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Abstract
This review examines the gut microbiome's role in cancer development, focusing on how it
influences tumor progression, inflammation, and immune responses. Specific microbes, like
Enterococcus faecalis and Escherichia coli, promote chronic inflammation, oxidative stress, and
DNA damage, activating oncogenic pathways such as NF-«xB. The microbiome also affects the
efficacy of immunotherapies, including immune checkpoint inhibitors. While variability in
_ microbiome profiles poses challenges to clinical integration, the therapeutic potential of
iggg;‘;‘;f ggﬁgﬁggi microbiome-based cancer treatments is promising. Understanding these mechanisms could lead
Published:.05/10/2024 to personalized interventions that improve treatment outcomes and enhance immunotherapy
effectiveness in cancer patients.
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1 Introduction
1.1  Overview of the Gut Micro biome

The human gut micro biome is a complex and dynamic 1.2 Connection between gut micro biome and

community of trillions of microorganisms, including bacteria,
archaea, viruses, and fungi, that reside in the gastrointestinal
tract. This microbial ecosystem plays a crucial role in
maintaining host health by participating in various
physiological processes such as digestion, immune
modulation, and metabolic homeostasis [1]. The composition
of the gut micro biome is influenced by multiple factors,
including diet, genetics, age, and environmental exposures,
resulting in a unique microbial fingerprint for each individual

Cancer
Recent evidence has established a strong link between gut
micro biome dysbiosis—an imbalance in microbial
composition—and the development of various cancers.
Dysbiosis can lead to chronic inflammation, altered immune
responses, and the production of carcinogenic metabolites, all
of which contribute to tumor genesis [3]. Specific microbes,
such as Fusobacterium nucleatum and Helicobacter pylori,
have been directly implicated in colorectal and gastric
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cancers, respectively [4]. Understanding the mechanisms
through which the gut micro biome influences cancer
development opens new avenues for targeted therapies and
preventive strategies.
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Fig 1.The micro biome, cancer, and cancer therapy [4]

1.3 Objectives and Scope of the Review
This review aims to provide a comprehensive overview of the
current understanding of the gut micro biome's role in cancer
development. It will explore the mechanisms linking gut
micro biome dysbiosis to carcinogenesis, discuss the potential
of micro biome-based therapies in cancer treatment, and
address the challenges in integrating micro biome research
into clinical practice. By synthesizing recent findings from
high-impact studies, this review seeks to highlight the future
directions of gut micro biome research in oncology.

2. The Gut Micro biome: Composition

and Functions
2.1. Microbial Diversity in the Gut

The human gut harbors over 1000 different bacterial species,
with the majority belonging to the phyla Firmicutes,
Bacteroidetes, Actinobacteria, and Proteobacteria [5]. This
microbial diversity is essential for maintaining gut
homeostasis and preventing colonization by pathogenic
microorganisms. Studies using 16S rRNA sequencing have
revealed that a higher microbial diversity is generally
associated with better health outcomes, while reduced
diversity is linked to various diseases, including cancer [6].

2.2. Functional Roles of Gut Microbes

2.2.1. Metabolism and Nutrient Absorption
Gut microbes are involved in the fermentation of indigestible
dietary fibers, leading to the production of short-chain fatty
acids (SCFAs) such as butyrate, propionate, and acetate.
These SCFAs serve as an energy source for colonocytes,
regulate glucose and lipid metabolism, and have anti-
inflammatory properties [7]. The micro biome also influences
the bioavailability of micronutrients, including vitamins B12,
K, and folate, which play critical roles in DNA synthesis and
repair, processes that are essential for cancer prevention [8].

2.2.2.  Immune System Modulation
The gut micro biome plays a pivotal role in the development

and function of the host immune system. Commensal bacteria
interact with intestinal epithelial cells and immune cells,
promoting the production of immunoglobulin A (IgA) and the
differentiation of regulatory T cells (Tregs), which help
maintain immune tolerance [9]. Dysbiosis can disrupt this
balance, leading to a pro- inflammatory state that favors tumor
genesis.

