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Abstract

Background Autophagy plays an important role in carcinogenesis and tumor progression in many cancers, includ-
ing gastric cancer. Cytotoxin-associated gene A (CagA) is a well-known virulent factor in Helicobacter pylori (H.

pylori) infection that plays a critical role in gastric inflammation and gastric cancer development. However, its role

in autophagy during these processes remains unclear. Therefore, we aimed to clarify the role of CagA in autophagy
in CagA-related inflammation.

Methods We evaluated the autophagic index of AGS cells infected with wild-type cagA-positive H. pylori (Hp-

WT) and cagA-knockout H. pylori (Hp-AcagA) and rat gastric mucosal (RGM1) cells transfected with CagA genes.

To identify the mechanisms underlying the down regulation of autophagy in AGS cells infected with H. pylori, we
evaluated protein and mRNA expression levels of autophagy core proteins using western blotting and quantitative
reverse transcription-polymerase chain reaction (RT-PCR). To determine whether autophagy induced the expression
of the pro-inflammatory mediator, cyclooxygenase-2 (COX-2), we evaluated COX-2 expression in AGS cells treated
with an autophagy inducer and inhibitor and infected with H. pylori. In addition, we evaluated whether COX-2 protein
expression in AGS cells influenced beclin-1 (BECN1) expression with si-RNA transfection when infected with H. pylori.

Results Autophagic flux assay using chloroquine showed that autophagy in AGS cells was significantly sup-
pressed after H. pylori infection. The autophagic index of AGS cells infected with Hp-WT was decreased significantly
when compared with that in AGS cells infected with Hp-AcagA. The autophagic index of RGM1 cells transfected
with CagA was lower, suggesting that CagA inhibits autophagy. In addition, BECN1 expression levels in AGS cells
infected with Hp-WT were reduced compared to those in AGS cells infected with Hp-AcagA. Furthermore, COX-2
expression in AGS cells infected with H. pylori was controlled in an autophagy-dependent manner. When AGS cells
were transfected with small interfering RNA specific for BECN1 and infected with Hp-WT and Hp-AcagA, COX-2
was upregulated significantly in cells infected with Hp-AcagA.

