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The N-Myc downstream-regulated gene (NDRG) family is
composed of NDRG1, NDRG2, NDRG3 and NDRG4, which are
important downstream effectors of growth factors, cytokines, and
other cellular stimuli in cellular signaling pathway. Aberrant loss or
gain of NDRG expression underlies the pathophysiological properties
of a variety of complex diseases, especially in cancer. Here, we review
the molecular properties of NDRG2 and the distribution in multiple
tissues or cancers. Additionally, in order to introduce its significance
and therapeutic potential in anti-cancer research, we will discuss
the regulation network of NDRG2 in cell signaling pathway which
contributes to the diverse cellular roles including cell proliferation,
apoptosis, metabolism, stress and migration.

Structure and Tissue Distribution

NDRG was firstly used by Kondoh’s group to name a gene
repressed by N-myc, which subsequently called NDRG1 [1]. Our
group identified human NDRG2 and described it as a protein
containing acyl-carrier protein (ACP)-like domain [2]. We further
showed that NDRG2 expressed broadly innumerous developing
tissues and organs in both human and mouse, and predominantly
located in cytoplasm [3,4]. The cell nuclear and membrane locations
of NDRG?2 were also observed in some of the nervous cells, indicating
the distinct roles of NDRG2 in different tissues [5].

Motif and PROSITE analysis of human NDRG2 revealed a
“prokaryotic membrane lipoprotein lipid attachment site (PMLA)”
motif, which mainly exists in membrane lipoproteins [6]. Further,
two domains were recognized in the partial crystal structure of mouse
NDRG2, an o/B hydrolase catalytic domain and a cap domain [7].
And both the human and mouse NDRG2 proteins showed structural
similarity to the a/p hydrolase superfamily, though the key motif of
catalytic activity in hydrolase were not observed [8]. The conserved
structural features suggest NDRG2 may be involved in molecular
interactions.

Molecular functions of NDRG2

So far, NDRG2 has been reported playing key roles in multiple
biological behaviors, such as cell stress [9], cell cycle arrest [10,11],
cell apoptosis [12], nervous system formation [13,14], and embryonic

development [4,15]. A number of factors were found influencing these
behaviors through the regulation of NDRG2 expression, including
hypoxia-induce factor-1a (HIF-1a), p53 and glucocorticoids etc.

NDRG1 was firstly uncovered as an endoplasmic reticulum
stress responder in cancer cells [16]. Similarly, we observed the
induction of NDRG2 in hypoxia conditions and identified NDRG2
works as a cell stress responding molecule as well [9]. Further,
HIF-1la transcriptionally regulates NDRG2 expression through
directly binding to HREs of NDRG2 promoter. For the physiological
significance of NDRG?2 in cell stress, we elucidated the role of NDRG2
in controlling cell apoptosis, tumor angiogenesis and radioresistance
[9,17,18]. NDRG2 can be translocated from the cytoplasm to the
nucleus during hypoxia, and is necessary for hypoxia-induced
apoptosis [9]. Furthermore, Both HIF-1 and NDRG2 contribute
to hypoxia-induced tumor radioresistance [17]. NDRG2 acts
downstream of HIF-la and promotes radioresistance through the
suppression of radiation-induced Bax expression. Interestingly, it
has been shown that there is a feedback loop between HIF-1a and
NDRG?2 [18]. The high level of NDRG2 represses the expressions of
HIF-1a and other factors, and further inhibits the cell growth and
angiogenesis in breast cancer.

In the brain tissue, NDRG2 has been shown widely expressed,
suggesting the important role of NDRG2 in the nervous system [3,19].
A number of disease-related NDRG2 gene expression changes were
observed in the brains of patients, such as Alzheimer’s disease [13],
cortical stab injury [20], stroke [21] and depression [14]. Recently,
NDRG2 was showed mainly expresses in astrocytes within the
central nervous system (CNS) and involved in the cell proliferation
and activation [21,22]. Estrogen can affect astrocytes by activating
the NDRG2 promoter and elevating endogenous NDRG2 protein
expression [22]. Sevoflurane preconditioning inhibits NDRG2
up-regulation and nuclear translocation in astrocytes to induce
cerebral ischemic tolerance via anti-apoptosis, which represents
a new mechanism of neuroprotection induced by sevoflurane
preconditioning [23]. Thus, NDRG2 could be considered as a marker
protein for brain astrocytes [24].

