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Abstract: There is a complex ecosystem of bacteria and other microorganisms inside and outside the human body, 
which play an intricate role in maintaining health. In recent years, many researches focused on the relationship 
between microorganisms and cancer. Studies have identified that numerous microbes are presented in human 
stomach, which are closely linked to the development of gastric cancer (GC). Helicobacter pylori (H. pylori) is the 
mostly well-studied bacterial pathogen in the stomach, which account for the vast majority of GC. However, recent 
studies have found that microflora dysbiosis was occurred in mucosa of GC patients, and evidences have potentially 
proved that microbes other than H. pylori are also contribute to the development of GC, while the overall knowledge 
is still limited. In this review, we summarized the role of gastric flora in GC, especially the possible role of non-H. 
pylori bacteria in the development of GC. These knowledges and awareness may open doors for new therapeutic 
strategies of GC.
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Epidemiology and environmental and genetic 
factors of gastric cancer

Gastric cancer (GC) is a common gastrointesti-
nal tumor and ranged as the third leading cause 
of cancer related deaths worldwide [1], with 
nearly one million new patients were diagnosed 
each year, which represent a great health prob-
lem [2]. In China, the incidence rate of GC is 
second in men and fourth in women, and nearly 
300 thousand people died of GC in 2011 [3]. 
Early diagnosis of GC is helpful to improve the 
therapeutic effect and prognosis. However, a 
considerable number of patients are in the ad- 
vanced stage at the time of discovery. Therefore, 
the early prevention and treatment of GC is par-
ticularly important. At present, studies have 
found that the occurrence of GC is a multi-fac-
tor and multi-step process, which is character-
ized by complex interaction between host and 
environmental factors. 

Among the environmental and dietary factors, 
living habits and occupational environment are 
particularly important. It is a commonly accept-

ed that intake of nitrosamine would lead to GC, 
the concentration of nitrosamine in gastric juice 
is significantly correlated with the incidence 
rate of GC [4]. In addition, high salt diet and low 
intake of fresh fruits and vegetables are also 
related to GC [5]. Drinking are also risk factors 
[6], and the World Health Organization In- 
ternational Cancer Research Institute recently 
listed acetaldehyde produced by alcoholic bev-
erages and endogenous ethanol as a class I 
carcinogen [7]. 

The genetic instability of the host is an impor-
tant feature of GC, involving the genetic and epi-
genetic changes of host oncogene, tumor sup-
pressor gene, DNA repair gene, cell cycle regu-
latory factor and signal molecule. Abnormal 
activation or amplification of oncogenes such 
as K-ras, HOTTIP, KIF26B can promote the pro-
liferation, migration and metastasis of GC cells 
[8-10]. While the inactivation of tumor suppres-
sor genes is also closely related to GC. For 
example, tripartite motif 59 (TRIM59), which 
encodes ubiquitin ligase, interacts with p53, 
promotes ubiquitination and degradation of 
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p53, and thus promoting the occurrence of GC 
[11].

Microbe and cancer

It has been identified that a large number of 
microbiota lives symbiotically in human body 
and comprise an important microecosystem, 
which coevolves with host and has a great 
effect on human health [12]. Scientists have 
shown that a diverse microbial flora inside in 
human gastrointestinal tract, which are respon-
sible for maturation and regulation of host 
metabolism and immunity [13, 14]. The micro-
bial diversity in human body is site-specific, 
which changes according to the position of the 
body, and may be related to human health. 
Dysbiosis of those bacteria may contribute to 
diseases in multiple systems of human body, 
including cancer, which provides a new per-
spective for cancer research and treatment.

Although cancer is often thought to be closely 
linked to genetic and environmental factors, 
evidences proved that gut microbiota has 
emerged as a critical environmental factor for 
some cancers, such as colorectal cancer (CRC), 
hepatocellular carcinoma, pancreatic cancer 
and so on [15, 16]. For example, Bacteroides 
fragili, Fusobacterium nucleatum, certain stra- 
ins of Escherichia coli and other opportunistic 
pathogens, which have been investigated to 
have the potential to participate in the occur-
rence and progression of CRC [17, 18]. Fuso- 
bacterium species has been well established 
that it can promote the carcinogenesis of pan-
creatic cancer [19]. The mechanism of tumor 
formation promoted by microbiota can be divid-

ne response may play a role in the development 
of GC [22]. The stomach is considered a sterile 
organ due to the acid-producing function of  
the stomach, the return of bile acids in the 
stomach, the thickness of the mucus layer, and 
the effectiveness of gastric motility, which hin-
ders colonization of bacteria in the stomach. 
Consequently, the complexity of the microbiota 
in the stomach is usually much lower when 
compared to that in the intestinal and oral [23]. 
The development of methods based on 16S 
rRNA genes, such as spot hybridization with 
rRNA targeting probes, fluorescence in situ 
hybridization, denaturing gradient gel electro-
phoresis, cloning and sequencing of rDNA, tem-
perature gradient gel electrophoresis, these 
methods have gradually made people aware 
that a complex bacteria are present in the 
stomach (Figure 1) [24]. The microbiome in 
stomach of human mainly contains five phyla, 
they are Bacteroides, Actinomycetes, Firmicu- 
tes, Proteobacteria, and Fusobacteria respec-
tively [24]. Besides, many bacteria are isolated 
from the stomach of patients with hypochlorhy-
dria, which contains Lactobacillus, Streptoco- 
ccus, Pseudomonas, Xanthomonas, Proteus, 
Klebsiella, Neisseria, E. coli and Campylobacter 
jejuni [25]. 

As a part of tumor microenvironment, microbi-
ome may play an important role in the develop-
ment, progression and metastasis of GC. 
Studies have found that the initiation and pro-
gression of GC are highly related to the changes 
of microbial structure [26]. Consequently, the 
gut microbiota was also considered as an 
important factor for progression of GC.

Figure 1. Gut microbiota in gastric mucosa. A large number of bacteria in gas-
tric mucosa was detected by fluorescence in situ hybridization (FISH), ×100 
magnification.

ed into the following three 
categories: firstly, affect the 
balance of host cells between 
proliferation and death; sec-
ondly, regulate the immune 
function of host; thirdly, par-
ticipate the metabolic pro-
cess of host [20, 21]. 