Conclusions In conclusion, the H. pylori CagA protein negatively regulated autophagy by downregulating BECN1.
CagA-induced autophagy inhibition may be a causative factor in promoting pro-inflammatory mediator production
in human gastric epithelial cells.
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Background
Helicobacter pylori is a gram-negative, spiral-shaped
bacterium that colonizes the human gastric mucosa. H.
pylori infection leads to the development of chronic gas-
tritis, ulcers, gastric intestinal metaplasia, dysplasia, and
subsequent adenocarcinoma. Several virulence factors
produced by H. pylori contribute to its pathogenesis.
Cytotoxin-associated gene A (CagA) and vacuolating
cytotoxin A (VacA) are the most important virulence fac-
tors associated with an increased risk of inflammation
and carcinogenesis [1]. CagA is one of the major bacterial
oncoprotein delivered into gastric epithelial cells through
a type IV secretion system and which undergoes tyros-
ine phosphorylation and activates a series of intracellular
signal transduction reactions, resulting in tissue inflam-
mation [2]. A previous study has reported that functional
crosstalk between CagA and VacA enhances the viability
of H. pylori in the hostile gastric environment, limiting
cellular damage, and improving infection efficiency [3].
Autophagy is an intracellular degradation process
involving the combination of autophagosomes and lys-
osomes, which contain degradative enzymes [4]. It is
induced by cellular stresses produced during starvation,
DNA damage, reactive oxygen species accumulation,
and the presence of damaged organelles and invading
microbes [4, 5]. Aggregated proteins and organelles are
sequestered by double-membraned autophagosomes,
which subsequently fuse with lysosomes to mediate
breakdown. The degradation sequence above is called
autophagic flux. It can be measured using various meth-
ods, and it is used as an indicator of autophagic degra-
dation activity. Autophagy maintains cellular and tissue
homeostasis by removing damaged or unwanted orga-
nelles and proteins, recycling materials, and producing
energy, and its dysregulation is involved in the pathogen-
esis of various diseases in humans, [6] including gastric
cancer induced via several different mechanisms [7-12].
In recent years, H. pylori infection has been shown to
modulate the autophagy pathway in the host [8—11]. Raju
et al. reported that prolonged exposure of human gas-
tric epithelial cells to VacA disrupts autophagy induction
[9]. Tsugawa et al. have demonstrated that intracellular
CagA is degraded by an autophagy-dependent mecha-
nism [10]. They reported that the binding of m1VacA
to low-density lipoprotein receptor 1 is required for
reducing intracellular glutathione levels and inducing
autophagy, resulting in CagA degradation. Although
several reports indicate that VacA functions as the viru-
lence factor that mediates regulation of autophagy in
human gastric epithelial cells infected with H. pylori [8,
9], the role of CagA in autophagy has not been investi-
gated extensively. Recently, Li et al. demonstrated that
CagA inhibits autophagy via the c-Met-PI3K/Akt-mTOR
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signaling pathway [13]. However, the effect of CagA on
the autophagic machinery core protein associated with
autophagosome formation was not assessed in their stud-
ies, although they demonstrated that CagA reduces the
number of autophagic vacuoles and inhibits autophagy.
Hence, we hypothesized that an additional pathway apart
from the c-Met-PI3K/Akt-mTOR signaling pathway may
be regulated by CagA in human gastric epithelial cells
infected with H. pylori. Moreover, Li et al. demonstrated
that autophagy plays a role in the expression of proin-
flammatory cytokines such as interleukin 8 (IL-8), IL-1f,
and tumor necrosis factor alpha (TNF-«) [13]. However,
the effect of autophagy on the production of cyclooxyge-
nase 2 (COX-2), an enzyme involved in prostanoid syn-
thesis and the development and progression of gastric
cancer, is unclear.

In the present study, the effect of CagA on autophagy in
gastric epithelial cells and the production of autophagy-
regulated pro-inflammatory mediator were determined,
while focusing on COX-2.

Methods

Cell culture and H. pylori strain culture

The human gastric cancer cell line AGS was purchased
from American Type Culture Collection (ATCC; Manas-
sas, VA, USA) and cultured in RPMI 1640 medium
(Gibco, New York, NY, USA, #11,765—-054) supplemented
with 10% fetal bovine serum (FBS; Gibco, #10,099-141)
in a humidified incubator (5% CO,) at 37 °C. Rapamycin
(100 nM, Adipogen Life Sciences, Inc., San Diego, USA,
#53,123-88-9) was used to induce autophagy, whereas
chloroquine (20 puM, Sigma-Aldrich, Ann Arbor, MI,
USA) were used to inhibit autophagy.

The wild-type cagA-positive H. pylori strain,
NCTC11637 (Hp-WT, ATCC), and the cagA-knockout H.
pylori strain with NCTC11637 background (Hp-AcagA)
that were kindly provided by Dr. Sasakawa [14, 15] were
cultured on trypticase soy agar plates (Becton Dickinson,
San Diego, CA, USA) in a humidified incubator (5% CO,)
at 37 °C.

Preparation of CagA-expressing cells

Rat gastric mucosal cells (RGM1) were obtained from
Riken Cell Bank (Tsukuba, Japan) and maintained in
a Dulbecco’s Modified Eagle Medium containing 10%
fetal bovine serum. Cell clones that were transfected
with CagA under the Tet-Off system were designated as
RGM1-CagA cells and those transfected with only the
Tet-off system were designated as RGM1-Mock cells, as
previously described [16]. RGM1 cells were maintained
in the medium without tetracycline.
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Small interfering RNA (si-RNA) transfection

siRNAs against human autophagy-related 5 (ATGS)
(s18160) and BECNI (s16539) along with negative con-
trol si-RNA (s18160) were purchased from Thermo
Fisher Scientific (Waltham, MA, USA). siRNAs were
transfected using Lipofectamine RNAIMAX (Thermo
Fisher Scientific) as described in the manufacturer’s
protocol.

