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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-
cers1. 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 
cancer2. Genome-wide association studies have 
found many genetic variations are associated with 

gastric cancer3-5. Decreased production of gastric 
acid, smoking, alcohol and diet factors increase 
cancer risk.6 Recent scholars7,8 demonstrate a role 
of gastric microbiota in cancer development. 

Transgenic insulin-gastrin (INS-GAS) mice 
have been used as a model for studying gastric 
cancer9. Germ-free INS-GAS mice develop mini-
mal mucosal lesions through seven months of age10. 
In the presence of gastric microbiota, however, se-
vere lesions including inflammation, atrophy, and 
dysplasia occur at seven months of age10. 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 neoplasia11. 
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 mice12. 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 studies13-16. 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 cancer17,18. Overgrowth of bacte-
ria in the gastric fluid may produce an increased 
amount of nitroso compounds causing DNA da-
mages and promoting cancer development19-21. To 
understand its carcinogenic mechanisms, micro-
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biota in gastric cancer has been characterized13-15. 
The total number of bacteria in the stomach in-
creased in gastric cancer compared to chronic 
gastritis15, while it decreased when removing 
cancer with subtotal gastrostomy22. These findin-
gs suggest bacteria overgrowth occurs in gastric 
cancer. The α-diversity measures the number of 
species (species richness) and the evenness of the 
relative abundance23. Comparing with chronic ga-
stritis, the species richness is reduced in gastric 
cancer, but increased after subtotal gastrectomy22. 
This indicates gastric microbiota consists of less 
bacterial species in cancer patients. The structure 
of microbiota is usually reflected with β-diversity. 
It measures the similarity between individual mi-
crobial community in the number, relative abun-
dance and phylogenetic relatedness of taxon23. 
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 metabolism22,24.

Before surgical removal of cancer, genes re-
lated to denitrification and nitrosation are more 
abundant22. 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-
ria14,25-28. Escherichia coli is closely associated 
with colorectal cancer26,29. The relative abundance 
of E. coli was higher in gastric cancer than that 
in chronic gastritis15, suggesting a potential role 
in cancer development. Staphylococcus is a com-
mensal in human stomach14,27. It was significantly 
more abundant in low cancer risk region of Tu-
maco16, suggesting a role in cancer. Haemophilia, 
Veillonella, and Nitrospirae belong to nitrosating 
bacteria and nitrate-reducing bacteria28,30. The 
production carcinogenic of N-nitroso compounds 
is possibly enhanced by these bacteria8. 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 

chronic gastritis to gastric cancer, suggesting 
a gradual change in the carcinogenic process14. 
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 
cancer31. Patients with family history of gastric 
cancer have a reduced acid output and increa-
sed incidence of precancerous lesions32. Inter-
leukin-1β potently promotes secretion of gastric 
acid32. Decreased expression of this gene caused 
by genetic variations leads to decreased acid se-
cretion and increased susceptibility to gastric 
cancer32. 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 pH33. 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 treatments34. The 
structure of gastric microbiota is not significantly 
different in PPI users35. The species richness of 
gastric microbiota is not altered by PPIs, although 
it seems that their relative abundance is slightly 
changed35. 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 patients35. At the genus level, the relative 
abundance of Capnocytophaga, Granulicatella 
and Streptococcus was increased35. In addition, 
Lactobacillus is enriched in gut microbiota du-
ring PPI treatments36. 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 cancer14. This has been verified 
by various studies14,15,37. Lactobacillus is capable of 
tolerating acid and proliferating under weak acid 
conditions38. 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 treatments36. Enrichment of Strepto-
coccus in PPI users suggests decreased gastric acid 
may contribute to its increased abundance in ga-
stric cancer35. 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 setting39-41. Certain 
strains have been used in the treatment of H. pylori 
infection, modulation of the microbiota and alle-
viation of inflammation42-44. 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 cancer45,46, 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 years47. Since then gut mi-
crobiota remains stable although fluctuation may 
occur under some environmental changes48. Ac-
quisition of carcinogenic H. pylori appears to oc-
cur after the maturation of microbiota49. 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 
patients15,37. 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 patients13. In H. pylori eradicated patients, 
the relative abundance of major bacteria phyla or 
genera were very similar to that in H. pylori-ne-

gative controls50. In Rhesus Monkey, infection by 
H. pylori did not alter the abundance of bacteria 
genera in indigenous gastric microbiota51. 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 adults52. A recent study sug-
gests that H. pylori abundance is correlated with 
the presence of Campylobacter, Deinococcus, and 
Sulfurospirillum53. Further studies are required to 
resolve this controversy. 

