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Abstract

AIM: To investigate the effects of small interfering RNA
(siRNA)-mediated inhibition of Class I phosphoinositide
3-kinase (Class 1 PI3K) signal transduction on the pro-
liferation, apoptosis, and autophagy of gastric cancer
SGC7901 and MGC803 cells.

METHODS: We constructed the recombinant replica-
tion adenovirus PI3K(I)-RNA interference (RNAi)-green
fluorescent protein (GFP) and control adenovirus NC-
RNAI-GFP, and infected it into human gastric cancer
cells. MTT assay was used to determine the growth rate
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of the gastric cancer cells. Activation of autophagy was
monitored with monodansylcadaverine (MDC) staining
after adenovirus PI3K(I)-RNAi-GFP and control adeno-
virus NC-RNAIi-GFP treatment. Immunofluorescence
staining was used to detect the expression of micro-
tubule-associated protein 1 light chain 3 (LC3). Mito-
chondrial membrane potential was measured using the
fluorescent probe JC-1. The expression of autophagy
was monitored with MDC, LC3 staining, and transmis-
sion electron microscopy. Western blotting was used to
detect p53, Beclin-1, Bcl-2, and LC3 protein expression
in the culture supernatant.

RESULTS: The viability of gastric cancer cells was
inhibited after siRNA targeting to the Class I PI3K
blocked Class I PI3K signal pathway. MTT assays re-
vealed that, after SGC7901 cancer cells were treated
with adenovirus PI3K(I)-RNAi-GFP, the rate of inhibition
reached 27.48% £ 2.71% at 24 h, 41.92% %= 2.02%
at 48 h, and 50.85% = 0.91% at 72 h. After MGC803
cancer cells were treated with adenovirus PI3K(I)-RNAi-
GFP, the rate of inhibition reached 24.39% + 0.93%
at 24 h, 47.00% % 0.87% at 48 h, and 70.30% =+
0.86% at 72 h (P < 0.05 compared to control group).
It was determined that when 50 MOI, the transfec-
tion efficiency was 95% =+ 2.4%. Adenovirus PI3K(I)-
RNAIi-GFP (50 MOI) induced mitochondrial dysfunction
and activated cell apoptosis in SGC7901 cells, and the
results described here prove that RNAi of Class I PI3K
induced apoptosis in SGC7901 cells. The results showed
that adenovirus PI3K(I)-RNAi-GFP transfection induced
punctate distribution of LC3 immunoreactivity, indicat-
ing increased formation of autophagosomes. The re-
sults showed that the basal level of Beclin-1 and LC3
protein in SGC7901 cells was low. After incubating
with adenovirus PI3K(I)-RNAi-GFP (50 MOI), Beclin-1,
LC3, and p53 protein expression was significantly in-
creased from 24 to 72 h. We also found that Bcl-2 pro-
tein expression down-regulated with the treatment of
adenovirus PI3K(I)-RNAi-GFP (50 MOI). A number of
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isolated membranes, possibly derived from ribosome-
free endoplasmic reticulum, were seen. These isolated
membranes were elongated and curved to engulf a
cytoplasmic fraction and organelles. We used trans-
mission electron microscopy to identify ultrastructural
changes in SGC7901 cells after adenovirus PI3K(I)-
RNAIi-GFP (50 MOI) treatment. Control cells showed a
round shape and contained normal-looking organelles,
nucleus, and chromatin, while adenovirus PI3K(I)-RNAi-
GFP (50 MOI)-treated cells exhibited the typical signs
of autophagy.

CONCLUSION: After the Class I PI3K signaling path-
way has been blocked by siRNA, the proliferation of
cells was inhibited and the apoptosis of gastric cancer
cells was enhanced.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is the fourth most common cancer and
the second leading cause of cancer death Worldwidem,
with nearly a million new cases diagnosed each year. The
phosphatidylinositol 3-kinases (PI3Ks) are a family of
lipid kinases whose primary biochemical function is to
phosphorylate the 3-hydroxyl group of phosphoinositi-
des?. Phosphorylation results in the activation of second
messenger molecules, with consequent signal transduc-
tion that sets in motion a variety of physiological cellular

metabolic and survival functions.

