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Abstract

The stomach is a hostile environment for most microbes because strong gastric acid kills
indigenous microorganisms. Thus, the mass of indigenous microbes detected by
traditional culturing method in a highly acidic@omach is reported to be very small.
However, in a stomach with less acidity due to atrophic changes of the gastric mucosa,
the num‘ﬁ of live gastric microbiota dramatically increases and their composition
changes. A probiotic is defined as a live microorganism that, when administered in
adequate amounts, confers a health benefit on the host. The administration of probiotics
to the stomach has thus far been considered impractical, mainly due to the strong acidity
in the stomach. The identification of candidate probiotic strains with sufficient resistance
to acidity and the ability to achieve close proximity to the gastric mucosa could enable
the application of probiotics to the stomach.

The utilization of probioEs alone for Helicobacter pylori (H. pylori) infection
significantly improves gastric mucosal inﬂﬁmation and decreases the density of H.
pylori on the mucosa, although complete eradication of H. pylori has not yet been
demonstrated. The use of probiotics in combination with antim'ﬁrobial agents
significantly increases the H. pylori eradication rate, especially when the H. pylori strains
are resistant to antimicrobial agents. While H. pylori has been considered the most

important pathogenic bacterium for the development of gastric cancer, bacteria other




th . pylori are also suggested to be causative pathogens that promote the develc:ﬂ'lent
of gastric cancer, even after the eradication of H. pylori. Increased non-H. pylori G e
negative bacteria in the stomach with weak acidity accompanying atrophic gastritis may
perpetuate gastric mucosal inflammation and accelerate carcinogenic progression, even
after H. pylori erﬁd ication. Probiotics restore the acidity in this stomach environment and
may therefore prevent the development of gastric cancer by termination of Gram-
negative bacteria-induced inflammation.

Functional dyspepsia (FD) is defined as the presence of symptoms that are thought
to originate in the gastroduodenal region in the absence of any ﬁganic, systematic or
metabolic diseases. Accumulating evidence has pointed out the duodenum as a target
region underlying the pathophysiology of FD. A randomized placebo-controlled clinical
trial using a probiotic strain (LG21) demonstrated a significant improving effect on major
FD symptoms. One of the possible mechanisms of this effect is protection of the duodenal
mucosa from injurious intestinal bacteria through the resolution of small intestinal

bacterial over growth.
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Core Tip: Gastric microbiota and application of probiotics to the gastroduodenal diseases
have so far been unfamiliar because the mass of live microbes is so small in the gtomach
with high acidity. However, in the subject whose stomach is low acidity due to atrophic
gastritis or proton pump inhibitor long-use, the number of live bacteria increases so much
in the stomach thus they can significantly influence the pathophysiology of

gastroduodenal diseases.
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INTRODUCTION

The intestine is colonized by a complex and dynamic microbial ecosystem with a high
density of bacteria whose cell number can reach igh as approximately 1012/ g feces.
Their total number is therefore estimated to be 10-times greater than the number of
eukaryotic cells in the human body, and the genes of these microbes outnumber human
genes more than 100-fold!!l. As the early definition of probiotics emphasized their effects
on improving the ecology of intestinal microbiota, their actions on the intestinal tractand
gut mucosal immunity have received a great deal of attention.

On the other hand, the size of ric microbiota, in which probiotic bacteria exert
their beneficial effects, is very small [around 10? colony-forming units (CFU)/mL gastric
fluid (GF)[2l] because of the strong acidity and frequent peristalsis to the intestine in the
stomach. Such high acidity due to secreted gastric acid kills probiotic strains as well as
gastric commensal microbes. Therefore, the application of probiotics to the stomach or
proximal small intestine has historically been considered impractical.

Based on the outline of microbiota and probiotics in the stomach, this article reviews
e.’.ir:obacter pylori (H. pylori) infection and functional dyspepsia (FD). The former includes
the pathogenicity of H. pylori, the suppressive mechanism of probiotics on this bacterium
and the present status of the application of probiotics in eradication therapy. In addition,
this review argues a possible role of probiotics in the prevention of post-H. pylori
eradication gastric cancer. In the description, basic and clinical data reported by the
author’s group are emphasized because they are indispensable for communicating the

author’s ideas in relation to the theme of this review article.

MICROBIOTA IN THE STOMACH

Probiotics are considered to exert beneficial effects on the host by improving the
indigenous microbiotal®l. Thus, a brief description of the gastric nﬁrobiota is necessary
to understand the effects of probiotics in the stomach. The stomach is a hostile
environment for most micggbes because strong gastric acid kills indigenous

microorganisms. Therefore, when examined using traditional culturing methods,
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bacterial numbers in the gastric mucosa-associated or GF are reported to contain only

approximately 103 CFU per g or mLE2l. Moreover, this method can only detect microbes
that are able to grow in the media components and the atmospheric conditions of the
culturing assay. Thus, in the stomach-where the acidity is high enough to kill indigenous
bacteria-the investigation of gastric microbiota by traditional culturing methods makes
no sense as the stomach contains few live bacteria. However, the introduction of DNA
sequencing using high performance next-generation sequencers has markedly enhanced
the analysis of microbiomes in the stomach as well as in the intestine. In a stomach with
less acidity due to the continuous use of acid-suppressive agents [e.., proton-pump
inhibitors (PPIs)] or atrophic change of the gastric mucosa, the number of bacteria in the
live gastric bacterial mass dramatically increases and the composition changes,
respectively 5l In these low acidity settings, the gastric microbiota will exert a significant
effect oné-ne pathophysiology of upper gastrointestinal (GI) tract disorders.

The mouth is located at the entrance of the GI tract, and contains COIEJ[EX anatomical
sites, including the teeth, gingiva and tongue. The oral microbiota flows downstream into
the stomach by swallowing of saliva and mastication of foods. These are expected to exert
a great influence on the microbioE in the stomach. While the gut harbors a very large and
complex microbial community, it is conceivable that such intestinal microbiota can be
significantly affected by the gastric micabiota through continuous inflow. This is
especially true after a large increase in the bacterial mass in a stomach with low acidity.
This raises the hypothesis that the GI tract has a common microbial ecosystem in which
the gastric microbiota plays the role of a relay base between the oral and gut microbiotas.
Therefore, in this chapter, the microbiota in the stomach is described and compared to
the microbiotas of the oral cavity and gut. H. pyloriis not an indigenous resident but a
pathogen of exogenous origin. Accordingly, it is not described in the present chapter.