H. pylori infection

H. pylori was cultured for 72 h and then transferred to
Brucella broth (Becton Dickinson, Sparks, MD) contain-
ing 10% FBS. After centrifuging the broth at 4,500xg
for 1 min, H. pylori was resuspended in serum-free
RPMI 1640. AGS cells were infected with Hp-WT and
Hp-AcagA (multiplicity of infection=100:1).

Western blotting

Western blotting was performed as previously described
[17]. Blocked membranes were incubated overnight with
antibodies against beta-actin (#4970), ATG5 (#2630),
ATG7 (#2631), BECN1 (#3495), microtubule-associated
proteins 1A/1B light chain 3A (LC3; #2775), P62(#5114),
ULK1 (#6439) (Cell Signaling Technology, Danvers, MA,
USA), and phospho-tyrosine (05-1050; Sigma—Aldrich,
Ann Arbor, MI, USA) for CagA detection [14] at dilu-
tions of 1:100-1:1000. All target protein expression lev-
els were calculated and normalized to the quantified
beta-actin protein expression level using Image] soft-
ware 1.8.0_172 (https://imagej.nih.gov/). The blots in our
figures were cut and cropped. Gels in the images retain
important bands.

Quantitative reverse transcription-polymerase chain
reaction (RT-PCR)

Intracellular total RNA was prepared using the RNeasy
Mini kit (74,106; Qiagen, Hilden, Germany), and quanti-
tative real-time RT-PCR was performed using the Rever-
Tra Ace qPCR RT Master Mix (FSQ-201; Toyobo, Osaka,
Japan) according to the manufacturer’s instructions.
Quantitative real-time RT-PCR reaction was performed
using a Thunderbird SYBR qPCR Mix (QPS-201; Toy-
obo) on a Quant Studio 6 Flex Standard Real-Time PCR
system (Applied Biosystems, Foster City, CA, USA). PCR
conditions are shown in Supplemental Tablel. mRNA
expression levels were analyzed using the following prim-
ers synthesized by Sigma-Genosys: 5-AGCAACTCT
GGATGGGATTG-3 (S) and 5-CACTGCAGAGGT
GTTTCCAA-3  (AS) for ATGS; 5'-ACCGTGTCACCA
TCCAGGAA-3" () and 5-GAAGCTGTTGGCACT
TTCTGT-3 (AS) for BECNI; AAGAAT-3; 5'-GAAGCT
GTTGGCACTTTCTGT-3" (S) and 5'-CTGCAAAAG
ATTGTTTGGCAGA-3" (AS) for cagA; 5 -TCCCTG
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GAGAAGAGCTACG-3’ (S) and 5'-GTAGTTTCGTGG
ATGCCACA-3’ (AS) for beta-actin. Target gene expres-
sion levels were normalized to those of beta-actin.

Autophagic flux assay

Cells were treated with 20 uM chloroquine (Sigma—
Aldrich), an autophagic flux inhibitor, in diluted water 2
h before protein extraction and were subjected to west-
ern blotting. The autophagic index was calculated using
the following method: autophagy flux index=(LC3-II
expression levels with chloroquine)/(LC3-II expression
levels without chloroquine). LC3-1II expression level was
normalized to the beta-actin expression levels. In each
experiment, the autophagic index of the control group
was normalized to 1.

Statistical analyses

Statistical analysis was performed using JMP Pro 13.0
(SAS Institute, Cary, NC). Comparisons between groups
were performed using student’s ¢-test. A value of P<0.05
was considered significant.

