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ABSTRACT

Half of the world's population experiences Helicobacter pylori (H. pylori) infection, which is a main cause
of gastritis, duodenal and gastric ulcer, and gastric cancers. In the current study, we investigated the
potential role of compound 13 (C13), a novel al-selective small molecule activator of AMP-activated
protein kinase (AMPK), against H. pylori-induced cytotoxicity in cultured gastric epithelial cells (GECs).
We found that C13 induced significant AMPK activation, evidenced by phosphorylation of AMPKo.1 and
ACC (acetyl-CoA carboxylase), in both primary and transformed GECs. Treatment of C13 inhibited H.
pylori-induced GEC apoptosis. AMPK activation was required for C13-mediated GEC protection. Inhibition
of AMPK kinase activity by the AMPK inhibitor Compound C, or silencing AMPKa1 expression by
targeted-shRNAs, alleviated C13-induced GEC protective activities against H. pylori. Significantly, C13
inhibited H. pylori-induced reactive oxygen species (ROS) production in GECs. C13 induced AMPK-
dependent expression of anti-oxidant gene heme oxygenase (HO-1) in GECs. Zinc protoporphyrin
(ZnPP) and tin protoporphyrin (SnPP), two HO-1 inhibitors, not only suppressed C13-mediated ROS
scavenging activity, but also alleviated its activity in GECs against H. pylori. Together, these results
indicate that C13 inhibits H. pylori-induced ROS production and GEC apoptosis through activating AMPK

—HO-1 signaling.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Half of the world's populations have Helicobacter pylori (H.
pylori) infection, which is a gram-negative bacterium that selec-
tively colonizes at gastric mucosa [1,2]. H. pylori infection could
cause gastritis, duodenal and gastric ulcer, and gastric cancers
[1,2]. The interactions between the bacterial factors and host cells
likely determine the fate of host cells, manifesting as increased
proliferation, and either increased or decreased apoptosis [1,2].
In vivo and in vitro studies have demonstrated that several H.
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pylori virulence factors could induce gastric epithelial cell (GEC)
apoptosis [3—5]. The underlying mechanisms of H. pylori-induced
apoptosis in GECs are not fully understood. Activation of major
histocompatibility complex class II [6], p53 [5], Fas/FasL system
[7], and tumor necrosis factor (TNF)—related apoptosis-inducing
ligand (TRAIL) [8] have been proposed. In addition, H. pylori-
induced GEC apoptosis is often associated with reactive oxygen
species (ROS) production [9].

AMP-activated protein kinase (AMPK) is a sensor of cellular
energy status [10]. In addition, AMPK activation could also promote
cell survival through regulating several key molecules [11]. For
example, activated AMPK triggers cytoprotective autophagy in-
duction via directly phosphorylating autophagy kinases (ULK1,
Beclin 1, and Vps34). AMPK-activated autophagy then generates
new cellular components and energy to help cell survival [12,13].
Jeon et al. showed that stress-activated AMPK has ROS scavenging
activity, and inhibits oxidative stress through maintaining nico-
tinamide adenine dinucleotide phosphate (NADPH) homeostasis
[14]. AMPK also activates tuberous sclerosis complex 2 (TSC2) to


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:lvguoqiangwuxivip@163.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbrc.2015.05.059&domain=pdf
www.sciencedirect.com/science/journal/0006291X
www.elsevier.com/locate/ybbrc
http://dx.doi.org/10.1016/j.bbrc.2015.05.059
http://dx.doi.org/10.1016/j.bbrc.2015.05.059
http://dx.doi.org/10.1016/j.bbrc.2015.05.059

H. Zhao et al. / Biochemical and Biophysical Research Communications 463 (2015) 510—517 511

inhibit mammalian target of rapamycin (mTOR), and promotes cell
survival under energy starvation conditions [15,16]. Our previous
study identified that H. pylori-activated AMPK activation promotes
GEC survival [17].

