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Highlighting the expanding research on the Gastrointestinal (GI) microbiome, this review explores its 
pivotal role in disease pathogenesis, specifically, gastroesophageal reflux disease, barrett’s esophagus, 
eosinophilic esophagitis, inflammatory bowel disease, colon cancer and hepatobiliary disease. The 
immune system acts as a crucial bridge, connecting the gut microbiome to these GI disorders. Studies 
demonstrate that microbial dysbiosis triggers immune responses, initiating a pro-inflammatory 
cytokine cascade. This reciprocal inflammatory interplay between the host’s immune system and GI 
microbiome contributes to disease progression, emphasizing significant potential for diagnostic and 
therapeutic implications.
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INTRODUCTION
The dynamic interplay between the Gastrointestinal (GI) 
microbiome and the host immune system constitutes a 
vibrant field of research. Delving into the intricacies of this 
relationship has significantly advanced our comprehension of 
GI diseases, shedding light on the delicate equilibrium within 
the immune system and its intricate interactions with the GI 
microbiota. The gut microbiota, composed of bacteria, viruses, 
fungi and archaea, inhabits various environments, including 
the respiratory tract, GI tract and skin [1,2]. This intricate 
collection  of  microorganisms,  termed  microbiota, along with 

its genomic components from the GI tract, referred to as the 
microbiome, plays a pivotal role in health and disease [3].

Studies have revealed that the human gut microbiome 
encompasses a diverse array of species, numbering up to 
1500, with Firmicutes spp. and Bacteroidetes spp. constituting 
a substantial 92% of this community [4,5]. The normal 
composition of the microbiome is influenced by a myriad of 
factors, chiefly genetics and environmental cues. Maintaining 
a healthy equilibrium between the microbiome and the 
immune system is crucial for an individual’s well-being. 
However, disruptions in this balance, leading to microbial
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dysbiosis, have been associated with prevalent diseases such 
as obesity, type 2 diabetes mellitus, hypertension and various 
GI disorders.

This intricate relationship extends its implications to diseases 
like Gastroesophageal Reflux Disease (GERD), Barrett’s 
Esophagus (BE), Eosinophilic Esophagitis (EoE), Inflammatory 
Bowel Disease (IBD) and certain GI cancers. The gut 
microbiome’s production of metabolites, its interaction with 
the host’s immune system and the elicitation of immune 
responses through inflammatory signaling are central 
mechanisms underpinning the pathophysiology of these 
diseases [6]. Additionally, the diet and exogenous factors also 
play vital role in the composition of intestinal microbiome. 
The dysbiosis of intestinal microbiome was noted in high fat 
and high sugar diet fed murine models.

Understanding the nuanced ways in which the microbiota 
interacts with the host’s GI tract not only enhances our 
comprehension of these diseases, but also opens potential 
avenues for diagnostic and therapeutic interventions. This 
review aims to provide an in-depth exploration of the intricate 
relationship between the gut microbiome and the host 
immune system, specifically in the context of GI diseases.

LITERATURE REVIEW

Gastroesophageal Reflux Disease
Gastroesophageal Reflux Disease (GERD) is one of the most 
widespread GI diseases with its prevalence over 25% in 
western countries [7]. The previously accepted etiology of 
GERD was an inflammatory response to gastric acid reflux 
from direct luminal mucosal injury. However, recent studies 
are investigating the propagation of the intraluminal 
inflammatory pathway through an immunogenic response to 
the Esophageal Microbiome (EM) as a possible contributor to 
the pathogenesis of GERD [8,9].

The normal esophageal microbiota is mainly composed of 
gram-positive bacteria Firmicutes spp., Bacteroidetes spp., 
Proteobacteria spp., Fusobacteria spp., Actinobacteria spp., 
Saccharibacteria spp. Firmicutes is the most dominant phylum 
and Streptococcus is the most prevalent genus [10]. The EM 
exhibits a microgeographic gradient, with gram-positive flora 
being more prevalent proximally and an increasingly diverse 
gram-negative composition distally [11]. Shifts in the 
esophageal continuum from gram-positive to gram-negative 
bacteria have been found to precede histological changes, 
suggesting that dysbiosis in the EM plays a role in developing 
pathological states of the esophagus [12]. The composition of 
the EM is affected by gastric refluxate and distal migration of 
bacteria from the oral cavity. Environmental factors like 
diet, age, smoking status and proton pump inhibitor use 
also contribute to interpersonal variability in 
esophageal microbiota [13].

