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Abstract: Objective: This study aims to investigate the 
differences in the expression of hypoxia-inducible factor-1α 
(HIF-1α), N-myc downstream-regulated gene 2 (NDRG2) and 
epithelial mesenchymal transition (EMT)-related proteins 
in normal gastric tissues, gastric cancer tissues and lymph 
node metastasis. Methods: Immunohistochemistry was 
used to detect the expression of HIF-1α, NDRG2, E-cadherin, 
Snail and Twist in normal gastric tissues, gastric cancer 
tissues and lymph node metastasis. Results: In normal 
gastric tissues, HIF-1α was not expressed, NDRG2 was highly 
expressed. There was a significant between the expression 
of NDRG2 and Snail, as well as of NDRG2 and Twist. In 
gastric cancer tissues, there was no statistically difference 
between the expression of HIF-1α and E-cadherin, NDRG2 
and E-cadherin. However, there was a significant difference 
in expression between the expression of HIF-1α and Snail, 
HIF-1α and Twist, NDRG2 and Snail, and NDRG2 and Twist. 
In lymph node metastasis tissues, we show that HIF-1α was 
highly expressed, while NDRG2 was not, and the difference 
between the expression of HIF-1α and E-cadherin, HIF-1α 
and Snail, HIF-1α and Twist was not significant. Conclusion: 
HIF-1α may promote EMT, possibly by inhibiting the 
expression of NDRG2.

Keywords: gastric neoplasmas/gastric carcinoma; 
hypoxia inducible factor-1 alpha; n-myc downstream 
regulated gene 2; epithelial mesenchymal transformation; 
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1  Introduction
The incidence of gastric cancer ranks fourth in the world, 
and 70% of these disease cases occur in developing 
countries. For example, in Asia, the incidence of gastric 
cancer ranks third [1] and in China, it is the third most 
deadly cancer following lung and liver cancer [2]. Even after 
R0 resection, the 1-, 2- and 3-year overall survival rates were 
only 89%, 74% and 63%, respectively [3], with death due to 
metastasis. Thus, it is critical to elucidate the mechanism 
of metastasis. Some studies have concluded that hypoxia-
inducible factor-1α (HIF-1α) may play an important role 
in tumor invasion and metastasis [4-6]. Previous studies 
have shown that that N-myc downstream-regulated gene 2 
(NDRG2) may be a cancer suppressor gene that plays a role 
in inhibiting the occurrence and development of tumors 
[7-9]. At present, the correlation between the expression 
of HIF-1α and NDRG2 in gastric cancer and lymph node 
metastasis tissues has not been reported. A key step in 
tumor metastasis is Epithelial mesenchymal transition 
(EMT) [10]. Therefore, the question to be asked is what is 
the association of gastric cancer metastasis with HIF-1α 
and NDRG2? In this study, the expression of HIF-1α, NDRG2 
and EMT-related proteins, including E-cadherin, Snail and 
Twist were evaluated in normal gastric tissues, gastric 
cancer tissues and lymph node metastasis tissues. 

2   Materials and Methods

2.1  General Information 

From October 2014 to June 2016, 20 patients with gastric 
cancer confirmed by histology were admitted to our 
hospital, and were enrolled in this study. There were 12 
males and 8 females suffering from adenocarcinoma of 
gastric antrum. The ages of these patients ranged from 35 
to 70 years old, with a median age of 56 years old. 

Informed consent: Informed consent has been obtained 
from all individuals included in this study.
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2.2  Experimental methods 

The expression of HIF-1α, NDRG2, E-cadherin, Snail and 
Twist in gastric cancer tissues, lymph node metastasis 
tissues and normal gastric tissues were identified by 
immunohistochemistry.

2.2.1  Immunohistochemistry 

The paraffin-embedded tissue sections were dewaxed, 
repaired, incubated with the primary and secondary 
antibody, colored with diaminobenzidine (DAB), 
re-stained with hematoxylin, and sealed. These were 
evaluated according to the evaluation criteria of each 
index.