The PI3K-serine/threonine kinase (AKT)-mammalian
target of the rapamycin (mTOR) pathway is an impoz-
tant cellular pathway involved in cell growth, tumorigen-
esis, cell invasion, and drug response[‘%’sl. This pathway is
frequently activated in many cancers, and uncontrolled
PI3K-AKT-mTOR signaling may also result in poor
clinical outcome in lung, cervical, ovatian, and esophageal
cancers™ ¥,

PI3Ks are grouped into three Classes (I -I), with
varying structure and substrate preference. The functions
of Class I PI3Ks relate to glucose homeostasis, metabo-
lism, growth, proliferation, and survival. Isoform-specific
roles are described, albeit with degrees of overlap, with
potential implications for toxicity and efficacy of novel
inhibitors of Class I PI3Ks"”. A substantial body of evi-
dence exists in support of the notion that not only does
PI3K pathway activation promote cell survival and tumor
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progression, but also can predict for therapeutic resis-
tance to a broad range of anticancer therapies.

The discovery of Class I PI3K revealed a novel role
for autophagy in induced cell death, and Class [ PI3K is
believed to be a crucial modulator in both apoptosis and
autophagy. Our aim was to detect the effects of adenovi-
rus PIBK(I)-RNA interference (RNAi)-green fluorescent
protein (GFP) on the growth and apoptosis of gastric
cancer cells 7z vitro. To compare transduction efficiency,
biological and molecular mechanisms of adenovirus
PI3K)-RNAi-GEFP on gastric cancer cell lines will be
detected.

MATERIALS AND METHODS

Reagents

SGC7901 and MGC801 gastric cancer cells were pur-
chased from the Shanghai Institute of Cell Biology, Chi-
nese Academy of Sciences (Shanghai, China). RPMI1640
medium was purchased from Gibco (Rockville, MD,
United States). Fetal bovine serum was obtained from
Hangzhou Sijiqing Biological Engineering Material Co.,
Ltd. (Hangzhou, China), L-glutamine and MTT were
provided by Sigma (St Louis, MO, United States). Anti-
bodies against p53, Bcl-2, Beclin-1, and LC3 were pro-
vided by Cell Signaling Technology (Beverly, MA, United
States).

Adenoviral vectors and infections

RNAI sequence design against Class [ PI3K and the
construction of vectors expressing Class [ PI3K short
hairpin RNA (shRNA). The Class I PI3K-specific target
sequence was chosen according to online shRNA tools
of Invitrogen (http://www.invitrogen.com/rnai) using
the Class [ PI3K reference sequence (GenBank acces-
sion No. NM_006218). The target sequence was designed
as follows: Class I PI3K (base 3090-3118), “5-AGAG-
GTTTCAGGAGATGTGTT ACAAG GCT-3”. shR-
NAs were then chemically synthesized and a lentiviral
vector was constructed. The exact insertion of the spe-
cific shRINA was further confirmed by sequencing. The
recombinant adenovirus vector that expresses shRINA
against Class [ PI3K was synthesized by Shanghai Gen-
esil Co., Ltd. Stocks of replication-defective adenoviral
vectors expressing green fluorescent protein [adenovirus
PI3K(I)-RNAi-GFP and control adenovirus NC-RNAi-
GFP] were stored at -80 C. Infections were performed
at 70% to 75% confluence in DMEM supplemented with
2% FCS. Cells were subsequently incubated at 37 'C for
at least 4 h, followed by the addition of fresh medium.
Cells were subjected to functional analyses at fixed time
points following infection as described for individual ex-
perimental conditions.

Determination of optimal multiplicity of infection

1 x 10" SGC7901 and MGC803 cells/well were seeded
in 96 well plates to 60%-70% cultured adherent cells.
Different multiplicities of infection (MOI = 10, 20, 30,
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50, 100) of the adenovirus NC-RNAi-GFP (100 pL) and
diluted infected cells were then added. Eight hours later,
10% fetal bovine serum for RPMI1640 culture medium
was added, and 48 h later was counted under a fluores-
cence microscope to calculate the number of cells that

expressed GFP.

