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Astrocyte elevated gene 1 as a multifunctional regulator in cancer progression
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[Abstract] Astrocyte elevated gene 1 (AEG-1), an important oncogene. has been confirmed to play a crucial role in
progression (invasion, metastasis, angiogenesis and chemoresistance, etc) of multiple cancers. Over the past decade, studies
have shown that AEG-1 is overexpressed in cancers involving almost all organs, including neuroblastoma, melanoma, HCC,
breast, prostate cancer, etc. Moreover, AEG-1 is associated with multiple pathways including PI3K/Akt and nuclear factor-«B

(NF-kB). This review mainly outlines the multiple regulating role of AEG-1 in the development and progression of tumor and to

discuss its role as a novel target for treatment of malignant tumors.
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Fig 1 AEG-1 activates multiple pathways of cancer development and progression

Thick arrows indicate regulation by AEG-1, and thin arrows indicate mechanisms that regulate AEG-1

4 AEG-1 fEABEISET G T R R A AT =

4.1 AEG-1 5 i % % 8 % F8 M % 76 Thirkettle 201
W3 & B, B8 RO T R M AR B S AEG-1 KA KT %
YIS . *HTF B (PC) R IR PR 51 IR 4 A8 (BPHD #% 20 #
I RAEAS B 1F 55 45 SR 8 /R . PC AEG-1 W & 3R 0 & 80%,
M BPH R 10% &8 AEG-1 FHM:, Wi 225 6 7L IR & i
REEAR A, AEG-1 Rk # 5 93, 3%, B F Rk H 5 44,
4% .3t B AEG-1 3k K 55 LA g 55 35 b oJgg 15 IR 43 391 0 24
AW A O [WRE . AEG-1 &R [ 5 28 15 78 3B /D 40 A i
I (NSCLO) BB F BEA 5 49, 5%, F 5 11 A BLRRAE = 2 A
ST Ty A S I A 2 R A R U e 9RO S A
Fiised . B L T R B R R AR W O A R R
AEG-1 7E L3R g v A R [R) B2 B 1 ok 2 Gk lemoe el | [k &%
AR IR L AEG-1 A B Mg 2 W 35000 i g 105 A 3R AR A
Y

4.2 AEG-1 5hbs & s7 Wik, AEG-1 FEZ Fh 4 5 M
I v 24 A [ R B G 30, AR A o A TR R TS R A A
IS TR 5 B BT 25 . PR, $E 1 3 AEG-1 [ 0

W T R I RIS I A A4 e i R F T BB 1], Qian SFT
Z RN BFSEIESE . AEG-1 BY DNA B B B A 20 & CDS ' 41
JELBEPE T U B 0 0 A A G B L DA X B L I R L AR AR B
PP K B0 A R TR FA T A 00 5 L Je 200 D 1 5 R
B, 42w fb 7 SR T JC I B R E

& AT E A RPRE LB, AEG-1 8 A Y A, 6 H 2
100~205 FILMRFR SE M . 0 AEG-1 5 Al A BRAEH &
AW DR A M XY, SR, B BT AEG-1 Y BhAE X
SE MR W, 00 AEG-1 R 57 0 49240 0 300 L e IR e 30
TR i oA & 45 B S R W AEG-1 I RE IR IT 7
2. W AEG-1 BIBUIM R J7 B B RNA T % 5 F AW %
SRUE AN, WK AEG-1 25 11 2 58 IX 25 040 (4 BIF 7T 75 O SRl 4R 4%
TR BTG B A B S R R S R A B A IS
WA EREARNKRET A G iLL AEG-1 /Y470
AN F AR T AR R R A R MR R 2

Chen ZE0) 760 B 1) R B AE K W F 45 & 8 H-7 (IGFBP-
A I i vb e e B R AR 9 A BE SR T R B, B IG-
FBP-7 Al 5@ i 915 AEG-1 B 6, 3k 3 30 il )b 9 A= 2 #F 40
ME B R, BiFE AEG-1 Xt LA 3 2105 58 5 805 15



