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Abstract

There are a large number of bacteria inhabiting the
human body, which provide benefits for the health. Al-
terations of microbiota participate in the pathogenesis
of diseases. The gastric microbiota consists of bacteria
from seven to eleven phyla, predominantly Proteobac-
teria, Firmicutes, Bacteroidetes, Actinobacteria and Fu-
sobacteria. Intrusion by Helicobacter pylori (H. pylorr)
does not remarkably interrupt the composition and
structure of the gastric microbiota. Absence of bacte-
rial commensal from the stomach delays the onset
of H. pylori-induced gastric cancer, while presence of
artificial microbiota accelerates the carcinogenesis. Al-
tered gastric microbiota may increase the production of
N-nitroso compounds, promoting the development of
gastric cancer. Further investigation of the carcinogenic
mechanisms of microbiota would benefit for the pre-
vention and management of gastric cancer.
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Core tip: The gastric microbiota consists of bacteria
from seven to eleven phyla, predominant with Proteo-
bacteria, Firmicutes, Bacteroidetes, Actinobacteria and
Fusobacteria. Absence of bacterial commensal from
the stomach delays the onset of Helicobacter pylori-
induced gastric cancer, while presence of artificial mi-
crobiota accelerates the carcinogenesis. Altered gastric
microbiota may increase the production of N-nitroso
compounds, promoting the development of gastric can-
cer. Further investigations of the carcinogenic mecha-
nisms of microbiota would benefit for the prevention
and management of gastric cancer.
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INTRODUCTION

The surface of the human gastrointestinal mucosa is
inhabited by a huge number of microbes of diverse spe-
cies™. They interact with each other, constituting an
integrated and functional ecosystem, the gastrointestinal
microbiota. It provides immune, nutritional and energetic
benefits for its host". Disruption of the microbiota may
lead to the development of diabetes mellitus, asthma,
colorectal cancer and inflammatory bowel disease”.
Gastric cancer is the fourth most common malignant

carcinoma and the second leading cause of cancer-related
death™. Tt is estimated that 989000 new cases of gastric
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cancer occutr each year“o]. In East Asia, the incidence of
gastric cancer is much higher than that in the other re-
gions“”. The gastric microbiota has long been considered
an important factor contributing to the development of
cancer'™"!. Secretion of gastric acid drops in patients
with mucosal atrophy. This reduces the acid inhibition
of bacterial growth, resulting in the overgrowth of bac-
teria in the stomach. Under the influence of bacterial
enzymes, the production of N-nitroso compounds in
the stomach is increased"". The latter causes DNA dam-
ages and methylation of epithelial cells, promoting the
carcinogenesis of gastric mucosa’” . With the advance
of the sequencing technique, it is possible to examine
the microbiota in details. The role played by microbiota
in the gastric carcinogenesis has been re-evaluated. We
searched for publications related to gastric cancer and
microbiota in PubMed using key words including gastric
cancer, microbiota, pH and nitrite. Publications pertinent
to carcinogenesis associated with microbiota were select-
ed. The current knowledge of the gastric microbiota and
its carcinogenic potentials is reviewed in this paper.

COMPOSITION AND BIODIVERSITY OF

THE GASTRIC MICROBIOTA
The median pH of the stomach is 1.4. The high acidity

inhibits the survival and proliferation of bacteria in the
stomach. However, the gastric mucus forms a pH gradi-

ent, thus providing protection of bacteria from acid at-
tack™, The presence of non-Helicobacter pylori (H. pylori)
bacteria in the gastric mucosa has been demonstrated
using histological methods"”. A number of bacteria have
been isolated from gastric juicemzzl. The bacterial counts,
however, appear to be lower in the stomach than in the
other parts of the gastrointestinal tract™. It is estimated
that there are 10** cfu/mL of bacteria in the gastric juice,
but 10"" cfu/mL in the colon. The results using bacteri-
al culture methods show that gastric microbiota is mainly
composed of bacteria present in the upper respiratory
tract, oropharyngeal and intestinal microbiota. In healthy
individuals, Veillonella sp., Lactobacillus sp. and Clostridinm
sp. are most frequently isolated bacteria from the gastric
mucosa”. However, the compositions of gastric micro-
biota vary remarkably between individuals and studies. A
study from Spain found that the most abundant bacteria
isolated from stomach were Propionibacterium, Lactobacillus,
Streptococens and . tap/yj/ommu[zﬂ. Considering the limita-
tions of the bacterial culture method, it is unattainable
to thoroughly examine the compositions of the gastric
microbiota.

