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Revaprazan, a novel acid pump antagonist,
exerts anti-inflammatory action against
Helicobacter pylori-induced COX-2 expression
by inactivating Akt signaling
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Chronic gastric inflammation developing after Helicobacter pylori
(H. pylori) infection is responsible for either dyspeptic symptom
relevant to gastritis/peptic ulcer or gastric tumorigenesis, in which
acid suppressants, especially proton pump inhibitors (PPIs), play
role in relieving dyspepsia as well as the eradication regimen.
Among several mediators engaged in propagating gastric inflam-
mation after H. pylori infection, cyclooxygenase-2 (COX-2) might
be the principal one, and several prescriptions have been made
for decreasing the COX-2 levels. Multiple line of evidence are
available for anti-inflammatory action of PPIs beyond acid suppres-
sion, but revaprazan, a novel acid pump antagonist launched in
clinic, has also been suggested to exert significant anti-inflamma-
tory actions as much as PPI. In the current study, we hypothesized
that revaprazan could regulate H. pylori-driven COX-2 expression
as one of its anti-inflammatory pharmacological actions. The
changes of gastric COX-2 expression as well as responsible tran-
scription factors were measured after H. pylori infection in the
presence or absence of revaprazan. Infection of AGS cells with H.
pylori induced significant up-regulation of COX-2 in time- and
concentration-dependent manners, which was mediated by Akt
phosphorylation. Revaprazan treatment significantly inhibited
lkappaB-alpha degradation as well as Akt inactivation, resulting
in attenuation of H. pylori-induced COX-2 expression. Additional
rescuing action of revaprazan against H. pylori-induced cytotoxicity
was noted. In conclusion, revaprazan imposed significant anti-
inflammatory actions on H. pylori infection beyond acid suppres-
sion.
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C yclooxygenase (COX) or prostaglandin H synthase (PGHS)
is the key enzyme that catalyzes the rate-limiting step in
plostagladin biosynthesis from the substrate arachidonic acid and
exists in at least two isoforms designated as COX-1 and COX-2.
Although COX-1 is a housekeeping enzyme, being constitutively
expressed in almost all mammalian tissues, COX-2 is barely
detectable under normal physiological conditions. COX-2 is
induced rapidly and transiently by proinflammatory mediators
or mitogenic stimuli, such as like cytokines, endotoxins, several
growth factors, and oncogenes. Since COX-2 expression is
markedly increased after Helicobacter pylori (H. pylori) infection
in parallel with ensuing gastric inflammation and its expression
is especially prominent in intestinal type gastric carcinoma as well
as dysplastic premalignant lesions, COX-2 induction associated
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with H. pylori infection has been considered as the potential
target of cancer prevention related to H. pylori-associated gastric
cancer as well as H. pylori-associated chronic atrophic gastritis, a
premalignant lesion of gastric cancer.”

NF-xB has been known to regulate COX-2 expression since
the 5-promoter region of COX-2 contains two putative NF-kB
binding sites, which is a member of the Rel family including p50
(NF-B1), p52 (NF-B2), Rel A (p65), c-Rel, Rel B, and Drosophila
morphogen dorsal gene product.® Activator protein-1 (AP-1) is
another redox-regulated transcription factor that plays a critical
role in inflammation.®) AP-1 consists of either homo- or hetero-
dimers between members of the Jun and Fos families. H. pylori
infection led to activation of these transcription factors immedi-
ately which can explain the pathogenic link between H. pylori
infection and various gastric diseases including gastric malig-
nancy.*» Phophoinositide 3-kinase (PI3K) and its downstream
target Akt/protein kinase B are also known to regulate NF-xB
activation and COX-2 expression.(®7?