During embryonic development of mouse, NDRG2 expression is
dynamic, being generally lower in the early stages of development
and markedly increasing during later stages, suggesting the important
role of NDRG2 in histogenesis and organogenesis [4]. Further,
NDRG2 expression has also been detected at a high frequency in
spematogenic cells of the seminiferous tubules in young rats but at
a much lower frequency in adult rats, and is associated with germ
cell apoptotic status [15]. It may provide the clues of NDRG2 in the
regulation of testicular development and spermatogenesis in rats, and
the involvement in the physiological and pathological apoptosis of
germ cells.

NDRG2 on the path to cancer

Given the fact that NDRG2 was firstly cloned as a down-regulated
gene in glioblastoma, it is reasonable to assume the role of NDRG2 in
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tumor suppression [2]. Now, NDRG2 has been found broadly lower
expressed in various tumors, such as breast cancer [25], liver cancer
[26], colorectal cancer [27], gastrointestinal stromal tumor [28],
melanoma [29], and oligodendroglial tumors [30]. The inhibitory
effect of NDRG2 on tumor malignancy has also been full addressed.
Reduced expression of NDRG2 has been implicated in cancer cell
proliferation and metastasis [12,27,31,32].

The hypermethylation methylation of NDRG2 promoter is one
of the most important attributes in the loss of NDRG2 expression
various tumors, and significantly associated with the poor prognosis
[33,34]. Further, several cancer cells show both the mutation (at -13bp
(C>T)) and methylation in NDRG2 promoter, which can significantly
reduce NDRG2 tumor suppressive activity [35].

Besides the epigenetic regulation, NDRG2 is also involved in
multiple transcriptional factors and signaling pathways during
tumorigenesis. Although NDRG2 was named as N-Myc downstream-
regulated gene, the expression of NDRG2 was not up-regulated
in tissues of N-Myc knockout mice [36]. Whereas, our group
provided evidence that the expression of human NDRG2 was down-
regulated by c-Myc and N-Myc via transcriptional repression [37].
The ectopic expression of c-Myc dramatically reduces the cellular
NDRG?2 protein and mRNA levels through the interaction of c-Myc
with the core promoter region of NDRG2. Moreover, the c-Myc-
mediated repression of NDRG2 requires association with Miz-1 and
possibly the recruitment of other epigenetic factors, such as HDACs,
to the promoter. Further studies showed the repression of NDRG2
is necessary for c-Myc mediated cell cycle control, differentiation,
tumor proliferation and metastasis [27,32]. The expressions of
NDRG2 and c-Myc are inversely correlated in tumors, and associated
with the patient prognosis [37,38].

The tumor suppressor p53 is another important transcription
factor in regulation of cell-cycle arrest and apoptosis. We firstly
reported that NDRG2 is positively regulated by p53 and involved
in the p53-mediated apoptosis pathway [39]. The first intron of the
NDRG2 gene contains a site that binds p53 directly and mediates
wild-type p53-dependent transactivation. In addition, NDRG2
enhances p53-mediated apoptosis, whereas overexpression of
NDRG2 suppresses tumor cell growth, regardless of whether p53 is
mutated. Recently, we tried to further dig out the related mechanism,
and showed that NDRG2 enhances the p53-mediated apoptosis of
hepatocarcinoma cells by downregulating ERCC6 expression which
is critical for the nucleotide excision repair capacity [40]. ERCC6 is
a NDRG2-inducible target gene that is involved in the p53-mediated
apoptosis pathway.

Additionally, NDRG2 has also been found to regulate tumor
progression by affecting oncogenic signaling pathways, such as
TGEF-P pathway and PI3K-Akt pathway. TGF-P serves as a tumor
suppressor primarily by inhibiting cell proliferation during early
tumor stages, and it behaves as a tumor promoter by stimulating
both invasion and metastasis during late tumor stages [41,42]. Our
group found NDRG?2 is positively induced by TGF-p through the
abrogation of repressive c-Myc/Miz-1 complex on NDRG2 promoter
in normal epithelial cells. However, aberrant hypermethylation of
NDRG2, which could respond to TGF-f growth inhibition signaling,
abrogated the inhibitory effect of NDRG2 in TGF-B-induced EMT

in colon cancer. Reduced NDRG2 expression was highly correlated
with the tumor invasion stage and metastasis. Therefore, NDRG2 is a
new tumor suppressor gene that responds to TGF-p anti-proliferative
signaling and tips the balance of oncogenic TGF-f during late-stage
colon cancer. Similarly, other group also showed inhibitory role of
NDRG2 in TGF-B-induced tumor metastasis by attenuating active
autocrine TGF- production [43].