2.2.2  Evaluation criteria for HIF-1α test results [11] 

HIF-1α protein is mainly expressed in the cytoplasm and/
or nuclei of gastric cancer cells. The positive results were 
determined by a semi-quantitative scoring system: (1) 
Scoring was performed according to staining intensity: 
no color was scored as 0, light yellow was scored as 1, 
brownish yellow was scored as 2, and tan was scored as 
3. (2) Ten high-power fields (HPF) were randomly selected 
from each section, and 100 epithelial cells in the gastric 
gland were counted from each HPF. The percentage of 
positive cells was evaluated as follows: no positive cells, 
0 point; <25% were positive cells, 1 point; positive cells 
were within 25-50%, 2 points; >50% were positive cells, 
3 points. These two scores were multiplied together, and 
results were as follows: <2 points was negative, and >2 
points was positive.

2.2.3  Evaluation criteria for NDRG2 results [12] 

Ten HPFs were randomly selected from each section. The 
final score for antigen staining combined two indexes: 

staining intensity and stained cell proportion. The 
staining intensity of cells was classified into four levels: 
non-staining, light yellow, brownish yellow, and tan. 
These were denoted as 0, 1, 2 and 3 points respectively. The 
proportion of stained cells to the cell count was classified 
in five levels: 0 point, stained cells accounted for <5%; 1 
point, stained cells accounted for ≥5% and <25%, 2 points, 
stained cells accounted for ≥25% and <50%; 3 points, 
stained cells accounted for ≥50% and <75%; 4 points, 
stained cells accounted for ≥75%. The positive intensity 
score of cells: Based on the staining intensity × stained 
cell proportion score, where (-) was 0 points, (+) was 1-4 
points, (++) was 5-8 points, and (+++) was 9-12 points.

2.2.4  Evaluation criteria for E-cadherin, Snail and Twist 
results [13] 

E-cadherin is expressed in the cell membrane or cytoplasm, 
and yellow-stained cells are considered positive cells. Twist 
protein is expressed in the cytoplasm, with low expression 
in the nucleus. Clearly brown or tan-yellow-stained cells 
were considered positive cells. Ten HPFs were randomly 
selected from each section, and the results were determined 
based on the percentage of positive cells. E-cadherin: when 
the percentage of positive cells was ≥25%, it was considered 
positive; Twist: when the percentage of positive cells was 
≥5%, it was considered positive; Snail: when the nucleus or/
and cytoplasm presented with a light-yellow to brownish-
yellow color in the staining, these were considered positive 
cells. The semi-quantitative analysis of cells was performed 
according to the staining intensity of positive cells combined 
with the percentage of positive cells. Staining intensity 
was scored based on the staining characteristics of most 
cells. Scoring based on comparison with the background 
hue: 0 point, cells are not stained; 1 point, weak positive; 
2 points, positive; 3 points, strong positive. Scoring based 
on the percentage of stained cells: 1 point, 1-25%; 2 points, 
26-50%; 3 points, 51-75%; 4 points, 76-100%. Then, the sum 
was calculated based on the positive cell × staining density 
score: a sum of 1-2 was negative, and a sum of 3-12 was 
positive.

2.3  Statistical analysis 

Data was analyzed using statistical software SPSS 19.0. 
Count data were compared between two groups using 
X2-test. P<0.05 was considered statistically significant.
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3  Results

3.1  Expression of HIF-1α, NDRG2, E-cadherin, 
Snail and Twist in different tissues

The expression results are shown in Table 1, and in Figures 
1, 2, 3, 4 and 5.