In addition to efficient suppression of gastric acid secretion,
proton pump inhibitors (PPIs) can further modulate inflammation
either by reducing the production of cytokines and chemokines
or enforcing phase II detoxifying enzyme induction through
Nrf2 transcriptional regulation as well as selective cancer cell
apoptosis.®? The acid pump antagonist (APA) is a reversible
inhibitor of gastric H/K*-ATPase, which competes with luminal
K* ions in binding to the proton pump and dissociates from the
enzyme when their blood concentration falls, after which the
net outcome is similar to those of PPI.®) Furthermore, similar to
additional pharmacological actions of PPL,® APA can impose
the direct anti-inflammatory actions against the diverse etiologic
factors of gastritis including H. pylori infection, NSAID challenge,
and stress.(1%1D

In this study, we examind the additional pharmacological action
of revaprazan on Akt signaling and NF-«xB activations related to
COX-2 expression after H. pylori infection and found that the
novel APA, revaprazan, can reduce COX-2 expression after H.
pylori infection by inactivating Akt and NF-xB with reduced
COX-2 expression in gastric mucosal cells.

Materials and Methods

Reagents. Revaprazan was supplied from Yuhan Corpora-

*To whom correspondence should be addressed.
E-mail: hahmkb@gachon.ac.kr

J. Clin. Biochem. Nutr. | September 2012 | vol. 51 | no.2 | 77-83



tion and dissolved in DMSO for treatment. MTT [3-(4,5-dimethyl-
thiazol-2-yl1)-2,5-diphenyltetrazolium bromide] and sodium dedo-
cylsulfate (SDS) were purchased from Sigma Chemical Co. (St.
Louis, MO). Fetal Bovine Serum, penicillin/streptomycin, RPMI
medium 1640 were obtained from Gibco BRL (Grand Island,
NY). Rabbit polyclonal COX-2 antibody was a product of Cayman
Chemical Co. (Ann Arbor, MI). Rabbit polyclonal Akt and pAkt
antibodies were obtained from Cell signaling Technology Inc.
(Beverly, MA). Primary antibody for IxB-o was purchased
from Santa Cruz Biotechnology (Santa Cruz, CA) Anti-rabbit, and
anti-mouse horseradish peroxidased conjugated secondary anti-
bodies were products of Zymed Laboratories (San Francisco,
CA). An oligonuleotide probe containing the NF-xB consensus
sequence in the human COX-2 promotor region was obtained
from Bionics (Seoul, Korea). [y-3*P]ATP was purchased from
Amersham Pharmacia Biotech (Buckinghamxhire, UK). The
electrophoretic mobility shift assay (EMSA) kit was obtained
from Gibco BRL (Grand Island, NY).

Bacterial strains and H. pylori culture conditions. The H.
pylori ATCC 43504 strain, the typical S shape, gram negative
rods, possessing the CagA, VacA cytotoxin, oxidase, urease, and
catalase, was provided in a frozen state by American Type Culture
Collection (Manassas, VA). H. pylori was cultured on tryptic
soy agar (TSA) with 5% (v/v) sheep blood (Becton Dickinson)
and Dent antibiotics supplement (Oxoid, Basingstoke, UK) at
37°C under microaerophilic conditions (Campy-Pak Systems;
BBL, Gaithesburg, MD). The microaerophilic conditions were
generated by CampyPack plus (BD) at 37°C in an atmosphere of
5% 02, 10% CO2, and 85% Na. For biphasic culture, H. pylori
inoculated onto the TSA were transferred into tryptic soy broth
supplemented with 10% FBS again in microaerobic conditions
for the additional 5 days. Colonies with a characteristic H. pylori
morphology were identified by phase contrast microscopy and
stored in liquid nitrogen before use.

Cell culture. AGS cells, human gastric adenocarcinoma
epithelial cell were obtained from the American Type Culture
Collection. The cells were maintained in RPMI 1640 medium
supplemented with 10% fetal bovine serum (Life Technologies,
NY), 100 U/ml penicillin, and 100 mg/ml streptomycin (Sigma) at
37°C under humidified atmosphere of 5% CO:x.