With the advance of the sequencing technology, it is
achievable to analyze the gastric microbiota in detail by
sequencing the bacterial 16S fRNA gene. Molecular anal-
yses reveal much more diverse microbial communities in
the stomach. It harbors more than 130 phylotypes rep-
resenting seven to thirteen bacterial phyla[ZS’%]. Proteobac-
teria, Firmicutes, Bacteroidetes, Actinobacteria and Fusobacteria
are the major phyla in the gastric microbiota. The most
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abundant phyla was Proseobacteria, Streptococcns and Prevotel-
/a are the most abundant genus found in the stomach in
H. pylori-negative subjects™. The compositions of gastric
microbiota from gastric antrum and corpus are nearly
identical. In preterm neonates, bacteria from gastric juice
were mainly composed of Firmicutes, Tenericutes, Actino-
bacteria and Proteobacteria in the first week of life, but the
abundance of Profeobacteria increased steadily, becoming
the predominant bacteria by the fourth week of life”".
Roles of the diverse and abundant gastric microbiota in
the pathogenesis of gastric diseases have been explored
in recent years.

INFLUENCE OF GASTRIC MICROBIOTA
BY H. PYLORI

H. pylori is a Gram-negative carcinogenic bacterium colo-

nizing the human stomach™. In addition, overgrowth
of bacteria in the stomach has been considered to be an-
1281 1¢ i, therefore, a
great concern of whether there is an interaction between
H. pylori and gastric microbiota.

Using a high density 16S rRNA gene microarray, the
compositions of gastric microbiota have been analyzed
from eight H. pylori infected patients and four H. pylori
negative patientsm]. The relative abundance of Profeo-
bacteria (excluding H. pylord) and Acidobacteria was higher
in H. pylori infected patients, whereas, greater relative

other risk factor for gastric cancer

abundance of _Actinobacteria and Firmicutes was found in
the gastric microbiota from H. pylori negative patientsm
In experimentally H. pylori infected BALB/c mice, the
biodiversity of gastric microbiota was increased””. Vacci-
nation against H. pylori prevented the alteration of gastric
microbiota™. Therefore, it appears that H. pylori infection
may alter the composition and biodiversity of the gastric
microbiota.

Contradicting findings, however, have been reported.
Acute or chronic infection of H. pylori did not alter the
compositions of murine gastric microbiota”". There is no
difference in the gastric microbiota between gerbils per-
sistently infected with H. pylori and those uninfected™.
A culture-based analysis of 29 healthy volunteers found
that the composition of gastric microbiota was similar
regardless of H. pylori status™. The composition and bio-
diversity of gastric microbiota were explored by analyzing
1833 sequences of 16S rDNA generated by broad-range
bacterial PCR from the gastric mucosa of 23 individu-
als™. Double principal coordinate analysis and redun-
dancy analysis revealed no significant association between
phylotype distribution and H. pylori status. Hierarchical
clustering found no distinct cluster between H. pylori-neg-
ative and -positive subjects. These findings suggest that
the presence of H. pylori in the gastric mucosa does not
affect the composition of the gastric community. Thus, it
appears that H. pylori acts more like a commensal bacteria,
rather than an intruder, to the gastric microbiota. Further
studies are required to clarify the interactions between
H. pylori infection and the gastric microbiota. This would
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substantially enhance our understanding of the develop-
ment of gastric pathologies, especially gastric cancer.

ROLES OF MICROBIOTA IN THE
DEVELOPMENT OF GASTRIC CANCER

It has been proposed that gastric microbiota plays a role
in the development of gastric cancer' ", Lowered acid
secretion due to gastric atrophy favors overgrowth of
bacteria in the gastric fluid, enhancing the production of
carcinogenic N-nitrosamine compounds. Recent stud-
ies on animal models strongly support the fundamental
role of microbiota in the development of gastric cancer.

