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Microbial community reshaped in gastric cancer
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Abstract. - Patients with gastric cancer har-
bor distinct microbiota in the stomach. It fea-
tures with lowered biodiversity, discrete struc-
ture, and varied composition. Some bacteria
from gastric microbiota are potentially carcino-
genic as they are enriched or depleted in gas-
tric cancer. Distinct profile of microbial commu-
nity in gastric cancer is possibly resulted from
altered caused by pathophysiological and envi-
ronmental factors. H. pylori is a carcinogen col-
onizing the human stomach. Although persist-
ing for decades, it rarely causes composition-
al alteration of microbiota. Secretion of acid de-
creases gradually during the carcinogenic pro-
cess. Increased pH results in overgrowth of bac-
teria in gastric fluid. The abundance of a particu-
lar taxon, but not the profile of microbiota, is al-
tered in proton pump inhibitor users. Composi-
tions of microbiota vary substantially between
individuals, which may account for differen-
tial cancer risk. It has been demonstrated that
genetic variations contribute to inter-individual
variations in gut microbiota. However, their in-
fluence on the composition of gastric microbio-
ta requires further exploration. Currently, it ap-
pears disrupted homeostasis and inter-individ-
ual variations of gastric microbiota are involved
in cancer development. Clarifying factors re-
sponsible for these changes would reveal how
microbiota induces carcinogenesis, benefiting
the prevention of gastric cancer.
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Introduction

Gastric cancer is one of most common can-
cers'. Multiple factors including host genetics, en-
vironment, and Helicobacter pylori genetics play
a role in the development of gastric cancer. H.
pylori infection is a major risk factor for gastric
cancer’. Genome-wide association studies have
found many genetic variations are associated with
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gastric cancer’™, Decreased production of gastric
acid, smoking, alcohol and diet factors increase
cancer risk.® Recent scholars™ demonstrate a role
of gastric microbiota in cancer development.

Transgenic insulin-gastrin (INS-GAS) mice
have been used as a model for studying gastric
cancer’. Germ-free INS-GAS mice develop mini-
mal mucosal lesions through seven months of age'.
In the presence of gastric microbiota, however, se-
vere lesions including inflammation, atrophy, and
dysplasia occur at seven months of age'’. Thus,
microbiota is likely to promote the development
of precancerous lesions in susceptible hosts. Se-
ven months after infection with H. pylori, only
10% gnotobiotic mice develop gastric neoplasia''.
In contrast, cancer was found in all specific patho-
gen-free mice harboring a complex microbial com-
munity in the stomach. Therefore, the presence of
microbiota in the stomach is capable of promoting
the development of H. pylori-induced cancer. Tre-
atments with antibiotics decrease the incidence of
gastric cancer in mice'?. Collectively, these findin-
gs demonstrate gastric microbiota is involved in
cancer development in mice.

To understand how it participates in cancer de-
velopment, gastric microbiota has been characteri-
zed in recent studies®'®. Findings from these stu-
dies demonstrate substantial alterations of gastric
microbiota. This review was aimed to summarize
the features of microbiota in gastric cancer and di-
scuss roles of gastric acid, H. pylori and genetic
variations in reshaping gastric microbiota.

Discrete Profiles of Cancer Associated
Gastric Microbiota

Microbes in the stomach have long been con-
sidered as a factor contributing to the develop-
ment of gastric cancer'”'®. Overgrowth of bacte-
ria in the gastric fluid may produce an increased
amount of nitroso compounds causing DNA da-
mages and promoting cancer development'2'. To
understand its carcinogenic mechanisms, micro-
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biota in gastric cancer has been characterized''>.
The total number of bacteria in the stomach in-
creased in gastric cancer compared to chronic
gastritis', while it decreased when removing
cancer with subtotal gastrostomy?*. These findin-
gs suggest bacteria overgrowth occurs in gastric
cancer. The a-diversity measures the number of
species (species richness) and the evenness of the
relative abundance®. Comparing with chronic ga-
stritis, the species richness is reduced in gastric
cancer, but increased after subtotal gastrectomy??.
This indicates gastric microbiota consists of less
bacterial species in cancer patients. The structure
of microbiota is usually reflected with B-diversity.
It measures the similarity between individual mi-
crobial community in the number, relative abun-
dance and phylogenetic relatedness of taxon®.
The structure of gastric cancer is distinct, varying
from that in chronic gastritis. This has been re-
peatedly demonstrated. Overall, microbiota in ga-
stric cancer shows a distinct profile featured with
more bacteria, less species, and discrete structure.