Treatment of H. pylori. The number of bacterial cells in the
suspension was counted by optical density measurement. AGS
cells were plated appropriately for H. pylori treatment. H. pylori
were treated at a bacterium/cell ratio of 100:1 [100 multiple of
infection (MOI)]. For example, AGS cells (1 x 107) were treated
with 100 pl of bacterial suspension (1 x 10° CFU) of H. pylori.
Before treating H. pylori, each well was washed twice in 5 ml of
fresh phosphate-buffered solution (PBS). AGS cells and H. pylori
were co-cultured in RPMI 1640 supplemented with 10% FBS and
antibiotics.

Western blot analysis. AGS cells pretreated for 2h with
vehicle or revaprazan (5, 20, 50 uM, respectively) were incubated
in the presence of H. pylori for 24 h for determination of protein
levels of COX-2 and Akt. To check the LPS-stimulated expression
of COX2 and IxBa, AGS cells were treated H. pylori after 2 h
revaprazan pretreatment. Medium was washed out twice with ice-
cold PBS before harvesting the cell lysates. The nuclei and
cytosolic proteins were separated from the pellets. AGS cells
were lysed in RIPA lysis buffer [150 mM NacCl, 0.5% Triton x
100, 50 mM Tris-HC1 (pH 7.4), 25 mM NaF, 20 mM EGTA,
I mM dithiothreitol (DTT), 1 mM NasVOs4] for 15 min at 0°C
followed by centrifugation at 13,000 x g for 15 min. The protein
concentration of the supernatant was measured by using the BCA
reagents (Pierce, Rockfold, IL). Aliquots of supernatant con-
taining 50 pg protein were boiled in sodium dodecylsulfate (SDS)
sample loading buffer for 5 min before electrophoresis on 12%
SDS-polyacrylamide gel and transferred to the PDVF membrane
(Gelman Laboratory, Ann Arbor, MI). The blots were blocked
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with 5% non-fat dry milk-PBST buffer [PBS containing 0.1%
Tween-20] for 1 h at room temperature. The membranes were
incubated for 12 h at 4°C with 1:1000 dilutions of primary
antibodies for COX-2, Akt or IxkB-o and 2-3 days at 4°C with
1:500 dilutions of primary antibody for phospho-Akt. Blots were
washed three times with PBST at 10 min interval followed by
incubation with 1:5000 horseradish peroxidase-conjugated sec-
ondary antibodies (rabbit or mouse) for 1 h and washed in PBST
for three times. The transferred proteins were visualized with an
ECL detection kit according to the manufacturer’s instructions.

Preparation of nuclear and cytosolic fractions. AGS cells
were washed with ice-cold PBS, scrapped in 5 ml PBS, and
centrifuged at 3,000 rpm for 3 min at 4°C. Cell pellets were
suspended in 200 pl of hypotonic buffer A [10 mM HEPES,
pH 7.9; 10 mM KCI; 2 mM MgCl; 1 mM DTT; 0.1 mM EDTA;
0.1 mM PMSF] for 15 min on ice, and 2 pul of 10% Nonidet P-40
solution was added for 5 min and centrifuged 14,000 rpm for
15 min. The nuclei were washed once with 100 ul of buffer A and
centrifuged 14,000 rpm for 2 min, resuspended in 150 pl of
hypertonic buffer C [SO mM HEPES (pH 7.8), 50 mM KClI,
300 mM NaCl, 0.1 mM EDTA, 1 mM DTT, 0.1 M PMSF and
10% glycerol], and incubated for 5 min on ice and centrifuged
at 14,000 rpm for 15 min at 4°C. The supernatants containing
nuclear, cytosolic proteins were stored at —70°C after determina-
tion of protein concentration.

Electrophoretic mobility shift assay (EMSA). EMSA was
performed using a DNA-protein binding detection kit according
to the manufacturer’s protocol (GIBCO). Briefly, the NF-xB
oligonucleotide probe (5'-AGT TGA GGG GAC TTT CCC AGG
C-3") was labeled with [y-32P] ATP by T4 polynucleotide kinase
and purified on a Nick column (Amersham Phamacia Biotech).
The binding reaction was carried out in a total volume of 25 pl
containing 10 mM Tris-HCI (pH 7.5), 100 mM NaCl, | mM DTT,
1 mM EDTA, 4% (v/v) glycerol, 0.1 mg/ml sonicated salmon
sperm DNA, 10 pg of nuclear extracts, and 100,000 cpm of the
labeled probe. After 50 min incubation at room temperature, 2 pl
of 0.1% bromophenol blue was added, and samples were electro-
phoresed through a 6% non-denaturating polyacrylamide gel at
150 V in a cold room temperature for 2 h. Finally, the gel was
dried and exposed to X-ray film.