In this study, we investigated the potential role of compound 13
(C13), an al-selective small molecule activator of AMPK [18],
against H. pylori-induced GEC apoptosis. Our results show that C13
exerts GEC protective activity against H. pylori through activating
AMPK-heme oxygenase (HO-1) signaling.

2. Material and methods
2.1. H. pylori culture

H. pylori 26695 [17] was maintained on blood agar plates (Bec-
ton Dickinson and Company, Franklin Lakes, NJ]). H. pylori was
added to GECs at a multiplicity of infection (MOI) of 100:1 and co-
cultured with GECs for the indicated times.

2.2. GES-1 cell culture

An immortalized human GEC line [17], GES-1 cells were main-
tained in RPMI 1640 medium supplemented with 10% FBS (Gibco),
with necessary antibiotics in a humidified atmosphere of 5% CO,.

2.3. Human GECs isolation and culture

As previously reported [17], gastric biopsy specimens from the
antral gastric mucosa were collected from adult patients under-
going esophagogastroduodenoscopy. The antral gastric mucosa
were minced and incubated with 10 mM dithiothreitol and 1 mM
EDTA at room temperature for 1 h with vigorous shaking. Cells
were filtered through 70-um nylon mesh, pelleted by centrifuga-
tion, and washed with PBS. The GECs were isolated, and resus-
pended in RPMI 1640 containing 20% FBS with antibiotics. The
gastric epithelial population was tested by staining cells using an
antibody against cytokeratin (Cell Signaling Tech, Shanghai, China),
a specific epithelial marker, and flow cytometry. More than 90% of
isolated cells were positive for cytokeratin. A total of 5 x 10° cells
were plated in 12-well plates, allowed to adhere for 5 h, and then
infected with H. pylori or with indicated treatments. All patients
enrolled provided individual informed consent with author in-
stitutions' approved protocols. The experiments conformed to the
principles set out in the Declaration of Helsinki and the NIH Bel-
mont Report.

2.4. Western blots

The lysates (20 pg) from each sample were subjected to
electrophoresis through 10% SDS-polyacrylamide gels and
transferred onto PVDF membranes (Millipore). The membrane
was blocked overnight with 5% nonfat milk at 4 °C and incubated
with indicated primary antibody overnight. After three to five
washes with PBST, the secondary antibody was added according
to standard procedures. The membrane was washed another
three times and developed using the ECL system (Amersham
Pharmacia, Shanghai, China). Intensity of each band was quan-
tified through Image] software, and value was normalized to the
corresponding loading.

2.5. Antibodies and reagents
C13 was synthesized by Biyuntian Biotech (Wuxi, China) based

on the structure in Ref. [18]. Anti-AMPKa.1, AMPKa2, acetyl-CoA
carboxylase (ACC), and B-tubulin antibodies were obtained from

Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibodies
against phospho(p)-AMPKa1 (Thr 172) and p-ACC (Ser 79) were
purchased form Cell Signaling Tech. (Denver, MA, USA). Com-
pound C, A769662, tin protoporphyrin (SnPP) and zinc protopor-
phyrin (ZnPP) were purchased from Sigma Chemicals (Shanghai,
China).

2.6. Apoptosis assay

GEC apoptosis was detected by Annexin V Flow cytometry
(FACS) assay, Histone-DNA enzyme-linked immunosorbent assay
(ELISA) assay or terminal deoxynucleotidyl transferase dUTP nick
end (TUNEL) staining assay as described [17].

2.7. MTT assay for GEC survival

GECs were seeded into wells containing 100 pL of the culture
medium of a 96-well plate and incubated overnight at 37 °C. After
applied treatment, 25 pL of 5 pg/mL MTT (Sigma Chemical Co.,)
labeling reagent was added to the designated wells and cells were
further incubated at 37 °C for 4 h. The supernatant was removed,
and then 150 pL of dimethyl sulfoxide (DMSO) was added. After the
plate was incubated at 37 °C for 10 min, the absorbency was
measured using a micro ELISA reader (Bio-Tek Instruments,
Winooski, VT, USA) at 570 nm.