The cag pathogenicity island is a major viru-
lent determinant of H. pylori54. It encodes type 
IV secretion system that translocates CagA into 
epithelial cells55. The translocated CagA protein 
causes damages of epithelial cells and promotes 
malignant transformation55,56. Phylogenetic ori-
gin is another virulence determinant of H. pylori. 
Current strains of H. pylori evolve from different 
ancestral populations57. Cancer-associated H. 
pylori strains seem to have a different phylogene-
tic origin58. In the region of high incidence of ga-
stric cancer, H. pylori has a different phylogenetic 
origin59. A recent study found no apparent asso-
ciation of the presence of cag pathogenicity island 
or phylogenetic types of H. pylori with microbiota 
composition16. 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 
60. 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 cells61. 
Localization of commensals in the inner layer is 
uncommon62. 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 body63. 
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 origin64. 
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 variations63. 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 diseases65. Compositio-
nal differences of microbiota may thus account 
for individual risks for various diseases. 

Resembling gut microbiota66, 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 identical67. 
Proteobacteria is the most predominant phylum 
of gastric microbiota13. However, dominance by 
Firmicutes or other phyla has been seen in some 
healthy individuals13. 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 cancer37. 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 community16. 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 species68. 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 Th1 inflammatory re-
sponses of gastric mucosa to H. pylori infection. 
Furthermore, transplantation with normal gastric 
microbiota restores inflammatory response68. 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 hosts68. Genetic variations contribute 
to variations of microbiota69,70. Heritable compo-
nents, defined as the phenotypic variance that can 
be attributed to genetic variance, have been iden-

tified in fecal microbiota70. Goodrich et al71 repor-
ted that the taxon with the highest heritability in 
gut microbiota was Christensenellaceae. It 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 rs10055309 in the 
gene SLIT371. 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) 72. 
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 organisms73. 

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, MUC1, ASH1L, PLCE1, 
ZBTB20, PTGER4-PRKAA1, LRFN2, DNAH11 
and ATM genes4,5,74-78. It 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.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

 1) Jemal a, Bray F, Center mm, Ferlay J, Ward e, For-
man d. Global cancer statistics. CA Cancer J Clin 
2011; 61: 69-90.



Microbial community reshaped in gastric cancer

7261

 2) BraWner Km, morroW Cd, Smith Pd. Gastric micro-
biome and gastric cancer. Cancer J 2014; 20: 211-
216.

 3) Study GrouP oF millennium Genome ProJeCt For Can-
Cer, SaKamoto h, yoShimura K, SaeKi n, Katai h, Shimo-
da t, matSuno y, Saito d, SuGimura h, tanioKa F, Kato 
S, matSuKura n, matSuda n, naKamura t, hyodo i, 
niShina t, yaSui W, hiroSe h, hayaShi m, toShiro e, oh-
nami S, SeKine a, Sato y, totSuKa h, ando m, taKemura 
r, taKahaShi y, ohdaira m, aoKi K, honmyo i, ChiKu S, 
aoyaGi K, SaSaKi h, ohnami S, yanaGihara K, yoon Ka, 
KooK mC, lee yS, ParK Sr, Kim CG, Choi iJ, yoShida t, 
naKamura y, hirohaShi S. Genetic variation in PSCA 
is associated with susceptibility to diffuse-type ga-
stric cancer. Nat Genet 2008; 40: 730-740.

 4) Shi y, hu Z, Wu C, dai J, li h, donG J, WanG m, 
miao X, Zhou y, lu F, ZhanG h, hu l, JianG y, li Z, 
Chu m, ma h, Chen J, Jin G, tan W, Wu t, ZhanG 
Z, lin d, Shen h. A genome-wide association stu-
dy identifies new susceptibility loci for non-cardia 
gastric cancer at 3q13.31 and 5p13.1. Nat Genet 
2011; 43: 1215-1218.

