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Simple Summary: Stomach cancer is one of the most commonly diagnosed cancers in the world.
Although the number of new cases is decreasing year by year, the death rate for this type of cancer
is still high. The heterogeneous course and the lack of symptoms in the early stages of the disease
mean that the diagnosis is made late, which translates into a worse prognosis for such patients. That
is why it is so important to analyze potential risk factors that may increase the risk of developing
gastric cancer and to search for new effective methods of treatment. These requirements are met by
the analysis of the composition of the gastric microbiota and its relationship with the immune system,
which is a key element in the human anti-cancer fight. This publication was created to systematize
the current knowledge on the impact of dysbiosis of human microbiota on the development and
progression of gastric cancer. Particular emphasis was placed on taking into account the role of the
immune system in this process.

Abstract: Gastric cancer remains one of the most commonly diagnosed cancers in the world, with
a relatively high mortality rate. Due to the heterogeneous course of the disease, its diagnosis and
treatment are limited and difficult, and it is associated with a reduced prognosis for patients. That is
why it is so important to understand the mechanisms underlying the development and progression of
this cancer, with particular emphasis on the role of risk factors. According to the literature data, risk
factors include: changes in the composition of the stomach and intestinal microbiota (microbiological
dysbiosis and the participation of Helicobacter pylori), improper diet, environmental and genetic
factors, and disorders of the body’s immune homeostasis. Therefore, the aim of this review is to
systematize the knowledge on the influence of human microbiota dysbiosis on the development
and progression of gastric cancer, with particular emphasis on the role of the immune system in this
process.

Keywords: stomach cancer; immune subtype of gastric cancer; Helicobacter pylori; immune check-
point; microbiota

1. Introduction

Gastric cancer (GC) is one of the most commonly diagnosed cancer and the fifth leading
cause of cancer-related death worldwide [1,2]. In 2018, it was estimated that this cancer
was responsible for 780,000 deaths (8.8% of all cancer deaths) worldwide. According to
data published by the World Health Organization (WHO), in 2020 the number of registered
cases of GC in the world was 1,089,103 cases, which accounted for 5.6% of all cancer cases in
the world. These data show that GC ranks fifth in the incidence of the leading cancer types
(Figure 1A). A detailed analysis of these cases showed that men (66%) were significantly
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more frequent in GC than women (34%) (Figure 1B). The differences between the two
genders concerned not only the incidence of GC, which was 2.25 times higher in men
than in women, but also the number of deaths (Figure 1C,D). According to the literature
data, despite the large number of registered new GC cases in the world, their number is
decreasing year by year (Figure 1E). In the United States, incidence has decreased by 1.5%
annually in the last decade [1,3].
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Figure 1. Statistics on the incidence and mortality of gastric cancer (GC) in the world. (A) Number of
new cases cancer in 2020; (B) the number of GC cases among men and women in 2020; (C) incidence
and mortality rates among men in 2020; (D) incidence and mortality rates among men in 2020; (E) new
gastric cancer cases and mortality rates over the years (base on [4,5]) (ASR—Age-Standardized Rate).

Morbidity and mortality rates vary widely by geographic location, with well-defined
high and low risk areas around the world [6]. More specifically, gastric cancer is common in
East Asia, where nearly two-thirds of GC cases occur, Eastern Europe, and Latin America’s
Pacific coast. In contrast, incidence rates are generally low in North America, South Asia,
and Australia [7,8]. GC is most common in the elderly. About 60% of diagnosed people
are over 65 [1,9]. The mean age of diagnosis is 68 years. The 5-year survival rate for
people with gastric cancer is 32% [10]. This statistic reflects the fact that 62% of people
with GC are diagnosed after the cancer has spread beyond its original site. If stomach
cancer is found before it has spread, the 5-year survival rate is generally higher but depends
on the stage of cancer found during surgery. According to the data presented by SEER
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(Surveillance, Epidemiology, and End Results Program) on patients diagnosed with gastric
cancer in 2011–2017, the 5-year survival rates were as follows: localized tumors accounted
for 70% of cases, regional tumors 32%, and distant neoplasms about 6% of cases [2].
Although GC incidence is declining in some developed societies thanks to appropriate
interventions, it still remains a serious health threat, mainly in developing countries [11].
Due to the heterogeneity of the course and late diagnosis of GC, the prevention of this
type of cancer is extremely difficult [12,13]. Identification and prevention of risk factors
and underlying causes [14,15], such as changes in the composition of the gastric and
intestinal microflora (microbiological dysbiosis and the participation of Helicobacter pylori),
improper diet, environmental and genetic factors, and disorders of the body’s immune
homeostasis. The immune system consists of two interconnected innate and adaptive
arms, both of which have cellular and soluble effectors. The cells of the innate immune
system react to foreign antigens, which are recognized by pathogen recognition receptors
derived from different types of viruses, bacteria, or cancer cells. The innate immune
system is evolutionarily conserved and acts as immune surveillance through cells such as
macrophages, dendritic cells (DCs), neutrophils and NK cells, and soluble factors such as the
complement system [16]. All these cells of the immune system are involved in maintaining
immune homeostasis in the human body and fighting the developing inflammation or
fighting pathogens. Chronic H. pylori infection leads to gastritis, and in some patients,
peptic ulcer disease, and in about 1%—gastric cancer [17,18]. The likelihood of developing
disease in those infected with these microorganisms is largely determined by the long-
term inflammatory response that is associated with the virulence of the strains, genetic
predisposition of the host, and environmental cofactors. The immune and inflammatory
response to H. pylori infection is very important as gastritis may not only lead to further
clinical consequences, an ineffective immune response, and increasing inflammation to
persistent infection with these bacteria in the body but may also be the cause of the
development of oncogenic processes within the stomach [19–21].

