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BACKGROUND: Gastric acid secretion is compromised in chronic Helicobacter pylori (H. pylori) infection allowing

overgrowth of non-H. pylori gastric bacteria (NHGB) in the stomach.

METHODS: NHGBwere isolated fromgastricmucosa in selectivemedia and further characterizedwith biochemical

methods and 16S rRNA gene sequencing. Human gastric tissues were studied with indirect

immunofluorescence with antibodies against H. pylori and Neisseria subflava (N. subflava). Gastric
epithelial cell lines were cocultured with bacteria or incubated with lipopolysaccharides isolated from

NHGB, and interleukin-8 released in themedia wasmeasured by enzyme-linked immunosorbent assay.

Expression of Toll-like receptor (TLR)2, TLR4, it’s coreceptor myeloid differentiation factor 2 (MD2),

and CD14 in gastric cells was investigated by immunofluorescence microscopy and reverse

transcriptase-polymerase chain reaction.

RESULTS: Haemophilus species, Neisseria species, Fusobacterium species, and Veillonella species were

predominant Gram-negative bacteria coinfected with H. pylori. Lipopolysaccharides from N. subflava
potently stimulated interleukin-8 secretion inMKN45 cells which was cancelled by preincubation with

polymyxin B. TLR2, TLR4, CD14, andmyeloid differentiation factor 2 were expressed inMKN45 cells,

though their levels of expression were low.N. subflava adhered to MKN45 cells in vitro and colocalized
with H. pylori in the human gastric mucosa.

CONCLUSIONS: Our data suggest that N. subflava colonized in the gastric mucosa contribute to gastric inflammation

during chronic H. pylori gastritis.

TRANSLATIONAL
IMPACT:

NHGB may perpetuate gastric inflammation and accelerate neoplastic progression in the

hypochlorhydric stomach.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A20
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INTRODUCTION
In the healthy human stomach, gastric juice is highly acidic, with
a pH of 1–2. Because of this hostile environment for the growth
of bacteria, intragastric milieu was believed to be free of
microbiota before the seminal discovery of Helicobacter pylori
(H. pylori) by Warren and Marshall (1). Subsequent studies
established that H. pylori infection is an important cause of

gastroduodenal diseases such as chronic gastritis (2), peptic
ulcer (3), mucosa-associated lymphoid tissue lymphoma (4),
and gastric cancer (5).

Nevertheless, a number of issues concerning a link between
H. pylori infection and gastric cancer still remain to be solved. For
example, despite high prevalence of H. pylori infection in South
Asian orAfrican countries, gastric cancer incidence andmortality
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are low (coined as “African enigma” or “Asian enigma”) (6,7).
Difference in the virulence ofH. pylori strains may partly explain
this phenomenon, but even in Japan where virulent H. pylori
strains are ubiquitously prevalent, gastric cancermortality among
prefectures varies greatly with a lower tendency in the southern
provinces. Moreover, despite long-standing H. pylori infection,
a significantly lower occurrence of gastric cancer in duodenal
ulcer patients as compared to gastric ulcer was reported (8). How
do we reconcile this contradictory epidemiological evidence
against a direct role of H. pylori in gastric carcinogenesis? A po-
tential account for this question may be given if we consider
gastric atrophy as an additional key risk factor for gastric cancer
development. It was documented that the incidence of gastric
atrophy in southern countries is low (9), and acid secretion of
patients with duodenal ulcer generally remains high due to antral
predominant inflammation. It was also reported that atrophic
grades as stratified with pepsinogen I/II ratio in the Japanese
prefectures show near complete correlation with age-adjusted
gastric cancer incidence (10). Uemura’s prospective study also
showed that the risk of gastric cancer developmentwas dependent
on the grade of atrophy and intestinal metaplasia (11). Collec-
tively, these data support the hypothesis that hypochlorhydria
can be an important risk factor for the development of gastric
cancer in addition to H. pylori infection.

