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Protective autophagy antagonizes oxaliplatin-induced apoptosis in
gastric cancer cells

Ling Xu', Xiu-Juan Qu', Yun-Peng Liu', Ying-Ying Xu? Jing Liu', Ke-Zuo Hou' and Ye Zhang'

Abstract

Oxaliplatin-based chemotherapy is used for treating gastric cancer. Autophagy has been extensively
implicated in cancer cells; however, its function is not fully understood. Our study aimed to determine if
oxaliplatin induce autophagy in gastric cancer MGC803 cells and to assess the effect of autophagy on
apoptosis induced by oxaliplatin. MGC803 cells were cultured with oxaliplatin. Cell proliferation was
measured using MTT assay, and apoptosis was determined by flow cytometry. Protein expression was
detected by Western blot. Autophagy was observed using fluorescent microscopy. Our results showed
that the rate of apoptosis was 9.73% and 16.36% when MGC803 cells were treated with 5 and 20 pg/mL
oxaliplatin for 24 h, respectively. In addition, caspase activation and poly ADP-ribose polymerase (PARP)
cleavage were detected. Furthermore, when MGC803 cells were treated with oxaliplatin for 24 h, an
accumulation of punctate LC3 and an increase of LC3-1l protein were also detected, indicating the
activation of autophagy. Phosphorylation of Akt and mTOR were inhibited by oxaliplatin. Compared to
oxaliplatin alone, the combination of autophagy inhibitor chlorochine and oxaliplatin significantly enhanced
the inhibition of cell proliferation and the induction of cell apoptosis. In conclusion, oxaliplatin-induced
protective autophagy partially prevents apoptosis in gastric cancer MGC803 cells. The combination of
autophagy inhibitor and oxaliplatin may be a new therapeutic option for gastric cancer.
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Autophagy, a major protein degradation pathway in
eukaryotic  cells, eliminates  damaged cellular
machineries, aged organelles, and unwanted
macromolecules and recycles cellular components for
reuse. In the process of autophagy, partial or whole in cancer treatment and is associated with cell
cytoplasm or organelles are wrapped into bilayer apoptosis @. Furthermore, numerous chemotherapeutic
membrane vesicles to form autophagosomes, which drugs, including topotecan, cyclophosphamide,
subsequently change into monolayer membrane vesicles temozolomide, and gemcitabine, have been found to
and then fuse with lysozymes to complete content induce cellular autophagy®4. Gastric cancer is common
degradation.  Additionally, harsh microenvironments in China, and most patients are diagnosed at advanced
beyond cell tolerance can also trigger autophagy to stage. In general, the median survival is less than 1
cause cell suicide, and up-regulated autophagy can lead year, even when patients are treated with aggressive

combination chemotherapy. In contrast to the

to autophagic programmed cell death, also called
programmed cell death type Il. Therefore, the role of
autophagy in cell homeostasis is indispensible!™.

Recent studies show that autophagy plays key roles
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conventional cisplatin-based ECF regimen, the EOX
regimen with oxaliplatin, a third-generation platinum drug,
can improve survival rate substantially. Hence, oxaliplatin
has become an effective agent for treating gastric
cancer 8. However, whether oxaliplatin can induce
autophagy in gastric cancer cells has not been reported.
PIBK/AKT and the downstream mammalian target of
rapamycin (mTOR) play important roles in regulating cell
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proliferation, cell cycle, nutri tion-related signaling
transduction, protein synthesis and turnover, and other
processes. Moreover, mTOR is a key regulator for
autophagy initiation . However, it remains unknown
whether the PI3K/AKT/mTOR pathway is involved in
regulating cell apoptosis and autophagy in gastric
cancer.

Whether  chemotherapy-induced autophagy
promotes or inhibits tumor cell death is unclear. A recent
study indicated that autophagy was likely involved in
chemo-resistance of cancer cells, as evidenced by the
much higher autophagic activity found in
cisplatin-resistant cancer cells than in drug-sensitive
cancer cells®. Studies showed that 5-fluorouracil (5-FU)
led to autophagic response in colon cancer cells, and
inhibition of autophagy enhanced the efficacy of 5-FU®.
Additionally, cisplatin has also been reported to induce
protective autophagy in esophageal cancer cells, which
enabled them to escape from cisplatin-induced
apoptosis [''. Chloroquine (CQ), an autophagic inhibitor,
can inhibit autophagy by blocking lysozyme-induced
autophagosome degradation. CQ has been reported to
enhance the efficacy of chemotherapeutic drugs!'?. Thus,
CQ may play an important role in clarifying autophagy in
gastric cancer.