Due to the above facts, the aim of this publication was to systematize the knowledge
on the impact of human microbiota dysbiosis on the development and progression of
gastric cancer. Additionally, the review specifically analyzes the role of the immune system
in the pathogenesis of this disease.

2. Materials and Methods
Search Strategy, Study Selection, and Data Extraction

The literature analysis was carried out on the PubMed database, where the search for
available articles was performed based on the following keywords: “gastric cancer”, “gas-
tric carcinoma”, “stomach cancer”. The time range of the searched articles was established
for the years 2000 to 2022, and filters related to the type of articles (clinical trials, review,
systematic review and metaanalysis) were used. Then, the remaining articles were filtered
in terms of access to the full version and in terms of the occurrence of keywords such as
“immune system and microbiome”, “microbiota”. The remaining articles were analyzed by
the authors in terms of their inclusion in the publication. Duplicates were rejected at each
stage of the analysis from among the articles found. Finally, 144 articles and 11 websites
containing the necessary statistics were included. The scheme of the procedure is presented
below (Figure 2).
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3. Gastric Cancer—Risk Factors, Symptoms, and Classification

Due to the multidimensional nature of GC and its heterogeneous classification, it
is necessary for specialists to conduct research aimed not only at recognizing but also
preventing or treating its risk factors, which may be an effective step in reducing the burden
of this disease around the world [22]. Keep in mind that stomach cancers tend to develop
slowly over years. Before true cancer develops, precancerous lesions often appear in the
inner lining (mucosa) of the stomach. These early changes rarely cause symptoms, so they
often go undetected until the late stages [23]. That is why it is so important to understand
the factors influencing the development and progression of GC in modern society. As
indicated in the literature, the pathogenesis of GC is influenced by many factors, such
as sex, origin, genetic predisposition, lifestyle, and diet (Figure 3). Efforts to improve
screening programs and the early detection and treatment of stomach cancer are important,
but the priority is to take action to eliminate avoidable factors that play a significant role in
the development of stomach cancer. Identifying the most important factors contributing to
the development of stomach cancer and implementing preventive programs can prevent
thousands of stomach cancer cases each year [24]. Therefore, it is extremely important to
educate the public about GC risk factors and to introduce national and regional programs
for monitoring and assessing cancer control plans.
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3.1. Selected Risk Factors for the Development of Gastric Cancer
3.1.1. Genetic Factors

The conducted research shows that some inborn gene mutations, such as the GSTM1-
null phenotype (Glutathione S-Transferase Mu 1) or the CDH1 gene (Cadherin-1), increase
the risk of developing GC. Loss of one copy of the CDH1 gene causes hereditary diffuse
gastric cancer (HDGC), an autosomal dominant inheritance in which malignant cells pass
under the lining of the stomach and subsequently metastasize [25–28]. Additionally, as
indicated in the literature, genetic GC risk factors include the presence of polymorphisms
in the genes encoding the interleukin IL-17 and IL-10, which are particularly common in
Asian populations [29–31].

3.1.2. Lifestyle and Diet

Salt-rich diet and the carcinogenic potential of known carcinogens such as N-methyl-N-
nitro-N-nitrosoguanidine (MNNG) has been shown to be associated with an increased risk
of stomach cancer [32,33]. This includes foods preserved by drying, smoking, salting, or
pickling and foods that are high in salt. Eating salt-rich foods destroys the gastric mucosa,
thus causing inflammation. There are links in the literature about cultures whose diets are
high in salt and fermented foods, such as the Japanese, who have higher rates of stomach
cancer. Moreover, from the available literature data it appears that Japanese immigrants
in the United States who ingested and consumed Western food had a much lower GC
incidence [34,35]. Preserved meat is rich in N-nitroso compounds, which can have a similar
effect in the body to salt. Red meat is particularly rich in saturated fats and low in protective
fats such as omega-3, which contributes to the development of inflammatory processes
and thus increases the risk of stomach cancer [36,37]. Case-control studies showed that
higher consumption of fruit and vegetables (rich in carotenoids, folates, phytochemicals,
and vitamin C) was associated with a 37% lower risk of developing stomach cancer [38,39]
Currently, diet modification is the best known form of GC prevention. A healthy diet rich
in fruits, vegetables, whole grains and low in alcohol, pickles, and processed, smoked, or
salted meat (especially red meat) not only reduces the risk of gastric inflammation but
also reduces the risk of GC [40,41]. In addition, the use of an appropriate diet also helps
to prevent hypertension and the development of obesity, thus reducing the risk of many
chronic diseases [42].