2.8. Knockdown of AMPKa1 or AMPKa2 by short hairpin RNA
(shRNA)

The lentiviral particles containing scramble shRNA (sc-shRNA) or
shRNAs of AMPKa.1 were synthesized, verified and provided by Kaiji
Biotech (Shanghai, China). The hairpin sequences for AMPKa.1 were
as follows. 5'-GCATAATAAGTCACAGCCAAA-3’ (AMPKo1 shRNA-1)
and 5'CTCCAAGACCAGGAAGTCATACAATAGAA-3'(AMPKa1 shRNA-
2) (see our previous publication [17]). AMPKa2 shRNA-containing
lentiviral particles were obtained from Santa Cruz. GECs were
seeded in a 6-well plate in growth medium with 50% confluence.
The lentiviral particles (20 uL/ml medium) were added to the cells,
after 12 h, the lentiviral particles containing medium was replaced
by cell culture medium, and cells were further cultured for another
24 h. Puromycin (Sigma, 0.25 pg/ml) was added to select resistant
stable colonies. The expression of AMPKa.1, AMPKe2 and B-tubulin
(loading) in stable cells was tested by Western blots.

2.9. Reactive oxygen species (ROS) assay

The ROS level was determined by carboxy-H2DCFDA staining
assay, which is based on the fact that the nonpolar, nonionic H2-
DCFDA crosses cell membranes and is hydrolyzed into non-
fluorescent H2-DCF by intracellular esterase. In the presence of
ROS, H2-DCF is rapidly oxidized to become highly fluorescent DCF.
After applied treatment, GECs were incubated with 1 uM of car-
boxy-H2-DCFDA at 37 °C for 30 min. Cells (1*10%) were then
resuspended in PBS and sent to flow cytometry analysis (BD
bioscience).

2.10. Real-time PCR

Total RNA of GECs was extracted through TRIzol reagents
(Invitrogen, USA), and reverse transcription was performed using
TOYOBO ReverTra Ace-a RT-PCR kit (TOYOBO, Japan) according to
the manufacturer's instructions. Real-time PCR was performed on a
Bio-Rad IQ5 multicolor detection system. One RNA sample of each
preparation was processed without real time-reaction to provide a
negative control in subsequent PCR. After amplification, melt curve
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analysis was performed to analyze product melting temperature.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was
chosen as the reference gene for normalization, and the 2-AACT
(Cycle Threshold) method [19] was applied to quantify HO-1 mRNA
fold changes within samples. The primers used for HO-1 were:
forward, 5'-AAGATTGCCCAGAAAGCCCTGGAC-3' and reverse, 5'-
AACTGTCGC CACCAGAAAGCTGAG-3’ [20]. The primers used for
GAPDH were: forward, 5'-GGAGTCAACGGATTTGGTCGTA-3' and
reverse, 5'-GGCAACAATATCCACTTTACCAGAGT-3' [21].

2.11. Statistical analysis

All statistical analyses were performed using SPSS statistical
software (SPSS version 16.0, Chicago, USA). The values were pre-
sented as the mean + SD of three independent experiments. The
comparisons among multiple groups were performed using anal-
ysis of variance (ANOVA). P < 0.05 was considered statistically
significant.
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Fig. 1. C13 activates AMPK in cultured gastric epithelial cells (GECs)-The structure of compound 13 (C13) (A). GES-1 cells (B and C) or primary human GECs (D and E), with scramble
shRNA (“sc-shRNA”) or indicated AMPKa.1 shRNAs (“shAMPK-1/-2") lentiviral particles, were stimulated with applied concentration of C13 for 1 h, expression of phospho- (p-) and
regular AMPKo.1/ACC and B-tubulin (loading control) was tested by Western blots. Phosphorylations of AMPKoa1 (vs. B-tubulin) and ACC (vs. regular ACC) were quantified (C and E).
Data in this and all subsequent figures were representative of at least three separate experiments. “C” stands for cell alone (Same for all figures).