 5) aBnet CC, Freedman nd, hu n, WanG Z, yu K, Shu 
Xo, yuan Jm, ZhenG W, daWSey Sm, donG lm, lee 
mP, dinG t, Qiao yl, Gao yt, Koh WP, XianG yB, 
tanG ZZ, Fan Jh, WanG C, Wheeler W, Gail mh, 
yeaGer m, yuenGer J, hutChinSon a, JaCoBS KB, GiF-
Fen Ca, Burdett l, Fraumeni JF Jr, tuCKer ma, ChoW 
Wh, GoldStein am, ChanoCK SJ, taylor Pr. A sha-
red susceptibility locus in PLCE1 at 10q23 for ga-
stric adenocarcinoma and esophageal squamous 
cell carcinoma. Nat Genet 2010; 42: 764-767.

 6) tSuGane S, SaSaZuKi S. Diet and the risk of gastric 
cancer: review of epidemiological evidence. Ga-
stric Cancer 2007; 10: 75-83.

 7) WroBleWSKi le, PeeK rm Jr, CoBurn la. The role of 
the microbiome in gastrointestinal cancer. Ga-
stroenterol Clin North Am 2016; 45: 543-556.

 8) WanG ll, yu XJ, Zhan Sh, Jia SJ, tian ZB, donG QJ. 
Participation of microbiota in the development of 
gastric cancer. World J Gastroenterol 2014; 20: 
4948-4952.

 9) WanG tC, danGler Ca, Chen d, GoldenrinG Jr, 
Koh t, rayChoWdhury r, CoFFey rJ, ito S, Varro a, 
doCKray GJ, FoX JG. Synergistic interaction betwe-
en hypergastrinemia and Helicobacter infection in 
a mouse model of gastric cancer. Gastroenterolo-
gy 2000; 118: 36-47. 

10) lertPiriyaPonG K, Whary mt, muthuPalani S, loFGren 
Jl, GamaZon er, FenG y, Ge Z, WanG tC, FoX JG. 
Gastric colonization with a restricted commensal 
microbiota replicates the promotion of neoplastic 
lesions by diverse intestinal microbiota in the He-
licobacter pylori INS-GAS mouse model of gastric 
carcinogenesis. Gut 2014; 63: 54-63.

11) lee CW, riCKman B, roGerS aB, Ge Z, WanG tC, FoX 
JG. Helicobacter pylori eradication prevents pro-
gression of gastric cancer in hypergastrinemic 
INS-GAS mice. Cancer Res 2008; 68: 3540-3548.

12) lee CW, riCKman B, roGerS aB, muthuPalani S, ta-
KaiShi S, yanG P, WanG tC, FoX JG. Combination of 
sulindac and antimicrobial eradication of Helico-

bacter pylori prevents progression of gastric can-
cer in hypergastrinemic INS-GAS mice. Cancer 
Res 2009; 69: 8166-8174.

13) BiK em, eCKBurG PB, Gill Sr, nelSon Ke, Purdom ea, 
FranCoiS F, PereZ-PereZ G, BlaSer mJ, relman da. 
Molecular analysis of the bacterial microbiota in 
the human stomach. Proc Natl Acad Sci U S A 
2006; 103: 732-737.

14) aVileS-JimeneZ F, VaZQueZ-JimeneZ F, medrano-GuZ-
man r, mantilla a, torreS J. Stomach microbiota 
composition varies between patients with non-a-
trophic gastritis and patients with intestinal type of 
gastric cancer. Sci Rep 2014; 4: 4202.

15) WanG l, Zhou J, Xin y, GenG C, tian Z, yu X, donG 
Q. Bacterial overgrowth and diversification of mi-
crobiota in gastric cancer. Eur J Gastroenterol 
Hepatol 2016; 28: 261-266.

16) yanG i, Woltemate S, PiaZuelo mB, BraVo le, yePeZ 
mC, romero-Gallo J, delGado aG, WilSon Kt, PeeK 
rm, Correa P, JoSenhanS C, FoX JG, SuerBaum S. Dif-
ferent gastric microbiota compositions in two hu-
man populations with high and low gastric cancer 
risk in Colombia. Sci Rep 2016; 6: 18594.

17) Correa P. A human model of gastric carcinogene-
sis. Cancer Res 1988; 48: 3554-3560.

