chemoresistance of AEG-1 in breast cancers remains to be
clarified.

10. AEG-1 and prognosis of breast cancer

Two independent research groups analyzed AEG-1 expression
and clinical associations, respectively, using breast tumor
samples and obtained similar results (7,10). AEG-1 was found
to be abundantly expressed in breast tumors with a percentage
of 47 and 44.4%, respectively, in these two groups, and was
significantly correlated with clinical staging, tumor size,
lymph node spread, distant metastasis and poor survival (7,10).
Overexpression of AEG-1 was not linked to any specific
breast tumor subtype in terms of HER?2 status, triple marker
status (ER/PR/HER?2), or basal epithelial cell marker CK5/6
status (10). Findings of the multivariate analysis suggested
that AEG-1 expression may be an independent prognostic
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indicator independent of other clinicopathological factors
for the survival of patients with breast cancer (7,10). Further
evidence points to the fact that AEG-1 is located at chromo-
some 8q22, a region frequently amplified in many cancer
types and associated with poor prognosis (44-47). These find-
ings suggest the clinical and prognostic significance of AEG-1
in breast cancer.

11. Conclusion and future perspectives

Although in vitro and in vivo studies have confirmed that
AEG-1 plays a key role in the process of cancer development
and progression in multiple organs, including breast, further
investigations should be conducted to clarify the specific
mechanisms involved in the mediation of AEG-1 functions.
Moreover, additional unknown functions of AEG-1 should be
further studied (48).

Since we know that a correlation exists between AEG-1 and
tumor progression, whether AEG-1 regulates other functions
related to tumor progression, such as immortalization and
transformation, as suggested by numerous studies in other
types of cancers, and whether using immortal normal cells in
breast cancer is viable should be investigated. For example,
local invasion is considered to be a crucial first step in meta-
static dissemination, and epithelial-mesenchymal transition
(EMT) and epithelial plasticity are hypothesized to contribute
to tumor progression (49). In breast cancer, features of EMT
have been observed (50) and it was found that developmental
EMT regulators, including Snail/Slug, Twist, Six1 and Cripto,
along with developmental signaling pathways, including
TGF-f and Wnt/B-catenin, are aberrantly expressed in
breast cancer (49). MMPs also induce EMT in breast cancer
(51). Since we found that AEG-1 regulates the expression of
MMP-9 and activates the Wnt/f-catenin signaling pathway,
whether AEG-1 is involved in the regulation of EMT in breast
cancer through the modulation of regulators, such as MMP-9
or through the activation of signaling pathways, such as
Wnt/B-catenin, requires clarification. In addition, data show
that AEG-1 colocalizes with tight junction proteins ZO-1
and occludin in polarized epithelial cells (52), suggesting that
AEG-1 is related to the loss of cell polarity known to occur
with increased epithelial tumorigenicity. Previous findings
have shown that tight junctions are comprised of a number
of types of membrane proteins, cytoskeletal proteins and
signaling molecules, many of which play roles in the devel-
opment of the mammary gland. Moreover, several of these
proteins are regarded as potential ‘tumor suppressors’ during
the development and progression of breast cancer (53). EMT
is associated with the disintegration of tight junctions (54).
These findings indicate potential new roles of AEG-1 in tight
junctions and EMT.
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