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Description

Immunopathology is a branch of medical science that explores the
complicated relationship between the immune system and disease.
While the immune system is designed to protect the body from
infections and maintain homeostasis, dysregulation of immune
responses can lead to immuno-pathological conditions.

Immune system: A double-edged sword

The immune system is a sophisticated defense network designed to
recognize and eliminate foreign invaders, such as bacteria, viruses,
and abnormal cells. Comprising a wide range of cells, tissues, and
molecules, the immune system operates in a delicate balance to
distinguish between existence and unidentified. This distinction is
essential for preventing autoimmune reactions, where the immune
system aimed improperly the body's specific tissues.

Innate immunity: The first line of defense, innate immunity
provides immediate non-specific protection against a wide range of
pathogens. Components such as skin, mucous membranes, and
phagocytes act as immediate responders to infections.

Adaptive immunity: Adaptive immunity, a more specialized arm
of the immune system, develops a targeted response to specific
pathogens. T lymphocytes and B lymphocytes, significant players in
adaptive immunity, produce antibodies and memory cells that confer
long-lasting protection.

Immuno-pathological conditions

Immunopathology  develops when the immune system
malfunctions, leading to aberrant immune responses that contribute to
the development of diseases. These conditions can broadly be
categorized into autoimmune diseases, hypersensitivity reactions, and
immuno-deficiencies.

Autoimmune diseases: In autoimmune diseases, the immune
system improperly recognizes self-tissues as foreign and mounts an
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immune response against them. Examples include rheumatoid
arthritis, Systemic Lupus Erythematosus (SLE), type-1diabetes, and
multiple sclerosis. The exact triggers for these autoimmune reactions
are complex and multifactorial, involving genetic, environmental, and
hormonal factors.

Hypersensitivity reactions: Hypersensitivity reactions result from
exaggerated immune responses to harmless substances. The four types
of hypersensitivity reactions, categorized by the Gell and Coombs
classification, include immediate (Type I), cytotoxic (Type II),
immune complex-mediated (Type IIlI), and delayed (Type 1V)
hypersensitivity. Allergies, autoimmune hemolytic anemia, and
rheumatoid arthritis are examples of conditions associated with
hypersensitivity reactions.

Immuno-deficiencies: Immuno-deficiencies occur when the
immune system is compromised, either due to genetic defects or
acquired conditions. Primary immuno-deficiencies are inherited
disorders that affect specific components of the immune system, while
secondary immuno-deficiencies result from external factors such as
infections, medications, or medical treatments. Examples include
Severe Combined Immunodeficiency (SCID), Common Variable
Immunodeficiency (CVID), and Acquired Immunodeficiency
Syndrome (AIDS).

Mechanisms of immunopathology

The mechanisms underlying immunopathology are diverse and
involve complex interactions between immune cells, signaling
molecules, and target tissues. Several important processes contribute
to the development of immune-mediated diseases:

Autoantibodies and autoimmune reactions: In autoimmune
diseases, the immune system produces autoantibodies that target self-
tissues. These autoantibodies can induce inflammation, tissue damage,
and dysfunction in affected organs. For example, in rheumatoid
arthritis, autoantibodies target joint tissues, resulting in joint damage
and inflammation.

T cell-mediated responses: T Ilymphocytes, an essential
component of the adaptive immune system, can contribute to
immunopathology through dysregulated responses. In conditions such
as multiple sclerosis, T cells attack the myelin sheath of nerve cells,
results in neurological impairment.

Immune complex formation: Immune complexes, formed by the
interaction of antibodies and antigens, can deposit in tissues and
trigger inflammatory responses. This mechanism is observed in
diseases such as systemic lupus erythematosus, where immune
complexes contribute to tissue damage in multiple organs.

Cytokine dysregulation: Cytokines, signaling molecules produced
by immune cells, play an important role in coordinating immune
responses. Dysregulation of cytokine production can lead to chronic
inflammation and tissue damage. Conditions such as inflammatory
bowel disease and psoriasis involve cytokine-mediated pathways.
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