Transgenic INS-GAS mice over-expressing human gastrin
[33]

may spontaneously develop intramucosal carcinoma
Gastric intraepithelial neoplasia developed in all specific
pathogen-free male INS-GAS mice with a complex mi-
crobiota 7 mo after H. pylori infection™. For germ free
male INS-GAS mice which were absent of microbiota,
however, the incidence of gastric intraepithelial neoplasia
was only 10.0%. The incidence merely increased to 44.4%
11 mo after H. pylori infection”". These results suggest a
role of microbiota in the carcinogenesis of the stomach.
Furthermore, colonization of the stomach by an artificial
intestinal microbiota (Altered Schaedler’s Flora, including
ASF356 Clostridinm species, ASF361 Lactobacillus murinus
and ASF519 Bacteroids species) increased the incidence
of gastric intraepithelial neoplasia to 69.0% in male INS-
GAS mice 7 mo after H. pylori infection”. Antibiotic
treatments significantly delayed onset of gastric neoplasia
in helicobacter-free and specific pathogen-free INS-GAS
miceP. These findings indicate the involvement of mi-
crobiota in the development of gastric cancer.

Elevation of pH dramatically influences the bacte-
rial growth. Treatments with acid inhibition drugs in-
crease the luminal pH, and the total bacterial count is
increased"””. It returns to normal after discontinuation
of the treatment. The increased pH and bacterial count
correlate with the enhanced production of nitrite in the
stomach”. This could be attributed to the increased
abundance of nitrate-reducing bacteria™, which catalyse
the nitrite production from the nitrate reduction. Hae-
mophilia and Veillonella reduce nitrate more rapidly than
nitrite. They could be responsible for the accumulation
of nitrite in the stomach™*. An increased luminal pH is
common in precancerous conditions and gastric cancer.
This may lead to alterations of the compositions of gas-
tric microbiota. In gastric cancer patients, gastric micro-
biota was predominated by Veilonella, Haemophilus along
with Streptococci, Lactobacillus, Prevotella and N cisserid™.
These studies suggest that alterations of gastric micro-
biota occur under the influence of pH. Further studies
are required to investigate roles and mechanisms of these
alterations in the development of gastric cancer. A recent
study on H. pylori infected mice suggests that gastric mi-
crobiota promotes the carcinogenesis, but its composi-

. . o . 34
tion does not influence the incidence of gastric cancer™.
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For the H. pylori infected INS-GAS mice, colonization of
the stomach with an artificial Altered Schaedletr’s Flora
including ASF356 Clostridium Species, ASF361 Lactobacil-
lus murinus and ASF519 Bacteroides Species promoted the
development of cancer’™. However, the incidence of
gastric cancer did not significantly differ from H. pylori
infected INS-GAS mice fed under specific pathogen free
conditions.

N-nitroso compounds, consisting of N-nitrosamines
P> Humans
are exposed to N-nitroso compounds from diet, tobacco

and N-nitrosamides, are potent carcinogens

smoke and other environmental sources. Increased ex-
posure to these exogenous N-nitroso compounds has
been linked to an increased incidence of gastric cancer'.
The amount of endogenous formation of N-nitroso
compounds, however, is much higher than that of exog-
enous formation'™”, The study on a population of more
than a half million individuals revealed that endogenous
N-nitroso compounds are significantly associated with
gastric cancer™. Nitrite is a precursor of the endogenous
N-nitroso compounds. Bacterial cytochrom-cd1-nitrite
reductase catalyzes the conversion of nitrite to nitrosa-
mines in the presence of secondary amines"’. In gastric
cancer patients, the concentration of nitrite in gastric
juice may increase up to 107.6 umol/ L™ When the acid
output reduces, bacterial overgrowth occurs in the stom-
ach. These bacteria contain both nitrate reductase and
nitrite reductase, which catalyze the reduction of nitrate
and nitrite, respectively. However, some bacteria have a
differential rate in nitrate reduction and nitrite reduction.
Veillonella parvnla and Haemophilus parainfluengae have a
higher capacity in nitrate reduction than nitrite reduction,
thus increasing nitrite accumulation in the gastric juice™.
In nature, many bacteria produce enzymes influencing
the production of nitrite. Ammonia oxidizing bacteria
possess ammonia monooxygenase and hydroxylamine
oxidoreductase which catalyze the production of nitrite
from ammonia under aerobic conditions"”™". Ammonia
oxidizing bacteria mainly include species from the phylum
of Planctomycetes™. 'The phylum of Nitrospirae is a group
of nitrite oxidizing bacteria. They encode nitrite oxido-
reductase which oxidizes the formation of nitrate from
nitrite®*”. Thus, they tend to decrease the production
of nitrite. These bacteria involved in the production of
nitrite are widely present in soil, water and marine, where
humans are frequently exposed to. Molecular analyses of
the gastric microbiota suggest their potential presence in
the stomach. Their participation in the accumulation of
nitrite in the stomach remains to be studied in the future.

