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1. Introduction

Abstract:

There are complex and heterogeneous immunological milieus of the
gastrointestinal system, so there is a high mortality rate from malignancies
affecting the gastrointestinal system. The pathophysiology of cancer has
long been thought to be significantly influenced by inflammation.
However, several of the mechanisms underlying its tumor-promoting
activities have only lately been discovered. Both beneficial and harmful
microorganisms play a crucial role in controlling the host immune system
and, eventually, inflammation. Furthermore, bacteria may also influence
how a tumor develops through different mechanisms, including long-term
inflammation activation, changes to the tumor microenvironment, and
genotoxic response induction. A significant percentage of cancers are
caused by microbial species; according to conservative estimates,
infectious pathogens are responsible for at least 15% of all cancer cases.
The role of the gastrointestinal microbiota in the emergence of cancer is
not well understood. This review will include a broad overview of
commensal microbiota, inflammation, cancer, and the role of bacteria in
these developing fields.

Keywords: Inflammation, Gastrointestinal cancer, Microbiota.

It has been established that inflammation occurs in the

One of the most common cancers to be diagnosed is
gastrointestinal cancer. Cancer is a complex, genetic
illness that is impacted by both environmental and host
factors. The stomach, liver, pancreas, esophagus, anus,
small intestine, large intestine (colon and rectum), and
other portions of the Gastrointestinal tract (GIT) can all
be affected by these cancers. Globally, GIT cancers are
responsible for a significant portion of cancer cases and
fatalities [1, 2].
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tumor  microenvironment, and that chronic
inflammation raises the chance of developing cancer
[3, 4]. According to estimates, persistent infections and
the resulting inflammation are linked to between 10%
and 20% of malignancies. Viruses, fungi, and both
commensal and pathogenic bacteria actively contribute
to the growth and upkeep of the modern definition of
the microbiome as an organ that supports and enhances
the host organism's healthy operation [5]. The bacteria
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that live there as well as their structural components,
like metabolites and nucleic acids, are included in the
traditional description of the human microbiome. The
intestines, and particularly the large intestine, are home
to the great bulk of the estimated 3.8 x 10%3
microorganisms. A major finding recently, that the
microbiome of malignancy is very different from the
microbiome of normal tissues [5, 6]. In addition to
physical and chemical variables, microbiological
factors are one of the risk factor groups that might lead
to the development of cancer. These factors typically
occur before the development of both acute and chronic
inflammation, as well as cancer. These factors include,
Helicobacter pylori (H. Pylori) propensity to cause
gastric cancer (GC), the human papillomavirus's
propensity to cause cervical cancer, or the hepatitis
virus's to cause liver cancer (LC) [7].

Exposed organs to the environment and air, such as the
upper digestive and urogenital systems, are colonized
by microbes. However, the bacterial makeup of tissue
in each system varies greatly amongst human being,
and this alterability is impacted by a person's heredities,

food, use of antibiotics and drugs, and other
environmental  variables.  Additionally, through
intricate regulation  of  inflammation  and
immunological tolerance, the immune system

influences the types and locations of microbiota [8].
Chronic inflammation is now recognized as a key
mechanism for carcinogenesis, leading to the most
common examples of gastric cancers secondary to
gastritis, colorectal cancer in inflammatory bowel
disease, and liver cancer with hepatitis [9].

Important sources of tumor-associated inflammation
include metabolic alterations, cell stress, and cell death,
which are caused by cancer cells or by therapy. The
tumor microenvironment's ongoing production of
different cytokines, chemokines, and growth factors
promotes the growth, evolution, and survival of cancer
cells as well as tumor vascularization and
immunological dysregulation, all of which lead to the
invasion, metastasis, and resistance to treatment of
tumors [10, 11]. Therefore, the wuse of anti-
inflammatory drugs, either by themselves or in
conjunction with cytotoxic drugs and targeted
therapies, is a promising approach to treating
malignancies that are driven by inflammation. This
strategy works well in several animal models, but in
order for anti-inflammatory therapy to be genuinely
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effective, many obstacles must be addressed due to the
complexity and adaptability of human malignancies
and associated ecology [12, 13].

The mechanisms underlying chronic inflammation-
induced carcinogenesis in general will be covered in
this review. The goal of this work was to compile the
most recent data regarding the connection between
inflammation, carcinogenesis, and microbiome. A
review of the literature was done for this purpose, with
an emphasis on recent developments in the study of the
human microbiome, specifically on certain bacteria,
viruses, and fungi, and how they affect inflammatory
process and cancer development.

2. The link between chronic inflammation and
cancer

Chronic infections are responsible for up to 10-20% of
all malignancies. In terms of more general
development, persistent inflammation at the cancer site
precedes up to 20% of all malignancies. liver cancer
and viral hepatitis [14], colorectal cancer (CRC) and
inflammatory bowel disease (IBD) [4, 15], and GC and
H. Pylori provoked inflammation are examples of this
relation [16]. However, inflammation's function may
be not restricted to its activity during tumor start and
progression; it was triggered during growth of
malignancy prompted inflammatory changes or in
reaction to cell death and anti-cancer therapy [17].
Inflammation happens in reaction to direct trauma or
external factors such as toxins or microbiomes. Tissue-
resident immune cells cause acute inflammation by
drawing neutrophilic granulocytes and macrophages
when they become activated. T and B cells. Even solid
tumors that appear to be non-inflammatory have the
amazing capacity to attract immune cells and increase
pro-inflammatory chemokines and growth factors, then
additionally affects the development and tumor spread
[3, 7, 18]. Acute inflammation reply, which includes
phagocytic response and the release of chemokines that
terminate and eliminate many threats. However, when
the exogenous agent remains, chronic inflammation
can occasionally occur, which can result in chronic
disease. The idea of autoimmunity may have originated
from the fact that the foreign factor in many chronic
inflammatory disorders remains unknown.
Nonetheless, there are reasons to question whether
immune system malfunctions are the primary cause of
many of our most significant illnesses. It seems more
likely that the foreign substance triggering the immune
https://uqu.edu.sa/s.toxicology.s/S.T.J
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cells has not yet been discovered. But in a broader
sense, chronic inflammation leads to the synthesis of
growth factors that promote the growth of recently
discovered tumors and make them act like non-healing
wounds. Nonsteroidal anti-inflammatory drugs, anti-
infective agents, and other widely used medications
that can reduce inflammation, like metformin and
statins, have been shown to lower the incidence and
risk of cancer [19, 20].

Epigenetic changes that promote malignant
progression and even start carcinogenesis can
occasionally result from tumor-associated

inflammation, which involves complex interactions
between stromal and epithelial cells. [21]. For
instance, reducing inflammation primarily inhibits the
growth of tumors rather than destroying cancer cells;
consequently, it must be used in conjunction with
cytotoxic medications that are specific to cancer to
completely eradicate the tumors. Additionally, anti-
inflammatory medications can cause bystander effects
on non-cancerous tissues due to the depletion of
general survival factors. This can lead to tumor
microenvironment remodeling, therapy resistance, and
an increased vulnerability of non-malignant cells to
non-specific cytotoxicity, which can result in toxicities
[22, 23].

Effective therapies based on triggering anti-tumor
immune responses have grown during the last ten
years, such as immunological-checkpoint inhibitors or
genetically modified T cells. A small percentage of
patients experience long-lasting responses from these
immunotherapies, while the great majority develop
natural or acquired therapeutic resistance [12]. A pro-
inflammatory ~ and  immunosuppressive  tumor
microenvironment (BOX1) is frequently responsible
for immunotherapy resistance. Anti-inflammatory
medications that target immunosuppressive cells or
cytokines may increase the cancer's vulnerability to
immune-mediated rejection in this  situation.
Furthermore, selectively treating the main causes of
immunotherapy-induced inflammation may enhance
the response-to-toxicity ratio and, consequently,
therapeutic results, much like it does in the treatment of
autoimmune illnesses [12, 24]. As a result, the
combination of immunotherapy and anti-inflammatory
medication may prove to be an effective strategy for
overcoming the challenges posed by existing
therapeutic approaches. Inflammation affects every
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step of cancer development and treatment, making it a
classical cancer hallmark. Numerous reviews have
addressed the key inflammatory mediators that control
cancer-autonomous intracellular  regulation and
intercellular communication inside the tumor
microenvironment [25, 26].

It has been acknowledged that the proinflammatory
factors IL 1 and IL 6 from tumor-associated
macrophages encourage the invasion of cancer cells,
most likely due to the up-regulation of their receptors.
For many types of cancer cells, IL-6 is thought to be an
antiapoptotic agent [17]. Through the Jak-STAT3
signaling pathway, it also contributes significantly to
the immunosuppressive process and tumor formation
linked to chronic inflammation. In terms of structure or
cellular function, IL 1, which comprises the two
subtypes of IL 1o and IL 1, has distinct characteristics.
While IL 1B has been shown to harm inflammatory
tissue and encourage tumor invasion, IL 1a is thought
to produce anticancer immunity. It has been established
that innate immune cells are negatively regulated by IL
10 and IL-6, which eliminate tumor cell immunity.
Nonetheless, a few researchers have discovered that the
tumor niche's high levels of IL 10 work to inhibit
angiogenesis and encourage the death of cancerous
cells [6, 10]. Additionally, TNF-a is highly expressed
in tumor cells and has been linked to inflammatory-
involved  carcinogenesis. ~ Tumor  associated
macrophages and other inflammatory cells can also
create it, and it subsequently uses the nuclear factor
kappa B (NF-xB) signaling pathway to help tumor cells
survive. It has also been proposed that IL 17 has a
significant role in the tumor environment, particularly
in inflammatory-associated diseases. It is further
demonstrated by promoting angiogenesis in tumor
tissue, which in turn encourages the growth of further
tumors [9, 20, 27]. Figure 1

3. A relationship between microbiota and cancer

An estimated three trillion bacteria reside in the human
body, where they coordinate a wide range of
physiological functions and disease vulnerabilities.
Even though the number of bacterial cells in the body
iIs comparable to that of human cells, greater genetic
diversity of bacteria results in exceptional mechanistic
and metabolic capabilities that affect host tissue-
specific and immune cell functions in addition to their
own microbial niche [28]. Under healthy conditions,
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Fig.1 Inflammatory response to cancer and chronic inflammation: Shaping tumor immunity

Inflammation has a synergistic effect on the tumor immune microenvironment, promoting or inhibiting tumor
proliferation, invasion, metastasis, and death. The progression of inflammation to malignancy is controlled by
innate lymphocyte cells. In addition, inflammation alters the kinds and functions of innate lymphocytes.
Because of their remarkable flexibility and distinct function in many phenotypes, targeting innate lymphocyte
cells with immunotherapy is a viable technique for cancer prevention and control.

CSC: Cancer stem cell, DC: Dendritic cell, Hp: Helicobacter pylori, HSC: Hepatic stellate cell, ILC: Innate
Lymphoid Cells, MDSC: Myeloid-derived suppressor cells, TGF-A: Transforming growth factor, TNF: Tumor

Necrosis Factor

the host and its microbiome function as metaorganisms
in symbiosis, offering a nutrient-rich milieu in
exchange for assistance with digestion and metabolism
[29]. Bacteria, viruses, fungus, and other
microorganisms make up the individual microbiome, a
multifarious flora and fauna of microorganisms that
live inside the body [30, 31]. Microbiome
groundbreaking research has clarified the microbiome's
vast diversity and functionality, highlighting its
importance in promoting health and influencing the
etiology of disease [32, 33]. The microbiome, which is
especially abundant in the gastrointestinal system, is
essential for many physiological functions, such as
digestion, immunological response, and even brain and
behavior [34, 35]. Beyond infectious diseases, it affects
a wide range of human illnesses, including
malignancies, metabolic disorders, neurological
diseases, allergies, and cardiovascular issues. With data
indicating that dysbiosis, an inequity in infective
groups, can impact the development of autoimmune
diseases and the response to contagious diseases,
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further study has expanded knowledge of the
microbiome's function in immunity [23, 36, 37].
Furthermore, the complicated correlation between
microbes and cancer has been shown by recent
developments in  sequencing technology and
microbiome research, generating a great deal of
concern in their possible responsibilities in developing
and progression of malignancy [22, 38-40]. Recent data
suggests that bacteria, which are found in the tumor
microenvironment, influence carcinogenic processes in
a variety of ways, such as by producing carcinogens,
modifying host inflammation, and changing the tumor
microenvironment. Throughout the digestive system, a
constantly  changing and intricate  bacterial
environment highlights the importance of bacteria in
digestive system tumors [11, 41, 42].