3.1.3. H. pylori Infection, Obesity, and other Diseases

The common bacterium H. pylori causes gastritis and ulcers. It is also considered
to be one of the leading causes of stomach cancer. H. pylori tests are available and the
infection can be treated with antibiotics [43,44]. More than half of the world’s population
is infected with H. pylori, which can modulate the acidity of the stomach to alter the
profile of the gastric microbiome, leading to H. pylori-related diseases. Moreover, there is
increasing evidence that bacteria other than H. pylori and their metabolites also contribute
to gastric carcinogenesis [45,46]. Therefore, elucidating the role of the gastric microbiome
in the development and progression of GC can lead to improved prevention, diagnosis,
and treatment. The incidence of H. pylori infection varies with age, ethnicity, and living
conditions, with most cases occurring in childhood [47]. Only a small percentage of people
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develop pathological conditions associated with H. pylori infection, such as chronic gastritis,
peptic ulcer, gastric adenocarcinoma, and gastric lymphoma (MALT). Chronic gastritis is
an early manifestation of persistent inflammation caused by H. pylori infection. As the
disease progresses, damage to the gastric epithelial cells can lead to the development of
GC. H. pylori has been listed as a type I carcinogen by the World Health Organization
(WHO) [48].

Apart from H. pylori infection, obesity is an important disease involved in the devel-
opment of GC. A statistical meta-analysis from around the world showed that in people
with excessive body mass index (BMI) (over 25 kg/m2), the probability of developing
stomach cancer is 1.13 [49,50]. Along with increases in BMI, the strength of the disease
relationship increased. Obesity was a particularly strong predisposing factor in men and
non-Asians. Obesity can induce gastritis mediated by tumor necrosis factor-α (TNF-α),
interleukin-6 (IL-6), and chemoattractive protein-1 (MCP-1). People on diets containing
highly inflammatory foods, such as a diet high in meat and low in fruit and vegetables,
have a higher risk of obesity [51–54].

The literature data also show that there is an increased risk of developing GC after
gastric surgery [55]. The time lag between initial gastric surgery for mild disease and the
development of gastric stump cancer is around 30 years or more, compared with 12 years
if surgery was performed due to earlier detection of GC lesions [56]. Another medical
condition that affects chances of developing GC is the occurrence of pernicious anemia or
achlorhydria. The first medical condition occurs when the stomach cannot take in enough
vitamin B12. This causes a severe drop in red blood cells [57]. On the other hand, the
second disease occurs when there is no hydrochloric acid in the gastric juices, which helps
to digest food [58].

3.2. Classification of Gastric Cancer

Currently, in the literature, we can find three types of GC classification. The first is
a basic clinical classification that distinguishes between early gastric cancer (EGC) and
advanced gastric cancer (AGC). EGC is a lesion confined to the mucosa and submucosa,
regardless of the presence of lymph node metastases. AGC is a lesion that crosses the
submucosa, invading subsequent layers (muscle and serous membranes) and, in the next
stage, adjacent organs. Due to the shallower EGC infiltration, it is associated with a
better prognosis [59–61]. The second type is the histological classification developed and
published by the WHO in 2018/2019, and it distinguishes five main types of gastric cancer:
papillary, tubular, weakly coherent (including ring cancer), muscinic, and mixed as well as
rare histological variants, such as neoplastic adenocarcinoma, squamous cell carcinoma,
undifferentiated carcinoma, lymphoid stroma carcinoma, liver cancer, adenocarcinoma with
enteroblast differentiation, gout adenocarcinoma, and microtubular adenocarcinoma [62,63].
A third type of GC classification under development is molecular classification based on
genetic, epigenetic, and molecular signatures. The molecular characterization of GC has the
advantage of offering a new tool for the development of targeted, more effective therapeutic
strategies. Despite the obvious advantages of this classification, it is extremely difficult to
compile. The cause of this condition is the heterogeneity of the disease itself as well as many
biological mechanisms that may influence the pathogenesis of GC development [64,65].
The Cancer Genome Atlas (TCGA) conducted a groundbreaking study that used integrative
genomics to molecularly phenotype four GC subtypes [66,67], which are to some extent
related to the histological features of the disease: chromosomal instability (CIN), EBV-
positive (EBV), microsatellite-unstable (MSI), and gnomically stable (GS). The TCGA study
describes two specific subtypes, both of which are mainly composed of gut-type cancers
with significant immunological linkages: the EBV subtype accounted for approximately
10% GC [67], which has a strong immune signature, and the MSI subtype (20%), which has
a high mutational burden and also has a significant immune signature. For the other two
subtypes: GS accounts for around 20% and the CIN subtype accounts for 50%, and this was
different from the two previous immunogenic subtypes [68] (Figure 4).
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Abbreviations: CDH1—cadherin 1; RHOA—Ras homolog family member A; CLDN18—claudin 18;
ARID1A—AT-rich interaction domain 1A; TP53—tumor protein P53; KRAS—Kirsten rat sar-
coma virus; PIK3A—phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha;
PD-L1—programmed death-ligand 1; PD-L2—programmed death-ligand 2; JAK2—Janus kinase 2;
VEGF—vascular endothelial growth factor; RTK-RAS—receptor tyrosine kinase-Ras.

