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Abstract

Although N-myc downstream regulated gene 2 
(NDRG2) has been known to be a tumor suppressor 
gene, the function of this gene has not been elucidated. 
In the present study, we investigated the expression 
and function of NDRG2 in human gastric cancer. 
Among seven gastric cancer and two non-cancer cell 
lines, only two gastric cancer cell lines, SNU-16 and 
SNU-620, expressed NDRG2, which was detected in 
the cytoplasm. Interestingly, NDRG2 was highly ex-
pressed in normal gastric tissues, but gastric cancer 
patients were divided into NDRG2-positive and 
-negative groups. The survival rate of NDRG2-negative 
patients was lower than that of NDRG2-positive 
patients. We confirmed that the loss of NDRG2 ex-
pression was a significant and independent prog-
nostic indicator in gastric carcinomas by multivariate 
analysis. To investigate the role of NDRG2 in gastric 
cancer cells, we generated a NDRG2-silenced gastric 

cancer cell line, which stably expresses NDRG2 siRNA. 
NDRG2-silenced SNU-620 cells exhibited slightly in-
creased proliferation and cisplatin resistance. In addi-
tion, inhibition of NDRG2 decreased Fas expression 
and Fas-mediated cell death. Taken together, these da-
ta suggest that inactivation of NDRG2 may elicit resist-
ance against anticancer drug and Fas-mediated cell 
death. Furthermore, case studies of gastric cancer pa-
tients indicate that NDRG2 expression may be involved 
in tumor progression and overall survival of the 
patients.
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Introduction

N-myc downstream regulated gene 2 (NDRG2), a 
member of a new family of differentiation-related 
genes, is highly expressed in adult brain, salivary 
gland, and skeletal muscle (Boulkroun et al., 2002; 
Qu et al., 2002). This family is comprised of four 
members, NDRG1-4, and the expression pattern of 
these genes is differs during development (Qu et 
al., 2002). Human NDRG2 is located at chromo-
some 14q11.2, includes 16 exons and 15 introns, 
and encodes a 41 kDa protein. Two isoforms of 
NDRG2 have been described previously, one of 
which contains an insertion of 42 bp in the mRNA 
because of alternative splicing, which results in a 
protein containing 14 additional amino acids 
(Boulkroun et al., 2002; Mitchelmore et al., 2004). 
The biological significance of these isoforms is 
currently unknown.
    NDRG2 has been implicated in cell growth (Deng 
et al., 2003), differentiation (Choi et al., 2003), and 
apoptosis (Zhou et al., 2001). It has also been 
reported that NDRG2 is rapidly responsive to 
mineralocorticoid stimuli in the kidney (Boulkroun 
et al., 2002). NDRG2 contains several phosphory-
lation sites at the C-terminus and its phosphoryla-
tion is mediated through insulin-stimulated AKT 
activation (Burchfield et al., 2004). NDRG2 phos-
phorylation involves Thr330, Ser332 and Thr348 in 
skeletal muscle cells (Murray et al., 2004), and 
Thr334 in rat hippocampus tissue (Chen et al., 
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2007). Most recently, it has been shown that 
NDRG2 is also down-regulated by Myc via trans-
criptional repression and interact with MSP58, a 
58-kDa microspherule protein (Zhang et al., 2006, 
2007).
    It has been proposed that NDRG2 is a candidate 
of tumor suppressor gene, and its expression is 
low level or not detected in various tumors and 
tumor cell lines (Qu et al., 2002; Deng et al., 2003; 
Lusis et al., 2005). Liu et al. (2007) revealed that 
the mechanisms of NDRG2 gene down-regulation 
in cancer are promoter methylation, mutation, and 
genomic deletion of NDRG2. Recently, the 14q11.2 
chromosome, which contains PARP2, APEX1, and 
NDRG2 genes was screened for chromosomal 
imbalances in gastrointestinal stromal tumors by 
the array-based comparative genomic hybridiza-
tion (Assamaki et al., 2007). These results support 
that NDRG2 inactivation is important in the de-
velopment and progression of gastrointestinal 
stromal tumor, but the functional role of NDRG2 
inactivation in cancer remains unclear.
    In this study, we examined the expression of 
NDRG2 in several gastric cancer cell lines and 
gastric cancer tissues. To determine the relation-
ship between NDRG2 expression and patient 
survival, 286 surgically resected cases of gastric 
cancer were compared. The patient's overall survi-
val, pTNM (Tumor-Node-Metastasis) stages, and 
histopathologic classification were analyzed. In 
addition, we generated an NDRG2-silenced stable 
cell line using retroviral vector-mediated siRNA 
knock-down technique and investigated cell death 
induced by chemotherapy, radiotherapy, or Fas- 
ligation.