H. Zhao et al. / Biochemical and Biophysical Research Communications 463 (2015) 510—517 513

GES-1
S
>
£
x
(0]
c
c
<
C
12
mC13 (0 uM)
BC13 (1 pM)
104 =C13 (10 uM)
C13 (30 pM)

Cc

E  Human GECs
204 *k
18- *
16-
14+
124
= 10+
8 -
6 -
4
2 -
0

V (%)
*

Annexi

C HP
10 uM

C13 C13+HP

B
0.6
mC13 (0 uM) *k
~ mC13 (1 uM) *%
S 051{uc13(10uMm)
= C13 (30 pM)
o 0.4 1
-
L
< 0.3 -
P4
[m)]
202
S
L
T 01
0.0 4
c HP
D
mC13 (0 uM)
BC13 (1 uM)
120%- uC13 (10 pM)
C13 (30 pM)
100%- *k
— :|: *%*
(@] 1
© 80%- ]
®
< 60%4
=
2
2 40%
o)
© 20%-
0% -
C HP
F
120%-
*%*
_100%
O
[
> 80%-
S
T 60%:-
2 *
B 40%:+
3
20%+
0% A
C HP  C13 C13+HP
10 pM

Fig. 2. C13 alleviates H. pylori-induced GEC apoptosis-GES-1 cells or primary human GECs, pretreated for 30 min with applied concentration of C13, were infected with the H. pylori
(HP, bacteria: cells = 100:1) for 24 h, cell apoptosis was tested by Annexin V FACS assay (A and E), Histone-DNA ELISA assay (B, for GEC-1 cells) or TUNEL staining assay (C, for GEC-1
cells), cell viability was tested by MTT assay (D and F). Data in this figure were repeated five times. *P < 0.05 vs. “C" group. **P < 0.05.

3. Results

3.1. C13-induced AMPK activation requires 1 subunit in cultured
gastric epithelial cells (GECs)

Based on the structure of C13 (Fig. 1A) [18], we successfully
synthesized this novel AMPK activator. We examined whether GECs
were response to this newly synthesized compound. Western blot
results in Fig. 1B demonstrated that C13 dose-dependently acti-
vated AMPK in cultured GES-1 cells. AMPK activation was evi-
denced by phosphorylation of AMPKea1 (Thr 172) and ACC (Ser 79)

(Fig. 1B and C). Since C13 is an a1-selective small molecule activator
of AMPK, it induces activation of AMPK through interaction with a1
subunit [18]. Next, we tested the role of AMPKa1 in C13-mediated
AMPK activation in GES-1 cells. ShRNA method was applied to
knockdown AMPKa1 expression in GES-1 cells. Two non-
overlapping AMPKa1 shRNAs [17] showed high efficiency, result-
ing in over 90% knockdown efficiency (Fig. 1B). Notably, C13-
induced AMPK activation (AMPKa1/ACC phosphorylation) was
prevented by AMPKa1l knockdown (Fig. 1B and C). In primary
cultured human GECs, C13 treatment similarly induced AMPK
activation (Fig. 1D and E). In addition, AMPKa.1 silencing by shRNAs
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Fig. 3. AMPK activation is required for C13-mediated anti-H. pylori activities in GECs-GES-1 cells (A) or primary human GECs (B), pretreated for 30 min with C13 (10 uM), were infected
with the H. pylori (HP, bacteria: cells = 100:1) for 3 h, expression of phospho- (p-) and regular AMPKa.1/ACC was tested by Western blots. Phosphorylations of AMPKa1 (vs. AMPKa1)
and ACC (vs. regular ACC) were quantified (A and B, right panels). GES-1 cells, with or without AMPK«1 shRNAs (“shAMPK-1/-2") lentiviral particles, were pre-added with C13
(10 pM) or plus Compound C (CC, 10 uM), followed by H. pylori (HP, bacteria: cells = 100:1) infection for 24 h, cell apoptosis was tested by Annexin V FACS (C and E) assay and
Histone DNA-ELISA assay (D). Stable GES-1 cells, with scramble control shRNA (“sc-shRNA") or AMPKa.2 shRNA, were pre-added with C13 (10 uM), followed by H. pylori (HP,
bacteria: cells = 100:1) infection for 24 h, expression of AMPKa1, AMPKa2 and B-tubulin was shown (F), cell apoptosis was tested by Annexin V FACS (G) assay and Histone DNA-

ELISA assay (H). *P < 0.05 vs. “C” group. **P < 0.05.

inhibited C13-mediated AMPK activation in primary GECs (Fig. 1D
and E). Thus, we show that C13 activates AMPK in GECs probably
through interacting with a1 subunit.