In 2006, Bik et all®l identified 128 bacterial phenotypes based on a 165 rRNA gene
analysis of gastric microbiomes with 1833 sequences obtained from 23 human gastric
endoscopic biopsy specimens. A few years later, Li ef all7l also performed a 16S rRNA

gene analysis using 1223 non-H. pylori sequences of 10 biopsy samples from the stomach,
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which were then classified into 133 phylotypes. Despite examining racially distinct
populations (North America and China, respectively), both studies investigating the
gastric mucosa-associated microbiomes revealed similar results. Streptococcus and
Prevotella were the predominant genera, and they accounted for agpproximately half of the
total detected species detected in their studies. In 2015, Tsuda et all?! performed a meta-
16S analysis of the gastric luminal microbiome with far greater sequencing depth. Their
analysis was performed using GF samples obtained from Japanese subjects in a fasting
state in the morning. They obtained roughly 40000 high-quality reads for the analysis
from 45 GF specimens and also identified Streptococcus and Prevotella as the most
prevalent genera, accounting for approximately 50% of all the species detected in the
stomach (Figure 1). Moreover, in all three of thﬁ studies, Neisseria and Rothia ranked
among the top 5 most prevalent genera. This similarity in the bacterial composition
between the mucosa-associated®”] and luminall?l samples suggested that the former
bacteria moved back into the lumen, while the latter continuously colonized the mucosa.
H. pylori is a predominant inhabitant of the mucous layer and also inhabits the gastric
epithelial cells. Accordingly, it is mainly found in the mucosa-associated specimens.
Tsuda et all?l also compared three different bacterial communities along the
alimentary tract (oral cavity, stomach Ed colon) using stimulated saliva, GF, and feces
specimens. There was no significant difference in the degree of species richness (a-
diversity) among the three types of specimens. While the median log CFU bacterial
number was only 3.4/mL (determined by culturing), the bacterial log genome copy
number was as high as 7.8/mL (median) in GF samples. This large discrepancy between
the CFU and genome copy numbers implied that > 99.9% of the GF bacteria were dead
or viable but non-culturable. The analysis of bagterial genome copies also suggested that-
if microbes were alive and metabolically active in the stomach with weak acidity-the mass
size of the GF microbiota may be high enough to significantly affect &le pathophysiology
of the stomach and its downstream organs A bacterial composition analysis at the genus
level showed high similarity between the salivary and GF microbiota (Figure 1). Indeed,

the five most prevalent genera in these microbiomes (in descending order) were as
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follows: Streptococcus, Prevotella, Neisseria, Rothia and Veillonella, and Streptococcus
Prevotella, Actinomyces, Neisseria and Rothia. In contrast, the composition of the fecal
microbiota was markedly djfferent.

In a meta-16S analysis was performed to investigate the influence of gastric acidity
on the microbiome composition in the stomach without atrophic change of the mucosa,
PPI treatment was found to significantly increase the amount of Streptococcugin the
mucosa-associated gastric microbiotalsl. This increase occurred independently of H. pylori
infection. The compositions of other bacteria at the genus level showed no significant
alteration. In another study, in which a bacterial DNA analysis study was conducted
using GF samples, PPI-treated subjects whose GF acidity was > pH 4, showed lower a-
diversity than subjects without PPI treatmeptl®). No other significant changes in the GF
microbiome comﬁsition were observed in GF samples with weak acidity. Furthermore,
the presence of H. pylori was not associated with the difference in the microbiome
composition. eover, in a study of PPl-users by Tsuda et all2], no significant changes
were observed in the bacterial composition (at the genus level) in the GF of PPI users,
with the exception that Streptococcus tended to be more prevalent (Figure 1). In their
study, the average pH values of GF samples obtained from the PPIl-users and PPI-
nonusers were 3.2 and 1.6, respectively. Of note, the average log copy number of bacterial
cells (/mL) jn these GF samples (measured by quantitative polymerase chain reaction)
was almost the same in PPl-users (8.0) and PPI-nonusers (8.1), while the CFU number
(determined by culturing) was > 1000-fold greater in PPI-users with weak acidity. This
result implies that PPI-induced low acidity protected the gastric microbiota from strong
acid.

Bacterial overgrowth in the stomach with weak acidity has been suggested to occur
due to the restoration of active growth of relatively acid-resistant indigenous bacteria,
which are kept alive (in small nymbers) due to their suppressed growth in the strongly
acidic stomach. However, the high similarity in the bacterial community structure
between the GF and saliva, and the high similarity of their bacterial genome copy

numbers, suggests that no “bacterial overgrowth” occurred. Instead, the bacteria that
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moved from the oral cavity to the stomach with weak acidity simply avoided being killed
by gastric acid. Although PPI use was not associated with any significant alteration in the
composition of the gastric microbiota, a ﬁniﬁcant decrease of Faecalibacteriuum and a
significant increaﬁ of Streptococcus were found in the feces of PPl-users (Figure 1). A
reduction in the abundance of Faecalibacterium was also reported in the feces of dogs
treated with PPIs[!%. Whether the large increase of live bacteria induced by PPI treatment
significantly influences the intestinal bacterial community structure remains to be

elucidated.

OBIOTICS FOR THE STOMACH

In 1989, Fuller defined probiotics as “a live microbial feed supplement that beneficially
affects the host animals by improving its intestinal microbial balance”Bl. Thig early and
influential definition was refined by a standard definition proposed by the Joint (Food
and Agricultural Organizations of the United Nations) /é] orld Health Organization
Expert Consultation in 2001011: “a live microorganism that, when administered in
adequate amounts, confers a health benefit on the host”. The International Scientific
Association for Probiotics and Prebiotics consensus statements reported in 2014
exclusively retained the body of these definitions[!2l.

