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Abstract

AIM: To investigate the anti-tumor effects of nuclear
factor-«B (NF-«xB) inhibitor SN50 and related mecha-
nisms of SGC7901 human gastric carcinoma cells.

METHODS: MTT assay was used to determine the
cytotoxic effects of SN50 in gastric cancer cell line
SGC7901. Hoechst 33258 staining was used to detect
apoptosis morphological changes after SN50 treatment.
Activation of autophagy was monitored with monodan-
sylcadaverine (MDC) staining after SN50 treatment.Im-
munofluorescence staining was used to detect the ex-
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pression of light chain 3 (LC3). Mitochondrial membrane
potential was measured using the fluorescent probe
JC-1. Western blotting analysis were used to determine
the expression of proteins involved in apoptosis and
autophagy including p53, p53 upregulated modulator of
apoptosis (PUMA), damage-regulated autophagy modu-
lator (DRAM), LC3 and Beclin 1. We detected the effects
of p53-mediated autophagy activation on the apoptosis
of SGC7901 cells with the p53 inhibitor pifithrin-a.

RESULTS: The viability of SGC7901 cells was inhibited
after SN50 treatment. Inductions in the expression of
apoptotic protein p53 and PUMA as well as autophagic
protein DRAM, LC3 and Beclin 1 were detected with
Western blotting analysis. SN50-treated cells exhibited
punctuate microtubule-associated protein 1 LC3 in im-
munoreactivity and MDC-labeled vesicles increased after
treatment of SN50 by MDC staining. Collapse of mito-
chondrial membrane potential Ay were detected for 6
to 24 h after SN50 treatment. SN50-induced increases
in PUMA, DRAM, LC3 and Beclin 1 and cell death were
blocked by the p53 specific inhibitor pifithrin-a.

CONCLUSION: The anti-tumor activity of NF-«B in-
hibitors is associated with p53-mediated activation of
autophagy.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Nuclear factor-kB (NF-kB) is an ubiquitously expressed
family of Rel-related transcription factors'". Typically, in
unstimulated cells, NF-kB is sequestered in the cytoplasm
by binding to inhibitory kB proteins (IkB). In response to
a variety of stimuli, such as inflammatory cytokines, onco-
genes, and viruses, the proteasome-dependent degradation
of IkB allows the translocation of NF-kB to the nucleus,
where it binds to the promoter region of target genes in-
volved in the control of different cellular responses, includ-
ing apoptosislz’ﬂ. In many cancer cells, the constitutive acti-
vation of NF-xB activity lowers cell sensitivity to apoptotic
stimuli and consequently favors neoplastic cell survival”,

The mammalian NF-xB family contains 5 members:
p50/p105 (NF-kB1), p52/p100 (NF-kB2), c-Rel, RelB,
and p65 (RelA). These proteins are characterized by
their Rel homology domains, which control DNA bind-
ing, dimerization and interactions with inhibitory factors
known as IxB proteinsH’GJ. NF-xB is first discovered and
studied as a major activator of immune and inflamma-
tory function zia its ability to induce expression of genes
encoding cytokines, cytokine receptors, and cell-adhesion
molecules™”. NF-kB recently has been found to be linked
to the control of cell growth and oncogenesis. The role
of NF-xB in cancer appears to be complex, but is likely
to involve the ability of this transcription factor to control
programmed cell death (PCD) and cell-cycle progression,
and possibly cell differentiation, angiogenesis and cell
migration. It has been reported that NF-xB is activated in
cancer cells by several chemotherapies and by radiation,
and that in many cases this response inhibits the radio-
therapy- and chemotherapy-induced cell death®.

Recent studies have suggested that there are three
types of PCD: apoptosis (PCD 1), autophagic cell death
(PCD II) and necrosis (PCD MI)". Autophagy is a ge-
netically programmed, evolutionarily conserved process
that degrades the long-living cellular proteins and organ-
elles. Autophagy is important in normal development
and response to changing environmental stimuli and, in
addition to its role in cancer, and in numerous diseases,
including bacterial and viral infections, neurodegenera-
tive disorders, and cardiovascular diseases”. Autophagy
involves the formation of a double-membrane vesicle,
which encapsulates cytoplasm and organelles and fuses
with lysosomes, thus degrading the contents of the ves-
icle. The formation of the double-membrane vesicle is a
complex process involving 16 autophagy-related proteins
(Atg proteins). Two ubiquitin-like conjugation systems
are involved in autophagy. These systems produce modi-
fied complexes of autophagic regulators (Atg8-PE and
Atg5-Atgl2-Atgl6) that may determine the formation
and size of the autophagosome. Nucleation, expansion,
uncoating, and completion of the autophagosome then
occur, priming it to fuse with lysosomes' .

