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A b s t r a c t

IInnttrroodduuccttiioonn::  In the previous study, we found that the inhibition of phos-
phatidylinositol 3-kinase (PI3K) by LY294002 induced SGC7901 cell death in vit-
ro. We did not know whether SN50, which is a specific inhibitor of nuclear fac-
tor κB (NF-κB), could increase the cell death induction of gastric cancer of
LY294002 in vitro, and we also wanted to know the mechanism of it, which
might be applied to clinical tumor therapy.
MMaatteerriiaall  aanndd  mmeetthhooddss::  The 3-(4,5-dimethylthiazol-2-yl-2,5-diphenyltetra zolium
bromide (MTT) assay was used to determine the cytotoxic effects of the drugs.
Mitochondrial membrane potential was measured using the fluorescent probe
JC-1. Hoechst 33258 staining was used to detect apoptosis and necrosis mor-
phological changes after LY294002 and/or SN50 treatment. Expression of p53,
PUMA and Beclin1 were determined with real-time polymerase chain reaction
(RT-PCR) analysis. We used transmission electron microscopy to identify ultra-
structural changes in SGC7901 cells after LY294002 and/or SN50 treatment. 
RReessuullttss::  In this study, we found that treating the human gastric cancer cells
SGC7901 with SN50 could significantly enhance the effects of LY294002 on
inducing cell death after 24 h, compared to the control group (p < 0.05). Detec-
tion of mitochondrial potential and transmission electron microscopic exami-
nation indicated that the rate of cell death increased progressively. The expres-
sion of p53, PUMA and Beclin1 was up-regulated. 
CCoonncclluussiioonnss::  The NF-κB inhibitor SN50 could enhance the role of LY294002 on
inducing cell death of human gastric cancer cells SGC7901, which might be
a promising new approach to gastric cancer therapy.

KKeeyy  wwoorrddss::  phosphatidylinositol 3-kinase, nuclear factor κB, gastric cancer, cell
death.

Introduction

Cancers of the gastrointestinal tract account for 22% of all cancers and
represent a major health threat worldwide [1]. Gastric cancer is the fourth
most frequently diagnosed malignancy worldwide, accounting for 12% of
all cancer-related deaths [2, 3]. In Asia and parts of South America in par-
ticular, gastric cancer is the most common epithelial malignancy and
a leading cause of cancer-related death. 

The phosphatidylinositol 3-kinase (PI3K) pathway plays a central role
in the regulation of cell proliferation, growth, differentiation, and survival
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[4, 5]. Dysregulation of this pathway is frequently
observed in a variety of tumors, including colon car-
cinoma and brain, breast, ovarian and other tumors
[6–9]. Therefore, inhibition of PI3K signaling is under
investigation as a potentially useful approach for
cancer treatment. 

LY294002 is a specific inhibitor of PI3K and could
induce cell death by activating p53 and up- regu-
lating PUMA, suggesting that the LY294002-induced
apoptosis of SGC7901 cells may be mediated by the
p53 signaling pathway [10].

Nuclear factor κB (NF-κB) has been linked to
control of cell growth and oncogenesis. The roles
of NF-κB in cancer appear to be complex, but are
likely to involve the ability of this transcription fac-
tor to control programmed cell death (PCD) and cell-
cycle progression, and possibly cell differentiation,
angiogenesis and cell migration.

SN50, a cell-permeable peptide, can specifically
inhibit the NF-κB, the mechanism of action of which
may include its suppression of growth factors,
cytokines, chemokines, and metalloproteinases [11],
but it is not completely understood whether the
inhibitory action of SN50 is specific to NF-κB sig-
naling or results from suppression of other signal-
ing cascades [12]. Importantly, it has been report-
ed that NF-κB is activated in cancer cells by several
chemotherapies and by radiation, and that in many
cases this response inhibits the capacity of the can-
cer cells for radio- and chemotherapy induced cell
death [13]. Therefore, inhibition of NF-κB is under
investigation as a potentially useful approach for
cancer treatment. However, the detailed mecha-
nisms are also poorly understood.