The main beneficial effects of probiotics on the host include inhibition of potential
pathogens in the GI tract, modulation of immunity, and reinforcement of the mucosal
barrier. Competition with bacteria for binding sites on the mucosa by probiotic strains is
the dominant mechanisms underlying the protection of the host from pathogenic bacteria
in the intestine. Organic acids secreted by probiotic strains (e.g., lactic acid) and short-
chain fatty acids (e.g., acetic acid) are considered to exert a significant bactericidal effect
on the pathogens. As underlined in the definitions of probiotics, a “living” state is
indispensable for probiotics to protect the hosts from pathogens, because dead probiotic
strains no longer have the ability to specifically bind to the mucosa or generate organic

acids.
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Because the early definition of probiotics emphasized their beneficial effects on
improving intestinal microbial ecology, it has been considered that probiotics should be
exclusively applied to the gut. Actually, the gut is colonized with a high density of
bacteria, the cell number of which can reach as high as 1012/ g fecesl!3l. In contrast, the size
of bacterial mass in the stomach, in which probiotic strains could work, is small. The
number of indigenous bacteria in the gastric fluid of healthy stomach-when examined by
culturing methods- is at most 10°/mLI24l. The strong acidity in the stomach due to
secreted gastric acid, which causes a marked reduction in the size of such resident gastric
bacteria also suppresses or terminates the beneficial effects exerted by probiotic strains
soon after they move to the stomach. For this reason, the application of probiotics to the
stomach or proximal small intestine has so far been considered impractical.

The proximity of probiotic strains to the mucosa-which will be achieved by bearing
affinity to the surface mucus layer, or by adhering to the epithelial cell layers-is crucial
for beneficial effects to be exerted in the GI tractl!4l. Those effects include competitive
inhibition of the pathogenic bacteria’s attachment to the mucosa, secretion of organic
acids in effective concentrations, and contact-dependent immunomodulation. Peristaltic
movements in the stomach are more frequent and active in comparison to the intestine;
thus, itis difficult for probiotic strains to come into close proximity to the gastric mucosa.
This factor also makes the use of gastric probiotics difficult.

From another point of view, the small size of resident microbiota in the stomach can
easily be affected by the introduction of exogenous microorganisms. These transient
bacteria (e.g., ingredients of foods or accidental contaminants) exert a much greater effect
on the microbiota in the upper Gl tract than on the gut microbiota due to its much smaller
size. The same situation is encountered with the administration of probiotics to the upper
Gl tract, where they are not disturbed by large amounts of robust and resilient microbiota,
which are present in the gut. The application of probiotics to the upper GI tract may
therefore be more advantageous in comparison to application to the gut, as long as the
candidate strains are able to resist the strong acidity and achieve close proximity to the

gastric mucosa.
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The stomach is a harsh environment for most microorganisms because strong gastric

acid kills many ingested microbes. In a fasting state in the morning, GF has a peak acidity
of pH 1-2. Such strong acidity is quite reasonable because one major physiological role of
gastric acid is to kill exogenous pathogenic bacteria that move to the digestive tract
through the mouth. At present, the most prevalent probiotic strains belong to genera
Lactobacillus or Bifidobacteriuml. In general, Lactobacilli and Bifidobacteria show
considerably high resistance to acidity. While both bacterial groups can survive acidic
conditions of approximately pH 3 to 4115, this is not as strong as the peak gastric acidity
(pH 1-2). Thus, screening using candidate probiotic strains is necessary to identify a
suitable probiotic strain for the stomach that can tolerate approximately pH 2.

Genus Lactobacillus is one of the predominant resident bacterial groups found in the
stomach (when examined by culturing methods)'¢l. Accordingly, Lactobacillus strains
might be the most appropriate for use as probiotics in the sta'nach. Furthermore, in adult
mice with a specific pathogen-free (SPF) environment, no H. pylori infection was found
in the stomach after oral inoculation of the bacteriall®l. In contrast, mice bred in a germ-
free eraironment were easily infected by oral inoculationéf H. pylori. In this animal
study, H. pylori infection was prevented in SPF mice with a large number of indigenous
lactobacilli in the stomach (> 10® CFU/ g tissue). A representative probiotic strain that can
be used for the stomach is Lactobacillus gasseri OLL2716 (LG21). This was selected out of
approximately 2000 straing of lactobacillil!?]. The criteria for selection were both resistance
to acidity and the ability to bind to the gastric mucosa. In the stationary growth phase,
LG21 can survive in culture broth at pH 2.5, which is similar to the acidity of GF. LG21
has several defense mechanisms that enable it to withstand acid stress, including the up-
regulation of the cation ATP-binding cassette transporter genes and the downregulation
of the genes associated with transcription and protein synthesis(!8l. The acid stress
response is generally indispensable for lactobacilli, because they always secrete large
amounts of organic acids to the external environment when they grow with metabolic
activity. Without this defense mechanism, the acidic milieu induces the arrest of the

growth of lactobacilli and it may even cause their death.
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In a handful of trials, endoscopy directly demonstrated mucosal colgnization by
probiotics. Using biopsy samples obtained by upper GI endoscopy, LG21 strains
administered through a yogurt drink were shown to be able to enter the mucous layer of
the human stomachl'?l. The laser-assisted micro-dissection and non-contact pressure
catapulting method enabled this fine topical analysis.

H. PYLORI INFECTION

H. gylori and its pathogenicity
H. pylori is a gram-negative and microaerophilic bacterium that can move in the mucus
layer on the surface epithelial cells of the stomach using several of flagella that are located
at one engd_(Figure 2). As much as half of the people in the world are infected with H.
pyloril20l. H. pylorl_infection causes inflammation of the gastric mucosa and then leads to
a gradual loss of hydrochloric acid-secreting parietal cells of the stomach. This ultimately
results in a condition known as atrophic gastritjs. Atrophic gastritis is a chronic
inflammatory and low gastric acidity state that has a high risk of progressing to gastric
cancgg1l.

H. pylori can tightly bind to epithelial cells by multiple bacterial-surface components.
The best-characterized adhesin, BabA, is a 78 kD outer-membrage protein that binds to
the fucosylated Lewis B blood group antigen on the host celll?Zl. Firm contact between H.
pylori and the host cell through adhesion is considered a prerequisite for the H. pylori to
transport effecter molecules (e.¢., CagA) into the host cell using the cag PAl-encoded type
Wécretion system(2l. This event is regarded as the pathway leading to the generation
of proinflammatory cytokines (e.g., IL-8 and IL-1p) by host cells. Thus, the adhesion of H.
pylori to epithelial cells is a critical event in the development of an inflammatory response

and the establishment of infection in the stomach.