(1) In normal gastric tissues, HIF-1α was not expressed. 
However, there was expression in gastric cancer tissues, 
and was highly expressed in lymph node metastasis 
tissues. There was a was statistically significant (X2=4.395, 
P=0.037) difference in HIF-1α expression between lymph 
node metastasis tissues and gastric cancer tissues. (2) 
NDRG2 was highly expressed in normal gastric tissues, 
its positive rate was up to 85%, while its expression in 
gastric cancer tissues was significantly decreased. There 
was no expression in lymph node metastasis tissues. The 
differences in the expression of NDRG2 among normal 
gastric tissues, gastric cancer tissues, and lymph node 
metastasis tissues were statistically significant (X2=30.179, 
P<0.001). There was a significant difference in expression 

Figure 1. Positive expression of HIF-1 alpha in gastric carcinoma 
tissues (DAB staining,×400)   

Table 1.  Expression of HIF-1 alpha, NDRG2, E-Cadherin, Snail and Twist in different tissues

Gastric carcinoma 
tissue(cases)

positive rate Lymph node tissue 
of metastatic 
carcinoma(cases)

positive rate Normal gastric 
tissue(cases)

positive rate

HIF-1α 4/17 23.5% 11/19 57.9% 0/17 0.0%
NDRG2 5/20 25.0% 0/20 0.0% 17/20 85.0%
E-Cadherin 7/16 43.8% 12/18 66.7% 20/20 100.0%
Snail 12/16 75.0% 11/20 55.0% 6/17 35.3%

Twist 12/16 75.0% 13/20 65.0% 2/17 11.8%

Figure 2. Positive expression of NDRG2 in gastric carcinoma tissues 
(DAB staining,×400)  

Figure 3. Positive expression of E-Cadherin in gastric carcinoma 
tissues (DAB staining,×400)
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Figure 5. Positive expression of Twist in gastric carcinoma tissues 
(DAB staining,×400)

of NDRG2 between gastric cancer tissues and lymph node 
metastasis tissues (Fisher, P=0.047). (3) The differences 
in the expression of E-cadherin among normal gastric 
tissues, gastric cancer tissues, and lymph node metastasis 
tissues were statistically significant (X2=12.217, P=0.000), 
while the differences in the expression of Snail were not 
statistically significant (X2=3.811, P=0.051). However, the 
difference in the expression of Twist was statistically 
significant (X2=15.372, P=0.000). Furthermore, the 
differences in the expression of E-cadherin, Snail and 
Twist between gastric cancer tissues and lymph node 
metastasis were not statistically significant (the X2 values 
were 1.804, 1.541 and 0.419, respectively; and the P values 
were 0.179, 0.214 and 0.517, respectively). 

3.2  Correlations among HIF-1α, NDRG2, 
E-cadherin, Snail and Twist in the same 
tissue

As shown in Tables 2, 3 and 4. In normal gastric tissues, 
HIF-1α was not expressed, but NDRG2 was highly 
expressed. The difference between NDRG2 and E-cadherin 

expression was not statistically significant. However there 
was a statistically significant difference im expression 
between NDRG2 and Snail, and NDRG2 and Twist. 

In gastric cancer tissues, the difference in the 
expression between HIF-1α and NDRG2 was not statistically 
significant, (Fisher, P=1.000). Furthermore, the difference 
in the expression between HIF-1α and E-cadherin, and 
the expression between NDRG2 and E-cadherin, was not 
statistically significant. This is in contrast between HIF-1α 
and Snail, HIF-1α and Twist, NDRG2 and Snail, and NDRG2 
and Twist which were statistically significant.

In lymph node metastasis tissues, HIF-1α was highly 
expressed, while NDRG2 was not. We found that there was 
no statistically significant difference in the expression 
between HIF-1α and E-cadherin, Snail, and Twist.

4  Discussion

4.1  HIF-lα 

HIF-1 is an important nuclear transcription regulating 
factor widely present in cells of mammals and humans 

Figure 4. Positive expression of Snail in gastric carcinoma tissues 
(DAB staining,×400) 

Table 2. The expression of NDRG2, E-Cadherin, Snail and Twist in normal gastric tissues

E-Cadherin Snail Twist

x2 P x2 P x2 P

NDRG2
(17/20)

Fisher 0.231 9.653 0.002 19.729 0.000

In normal gastric tissues, HIF-1 alpha is not expressed, NDRG2 is highly expressed, and there is no significant difference between E-Cadhe-
rin. There is a significant difference between Snail and Twist expression.