Gastric atrophy allows non-H. pylori bacterial overgrowth in
the stomach. Indeed, several studies have reported the presence of
non-Helicobacter pylori gastric bacteria (NHGB) in the stomach
in patients with achlorhydria (12) or under proton pump in-
hibitor therapy (13). Recently, sequencing-based analyses on
human gastric microbiota revealed that a variety of NHGB with
or without H. pylori infection occurs in the human stomach
(14–18). Furthermore, Yuan et al. (19) reported the presence of
NHGB with H. pylori infection using matrix-assisted laser de-
sorption ionization time-of-flight mass spectrometry. Although
these reports set a new stage of our understanding of gastric
microbiota, their functional roles in gastric pathophysiology re-
main largely unknown. Coinfection of these NHGB, however,
was shown to aggravate gastric inflammation (18), which cor-
roborate with the involvement of NHGB in gastric carcinogenesis
in rodent models (20–22). In this report, therefore, we set out to
isolate NHGB in patients with H. pylori and explored their ac-
tivities to stimulate interleukin-8 (IL-8) secretion from gastric
epithelial cell lines. We also examined the activity of lip-
opolysaccharides (LPS) isolated from them to stimulate IL-8 se-
cretion. We measured this cytokine as it is a critical cytokine to
recruit and activate neutrophils in the mucosa. Activated neu-
trophils may cause harmful effects to epithelial cells via pro-
duction of toxic reactive oxygen species leading to genetic
changes (23,24). Indeed, a recent report indicated neutrophils
might be linked to gastric carcinogenesis (25).

METHODS
Gastric bacterial strains

We performed experiments 3 times for each strain; 3 H. pylori
strains and 5 strains each ofNHGB (Neisseria spp., Fusobacterium
spp., Haemophilus spp., and Veillonella spp.) were identified by
their biochemical properties (ID test HN-20 Rapid, Nissui,
Tokyo, Japan; RapID ANA II, KS). Information on the patients
from whom strains were isolated is shown in Figure 1 and sup-
plementary Table 1, Supplementary Digital Content 1, http://
links.lww.com/CTG/A20. Fusobacterium spp.,Neisseria spp., and

Veillonella spp. were further characterized by 16S rRNA gene
sequences analyzed with the BigDye Terminator v.3.1 Cycle Se-
quencing ready Kit (Applied Biosystems, CA). The primers used
for polymerase chain reaction (PCR) amplification for identifying
bacteria are shown in Supplementary Table 2, Supplementary
Digital Content 1, http://links.lww.com/CTG/A20. Written in-
formed consents were obtained from all the patients who par-
ticipated in this study, and institutional ethical approval for this
research was obtained (March 26, 2007).

Extraction of LPS

In order to extract respective LPS from gastric bacteria, large-
scale cultures of isolated strains were conducted in appropriate
media as shown in Supplementary Table 3, Supplementary Dig-
ital Content 1, http://links.lww.com/CTG/A20. Five strains of
each non-H. pylori bacterial cells and 3 strains of H. pylori cul-
tured in broth and agar media were harvested by centrifugation
(8,000 rpm, 15 minutes, 4 °C) or scraping of colonies. Approxi-
mately 170–220 mg LPS was extracted from the lyophilized
bacterial cells (3–5 g dry weight) by a hot phenol–water method
(26). In addition, purified LPS fromH. pylori (GU2 andGC2) and
Escherichia coli (E. coli) (2 lots of O55 and 2 lots of O111) were
purchased from Wako Pure Chemicals (Tokyo, Japan). Crude
LPS from Neisseria was treated with 10 mg/mL of DNase I (Takara
Bio, Shiga, Tokyo), 10mg/mLofRNaseA (Sigma-Aldrich,MO), and
proteinase K (Sigma-Aldrich) and purified by ultracentrifugation.
Pam3CSK4, a TRL2 agonist, was purchased from Novus Bio (CO).

Cell lines and reagents

Human gastric cancer cell lines, MKN45, MKN28, and KATO3,
were purchased from the Japanese Collection of Research Bio-
resources (Osaka, Japan), and AGS was obtained from American
Type Culture Collection (Manassas, VA). They were cultured in
the media as recommended by the suppliers.

Assay for IL-8 production

IL-8 released in the media by various LPS (0.01, 0.1, 1 and 10 mg/
mL) and Pam3CSK4 (0.01, 0.1 mg/mL) was determined with
a commercial enzyme-linked immunosorbent assay kit (Quan-
tikine enzyme-linked immunosorbent assay; R&DSystems,MN).
Effect of double stimulation with LPS derived from N. subflava
together with LPS fromH. pylori at a concentration of 0.1mg/mL
for 24 hrs was also tested. In some experiments, effect of pre-
incubation of LPS fromN. subflava orH. pyloriwith polymyxin B
(10 mg/mL), an LPS inhibitor, was examined. SC-514 (100 mM,
Calbiochem, CA), a potent inhibitor of kappa B kinase (IKK)-2
inhibitor, was used to examine the role of nuclear factor-kB (NF-kB)
activation in IL-8 production.