Complex microbiota in the 
stomach 

Studies have found that GC  
is an inflammation-associat-
ed disease, thus the factors 
affecting the mucosal immu- 
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The relationship between gastric cancer and 
Helicobacter pylori

It is generally recognized that persistent infec-
tion of Helicobacter pylori (H. pylori) triggers 
the inflammatory cascade, followed by atrophic 
gastritis and increased risk of developing GC 
[27]. First, H. pylori can penetrates the mucus 
layer and colonizes the gastric mucosa [28], 
and produces ammonia and HCO32- by using 
urease and α-carbonic anhydrase, thereby re- 
ducing gastric acidity and resulting high pH 
[29]. By influencing the expression of mucins 
Muc1, Muc4, and Muc5b, H. pylori could chan- 
ge the mucus barrier [30]. In addition, the viru-
lence factors of H. pylori are closely related to 
GC, CagA and VacA are well-studied. Phospho- 
rylated CagA could regulate the structure and 
function of cytoskeleton and intercellular con-
nections, thereby destroying mucosal integrity 
[31]. CagA could also promotes the epithelial 
mesenchymal transition (EMT) of GC by trigger-
ing oncogenic YAP pathway [32]. Recent stud-
ies also identified that CagA correlated with 
autophagy in the progression of GC [33, 34]. As 
far as another virulence factor VacA is con-
cerned, it can regulate the metabolism of host 
cells by inhibiting mTORC1 [35], and promotes 
apoptosis of gastric epithelial cells by interfer-
ing with function of mitochondria [36]. Auto- 
phagy induced by VacA is another mechanism 
by which VacA induces gastric inflammation 
and promotes GC [37]. Besides, VacA can also 
bind to CD4+ T cells and inhibit antigen-depen-
dent T cell proliferation by inactivating dephos-
phorylation of the transcription factor nuclear 
factor of activated T cells (NFAT) [38]. 

The role of H. pylori in the development of GC 
has been widely studied. However, many stud-
ies have found that other bacteria in the stom-
ach also play an indispensable role in the devel-
opment of GC.

The role of non-H. pylori bacteria in gastric 
cancer

A recent report investigated that the incidence 
of GC has increased in some regions despite a 
reduction in H. pylori infection [39], which may 
inspire us that some bacteria other than H. 
pylori in the stomach also contribute to the 
development of GC. Although H. pylori coloniza-
tion rates exceed 50% worldwide, only 1-3% of 
individuals infected with H. pylori will develop 

GC [40], and eradication of H. pylori could not 
completely prevent the development of GC [41]. 
In Helicobacter-free INS-GAS mouse model of 
spontaneous GC, the onset of tumorigenesis 
was delayed in mouse infected with H. pylori 
alone when compare with those infected with 
H. pylori and other gastric microbiota, which 
indicating that H. pylori may not acting alone to 
promote GC [42]. Those evidences indicate that 
bacteria other than H. pylori also play a poten-
tial role in the carcinogenesis and progression 
of GC in mice [43, 44]. 

Dysbiosis of gastric microbiota in gastric can-
cer

In addition to H. pylori colonization, there are 
also many other bacteria colonized in the gas-
tric mucosa or in the gastric cavity. In human 
beings, chronic H. pylori infection or the use of 
drugs such as proton pump inhibitor can reduce 
gastric acid secretion and result in hypochlor-
hydria (pH between 4-7) or achlorhydria (pH 7), 
thereby creating a favorable environment for 
colonization and reproduction of other bacteria 
[45, 46]. Those microbes could also interact 
with gastric mucosa. 

In the last few years, scientists have detected 
that the flora of GC mucosa has changed com-
pared with that of healthy people, that is, the 
dysbiosis occurred, and those researches show 
that the characteristics of this dysbiosis can 
distinguish gastric cancer from other diseases 
[47, 48]. A study found that the microbes in gas-
tric cardia adenocarcinoma (GCA) tissues are 
mainly composed of Firmicutes, Bacteroidetes 
and Proteobacteria at the phylum level [47]. In 
addition, there is a significant difference in 
composition of microbiota between non-atro-
phic gastritis (NAG) and GC, of which the bacte-
rial diversity is gradually reduced from NAG to 
intestinal metaplasia (IM) and then to GC, and 
the abundance of Helicobacteria was decrea- 
sed while intestinal commensals were enhan- 
ced [49, 50]. At genus level, remarkable in-
creases in abundance of Achromobacter, Citro- 
bacter, Phyllobacterium, Clostridium, Rhodoco- 
ccus and Lactobacillus in GC were found when 
compared with chronic gastritis [50], and the 
relative abundance of Prevotella, Streptococcus, 
Veillonella, Haemophilus and Neisseria were 
increased in GCA tissues when compared with 
non-tumor tissues [47]. At species level, Pre- 
votella melaninogenica, Streptococcus angino-
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sus and Propionibacterium acne were in- 
creased, while H. pylori and Bacteroides unifor-
mis were deceased in tumor tissues [51]. Be- 
sides, changes in microbial composition at vari-
ous stages of gastric cancer development were 
also identified in a recent study, in which Pep- 
tostreptococcus stomatis, Streptococcus angi-
nosus, Parvimonas micra, Slackia exigua and 
Dialister pneumosintes were found to have 
potentially important roles in GC progression 
[52]. There are still many studies have found 
that the flora of GC patients has changed, and 
the significantly changed flora in the cancer tis-
sue at different levels of classification have 
been identified [53, 54]. From the above evi-
dences, we may conclude that bacteria with 
high abundance in the microenvironment may 
play an essential role in the development of GC. 
Dysbiosis of GC flora are summarized in Table 
1.

The differences of changed microbiota in the 
above explorations may be caused by different 
regions, levels of flora and other factors. 
However, another relevant point that needs to 
be considered is that whether those microbiota 
act alone or in combination with H. pylori to pro-
mote carcinogenesis of GC. Since several stud-
ies have drawn our attention to that the abun-
dance of H. pylori was decreased in gastric 
cancer tissues, which may demonstrate a criti-
cal role of bacteria other than H. pylori in pro-
moting the progression rather than initiation of 
GC, yet further researches are needed to prove 
that.