H. pylori erﬁﬂ:ian
Mechanism e suppressive effect of probiotics on H. pylori: The major mechanisms

of probiotics against H. pylori infection are thought to be competition with H. pylori for
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binding sites on gastric epithelial cells, reinforcement of the mucosal barrier, and
secretion of bactericidal organic acids (e.g., lactic acid). These are the principle anti-
bacterial effects exgrted by probiotics. As for the mechanism of competitive binding, L.
reuteri is reported to inhibit the attachment of H. pylori on the epithelial cell surface by
competitive binding to asialo-GM1 and surface receptors/24l. Moreover, other probiotic
species (e.g., L. acidophilus, L. johnsonii and L. salivarius) were reported to&revent H. pylori
colonization through specific adhesion molecules!?5.26], Specific binding of H. pylori to the
host cell then induces the production of IL-8 through the type IV secretion system.
Tamura et all?’] also demonstrated competition for binding sites een H. pylori and a
probiotic strain LG21 using a coculture system with Mlﬁ% cells (a human gastric
epithelial cell line) and H. pylori (Figure 3). Large amounts of IL-8 were produced in the
gastric epithelial cells cocultured with H. pylori (10° CFU) alone. When 10° CFU of non-
treated live L.G21 (equivalent to the number of H. pylori) was added to the coculture
system, th ount of IL-8 secreted into the culture supernatant significantly reased.
However, UV- or heat-treated LG21 could not exert any suppressive effect on H. pylori-
induced IL-8 production, even at 108 CFU (100 times the amount of non-treated LG21).

n adherence assay in their study supported that LG21 competitively inhibited the
binding of H. pylori to MKIN45 gells, which suppressed the production of IL-8. Moreover,
they denﬁstrated that thw suppressive effect of LG21 also worked in the human
stomach. The measurement of the IL-8 Level in gastric biopsy specimens from H. pylori-
infected subjects also revealed that the oral intake of probiotic LG21 significantly

suppressed the generation of IL-8 in the gastric mucosal?7l.

Application of probiotics in the eradication therapy: The clinical application of
probiotics in the treatment of H. pylori infection has been perfor in many countries
for more than 20 years. Now the utilization of probiotics alone for H. pylori infection has
almost been settled. Both early and recent reviewsl?29 concluded that probiotics
significantly improved gastric mucosal inflammation, gnd decreased the density of H.

pylori on the mucosa. However, to our knowledge, the complete eradication of H. pylori
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colonizing the stomach by probiotic ﬁatment alone has not been demonstrated. One
representative trial of probiotigs alone for the treatment of H. pylori infection was reported
by Sakamoto et all'?] in 2001. In their study, 31 H. pylori-infected subjects (mean age 50
years) ingested yogurt containing 10° CFU of LG21 or placebo yogurt without LG21 every
day for 8 wk. The results of 13C-urea breath tests (UBT) and assays of serum pepsinogens
I and II (PGI/1I) showed a significant clinical improvement after LG21 yogurt treatment.
The B3C-UBT resﬁ and the PGI/II ratio are known to indirectly represent H. pylori
density and the degree of mucosal inflammation in the stomach, respectively3031. A
bacterial examination of gastric mucosal biopsy specimens (by culturing) revealed 2-100-
fold decreases in the number of H. pylori. However, there were no subjects in whom H.
pylori was completely eliminated. Pantoflick et al 1?21 reported the effects of the
administration of L. johnsonii Lal (LC-1) to 50 H. pyleri-positive healthy volunteers in a
randomized controlled, double-blind study. The subjects received 125 g of fermented
milk containing 106-107 CFU /g of LC-1 or placebo milk without LC-1 every day for 16
wk. The severity/activity of antral gastritis (assessed histologically) and the H. pylori
density (assesses by a BC-UBT) showed signiﬁcﬁt improvement. The histological
examination of the mucous mucosa also revealed a significant increase in the mucous
thickness in the LC-1-treated group. This suggested that the stabilization of the mucosal
barrier by probiot'ﬁs also enhanced the suppression of H. pylori.

Recently, the H. pylori eradication rate in patients treated using anti-microbial agents
is decreasing. This is mainly due to antimicrobial resistance. In the early 1990s, the
standard triple therapy achieved an eradication rate of > 90%. In contrast in the past
decade, the effectiveness of this regimen often falls to < 70%[334. According to an ITT
analysis by Deguchi et all®! in 2012, the succegsful eradication rate using the same
regimen was just 69.3%. In those subjects, the rate of infection with clarithromycin-
resistant strains of H. pylori was as high as 27.1%. This increase in resistance to
antimicrobials like clarithromycin is thought_to have reduced the eradication rate.
Actually, the clarithromycin resistance rates of H. pylori isolated from children in North

America and Europe were reported to be 10.6%-25% and 1.7%-23.4% respectivelyl07],
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These studies also reported the increasing prevalence of H. pylori isolates that are resistant
to metronidazole, which is frequently used in the first-line regimen.

The use of probiotics in combination with antimicrobial agents significantly
increased the eradication rate, especially for bacteria with antimicrobial resistance. Both
the suppressive effect on H. pylori by probiotics and the compliance-promoting effect of
ameliorating the side effects of antimicrobials are thought to significantly increase the
eradication rate. Actually, Deguchi et all35] reported that a group treated with one week-
triple therapy supplemented with LG21 yogurt and a group with triple therapy alone
showed cure rates of 82.6% and 69.3%, respectively. The difference in the intention-to-
treat analysis was statistic significant (P = 0.018). In their study, 112 g of yogurt
containing 10° CFU of LG21 was,given twice daily for 4 wk (3 wk of pretreatment and 1
wk during eradication therapy). According to a recent meta-analysis of 40 eligible studies
with 8924 patients/®], the use of probiotics before and throughout the eradication
treatment was associated with a erior eradication effect. Patients who received
supplementary probiotics showed a higher eradication rate [relative risk (RR) 1.14,
95%CI: 1.10-1.18, P < 0.001] and lower incidence of total side effects (RR 0.47, 95%CI: 0.39-
0.57, P < 0.001) in comparison to the control group without probioti&s. In a sub-analysis,
Lactobacillus was the best choice among the probiotic strains, and probiotics combined

with bismuth quadruple regimen was suggested to be the best combination.

ssible role of probiotics in preventing post-eradication gastric cancer: The lifetime
risk of gastric cancers in H. pylori-infected individuals is estimated to be 3%-5 %38]. In H.
pylori-infected patients, colonization with H. pylori on the gastric mucosa is known to
gradually decrease overtime and often becomes undetectable in patients who develop
gastric cancerB9. Furt ore, during long-term follow-up (up to approximately 20
years) of patients who had been cured of H. pylori infection at the start of observation,
0.35% of subjects developed gastric cancer per year. That is, 7% is estimated to have
developed gastric cancer at 20 yearsl*l. These findings stroﬁy suggest that there are

some causative factors other than H. pylori can also promote the development of gastric
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cancer even after H. pylori eradication. However, H. pylori is currently considered the

most important pathogen for the develop t of gastric cancer.