To examine the effect of live H. pylori or N. subflava on IL-8
secretion, MKN45 cells were infected with at the multiplicity of
infection of 1, 10, and 100 with different incubation times (6
hours) in the antibiotic-free media.

Immunofluorescence study

We used the non-neoplastic part of the gastric tissues in endo-
scopically dissected specimens treated for early gastric cancer.
This histological study was approved by the ethics committee of
the Jichi Medical University (No. A12-61).

The antibody of N. subflava was raised by immunization of
rabbit with a killed whole-cell (63 °C, 30 minutes) antigen. Im-
munoglobulin G (IgG) from immunized rabbit sera was purified
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with a Sepharose-Protein AColumn (Bio-Rad, CA). The specificity
of the antibody againstN. subflava showed no cross-reactivity with
flame-fixed cells ofHaemophilus, Fusobacterium, Veillonella, orH.
pylori (data not shown). A prediluted mouse monoclonal anti-H.
pylori-specific antibody was purchased from Abcam (MA). To vi-
sualize immunoreactive materials, Alexa Fluor 488 donkey anti-
rabbit IgG (H 1 L) (1:200; Invitrogen, CA) and Cy3-conjugated
AffiniPure donkey anti-mouse IgG (H 1 L) (1:200; Jackson
ImmunoResearch, PA) were added and incubated for 1 hour at
room temperature. After rinsing, specimens were examined and
digital images were recorded with a Biorevo BZ9000 microscope
(Keyence, Osaka, Japan).

To examine the adhesion of N. subflava to MKN45 cells,
bacteria were cultured with MKN45 for 3 hours with multiplicity
of infection 10 and washed 3 times with phosphate buffered sa-
line. After incubation with the anti-N. subflava IgG, Alexa Fluor
488 donkey anti-rabbit IgG (1:200) was used as a secondary an-
tibody to visualize attached bacteria.

Mouse monoclonal anti-TL4 (1:100; Abcam), rabbit poly-
clonal anti-Toll-like receptor (TLR)2 (1:100; Abcam), and Cy3-
conjugated AffiniPure donkey anti-mouse IgG (H 1 L) (1:200;
Jackson ImmunoResearch) were used for studying the expression
of TLR4 and TLR2 on MKN45.

Nuclear translocation of NF-kB was studied after stimulation of
MKN45 cells with N. subflava LPS 1 mg/mL for 2 hours. Mouse
monoclonal antibody against p65 subunit, an active subunit ofNF-kB
(clone 12H11; 1:50; Merck Millipore), was used as the primary anti-
body followedbyfluorescent labelingwithCy3-conjugatedAffiniPure
donkey anti-mouse IgG (H1 L) (1:200; Jackson ImmunoResearch),
and DAPI (4,6-diamidino-2-phenylinodole, Dihydrochloride; Life
Technologies, CA) was used for nuclear staining.

Reverse transcriptase-polymerase chain reaction

Total RNA was prepared from cells using RNAiso Plus (Takara)
according to the protocols recommended by the manufacturer.
The extracted RNA was reverse-transcribed to first strand cDNA

Figure 1 Detection rate of microorganisms in the stomach. Twenty-five H. pylori-positive patients (17 men and 8 women, aged between 26 and 73 years,
mean 55.7 years) and 25 H. pylori-negative patients (14 men and 11 women, aged between 26 and 69 years, mean 47 years) who visited Jichi Medical
University Hospital for endoscopic examinations were enrolled. H. pylori infection in the subjects had been determined by a serological method (E plate,
Eiken Chemical, Tokyo, Japan) and culture. Red cells indicate NHGB positive, and grey cells indicate not determined. ENT, Enterococcus spp; EUB,
Eubacterium spp; FUS, Fusobacterium spp; H. pylori, Helicobacter pylori; HAE, Haemophilus spp; NEI, Neisseria spp; NHGB, non-H. pylori gastric
bacteria; STR, Streptococcus spp; VEI, Veillonella spp.
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using PrimeScript Reverse Transcriptase-Polymerase Chain Re-
action (RT-PCR) Kit (Takara). The primers used for amplifica-
tion in RT-PCR and amplification procedures are provided in
Supplementary Table 4, Supplementary Digital Content 1, http://
links.lww.com/CTG/A20. Amplified products were separated on
2% agarose gel electrophoresis, stained with Atras ClearSight
DNA stain (Bioatras, Tartu, Estonia) and visualized by the Fluor-
S Multi-imager (Bio-Rad).