Apoptosis and autophagy are evolutionarily con-
served processes that regulate cell fate, both of
which are important in tumorigenesis and oncother-
apy. P53 and its target gene PUMA play important
roles in apoptosis regulation. Beclin1, which is
a marker of the start of the autophagy process, also
takes part in regulation of different steps of
autophagosome formation and maturation. Dele-
tion or mutation of Beclin1 will cause cell death
reduction which leads to tumorigenesis [14–16].

In the present study, we investigated whether the
inhibition of PI3K by LY294002 induces SGC7901 cell
death in vitro. We did not know whether SN50, which
is an inhibitor of NF-κB, could increase the cell death
induction of gastric cancer of LY294002 in vitro, and
we also wanted to know the mechanism of it, which
might be applied to clinical tumor therapy. 

Material and methods

MMaatteerriiaall

SGC7901 gastric cancer cells were obtained from
the Shanghai Institute of Cell Biology, Chinese Acad-
emy of Sciences (Shanghai, China). RPMI1640 medi-

um was obtained from Gibco (Rockville, MD, USA).
Fetal bovine serum was provided by Hangzhou
Sijiqing Biological Engineering Material Co., Ltd.
(Hangzhou, China). L-glutamine and MTT were pro-
vided by Sigma (St Louis, MO, USA). Hoechst 33258
was purchased from Beyotime (Nantong, China).
Primers, RNAiso Reagent kit, PrimescriptTM RT
Reagent Kit, and SYBR Premix EX TaqTM kit were
purchased from TAKARA (Dalian, China), and iCy-
cler 5 from BioRad (USA).

DDrruugg  pprreeppaarraattiioonn  

LY294002 (Cell Signaling Technology, Beverly, MA,
USA) was diluted in DMSO to create a stock solution
that was stored according to the manufacturer’s sug-
gestions. After diluting 10–4 with distilled steriliza-
tion water, the final solution used in the experiments
was 50 µmol/l. This concentration of LY294002 was
selected on the basis of our experiments on SGC7901
cells. SN50 (BIOMOL, Plymouth Meeting, PA, USA)
was diluted in distilled sterilization water to create
a stock solution stored according to the manufac-
turer’s instructions. The final concentration of the
SN50 solution used was 18 µmol/l. This concentra-
tion of SN50 was selected on the basis of our previ-
ous experiments in vitro and in vivo [17, 18].

CCeellll  ccuullttuurree  

SGC7901 gastric cancer cells were maintained in
RPMI1640 medium containing 10% heat-inactivat-
ed fetal bovine serum, 0.03% L-glutamine and incu-
bated in a 5% CO2 atmosphere at 37°C. Cells in
a mid-log phase were used in experiments.

CCeellll  vviiaabbiilliittyy  aassssaayy  

Cell viability was assessed with MTT assay. To
determine the effects of SN50 on enhancing the role
of LY294002 on SGC7901 cells, cells were plated into
96-well microplates (7 × 103 cells/well) and cultured
for 24 h. Then LY294002 (50 µmol/l), SN50 (18 µmol/l)
and LY294002+SN50 were added to the culture medi-
um and cell viability was assessed with MTT 24 h
after drug treatment. Later MTT (Sigma, St Louis, MO,
USA) solution was added to the culture medium 
(5 mg/ml final concentration) 4 h before the end of
treatment and the reaction was stopped by addition
of 10% acidified SDS 100 µl. The absorbance value (A)
at 570 nm was read using an automatic multiwell
spectrophotometer (Bio-Rad, Richmond, CA, USA).
The percentage of cell death was calculated as fol-
lows: cell death (%) = (1 – A of experiment well/A of
positive control well) × 100%.

HHooeecchhsstt  3333225588  ssttaaiinniinngg  

After treatment, cell cultures were washed twice
with PBS and incubated with 2 µM Hoechst 33258
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(Beyotime, Nantong, China) for 1 h in the dark at
37°C. After washing thrice with phosphate buffered
saline (PBS), the cells were viewed with 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 microscope, and the images
were analyzed with Image-Pro Plus software (Media
Cybernetics company, USA). The Hoechst reagent
was taken up by the nuclei of the cells, and apop-
totic cells exhibited bright blue fluorescence.