Gram-negative bacteria contribute to the
immunopathogenesis of GERD through the
Lipopolysaccharide (LPS) Toll-Like-Receptor-4 (TLR4) pathway.
Increased prevalence of LPS containing gram-negative spp. in

the distal esophagus leads to an inflammatory cascade 
through the interaction of LPS with TLR-4. This sequence 
promotes Nuclear Factor kappa B (NF-κB) and Interferon-
gamma (IFN-γ), leading to a cytokine cascade of interleukin 
(IL)-1B, IL-8, IL-18 and Tumor Necrosis Factor-alpha (TNF-α), 
ultimately resulting in transmucosal lymphocytic proliferation 
and resultant inflammation [14]. Moreover, this cytokine 
pathway leads to increased Nitric Oxide (NO) synthase activity, 
causing reduced gastric motility and increased relaxation of 
the Lower Esophageal Sphincter (LES), increasing gastric acid 
refluxate exposure to the distal esophagus further 
propagating this inflammatory pathway in a cyclical pattern 
[15].

Gastrointestinal microbiota produces peptides called 
bacteriocins whose role is to compete with pathogenic flora, 
improve the Gut-Blood Barrier (GBB) and modulate the 
immune system. The gut-blood barrier is crucial to 
maintaining homeostasis between the bloodstream and the 
gastrointestinal tract of the esophagus [16]. Studies examining 
the pivotal role of the GBB show that bacteriocins produced 
from probiotics Streptococcus spp., Bi idobacterium spp. and 
Lactobacillus spp. can reduce IL-6 and IL-17, pro-inflammatory 
cytokines, stimulating expression of Tight Junction (TJ) 
proteins, promoting gastrointestinal-blood barrier stability 
[17,18]. Furthermore, administration of Lactobacillus 
rhamnosus GG decreased pro-inflammatory cytokines, TNF-α 
and Macrophage Inflammatory Protein 2 (MIP-2) in the GI 
tract of murine models through increasing IL-10 receptor 
expression [19]. Unfavorable compositional changes to the EM 
and subsequent altered bacteriocin expression could lead to 
GBB instability and inflammatory pathways propagation, 
which could contribute to disease progression in GERD.

Defensins, like bacteriocins but of eukaryotic origin, are small 
polypeptides that contribute to innate immunity through 
bactericidal properties. Bacterial products, such as cytokines 
or LPS, induce the expression of defensins, which can disrupt 
bacterial cell membranes, promote pore formation in bacterial 
capsules and propagate the adaptive immune system [20]. 
The loss of defensins could result in esophageal dysbiosis from 
unmitigated gram-negative bacterial activity with resulting 
esophageal inflammation through the LPS-TLR4-NF-ΚB 
pathway, ultimately leading to the propagation of GERD [21].

Understanding the intricate interchanges between the 
esophageal microbiome and the immune system is crucial to 
treating GERD effectively. The esophageal dysbiosis with 
transition to gram negative bacteria and its metabolites along 
with resultant proinflammatory cytokines further instigates 
the disease in its proinflammatory state. By acknowledging 
the significance of therapeutic interventions that restore 
microbial balance and modulate immune responses, we can 
explore the role of the microbiome in GERD and develop 
targeted treatments that focus on optimizing microbial and 
immune system interactions. This developing narrative invites 
further investigation and presents an opportunity to mitigate 
the sequela of this disease.
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DISCUSSION

Barrett’s Esophagus
Barrett’s Esophagus (BE) is a disease of the distal esophagus 
characterized by the replacement of squamous mucosa with 
metaplastic columnar epithelium and is associated with 
longstanding and uncontrolled GERD. As with GERD, the 
incidence of BE has increased with higher uses of 
antimicrobials, suggesting that esophageal dysbiosis 
contributes to BE’s inflammatory and malignant pathogenesis 
[22].