The term “autophagic cell death” describes a form
of programmed cell death morphologically distinct
from apoptosis and presumed to result from excessive
levels of cellular autophagy!?. In classical apoptosis, or
type 1 programmed cell death, thereis early collapse of
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cytoskeletal elements but preservation of organelles until
late in the process. In contrast, in autophagic, or type II,
programmed cell death, there is eatly degradation of or-
ganelles but preservation of cytoskeletal elements until late
stages. Whereas apoptotic cell death is caspase-dependent
and characterized by internucleosomal DNA cleavage,
caspase activation and DNA fragmentation occur very late
(if at all) in autophagic cell death". In contrast with ne-
crosis, both apoptotic and autophagic cell death are chat-
acterized by the lack of a tissue inflammatory response.
The mitochondrion may integrate cell death signals and
autophagy activation. Mitochondria generate apoptotic
signals but can be removed by autophagy when they are
damaged; therefore, mitochondtria represents a nexus at
which autophagy may interact with apoptosis pathwaysm}.

The mutual regulation of NF-kB and autophagy has
been reported“s]. Autophagy degrades nuclear shuttle
protein-interacting kinase (NIK) and IkB kinase (IKK),
and inhibits NF-kB activation, while NF-kB depresses
autophagy“él. We predict that activation of autophagy
by blocking NF-kB may contribute to the anti-tumor
actions of NF-xB inhibitors. We examined the effects
of the nuclear import inhibitor SN50 on the activation
of apoptosis and autophagy and the contribution of
autophagy to the cytotoxic effects of SN50 in gastric
cancer cell line SGC7901. The results showed that p53-
dependent activation of apoptotic and autophagic path-
ways was induced by blocking the NF-kB nuclear trans-
port, and autophagic activation contributed to SN50-
induced death of cancer cells.

MATERIALS AND METHODS

Reagents

SGC7901 gastric cancer cells were purchased from the
Shanghai Institute of Cell Biology, Chinese Academy of
Sciences (Shanghai, China); RPMI1640 medium from
Gibco (Rockville, MD, USA); fetal bovine serum from
Hangzhou Sijiging Biological Engineering Material Co.,
Ltd., (Hangzhou, China); L-glutamine, MTT from Sigma
(St Louis, MO, USA); antibodies against p53 (1:500), p65
(1:500), PUMA (1:500), LC3 (1:200), Beclin1 (1:700) from
Cell Signaling Technology (Beverly, MA, USA); and anti-
bodies against DRAM (1:700) from Santa Cruz Biotech-
nologies (Santa Cruz, CA, USA).

Drug preparation

SN50 (BIOMOL, Plymouth Meeting, PA, USA) were
diluted in distilled sterilization water to create a stock
solution that was stored according to the manufacturer’s
suggestions. Pifithrin-g, (Pft-al, Cell Signaling Technology,
Beverly, MA, USA) was diluted in DMSO to cteate a stock
solution that was stored according to the manufacturer’s
instructions. The final concentration of the SN50 solution
used in the expetiments was 18 umol/L, and that of Pft-a
was 30 pmol/L. This concentration of SN50 was selected
on the basis of our pilot experiments on SGC7901 cells,
and the concentration of Pft-q, was selected following the
manufacturer’s suggestions.
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Cell culture and viability assay

SGC7901 cells were maintained in RPMI1640 medium
containing 10% heat-inactivated fetal bovine serum, 0.03%
L-glutamine and incubated in a 5% CO2 atmosphere at
37°C. Cells in a mid-log phase were used in experiments.
Cell viability was assessed by MTT assay. To determine
the time-course of response of SGC7901 cells to SN50,
SGC7901 cells were plated into 96-well microplates (7 X
10" cells /well), and SN50 (18 umol/L) was added to the
culture medium and cell viability was assessed with MTT
assay 24, 48 and 72 h after drug treatment. MTT (Sigma, St
Louis, MO, USA) solution was added to the culture medi-
um (500 mg/L as a final concentration) for 4 h before the
end of treatment, and the reaction was stopped by addition
of 10% acided SDS 100 pL. The absorbance value (A) at
570 nm was read using an automatic multiwell spectropho-
tometer (Bio-Rad, Richmond, CA, USA). The percentage
of cell death was calculated as follows: cell death (%) = (1-A
of experiment well/A of positive control well) X 100%.

