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Acid-induced autophagy protects human gastric cancer cells from
apoptosis by activating Erk1/2 pathway
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Background: Acidic microenvironments exist widely in tumors. However, the specific mechanism of
cancer cell survival under an acidic microenvironment remains unknown. This study aims to investigate
whether acid can induce autophagy and examine the mechanism of autophagy in gastric cancer cells.
Methods: Human gastric adenocarcinoma (AGS) cells were cultured in media with different pH values
in vitro and then subjected to autophagy detection under different conditions. To determine the effect of an
acidic microenvironment on autophagy, we employed real-time quantitative polymerase chain reaction (PCR),
Western blot, mRFP-GFP-LC3 immunofluorescence, and transmission electron microscopy (TEM) to
detect the expression of various autophagy indicators. We also performed cell counting kit 8 (CCKS) and cell
invasion and migration assays to examine cell viability and invasion, respectively.

Results: We found that the protein expression of autophagy markers such as LC3II/I and Beclinl was
higher in AGS cells treated with an acidic microenvironment than in control cells. The protein expression
level of P62 was obviously decreased in acid-treated cells compared to that in control cells. Furthermore,
the expression of Erkl/2 pathway markers, including p-Erk1/2, was also increased in response to acidic
pH. Dense LC3 puncta were observed in cells cultured under acidic conditions, whereas untreated cells
exhibited diffuse and weak LC3 puncta; an increased autophagy flux could also be observed. The presence
of autophagosomes was observed by TEM in AGS cells subjected to low pH. Additionally, autophagy was
inhibited by the autophagy inhibitor Bafilomycin Al (Baf) and apoptosis was obviously increased. Moreover,
cells exposed to an acidic microenvironment displayed facilitated growth compared with that in control cells.
Conclusions: Taken together, these results indicate that the acidic microenvironment promotes AGS cell
growth by upregulating autophagy through the Erk1/2 pathway, which acts as a survival adaptation.
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Introduction

The most significant features of gastric cancer, the second
most common cancer worldwide, are high mortality and
poor prognosis (1,2). Currently, the available treatments

include surgery, chemotherapy, radiation, and molecular

targeted therapy. However, the prognoses of patients with
gastric cancer remain relatively poor and the efficacy of
chemotherapy and radiation treatments is limited by their
side effects (3). Hence, a better understanding of gastric
cancer progression is needed urgently.

Accumulating evidence reveals that the acidic
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tumor microenvironment plays a key role in tumor cell
behavior (4). Rapid glycolysis together with poor tumor
perfusion, result in lower pH of the extracellular tumor
microenvironment (5). Previous research has shown that
the pH of human tumor cells is for the most part, lower
than that of normal tissues (6). As tumors grow rapidly,
blood perfusion and oxygen supply are often insufficient,
resulting in hypoxia and acidosis, which can be poisonous
(7,8). In addition, extracellular acidification is suggested
to be mutagenic and alters gene expression (9,10), leading
to changes phenotype that are adapted for survival.
Therefore, we propose that some adaptive mechanisms
appear to promote cancer cell survival. However, the
mechanism of how gastric cancer cells adapt to an acidic
microenvironment remain unknown.

Determination of the mechanism of survival in low pH
could provide information about tumor progression and
facilitate the development of novel therapeutic methods.
As the tumor microenvironment is acidic, hypoxic, and
nutrient-deprived compared with its counterparts, these
conditions can induce autophagy to promote tumor cell
survival (11,12). We thus propose that autophagy can be
stimulated by the acidic tumor microenvironment.

Autophagy, which digests damaged cytoplasmic proteins,
macromolecules, and organelles (13), by packing them
into double-membrane vesicles and transporting them
to lysosomes for degradation (14), is a catabolic process
through which cellular metabolism is maintained. According
to previous studies, autophagy is a self-sufficient program
that improves tumor cell viability by inhibiting apoptosis
under adverse microenvironmental conditions (15,16).
However, some studies indicate that autophagy induced
in cancer cells inhibits the proliferation and growth of
tumors (17). It is thus indispensable to determine the
precise role of autophagy in gastric tumor cells subjected to
an acidic microenvironment.

