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Introduction

Inflammatory Bowel Disease (IBD) is a chronic inflammatory condition of the gas-
trointestinal tract, characterized by a complex etiology involving multiple inter-
connected pathways. A fundamental understanding of IBD pathogenesis begins
with the intricate role of both genetic predisposition and epigenetic modifications.
These factors emphasize how gene variants, coupled with environmental factors
influencing epigenetic changes like DNA methylation and histone modification,
contribute to immune dysregulation and chronic inflammation in the gut. Under-
standing these interactions is crucial for identifying new therapeutic targets [1].

Further contributing to IBD pathogenesis is the significant role of gut microbiome
dysbiosis. This involves imbalances in microbial composition, reduced diversity,
and the presence of specific pathogenic bacteria, which can trigger immune re-
sponses, compromise the intestinal barrier, and perpetuate inflammation. Thera-
peutic strategies targeting the microbiome, such as fecal microbiota transplanta-
tion and pre/probiotics, are being explored [2].

At the core of IBD pathogenesis lies intricate immune dysregulation. This includes
the aberrant activation of T cells, B cells, and myeloid cells. Pro-inflammatory
cytokines like TNF-X, IL-6, and IL-1X play critical roles, alongside failures of reg-
ulatory mechanisms, in driving chronic intestinal inflammation. These immune
pathways offer promising targets for current and emerging therapies [3].

Beyond internal biological factors, various environmental factors profoundly impact
IBD. These influences extend to dietary patterns, Western lifestyle choices, smok-
ing, certain medications like Nonsteroidal Anti-Inflammatory Drugs (NSAIDs), and
even environmental pollutants. Such external factors interact with an individual's
genetic susceptibility to drive the inflammatory process [4].

A critical component in IBD pathogenesis is intestinal barrier dysfunction. This
involves compromised tight junctions, leading to increased permeability of the gut
lining, and an impaired mucus layer. These defects allow luminal antigens and bac-
teria to translocate from the gut lumen into the underlying tissues, thereby trigger-
ing or sustaining chronic immune responses. Understanding these fundamental
mechanisms provides avenues for therapies focused on enhancing barrier function

[5].

Expanding the view of immune involvement, novel cellular players beyond con-
ventional T and B lymphocytes are recognized for their roles in IBD pathogenesis.
This includes innate lymphoid cells (ILCs), mesenchymal stromal cells, enteric glial
cells, and macrophages with distinct phenotypes. These cells are instrumental in
shaping the inflammatory microenvironment and contributing to both tissue dam-

age and repair, suggesting new therapeutic avenues [6].

Cellular recycling processes, specifically autophagy, also hold a crucial position in
IBD. Genetic defects in autophagy-related genes, such as ATG16L1 and NOD2,
can impair the clearance of intracellular pathogens, disrupt immune cell function,
and lead to persistent inflammation within the gut. Modulating these autophagy
pathways thus presents a potential therapeutic strategy [7].

The dynamic interplay between genes and environment in IBD is further illuminated
by epigenetic modifications. Processes like DNA methylation, histone modifica-
tions, and non-coding RNAs modulate gene expression without altering the under-
lying DNA sequence. These are significantly influenced by environmental factors
and impact immune cell differentiation and intestinal barrier function, effectively
bridging genetic predisposition with environmental triggers [8].

Moreover, the enteric nervous system (ENS) and neuroinflammation often repre-
sent an overlooked aspect in IBD pathogenesis. Dysregulation of neural circuits,
alterations in neurotransmitter signaling, and immune-mediated damage to enteric
neurons contribute to abnormal gut motility, visceral hypersensitivity, and the per-
petuation of inflammation. This perspective opens new avenues for therapeutic
intervention targeting the gut-brain axis [9].

Finally, metabolic reprogramming in immune cells and intestinal epithelial cells
is increasingly recognized as a critical driver during IBD pathogenesis. Shifts in
glucose, lipid, and amino acid metabolism fuel inflammation, impair gut barrier
function, and influence disease progression. Targeting these altered metabolic
pathways presents a promising strategy for novel therapies in 1BD [10].

Description

The pathogenesis of Inflammatory Bowel Disease (IBD) is a multifaceted condi-
tion driven by a complex interaction of genetic, epigenetic, environmental, and im-
munological factors. Genetic predisposition plays a significant role, where specific
gene variants contribute to susceptibility. Crucially, these genetic foundations are
profoundly influenced by epigenetic modifications, such as DNA methylation and
histone changes, which alter gene expression without changing the DNA sequence
itself. These epigenetic changes are often shaped by environmental factors, effec-
tively bridging the gap between inherited risk and external triggers [1, 8]. Environ-
mental influences are diverse, encompassing dietary patterns, modern Western
lifestyles, smoking, certain medications like Nonsteroidal Anti-Inflammatory Drugs
(NSAIDs), and even pollutants. These external elements are potent in triggering or
exacerbating disease flares by interacting with an individual's genetic susceptibil-
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ity and influencing epigenetic mechanisms, thereby driving chronic inflammatory
processes in the gut [4].