Constitutive phosphatidylinositol 3-kinase (PI3K)-Akt activation
hasacausalrolein tumorigenesisand tumor progression. We and other
group provided evidences that NDRG2 is phosphorylated by PI3K-
Akt activation and involved in insulin-mediated protection of cardiac
cells or pancreatic beta cells [43-45]. In malignant tumors, NDRG2
overexpression specifically inhibits Akt phosphorylation, implicating
the tumor suppressive role of NDRG2 in PI3K-Akt pathway [46]. The
related mechanistic study showed that NDRG2 can inhibit activation
of the PI3K-AKT pathway through the regulation of PTEN activity.
NDRG2 is a PTEN-binding protein that recruits protein phosphatase
2A (PP2A) to PTEN, resulting in the de-phosphorylation of PTEN
at the Ser380/Thr382/Thr383 cluster. The loss of NDRG2 expression
activates PI3K-AKT signaling via enhanced PTEN phosphorylation,
which may be critical for the development of human cancer.

Cancer cell metabolism is altered compared with normal tissue,
which contributes to the initiation and progression of tumors.
Therapies that target various aspects of cell metabolism are being
developed and primarily focused on glucose metabolism [47].
Currently, NDRG2 is found involved in glucose-dependent energy
metabolism, as well as the nature of its correlation with cancer
[48]. NDRG2 inhibits glucose uptake by promoting glucose transporter
1 (GLUTI1) protein degradation without affecting GLUTI
transcription. The colocalization of NDRG2 and GLUTI indicates
the direct interaction between each other. Further, NDRG2 is also a
negative regulator of AMP-activated protein kinase (AMPK) activity
and functions as a sensitizer of glucose deprivation in breast cancer
[49]. The broadly role of NDRG?2 in cancer cell metabolism need to be
further developed.

The studies on the function and regulation of the NDRG2 have
provided plenty of information on its multiple roles. Especially,
NDRG?2 function as a tumor suppressor, suggesting that NDRG2
may be a useful and functionally relevant biomarker for predicting
aggressive forms of human cancer. In this regard, new cancer
therapies targeting NDRG2 may be applied in the future.

Acknowledgments

This work was supported by National Natural Science Foundation
of China (NOs. 81230043, 81372390, 81172292, 31401061).

References

1. Shimono A, Okuda T, Kondoh H. N-myc-dependent repression of ndrl, a
gene identified by direct subtraction of whole mouse embryo cDNAs between
wild type and N-myc mutant. Mech Dev. 1999; 83: 39-52.

2. Deng Y, Yao L, Liu P, Su C. Exploring a new gene containing ACP like
domain in human brain and expression it in E. coli. Biochem Biophys Res
Commun. 2001; 28: 72-76.

3. Deng Y, Yao L, Chau L, Ng SS, Peng Y, Liu X, et al. N-Myc downstream-
regulated gene 2 (NDRGZ2) inhibits glioblastoma cell proliferation. Int J
Cancer. 2003; 106: 342-347.

4. Hu XL, Liu XP, Deng YC, Lin SX, Wu L, Zhang J, et al. Expression analysis

Submit your Manusecript | www.austinpublishinggroup.com

Austin J Cancer Clin Res 2(1): id1024 (2015) - Page - 02


http://www.ncbi.nlm.nih.gov/pubmed/10381566
http://www.ncbi.nlm.nih.gov/pubmed/10381566
http://www.ncbi.nlm.nih.gov/pubmed/10381566
http://europepmc.org/abstract/cba/346687
http://europepmc.org/abstract/cba/346687
http://europepmc.org/abstract/cba/346687
http://www.ncbi.nlm.nih.gov/pubmed/12845671
http://www.ncbi.nlm.nih.gov/pubmed/12845671
http://www.ncbi.nlm.nih.gov/pubmed/12845671
http://www.ncbi.nlm.nih.gov/pubmed/16520977

Libo Yao and Jian Zhang

Austin Publishing Group

10.

11

12.

14.

15.

20.

21.

22.

23.

of the NDRG2 gene in mouse embryonic and adult tissues. Cell Tissue Res.
2006; 325: 67-76.

ShenL, Zhao ZY, Wang YZ, Ji SP, Liu XP, Liu XW, et al. Immunohistochemical
detection of Ndrg2 in the mouse nervous system. Neuroreport. 2008; 19: 927-
931.