Detection of mitochondrial potential (Ay)

Mitochondrial Ay was determined using the KeyGEN
Mitochondrial Membrane Sensor Kit (KeyGEN, Nan-
jing, China). The mitosensor dye aggregates in the mi-
tochondtia of healthy cells and emits red fluorescence
against a green monomeric cytoplasmic background
staining, However, in cells with a collapsed mitochondrial
Ay, the dye cannot accumulate in the mitochondria and
remains as monomers throughout the cells with green
fluorescence . Briefly, SGC7901 cells were incubated
with SN50 in 24-well plates for indicated times and then
pelleted, washed with PBS, and resuspended in 0.5 mL
of diluted mitosensor teagent (1 umol/mL in incubation
buffer). After the cells were incubated with mitosensor
reagent for 20 min, 0.2 mL incubation buffer was added
and the cells were centrifuged and resuspended in 40 pL
incubation buffer. Finally, the cells were washed and re-
suspended in 1 mL phosphate buffered solution (PBS)
for flow cytometric analysis.

Visualization of monodansylcadaverine-labeled vacuoles
Exponentially growing cells were plated onto 24-chamber
culture slides, cultured for 24 h and incubated with the
drug in 10% FCS/RPMI1640 for 6, 12 and 24 h. Au-
tophagic vacuoles were labeled with monodansylcadaver-
ine (MDC)"™ (Sigma, St Louis, MO, USA) by incubating
cells with 0.001 mmol/L MDC in RPMI1640 at 37°C for
10 min. After incubation, cells were washed three times
with phosphate buffered solution (PBS) and immediately
analyzed with a fluorescence microscope (Nikon Eclipse TE
300, Japan) equipped with a filter system (V-2A excitation
filter: 380-420 nm, barrier filter: 450 nm). Images were cap-
tured with a CCD camera and imported into Photoshop.

Immunofluorescence staining LC3

SGC7901 cells were seeded onto 24-chamber cultute slides
and treated with SN50 (18 pmol/L). After fixation in
methanol for 10 min and blocked with a buffer containing
1% BSA 0.1% Triton X-100 for 1 h, cells were incubated
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with either primary antibody against LC3 from Cell Signal-
ing Technology (Beverly, MA, USA) diluted at 1:200 with
PBS containing 1% bovine serum albumin (BSA) at 4C
overnight, and then incubated for 1 h with 1:500 secondary
fluorescence conjugated antibodies (Sigma) to visualize the
binding sites of the primary antibody under laser confocal
microscope (Leisa, Germany).

Hoechst 33258 staining

After treatment, cell cultures were washed twice with PBS
and incubated with 2 umol/L Hoechst 33258 (Beyotime,
Nantong, China) for 1 h in dark at 37°C. After washing
thrice with PBS, the cells were viewed under a fluores-
cence microscope (Nikon, Tokyo, Japan) equipped with a
UV filter. The images were recorded on a computer with a
digital camera (DXM 1200, Nikon) attached to the micro-
scope, and the images were processed by computer. The
Hoechst reagent was taken up by the nuclei of the cells,
and apoptotic cells exhibited a bright blue fluorescence.

