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v. Immunopathology and autoimmune diseases

v. Immunopathology and autoimmune diseases, transplant rejection and allergy, Immunomodulators

Immunopathology encompasses the study of disease states where immune responses cause, exacerbate, or fail to
control pathology. Within this field, autoimmune  diseases,  transplant  rejection,  and  allergic  disorders are key
examples of dysregulated immunity. Additionally, immunomodulators (substances modulating immune responses)
offer therapeutic strategies for restoring immune balance. Below is a comprehensive discussion of (I) immunopathology in
autoimmune contexts, (II) the immunobiology of transplant rejection and allergic responses, and (III) immunomodulators in
modern and integrative (Ayurvedic) perspectives.

Immunopathology and Autoimmune Diseases

Definition and Mechanisms of Autoimmunity

Autoimmune Disease1.
Arises  when  the  immune  system  misidentifies  self tissues as foreign, mounting cell-mediated  or
antibody-mediated attacks.
Examples:  Systemic Lupus Erythematosus (SLE),  Rheumatoid Arthritis (RA),  Type 1 Diabetes
Mellitus (T1DM), Multiple Sclerosis (MS).

Central and Peripheral Tolerance2.
Central tolerance: Thymic negative selection for T cells, bone marrow negative selection for B cells.
Peripheral tolerance: Regulatory T cells (Tregs), anergy, or immune privilege sites limit accidental self-
attack.
Failures in these processes → autoimmunity.

Genetic and Environmental Factors3.
Polymorphisms in MHC/HLA genes (e.g., HLA-DR, HLA-DQ) influence disease susceptibility.
Infections (molecular mimicry), toxins, hormones, or tissue damage can break tolerance, unveiling hidden
epitopes.

Pathophysiology: Types of Autoimmune Reactions

Type II Hypersensitivity1.
Antibody-mediated cytotoxicity targeting cell surface or matrix antigens (e.g., RBCs in hemolytic
anemias, TSH receptor in Graves’ disease).

Type III Hypersensitivity2.
Immune complexes (IgG/IgM + antigen) deposit in tissues → complement activation, inflammation (e.g.,
lupus nephritis).

Type IV (Delayed-Type) Hypersensitivity3.
T-cell–mediated injury, as in Type 1 Diabetes (CD8+ T cells against β-cells), rheumatoid arthritis (synovial
infiltration).

Clinical Manifestations and Management

Organ-Specific vs. Systemic1.
Hashimoto’s thyroiditis (thyroid-specific) vs. SLE (multi-organ involvement).

Therapeutic Approaches2.
Immunosuppressants (corticosteroids, methotrexate, cyclophosphamide), biologics (TNF inhibitors, IL-6
blockers).
Supportive care: physiotherapy in RA, insulin in T1DM, while investigating underlying triggers.

Ayurvedic Perspective3.
Doṣa  imbalance,  accumulation  of  āmavisha (toxic byproducts), or dhātu  malfunctions  might  parallel
autoimmune hyperinflammation.
Shodhana (panchakarma), shamana with immunomodulatory herbs (guggulu, ashwagandha) plus dietary
modifications.
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Transplant Rejection and Allergy

Transplant Rejection

Definition1.
Graft rejection occurs when the recipient’s immune system recognizes transplanted tissues/organs as
foreign.
Mediated by T cells (cellular rejection) and/or antibodies (humoral rejection).

Immunobiology2.
MHC/HLA mismatch drives strong T-cell responses (allorecognition).
Types of rejection: Hyperacute (minutes, preexisting anti-donor antibodies), Acute (days-weeks, T-cell
infiltration), Chronic (months-years, low-level immune damage).

Prevention and Management3.
Immunosuppressive  regimens: calcineurin inhibitors (cyclosporine, tacrolimus), anti-proliferative
(mycophenolate), steroids, mTOR inhibitors.
Tissue typing, crossmatching, ABO compatibility minimize mismatch.
Graft vs. Host Disease (GVHD) in bone marrow transplants requires stringent matching.

Allergic Responses

Definition and Mechanisms1.
Hypersensitivity to harmless antigens (allergens) leading to IgE production and mast cell degranulation
(Type I).
Triggered by pollen, dust mites, foods, insect venoms.

Phases2.
Sensitization: B cells class-switch to IgE, which binds mast cells/basophils.
Re-exposure: Allergen cross-links cell-bound IgE → histamine release → vasodilation, bronchoconstriction,
edema.

Clinical Manifestations3.
Rhinitis (hay fever), urticaria (hives), asthma, anaphylaxis (life-threatening).
Management:  antihistamines,  corticosteroids,  mast  cell  stabilizers,  allergen-specific
immunotherapy.

Ayurvedic Insights4.
Allergies often linked to pitta/kapha imbalance, ama accumulation.
Herbs like haridra (turmeric) or shirish (Albizia lebbeck) used for anti-allergic or anti-inflammatory
properties.

Immunomodulators

3.1 Definition and Types

Immunomodulators1.
Agents modifying the immune response—enhancing or suppressing it.
E.g., biological response modifiers (cytokines, monoclonal antibodies), small molecules (levamisole), or
herbal extracts (e.g., Ashwagandha).

Categories2.
Immunostimulants: Boost host defense (e.g., IFN-α for certain cancers, GM-CSF for neutropenia).
Immunosuppressants:  Calm  overactive  immunity  (e.g.,  cyclosporine  in  transplants,  biologics  for
rheumatoid arthritis).
Adjuvants: Enhance vaccine immunogenicity.

Mechanisms of Action

Enhancers1.
Stimulate cytokine production, antigen presentation, or T/B cell proliferation.
Example: IL-2 therapy for metastatic melanoma fosters T cell expansion.
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Suppressors2.
Interrupt T-cell receptor signaling, block cytokine IL-2 synthesis, or neutralize inflammatory mediators.
E.g., TNF-α inhibitors (in rheumatoid arthritis), IL-6 blockers.

Phytochemicals / Ayurvedic Adaptogens3.
Some herbs (Withania somnifera, Tinospora cordifolia) claimed to modulate immune parameters, though
standard clinical evidence can vary.

Synthesis: Clinical and Research Context
Autoimmune and Transplantation1.

Immunosuppressive immunomodulators essential to prevent graft rejection or quell autoimmunity.
Balancing minimal suppression to avert infections while controlling detrimental immune responses.

Allergy Management2.
Allergen immunotherapy or biologics (anti-IgE, anti-IL-5) modulate hypersensitivity.
Complementary approaches with Ayurvedic anti-allergic or doṣa-corrective regimens can reduce
dependency on chronic steroids.

Innovations3.
Next-gen immunomodulators (checkpoint inhibitors, Treg therapy) revolutionizing cancer immunotherapy.
Vaccine adjuvants harness immunostimulants to enhance protective immunity.

Conclusion
Immunopathological processes—autoimmune diseases, transplant rejection, and allergic responses—highlight the
fragile balance within the immune system. Meanwhile, immunomodulators—ranging from conventional biologics to
potential herbal adaptogens—offer strategies to rectify excessive or deficient immune function. Integrating modern
immunology’s precision (targeted biologics, gene therapies) with classical prophylactic or doṣa-balancing wisdom from
Ayurveda can yield robust, holistic approaches to controlling immunological disorders and enhancing patient outcomes.
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