Non-H. pylori bacteria may promote gastric 
cancer via inducing inflammatory response 

A cohort study consist of 268 GC patients and 
288 controls, indicating that individuals with 
higher relative abundance of Propionibacterium 
acnes (P. acnes) and Prevotella copri (P. copri) 
had a significantly higher risk of GC than non-
carriers [55]. Previous study shown that lym-
phocytic gastritis could be caused by high 
abundance of P. acnes. Furthermore, P. acnes-
related lymphocytic gastritis produce proin-
flammatory cytokines, such as IL-15, to pro-
mote the development of GC [56]. As for P. 
copri, it has the ability to induce several inflam-
matory responses by producing redox protein in 
human body, which result in the presence of 
several diseases including GC [57, 58]. There- 
fore, we may hypothesis that P. acnes and P. 

copri promote GC through inducing inflamma-
tory condition, but the detailed mechanism still 
need to be further investigated.

Non-H. pylori bacteria may promote gastric 
cancer by influencing the function of immune 
cells in TME

A recent study found correlations between gas-
tric microbiota and immune cells: the number 
of BDCA2+ plasmacytoid dendritic cell was 
positively correlated with Stenotrophomonas, 
and the number of Foxp3+ regulatory T cell was 
positively correlated with Selenomonas in the 
microenvironment of GC. They concluded that 
those immune cells may be modulated by the 
changed microbiota, which participated in the 
formation of immunosuppressive microenviron-
ment [59]. Nevertheless, they did not do experi-
ments to study the mechanism to obtain a con-
vincing evidence. Plasmacytoid dendritic cells 
(pDCs) and Regulatory T cells (Tregs) have been 
found to suppress functions of effector cells, 
thus facilitating tumor cells of GC and other 
cancers escape from immune surveillance [60, 
61]. Therefore, we could suspect that these two 
bacteria may act with these two immune cells 
respectively to promote GC, but further experi-
ments are needed.

Another study shown that Clostridium, Fusoba- 
cterium, and Lactobacillus species were abun-
dant in GC. Clostridium colicanis and Fusoba- 
cterium nucleatum were shown to exhibited a 
diagnostic ability in GC by using a receiver oper-
ating characteristic curve analysis [62]. Fuso- 
bacterium nucleatum has been demonstrated 
to have potential role in the carcinogenesis of 
CRC, pancreatic cancer and so on. In our previ-
ous study, we had summarized the role of 
Fusobacterium nucleatum in the tumor micro-
environment (TME) of CRC [63]. It can affect 
the function and phenotype of immune cells, 
such as macrophages, T cells, NK cells, dendri- 
tic cells, tumor-associated Neutrophils. Thus, 
shaping an immunosuppressive environment 
which is benefit for tumor growth. Therefore, 
Fusobacterium nucleatum may also favors the 
development of GC.

Non-H. pylori bacteria may promote gastric 
cancer through the production of metabolites

It should be noted that recent reports have 
shown a sustained increase in the abundance 
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Table 1. Dysbiosis of gastric microbiota in gastric cancer
Year Sample size Results Reference
2009 10 patients with GC, 5 dyspeptic controls. Gastric cancer microbiota was dominated by different species of the genera Streptococcus, Lactobacillus, Veillon-

ella and Prevotella, while the abundance of H. pylori was relatively low.
[53]

2014 5 patients each of NAG, IM and intestinal-type GC. Bacterial diversity ranged from 8 to 57 and steadily decreased from NAG to IM to GC (p = 0.004). A significant micro-
biota difference was observed between NAG and GC.

[49]

2014 11 noncardia GC patients, 10 IM patients, and 10 chronic gastritis 
patients.

The relative abundance of Streptococcaceae family significantly increased, while the relative abundance of Helico-
bacteraceae family was significantly lower in the gastric cancer group compared with chronic gastritis and intestinal 
metaplasia groups.

[54]

2016 A total of 15 patients with hp(-), and 13 healthy people with  hp(-) 
as control.

The number of nitrate-reducing bacteria (NB) other than HP (non-HP-NB) was two times higher in the cancer groups 
than in the control groups, but it did not reach statistical significance.

[70]

2016 A total of 315 patients, including 212 patients with chronic gastri-
tis and 103 patients with gastric cancer, were enrolled in the study. 

Five genera of bacteria with potential cancer-promoting activities were enriched in gastric cancer, including Lactoba-
cillus, Escherichia Shigella, Nitrospirae, Burkholderia fungorum and Lachnospiraceae.

[64]

2017 54 patients with GC and 81 patients with chronic gastritis. Citrobacter was proved to be abundant in GC, and significant increases in abundance of Achromobacter, Citrobacter, 
Phyllobacterium, Clostridium, Rhodococcus and Lactobacillus.

[50]

2018  21 superficial gastritis, 23 atrophic gastritis, 17 IM and 20 GC. Peptostreptococcus stomatis, Streptococcus anginosus, Parvimonas micra, Slackia exigua and Dialister pneumosin-
tes were significantly increased in GC.

[52]

2019 230 normal, 247 peritumoral and 229 tumoral tissues. Prevotella melaninogenica, Streptococcus anginosus and Propionibacterium acne were increased, while H. pylori, 
Prevotella copri and Bacteroides uniformis were deceased in tumor tissues.

[51]

2019 The study participants included 268 GC patients and 288 controls. Family: The relative abundance of Helicobacteraceae, Propionibacteriaceae, and Prevotellaceae higher in GC 
patients. 
Genus: The relative abundances of Helicobacter, Propionibacterium, and Prevotella were higher in GC patients, 
while Lactococcus was decreased. 
Species: The GC patients had higher relative abundances of H. pylori, Propionibacterium acnes (P. acnes), and 
Prevotella copri (P. copri) than the controls, while the relative abundance of Lactococcus lactis (L. lactis) was higher 
in the healthy controls than in the patients.