Total cell and nuclear protein extraction and Western
blotting analysis

For extraction of total cell proteins, cells were washed
with pre-cooled PBS and subsequently lysed in pre-
cooled RIPA lysis buffer [50 mmol/L Tris-HCl, pH 7.4,
150 mmol/T. NaCl, 1 mmol/L dithiothreitol (DTT), 0.25%
sodium deoxycholate, 0.1% NP-40] containing 1 mmol/L
phenylmethysulfonyl fluoride (PMSF), 50 mmol/L sodium
pyrophosphate, 1 mmol/L Na3VO4, 1 mmol/L NaF,
5 mmol/L EDTA, 5 mmol/L EGTA, and protease
inhibitors cocktail. Cell lysis was performed on ice for
30 min. Clear protein extracts wetre obtained by centrifuga-
tion for 30 min at 4°C. For nuclear protein extraction, the
Nuclear Protein Extraction Kit (KeyGEN, Nanjing, China)
was used according to the manufacturer’s instructions. Pro-
tein extraction from SGC7901 gastric cancer cells was pet-
formed as previously described. Protein concentration was
determined with a Bradford protein assay kit. Proteins were
resolved on 8.5% polyacrylamide gels and subsequently
transferred onto nitrocellulose membranes. For immu-
noblotting, nitrocellulose membranes were incubated with
specific antibodies recognizing target proteins overnight
at 4°C. The membranes were then incubated with HRP-
conjugated secondary antibody (1:3000) for 1 h at room
temperature and subsequently analyzed by enhanced che-
miluminescence (ECL) detection system (Amersham Phat-
macia Biotech) and visualized by autoradiography. Protein
B-actin (1:5000; Sigma) was used as loading controls.

Statistical analysis

All data were presented as mean + SD. Statistical analysis
was cattied out by ANOVA followed by a Dennett’s test,
and P < 0.05 was considered statistically significant.

RESULTS

Blocking NF-«B nuclear translocation activates
autophagy and induces cell apoptosis
To confirm the blockade of NF-kB p65 nuclear trans-
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location by SN50, we prepared nuclear proteins from in
SGC7901 cells treated with SN50 (18 umol/L) for 6-24 h
and the nuclear p65 protein levels were measured with
Western blotting analysis. The results showed that SN50
lowered the nuclear p65 levels in SGC7901 cells, suggesting
that NF-kB activity can be inhibited by SN50 (Figure 1A).
The autofluorescence substance MDC has been recently
shown to be a marker for late autophagic vacuoles (I.-AVs)
but not endosomes. To determine if SN50 treatment in-
creases the formation of autophagosomes, SGC7901 cells
were treated with SN50 and then incubated with MDC.
MDC was trapped in acidic, membrane-rich organelles
and also exhibited increased fluorescence quantum yield
in response to the compacted lipid bilayers present in
L-AVS™. When cells are viewed under a fluorescence
microscope, autophagic vacuoles (AVs) stained with MDC
appeared as distinct dot-like structures distributed in the
cytoplasm or localizing in the perinuclear regions. This
study found that there was an increase in the number of
MDC-labeled vesicles after treatment of SN50 for 6-24 h
(Figure 1B).

Microtubule-associated protein 1 light chain 3 (LC3),
the mammalian ontology of Atg8, targets to the autopha-
gosomal membranes in an Atg5-dependent manner and
remains there even after Atgl2-Atg5 dissociates. LC3
is considered to be the only credible marker of the au-
tophagosome in mammalian cells™. The present study
used immunofluorescence to detect the expression and
localization of LC3. The results showed that SN50 in-
duced punctuate distribution of LC3 immunoreactivity,
and the formation of autophagosomes was enhanced by
SN50 (Figure 1C). There are two forms of LC3, LC3-
[ and LC3-1II. During formation of autophagosomes,
cytoplasmic form LC3- [ is cleaved and liquefied to give
rise to membranous form LLC3-1I. To determine if SN50
increases the production of LC3-II, Western blotting
analysis was used to detect the protein levels of LC3- 1
and LC3-1I. The results showed that the levels of LC3,
particularly LC3-1I, increased, leading to an increased
ratio of LC3-1I /LC3-I after SN50 treatment (Figure 1D).
Beclin 1 is an autophagy regulator and plays an important
role in tumorigenesis and autophagic activation. Similar in-
creases in Beclin 1 proteins were also detected after SN50
treatment (Figure 1E). Treatment with 18 umol/L SN50
for 6, 12 and 24 h in SGC7901 cells produced intense
Hoechst-positive staining for condensed nuclei indicative
of apoptosis. Significant increase in Hoechst staining was
observed along with apoptosis when cells were treated
with 18umol/L SN50. The result indicated that SN50 ac-
tivated autophagy and induced cell apoptosis (Figure 1F).