Nara-Ashizawa N, Akiyama Y, Maruyama K, Tsukada T, Yamaguchi K.
Lipolytic and lipoprotein lipase (LPL)-inhibiting activities produced by a
human lung cancer cell line responsible for cachexia induction. Anticancer
Res. 2001; 21: 3381-3387.

JCfS Genomics. Crystal structure of N-myc downstream regulated 2
(15277975) from Mus musculus at 1.70 A resolution. RCSB Protein Data
Bank. 2008.

Hwang J, Kim Y, Kang HB, Jaroszewski L, Deacon AM, Lee H, et al. Crystal
structure of the human N-Myc downstream-regulated gene 2 protein provides
insight into its role as a tumor suppressor. J Biol Chem. 2011; 286: 12450-
12460.

Wang L, Liu N, Yao L, Li F, Zhang J, Deng Y, et al. NDRG2 is a new HIF-
1 target gene necessary for hypoxia-induced apoptosis in A549 cells. Cell
Physiol Biochem. 2008; 21: 239-250.

Zhang J, Liu J, Li X, Li F, Wang L, Zhang J, et al. The physical and functional
interaction of NDRG2 with MSP58 in cells. Biochem Biophys Res Commun.
2007; 352: 6-11.

Lin W, Zhang J, Zhang J, Liu X, Fei Z, Li X, et al. RNAi-mediated inhibition of
MSP58 decreases tumour growth, migration and invasion in a human glioma
cell line. J Cell Mol Med. 2009; 13: 4608-4622.

Liu N, Wang L, Li X, Yang Q, Liu X, Zhang J, et al. N-Myc downstream-
regulated gene 2 is involved in p53-mediated apoptosis. Nucleic Acids Res.
2008; 36: 5335-5349.

. Mitchelmore C, Blichmann-Moller S, Rask L, West MJ, Troncoso JC, Jensen

NA, et al. NDRG2: a novel Alzheimer’s disease associated protein. Neurobiol
Dis. 2004; 16: 48-58.

Takahashi K, Yamada M, Ohata H, Momose K, Higuchi T, Honda K, et
al. Expression of Ndrg2 in the rat frontal cortex after antidepressant and
electroconvulsive treatment. Int J Neuropsychopharmacol. 2005; 8: 381-389.

Hou WG, Zhao Y, Shen L, Zhao J, Liu XW, Li Z, et al. Differential expression
of N-Myc downstream regulated gene 2 (NDRG2) in the rat testis during
postnatal development. Cell Tissue Res. 2009; 337: 257-267.

.Segawa T, Nau ME, Xu LL, Chilukuri RN, Makarem M, Zhang W, et al.

Androgen-induced expression of endoplasmic reticulum (ER) stress response
genes in prostate cancer cells. Oncogene. 2002; 21: 8749-8758.

.LiuJ, Zhang J, Wang X, Li Y, Chen Y, Li K, et al. HIF-1 and NDRG2 contribute

to hypoxia-induced radioresistance of cervical cancer Hela cells. Exp Cell
Res. 2010; 316: 1985-1993.

.Ma J, Liu W, Yan X, Wang Q, Zhao Q, Xue Y, et al. Inhibition of endothelial

cell proliferation and tumor angiogenesis by up-regulating NDRG2 expression
in breast cancer cells. PLoS One. 2012; 7: e32368.

.Qu X, Zhai Y, Wei H, Zhang C, Xing G, Yu Y, et al. Characterization and

expression of three novel differentiation-related genes belong to the human
NDRG gene family. Mol Cell Biochem. 2002; 229: 35-44.

Takarada-lemata M, Kezuka D, Takeichi T, lkawa M, Hattori T, Kitao Y, et
al. Deletion of N-myc downstream-regulated gene 2 attenuates reactive
astrogliosis and inflammatory response in a mouse model of cortical stab
injury. J Neurochem. 2014; 130: 374-387.

Li Y, Xu N, Cai L, Gao Z, Shen L, Zhang Q, et al. NDRG2 is a novel p53-
associated regulator of apoptosis in C6-originated astrocytes exposed to
oxygen-glucose deprivation. PLoS One. 2013; 8: e57130.

Ma YL, Qin P, Feng DY, Li Y, Zhang LX, Liu ZY, et al. Estrogen regulates the
expression of Ndrg2 in astrocytes. Brain Res. 2014; 1569: 1-8.