Cell culture and viability assay

SGC7901 and MGC803 cells were maintained in RP-
MI1640 medium containing 10% heat-inactivated fetal
bovine serum and 0.03% L-glutamine incubated in a 5%
CO:z2 atmosphere at 37 C. Cells in a mid-log phase were
used in experiments. Cell viability was assessed by MTT
assay. To determine the response of SGC7901 cells to ad-
enovirus PI3K(I)-RNAi-GFP, SGC7901 cells were plated
into 96-well microplates (7 X 10* cells/well) and adenovi-
rus PI3K(I)-RNAi-GFP was added to a culture medium
and cell viability was assessed with MTT assay 24 h after
adenovirus PI3K(I)-RNAi-GFP treatment. MTT (Sigma,
St Louis, MO, United States) solution was added to a cul-
ture medium (500 mg/L final concentration) for 4 h be-
fore the end of treatment, and the reaction was stopped
by the addition of 10% acidic SDS (100 puL). The absor-
bance value (A4) at 570 nm was read using an automatic
multiwell spectrophotometer (Bio-Rad, Richmond, CA,
United States). The percentage of cell proliferation was
calculated as follows: cell proliferation (%) = (1 - A of
expetiment well/A of positive control well) X 100%.

Visualization of monodansylcadaverine-labeled
vacuoles

Exponentially-growing cells were plated onto 24-cham-
ber culture slides, cultured for 24 h, and then incubated
with the drug in 10% FCS/RPMI 1640 for 12 and 24 h.
Autophagic vacuoles were labeled with MDC" (Sigma,
St Louis, MO, United States) 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 saline (PBS) and immediately ana-
lyzed with a fluorescence microscopy (Nikon Eclipse TE
300, Japan) equipped with a filter system (V-2A excitation
filter: 380-420 nm, barrier filter: 450 nm). Images were
captured with a CCD camera and imported into Photo-
shop.

Immunofluorescence staining LC3

MGC803 cells were seeded onto 24-chamber culture
slides and treated with adenovirus PI3K(I)-RNAi-GFP
(50 MOYI) and adenovirus NC-RNAi-GFP. After fixation
in methanol for 10 min and blocked with a buffer con-
taining 1% bovine serum albumin (BSA) and 0.1% Triton
X-100 for 1 h, cells were incubated with either the prima-
ry antibody against LC3 from Cell Signaling Technology
(Beverly, MA, United States) or diluted at 1:200 with PBS
containing 1% BSA at 4 ‘C overnight. Cells were then in-
cubated for 1 h with 1:500 secondary fluorescence conju-
gated antibodies (Sigma) to visualize the binding sites of
the primary antibody under a laser confocal microscope
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(Leisa, Germany).

Detection of mitochondrial potential

Mitochondrial Ag was determined using the KeyGEN
Mitochondrial Membrane Sensor Kit (KeyGEN, Nan-
jing, China). The MitoSensor dye aggregates in the mi-
tochondria of healthy cells and emits red fluorescence
against green monomeric cytoplasmic background stain-
ing. 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. SGC7901 cells were briefly incubated
with adenovirus PI3K(I)-RNAi-GFP in 24-well plates for
the indicated times, then pelleted, washed with PBS, and
resuspended in 0.5 mL of diluted MitoSensor reagent (1
mmol/L in incubation buffer). After incubating cells with
MitoSensor reagent for 20 min, 0.2 mL of incubation
buffer was added and cells were centrifuged then resus-
pended in 40 pL of incubation buffer. Finally, cells were
washed and resuspended in 1 mL PBS for flow cytometry
analysis.