Blocking NF-«xB nuclear translocation induces p53 and
its target proteins

Inhibition of NF-kB has anti-tumor effects. To confirm
if SN50 induced expression of pro-apoptotic proteins
in SGC7901 cells, Western blotting analysis were used to
detect the expression of p53 and its target proteins. The
analyses revealed a robust increase in p53 protein levels in

SGC7901 cells 6 h after SN50 treatment (Figure 2A).
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PUMA is a p53 target protein involved in p53-medi-
ated apoptosis. To determine if SN50 increases the ex-
pression of PUMA, protein levels of PUMA in SGC7901
cells were detected with Western blotting analysis. The re-
sults showed that PUMA was significantly increased after
the treatment with SN50 (Figure 2B). Crighton ez al”" re-
cently identified a new p53 target gene damage-regulated
autophagic modulator (DRAM). DRAM is a lysosomal
protein with six membrane-spanning regions. Its exog-
enous expression leads to the accumulation of autopha-
gosomes. The previous studies found that DRAM is re-
quired for p53-induced apoptosis and DRAM-dependent
autophagy acts upstream of cytochrome c release from
mitochondtia®"*?. The present study indicated that SN50
treatment also resulted in a significant increase in DRAM
protein levels in SGC7901 cells (Figure 2C).

P53 inhibitor blocks SN50-induced autophagic activation
and cell apoptosis

Pifithrin-a (Pft-o) was used as a specific inhibitor of
signaling by the tumor suppressor protein p53°7. To
determine the contribution of p53 to SN50-induced ex-
pression of pro-apoptotic and autophagic proteins and
apoptosis of SGC7901 cells, the cells were pre-treated
with the p53 specific inhibitor Pft-o. 6 h before the ad-
dition of SN50. The results showed that when p53 was
inhibited, the induction of PUMA and DRAM was in-
hibited (Figute 3A and B). Similarly, pft-ou significantly
decreased the SN50-induced upregulation of LC3-1I
and Beclin 1 in SGC7901 cells (Figure 3C and D).

SN50 inhibited SGC7901 viability in a time-dependent
fashion. MTT assays revealed that after 24 h of treatment,
the rate of inhibition had reached 25.31% * 4.13% at the
highest dose of 18 pmol/L used. When the incubation
time was prolonged to 72 h, the inhibition rate rose up
to 44.79% £ 1.65% and after 48 h of treatment the rate
was about 34.19% * 2.06% (Figure 3E). To evaluate the
contribution of p53 to SN50-induced death of SGC7901
cells, the cells were pre-treated with the p53 specific inhib-
itor Pft-au 6 h before SN50. As shown in Figure 3F, Pft-g,
significantly attenuated the inhibitory effects of SN50 in a
time-dependent manner. Mitochondria plays a central role
in regulating cell death and survival. Diverse proapoptotic
stimuli act on mitochondria, triggering mitochondrial
membrane potential collapse, cytochrome c release and
caspase activation. We detected collapse of mitochondrial
membrane potential A} as early as 6 h after SN50 treat-
ment. This change reached a peak 24 h after SN50 treat-
ment (Figure 3G).