In gastric cancer, the most abundant predicted
functions of microbiota are membrane transport,
replication and repair, carbohydrate, amino acid
and energy metabolism?*2*,

Before surgical removal of cancer, genes re-
lated to denitrification and nitrosation are more
abundant®’. These genes are associated with the
production of mutagenic N-nitroso compounds,
which may increase the risk for gastric cancer.

Bacteria enriched or depleted in gastric cancer
are of particular interest since they are potential-
ly carcinogenic. These cancer-associated bacteria
have been identified, including Streptococcus,
Escherichia, Staphylococcus, Lactobacillus, ni-
trosating bacteria and nitrate-reducing bacte-
rial*>28 Escherichia coli is closely associated
with colorectal cancer*®”. The relative abundance
of E. coli was higher in gastric cancer than that
in chronic gastritis', suggesting a potential role
in cancer development. Staphylococcus is a com-
mensal in human stomach!*?". Tt was significantly
more abundant in low cancer risk region of Tu-
maco'®, suggesting a role in cancer. Haemophilia,
Veillonella, and Nitrospirae belong to nitrosating
bacteria and nitrate-reducing bacteria®®*. The
production carcinogenic of N-nitroso compounds
is possibly enhanced by these bacteria®. These en-
riched bacteria likely participate in the carcino-
genesis.

Causes of microbiota variations in gastric can-
cer remain unclear. Gastric microbiota in intesti-
nal metaplasia shows a transient structure from
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chronic gastritis to gastric cancer, suggesting
a gradual change in the carcinogenic process'.
This may be caused by inter-individual variations
of microbiota. That is to say, certain individuals
harbor a cancer prone microbiota. Otherwise, pa-
thophysiological changes during carcinogenesis
possibly contribute to alterations of microbiota.

Gastric Acid, Proton Pump Inhibitors
and Microbiota

Lowered gastric acid is a risk factor for gastric
cancer’. Patients with family history of gastric
cancer have a reduced acid output and increa-
sed incidence of precancerous lesions®. Inter-
leukin-1B potently promotes secretion of gastric
acid*®. Decreased expression of this gene caused
by genetic variations leads to decreased acid se-
cretion and increased susceptibility to gastric
cancer?. Reduction of gastric acid may enhance
bacteria overgrowth in the stomach, thus promo-
ting the development of gastric cancer.

Influence of acid on gastric microbiota has not
been well characterized. Proton pump inhibitors
(PPI) reduce acid output causing a sustained rise
in gastric pH*. Characterization of gastric mi-
crobiota in PPI users may help in elucidating of
the influence of acid on the microbiota. Bacterial
overgrowth has been found in gastric fluid but
not gastric mucosa during PPI treatments*. The
structure of gastric microbiota is not significantly
different in PPI users®. The species richness of
gastric microbiota is not altered by PPIs, although
it seems that their relative abundance is slightly
changed®. These findings suggest increased pH
could not cause substantial changes in gastric
microbiota. Nonetheless, a higher relative abun-
dance of Firmicutes has been found in PPI-tre-
ated patients™. At the genus level, the relative
abundance of Capnocytophaga, Granulicatella
and Streptococcus was increased®. In addition,
Lactobacillus is enriched in gut microbiota du-
ring PPI treatments’. These findings demonstrate
PPI treatments are capable of altering the relative
abundance of some bacteria in gastric microbiota.