DDeetteeccttiioonn  ooff  mmiittoocchhoonnddrriiaall  ppootteennttiiaall  ((∆Ψ))

Mitochondrial ∆Ψ was determined using the
KeyGEN Mitochondrial Membrane Sensor Kit (Key-
GEN, Nanjing, China). The Mitosensor dye aggre-
gates in the mitochondria of healthy cells and emits
red fluorescence against a green monomeric cyto-
plasmic background staining. However, in cells with
a collapsed mitochondrial ∆Ψ, the dye cannot accu-
mulate in the mitochondria and remains in
monomeric form throughout the cells with green
fluorescence [19]. Briefly, SGC7901 cells were incu-
bated with LY294002, SN50 and LY294002 + SN50
in 6-well plates for the indicated times and then
pelleted, washed with PBS, and resuspended in 
0.5 ml of diluted Mitosensor reagent (1 µmol/ml in
in cubation buffer). After the cells were incubated
with the Mitosensor reagent for 20 min, 0.2 ml of
incubation buffer was added and cells were cen-
trifuged then resuspended in 40 µl of incubation
buffer. Finally, the cells were washed and resus-
pended in 1 ml PBS for flow cytometry analysis.

RReeaall--ttiimmee  qquuaannttiittaattiivvee  RRTT--PPCCRR  aannaallyyssiiss  ooff  pp5533,,
BBeecclliinn11  aanndd  PPUUMMAA  

Total RNA was extracted using the RNAiso kit
(TaKaRa). For extracting total mRNA, SGC7901 cells
were treated with LY294002 (50 µmol/l), SN50 
(18 µmol/l) and LY294002+SN50 for 6 h before
being harvested. First-strand cDNA was generated
via reverse transcription of 2 µg of total RNA using
random primers and the Primescript RT Reagent Kit
(TaKaRa) in a total reaction volume of 20 µl accord-
ing to the manufacturer’s instructions. The se -
quences of the forward and reverse oligonucleotide
primers, specific to the chosen candidate and
housekeeping genes, were designed with Primer5
software (available from frodo.wi.mit.edu/cgi-
bin/primer5/primer5_www.cgi). For p53 the primers
were: forward, 5'-ACTAAGCG-AGCACTGCCCAAC-3';
reverse, 5'-CCTCATTCA- GCTCTCGGAACATC-3' (Gen-
Bank NM_000546; nucleotides 1161–1290). For
PUMA the primers were: forward, 5'-CGACCT-
CAACGCACAGTACGA-3'; reverse, 5’-GGCACCTAATT -
GGGCTCCATC-3’ (GenBank NM_014417; nucleotides
719–868). For Beclin1 the primers were: forward, 

5'- CCAGATGC-GTTATGCCCAGAC-3’; reverse, 5’-CATTC-
CATTC-CACGGGAACAC-3’ (GenBank NM_003766;
nucleotides 889-1037). For β-actin the primers were:
forward, 5'-ATTGCCGACAGGATGCAGA-3'; reverse,
5'-GAGTACTTGCGCTCAGGAGGA-3' (GenBank NM_
001101; nucleotides 998–1086). Real-time quanti-
tative RT-PCR was performed using the iCycler 5
thermal cycler (BioRad, Hercules, CA, USA). An 80-
fold dilution of each cDNA was amplified in a 20 µl
volume, using the SYBR Premix EX Taq kit (TaKaRa),
with a 500 nM final concentration of each primer.
The amplification specificity was checked using
melting curve analysis. Threshold cycle Ct, which
correlates inversely with the target mRNA level, was
calculated using the second derivative maximum
algorithm provided by the Light-Cycler software. For
each cDNA, all target gene mRNA levels were nor-
malized to β-actin mRNA levels. Results are ex -
pressed as the ratio of normalized target gene
mRNA levels in treated cells relative to those in
untreated cells.