Data analysis

The experiments were performed at least 3 times for each strain
and mean and standard error were reported. One-way ANOVA
with Tukey’s honestly significant difference post hoc analyses was
applied to compare difference between groups. The level of sig-
nificance was set at P , 0.05. All statistical analyses were per-
formed with SPSS software (version 11.0; SPSS, IL).

RESULTS
We could demonstrate abundant growth of both aerobic and
anaerobic NHGB in the H. pylori-infected stomach (Figure 1).

Among the 5 Haemophilus spp. cultured, 2, 2, and 1 strains were
identified as H. parahaemolyticus, H. parainfluenzae, and H. in-
fluenza, respectively. All 5 Neisseria spp. were identified as N.
subflava based on a criterion of over 98% homology of 16S rRNA
gene sequence (see Supplementary Table 4, Supplementary
Digital Content 1, http://links.lww.com/CTG/A20). Similarly, all
5Fusobacterium spp.were identified as F. periodonticum, whereas
among the 5 Veillonella spp., 2, 1, 1, and 1 strains were identified
as V. rogasae, V. parvula, V. dispar, and V. atypia, respectively.

We determined IL-8 secretion levels with 4 different human
gastric cancer cell lines. In our series of experiments,MKN45 cells
were mainly used because KATO3 had high background IL-8
secretion, whereas IL-8 secretions from MKN28 were low (data
not shown). We also observed that N. subflava LPS induce IL-8
secretion in AGS cells to the same degree of E. coli LPS (see
Supplementary Figure 1, Supplementary Digital Content 1,
http://links.lww.com/CTG/A20).

As the first step, we extracted LPS from NHGB and examined
their activities in IL-8 secretion from MKN45 cells since culture
conditions ofMKN45 cells would be hostile to anaerobic bacteria.

Figure 2 Assay for IL-8 production. IL-8 secretion in human gastric cells. MKN45 cells were treated with LPS from various bacterial species at a con-
centration of 10 mg/mL for 24 hours. **P, 0.01 vs control, H. pylori, F. periodonticum, Haemophilus spp., and Veillonella spp. *P, 0.01 vs control.
Veillonella, V. atypia, V. rogosae, V. parvula, V. rogosae, V. dispar; Haemophilus, H. parahaemolyticus, H. parainfluenzae, H. influenzae, H. parainfluenzae,
H. parahaemolyticus, in descending order (a). IL-8 induction in MKN45 stimulated with crude N. subflava LPS (■) or purified N. subflava LPS (d) with
various concentrations of LPS for 6 hours.s; control (b). IL-8 induction inMKN45 under double stimulation by LPS ofH. pylori andN. subflava. Cells were
pretreated with 0.1mg/mLH. pylori LPS for 24 hrs and then stimulated with 0.1mg/mlN. subflava LPS for 24 hours (c). IL-8 secretion after infection by live
H. pylori (4, N) or live N. subflava (:, ¤, ■) in the human gastric cell line MKN45.s; control. Cells were infected with each bacterium at a multiplicity of
infection 1, 10, and 100 for 6 hrs (d). H. pylori, Helicobacter pylori; IL-8, interleukin-8; LPS, lipopolysaccharides; N. subflava, Neisseria subflava.

Clinical and Translational Gastroenterology VOLUME 10 | MARCH 2019 www.clintranslgastro.com

ST
O
M
A
C
H

Miyata et al.4

http://links.lww.com/CTG/A20
http://links.lww.com/CTG/A20
http://links.lww.com/CTG/A20
http://links.lww.com/CTG/A20
http://www.clintranslgastro.com


LPS fromN. subflava dose-dependently stimulated IL-8 secretion
to the highest levels (Figure 2a,b), whereas LPS of H. pylori
showed negligible activity. LPS from Haemophilus or Veillonella
moderately stimulated IL-8 secretion. No further increase in IL-8
secretion was observed by pretreatment of H. pylori LPS before
challenge of Neisseria LPS (Figure 2c). Preincubation of N. sub-
flava LPS with polymyxin B abolished IL-8 secretion (see Sup-
plementary Figure 2, Supplementary Digital Content 1, http://
links.lww.com/CTG/A20). Although purified N. subflava LPS
showed a statistically significant reduction of IL-8 production
compared with that of crude N. subflava LPS, it still retained
a higher activity than purified LPS from E. coli (see Supplemen-
tary Figure 3, Supplementary Digital Content 1, http://links.lww.
com/CTG/A20).