Results

Autophagy was negatively regulated in AGS cells after H.
pylori infection

To assess the effect of H. pylori infection on autophagy in
AGS cells, the LC3 and P62 of the AGS cells infected with
Hp-WT for 3, 6, and 12 h were measured. Hp-WT infec-
tion increased the protein level of LC-3II significantly
(Fig. 1A). Subsequently, to validate the role of CagA in
autophagy regulation, the autophagic index of AGS cells
infected with Hp-WT or Hp-AcagA was evaluated. The
autophagic index of AGS cells infected with Hp-WT for
3, 6, and 12 h and Hp-AcagA for 6 and 12 h (Fig. 1B-D)
was decreased significantly. In addition, the autophagic
index of AGS cells infected with Hp-WT for 12 h was
decreased significantly when compared with that of AGS
cells infected with Hp-AcagA (Fig. 1D). Therefore, these
findings support the notion that CagA functioned as an
autophagy inhibitor and modulated the autophagic flux
in gastric cells infected with H. pylori.

Autophagy was negatively regulated in RGM1 cells
transfected with cagA

To further evaluate the effect of CagA on autophagy
regulation, we evaluated the autophagic index of RGM1-
Mock and RGM1-CagA cells. We first confirmed that
CagA gene was induced constitutively in RGM1-CagA
cells (Fig. 2A). The autophagic index of RGM1-CagA cells
was decreased significantly when compared with that of
RGM1-Mock cells (Fig. 2B). Collectively, the data suggest
that intracellular CagA with or without H. pylori infec-
tion is an autophagy inhibitor.
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Fig. 1 Autophagy in AGS cells was inhibited after infection with Helicobacter pylori. A Western blotting showing the protein levels of CagA,
LC3, and P62 in AGS cells infected with Hp-WT for 3,6, and 12 h (n=5, mean +SD, *P < 0.05). B-D) Western blotting and autophagic flux assays
in AGS cells infected with Hp-WT and Hp-AcagA for 3(B), 6(C), and 12 h(D) (n=5, mean +SD, *P<0.05). CagA, cytotoxin-associated gene A; LC3,
microtubule-associated proteins 1A/1B light chain 3A; Hp-WT, wild-type cagA-positive H. pylori; Hp-AcagA, cagA-knockout H. Pylori; SD, standard
deviation
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transcription-polymerase chain reaction analysis showing that cagA was expressed in RGM1-CagA cells. B Western blotting and autophagic index
measurement using chloroquine (=4, mean+SD, *P<0.01). RGM1-CagA, RGM1 cells transfected with cagA; RGM1-Mock, non-transfected RGM1
cells; CagA, cytotoxin-associated gene A; SD, standard deviation
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Fig. 3 mRNA expression and protein levels of autophagic core proteins in AGS cells infected with Helicobacter pylori. A Western blotting analysis
of autophagy-related proteins in AGS cells infected with Hp-WT and Hp-AcagA. Quantification of ATG5, ATG7, Beclin1, and ULK1 signal intensity
(n=4, mean +SD, *P<0.05). B) mRNA expression levels of ATG5 and BECNT in AGS cells infected with Hp-WT and Hp-AcagA analysed using g-RT
PCR (n=6, mean+SD, *P< 0.05). ATG5, autophagy related 5; Hp-WT, wild-type cagA-positive H. pylori; Hp-AcagA, cagA-knockout H. Pylori; g-RT PCR,
quantitative reverse transcription-polymerase chain reaction; SD, standard deviation

CagA negatively regulated BECN1 expression level in AGS
cells infected with H. pylori

To assess the effect of CagA on autophagic machinery
core proteins associated with autophagosome formation,
the protein expression levels of ATG5, ATG7, BECN1
and ULK1 were measured by western blotting (Fig. 3A).

Protein expression levels of ATG5 and BECNI1 in AGS
cells infected with Hp-WT were lower than those in AGS
cells infected with Hp-AcagA. No significant difference
was observed in the protein expression levels of ATG7
and ULK]1. In addition, mRNA expression levels of ATG5
and BECNI1 in AGS cells infected with Hp-WT were
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significantly lower than those in AGS cells infected with
Hp-AcagA (Fig. 3B). The data indicate that CagA down-
regulated BECN1 in AGS cells infected with H. pylori.