Materials and Methods

Reagents for cell culture and antibodies

All cultures were performed in RPMI 1640 medium 
(Sigma, St. Louis, MO) supplemented with L- 
glutamine (2 mM), penicillin (100 U/ml), strepto-
mycin (100 µg/ml), HEPES (10 mM), and 10% 
FBS (Gibco BRL, Grand Island, NY). The antibody 
to human Fas (CH11) was purchased from Upstate 
Biotechnology (Waltham, MA).

Preparation of NDRG2 antibody

NDRG2 monoclonal antibody was generated using 
recombinant protein consisting of amino acids 
150-357 of NDRG2 (NM_201541). In brief, recom-
binant NDRG2-C protein extraction and purification 
were performed according to the protocol for the 
QIAGEN QIAexpressionist. The eluted recombi-

nant NDRG2-C protein was mixed with Freund's 
adjuvant, and the protein/adjuvant complex was 
injected into BALB/c mice. Spleen cells of mice 
immunized with recombinant NDRG2-C protein 
were harvested, and roughly 50-60% of all cells 
were placed in culture after fusion. Cell culture 
supernatants from selected cell lines were tested 
by ELISA. Among the growing clones that tested 
positive, the 19C-4 clone (isotype IgG1) was used 
for further study. Monoclonal antibody was pro-
duced in ascites from BALB/c mice injected with 
19C-4 cells.

Tissue specimens

We identified 286 surgically resected cases of 
gastric cancer during Jan.-Jul. 1995 from the files 
of the Department of Pathology, Seoul National 
University College of Medicine (Lee et al., 2001). 
Age, gender, tumor location, lymphatic invasion, 
vascular invasion, and pTNM stage were evalu-
ated by reviewing medical charts and pathologic 
records. Tissue slides were reviewed for histologic 
classification (according to the WHO classification 
and Lauren's classification), and clinical outcome 
was followed from the date of surgery to the date 
of death or until the end of 2003. Cases lost during 
follow-up and those that died from any cause other 
than gastric cancer were regarded as censored 
data for the survival analysis.

Tissue array methods

Core tissue samples, 2.0 mm in diameter, were 
taken from representative paraffin blocks with 
gastric cancer and arranged in a new recipient 
paraffin block, as previously described (Lee et al., 
2001). A total of 6 blocks were used for this study, 
and each block contained 55 cases of gastric 
cancer plus three non-neoplastic gastric mucosa 
samples from body, antrum, and intestinal meta-
plasia. Because of the excellent agreement be-
tween staining results obtained from different intra- 
tumoral areas of gastric carcinomas, one core was 
sampled per case. An adequate case was defined 
as one with tumor occupying more than 10% of the 
core area. Four-µm-thick slices were cut from each 
tissue array block, deparaffinized and then rehy-
drated.

Immunohistochemistry

Immunohistochemical staining for NDRG2 was 
performed with an anti-NDRG2 monoclonal anti-
body using the labeled streptavidin-biotin method 
after microwave antigen retrieval. Briefly, the for-
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Figure 1. NDRG2 protein expression in human gastric tumor cell lines. 
(A) Total RNAs were isolated from gastric tumor cell lines, and NDRG2 
mRNA was detected using Northern blot analysis. (B) Cell lysates were 
prepared from human gastric tumor cell lines, and NDRG2 protein ex-
pression was determined by Western blot analysis using an anti-NDRG2 
monoclonal antibody. (C) Analysis of the cellular distribution of NDRG2 in 
SNU-16 and SNU-620 gastric tumor cell lines by CLSM. Cells were 
stained with an NDRG2 monoclonal antibody and DAPI for nuclear 
staining.

malin-fixed, paraffin-embedded, 4 µm-thick sec-
tions were dewaxed in xylene, rehydrated through 
graded alcohol, and placed in an endogenous 
peroxide block for 15 min. Sections were then 
washed in water before antigen retrieval, placed in 
a citrate buffer, and microwaved for 10 min. Diluted 
anti-NDRG2 monoclonal antibody was then ap-
plied, and antibody binding was detected using an 
avidin-biotin-peroxidase complex kit (Vextor Labo-
ratories, Burlingame, CA) using diaminobenzidine 
tetrahydrochloride solution (Biogenex, San Ramon, 
CA).