Depending on how they interact with host cells and the
surrounding environment, these bacteria can both
promote oncogenesis and act as protective agents
against carcinogenesis in digestive system tumors [43,
44]. One example of the substantial influence of
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bacteria on the formation of GIT malignancies is the
correlation linking H. pylori infectivity and carcinoma
of the stomach [16]. On the other hand, by generating
fatty acids from dietetic fibers, specific bacterial
communities within CRC may advantageously
influence immune reactions, indicating the prospective
of nutritional treatments in CRC care [45, 46].
Crucially, microorganisms have a substantial impact on
patients' responses to treatment and prognosis, going
beyond the onset and progression of cancer [13].

By altering the tumor microenvironment, affecting
medication, and intermingling with the presenter
immunity, intratumoral bacteria can improve or reduce
the effectiveness of current treatments. Some bacteria
seen in CRC have been linked to increased
effectiveness of immune therapy, possibly because of
their influence on the immunological factors, which
favors T cell infiltration and activation [47]. This
finding emphasizes how microbiome analysis may be
used to inform treatment choices and forecast
immunotherapy response. Furthermore, it has been
discovered that some  bacteria  metabolize
chemotherapy medications, such gemcitabine, which
lowers the medication's availability and effectiveness
in treating pancreatic cancer [48]. For instance, better
prognosis has been linked to a lower variety of bacteria
in CRC, potentially because of the positive effects of
microbial miscellany on immunity modulation [27, 49].
All together, these results emphasize the significant
effects of bacteria in malignancies of the colon and
rectum, with implications for incorporating
microbiome investigate into the management of
cancers of the digestive system [50, 51].

4. Microbiota and
inflammation as a driver

cancer progression:

The disturbance of the epithelial barriers of tissues,
which permits bacteria to flow into partitions that are
not typically nearby microorganisms, is a commonality
among illnesses wherein microbiota contributes to
deterioration. Due to permanently damaged tissue and
an ongoing flow of microbial products and
microorganisms, this might cause a localized chronic
inflammatory response. The underlying mucosal
barrier is broken in IBD and CRC, for instance, a rapid
growth of tumor cells exposes the colon and inhabitant
immune cells to a high concentration of antigens and
toxins that are produced by microorganisms [22, 41].
Pro-tumorigenic cytokines, which can function as
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growth factors, trigger abrasion restorative processes,
cause invasion, and encourage angiogenesis, thus
quickening the formation of tumors. According to a
recent study, in colon adenoma animal models,
commensal microbiota causes IL 6, IL 23 and IL 17
signals because of abnormalities in the integrity of the
colon barrier. Antibiotic therapy or genetic abrogation
of IL 23 stops carcinogenesis [22, 52]. Similarly, it was
demonstrated that intestinal barrier abnormalities in
mice transgenic animals, which are prone to polyp

development enable microorganisms to cause
neutrophil  buildup and inflammation, which
encouraged the development of cancer. The

significance of microbiota in neoplastic transformation
is demonstrated by the possibility that polyp formation
could be reversed by antibiotic therapy and re-induced
by reintroducing stool from mice that had polyps [6,
53].

In CRC models, regulation of IL 22 signals has been
shown to be significant. In colon damage, IL 18 was
demonstrated to down-regulate IL 22BP, allowing for
a surge in IL 22 signals that, if unbridled, encouraged
tumor development. In a microbially driven CRC
model, it was also demonstrated that blocking IL 22
signals decreased tumor burden and inflammation.
Commensal antibiotic depletion reverses the effects of
matriptase depletion by restoring colon shape,
increasing mucin synthesis, and decreasing infiltrating
inflammatory cells. In colitis-associated cancer mouse
models, commensal E. coli upregulates IL 17C
production, which promotes tumor cell development by
inhibiting apoptosis, inducing BCLXL, and attracting
tumor-promoting lymphocytes [45, 54]. By ablation of
inflammasome proteins and bacterially driven up-
regulation of CCL 5 from epithelial cells, it selects
microorganisms for colon that cause progressive colitis
and colon inflammation associated with cancer
progress. This leads to an influx of immune cells that
produce IL 6 and increased epithelial proliferation. In
addition to blocking the impact of transplanted
colitogenic microorganisms, the inhibition of IL 6
signals dramatically lowers inflammation and tumor
load. These outcomes impart credence to the idea that
bacterial localization plays a crucial role in controlling
colon inflammation and that a microbiota can
encourage cancer growth is the disruption of epithelial
reliability [36, 55]. These investigations and therapy in
cancer animal research, and blockage of the organism
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Fig. 2 Inflammation and microbiomes contribute to tumor development, progression, and metastasis

By increasing genetic instability and fostering a milieu that supports tumor growth, the microbiome both
directly and indirectly affects the body's inflammatory response and maintenance, which in turn promotes the
growth of malignancies. Along with influencing the immune response mechanisms that control tumor start
and progression, the microbiome may also have an impact on the development of cancer-promoting factors
including obesity and metabolic syndrome.

perception paths (TLR/MyD88) all clearly show that
commensals can worsen the progression of CRC. The
role of commensal bacteria and immunological
tolerance in the colon has been the subject of numerous
recent investigations. APC2%% animals treated with
dextran sodium sulfate are protected against intestinal
polyp development caused by microbes by T-cell-
derived IL 10. Mice with T-cell-specific IL 10 ablation
have fewer pro-tumorigenic eosinophilic infiltration
and adenomatous polypi. Commensals have also been
demonstrated to support wound restoration, which is
marked by initial inflammation followed by epithelial
control, thereby preventing inflammation and,
consequently, inflammation-associated carcinogenesis
[5, 37, 56, 57]. In germ-free mice, epithelial
proliferation is delayed followed by hyperproliferation,
and the epithelium never seems to heal. Remarkably, in
these germ-free mice, TLR/MyD88 deletion reduces
colon inflammation and slows tumor progress,
indicating that the TLR/MyD88 system may have both
independent and microbe-dependent processes as
warning signals. Therefore, it is possible to induce
tumor-promoting inflammation without the presence of
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microbes and yet indorse inflammation linked to
cancer. This suggests that the necessity of
inflammation for tumor growth outweighs the
possibility of microbes directly promoting tumor
growth, meaning that in many cases, microbes are
required to induce inflammation rather than directly
acting on cancerous cells. Therefore, the promotion or
suppression of cancer depends critically on the
steadiness among inflammation, the host immunity,
and microorganisms [47, 58, 59]. Figure 2

5. Esophageal cancer (EC)

Recent studies on esophageal microbiome have shown
notable changes in EC patients, which may indicate
that the microbiome plays a role in the development of
this cancer. The microbial makeup of healthy people,
Barrett's esophageal (BE) patients, and EC have been
clearly distinguished from one another, underscoring
the dynamic changes that occur as the disease
progresses [60]. The observed decline in microbial
diversity in EC patients, which is typified in change
from the occurrence of Veillonella and Streptococcus
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to the preponderance of Lactobacillus,
significant [61-63].

It is thought that this change has a major effect on the
tumor microenvironment and may aid in the
development of tumors. Using DNA sequencing,
additional examination of the microbial diversity in EC
tissues revealed a marked decline in comparison to
nontumor tissues, along with a rise in Fusobacterium
abundance and a comparable drop in streptococcus
[64]. With early detection and progression monitoring,
Streptococcus and Neisseria together have been found
to be highly predictive of EC progression and its
precancerous lesions through innovative research
employing microbial prediction models [65]. The
amount of Fusobacterium nucleatum DNA in EC
tissues is noticeably higher than in normal esophageal
mucosa, according to later research encompassing 325
resected EC specimens. Its capacity as a predictive
biomarker in EC was demonstrated by the high
correlation found between Fusobacterium nucleatum
DNA and late tumor stages, and a shorter survival rate
for cancer-specific patients, has been documented.
Furthermore, a strong  association  between
Fusobacterium nucleatum and the chemokine CCL20
has been noted, pointing to a possible mechanism by
which the bacteria could encourage tumor
aggressiveness [66]. Additionally, Porphyromonas
gingivalis has been found to be more common in EC
tissues, however its prevalence varies according to the
stage of EC. Its prognostic significance is further
highlighted by the fact that its presence is frequently
linked to poor tumor differentiation, advanced stages,
metastasis, and decreased survival outcomes [67, 68].
With various microbial compositions associated with
variable responses to chemotherapy and radiation
therapy, there is growing evidence that the esophageal
microbiome plays a role in regulating responses to
immune checkpoint inhibitors in EC [69]. These
findings emphasize the complex interaction among
bacteria and the host immunity in EC and the ability for
microbiome affected therapeutics to enhance patient
outcomes and therapeutic efficacy in addition to
conventional cancer treatments [70, 71].

6. Gastric cancer (GC)
6.1. Inflammatory Gastritis
Pylori as Carcinogens

IS very

and Helicobacter

H. pylori infestation being the supreme obvious risk
factor, linked to almost GC patients, and initiating
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pathologic pathways essential to the tumor's course,
GC poses a serious threat to global health [72, 73].
These techniques include causing DNA damage,
disrupting autophagy pathways, triggering a persistent
inflammatory response, and influencing the host's
innate immune system [74-76]. More than half of
people worldwide have H. pylori colonizing their
stomach mucosa, but only a small percentage get GC,
indicating a complicated interaction between the
bacteria, the host, and the environment. In the stomach
mucosa, for instance, an H. pylori infestation triggers a
chronic inflammation that is typified by the enrollment
of inflammatory cells and the release of cytokines
including TNF-a, IL 1B, and IL 8. Inflammation creates
a favorable setting for tumor development, which is
thought to be a prelude to atrophic gastritis, a known
risk factor for GC [77-79]. Furthermore, H. pylori
secrete virulence factors that control host cell
proliferation and death, most remarkably vacuolated
cytotoxin A (VacA) and cytotoxin-associated gene A
(CagA) [80, 81]. Following inoculation in host cells,
CagA is phosphorylated and intermingles with
transduction paths, resulting in increased mutations,
proliferation, and dysregulated cell signaling. The
generation of reactive oxygen and nitrogen species
generated that cause oxidative stress and genomic
instability in important genes implicated in gastric
carcinogenesis, H. pylori infestation is also linked to
augmented DNA impairment in gastric epithelium [82-
85].

Research also examines how H. pylori affect gastric
microbiota, indicating that dysbiosis brought on by H.
pylori may possibly be a factor in the development of
cancer. Reduced stomach microbial miscellany is
consistently seen in intestinal metaplasia, atrophic
gastritis, and GC, indicating a dysbiotic shift that favors
carcinogenic processes [86, 87]. On the other hand,
some research indicates that individuals with GC have
higher levels of microbial evenness and diversity than
patients with other types of gastritis, suggesting a
complicated link between microbial diversity and the
development of cancer [88]. Microbial miscellany and
magnificence inside tumor micro territory s have
significantly decreased, according to recent studies that
focus on microbial sketching from normal gastric
epithelium to carcinoma in humans [89, 90].

Additionally, several disordered bacterial bunches can
discriminate between gastric inflammation and
carcinoma, emphasizing their prospective for prompt
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recognition.  Furthermore, there is prognostic
importance to the differences in gastric microbiota
across GC patients; for example, several bacteria, such
as Prevotella and Fusobacterium, are strongly linked to
lower overall survival rates, indicating that they may be
prognostic targets [90]. The necessity for a thorough
identification of cancer promotion that considers not
only harmful H. pylori on the contrary larger organism
ecology is highlighted by research on the involvement
of the stomach microbiome in GC. By specifically
modifying the stomach microbiota, this method has the
potential to transform GC management and offer new
opportunities  for  diagnostic, prognostic, and
therapeutic approaches [91, 92].

7. Colorectal cancer (CRC)

The gut microbiota plays a critical role in the
carcinogenesis of CRC, as evidenced by the growing
number of extensive metagenomic investigations in
this disease that have highlighted species-specific
changes in microbial composition and ecology [93].
The gut microbiome plays a role in the development
and advancement of CRC through a variety of intricate
processes, as evidenced by the high correlation
between gut microbial dysbiosis and CRC
pathogenesis. For example, Fusobacteria, which are
frequently present in the human mouth [94, 95], have
been discovered to be more prevalent in CRC tissues
than in healthy controls, which may indicate that they
play a part in encouraging the creation of tumors and
the advancement of CRC [96, 97].