Columnar metaplasia arises from the expression of specific 
cytokines in the distal esophagus, resulting in chronic 
inflammation and subsequent stimulation of gastric stem 
cells. As seen in GERD, a higher concentration of gram-
negative bacteria in the distal esophagus results in further LPS 
and TLR interaction, ultimately leading to the inflammatory 
and metaplastic changes that characterize BE [23]. 
Specifically, IL-1b, a pro-inflammatory cytokine, is found to be 
expressed to a high degree in BE. The protease caspase-1 
accomplishes proteolytic cleavage of the precursor to IL-1b 
[24]. Inflammasomes containing Pattern-Recognition 
Receptors (PRRs) interact with Pathogen-Associated 
Molecular Patterns (PAMPs) from microbes in the distal 
esophagus, leading to activation of caspase-1 and initiating 
inflammation [25]. Notably, the lipopolysaccharides seen in 
the outer membrane of gram-negative bacteria interact with 
NOD-like receptor protein 3 inflammasomes in Barrett’s 
epithelial cells, resulting in apoptosis and metaplastic 
inflammatory changes [26]. Higher proportions of LPS 
containing gram-negative bacteria could lead to upregulation 
of cyclooxygenase (COX), isoenzymes COX-1 and -2, producing 
Prostaglandins (PG) and leading to delayed gastric emptying, 
reduction in lower esophageal sphincter tone and increased 
intra gastric pressure, which could promote reflux and 
subsequent inflammation seen in BE [27]. Similar to GERD, 
tight junction proteins are essential in the relationship 
between the innate immune response and the pathogenesis 
of BE. Inflammatory changes from the higher presence of 
gram-negative and anaerobes in the distal esophagus result in 
the activation of Wnt signaling that creates defects in the tight 
junction proteins and reduces mucin production, both of 
which have protective roles from carcinogenesis. [28].

The LPS-TLR4-NF-ΚB inflammatory pathway observed in GERD 
is also present in BE, but distinct dysbiosis related changes 
drive the metaplasia in BE. According to a study, Neisseria spp. 
Campylobacter spp. and Fusobacteria spp. are more prevalent 
in samples from BE than in non-BE controls [29]. Furthermore, 
decreased bacterial diversity and lower prevalence of 
Bacteroidetes spp. and Prevotella spp. are observed when 
analyzing the metaplastic tissue of Barrett’s compared to 
normal esophageal tissue [30]. In GERD, an abundance of 
Proteobacteria spp. is seen with Bacteroidetes spp. however, a 
shift towards higher proportions of Fusobacteria spp. with less 
Bacteroidetes spp. is found in BE. As dysplastic changes 
progress to Esophageal Adenocarcinoma (EAC), a 
compositional change in the EM

occurs with increased prevalence in Firmicutes [31]. 
Additionally, Helicobacter pylori (H. pylori) has been 
postulated to contribute to the pathogenesis of BE by 
expressing inflammatory NF-κB and COX-2 in distal esophageal 
epithelial cells [32]. It is worth noting that several factors can 
lead to changes in the esophageal microbiome, just like in 
GERD. Specifically, in the case of Barrett’s esophagus, studies 
have shown a correlation between High-Fat Diets (HFD) and 
dysbiosis-related changes in the balance between Bacteroides 
spp. and Firmicutes spp. bacteria [33].

Similar to GERD, the observed esophageal dysbiosis and 
proinflammatory state in BE are crucial in understanding the 
disease. The complex interaction between microbial 
dynamics, inflammatory responses and environmental factors 
highlights the necessity for a comprehensive and 
multidimensional approach to managing and investigating 
Barrett's esophagus, opening the way for potential 
therapeutic interventions.

Eosinophilic Esophagitis
Eosinophilic Esophagitis (EoE) is a Th2 antigen-mediated, 
chronic inflammatory condition marked by eosinophilic 
inflammation in the esophagus. The complexity of the disease 
is closely influenced by interactions of the gut microbiome and 
immune responses [34]. Although the exact cause and 
pathophysiology remain unclear, it is currently thought to be 
the outcome of a confluence of genetic, environmental and 
immunological factors. Evidence suggests that a compromised 
epithelial barrier facilitates allergen contact with the 
esophageal mucosa, triggering alarmin release. These 
alarmins, acting through type 2 Innate Lymphoid Cells (ILC2s) 
and basophils, initiate a cytokine driven immune response, 
leading to eosinophilic inflammation and increased barrier 
disruption. Simultaneously, tissue-resident antigen-presenting 
cells activate CD4+ T helper type 2 cells, which recruit and 
activate eosinophils, mast cells and plasma cells, resulting in 
localized IgE and IgG4 production [35,36]. IgE release 
subsequently triggers TGF-β release from mast cells, 
contributing further to inflammation and fibrosis [37]. Recent 
research has shed light on the potential role of the innate 
immune system and the microbial pattern recognition 
receptors can play in the pathogenesis of EoE.