The molecular, genetic, and immunological heterogeneity described by the TCGA
emphasizes the need to stratify patients based on the likelihood of their response to various
treatments, including immunotherapy. Nevertheless, many of the clinical trials described
above have included patients with GC of all subtypes, which unfortunately may weaken
the potential positive effects of these therapies. The EBV and MSI GC subtypes are associ-
ated with a strong immune response as well as over-expression of immune checkpoints,
highlighting that these two GC subtypes are particularly attractive candidates for immune
checkpoint blockade, and indeed research in these GC subtypes is ongoing. The EBV
subtype described by TCGA is characterized by a high frequency of mutations within
PIK3CA (phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha), which
suggests a possible therapeutic role of PI3K inhibitors (phosphoinositide 3-kinases). This
subtype is also associated with the frequent occurrence of DNA hypermethylation and
amplification in the CD274 and PDCD1LG2 (programmed cell death 1 ligand 2) genes,
which encode the immunosuppressive proteins PD-L1 and PD-L2, emphasizing that this
subtype is an ideal candidate for immunotherapy [69,71] (Figure 4).

The GS subtype consisted mainly of tumors classified as diffuse GC, with poorer
survival compared to the Lauren gut type, and was associated with mutations in the CDH1
(cadherin-1) and RHOA (Ras homolog family member A) genes as well as with aneuploidy
(Figure 4). The immunogenic GC subtypes EBV and MSI are likely more prominent to the
immune system due to the expression of more neoantigens and other foreign epitopes that
stimulate a strong immune response that can be enhanced with current therapies, while
the less immunogenic GC, CIN, and GS subtypes are more hidden, and lower antigen
presentation provides a stronger defense system against host immune attack [16,72]. To
improve the efficacy of GC immunotherapy, new criteria based on different molecular and
immunological subtypes are needed to predict potential response and prognosis [69].

3.3. Symptoms of GC

The early stage of the disease is often asymptomatic; therefore, the diagnosis is usually
made in the advanced stage of the disease. Dyspeptic symptoms, as well as alarm symptoms
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that usually identify high-risk patients, occur not only in patients reporting to the general
practitioner but also in the general population [73,74]. Gastroesophageal reflux disease,
peptic ulcer disease, and functional dyspepsia are the most common causes of dyspeptic
symptoms. Only in a few cases are the causes of dyspeptic symptoms malignant tumors
of the stomach and esophagus [74]. Therefore, it is very important to carefully select
patients at increased risk of gastro-esophageal cancer who should undergo endoscopy
without delay. Alarm symptoms such as weight loss, dysphagia, signs and symptoms of
upper gastrointestinal bleeding, anemia, and persistent vomiting (Figure 5) are probably
more commonly associated with upper gastrointestinal malignancies, and most guidelines
recommend immediate endoscopy in all patients with such symptoms [75,76]. However,
the evidence for the presence of alarm symptoms as selection criteria for endoscopy is
inconsistent as, on the one hand, these symptoms are not sensitive enough to detect
malignant neoplasms, and, on the other hand, their overall prevalence in the dyspeptic
population is high. While the incidence of cancer is high in the dyspeptic population, the
incidence of cancer of the digestive tract is very low. The studies conducted so far describing
the high frequency of alarm symptoms in malignant neoplasms of the gastrointestinal
tract are mainly retrospective and, according to these studies, up to 90% of patients with
malignant neoplasms of the stomach and esophagus experience alarm symptoms during
endoscopy [77,78]. Less significant results were obtained in large prospective cohort
studies. Each year, approximately 3–4% of the population in industrialized countries
presents to their GP with upper gastrointestinal symptoms, of which over 10% have alarm
symptoms [73,79]. The symptoms of GC correlate well with the stage of the cancer at
diagnosis and are probably also prognostic. Several studies have assessed the prognostic
value of specific alarm symptoms in gastric cancer, showing that they may be independently
related to the survival of gastric cancer patients, and that an increased number of alarm
symptoms and specific symptoms are closely correlated with the risk of death. Studies
assessing the impact of these symptoms on the survival of patients with gastric cancer
have shown that the presence of at least one of them may reduce 5-year survival by an
average of 26% [80]. However, obtaining complete certainty about the prognostic value of
alarm symptoms remains a dispute among researchers due to different criteria for defining
symptoms, retrospective data collection, geographic differences, and the age of patients
enrolled in the study [80].
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4. The Role of the Microbiome in the Development and Progression of GC

Microbiota, understood as a collection of microorganisms (all bacteria, archaea, eu-
karyotes and viruses) present in a specific environment, significantly contribute to trophic
functions, metabolism, barrier function, immunological stimulation, and the signaling of
virtually all organs of the human body [81]. Each organ has its own and often unique
composition of microorganisms that live there and contribute significantly to the health of
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the body. At the same time, the influence of the environment, genetic predisposition, or our
lifestyle and diet can significantly disturb the microbiota, contributing to the development
of many diseases as well as participate in the process of carcinogenesis [82,83]. In this
part of the article, we focus on the role of symbiosis and dysbiosis in the stomach micro-
biome and how changes in the composition of microorganisms affect the development or
progression of this condition.