Pathogenic microorganisms can provide reliable
biomarkers to learn more about pathologic illness, how
it is treated, and how to manage it. Recent research
indicates that noncoding RNAs (ncRNA) regulate a
number of processes related to cell division,
proliferation, and apoptosis, including the composition
of the gut microbiota, and hence have a significant role
in the development of cancer. ncRNAs are interesting
avenues for future research in areas like medicines and
diagnostics. ncRNAs' involvement in GIT cancer.
Several Escherichia coli (E coli) bacteria have been
demonstrated to favorably contribute to colorectal
cancer development in a manner that depends on
microRNA (miRNA). While pathobionts may raise the
expression of oncogenes, probiotics may decrease the
expression of oncogenes and increase the expression of
tumor suppressors [98]. These miRNAs are essential
for the development of colorectal cancer and
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microbiota-mediated colorectal carcinogenesis. The
microbiome is influenced by diet and eating habits, and
this plays a significant role in initiating the link
between nutrition and cancer. However, tumor-
associated miRNAs can control both the alteration in
metabolism and the development and makeup of the
gut microbiota. The microbiome's metabolites,
including miRNAs, could alter gene expression. Gut
microbiota-miRNA  crosstalk is  essential for
maintaining gut homeostasis. Dietary or intestinal
epithelial cell-secreted mMiRNAs can affect the
composition of the microbiota. The composition of the
microbiota and the released miRNAs are regulated in
both directions. Because miRNAs and bacteria may
interact therapeutically, miRNA delivery may be
investigated as a therapeutic approach [99, 100].
Figure 3

According to recent studies, CRC is characterized by
an overexpression of the host factor D-galactose-p-N-
acetyl-D-galactosamine, which facilitates
Fusobacterium enrichment in CRC via attaching itself
to the surface of Fusobacterium nucleatum and
interacting with the galactose-binding lectin Fap2. This
relationship encourages CRC metastasis, highlighting
how important host-microbe interactions are to the
development of CRC [101].  Furthermore,
Fusobacterium  nucleatum  promotes invasion,
inflammatory reactions, and CRC cell proliferation by
fastening its FadA adheres to E-cadherin on malignant
cells, activating B-catenin signaling and aiding in the
oncogenesis of CRC. By activating the TLR4/MY D88
cascade in cells, Fusobacterium nucleatum
mechanistically activates NF-kB pathway, which in
turn causes the expression of downstream target
microRNA 21 to be upregulated [95].

Fusobacterium  nucleatum then controls the
downregulation of RAS p21 protein activator 1
mediated by microRNA 21 to increase the spread and
multiplying of CRC cells by activating the MAPK
pathway. Crucially, advanced CRC characteristics such
as late stage, increased Ki-67 expression, and
lymphatic spread are linked to greater levels of
Fusobacterium nucleatum and microRNA 21, which
lowers overall survival rates in CRC patients [27, 102].
These results have significance for prognosis
prediction and therapeutic care as they point to a strong
correlation between Fusobacterium nucleatum richness
and worse scientific consequences in CRC.
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Fig. 3 Tumor suppression and oncogenesis: a model of the gut microbiome and microRNAs

(a) The composition of the microbiome can affect microRNA expression and cause immunological
recruitment, inflammation, and epigenetic changes linked to the advancement of cancer; (b) In order for
cancer to develop, microRNAs and the microbiota must interact in a bidirectional manner; (c) The diet habits
you adopt can have a profound impact on the composition and expression of your microbiome; (d) There are
a number of ways to use non-coding RNA as therapeutic agents that influence the composition of the
microbiome or as diagnostic tools.

Additionally, Fusobacterium nucleatum creates
evasion strategies by preventing natural killer (NK)
cells from infiltrating and causing cytotoxicity in CRC
tumors. The repressive receptor T cell immunoglobulin
and ITIM domain on NK cells interacts with the Fap2
protein of Fusobacterium nucleatum to limit NK cell
function, thereby shielding human colon tumors from
immune cell assault. Similarly, research has shown that
Bacteroides fragilis plays a causal role in CRC [103,
104]. The development of CRC is facilitated by
enteropathogenic E coli infection, which causes the
effector protein EspF, which is secreted by E coli, to
migrate to the host cell membrane and mitochondria.
This depletes DNA mismatch repair gene and increases
frequency of impulsive mutations [105]. Furthermore,
through STAT3/NF-«kB/IL 17R signaling,
Enterotoxigenic Bacteroides fragilis (ETBF) releases
Bacteroides fragilis toxin (BFT) to trigger colon
epithelium. This results in the recruitment of CXCR2-
expressing polymorphonuclear immature myeloid cells
and Thl7 cell response, which in turn triggers
inflammation that promote colon cancer and myeloid
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cells that are necessary for this development. These
results show that bacteria can alter the immunological
milieu of the tumor, which promotes the development
of CRC [15, 106].

Whereas the malignancies associated with IBD begin
as flat dysplasia, the most common kind of colorectal
cancer advances through adenomas or polyps.
Additionally, these two forms of colonic cancer have
different genetic alterations [107]. Ulcerative colitis
(UC) leaves individuals at risk for colon cancer after
chronic illness. This connection has been known for
many years and is among the best proofs that
inflammation plays a significant part in the
development of cancer. Since the cause of ulcerative
colitis is likewise unknown, it is not surprising that the
mechanism underlying this carcinogenesis is unknown.
However, UC patients with complete colitis, in which
most of the colon is damaged, have a higher risk of
cancer, although patients can ignore this risk rise
associated rectum-specific inflammation. Individuals
who have UC and primary sclerosing cholangitis (PSC)
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are especially vulnerable to colonic cancer that is
restricted to the proximal colon, which may only
exhibit subclinical inflammation [108, 109]. PSC
prejudices patients to cholangiocarcinoma and UC
predisposes patients to colonic cancer suggests that
inflammation, rather than local factors, is the
carcinogenic cause. There is consensus that prolonged
active inflammation raises the risk, even though
patients may develop colon cancer after decades of
inactive UC. For example, a virus may be the cause of
UC which might be a factor in the development of
cancer [110-112]. It's interesting to note that the
etiology of IBD has also been considered in relation to
bacteriophages [113]. Furthermore, when
inflammation affects the colorectal organ, people with
Crohn's disease (CD) are more likely to develop CRC,
while their risk is smaller than that of patients with UC
[114]. However, the cause of the inflammatory
response may be linked to the nerves, most likely
ganglion infection, as CD may have a segmented
dispersal with engrossment of the mesentery [115].

Because it might take more than 8 to 10 years from the
onset of colitis to the diagnosis of cancer, the onset of
IBD in the elderly does not necessarily indicate an
increased risk of colonic cancer [116]. Although the
relatively new tactic of causing deep or histological
remission is intriguing, it is impossible to assess how it
affects carcinogenesis over several years. Lastly, with
regard to the etiology, it is hoped that in the future, the
connection between IBD and pyoderma gangrenosum
[117] and alopecia areata [118] will be clarified. A
more recent definition of microscopic colitis is a
condition marked by persistent inflammation. The risk
of colon cancer has drawn attention. In several
epidemiological studies, the risk of colon cancer
appears to be lower or comparable to the background
population despite chronic inflammation [119].
Therefore, the origin of inflammation, which is
regrettably unknown currently, determines the elevated
risk of colon cancer in patients with chronic, long-term
inflammation [120].

8. Liver cancer (LC)

It is becoming more and more clear that gut microbiota
and the onset of LC have a complex relationship that is
regulated by both systemic and local variables. The
liver is an important location receiving nutrients from
the intestinal wall interact with the gut microbiome and
microbe-associated molecular patterns.  Usually,
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microbial metabolites and by products make up these
associated molecular patterns [121]. Numerous studies
have demonstrated the crucial roles that intestinal
absorbency and dysbiosis play in promoting the
development of hepatic disorders that lead to liver
cancer, emphasizing the reciprocal control and
interdependence of these variables [58, 122].

. Notably, an increase in fecal microbial diversity
indicates the development from chronic hepatitis by B
virus (HBV) induced liver cirrhosis to carcinoma. This
includes a decline in butyrate-producing genera and an
increase in the Phylum Actinobacteria and
lipopolysaccharide constructing species. About 80%
are beneath the curve for early detection of cancer
model that used microbiota with different appearance
and was confirmed in 486 fecal analysis from various
locales, suggesting the capacity of microbial outlines in
primary cancer diagnosis [123, 124]. Furthermore,
patients with HBV-related hepatocellular carcinoma
(HCC) have considerably higher fecal microbial
richness than both controls and patients with non-
hepatitis C virus associated with HCC. E coli and
Shigella are more abundant in fecal samples from
patients with virus infection related to HCC, but
Bacteroides, Ruminococcus, and Lachnoclostridium
are less prevalent [125]. Patients with carcinoma had
higher ranks of Bacteroides and Ruminococcaceae and
lower ranks of Akkermansia when compared to those
with nonalcoholic steatohepatitis prompted liver
cirrhosis without carcinoma [126]. Furthermore, it has
been confirmed that intestinal leakage occurs at
different stages of the progression of chronic liver
disease to HCC by the detection of elevated levels of
lipopolysaccharides (LPS), a constituent of bacteria's
cell walls, in blood samples, mouse models, and HCC
cell lines [127]. In a high-fat diet-promoted non-
alcoholic  steatohepatitis mice model, increased
intestinal permeability brought on by substances such
as dextran sodium sulfate raises portal LPS levels and
encourages tumor growth [128]. Additionally,
increased intestinal bacterial translocation promotes
the development of liver cancer by interacting with
arrangement appreciation on host liver cells, to cause
chronic liver inflammation [129]. Elevated LPS levels
have a strong mitogenic effect on hepatocytes by
stimulating the upregulation of epiregulin mRNA and
protein in both human and animal hepatic stellate cells
in NF-kB-dependent manner [130]. Furthermore,
hepatocyte death is prevented by activating the LPS-
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TLR4 axis, which reduces NF-kB-mediated cleavage
of the apoptotic marker caspase-3 [106, 130].
Moreover, long-term activation of the LPS-TLR4 axis
increases inflammation-mediated hepatocyte
proliferation and tumorigenic response by promoting
NF-kB activation and decreasing toxicity induced by
reactive oxygen species[129].

In HCC cells, TLR4 expression produced by LPS
directly triggers NF-xB signaling, which in turn
promotes Snail and other key transcription factors
convoluted in epithelial-mesenchymal transition
(EMT) [49, 131]. As a result, EMT processes and
spread in HCC cells are improved by snail induction.
Notably, TLR4 is detected in specimens from 106 HCC
patients, and a higher expression level is associated
with a poorer prognosis, including a lower chance of
surviving cancer-free or overall. Poor clinicopathologic
features are strongly linked to TLR4 overexpression.
Additionally, through bacterial metabolites, dysbiosis
has been linked to the development of liver cancer.
Additionally, through bacterial metabolites, dysbiosis
has been linked to the development of liver cancer.
Research using obesity-associated HCC mice models
has shown that changes in the gut microbiota and
elevated deoxycholic acid levels encourage the
development of senescence-associated secretory
phenotype in hepatic stellate cells. Inflammatory and
tumor-enhancing substances such IL 6, CXCL1, and
CXCL9 are released by this phenotype. Curiously,
treatment with vancomycin, which aims gram positive
bacteria, reduced senescence symptoms and braked the
growth of carcinoma [131]. This suggests a rise in
obese patient associated with gram positive bacteria
may promote the progress of carcinoma by allowing
gut bacterial compounds to circulate entero-
hepatically. Crucially, patients with HCC who have
nonalcoholic steatohepatitis have also shown signs of
cellular senescence. Furthermore, liver antitumor
immunosurveillance has been linked to gut bacteria-
regulated bile acid metabolism. Gram-positive
bacteria's function in bile acid transformation lowers
the concentration of chenodeoxycholic acid and raises
glycolithocholate which in turn lowers the expression
of CXCL16 on liver sinusoidal endothelial cells. This
imbalance promotes the formation of liver tumors by
suppressing the accumulation of CXCR6 and NK cells
and antitumor activity [132]. Similar bile acid
regulation effects on CXCL16 expression have been
verified in liver endothelial cells. Furthermore, during

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.2.3

21

the development of icteric HCC, dietary soluble fibers
and the short-chain fatty acids that are produced during
fermentation show complex effects [133].