Findings from current studies support a role of mi-
crobiota in the development of gastric cancer. However,
techniques used in many studies have limited powers in
examination of composition, richness and biodiversity of
gastric microbiota. With the application of the metage-

B33 we could further

nomics and single cell genomics
understand the properties of carcinogenic microbiota
and mechanisms by which they participate in the genesis

of gastric cancer.

May 7, 2014 | Volume 20 | Issue 17 |



REFERENCES

1

10

11

12

13

14

15

16

17

18

19

Parfrey LW, Knight R. Spatial and temporal variability of the
human microbiota. Clin Microbiol Infect 2012; 18 Suppl 4: 8-11
[PMID: 22647040 DOI: 10.1111/j.1469-0691.2012.03861.x]
Lepage P, Leclerc MC, Joossens M, Mondot S, Blottiere HM,
Raes J, Ehrlich D, Doré ]J. A metagenomic insight into our
gut’s microbiome. Gut 2013; 62: 146-158 [PMID: 22525886
DOI: 10.1136/ gutjnl-2011-301805]

Lozupone CA, Stombaugh JI, Gordon JI, Jansson JK, Knight
R. Diversity, stability and resilience of the human gut mi-
crobiota. Nature 2012; 489: 220-230 [PMID: 22972295 DOI:
10.1038 / nature11550]

Nicholson JK, Holmes E, Kinross J, Burcelin R, Gibson G, Jia
W, Pettersson S. Host-gut microbiota metabolic interactions.
Science 2012; 336: 1262-1267 [PMID: 22674330 DOI: 10.1126/
science.1223813]

Million M, Lagier JC, Yahav D, Paul M. Gut bacterial mi-
crobiota and obesity. Clin Microbiol Infect 2013; 19: 305-313
[PMID: 23452229 DOI: 10.1111/1469-0691.12172]

Manichanh C, Borruel N, Casellas F, Guarner F. The gut mi-
crobiota in IBD. Nat Rev Gastroenterol Hepatol 2012; 9: 599-608
[PMID: 22907164 DOI: 10.1038 /nrgastro.2012.152]

Compare D, Nardone G. Contribution of gut microbiota to
colonic and extracolonic cancer development. Dig Dis 2011;
29: 554-561 [PMID: 22179211 DOI: 10.1159/000332967]

Hu Y, Fang JY, Xiao SD. Can the incidence of gastric cancer
be reduced in the new century? | Dig Dis 2013; 14: 11-15
[PMID: 23134264 DOI: 10.1111/j.1751-2980.2012.00647.x]
Thiel A, Ristiméki A. Gastric cancer: basic aspects. Helico-
bacter 2012; 17 Suppl 1: 26-29 [PMID: 22958152 DOI: 10.1111/
j.1523-5378.2012.00979.x]

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBO-
CAN 2008. Int ] Cancer 2010; 127: 2893-2917 [PMID: 21351269
DOI: 10.1002/ijc.25516]

Truong Minh P, Fujino Y, Yoshimura T, Tokui N, Mizoue T,
Yatsuya H, Toyoshima H, Sakata K, Kikuchi S, Hoshiyama
Y, Kubo T, Tamakoshi A. Mortality and incidence rates of
stomach cancer in the JACC Study. ] Epidemiol 2005; 15 Suppl
2: 589-597 [PMID: 16127239 DOI: 10.2188/jea.15.589]