According to the Correa pathway!#!l, chronic H. pylori infection progresses over the
decades thrgugh the following stages: chronic gastritis, atrophy, intestinal metaplasia,
and cancer. Gastric adenocarcinomas are classified as both well-differentiated (intestingl-
type) and undifferentiated (diffuse-type) onesl*2l. The development of gastric atrophy is
recognized as a critical step to the development of intestinal-type gastric cancer in the
Correa pathway. Mucosal atrophy is usually accompanied by inflammation, aﬁd is thus
recoghized as atrophic gastritis. Accordingly, atrophic gastritis appears to be the
strongesHisk factor for gastric cancerl?ll. The histological characteristics of the gastric

cosa (e.g., inflammation, atrophy, and intestinal metaplasia) were analyzed to identify
risk factors for gastric cancer after H. pylori eradication(*’l. The mucosal inflammation
score of the group who developed gastric cancer after successful H. pylori eradication (n
= 61) was significantly higher than the group without cancer after eradication (1 = 122).
The RR and 95%CI were 5.92 and 2.11-16.6, respectively (P < 0.01). Neither atrophy nor
intestinal metaplasia itself was a direct risk factor for post-erﬂcation cancer.

The gastric corpus and antrum predominantly contain acid-secreting parietal cells
and gastrin-secreting G cells, respectively. Thus, the mucosal atrophy in the corpus
caused by H. pylori infection rapidly leads to a reduction in the gastric acid production.
In contrast, the production of gastrin (an acid secretion stimulating hormone) remains
relatively unchanged. Of note, patients who develop H. pylori-associated duodenal ulcers
seem to be somewhat protected from the occurrence of gastric cancersl4l. The
predominant mechanism of this protection in patients with duodenal ulcer from the
cancers appears to higher basal level of gastric acid secretion. On the cErary, it was
reported that the long-term suppression of gastric acid secretion by proton pump
inhibitors (PPIs) was associated with a significantly jpcreased risk of gastric cancer in H.
pylori-infected subjectsl*3l. During approximately 8 years of follow-up, Cheung et all4]
evaluated the gastric cancer risk in patients treated with PPI using a Cox proportional

hazards model. The study population consisted of approximately 63000 subjects, who
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had received clarithromycin-based triple therapy for H. pylori eradication. The use of PPls

was associated with an incrggsed gastric cancer risk (HR 2.44, 95%CI: 1.42-4.20). This
result demonstrated that the long-term use of PPIs was still associated with an increased
risk of gastric cancer, even after H. pylor:ﬁradication. Accordingly, the stomach with low
acidity accompanied by gastritis with atrophy and/or intestinal metaplasia rrﬁst be
considered a high-risk environment that predisposes the gastric mucosa to the
development of gastric cancer.

Gastric acid reduction invariably results in marked increase in the number of non-
H. pylori bacteria. Due to the low acidity, these bacteria are still viable and show metabolic
activity in the stomach. It therefore appears lik&y that such an enlarged bacterial mass
causes the development of gastric cancers even after H. pylori eradication. Recent studies
on the characteristics of the gastric microbial changes associated with gastric
carcinogenesis revealed a reduction of species richness, the enrichment of intestinal
bacteria or an increase of bacterial species of oral cavity originl4748l. It seems unlikely that
the deoxidization of dietary nitrates to nitrite by such dysbiotic bacteria could rapidly
convert dietary amines into carcinogenic N-nitro compounds, because this conversion
requires a sufficient amount of acid (which is not present in the stomach with mucosal
atrophy)#l.

Sunggt al®l analyzed gastric microbes associated with gastric mucosal inflammation-
which is considered to be the strongest risk factor for post-eradication gastric cancer-at
one year after H. pylori eradication. They identified several of bacterial groups that were
significantly associated with persistent inflammation. These bacteria included the genera
Acientobacter, Ralstonia, Actinobacillus and Erwinia, which are all Gram-negative bacteria.
Miyata et all®l isolated several types of Gram-negative bacteria from the H. pylori-infected
gastric mucosa, including Fusobacterium, Haemophilus, Neisseria and Veillonella species.
Coculture of a gastric epithelial cell line with the lipopolysaccharide (LPS) specimens
extracted from thesg bacterial groups stimulated a significant amount of IL-8 production.
Sano et all5!l found high LPS activity in gastric fluid samples with weak acidity (pH > 4),

whereas there was little or no activity in those with strong acidity (pH < 2). Spearman’s
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test demonstrated a close correlation between pH and LPS activity in their 136 samples
(r = 0.872) (Figure ﬁl@These findings suggested that LPS from such non-H. pylori Gram-
negative bacteria may perpetuate gastric inflammation and accelerate neoplastic
progression in the hypochlorhydric stomach after H. pylori eradication.

To examine a possible preventive effect of probiotics on post-eradication gastric
cancer, we administered a probiotic LG21 strain to subjects with successful eradication
who still suffered from atrophic gastritis. In a fasting state in the morning, the pH value
and LPS activity of their gastric fluids’ samples were > 3.0 and > 10 EU/mL, respectively
(Figure 5). Then, they received 10° CFU of LG21 in yogurt every day for 3 mo. In 8 of 10
subjects, the pH value considerably decreased after LG21 treatment. Lactic acid secreted
by the probiotic LG21 strain is thought to restore acidity in the stomach with low acidity.
Interestingly, the LPS activity of these subjects, in whom the gastric acidity partially
recovered, almost disappeared or markedly decreased[52]The termination of non-H.
pylori bacteria-induced inflammation by LG21 suggests a possible role of probiotics in

preventing the development of gastric cancer after H. pylori eradication.

