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Disorders of the Immune System
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TYPe of Immunity

Types of Immunity
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Response

Nonspecific response Specific response
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2. Hypersensitivity

Over-reaction
(Types |, I, lll, 1V)

Classification of Immune Disorders

1. Immunodeficiency

Primary (Genetic) &
Secondary (Acquired)

&

4. Immunoproliferative
Disease ‘

Malignant growth
(Leukemia, Lymphoma)

Ly -
‘oo | *
&

3. Autoimmune (&)

Q Disease
Loss of self-tolerance
(Systemic & Organ-specific)




b Immunodeficiency Overview

Definition: Failure of the immune system to protect
the body against infection or malignancy.

Classification:
Primary (Congenital): Genetic defects, present

from birth.
Secondary (Acquired): Caused by external factors

(e.g., infection, drugs).
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Primary Immunodeficiency

Combined Defects

B-Cell Defects

Ly 'll--l,l

T-Cell Defects

Stem calls

differentiatedo:
® Stem cells fail

to differentiate
into B-cells.

Bruton’s SCID (Severe Combined
Immunodeficiency): Defect

DiGeorge Syndrome: Absent
thymus & parathyroid. Agammaglobulinemia:
Stem cells fail to differentiate in stem cells or lymphoid
tissue.

Nezelof Syndrome: Absent nto Bcells.
(Gennery & Cant, 2001)

thymus, normal parathyroid.
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Secondary Immunodeficiency
(AIDS)

Etiology: HIV (Human = —
Immunodeficiency Virus), LAV, HTLV-III. R
1000} 106 &
. CD8* lymphocytes 8
Pgthophysmlogy. : :
Virus targets and destroys Helper g 7501 1o 8
T—Iymphocytes (CD4+) gé CD4+ lymphocytes %
o 0 di0s 8
° o gro ° % <
Significant decrease in Helper: S z
Suppressor T-cell ratio. 250l Plasma virus load s
Primary
o infection
Consequence: Susceptibility to A R R ST R
opportunistic infections. Time (weeks) Time (years)

(Samuel & Carsten, 2012)




Secondary Immunodeficiency
(AIDS)

Main symptoms of ETET
AI DS 50 HIV Infection and Replication
Central — \,i;,
- Encephalitis xi }

- Meningitis
CD4'T Cell depletion

A N
Anti-HIV ' Production of

- Retinitis immune response | Bacterial . _—  Viral . HIV proteins
' . - translocation .~ '\ reactivation ' -
Lungs i ) ) J ).
- Pneumocystis F ' — —
pheumonia x Systemic immune activation
i . -

- Tuberculosis
(multiple organs)

- : Release of
Sustained T-cell apoptoeis_ &b Pro-inflammatory cytokines
Skin T
- Tumors
Depletion of Onset and progression
Gastrointestinal immuno resources ofinflammation-related
. Isoraers
- Esophagitis |
- Chronic diarrhea \——v—/
- Tumors -

(BhaleraolLuca & Cucullo, 2020) . Collapse of the immuno systemlAlD.'S_
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Delayed
Cell-Mediated
(T-Cells)

b Hypersensitivity Reactions
mS— SR

Type I
Anaphylactic
IgE Mediated P e b

(Immediate)
' % :' e 3
= ]
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: : &
Lol-] -:
Han:rnphagea & % )
‘ Target cells J
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Histamine




Type | Hypersensitivity (Anaphylactic)

Mechanism: IgE-mediated.
Key Cells: Mast cells, Basophils.

Process: Antigen binds to IgE on mast cells

Degranulation

Release of Histamine/Heparin.

Examples: Asthma, Allergic Rhinitis
Anaphylactic shock.
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First exposure & 3 Allergen
*_r
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¥ / % IgE
e - /- B cell Plasma cell
V.
: Q——-._.F'Eptide [
Re-exposure
APC e H
.“1 & | ‘
Th cell ' * 0
. . Mast cells
SR/ R Basophils
"1+ Histamine
Leucotrienes
Other mediators

Degranulation

online biology (2018)



Mechanism: Antibody (IgG/IgM) binds to
antigens on cell surfaces.

Pathogenesis:
Opsonization: Enhanced phagocytosis.
Complement Activation: Cell lysis.

Examples: Blood transfusion reactions,
Autoimmune Hemolytic Anemia.




Type lll Hypersensitivity (Immune Complex)

Mechanism: Formation of Antigen-
Antibody (Ag-Ab) complexes.

Pathogenesis:

- Complexes deposit in
tissues/blood vessel walls.

- Activation of Complement
(Classical Pathway).

- Inflammation and tissue damage.

Inflammation &
Tissue Injury

Examples: Systemic Lupus
Erythematosus (SLE), Serum Sickness.