Causes of alterations of microbiota in gastric
cancer remain largely unclear. Lactobacillus is en-
riched in gastric cancer'*. This has been verified
by various studies'*'>*". Lactobacillus is capable of
tolerating acid and proliferating under weak acid
conditions®®. Elevated pH in the carcinogenic pro-
cess of stomach probably facilitates the overgrowth
of Lactobacillus, resulting its enrichment in gastric
cancer. This is supported by the finding that the
relative abundance of Lactobacillus is increased
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during PPI treatments®. Enrichment of Strepto-
coccus in PPl users suggests decreased gastric acid
may contribute to its increased abundance in ga-
stric cancer®. Therefore, certain enriched bacteria
in gastric cancer are most likely caused by reduced
gastric acid. At present, contributions of acid asso-
ciated alterations of gastric microbiota to the deve-
lopment of gastric cancer remain largely unknown.
Many species of Lactobacillus have been used wi-
dely as probiotics in the clinical setting®*-#. Certain
strains have been used in the treatment of H. pylori
infection, modulation of the microbiota and alle-
viation of inflammation***, It seems very unlikely
that Lactobacillus is of carcinogenic potentials. In
contrast, Streptococcus was more frequently found
in gastric tumor tissues compared to the surroun-
ding nor-malignant tissues. Streptococcus bovis is
associated with colorectal cancer**%, suggesting a
close association with the development of gastric
cancer. Thus, caution must be taken in explaining
the carcinogenic role of the alterations of gastric
microbiota.

Association of Helicobacter Pylori with
Gastric Microbiota

Gut microbiota starts to establish soon after
the birth of hosts and becomes usually matured
before the age of three years*’. Since then gut mi-
crobiota remains stable although fluctuation may
occur under some environmental changes*. Ac-
quisition of carcinogenic H. pylori appears to oc-
cur after the maturation of microbiota®. Infection
by the pathogen usually lasts for decades unless
eradicated. The influence of chronic infection of
H. pylori on the indigenous gastric microbiota is
of great concern.

The structure of gastric microbiota has been
compared between H. pylori-infected and unin-
fected individuals. PCoA analyses demonstrate
a distinct segregation of gastric microbiota in H.
pylori-infected patients from that in uninfected
patients'>*’. This suggests gastric microbiota as-
sociated with H. pylori infection may be altered.
However, these analyses are based on the combi-
ned sequences of H. pylori and indigenous gastric
microbiota. When H. pylori sequences are exclu-
ded from analyses, gastric microbiota appears to
be not altered significantly in H. pylori-infected
patients. The relative abundance of bacterial ge-
nera in gastric microbiota showed no significant
difference between H. pylori-infected and unin-
fected patients”. In H. pylori eradicated patients,
the relative abundance of major bacteria phyla or
genera were very similar to that in H. pylori-ne-

gative controls®. In Rhesus Monkey, infection by
H. pylori did not alter the abundance of bacteria
genera in indigenous gastric microbiota®'. Howe-
ver, some studies argue that some component of
gastric microbiota might be associated with H.
pylori infection. H. pylori infection reshapes the
composition of gastric microbiota in pediatric
patients, but not in adults®?>. A recent study sug-
gests that H. pylori abundance is correlated with
the presence of Campylobacter, Deinococcus, and
Sulfurospirillum®. Further studies are required to
resolve this controversy.

The cag pathogenicity island is a major viru-
lent determinant of H. pylori®*. Tt encodes type
IV secretion system that translocates CagA into
epithelial cells®. The translocated CagA protein
causes damages of epithelial cells and promotes
malignant transformation®*. Phylogenetic ori-
gin is another virulence determinant of H. pylori.
Current strains of H. pylori evolve from different
ancestral populations”’. Cancer-associated H.
pylori strains seem to have a different phylogene-
tic origin®. In the region of high incidence of ga-
stric cancer, H. pylori has a different phylogenetic
origin®. A recent study found no apparent asso-
ciation of the presence of cag pathogenicity island
or phylogenetic types of H. pylori with microbiota
composition'. This indicates gastric microbiota is
not influenced by H. pylori virulence.

Spatial location in the mucus layer appears dif-
ferent between gastric commensals and H. pylori
8. As a pathogen, H. pylori inhabited mostly wi-
thin the inner mucus layer, which is closely atta-
ched to the epithelium. It is uncommonly located
in the outer mucus layer. The inner mucus is very
firm, restricting the penetration of gut commen-
sals through the mucus layer to epithelial cells®.
Localization of commensals in the inner layer is
uncommon®. Differences with spatial location
might be a determinant for the influence of H.
pylori on the gastric microbiota.