Construction and transfection of 
pSUPER-Retro/NDRG2 siRNA in SNU-620 cells

For generating NDRG2 siRNA vectors, the an-
nealed oligonucleotides containing NDRG2 siRNA 
oligonucleotides, 5'-CCCAACCTGGATAACATTG- 
3', were ligated into pSUPER-retro (Oligoengine) 
that had been digested with BglII and HindIII. For 
stable expression of siRNAs in SNU-620 cells, 
retroviruses were produced by transfection of 293T 
packaging cells with the corresponding pSUPER- 
Retro vector, and after 48 h, the virus-containing 
culture supernatants were used to infect SNU-620 
cells. The cells were then selected for 2 weeks in 
the presence of puromycin (10 µg/ml). Cells were 
plated in 96-well plates (0.5 cell/well), and ex-
panded in the presence of puromycin. NDRG2- 
silenced SNU-620 cell clones were confirmed by 
Northern blot and Western blot for further investi-
gation.

Northern blot analysis

Total RNA was extracted from the cultured cells 
with the acid guanidinium thiocyanate-phenol- 
chloroform extraction method (Chomczynski and 
Mackey, 1995). Northern blot analysis was per-
formed according to a previously described meth-
od (Choi et al., 2003). The NDRG2 probe was 
prepared from the RT-PCR product using a specific 
primer set; 5'-ATGGCGGAGCTGCAGG-3' and 3'- 
TCAACAGGAGACCTCCAT-5'. 

Western blot analysis

Cells were homogenized on ice in Pro-PREPTM 
protein extraction solution (iNtRon Biotechnology, 
Seongnam, Korea) containing protease inhibitor; 1 
mM PMSF, 1 mM EDTA, 1 µM pepstatin A, 1 µM 
leupeptin and 0.1 µM aprotinin. After 30 min on 
ice, the extracts were centrifuged (13,000 × g) for 
10 min at 4oC and the supernatants were re-
covered. The protein concentration was measured 

(Bio-Rad, Hercules, CA) and approximately 50 µg 
of each extract was loaded for 12% SDS-PAGE 
gel, and was then transferred from the gel onto a 
PVDF membrane (Amersham Biosciences, Little 
Chalfont, UK). The nonspecific Ab binding sites on 
the membrane were blocked by incubation of the 
membrane in PBS (pH 7.0) containing 0.1% Tween 
20 and 4% nonfat dry milk for 1 h at room 
temperature. The membrane was washed in PBS 
containing 0.1% Tween 20 and incubated overnight 
at 4oC with NDRG2 antibody. After washing for 1 h, 
the membrane was incubated with HRP-conju-
gated secondary antibody (Sigma) for 1 h at room 
temperature. The resulting blot was visualized by 
ECL-Plus Western detection reagents (Amersham 
Biosciences).
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Figure 2. NDRG2 expression in gastric cancer 
patients. (A) NDRG2 expression was analyzed in 
non-neoplastic gastric tissues and cancers using 
immunohistochemical staining with an NDRG2 
monoclonal antibody (× 200). (B) Survival curves 
were calculated with 281 patients (203 advanced 
carcinomas and 78 early carcinomas) using the 
Kaplan-Meier method. These curves show that 
NDRG2 negative cancers are associated with a 
worse prognosis (P ＜ 0.001).

Proliferation assay

Actively growing SNU-620-mock and NDRG2- 
silenced SNU-620 cells were plated into 96-well 
round-bottom plates at a density of 1 × 104 cells 
per well, and cell proliferation during the last 18 h 
of the culture days was quantified by measuring 
the thymidine uptake of cells incubated with 1 µCi 
[methyl-3H]thymidine (Amersham Pharmacia, Pis-
cataway, NJ). Cells were harvested onto glass fiber 
filters, and radioactivity was measured using a 
scintillation counter. Results are presented as 
mean cpm of cultures performed in triplicate.