2.2.3. Maintenance of Gut Barrier Integrity

The gut micro biome contributes to the maintenance of the
intestinal barrier by regulating the expression of tight junction
proteins and mucins. A compromised gut barrier can result in
increased intestinal permeability, allowing microbial products
such as lipopolysaccharides (LPS) to enter the bloodstream,
triggering systemic inflammation and potentially contributing
to cancer progression [10].

2.3. Dysbiosis and Its Consequences

Gut dysbiosis, characterized by a loss of beneficial microbes
and an overgrowth of harmful ones, is associated with various
pathological conditions, including cancer. Dysbiosis can lead
to an overproduction of pro-inflammatory cytokines, DNA
damage, and the disruption of metabolic pathways, all of
which can contribute to carcinogenesis [11]. For instance,
studies have shown that patients with colorectal cancer (CRC)
exhibit a distinct microbial profile, with increased levels of
Fusobacterium nucleatum and decreased levels of butyrate-
producing bacteria [12].

3. Mechanisms Linking the Gut Micro

biome to Cancer Development
3.1. Micro biome-Induced Inflammation and
Carcinogenesis

3.1.1. Chronic Inflammation and Cancer Risk
Chronic inflammation is a well-established risk factor for
cancer development, and the gut micro biome plays a
significant role in modulating inflammatory responses.
Certain microbial species, such as Enterococcus faecalis and
Escherichia coli, produce reactive oxygen species (ROS) and
reactive nitrogen species (RNS), leading to oxidative stress
and DNA damage in host cells [13]. Persistent inflammation
can result in the activation of oncogenic pathways, such as the
nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-kB) pathway, promoting tumor genesis [14].
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Fig 2. Tumor cell signaling pathways altered by micro biota
[14]

3.1.2. Key Microbes Associated with Inflammatory
Pathways

Fusobacterium nucleatum, a bacterium commonly found in
colorectal cancer tissues, has been shown to promote
inflammation by activating the NF-xB and Wnt/B-catenin
signaling pathways, both of which are crucial for cancer cell
proliferation and survival [15]. Additionally, Helicobacter
pylori, a well-known risk factor for gastric cancer, induces
chronic gastritis through the production of virulence factors
such as CagA and VacA, leading to sustained inflammatory
responses and an increased risk of carcinogenesis [16].

3.2. Microbial Metabolites and Their Role in Tumor
genesis

3.2.1. Short-Chain Fatty Acids (SCFAS)
SCFAs, particularly butyrate, have been shown to exert anti-
cancer effects by inhibiting histone deacetylases (HDACS),
leading to the activation of tumor suppressor genes and the
induction of apoptosis in cancer cells [17]. However, the role
of SCFAs in cancer is complex, as some studies suggest that
acetate and propionate may promote tumor growth under
certain conditions [18].

3.2.2. Bile Acids and Secondary Metabolites
The gut micro biome is involved in the conversion of primary
bile acids into secondary bile acids, which have been
implicated in the development of colorectal cancer.
Deoxycholic acid (DCA), a secondary bile acid, can induce
DNA damage and promote the production of pro-
inflammatory  cytokines, creating a tumor-promoting
environment in the colon [19]. Moreover, microbial
metabolism of dietary components can lead to the formation
of genotoxic compounds, such as hydrogen sulfide (H2S),
which can further contribute to colorectal carcinogenesis [20].

3.2.3. Toxins and Genotoxins

Certain gut microbes produce toxins that can directly damage
host DNA, leading to mutations and cancer development. For
example, Bacteroides fragilis produces a metalloprotease
toxin (BFT) that induces DNA strand breaks and activates
oncogenic pathways in colon epithelial cells [21].
Additionally, Escherichia coli strains carrying the Pks Island
produce colibactin, a genotoxin that alkylates DNA and is
associated with an increased risk of colorectal cancer [22].

3.3.  Modulation of Host Immunity by the Gut Micro
biome

3.3.1. Immune Checkpoint Regulation
The gut micro biome has been shown to modulate the efficacy
of immune checkpoint inhibitors (ICIs) in cancer therapy.
Studies have demonstrated that certain gut bacteria, such as
Bifidobacterium and Akkermansia muciniphila, enhance the
anti-tumor immune response by increasing the infiltration of
cytotoxic T cells into the tumor microenvironment and
promoting the expression of immune checkpoint molecules
[23].