When whole bacteria were cocultivated with MKN45, all 3
clinical isolates of N. subflava showed a higher potency in stim-
ulating IL-8 secretion than clinical isolates ofH. pylori (CagA and
Cag E positive, data not shown) in each dose tested (Figure 2d).

Pretreatment of MKN45 cells with a potent IKK-2 inhibitor,
SC-514, decreased IL-8 levels induced by purified LPS of
N. subflava (Figure 3a). NF-kB activation in MKN45 by LPS was
observed in immunohistochemistry analysis (Figure 3b,c).

MKN45 cells expressed low levels of TLR2 and TLR4 by im-
munofluorescence staining (Figure 4). Expression of mRNA for
TLR2, TLR4, myeloid differentiation factor 2 (MD2), and CD14
was also detected by RT-PCR (see Supplementary Figure 4,
Supplementary Digital Content 1, http://links.lww.com/CTG/
A20). Although expression levels of TLR2 and TLR4 were low,

both Pam3CSK4, an agonist of TLR2, and purified E. coli LPS, an
agonist of TLR4, could stimulate IL-8 secretion (see Supple-
mentary Figure 5, Supplementary Digital Content 1, http://links.
lww.com/CTG/A20).

To verify that N. subflava is not simply a passenger organism
but stably colonized in the gastric mucosa, we examined the lo-
calization of this bacteria in the human gastric mucosa. The
presence of N. subflava was shown in the surface gastric epithe-
lium as well as in the deeper part of pits, sharing colonization
niche with H. pylori (Figure 5).

N. subflava show firm adhesion to MKN45 cells (Figure 6),
supporting their colonization in the gastric mucosa where they
can adhere to the mucosal epithelial cells.

DISCUSSION
We found that N. subflava and LPS purified from the bacterium
were particularly potent in stimulating IL-8 secretion. Previous
studies (12,19) showed that Neisseria spp. is one of the pre-
dominant Gram-negative species in the human stomach. Al-
though Yuan et al. (19) identifiedN. flavescens as main species of
Neisseria in the human stomach, our Neisseria strains were
identified as N. subflava based on 16S rRNA gene sequence. An
analysis using genomic sequence data shows N. flavescens has
a close relation to N. subflava, so that they might be reclassified
into the same species (27) (see Supplementary Table 4, Supple-
mentary Digital Content 1, http://links.lww.com/CTG/A20).
According to our immunofluorescence study, N. subflava was
shown to colonize the gastric mucosa and share their residing

Figure 3 IKK/NF-kB signaling.MKN45Cells were treatedwith purified LPS ofN. subflava or E. coli at a concentration of 1mg/mL for 6 hrs after pretreatment
with 100 mM of SC-514 as IKK inhibitor (a). Distribution of p65, an active NF-kB subunit, was detected with anti-p65 antibody (clone 12H11, Merck
Millipore).MKN45cells were stimulatedwith 1mg/mLLPS fromN. subflava for 2 hours (b).MKN45cells were treatedwith 1mg/mLLPSofN. subflava and5
mg/mL polymyxin B (c). MKN45 cells were treated without LPS (d). IKK, inhibitor of kappa B kinase; LPS, lipopolysaccharides; N. subflava, Neisseria
subflava; NF-kB, nuclear factor-kB.
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niche with H. pylori. These findings corroborated with Naka-
mura’s report (28), but contrary to their report, we could not
detect N. subflava in the submucosal tissues. This may be due
to difference in the antibody used in their study (antibody to
N. meningitidis), whereas we used specific antibody raised to
N. subflava. It may also be due to the different tissues employed.

Considering their more rapid growth than H. pylori together
with their potent activity to elicit IL-8 secretion, dual or multiple
bacterial coinfection may cause more detrimental effects to the
gastric mucosa. N. subflava is an indigenous bacterium usually
residing in the oral cavity, which would allow continuous in-
fection and colonization in the stomach when the gastric envi-
ronment is suitable for their growth as seen in hypochlorhydric
conditions.