MTT assay. AGS cells were plated at a density of 5 x 10*
cells in 48-well plates, and cell viability was checked by the
conventional MTT reduction assay. The MTT assay relies
primarily on the mitochondrial metabolic capacity of viable cells
and hence reflects the intracellular redox state. AGS cells were
treated with DMSO or revaprazan (10, 30, 40, 50, 80, 100 uM).
In another set, AGS cells were treated with revaprazan (5, 20,
50 uM) before LPS or H. pylori treatment. After incubation, cells
were treated with MTT solution (final concentration, 0.25 mg/mL)
for 2 h at 37°C. The dark blue formazan crystals formed in intact
cells were dissolved with DMSO, and transferred to 96 well plates.
The absorbance was measured at 570 nm with the ELISA reader.
The results were expressed as the percentage of control cells was
100%.

Cell migration monitored with live cell image. Confluent
AGS cells infected with 10 MOI H. pylori were wounded with
pipette tip and observed under the live cell imager analyzer
(Kongju University, Kongju, Korea), in which cell growth was
monitored up to 24 h and recorded with 3 min interval. Four
different groups were monitored; 10 MOI H. pylori, 10 MOI H.
pylori plus pretreatment of 5 uM revaprazan, 10 MOI H. pylori
plus pretreatment of 10 uM, and 10 MOI H. pylori plus pretreat-
ment of 20 uM. With the still photo taken after 24 h, the mean
velocity of cell growth was calculated according to the group and
the mean levels of cell migrations were displayed.

Statistical analysis. The data are presented as means
standard deviations (SD). The Tukey test or the Student’s ¢ for
unpaired results was used to evaluate differences between more
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than three groups or between two groups, respectively. Differ-
ences were considered to be significant for values of p<0.05.

Results

Revaprazan pretreatment reduced H. pylori-stimulated
COX-2 expression and activity. When the AGS cells were
infected with H. pylori for 24 h, expression of COX-2, one of the
key proinflammatory mediators related with H. pylori infection,
was significantly up-regulated (p<0.01, Fig. 1A and B). However,
revaprazane pretreatment could reduce H. pylori-induced COX-2
expression, and the inhibitory effect was more pronounced at
24 h than 12 h (p<0.05, Fig. 1B). COX-2 inhibition with pretreat-
ment of 20 uM revaprazan was significantly associated with
decreased levels of PGE: (Fig. 1C). Taken together, revaprazan
could attenuate H. pylori-associated COX-2 expression and
activity.

Revaprazan inactivated NF-kB-DNA binding for anti-
inflammatory action. Since NF-«B and AP-1 are well-known
to regulate COX-2 induction and their DNA binding activities are
also associated with H. pylori infection,"” we examined whether
revaprazan pretreatment can suppress the activation of these
transcription factors induced by H. pylori infection in the AGS
cells. Though EMSA showed that NF-kB and AP-1 DNA-binding
activities were increased by H. pylori treatment, 20 uM revap-
razan pretreatment slightly inhibited transcription activity of
NF-xB (Fig. 2A), but did not influence AP-1-DNA binding
activities (Fig. 2B). NF-xB is normally retained in cytosolic and
its nuclear import is blocked by binding with IkB protein.
Therefore, the dislocation from the IkB-o protein, which is
mediated by phosphorylation and subsequent proteasomal degra-
dation, is regarded as an essential step for NF-«xB activation. When
we detected the IkB-a level in cytosolic extracts using Western
blot analysis, expression of IkB-a was significantly decreased
after H. pylori infection, signifying that significant activation of
NF-kB was occurred. In this setting, revaprazan pretreatment
kept IkB-o accumulation in the cytoplasmic fraction, leading to
inactivation of NF-kB-DNA binding, Revaprazan effectively
inactivated H. pylori-induced ERK phosphorylation (Fig. 2D).