Here, we determined that oxaliplatin induced
autophagy in gastric cancer MGC803 cells, explored the
role of the PIBK/AKT/mTOR pathway in the apoptosis
and autophagy, and further clarified the role of
oxaliplatin-induced autophagy in the apoptosis of gastric
cancer cells using the combination of CQ and oxaliplatin.

Materials and Methods
Reagents

RPMI-1640 medium was purchased from Gibco.
Fetal bovine serum (FBS) was from Tianjin Institute of
Hematology. RNase A was purchased from AMRESCO.
Propidium iodide (P1), methyl thiazolyl tetrazolium (MTT),
and CQ were from Sigma. Hoechst33342 was from
Invitrogen. Actin and Akt antibody were from Santa Cruz.
Microtubule-associated protein light chain 3 (LC3), poly
ADP-ribose polymerase (PARP), phospho-Akt (Ser-473),
phospho-mTOR, and mTOR antibodies were from Cell
Signaling.

Cell culture
Gastric cancer MGC803 cells were cultured in

RPMI-1640 medium containing 10% heat-inactivated
FBS and 12 U/mL gentamicin and maintained at 37°C

in an incubator with saturated humidity and 50 mL/L
CO,.

MTT assay

MGC803 cells seeded in 96-well plates with a final
volume of 200 uL medium were treated with oxaliplatin
and CQ alone or in combination in triplicate wells. After a
20-hour incubation, 25 yL MTT solution (5 mg/mL) was
added to each well and the cells were then incubated for
another 4 h before the supernatant was aspirated. The
cells were lysed in 200 yL DMSO and mixed thoroughly.
The absorbance (A) values were measured at 570 nm.
The cell survival rate was calculated as follow: cell
proliferation rate (%) = (average A value in treated group
- average A value in blank group) / (average A value in
control group - average A value in blank group) x 100%.

Detection of apoptosis

MGC803 cells were seeded in 6-well plates and
then incubated with oxaliplatin and CQ alone or in
combination for 24 h. Each sample was collected and
fixed with 70% ethanol for 4 h. The samples were
labeled with 10 yL PI (20 ug/mL) for 30 min in dark and
were subsequently analyzed with FACS flow cytometry.
The WinMDI software was used for data analysis.

Western blotting

Each sample was collected and lysed in 200 uyL
RIPA buffer [0.1% SDS, 1% Triton-100, 150 mmol/L
NaCl, 1 mmol/L EDTA (pH 8.0), 10 mmol/L Tris-HCI (pH
7.5)] supplemented with protease inhibitors (100 ug/mL
PMSF, 2 ug/mL Aprotitin) at 4°C for 40 min. Cell lysates
were centrifuged at 15 000 r/min for 20 min and aliquots
of the supernatants were used to measure protein
concentration by the Lowry method. Proteins were mixed
with 3x sample buffer and boiled for 5 min. Proteins (50
ug/lane) were resolved by 12% SDS-polyacrylamide gel
electrophoresis for 3 h and then transferred onto
nitrocellulose membranes (at a voltage of 2 mV/cm? for
40 min). The membranes were blocked with 5% skim
milk for 2 h and then were cut to proper sizes for
overnight antibody staining at 4 °C. The next day,
membranes were washed with Tris-buffered saline
Tween 20 (TBST) buffer [10 mmol/L Tris (pH 7.4), 150
mmol/L NaCl, and 0.1% Tween 20] buffer 4 times and
stained with horseradish peroxidase-conjugated
secondary antibody at room temperature for 30 min. The
immunoreactive proteins were visualized and analyzed
with the ECL method in the GIS gel image analysis
system.
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Fluorescence microscopy

To monitor the distribution of the green fluorescent
protein-fused LC3 (GFP-LC3) in MGC803 cells, a stably
transfected cell line was established by transfecting
GFP-LC3 vector (kindly provided by H¢yer-Hansen M,
Danish Cancer Society) into MGC803 cells using
Lipofectamine 2000 followed by selection with 200
wg/mL G418. The GFP-LC3 stable cells were then
treated with oxaliplatin at desired concentrations for 24 h.
The distribution of GFP-LC3 was observed under the
microscope after Hoechst33342 nuclear staining.