[55]

2019 36 GCA tissue samples and paired nontumor tissue. The relative abundance of Prevotella, Streptococcus, Veillonella, Haemophilus and Neisseria were increased in GCA 
tissues when compared with non-tumor tissues.

[47]

GC, gastric cancer; GCA, gastric cardia adenocarcinoma; NAG, non-atrophic gastritis; IM, intestinal metaplasia.
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of lactic acid bacteria (LAB) in GC patients, in- 
cluding Streptococcus [52], Lactobacillus [50, 
64], Bifidobacterium and Lactococcus [65]. 
Those LABs were identified to have the ability 
to promote GC through a number of mecha-
nisms, such as the production of reactive oxy-
gen species (ROS) and N-nitroso compounds, 
the supply of exogenous lactic acid [66]. The 
most powerful evidence to prove the role of 
LABs in development of GC was performed in 
the Insulin-Gastrin (INS-GAS) transgenic mouse 
model. Scientists reported that male INS-GAS 
mice colonized with specific microbiome (inclu- 
ding Lactobacillus murinus ASF361, Clostridium 
ASF356 and Bacteroides ASF519) could pro-
mote gastrointestinal intraepithelial neoplasia, 
which is associated with a strong upregulation 
of pro-inflammatory and cancer-related genes 
[44]. In addition, it has been proved that nitrate 
can be reduced to nitrite to form a large num-
ber of N-nitroso compounds by LABs [67], 
which is closely related to GC. Moreover, evi-
dence to date clearly shows lactate, the metab-
olite of LABs, could promote inflammation, an- 
giogenesis, metastasis, and regulate immune 
response [68, 69], which may influence the out-
come of GC.

Besides, the frequency of nitrate-reducing bac-
terial species was increased in GC, including 

Neisseria, Clostridium, Staphylococcus [70], 
and Clostridium colicanis [62]. Compared with 
that in chronic gastritis, metagenomes analysis 
indicated that the functional composition of GC 
microbiota increased the functions of nitrate 
reductase and nitrite reductase, those nitrate-
reducing bacteria would increasing the concen-
trations of nitrite and N-nitroso compounds 
[50]. Animal studies had drawn a convincing 
conclusion that exogenous nitroso compounds 
are the cause of GC and several cancers [71]. 
Therefore, these nitrate-reducing bacteria may 
also have a close relationship with the occur-
rence of GC. And as the product of bacteria, 
nitroso compounds may play an indispensable 
role in promoting GC. However, there are still no 
researches about the direct effect of these 
bacteria on GC.

The imbalance of bile acid (BA) was discovered 
to be directly associated with GC, affect the 
carcinogenesis of stomach through upregula-
tion of histidine decarboxylase (HDC) [72]. BAs 
are produced by host cells and intestinal micro-
organisms. Primary BAs are produced in the 
human liver, and secondary BAs are produced 
from primary BAs by some bacteria in the gas-
trointestinal tract (GI) including Clostridium 
[73]. When the pylorus sphincter is damaged or 
dysfunctional, the BAs could flow back to the 

Figure 2. The possible roles of non-H. pylori bacteria in the development of gastric cancer. Non-H. pylori bacteria 
promote GC by inducing inflammatory response and producing an immunosuppressive microenvironment. Besides, 
they could also promote the development of GC through their metabolites such as lactate, nitrite and bile acid. AD, 
adenoma; AG, atrophic gastritis; GC, gastric cancer; IM, intestinal metaplasia; N, normal.
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Table 2. The possible roles of non-H. plori bacteria in the develpoment of gastric cancer

Effects on the development of GC Microbiota Mechanisms References

Promote inflammatory response Propionibacterium acnes (P. 
acnes)

P. acnes-related lymphocytic gastritis produce proinflammatory cytokines, such as IL-15, to promote the development of 
GC.

[55, 56]

Promote inflammatory response Prevotella copri (P. copri) It has the ability to induce inflammatory responses by producing redox protein in human body, which result in the presence 
of several diseases including GC.

[55, 57, 58]                        

Promote inflammatory response Lactobacillus murinus In the transgenic INS-GAS mouse model, mice colonized with Lactobacillus murinus ASF361 could promote gastrointes-
tinal intraepithelial neoplasias, which is associated with a strong upregulation of pro-inflammatory and cancer-related 
genes.

[44]

Influencing the function of immune 
cells in TME

Stenotrophomonas pDCs has been found to suppress functions of immune effector cells, which was positively correlated with Stenotro-
phomonas in GC tissues. Thus, Stenotrophomonas may facilitate tumor cells of GC by promoting cancers escape from 
immune surveillance.

[59, 60]

Influencing the function of immune 
cells in TME

Selenomonas Tregs was repoted to have immunosuppressive effect, which was positively correlated with Selenomonas. Therefore, Sele-
nomonas may promote GC by immunosuppressive effect of Tregs.

[59, 61] 

Influencing the function of immune 
cells in TME

Fusobacterium nucleatum (Fn) It can affect the function and phenotype of immune cells, such as macrophages, T cells, NK cells, dendritic cells, tumor-
associated neutrophils. Thus, shaping an immunosuppressive environment which is benefit for tumor growth.

[62, 63]

Promote GC through the production 
of metabolites

lactic acid bacteria (LAB) Lactate, the metabolite of LABs, could promote inflammation, angiogenesis, metastasis, and regulate immune response, 
which may influence the outcome of GC.

[68, 69]   

Promote GC through the production 
of metabolites

lactic acid bacteria (LAB) LABs promote GC by producing reactive oxygen species (ROS) and N-nitroso compounds. [66, 67]  

Promote GC through the production 
of metabolites

Neisseria, Clostridium, and 
Staphylococcus 

Those nitrate-reducing bacteria would increase the concentrations of nitrite and N-nitroso compounds. [50]

Promote GC through the production 
of metabolites

Clostridium colicanis Clostridium colicanis can reduce nitrate to nitrite. [62]

Promote GC through the production 
of metabolites

Clostridium  Clostridium could produce Secondary bile acid, which was discovered to be directly associated with GC by affecting the 
carcinogenesis of stomach through upregulation of histidine decarboxylase (HDC).