Revaprazan pretreatment reduced H. pylori-stimulated
Akt activation, but preserved migration activation for
regeneration. Phophoinositide 3-kinase (PI3K) and its down-
stream target Akt/protein kinase B are known to regulate inflam-
matory signaling.'® Akt phosphorylation was elevated after H.
pylori infection for 24 h. As shown in Fig. 3A, revaprazan pre-
treatment significantly inhibited Akt phophorylation. Since Akt
activation is associated with the cell survival, we have checked
whether revaprazan can rescue from H. pylori-induced cyto-
toxicity. Apart from Akt inactivation related to inflammation
regulation with revaprazan, as shown in Fig. 3B, revaprazan
significantly rescued from H. pylori-induced cytotoxicity. As
shown with the live cell imaging experiment (Fig. 3C), H. pylori
infection delayed wound healing, and revaprazan pretreatment
significantly accelerated the wound healing, but only at concentra-
tions lesser than 10 pM. The velocity and amounts of cell growth
monitored under the live cell imager were calculated and the
mean differences in the speed of cell growth were displayed in
the Fig. 3C, showing that revaprazan overcome the retarded cell
growth under H. pylori infection, but in concentration lesser
than 10 uM. We speculated revaprazan more than 20 uM was not
effective in speeding the cell growth because of simultaneous
induction of apoptosis.

Discussion
Our study suggest that even though acid pump antagonist

(APA) is a drug for suppressing gastric acids, it can also be used
for ameliorating gastric inflammation caused by H. pylori infec-
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Fig. 1. Effects of Revaprazan pretreatment on H. pylori-induced COX-
2 expression in AGS gastric epithelial cells. AGS cells exposed to 100 MOI
of H. pylori or revaprazan alone or in combination of revaprazan pre-
treatment and H. pylori for 12 and 24 h were subjected to western blot
of COX-2. (A) Expression of COX-2 was determined by western blot
analysis 12 h after H. pylori infection (upper) and mean levels of relative
intensities as assessed with triplicate experiments. H. pylori infection was
associated with significant inductions of COX-2. Though 2 h revaprazan
pretreatment decreased the expressions of COX-2, it was not statistically
significant. (B) Expression of COX-2 was determined by western blot
analysis 24 h after H. pylori infection (upper) and mean levels of relative
intensities as assessed with triplicate experiments. H. pylori infection
was associated with significant inductions of COX-2. 2 h pretreatment
of 20 uM revaprazan pretreatment significantly decreased the expressions
of COX-2 (p<0.05). (C) Mean levels of PGE2 according to 2 h pretreatment
of 20 uM revaprazan significantly decreased H. pylori-associated PGE:.
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Fig. 2.

Inhibitory effect of revaprazan pretreatment on H. pylori-induced NF-xB-DNA binding, not AP-1 binding. AGS cells were pretreated with

revaprazan (5 or 20 uM) 2 h before 100 MOI H. pylori infection. Cells were scrapped 1 h after the H. pylori treatment, and nuclear protein (10 ng)
was incubated with radiolabeled with either (A) NF-xB or (B) AP-1 oligonuclotide for EMSA. NF-xB-DNA bindings were increased after H. pylori
infection, but its binding was decreased in 20 uM revaprazane pretreated lane. Even though the AP-1 binding was increased after H. pylori
infection, there was no change in AP-1-DNA binding with revaprazane pretreatment. (C) AGS cells were treated with 5 or 20 uM revaprazan 2 h
before H. pylori infection (100 MOI, 1 h) and the expression of IkB-a in cytosolic extracts was examined by western blot analysis. H. pylori infection
was significantly associated with decreases in the levels of 1kB-o, whereas 20 uM revaprazan effectively preserved its cytosolic levels under H. pylori

infection, imposing inhibitory action of NF-kB activation with revaprazan. (D) Western blotting of ERK1/2 and phosphorylated ERK1/2.

tion as it efficiently attenuated COX-2 expression. In addition to
current documented mechanism regarding the anti-inflammatory
action of APA against H. pylori infection, we have reported other
peculiar actions of revaprazan; rescuing stomach from NSAID-
induced gastropathy with accentuated preservation of heat shock
protein 27 (HSP27) and mitigating endoplasmic reticulum stress
(ER stress) imposed by water immersion restraint stress.!%!D
Taken together with COX-2 inhibition as demonstrated in the
current study, APA possesses gastroprotective pharmacological
actions.

