Chapter 8

The Gut-Immune-Brain Axis - Inflammation and
Autoimmunity

The Gut-Immune-Brain Axis represents a complex, bidirectional
communication network linking the gastrointestinal tract, the
immune system, and the central nervous system. Central to this
axis is the gut microbiota, which plays a crucial role in immune
system development and regulation. When the microbial balance
is disrupted —due to infection, stress, diet, or antibiotic use—
it can compromise the intestinal barrier, leading to increased
permeability or “leaky gut.” This allows microbial products like
lipopolysaccharides (LPS) to enter circulation, triggering systemic
inflammation. In turn, inflammatory cytokines can cross the
blood-brain barrier or influence neural pathways, contributing
to neuroinflammation and changes in mood, cognition, and
behavior. Moreover, chronic immune activation may play a role
in the development of autoimmune conditions affecting the
nervous system, such as multiple sclerosis. This gut-immune-
brain interplay has significant implications for understanding
the pathophysiology of neuropsychiatric disorders, highlighting
the therapeutic potential of targeting the gut microbiome to
modulate immune responses and improve brain health.

8.1 The Gut as an Immune Organ

* The gut houses over 70% of the body’s immune cells,
particularly in gut-associated lymphoid tissue (GALT)[1].

* Microbial colonization during early life is critical for proper
development of the immune system.

* Commensal microbes train the immune system to tolerate
beneficial organisms while reacting to pathogens.

8.2 Dysbiosis and Immune Dysregulation Dysbiosis, or
microbial imbalance, can lead to: Leaky gut: Loss of intestinal
barrier integrity allows microbial antigens like LPS to enter
systemic circulation[2]
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¢ Systemicinflammation: LPSand other microbial metabolites
trigger toll-like receptor (TLR)-mediated immune activation,
elevating cytokines such as IL-6, TNF-a, and IL-1(3[3]

* Microglial activation: These inflammatory mediators cross
the blood-brain barrier (BBB), leading to CNS inflammation
and neurodegeneration[4]

8.3 Autoimmunity and Gut Microbes

Autoimmune diseases result from the immune system mistakenly
attacking the body’s own tissues. A growing body of research
links these conditions to gut microbiota imbalances, or dysbiosis.

Multiple Sclerosis (MS)

* In Multiple Sclerosis (MS), patients often exhibit decreased
levels of beneficial bacteria such as Clostridia and Bacteroides,
alongside increased levels of Akkermansia. Studies have shown
that transferring gut microbiota from MS patients into animal
models can worsen autoimmune activity.[5[[6]

Systemic Lupus Erythematosus (SLE)

In Systemic Lupus Erythematosus (SLE), dysbiosis is associated
with increased intestinal permeability and a decline in short-
chain fatty acid (SCFA)-producing bacteria. These changes
disrupt the balance between pro-inflammatory Th17 cells and
anti-inflammatory regulatory T cells (Tregs), both essential in
maintaining immune tolerance.

Rheumatoid Arthritis (RA)

In Rheumatoid Arthritis (RA), elevated levels of Prevotellacopri
have been linked to early disease onset. Gut microbial alterations
in RA may promote joint inflammation through increased
systemic cytokine production and the migration of activated
immune cells.

8.4 Neuroinflammation and Mental Health

Persistentimmune activation contributes to psychiatric disorders:

* Elevated levels of inflammatory cytokines including
interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a)are
found in depression, schizophrenia, and bipolar disorder[9]
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* Tryptophan metabolism is diverted from serotonin to
the kynurenine pathway, This shift leads to the formation of
neurotoxic byproducts, such as quinolinic acid, which may
contribute to the neurological and behavioral symptoms
observed in these mental health disorders.[10]

8.5 Gut Microbiota and Stress-Induced Immune Activation

Chronic psychological stress affects both the microbiota and
immune system:

* Stress increases intestinal permeability via corticotropin-
releasing hormone (CRH).

* Activates mast cells and pro-inflammatory cytokines.

* Reduces beneficial Lactobacilli, further weakening barrier
function[11]

8.6 Immunomodulatory Therapies
Probiotics and Prebiotics

* Certain strains (Lactobacillus rhamnosus, Bifidobacterium
breve) enhance Treg populations and reduce systemic
inflammation[12].

Fecal Microbiota Transplantation (FMT)

* Shown to restore immune balance and ameliorate
inflammation in experimental autoimmune encephalomyelitis
(EAE), a model of MS[13]

Dietary Immunonutrition

* Omega-3 fatty acids, polyphenols, and SCFA-producing
fibers reduce inflammation.

* Anti-inflammatory diets modulate gut microbiota and
lower systemic immune responses.

8.7 Summary of Immune Pathways

athway Impact
LR4-LPS Axis rives systemic inflammation and
neurodegeneration
h17/Treg Imbalance romotes autoimmunity
Cytokine surge Affects mood and cognition
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IKynurenine pathway |Depletes serotonin, increases neurotoxins
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