Li X, Luo P, Wang F, Yang Q, Li Y, Zhao M, et al. Inhibition of N-myc
downstream-regulated gene-2 is involved in an astrocyte-specific
neuroprotection induced by sevoflurane preconditioning. Anesthesiology.
2014; 121: 549-562.

24,

25.

26.

27.

28

29.

3

o

3

=

32.

33.

34.

35.

36.

37.

3

oo

39.

40.

4

iy

4

N

Fliigge G, Araya-Callis C, Garea-Rodriguez E, Stadelmann-Nessler C, Fuchs
E. NDRG2 as a marker protein for brain astrocytes. Cell Tissue Res. 2014;
357: 31-41.

Liu N, Wang L, Liu X, Yang Q, Zhang J, Zhang W, et al. Promoter
methylation, mutation, and genomic deletion are involved in the decreased
NDRG?2 expression levels in several cancer cell lines. Biochem Biophys Res
Commun. 2007; 358: 164-169.

Hu XL, Liu XP, Lin SX, Deng YC, Liu N, Li X, et al. NDRG2 expression and
mutation in human liver and pancreatic cancers. World J Gastroenterol. 2004;
10: 3518-3521.

Shen L, Qu X, Ma Y, Zheng J, Chu D, Liu B, et al. Tumor suppressor NDRG2
tips the balance of oncogenic TGF-I2 via EMT inhibition in colorectal cancer.
Oncogenesis. 2014; 3: e86.

. Assamaki R, Sarlomo-Rikala M, Lopez-Guerrero JA, Lasota J, Andersson LC,

Llombart-Bosch A, et al. Array comparative genomic hybridization analysis of
chromosomal imbalances and their target genes in gastrointestinal stromal
tumors. Genes Chromosomes Cancer. 2007; 46: 564-576.

Hummerich L, Miller R, Hess J, Kokocinski F, Hahn M, Fiirstenberger G, et
al. Identification of novel tumour-associated genes differentially expressed
in the process of squamous cell cancer development. Oncogene. 2006; 25:
111-121.

. Felsberg J, Yan PS, Huang TH, Milde U, Schramm J, Wiestler OD, et al. DNA

methylation and allelic losses on chromosome arm 14q in oligodendroglial
tumours. Neuropathol Appl Neurobiol. 2006; 32: 517-524.

.Li L, Qin X, Shi M, Miao R, Wang L, Liu X, et al. Regulation of histone

acetylation by NDRG2 in glioma cells. J Neurooncol. 2012; 106: 485-492.

Yao L, Zhang J, Liu X. NDRG2: a Myc-repressed gene involved in cancer and
cell stress. Acta Biochim Biophys Sin (Shanghai). 2008; 40: 625-635.

Chang X, Li Z, Ma J, Deng P, Zhang S, Zhi Y, et al. DNA methylation of
NDRG?2 in gastric cancer and its clinical significance. Dig Dis Sci. 2013; 58:
715-723.

Skiriute D, Steponaitis G, Vaitkiene P, Mikuciunas M, Skauminas K,
Tamasauskas A, et al. Glioma Malignancy-Dependent NDRG2 Gene
Methylation and Downregulation Correlates with Poor Patient Outcome. J
Cancer. 2014; 5: 446-456.

Liu N, Wang L, Liu X, Yang Q, Zhang J, Zhang W, et al. Promoter
methylation, mutation, and genomic deletion are involved in the decreased
NDRG?2 expression levels in several cancer cell lines. Biochem Biophys Res
Commun. 2007; 358: 164-169.

Okuda T, Kondoh H. Identification of new genes ndr2 and ndr3 which are
related to Ndr1/RTP/Drg1 but show distinct tissue specificity and response to
N-myc. Biochem Biophys Res Commun. 1999; 266: 208-215.

Zhang J, Li F, Liu X, Shen L, Liu J, Su J, et al. The repression of human
differentiation-related gene NDRG2 expression by Myc via Miz-1-dependent
interaction with the NDRG2 core promoter. J Biol Chem. 2006; 281: 39159-
39168.

.Mordalska A, Latek J, Ferenc T, Pomorski L, Gatecka E, Zygmunt A, et al.

Evaluation of NDRG2 gene expression in primary papillary thyroid carcinoma
and in metastases of this neoplasm to regional lymph nodes. Thyroid Res.
2010; 3: 6.

Liu N, Wang L, Li X, Yang Q, Liu X, Zhang J, et al. N-Myc downstream-
regulated gene 2 is involved in p53-mediated apoptosis. Nucleic Acids Res.
2008; 36: 5335-5349.