Studies examining the profile of esophageal microbiota of 
those with EoE revealed enrichment of Neisseria spp. and 
Corynebacterium spp. in patients with EoE compared to those 
without EoE. Furthermore, patients with active EoE have been 
found to have increased microbial load, as well as increased 
abundance of Haemophilus spp. and a decrease of specific 
members of the Firmicutes phylum [38]. Subsequently, 
compared to healthy individuals, an increased bacterial load 
was evident in patients with EoE, irrespective of their 
treatment status or the degree of mucosal eosinophilia, 
explicitly demonstrating a significant abundance of 
Haemophilus [39].

The ability of Haemophilus spp. to penetrate epithelial cells 
suggests opportunistic bacteria could take advantage of the 
compromised barrier in EoE, contributing to persistent
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inflammation [40,41]. Haemophilus is linked to various Th2-
mediated conditions, such as recurrent pediatric asthma, 
chronic obstructive pulmonary disease and rhinosinusitis, all 
of which suggest that these bacteria may play a role in fueling 
inflammation in EoE [42-44].

Investigating the role of microbiota in esophageal mucosa 
inflammation is essential, given its potential connection to 
initiating and perpetuating inflammation on mucosal surfaces. 
Current evidence indicates that microbiota penetration 
activates epithelial cells and innate and adaptive immune 
cells, triggering the release of cytokines and subsequent 
immune responses and inflammation. Toll-like receptors' 
involvement in EoE further underscores the potential impact 
of microbiota on disease progression. Evidence that compared 
to healthy individuals, bacterial load and specific TLRs are 
overexpressed in EoE patients, rectified following dietary 
therapy-induced remission and mucosal healing, further 
supports this association of microbiota and immunologic 
response [45]. The TLRs, as microbial pattern recognition 
receptors found on epithelial and lamina propria cells, play a 
crucial role in distinguishing between pathogens and 
commensal microorganisms. This implies that heightened 
exposure of the microbiota and microbial products to the 
compromised esophageal mucosal barrier could elevate the 
release of alarmins by esophageal epithelial cells, contributing 
to the progression of esophageal inflammation. This 
upregulation of TLRs suggests a pivotal role for microbiota in 
the disease's pathophysiology. The functional TLR-mediated 
signaling pathways in the esophageal mucosa of active EoE 
patients activate the innate immune system in the esophagus, 
contributing to cellular damage.

The relationship between eosinophilic esophagitis, the 
microbiome and immune responses in gastrointestinal 
diseases is complex and dynamic. Understanding how these 
interactions contribute to immune dysregulation and 
inflammation can help focus therapies on developing balance 
in the microbiome and enhancing barrier integrity. This 
approach would address the disease's symptomatic aspects 
and its underlying etiology. Further research is needed to 
clarify specific interactions between the esophageal 
microbiome and the immune system as they relate to EoE to 
develop more effective treatment strategies.

Esophageal Cancer
Esophageal Cancer (EC) is an aggressive malignancy, ranking 
as the eighth most diagnosed cancer and the sixth most 
common cause of cancer death in the world [46]. Although 
Esophageal Squamous Cell (ESCC) carcinoma is the most 
prevalent type worldwide, Esophageal Adenocarcinoma (EC) 
is increasing in prevalence in developed countries [47]. 
Increasing evidence suggests that achieving a thorough 
comprehension of the molecular composition of esophageal 
cancer necessitates focusing not only on tumor cells but also 
on the tumor microenvironment. This microenvironment 
comprises diverse cell populations, signaling factors and 
structural molecules that engage with tumor cells and play 
supportive roles across all stages of tumorigenesis [48]. The

dynamic interplay between the host's microbiota and the 
immune system is emerging as a critical factor influencing the 
development, progression and treatment outcomes of 
esophageal malignancies

As in other states of esophageal disease, the microbiota in 
esophageal cancer is characterized by reduced microbial 
diversity characterized by a shift from gram-positive to gram-
negative bacteria. The genera most enriched in esophageal 
cancer are Fusobacterium, Streptococcus, Peptostreptococcus, 
Veilonella, Actinobacillus, Gemella, Rothia and Prevotella 
[49,50]. A study done by Jing et al., studied the microbiota 
spectrum of ESCC patients and demonstrated a significant 
difference in the microbial diversity and richness between the 
ESCC patients; the results provided a potential association of 
Streptococcus spp., Actinobacillus spp., Peptostreptococcus 
spp., Fusobacterium spp. and Prevotella spp. with ESCC [51]. 
Reduced microbial diversity in ESCC patients could indicate a 
shift towards an environment conducive to chronic 
inflammation and tumorigenesis.