Correa P. A human model of gastric carcinogenesis. Cancer
Res 1988; 48: 3554-3560 [PMID: 3288329]

Correa P. Human gastric carcinogenesis: a multistep and
multifactorial process--First American Cancer Society Award
Lecture on Cancer Epidemiology and Prevention. Cancer Res
1992; 52: 6735-6740 [PMID: 1458460]

Keszei AP, Goldbohm RA, Schouten L], Jakszyn P, van den
Brandt PA. Dietary N-nitroso compounds, endogenous ni-
trosation, and the risk of esophageal and gastric cancer sub-
types in the Netherlands Cohort Study. Am ] Clin Nutr 2013;
97: 135-146 [PMID: 23193003 DOI: 10.3945/ ajcn.112.043885]
Sandor J, Kiss I, Farkas O, Ember 1. Association between gas-
tric cancer mortality and nitrate content of drinking water:
ecological study on small area inequalities. Eur | Epidemiol
2001; 17: 443-447 [PMID: 11855578]

Hecht SS. DNA adduct formation from tobacco-specific
N-nitrosamines. Mutat Res 1999; 424: 127-142 [PMID:
10064856 DOI: 10.1016/50027-5107(99)00014-7]

Tsujiuchi T, Masaoka T, Sugata E, Onishi M, Fujii H, Shi-
mizu K, Honoki K. Hypermethylation of the Dal-1 gene
in lung adenocarcinomas induced by N-nitrosobis(2-
hydroxypropyl)amine in rats. Mol Carcinog 2007; 46: 819-823
[PMID: 17415786 DOI: 10.1002/mc.20316]

Hidaka E, Ota H, Hidaka H, Hayama M, Matsuzawa K,
Akamatsu T, Nakayama J, Katsuyama T. Helicobacter pylori
and two ultrastructurally distinct layers of gastric mucous
cell mucins in the surface mucous gel layer. Gut 2001; 49:
474-480 [PMID: 11559642 DOI: 10.1136/ gut.49.4.474]
Sanduleanu S, Jonkers D, De Bruine A, Hameeteman W,

(4 9

TR
JBaishideng®

WJG | www.wjgnet.com

20

21

22

23

24

25

26

27

28

29

30

31

32

Wang LL et a/. Gastric microbiota and cancer

Stockbriigger RW. Non-Helicobacter pylori bacterial flora
during acid-suppressive therapy: differential findings in gas-
tric juice and gastric mucosa. Aliment Pharmacol Ther 2001; 15:
379-388 [PMID: 11207513 DOI: 10.1046/j.1365-2036.2001.00888.
x]

Delgado S, Sudrez A, Mayo B. Identification, typing and
characterisation of Propionibacterium strains from healthy
mucosa of the human stomach. Int ] Food Microbiol 2011; 149:
65-72 [PMID: 21329995 DOI: 10.1016/j.ijfoodmicro.2011.01.02
8]

Ryan KA, Jayaraman T, Daly P, Canchaya C, Curran S, Fang
F, Quigley EM, O’Toole PW. Isolation of lactobacilli with
probiotic properties from the human stomach. Lett Appl
Microbiol 2008; 47: 269-274 [PMID: 19241519 DOI: 10.1111/
j.1472-765X.2008.02416.x]

Roos S, Engstrand L, Jonsson H. Lactobacillus gastricus sp.
nov., Lactobacillus antri sp. nov., Lactobacillus kalixensis sp.
nov. and Lactobacillus ultunensis sp. nov., isolated from hu-
man stomach mucosa. Int | Syst Evol Microbiol 2005; 55: 77-82
[PMID: 15653856 DOI: 10.1099/ijs.0.63083-0]

Delgado S, Cabrera-Rubio R, Mira A, Suarez A, Mayo B. Mi-
crobiological survey of the human gastric ecosystem using
culturing and pyrosequencing methods. Microb Ecol 2013; 65:
763-772 [PMID: 23397369 DOI: 10.1007/500248-013-0192-5]
Zilberstein B, Quintanilha AG, Santos MA, Pajecki D,
Moura EG, Alves PR, Maluf Filho F, de Souza JA, Gama-
Rodrigues J. Digestive tract microbiota in healthy volunteers.
Clinics (Sao Paulo) 2007; 62: 47-54 [PMID: 17334549 DOI:
10.1590/51807-59322007000100008]