Cao W, Zhang JL, Feng DY, Liu XW, Li Y, Wang LF, et al. The effect
of adenovirus-conjugated NDRG2 on p53-mediated apoptosis of
hepatocarcinoma cells through attenuation of nucleotide excision repair
capacity. Biomaterials. 2014; 35: 993-1003.

. Elliott RL, Blobe GC. Role of transforming growth factor Beta in human

cancer. J Clin Oncol. 2005; 23: 2078-2093.

. Pietenpol JA, Holt JT, Stein RW, Moses HL. Transforming growth factor beta

1 suppression of c-myc gene transcription: role in inhibition of keratinocyte
proliferation. Proc Natl Acad Sci U S A. 1990; 87: 3758-3762.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Cancer Clin Res 2(1): id1024 (2015) - Page - 03


http://www.ncbi.nlm.nih.gov/pubmed/16520977
http://www.ncbi.nlm.nih.gov/pubmed/16520977
http://www.ncbi.nlm.nih.gov/pubmed/18520995
http://www.ncbi.nlm.nih.gov/pubmed/18520995
http://www.ncbi.nlm.nih.gov/pubmed/18520995
http://www.ncbi.nlm.nih.gov/pubmed/11848498
http://www.ncbi.nlm.nih.gov/pubmed/11848498
http://www.ncbi.nlm.nih.gov/pubmed/11848498
http://www.ncbi.nlm.nih.gov/pubmed/11848498
http://www.pdb.org/pdb/home/home.do
http://www.pdb.org/pdb/home/home.do
http://www.pdb.org/pdb/home/home.do
http://www.ncbi.nlm.nih.gov/pubmed/21247902
http://www.ncbi.nlm.nih.gov/pubmed/21247902
http://www.ncbi.nlm.nih.gov/pubmed/21247902
http://www.ncbi.nlm.nih.gov/pubmed/21247902
http://www.ncbi.nlm.nih.gov/pubmed/18209490
http://www.ncbi.nlm.nih.gov/pubmed/18209490
http://www.ncbi.nlm.nih.gov/pubmed/18209490
http://www.ncbi.nlm.nih.gov/pubmed/17109818
http://www.ncbi.nlm.nih.gov/pubmed/17109818
http://www.ncbi.nlm.nih.gov/pubmed/17109818
http://www.ncbi.nlm.nih.gov/pubmed/18798870
http://www.ncbi.nlm.nih.gov/pubmed/18798870
http://www.ncbi.nlm.nih.gov/pubmed/18798870
http://www.ncbi.nlm.nih.gov/pubmed/18689861
http://www.ncbi.nlm.nih.gov/pubmed/18689861
http://www.ncbi.nlm.nih.gov/pubmed/18689861
http://www.ncbi.nlm.nih.gov/pubmed/15207261
http://www.ncbi.nlm.nih.gov/pubmed/15207261
http://www.ncbi.nlm.nih.gov/pubmed/15207261
http://www.ncbi.nlm.nih.gov/pubmed/15769300
http://www.ncbi.nlm.nih.gov/pubmed/15769300
http://www.ncbi.nlm.nih.gov/pubmed/15769300
http://www.ncbi.nlm.nih.gov/pubmed/19471968
http://www.ncbi.nlm.nih.gov/pubmed/19471968
http://www.ncbi.nlm.nih.gov/pubmed/19471968
http://www.ncbi.nlm.nih.gov/pubmed/12483528
http://www.ncbi.nlm.nih.gov/pubmed/12483528
http://www.ncbi.nlm.nih.gov/pubmed/12483528
http://www.ncbi.nlm.nih.gov/pubmed/20206160
http://www.ncbi.nlm.nih.gov/pubmed/20206160
http://www.ncbi.nlm.nih.gov/pubmed/20206160
http://www.ncbi.nlm.nih.gov/pubmed/22393400
http://www.ncbi.nlm.nih.gov/pubmed/22393400
http://www.ncbi.nlm.nih.gov/pubmed/22393400
http://www.ncbi.nlm.nih.gov/pubmed/11936845
http://www.ncbi.nlm.nih.gov/pubmed/11936845
http://www.ncbi.nlm.nih.gov/pubmed/11936845
http://www.ncbi.nlm.nih.gov/pubmed/24697507
http://www.ncbi.nlm.nih.gov/pubmed/24697507
http://www.ncbi.nlm.nih.gov/pubmed/24697507
http://www.ncbi.nlm.nih.gov/pubmed/24697507
http://www.ncbi.nlm.nih.gov/pubmed/23451161