TTrraannssmmiissssiioonn  eelleeccttrroonn  mmiiccrroossccooppiicc  eexxaammiinnaattiioonn  

Pursuant to treatment with LY294002, SN50 or
LY294002 + SN50, cells were fixed in ice-cold 2.5%
glutaraldehyde in 0.1 M PBS and preserved at 4°C
for further processing. When processing resumed,
cells were post-fixed in 1% osmium tetroxide in the
same buffer, dehydrated in graded alcohols, embed-
ded in Epon 812, sectioned with an ultra-microtome,
stained with uranyl acetate and lead citrate fol-
lowed by examination with a transmission electron
microscope (Philips CM120, Dutch). 

SSttaattiissttiiccaall  aannaallyyssiiss  

All data are presented as mean ± SD. Statistical
analysis was carried out by ANOVA followed by
Dunnett’s t-test, considering p < 0.05 as significant. 

Results

SSNN5500  eennhhaanncceedd  ttuummoorr  cceellll  ggrroowwtthh  iinnhhiibbiittiioonn
ooff  LLYY229944000022  

MTT assays revealed that after 24 h of LY294002
(50 µmol/l) and SN50 (18 µmol/l) treatment, the
rate of inhibition reached 20.71 ±4.13% and 25.69
±3.87%. When SGC7901 cells were incubated with
LY294002 and SN50 together, the inhibition rate
rose to 52.93±2.35% (Figure 1). 

SSNN5500  eennhhaanncceedd  tthhee  eeffffeeccttss  ooff  iinndduucciinngg  cceellll
aappooppttoossiiss  ooff  LLYY229944000022

Treatment with 50 µmol/l LY294002 for 12 h in
SGC7901 cells produced intense Hoechst-positive
staining for condensed nuclei indicative of apopto-
sis. A significant increase in Hoechst staining was
observed along with apoptosis when cells were
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treated with 50 µmol/l LY294002 + 18 µmol/l SN50.
The results indicate that SN50 enhanced the effects
of inducing cell apoptosis of LY294002 (Figure 2).

SSNN5500  eennhhaanncceedd  tthhee  eeffffeeccttss  ooff  iinndduucciinngg  
mmiittoocchhoonnddrriiaall  ddyyssffuunnccttiioonn  ooff  LLYY229944000022  

In the present study, mitochondrial membrane
potential was examined using the fluorescent dye
JC-1. We detected a collapse in mitochondrial mem-
brane potential (ψ) at 6 h after LY294002 or SN50
treatment, as indicated by increased emission of
green fluorescence. This change reached a maxi-
mum after LY294002 + SN50 treatment (Figure 3).
A collapse in mitochondrial membrane potential
always indicates cell death, LY294002 or SN50
induced mitochondrial dysfunction and activated
cell death in SGC7901 cells, and the results de -
scribed here prove that SN50 enhanced the 
effects of LY294002 in inducing cell death in
SGC7901 cells. 

SSNN5500  eennhhaanncceedd  tthhee  eeffffeeccttss  ooff  LLYY229944000022  
iinn  uupp--rreegguullaattiinngg  tthhee  eexxpprreessssiioonn  ooff  BBeecclliinn11

To determine whether SN50 increases the role
of LY294002 in up-regulating the expression of
autophagic genes, real-time quantitative reverse

transcription-PCR analysis was used to detect the
expression of Beclin1. The results showed that the
basal level of Beclin1 mRNA in SGC7901 cells was
low. After incubating with LY294002 or SN50, the
Beclin1 mRNA expression was increased after 6 h,
and when treated with LY294002 + SN50, the
Beclin1 mRNA expression was increased signifi-
cantly (Figure 4). 
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FFiigguurree  11..  SN50 enhanced tumor cell growth inhibi-
tion of LY294002. SGC7901 cells (7 × 104 cells/ml)
were cultured with various doses of LY294002, SN50
and LY294002 + SN50 for 24 h and cell viability was
analyzed by MTT assay. Values were given as mean
± SD of three independent experiments
*p < 0.05 compared to control group
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FFiigguurree  22.. Hoechst 33258 staining showed that SN50 enhanced the effects of inducing cell apoptosis of LY294002.
SGC7901 cells were incubated with LY294002 (50 µmol/l) or SN50 (18 µmol/l) for the indicated time and stained
with Hoechst 33258 (10 mmol/l). Fluorescence particles showed apoptosis. AA – Control, BB – LY294002, CC – SN50, 
DD – LY294002 + SN50 12 h after treatment (400×) (n = 3)
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SSNN5500  iinnccrreeaasseedd  tthhee  rroollee  ooff  LLYY229944000022  
iinn  uupp--rreegguullaattiinngg  tthhee  eexxpprreessssiioonn  ooff  pp5533  
aanndd  PPUUMMAA