Activation of extracellular signal-regulated kinases
Erk1/2 is involved in the induction of autophagy responses
to stimuli including hypoxia (18) and curcumin (19). The
Erk1/2 signaling pathway plays a crucial role in many
cellular events including apoptosis and autophagy. In
addition, Erk1/2 is associated with a variety of biological
responses such as proliferation, migration, apoptosis, and
autophagy (20). However, the role of the ERK1/2 pathway
in low pH-induced autophagy is not known. Therefore,
this study aimed to determine the role of Erk1/2 in acidic
microenvironment-induced autophagy and the effect of
autophagy on cytotoxicity mediated by low pH.
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Methods
Cell culture

AGS cells were acquired from Cell Research Co. and
were maintained in F12K (Cell Research, China, 500 mL.)
medium supplemented with 10% FBS (Gibco, New York,
USA, 500 mL), 100 units/mL penicillin, and 100 pg/mL
streptomycin (HyClone Laboratories, USA, 100 mL). The
cells were maintained at 37 °C with 5% CO,. The cells were
further exposed to 25 mmol/L each of PIPES (Thermo
Fisher Scientific, China, 100 mL) and HEPES (Thermo
Fisher Scientific, China, 100 mL) adjusted to pH 7.4 and
6.5 (21), and were monitored by microscopy to ensure
that they maintained their original morphology. The pH
of the medium in each group was measured before every
experiment to prevent pH changes and ensure that the cells
were exposed to stable experimental conditions. The cells
were divided into two groups, which were incubated at
pH 6.5 or 7.4.

Real-time quantitative polymerase chain reaction (RT-
¢PCR)

Total RNA was extracted from the cells using Trizol
reagent (TaKaRa, Tokyo, Japan). One microgram of
RNA per sample was reverse transcribed with Prime
Script™ RT Reagent (TaKaRa, Tokyo, Japan) according
to the manufacturers’ instructions. Reverse transcription
was performed at 37 °C for 15 min, 84 °C for 5 s, and the
samples were then stored at 4 °C.

mRNA expression was quantified using SYBR Green
chemistry, as described previously (22). Expression of
autophagy-related (including LC3, Beclinl, P62) and
apoptosis-related (including Bax, Bcl2, caspase3) genes was
normalized using B-actin. Upregulation or downregulation
of mRNA expression was quantified by the cycle threshold
(CT) method, and melting curve analysis was performed
at the end of every RT-qPCR run. SPSS version 19.0 was
used to calculate the statistical differences in the mRNA
expression levels of various genes (23).

Western blot analysis

After cells were treated with different conditions, they were
lysed in a lysis buffer including protease inhibitors. Protein
concentrations were measured using a BCA kit. Twenty
micrograms of protein per sample was separated on a 12%
SDS gel, followed by semi-dry western blotting and transfer
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onto polyvinylidene fluoride (PVDF) membranes. The
membranes were blocked with 5% BSA in TBST [50 mM
Tris-HCI (pH 7.5) and 150 mM NaCl containing 0.05%
Tween 20] (24) for 1 h, and incubated overnight at 4 °C with
primary antibodies against B-actin (1:1,000, rabbit, HuaBio),
LC3B (1:1,000, rabbit, Bioworld), Beclinl (1:1,000, mouse,
Bioworld), SQSTM1/P62 (1:1,000, rabbit, CST), Bcl2
(1:1,000, rabbit, CST), cleaved caspase3 (1:1,000, rabbit,
CST), Bax (1:1,000, rabbit, Bioworld), Erk1/2 (1:1,000,
rabbit, CST), and p-Erk1/2 (1:1,000, rabbit, CST).
Subsequently, the membranes were incubated with HRP-
conjugated secondary antibodies (1:10,000 dilution, anti-
rabbit or anti-mouse, CST) for 1 h at room temperature.
Bands on the immunoblots were visualized with Millipore
Immobilon ECL (Millipore, USA) and detected on Bio-Rad
ChemiDoc™ XRS+.