Flow cytometric analysis of apoptosis

For measurement of Fas-mediated cell death, cells 
were seeded into 6-well plates at a density of 2 × 
106 cell/ml, and stimulating antibody was added. 
After Fas stimulation, cells were harvested, 
washed twice with cold PBS, and analyzed for cell 
death. Apoptosis assessment was performed using 
FITC-conjugated annexin V antibody (BD Phar-
Mingen, San Diego, CA) and propidium iodide (PI; 
Sigma), according to the manufacturer's recom-
mendations. The proportion of apoptotic cells in the 
prepared cells was determined by flow cytometric 
analysis using FACSCalibur (Becton Dickinson, 
Mountain View, CA), and data were analyzed using 
CellQuest software (Becton Dickinson).

Confocal laser scan microscopy (CLSM)

Gastric cancer cell lines, SNU-16 and SNU-620, 
were grown on 12-mm diameter glass coverslips 
coated with poly-L-lysine in 12-well plates. Cells 
were then rinsed three times in cold PBS, and fixed 
with 4% paraformaldehyde for 20 min at room 
temperature. After washing with PBS, cells were 
permeabilized with 0.1% Triton X-100/PBS for 10 
min, and blocking was completed with 1% BSA 
(Sigma) in PBS for 30 min at room temperature. 
Cells were incubated with a mouse anti-NDRG2 
monoclonal antibody, followed by incubation with 
an Alexa FluorⓇ 488-conjugated goat anti-mouse 
IgG antibody, and the nuclei were stained with 
DAPI. Cells were mounted onto cover glasses with 
Vectashield mounting medium, and the slides were 
kept in darkness prior to examination. Confocal 
images were obtained using a Zeiss LSM 510 
META Laser Scanning Microscope (Carl Zeiss, 
Jena, Germany).

Statistical analyses

The Chi-square test was used to examine the 
correlation between NDRG2 expression and clini-
copathologic factors. Survival curves were plotted 
using the Kaplan-Meier product-limit method, and 
differences between survival curves were tested 
using the log-rank test. Multivariate survival analy-
sis was performed using the Cox proportional 
hazards model. Results were considered statisti-
cally significant when P values were less than 
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NDRG2- NDRG2-
positive negative P-valuecarcinomas carcinomas 

(n = 135) (n = 151)

Age (years) 57.0 ± 12.6 51.9 ± 13.3 0.001
Sex 0.103 (NS)
   Male   98   96
   Female   37   55
Location 0.039
   Antrum   64   90
   Body and cardia   71   61
WHO classification 0.000*
   Well differentiated   20    4
   Moderately differentiated   47   30
   Poorly differentiated   44   78
   Mucinous     5   11
   Signet ring   19   28
Lauren classification 0.000*
   Intestinal   70   34
   Diffuse   53   99
   Mixed   12   18
LN metastasis 0.115 (NS)
   Absent   55   48
   Present   80 103
pTNM stage 0.012
   I   64   52
   II   32   27
   III   22   45
   IV   17   27
Lymphatic invasion 0.680 (NS)
   Negative   96 104
   Positive   39   47
Vascular invasion 0.988 (NS)
   Negative 126 141
   Positive     9   10

*P ＜ 0.05; NS, not significant.

Table 1. Comparison of NDRG2-positive and NDRG2-negative 
gastric carcinomas.

    Prognostic factors Hazards ratio (95% CI) P value

Sex
   Male vs. female   0.84 (0.54-1.30) NS
Lauren classification
   Diffuse vs. intestinal   0.83 (0.45-1.53) NS
   Mixed vs. intestinal   0.83 (0.47-1.47) NS
Depth of tumor
  Advanced vs. early 13.59 (4.28-43.20) ＜0.001
Lymphatic invasion
   Present vs. absent   2.44 (1.62-3.68) ＜0.001
Distant metastasis
   Present vs. absent   2.91 (1.59-5.32) 0.001
NDRG2
   Negative vs. positive   1.63 (1.08-2.45) 0.02

NS, not significant.

Table 2. Multivariate analysis of predictive factors for survival.