Total cell 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 Tris-HCI, pH 7.4, 150
mmol NaCl, 1 mmol dithiothreitol, 0.25% sodium deoxy-
cholate, and 0.1% NP-40) containing 1 mmol/L phenyl-
methylsulfonyl fluoride, 50 mmol sodium pyrophosphate,
1 mmol/L NasVO4, 1 mmol NaF, 5 mmol EDTA, 5
mmol EGTA, and a protease inhibitors cocktail. Cell lysis
was performed on ice for 30 min. Clear protein extracts
were obtained by centrifugation for 30 min at 4 C. Pro-
tein extraction from SGC7901 gastric cancer cells was
performed as previously described. Protein concentra-
tion was determined with a Bradford protein assay kit.
Proteins were resolved on 8.5% polyacrylamide gels and
subsequently transferred onto nitrocellulose membranes.
For immunoblotting, nitrocellulose membranes were
incubated with specific antibodies recognizing target pro-
teins overnight at 4 ‘C. The membranes were then incu-
bated with horseradish peroxidase-conjugated secondary
antibody (1:3000) for 1 h at room temperature, and sub-
sequently analyzed by an enhanced chemiluminescence
detection system (Amersham Pharmacia Biotech) and
visualized by autoradiography. Protein B-actin (1:5000;
Sigma) was used as a loading control.

Transmission electron microscopic examination

Pursuant to treatment with adenovirus PI3K(I)-RNAi-
GFP, cells were fixed in ice-cold 2.5% glutaraldehyde in
0.1 mol/L PBS, and preserved at 4 °C for further pro-
cessing. When processing resumed, cells were post-fixed
in 1% osmium tetroxide in the same buffer, dehydrated in
graded alcohols, embedded in Epon 812, sectioned with
an ultra-microtome, and stained with uranyl acetate and
lead citrate, followed by examination with a transmission
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Figure 1 Reduced viability of SGC7901 and MGC803 cells after adenovirus Class I phosphoinositide 3-kinase-RNA interference-green fluorescent protein
treatment. A: SGC7901 cells (7 x 10* cells/mL); B: MGC803 cells (7 x 10° cells/mL) cultured with adenovirus Class I phosphoinositide 3-kinase [PI3K(1)]-RNA inter-
ference-green fluorescent protein (RNAi-GFP) (50 MOI) and adenovirus negative control-RNAi-GFP for 24, 48, and 72 h. Cell viability was analyzed by MTT assay.
Values were given as mean = SD of three independent experiments. °P < 0.05 vs control group.

electron microscope (Philips CM120, Dutch).

Statistical analysis

All data were presented as mean F SD. Statistical analysis
was carried out by ANOVA, followed by a Dennett’s-test,
with P < 0.05 being considered significant.

RESULTS

Cell viability was detected after adenovirus PI3K(l)-
RNAI-GFP treatment

MTT assay showed that the inhibition rate of gastric can-
cer cells transfected with adenovirus PI3K(I)-RNAi-GFP
was significantly higher than adenovirus NC-RNAi-GFP
(50 MOI) (P < 0.05). Adenovirus PI3K(I)-RNAi-GFP
inhibited the proliferation of SGC7901 and MGC803
cancer cell viability. MTT assays revealed that, after 24 h
of treatment with adenovirus PI3K(I)-RNAi-GFP, the
rate of inhibition for SGC7901 cancer cells had reached
27.48% £ 2.71%. The rate of inhibition rose when the
incubation time was prolonged, reaching 41.92% * 2.02%
at 48 h, and 50.85% % 0.91% at 72 h after treatment (Fig-
ure 1). It was also revealed that, after 24 h of treatment
with adenovirus PI3K(I)-RNAi-GFP, the rate of inhibi-
tion for MGCB803 cancer cells had reached 24.39% =+
0.93%. The rate of inhibition rose when the incubation
time was prolonged, reaching 47.00% £ 0.87% at 48 h,
and 70.30% % 0.86% at 72 h after treatment (Figure 1).