The tumor suppressor and nuclear transcription
factor P53 is a tetramer phosphoprotein that can
regulate several major cellular functions including
gene transcription, DNA synthesis, DNA repair, cell
cycle regulation, senescence, and cell death [20, 21].
p53 is activated by cell stress and DNA damage and,
depending upon the severity of the stress and the
particular cell type, may aid in adaptive responses

to the stress or may trigger cell cycle arrest or apop-
tosis [22]. When LY294002 or SN50 was applied, the
expression of p53 was activated. When treated with
LY294002 + SN50, the p53 mRNA expression was
increased significantly (Figure 5).

PUMA is a downstream target of the p53 tumor
suppressor gene and a member of the BH3-only
group of Bcl-2 family proteins [23, 24]. The activa-
tion of PUMA by DNA damage is dependent on p53
and is mediated by the direct binding of p53 to the
PUMA promoter region [25]. PUMA plays an essen-
tial role in p53-dependent and -independent apop-
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FFiigguurree  33..  Flow cytometry analysis of mitochondrial
membrane potential in the control, LY294002, SN50
and LY294002 + SN50-treated SGC7901 cells. The
percentage of cells emitting green fluorescence light
increased to 14.8 ±2.39%, 11.8 ±2.35% and 40.5
±3.21% of total cells after 6 h respectivelyGG
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tosis induced by a variety of stimuli [23]. In this
study, when LY294002 or SN50 was applied, the
expression of PUMA was activated, and when treat-
ed with LY294002 + SN50, the PUMA mRNA expres-
sion were increased significantly (Figure 6).

SSNN5500  eennhhaanncceedd  tthhee  eeffffeeccttss  ooff  LLYY229944000022  
iinn  aaccttiivvaattiinngg  iimmppaaiirrmmeenntt  ooff  mmiittoocchhoonnddrriiaa

We used transmission electron microscopy to
identify ultrastructural changes in SGC7901 cells
after LY294002 or SN50 treatment. Control cells
showed a round shape and contained normal look-
ing organelles, nucleus and chromatin (Figure 7 A),
while LY294002-treated cells exhibited signs of
organelle morphology as shown in Figure 7 B. Mito-
chondria displayed vacuolization and swelling with
a complete loss of cristae (Figure 7 C). With the treat-
ment of SN50, a number of isolated membranes,
derived possibly from ribosome-free endoplasmic
reticulum, were seen. These isolated membranes
were elongated and curved to engulf cyto plasmic
fraction and organelles (Figure 7 C). These mem-
brane structures formed autophagosome traits with
double or multi-membranes and then fused with
lysosomes in the formation of autolysosomes. The
lysosome staining darkened, indicating the activa-
tion of lysosomal enzymes (Figure 7 C). And with
the treatment of LY294002 and SN50, cell apopto-
sis was observed. Meanwhile, chromatin margina-
tion was found in addition to nuclear condensation
and pyknosis. The loss of organelles and cytoplasm
vacuolization were also observed when SN50 was
incubation with LY294002 (Figure 7 D).

Discussion

We found that the PI3K inhibitor LY294002 re -
duced the viability of and induced apoptosis in
SGC7901 gastric cancer cells, demonstrating the

cytotoxic effects of LY294002. We also found that
LY294002 increased the expression of p53 and
PUMA. Our results showed that inhibition of the
PI3K signaling pathway is a potential strategy for
managing gastric cancers [10].