Detection of mRFP-GFP-LC3
AGS cells treated at different pH (6.5 and 7.4) were seeded

on coverslips and grown to reach 50% confluence. They
were then infected with mRFP-GFP-LC3 adenoviruses
(HanBio, shanghai) according to the manufacturer’s
guidelines. The medium was replaced with different
pH medium after 24 h. Cells were then fixed with 4%
paraformaldehyde. The fixed cells were treated with 5%
BSA for 30 min and stained with DAPI (Solarbio, Tongzhou
Dist. Beijing) for 6 min. The coverslips were then observed
by laser confocal microscopy (x189 magnification), as
described previously (25). We counted the number of
mRFP-GFP-LC3 puncta in three independent visual fields

and analyzed the results using Image J software.

Transmission electron microscopy (TEM)

After the cells were seeded in media with different pH
values (6.5 and 7.4) for 24 h, they were fixed overnight at 4 °C
in 2.5% glutaraldehyde in 0.1 M phosphate buffer followed
by post-fixation in 1% osmium tetroxide. After dehydration
in a graded series of acetone, the cells were embedded in
resin embedding medium (26). Finally, ultrathin sections
were observed and imaged using a transmission electron
microscope.

CCKS assay for cell viability

Cell viability was evaluated by a cell counting kit 8 (CCK)
assay (27). Cells exposed to media with different pH (6.5
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and 7.4) were seeded in 96-well culture plates at a density
of 4x10’ cells/mL and incubated at 37 °C for approximately
12 h. The medium was then replaced with 100 pL of fresh
medium containing 10% CCKS8 (WST-8, Yiyuanbiotech).
Cells were subsequently incubated for 0.5-3 h at 37 °C with
5% CO,, and absorbance was determined at 450 nm using a
microplate spectrophotometer. Cell viability was calculated
by the following formula: Cell viability (%) = [A450 (sample)
- A450 (blank)/A450 (control) — A450 (blank)]x100%.

Cell migration and invasion assay

Cell invasion assays were performed using Transwell
chambers (Corning Costar, USA). Briefly, cells in the
logarithmic phase of growth were starved in serum-free
F12K medium for 24 h, after which they were digested
using 0.25% EDTA-trypsin. Cells were then suspended
in serum-free F12K medium at a density of 5x10°/mL.
Approximately 200 pL of cell suspension was added to the
upper chamber of the Transwell insert whose filter was
coated with 80 pg of Matrigel (BD Biosciences, USA), and
F12K medium containing 10% FBS was added to the lower
chamber as a chemoattractant. Next, the cells were cultured
for 24 h at 37 °C with 5% CO,. After 24 h, the chambers
were fixed with methanol for 20 min and then stained with
crystal violet for the same time. The non-invading cells and
the Matrigel were removed with cotton swabs (28) and then
the chamber was placed under an inverted microscope to
count the remaining cells. Migration assays were performed
using the same procedure as the Transwell invasion assays
but without Matrigel-coated Transwell chambers. All
experiments were repeated in triplicate.

Statistical analysis

All the values are expressed as mean = SEM. Significant
differences among three groups were examined using
ANOVA and Student’s test, all statistical analyses were
performed with SPSS version 15.0. Differences were
considered statistically significant at P<0.05.

Results
Acidic stress induces autophagy in AGS gastric cancer cells

Previous studies have shown that acidic microenvironments
drive autophagy in breast and lung cancer cells (5,26).
However, whether autophagy occurs in AGS gastric cancer
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Figure 1 Acidic stress induces autophagy in AGS gastric cancer cells. (A) qRT-PCR analysis of the expression of autophagy-related genes in