Transfection efficiency and cell morphology were
detected by fluorescence microscope

With the treatment of adenovirus PI3K(I)-RNAi-GFP
(50 MOY) transfected SGC7901 and MGC803 cells af-
ter 24 h, we found that the cell body was swollen and
rounded, with the cells showing further deformation
after 48 h. For fragments of recombinant adenovirus
containing GFP, after transfection with 72 h, SGC7901
and MGC803 cells can be counted under a fluorescence

(4 9

_gua;ﬁfmg@ WJG | www.wjgnet.com

microscope due to the green fluorescence of the tumor
cells (Figure 2). It was determined that when 50 MOI, the
transfection efficiency was 95% % 2.4%.

Adenovirus PI3K(I)-RINAi-GFP transfection increased
autophagic vacuoles: The autofluorescent substance
MDC has been recently shown to be a marker for late au-
tophagic vacuoles (L-AVs), but not endosomes'"”. The dye
is trapped in acidic, membrane-rich organelles, and also ex-
hibits increased fluorescence quantum yield in response to
the compacted lipid bilayers present in T.-AVs"?. When cells
are viewed with a fluorescence microscope, AVs stained by
MDC appear as distinct dot-like structures distributed with-
in the cytoplasm or localizing in the perinuclear regions. We
found that there was an increase in the number of MDC-
labeled vesicles after treatment of adenovirus PI3K(I)-
RNAI-GFP (50 MOI) from 24 to 72 h (Figure 3).

Adenovirus PI3K(I)-RINAi-GFP transfection increased
punctate LC3: Microtubule-associated protein 1 light
chain 3 (LC3), the mammalian ontology of AtgS8, targets
to the autophagosomal membranes in an Atg5-dependent
manner and remains there even after Atgl2-Atg5 dissoci-
ates. LC3 is considered to be the only credible marker of
the autophagosome in mammalian cells"™. We used im-
munofluorescence staining to detect the expression and
localization of LC3. The results showed that adenovirus
PI3K(I)-RNAi-GFP transfection induced punctate distri-
bution of LC3 immunotreactivity, indicating an increased
formation of autophagosomes by adenovirus PI3K(I)-
RNAI-GFP (Figure 4).

Adenovirus PI3K(I)-RNAi-GFP transfection induced
mitochondrial dysfunction: In the present study, mi-
tochondrial membrane potential was examined using the
fluorescent dye JC-1. We detected a collapse in mitochon-
drial membrane potential (Ag) as eatly as 24 h after ad-
enovirus PI3K(I)-RNAi-GFP (50 MOI) treatment, as in-
dicated by the increased emission of green fluorescence.
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Figure 2 Transfection efficiency and cell morphology were detected by fluorescence microscope after adenovirus Class I phosphoinositide 3-kinase-
RNA interference-green fluorescent protein and adenovirus negative control-RNA interference-green fluorescent protein treatment. A-D: SGC7901 cells;
E-G:MGC803 cells incubated with adenovirus Class 1 phosphoinositide 3-kinase [PI3K(1)]-RNA interference-green fluorescent protein (RNAi-GFP) (50 MOI) for the
indicated time. Aand E: Control group; B and F: 24 h after adenovirus PI3K(I)-RNAi-GFP treatment; C and G: 48 h adenovirus PI3K(1)-RNAi-GFP (50 MOI) treatment; D:

72 h after adenovirus PI3K(1)-RNAi-GFP (50 MOI) treatment (x 200) (n = 3).

This change reached its maximum at 24 h after adenovi-
rus PI3K(I)-RNAi-GFP (50 MOI) treatment (Figure 5).
A collapse in mitochondrial membrane potential always
indicates cell apoptosis or necrosis. Adenovirus PIZK(I)-
RNAI-GFP (50 MOI) induced mitochondrial dysfunction
and activated cell apoptosis in SGC7901 cells, and the
results described here prove that RNAi of Class [ PI3K
induced apoptosis in SGC7901 cells.