Mice models with Toll-like receptor 5 deficiency
(T5KO), which are at risk for icteric HCC, exhibit gut
dysbiosis marked by a surge in Proteobacteria and
fiber-fermenting bacteria. In T5KO mice models, a
high-fat diet enhanced with inulin causes gut dysbiosis,
cholestasis to develop early, hepatocyte loss,
neutrophilic inflammation, and ultimately icteric HCC.
The incidence of HCC has been considerably decreased
by targeted therapies meant to decrease bacterial
fermentation, reduce solvable fiber consumption, or
stop bile acid reabsorption. These results highlight the
importance of aiming gut-microbiota in liver
carcinoma therapy plans [134]. Preclinical research has
demonstrated promise in reducing the development of
HCC by focusing on the gut-microbiota-liver axis and
implementing treatments that target LPS and its
receptor TLR4 [135]. In HCC animal models, constant
gut distillation with antibiotics such ampicillin,
neomycin, metronidazole, and  vancomycin
successfully lower tumor size and quantity.
Additionally, how the gut microbiota is altered affects
how well immunomodulatory and chemotherapeutic
treatments work [121, 136]. Several experimental
animal models have shown the therapeutic potential of
interventions such as fecal microbiota transplantation,
TLR antagonists, and the usage of bile acids and
receptors to preserve barrier of the intestine [137].
Although preclinical findings from mice and rats have
been translated into clinical trials, there is still a gap
between the promise of gut-microbiota-liver axis
treatment options for HCC [136].

Both hepatitis B virus (HBV) and hepatitis C virus
(HCV)-induced chronic viral hepatitis put patients at
risk for liver cirrhosis and HCC. In addition to the
inflammation itself, which is most likely the only
mechanism for the carcinogenesis produced by HCV,
HBV, being a DNA virus, integrates into the host
genome and consequently contributes to hepatocellular
carcinogenesis. Compared to children infected later in
life, fewer children with prenatal HBV infection have
cirrhosis and HCC [138, 139].

9. Therapeutics Targets

A deeper comprehension of the molecular mechanisms
underlying cancer development will make it possible to
incorporate therapeutic factors like probiotics and
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prebiotics, use antibiotics more effectively, and
manipulate bacterial proteins to permit or restrict
particular features that cause the injuriousness and
oncogenesis of particular bacterial species [140]. The
exposome theory and its effects on the human body are
important factors to consider when examining how the
microbiome affects carcinogenesis. The exposome is
made up of numerous interrelated components. An
integrated function of the human body's exposure, the
exposome encompasses everything that surrounds us,
including our environment, our relationships, what we
eat, the medications used, and hobbies we engage in. It
is important to remember that exposure encompasses
both chemical compounds made by the body during
metabolic processes as well as substances or stimulants
that we eat [141]. Consequently, the microbiome and
its effects are significant exposome components that, to
some degree, might lessen the adverse effects of
specific exposome components on the human body.
Prebiotics, which are indigestible food elements that
specifically promote the growth of specific human-
beneficial commensal bacterial strains. probiotics,
which are live microorganisms that improve the
intestinal microbiota's ability to operate. Both have
become essential components of the daily diet and are
used to prevent and treat several illnesses, primarily
those affecting the gastrointestinal system. There have
been findings demonstrating the favorable effects of
dietary fiber on gut bacterial strains' production as well
as its potential anti-cancer effects [27, 95, 119].

Studies on animals have demonstrated the capacity to
suppress bacterial proteins without upsetting the host's
microbial equilibrium. The disease's symptoms can be
lessened by depleting bacteria containing certain
proteins, including colibactin. Additionally, the impact
of bacterial enzyme manipulation on human health was
investigated. Patients who wuse the anticancer
medication irinotecan experience persistent diarrhea,
which reduces the likelihood of successful treatment.
Inhibitors for the bacterial enzyme B-glucuronidase,
which reactivates the conjugated forms of irinotecan
and also causes diarrhea in patients, were created by
Wallace et al. [142, 143]. As shown in a mouse model,
B-glucuronidase inhibition decreased the harmful
effects of chemotherapy without influencing
commensal bacteria. The development of such
inhibitors to combat the commensal bacteria's possible
carcinogenic qualities without upsetting the delicate
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balance of the microbiome appears to be the next step
in the future [92, 144].

10. Conclusions

An increased risk of cancer is linked to chronic
inflammation in many gastrointestinal tract organs. It
appears that inflammation occurs in tandem with or as
a byproduct of more significant processes in the
stomach, colon, and liver. A large portion of the genesis
of malignant tumors of the digestive system can be
prevented and controlled by reducing chronic
inflammation. In-depth examinations of the GIT
microbiome have linked microbial patterns to illnesses
including cancer. To cure or prevent disease, microbes
that have been modified to express genes or create
metabolites may be introduced into specific GIT
niches. An intriguing new area for the management and
prevention of GIT cancers is microbiome. Targeting
these opportunistic and dangerous microorganisms
requires the development of novel medicines.
Furthermore, by altering immune system reactions or
preserving the reliability of the epithelial defense. In
the future, therapeutic generation might be planned to
counteract microorganisms causing malignancy as a
start. The composition of the microbiome may
influence the drugs, doses, or regimens prescribed to
patients, or it might be used to monitor the effects of
therapy on the microbiota. Even though there is still a
lot to learn, this sector has witnessed some fascinating
advancements recently, and we should anticipate major
advancements soon.

Abreviations

Barrett's esophageal BE
Colorectal cancer CRC
Crohn's disease CD
Cytotoxin-associated gene a CagA
Epithelial-mesenchymal EMT
transition

Escherichia coli E coli
Esophageal cancer EC
Gastric cancer GC
Gastrointestinal tract GIT
Helicobacter pylori H. Pylori
Hepatitis B virus HBV
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Hepatitis C virus HCV
hepatocellular carcinoma HCC
Inflammatory bowel disease IBD
lipopolysaccharides LPS
liver cancer LC
MicroRNA MiRNA
Natural killer NK
Noncoding RNAs ncRNA
Nuclear factor kappa B NF-«b
Primary sclerosing cholangitis PSC
Ulcerative colitis ucC
Vacuolated cytotoxin A VacA

Funding: “This research received no external

funding”.
Informed Consent Statement: "Not applicable".

Declaration of Generative Al and Al-assisted
technologies in the writing process:

During the preparation of this work the authors used
ChatGPT 4.0 and Google Gemini in order to enhance
the writing of this manuscript. After using these tools,
the authors reviewed and edited the content as needed
and take full responsibility for the content of the
publication.

References

1. de Martel, C.; Ferlay, J.; Franceschi, S.; Vignat, J.;
Bray, F.; Forman, D., et al. Global burden of cancers
attributable to infections in 2008: a review and
synthetic analysis. Lancet Oncol. 2012;13(6):607-15.
https://doi.org/10.1016/s1470-2045(12)70137-7

2. Siegel, R. L.; Miller, K. D.; Fuchs, H. E.; Jemal, A.
Cancer statistics, 2022. CA: a cancer journal for
clinicians. 2022;72(1):7-33.
https://doi.org/10.3322/caac.21708

3. Shacter, E.; Weitzman, S. A. Chronic inflammation
and cancer. Oncology (Williston Park, NY).
2002;16(2):217-26, 29; discussion 30-2.

4. Satoshi, I.; Masayuki, W.; Hideo, B. Chronic
inflammation and gastrointestinal cancer. Journal of

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.2.3

23

Cancer Metastasis and Treatment. 2015;1:138-43.
https://doi.org/10.4103/2394-4722.166994

5. Bultman, S. J. Emerging roles of the microbiome in
cancer. Carcinogenesis. 2014;35(2):249-55.
https://doi.org/10.1093/carcin/bgt392

6. Francescone, R.; Hou, V.; Grivennikov, S. 1.
Microbiome, inflammation, and cancer. Cancer journal
(Sudbury, Mass). 2014;20(3):181-9.
https://doi.org/10.1097/pp0.0000000000000048

7. Chen, L.; Deng, H.; Cui, H.; Fang, J.; Zuo, Z.; Deng,
J., et al. Inflammatory responses and inflammation-
associated  diseases in  organs.  Oncotarget.
2018;9(6):7204-18.
https://doi.org/10.18632/oncotarget.23208

8. Tibbs, T. N.; Lopez, L. R.; Arthur, J. C. The influence
of the microbiota on immune development, chronic
inflammation, and cancer in the context of aging.
Microbial cell (Graz, Austria). 2019;6(8):324-34.
https://doi.org/10.15698/mic2019.08.685

9. Zhao, H.; Wu, L.; Yan, G.; Chen, Y.; Zhou, M.; Wu,
Y., et al. Inflammation and tumor progression:
signaling pathways and targeted intervention. Signal
transduction and targeted therapy. 2021;6(1):263.
https://doi.org/10.1038/s41392-021-00658-5

10. Thiele Orberg, E.; Fan, H.; Tam, A. J.; Dejea, C.
M.; Destefano Shields, C. E.; Wu, S., et al. The myeloid
immune signature of enterotoxigenic Bacteroides
fragilis-induced murine colon tumorigenesis. Mucosal
immunology. 2017;10(2):421-33.
https://doi.org/10.1038/mi.2016.53

11. Meng, C.; Bai, C.; Brown, T. D.; Hood, L. E.; Tian,
Q. Human Gut Microbiota and Gastrointestinal Cancer.
Genomics, proteomics & bioinformatics.
2018;16(1):33-49.
https://doi.org/10.1016/].gpb.2017.06.002

12. Galon, J.; Bruni, D. Tumor Immunology and
Tumor Evolution: Intertwined Histories. Immunity.
2020;52(1):55-81.
https://doi.ore/10.1016/].immuni.2019.12.018

13. Fan, J. X.; Niu, M. T.; Qin, Y. T.; Sun, Y. X_;
Zhang, X. Z. Progress of engineered bacteria for tumor
therapy. Advanced drug delivery  reviews.
2022;185:114296.
https://doi.org/10.1016/j.addr.2022.114296

https://uqu.edu.sa/s.toxicology.s/S.T.J


https://doi.org/10.1016/s1470-2045(12)70137-7
https://doi.org/10.3322/caac.21708
https://doi.org/10.4103/2394-4722.166994
https://doi.org/10.1093/carcin/bgt392
https://doi.org/10.1097/ppo.0000000000000048
https://doi.org/10.18632/oncotarget.23208
https://doi.org/10.15698/mic2019.08.685
https://doi.org/10.1038/s41392-021-00658-5
https://doi.org/10.1038/mi.2016.53
https://doi.org/10.1016/j.gpb.2017.06.002
https://doi.org/10.1016/j.immuni.2019.12.018
https://doi.org/10.1016/j.addr.2022.114296

STJ, 2025,2,14-31

14. Forner, A.; Reig, M.; Bruix, J. Hepatocellular
carcinoma. Lancet. 2018;391(10127):1301-14.
https://doi.org/10.1016/s0140-6736(18)30010-2

15. Louis, P.; Hold, G. L.; Flint, H. J. The gut
microbiota, bacterial metabolites and colorectal cancer.
Nature reviews Microbiology. 2014;12(10):661-72.
https://doi.org/10.1038/nrmicro3344

16. Senchukova, M. A.; Tomchuk, O.; Shurygina, E. 1.
Helicobacter pylori in gastric cancer: Features of
infection and their correlations with long-term results
of treatment. World journal of gastroenterology.
2021;27(37):6290-305.
https://doi.org/10.3748/wjg.v27.i137.6290

17. Hibino, S.; Kawazoe, T.; Kasahara, H.; Itoh, S.;
Ishimoto, T.; Sakata-Yanagimoto, M., et al.
Inflammation-Induced Tumorigenesis and Metastasis.