3.2. C13 alleviates H. pylori-induced GEC apoptosis

Our previous study showed that activation of AMPK by tradi-
tional AMPK activators (A769662 and resveratrol), or by over-
expression of AMPKa 1, inhibited H. pylori-induced GEC apoptosis
[17]. Next, we examined the activity of C13 on H. pylori in cultured
GECs. As expected, H. pylori induced significant GES-1 cell apoptosis,
which was evidenced by three different apoptosis assays, including
Annexin V FACS assay (Fig. 2A), Histone DNA ELISA assay (Fig. 2B)
and TUNEL staining assay (Fig. 2C). Notably, C13 treatment at 10 uM
or 30 uM inhibited H. pylori-induced GEC apoptosis (Fig. 2A—C).
GES-1 cell viability, tested by MTT assay, was restored by C13 in H.
pylori-infected GES-1 cells (Fig. 2D). C13 alone at applied

concentrations (1—30 uM) had no significant effect on GEC apoptosis
or survival (Fig. 2A—D). In primary human GECs, C13 (10 uM)
treatment inhibited H. pylori-induced apoptosis (Fig. 2E) and
viability reduction (Fig. 2F). Together, these results display that C13,
the novel AMPK activator, alleviates H. pylori-induced GEC
apoptosis.

3.3. AMPK activation is required for C13-mediated anti-H. pylori
activities in GECs

In consistent with our previous study [17], we found that H.
pylori induced moderate AMPK activation (AMPKa1/ACC phos-
phorylation) in GES-1 cells (Fig. 3A) and in primary human GECs
(Fig. 3B) [17]. Significantly, co-treatment with C13 further
enhanced AMPK activation (Fig. 3A and B). Next, we studied the
association between AMPK activation and C13-mediated anti-H.
pylori activities. Both pharmacological and shRNA strategies were



H. Zhao et al. / Biochemical and Biophysical Research Communications 463 (2015) 510—517 515
A B c *%
GES-1 *x
12 12 -
- 25 — — *
o ©10 - O10
g 2 2 . g
3 e} * 88
] K (<]
= 15 Sg 2.
c < <
2 z Z
S 1 € 4 £ 4 * .
o
s o2 o2
205 Q Q
Qo 0 0
4
0 C 1 10 30 A769662 C < 2 3 8
cC 0 1 10 30 Ci3,uM 13, M 10 uM -
HP 3 5 5
C13,10 pM
D E F
25 o 25 Human GECs . 25 *k
%) I *k 8 £ —~ *
Ep) o7 p
» 20 o g 2
o ) 7]
2 3 > b}
o1 E15 ] S15 *
kel > o s
B 1 £ <4 =
3 %10 < 5,
o = Z3 * 3
% < IS <]
0.5 < s
%] 5 -
[®] 4 ©00.5
4 ] Qo
0 0 T 4
c ZnPP CC c ZnPP SnPP 0 0
C13, 10 uM C13, 10 M cC Cc13 _C c13 c HP C HP
HP HP CcC C13