0.05. All statistical analyses were conducted using 
SPSS Ver. 12.0 (SPSS, Chicago, IL).

Results

NDRG2 expression in gastric cancer cell lines

In order to study NDRG2 expression in gastric 
cancer, we first examined the expression of 
NDRG2 transcript and protein in 7 different indi-
vidual human gastric carcinoma cell lines and 2 
normal fibroblast cell lines. Interestingly, NDRG2 
was strongly expressed in two of seven carcinoma 
cell lines (SNU-16 and -620), but not in the other 

gastric carcinoma cell lines or normal fibroblast cell 
lines (Figure 1A and B). CLSM analysis showed 
that NDRG2 expression was mostly localized in the 
cytoplasm of SNU-16 and -620 cell lines (Figure 
1C), consistent with other reports of a cytosolic 
localization (Qu et al., 2002).

Expression of NDRG2 in gastric cancer tissue and 
and survival analysis

We observed that NDRG2 was positively stained in 
the cytoplasm of non-neoplastic gastric tissues. 
The gastric cancer cells showed diverse staining 
result in their cytoplasm. No staining or faint 
staining was regarded as negative, and weak to 
distinct staining was counted as positively-stained 
tumor cells. For statistic analysis, the cases were 
categorized as NDRG2 positive expression when 
more than 10% of cancer cells were positively- 
stained. Among the 286 gastric cancer cases, 151 
cases showed complete loss of NDRG2 expres-
sion and 135 cases were positively stained (Figure 
2A). Therefore, we reviewed medical charts and 
pathologic records of these NDRG2-positive or 
-negative gastric cancer patients. During the 
follow-up period, 108 of the 281 gastric cancer 
patients (38.4%) had died (68 from the NDRG2 
negative group and 40 from the NDRG2 positive 
group). The survival rate of patients without 
NDRG2 staining, as determined by the log-rank 
test, was lower than those showing NDRG2 
positive staining (P = 0.008) (Figure 2B). Among 
281 gastric cancer patients, 203 cases were 
advanced carcinoma and 78 cases were early 
carcinoma. The prognosis of early carcinoma was 
excellent in both the NDRG2-negative and 



710    Exp. Mol. Med. Vol. 39(6), 705-714, 2007

Figure 3. NDRG2-silenced SNU-620 cells exhibit increased proliferation. (A) NDRG2 expression in SNU-620 cell was inhibited using retroviral vec-
tor-mediated siRNA knock-down as shown in a schematic diagram of the pSUPER-Retro vector encoding NDRG2 siRNA. (B-C) After selection of 
NDRG2-silenced SNU-620 cells with puromycin, several clones were selected using Northern blot (B) and Western blot analysis (C). (D-E) Cell pro-
liferation was measured by the incorporation of radioactive thymidine using a scintillation counter for the last 16 h (D, Student's t test, *P ＜ 0.005 com-
pared with SNU-620-mock transfectant) and by dilution of CellTraceTM CFSE (E, filled histogram, SNU-620 mock transfectant; open histogram, 
NDRG2-silenced SNU-620 cells).

NDRG2-positive group (5.5% and 2.4% of the 
patients died respectively, significance of differ-
ence, P ＞ 0.1). The survival rate of the NDRG2- 
negative was also lower than those of NDRG2- 
positive group for advanced carcinoma cases (P = 
0.03). NDRG2 expression was strongly associated 
with histological subtype of gastric carcinoma; loss 
of expression is less frequent in intestinal type and 
well- to moderately-differentiated types (Table 1). It 
may suggest that the alteration of NDRG2 depen-
dent on the carcinogenic pathways. By multivariate 

analysis, the loss of NDRG2 expression was a 
significant and independent prognostic indicator in 
gastric carcinomas (Table 2). NDRG2-negative 
gastric carcinomas were more likely to be an ad-
vanced pTNM stage (P = 0.012), but there were no 
significant differences in lymph node metastasis, 
lymphatic invasion, or vascular invasion. In addi-
tion, the Cox proportional hazards model showed 
that higher NDRG2 expression was associated 
with decreased overall mortality (Table 2).
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Figure 4. Induction of cell death in NDRG2-silenced SNU-620 cell by chemotherapy or radiation. NDRG2-silenced SNU-620 cells were treated with cis-
platin at the indicated different concentrations for 24 h (A), or cells were incubated for 24 h after treatment with the indicated dosages of γ-irradiation (B). 
Cells were fixed with 70% ethanol, stained with propidium iodide, and then subjected to flow cytometric analysis. The percentage of sub-G0/G1 phase 
cells was determined based on the DNA content histograms (Student's t test, *P ＜ 0.005, **P ＜ 0.05 compared with SNU-620-mock transfectant).