3.3.2. Influence on Tumor-Immune
Microenvironment

The composition of the gut micro biome influences the tumor-
immune microenvironment by modulating the balance
between pro-inflammatory and anti-inflammatory immune
cells. For instance, the presence of Lactobacillus species has
been associated with an increase in the number of tumor-
infiltrating Tregs, which can suppress anti-tumor immunity
and promote tumor growth [24].

4. Gut Micro biome and Specific

Cancers
4.1. Colorectal Cancer

Colorectal cancer (CRC) is one of the most extensively
studied cancers in relation to the gut micro biome. A growing
body of evidence links specific bacterial species and overall
microbial dysbiosis with CRC development. For instance,
Fusobacterium nucleatum has been consistently associated
with CRC, where it promotes tumor genesis by stimulating
local inflammation and immune evasion [25]. Additionally,
butyrate-producing bacteria, such as Faecalibacterium
prausnitzii, are typically reduced in CRC patients, which may
contribute to tumor progression through loss of their anti-
inflammatory and anti-carcinogenic effects [26].

4.1.1. Microbial Signatures in Colorectal Cancer
Studies utilizing high-throughput sequencing technologies
have identified a distinct microbial signature associated with
CRC. This includes an increased abundance of pathogenic
bacteria, such as Fusobacterium nucleatum and Escherichia
coli, and a decreased presence of beneficial microbes like
Roseburia and Bifidobacterium species [27]. These microbial
shifts are believed to contribute to carcinogenesis through
mechanisms such as the production of genotoxins, activation
of inflammatory pathways, and modulation of the tumor
microenvironment [28].

4.1.2. Mechanistic Insights into  Colorectal
Carcinogenesis

Mechanistic studies have shed light on how specific gut
microbes  contribute  to  colorectal  carcinogenesis.
Fusobacterium nucleatum binds to epithelial cells via its
FadA adhesin, activating B-catenin signaling and promoting
cell proliferation [29]. Additionally, Escherichia coli strains
harboring the pks pathogenicity island produce colibactin, a
genotoxin that induces DNA double-strand breaks, thereby
increase the risk of mutations and cancer [30].

4.2. Gastric Cancer

Gastric cancer has long been associated with the presence of
Helicobacter pylori, a bacterium classified as a Group 1
carcinogen by the International Agency for Research on
Cancer (IARC) (International Agency for Research on
Cancer, 1994). The bacterium's virulence factors, such as
CagA and VacA, play key roles in inducing chronic gastritis,
a precursor to gastric cancer [31].

Beyond H. pylori, emerging research suggests that other
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components of the gut micro biome may also influence gastric
cancer risk.

4.2.1. Role of Helicobacter pylori

Helicobacter pylori are a spiral-shaped bacterium that
colonizes the gastric mucosa, where it induces a chronic
inflammatory response that can lead to the development of
gastric adenocarcinoma. The CagA protein, delivered into
host cells via a type IV secretion system, disrupts cellular
signaling pathways, leading to increased proliferation,
reduced apoptosis, and enhanced inflammatory responses
[32]. Additionally, the VacA toxin induces vacuolation in
epithelial cells and modulates immune responses, further
contributing to carcinogenesis [33].

4.2.2. Gut Dysbiosis beyond H. pylori

Recent studies have shown that the gut micro biome beyond
H. pylori also plays a role in gastric cancer. For instance, an
increased abundance of oral bacteria, such as Fusobacterium
and Parvimonas, has been observed in the stomachs of gastric
cancer patients, suggesting that dysbiosis may contribute to
carcinogenesis through mechanisms similar to those in CRC
[34]. Moreover, a decrease in microbial diversity has been
associated with a higher risk of gastric cancer, highlighting
the importance of a balanced micro biome in maintaining
gastric health [35].

4.3. Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the most common form of
liver cancer and is strongly influenced by the gut-liver axis—a
bidirectional relationship between the gut micro biome and
liver function. The gut micro biome can affect liver health by
modulating bile acid metabolism, influencing systemic
inflammation, and altering immune responses [36]. Dysbiosis
in the gut micro biome has been linked to increased
permeability of the gut barrier, leading to translocation of
bacterial products like lipopolysaccharides (LPS) to the liver,
where they promote chronic inflammation and fibrosis, key
factors in HCC development [37].

