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Changes in Gastric Microbiota during Gastric Carcinogenesis

Sun-Young Lee

Department of Internal Medicine, Konkuk University School of Medicine, Seoul, Korea

After World War II, the incidence of gastric cancer decreased rapidly in most of the developed countries; however, it remained high
in countries where secondary prevention of gastric cancer is practiced without primary prevention (Helicobacter pylori erad-
ication). In such countries, changes in gastric microbiota contribute to gastric carcinogenesis, and the composition of gastric micro-
biota is mainly determined by the status of H. pylori infection. In non-infected individuals with no history of H. pylori infection, gas-
tric microbiota includes various bacteria, creating ideal microbial diversity. Because it is difficult for most bacteria to proliferate in
an acidic environment in stomach, only few bacteria are present in non-infected individuals. Conversely, microbial dysbiosis with
H. pylori predominance is often observed in infected individuals with unimpaired gastric secretory ability, because other bacteria
cannot survive at low intragastric pH. Such microbial dysbiosis may rapidly lead to gastric carcinogenesis, resulting in diffuse-type
gastric cancer. It is more frequent in young patients with unimpaired gastric secretory ability than in elderly patients with gastric
atrophy and metaplasia. Lastly, bacteria producing carcinogenic N-nitrosamine compounds are often detected in individuals with
past or chronic H. pylori infection, because of the loss of gastric secretory ability. Such an unideal microbial diversity observed at
high intragastric pH may slowly lead to gastric carcinogenesis, in turn resulting in gastric adenoma or intestinal-type gastric cancer.
To prevent gastric carcinogenesis, changes in the composition of gastric microbiota should be studied in conjunction with intra-
gastric acidity, which depends on the status of H. pylori infection. (Korean J Helicobacter Up Gastrointest Res 2018;18:95-102)
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Table 1. Gastric Microbiota Found in a Human Stomach (in Alphabetical Order)

Phylum Genus reported in gastric cancer patients Genus often reported in normal subjects
Acidobacteria Acidobacter, Solibacter, etc.
Actinobacteria » Bifidobacterium Actinomyces, Bifidobacterium, Corynebacterium, Dermacoccus,
- Corynebacterium® Geodermatophilus, Microbacter, Micrococcus, Nocardia,
» Micrococcus Propionibacterium, Rothia, etc.
- Propionibacterium®
« Slackia
Arthropoda - Spodoptera® Planococcus, etc.
Bacteroidetes « Alloprevotella Alloprevotella, Bacteroides, Capnocytophaga, Chryseobacterium,
* Bacteroides Cloacibacterium, Cyclobacter, Flavobacterium, Hymenobacter,
« Prevotella Pectobacterium, Porphyromonas, Prevotella, Sediminibacterium,
Sphingobacter, etc.
Cyanobacteria Leptolyngbya, Oceanitalea, etc.
Deinococcus-Thermus * Deinococcus Deinococcus, Thermus, etc.
Firmicutes * Bacillus Aerococcus, Bacillus, Carnobacter, Clostridium, Enterococcus,
* Catonella Eubacterium, Flectobacillus, Gemella, Lachnospira, Lactobacillus,
« Clostridium Leuconostoc, Mycoplasma, Paenibacillus, Peptoniphilus,
« Dialister Peptostreptococcus, Staphylococcus, Streptococcus, Veillonella, etc.
¢ Enterococcus
¢ Eubacterium
* Gemella
* Lachnospira
« Lactobacillus
» Parvimonas
» Peptococcus
» Peptostreptococcus
« Staphylococcus®
- Streptococcus®
« Veillonella
Fusobacteria * Fusobacterium Fusobacterium, Leptotrichia, etc.
« Leptotrichia
Nitrospirae « Nitrospira
Proteobacteria * Acinetobacter Acetobacter, Acinetobacter, Actinobacillus, Aeromonas,
* Burkholderia Aurantimonas, Bradyrhizobium, Brevundimonas, Burkholderia,
- Campylobacter® Campylobacter, Caulobacter, Citrobacter, Coronobacter,
« Escherichia Dechloromonas, Enhydrobacter, Enterobacter, Escherichia,
- Haemophilus Haemophilus, Helicobacter, Klebsiella, Hydrogenophilus,
« Helicobacter* Lautropia, Massilia, Methylobacter, Moraxella, Neisseria, Nevskia,
- Klebsiella Pantoea, Paracoccus, Phyllobacterium, Proteus, Pseudomonas,
« Neisseria Ralstonia, Serratia, Shigella, Sphingomonas, Stenotrophomonas,
. Proteus Tetracoccus, Trabulsiella, Variovorax, Vibrio, Xanthomonas,
. Pseudomonas Yersinia, etc.
« Shigella
« Stenotrophomonas
* Sulfurospirillum®
Spirochaetes Brachyspira, Spirochaeta, Treponema, etc.