4.1. Stomach as a Living Environment for Microorganisms

The stomach is an extremely specific ecological niche inhabited by a few microor-
ganisms that are highly adaptable to changing environmental conditions. The literature
data estimate that the number of bacteria in the stomach is less than 10 CFU/g content
compared to the duodenum, at 101–109 CFU/g, or the large intestine, with approximately
1010–1012 CFU/g [84]. First of all, the presence of gastric acid means that only a few mi-
croorganisms are able to survive in this unfavorable environment. We can distinguish here
H. pylori, Lactobacillus, and Streptococcus and yeast Candida albicans fungi. In a situation
where there is the development of neoplastic changes in the stomach or inflammation, we
observe a clear increase in pH, which means a modification of the microenvironment and
the possibility of colonization of the organ by a greater number of microorganisms [85].
However, scientists still do not agree whether the gastric microbiota associated with the
presence of lower acidity is significantly associated with the pathogenesis of GC.

4.2. Symbiosis and Dysbiosis of the Stomach Microbiota

Currently, in the literature, the concept of microbiota symbiosis (eubiosis) and dys-
biosis is dominant in the context of describing the state of intestinal microorganisms. The
term dysbiosis is a broad term that defines the imbalance of the intestinal microflora in
which we observe the loss of the beneficial contribution or signal of microorganisms with
the simultaneous expansion of pathogenic microorganisms. Dysbiosis is believed to cause
pro-inflammatory effects and immune dysregulation associated with various disease states,
including carcinogenesis [86]. However, this term may also refer to other organs in the
human body in which we observe similar relationships, including the stomach. The gastric
mucosa and its composition of the microbiome are not fully understood by scientists. This is
mainly due to the lack of easy access as well as significant differences within the population
(resulting from ethnic origin, age, and different food patterns), which significantly affect
the results of the analyses. Therefore, most of the studies available in the literature compare
the microbiological differentiation of the stomach in the context of samples collected from
patients diagnosed with GC with healthy patients [50,87].

Overall, in the gastric microflora, scientists found that five types of microorgan-
isms predominate: Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria, and Fusobacteria
(Figure 6A). The analysis of the composition of the gastric microbiota in pathological condi-
tions, especially in relation to the protection of gastritis and GC, showed that there was a
significant difference in the number of the dominant types of microorganisms. The research
conducted by the team of Ferreira et al., in 2017 [88], showed that in the case of chronic
gastritis we can observe a decrease in the number of Actinobacteria (by 1%), Firmicutes
(by 1.1%), and Proteobacteria (by 0.5%), with an increase in Bacteroidetes (by 1.6%) and
Fusobacterium (by 0.5%), compared to controls (Figure 6A,B). Changes in the composition of
the microbiota were also visible in samples from patients diagnosed with GC. There was a
decrease in the number of Bacteroidetes (by 2.4%) and Fusobacterium (by 0.8%), as well as
an increase in Proteobacteria (by 0.9%), Firmicutes (by 1.7%), and Actinobacteria (by 1.6%)
compared to the control (Figure 6A,C). Moreover, significant differences in the composition
of the gastric microbiota also concerned the disease states themselves. In the course of
GC, we observe an increased number of Proteobacteria (by 1.4%), Actinobacteria (by 2.6%),
Firmicutes (by 2.8%) and a decrease in the number of Bacteroidetes (by 4%) and Fusobacterium
(by 1.3%) (Figure 6B,C). At the same time, an extremely important difference concerns the
differentiation of the type of Proteobacteria itself, which is divided into bacteria belonging
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to Helicobacter spp. and bacteria not belonging to Helicobacter (non-Helicobacter), such as
species Phyllobacterium and Archomobacter or families Xanthomonadaceae or Enterobacteriaceae.
Ferreira’s team showed that the amount of Helicobacter bacteria is seven times lower in
GC than chronic gastritis, which is also accompanied by an over twofold increase in the
number of bacteria not classified as Helicobacter spp. (Figure 6B,C).
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Statistical analysis also showed that the relative abundance of Helicobacter bacteria
in the course of chronic gastritis was inversely correlated with the abundance of other
Proteobacteria, Firmicutes, and Bacteroidetes types. In the case of GC, the abundance of
Helicobacter was correlated with the abundance of Bacteroidetes and Fusobacteria. The
results presented by the Ferreira team show that in disease states the abundance and
diversity of the gastric microbiota undergoes significant changes, and the Helicobacter itself
in the course of GC is not very numerous [88].