[72-74]

GC, gastric cancer; INS-GAS, Insulin-Gastrin; NK, natural killer; pDCs, Plasmacytoid dendritic cells; Tregs, regulatory T cell.
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stomach by bile reflux [74]. Previous study had 
identified that the abundance of Clostridium 
was increased in GC tissues [50], thus Clos- 
tridium may utilize the BAs refluxed to stomach 
to produce secondary BAs and promote the 
development of GC.

Conclusion

Evidences have indicated that alterations in 
microbiota are potentially associated with 
occurrence and progression of cancer [75]. In 
the stomach of healthy people, the acid envi-
ronment in the stomach is not suitable for bac-
terial colonization, which can kill many microor-
ganisms entering the gastrointestinal tract, and 
provide an effective barrier to prevent microor-
ganisms from entering the body [76]. There is 
overwhelming evidence supporting the notion 
that H. pylori play a vital role in GC, while few 
studies identified the mechanisms of non-H. 
pylori bacteria that also play an important role 
in the development of GC. In this paper, we dis-
cussed the possible roles of non-H. pylori bac-
teria in GC, including induction of inflammatory 
response, creation of an immunosuppressive 
TME and production of some metabolites that 
is responsible for tumorigenesis (Figure 2; 
Table 2). Therefore, various in vitro and in vivo 
experiments are still needed, which will provide 
a better strategy for GC prevention and 
therapy. 

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Honggang Yu, De- 
partment of Gastroenterology, Renmin Hospital of 
Wuhan University, 238 Jiefang Road, Wuchang, 
Wuhan 430060, Hubei, P. R. China. E-mail: yuhong-
gang@whu.edu.cn

References

[1] Corso S, Isella C, Bellomo SE, Apicella M, 
Durando S, Migliore C, Ughetto S, D’Errico L, 
Menegon S, Moya-Rull D, Cargnelutti M, 
Capelôa T, Conticelli D, Giordano J, Venesio T, 
Balsamo A, Marchiò C, Degiuli M, Reddavid R, 
Fumagalli U, De Pascale S, Sgroi G, Rausa E, 
Baiocchi GL, Molfino S, Pietrantonio F, Morano 
F, Siena S, Sartore-Bianchi A, Bencivenga M, 
Mengardo V, Rosati R, Marrelli D, Morgagni P, 
Rausei S, Pallabazzer G, De Simone M, Ribero 
D, Marsoni S, Sottile A, Medico E, Cassoni P, 

Sapino A, Pectasides E, Thorner AR, Nag A, 
Drinan SD, Wollison BM, Bass AJ and Giordano 
S. A comprehensive PDX gastric cancer collec-
tion captures cancer cell intrinsic transcrip-
tional MSI traits. Cancer Res 2019; 79: 5884-
5896.

[2] Siegel R, Ma J, Zou Z and Jemal A. Cancer sta-
tistics, 2014. CA Cancer J Clin 2014; 64: 9-29. 

[3] Chen W, Zheng R, Zeng H and Zhang S. The 
updated incidences and mortalities of major 
cancers in China, 2011. Chin J Cancer 2015; 
34: 502-7. 

[4] Keszei AP, Goldbohm RA, Schouten LJ, Jakszyn 
P and van den Brandt PA. Dietary N-nitroso 
compounds, endogenous nitrosation, and the 
risk of esophageal and gastric cancer sub-
types in the Netherlands Cohort Study. Am J 
Clin Nutr 2013; 97: 135-46. 

[5] Liu C and Russell RM. Russell (2008) Nutrition 
and gastric cancer risk: an update. Nutr Rev 
2008; 66: 237-49. 

[6] Duell EJ, Travier N, Lujan-Barroso L, Clavel-
Chapelon F, Boutron-Ruault MC, Morois S, Palli 
D, Krogh V, Panico S, Tumino R, Sacerdote C, 
Quirós JR, Sánchez-Cantalejo E, Navarro C, 
Gurrea AB, Dorronsoro M, Khaw KT, Allen NE, 
Key TJ, Bueno-de-Mesquita HB, Ros MM, 
Numans ME, Peeters PH, Trichopoulou A, 
Naska A, Dilis V, Teucher B, Kaaks R, Boeing H, 
Schütze M, Regner S, Lindkvist B, Johansson I, 
Hallmans G, Overvad K, Egeberg R, Tjønneland 
A, Lund E, Weiderpass E, Braaten T, Romieu I, 
Ferrari P, Jenab M, Stenling R, Aune D, Norat  
T, Riboli E and González CA. Alcohol consump-
tion and gastric cancer risk in the European 
Prospective Investigation into Cancer and 
Nutrition (EPIC) cohort. Am J Clin Nutr 2011; 
94: 1266-75. 

[7] Uittamo J, Nieminen MT, Kaihovaara P, Bowyer 
P, Salaspuro M and Rautemaa R. Xylitol inhib-
its carcinogenic acetaldehyde production by 
Candida species. Int J Cancer 2011; 129: 
2038-41. 

[8] Dong C, Sun J, Ma S and Zhang G. K-ras-ERK1/ 
2 down-regulates H2A.X(Y142ph) through 
WSTF to promote the progress of gastric can-
cer. BMC Cancer 2019; 19: 530. 

[9] Chang S, Liu J, Guo S, He S, Qiu G, Lu J, Wang 
J, Fan L, Zhao W and Che X. HOTTIP and 
HOXA13 are oncogenes associated with gas-
tric cancer progression. Oncol Rep 2016; 35: 
3577-85.

[10] Zhang H, Ma RR, Wang XJ, Su ZX, Chen X, Shi 
DB, Guo XY, Liu HT and Gao P. KIF26B, a novel 
oncogene, promotes proliferation and metas-
tasis by activating the VEGF pathway in gastric 
cancer. Oncogene 2017; 36: 5609-5619. 

[11] Zhou Z, Ji Z, Wang Y, Li J, Cao H, Zhu HH and 
Gao WQ. TRIM59 is up-regulated in gastric tu-

mailto:yuhonggang@whu.edu.cn
mailto:yuhonggang@whu.edu.cn


Non-H. pylori bacteria promote gastric cancer

2279 Am J Cancer Res 2020;10(8):2271-2281

mors, promoting ubiquitination and degrada-
tion of p53. Gastroenterology 2014; 147: 
1043-54. 

