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Expression of AEG-1 (also known as MTDH or LYRIC) is elevated in many cancers including glioblastoma multiforme
(GBM), in which it functions as an oncogene. AEG-1 activates AKT signaling and physically interacts with AKT2 in GBM.
Disruption of this interaction reduces glioma cell survival and invasion, uncovering a novel potential target for
development of an effective therapy against GBM.

Glioblastoma multiforme (GBM),
graded by the World Health Organization
(WHO) as a grade IV malignant glioma,
is the most lethal form of glioma. Most
patients who are diagnosed with GBM
survive only 12 to 15 months.1 Treatment
options remain multimodal, including
surgery, radiation, and chemotherapy, and
impart only incremental changes in cogni-
tive functions and survival.2 Perhaps the
most challenging complications in GBM
therapy are a consequence of the highly
invasive nature and complex heteroge-
neous molecular makeup of this cancer,
which contribute to the aggressiveness of
this disease. Over the past decade, many
multitargeted therapies have been evalu-
ated with only limited success. As a result,
defining novel targets and developing tar-
geted therapies remains a priority for this
invariably fatal neoplasm.

Astrocyte-elevated gene-1 (AEG-1) was
identified using subtraction hybridization
from primary human fetal astrocytes as an
human immunodeficiency virus (HIV)-1-
and tumor necrosis factor (TNF)-
a¡inducible gene that is upregulated in
the majority of cancers analyzed to date.3,
4 Subsequent studies identified AEG-1 as

metadherin (MTDH) in the mouse and
lysine-rich CEACAM1 coisolated
(LYRIC) in the rat.3 AEG-1 promotes
tumor growth via multiple oncogenic sig-
naling pathways and regulates a wide array
of key cellular processes involved in cancer
progression including migration, invasion,
angiogenesis, and metastasis. As a multi-
functional protein, AEG-1 interacts with a
plethora of proteins in different cancer
types and these defined interactions facili-
tate tumor progression.5

AKT, also known as protein kinase B,
acts as a nexus-signaling molecule in the
receptor tyrosine kinase/phosphatidylino-
sitol 3-kinase (RTK/PI3K) pathway and
functions as an essential regulator of cell
proliferation, survival, migration, and
invasion.6 The AKT gene family consists
of 3 homologous isoforms, AKT1, AKT2,
and AKT3. A recent study comprehen-
sively analyzed the expression levels of all
3 AKT isoforms in malignant glioma.7 In
high-grade gliomas both AKT2 mRNA
and protein levels were increased, whereas
AKT3 mRNA and protein levels were
reduced. AKT2 knockdown in glioma cell
lines reduced colony formation and
induced apoptosis; however, knockdown

of AKT1 did not alter cell growth or pro-
mote apoptosis, suggesting that AKT2
and AKT3 may be the key regulators of
GBM cell growth.7

Our previous studies demonstrated
that AEG-1 functions as a downstream
target of Ha-Ras, and that induction of
AEG-1 was attenuated by treatment with
the PI3K inhibitor LY294002 or overex-
pression of phosphatase and tensin homo-
log (PTEN).8 Promoter mapping
suggested that Ha-Ras enhanced the bind-
ing of c-Myc to the E-box elements in the
promoter region of AEG-1 via the PI3K/
AKT/c-Myc pathway, thereby regulating
AEG-1 transcription.8 In another study,
AEG-1 overexpression inhibited serum
starvation-induced apoptosis by activating
the Ras and PI3K-AKT signaling path-
ways.9 Subsequently, AEG-1 regulation of
AKT signaling pathways was shown to be
critical in cell proliferation, invasion, apo-
ptosis resistance, chemoresistance, and
angiogenesis in multiple cancer contexts
by several groups.5 However, the mecha-
nism by which AEG-1 regulates AKT
remained unclear.