Specific bacteria, such as Porphyromonas gingivalis and 
Fusobacterium nucleatum, have been implicated in promoting 
carcinogenesis in ESCC. These bacteria play a role in ESCC cell 
proliferation and migration through the TLR4/NF-κB and IL-6/
STAT3 pathways, contributing to either disease progression or 
drug resistance [52]. Gao et al., identified P. gingivalis infects 
the epithelium of the esophagus of ESCC patients and 
established an association between infection with P. gingivalis 
and the progression of ESCC, which suggests P. gingivalis 
infection could be a biomarker for disease progression [53]. 
Studies indicate that P. gingivalis activates the NF-κB pathway 
in ESCC cells, promoting proliferation and motility. Animal 
models link P. gingivalis infection to advanced esophageal 
cancer stages and poor prognosis via the IL-6/STAT3 pathway, 
contributing to chemotherapy resistance. Clinical findings 
reveal elevated P. gingivalis in ESCC patients' saliva and tumor 
sites compared to controls. The presence of P. gingivalis 
infection correlates with ESCC severity and poor prognosis, 
indicating its role in disease progression, chemotherapy 
resistance and unfavorable outcomes through NF-κB and IL-6/
STAT3 pathways [54].

Fusobacterium nucleatum is closely related to increased 
tumor staging and gene mutations such as TP53, COL22A1, 
TRBV10-1, CSMD3, SCN7A and PSG11 [55]. This suggests that 
the abundance of Fusobacterial nucleatum and tumor 
mutation burden may be combined as a potential method to 
predict high risk for metastasis in ESCC [56]. Additionally, 
more recent studies have found that Fusobacterium 
nucleatum promoted the early development of ESCC by 
upregulating the expression of IL-32/PRTN3 and activating the 
PI3K/AKT signaling pathway [57]. These findings highlight the 
significant roles of Porphyromonas gingivalis and 
Fusobacterium nucleatum in influencing the course and 
outcomes of esophageal squamous cell carcinoma.

Therapeutic manipulation of the microbiota, such as 
probiotics and prebiotics, could serve as adjuncts to modulate 
the tumor microenvironment and enhance the efficacy of 
conventionally used treatments. This multifaceted approach
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emphasizes the need for a comprehensive understanding of 
the microbial influences in esophageal cancer biology, 
encouraging a broader perspective incorporating the 
microbiome into the traditional paradigms of oncology.

Inflammatory Bowel Disease
Inflammatory Bowel Disease (IBD) refers to a category of 
chronic autoimmune conditions of the gastrointestinal tract. 
The two most recognized types are Crohn’s Disease (CD) and 
ulcerative colitis. These conditions can be differentiated by 
clinical characteristics such as distribution, with UC limited to 
the mucosal layer of the colorectal GI tract [58]. Either 
condition can be characterized by relapsing symptoms of 
diarrhea, abdominal pain and bloody stools. While the clinical 
characteristics are well described, the underlying 
pathogenesis is complex [59].

Recent developments have demonstrated that the intestinal 
microbiota also plays a role in disease pathogenesis along 
with genetic and environmental factors [60]. IBD is 
characterized by intestinal epithelium damage secondary to 
the infiltration of lymphocytes, neutrophils and macrophages 
and dysregulation of the inflammatory response. The 
detection of intestinal flora in the GI epithelium initiates this 
response. As such, dysregulation of the delicate interactions 
between GI epithelial cells, intestinal flora and immune cells 
can lead to the exaggerated immune response seen in IBD 
[61].

The human GI tract consists of 100 trillion micro-organisms 
and comprises over 1,000 different bacterial species. Pattern 
Recognition Receptors (PRRs) are expressed throughout the 
cells of the intestinal tract. These PRRs influence the 
composition of the tract via the regulation of product (mucus, 
antimicrobial peptides and immune mediators) secretion [62].

The four major PRR classes include TLRs, NLR, C-type lectin 
receptors and RIG-1-like receptors. Much like in other 
inflammatory-mediated diseases, TLRs in the intestines 
recognize pathogen associated molecular patterns and 
activate intracellular cascades, which lead to the transcription 
of inflammatory cytokines. TLR-4, in particular, has 
significantly been implicated in this process as it binds to LPS 
found on gram-negative bacteria and leads to the 
downstream activity of prominent inflammatory cytokines 
such as TNF-a, IL-6, IL-1 and type-1 interferons, which all play 
a role in inflammatory bowel disease [63].