A key contributor to IBD is dysbiosis of the gut microbiome, characterized by an
imbalance in microbial composition, reduced diversity, and the presence of spe-
cific pathogenic bacteria. This microbial imbalance can directly trigger adverse
immune responses, compromise the integrity of the intestinal barrier, and ulti-
mately perpetuate the state of inflammation [2]. This leads to profound immune
dysregulation, which is a hallmark of IBD. The immune system exhibits aberrant
activation, particularly involving T cells, B cells, and myeloid cells. An excess of
pro-inflammatory cytokines, including TNF-X, IL-6, and IL-1X, coupled with a fail-
ure of normal regulatory mechanisms, drives the chronic inflammation observed
in the intestine. These dysregulated immune pathways are primary targets for a
range of current and emerging therapeutic interventions [3].

Central to the ongoing inflammation is intestinal barrier dysfunction. This involves
compromised tight junctions, leading to increased permeability of the gut lining,
and an impaired mucus layer. These defects allow luminal antigens and bacteria
to translocate from the gut lumen into the underlying tissues, thereby triggering or
sustaining chronic immune responses. Understanding these fundamental mech-
anisms provides avenues for therapies focused on enhancing barrier function [5].
Beyond the well-known T and B lymphocytes, research now highlights the involve-
ment of novel cellular players in IBD pathogenesis. These include innate lymphoid
cells (ILCs), mesenchymal stromal cells, enteric glial cells, and distinct phenotypes
of macrophages. These cells contribute significantly to shaping the inflammatory
microenvironment, playing roles in both tissue damage and repair, and offer new
insights for targeted therapies [6].

Cellular processes like autophagy, a vital cellular recycling mechanism, are also
implicated in IBD. Genetic defects in genes crucial for autophagy, such as
ATG16L1 and NOD2, impair the cell's ability to clear intracellular pathogens and
disrupt normal immune cell function, leading to persistent inflammation in the gut.
Modulating these autophagy pathways is thus emerging as a potential therapeutic
strategy [7]. The enteric nervous system (ENS) and associated neuroinflammation
represent another important, though often overlooked, aspect. Dysregulation of
neural circuits, altered neurotransmitter signaling, and immune-mediated damage
to enteric neurons contribute to common IBD symptoms like abnormal gut motil-
ity and visceral hypersensitivity, while also perpetuating inflammation. This area
provides a fresh perspective for therapeutic intervention, specifically targeting the
gut-brain axis [9].

Finally, recent investigations underscore the critical role of metabolic reprogram-
ming within immune cells and intestinal epithelial cells during IBD pathogenesis.
Shifts in fundamental metabolic pathways, including those involving glucose, lipid,
and amino acid metabolism, are observed to fuel inflammation, compromise the
crucial gut barrier function, and ultimately influence the progression of the disease.
Consequently, targeting these altered metabolic pathways represents a promising
strategy for developing novel therapies aimed at managing IBD [10]. This compre-
hensive understanding of interconnected biological systems is vital for developing
effective, multi-pronged approaches to treat 1BD.

Conclusion

Inflammatory Bowel Disease (IBD) pathogenesis is a complex interplay of multiple
factors, extending beyond simple genetic predisposition. Genetic and epigenetic
modifications, such as DNA methylation and histone changes, are crucial, bridging
intrinsic susceptibility with environmental triggers to drive immune dysregulation
and chronic inflammation in the gut. The gut microbiome plays a significant role,
where dysbiosis, characterized by microbial imbalances and reduced diversity,
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compromises the intestinal barrier and perpetuates immune responses. This im-
mune dysregulation involves aberrant activation of T cells, B cells, and myeloid
cells, along with pro-inflammatory cytokines like TNF-X, IL-6, and IL-1X. Beyond
traditional immune cells, novel players like innate lymphoid cells, mesenchymal
stromal cells, enteric glial cells, and specific macrophage phenotypes contribute to
the inflammatory microenvironment. Environmental factors, including diet, West-
ern lifestyle, smoking, NSAIDs, and pollutants, significantly impact IBD by inter-
acting with genetic susceptibility and influencing epigenetic changes. A compro-
mised intestinal barrier, featuring impaired tight junctions and mucus integrity, al-
lows luminal antigens to translocate, sustaining chronic inflammation. Cellular pro-
cesses like autophagy are also vital; genetic defects in autophagy-related genes
can impair pathogen clearance and immune function. Recent insights highlight the
often-overlooked enteric nervous system, where dysregulation and neuroinflam-
mation contribute to abnormal gut motility and visceral hypersensitivity. Further-
more, metabolic reprogramming in immune and epithelial cells, involving shifts in
glucose, lipid, and amino acid metabolism, fuels inflammation and impairs barrier
function, representing emerging therapeutic targets. Understanding these multi-
faceted mechanisms is essential for developing new diagnostic and therapeutic
strategies for IBD.
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