Association of HIF-1α and NDRG2 expression   221

under a hypoxia state. It plays an important role in the 
regulation of genes associated with angiogenesis, cell 
proliferation, energy metabolism, erythrocyte production 
and cell adhesion. HIF-1 is a heterodimer that consists of 
HIF-1α and HIF-1β subunits. Tumor invasion and metastasis 
is mediated by hypoxia through inducing the expression of 
genes via HIF-lα. Furthermore, hypoxia can induce global 
changes in a complex regulatory network of transcription 
factors and signaling proteins to coordinate cellular 
adaptations in metabolism, proliferation, DNA repair, 
and apoptosis. The accumulation of intracellular HIF-1α 
is due to cells under hypoxic or low glucose conditions. 
However, when conditions improve, this results in HIF-1α 
being rapidly degraded. When tumor tissues grow, they 
will almost certainly be in hypoxic conditions, which 
subsequently results in increased HIF-1α expression. 
Thus, the activation of oncogenes and the inactivation of 
cancer suppressor genes can increase the expression of 
HIF-1α and enhance its activity in tumor cells.

4.2  NDRG2 

NDRG2 was first discovered by Jian Li et al. [13] and NDRG2 
has low expression in many tumors. This includes glioma, 
breast cancer, colorectal cancer, gastric cancer, liver cancer 
and prostate cancer [14,15]. In contrast, it’s expression 
in normal gastric tissues is quite high. Silencing NDRG2 
expression in gastric cancer cell line SNU-620 has been 
shown to promote the proliferation of gastric cancer cells 

[16]. This suggests that NDRG2 can inhibit the proliferation 
of gastric cancer cells.

4.3  EMT 

EMT is mainly characterized by cell adhesion 
molecules. This transition results in a decrease in 
E-cadherin expression, and cytokeratin. On the other 
hand, mesenchymal marker vimentin is upregulated. 
Transcription factors can also be used as a biomarker 
for EMT, as there is an upregulation of Snail expression. 
Likewise, Twist inhibits E-cadherin expression and 
upregulate fibronectin and N-cadherin, which is 
characteristic of EMT. These changes are critical in tumor 
transformation and plays roles in tumor migration and 
invasion

4.4  Expression of HIF-1α, NDRG2, E-cadhe-
rin, Snail and Twist in different tissues

Our study shows varying levels of expression of HIF-1α 
and NDRG2 in different tissues. In normal gastric tissues, 
there was no expression of HIF-1α while expression of  
NDRG2 was high. In gastric cancer tissues we found that 
there was no difference in the expression between HIF-1α 
and NDRG2. When examining the expression in lymph 
node metastasis tissues, we found that HIF-1α was highly 
expressed while NDRG2 was not. These results suggests 

Table 3. The expression between HIF-1 alpha, NDRG2, E-Cadherin, Snail and Twist in gastric carcinoma

E-Cadherin
(7/16)

Snail
(12/16)

Twist
(12/16)

x2 P x2 P x2 P

HIF-1α
(4/17)

1.517 0.218 8.742 0.003 8.742 0.003

NDRG2
(5/20)

1.406 0.236 8.916 0.003 8.916 0.003

There was no significant difference between HIF-1 alpha and NDRG2 expression in gastric cancer tissues, Fisher P=1.000. The expressions of 
HIF-1 and NDRG2 were not significantly different from those of E-Cadherin and were significantly different from those of Snail and Twist.

Table 4. The expression between HIF-1 alpha, E-Cadherin, Snail and Twist in lymph node metastasis

E-Cadherin
(12/18)

Snail
(11/20)

Twist
(13/20)

x2 P x2 P x2 P

HIF-1α
(11/19)

0.302 0.582 0.033 0.855 0.208 0.648

In lymph node metastasis tissues, HIF-1 was highly expressed and NDRG2 was not expressed. There was no significant difference between 
the expression of HIF-1 and the expression of E-Cadherin, Snail and Twist.
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Twist, while HIF-1α is not. We believe that this is due to 
HIF-1α affecting EMT via NDRG2.