4.3.1. Gut-Liver Axis in Cancer Development
The gut-liver axis plays a crucial role in the development of
HCC. Gut-derived microbial products, such as LPS, can
activate Toll-like receptor 4 (TLR4) on liver cells, leading to
the activation of inflammatory pathways and the production of
pro-inflammatory cytokines. This chronic inflammatory state
promotes liver fibrosis and increases the risk of HCC [38].

4.3.2. Impact of Micro biome on Liver Cancer
Progression

Recent studies have shown that specific changes in the gut
micro biome are associated with the progression of liver
disease to HCC. For example, a decrease in the abundance of
beneficial bacteria, such  as Lactobacillus  and
Bifidobacterium, and an increase in pathogenic bacteria, such
as Enterococcus and Escherichia coli, have been observed in
patients with HCC [39]. These microbial shifts may contribute
to cancer progression by enhancing systemic inflammation
and altering bile acid metabolism [40].

4.4. Pancreatic Cancer

Pancreatic cancer is one of the most lethal cancers, and recent
studies have begun to uncover the role of the gut micro biome
in its development. Dysbiosis in the gut and pancreatic micro
biomes has been associated with pancreatic cancer, where
certain bacteria may contribute to tumor genesis by promoting
inflammation and immune suppression [41]. Moreover, the
gut micro biome has been implicated in modulating the
efficacy of pancreatic cancer therapies, including
chemotherapy and immunotherapy [42].

4.4.1. Microbial Influence on Pancreatic Tumor
Microenvironment

The pancreatic tumor microenvironment is characterized by
dense fibrosis, immune suppression, and a low microbial
diversity. Studies have shown that the presence of certain
bacteria, such as Pseudomonas and Klebsiella, within the
tumor microenvironment can promote inflammation and
immune evasion, thereby facilitating tumor growth [43].
Additionally, the gut micro biome may influence the
composition of the pancreatic micro biome through the
translocation of bacteria via the bloodstream or bile ducts.

4.42. Micro biome-Mediated  Resistance in
Pancreatic Cancer

Resistance to therapy is a major challenge in the treatment of
pancreatic cancer. Emerging evidence suggests that the gut
micro biome may play a role in mediating this resistance. For
example, =~ Gammaproteobacteria ~ within ~ the  tumor
microenvironment have been shown to metabolize the
chemotherapeutic agent gemcitabine into an inactive form,
thereby reducing its efficacy [44]. Modulating the gut micro
biome through dietary interventions, probiotics, or antibiotics
may offer new strategies to enhance the efficacy of pancreatic
cancer treatments.

5. Micro biome-Based

Approaches in Cancer
5.1. Probiotics and Prebiotics

Probiotics and prebiotics are among the most studied micro
biome-based therapies with potential applications in cancer
prevention and treatment. Probiotics, which are live
microorganisms that confer health benefits to the host, have
been shown to modulate the gut micro biome composition and
enhance immune responses, potentially reducing cancer risk
[45]. Prebiatics, non-digestible food components that promote
the growth of beneficial bacteria, can also support gut health
and may play a role in cancer prevention by enhancing the
production of SCFAs and reducing inflammation [46].

Therapeutic

5.1.1. Mechanisms of Action
Probiotics exert their effects through multiple mechanisms,
including competitive exclusion of pathogenic bacteria,
enhancement of gut barrier function, modulation of immune
responses, and production of anti-inflammatory metabolites
[47]. For instance, certain strains of Lactobacillus and
Bifidobacterium have been shown to reduce inflammation by
modulating the production of cytokines and promoting the
differentiation of Tregs [48]. Prebiotics, such as inulin and
fructooligosaccharides, promote the growth of SCFA-
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producing bacteria, which can inhibit histone deacetylase
activity and induce apoptosis in cancer cells [49].

5.1.2. Clinical Trials and Outcomes

Several clinical trials have investigated the use of probiotics
and prebiotics in cancer prevention and treatment. For
example, a randomized controlled trial found that the
administration of probiotics containing Lactobacillus
rhamnosus GG and Bifidobacterium lactis Bb12 reduced the
incidence of diarrhea and improved gut microbiota
composition in patients undergoing radiotherapy for pelvic
cancers [50].