International ~ journal of molecular sciences.
2021;22(11). https://doi.org/10.3390/ijms22115421

18. Boland, C. R.; Luciani, M. G.; Gasche, C.; Goel,
A. Infection, inflammation, and gastrointestinal cancer.
Gut. 2005;54(9):1321-31.
https://doi.org/10.1136/gut.2004.060079

19. Bosetti, C.; Santucci, C.; Gallus, S.; Martinetti,
M.; La Vecchia, C. Aspirin and the risk of colorectal
and other digestive tract cancers: an updated meta-
analysis through 2019. Annals of oncology : official
journal of the European Society for Medical Oncology
/ ESMO. 2020;31(5):558-68.
https://doi.org/10.1016/j.annonc.2020.02.012

20. Hou, J.; Karin, M.; Sun, B. Targeting cancer-
promoting inflammation - have anti-inflammatory
therapies come of age? Nature reviews Clinical
oncology. 2021;18(5):261-79.
https://doi.org/10.1038/s41571-020-00459-9

21. Chapelle, N.; Martel, M.; Toes-Zoutendijk, E.;
Barkun, A. N.; Bardou, M. Recent advances in clinical
practice: colorectal cancer chemoprevention in the
average-risk population. Gut. 2020;69(12):2244-55.
https://doi.org/10.1136/gutjnl-2020-320990

22. El Tekle, G.; Garrett, W. S. Bacteria in cancer
initiation, promotion and progression. Nature reviews
Cancer. 2023;23(9):600-18.
https://doi.org/10.1038/s41568-023-00594-2

23. Shim, J. A.; Ryu, J. H.; Jo, Y.; Hong, C. The role
of gut microbiota in T cell immunity and immune

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.2.3

24

mediated disorders. Int J Biol Sci. 2023;19(4):1178-91.
https://doi.org/10.7150/ijbs.79430

24. Ahern, E.; Smyth, M. J.; Dougall, W. C.; Teng, M.
W. L. Roles of the RANKL-RANK axis in antitumour
immunity - implications for therapy. Nature reviews
Clinical oncology. 2018;15(11):676-93.
https://doi.org/10.1038/s41571-018-0095-y

25. Elinav, E.; Nowarski, R.; Thaiss, C. A.; Hu, B.; Jin,
C.; Flavell, R. A. Inflammation-induced cancer:
crosstalk between tumours, immune cells and
microorganisms. Nature reviews Cancer.

2013;13(11):759-71. https://doi.org/10.1038/nrc3611

26. Shalapour, S.; Karin, M. Pas de Deux: Control of
Anti-tumor  Immunity by  Cancer-Associated
Inflammation. Immunity. 2019;51(1):15-26.
https://doi.org/10.1016/}.immuni.2019.06.021

27. Yang, Y.; Weng, W.; Peng, J.; Hong, L.; Yang, L.;
Toiyama, Y., et al. Fusobacterium nucleatum Increases
Proliferation of Colorectal Cancer Cells and Tumor
Development in Mice by Activating Toll-Like Receptor
4 Signaling to Nuclear Factor-«B, and Up-regulating
Expression of MicroRNA-21. Gastroenterology.
2017;152(4):851-66.¢24.
https://doi.org/10.1053/j.gastro.2016.11.018

28. Gilbert, J. A.; Blaser, M. J.; Caporaso, J. G.;
Jansson, J. K.; Lynch, S. V.; Knight, R. Current
understanding of the human microbiome. Nature
Medicine. 2018;24(4):392-400.
https://doi.org/10.1038/nm.4517

29. Xavier, J. B.; Young, V. B.; Skufca, J.; Ginty, F.;
Testerman, T.; Pearson, A. T., et al. The Cancer
Microbiome: Distinguishing Direct and Indirect
Effects Requires a Systemic View. Trends in Cancer.
2020;6(3):192-204.
https://doi.org/https://doi.org/10.1016/j.trecan.2020.01
.004

30. Dominguez-Bello, M. G.; Godoy-Vitorino, F.;
Knight, R.; Blaser, M. J. Role of the microbiome in
human development. Gut. 2019;68(6):1108-14.
https://doi.org/10.1136/gutjnl-2018-317503

31. VanEvery, H.; Franzosa, E. A.; Nguyen, L. H.;
Huttenhower, C. Microbiome epidemiology and
association studies in human health. Nat Rev Genet.
2023;24(2):109-24.  https://doi.org/10.1038/s41576-
022-00529-x

https://uqu.edu.sa/s.toxicology.s/S.T.J


https://doi.org/10.1016/s0140-6736(18)30010-2
https://doi.org/10.1038/nrmicro3344
https://doi.org/10.3748/wjg.v27.i37.6290
https://doi.org/10.3390/ijms22115421
https://doi.org/10.1136/gut.2004.060079
https://doi.org/10.1016/j.annonc.2020.02.012
https://doi.org/10.1038/s41571-020-00459-9
https://doi.org/10.1136/gutjnl-2020-320990
https://doi.org/10.1038/s41568-023-00594-2
https://doi.org/10.7150/ijbs.79430
https://doi.org/10.1038/s41571-018-0095-y
https://doi.org/10.1038/nrc3611
https://doi.org/10.1016/j.immuni.2019.06.021
https://doi.org/10.1053/j.gastro.2016.11.018
https://doi.org/10.1038/nm.4517
https://doi.org/https:/doi.org/10.1016/j.trecan.2020.01.004
https://doi.org/https:/doi.org/10.1016/j.trecan.2020.01.004
https://doi.org/10.1136/gutjnl-2018-317503
https://doi.org/10.1038/s41576-022-00529-x
https://doi.org/10.1038/s41576-022-00529-x

STJ, 2025,2,14-31

32. Turnbaugh, P. J.; Ley, R. E.; Hamady, M.; Fraser-
Liggett, C. M.; Knight, R.; Gordon, J. I. The human
microbiome project. Nature. 2007;449(7164):804-10.
https://doi.org/10.1038/nature06244

33. The Integrative Human Microbiome Project.
Nature. 2019;569(7758):641-8.
https://doi.org/10.1038/s41586-019-1238-8

34. Baumler, A. J.; Sperandio, V. Interactions between
the microbiota and pathogenic bacteria in the gut.
Nature. 2016;535(7610):85-93.
https://doi.org/10.1038/nature 18849

35. Cai, J.; Sun, L.; Gonzalez, F. J. Gut microbiota-
derived bile acids in intestinal immunity, inflammation,
and tumorigenesis. Cell host &  microbe.
2022;30(3):289-300.
https://doi.org/10.1016/j.chom.2022.02.004

36. Belkaid, Y.; Hand, T. W. Role of the microbiota in
immunity and inflammation. Cell. 2014;157(1):121-
41. https://doi.org/10.1016/j.cell.2014.03.011

37. Koboziev, I.; Reinoso Webb, C.; Furr, K. L.;
Grisham, M. B. Role of the enteric microbiota in
intestinal homeostasis and inflammation. Free radical
biology & medicine. 2014;68:122-33.
https://doi.org/10.1016/j.freeradbiomed.2013.11.008

38. Cullin, N.; Azevedo Antunes, C.; Straussman, R.;
Stein-Thoeringer, C. K.; Elinav, E. Microbiome and
cancer. Cancer cell. 2021;39(10):1317-41.
https://doi.org/10.1016/j.ccell.2021.08.006

39. Xuan, M.; Gu, X.; Liu, Y.; Yang, L.; L1, Y.; Huang,
D., et al. Intratumoral microorganisms in tumors of the
digestive system. Cell communication and signaling :
CCS. 2024;22(1):69. https://doi.org/10.1186/s12964-
023-01425-5

40. Rayan, M.; Sayed, T. S.; Hussein, O. J;
Therachiyil, L.; Maayah, Z. H.; Maccalli, C., et al.
Unlocking the secrets: exploring the influence of the
aryl hydrocarbon receptor and microbiome on cancer
development. Cellular & molecular biology letters.
2024;29(1):33.  https://doi.org/10.1186/s11658-024-
00538-0

41. Dohlman, A. B.; Arguijo Mendoza, D.; Ding, S.;
Gao, M.; Dressman, H.; Iliev, I. D., et al. The cancer
microbiome atlas: a pan-cancer comparative analysis to
distinguish tissue-resident microbiota from
contaminants. Cell host & microbe. 2021;29(2):281-
98.e5. https://doi.org/10.1016/].chom.2020.12.001

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.2.3

25

42. Wang, M.; Yu, F,; Li, P. Intratumor microbiota in
cancer pathogenesis and immunity: from mechanisms
of action to therapeutic opportunities. Frontiers in
immunology. 2023;14:1269054.
https://doi.org/10.3389/fimmu.2023.1269054

43. Achiwa, K.; Ishigami, M.; Ishizu, Y.; Kuzuya, T.;
Honda, T.; Hayashi, K., et al. DSS colitis promotes
tumorigenesis and fibrogenesis in a choline-deficient

high-fat  diet-induced NASH mouse model.
Biochemical and biophysical research
communications. 2016;470(1):15-21.

https://doi.org/10.1016/1.bbrc.2015.12.012

44. Kang, Y.; Cai, Y.; Yang, Y. The Gut Microbiome
and Hepatocellular Carcinoma: Implications for Early
Diagnostic Biomarkers and Novel Therapies. Liver
cancer. 2022;11(2):113-25.
https://doi.org/10.1159/000521358

45. Clay, S. L.; Fonseca-Pereira, D.; Garrett, W. S.
Colorectal cancer: the facts in the case of the

microbiota. The Journal of clinical investigation.
2022;132(4). https://doi.org/10.1172/jci155101

46. Zou, S.;Yang, C.; Zhang, J.; Zhong, D.; Meng, M.;
Zhang, L., et al. Multi-omic profiling reveals
associations between the gut microbiome, host genome
and transcriptome in patients with colorectal cancer.
Journal of translational medicine. 2024;22(1):175.
https://doi.org/10.1186/s12967-024-04984-4

47. Chung, L.; Thiele Orberg, E.; Geis, A. L.; Chan, J.
L.; Fu, K.; DeStefano Shields, C. E., et al. Bacteroides
fragilis Toxin Coordinates a Pro-carcinogenic
Inflammatory Cascade via Targeting of Colonic
Epithelial Cells. Cell host & microbe. 2018;23(2):203-
14.e5. https://doi.org/10.1016/j.chom.2018.01.007

48. Wong-Rolle, A.; Wei, H. K.; Zhao, C.; Jin, C.
Unexpected guests in the tumor microenvironment:

microbiome in cancer. Protein & cell. 2021;12(5):426-
35. https://doi.org/10.1007/s13238-020-00813-8

49. Jing, Y. Y.; Han, Z. P.; Sun, K.; Zhang, S. S.; Hou,
J.; Liu, Y., et al. Toll-like receptor 4 signaling promotes

epithelial-mesenchymal  transition  in  human
hepatocellular carcinoma induced by
lipopolysaccharide. =~ BMC  Med.  2012;10:98.

https://doi.ore/10.1186/1741-7015-10-98

50. Sepich-Poore, G. D.; Zitvogel, L.; Straussman, R.;
Hasty, J.; Wargo, J. A.; Knight, R. The microbiome and
human cancer. Science (New York, NY).

https://uqu.edu.sa/s.toxicology.s/S.T.J


https://doi.org/10.1038/nature06244
https://doi.org/10.1038/s41586-019-1238-8
https://doi.org/10.1038/nature18849
https://doi.org/10.1016/j.chom.2022.02.004
https://doi.org/10.1016/j.cell.2014.03.011
https://doi.org/10.1016/j.freeradbiomed.2013.11.008
https://doi.org/10.1016/j.ccell.2021.08.006
https://doi.org/10.1186/s12964-023-01425-5
https://doi.org/10.1186/s12964-023-01425-5
https://doi.org/10.1186/s11658-024-00538-0
https://doi.org/10.1186/s11658-024-00538-0
https://doi.org/10.1016/j.chom.2020.12.001
https://doi.org/10.3389/fimmu.2023.1269054
https://doi.org/10.1016/j.bbrc.2015.12.012
https://doi.org/10.1159/000521358
https://doi.org/10.1172/jci155101
https://doi.org/10.1186/s12967-024-04984-4
https://doi.org/10.1016/j.chom.2018.01.007
https://doi.org/10.1007/s13238-020-00813-8
https://doi.org/10.1186/1741-7015-10-98

STJ, 2025,2,14-31

2021;371(6536).
https://doi.org/10.1126/science.abc4552

51. Hussain, A.; Patwekar, U.; Mongad, D. S.;
Shouche, Y. S. Strategizing the human microbiome for
small molecules: Approaches and perspectives. Drug
discovery today. 2023;28(2):103459.
https://doi.org/10.1016/j.drudis.2022.103459

52. Agagiindiiz, D.; Cocozza, E.; Cemali, O.; Bayazit,
A. D.; Nani, M. F.; Cerqua, 1., et al. Understanding the
role of the gut microbiome in gastrointestinal cancer: A
review. Frontiers in pharmacology. 2023;14:1130562.
https://doi.org/10.3389/fphar.2023.1130562