http://www.ncbi.nlm.nih.gov/pubmed/23451161
http://www.ncbi.nlm.nih.gov/pubmed/23451161
http://www.ncbi.nlm.nih.gov/pubmed/24796879
http://www.ncbi.nlm.nih.gov/pubmed/24796879
http://www.ncbi.nlm.nih.gov/pubmed/24866406
http://www.ncbi.nlm.nih.gov/pubmed/24866406
http://www.ncbi.nlm.nih.gov/pubmed/24866406
http://www.ncbi.nlm.nih.gov/pubmed/24866406
http://www.ncbi.nlm.nih.gov/pubmed/24816982
http://www.ncbi.nlm.nih.gov/pubmed/24816982
http://www.ncbi.nlm.nih.gov/pubmed/24816982
http://www.ncbi.nlm.nih.gov/pubmed/17470364
http://www.ncbi.nlm.nih.gov/pubmed/17470364
http://www.ncbi.nlm.nih.gov/pubmed/17470364
http://www.ncbi.nlm.nih.gov/pubmed/17470364
http://www.ncbi.nlm.nih.gov/pubmed/15526377
http://www.ncbi.nlm.nih.gov/pubmed/15526377
http://www.ncbi.nlm.nih.gov/pubmed/15526377
http://www.ncbi.nlm.nih.gov/pubmed/24492480
http://www.ncbi.nlm.nih.gov/pubmed/24492480
http://www.ncbi.nlm.nih.gov/pubmed/24492480
http://www.ncbi.nlm.nih.gov/pubmed/17330260
http://www.ncbi.nlm.nih.gov/pubmed/17330260
http://www.ncbi.nlm.nih.gov/pubmed/17330260
http://www.ncbi.nlm.nih.gov/pubmed/17330260
http://www.ncbi.nlm.nih.gov/pubmed/16247483
http://www.ncbi.nlm.nih.gov/pubmed/16247483
http://www.ncbi.nlm.nih.gov/pubmed/16247483
http://www.ncbi.nlm.nih.gov/pubmed/16247483
http://www.ncbi.nlm.nih.gov/pubmed/16972885
http://www.ncbi.nlm.nih.gov/pubmed/16972885
http://www.ncbi.nlm.nih.gov/pubmed/16972885
http://www.ncbi.nlm.nih.gov/pubmed/21912936
http://www.ncbi.nlm.nih.gov/pubmed/21912936
http://www.ncbi.nlm.nih.gov/pubmed/18604454
http://www.ncbi.nlm.nih.gov/pubmed/18604454
http://www.ncbi.nlm.nih.gov/pubmed/23010743
http://www.ncbi.nlm.nih.gov/pubmed/23010743
http://www.ncbi.nlm.nih.gov/pubmed/23010743
http://www.ncbi.nlm.nih.gov/pubmed/24847385
http://www.ncbi.nlm.nih.gov/pubmed/24847385
http://www.ncbi.nlm.nih.gov/pubmed/24847385
http://www.ncbi.nlm.nih.gov/pubmed/24847385
http://www.ncbi.nlm.nih.gov/pubmed/17470364
http://www.ncbi.nlm.nih.gov/pubmed/17470364
http://www.ncbi.nlm.nih.gov/pubmed/17470364
http://www.ncbi.nlm.nih.gov/pubmed/17470364
http://www.ncbi.nlm.nih.gov/pubmed/10581191
http://www.ncbi.nlm.nih.gov/pubmed/10581191
http://www.ncbi.nlm.nih.gov/pubmed/10581191
http://www.ncbi.nlm.nih.gov/pubmed/17050536
http://www.ncbi.nlm.nih.gov/pubmed/17050536
http://www.ncbi.nlm.nih.gov/pubmed/17050536
http://www.ncbi.nlm.nih.gov/pubmed/17050536
http://www.ncbi.nlm.nih.gov/pubmed/20804549
http://www.ncbi.nlm.nih.gov/pubmed/20804549
http://www.ncbi.nlm.nih.gov/pubmed/20804549
http://www.ncbi.nlm.nih.gov/pubmed/20804549
http://www.ncbi.nlm.nih.gov/pubmed/18689861
http://www.ncbi.nlm.nih.gov/pubmed/18689861
http://www.ncbi.nlm.nih.gov/pubmed/18689861
http://www.ncbi.nlm.nih.gov/pubmed/24383128
http://www.ncbi.nlm.nih.gov/pubmed/24383128
http://www.ncbi.nlm.nih.gov/pubmed/24383128
http://www.ncbi.nlm.nih.gov/pubmed/24383128
http://www.ncbi.nlm.nih.gov/pubmed/15774796
http://www.ncbi.nlm.nih.gov/pubmed/15774796
http://www.ncbi.nlm.nih.gov/pubmed/2187192
http://www.ncbi.nlm.nih.gov/pubmed/2187192
http://www.ncbi.nlm.nih.gov/pubmed/2187192