In summary, we show that in normal gastric tissues, 
HIF-1α is not expressed while NDRG2 is highly expressed. 
This is in contrast in lymph node metastasis tissues 
where HIF-1α is highly expressed and NDRG2 is not. We 
show that the expression of NDRG2 is closely associated 
to the expression of E-cadherin, Snail and Twist, while 
HIF-1α was not. Thus, HIF-1α may affect EMT potentially 
by inhibiting the expression of NDRG2.
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that HIF-1α may promote the development and metastasis 
of gastric cancer through inhibiting the expression of 
NDRG2. Others have previously used antibodies to HIF-1α 
to detect the expression of HIF-1α in various tumors. They 
showed that HIF-1α was highly expressed in 90% of colon, 
breast, and prostate cancer tissues compared to normal 
tissue [17-19]. E-cadherin plays a role in maintaining tight 
intercellular junctions, which prevents cell migration, 
invasion and metastasis. It remains to be elucidated 
whether NDRG2 is regulated by E-cadherin. In the above 
tissues, there was a difference between the expression of 
E-cadherin and Twist. However, there was no significant 
difference in expression between Twist and E-cadherin. 
The difference in the expression between Snail and 
E-cadherin expression was not statistically significant. 
This may be due to Twist inhibiting the expression of 
E-cadherin to promote EMT. It has been shown that 
the EMT of gastrointestinal cancer could be negatively 
regulated by the STAT3 pathway. This is through the 
inhibition of the NDRG2/gp130/STAT3 pathway via NDRG2 
and subsequently the inhibition of tumor metastasis 
[20-22]. However, our results showed that there was no 
difference in the expression between NDRG2 and Snail. 
The cause of this remains to be elucidated. 