FD is defined as the presence of symptoms that are thought to originate in the
gastroduodenal region, in the absence of ﬂ'ly organic, systemic or metabolic disease that
is likely exWin the symptoms. Because of the high prevalence and recurrenbnature of
symptoms, FD is a clinical problem of considerable magnitude for healthcare. According
to the Rome IV criterial?, there are two subtypes of FD: Postprandial distress syndrome
(PDS) with postprandial fullness or early satiation, and epigastriaai.n syndrome (EPS)
with epigastric pain or epigastric burning. The symptoms must be severe enough to affect
daily activities, and myst be present for > 3 mo with the onset of symptoms at least 6 mo
before the diagnosis. While the exact pathophysiology of FD remains to be clarified,
gastric motility disturbance (e.g., impaired gastric accommodation and delayed gastric
emptying) and visceral hypersensitivity have been suggested as critical underlying

mechanisms (Figure 6)/%. Recently, accumulating evidence supports that the duodenum
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is.a target region underlying the pathophysiology of FDI55I, Impajred mucosal integrity

and low-grade inflammation in the duodenum are thought to be associated with altered
neuronal signaling and mucosal immune activation in this region. This eventually result
in the uncontrolled motile and sensory mechanisms in FD. In addition, gastric acid, bile,
food and microbiota are considered to induce and/or aggravate such underlying
disorders in FD.

There is evidence to suggest that dysbiosis of intestinal microbiota is involved in the
pathogenesis of irritable bowel syndrome (IBS) [a functional gastrointestinal disorder
(FGID) oriating in the intestine]|l’¢l. However, the role of the gastroduodenal
microbiota in the pathophysiology of FD (an FGID orig'Lna'Elg from the stomach and
possibly the proximal small intestine) remains to be clarified. H. pylori infection had been
considered to be involved in the pathogenesis of FD-like symptoms that are often
observed in these subjects. While FD-like symptoms in some H. pylori-infected patients
are alleyiated by antimicrobial eradication therapy, the improvement of the symptoms
might not be mediated by the elimination of H. pylori but by the effect of antimicrobials
on non-H. pylori bacteria in the stomach and proximal small intestinel*’]. Indeed, Miwa et
all®8] demonstrated that the curative treatment of H. pylori infection in eradEtion therapy
was not significantly accompanied by the improvement of symptoms in a dguble-blind
placebo-controlled clinical test. The involvement of an H. pylori-independent mechanism
in the pathogenesis of FD is also suggested by a clinical study of probiotics. When the
effect of an LG21 strain on FD-like symptoms was examined in H. pylori-infected patients,
the severity of PDaafter LG21 treatment was significantly lower than that was before
treatment, while laboratory tests indicating the number and activity of H. pylori
colonizing thg stomach showed no significant difference between before and after the

atment!>l. These results suggested that bacteria other than H. pylori, which are resident
in the GI tract, play an important role in the pathophysiology of FD. Tan et all®l reported
that the oral administration of the antimicrobial refaximin to patients with FD induced
adequate relief of PDS. This implied the involvement of dysbiotic microbiota in the

pathogenesis of FD. Nakae et all®!l compared the structure of the microbiota in GF
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between 44 FD patients and 44 healthy control subjects. A PERMAI\&VA test showed

that the overall bacterial community structures of the two groups were significantly
different (P = 0.001). In the bacterial composition analysis using those samplesl®2, the
accumulation of bacteria that usually colonize the intestine, such as Bacteroides,
Bifidobacterium and Escherichia, was oftep found in the GF of FD patients. As bile acids are
also detected in these GF samples, the reflux of small intestinal contents, including bile
and proximal small intestinal bacteriado the stomach was suggested to induce such
changes in the bacterial composition. Small intestinal bacterial overgrowth (SIBO) is
broadly defined as an increase in the number of bacteria in the proximal small intestine
together with various types of GI symptomsl®]. More than 60% of Japanese patients with
FD have been reported to have overlapping IBS, in which SESO is considered a critical
etiological factor!®l. Thus, FD patients, whose GF contained large numbers of intestinal-
type bacteria, might also suffer from SIBO. It is likely that the duodenal mucosa is injured
by bile and/or the bacteria-especially Gram-negative bacteria such as Escherichia-in the
content thatis refluxed from the small intestine. Such mucosal damage would cause both
deranged duodenal mucosal integrity and low-grade inflammation in the mucosa (Figure
6). Their studies also showed that 12-wk treatment of FD_patients with an LG21 strain
was effective for significantly improving symptoms, and shifted the composition of the
GF microbiota to that observed in healthy subjects, whose GF microbiota no longer
included any intestinal-type bacterial6162l. Therefore, the disappearance of such dysbiotic
intestinal-type bacteria may be attributable to the resolution of SIBO after LG21
treatment.

Interestingly, there was also a significant inverse correlation between the differential
abundance of Prevotella and the improvement of PDS symptoms in the FD patients treated
with LG21I¢1l, That is; a greater increase in the relative abundance of Prevotella in GF after
treatment was associated with a higher degree of symptom improvement. A significantly
higher abundance of Prevotella on the duodenal mucosa was also observed in healthy
control subjects in comparison to patients with FDI®5l. Given that the genus Prevotella is

sensitive to bilel®l, the increase in the abundance after the treatment in FD patients may
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reflect a lower frequency of bile reflux, while lower abundance in FD patients may reflect
a higher frequency of bile reflux.

To evaluate the clinical efficacy of treatment with a probiotic LG21 strain in FD
patients, a randomized placebo-controlled clinical trial was performed using 116
individuals without H. pylori infectionl®?l. Participants were assigned to ingest yogurt
containing 10° CFL&E LG21 (LG21 group) or LG21-free yogurt (plac, group) every
day. According to a questionnaire on the severity of FD symptoms, a trend toward a
positive overall ameliorative effect on FD symptoms was observed in the LG21 treatment

up (P =0.07). Moreover, after treatment, the elimination rate for 4 major FD symptoms
stprandial fullness, early satiety, epigastric pain and epigastric burning) was 17.3% in
the placebo group and 35.3% in the LG21 group, respectively (P = 0.048) (Figure 7).

Although the beneficial effect of LG21 on FD was demonstrated by the clinical trial,
the underlying mechanism remains to be clarified. One possible mechanism is protection
of the duodenal mucosa from injurious intestinal bacteria and bile by through the
resolution of SIBO and/ or frequent duodeno-gastric reflux, as mentioned above (Figure
6). Considering that acid-suppressive therapy is so effective and has thus been
recommended as the first-line treatment for FDI®], another mechanism underlyjng the
effects of LG21 treatment may be a reduction of gastric acid production. Nakae et all*l],
reported that the mean pH values (IQR) of GF of FD patients (1 = 44) before and after the
treatment were 1.58 (1.43-1.85) and 1.84 (1.56-3.81), respectively. Although this difference
was not so great, it was statistically significant (P = 0.012). Given that hypersensitivity of
the gastroduodenal mucosa is a critical pathophysiology underlying FD, it is reasonable
that even a small reduction of gastric acidity by LG21 treatment can attenuate the gastric
sensory and motor disturbances, which would then lead to an improvement of PDS and
EPS symptoms. Similarly, in addition to PPI treatment, H-2 receptor antagonist (H2RA)
treatment is effective for FD, although the efficiency of acid suppressive by H2RA is
considerably lower in comparison to PPIs55]. The moderate decrease in the secretion of
gastric acid observed with LG21 treatment may be attributable to a reduction in the

expression of gastrin (an acid secretion stimulating hormone) as the oral administration
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of LG21 has been reported to reduce the gastrin exression in the murine system[("al.