Libo Yao and Jian Zhang

Austin Publishing Group

43.0h SS, Kim D, Kim DH, Chang HH, Sohn KC, Kim KH, et al. NDRG2
correlated with favorable recurrence-free survival inhibits metastasis of
mouse breast cancer cells via attenuation of active TGF-beta production.
Carcinogenesis. 2012; 33: 1882-1888.

44. Shen L, Liu X, Hou W, Yang G, Wu Y, Zhang R, et al. NDRG2 is highly
expressed in pancreatic beta cells and involved in protection against
lipotoxicity. Cell Mol Life Sci. 2010; 67: 1371-1381.

45.8un Z, Tong G, Ma N, Li J, Li X, Li S, et al. NDRG2: a newly identified
mediator of insulin cardioprotection against myocardial ischemia-reperfusion
injury. Basic Res Cardiol. 2013; 108: 341.

46. Park Y, Shon SK, Kim A, Kim KIl, Yang Y, Cho DH, et al. SOCS1 induced by

47.

48.

49.

NDRG2 expression negatively regulates STAT3 activation in breast cancer
cells. Biochem Biophys Res Commun. 2007; 363: 361-367.

Tennant DA, Duran RV, Gottlieb E. Targeting metabolic transformation for
cancer therapy. Nat Rev Cancer. 2010; 10: 267-277.

Ma J, Liu W, Guo H, Li S, Cao W, Du X, et al. N-myc downstream-regulated
gene 2 expression is associated with glucose transport and correlated with
prognosis in breast carcinoma. Breast Cancer Res. 2014; 16: R27.

Kim HS, KimMJ, Lim J, Yang Y, Lee MS, Lim JS, et al. NDRG2 overexpression
enhances glucose deprivation-mediated apoptosis in breast cancer cells via
inhibition of the LKB1-AMPK pathway. Genes Cancer. 2014; 5: 175-185.

Austin J Cancer Clin Res - Volume 2 Issue 1 - 2015
ISSN : 2381-909X | www.austinpublishinggroup.com 2015;2(1): 1024.
Yao and Zhang et al. © All rights are reserved

Citation: Shen L, Yao L and Zhang J. NDRG2: On the Path to Cell Stress and Cancer. Austin J Cancer Clin Res

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Cancer Clin Res 2(1): id1024 (2015) - Page - 04


http://www.ncbi.nlm.nih.gov/pubmed/22696597
http://www.ncbi.nlm.nih.gov/pubmed/22696597
http://www.ncbi.nlm.nih.gov/pubmed/22696597
http://www.ncbi.nlm.nih.gov/pubmed/22696597
http://www.ncbi.nlm.nih.gov/pubmed/20127388
http://www.ncbi.nlm.nih.gov/pubmed/20127388
http://www.ncbi.nlm.nih.gov/pubmed/20127388
http://www.ncbi.nlm.nih.gov/pubmed/23463182
http://www.ncbi.nlm.nih.gov/pubmed/23463182
http://www.ncbi.nlm.nih.gov/pubmed/23463182
http://www.ncbi.nlm.nih.gov/pubmed/17888401
http://www.ncbi.nlm.nih.gov/pubmed/17888401
http://www.ncbi.nlm.nih.gov/pubmed/17888401
http://www.ncbi.nlm.nih.gov/pubmed/20300106
http://www.ncbi.nlm.nih.gov/pubmed/20300106
http://www.ncbi.nlm.nih.gov/pubmed/24636131
http://www.ncbi.nlm.nih.gov/pubmed/24636131
http://www.ncbi.nlm.nih.gov/pubmed/24636131
http://www.ncbi.nlm.nih.gov/pubmed/25061501
http://www.ncbi.nlm.nih.gov/pubmed/25061501
http://www.ncbi.nlm.nih.gov/pubmed/25061501

	Title
	Structure and Tissue Distribution
	Molecular functions of NDRG2
	NDRG2 on the path to cancer

	References