Autophagy-regulated COX-2 expression in cells after H.
pylori infection

Li et al. demonstrated that levels of proinflammatory
cytokines such as IL-8, TNF-a, and IL-1 and the activity
of nuclear factor kappa-light-chain-enhancer of activated
B cells are increased in AGS cells infected with H. pylori
[13]. To clarify the role of CagA in inflammation and car-
cinogenesis, we evaluated the protein level of COX-2, which
was the most-characterized enzyme in previous epidemio-
logical and molecular studies and has a considerable asso-
ciation with the development and progression of gastric
cancer [18]. We also examined the production of COX-2 in
AGS cells treated with an autophagy enhancer (rapamycin)
or inhibitor (chloroquine) during Hp-WT and Hp-AcagA
infections. The autophagic flux assay using chloroquine
showed that the autophagic index increased significantly
in AGS cells pretreated with rapamycin for 24 h (Fig. 4A);
furthermore, the autophagic index in AGS cells pretreated
with chloroquine for 6 h decreased significantly (Fig. 4B).
After 12 h of infection, the protein level of COX-2 decreased
significantly in cells infected with Hp-WT after treatment
with the enhancer. Conversely, there was a slight decrease in
the protein level of COX-2 in cells infected with Hp-AcagA,
although the difference was not statistically significant
(Fig. 4C). Moreover, the protein level of COX-2 increased in
cells infected with Hp-AcagA after treatment with the inhib-
itor. Conversely, there was a slight increase in the protein
level of COX-2 in cells infected with Hp-WT although the
difference was not statistically significant (Fig. 4D). These
data suggest that autophagy plays a role in COX-2 produc-
tion induced by H. pylori. In addition, autophagic inhibi-
tion induced by CagA may represent one of the causative
factors associated with the difference in COX-2 production
between cells infected with Hp-WT and Hp-AcagA.

Knockdown of BECN1 upregulated COX-2 in AGS cells
infected with Hp-AcagA

Finally, to assess the effect of CagA-induced BECNI
downregulation, AGS cells and BECNI knockdown

(See figure on next page.)
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AGS cells were infected with Hp-WT and Hp-AcagA.
The autophagic flux assay showed that autophagy was
inhibited in AGS cells transfected with BECN1 si-RNA
(Fig. 4E). In BECN1I knockdown AGS cells infected with
Hp-AcagA, COX-2 expression increased significantly.
However, the COX-2 protein level in cells infected with
Hp-WT decreased slightly, and the difference was not
statistically significant (Fig. 4F). Therefore, CagA protein
negatively regulates autophagy potentially via the inhibi-
tion of BECN1 expression. Moreover, autophagy inhibi-
tion induced by CagA may represent a causative factor
promoting COX-2 upregulation in AGS cells infected
with cagA-positive H. pylori.

Discussion

The role of CagA in autophagy has not been investigated
extensively. Therefore, we determined the effect of CagA
on autophagy in gastric epithelial cells and the produc-
tion of an autophagy-regulated pro-inflammatory media-
tor, COX-2. The present study revealed that H. pylori
CagA negatively regulated autophagy in gastric cells to
upregulate COX-2, an enzyme involved in inflammation
and carcinogenesis. Several epidemiological studies have
indicated the close relationship between H. pylori infec-
tion and gastric cancer [19, 20]. While H. pylori infection
causes severe inflammation and is involved in carcino-
genesis, the molecular mechanisms by which H. pylori
induces gastric cancer development were first evaluated
in 2004 when Hatakeyama et al. reported that CagA is
associated with gastric carcinogenesis [2].