53. Hou, K.; Wu, Z. X.; Chen, X. Y.; Wang, J. Q.;
Zhang, D.; Xiao, C., et al. Microbiota in health and
diseases. Signal transduction and targeted therapy.
2022;7(1):135.  https://doi.org/10.1038/s41392-022-
00974-4

54. Zhang, Y. H.; Chen, X. L.; Wang, Y. R.; Hou, Y.
W.; Zhang, Y. D.; Wang, K. J. Prevention of malignant
digestive system tumors should focus on the control of
chronic inflammation. World J Gastrointest Oncol.
2023;15(3):389-404.
https://doi.org/10.4251/wjgo.v15.13.389

55. Liu, Y.; Baba, Y.; Ishimoto, T.; Gu, X.; Zhang, J.;
Nomoto, D., et al. Gut microbiome in gastrointestinal
cancer: a friend or foe? Int J Biol Sci.
2022;18(10):4101-17.
https://doi.org/10.7150/ijbs.69331

56. Abreu, M. T.; Peek, R. M., Jr. Gastrointestinal
malignancy and the microbiome. Gastroenterology.
2014;146(6):1534-46.€3.
https://doi.org/10.1053/j.gastro.2014.01.001

57. Chassaing, B.; Aitken, J. D.; Malleshappa, M.;
Vijay-Kumar, M. Dextran sulfate sodium (DSS)-
induced colitis in mice. Current protocols in
immunology. 2014;104:15.25.1-15.25.14.
https://doi.ore/10.1002/0471142735.im1525s104

58. Yu, L. X.; Schwabe, R. F. The gut microbiome and
liver cancer: mechanisms and clinical translation. Nat
Rev  Gastroenterol Hepatol. 2017;14(9):527-39.
https://doi.ore/10.1038/nrgastro.2017.72

59. Thomas, R. M.; Gharaibeh, R. Z.; Gauthier, J.;
Beveridge, M.; Pope, J. L.; Guijarro, M. V., et al.
Intestinal microbiota enhances pancreatic
carcinogenesis in preclinical models. Carcinogenesis.

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.2.3

26

2018;39(8):1068-78.
https://doi.ore/10.1093/carcin/bgy073

60. Snider, E. J.; Compres, G.; Freedberg, D. E.;
Khiabanian, H.; Nobel, Y. R.; Stump, S., et al
Alterations to the Esophageal Microbiome Associated
with Progression from Barrett's Esophagus to
Esophageal Adenocarcinoma. Cancer epidemiology,
biomarkers & prevention : a publication of the
American Association for Cancer Research,
cosponsored by the American Society of Preventive
Oncology. 2019;28(10):1687-93.
https://doi.org/10.1158/1055-9965.Epi-19-0008

61. Deshpande, N. P.; Riordan, S. M.; Castafio-
Rodriguez, N.; Wilkins, M. R.; Kaakoush, N. O.
Signatures within the esophageal microbiome are
associated with host genetics, age, and disease.
Microbiome. 2018;6(1):227.
https://doi.org/10.1186/s40168-018-0611-4

62. Kumar, B.; Lam, S.; Adam, M.; Gilroy, R.; Pallen,
M. J. The oesophageal microbiome and cancer: hope or
hype? Trends in microbiology. 2022;30(4):322-9.
https://doi.org/10.1016/].tim.2021.08.007

63. Pandey, A.; Lieu, C. H.; Kim, S. S. The Local
Microbiome in Esophageal Cancer and Treatment
Response: A Review of Emerging Data and Future
Directions. Cancers. 2023;15(14).
https://doi.org/10.3390/cancers15143562

64. Shao, D.; Vogtmann, E.; Liu, A.; Qin, J.; Chen, W.;
Abnet, C. C., et al. Microbial characterization of
esophageal squamous cell carcinoma and gastric cardia
adenocarcinoma from a high-risk region of China.
Cancer. 2019;125(22):3993-4002.
https://doi.org/10.1002/cncr.32403

65. Li, M.; Shao, D.; Zhou, J.; Gu, J.; Qin, J.; Chen,
W., et al. Signatures within esophageal microbiota with
progression of esophageal squamous cell carcinoma.
Chinese journal of cancer research = Chung-kuo yen
cheng yen chiu. 2020;32(6):755-67.
https://doi.ore/10.21147/1.1ssn.1000-9604.2020.06.09

66. Yamamura, K.; Baba, Y.; Nakagawa, S.; Mima, K.;
Miyake, K.; Nakamura, K., et al. Human Microbiome
Fusobacterium Nucleatum in Esophageal Cancer
Tissue Is Associated with Prognosis. Clinical cancer
research : an official journal of the American
Association for Cancer Research. 2016;22(22):5574-
81. https://doi.org/10.1158/1078-0432.Ccr-16-1786

https://uqu.edu.sa/s.toxicology.s/S.T.J


https://doi.org/10.1126/science.abc4552
https://doi.org/10.1016/j.drudis.2022.103459
https://doi.org/10.3389/fphar.2023.1130562
https://doi.org/10.1038/s41392-022-00974-4
https://doi.org/10.1038/s41392-022-00974-4
https://doi.org/10.4251/wjgo.v15.i3.389
https://doi.org/10.7150/ijbs.69331
https://doi.org/10.1053/j.gastro.2014.01.001
https://doi.org/10.1002/0471142735.im1525s104
https://doi.org/10.1038/nrgastro.2017.72
https://doi.org/10.1093/carcin/bgy073
https://doi.org/10.1158/1055-9965.Epi-19-0008
https://doi.org/10.1186/s40168-018-0611-4
https://doi.org/10.1016/j.tim.2021.08.007
https://doi.org/10.3390/cancers15143562
https://doi.org/10.1002/cncr.32403
https://doi.org/10.21147/j.issn.1000-9604.2020.06.09
https://doi.org/10.1158/1078-0432.Ccr-16-1786

STJ, 2025,2,14-31

67. Peters, B. A.; Wu, J.; Pei, Z.; Yang, L.; Purdue, M.
P.; Freedman, N. D., et al. Oral Microbiome
Composition Reflects Prospective Risk for Esophageal
Cancers. Cancer research. 2017;77(23):6777-87.
https://doi.org/10.1158/0008-5472.Can-17-1296

68. Li, Y.; Wei, B.; Xue, X.; Li, H.; Li, J. Microbiome

changes in esophageal cancer: implications for
pathogenesis and prognosis. Cancer biology &
medicine. 2023;21(2):163-74.

https://doi.org/10.20892/.1ssn.2095-3941.2023.0177

69. Moreira, C.; Figueiredo, C.; Ferreira, R. M. The
Role of the Microbiota in Esophageal Cancer. Cancers.
2023;15(9). https://doi.org/10.3390/cancers15092576

70. Liang, Y.; Li, Q.; Liu, Y.; Guo, Y.; Li, Q.
Awareness of intratumoral bacteria and their potential
application in cancer treatment. Discover oncology.
2023;14(1):57.  https://doi.org/10.1007/s12672-023-
00670-x

71. Lu, Y. Q.; Qiao, H.; Tan, X. R.; Liu, N. Broadening
oncological boundaries: the intratumoral microbiota.
Trends in  microbiology.  2024;32(8):807-22.
https://doi.org/10.1016/j.tim.2024.01.007

72. Chen, C. C.; Liou, J. M_; Lee, Y. C.; Hong, T. C.;
El-Omar, E. M.; Wu, M. S. The interplay between
Helicobacter pylori and gastrointestinal microbiota.
Gut Microbes. 2021;13(1):1-22.
https://doi.org/10.1080/19490976.2021.1909459

73. Yang, J.; Zhou, X.; Liu, X.; Ling, Z.; Ji, F. Role of
the Gastric Microbiome in Gastric Cancer: From
Carcinogenesis  to  Treatment.  Frontiers in
microbiology. 2021;12:641322.
https://doi.org/10.3389/fmicb.2021.641322

74. Mentis, A. A.; Boziki, M.; Grigoriadis, N.;
Papavassiliou, A. G. Helicobacter pylori infection and
gastric cancer biology: tempering a double-edged
sword. Cellular and molecular life sciences : CMLS.
2019;76(13):2477-86. https://doi.org/10.1007/s00018-
019-03044-1

75. Sexton, R. E.; Al Hallak, M. N.; Diab, M.; Azmi,
A. S. Gastric cancer: a comprehensive review of
current and future treatment strategies. Cancer
metastasis reviews. 2020;39(4):1179-203.
https://doi.ore/10.1007/s10555-020-09925-3

76. Yang, J.; Zhou, X.; Liu, X.; Ling, Z.; Ji, F. Role of
the Gastric Microbiome in Gastric Cancer: From

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.2.3

27
Carcinogenesis to Treatment. 2021;12.
https://doi.org/10.3389/fmicb.2021.641322

77. Lee, Y. C.; Chiang, T. H.; Chou, C. K.; Tu, Y. K.;
Liao, W. C.; Wu, M. S., et al. Association Between
Helicobacter pylori Eradication and Gastric Cancer
Incidence: A Systematic Review and Meta-analysis.
Gastroenterology. 2016;150(5):1113-24.e5.
https://doi.org/10.1053/j.gastro.2016.01.028

78. Waldum, H.; Fossmark, R. Gastritis, Gastric
Polyps and Gastric Cancer. International journal of
molecular sciences. 2021;22(12).
https://doi.org/10.3390/ijms22126548

79. Mommersteeg, M. C.; Simovic, I.; Yu, B.; van
Nieuwenburg, S. A. V.; Bruno, I. M. J.; Doukas, M., et
al. Autophagy mediates ER stress and inflammation in
Helicobacter pylori-related gastric cancer. Gut
Microbes. 2022;14(1):2015238.
https://doi.org/10.1080/19490976.2021.2015238

80. Cover, T. L.; Lacy, D. B.; Ohi, M. D. The
Helicobacter pylori Cag Type IV Secretion System.
Trends in  microbiology.  2020;28(8):682-95.
https://doi.org/10.1016/].tim.2020.02.004

81. Wen, Y.; Huang, H.; Tang, T.; Yang, H.; Wang, X_;
Huang, X., et al. AI-2 represses CagA expression and
bacterial adhesion, attenuating the Helicobacter pylori-
induced inflammatory response of gastric epithelial
cells. Helicobacter. 2021;26(2):¢12778.
https://doi.org/10.1111/hel. 12778

82. Lamb, A.; Chen, L. F. Role of the Helicobacter
pylori-induced inflammatory response in the
development of gastric cancer. Journal of cellular
biochemistry. 2013;114(3):491-7.
https://doi.org/10.1002/jcb.24389

83. de Brito, B. B.; da Silva, F. A. F.; Soares, A. S.;
Pereira, V. A.; Santos, M. L. C.; Sampaio, M. M., et al.
Pathogenesis and clinical management of Helicobacter
pylori  gastric infection. World journal of
gastroenterology. 2019;25(37):5578-89.
https://doi.ore/10.3748/wije.v25.137.5578

84. Takahashi-Kanemitsu, A.; Knight, C. T,
Hatakeyama, M. Molecular anatomy and pathogenic
actions of Helicobacter pylori CagA that underpin

gastric  carcinogenesis. Cell Mol Immunol.
2020;17(1):50-63. https://doi.org/10.1038/s41423-
019-0339-5

https://uqu.edu.sa/s.toxicology.s/S.T.J


https://doi.org/10.1158/0008-5472.Can-17-1296
https://doi.org/10.20892/j.issn.2095-3941.2023.0177
https://doi.org/10.3390/cancers15092576
https://doi.org/10.1007/s12672-023-00670-x
https://doi.org/10.1007/s12672-023-00670-x
https://doi.org/10.1016/j.tim.2024.01.007
https://doi.org/10.1080/19490976.2021.1909459
https://doi.org/10.3389/fmicb.2021.641322
https://doi.org/10.1007/s00018-019-03044-1
https://doi.org/10.1007/s00018-019-03044-1
https://doi.org/10.1007/s10555-020-09925-3
https://doi.org/10.3389/fmicb.2021.641322
https://doi.org/10.1053/j.gastro.2016.01.028
https://doi.org/10.3390/ijms22126548
https://doi.org/10.1080/19490976.2021.2015238
https://doi.org/10.1016/j.tim.2020.02.004
https://doi.org/10.1111/hel.12778
https://doi.org/10.1002/jcb.24389
https://doi.org/10.3748/wjg.v25.i37.5578
https://doi.org/10.1038/s41423-019-0339-5
https://doi.org/10.1038/s41423-019-0339-5