However, LG21 treatment did not reduce the serum gastrin concentration at all in long-
term PPI users, who showed very high gastrin levels (> 200 pg/mL)0. This means that
the suppressive effect of LG21 is no longer exerted in subjects with high gastrin levels
such as PPI users and possibly patients with corpus-dominant atrophic gastritis, in whom
the serum gastrin concentration is abnormally high due to the secondary response to very
low intragastric acidity. Emerging data increasingly point toward the role of
gastroduodenal microbiota in the pathophysiology of FD. Accordingly, the application

of probiotics in the treatment of this regions is expected to be successful.

CONCLUSION

Probiotics for the stomach have been demonstrated to suppress H. pylori in the stomach,
and thus improve eradication rate in patients who receive antimicrobial treatment. If
probiotics strains are sufficiently resistant to the gastric acidity and able to achieve close
ﬁoximity to the gastric mucosa, they are also expected to prevent the development of
gastric cancer, even after H. pylori eradication, through the correctiorﬂ the dysbiotic
gastric microbiota. If a deranged gastric bacterial population is involved in the
pathophysiology of functional dyspepsia, the use of such probiotics may be useful for the

treatment of this functional gastroduodenal disorder.




79355 _Auto EditedC.docx

ORIGINALITY REPORT

254

SIMILARITY INDEX

PRIMARY SOURCES

www.ncbi.nlm.nih.gov 67 words 4%

Internet

journals.lww.com 192 words — 3%

Internet

e

Akira Tamura, Hideshi Kumai, Noboru Nakamichi, 2%
: ) : . . 130 words —

Toshirou Sugiyama, Ryozo Deguchi, Atsusi Takagi,

Yasuhiro Koga. "Suppression of Helicobacter pylori-induced

interleukin-8 production in vitro and within the gastric mucosa

by a live Lactobacillus strain", Journal of Gastroenterology and

Hepatology, 2006

Crossref

Ic—r|oessliecfobacter pylori, 2016. 101 words — 1 %
Ic—r|oessliecfobacter pylori, 2000. 60 words — 1 %
H ﬁtz)r?e?e.turkiyeklinikleri.com =7 words — 1 0%
Helicobacter pylori Research, 2016. 54 words — 1 %

Crossref

www.frontiersin.org 1 words — | 06

Internet



—_ —
& w

Xlgoguang .Shl,J.unhong Zhangl,' Llngshan Mo, Jialing 47 words — 1 /0
Shi, Mengbin Qin, Xue Huang. "Efficacy and safety of
probiotics in eradicating Helicobacter pylori", Medicine, 2019

Crossref

v jcl.org 46 words — 1 %

Internet

Oliver A. Stewart, Fen Wu, Yu Chen. "The role of 1 %
o L . .\ . 41 words —

gastric microbiota in gastric cancer", Gut Microbes,

2020

Crossref

ang.qlng Zhl(')u, Bingyao Xue, Rongcheng Gu, P'|r'1g 34 words — < ’I /0
Li, Qing Gu. " ZJ316 Attenuates -Induced Gastritis

in C57BL/6 Mice ", Journal of Agricultural and Food Chemistry,
2021

Crossref

) 0
www.gastronetz-aachen.de 34 words — < 1 )

Internet

I\/Iasayg Sano, Tetsufumll'Uchlda, Munekl Igarashl,33 words — < 1 %
Takashi Matsuoka et al. "Increase in the

Lipopolysaccharide Activity and Accumulation of Gram-

Negative Bacteria in the Stomach With Low Acidity", Clinical and
Translational Gastroenterology, 2020

Crossref

. . . . 0
Yoshilharu Uno. Ereventlon of ge?'strlc cancer by 29 words — < ’I /0
eradication: A review from Japan ", Cancer

Medicine, 2019

Crossref

n H . n . . 0
The Blo.logy of Gastrlc Cancers", Springer Suence27 words — < 1 /0
and Business Media LLC, 2009

Crossref



—_ —_
O (0¢}

N N N N
w N

N
O3]

Ayumi Tsuda, Watar-u Suda, Hldeto§h| I\/IorlFa, 26 words — < 1 %
Kageyasu Takanashi, Atsushi Takagi, Yasuhiro

Koga, Masahira Hattori. "Influence of Proton-Pump Inhibitors

on the Luminal Microbiota in the Gastrointestinal Tract", Clinical

and Translational Gastroenterology, 2015

Crossref

. - 0
Infectious Agents and Pathogenesis, 2002. 24 words — < ’] /0

Crossref

. . 0
www.ruminantia.it 24W0rds—< 1 /0

Internet

Lucas Wauters, Nicholas | Talley, '!\/Iarjone M 29 words — < 1 )0
Walker, Jan Tack, Tim Vanuytsel. "Novel concepts

in the pathophysiology and treatment of functional dyspepsia”,

Gut, 2020

Crossref

0
ﬁi;fgac'”k 22 words — < 1 /0
IIcr)]trerryect)pengastro.bmJ.com 21 words — < 'I /0
IIr:tr;rknjprlnger.com 21 words — < 1 )0

fatokl Shlchljo, Noriya Ugdo, Tomoki Michida. 19 words — < 1 A)
Detection of Early Gastric Cancer after <b>
<i>Helicobacter pylori</i></b> Eradication", Digestion, 2022

Crossref

lib.bioinfo.pl 18words — < 1%

Internet

vdoc.pub



w W N N
(@) O (0/0]

1

w
N

33

34

Internet

18 words — < 1%

S. nglmura, S. Kato, M. Oda, M. Miyahara, Y. Ito, 17 words — < ’I %
K. Kimura, T. Kawamura, M. Ohnuma, H. Tateno,

A. Watanabe. " Detection of OLL2716 strain administered with

yogurt drink in gastric mucus layer in humans ", Letters in

Applied Microbiology, 2006

Crossref

IIcn)irtal(\a/tvebstorage.bIob.core.windows.net 16 words — < 1 %
ﬁtgrc:i.pub 16 words — < 1 %
%tl:rtn'e?mj'com 16 words — < %
publications.iarc.fr 16 words — < 1 %

Internet

Frahcawlla, Rugg!ero, Marl Trlpaldl,.l\/l.a55|m|||ano 15 words — < 1 /0
Praitano, Elena Lionetti, and Vito Miniello.