S5 6 1. SO0, A R ST AR A T e e PR 1 A SR e i 22 5 5

=3
&

671 -

MBI, AEG-1 T il il 0 i ik © HA — 2 SEmb oF
RN AT 5

5 IhNEMRE

XS AEG-1 ST E 10 AAF 31 ] 3F JR B2, (B %) 3
Tz VR TE R A SO H 5 AR A ML B S 4T Ak TR0 4 B B
AU SCHk AR T8 HAE R [ b R h R A K T 5 R R R
HEJ K TS (AR G . AEG-1 7R IE KA R e b iy 2 E i
Yy RE A T AR B & % 07 I IR N R E R . e,
AEG-1 7 "] GEAE i g 5 55 R A 5 35 08 T T 12 W97 R 0
RITAIAR DG R R A 1oy i . HOR, i1 F AEG-1 H $%8m
B2 50 F b7 2597k 2 2 25, 3R OK AT g
XA 5 3 A 5 25 W Ak 9T AR Y UM A R
S G AEG-1 454 T e A 58 AR i S W0 3 30k , X 41 il 2%
T 35 AEG-1 (19 o & 3% 40 10 AEG-1 193697 I 20 (L g
W T AR /N 437 3000 590 ) 38 v R L 2 A A8 0 Tl 988 46 i ok
B L3k B H AR BAR A B MR IE ST B,

6 FzEHE
A A 3 7 WA SO T AR A ) 45 o 58
[Z % 3 W]

Su Z Z,Chen Y,Kang D C,Chao W, Simm M, Volsky D J,et al.
Customized rapid subtraction hybridization (RaSH) gene mi-
croarrays identify overlapping expression changes in human fe-
tal astrocytes resulting from human immunodeficiency virus-1
infection or tumor necrosis factor-alpha treatment[ J]. Gene,
2003,306:67-78.

[2] SuZZ,Kang D C,Chen Y,Pekarskaya O,Chao W, Volsky D J,
et al. Identification and cloning of human astrocyte genes displa-
ying elevated expression after infection with HIV-1 or exposure
to HIV-1 envelope glycoprotein by rapid subtraction hybridiza-
tion, RaSH[J]. Oncogene,2002,21:3592-3602.

[3] Sarkar D.Emdad L.Lee S G.Yoo B K.Su Z Z,Fisher P B. As-
trocyte elevated gene-1: far more than just a gene regulated in
astrocytes[ J]. Cancer Res,2009,69:8529-8535.

[4] Hu G,Chong R A, Yang Q, Wei Y, Blanco M A, Li F,et al.
MTDH activation by 8q22 genomic gain promotes chemoresis-
tance and metastasis of poor-prognosis breast cancer[ J]. Cancer
Cell,2009,15:9-20.

Kang D C,Su Z Z,Sarkar D,Emdad L., Volsky D J,Fisher P B.
Cloning and characterization of HIV-1-inducible astrocyte ele-
vated gene-1, AEG-1[]J]. Gene,2005,353:8-15.

[6] Bergamaschi A,Kim Y H, Wang P, Serlie T, Hernandez-Bous-
sard T, Lonning P E,et al. Distinct patterns of DNA copy num-
ber alteration are associated with different clinicopathological

features and gene-expression subtypes of breast cancer[]].

Genes Chromosomes Cancer,2006,45:1033-1040.

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Poon T C,Wong N, Lai P B,Rattray M, Johnson P J,Sung J J.
A tumor progression model for hepatocellular carcinoma: bioin-
formatic analysis of genomic data[ J]. Gastroenterology, 2006,
131:1262-1270.

Brown D M, Ruoslahti E. Metadherin, a cell surface protein in
breast tumors that mediates lung metastasis[ J]. Cancer Cell,
2004,5.:365-374.

Thirkettle H J, Girling J, Warren A Y, Mills I G, Sahadevan K,
Leung H.et al. LYRIC/AEG-1 is targeted to different subcellu-
lar compartments by ubiquitinylation and intrinsic nuclear local-
ization signals[J]. Clin Cancer Res,2009,15:3003-3013.
Vogelstein B, Kinzler K W. Cancer genes and the pathways they
control[ J]. Nat Med,2004,10.:789-799.