Generation of a NDRG2-silenced
gastric cancer cell line

To investigate the function of NDRG2 in gastric 
cancer cell survival, the pSUPER-retro vector 
encoding NDRG2 siRNA was transfected into 
SNU-620 cells using a retrovirus (Figure 3A). 
NDRG2-silenced SNU-620 clones (number 23, 56, 
63 and 106) showed significantly reduced NDRG2 
transcript and protein levels (Figure 3B and C). 
Because NDRG2 has been found to be linked to 
the inhibition of cell proliferation (Deng et al., 
2003), we analyzed the cell proliferation rate in 
NDRG2-silenced SNU-620 cells. NDRG2-silenced 
SNU-620 cells showed a slightly increased cell 
proliferation rate (Figure 3D and E), with no signifi-
cant difference in morphology (data not shown).
    To examine whether NDRG2 influences cell 
death, cell death was induced in NDRG2-silenced 
SUN-620 cells using a chemotherapy or γ-irradia-
tion and measured by flow cytometry. Cisplatin- 
induced cell death was slightly decreased in 
NDRG2-silenced SNU-620 cells compared with 
SNU-620-mock transfectant (Figure 4A). However, 
γ-irradiation did not significantly increased cell 
death at 20 Gy irradiation, so no differences in cell 
death could not been observed (Figure 4B). Taken 
together, these results indicated that inactivation of 
NDRG2 may increase resistance against chemo-
therapy such as cisplatin.

Effect of NDRG2 on Fas expression and 
Fas-mediated cell death

Gene profiling in NDRG2-silenced SNU-620 cells 

using a human 10K cDNA chip showed that 
several genes related to cell proliferation and death 
were differentially expressed (data not shown). To 
investigate cell death in relation to NDRG2 expres-
sion, we first analyzed the expression of the death 
receptor, CD95/Fas (Apo-1), in NDRG2-silenced 
SNU-620 cells. Interestingly, Fas expression was 
slightly decreased in NDRG2-silenced SNU-620 
cells, although its expression was not highly 
detected in SNU-620 cells (Figure 5A). In accord-
ance with this result, Fas expression was in-
creased in NDRG2-overespressing U937 cells 
(data not shown). Next, we examined the ability to 
induce apoptosis by anti-Fas antibody in NDRG2- 
silenced SNU-620 cells. Annexin V labeling was 
significantly decreased in NDRG2-silenced SNU- 
620 cells in the flow cytometric analysis (Figure 
5B). In addition, annexin V and propidium iodide 
double positive cells were decreased with time in 
NDRG2-silenced SNU-620 cells (Figure 5C). 
Therefore, consistently with the survival rates in 
gastric cancer patients, silencing of NDRG2 in-
creased resistance to both anti-cancer drugs and 
Fas-mediated apoptosis.

Discussion

Gastric cancer is the second most common cause 
of cancer-related mortality in the world. Once 
common in western societies but now much less 
common, gastric cancer is still amongst the most 
common cancers in some other countries, 
especially in Japan and Korea (Stephens, 2001). 
In this paper we compared the expression of 
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NDRG2 in gastric cancer patients with tumor pro-
gression and survival rates. Inactivation of tumor 
suppressor genes is important during the develop-
ment of cancer, and NDRG2 is a candidate of 
tumor suppressor genes (Lusis et al., 2005; 
Assamaki et al., 2007; Liu et al., 2007). It was pre-
viously reported that down-regulation of NDRG2 
occurs in glioblastoma, pancreatic cancer, liver 
cancer, and clinically aggressive meningioma (Deng 

et al., 2003; Hu et al., 2004; Lusis et al., 2005). 
Among 7 human gastric carcinoma cell lines test-
ed, only SNU-16 and -620 cells expressed NDRG2 
transcript and protein. Furthermore, we analyzed 
NDRG2 expression in gastric cancer tissues, and 
our data indicated that 47% of gastric cancer cases 
showed positive staining for NDRG2. The survival 
rate of patients without NDRG2 staining was lower 
than those showing NDRG2- positive staining. In 