AGS cells treated with low-pH microenvironment. The expression of autophagy-related genes such as LC3, Beclinl, and P62, was tested by
qRT-PCR. Values are expressed as the mean = SD of three independent experiments. Statistical analysis was performed with SPSS followed
by a t-test; (B,C) an acidic microenvironment induced autophagy in AGS cells. The expression of LC3II/LC3I and other autophagy-related
protein, such as Beclinl and P62, was analyzed by western blotting. Quantitative analysis of the expression of these protein levels was also
performed (bottom panel). Values are expressed as the mean + SD of three independent experiments. Statistical comparisons were performed
with a #-test; (D) TEM of AGS cells treated with different pH (6.5 and 7.4). Low-pH treatment was found to increase autophagic vacuoles.
Black arrows indicate the autolysosomes and autophagosomes; (E,F) Acidic stress promotes autophagosome formation and increases
autophagic flux. AGS cells incubated under two different pH conditions were infected with the RFP-GFP-LC3 adenoviral vector. After 24
h of infection, the AGS cells were observed under a confocal microscope. Autophagic flux was measured by counting the cells with GFP/
mRFP* (red) LC3 puncta. Nuclear staining is apparently visible in blue in the merged panel. Data are representative of three independent
experiments. All the groups were compared with the control group by #-test using SPSS. *, P<0.05. TEM, transmission electron microscopy;

qRT-PCR, real-time quantitative polymerase chain reaction.

cells under acidic pH remains unclear. Therefore, we exposed
the cells to pH 6.5 and 7.4 to determine whether low-pH
enhances the expression of autophagy genes. We performed
real-time quantitative RT-PCR analysis to determine the
expression of LC3, Beclinl, and P62. The results showed
that low mRINA expression levels of LC3 and Beclinl in
AGS cells incubated at pH 7.4; however, treatment with low

© Translational Cancer Research. All rights reserved.

pH resulted in significant increases in the mRINA expression
levels of the above proteins compared to that in control
cells. In addition, P62 mRINA expression levels were greatly
decreased after treatment at low pH compared with those in
control cells (P<0.05, Figure 1A4). Moreover, we performed
western blot analysis to determine the expression of essential
protein markers of autophagy such as LC3, Beclinl, and P62.
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Figure 2 (A,B) Acidic stress affects autophagy in AGS gastric cancer cells. Autophagy in AGS cells was evaluated using the expression
of LC3, Beclinl, and p62 in cells cultured at pH 7.4 and pH 6.5 in the presence or absence of bafilomycin Al (100 nM) for 12 h; (C,D)
Distribution of LC3 puncta at two different pH (pH 7.4 and 6.5) values in AGS cells. Autophagic flux was measured by counting the cells

with GFP/mRFP* (red) LC3 puncta (magnification: x189). P<0.05 versus cells cultured in pH 7.4 medium. The data are expressed as the

means = SD of three independent experiments and statistical analysis was performed using SPSS by the #-test. *, P<0.05.

Increased LC31I expression commonly serves as an indicator
of elevated autophagy levels in cell models. As shown in
Figure 1B,C, the LC3II/LC3I ratio was significantly increased
in the low pH-treated group. Consistent with this result, the
level of Beclinl was also increased obviously, whereas the
autophagy substrate P62 was significantly reduced compared
with that in the control group (P<0.05). Morphological
analysis by TEM showed typical double-membrane vesicles
in the AGS cells treated with the medium at pH 6.5, whereas
there were very few vesicles in cells at pH 7.4 (Figure 1D). In
summary, these results suggested that AGS cells treated with
low pH displayed enhanced autophagy compared to cells
under neutral conditions.

To confirm whether low pH treatment induces an
autophagic flux, we transfected/AGS cells with mRFP-
GFP-LC3B adenoviruses and monitored the mRFP-
GFP-LC3 fluorescence using a fluorescence microscope.

© Translational Cancer Research. All rights reserved.

An emerging system involving the tandem fusion of LC3
to acid-resistant mCherry and acid-sensitive GFP has
been applied for the analysis of autophagosome-mediated
dynamic changes in proteins and protein degradation to
monitor autophagic flux, as GFP fluorescence is quenched
in low pH compartments. A dynamic switch from yellow
to red fluorescence reflects a functional autophagic flux. In
this system, LC3 is fused to both GFP and RFP to form
an RFP-GFP-LC3 vector. As shown in Figure 1EF cells
treated with low-pH condition for 24 h displayed markedly
increased numbers of red puncta stably expressing mRFP-
GFP-LC3B compared to the control cells (P<0.05),
suggesting that acidic stress increases autophagic flux.
Taken together, our data suggest that low pH has dynamic
effects on the autophagic flux.