Li XX, Wong GL, To KF, Wong VW, Lai LH, Chow DK, Lau
JY, Sung JJ, Ding C. Bacterial microbiota profiling in gastritis
without Helicobacter pylori infection or non-steroidal anti-
inflammatory drug use. PLoS One 2009; 4: €7985 [PMID:
19956741 DOI: 10.1371/journal.pone.0007985]

Bik EM, Eckburg PB, Gill SR, Nelson KE, Purdom EA, Fran-
cois F, Perez-Perez G, Blaser MJ, Relman DA. Molecular
analysis of the bacterial microbiota in the human stomach.
Proc Natl Acad Sci USA 2006; 103: 732-737 [PMID: 16407106
DOI: 10.1073/ pnas.0506655103]

Milisavljevic V, Garg M, Vuletic I, Miller JF, Kim L, Cun-
ningham TD, Schroder 1. Prospective assessment of the gas-
troesophageal microbiome in VLBW neonates. BMC Pediatr
2013; 13: 49 [PMID: 23560555 DOI: 10.1186/1471-2431-13-49]
Cao Q, Ran ZH, Xiao SD. Screening of atrophic gastritis and
gastric cancer by serum pepsinogen, gastrin-17 and Helico-
bacter pylori immunoglobulin G antibodies. ] Dig Dis 2007; 8:
15-22 [PMID: 17261130 DOI: 10.1111/}.1443-9573.2007.00271.
x]

Maldonado-Contreras A, Goldfarb KC, Godoy-Vitorino F,
Karaoz U, Contreras M, Blaser MJ, Brodie EL, Dominguez-
Bello MG. Structure of the human gastric bacterial commu-
nity in relation to Helicobacter pylori status. ISME | 2011; 5:
574-579 [PMID: 20927139 DOI: 10.1038/isme;j.2010.149]
Aebischer T, Fischer A, Walduck A, Schlstelburg C, Lindig
M, Schreiber S, Meyer TF, Bereswill S, Gobel UB. Vaccina-
tion prevents Helicobacter pylori-induced alterations of the
gastric flora in mice. FEMS Immunol Med Microbiol 2006; 46:
221-229 [PMID: 16487303 DOI: 10.1111/rp10.1016-j.fem-
sim.2004.05.008]

Tan MP, Kaparakis M, Galic M, Pedersen ], Pearse M, Wi-
jburg OL, Janssen PH, Strugnell RA. Chronic Helicobacter
pylori infection does not significantly alter the microbiota
of the murine stomach. Appl Environ Microbiol 2007; 73:
1010-1013 [PMID: 17142378 DOI: 10.1128 / AEM.01675-06]
Osaki T, Matsuki T, Asahara T, Zaman C, Hanawa T, Yone-
zawa H, Kurata S, Woo TD, Nomoto K, Kamiya S. Compara-
tive analysis of gastric bacterial microbiota in Mongolian
gerbils after long-term infection with Helicobacter pylori.
Microb Pathog 2012; 53: 12-18 [PMID: 22783557 DOI: 10.1016/
j-micpath.2012.03.008]

May 7, 2014 | Volume 20 | Issue 17 |



33

34

35

36

37

38

39

40

41

42

43

44

Wang LL et a/. Gastric microbiota and cancer

Wang TC, Dangler CA, Chen D, Goldenring JR, Koh T,
Raychowdhury R, Coffey RJ, Ito S, Varro A, Dockray GJ,
Fox ]JG. Synergistic interaction between hypergastrinemia
and Helicobacter infection in a mouse model of gastric can-
cer. Gastroenterology 2000; 118: 36-47 [PMID: 10611152 DOI:
10.1016/50016-5085(00)70412-4]

Lee CW, Rickman B, Rogers AB, Ge Z, Wang TC, Fox JG. He-
licobacter pylori eradication prevents progression of gastric
cancer in hypergastrinemic INS-GAS mice. Cancer Res 2008;
68: 3540-3548 [PMID: 18441088 DOI: 10.1158/0008-5472.
CAN-07-6786]