18) 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.

19) Sandor J, KiSS i, FarKaS o, emBer i. Association betwe-
en gastric cancer mortality and nitrate content of 
drinking water: ecological study on small area ine-
qualities. Eur J Epidemiol 2001; 17: 443-447. 

20) heCht SS. DNA adduct formation from tobac-
co-specific N-nitrosamines. Mutat Res 1999; 424: 
127-142.

21) tSuJiuChi t, maSaoKa t, SuGata e, oniShim, FuJii h, 
ShimiZu K, honoKi K. Hypermethylation of the Dal-1 
gene in lung adenocarcinomas induced by N-ni-
trosobis (2- hydroxypropyl) amine in rats. Mol 
Carcinog 2007; 46: 819-823.

22) tSenG Ch, lin Jt, ho hJ, lai Zl, WanG CB, tanG Sl, 
Wu Cy. Gastric microbiota and predicted gene fun-
ctions are altered after subtotal gastrectomy in pa-
tients with gastric cancer. Sci Rep 2016; 6: 20701.

23) loZuPone Ca, KniGht r. Species divergence and 
the measurement of microbial diversity. FEMS Mi-
crobiol Rev 2008; 32: 557-578.

24) lanGille mG, ZaneVeld J, CaPoraSo JG, mCdonald 
d, KniGhtS d, reyeS Ja, Clemente JC, BurKePile de, 
VeGa thurBer rl, KniGht r, BeiKo rG, huttenhoWer 
C. Predictive functional profiling of microbial com-
munities using 16S rRNA marker gene sequen-
ces. Nat Biotechnol 2013; 31: 814-821.

25) SaSaKi h, iShiZuKa t, muto m, neZu m, naKaniShi 
y, inaGaKi y, WatanaBe h, WatanaBe h, terada m. 
Presence of Streptococcus anginosus DNA in 
esophageal cancer, dysplasia of esophagus, and 
gastric cancer. Cancer Res 1998; 58: 2991-2995.

26) Bonnet m, BuC e, SauVanet P, darCha C, duBoiS d, 
Pereira B, déChelotte P, Bonnet r, PeZet d, darFeu-



L.-L. Wang, J.-X. Liu, X.-J. Yu, J.-L. Si, Y.-X. Zhai, Q.-J. Dong

7262

ille-miChaud. Colonization of the human gut by E. 
coli and colorectal cancer risk. Clin Cancer Res 
2014; 20: 859-867.

27) delGado S, CaBrera-ruBio r, mira a, SuáreZ a, mayo 
B. Microbiological survey of the human gastric 
ecosystem using culturing and pyrosequencing 
methods. Microb Ecol 2013; 65: 763-772.

28) ForSythe SJ, dolBy Jm, WeBSter ad, Cole Ja. Nitra-
te- and nitrite-reducing bacteria in the achlorhy-
dric stomach. J Med Microbiol 1988; 25: 253-259.

29) leunG a, tSoi h, yu J. Fusobacterium and Esche-
richia: models of colorectal cancer driven by mi-
crobiota and the utility of microbiota in colorectal 
cancer screening. Expert Rev Gastroenterol He-
patol 2015; 9: 651-657.

30) ForSythe SJ, Cole Ja. Nitrite accumulation during 
anaerobic nitrate reduction by binary suspen-
sions of bacteria isolated from the achlorhydric 
stomach. J Gen Microbiol 1987; 133: 1845-1849.

31) martinSen tC, BerGh K, Waldum hl. Gastric juice: 
a barrier against infectious diseases. Basic Clin 
Pharmacol Toxicol 2005; 96: 94-102.

32) el-omar em, CarrinGton m, ChoW Wh, mCColl Ke, 
Bream Jh, younG ha, herrera J, liSSoWSKa J, yuan 
CC, rothman n, lanyon G, martin m, Fraumeni JF 
Jr, raBKin CS. Nature 2000; 404: 398-402.

33) yeomanS nd, tulaSSay Z, JuháSZ l, ráCZ i, hoWard 
Jm, Van renSBurG CJ, SWannell aJ, haWKey CJ. A 
comparison of omeprazole with ranitidine for 
ulcers associated with nonsteroidal antiinflam-
matory drugs. Acid suppression trial: ranitidine 
versus omeprazole for NSAID-associated Ulcer 
Treatment (ASTRONAUT) Study Group. N Engl J 
Med 1998; 338: 719-726.