In addition, when cells were treated with the autophagy
inhibitor Baf (10 mM, Sigma) at pH 6.5, we found that P62
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Figure 3 Erkl/2 pathway participates in acid-induced autophagy in AGS gastric cancer cells. (A-D) Acidic stress improved Erk1/2 activity,

and U0126 inhibited Erk1/2-induced autophagy reduction in AGS gastric cancer cells. The expression of Erk1/2, p-Erk1/2, and autophagy-

related proteins such as LC3, Beclinl, and P62 was analyzed by western blotting. *, P<0.05.

expression was significantly increased whereas LC3 showed
reduced (P<0.05, Figure 24,B). When detecting the mRFP-
GFP-LC3 fluorescence at pH 7.4 in the presence of Baf, we
observed that the yellow fluorescent puncta almost did not
switch to red puncta after 24 h. However, under pH 6.5 in the
presence of Baf, the yellow puncta switched to red fluorescence
(Figure 2C,D). These findings suggest that acidic stress can
increases the autophagic flux in AGS gastric cancer cells.

Erk1/2 pathway participates in acid-induced autophagy in
AGS gastric cancer cells

Previous results showed that activation of the MAPK
Erk1/2 could lead to autophagy (29,30). Therefore, we
determined the contribution of this pathway to acidic
stress-induced autophagy. To detect whether acidic
conditions induce autophagy through the rk1/2 pathway
in AGS cells, we analyzed Erk1/2 and p-Erk1/2 by western

© Translational Cancer Research. All rights reserved.

blotting. We noted that when cells were exposed to an
acidic microenvironment, p-Erk1/2 levels were increased
compared to those in cells at pH 7.4 (Figure 34,B).

To investigate the relationships among acidic stress, the
Erk1/2 pathway, and autophagy, we examined the effect of
the MEK1/2 inhibitor, U0126. As shown in Figure 3C,D,
U0126 obviously inhibited the expression of p-Erk1/2,
as well as that of autophagy related proteins such as LC3
and Beclinl, whereas P62 expression was increased. Thus,
inhibition of Erk1/2 resulted in decreased autophagy. These
results indicate that acidic stress is mediated through Erk1/2
production and that the acidic microenvironment activates

autophagy via the Erk1/2 pathway.

Acidic stress inhibits apoptotic cell death by enbancing
autopbagy induction in AGS cells

Apoptosis occurs via extrinsic, intrinsic, and ER stress-
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Figure 4 Acidic stress inhibits apoptotic cell death by enhancing autophagy induction in AGS cells. (A) QRT-PCR showed that the

expression levels of apoptosis-related genes were changed in AGS cells after treatment with low-pH medium. The expression of apoptosis-

related genes such as Bax and Bcl2, was examined and the Bax/Bcl2 ratio was calculated, as shown; (B,C) Western blot analyses were

performed on AGS cells treated with low pH to determine apoptosis-related proteins such as Bax, Bcl2, and NF-«B, which are markers of

apoptosis. These data are expressed as the mean = SD. Statistically significant versus control. *, P<0.05. qRT-PCR, real-time quantitative

polymerase chain reaction.

mediated processes (31,32). To determine whether
apoptosis is mediated by autophagy induction in low pH-
treated AGS cells, we first measured the expression of
apoptosis-related mRNAs (such as Bax and Bcl2) in cells by
RT-qPCR analyses. As shown in Figure 44, acid-induced
stress decreased Bax mRNA expression levels and the Bax/
Bcl2 ratio, along with increased Bcl2 expression. As shown
in Figure 4B,C, AGS cells treated with low-pH displayed
significant decreases in Bax expression compared with
cells at pH 7.4 (P<0.05). Besides, Bax expression decreased
after culture in pH 7.4 with Baf treatment while increased
in pH 6.5 with Baf. The above-mentioned apoptosis-
related protein is pro-apoptotic protein and these results
suggest that acidic stress inhibits apoptosis progression.
In addition, we analyzed the expression of Bcl2 and NF-
kB, which are anti-apoptotic proteins. As expected, we
noted a clear increase in the levels of these proteins in
the low pH-treated group. However, cells at neutral pH
exhibited relatively weak Bcl2 and NF-«B expression
(P<0.05). In order to explain the effect of the autophagy
obstruction on the apoptosis progression, we evaluated the
anti-apoptotic proteins with Baf, the Western blot results
supplied that anti-apoptotic proteins in pH7.4 group with
Baf were increased compared to the group without Baf.
The expression of these proteins in the pH 6.5 group
with Baf was opposed to the result of neutral pH-treated
group, which showed decreased than the Baf-negative one.