Lertpiriyapong K, Whary MT, Muthupalani S, Lofgren JL,
Gamazon ER, Feng Y, Ge Z, Wang TC, Fox JG. Gastric colo-
nisation with a restricted commensal microbiota replicates
the promotion of neoplastic lesions by diverse intestinal mi-
crobiota in the Helicobacter pylori INS-GAS mouse model of
gastric carcinogenesis. Gut 2014; 63: 54-63 [PMID: 23812323
DOI: 10.1136/ gutjnl-2013-305178]

Lee CW, Rickman B, Rogers AB, Muthupalani S, Takaishi
S, Yang P, Wang TC, Fox JG. Combination of sulindac and
antimicrobial eradication of Helicobacter pylori prevents
progression of gastric cancer in hypergastrinemic INS-GAS
mice. Cancer Res 2009; 69: 8166-8174 [PMID: 19826057 DOI:
10.1158/0008-5472.CAN-08-3856]

Yeomans ND, Brimblecombe RW, Elder ], Heatley RV,
Misiewicz JJ, Northfield TC, Pottage A. Effects of acid sup-
pression on microbial flora of upper gut. Dig Dis Sci 1995; 40:
81S-95S [PMID: 7859586 DOI: 10.1007/BF02214873]

Viani F, Siegrist HH, Pignatelli B, Cederberg C, Idstré6m JP,
Verdu EF, Fried M, Blum AL, Armstrong D. The effect of in-
tra-gastric acidity and flora on the concentration of N-nitroso
compounds in the stomach. Eur | Gastroenterol Hepatol 2000;
12: 165-173 [PMID: 10741930 DOI: 10.1097/00042737-2000120
20-00006]

Sharma BK, Santana IA, Wood EC, Walt RP, Pereira M,
Noone P, Smith PL, Walters CL, Pounder RE. Intragastric
bacterial activity and nitrosation before, during, and after
treatment with omeprazole. Br Med | (Clin Res Ed) 1984; 289:
717-719 [PMID: 6434053 DOI: 10.1136/bm;.289.6447.717]
Stockbrugger RW, Cotton PB, Eugenides N, Bartholomew BA,
Hill MJ, Walters CL. Intragastric nitrites, nitrosamines, and
bacterial overgrowth during cimetidine treatment. Gut 1982;
23:1048-1054 [PMID: 7173716 DOI: 10.1136/ gut.23.12.1048]
Forsythe SJ, Dolby JM, Webster AD, Cole JA. Nitrate- and
nitrite-reducing bacteria in the achlorhydric stomach. ] Med
Microbiol 1988; 25: 253-259 [PMID: 3357192 DOI: 10.1099/002
22615-25-4-253]

Forsythe SJ, Cole JA. Nitrite accumulation during anaerobic
nitrate reduction by binary suspensions of bacteria isolated
from the achlorhydric stomach. | Gen Microbiol 1987; 133:
1845-1849 [PMID: 3117970]

Dicksved ], Lindberg M, Rosenquist M, Enroth H, Jansson
JK, Engstrand L. Molecular characterization of the stomach
microbiota in patients with gastric cancer and in controls.
J Med Microbiol 2009; 58: 509-516 [PMID: 19273648 DOI:
10.1099/jmm.0.007302-0]

Grosse Y, Baan R, Straif K, Secretan B, El Ghissassi F, Cogli-
ano V. Carcinogenicity of nitrate, nitrite, and cyanobacterial
peptide toxins. Lancet Oncol 2006; 7: 628-629 [PMID: 16900606
DOI: 10.1016/51470-2045(06)70789-6]

(49

TR
JBaishideng®

WJG | www.wjgnet.com

4952

45

46

47

48

49

50

51

52

53

54

55

Herniandez-Ramirez RU, Galvan-Portillo MV, Ward MH,
Agudo A, Gonzalez CA, Oiiate-Ocana LF, Herrera-Goepfert
R, Palma-Coca O, Lépez-Carrillo L. Dietary intake of poly-
phenols, nitrate and nitrite and gastric cancer risk in Mexico
City. Int ] Cancer 2009; 125: 1424-1430 [PMID: 19449378 DOI:
10.1002/1jc.24454]