Statistical analysis

All results were from 3 independent experiments
and data are shown as mean % standard deviation
(SD). SPSS13.0 statistical software was used for
statistical analysis. The t test was used for intergroup

comparison and a P value of < 0.05 was considered
significant.

Results

Oxaliplatin induces apoptosis in MGC803 cells

The MGC803 cells treated with oxaliplatin at
5 pg/mL and 20 ug/mL for 24 h had apoptosis rates of
9.73% and 16.36%, respectively (Figure 1A). When
treated with 5 pg/mL oxaliplatin for 24 h, levels of
procaspase-3 and procaspase-8 decreased, caspase-3,
caspase-8, and PARP were cleaved in MGC803 cells.
When treated with 20 pg/mL oxaliplatin, MGC803 cells
showed markedly enhanced cleavage of caspase-3,
caspase-8, and PARP (Figure 1B). Taken together,
these results suggest that oxaliplatin induces apoptosis
in MGC803 cells.
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B Figure 1. Oxaliplatin induces
Oxaliplatin 0 5 20 wg/mL apoptosis in gastric cancer
MGC803 cells. MGC803 cells

were exposed to 5 and 20 g/
mL oxaliplatin for 24 h. A, cell
apoptosis was quantified with
flow cytometry. The rate of cell
apoptosis is enhanced at
increasing  concentrations  of
oxaliplatin. B, the cleavage of
caspase-8, caspase-3, and poly
ADP-ribose polymerase (PARP)
protein  were detected by
Western blotting, indicating cell
apoptosis.
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Oxaliplatin induces autophagy in MGC803 cells

LC3 was accumulated in the stably transfected
GFP-LC3 cells treated with 5 y g/mL oxaliplatin for 24 h,
and the accumulation became more apparent when cells
were treated with 20 p g/mL oxaliplatin (Figure 2A).
Similarly, Western blot results also showed that protein
expression of LC3-Il was largely increased in the 20
M g/mL oxaliplatin-treated cells, whereas remained
unchanged in the 5 p g/mL oxaliplatin-treated cells
(Figure 2B). In summary, our results suggest that
oxaliplatin induces autophagy in MGC803 cells.

Oxaliplatin inhibits the PI3K/Akt/mTOR path-
way

Compared to the control, both phosphorylated Akt
and phosphorylated mTOR were slightly decreased in
the MGC803 cells treated with 20 ug/mL oxaliplatin for 8
h (Figure 3). When oxaliplatin treatment was extended to
24 h, the phosphorylation of Akt and mTOR were further
inhibited. The results suggest that oxaliplatin may induce
apoptosis  and autophagy by inhibiting  the
PI3K/Akt/mTOR pathway in MGC803 cells.

Oxaliplatin-induced protective autophagy in-
hibits apoptosis in MGC803 cells

Compared with oxaliplatin alone, 20 ug/mL
oxaliplatin and 20 ymol/L CQ significantly inhibited the
proliferation of MGC803 cells at 24 h [(69.53 + 4.17)%
vs. (44.59 + 3.09)%, P < 0.05] (Figure 4A), increased
the apoptosis (43.56% vs. 15.92%, P < 0.05) (Figure
4B), and increased the cleavage of caspase-3,
caspase-8, and PARP (Figure 4C). The results suggest
that inhibiting  protective  autophagy  enhances
oxaliplatin-induced apoptosis in MGC803 cells.

Discussion

The significance of oxaliplatin, a third-generation
platinum drug, in treating gastric cancer has been
increasingly recognized. Previously, we showed that
oxaliplatin induced apoptosis in gastric cancer cells [,
Oxaliplatin inhibited MGCB803 cell proliferation by 50% at
(23.44 + 3.15) pyg/mL (ICx) after 24 h. Therefore, we
treated MGC803 cells with 5 and 20 ug/mL oxaliplatin.
Here, we report that apoptosis, caspase activation, and
PARP cleavage were robustly enhanced in the
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Figure 2. Oxaliplatin induces autophagy in gastric cancer MGC803 cells. MGC803 cells stably expressing green fluorescent protein-fused LC3 (GFP-LC3)
were exposed to 5 and 20 pg/mL oxaliplatin for 24 h. A, dotted accumulation of LC3 was observed by fluorescence microscopy, suggesting the
accumulation of autophagosomes. B, the increase of LC3-1I protein was detected by Western blotting, indicating cell autophagy.
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Akt Figure 3. Oxaliplatin inhibits the
phosphorylation of Akt and mammalian
target of rapamycin (mTOR) in gastric
cancer MGC803 cells. MGC803 cells were
exposed to 20 pg/mL oxaliplatin for 8 h
and 24 h. Down-regulation of p-Akt and p-
mTOR proteins was detected by Western
blotting, suggesting that oxaliplatin inhibits
the activation of Akt and mTOR.
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oxaliplatin-treated MGC803 cells in a dose-dependent
manner, suggesting that oxaliplatin induces apoptosis in
MGCB803 cells.