CagA undergoes tyrosine phosphorylation in gastric
epithelial cells, and the phosphorylated CagA induces
various cellular responses such as cell proliferation, cell
motility, and cell death inhibition. Recently, Li et al. dem-
onstrated that CagA modulates autophagy in host cells
[13]. Over the past years, studies have suggested that
autophagy plays a role as a specialized immunological
effector and regulates innate immunity to activate anti-
microbial defense mechanisms [21]. Several bacterial
pathogens such as Mycobacterium tuberculosis [22] and
Salmonella [23] have developed the ability to subvert host
cell autophagy to establish a persistent infection. Grow-
ing evidence shows that H. pylori infection interferes with

Fig. 4 Autophagy affected protein level of COX-2 in AGS cells infected with H. pylori. A Western blotting and autophagic flux assay in AGS

cells pretreated with rapamycin for 24 h (n=4, mean £ SD, *P<0.05). B Western blotting and autophagic flux assay in AGS cells pretreated

with chloroquine for 6 h (=4, mean+SD, *P<0.05). C Western blotting and signal intensity of COX-2 protein levels in AGS cells enhanced
autophagy with rapamycin infected with Hp-WT and Hp-AcagA (n=4, mean +SD, *P<0.05). D Western blotting and signal intensity of COX-2
protein levels in AGS cells inhibited autophagy with rapamycin infected with Hp-WT and Hp-AcagA (n=4, mean+SD, *P < 0.05). E Western blotting
and autophagic flux assay in AGS cells transfected with BECNT small interfering-RNA (n=4, mean + SD, *P < 0.05). F Western blotting and signal
intensity of COX-2 protein levels in BECN1 knock down AGS cells infected with Hp-WT and Hp-AcagA (n=5, mean £ SD, *P < 0.05). Hp-WT, wild-type
cagA-positive H. pylori; Hp-AcagA, cagA-knockout H. pylori; CagA, cytotoxin-associated gene A; COX-2, cyclooxygenase 2
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autophagy in host cells [24]. Recently, it was reported
that several virulence factors released by H. pylori can
modulate autophagy [9, 25]. Although existing literature
related to autophagic modulation of host cells infected
with H. pylori suggests that VacA is the main modulator
of the autophagic process [7-11], additional virulence
factors released by H. Pylori, including CagA, have been
found to modulate autophagy [13]. In fact, in our experi-
ments in which AGS cells were infected with Hp-WT or
Hp-AcagA, a decrease in autophagic index was observed
in both Hp-WT and Hp-AcagA infected cells, which may
be due to the effect of autophagy inhibitory factors such
as VacA. In addition, the autophagic index of AGS cells
infected with Hp-WT was decreased in comparison with
AGS cells infected with Hp-AcagA. Thus, these findings
support the notion that CagA functions as an autophagy
inhibitor and modulates the autophagic flux in gastric
cells infected with H pylori. We assessed autophagic flux
using interpretation data from LC3-II immunoblotting
because the assessment of the formation and degradation
of autophagosomes is one of the most valuable evalua-
tions of autophagic flux. P62 is regarded as one of indica-
tor of autophagic flux. However, the timing of the increase
or decrease in P62 does not necessarily coincide with that
of LC3. In addition, factors other than autophagy may
be involved in the production and decrease of P62. The
dysregulation or disruption of autophagy can induce the
development of various inflammatory diseases includ-
ing hepatitis [26], pancreatitis [27], and inflammatory
bowel disease [28]. However, the effect of suppression
of autophagy caused by H. pylori infection on H. pylori-
induced chronic gastritis remains unclear.