Type IV Hypersensitivity (Cell-Mediated)

Mechanism: T-lymphocyte mediated A Antigen

(Not antibody-mediated). A 4 X R
Pathogenesis: ®< @ﬂ

- Sensitized T-cells release T cell Sensitized T cell
LymphOkineS releases cytokines

- Activation of Macrophages causing
tissue damage.

Examples: Tuberculin skin test (TB),
Contact dermatitis, Graft rejection.

e *-1._.?1_- .
] u“["“l““l“”]' .

[

Positive tuberculin skin test
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9 Autoimmune Diseases
Organ-Specific Autoimmune Disease:

Definition: Breakdown of self-tolerance; immune system attacks self-antigens
Affects a single organ

(e.g.. Hashimoto's thyroiditis)

Hashimoto's Disease

MNormal thyroid
Larynx (voice box)

Enlarged thyroid
(goiter)

Systemic Autoimmune Disease:

Affects multiple organs
(e.g.. SLE, Rheumatoid Arthritis)

‘.

(Cleveland Clinic, 2023)
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SLE Rheumatoid Arthritis

- -y '3 - - - [ Mthor"&.
Rheumatoid Arthritis (RA): Pathogenesis and clinical findings Yan Yu
iriggers Reviewers:
Genetic, environmental, hormonal and viral factors : A -
, Genetics Environmental Triggers: * RA affects 1% of population, ¥ > & Sean Spence
( ! (i.e. HLA-DRB1, Infections, smoking, sex * Characterized by poly-articular joint pain, swelling, Jennifer AE
: : : STATA4) hormones and stiffness, most commonly affecting the small GahyNSSITS
[ Defective apoptosis ] [ Immune system dysregulation ] . . ) ) * MD at time of
) 1 \-’4—/ joints (wrists, metacarpal-phalangeals). Joint publication
i involvement is bilaterally symmetrical.
[ Maodified nucleosomal material ] [ T cell, B cell and cytokine defects ] Macrophages & dendritic cells are thought « Eita-aiticidar manilastalicnsaia ofah sean
l 3 l to present instigating antigens to T-cells, '
causing T-cell activation and proliferation
[ Innate immune response ] [ Adaptive immune response ]
/| ¥ Many antigen targets are suspected, but they are inconsistent
JTTTTTTTTI T k="l o between RA patients; non have been confirmed.
i Immune - , !
i : Apoptotic |
f o % cell I
Activated T-cells: 1) produce inflammatory Plasma cells often produce characteristic antibodies Anti-Cyclic Citrullinated Peptide (aCCP),
i ; cytokines (i.e. IL-6, TNFat) and 2) stimulate * Rheumatoid Factor (RF) in serum
B-cell differentiation into plasma cells. The Non-specific Acute-phase reactants are also produced
: Enhanced ; inflammatory response is systemic. » High serum CRP, ESR
i immune !
' response ' 5 . . .
: anergy J productionof  Inflammation > matrix  Plasma cell antibodies bone & synovial membrane (NOT in cartilage) _ arthralgia (joint pain),
! : hyaluronan (a metalloproteinase form immune " especially in small joints.
' major lubricant (MMP) production, T complexes, indirectly Rate of inflammatory fluid accumulation in synovial
in synovial fluid) cartilage damage damages cartilage Joint capsule exceeds rate of fluid drainage Palpable Joint effusion
| i W ”
: i . o , »
T . A o4 ! Joint damage recruits neutrophils, T-cells, & B- Synovial enlargement forms palpable lumps in the joint . wrﬁﬁ?mi;
: | into joi i > esp carpal, MCP, PIP joints
: Pt ! cells into joint space, causing hyperplasia and moat ol =t
E N angiogenesis of the synovial membrane Physical narrowing of joint space - joint mobility T joint stiffness
: o : J, » | Range of movement
= d:;. | lilj:‘:::;:jmhmg 5 Neo-vascularlized, hyperplastic synovium (pannus) As cartilage and subcondral bone is eroded, continued usage/ Joint Deformities, i.e.
wn @ b | autoantibody >~ invades and enzymatically destroys joint tissue pressure on joints can mal-align, sublux, or collapse joints Swan-neck, Boutonniere's,
Non-haematopoietic cell production . (ligaments, cartilage, subchondral bone) > ulnar drift of fingers, radial

e e e e e i wrist deviation, etc
Systemic inflammation + other mechanisms (See corresponding slide) . S—
» Extra-articular signs

will affect the entire body

Autoantibody production Untreated, severe rheumatoid arthritis
Tissue damage

‘ Complement activation

(Robert et al.,, 2025)