Fig. 4. C13 inhibits H. pylori-induced ROS production-GES-1 cells, pretreated for 30 min with applied concentration of C13, were infected with the H. pylori (HP, bacteria:
cells = 100:1) for 6 h, ROS production was analyzed by FACS assay, their values were normalized to cell only group (“C") (A). GES-1 cells were treated with applied concentration of
C13 or A769662 (10 uM) for 3 h, relative HO-1 mRNA (vs. GAPDH) was tested by real-time PCR (B). GES-1 cells, with or without scramble shRNA (“sc-shRNA”) or indicated AMPKo.1
shRNAs (“shAMPK-1/-2") lentiviral particles, were treated with C13 (10 pM) or plus Compound C (CC, 10 uM) for 3 h, relative HO-1 mRNA expression (vs. GAPDH) was tested (C).
GES-1 cells, pre-treated with Compound C (CC, 10 uM), ZnPP (5 uM) or SnPP (5 uM) for 30 min, were stimulated with C13 (10 uM), followed by H. pylori (HP, bacteria: cells = 100:1)
infection, after 6 h, ROS level was measured (D), 24 h after HP infection, cell apoptosis was tested by Annexin V FACS assay (E). Human GECs were pre-added with Compound C (CC),
followed by C13 stimulation for 3 h, HO-1 mRNA expression was analyzed as described (F). Human GECs, pretreated with C13 (10 uM) for 30 m, were infected by H. pylori (HP,
bacteria: cells = 100:1) for 6 h, ROS production was analyzed (G). *P < 0.05 vs. Group “C". **P < 0.05.

applied. As demonstrated, the AMPK inhibitor Compound C (“CC")
or AMPKo1 shRNAs dramatically inhibited C13-mediated GES-1
cell protection against H. pylori (Fig. 3C—D). In addition, Com-
pound C alleviated C13-mediated anti-apoptosis activity in H.
pylori-infected primary GECs (Fig. 3E). Based on these informa-
tion, we suggest that C13 enhances H. pylori-induced pro-survival
AMPK activation to inhibit GEC apoptosis. To exclude the potential
involvement of AMPKe2 in C13-induced activity, ShRNA method
was again applied. Western blot results in Fig. 3F showed that
AMPKa2 expression was dramatically inhibited by targeted shRNA
in stable GEC-1 cells. AMPKa1 was intact in the same cells
(Fig. 3F). C13-mediated apoptosis inhibition against H. pylori was
not affected by AMPKa2 silencing (Fig. 3G and H). These results
suggest that AMPKa2 is likely not required for C13-mediated ac-
tivity in GECs.

3.4. C13 inhibits H. pylori-induced ROS production in GECs

Studies have shown that ROS production is increased in GECs
with H. pylori infections, which is associated with GEC apoptosis
and gastric carcinogenesis [9]. AMPK activation has the capability of
inhibiting oxidative stress [ 14]. We thus tested the role of C13 on H.
pylori-induced ROS production. ROS was tested by H2DCFDA FACS
assay as described. Results demonstrated that ROS level was
increased after H. pylori infection in GES-1 cells (Fig. 4A). Notably,
C13 co-treatment dose-dependently inhibited H. pylori-induced
ROS production (Fig. 4A). HO-1 is an important anti-oxidant gene
[22]. We discovered that mRNA expression of HO-1 was increased
by C13 in GES-1 cells, and the effect was again dose-dependent
(Fig. 4B). Significantly, AMPK inhibition by Compound C (“CC”), or
by AMPKa1 shRNAs, prevented C13-induced HO-1 expression

(Fig. 4C). As expected, Compound C blocked C13-induced AMPK
activation in GES-1 cells (Data not shown). On the other hand,
A769662, a well-established AMPK activator, induced HO-1
expression in GES-1 cells (Fig. 4B). Importantly, C13-mediated
anti-oxidant activity against H. pylori was alleviated by Com-
pound C (Fig. 4D), or by the specific HO-1 inhibitors ZnPP (Fig. 4D)
and SnPP (Data not shown). As a consequence, treatment with the
two HO-1 inhibitors (ZnPP and SnPP) alleviated C13-induced GEC
cyto-protective effect against H. pylori (Fig. 4E). In primary human
GECs, C13 similarly induced HO-1 mRNA expression (Fig. 4F)
whiling inhibiting ROS production (Fig. 4G), such effects by C13
were almost blocked by the AMPK inhibitor Compound C (Fig. 4G
and H). Together, these results indicate that C13 inhibits H. pylori-
induced ROS production through activating AMPK—HO-1
signaling.