The TLR-4 expression is elevated in individuals with 
inflammatory bowel disease compared to normal individuals 
[64]. Nod-Like Receptors (NLR) are also thought to play a role. 
The Nucleotide-binding Oligomerization Domain 2 (NOD2) 
receptor recognizes Muramyl Dipeptide (MDP) in 
peptidoglycan, found in the cell walls of gram-positive and 
gram-negative bacteria. The downstream effect is the 
activation of NF-kB, which leads to the secretion of IL-12 and 
other pro-inflammatory cytokines. The NOD2 gene is 
frequently mutated in CD patients [65].

While the inflammatory cascade is a hallmark of IBD, another 
key characteristic is intestinal microbiota dysbiosis. Further,

there is a marked reduction in the diversity of the 
microbiome. Specifically, reducing specific phyla such as 
Actinobacteria, Firmicutes and Bacteroides is associated with 
dysbiosis. Importantly, these organisms produce Short-Chain 
Fatty Acids (SCFAs), which act as anti-inflammatory products 
in the intestines [66]. These findings seem reversible, as long-
term remission is associated with normalizing bacterial 
microbiota and SCFA levels in fecal specimens. It should also 
be noted that intestinal bacteria synthesize these fatty acids 
from degrading indigestible carbohydrates. The implication is 
that there is a complex interplay between diet, microbiome 
composition and degree of inflammation and these 
relationships should continue to be studied.

Beyond the distress from the symptoms of IBD, the disorder 
can also have severe complications. Patients with IBD are at 
increased risk of colon cancer. Having UC increases one’s risk 
of developing colitis-associated cancer by 18%-20% and those 
with CD are at an 8% increase [67].

The prevailing knowledge on IBD focuses on a multi-faceted 
approach incorporating genetic, microbial and immune 
factors. The recognition of the gut microbiota’s involvement in 
disease pathogenesis in addition to the genetics and 
environmental cues advances our understanding of IBD. 
Notably, dysbiosis of the gut microbiome marked by a 
reduction in diversity and specific bacterial phyla further 
contributes the proinflammatory state in IBD. However, 
emerging evidence suggests that intervention targeting 
microbiome restoration and dietary modifications may hold 
future for therapeutic intervention. The complex connections 
between diet, microbiome composition and degree of 
immune response present many opportunities for continuing 
research and development.

Colon Cancer
Colorectal Cancer (CRC) is the second deadliest cancer in the 
United States, with 52,550 deaths in 2023, including 3,750 
individuals less than 50 years of age [68]. As with many other 
GI illnesses discussed, CRC is associated with a change in the 
composition of the intestinal microbiome. Compared to 
healthy patients, the microbiome of CRC patients has 
increased levels of Fusobacterium spp. and other gram 
negatives. There are also increased levels of some gram 
positives, such as Enterococcus faecalis, which has been 
associated with the development of adenocarcinoma in IBD 
patients.

Like in IBD, CRC is associated with a reduction of butyrate-
producing organisms. Like other SCFAs, butyrate acts as an 
anti-inflammatory and an antioxidant, promoting the growth 
of anaerobic bacteria [69]. Activation of the previously 
described inflammatory also plays a role in the development 
of CAC. Colitis-Associated Cancer (CAC) has a poorly 
understood mechanism, but it appears that upregulation of 
TLR-4 may trigger the proliferation of intestinal epithelial cells 
and lead to carcinoma. Given that TLR-4 responds to LPS, an 
association can be made between the make-up of the 
intestinal microflora and the development of CAC.
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Beyond their propensity to trigger inflammatory cascades 
through the binding of PRRs, the gut microbiota also 
influences the development of neoplasia by producing protein 
toxins, which promote proliferation and reduce apoptosis. 
These include Cytolethal Distending Toxins (CDT) and DNA-
damaging toxins from gram-negative bacteria. Persistent 
exposure to these toxins can reduce their DNA-damaging 
effects via mutations and tolerance. As such, a microbiome 
abundant with organisms that produce these toxins can be 
associated with the development of CAC.