Jakszyn P, Bingham S, Pera G, Agudo A, Luben R, Welch A,
Boeing H, Del Giudice G, Palli D, Saieva C, Krogh V, Sacer-
dote C, Tumino R, Panico S, Berglund G, Siman H, Hallmans
G, Sanchez M], Larrafiaga N, Barricarte A, Chirlaque MD,
Quirés JR, Key TJ, Allen N, Lund E, Carneiro F, Linseisen
J, Nagel G, Overvad K, Tjonneland A, Olsen A, Bueno-de-
Mesquita HB, Ocké MO, Peeters PH, Numans ME, Clavel-
Chapelon F, Trichopoulou A, Fenger C, Stenling R, Ferrari P,
Jenab M, Norat T, Riboli E, Gonzalez CA. Endogenous versus
exogenous exposure to N-nitroso compounds and gastric can-
cer risk in the European Prospective Investigation into Cancer
and Nutrition (EPIC-EURGAST) study. Carcinogenesis 2006;
27:1497-1501 [PMID: 16571648 DOI: 10.1093/ carcin/bgl019]
Calmels S, Ohshima H, Henry Y, Bartsch H. Characteriza-
tion of bacterial cytochrome cd(1)-nitrite reductase as one
enzyme responsible for catalysis of nitrosation of secondary
amines. Carcinogenesis 1996; 17: 533-536 [PMID: 8631140 DOIL:
10.1093/ carcin/17.3.533]

Kodama K, Sumii K, Kawano M, Kido T, Nojima K, Sumii
M, Haruma K, Yoshihara M, Chayama K. Gastric juice nitrite
and vitamin C in patients with gastric cancer and atrophic
gastritis: is low acidity solely responsible for cancer risk?
Eur ] Gastroenterol Hepatol 2003; 15: 987-993 [PMID: 12923371
DOI: 10.1097/00042737-200309000-00008]

Schreiber F, Wunderlin P, Udert KM, Wells GF. Nitric oxide
and nitrous oxide turnover in natural and engineered micro-
bial communities: biological pathways, chemical reactions,
and novel technologies. Front Microbiol 2012; 3: 372 [PMID:
23109930 DOI: 10.3389/ fmicb.2012.00372]

Junier P, Molina V, Dorador C, Hadas O, Kim OS, Junier T,
Witzel JP, Imhoff JF. Phylogenetic and functional marker
genes to study ammonia-oxidizing microorganisms (AOM)
in the environment. Appl Microbiol Biotechnol 2010; 85:
425-440 [PMID: 19830422 DOI: 10.1007 /s00253-009-2228-9]
Spieck E, Lipski A. Cultivation, growth physiology, and
chemotaxonomy of nitrite-oxidizing bacteria. Methods Enzy-
mol 2011; 486: 109-130 [PMID: 21185433 DOI: 10.1016/B978-0
-12-381294-0.00005-5]

Liicker S, Wagner M, Maixner F, Pelletier E, Koch H, Vache-
rie B, Rattei T, Damsté ]S, Spieck E, Le Paslier D, Daims H. A
Nitrospira metagenome illuminates the physiology and evo-
lution of globally important nitrite-oxidizing bacteria. Proc
Natl Acad Sci USA 2010; 107: 13479-13484 [PMID: 20624973
DOI: 10.1073/pnas.1003860107]

Yurkovsky E, Nachman I. Event timing at the single-cell
level. Brief Funct Genomics 2013; 12: 90-98 [PMID: 23196852
DOI: 10.1093/bfgp/ els057]

Shapiro E, Biezuner T, Linnarsson S. Single-cell sequencing-
based technologies will revolutionize whole-organism sci-
ence. Nat Rev Genet 2013; 14: 618-630 [PMID: 23897237 DOI:
10.1038/nrg3542]

Hofer U. Environmental microbiology: Exploring diversity
with single-cell genomics. Nat Rev Microbiol 2013; 11: 598
[PMID: 23893103 DOI: 10.1038 / nrmicro3095]

P- Reviewers: Basso N, Thakur B S- Editor: Wen LL
L- Editor: Wang TQ E- Editor: Zhang DN

May 7, 2014 | Volume 20 | Issue 17 |