Hashimoto's thyroiditis

Hair loss
Proble ith )
mncentr:tionn;wmemnry. CAOR IR 3 [ ) \ / z
depressi : : -
s < — Genetic Factors Anti-Tg
G- nlarged tongue, :
Enlarged thyroid gland u hoarse voice - H L A A ntl Tg
ag | * CTLA4 Antibodies
Shortness of breath o 5 Low pulse ‘[ o
= < . Pro-inflammatory
Weakness, tiredness 2% oV Se""’“ﬁ‘_ﬁ‘é" cold, Environmental B P'y_l?r.l.l"[ﬂ: N
e Factors a o
Weight gain SRS Constipation « Smoking : C |
Irregular menstrual cycle & Tﬁ d ; : Stress : " :
heavy periods, ' B Emcios pratene . Infectlﬂl"‘ls :... - .h...‘ !{. S:..E. -= -:
reduced fertility -\ I )
h"k Muscle pain,
b joint pain
Ovarian Function and
Embryo Implantation
NK cell
Dry, puffy skin . - Tingling, numbness

(Popa, et al.,, 2025)




Immunoproliferative Disorders

Definition: Abnormal proliferation of cells of the immune system.

Types: Reactive Lymphoproliferation:
Response to infection/inflammation

Malignant Lymphoproliferation: Leukemia, Lymphoma

{ & Chronicfatigue e
s (weakness and o / \ %

low energy) Blood stem cell
MDS & MPN

Myeloid stem cell Lymphoid stem cell
x Lymph node y ' ymp

Lungs ymp
(shortness breath) ™, & (swelling) \ v
] AML
g & CML O ALL
: Myeloblast CLL& Lymphoblast
: lymphomas
Skin P - 5 Liver and \ B lymphocyte
; spleen Granulocytes
(tiny red spots) (swelling) Nempm. ez Basopni ‘
I \J -l

& Red blood @ Myeloma { O ‘
C-E'”S T Ko, Ly
& A -
B N Muscle aches Eosinophil ‘

Bone and joints ———= Natural
(pain or tenderness) =5 Platelets Plasma cell T lymphocyte Kkiller cell

l |
1

White blood cells
(Medicover Hospitals, 2023)
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The Aging Immune System

Young
Na‘ivﬂ.-cells Memory B-cells
@d¢ @00

@ @@@

Accumulation with reduced diversity
- {- :
Plasma ::ells

Life long exposure to different pathogens _
Halmunths @ .
A

Memory
cell :
ompartment -
Repetitive ; B
antigen e TJ :,i;t::"
challenge Viruses Bacteria Fungi Protozoans
r Reduced numbers of naive cells
Naive cell -'
o | | S S C
Aging or developmental programming? —>p4 L 4——>
Thymic A -
involution G a m Dendritic cells / \\ NK cells
Different @‘ @ M h
vt 4 3
R » Neutrophils Pathogens
Lifespan
(Muller & Pawelec, 2016)

genetic
background



Case study

Patient Profile: Mrs. J, a 72-year-old female, comes to the hospital
with a 2-month history of severe fatigue, weight loss, and shortness
of breath that worsens with deep breathing (pleuritic chest pain).

History:
She complains of morning stiffness in her wrists and knees.
She denies having any skin rashes (No butterfly rash).
Investigations:
e CBC: Pancytopenia (Low WBC, Low RBC, Low Platelets).
e Autoantibody Screen: Positive ANA (1:320), Positive Anti-dsDNA.
Negative Anti-Histone (ruling out drug-induced lupus).

_
B



Question

1. what is the specific pathophysiological mechanism causing
tissue damage in this patient?

2.How does “Immunosenescence” (aging of the immune
system) contribute to the development of autoimmunity
in this patient?



Answer

Type lll Hypersensitivity (Immune Complex Mediated)
Mechanism:
1. Formation of Antigen-Antibody complexes
in the circulation.
2.Deposition of these complexes in vessel walls
(Vasculitis) or serosal membranes (Pleura).
3.Activation of the Complement System.
4.Recruitment of neutrophils -->
Release of lysosomal enzymes -->

Antibodies Complement proteins

Tissue injury (Pleuritis/Cytopenia)

=X w =\ =y, Inﬂamma;inn & ’
P Tissue Injury




Answer

Defective Self-Tolerance: The aging
thymus produces fewer T-cells, and the

mechanisms to delete self-reactive T-cells Young vs. Elderly SLE
become less efficient. Classic SLE (Young) Late-Onset SLE (Elderly)
.. Prominent Malar Rash = Serositis _ ‘ -
Accumulation of Self-Reactive Cells: : (Butterfly) (Pleural Effusion/Pericarditis)
Phot itivit #a Pul Invol 1
Memory T-cells that are exhausted or EER— # Pulmonary Involvemen
. ., Lupus Nephritis ,.’ Hematologic Abnormalities
senescent may secrete pro-inflammatory (Kidney) & (Cytopenias)
Cthkines (|nﬂam—aging)l triggering an (4 Arthritis @ Less Common Rash/Kidney
autoimmune response against self-
antigens.

s
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