DISCUSSION

NF-«B signaling pathways play critical roles in a vatiety of
physiological and pathological processes. One function of
NF-xB is to promote cell survival through induction of
target genes, whose products inhibit components of the
apoptotic machinery in normal and cancerous cells. NF-xB
can also prevent programmed necrosis by inducing genes
encoding antioxidant proteins. Regardless of mechanism,
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Figure 1 Blocking nuclear factor-kB nuclear translocation activates autophagy and induces cell apoptosis. A: Western blotting analysis of the nuclear p65 in the
control and SN50-treated SGC7901 cells. Western blotting analysis was used to detect the nuclear protein levels of p65 after SN50 treatment for 6-24 h. SGC7901 cells
were treated with SN50 (18 umol/L) at various time points and were harvested for nuclear p65 protein levels. It indicates that SN50 may down-regulate the expression of
nuclear p65. Values were given as mean + SE. Statistical comparisons were carried out with Dennett's test. °P < 0.05 and °P < 0.01 vs control (n = 3); B: Autophagy was
activated after SN50 treatment. SGC7901 cells were incubated with SN50 (18 pumol/L) and stained with MDC (100 umol/L). Fluorescence particles indicate L-AVs. (a) con-
trol, (b) 6 h, (c) 12 h, (d) 24 h after SN50 treatment (x 1000) (n = 3); C: MAP1 LC3 expression and location in SGC7901 cells after treatment with SN50. Cells were treated
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with SN50 (18 umol/L) for 6 h (b), 12 h (c) and 24 h (d), and observed under immunofluorence microscope. (a) Control (x 1000) (n = 3). SN50 increased the punctuate
distribution of LC3 from 6 to 24 h; D: Western blotting analysis of the LC3 in the control and SN50-treated SGC7901 cells. Western blotting analysis was used to detect the
protein levels of LC3 after SN50 treatment for 6-24 h. SGC7901 cells were treated with SN50 (18 pumol/L) and were harvested for total proteins. It indicates that SN50 may
up-regulate the expression of LC3 I and LC3 1. SN50 increased the ratio of LC3II/LC3 I . Values were given as mean + SE. Statistical comparisons were carried out
with Dennett's test. °P < 0.05 vs control (n = 3); E: Western blotting analysis of the Beclin 1 in the control and SN50-treated SGC7901 cells. Western blotting analysis was
used to detect the protein levels of Beclin 1 after SN50 treatment for 6-24 h. SGC7901 cells were treated with SN50 (18 umol/L) and were harvested for total proteins. It
indicates that SN50 may up-regulate the expression of Beclin 1. Values were given as mean + SD. Statistical comparisons were carried out with Dennett’s test. °P < 0.01
vs control (n = 3); F: Hoechst 33258 staining showed apoptosis was induced after SN50 (18 pmol/L) treatment. SGC7901 cells were incubated with SN50 (18 umol/L) and
stained with Hoechst 33258 (10 mmol/L). Fluorescence particles showed apoptosis. (A) control, (B) 6 h, (C) 12 h, (D) 24 h after SN50 treatment (x 400) (n = 3).
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Figure 2 Blocking nuclear factor-kB nuclear translocation induces p53 and its target proteins. A: Western blotting analysis of p53 of the control and SN50-
treated SGC7901 cells. Western blotting analysis was used to detect the protein levels of p53 after SN50 treatment for 6-24 h. SGC7901 cells were treated with SN50
(18 umol/L) and were harvested for total proteins. It indicates that SN50 may up-regulate the expression of p53. Values were given as mean + SD. Statistical compari-
sons were carried out with Dennett's test. °P < 0.05 and "P < 0.01 vs control (n = 3); B: Western blotting analysis of P53 upregulated modulator of apoptosis (PUMA)
of the control and SN50-treated SGC7901 cells. Western blotting analysis was used to detect the protein levels of PUMA after SN50 treatment for 6-24 h. SGC7901
cells were treated with SN50 (18 umol/L) and were harvested for total proteins. It indicates that SN50 may up-regulate the expression of PUMA. Values were given
as mean + SD. Statistical comparisons were carried out with Dennett’s test. "P < 0.01 vs control (n = 3); C: Western blotting analysis of damage-regulated autophagy
modulator (DRAM) of the control and SN50-treated SGC7901 cells. Western blotting analysis was used to detect the protein levels of DRAM after SN50 treatment for
6-24 h. SGC7901 cells were treated with SN50 (18 umol/L) and were harvested for total proteins. It indicates that SN50 may up-regulate the expression of DRAM.
Values were given as mean + SD. Statistical comparisons were carried out with Dennett's test. °P < 0.05 and "P < 0.01 vs control (n = 3).