Weinstein I B,Joe A K. Mechanisms of disease:oncogene addic-
tion-a rationale for molecular targeting in cancer therapy[]].
Nat Clin Pract Oncol,2006,3:448-457.

Hanahan D, Weinberg R A. Hallmarks of Cancer: the Next
Generation[ J]. Cell,2011,144:646-674.

Lee S G.Jeon H Y,Su Z Z.Richards ] E, Vozhilla N, Sarkar D.
et al. Astrocyte elevated gene-1 contributes to the pathogenesis
of neuroblastomal J]. Oncogene,2009,28.:2476-2484.

Yoo B K,Emdad L,Su Z Z, Villanueva A,Chiang D Y, Mukho-
padhyay N D,et al. Astrocyte elevated gene-1 regulates hepato-
cellular carcinoma development and progression[ J]. J Clin In-
vest,2009,19:465-477.

Liu H,Song X, Liu C,Xie L, Wei L, Sun R. Knockdown of as-
trocyte elevated gene-1 inhibits proliferation and enhancing
chemo-sensitivity to cisplatin or doxorubicin in neuroblastoma
cells[J]. ] Ex Clin Cancer Res,2009,28.19.

Yu C,Chen K,Zheng H,Guo X,Jia W,Li M,et al. Overexpres-
sion of astrocyte elevated gene-1 (AEG-1) is associated with e-
sophageal squamous cell carcinoma (ESCC) progression and
pathogenesis[ J]. Carcinogenesis,2009,30:894-901.

Lee S G.Su Z Z.Emdad L.Sarkar D,Franke T F,Fisher P B.
Astrocyte elevated gene-1 activates cell survival pathways
through PI3K-Akt signaling [ J ]. Oncogene, 2008, 27: 1114~
1121.

Fidler 1J,Ellis L. M. The implications of angiogenesis for the bi-
ology and therapy of cancer metastasis[ J]. Cell,1994,79;185-
188.

Emdad L,Lee SG,SuZ Z,Jeon H Y,Boukerche H,Sarkar D, et
al. Astrocyte elevated gene-1 (AEG-1) functions as an oncogene
and regulates angiogenesis[ J ]. Proc Natl Acad Sci USA, 2009,
106:21300-21305.

Li C,Li R,Song H,Wang D,Feng T, Yu X,et al. Significance of
AEG-1 expression in correlation with VEGF, microvessel densi-
ty and clinicopathological characteristics in triple-negative
breast cancer[J]. ] Surg Oncol,2011,103:184-192.
Gonzalez-Angulo A M, Morales-Vasquez F, Hortobagyi G N. O-
verview of resistance to systemic therapy in patients with breast

cancer[ J]. Adv Exp Med Biol,2007,608:1-22.



. 672

B OFEEKF¥M 2012486 AL 33 &

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Li C,LiuJ,LuR,Yu G,Wang X,Zhao Y,et al. AEG -1 overex-
pression: a novel indicator for peritoneal dissemination and
lymph node metastasis in epithelial ovarian cancers[]J]. Int ]
Gynecol Cancer,2011,21:602-608.

Blanco M A, Aleckovi¢ M, Hua Y, Li T, Wei Y, Xu Z, et al.
Identification of staphylococcal nuclease domain-containing 1
(SND1) as a metadherin-interacting protein with metastasis-
promoting functions[ J]. ] Biol Chem,2011,286:19982-19992.
Yoo B K,Chen D.Su Z Z.Gredler R. Yoo J.Shah K,et al. Mo-
lecular mechanism of chemoresistance by astrocyte elevated
gene-1[J]. Cancer Res,2010,70:3249-3258.

Yoo B K, Gredler R, Vozhilla N,Su Z Z.Chen D, Forcier T, et
al. Identification of genes conferring resistance to 5-fluorouracil
[J]. Proc Natl Acad Sci USA,2009,106:12938-12943.