STJ, 2025,2,14-31

85. Murata-Kamiya, N.; Hatakeyama, M.
Helicobacter pylori-induced DNA double-stranded
break in the development of gastric cancer. Cancer
science. 2022;113(6):1909-18.
https://doi.org/10.1111/cas.15357

86. Ferreira, R. M.; Pereira-Marques, J.; Pinto-
Ribeiro, I.; Costa, J. L.; Carneiro, F.; Machado, J. C., et
al. Gastric microbial community profiling reveals a
dysbiotic  cancer-associated = microbiota.  Gut.
2018;67(2):226-36. https://doi.org/10.1136/gutjnl-
2017-314205

87. Ralser, A.; Dietl, A.; Jarosch, S.; Engelsberger, V.;
Wanisch, A.; Janssen, K. P., et al. Helicobacter pylori
promotes colorectal carcinogenesis by deregulating
intestinal immunity and inducing a mucus-degrading
microbiota signature. Gut. 2023;72(7):1258-70.
https://doi.org/10.1136/gutjnl-2022-328075

88. Hu, Y. L.; Pang, W.; Huang, Y.; Zhang, Y.; Zhang,
C. J. The Gastric Microbiome Is Perturbed in Advanced
Gastric Adenocarcinoma Identified Through Shotgun
Metagenomics. Frontiers in cellular and infection
microbiology. 2018;8:433.
https://doi.org/10.3389/fcimb.2018.00433

89. Liu, X.; Shao, L.; Liu, X.; Ji, F.; Mei, Y.; Cheng,
Y., et al. Alterations of gastric mucosal microbiota
across different stomach microhabitats in a cohort of
276 patients with gastric cancer. EBioMedicine.
2019;40:336-48.
https://doi.org/10.1016/j.ebiom.2018.12.034

90. Lehr, K.; Nikitina, D.; Vilchez-Vargas, R.;
Steponaitiene, R.; Thon, C.; Skieceviciene, J., et al.
Microbial composition of tumorous and adjacent
gastric tissue is associated with prognosis of gastric
cancer. Scientific ~ reports. 2023;13(1):4640.
https://doi.org/10.1038/s41598-023-31740-3

91. Doocey, C. M.; Finn, K.; Murphy, C.; Guinane, C.
M. The impact of the human microbiome in
tumorigenesis, cancer progression, and biotherapeutic
development. BMC microbiology. 2022;22(1):53.
https://doi.org/10.1186/s12866-022-02465-6

92. Zhao, L. Y.; Mei, J. X; Yu, G.; Lei, L.; Zhang, W.
H.; Liu, K., et al. Role of the gut microbiota in
anticancer therapy: from molecular mechanisms to
clinical applications. Signal transduction and targeted
therapy. 2023;8(1):201.
https://doi.org/10.1038/s41392-023-01406-7

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.2.3

28

93. Cheng, Y.; Ling, Z.; Li, L. The Intestinal
Microbiota and Colorectal Cancer. 2020;11.
https://doi.org/10.3389/fimmu.2020.615056

94. Park,C.H.;Han,D. S.; Oh, Y. H.; Lee, A. R.; Lee,
Y. R.; Eun, C. S. Role of Fusobacteria in the serrated
pathway of colorectal carcinogenesis. Scientific
reports. 2016;6:25271.
https://doi.org/10.1038/srep25271

95. Zepeda-Rivera, M.; Minot, S. S.; Bouzek, H.; Wu,
H.; Blanco-Miguez, A.; Manghi, P., et al. A distinct
Fusobacterium nucleatum clade dominates the
colorectal cancer niche. Nature. 2024;628(8007):424-
32. https://doi.org/10.1038/s41586-024-07182-w

96. Wong, S. H.; Yu, J. Gut microbiota in colorectal
cancer: mechanisms of action and clinical applications.
Nat Rev Gastroenterol Hepatol. 2019;16(11):690-704.
https://doi.org/10.1038/s41575-019-0209-8

97. Coker, O. O.; Nakatsu, G.; Dai, R. Z.; Wu, W. K.
K.; Wong, S. H.; Ng, S. C., et al. Enteric fungal
microbiota dysbiosis and ecological alterations in
colorectal cancer. Gut. 2019;68(4):654-62.
https://doi.org/10.1136/gutjnl-2018-317178

98. Tan, X.; Mao, L.; Huang, C.; Yang, W.; Guo, J.;
Chen, Z., et al. Comprehensive analysis of IncRNA-
miRNA-mRNA regulatory networks for microbiota-
mediated colorectal cancer associated with immune
cell infiltration. Bioengineered. 2021;12(1):3410-25.
https://doi.org/10.1080/21655979.2021.1940614

99. Guz, M.; Jeleniewicz, W.; Malm, A.; Korona-
Glowniak, I. A Crosstalk between Diet, Microbiome
and microRNA in Epigenetic Regulation of Colorectal
Cancer. Nutrients. 2021;13(7).
https://doi.org/10.3390/nul13072428

100. Khodaii, Z.; Mehrabani Natanzi, M.; Khalighfard,
S.; Ghandian Zanjan, M.; Gharghi, M.; Khori, V., et al.
Novel targets in rectal cancer by considering IncRNA—
miRNA-mRNA network in response to Lactobacillus
acidophilus consumption: a randomized clinical trial.
Scientific reports. 2022;12(1):9168.
https://doi.org/10.1038/s41598-022-13297-9

101. Abed, J.; Emgérd, J. E.; Zamir, G.; Faroja, M.;
Almogy, G.; Grenov, A., et al. Fap2 Mediates
Fusobacterium nucleatum Colorectal Adenocarcinoma
Enrichment by Binding to Tumor-Expressed Gal-
GalNAc. Cell host & microbe. 2016;20(2):215-25.
https://doi.org/10.1016/1.chom.2016.07.006

https://uqu.edu.sa/s.toxicology.s/S.T.J


https://doi.org/10.1111/cas.15357
https://doi.org/10.1136/gutjnl-2017-314205
https://doi.org/10.1136/gutjnl-2017-314205
https://doi.org/10.1136/gutjnl-2022-328075
https://doi.org/10.3389/fcimb.2018.00433
https://doi.org/10.1016/j.ebiom.2018.12.034
https://doi.org/10.1038/s41598-023-31740-3
https://doi.org/10.1186/s12866-022-02465-6
https://doi.org/10.1038/s41392-023-01406-7
https://doi.org/10.3389/fimmu.2020.615056
https://doi.org/10.1038/srep25271
https://doi.org/10.1038/s41586-024-07182-w
https://doi.org/10.1038/s41575-019-0209-8
https://doi.org/10.1136/gutjnl-2018-317178
https://doi.org/10.1080/21655979.2021.1940614
https://doi.org/10.3390/nu13072428
https://doi.org/10.1038/s41598-022-13297-9
https://doi.org/10.1016/j.chom.2016.07.006

STJ, 2025,2,14-31

102. Tilg, H.; Adolph, T. E.; Gerner, R. R.; Moschen, A.
R. The Intestinal Microbiota in Colorectal Cancer.
Cancer cell. 2018;33(6):954-64.
https://doi.org/10.1016/j.ccell.2018.03.004

103.Martin, H. M.; Campbell, B. J.; Hart, C. A.;
Mpofu, C.; Nayar, M.; Singh, R., et al. Enhanced
Escherichia coli adherence and invasion in Crohn's
disease and colon cancer. Gastroenterology.
2004;127(1):80-93.
https://doi.org/10.1053/j.gastro.2004.03.054

104. Gur, C.; Ibrahim, Y.; Isaacson, B.; Yamin, R.;
Abed, J.; Gamliel, M., et al. Binding of the Fap2 protein
of Fusobacterium nucleatum to human inhibitory
receptor TIGIT protects tumors from immune cell
attack. Immunity. 2015;42(2):344-55.
https://doi.org/10.1016/].immuni.2015.01.010

105.Maddocks, O. D.; Scanlon, K. M.; Donnenberg,
M. S. An Escherichia coli effector protein promotes
host mutation via depletion of DNA mismatch repair
proteins. mBio. 2013;4(3):e00152-13.
https://doi.org/10.1128/mBi0.00152-13

106.Lu, W.; Aihaiti, A.; Abudukeranmu, P.; Liu, Y.;
Gao, H. Unravelling the role of intratumoral bacteria in
digestive system cancers: current insights and future

perspectives. Journal of translational medicine.
2024;22(1):545. https://doi.org/10.1186/s12967-024-
05320-6

107. Porter, R. J.; Arends, M. J.; Churchhouse, A. M.
D.; Din, S. Inflammatory Bowel Disease-Associated
Colorectal Cancer: Translational Risks from

Mechanisms to Medicines. Journal of Crohn's & colitis.
2021;15(12):2131-41.  https://doi.org/10.1093/ecco-

29

Therapeutic ~ Advances in
2023;16:17562848231184985.
https://doi.org/10.1177/17562848231184985

110. Rubin, D. T.; Huo, D.; Kinnucan, J. A.; Sedrak, M.
S.; McCullom, N. E.; Bunnag, A. P., et al. Inflammation
is an independent risk factor for colonic neoplasia in
patients with ulcerative colitis: a case-control study.
Clinical gastroenterology and hepatology : the official
clinical practice journal of the American
Gastroenterological Association. 2013;11(12):1601-
8.e1-4. https://doi.org/10.1016/j.cgh.2013.06.023

111. Korelitz, B. L.; Sultan, K.; Kothari, M.; Arapos, L.;
Schneider, J.; Panagopoulos, G. Histological healing
favors lower risk of colon carcinoma in extensive
ulcerative colitis. World journal of gastroenterology.
2014;20(17):4980-6.
https://doi.org/10.3748/wjg.v20.117.4980

112. Tarris, G.; de Rougemont, A.; Charkaoui, M.;
Michiels, C.; Martin, L.; Belliot, G. Enteric Viruses and

Inflammatory Bowel Disease. Viruses. 2021;13(1).
https://doi.org/10.3390/v13010104

113. Gogokhia, L.; Round, J. L. Immune-bacteriophage
interactions in inflammatory bowel diseases. Curr Opin
Virol. 2021;49:30-5.
https://doi.org/10.1016/j.coviro.2021.04.010

114.Everhov A, H.; Ludvigsson, J. F.; Jiras, J.;
Erichsen, R.; Pedersen, L.; Halfvarson, J., et al.
Colorectal Cancer in Childhood-onset Inflammatory
Bowel Disease: A Scandinavian Register-based Cohort
Study, 1969-2017. Journal of  pediatric
gastroenterology and nutrition. 2022;75(4):480-4.
https://doi.org/10.1097/mpg.0000000000003574

Gastroenterology.

jcc/jjab102

108. Krugliak Cleveland, N.; Rubin, D. T.; Hart, J.;
Weber, C. R.; Meckel, K.; Tran, A. L., et al. Patients
With Ulcerative Colitis and Primary Sclerosing
Cholangitis Frequently Have Subclinical Inflammation
in the Proximal Colon. Clinical gastroenterology and
hepatology : the official clinical practice journal of the
American Gastroenterological Association.
2018;16(1):68-74.
https://doi.org/10.1016/j.cgh.2017.07.023

109.Jamil, O. K.; Shaw, D.; Deng, Z.; Dinardi, N.;
Fillman, N.; Khanna, S., et al. Inflammation in the
proximal colon is a risk factor for the development of
colorectal neoplasia in inflammatory bowel disease
patients with primary sclerosing cholangitis.

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.2.3

115. Adiliaghdam, F.; Amatullah, H.; Digumarthi, S.;
Saunders, T. L.; Rahman, R.-U.; Wong, L. P, et al.

Human enteric viruses autonomously shape
inflammatory bowel disease phenotype through
divergent innate immunomodulation.