Nuclear factor κB plays important roles in pro-
liferation and survival of tumor cells. Nuclear 
factor κB binding sites have been identified in the
promoter region of cyclin D1. Nuclear factor κB pro-
 motes cyclin D1 expression and cell cycle progres-
sion [26, 27]. Nuclear factor κB activity has been
shown to inhibit activation of caspase-8, thus
inhibiting apoptosis initiation [28]. Thus activation
of NF-κB confers resistance of tumor cells to radio-
chemotherapy induced cytotoxicity [29, 30].

P53 is known to play important roles in cell
death by regulating expression of pro-apoptotic
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FFiigguurree  44.. Real-time quantitative RT-PCR analysis of the
autophagic gene Beclin1 of the control and drug treat-
ed SGC7901 cells. Cells were treated with LY294002
(50 µmol/l), SN50 (18 µmol/l) and LY294002 + SN50
for 6 h. Values were given as mean ± SD of three inde-
pendent experiments. Statistical analysis was carried
out with ANOVA followed by Student t-test
*p < 0.05 compared to control group
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FFiigguurree  55..  SN50 increased the role of LY294002 in up-
regulating the expression of p53. Real-time quantita-
tive RT-PCR analysis of the p53 of the control and drug
treated SGC7901 cells. Cells were treated with LY294002
(50 µmol/l), SN50 (18 µmol/l) and LY294002 + SN50 for
6 h. Values were given as mean ± SD of three inde-
pendent experiments. Statistical analysis was carried
out with ANOVA followed by Student t-test
*p < 0.05 compared to control group
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FFiigguurree  66.. SN50 increased the role of LY294002 in up-
regulating the expression of PUMA. Real-time quan-
titative RT-PCR analysis of the PUMA of the control
and drug treated SGC7901 cells. Cells were treated
with LY294002 (50 µmol/l), SN50 (18 µmol/l) and
LY294002 + SN50 for 6 h. Values were given as mean
± SD of three independent experiments. Statistical
analysis was carried out with ANOVA followed by
Student t-test
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proteins. PUMA is one of the p53 target genes
involved in apoptosis. The activation of PUMA by
DNA damage is dependent on p53 and is mediat-
ed by the direct binding of p53 to the PUMA pro-
moter region [31]. PUMA plays an essential role in
p53-dependent and -independent apoptosis
induced by a variety of stimuli [25, 32]. Here, we
demonstrated that the inhibitor of NF-κB p65
nuclear import, SN50, significantly enhanced the
role of LY294002 in up-regulating the levels of

PUMA. In supporting this notion, we found that
mitochondria membrane potential was collapsed
after SN50 treatment. Mitochondria play a central
role in regulating cell death and survival. Diverse
pro-apoptotic stimuli act on mitochondria, trigger-
ing mitochondrial membrane potential collapse,
cytochrome c release and caspase activation. The
mitochondrial permeability transition (MPT) rep-
resents an important event initiating apoptotic cell
death.

AA BB

CC DD

FFiigguurree  77.. Ultrastructure of SGC7901 cells underwent autophagy and apoptosis after drug treatment. AA – Non-treat-
ed SGC7901 control cells, BB – LY294002 (12 h), CC – SN50 (12 h), DD – LY294002 + SN50 (12 h)
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Beclin1 is the mammalian orthologue of the
yeast ATG6-Vps30 gene. It can complement the
defect in autophagy present in ATG6–/– yeast
strains and stimulate autophagy when overex-
pressed in mammalian cells [33]. Beclin1 is monoal-
lelically deleted in human breast and ovarian can-
cers and is expressed at reduced levels in those
tumors [33, 34]. The present results suggest that
autophagy is induced by SN50 and its activation
may contribute to anti-tumor effects of LY294002. 

In summary, the present study revealed a new
mechanism associated with NF-κB and PI3K inhi-
bition triggered impairment of cell proliferation and
induction of cell death of cancer cells. Blocking 
NF-κB increases the role of LY294002 in up-regu-
lating the expression of p53, PUMA and Beclin1
related to apoptosis and autophagy. These findings
suggest that inhibition of NF-κB p65 can signifi-
cantly enhance the anti-tumor effects of LY294002
on the gastric cancer cell line SGC7901 in vitro, and
further indicated that development of SN50 and
LY294002 based therapeutics might be a potential
approach for gastric cancer management.
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