6. Challenges and Limitations of

Micro biome Research in Cancer

6.1. Complexity and Variability of the Micro biome
One of the primary challenges in micro biome research is the
immense complexity and variability of the microbial
communities within the human body. The composition of the
micro biome can vary significantly between individuals due to
factors such as diet, lifestyle, genetics, and environmental
exposures [51]. This variability complicates the identification
of consistent microbial signatures associated with cancer and
makes it difficult to draw definitive conclusions about causal
relationships [52].

6.1.1. Intra-Individual and Inter-Individual
Variability

Intra-individual variability refers to the fluctuations in micro
biome composition within a single person over time. This can
be influenced by changes in diet, medication use, or illness,
leading to temporal shifts in microbial communities that may
confound longitudinal studies [53]. Inter- individual
variability, on the other hand, reflects the differences in micro
biome composition between different people. This variability
can be attributed to genetic differences, environmental
exposures, and lifestyle factors, making it challenging to
identify universal microbial biomarkers for cancer [54].

6.1.2. Impact on Research Reproducibility

The complexity and variability of the micro biome pose
significant challenges for research reproducibility. Differences
in study design, sample collection, sequencing methods, and
data analysis can lead to conflicting results across studies,
hindering the development of robust conclusions [55].
Standardization of methodologies and the use of large, well-
characterized cohorts are essential for improving the
reproducibility and reliability of micro biome research in
cancer [56].

6.2. Causality vs. Correlation

A major limitation in micro biome research is the difficulty in
establishing causality versus correlation. Many studies have
identified associations between specific microbial taxa and
cancer, but demonstrating that these microbes directly
contribute to carcinogenesis is challenging [57]. Most studies
are observational and do not provide definitive evidence of
causality, which limits the ability to develop targeted micro
biome-based therapies.

6.2.1. Experimental Models and Mechanistic Studies
To establish causality, researchers need to conduct
mechanistic studies using experimental models, such as germ-
free mice or organoid cultures, where specific microbial taxa
can be introduced and their effects on cancer development can
be directly observed [58]. These models allow for the
manipulation of the micro biome and the investigation of
microbial-host interactions in a controlled environment.
However, translating findings from animal models to humans
remains a significant challenge due to differences in micro
biome composition and immune system function between
species [59].

6.2.2. Longitudinal Studies

Longitudinal studies that track changes in the micro biome
over time in relation to cancer development are crucial for
establishing causality. By following individuals before,
during, and after cancer diagnosis, researchers can identify
temporal patterns in micro biome composition that may
precede or predict cancer onset [60]. However, these studies
require large, diverse cohorts and long-term follow-up, which
can be resource-intensive and logistically challenging.

6.3. Influence of External Factors
External factors, such as diet, medication use, and
environmental exposures, can have a significant impact on the
micro biome and its association with cancer [61]. These
factors can act as confounders in micro biome studies, making
it difficult to isolate the effects of the micro biome from other
variables.

6.3.1. Dietary Influences
Diet is one of the most influential factors shaping the gut
micro biome. Differences in dietary patterns, such as the
consumption of fiber, fat, and sugar, can lead to significant
changes in micro biome composition and function [62]. These
dietary effects can confound studies on the micro biome and
cancer, as it can be challenging to distinguish whether
observed associations are due to the micro biome itself or the
underlying dietary factors [63].

6.3.2. Impact of Medications

Medications, particularly antibiotics, can have profound
effects on the micro biome, leading to changes in microbial
diversity and composition [64]. Antibiotic use has been
associated with an increased risk of certain cancers,
potentially due to disruption of the gut micro biome and
subsequent effects on immune function and inflammation
[65]. Accounting for the influence of medications is essential
in micro biome studies to avoid confounding results.