Li et al. (2017) were the first to report that the CagA
protein negatively regulates autophagy and promotes
inflammation in gastric epithelium cell infected with
H. Pylori. They reported that CagA downregulates
autophagy and activates the c-Met-PI3K/Akt-mTOR
signaling pathway, resulting in an increase in IL-8, IL-1f,
and TNF-a levels [13]; however, the effect on COX-2 has
not been explored. It has been well established that H.
pylori infection is strongly related to COX-2 expression
[18]. A study published in 2020 by Macias-Ceja et al.
demonstrated that the pharmacological stimulation of
autophagy inhibits COX-2 expression and inflamma-
tion in the mucosa of colitis mice [29]. However, the
association between COX-2 expression in human gas-
tric cells infected with H. pylori and autophagy has not
been established. Our study is the first to report that the
COX-2 production in host cells infected with H. pylori
is potentially affected by autophagy. The differences in
COX-2 upregulation in Hp-WT infected AGS cells pre-
treated with chloroquine or transfected with BECNI1 si
RNA were statistically non-significant. However, COX-2
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upregulation showed an upward trend as illustrated in
Fig. 4D and Fig. 4F. Our hypothesis from the results of
a series of experiments is as follows: since autophagy is
suppressed to a greater extent in Hp-WT infected cells
than in Hp-AcagA infected cells, the level of COX-2
upregulation is not significant when autophagy inhibi-
tors are administered. Further ex vivo studies should
determine the effects of this autophagy-induced change
in COX-2 expression on long-term chronic inflamma-
tion in the human gastric mucosa. In the present study,
we found that the CagA protein negatively regulated lev-
els of BECN1, a key molecular regulator of autophagy
which is a core component of the class III phosphati-
dylinositol 3-kinase complex [30]. Previous studies have
shown that some intracellular bacteria, such as Salmo-
nella enteritidis [31] and Coxiella burnetii [32], reduced
BECNT1 expression and modulated the autophagy of host
cells following invasion, but whether BECN1 is downreg-
ulated in H. pylori infection has not been explored. Pre-
vious reports did not clarify the mechanism of BECN1
downregulation through infection with these bacteria.
Jiao et al. reported that Salmonella enteritidis effector
protein AvrA reduced BECNT1 protein level through the
JNK pathway [31], although BECN1 m-RNA expression
level was not changed. Conversely, we demonstrated that
CagA suppresses BECN1 mRNA expression, resulting
in a decrease in BECN1 protein levels in cells infected
with Hp-WT. The results imply that the reduction of
BECNI protein downregulation by CagA involved differ-
ent mechanisms associated with Salmonella enteritidis
effector protein AvrA. In addition, BECN1 protein not
only plays a key role as a regulator of autophagy but is
also a tumor suppressor that shows reduced expression
in several cancers [33]. In recent years, a relationship
between gastric cancer and BECN1 expression has been
reported. Zheng et al. reported that BECN1 overexpres-
sion suppressed gastric cancer cell growth in mice and
BECNI1 down-regulation in gastric cancer was associated
with gastric carcinogenesis, progression, and poor prog-
nostic prediction in a meta-analytic review of patients
with gastric cancer [34]. However, an evaluation of CagA
expression was not performed in this report. Huang et al.
reported that BECN1 expression is significantly lower in
human gastric cancer tissues, particularly in CagA-pos-
itive gastric cancer cases [35]. They evaluated the asso-
ciation between CagA-positive H. pylori infection and
the suppression of autophagy in gastric cancer tissues.
However, no direct comparison of autophagic flux in
human gastric tissues and gastric cancer was presented
in their report. The novelty of our study is highlighted
from the CagA-mediated reduction of BECN1 expres-
sion and autophagic flux assay in human gastric cancer
cells infected with Hp-WT and Hp-AcagA in the in vitro
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experiments. The present study had several limitations.
First, we did not assess the protein levels of COX2 in cells
with knocked-down ATGS5 and ULKI. Previous in vitro
[36] and ex vivo [37] studies reported that chronic H.
pylori infection reduced ATG5 expression. However, we
did not observe significant reduction of ATG5 protein
expression in cells infected with H. pylori for 12 h. We
assume that the 12-h infection time was not sufficient
to elicit a significant difference in ATG5 expression. As
for ULK]1, the long-term effects of ULK1 on human gas-
tric mucosa with chronic H. pylori infection are poorly
understood. Secondly, in the present study, we could not
assess the long-term effects of autophagy modulated by
CagA using clinical samples. Further studies are required
to elucidate the effect of autophagy in human gastric
mucosa infected with H. pylori.

Conclusions

We demonstrated that the H. pylori CagA protein down-
regulates BECN1 expression and negatively regulates
autophagy. Autophagy inhibition induced by CagA might
be a causative factor promoting COX-2 upregulation in
cells infected with cagA-positive H. pylori. Understand-
ing the molecular mechanisms by which H. pylori infec-
tion modulates autophagy would offer novel insights that
could facilitate the development of targeted therapy for
H. pylori infection.
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