Adenovirus PI3K(I)-RNAi-GFP transfection up-regu-
lated the expression of Beclin-1 and LC3: To assay if
adenovirus PI3K(I)-RNAi-GFP (50 MOI) transfection
increases the expression of autophagic relative protein,
Western blotting analysis was used to detect the expres-
sion of LLC3 and Beclin-1. The results showed that the
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basal level of Beclin-1 and LC3 protein in SGC7901
cells was low. After incubating with adenovirus PI3K()-
RNAI-GFP(50 MOI), Beclin-1 and LC3 protein expres-
sion was significantly increased from 24 to 72 h (Figure 6).

Adenovirus PI3K(I)-RINAi-GFP transfection increased
the expression of p53 and decreased the expression
of Bcl-2: To assay if adenovirus PI3K(I)-RNAi-GFP (50
MOI) transfection influences the expression of apoptotic
relative protein, Western blotting analysis was used to detect
the expression of Bcl-2 and p53. The results showed that
the basal level of p53 protein in SGC7901 cells was low.
After incubating with adenovirus PI3K(I)-RNAi-GFP, p53
protein expression was significantly increased from 24 to 72
h. We found that Bcl-2 protein expression down-regulated
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Figure 3 Monodansylcadaverine staining showed autophagy was activated after adenovirus Class I phosphoinositide 3-kinase-RNA interference-green
fluorescent protein (50 MOI) treatment. A-D: SGC7901 cells; E-I: MGC803 cells incubated with adenovirus Class I phosphoinositide 3-kinase [PI3K(I)]-RNA inter-
ference-green fluorescent protein (RNAi-GFP) (50 MOI) and adenovirus negative control (NC)-RNAi-GFP for the indicated time and stained with monodansylcadav-
erine (100 umol/L). Fluorescence particles showed L-acoustic vector sensor. A and E: Control; B and F: Adenovirus NC-RNAi-GFP; C and G: 24 h after adenovirus
PI3K(I)-RNAi-GFP (50 MOI) treatment (x 200) (n = 3); D and H: 48 h after adenovirus PI3K(I)-RNAI-GFP (50 MOI) treatment; I: 72 h after adenovirus PI3K(1)- RNAi-
GFP (50 MOI) treatment (x 1000) (n = 3).
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Figure 4 Microtubule-associated protein 1 light chain 3 expression and location in MGC803 cells after treatment with adenovirus Class I phosphoinositide
3-kinase-RNA interference-green fluorescent protein. Cells were treated with adenovirus Class I phosphoinositide 3-kinase [PI3K(1)]-RNA interference-green fluo-
rescent protein (RNAi-GFP) (50 MOI) for 24 h (C), 48 h (D), and 72 h (E), and analyzed with an immunofluorescence microscope. A: Control; B: Adenovirus negative
control-RNAI-GFP (x 400) (n = 3). Adenovirus PI3K(I)-RNAi-GFP increased the punctate distribution of light chain 3 from 24 to 72 h.
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Figure 5 Flow cytometric analysis of mitochondria membrane potential in the control and adenovirus Class I phosphoinositide 3-kinase-RNA interfer-
ence-green fluorescent protein-treated SGC7901 cells. A: Control: adenovirus negative control RNA interference-green fluorescent protein (RNAi-GFP), cells were
treated with adenovirus Class I phosphoinositide 3-kinase [PI3K(I)]-RNAI-GFP (50 MOI) for 24 h (B), 48 h (C) and 72 h (D), and were then stained with JC-1 (5 umol/L)
for 30 min.

with the treatment of adenovirus PI3K(I)-RNAi-GFP (50 were seen. These isolated membranes were elongated and

MOI) (Figure 6). curved to engulf a cytoplasmic fraction and organelles

(Figure 7C and D). These membrane structures formed
Activation of autophagy/lysosomes and impairment autophagosome traits with double or multi-membranes,
of mitochondria with adenovirus PI3K(I)-RNAi- and then fused with lysosomes in the formation of au-
GFP treatment: We used transmission electron micros- tolysosomes. The lysosome staining darkened, indicating
copy to identify ultrastructural changes in SGC7901 cells the activation of lysosomal enzymes (Figure 7C and D).
after adenovirus PI3K(I)-RNAi-GFP (50 MOI) treat- The loss of organelles and cytoplasm vacuolization were
ment. Control cells showed a round shape and contained also observed when the incubation time was prolonged
normal-looking organelles, nucleus, and chromatin (Fig- (Figure 7C and D).