34) Sanduleanu S, JonKerS d, de Bruine a, hameeteman W, 
StoCKBrüGGer rW. Non-Helicobacter pylori bacterial 
flora during acid-suppressive therapy: differential 
findings in gastric juice and gastric mucosa. Ali-
ment Pharmacol Ther 2001; 15: 379-388.

35) Paroni SterBini F, Palladini a, maSuCCi l, CanniStraCi 
CV, PaStorino r, ianiro G, BuGli F, martini C, riC-
Ciardi W, GaSBarrini a, SanGuinetti m, Cammarota G, 
PoSteraro B. Effects of proton pump inhibitors on 
the gastric mucosa-associated microbiota in dy-
speptic patients. Appl Environ Microbiol 2016; 82: 
6633-6644.

36) Shin Cm, Kim n, Kim yS, nam rh, ParK Jh, lee dh, 
SeoK yJ, Kim yr, Kim Jh, Kim Jm, Kim JS, JunG hC. Im-
pact of long-term proton pump inhibitor therapy on 
gut microbiota in F344 rats: pilot study. Gut Liver 
2016; 10: 896-901.

37) yu G, hu n, WanG l, WanG C, han Xy, humPhry m, 
raVel J, aBnet CC, taylor Pr, GoldStein am. Ga-
stric microbiota features associated with cancer 
risk factors and clinical outcomes: a pilot study in 
gastric cardia cancer patients from Shanxi, China. 
Int J Cancer 2017; 141: 45-51.

38) aZCarate-Peril ma, altermann e, hooVer-FitZula rl, 
Cano rJ, Klaenhammer tr. Identification and inacti-
vation of genetic loci involved with Lactobacillus 
acidophilus acid tolerance. Appl Environ Micro-
biol 2004; 70: 5315-5322.

39) VanderhooF Ja, Whitney dB, antonSon dl, hanner 
tl, luPo JV, younG rJ. Lactobacillus GG in the 
prevention of antibiotic-associated diarrhea in 
children. J Pediatr 1999; 135: 564-568.

40) turCo F, andreoZZi P, PalumBo i, Zito FP, CarGiolli 
m, Fiore W, Gennarelli n, de Palma Gd, Sarnelli G, 
Cuomo r. Bacterial stimuli activate nitric oxide co-
lonic mucosal production in diverticular disease. 
Protective effects of L. casei DG® (Lactobacillus 
paracasei CNCM I-1572). United European Ga-
stroenterol J 2017; 5: 715-724.

41) delGado S, leite am, ruaS-madiedo P, mayo B. Pro-
biotic and technological properties of Lactobacillus 
spp. strains from the human stomach in the search 
for potential candidates against gastric microbial 
dysbiosis. Front Microbiol 2015; 14; 5: 766.

42) FranCaVilla r, lionetti e, CaStellaneta SP, maGiStà 
am, mauroGioVanni G, BuCCi n, de Canio a, indrio 
F, CaVallo l, ierardi e, miniello Vl. Inhibition of He-
licobacter pylori infection in humans by Lactoba-
cillus reuteri ATCC 55730 and effect on eradica-
tion therapy: a pilot study. Helicobacter 2008; 13: 
127-134. 

43) ryan Ka, daly P, li y, hooton C, o’toole PW. 
Strain-specific inhibition of Helicobacter pylori by 
Lactobacillus salivarius and other lactobacilli. J 
Antimicrob Chemother 2008; 61: 831-834.

44) hSieh PS, tSai yC, Chen yC, teh SF, ou Cm, KinG 
Va. Eradication of Helicobacter pylori infection by 
the probiotic strains Lactobacillus johnsonii MH-
68 and L. salivarius ssp. salicinius AP-32. Helico-
bacter 2012; 17: 466-477.

45) BiarC J, nGuyen iS, Pini a, GoSSé F, riChert S, thierSé 
d, Van dorSSelaer a, leiZe-WaGner e, raul F, Klein 
JP, SChöller-Guinard m. Carcinogenic properties 
of proteins with pro-inflammatory activity from 
Streptococcus infantarius (formerly S. bovis). Car-
cinogenesis 2004; 25: 1477-1484. 