Lee S G,Su Z Z,Emdad L, Sarkar D, Fisher P B. Astrocyte ele-
vated gene-1 (AEG-1) is a target gene of oncogenic Ha-ras re-
quiring phosphatidylinositol 3-kinase and c-Myc[ J]. Proc Natl
Acad Sci USA,2006,103:17390-17395.

Emdad L,Sarkar D,Lee S G,Su Z Z, Yoo B K, Dash R, et al.
Astrocyte elevated gene-1: a novel target for human glioma
therapy[J]. Mol Cancer Ther,2010,9:79-88.

Emdad L,Sarkar D,Su Z Z,Randolph A,Boukerche H, Valerie
K, et al. Activation of the nuclear factor kappaB pathway by as-
trocyte elevated gene-1: implications for tumor progression and
metastasis[ J |. Cancer Res,2006,66:1509-1516.

Sarkar D,Park E S,Emdad L,Lee S G,Su Z Z,Fisher P B. Mo-
lecular basis of nuclear factor-kappaB activation by astrocyte el-
evated gene-1[J]. Cancer Res,2008,68:1478-1484,

Kikuno N, Shiina H, Urakami S, Kawamoto K, Hirata H, Tana-
ka Y, et al. Knockdown of astrocyte-elevated gene-1 inhibits
prostate cancer progression through upregulation of FOXO3a
activity[ ] ]. Oncogene, 2007 ,26:7647-7655.

Thirkettle H J.Girling J, Warren A Y.Mills I G.Sahadevan K.
Leung H,et al. LYRIC/AEG-1 is targeted to different subcellu-

lar compartments by ubiquitinylation and intrinsic nuclear local-

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

ization signals[J]. Clin Cancer Res,2009,15:3003-3013.

Li J,Zhang N,Song L. B,Liao W T,Jiang L. L,Gong L. Y,et al.
Astrocyte elevated gene-1 is a novel prognostic marker for
breast cancer progression and overall patient survival[ J]. Clin
Cancer Res,2008,14:3319-3326.

Song L, Li W, Zhang H, Liao W, Dai T, Yu C, et al. Over-ex-
pression of AEG-1 significantly associates with tumour aggres-
siveness and poor prognosis in human non-small cell lung cancer
[J].] Pathol.2009.219.317-326.

Liu L,Wu J,Ying Z,Chen B,Han A, Liang Y,et al. Astrocyte
elevated gene-1 upregulates matrix metalloproteinase-9 and in-
duces human glioma invasion[ J]. Cancer Res, 2010, 70;: 3750~
3759.

Sun W,Fan Y Z,Xi H,Lu X S,Ye C,Zhang J T. Astrocyte ele-
vated gene-1 overexpression in human primary gallbladder car-
cinomas: an unfavorable and independent prognostic factor[J].
Oncol Rep,2011,26:1133-1142.

Wang F,Ke Z F,Sun S J,Chen W F,Yang S C,Li S H,et al.
Oncogenic roles of astrocyte elevated gene-1 (AEG-1) in osteo-
sarcoma progression and prognosis[ J]. Cancer Biol Ther,2011,
12.539-548.

Qian B J.Yan F,Li N,Liu Q L,Lin Y H,Liu C M,et al. MT-
DH/AEG-1-based DNA vaccine suppresses lung metastasis and
enhances chemosensitivity to doxorubicin in breast cancer[ ]].
Cancer Immunol Immunother,2011.60:883-893.

Yoo B K, Santhekadur P K, Gredler R, Chen D, Emdad L,
Bhutia S, et al. Increased RNA-induced silencing complex
(RISC) activity contributes to hepatocellular carcinomal[ ] J.
Hepatology»2011,53:1538-1548.

Chen D, Yoo B K, Santhekadur P K,Gredler R,Bhutia S K, Das
S K, et al. Insulin-like growth factor-binding protein-7 functions
as a potential tumor suppressor in hepatocellular carcinomal J].

Clin Cancer Res,2011,17:6693-6701.
[(AXHE\E] h &