"Probiotics and Helicobacter pylori", Probiotics and Prebiotics in

Food Nutrition and Health, 2013.

Crossref

. , 0)
itpe)reniztlalty.m|ms.com 14 words — < 1 /0

. : 0)
I\:}{(\axr\x\t/.om|csonlme.org 14 words — < 1 /0

" " 0
INFLAMMATORY BOWEL DISEASE", The 13words — < ] Yo

American Journal of Gastroenterology, 09/2008

Crossref



39

40

41

4

B

4

H B

44

45

0
ecommons.aku.edu 13words — < 1 )0

Internet

. " . . 0
Jennlfer'K.. Carson: Altering thg rrunergl | 12 words — < 1 /0
composition of soil causes a shift in microbial

community structure", FEMS Microbiology Ecology, 9/2007

Crossref

www.omicsdi.org > words — < ] 06

Internet

.. 0
iai.asm.org 11 words — < 1 )0

Internet

P. Pantoflickova. "Favgurable effect of regular 10 words — < 1 %
intake of fermented milk containing Lactobacillus

johnsonii on Helicobacter pylori associated gastritis",

Alimentary Pharmacology and Therapeutics, 10/2003

Crossref

| _ 0
jama.ama-assn.org 10words — < ] )0
0)
iiiztch.bvsalud.org 10words — < 1 )0
. . 0
I\:{:r\:]\;\t/.hmdam.com 1o0words — < 1 )0

Yasuhiko Komatsu, Yuji Aiba, Yasuhiro Nakano, < 1 %
: " L - 9 words —

Yasuhiro Koga. "Chapter 18 Probiotics, Prebiotics,

and Biogenics for the Stomach", IntechOpen, 2016

Crossref

docplayer.net o words — < 1 0%

Internet



ebin.pub 9 words — < 1 %

Internet

I[:n)tfri((j!uisa.bvsalud.org o words — < 1 0%
48 I\fw\:’l/r\rlw\i\t/.mz-store.com o words — < 1 0%
I\{::(\exvm\é\t/.pubfacts.com o words — < 1 %
A C de Vries, G A Meijer, C W N Looman, M K 8 words — < 1 0%

Casparie, B E Hansen, N C T van Grieken, E ]

Kuipers. "Epidemiological trends of pre-malignant gastric
lesions: a long-term nationwide study in the Netherlands", Gut,
2007

Crossref

Akiko Shiotani, Ryo KatSljmata, Kyousuke Gouda, ¢ 1o < 1 )0
Shinya Fukushima et al. "Hypergastrinemia in
Long-Term Use of Proton Pump Inhibitors", Digestion, 2018

Crossref

Ayesha Shah, Thomas II':alrlle, Georgla. Brown, 3 words — < 1 %
Michael P. Jones et al. "Duodenal Eosinophils and

Mast Cells in Functional Dyspepsia: A Systematic Review and
Meta-Analysis of Case-Control Studies", Clinical

Gastroenterology and Hepatology, 2022

Crossref

Current Topics in Microbiology and Immunology, < %
1999 8 words 1

Crossref

. . " . . . 0
Hiroto I\/I'|V\'/'a. Proton Pump Inhibitors in Funct|onal8 words — < 1 /0
Dyspepsia"”, S. Karger AG, 2013



O Ul
O (00)

61

(o)) (@)
W N

Crossref

. MAcia . g 0
Kwong Ming Fock. .AS|a Pacific cons.en?'us 3 words — < 1 /0
guidelines on gastric cancer prevention", Journal of

Gastroenterology and Hepatology, 3/2008

Crossref

O S van Boxel. "Role of Chemical Stimulation of the < 1 %
. . . 8words —

Duodenum in Dyspeptic Symptom Generation",

The American Journal of Gastroenterology, 03/16/2010

Crossref

Toshlhlro Ohtsu, Atsushi Takagl,. Nao'ml Uemura, 3 words — < 'I %
Kazuhiko Inoue et al. "The Ameliorating Effect of

Lactobacillus gasseri OLL2716 on Functional Dyspepsia in

Helicobacter pylori-Uninfected Individuals: A Randomized

Controlled Study", Digestion, 2017

Crossref

Etfrﬂtth'gov 8 words — < 1 %
Ip:t(eir:\e/:/eb-stg.pdr.net 8 words — < 1 %
I\r/w\:ee:rti;archive.org & words < 1 %
I\:1\2/r\r/1\2\t/.nature.com 8 words — < 1 %
WWW.science.gov 8 words — < 1 0%

Internet

. 0
www.tandfonline.com swords — < 1 %

Internet



n H . n . . 0
Gnotob}ology symposium abstracts", Microbial 7 words — < 1 /0
Ecology in Health and Disease, 4/1/2005

Crossref

" 10t iotics" i 0
2gggdbook of Probiotics and Prebiotics", Wiley, 7 words — < '] /0

Crossref

Natsuml I\/.I.lya.ta, Yoshlka;u Haya.sh|., Shunjl | 7 words — < 1 %
Hayashi, Kiichi Sato, Yoshikazu Hirai, Hironori

Yamamoto, Kentaro Sugano. "Lipopolysaccharides From Non-
Helicobacter pylori Gastric Bacteria Potently Stimulate

Interleukin-8 Production in Gastric Epithelial Cells", Clinical and
Translational Gastroenterology, 2019

Crossref

Dyspep'5|a in CllanaI Practice", Springer Science 6 words — < 1 /0
and Business Media LLC, 2011

Crossref

Ka Shi i K. ."Long- 0
a Shing Cheu.ng,. Wal K Leun.g Long tgrm use of 6 words — < 1 /0
proton-pump inhibitors and risk of gastric cancer:

a review of the current evidence", Therapeutic Advances in
Gastroenterology, 2019

Crossref

OFF OFF
OFF OFF