© Translational Cancer Research. All rights reserved.

Collectively, these results suggest that acidic stress inhibits
apoptosis.

Enbanced growth, invasion, and metastatic potential of
AGS cells after acidic priming

Autophagy can be a pro-survival mechanism under different
conditions (33). Simultaneously, previous studies have
shown that acidic microenvironments can also drive tumor
growth, invasion, and autophagy (34). To determine
whether the acidic microenvironment promotes AGS cell
growth and proliferation in vitro, we treated the cells with
different pH conditions (pH 6.5 and 7.4). The CCKS8
assay was conducted to measure cell viability. As shown in
Figure 54, low pH treatment greatly facilitated AGS cell
growth whereas cells at pH 7.4 displayed barely detectable
signs of toxicity, suggesting that this treatment had a slight
cytostatic effect. Additionally, cell viability was lower in
pH 6.5 than in pH 7.4 upon Baf treatment (P<0.05). This
finding led us to conclude that acidic stress can effectively
promote AGS cell viability.

To evaluate the effect of acidic stress on AGS cell
migration and invasion in an acidic microenvironment, we
performed transwell assays. We found that low pH induced
dramatic increases in both cell migration and invasion
through Matrigel to the lower chamber in the Transwell
assay compared with those in the control group (P<0.05,
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Figure 5 Enhanced growth, invasion, and metastatic potential of AGS cells after acidic priming. (A) Inhibition of autophagy in an acidic

stress environment reduced the proliferation of AGS cells; (B,C) cell migration ability, as detected by Transwell assay, was found be

promoted by acidic stress. Representative images of migrating cells. (Magnification, x40); (D,E) cell invasion ability, as detected by Transwell

assay. Representative images of invading cells. (Magnification, x40). The number of invading cells is expressed as the mean = SD of three

independent experiments. *, P<0.05.

Figure 5B,C,D,E). These results indicate that acidic stress
plays an important role in promoting the migration and
invasion of AGS cells.

Discussion

Previous studies have shown that tumor cells exposed to
acidic conditions undergo metabolic changes and that
upregulation of glycolysis in these cells results in the
extracellular accumulation of metabolic acids (35). Acidic
pH has been shown to promote local invasive growth
and metastasis. In addition, autophagy can be induced by
extracellular acidosis and appears to serve as an adaptation
enabling cells to survive in acidic microenvironments (36).

© Translational Cancer Research. All rights reserved.

Autophagy is a cellular catabolic process that induces the
lysosomal degradation and recycling of dysfunctional
proteins or organelles, which are considered vital processes
to the survival of cancer cells exposed to acidic stress. We
have determined that autophagy plays a complex role in
tumor progression (14). In this study, we determined that
autophagy acts as a protective mechanism by inhibiting
apoptosis in gastric cancer cells in vitro. Moreover, our
results indicate that acidic stress induces autophagy and
that autophagy weakens the susceptibility of gastric cancer
cells to acid-induced apoptosis. Furthermore, the Erk1/2
pathway was found to be involved in autophagy under
an acidic microenvironment. Our experimental data
demonstrate that AGS gastric cancer cells survive in an
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acidic microenvironment by activating autophagy through
the Erk1/2 pathway.