H. pylori infection widespread in humans worldwide, and its
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eradication can prevent the recurrence of gastroduodenal ulceration.
Moreover, it has been widely accepted that there has been a strong
association between H. pylori-associated gastritis and gastric
cancer development. Several lines of evidence have been reported
supporting that effective modulation of inflammation can confer
the possibility of cancer prevention in diverse kinds of GI cancers
associated with inflammation on their pathogenesis, such as
chronic atrophic gastritis, chronic reflux esophagitis, cholangitis,
pancreatitis, inflammatory bowel disease. Considering the link
between inflammation and carcinogenesis, COX-2 seems to be
one of the prime players in these connections, and NSAIDs and
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Revaprazan (24 h)

20 uM

Effects of revaprazan on H. pylori-induced expression and activity of Akt in AGS gastric epithelial cell line. (A) AGS cells were treated with

revaprazan (5, 20 uM) for 24 h under H. pylori infection. The levels of Akt and p-Akt were determined by western blot analysis. The graph presented
the ratio at pAkt: B-actin. (B) H. pylori-induced cytotoxicity Revaprazan pretreatment significantly rescued from H. pylori-induced cytotoxicity.
(C) Real live imaging after wound Compared to delayed wound healing in control group 24 h after H. pylori infection, revaprazan pretreatment
significantly compensated the delayed reepithelialization, but in a concentration below 10 uM.

other anti-inflammatory agents have been documented candidates
for chemoprevention. Since proinflammatory COX-2 has been
considered as one of the potential targets for chemoprevention,14
targeted inhibition of abnormally increased COX-2 can be an
appropriate strategy for alleviating inflammation as well as
preventing related cancer.(>:19

H. pylori-induced COX-2 expression!”'® was known to be
regulated by NF-kB.*!619 In resting cells, NF-«xB is present as an

J.S. Lee et al.

inactive form in cytoplasm sequestered by its inhibitory protein
IkBa.. When IkBa is phosphorylated, NF-«kB translocated to the
nucleus to induce specific pro-inflammatory enzymes such as
COX-2 and other cytokines. Our study reveals that reveprazan
pretreatment suppressed H. pylori-induced COX-2 expression in
the AGS cells with blocking phosphorylation of IkB-a. Even
though AP-1 is an another critical transcription factor which can
be activated by H. pylori and responsible for redox-sensitive
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Fig. 4. A putative molecular mechanism showing the inhibition of H.
pylori-induced COX-2 expression with revaprazan. Revaprazan, a novel
acid pump antagonist, exerted COX-2 inhibition led by the inactivation
of Akt signaling and NF-xB-DNA binding actions. Therefore, even
though revaprazane is acid suppressant playing as acid pump antago-
nist, it can additionally impose the direct anti-inflammatory actions in
H. pylori-associated gastric inflammation as well as rescuing stomach
from H. pylori-induced cytotoxicity.

—>COX-2_[—? Inflammation

Revaprazan

inflammatory response and several reports showed that H. pylori
infection of epithelial cells induced the activation of the transcrip-
tion factor AP-1,22D AP-1 was not engaged in anti-inflammatory
action of revaprazan. Instead, we found that the inactivation of Akt
signaling by APA contributed to its anti-inflammatory action.
The serine/threonine kinase Akt is basically a mitogen activated
survival factor,?>?» but PI3K and its downstream target Akt/
protein kinase B are also known to regulate COX-2 expression.®¥
Akt regulated COX-2 expression in endometrial cancer cells,
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