In our recent study,10 we demonstrated
a novel specific interaction between AEG-
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1 and AKT2 in glioma. We showed that
AEG-1 specifically interacts with AKT2,
but not with AKT1 or AKT3 isoforms, in
GBM. Immunohistochemical analysis
revealed a high correlation between the
expression of AEG-1 and AKT2 in clinical
glioma samples. Using TCGA data analy-
sis we also confirmed the clinical signifi-
cance of these 2 key molecules for survival
of glioma patients—higher expression was
associated with poorer survival. Results
from our functional assays indicated that
disruption of the AEG-1–AKT2 interac-
tion reduced AEG-1–mediated invasion.
This observation was consistent with a
previous report that AKT2 promotes
breast cancer cell migration and invasion.
Interestingly, we found that AEG-1–
AKT2 interaction prolonged stabilization
of AKT2 phosphorylation at S474. To
explore the upstream regulators of AEG-
1–AKT signaling, we examined AKT sig-
naling upon insulin stimulation when

AEG-1 expression was knocked down
with siRNA and found that AEG-1
knockdown effectively blocked insulin-
induced activation of AKT2-S474. In
contrast, AEG-1 overexpression main-
tained S474 phosphorylation when activa-
tion of PI3K-AKT was inhibited by
PTEN and LY294002, and this was asso-
ciated with parallel changes in the AKT
downstream molecules p-glycogen syn-
thase kinase 3 (p-GSK3b) and cyclin D1.
We also showed that phosphorylation of
the proapoptotic protein Bcl-2-associated
death promoter (BAD) was regulated by
the AEG-1–AKT2 interaction, suggesting
that the AEG-1–AKT2 complex protects
glioma cells from the classic intrinsic
mitochondrial apoptosis pathway.
Together, these data highlight the impor-
tance of AEG-1–AKT2 interaction in gli-
oma proliferation, survival, and invasion
(Fig. 1).

AEG-1 was previously shown to cross-
talk with several signaling pathways to reg-
ulate cancer cell proliferation and promote
glioma survival.5 For that reason, we
investigated the potential crosstalk
between AEG-1–AKT2 and nuclear factor
kappa-light-chain-enhancer of activated B
cells (NF-kB) signaling using an I kappa
B kinase (IKK) inhibitor, caffeic acid phe-
nyl ester (CAPE). CAPE modestly
affected AEG-1–AKT2 signaling, suggest-
ing that NF-kB activation by AEG-1 is
independent of AKT activation. Finally,
we showed that conditional expression of
the AKT2-PH domain combined with
AEG-1 silencing significantly enhanced
survival in an orthotopic mouse model of
human GBM. These findings further con-
firm that AEG-1–AKT2 is a critical pro-
tein–protein signaling complex in glioma.
We are now exploring this interaction in
other cancer contexts in which both of
these molecules are highly upregulated.

We confirmed that the AKT2-PH
domain is responsible for interacting with
AEG-1 in glioma and mapped the inter-
acting regions in AEG-1. This allowed us
to define a target site for the development
of candidate small-molecule drugs capable
of disrupting this interaction. We predict
that targeting AEG-1 or AKT2 alone will
not be sufficient to engender a cure for
this aggressive cancer. Rather, small-mole-
cule inhibitors designed to disrupt AEG-
1–AKT2 interactions in combination
with conventional treatment modalities
might represent a viable strategy to
develop novel therapeutics for GBM.
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Figure 1. AEG-1–AKT2 signaling in glioma. Upon binding of insulin or other ligands to their respec-
tive receptors, PI3K, PDK1, or other kinases become activated and then phosphorylate AKT at T308
or S473/474. By forming a complex with AKT2, AEG-1 stabilizes the phosphorylation of AKT at S473/
474. Phospho-AKT then activates downstream target genes and regulates a cascade of events impli-
cated in tumor progression including unlimited cell proliferation, survival, and invasion. AEG-1,
astrocyte elevated gene 1; BAD, Bcl-2-associated death promoter; GSK3, glycogen synthase kinase
3; PDK1, phosphoinositide-dependent kinase-1; PI3K, phosphatidylinositol 3-kinase; PTEN, phospha-
tase and tensin homolog; RTK, receptor tyrosine kinase.
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