46) Burnett-hartman an, neWComB Pa, Potter Jd. In-
fectious agents and colorectal cancer: a review 
of Helicobacter pylori, Streptococcus bovis, JC vi-
rus, and human papillomavirus. Cancer Epidemiol 
Biomarkers Prev 2008; 17: 2970-2979.

47) ParFrey lW, KniGht r. Spatial and temporal variabi-
lity of the human microbiota. Clin Microbiol Infect 
2012; Suppl 4: 8-11.

48) yatSunenKo t, rey Fe, manary mJ, trehan i, domin-
GueZ-Bello mG, ContreraS m, maGriS m, hidalGo G, 
BaldaSSano rn, anoKhin aP, heath aC, Warner B, 
reeder J, KuCZynSKi J, CaPoraSo JG, loZuPone Ca, 
lauBer C, Clemente JC, KniGhtS d, KniGht r, Gordon 
Ji. Human gut microbiome viewed across age and 
geography. Nature 2012; 486: 222-227.

49) alarCón t, llorCa l, PereZ-PereZ G. Impact of the 
microbiota and gastric disease development by 
Helicobacter pylori. Curr Top Microbiol Immunol 
2017; 400: 253-275.

50) li th, Qin y, Sham PC, lau KS, Chu Km, leunG WK. 
Alterations in gastric microbiota after H. pylori 
eradication and in different histological stages of 
gastric carcinogenesis. Sci Rep 2017; 7: 44935.



Microbial community reshaped in gastric cancer

7263

51) martin me, BhatnaGar S, GeorGe md, PaSter BJ, 
CanField dr, eiSen Ja, SolniCK JV. The impact of 
Helicobacter pylori infection on the gastric micro-
biota of the rhesus macaque. PLoS One 2013; 8: 
e76375.

52) BraWner Km, Kumar r, Serrano Ca, PtaCeK t, leFKoWi-
tZ e, morroW Cd, Zhi d, Kyanam-KaBir-BaiG Kr, 
SmythieS le, harriS Pr, Smith Pd. Helicobacter pylo-
ri infection is associated with an altered gastric 
microbiota in children. Mucosal Immunol 2017; 10: 
1169-1177.

53) thorell K, BenGtSSon-Palme J, liu oh, PalaCioS Gon-
ZaleS rV, nooKaeW i, raBeneCK l, PaSZat l, Graham 
dy, nielSen J, lundin SB, SJölinG Å. In vivo analysis 
of the viable microbiota and Helicobacter pylori 
transcriptome in gastric infection and early sta-
ges of carcinogenesis. Infect Immun 2017; pii: 
IAI.00031-17.

54) Kutter S, BuhrdorF r, haaS J, SChneider-BraChert W, 
haaS r, FiSCher W. Protein subassemblies of the 
Helicobacter pylori Cag type IV secretion system 
revealed by localization and interaction studies. J 
Bacteriol 2008; 190: 2161-2171.

55) WroBleWSKi le, PeeK Jr rm, WilSon Kt. Helicobacter 
pylori and gastric cancer: factors that modulate di-
sease risk. Clin Microbiol Rev 2010; 23: 713-739.

56) CoVaCCi a, CenSini S, BuGnoli m, PetraCCa r, Burroni 
d, maCChia G, maSSone a, PaPini e, XianG Z, FiGu-
ra n. Molecular characterization of the 128-kDa 
immunodominant antigen of Helicobacter pylori 
associated with cytotoxicity and duodenal ulcer. 
Proc Natl Acad Sci U S A 1993; 90: 5791-5795.

57) de SaBlet t, PiaZuelo mB, ShaFFer Cl, SChneider BG, 
aSim m, ChaturVedi r, BraVo le, SiCinSChi la, delGa-
do aG, mera rm, iSrael da, romero-Gallo J, PeeK 
rm Jr, CoVer tl, Correa P, WilSon Kt. Phylogeo-
graphic origin of Helicobacter pylori is a determi-
nant of gastric cancer risk. Gut 2011; 60: 1189-
1195.