Another instance of gram-negative bacteria impacting 
neoplasia is the case of Bacteroides fragilis, which produces 
Bacteroides fragilis Toxins (BFTs). These BFRs bind to E-
cadherin in the intestinal epithelial cell, releasing the protein 
from the tumor suppressor protein, beta catenin. Once 
released, E-cadherin becomes an active transcription factor 
that promotes cell proliferation. Furthermore, BFTs also 
reduce apoptosis of intestinal epithelial cells, augmenting 
neoplasia.

Collectively, these findings highlight the potential of targeting 
microbial components in CRC as an avenue for prevention or 
therapy. Strategies may include microbiome regulation 
through diet, probiotics or antimicrobials and direct targeting 
of notable bacterial toxins or inflammatory pathway identified 
in CRC.

Hepatobiliary Diseases
Hepatobiliary diseases, encompassing Hepatocellular 
Carcinoma (HCC), are intricately shaped by the interplay 
between the gut microbiome and immunotherapy. Recent 
research illuminates this complex relationship, with the gut 
microbiota composition emerging as a robust predictor of 
immune checkpoint therapy response in hepatobiliary 
diseases [70]. The comprehension of the gut-liver axis proves 
crucial in unraveling the mechanisms of chronic liver diseases, 
such as Non-Alcoholic Fatty Liver Disease (NAFLD), intricately 
connected to the gut microbiota [71]. Exploring interactions 
between gut microbes and the tumor immune 
microenvironment reveals promising avenues for 
immunotherapeutic interventions in liver cancer [72].

Numerous studies highlight the profound connection between 
the GI microbiome and its communication with the liver. Key 
players in this interaction include the portal vein and biliary 
system. The portal vein facilitates the direct transportation of 
immune cells, cytokines and gut-derived products to the liver. 
In contrast, the liver reciprocates by secreting bile and 
bioactive mediators into the intestine via the biliary system. 
The intricate structure of the gut vascular and single layer 
epithelial cells, bound by tight junction proteins, along with 
the mucus layer and microorganisms, forms a robust physical 
barrier. Components like antimicrobial molecules and 
Secreted Immunoglobulin A (SIgA) contribute to maintaining 
biochemical barriers. The intestinal barrier, functioning as the 
first line of defense in human immunity, complements the 
liver's role as the second line of defense against pathogenic 
factors escaping from the intestinal mucosal immune defense 
[73].

Gastrointestinal microbiome dysbiosis can compromise these 
barriers, heightening mucosal permeability. Dietary factors 
impact the composition of the intestinal microbiome and play 
a crucial role in preserving the integrity of the intestinal 
barrier. The pathological state induced by a high-fat diet 
results in bacterial translocation and endotoxin entry into the 
portal venous system, activating immune cells in the liver and 
triggering inflammatory responses, ultimately causing tissue 
damage to the intestinal mucosa, liver and systemic organs 
[74].

The close relationship between the gut and the liver in 
immune pathogenesis underscores its significance for 
translational therapy [75]. The hepatic immunological 
response triggered by gut permeability, especially the role of 
Kupffer cells in the initial immune response, is explored. 
Continuous exposure of the liver to gut microbiome 
components through the portal vein emerges as a critical 
factor influencing liver adaptation.

The intricate interplay between the gut microbiome and 
immunotherapy in hepatobiliary diseases such as HCC 
highlights the importance of understanding the gut-liver axis. 
Central to the relationship of gut liver axis are the portal vein 
and biliary system which facilitate bidirectional 
communication between the gut and liver. Dysbiosis of the GI 
microbiome can compromise the integrity of the intestinal 
barrier. Additionally, dietary factors play a crucial role in 
modulating the gut microbiome and the intestinal barrier 
function. As our understanding of these intricate interactions 
advances, translational therapies target the gut liver axis hold 
promise for improved management of hepatobiliary diseases.

CONCLUSION
The intricate relationship between the GI microbiome and the 
immune system has been revealed as a pivotal factor in the 
pathogenesis of various GI diseases, including GERD, BE, EoE, 
IBD, colon cancer and hepatobiliary disease. Through a 
comprehensive exploration of existing studies, it becomes 
evident that microbial dysbiosis eliciting an immune response 
has a cyclic mechanism that potentially fuels these diseases' 
development and/or progression. Recognizing the gut 
microbiome as a critical player in the pathophysiology of GI 
disorders provides a foundation for developing strategies to 
modulate the microbiome and harness its potential for clinical 
applications. Future research promises to unveiling novel 
therapeutic approaches that can address the diseases provide 
personalized medicine.
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