ure 7), while adenovirus PI3K(I)-RNAi-GFP (50 MOI)-
treated cells exhibited the typical signs of autophagy
(Figure 4B-D). A number of isolated membranes, pos- DISCUSSION

sibly derived from ribosome-free endoplasmic reticulum, In the present study, we showed that the RNAi of Class I
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Figure 6 Effects of adenovirus Class I phosphoinositide 3-kinase-RNA interference-green fluorescent protein on light chain 3 and Beclin-1 protein ex-
pression/Bcl-2 and p53 protein expression in SGC7901 cells. A: Effect of adenovirus Class I phosphoinositide 3-kinase [PI3K(I)]-RNA interference-green fluo-
rescent protein (RNAi-GFP) (50 MOI) and adenovirus negative control (NC)-RNAI-GFP on light chain 3 (LC3) and Beclin-1 protein expression. Control: Adenovirus
NC-RNAIi-GFP. SGC7901 cells were treated with adenovirus PI3K(1)-RNAi-GFP (50 MOI) for 24 to 72 h then harvested for the extraction of total proteins. Adenovirus
PI3K(1)-RNAI-GFP up-regulates the expression of LC3 and Beclin protein; B: Adenovirus PI3K(I)-RNAi-GFP (50 MOI) and adenovirus NC-RNAIi-GFP on Bcl-2 and p53
protein expression. Control: Adenovirus NC-RNAI-GFP. SGC7901 cells were treated with adenovirus PI3K(1)-RNAI-GFP (50 MOI) for 24 to 72 h then harvested for the
extraction of total proteins. Adenovirus PI3K(1)-RNAi-GFP up-regulates the expression of p53 and down-regulates the expression of Bcl-2 protein.

Figure 7 Ultrastructure of SGC7901 cells undergo autophagy, apoptosis and necrosis after adenovirus Class I phosphoinositide 3-kinase-RNA inter-
ference-green fluorescent protein treatment. A: Control: Adenovirus negative control RNA interference-green fluorescent protein (RNAI-GFP); B: Adenovirus
Class I phosphoinositide 3-kinase [PI3K(I)]-RNAi-GFP (50 MOI)-treated (24 h); C: Adenovirus PI3K(l)-RNAi-GFP (50 MOl)-treated (48 h); D: Adenovirus PI3K(l)-

RNAI-GFP (50 MOI)-treated (72 h).

PI3K reduced viability and induced apoptosis in SGC7901
and MGC803 gastric cancer cells, thus demonstrating the
cytotoxic effects of adenovirus PI3K(I)-RNAi-GFP. We
also showed that adenovirus PI3K(I)-RNAi-GFP increased
the expression of p53, Beclin-1, and LLC3, while decreasing
the expression of Bcl-2. These findings suggest that RNAi
of the Class [ PI3K signaling pathway is a potential strat-
egy for managing gastric cancers.

The mitochondria play critical roles in integrating cell
death signals. Apoptosis is a cellular process involving the
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selective degradation of membranous organelles such as
the mitochondria. The mitochondrial permeability transi-
tion (MPT) represents an important event in initiating
apoptosis. Thus, it is not surprising that apoptosis, and
even necrosis, share a common mechanism through induc-
tion of the MPT. Observations made in the present study
suggest that the mitochondrial Ag collapsed after treatment
of adenovirus PI3K(I)-RNAi-GFP; thus mitochondtia
may have initiated an apoptotic pathway.