2022;7(70):eabn6660.
https://doi.ore/doi:10.1126/sciimmunol.abn6660

116. Everhov A, H.; Erichsen, R.; Jéras, J.; Pedersen,
L.; Halfvarson, J.; Askling, J., et al. Colorectal cancer
in elderly-onset inflammatory bowel disease: a 1969-
2017 Scandinavian register-based cohort study.
Aliment Pharmacol Ther. 2022;56(7):1168-82.
https://doi.ore/10.1111/apt.17175

https://uqu.edu.sa/s.toxicology.s/S.T.J


https://doi.org/10.1016/j.ccell.2018.03.004
https://doi.org/10.1053/j.gastro.2004.03.054
https://doi.org/10.1016/j.immuni.2015.01.010
https://doi.org/10.1128/mBio.00152-13
https://doi.org/10.1186/s12967-024-05320-6
https://doi.org/10.1186/s12967-024-05320-6
https://doi.org/10.1093/ecco-jcc/jjab102
https://doi.org/10.1093/ecco-jcc/jjab102
https://doi.org/10.1016/j.cgh.2017.07.023
https://doi.org/10.1177/17562848231184985
https://doi.org/10.1016/j.cgh.2013.06.023
https://doi.org/10.3748/wjg.v20.i17.4980
https://doi.org/10.3390/v13010104
https://doi.org/10.1016/j.coviro.2021.04.010
https://doi.org/10.1097/mpg.0000000000003574
https://doi.org/doi:10.1126/sciimmunol.abn6660
https://doi.org/10.1111/apt.17175

STJ, 2025,2,14-31

117. Ahn, C.; Negus, D.; Huang, W. Pyoderma
gangrenosum: a review of pathogenesis and treatment.
Expert review of  clinical immunology.
2018;14(3):225-33.
https://doi.org/10.1080/1744666x.2018.1438269

118. Maghfour, J.; Olson, J.; Conic, R. R. Z;
Mesinkovska, N. A. The Association between Alopecia
and Inflammatory Bowel Disease: A Systematic
Review and Meta-Analysis. Dermatology (Basel,
Switzerland). 2021;237(4):658-72.
https://doi.org/10.1159/000512747

119.Liu, Y. H.; Wu, Z.; Ding, J. Y.; Shi, Y. D.
Microscopic Colitis Is Associated With a Reduced Risk
of Colorectal Adenoma and Cancer: A Meta-Analysis.
Inflammatory bowel diseases. 2022;28(10):1584-91.
https://doi.org/10.1093/ibd/izab333

120. Waldum, H.; Fossmark, R. Inflammation and
Digestive Cancer. International journal of molecular
sciences. 2023;24(17).
https://doi.org/10.3390/ijms241713503

121.Schwabe, R. F.; Greten, T. F. Gut microbiome in
HCC - Mechanisms, diagnosis and therapy. Journal of
hepatology. 2020;72(2):230-8.
https://doi.org/10.1016/j.1hep.2019.08.016

122.Schnabl, B.; Brenner, D. A. Interactions between
the intestinal microbiome and liver diseases.
Gastroenterology. 2014;146(6):1513-24.
https://doi.org/10.1053/j.gastro.2014.01.020

123.Ren, Z.; Li, A.; Jiang, J.; Zhou, L.; Yu, Z.; Lu, H.,
et al. Gut microbiome analysis as a tool towards
targeted non-invasive  biomarkers for early
hepatocellular  carcinoma. 2019;68(6):1014-23.
https://doi.org/10.1136/gutjnl-2017-315084 %J Gut

124. Gok Yavuz, B.; Datar, S.; Chamseddine, S.;
Mohamed, Y. I.; LaPelusa, M.; Lee, S. S., et al. The Gut
Microbiome as a Biomarker and Therapeutic Target in
Hepatocellular Carcinoma. Cancers. 2023;15(19).
https://doi.org/10.3390/cancers15194875

125.Liu, Q.; Li, F.; Zhuang, Y.; Xu, J.; Wang, J.; Mao,
X., et al. Alteration in gut microbiota associated with
hepatitis B and non-hepatitis virus related
hepatocellular carcinoma. Gut pathogens. 2019;11:1.
https://doi.ore/10.1186/s13099-018-0281-6

126.Ponziani, F. R.; Bhoori, S.; Castelli, C.; Putignani,
L.; Rivoltini, L.; Del Chierico, F., et al. Hepatocellular
Carcinoma Is Associated With Gut Microbiota Profile

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.2.3

30

and Inflammation in Nonalcoholic Fatty Liver Disease.
Hepatology (Baltimore, Md). 2019;69(1):107-20.
https://doi.org/10.1002/hep.30036

127.Yu, L. X.; Yan, H. X_; Liu, Q.; Yang, W.; Wu, H.
P.; Dong, W., et al. Endotoxin accumulation prevents
carcinogen-induced apoptosis and promotes liver
tumorigenesis in rodents. Hepatology (Baltimore, Md).
2010;52(4):1322-33.
https://doi.org/10.1002/hep.23845

128. Llovet, J. M.; Willoughby, C. E.; Singal, A. G.;
Greten, T. F.; Heikenwélder, M.; El-Serag, H. B., et al.
Nonalcoholic steatohepatitis-related hepatocellular
carcinoma: pathogenesis and treatment. Nat Rev
Gastroenterol Hepatol. 2023;20(8):487-503.
https://doi.org/10.1038/s41575-023-00754-7

129.Kanda, T.; Goto, T.; Hirotsu, Y.; Moriyama, M.;
Omata, M. Molecular Mechanisms Driving
Progression of Liver Cirrhosis towards Hepatocellular
Carcinoma in Chronic Hepatitis B and C Infections: A

Review. International journal of molecular sciences.
2019;20(6). https://doi.org/10.3390/ijms20061358

130. Dapito, D. H.; Mencin, A.; Gwak, G. Y.; Pradere,
J. P.; Jang, M. K.; Mederacke, I., et al. Promotion of
hepatocellular carcinoma by the intestinal microbiota
and TLR4. Cancer cell. 2012;21(4):504-16.
https://doi.org/10.1016/].ccr.2012.02.007

131.Tang, S.; Jiang, X.; Wu, L.; Chen, S.; Chen, L.;
Jiang, J., et al. Toll-like receptor 4 shRNA attenuates
lipopolysaccharide-induced  epithelial-mesenchymal
transition of intrahepatic biliary epithelial cells in rats.
Biomedicine & Pharmacotherapy. 2018;107:1210-7.
https://doi.org/https://doi.org/10.1016/j.biopha.2018.0
8.071

132.Ma, C.; Han, M.; Heinrich, B.; Fu, Q.; Zhang, Q.;
Sandhu, M., et al. Gut microbiome-mediated bile acid
metabolism regulates liver cancer via NKT cells.
Science (New  York, NY). 2018;360(6391).
https://doi.org/10.1126/science.aan593 1

133.Wu, L.; Feng, J.; Li, J.; Yu, Q.; Ji, J.; Wu, J., et al.

The gut  microbiome-bile acid axis in
hepatocarcinogenesis. Biomedicine &
Pharmacotherapy. 2021;133:111036.

https://doi.org/https://doi.org/10.1016/j.biopha.2020.1
11036

134.Singh, V.; Yeoh, B. S.; Chassaing, B.; Xiao, X.;
Saha, P.; Aguilera Olvera, R., et al. Dysregulated

https://uqu.edu.sa/s.toxicology.s/S.T.J


https://doi.org/10.1080/1744666x.2018.1438269
https://doi.org/10.1159/000512747
https://doi.org/10.1093/ibd/izab333
https://doi.org/10.3390/ijms241713503
https://doi.org/10.1016/j.jhep.2019.08.016
https://doi.org/10.1053/j.gastro.2014.01.020
https://doi.org/10.1136/gutjnl-2017-315084
https://doi.org/10.3390/cancers15194875
https://doi.org/10.1186/s13099-018-0281-6
https://doi.org/10.1002/hep.30036
https://doi.org/10.1002/hep.23845
https://doi.org/10.1038/s41575-023-00754-7
https://doi.org/10.3390/ijms20061358
https://doi.org/10.1016/j.ccr.2012.02.007
https://doi.org/https:/doi.org/10.1016/j.biopha.2018.08.071
https://doi.org/https:/doi.org/10.1016/j.biopha.2018.08.071
https://doi.org/10.1126/science.aan5931
https://doi.org/https:/doi.org/10.1016/j.biopha.2020.111036
https://doi.org/https:/doi.org/10.1016/j.biopha.2020.111036

STJ, 2025,2,14-31

Microbial Fermentation of Soluble Fiber Induces
Cholestatic Liver Cancer. Cell. 2018;175(3):679-
94.e22. https://doi.org/10.1016/1.cell.2018.09.004

135.Gori, S.; Inno, A.; Belluomini, L.; Bocus, P;
Bisoffi, Z.; Russo, A., et al. Gut microbiota and cancer:
How gut microbiota modulates activity, efficacy and
toxicity of antitumoral therapy. Critical reviews in
oncology/hematology. 2019;143:139-47.
https://doi.org/10.1016/j.critrevonc.2019.09.003

136. Chrysostomou, D.; Roberts, L. A.; Marchesi, J. R.;
Kinross, J. M. Gut Microbiota Modulation of Efficacy
and Toxicity of Cancer Chemotherapy and
Immunotherapy. Gastroenterology. 2023;164(2):198-
213. https://doi.org/10.1053/j.gastro.2022.10.018

137.Wu, Z.; Zhou, H.; Liu, D.; Deng, F. Alterations in
the gut microbiota and the efficacy of adjuvant

probiotic therapy in liver cirrhosis. 2023;13.
https://doi.org/10.3389/fcimb.2023.1218552

138. Wang, X.; Chen, Y.; Xu, M.; Cheng, K.; Duan, X.;
Liao, W., et al. Virologic response maintenance and
hepatocellular carcinoma in chronic hepatitis B patients
treated with  entecavir.  Expert review of
gastroenterology & hepatology. 2021;15(11):1337-44.
https://doi.org/10.1080/17474124.2021.1980385

139.Mak, L. Y.; Huang, Q.; Wong, D. K.; Stamm, L.;
Cheung, K. S.; Ko, K. L., et al. Residual HBV DNA
and pgRNA viraemia is associated with hepatocellular
carcinoma in chronic hepatitis B patients on antiviral
therapy. J  Gastroenterol.  2021;56(5):479-88.
https://doi.org/10.1007/s00535-021-01780-5

140. Jabtonska-Trypu¢, A. The Role of the Microbiome
in Inflammation and Carcinogenesis. 2023;15(4).
https://doi.org/10.31083/j.fbe1504028

141. Vermeulen, R.; Schymanski, E. L.; Barabasi, A.
L.; Miller, G. W. The exposome and health: Where
chemistry meets biology. Science (New York, NY).
2020;367(6476):392-6.
https://doi.org/10.1126/science.aay3164

142. Wallace, B. D.; Wang, H.; Lane, K. T.; Scott, J. E.;
Orans, J.; Koo, J. S., et al. Alleviating cancer drug
toxicity by inhibiting a bacterial enzyme. Science (New
York, NY). 2010;330(6005):831-5.
https://doi.org/10.1126/science. 1191175

143. Wallace, Bret D.; Roberts, Adam B.; Pollet,
Rebecca M.; Ingle, James D.; Biernat, Kristen A.;
Pellock, Samuel J., et al. Structure and Inhibition of

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2025.2.3

31

Microbiome B-Glucuronidases Essential to the
Alleviation of Cancer Drug Toxicity. Chemistry &
Biology. 2015;22(9):1238-49.
https://doi.org/https://doi.org/10.1016/j.chembiol.2015
.08.005

144. Mizuno, H.; Arce, L.; Tomotsune, K.; Albarracin,
L.; Funabashi, R.; Vera, D., et al. Lipoteichoic Acid Is
Involved in the Ability of the Immunobiotic Strain
Lactobacillus plantarum CRL1506 to Modulate the
Intestinal Antiviral Innate Immunity Triggered by
TLR3 Activation. 2020;11.
https://doi.org/10.3389/fimmu.2020.00571

https://uqu.edu.sa/s.toxicology.s/S.T.J


https://doi.org/10.1016/j.cell.2018.09.004
https://doi.org/10.1016/j.critrevonc.2019.09.003
https://doi.org/10.1053/j.gastro.2022.10.018
https://doi.org/10.3389/fcimb.2023.1218552
https://doi.org/10.1080/17474124.2021.1980385
https://doi.org/10.1007/s00535-021-01780-5
https://doi.org/10.31083/j.fbe1504028
https://doi.org/10.1126/science.aay3164
https://doi.org/10.1126/science.1191175
https://doi.org/https:/doi.org/10.1016/j.chembiol.2015.08.005
https://doi.org/https:/doi.org/10.1016/j.chembiol.2015.08.005
https://doi.org/10.3389/fimmu.2020.00571