7. Future Directions in Micro biome

and Cancer Research

7.1. Personalized Micro biome-Based Therapies
As our understanding of the micro biome's role in cancer
advances, there is growing interest in developing personalized
micro biome-based therapies. These therapies aim to tailor
interventions to an individual's unique micro biome
composition, enhancing treatment efficacy and reducing side
effects [66].
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7.1.1. Micro biome Profiling and Biomarker
Development

Personalized therapies require detailed profiling of an
individual's micro biome to identify specific microbial taxa or
metabolites that may be targeted. Advances in high-
throughput sequencing and bioinformatics have enabled the
identification of microbial biomarkers associated with cancer
risk and response to therapy [67]. These biomarkers can
inform the development of targeted interventions, such as
probiotics, prebiotics, or microbial metabolites, to modulate
the micro biome in a way that benefits the patient.

7.1.2. Integration with Precision Medicine

Integrating micro biome data with precision medicine
approaches holds great promise for cancer treatment. By
combining genomic, transcriptomic, and micro biome data,
clinicians can gain a comprehensive understanding of the
factors driving cancer in an individual patient and develop
more effective, personalized treatment strategies [68]. For
example, the micro biome may influence a patient's response
to immunotherapy, and modulating the micro biome could
enhance treatment outcomes [69].

7.2. Micro biome Manipulation in Cancer Prevention
Manipulating the micro biome through dietary interventions,
probiotics, prebiotics, and fecal micro biota transplantation
(FMT) is a promising strategy for cancer prevention. By
promoting a healthy micro biome, these interventions may
reduce cancer risk by modulating inflammation, enhancing
immune function, and preventing the proliferation of
carcinogenic microbes [70].

7.2.1. Dietary Interventions

Dietary interventions are one of the most accessible ways to
modulate the micro biome for cancer prevention. Diets rich in
fiber, fruits, and vegetables have been associated with a lower
risk of colorectal cancer, likely due to their effects on the gut
micro biome [71]. Increasing the intake of prebiotic-rich
foods, such as whole grains and legumes, can promote the
growth of beneficial bacteria that produce SCFAs, which have
anti-inflammatory and anti-carcinogenic properties [72].

7.2.2. Probiotics and FMT

Probiotics and FMT are emerging as potential tools for cancer
prevention. Probiotics can help restore a healthy micro biome
composition, particularly after disruptions caused by
antibiotics or other medications [73]. FMT, which involves
the transfer of fecal matter from a healthy donor to a recipient,
has shown promise in restoring micro biome diversity and
reducing cancer risk, although more research is needed to
fully understand its efficacy and safety in this context [74].

7.3. Micro biome as a Diagnostic Tool
The micro biome has potential as a non-invasive diagnostic
tool for early cancer detection. Changes in the composition
and function of the micro biome can serve as early indicators
of cancer, providing opportunities for early intervention and
improved outcomes [75].

7.3.1. Microbial Signatures in Early Detection
Researchers are investigating microbial signatures associated

with early-stage cancers, which could be used to develop
diagnostic tests. For example, specific microbial patterns in
stool samples have been associated with early-stage colorectal
cancer, offering a potential alternativeto invasive screening
methods like colonoscopy [76]. Similarly, changes in the oral
micro biome have been linked to early detection of oral and
pharyngeal cancers [77].

7.3.2. Liquid Biopsies and Micro biome-Based
Markers

Liquid biopsies, which analyze circulating biomarkers in
blood or other body fluids, are a minimally invasive approach
to cancer diagnosis. Integrating micro biome-based markers
into liquid biopsy platforms could enhance the sensitivity and
specificity of cancer detection [78]. For example, microbial
DNA detected in blood samples has shown potential as a
biomarker for early-stage pancreatic cancer [79].

Conclusion

The gut micro biome plays a complex and multifaceted role in
cancer development, progression, and treatment. Research has
highlighted the significant influence of the micro biome on
various cancers, including colorectal, gastric, hepatic, and
pancreatic cancers. While substantial progress has been made
in understanding these relationships, many challenges remain,
including the inherent complexity and variability of the micro
biome, the difficulty of establishing causality, and the
influence of external factors. Future research directions are
likely to focus on overcoming these challenges by
developing personalized micro biome-based therapies,
exploring the potential of micro biome manipulation in cancer
prevention, and harnessing the micro biome as a diagnostic
tool. The integration of micro biome research with precision
medicine and the development of standardized methodologies
will be crucial in advancing the field and translating findings
into clinical practice.
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