4. Discussions

H. pylori infection remains one main risk factor in the devel-
opment of chronic gastritis, peptic ulceration, and gastric carci-
noma [1,23,24]. Imbalances between cell apoptosis and
proliferation may lead to peptic ulcer and gastric carcinogenesis
[24]. Severe H. pylori infection is known to induce GEC apoptosis
[3—5]. Our previous study demonstrated that H. Pylori by itself
activated AMPK in GEC-1 cells and primary GECs, which served as a
negative regulating signaling to protect GECs from apoptosis [17].
Inhibition of AMPK by Compound C, or by AMPKa1 shRNA, exac-
erbated H. Pylori-induced GEC apoptosis [17]. Here, we showed that
C13, the al-selective small molecule activator of AMPK, potently
strengthened H. Pylori-induced AMPK activation. As a consequence,
ROS production and GEC apoptosis by H. Pylori were remarkably
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inhibited by C13 co-administration. Pharmacological inhibition or
shRNA-mediated silence of AMPKa1 reduced the anti-oxidant and
cyto-protective effects of C13 in GECs. Molecularly, we found that
C13-activated AMPK induced HO-1 expression to exert its activities
in GECs.

AMPK is composed of a catalytic o subunit as well as regu-
latory B and vy subunits [25,26]. Multiple genes encoding isoforms
(a1, a2; B1, B2; v1, v2, v3) as well as transcriptional variants exist
for each of the subunits, generating 12 or more distinct hetero-
trimeric complexes [25,26]. At the cellular level, AMPK plays a
role as an energy sensor and regulator. Under conditions of en-
ergy depletion, AMPK inhibits ATP-consuming pathways whiling
stimulating ATP-generating processes to restore overall cellular
energy homeostasis [25,26]. AMPK activation is also important
for cellular survival when cells are under stress conditions
[14,27,28]. There has been no direct AMPK activators entering
clinical trials for treatment of metabolic disorders and possible
other diseases [18]. Several small molecules have been reported
to directly activate AMPK. The underlying mechanisms of actions
of these AMPK activators are, however, mostly not well-
elaborated. One except is A769662, which stimulates f1-
containing complexes [29]. Recent research efforts have identi-
fied a nucleotide mimetic compound 2 (C2) [30], and its cell-
permeable pro-drug C13 [18], as novel and highly potent AMPK
activators. C13 is characterized as an a1-selective small molecule
activator of AMPK [18]. C13 was shown to potently inhibit lipid
synthesis in hepatocytes from wild-type and was largely inef-
fective in AMPKa1-knockout hepatocytes [18]. In the current
study, we also found that C13 activates AMPK and inhibit H.
pylori-induced GEC apoptosis through interacting with AMPKa1.
ShRNA-mediated knockdown of AMPKa1 almost abolished C13-
mediated activities in GECs.

ROS play major roles in regulating H. pylori-associated gastric
inflammation and carcinogenesis [9]. Although neutrophils are the
main source cells responsible for ROS production in the H. pylori-
infected stomach, H. pylori by itself could also produce ROS [9]. As a
matter of fact, recent studies have demonstrated that H. pylori could
increase ROS production in GECs, which contributes to gastric
carcinogenesis through affecting GEC signaling transductions [9]. In
addition, excessive ROS in H. pylori-infected GECs damage DNAs, a
step that is associated with GEC transformation [9]. In this study,
we found that C13 dramatically inhibited H. pylori-induced ROS
production in both transformed and primary GECs. AMPK activa-
tion was required for C13-mediated ROS scavenging ability through
induction of anti-oxidant gene HO-1 in GECs. Inhibiting or silencing
AMPK as well as the HO-1 inhibitors abolished C13-induced anti-
oxidant ability in H. pylori-infected GECs. In summary, the results
of this study demonstrate that C13 protects GECs from H. pylori-
induced oxidative stress and apoptosis through activating
AMPK—HO-1 signaling.
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