58) WanG l, Zhan S, Zhou J, huanG J, yu X, donG K, 
donG Q. Association of virulent genotypes and 
phylogenetic origins of Helicobacter pylori with 
gastric cancer. J Int Med Res 2014; 42: 898-905.

59) Kodaman n, PaZoS a, SChneider BG, PiaZuelo mB, 
mera r, SoBota rS, SiCinSChi la, ShaFFer Cl, rome-
ro-Gallo J, de SaBlet t, harder rh, BraVo le, PeeK 
rm Jr, WilSon Kt, CoVer tl, WilliamS Sm, Correa P. 
Human and Helicobacter pylori coevolution sha-
pes the risk of gastric disease. Proc Natl Acad Sci 
U S A 2014; 111: 1455-1460.

60) 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.

61) rodríGueZ-Piñeiro am, JohanSSon me. The colonic 
mucus protection depends on the microbiota. Gut 
Microbes 2015; 6: 326-330.

62) ota h, KatSuyama t. Alternating laminated array of 
two types of mucin in the human gastric surface 
mucous layer. Histochem J 1992; 24: 86-92.

63) dinG t, SChloSS Pd. Dynamics and associations 
of microbial community types across the human 
body. Nature 2014; 509: 357-360.

64) arumuGam m, raeS J, Pelletier e, le PaSlier d, yama-
da t, mende dr, FernandeSGr, taP J, BrulS t, Batto 
Jm, Bertalan m, Borruel n, CaSellaS F, FernandeZ 
l,Gautier l, hanSen t, hattori m, hayaShi t, Kleere-
BeZem m, KuroKaWa K, leClerC m, leVeneZ F, mani-
Chanh C, nielSen hB, nielSen t, PonS n, Poulain J, 
Qin J,SiCheritZ-Ponten t, timS S, torrentS d, uGarte 
e, Zoetendal eG, WanG J, GuarnerF, PederSen o, de 
VoS Wm, BrunaK S, doré J; metahit ConSortium, 
antolín m,artiGuenaVe F, Blottiere hm, almeida m, 
BreChot C, Cara C, CherVauX C, Cultronea, delor-
me C, denariaZ G, derVyn r, FoerStner Ku, FriSS C, 
Van de GuChte m,Guedon e, haimet F, huBer W, Van 
hylCKama-VlieG J, Jamet a, JuSte C, KaCi G, KnolJ, 
laKhdari o, layeC S, le rouX K, maGuin e, mérieuX a, 
melo minardi r, m’rini C,muller J, ooZeer r, ParKhill 
J, renault P, reSCiGno m, SanCheZ n, SunaGaWa S,tor-
reJon a, turner K, VandemeuleBrouCK G, Varela e, 
WinoGradSKy y, Zeller G,WeiSSenBaCh J, ehrliCh Sd, 
BorK P. Enterotypes of the human gut microbiome. 
Nature 2011; 473: 174-180.

65) Falony G, JooSSenS m, Vieira-SilVa S, WanG J, darZi 
y, FauSt K, KurilShiKoV a, Bonder mJ, ValleS-Colomer 
m, VandePutte d, tito ry, ChaFFron S, rymenanS l, 
VerSPeCht C, de Sutter l, lima-mendeZ G, d’hoe K, 
JonCKheere K, homola d, GarCia r, tiGChelaar eF, 
eeCKhaudt l, Fu J, henCKaertS l, ZhernaKoVa a, WiJ-
menGa C, raeS J. Population-level analysis of gut mi-
crobiome variation. Science 2016; 352: 560-564.

66) BiBBò S, ianiro G, GiorGio V, SCaldaFerri F, maSuCCi l, 
GaSBarrini a, Cammarota G. The role of diet on gut 
microbiota composition. Eur Rev Med Pharmacol 
Sci 2016; 20: 4742-4749.

67) donG Q , Xin y , WanG l , menG X , yu X , lu l , Xuan 
S. Characterization of gastric microbiota in twins. 
Curr Microbiol 2017; 74: 224-229.

68) roliG aS, CeCh C, ahler e, Carter Je, ottemann 
Km. The degree of Helicobacter pylori-triggered 
inflammation is manipulated by preinfection host 
microbiota. Infect Immun 2013; 81: 1382-1389.

69) GoodriCh JK, daVenPort er, WaterS Jl, ClarK aG, 
ley re. Cross-species comparisons of host ge-
netic associations with the microbiome. Science 
2016; 352: 532-535.