Recent studies showed that some chemotherapeutic
drugs induce protective autophagy in cancer cells, thus
allowing cancer cells to escape drug-induced apoptosis .
However, it remains unknown whether oxaliplatin can
induce apoptosis and autophagy in gastric cancer cells
simultaneously. In cancer cells, the autophagosome
marker LC3 is processed to produce cytoplasmic LC3-I,
which then undergoes ubiquitin-like modification and
covalent attachment to phosphatidylethanolamine on
autophagosome membranes to form LC3-Il. Autophagic
initiation can be determined by examining LC3-Il levels
or by Vvisualizing LC3-expressing autophagosome
punctate in cells based on the principle that the amount
of LC3-ll is proportional to the number of
autophagosomes. Our study showed that oxaliplatin
treatment enhanced autophagosome punctate and LC3-lI
protein expression, suggesting that autophagy was
induced in MGCB803 cells. Thus, oxaliplatin induces both
cell apoptosis and autophagy in MGC803 cells.

The PI3K/Akt pathway plays a key role in cancer
cell proliferation and apoptosis inhibition!™. Akt activation
leads to activation of downstream mTOR. Inhibiting
mTOR, a critical factor for autophagy regulation, can
induce autophagy "®. We found that oxaliplatin slightly
inhibited the phosphorylation of both Akt and mTOR in
MGCB803 cells after treatment for 8 h and significantly

blocked their activation when the treatment time was
extended to 24 h. These results suggest that
oxaliplatin-induced apoptosis and autophagy may be due
to inhibition of the PI3K/Akt/mTOR pathway in MGC803
cells.

Autophagy can either promote cell survival or cell
death. Recent studies indicate that treatment with
chemotherapeutic drugs can lead to protective autophagy
that blocks apoptosis in cancer cells. 5-FU induced
protective autophagy in colon cancer cells, and
autophagy inhibitors enhanced cancer cell sensitivity to
5-FU ', Claerhout et al. '® reported that autophagy
inhibition enhanced cisplatin-induced apoptosis in skin
cancer. CQ, a lysosome targeting drug, can block the
final step of autophagy by altering the lysosomal pH,
thereby affecting the lysosomal protein degradation [*.
Our results showed that CQ combined with oxaliplatin
significantly  inhibited proliferation and increased
apoptosis in MGC803 cells, as evidenced by cleavage of
caspase-3, caspase-8, and PARP. This result indicates
that oxaliplatin-induced protective autophagy partially
inhibits apoptosis of gastric cancer cells.

In summary, oxaliplatin can induce both apoptosis
and protective autophagy in MGC803 cells. The
autophagy inhibitor CQ can enhance oxaliplatin’s
inhibitory effect on cell proliferation and promote
oxaliplatin-induced apoptosis in gastric cancer cells. We
hypothesize that CQ could serve as a novel
chemotherapeutic sensitizer, which may lead to a new
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Figure 4. The effect of oxaliplatin and chloroquine on survival and apoptosis in gastric cancer MGC803 cells. MGC803 cells were exposed to
20 pg/mL oxaliplatin and 20 pmol/L chloroquine for 24 h. A, cell survival was determined by MTT assay. *Compared to oxaliplatin alone, the
combination of oxaliplatin and chloroquine significantly inhibited cell survival (P < 0.05). B, cell apoptosis was quantified with flow cytometry.
Compared to oxaliplatin alone, the combination of oxaliplatin and chloroquine significantly enhanced cell apoptosis. C, the cleavage of caspase-8,
caspase-3, and PARP protein was detected by Western blotting, indicating the increase of cell apoptosis. CQ, chloroquire; Oxa, oxaliplatin.
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