The Role of Gastric Microbiota Metabolites in the Pathogenesis of GC

Nitrogen compounds (NOC) involved in the process of carcinogenesis in the human
body may come from two main sources. The first is a diet rich in processed meat, smoked
fish, or some vegetables or fruits (exogenous source), while the second is oral microorgan-
isms, which are able to reduce nitrates from food to nitrites, which are then converted in the
stomach into NIGHT (endogenous source) [50]. Such microorganisms include bacteria of
the following genera: Clostridium, Haeomphilus, Staphylococcus, Veillonella, Nitrospirae, or also
Lactobacillus [89]. A study by the Jo team in 2016 shows that the presence of bacteria capable
of reducing nitrates was higher in GC patients than in the control group [90]. In addition,
these observations are confirmed by the research conducted by Ferreira in 2018. in which
researchers found that nitrate and nitrite reductase activity was significantly higher in pa-
tients diagnosed with GC than in patients with chronic gastritis [91]. These studies suggest
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that changes in the stomach environment during the process of carcinogenesis not only
change the pH values, allowing the increase of the diversity of the microenvironment but
also facilitate the colonization of NOC-producing bacteria, which additionally contribute
to the progression of cancer. An interesting phenomenon is the increase in the number
of Lactobacillus bacteria, which are responsible for the synthesis of lactic acid, observed
among GC patients. In the literature, we can find numerous works on the protective effect
of this compound on the human body. However, lactic acid bacteria have a number of other
mechanisms that can significantly promote carcinogenesis, including through increased
production of ROC (reactive oxygen center) or NOC, which affect DNA damage and induce
the mutagenesis process. In addition, NOC compounds produced by these microorganisms
stimulate the expression of protooncogens and induce angiogenesis and inhibit the process
of cell apoptosis [92–94]. The level of lactate also seems to be important in the pathogenesis
of GC. Scientific research shows that lactate is treated by cancer cells as a source of energy
and is involved not only in the processes of tumor development (angiogesis or escape from
the immune system supervision) but also in the metastasis process (increased migration of
tumor cells) [95,96]. Another metabolite that may affect the development of gastric cancer
is short-chain fatty acids (SCFA), which are produced by the intestinal microbiota as a
result of the fermentation of dietary fiber, acetate, propionate, and butyrate. Responsible
for the production, among others such bacteria as Bacteroides spp., Bifidobacterium spp.,
Ruminococcus spp. (acetate synthesis), Bacteroides spp., Coprococcus catus, Salmonella spp.
(propionate synthesis), and Bifidobacterium, Propionibacterium, Lactobacillus (butyrate synthe-
sis) [97]. The above compounds support the intestinal barrier in mucus production and the
regulation of tight-junction proteins [97]. SCFAs, such as acetate, propionate, and butyrate,
are recognized as important factors in the mechanism of lipid metabolism through the
interaction between glucagon-like peptide-1 (GLP-1) and GPR41 and GPR43 receptors
on the surface of G protein-coupled cells. [97,98]. In colon cancer studies, these have an
inhibitory effect on cell proliferation and the induction of apoptosis in neoplastic cells and
possibly also in gastric cancer [99]. In addition, SCFAs also stimulate the differentiation
of T cells that secrete IL-17, IFN-γ, and IL-10 and therefore may indirectly participate in
the regulation of pro-inflammatory and anti-inflammatory responses [100]. Moreover, an
increased incidence of inflammatory disorders has been observed in patients with breast
cancer and gastric cancer who had a diet low in SCFA. It is also believed that the presence
of SCFA in the host’s digestive system may positively affect the treatment of cancer and
slow down the process of carcinogenesis [101].

5. The Role of Selected Microorganisms and Immunity in the Development and
Progression of Gastric Cancer

Inflammation has a significant impact on the host’s defense against pathogens as well
as in the processes of repair, regeneration, and tissue remodeling. As it extends in the
body, pathological conditions, including carcinogenesis, develop. Inflammation promotes
cancer progression primarily by blocking antitumor immunity as well as shaping the tumor
microenvironment towards a more favorable tumor cell and by exerting direct signals
and tumor promoting functions [102–104]. Immune system disorders in the course of GC
include changes in the microenvironment of the tumor itself as well as immune depletion
of T lymphocytes and the involvement of immune checkpoints [20] (Figure 7).
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5.1. The Role of Selected Microorganisms and Inflamantion