[12] Hooper LV, Littman DR and Macpherson AJ. 
Interactions between the microbiota and the 
immune system. Science 2012; 336: 1268-
73. 

[13] Wu H, Tremaroli V and Bäckhed F. Linking mi-
crobiota to human diseases: a systems biology 
perspective. Trends Endocrinol Metab 2015; 
26: 758-770. 

[14] Takahashi K. Influence of bacteria on epigene-
tic gene control. Cell Mol Life Sci 2014; 71: 
1045-54.

[15] Francescone R, Hou V and Grivennikov SI. 
Microbiome, inflammation, and cancer. Cancer 
J 2014; 20: 181-9. 

[16] Helmink BA, Khan MAW, Hermann A, Gopa- 
lakrishnan V and Wargo JA. The microbiome, 
cancer, and cancer therapy. Nat Med 2019; 
25: 377-388. 

[17] Wang T, Cai G, Qiu Y, Fei N, Zhang M, Pang X, 
Jia W, Cai S and Zhao L. Structural segregation 
of gut microbiota between colorectal cancer 
patients and healthy volunteers. ISME J 2012; 
6: 320-9. 

[18] Wong SH and Yu J. Gut microbiota in colorectal 
cancer: mechanisms of action and clinical  
applications. Nat Rev Gastroenterol Hepatol 
2019; 16: 690-704.

[19] Mitsuhashi K, Nosho K, Sukawa Y, Matsunaga 
Y, Ito M, Kurihara H, Kanno S, Igarashi H, Naito 
T, Adachi Y, Tachibana M, Tanuma T, Maguchi 
H, Shinohara T, Hasegawa T, Imamura M, Ki- 
mura Y, Hirata K, Maruyama R, Suzuki H, Imai 
K, Yamamoto H and Shinomura Y. Association 
of Fusobacterium species in pancreatic cancer 
tissues with molecular features and prognosis. 
Oncotarget 2015; 6: 7209-20. 

[20] Garrett WS. Cancer and the microbiota. 
Science 2015; 348: 80-6. 

[21] Johnson CH, Dejea CM, Edler D, Hoang LT, 
Santidrian AF, Felding BH, Ivanisevic J, Cho K, 
Wick EC, Hechenbleikner EM, Uritboonthai W, 
Goetz L, Casero RA Jr, Pardoll DM, White JR, 
Patti GJ, Sears CL and Siuzdak G. Metabolism 
links bacterial biofilms and colon carcinogene-
sis. Cell Metab 2015; 21: 891-7. 

[22] llison CC and Ferrero RL. Role of virulence fac-
tors and host cell signaling in the recognition 
of Helicobacter pylori and the generation of im-
mune responses. Future Microbiol 2010; 5: 
1233-55. 

[23] Ianiro G, Molina-Infante J and Gasbarrini A. 
Gastric microbiota. Helicobacter 2015; 20 
Suppl 1: 68-71. 

[24] Bik EM, Eckburg PB, Gill SR, Nelson KE, 
Purdom EA, Francois F, Perez-Perez G, Blaser 
MJ and Relman DA. Molecular analysis of the 

bacterial microbiota in the human stomach. 
Proc Natl Acad Sci U S A 2006; 103: 732-7. 

[25] Williams C and McColl KE. Review article: pro-
ton pump inhibitors and bacterial overgrowth. 
Aliment Pharmacol Ther 2006; 23: 3-10.

[26] Dong Z, Chen B, Pan H, Wang D, Liu M, Yang Y, 
Zou M, Yang J, Xiao K, Zhao R, Zheng X, Zhang 
L and Zhang Y. Detection of microbial 16S 
rRNA gene in the serum of patients with gas-
tric cancer. Front Oncol 2019; 9: 608. 

[27] Wroblewski LE, Peek RM Jr and Wilson KT. 
Helicobacter pylori and gastric cancer: factors 
that modulate disease risk. Clin Microbiol Rev 
2010; 23: 713-39. 

[28] Servetas SL, Bridge DR and Merrell DS. 
Molecular mechanisms of gastric cancer initia-
tion and progression by Helicobacter pylori. 
Curr Opin Infect Dis 2016; 29: 304-10. 

[29] Bauerfeind P, Garner R, Dunn BE and Mobley 
HL. Synthesis and activity of Helicobacter py-
lori urease and catalase at low pH. Gut 1997; 
40: 25-30. 

[30] Navabi N, Johansson ME, Raghavan S and 
Lindén SK. Helicobacter pylori infection im-
pairs the mucin production rate and turnover 
in the murine gastric mucosa. Infect Immun 
2013; 81: 829-37. 

[31] Tohidpour A. CagA-mediated pathogenesis of 
Helicobacter pylori. Microb Pathog 2016; 93: 
44-55. 

[32] Li N, Feng Y, Hu Y, He C, Xie C, Ouyang Y, Artim 
SC, Huang D, Zhu Y, Luo Z, Ge Z and Lu N 
Helicobacter pylori CagA promotes epithelial 
mesenchymal transition in gastric carcinogen-
esis via triggering oncogenic YAP pathway. J 
Exp Clin Cancer Res 2018; 37: 280. 

[33] Tsugawa H, Suzuki H, Saya H, Hatakeyama M, 
Hirayama T, Hirata K, Nagano O, Matsuzaki J 
and Hibi T. Reactive oxygen species-induced 
autophagic degradation of Helicobacter pylori 
CagA is specifically suppressed in cancer 
stem-like cells. Cell Host Microbe 2012; 12: 
764-77. 

[34] Tsugawa H, Mori H, Matsuzaki J, Sato A, Saito 
Y, Imoto M, Suematsu M and Suzuki H. CAPZA1 
determines the risk of gastric carcinogenesis 
by inhibiting Helicobacter pylori CagA-degraded 
autophagy. Autophagy 2019; 15: 242-258. 