many cancer cells, of either epithelial or hematopoietic NF-kB plays an important role in proliferation and
origin, use NF-kB to achieve resistance to anticancer drugs survival of tumor cells. NF-xB binding sites have been
and radiation. Hence, inhibition of NF-kB activation of- identified in the promoter region of cyclin D1. NF-xB
fers a strategy for treatment of different malignancies and promotes cyclin D1 expression and cell cycle progres-
can induce apoptosis in gastric cancer SGC7901 cells. sion™*), NF-B activity has been shown to inhibit activa-
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Figure 3 P53 inhibitor blocks SN50-induced autophagy activation and cell apoptosis. A: Effects of p53 inhibitor Pifithrin (Pft)-o. on SN50-induced P53 upregulated
modulator of apoptosis (PUMA) expression of SGC7901 cells. SGC7901 cells were pretreated with Pft-o. (30 umoliL) 6 h before SN50 (18 umol/L). Protein expression was
evaluated by Westemn blotting at 24 h. Results were presented as mean + SD of three independent experiments. °P < 0.05 and "P < 0.01 vs control group; B: Effects of p53
inhibitor Pft-o. on SN50-induced damage-regulated autophagy modulator (DRAM) expression of SGC7901 cells. SGC7901 cells were pretreated with Pft-o. (30 umol/L) 6 h
before SN50 (18 umol/L). Protein expression was evaluated by Western blotting at 24 h. Results were presented as mean + SD of three independent experiments. *P < 0.05
and °P < 0.01 vs control group; C: Effects of p53 inhibitor Pft-c. on SN50-induced LC3 expression of SGC7901 cells. SGC7901 cells were pretreated with Pft-o. (30 pmol/L)
6 h before SN50 (18 pumollL). Protein expression was evaluated by Western blotting at 24 h. Results were presented as mean + SD of three independent experiments. °P
< 0.05 vs control group; D: Effects of p53 inhibitor Pft-o. on SN50-induced Beclin 1 expression of SGC7901 cells. SGC7901 cells were pretreated with Pft-o. (30 umoliL) 6 h
before SN50 (18 umol/L). Protein expression was evaluated by Western blotting at 24 h. Results were presented as mean + SD of three independent experiments. *P < 0.05
and "P < 0.01 vs control; E: Reduced viability of SGC7901 cells after SN50 treatment. SGC7901 cells (7 x 10° cells/mL) were cultured with 18 umol/L of SN50 and cell viability
was analyzed by MTT assay. MTT assays revealed that the inhibition rate reached 25.31% + 4.13%, 34.19% + 2.06%, 44.79% + 1.65% after treatment of SN50 (18 pumol/L)
24,48 and 72 h. Values were given as mean % SD of three independent experiments. °P < 0.05 and vs control; F: P53 inhibitor may attenuate the inhibitory effects of SN50-
induced death of SGC7901 cells. SGC7901 cells were pretreated with Pft-o. (30 umol/L) 6 h before SN50 treatment (18 umol/L). Cell viability was evaluated by MTT assay at
24,48 and 72 h. Results were presented as mean + SD of three independent experiments. °P < 0.05 vs control, °P < 0.01 compared with SN50 alone treated group; G: Flow
cytometric analysis of mitochondria membrane potential in the control and SN50-treated SGC7901 cells. Cells were treated with SN50 (18 umol/L) for 6, 12 and 24 h and were
stained with JC-1 (5 umol/L) for 30 min. Values were given as mean + SD. Statistical analysis was carried out with ANOVA followed by Dunnett's t test. °P < 0.05 vs control.
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tion of caspase-8, thus inhibiting the apoptosis initiation central role in regulating cell death and survival. Diverse

Activation of NF-kB confers resistance of tumor cells to
radiochemotherapy-induced cytotoxicity™?. In contrast,
various NF-xB inhibitors inhibit tumor cell growth and
induce cell death through apoptotic mechanisms'™.

The tumor suppressor p53 plays a central role in sens-
ing various genotoxic stresses. Our results showed that
blocking NF-kB with SN50 induced expression of p53
remarkably. P53 downstream point such as the apopto-
sis gene PUMA was up-regulated after the treatment of
SN50. P53 is known to play an important role in apop-
tosis by regulating expression of pro-apoptotic proteins.
PUMA is one of p53 tatget genes involved in apoptosis.
The activation of PUMA by DNA damage is dependent
on p53 and is mediated by the direct binding of p53 to the
PUMA promoter region””. PUMA plays an essential role
in p53-dependent and -independent apoptosis induced by
a variety of stimuli®*”. Here, we demonstrated that the
inhibitor of NF-kB p65 nuclear import, SN50, signifi-
cantly up-regulated the levels of PUMA, indicating that
apoptosis may be triggered by SN50. In supporting this
notion, we found that mitochondria membrane potential
was collapsed after SN50 treatment. Mitochondtria plays a
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proapoptotic stimuli act on mitochondria, triggering mi-
tochondrial membrane potential collapse, cytochrome ¢
release and caspase activation. The mitochondrial perme-
ability transition (MPT) represents an important event
initiating apoptotic cell death.