Inflammation affects the activation, recruitment, and function of many cells of the im-
mune system related to both innate and acquired immunity. One of the pathways causing
inflammation may be the activation of an inflammatory response through TLRs stimu-
lated by Gram-negative bacteria. As a result of activation by bacterial lipopolysaccharide
(LPS), the TLR receptor induces the NF-κB factor which, due to the involvement of genes
responsible for the inflammatory response, enables the triggering of an innate and adaptive
response [110]. Despite the benefits of activating this type of mechanism, its long-term
action may lead to the development of pathological conditions, including carcinogenesis.
Chronic inflammation promotes tumor progression mainly by blocking anti-tumor immu-
nity as well as shaping the tumor microenvironment towards a more favorable tumor cell
and by exerting direct signals and tumor promoting functions [102–104] (Figure 8).
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One of the microorganisms that may contribute to the development of inflammation
is H. pylori, which has developed a number of mechanisms allowing the colonization of
the human stomach. H. pylori is one of the best known microorganisms that are active
stimulators of the immune response [110]. Thanks to the production of urease, catalase,
and oxidase, it is able to neutralize the acidic environment of the gastric juice and adhere
to the gastric epithelium, which is crucial in avoiding the host’s immune response [112].
Helicobacter strains are equipped with various virulence factors that directly or indirectly
influence the development of carcinogenesis [113,114]. First of all, they are the two pro-
teins VacA and CagA. The former has the characteristic ability to induce vaculosis in
epithelial cells and is toxic to various types of host cells. It is also involved in the process
of weakening gastric epithelial cells by increasing the permeability of the mitochondrial
membrane, disrupting transport or inducing apoptosis. It also has the ability to modulate
the immune response by inhibiting the proliferation of immune cells and stimulate the
production of pro-inflammatory cytokines (TNF-α or IL-6) by mast cells, which contributes
to the development of inflammation in the stomach [115–117]. The second protein, CagA,
interacts with gastric epithelial cells, inducing inflammation, which is strongly associated
with the development of the carcinogenesis process. In addition, this protein is involved in
the induction of proliferation and inhibition of apoptosis as well as in disorders of gastric
epithelial continuity by disrupting intercellular connections or causing loss of cell polar-
ity [118,119]. Chronic inflammation causes the loss of parietal cells that produce gastric
acid, leading to a decrease in pH, which is significantly associated with changes in the
amount and diversity of the microbiota. The changes in the gastric microbial profile may
significantly increase the risk of GC incidence [120]. Moreover, both the presence of H. pylori
and gastric inflammation lead to the production of significant amounts of reactive oxygen
and nitrogen species, which are responsible for DNA damage (due to point mutations
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or double-stranded DNA breakage) as well as dysregulation of signaling pathways and
induction of apoptosis or gastric epithelial cell autophages [121,122]. The role of the im-
mune response in response to H. pylori-induced inflammation is the subject of many studies
available in the literature. There is an increase in the expression of many inflammatory
mediators (IL-6, IL-8, IL-1β, TNF-α), which is accompanied by the recruitment of a number
of cells of the immune system to the gastric mucosa, e.g., T and B lymphocytes, as well
as neutrophils, macrophages and dendritic cells. Additionally, an increased expression of
PD-L1 in gastric epithelial cells was observed in the course of H. pylori infection, which
significantly influences the dysregulation of the immune response [112,123].

Another example of a microorganism involved in the pathogenesis of GC is the genus
Prevotella. These anaerobic gram-negative pleomorphic rods have been detected as one
of the dominant species in GC patient samples [124–126]. More specifically, there are two
representatives of this type: Prevotella acnes and Prevotella copri. The first has been associated
with lymphocytic gastritis, which is one type of chronic gastritis characterized by a dense
infiltration of the surface and epithelium by T cells and accompanying chronic infiltration
of the lamina propria [127]. The mechanism of action of this bacterial species is based on the
activation of NKG2D (produced by NK cells, γδ T cells, and CD8+ αβ T cells in humans)
and pro-inflammatory IL-15. The research presented by the Montalban-Arques team in
2016 shows that both NKG2D and IL-15 are actively secreted in the gastric mucosa of LyG
patients, and the gastric epithelial cells themselves respond to stimuli from these microor-
ganisms (including live P. acnes) [128]. Additionally, it has been shown that the NKG2D
and IL-15 system are strongly associated with the development of carcinogenesis [129].
While the participation of P. acnes in the GC pathogen has been described by scientists, the
role of the second species of P. copri is not fully understood. From research carried out by
Liu in 2019, in 276 patients from China, it was shown that the presence of P. coprii decreased
with the increase of P. acnes in tissues with a degenerate GC [130]. As indicated in the
literature, another example of bacteria involved in the GC pathogen may be Fusobacterium
nucleatum. It is a Gram-negative bacterium, commonly found in the human mouth, and
is associated with the development of periodontitis but also plays an important role in
the carcinogenesis process [131,132]. Boehm’s team in 2020 showed that the presence of
F. nucleatum did not significantly affect the occurrence of chronic gastritis or precancerous
conditions. However, its presence was associated with significantly worse overall survival
in patients with diffuse Lauren GC (but not with GC). In their studies, they did not find a
significant relationship between the presence of F. nucleatum and gender, the presence of
H. pylori, or the stage or the location of neoplastic lesions. However, Boehm’s team showed
that this bacterium was positively correlated with the age of patients and a tendency to
lower DNA methylation [132]. A study by the Hsieh team in 2021 shows that about a
third of GC patients were positive for F. nucleatum, and their statistical analysis showed
that the risk of colonization is significantly increased in patients with advanced cancer
stages. The researchers suggested that the presence of F. nucleatum leads to deregulation
of actin dynamics and possibly contributes to altering the mobility of cancer cells. They
also performed an analysis of patients’ survival versus the presence of F. nucleatum, which
showed that colonization by this bacterium was associated with poorer survival in patients
as well as the presence of a positive result for H. pylori [133]. Both research teams indicate
the need for further research to determine the role of F. nucleatum in the pathogenesis of
GC and to analyze the relationship of this microorganism with other gastric microbiota
bacteria as well as the potential benefits of targeted therapy. Other microorganisms may
also be involved in the pathogenesis of GC, but their role is not fully understood. Such
microorganisms include Stenotrophomonas, which is a low pathogenic non-sporulating
bacterium that causes opportunistic infections [134], as well as Selenomonas [135]. Both of
these populations correlated positively with the occurrence of BDCA2+ pDCs and Foxp3+
Tregs in GC samples [135].
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5.2. Influence of the Gut Microbiota on Anti-Tumor Immunity