[35] Kim IJ, Lee J, Oh SJ, Yoon MS, Jang SS, Holland 
RL, Reno ML, Hamad MN, Maeda T, Chung HJ, 
Chen J and Blanke SR. Helicobacter pylori  
infection modulates host cell metabolism 
through VacA-dependent inhibition of mTORC1. 
Cell Host Microbe 2018; 23: 583-593, e8. 

[36] Cover TL, Krishna US, Israel DA and Peek RM 
Jr. Induction of gastric epithelial cell apoptosis 
by Helicobacter pylori vacuolating cytotoxin. 
Cancer Res 2003; 63: 951-7.



Non-H. pylori bacteria promote gastric cancer

2280 Am J Cancer Res 2020;10(8):2271-2281

[37] Zhu P, Xue J, Zhang ZJ, Jia YP, Tong YN, Han D, 
Li Q, Xiang Y, Mao XH and Tang B. Helicobacter 
pylori VacA induces autophagic cell death in 
gastric epithelial cells via the endoplasmic re-
ticulum stress pathway. Cell Death Dis 2017; 
8: 3207. 

[38] Gebert B, Fischer W, Weiss E, Hoffmann R and 
Haas R. Helicobacter pylori vacuolating cyto-
toxin inhibits T lymphocyte activation. Science 
2003; 301: 1099-102. 

[39] Anderson WF, Camargo MC, Fraumeni JF Jr, 
Correa P, Rosenberg PS and Rabkin CS. Age-
specific trends in incidence of noncardia gas-
tric cancer in US adults. JAMA 2010; 303: 
1723-8. 

[40] Noto JM, Zackular JP, Varga MG, Delgado A, 
Romero-Gallo J, Scholz MB, Piazuelo MB, 
Skaar EP and Peek RM Jr. Modification of the 
gastric mucosal microbiota by a strain-specific 
helicobacter pylori oncoprotein and carcino-
genic histologic phenotype. mBio 2019; 10: 
e00955-19.

[41] Wong BC, Lam SK, Wong WM, Chen JS, Zheng 
TT, Feng RE, Lai KC, Hu WH, Yuen ST, Leung SY, 
Fong DY, Ho J, Ching CK and Chen JS; China 
Gastric Cancer Study Group. Helicobacter py-
lori eradication to prevent gastric cancer in a 
high-risk region of China: a randomized con-
trolled trial. JAMA 2004; 291: 187-94.

[42] Lee CW, Rickman B, Rogers AB, Ge Z, Wang TC 
and Fox JG. Helicobacter pylori eradication pre-
vents progression of gastric cancer in hyper-
gastrinemic INS-GAS mice. Cancer Res 2008; 
68: 3540-8. 

[43] Lofgren JL, Whary MT, Ge Z, Muthupalani S, 
Taylor NS, Mobley M, Potter A, Varro A, Eibach 
D, Suerbaum S, Wang TC and Fox JG. Lack of 
commensal flora in Helicobacter pylori-infect-
ed INS-GAS mice reduces gastritis and delays 
intraepithelial neoplasia. Gastroenterology 
2011; 140: 210-20. 

[44] Lertpiriyapong K, Whary MT, Muthupalani S, 
Lofgren JL, Gamazon ER, Feng Y, Ge Z, Wang 
TC and Fox JG. Gastric colonisation with a re-
stricted commensal microbiota replicates the 
promotion of neoplastic lesions by diverse in-
testinal microbiota in the Helicobacter pylori 
INS-GAS mouse model of gastric carcinogene-
sis. Gut 2014; 63: 54-63. 

[45] Plottel CS and Blaser MJ. Microbiome and ma-
lignancy. Cell Host Microbe 2011; 10: 324-35. 

[46] Martinsen TC, Bergh K and Waldum HL. Gastric 
juice: a barrier against infectious diseases. 
Basic Clin Pharmacol Toxicol 2005; 96: 94-
102. 

[47] Shao D, Vogtmann E, Liu A, Qin J, Chen W, 
Abnet CC and Wei W. Microbial characteriza-
tion of esophageal squamous cell carcinoma 
and gastric cardia adenocarcinoma from a 

high-risk region of China. Cancer 2019; 125: 
3993-4002. 

[48] Zhang Y, Niu Q, Fan W, Huang F and He H. Oral 
microbiota and gastrointestinal cancer. Onco 
Targets Ther 2019; 12: 4721-4728. 

[49] Vázquez-Jiménez FE, Torres J, Flores-Luna L, 
Cerezo SG and Camorlinga-Ponce M. Stomach 
microbiota composition varies between pa-
tients with non-atrophic gastritis and patients 
with intestinal type of gastric cancer. Sci Rep 
2014; 4: 4202. 

[50] Ferreira RM, Pereira-Marques J, Pinto-Ribeiro I, 
Costa JL, Carneiro F, Machado JC and Figuei- 
redo C. Gastric microbial community profiling 
reveals a dysbiotic cancer-associated microbi-
ota. Gut 2018; 67: 226-236. 

[51] Liu X, Shao L, Liu X, Ji F, Mei Y, Cheng Y, Liu F, 
Yan C, Li L and Ling Z. Alterations of gastric mu-
cosal microbiota across different stomach mi-
crohabitats in a cohort of 276 patients with 
gastric cancer. EBioMedicine 2019; 40: 336-
348.

[52] Coker OO, Dai Z, Nie Y, Zhao G, Cao L, Nakatsu 
G, Wu WK, Wong SH, Chen Z, Sung JJY and Yu 
J. Mucosal microbiome dysbiosis in gastric car-
cinogenesis. Gut 2018; 67: 1024-1032. 

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

[54] Eun CS, Kim BK, Han DS, Kim SY, Kim KM, 
Choi BY, Song KS, Kim YS and Kim JF. 
Differences in gastric mucosal microbiota pro-
filing in patients with chronic gastritis, intesti-
nal metaplasia, and gastric cancer using pyro-
sequencing methods. Helicobacter 2014; 19: 
407-416. 

[55] Gunathilake MN, Lee J, Choi IJ, Kim YI, Ahn Y, 
Park C and Kim J. Association between the 
relative abundance of gastric microbiota and 
the risk of gastric cancer: a case-control study. 
Sci Rep 2019; 9: 13589. 