*Often found with H. pylori.
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Rapid carcinogenesis at low intragastric pH
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gastric cancer gastric cancer
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with ideal infection
microbial
diversity
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v

Slow carcinogenesis at high intragastric pH

Fig. 1. Changes in gastric microbiota observed in gastric carcinogenesis. The ideal microbial diversity is affected by active Helicobacter pylori
infection. At low intragastric pH, relative H. pylori abundance gives rise to microbial dysbiosis, because there is no microbiota producing large
quantities of urease to survive in an acidic environment in stomach, apart from H. pylori. This rapid carcinogenesis pathway may result in
diffuse-type gastric cancer with normal surrounding gastric mucosa. Conversely, the slow carcinogenesis pathway may result in intestinal-type
gastric cancer with atrophic or metaplastic surrounding gastric mucosa. Unideal microbial diversity, comprising bacteria that produce
carcinogenic N-nitroso compounds, is often observed in hypochlorhydric conditions induced by chronic H. pylori infection.
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1) Proteobacteria

e M H. pyiori TR0 E3F Proteobacteriati-o
non-H. pylori Helicobacter NHPHZA, W22 H. pylori
S} oA AEAY A prionF AR Sofl AgkElct® NHPH
O] GHIZL OF 02~6.2%5 BilEn ofelsETle] Mo}
S5 A3 5] ARE B34 Ak’ NHPH % Helico-
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streprococcus, Staphylococcus, Streptococcus, Veillonella
4 So] glow] diREL Tt opido] il ey
NOCE RWol= Costridium colicanis, Lactobacillus coleo-
hominis, Veillonella parvula, Enterococcus sp., Peptococcus
sp- 9124 9 3P4 WSk} AlsasE SR
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Table 2. Species Reported in Gastric Cancer Patients in the Absence of H. pylori (in Alphabetical Order)

Phylum Increased in gastric cancer

Decreased in gastric cancer

Actinobacteria Rhodococcus sp.

Bacteroidetes Bacteroides fragilis®

Prevotella sp. (except P. pallens)

Bacillus sp.

Clostridium colicanis®
Enterococcus sp.”
Lactobacillus coleohominis®
Peptococcus sp.”
Streptococcus anginosus
Streptococcus oralis

Firmicutes

Streptococcus pseudopneumoniae

Streptococcus parasanguinis
Veillonella parvula®
Fusobacterium nucleatum
Leptotrichia sp.
Achromobacter sp.
Acinetobacter baumannii
Campylobacter hyointestinalis
Citrobacter sp.

Escherichia coli*
Haemophilus parainfluenzae®
Helicobacter bizzozeronii
Helicobacter bovis
Helicobacter cinaedi
Helicobacter heilmannii
Helicobacter mustelae
Helicobacter salomonis
Helicobacter suis

Klebsiella pneumoniae®
Neisseria mucosa®
Phyllobacterium sp.

Proteus morganii®
Pseudomonas aeruginosa®

Fusobacteria

Proteobacteria

Corynebacterium sp.
Propionibacterium sp.
Porphyromonas sp.
Prevotella pallens
Bulleidia sp.
Staphylococcus sp.
Streptococcus sinensis

Bergeriella denitrificans
Epsilonproteobacteria

Haemophilus sp. (except H. parainfluenzae)
Neisseria sp. (except N. mucosa)

sp., species.

*N-nitroso compound producing bacteria.>”**

cus oralis, Streptococcus anginosus, Streptococcus pseu-
dopneumoniae, Streptococcls parasanguinis o= H. pylori
7} Q= 919t SRjolA ZTRICL® 1 018 H prion’h Y=
Q1o 2} iRl AAIR vikted et obd ¥A A A
glo|7] thio= Yt 5 154 3 M4 HolE U
pH7} /5Elo] nRES] telde] FAEY] el Suepro-
coccus®;y - Y ARSI AoPd= A= et

4) Actinobacteria

Actinobacteriat™2] 522 Bificobacterium, Corynebacte-
rium, Propionibacterium, Slackiz®l dlgok= AARtO=,
Q1 B o Bt ZIBY=AA Corynebacteriun Prop-
ionibacterium- AL 24 wiio] /L pyiorr 854 7

o] Q= $Iot RolM= Corynebacterium™Y Propionibac-
teriun@so] H pylore} 37 Agsl= A9sh wek 7% g
W A, pylorll 818l ST Altgolxl AAJsk= vlgo] wotA,
GEdoR QRS fEtAE X Aos FgHr

5) Fusobacteria 2| 7|Et

Q1o FAjolA] B 1%l FusobacteriaO &= Fusobacterium
T} Leprotrichia®so] Jek” Fusobacteriun®s Fol= &, &
AL e AL 52 ABdNHA 19 2H8E Al 7+
T QAL f19F FRjoll A= el HeMd NOCE 44
31 Fusobacterium nucleatune) Esict

oleel=  Arthropoda®e]  Spodhprerz®t - Deinococcus-
Thermust2] Deinococcus®e] 19F SN B QI
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