The tumor suppressor p53 plays a central role in sensing
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various genotoxic stresses. The basal levels of p53 were low
in SGC7901 gastric cancer cells, and adenovirus PI3K(I)-
RNAI-GFP upregulated the expression of p53. Upregu-
lation of p53 after treatment with adenovirus PI3K(I)-
RNAI-GFP induced apoptotic cell death. Moll and Zaika
have proposed that the induction of apoptotic cell death
by p53 occurs zia both target gene activation and transacti-
vation-independent mechanisms in mitochondria*. In re-
sponse to various forms of cellular stress, the levels of p53
increase, and a proportion of p53 rapidly localizes to the
mitochondria. Tn the present study, the mitochondrial Ag
collapse after adenovirus PI3K(I)-RNAi-GFP treatment
may have been caused by upregulation of p53. p53 ac-
cumulates in the nucleus, where it transactivates a number
of proapoptotic target genesm, and induces apoptotic cell
death.

Beclin-1 is monoallelically deleted in human breast and
ovarian cancers, where it is expressed at reduced levels!™".
The present results suggest that autophagy induced by ade-
novirus PI3K(I)-RNAi-GFP may contribute to anti-tumor
effects. We also found that adenovirus PI3K(I)-RNAi-
GFP increased the expression of Beclin-1, particulatly the
production of p53. Bcl-2 and Bcl-xL. associate with the
evolutionarily-conserved autophagy inducer Beclin-1, a
haploinsufficient tumor suppressor' .

Inhibition may require Bcl-2 localized on the endo-
21, notably, a BH3 domain within
Beclin-1 mediates their association™. In our research, we

. . 20.
plasmic reticulum™”

also found that the expression of Beclin-1 up-regulated
with the treatment of adenovirus PI3K(I)-RNAi-GFP
and the expression of Bcl-2 decreased. This indicated
that autophagy activated and apoptosis induced after
adenovirus PI3K(I)-RNAIi-GFP treatment decreased the
expression of Bcl-2.

All these observations suggest that autophagy and
apoptosis activation may have significant contributions
to adenovirus PI3K(I)-RNAi-GFP-induced death of
SGC7901 and MGC803 cells. Further investigation of
upstream signal regulation of autophagy and apoptosis
may provide new insights into the mechanisms accom-
modating or contributing to autophagy and apoptosis,
thereby unveiling new strategies for tumor therapy.

COMMENTS

Background

The discovery of Class I phosphoinositide 3-kinase (Class I PI3K) revealed a
novel role for autophagy in induced cell death, and it is believed to be a crucial
modulator in both apoptosis and autophagy. The authors predicted that activa-
tion of autophagy by blocking Class I PI3K may contribute to the anti-tumor
actions of Class I PI3K inhibitors.

Research frontiers

The anti-tumor activity of Class I PI3K short hairpin RNA (shRNA) might be
related to the induction of apoptosis of tumor cells, but the precise mechanism
of its anti-tumor activity is not well understood.

Innovations and breakthroughs

Blocking Class I PI3K increases the expression of p53 and Beclin-1, and in-
duces apoptotic and autophagic proteins, which contribute to the Class I PI3K
inhibitor-induced apoptosis of cancer cells through both apoptotic and autopha-
gic mechanisms. Further investigation of the relationship between autophagy
activation and the anti-tumor effects of Class I PI3K inhibitors will unveil new
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strategies for tumor therapy.

Applications

Blocking Class I PI3K increases the expression of p53 and Beclin-1, and
induces apoptotic and autophagic proteins, which contribute to Class I PI3K
shRNA-induced apoptosis of cancer cells by activating autophagic mecha-
nisms; thereby providing new ideas for tumor treatment.

Terminology

Autophagy is a general term for the degradation of cytoplasmic components
within lysosomes. There are three types of autophagy: macroautophagy, micro-
autophagy, and chaperone-mediated autophagy. The term “autophagy” usually
indicates macroautophagy.

Peer review

The authors examined the effects of Class I PI3K shRNA on the activation of
apoptosis and autophagy, and the contribution of autophagy to the cytotoxic
effects of Class I PI3K shRNA in gastric cancer cell line SGC7901. The results
showed that shRNA Class I PI3K leads to the activation of apoptotic and
autophagic pathways, and autophagy activation contributes to Class I PI3K
shRNA-induced death of cancer cells.
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