[56] Montalban-Arques A, Wurm P, Trajanoski S, 
Schauer S, Kienesberger S, Halwachs B, 
Högenauer C, Langner C and Gorkiewicz G. 
Propionibacterium acnes overabundance and 
natural killer group 2 member D system activa-
tion in corpus-dominant lymphocytic gastritis. J 
Pathol 2016; 240: 425-436. 

[57] Wu J, Xu S, Xiang C, Cao Q, Li Q, Huang J, Shi L, 
Zhang J and Zhan Z. Tongue coating microbio-
ta community and risk effect on gastric cancer. 
J Cancer 2018; 9: 4039-4048. 

[58] Hofer U. Pro-inflammatory prevotella? Nat Rev 
Microbiol 2013; 12: 5-5. 

[59] Ling Z, Shao L, Liu X, Cheng Y, Yan C, Mei Y, Ji F 
and Liu X. Regulatory T cells and plasmacytoid 
dendritic cells within the tumor microenviron-



Non-H. pylori bacteria promote gastric cancer

2281 Am J Cancer Res 2020;10(8):2271-2281

ment in gastric cancer are correlated with gas-
tric microbiota dysbiosis: a preliminary study. 
Front Immunol 2019; 10: 533. 

[60] Huang XM, Liu XS, Lin XK, Yu H, Sun JY, Liu XK, 
Chen C, Jin HL, Zhang GE, Shi XX, Zhang Q and 
Yu JR. Role of plasmacytoid dendritic cells and 
inducible costimulator-positive regulatory T 
cells in the immunosuppression microenviron-
ment of gastric cancer. Cancer Sci 2014; 105: 
150-8. 

[61] Ahmetlić F, Riedel T, Hömberg N, Bauer V, Trau- 
twein N, Geishauser A, Sparwasser T, Steva- 
nović S, Röcken M and Mocikat R. Regulatory T 
cells in an endogenous mouse lymphoma rec-
ognize specific antigen peptides and contrib-
ute to immune escape. Cancer Immunol Res 
2019; 7: 600-608. 

[62] Hsieh YY, Tung SY, Pan HY, Yen CW, Xu HW, Lin 
YJ, Deng YF, Hsu WT, Wu CS and Li C. Increased 
abundance of clostridium and fusobacterium 
in gastric microbiota of patients with gastric 
cancer in Taiwan. Sci Rep 2018; 8: 158. 

[63] Wu J, Li Q and Fu X. Fusobacterium nucleatum 
contributes to the carcinogenesis of colorectal 
cancer by inducing inflammation and sup-
pressing host immunity. Transl Oncol 2019; 
12: 846-851. 

[64] Wang L, Zhou J, Xin Y, Geng C, Tian Z, Yu X and 
Dong Q. Bacterial overgrowth and diversifica-
tion of microbiota in gastric cancer. Eur J 
Gastroenterol Hepatol 2016; 28: 261-6. 

[65] Castaño-Rodríguez N, Goh KL, Fock KM, 
Mitchell HM and Kaakoush NO. Dysbiosis of 
the microbiome in gastric carcinogenesis. Sci 
Rep 2017; 7: 15957. 

[66] Vinasco K, Mitchell HM, Kaakoush NO and 
Castaño-Rodríguez N. Microbial carcinogene-
sis: lactic acid bacteria in gastric cancer. 
Biochim Biophys Acta Rev Cancer 2019; 1872: 
188309. 

[67] Calmels S, Béréziat JC, Ohshima H and Bartsch 
H. Bacterial formation of N-nitroso compounds 
from administered precursors in the rat stom-
ach after omeprazole-induced achlorhydria. 
Carcinogenesis 1991; 12: 435-9.

[68] San-Millán I and Brooks GA. Reexamining can-
cer metabolism: lactate production for carcino-
genesis could be the purpose and explanation 
of the Warburg effect. Carcinogenesis 2017; 
38: 119-133. 

[69] Doherty JR and Cleveland JL. Targeting lactate 
metabolism for cancer therapeutics. J Clin 
Invest 2013; 123: 3685-92. 

[70] Jo HJ, Kim J, Kim N, Park JH, Nam RH, Seok YJ, 
Kim YR, Kim JS, Kim JM, Kim JM, Lee DH and 
Jung HC. Analysis of gastric microbiota by pyro-
sequencing: minor role of bacteria other than 
helicobacter pylori in the gastric carcinogene-
sis. Helicobacter 2016; 21: 364-74. 

[71] Mirvish SS. Role of N-nitroso compounds 
(NOC) and N-nitrosation in etiology of gastric, 
esophageal, nasopharyngeal and bladder can-
cer and contribution to cancer of known expo-
sures to NOC. Cancer Lett 1995; 93: 17-48. 

[72] Lee W, Um J, Hwang B, Lee YC, Chung BC and 
Hong J. Assessing the progression of gastric 
cancer via profiling of histamine, histidine, and 
bile acids in gastric juice using LC-MS/MS. J 
Steroid Biochem Mol Biol 2020; 197: 105539. 

[73] Ridlon JM and Bajaj JS. The human gut sterol-
biome: bile acid-microbiome endocrine as-
pects and therapeutics. Acta Pharm Sin B 
2015; 5: 99-105. 

[74] Hyun JJ, Yeom SK, Shim E, Cha J, Choi I, Lee 
SH, Chung HH, Cha SH and Lee CH. Correlation 
between bile reflux gastritis and biliary excret-
ed contrast media in the stomach. J Comput 
Assist Tomogr 2017; 41: 696-701. 

[75] Gopalakrishnan V, Helmink BA, Spencer CN, 
Reuben A and Wargo JA. The influence of the 
gut microbiome on cancer, immunity, and can-
cer immunotherapy. Cancer Cell 2018; 33: 
570-580. 

[76] Nardone G and Compare D. The human gastric 
microbiota: is it time to rethink the pathogen-
esis of stomach diseases? United Eur Gastro- 
enterol J 2015; 3: 255-60. 