Microbiota can also influence the anti-cancer response. Two of the microorganisms that
have such an effect are Bifidobacterium and B. fragilis, which, when administered to patients,
increased the effectiveness of treatment with the use of PD-L1 and CTLA-4 blockades.
In the case of Bifidobacterium, it was noted that the activation of dendritic cells and the
CD8 + T-cell response directed at cancer cells increased with the participation of these
bacteria. In addition, a few studies indicate that Bifidobacterium is able to influence the
intestinal microflora and its change so that it is dependent on Treg lymphocytes, which
consequently translates into an improvement in intestinal Treg suppressive functions,
thus reducing inflammation in the colon during treatment with blockade of CTLA-4 and
PD-L1 [136]. At the same time, B. fragilis bacteria can activate Th1 lymphocytes [137]. Other
microorganisms, such as Prevotella CAG: 485 and Akkermansia, are able to influence the
effectiveness of immunotherapy with PD-1 inhibitors by modulating glycerophospholipid
metabolism, which, as researchers suggest, may affect the level of IL-2 or IFN-γ expression.
Additionally, it is indicated that microorganisms that produce SCFA as products of their
metabolic transformations have better anti-PD-1/PD-L1 responses [138]. In the case of
bacteria such as Enterococcus hirae and Lactobacillus johnsonii, it is indicated that their
presence is important for the anti-tumor effects of cyclophosphamide (CTX). The presence
of these microorganisms influenced the promotion of the Th1 spleen memory and the
activation of the Th17 response. Moreover, in the case of chemotherapy, the microbiome
may affect innate immunity by reducing the production of pro-inflammatory cytokines as
well as by reducing the number of cells presenting the antigen [136]. At the same time, the
antitumor role of microbiota still requires further research, a deeper understanding and
an understanding of the relationship between the systemic influence of microbiota on the
immune system and the role of microflora in the treatment of cancer, in particular cancer of
the digestive system [137].

6. Conclusions

Gastric cancer remains one of the most commonly diagnosed cancers in the world,
with a relatively high mortality rate. Due to the heterologous course of the disease, its
diagnosis and treatment are limited and difficult, which is associated with a reduced
prognosis of patients. That is why it is so important to understand the mechanisms
underlying the development and progression of this cancer, with particular emphasis
on the role of epidemiological, environmental, and genetic factors and the role of the
immune system. More and more studies and literature reports indicate the important role
of changes in gastric microbiological differentiation in the course of GC, which may be
not only one of the determinants of disease development but also a potential therapeutic
target. However, due to the limited access to gastric mucosa, as well as many factors
and predispositions of the patients themselves, these tests are extremely complicated and
their results are often heterogeneous, which significantly limits their therapeutic potential.
That is why it is so important to develop new, standardized methods of examining the
composition of the gastric microbiome, which will allow for the comparison of the obtained
results between patient populations and molecular, histopathological, or immunological
GC subtypes. Due to the accompanying inflammation of tumors, it is also important to
take into account the role of the immune system in the pathogenesis of GC. Thanks to the
development of molecular research, researchers are providing and possessing an increasing
amount of significant information on the composition of immune cells in TNM and the
expression of individual receptors on their surface. This allows for the analysis of the signal
transduction pathway between individual cancer cells and healthy cells, especially in the
context of their disorders and regulation mechanisms. The information provided presents
the state of the immune fault in the fight against the disease and thus allows not only the
estimation of patients’ prognosis but also the selection of appropriate therapeutic methods,
including pharmacological methods of blocking immune checkpoints. However, to fully
understand the mechanisms underlying the development and progression of GC, many
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interdisciplinary studies are still needed, which will allow for a comprehensive analysis
of not only the composition of the microbiota and its effects on the human body but also
insight into the functioning of the immune system of patients.
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