4.5  Expression of HIF-1α, NDRG2, E-cadherin, 
Snail and Twist in the same tissue

Previous studies have shown that HIF-1α is expressed 
in various tumor tissues from liver, breast and prostate 
cancers [23, 24]. A number of signaling pathways, including 
TGF-β, PI3K, MAPK, Hedgehog and Wnt pathways are 
implicated in EMT. These pathways are regulated through 
DNA methylation, histone modification, or changes in 
small RNAs [25]. The transcription factor, Grhl2, can 
inhibit TGF-β-induced EMT. This inhibition reduces the 
invasion and migration ability of gastric cancer cells [26]. 
Likewise the inhibition of Snail can inhibit HIF-1α-induced 
EMT [27, 28]. In the current study, in normal gastric tissues, 
HIF-1α was found to not be expressed while NDRG2 was 
highly expressed. This is in contrast in the expression 
between NDRG2 and Snail, and between NDRG2 and 
Twist. In gastric cancer tissues, there was a statistically 
significant different between the expression of HIF-1α and 
Snail, HIF-1α and Twist, NDRG2 and Snail, and NDRG2 and 
Twist. In lymph node metastasis tissues, we that there was 
high expression of HIF-1α and no expression of NDRG2. 
There were no difference in the expression between HIF-1α 
and E-cadherin, Snail, and Twist. These results suggests 
that NDRG2 is closely associated to E-cadherin, Snail and 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rahman R%5BAuthor%5D&cauthor=true&cauthor_uid=24782601
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asombang AW%5BAuthor%5D&cauthor=true&cauthor_uid=24782601
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ibdah JA%5BAuthor%5D&cauthor=true&cauthor_uid=24782601
https://www.ncbi.nlm.nih.gov/pubmed/24782601
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen WQ%5BAuthor%5D&cauthor=true&cauthor_uid=25011459
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng RS%5BAuthor%5D&cauthor=true&cauthor_uid=25011459
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang SW%5BAuthor%5D&cauthor=true&cauthor_uid=25011459
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng HM%5BAuthor%5D&cauthor=true&cauthor_uid=25011459
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zou XN%5BAuthor%5D&cauthor=true&cauthor_uid=25011459
https://www.ncbi.nlm.nih.gov/pubmed/25011459
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang WH%5BAuthor%5D&cauthor=true&cauthor_uid=25112468
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen XZ%5BAuthor%5D&cauthor=true&cauthor_uid=25112468
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu K%5BAuthor%5D&cauthor=true&cauthor_uid=25112468
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen XL%5BAuthor%5D&cauthor=true&cauthor_uid=25112468
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang K%5BAuthor%5D&cauthor=true&cauthor_uid=25112468
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang B%5BAuthor%5D&cauthor=true&cauthor_uid=25112468
https://www.ncbi.nlm.nih.gov/pubmed/25112468
https://www.ncbi.nlm.nih.gov/pubmed/25112468
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barriga EH%5BAuthor%5D&cauthor=true&cauthor_uid=23712262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maxwell PH%5BAuthor%5D&cauthor=true&cauthor_uid=23712262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reyes AE%5BAuthor%5D&cauthor=true&cauthor_uid=23712262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mayor R%5BAuthor%5D&cauthor=true&cauthor_uid=23712262
http://www.ncbi.nlm.nih.gov/pubmed/23712262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang W%5BAuthor%5D&cauthor=true&cauthor_uid=26057751
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi X%5BAuthor%5D&cauthor=true&cauthor_uid=26057751
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peng Y%5BAuthor%5D&cauthor=true&cauthor_uid=26057751
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu M%5BAuthor%5D&cauthor=true&cauthor_uid=26057751
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xie R%5BAuthor%5D&cauthor=true&cauthor_uid=26057751
https://www.ncbi.nlm.nih.gov/pubmed/26057751
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ge X%5BAuthor%5D&cauthor=true&cauthor_uid=27016414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu X%5BAuthor%5D&cauthor=true&cauthor_uid=27016414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin F%5BAuthor%5D&cauthor=true&cauthor_uid=27016414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li P%5BAuthor%5D&cauthor=true&cauthor_uid=27016414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu K%5BAuthor%5D&cauthor=true&cauthor_uid=27016414
https://www.ncbi.nlm.nih.gov/pubmed/27016414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong SN%5BAuthor%5D&cauthor=true&cauthor_uid=26250123
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim SJ%5BAuthor%5D&cauthor=true&cauthor_uid=26250123
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim ER%5BAuthor%5D&cauthor=true&cauthor_uid=26250123
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang DK%5BAuthor%5D&cauthor=true&cauthor_uid=26250123
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim YH%5BAuthor%5D&cauthor=true&cauthor_uid=26250123
https://www.ncbi.nlm.nih.gov/pubmed/26250123
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu W%5BAuthor%5D&cauthor=true&cauthor_uid=26506239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fan C%5BAuthor%5D&cauthor=true&cauthor_uid=26506239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang P%5BAuthor%5D&cauthor=true&cauthor_uid=26506239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma Z%5BAuthor%5D&cauthor=true&cauthor_uid=26506239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan X%5BAuthor%5D&cauthor=true&cauthor_uid=26506239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di S%5BAuthor%5D&cauthor=true&cauthor_uid=26506239
https://www.ncbi.nlm.nih.gov/pubmed/26506239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ichikawa T%5BAuthor%5D&cauthor=true&cauthor_uid=26269411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakahata S%5BAuthor%5D&cauthor=true&cauthor_uid=26269411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujii M%5BAuthor%5D&cauthor=true&cauthor_uid=26269411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iha H%5BAuthor%5D&cauthor=true&cauthor_uid=26269411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morishita K%5BAuthor%5D&cauthor=true&cauthor_uid=26269411
https://www.ncbi.nlm.nih.gov/pubmed/26269411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaffer CL%5BAuthor%5D&cauthor=true&cauthor_uid=27878502
https://www.ncbi.nlm.nih.gov/pubmed/?term=San Juan BP%5BAuthor%5D&cauthor=true&cauthor_uid=27878502
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim E%5BAuthor%5D&cauthor=true&cauthor_uid=27878502
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weinberg RA%5BAuthor%5D&cauthor=true&cauthor_uid=27878502
https://www.ncbi.nlm.nih.gov/pubmed/27878502


Association of HIF-1α and NDRG2 expression   223

Inducible Factor-1 Activation in Human Colorectal Cancer . Front 
Oncol, 2014; 4: 10.