70) dąBroWSKa K, WitKieWiCZ W. Correlations of host 
genetics and gut microbiome composition. Front 
Microbiol 2016; 7: 1357.

71) GoodriCh JK, daVenPort er, Beaumont m, JaCKSon 
ma, KniGht r, oBer C, SPeCtor td, Bell Jt, ClarK 
aG, ley re. Genetic determinants of the gut mi-
crobiome in UK twins. Cell Host Microbe 2016; 19: 
731-743.

72) orG e, ParKS BW, Joo JW, emert B, SChWartZman W, 
KanG ey, mehraBian m, Pan C, KniGht r, GunSaluS r, 
draKe ta, eSKin e, luSiS aJ. Genetic and environ-
mental control of host-gut microbiota interactions. 
Genome Res 2015; 25: 1558-1569.

73) BenSon aK, Kelly Sa, leGGe r, ma F, loW SJ, Kim J, 
ZhanG m, oh Pl, nehrenBerG d, hua K, KaChman Sd, 



L.-L. Wang, J.-X. Liu, X.-J. Yu, J.-L. Si, Y.-X. Zhai, Q.-J. Dong

7264

moriyama en, Walter J, PeterSon da, PomP d. Indivi-
duality in gut microbiota composition is a complex 
polygenic trait shaped by multiple environmental 
and host genetic factors. Proc Natl Acad Sci U S 
A 2010; 107: 18933-18938.

74) hu n, WanG Z, SonG X, Wei l, Kim BS, Freedman nd, 
BaeK J, Burdette l, ChanG J, ChunG C, daWSey Sm, 
dinG t, Gao yt, GiFFen C, han y, honG m, huanG 
J, Kim hS, Koh WP, liao lm, mao ym, Qiao yl, Shu 
Xo, tan W, WanG C, Wu C, Wu mJ, XianG yB, yea-
Ger m, yooK Jh, yuan Jm, ZhanG P, Zhao XK, ZhenG 
W, SonG K, WanG ld, lin d, ChanoCK SJ, GoldStein 
am, taylor Pr, aBnet CC. Genome-wide associa-
tion study of gastric adenocarcinoma in Asia: a 
comparison of associations between cardia and 
non-cardia tumours. Gut 2016; 65: 1611-1618.

75) helGaSon h, raFnar t, olaFSdottir hS, JonaSSon JG, 
SiGurdSSon a, StaCey Sn, JonaSdottir a, tryGGVadot-
tir l, aleXiuSdottir K, haraldSSon a, le rouX l, Gud-
mundSSon J, JohannSdottir h, oddSSon a, GylFaSon a, 
maGnuSSon ot, maSSon G, JonSSon t, SKuladottir h, 

GudBJartSSon dF, thorSteinSdottir u, Sulem P, SteFanS-
Son K. Loss-of-function variants in ATM confer risk 
of gastric cancer. Nat Genet 2015; 47: 906-910.

76) WanG l, Wu C, XianG yB, hu Z, yuan Jm, Xie l, 
ZhenG W, lin d, ChanoCK SJ, Shi y, GoldStein am, Jin 
G, taylor Pr, Shen h. Identification of new suscep-
tibility loci for gastric non-cardia adenocarcinoma: 
pooled results from two Chinese genome-wide 
association studies. Gut 2017; 66: 581-587.

77) Jin G, ma h, Wu C, dai J, ZhanG r, Shi y, lu J, miao 
X, WanG m, Zhou y, Chen J, li h, Pan S, Chu m, lu 
F, yu d, JianG y, donG J, hu l, Chen y, Xu l, Shu y, 
Pan S, tan W, Zhou B, lu d, Wu t, ZhanG Z, Chen F, 
WanG X, hu Z, lin d, Shen h. Genetic variants at 
6p21.1 and 7p15.3 are associated with risk of mul-
tiple cancers in Han Chinese. Am J Hum Genet 
2012; 91: 928-934.

78) Xu y, Sun Jy, Jin yF, yu h. PCAT6 participates in 
the development of gastric cancer through endo-
genously competition with microRNA-30. Eur Rev 
Med Pharmacol Sci 2018; 22: 5206-5213.