Increasing evidence suggests that autophagy plays an
important role in tumor cell growth, differentiation and
response to anti-tumor drugs’ . Many classical anti-tumor
drugs have been found to exert their cytotoxic actions by
autophagic mechanisms”". Tt has been suggested that
autophagic death may play a role in both physiological and
pathological cell death. This issue has been addressed by
some recent reviews . In the present study, inhibitor
of NF-kB p65 nuclear import with SN50 resulted in a
significant increase in the levels of DRAM, a newly iden-
tified p53 target gene involved in autophagy activation
and cell death”. We also found that SN50 increased the
exptression of LC3, Beclin 1, particulatly the production
of LC3-II. LC3 is an autophagosomal ortholog of yeast
Atg8. LC3 has been best characterized as an autophago-
somal marker in mammalian autophagy, and the levels of
LC3 may also reflect the levels of autophagym. Beclin 1

January 28, 2011 | Volume 17 | Issue 4 |



Zhu BS et a/. Blocking NF-xB nuclear translocation activates autophagy and induces cell apoptosis

is the mammalian orthologue of the yeast ATG6-Vps30
gene. It can complement the defect in autophagy present
in ATGOG-/- yeast strains and stimulate autophagy when
overexpressed in mammalian cells"”. Beclin 1 is monoal-
lelically deleted in human breast and ovarian cancers and
is expressed at reduced levels in those tumors'>”. The
present results suggest that autophagy is induced by SN50
and its activation may contribute to anti-tumor effects of
NF-kB inhibitors.

The evidence has shown that p53 is not only involved
in apoptosis but also in autophagy. The present study
investigated if p53 signaling plays an essential role in au-
tophagy activation and cell death induced by NF-xB in-
hibition. P53 signaling was blocked with a specific inhibi-
tor pft-a, the compound has been shown to selectively
inhibit p53 activity and p53-mediated apoptosis 7 vitro
and in vivd™". The results demonstrated that pft-a blocked
SN50-induced increases in PUMA, LC3-1I and Beclin 1.
Moreover, SN50-induced cell death was significantly at-
tenuated by pft-o.. These data suggest that p53 mediates
activation of apoptosis and autophagy and cell death fol-
lowing blockade of NF-kB. This study shed new lights on
clucidating molecular mechanisms of anti-tumor actions
of NF-kB inhibitors.

In summary, the present study revealed that a new
mechanism associated with NF-xB inhibition triggered
impairment of cell proliferation and induction of apopto-
sis of cancer cells. Blocking NF-xB increases expression
of p53, induces pro-apoptotic and autophagic proteins.
P53 contributes to NF-kB inhibitor-induced apoptosis of
cancer cells by activating autophagic mechanisms. Further
investigation of the relationship between autophagy ac-
tivation and anti-tumor effects of NF-kB inhibitors will
unveil new strategies for tumor therapy.

COMMENTS

Background

Nuclear factor-xB (NF-«B) signaling pathways play critical rolesin a variety of
physiological and pathological processes. The authors predicted that activation of
autophagy by blocking NF-B may contribute to the anti-tumor actions of NF-icB
inhibitors.

Research frontiers

SN50 is a specific inhibitor of NF-B p65. The anti-tumor activity of SN50 might
be related to the induction of apoptosis of tumor cells, but the precise mecha-
nism of its anti-tumor activity is not well understood.

Innovations and breakthroughs

Blocking NF-kB increases the expression of p53, and induces pro-apoptotic
and autophagic proteins. P53 contributes to the NF-«xB inhibitor-induced
apoptosis of cancer cells through both apoptotic and autophagic mechanisms.
Further investigation of the relationship between autophagy activation and anti-
tumor effects of NF-«B inhibitors will unveil new strategies for tumor therapy.
Applications

Blocking NF-kB increases expression of p53, induces pro-apoptotic and au-
tophagic proteins. P53 contributes to NF-kB inhibitor-induced apoptosis of
cancer cells by activating autophagic mechanisms. And it will provide new idea
for tumor treatment.

Terminology

NF-«kB: The NF-kB comprises a family of transcription factors involved in the
regulation of a wide variety of biological responses. SN50:SN50 is a kind of NF-
kB p65 nuclear translocation inhibitor. Autophagy: Autophagy is a general term
for the degradation of cytoplasmic components within lysosomes. There are three
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types of autophagy: macroautophagy, microautophagy, and chaperone-mediated
autophagy, and the term “autophagy” usually indicates macroautophagy.

Peer review

The authors examined the effects of the nuclear import inhibitor SN50 on
activation of apoptosis and autophagy and the contribution of autophagy to cy-
totoxic effects of SN50 in gastric cancer cell line SGC7901. The results showed
that blocking NF-xB nuclear transport leads to p53-dependent activation of
apoptotic and autophagic pathways, and autophagy activation contributes to
SN50-induced death of cancer cells.
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