[20] Kim MJ, Lim J, Yang Y, Lee MS, Lim JS. N-myc 
downstream-regulated gene 2 (NDRG2) suppresses the 
epithelial-mesenchymal transition (EMT) in breast cancer cells 
via STAT3/Snail signaling. Cancer Lett, 2014;354:33-42.

[21] Wang J, Yin D, Xie C, Zheng T, Liang Y, Hong X, et al. The iron 
chelator Dp44mT inhibits hepatocellular carcinoma metastasis 
via N-Myc downstream-regulated gene 2 (NDRG2)/gp130/STAT3 
pathway. Oncotarget, 2014; 5:8478-8491. 

[22] Li B, Huang C. Regulation of EMT by STAT3 in gastrointestinal 
cancer (Review). Int J Oncol, 2017; 50:753-767. 

[23] Gilkes DM, Semenza GL. Role of hypoxia-inducible factors in 
breast cancer metastasis . Future Oncol, 2013; 9: 1623-1636.

[24] Marignol L, Rivera-Figueroa K, Lynch T, Hollywood D. Hypoxia, 
notch signalling, and prostate cancer . Nat Rev Urol, 2013; 10: 
405-413.

[25]  O’Leary K, Shia A, Schmid P. Epigenetic Regulation of EMT in 
Non-Small Cell Lung Cancer. Curr Cancer Drug Targets, 2017. 

[26] Xiang J, Fu X, Ran W, Wang Z. Grhl2 reduces invasion and 
migration through inhibition of TGFβ-induced EMT in gastric 
cancer. Oncogenesis, 2017; 6:e284.

[27] Yang SW, Zhang ZG, Hao YX, Zhao YL, Qian F, Shi Y, et al. HIF-1α 
induces the epithelial-mesenchymal transition in gastric 
cancer stem cells through the Snail pathway. Oncotarget, 2017; 
8:9535-9545.

[28] Tanaka T, Ikegami Y, Nakazawa H, Kuriyama N, Oki M, Hanai J, et 
al. Low-Dose Farnesyltransferase Inhibitor Suppresses HIF-1α 
and Snail Expression in Triple-Negative Breast Cancer 
MDA-MB-231 Cells In Vitro. J Cell Physiol, 2017; 232:192-201.

pathway and epithelial mesenchymal transition. Lin Chuang Yu 
Shi Yan Bing Li Xue Za Zhi, 2014;30: 140-144.

[12] Liu LM, Li JK. The expression and clinical significance of 
E-cadherin, Snail and Twist in gastric cancer tissues and lymph 
node metastasis. Shi Yong Lin Chuang Yi Yao Za Zhi, 2014; 18: 
71-74.

[13] Li J, Liu XP, Lin SX, Deng YC, Meng QJ, Zhang WH, et al. 
Expression of a novel tumor suppressor candidate gene, NDR2, 
in human normal tissues and corresponding tumors. Sheng Wu 
Hua Xue Yu Sheng Yu Wu Li Jin Zhan, 2002: 223-227.

[14] Kim MJ, Kim HS, Lee SH, Yang Y, Lee MS, Lim JS. NDRG2 
Controls COX-2/PGE2-Mediated Breast Cancer Cell Migration 
and Invasion. Mol Cells, 2014; 37: 759-765.

[15] Kim HS, Kim MJ, Lim J, Yang Y, Lee MS, Lim JS. NDRG2 overex-
pression enhances glucose deprivation-mediated apoptosis in 
breast cancer cells via inhibition of the LKB1-AMPK pathway . 
Genes Cancer, 2014; 5: 175-185.

[16] Choi SC, Yoon SR, Park YP, Song EY, Kim JW, Kim WH, et al. 
Expression of NDRG2 is related to tumor progression and 
survival of gastric cancer patients through Fas-mediated cell 
death. Exp Mol Med, 2007; 31: 705-714. 