Figure 5. Fas-mediated cell death was decreased in NDRG2-silenced 
SNU-620 cells. (A) The cell surface expression of Fas was analyzed by 
flow cytometry (filled histogram, antibody control; open histogram, stain-
ing with anti-Fas antibody). The relative values of Fas expression were 
calculated as follows; MFI (mean fluorescence intensity) of Fas/ MFI of 
anti-mouse Ig FITC. (B) NDRG2- silenced SNU-620 cells were treated 
with an agonistic Fas antibody (1 µg/ml) for 24 h, and cell death was an-
alyzed by staining with annexin V and propidium iodide. (C) After treat-
ment with anti-Fas antibody in a does-dependent manner for 24 h, the 
percentages of annexin V and PI-positive cells were compared between 
NDRG2-silenced SNU-620 cells and mock transfectant.
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addition, loss of NDRG2 expression was as-
sociated with the carcinogenesis and progression 
of gastric carcinoma in multivariate analysis.
    The era of chemotherapy was ushered in the 
introduction of polyfunctional alkylating agents in 
the early 1940s. Since then, a wide array of anti-
tumor drugs has become available, most of them 
affecting proliferating cells. Contemporary chemo-
therapies for advanced gastric cancer, usually 
containing 5-fluorouracil and cisplatin, demonstrate 
response rates in the 20-40% range, with median 
survival between 6 and 12 months (Meyerhardt 
and Fuchs, 2002). It was previously reported that 
cisplatin resistance correlates with decreased 
levels of pyruvate kinase M2 (PK-M2) and activity 
in human gastric carcinoma cell lines (Yoo et al., 
2004). However, our results indicated that cisplatin- 
induced cell death slightly decreased in NDRG2- 
silenced SNU-620 cells. Because NDRG2 pos-
sesses potential phosphorylation sites (Murray et 
al., 2004; Chen et al., 2007) and involved signaling 
cascades (Burchfield et al., 2004), NDRG2 inhibi-
tion may disrupt cisplatin-mediated signaling.
    In our study, inhibition of NDRG2 expression in 
the gastric cancer cell line, SNU-620, decreased 
Fas-mediated cell death via down-regulation of Fas 
expression. Death receptors are members of the 
tumor necrosis factor receptor gene superfamily, 
which consists of more than 20 proteins with a 
broad range of biological functions, including the 
regulation of cell death and survival (Debatin and 
Krammer, 2004). The best-characterized apopto-
sis-inducing death receptors are Fas (Apo-1), TNF 
receptor (TNFR) and TNF-related apoptosis- 
inducing ligand receptor (TRAIL-R). Interestingly 
our results showed that Fas expression was down- 
regulated in NDRG2-silenced SNU-620 cells, and 
Fas-mediated cell death was also inhibited in these 
cells. It was recently reported that NDRG2 inter-
acted with a cell cycle-dependent transcription 
factor MSP58, and this interaction between 
NDRG2 and MSP58 played an important role in 
controlling cell cycle (Zhang et al., 2007). NDRG2 
may modulate a physical state of cell through 
interaction with another protein, because we found 
several genes in NDRG2-silenced SNU-620 cells 
using DNA chip array. Therefore, further study 
requires how NDRG2 modulated Fas expression 
and other genes. Although it has been proposed 
that the expression of Fas ligand (FasL) in tumors 
may play an important role in immune escape, 
apoptosis of tumor cells was induced by Fas- 
mediated apoptotic signals through binding to the 
FasL of NK cells. NK cells kill virus-infected and 
tumor cells via several direct or indirect pathways 
(Liu et al., 1995; Kashii et al., 1999; Lieberman, 

2003), including perforin/granzyme- and death 
receptor (FASL or TRAIL)-mediated cell death 
(Screpanti et al., 2005). We also observed that 
NDRG2-silenced SNU-620 cells were less sus-
ceptible than SNU-620-mock cells to death in-
duced by activated human NK cells (data not 
shown).
    Collectively, our results demonstrate that inacti-
vation of NDRG2 in gastric cancer is involved in 
carcinogenesis and tumor progression, and that 
the decreased survival rate in NDRG2-negative 
gastric cancer patients may be linked to resistance 
against anti-cancer drugs or Fas-mediated apopto-
sis.
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