One of the characteristics of tumors is that cancer cells
can escape apoptosis and show increased growth (37).
Autophagy can support this characteristic by playing a
tumor survival role under metabolic stress such as an acidic
microenvironment (26). Thus, there may be a link between
the tumor acidic microenvironment and autophagy. In
our study, we discussed the changes in gastric cancer cells
under acidic stress. Finally, our initial hypothesis that acidic
stress may induce autophagy in gastric cancer cells was
verified by determining the protein expression of LC3 1I,
Beclinl, and P62 by western blotting. We found that the
autophagy positive-correlated proteins, LC31I and Beclinl,
were elevated under acidic stress whereas the autophagy
negative-correlated protein P62 was inhibited. In addition,
we found that in acidic microenvironment, LC3 puncta
were increased compared with that in the control group
after infection with GFP-mRFP-LC3 adenoviruses. We
also observed double-membrane vesicles upon acidic
treatment through TEM. These results are consistent with
those of previous studies suggesting that acidic stress could
favor autophagy (34).

Previous studies have shown that the MAPK (JNK1/2,
Erk1/2, and p38) pathway is involved in the regulation
of cell survival and cell death (38). The Erk1/2 pathway
plays an important role in the invasion or metastasis of
many cancers, such as oral cancer, liver cancer and lung
tumor (39). It also has been reported that the Erk1/2
pathway can lead to autophagy activation in lung cancer
cells and liver cancer cells (40,41). Activation of Erk1/2 is
related to the accumulation of autophagosomes (42). In the
present study, the expression of p-Erk1/2 was significantly
increased upon low pH treatment. The Erk1/2 pathway
inhibitor U0126 could reverse the autophagy activation
in AGS cells subjected to an acidic microenvironment.
These results explain that acidic stress promotes autophagy
in gastric cancer cells via the Erk1/2 pathway. Baf, which
interrupts autophagolysosome formation, is widely used as
an autophagy inhibitor. Our study demonstrated that the
effect of Baf in AGS cells treated with low pH was similar
to that of the Erk1/2 pathway inhibitor U0126, which
confirmed the positive effect of acidic stress on autophagy
in gastric cancer cells. To sum up, the anti-proliferation
and anti-migration effects of acidic stress are likely based
on the activation of the Erk1/2 pathway in AGS cells, as
shown in our study. Taken together, we provide evidence
that an acidic microenvironment can promote autophagy by

© Translational Cancer Research. All rights reserved.
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activating the Erk1/2 pathway.

Autophagy has dual roles in promoting or inhibiting
cell death, depending on the cellular circumstance (43). In
some cell types, autophagy is an indispensable mechanism
by which apoptosis is suppressed (5,44). Our data suggest
that autophagy induced by low pH treatment is related to
the reduction of apoptosis in AGS cells. Thus, the increased
level of autophagy resulting from acidic stress could result
in decreased apoptotic cell death. To test this hypothesis,
cells were treated with Baf, which had a suppressive effect
on autophagy, thus enhancing apoptosis and cell viability
in acid-treated gastric cancer cells. These results suggest
that autophagy has a protective effect in AGS cells. In
conclusion, when cells face an adverse external environment
such as acidic stress, autophagy appears to act as a cell savior
to facilitate gastric cancer cell survival through suppression
of apoptosis.

Cancer cells can develop different migration patterns
under diverse microenvironments (39). Previous studies
have shown that extracellular acidosis may increase the
migration and invasion rate of tumor cells (45). In this
present study, we found that AGS gastric cancer cells
showed increased migration and acidosis-induced invasion.
The CCK-8 assay suggested that inhibition of autophagy
suppressed the proliferation of AGS cells, suggesting
that this type of autophagy is protective. In conclusion,
treatment with low pH resulted in enhanced cell growth,
migration, and invasion. Therefore, acidosis-induced
autophagy serves as a pro-survival signal in AGS cells.

The relationship between autophagy and tumor
development is still not understood well. In our study, we
found that autophagy may promote apoptosis under an
acidic tumor microenvironment. Therefore, reversing the
acidic microenvironment may be a new strategy for treating
gastric cancer, but still needs further testing in the clinic.
There are also many shortcomings in our study. First, we
only chose the AGS gastric cancer cells in our study and
additional cell lines are needed in future studies. In addition,
these results need to be confirmed iz vivo using animal
models. Taken together, our results demonstrate that acidic
stress promotes AGS cell growth by promoting autophagy
via the Erk1/2 pathway. However, the exact mechanisms by
which low-pH microenvironments promote autophagy to
increase AGS cell growth still need more research.
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