[17] Ragnum HB, Røe K, Holm R, Vlatkovic L, Nesland JM, Aarnes 
EK, et al. Hypoxia-independent downregulation of hypoxia-
inducible factor 1 targets by androgen deprivation therapy in 
prostate cancer. Int J RadiatOncolBiolPhys, 2013; 87: 753-760.

[18] Kaya AO, Gunel N, Benekli M, Akyurek N, Buyukberber S, 
Tatli H, et al. Hypoxia inducible factor-1 alpha and carbonic 
anhydrase IX overexpression are associated with poor survival 
in breast cancer patients . J BUON, 2012; 17: 663-668.

[19] Kuiper C, Dachs GU, Munn D, Currie MJ, Robinson BA, Pearson 
JF, et al. Increased Tumor Ascorbate is Associated with 
Extended Disease-Free Survival and Decreased Hypoxia-

https://www.ncbi.nlm.nih.gov/pubmed/25153349
https://www.ncbi.nlm.nih.gov/pubmed/25261367
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li B%5BAuthor%5D&cauthor=true&cauthor_uid=28098855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang C%5BAuthor%5D&cauthor=true&cauthor_uid=28098855
https://www.ncbi.nlm.nih.gov/pubmed/28098855
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Leary K%5BAuthor%5D&cauthor=true&cauthor_uid=28176646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shia A%5BAuthor%5D&cauthor=true&cauthor_uid=28176646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmid P%5BAuthor%5D&cauthor=true&cauthor_uid=28176646
https://www.ncbi.nlm.nih.gov/pubmed/28176646
https://www.ncbi.nlm.nih.gov/pubmed/28067907
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang SW%5BAuthor%5D&cauthor=true&cauthor_uid=28076840
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang ZG%5BAuthor%5D&cauthor=true&cauthor_uid=28076840
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hao YX%5BAuthor%5D&cauthor=true&cauthor_uid=28076840
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao YL%5BAuthor%5D&cauthor=true&cauthor_uid=28076840
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi Y%5BAuthor%5D&cauthor=true&cauthor_uid=28076840
https://www.ncbi.nlm.nih.gov/pubmed/28076840
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka T%5BAuthor%5D&cauthor=true&cauthor_uid=27137755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ikegami Y%5BAuthor%5D&cauthor=true&cauthor_uid=27137755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakazawa H%5BAuthor%5D&cauthor=true&cauthor_uid=27137755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuriyama N%5BAuthor%5D&cauthor=true&cauthor_uid=27137755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hanai J%5BAuthor%5D&cauthor=true&cauthor_uid=27137755
https://www.ncbi.nlm.nih.gov/pubmed/27137755
https://www.ncbi.nlm.nih.gov/pubmed/?term=R%C3%B8e K%5BAuthor%5D&cauthor=true&cauthor_uid=24035332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holm R%5BAuthor%5D&cauthor=true&cauthor_uid=24035332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vlatkovic L%5BAuthor%5D&cauthor=true&cauthor_uid=24035332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nesland JM%5BAuthor%5D&cauthor=true&cauthor_uid=24035332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aarnes EK%5BAuthor%5D&cauthor=true&cauthor_uid=24035332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aarnes EK%5BAuthor%5D&cauthor=true&cauthor_uid=24035332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuiper C%5BAuthor%5D&cauthor=true&cauthor_uid=24551593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dachs GU%5BAuthor%5D&cauthor=true&cauthor_uid=24551593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Munn D%5BAuthor%5D&cauthor=true&cauthor_uid=24551593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Currie MJ%5BAuthor%5D&cauthor=true&cauthor_uid=24551593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson BA%5BAuthor%5D&cauthor=true&cauthor_uid=24551593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pearson JF%5BAuthor%5D&cauthor=true&cauthor_uid=24551593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pearson JF%5BAuthor%5D&cauthor=true&cauthor_uid=24551593