Interpersonal Variations of Gastric
Microbiota and Cancer Risk

Microbiota varies greatly among individuals
and between different parts of human body®.
These variations are not continuous but usually
stratified. This is possibly caused by a limited
number of host-microbial symbiotic states. Typing
gut microbiota reveals three enterotypes in heal-
thy individuals that are not associated with body
mass index, age, gender or geographical origin®.
Bacteroides, Prevotella and Ruminococcus are
main contributors for each enterotype. Using Di-
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richlet multinomial mixture models, human gut
microbiota are partitioned into four metacommu-
nity types. This further supports the stratification
of gut microbiota variations®. Analyses of global
data sets revealed the core fecal microbiota consi-
sted of only 14 genera (present in more than 95%
individuals). Whereas 664 bacterial genera were
varied among healthy individuals. Huge composi-
tional variations are associated with 69 covariants
including medication and diseases®. Compositio-
nal differences of microbiota may thus account
for individual risks for various diseases.

Resembling gut microbiota®, inter-individual
variations of gastric microbiota are large. Each in-
dividual has a distinct profile of gastric microbio-
ta. Even for co-twins, the profile is not identical®’.
Proteobacteria is the most predominant phylum
of gastric microbiota®. However, dominance by
Firmicutes or other phyla has been seen in some
healthy individuals®. A recent work on gastric mi-
crobiota demonstrated the species richness was
reduced in patients with family history of gastric
cancer, indicating decreased biodiversity may in-
crease individuals’ risk for gastric cancer’’. Geo-
graphical variations in microbiota compositions
occur frequently. A comparison of gastric micro-
biota from two regions with contrasting incidence
of gastric cancer demonstrates marked differences
in the structure of microbial community's. Lepto-
trichia wadei and Veillonella sp. are enriched in
the high-risk region. They are candidate carcino-
genic bacteria of gastric microbiota. Otherwise,
they may only represent geographical variations
of microbiota. Further validation in other high-risk
regions is indicated. Inflammation of gastric muco-
sa is central to the development of cancer. Gastric
microbiota varies greatly between C57BL/6N mice
from two laboratories, manifesting as differential
abundances in Lactobacillus species®®. The degree
of mucosal inflammation triggered by H. pylori is
significantly different. Pretreatment with antibio-
tics dramatically alters the composition of gastric
microbiota and dampens Thl inflammatory re-
sponses of gastric mucosa to H. pylori infection.
Furthermore, transplantation with normal gastric
microbiota restores inflammatory response®®. The-
se findings demonstrate compositional variations
of gastric microbiota contribute to the variations of
cancer or inflammation risks.

Microbiota is developed and matured in the
early life of hosts®®. Genetic variations contribute
to variations of microbiota®’. Heritable compo-
nents, defined as the phenotypic variance that can
be attributed to genetic variance, have been iden-
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tified in fecal microbiota™. Goodrich et al” repor-
ted that the taxon with the highest heritability in
gut microbiota was Christensenellaceae. 1t is a
family within the Firmicutes that forms a co-oc-
currence consortium with other heritable taxa
including the dominant human gut methanogen
Methanobrevibacter smithii. There was a strong
signal in the association between unclassified
Clostridiaceae and the SNP 1510055309 in the
gene SLIT3". Associations have been identified
between members of the phylum Firmicutes and
variants in or the expression of host genes invol-
ved in the Toll-like receptor and T-cell receptor
pathways (IRAK4 and IRAK3, respectively) ™.
Microbiota compositions are affected by host ge-
netics probably through modulating the abundan-
ce of individual microbial species, groups of rela-
ted taxa, groups of distantly related organisms’.

Gastric cancer risk is influenced by genetic
variations of hosts. Some genetic variants are
associated with gastric cancer. These include va-
riants located in PSCA, MUCI1, ASHI1L, PLCE],
ZBTB20, PTGER4-PRKAAI, LRFN2, DNAHI1
and ATM genes*>7*78_ Tt remains poorly understo-
od regarding how these variants increase cancer
risks. It would be of interest to explore whether
they could participate carcinogenesis through
shaping gastric microbiota.

Conclusions

Gastric microbiota shows a distinct profile in ga-
stric cancer. This is possibly resulted from resha-
ping microbiota by gastric acid, H. pylori infection
and other factors during the carcinogenic process.
Otherwise, inter-individual variations may account
for the distinct microbiota profile in gastric cancer.
At present, definite cancer-associated bacteria or
properties of microbiota remain unclear. Resolving
these issues would benefit our understanding of the
carcinogenic mechanisms and exploring novel can-
cer preventing approaches.
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