TLRs play pivotal roles in the immune response to bacterial
infection (29). Of these, TLR4 is a representative receptor for LPS.
The activation of TLR4 by LPS evokes a series of intracellular
events and promotes nuclear translocation of NF-kB leading to
IL-8 gene expression. Inhibition of IL-8 secretion by polymyxin B
indicates that TLR4 activation by LPS from N. subflava is a key
event to provoke IL-8 secretion through canonical TLR-NF-kB
pathway. Inhibition of IL-8 secretion by the IKK-2 inhibitor SC-514
also supports this signaling pathway for LPS from N. subflava. We
could not ascertain that LPS from N. subflava can activate TLR2 in
addition to TLR4, similar to the LPS from H. pylori (30,31). Struc-
tural characterization of LPS from our clinical isolates ofN. subflava
is necessary for gaining more insights into the mechanism of the
potent proinflammatory property, since lipid A species from com-
mensal Neisseria spp. were reported to be less active in evoking
inflammatory signals in a macrophage cell line, THP-1 cells (32).

Whereas MKN45 cells reportedly expressed low levels of
TLR2 and TLR4 but not MD2 nor CD14 (30), MKN45 cells used
in our experiments did express both TLR2 and TLR4 together

with its coreceptors CD14 and MD2, although their levels of
expression were low. However, both receptors were functional
because Pam3CSK4 and purified LPS from E. coli could stimulate
IL-8 secretion from our MKN45 cells. In our experiments, LPS
from H. pylori elicited little activity to stimulate IL-8, consistent
with earlier reports (30,31) perhaps due to lower levels of TLR2
expression. Although Yokota et al. (33) reported that H. pylori
LPS upregulated TLR4 through TLR2 which in turn activated
MEK1/2-ERK1/2 signaling pathway in MKN28 and MKN45
cells, we could observe enhanced IL-8 secretion from neither

Figure 4 Immunohistochemistry of MKN45. MKN45 cells were with (a) or without (b) anti-TLR2 antibody. Similarly they were stained with (c) or without (d)
anti-TLR4 antibody. (31,000). TLR, Toll-like receptor.

Figure 5 Immunohistochemical staining of the gastric mucosa. H. pylori
(red dots) and N. subflava (green dots) were co-colonized simultaneously
on the superficial epithelium as well as in the pit (31,000). H. pylori,
Helicobacter pylori; N. subflava, Neisseria subflava.
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MKN28 nor MKN45 by LPS from H. pylori. Moreover, no pos-
itive interaction was observed when MKN45 cells were cos-
timulated with LPS from H. pylori and that from N. subflava.

Varied expression of these TLRs during the subculture of
MKN45 cells or different purity levels of LPS and/or lipid A
structures of our clinical isolates might be responsible for the
difference.

Although this is the first study showing the proinflammatory
activity of NHGB and their product of LPS, we acknowledge
several limitations in extrapolating our findings to clinical sig-
nificance. First, we used gastric cancer cell lines for studying IL-8
secretion, which may not share the same signaling mechanism
with normal gastric epithelial cells. Second, we did not study the
effect of LPS from NHGB on specialized immune cells, such as
macrophages and dendritic cells, that may play more important
roles in gastric inflammation, though the study is underway.
Third, we could not elucidate the mechanism why LPS from
N. subflava was more potent in stimulating IL-8 than E. coli LPS.
Structural study of theN. subflava LPSmolecule as well as a more
precise elucidation of independent TLR signaling using cells with
monospecific TLR expression is necessary.

In conclusion, we demonstrated that NHGB coexisted with
H. pylori. These bacteria as well as their LPS could stimulate IL-8
secretion. Among them,N. subflava and its LPS exhibited striking
stimulation of IL-8 secretion from gastric mucosal cells. There-
fore, in coinfection that occurs under a hypochlorhydric envi-
ronment, NHGBmay play an important role in continuation and
aggravation of gastric inflammation because of their high growth
rate together with higher proinflammatory activities. N. subflava
colonization might persist as it can be continuously shred from
the oropharynx, which in turn perpetuates inflammation and
increases gastric cancer risk. Further studies are warranted to
elucidate the role of NHGB including N. subflava in the pro-
gression to neoplastic lesions, whichmay lead to a new strategy to
prevent gastric cancer.
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neoplastic progression.
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