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Diseases of the Immune System
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© ROBBINS PATHOLOGY COMPLETE MEDICAL SUMMARY
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(Diseases of the Immune System)
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Centromere Opportunistic Pathogens Amyloid Fibrils
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waavavs:uunibAunu, MHC ua:unnsenidlounu (Hypersensitivity
Reactions Types |-1V)

MODULE 01

Z 1.JCells of the Immune System & MHC Class | vs |l Recognition IMMUNOLOGY BASE

s:uUNDAUAULLYDDNITIU Innate Immunity ua: Adaptive Immunity TasdiwsaddhAcgriutnASOUAUGYT:
o -0—70% of peripheral blood lymphocytes): oo Bone marrow 195tufi Thymus.
o CD4+ Helper T cells: padupudwuriu MHC Class Il (HLA-DP, DQ, DR). uuotlu Th1 (kdv IFN-y ns:du Macrophages), Th2 (Kav IL-4,
IL-5, IL-13 ns:du IgE ua: Eosinophils), Th17 (kdv IL-17 GoqQa Neutrophils), ua: Treg (CD4TCD25"FOXP3™).
o CD8-+ Cytotoxic T cells: padwoudpuniu MHC Class | (HLA-A, B, C) K&v Perforin ua: Granzymes kéoru FasL rhaneisaadaido
OSauazisadu:Lsy.
(10-20%): Wcuutu Bone marrow Weuundu Plasma cells Kdv Immunoglobulins (IgG, IgA, IgM, IgE,

IgD).
e Dendritic Cells (DCs) g
wpudulUiauada T cells ucdauurdov.
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¥ 1.2 Type | Hypersensitivity (Immediate / Anaphylactic) IGE & MAST CELLS

Pathogenesis Sequence: Allergen exposure — CD4+ Th2 cell activation — IL-4 & IL-13 secretion — B cell IgE Class Switching —
IgE binds FceRI receptors on Mast Cells/Basophils — Re-exposure causes Allergen cross-linking of IgE — Degranulation.

1. Sensitization Phase 2. Early Phase (Minutes) 3. Late Phase (2-24 Hours)
Allergen — Th2 activation (IL-4/13) — > Degranulation of Histamine & Tryptase + > IL-5 & Eotaxin recruit Eosinophils —
IgE class switching — Binding to FceRI PGD;, LTC4/D4/E4 — Vasodilation & Major Basic Protein (MBP) & ECP tissue

on Mast cells Bronchospasm destruction

o Clinical Prototypes: Systemic Anaphylaxis (twiBaau, Wuuuav, 2akisn:ta), Allergic Asthma, Allergic Rhinitis ([0az@ovowhv), Urticaria
(auwu).

1.3 Type Il Hypersensitivity (Antibody-Mediated Cytotoxic & Functional) 166 / IGM & TISSUE AG

Mechanisms: IgG Ko IgM SuriulBUAPUUUWURDIadKSDITDIED nowsnSamw 3 wuu: 1) Opsonization & Phagocytosis, 2)
Complement & FcR Inflammation, 3) Cellular Dysfunction.

1. Opsonization & Phagocytosis

Autoimmune Hemolytic Anemia (AIHA), Immune Thrombocytopenic Purpura (ITP), Transfusion reactions, Erythroblastosis fetalis.

2. Complement & FcR Inflammation

Goodpasture Syndrome (anti-GBM antibodies dU a3 chain upv Type IV Collagen tuUoaua:la — Linear immunofiuorescence),
Acute Rheumatic Fever (anti-streptococcal M protein cross-reacts fUAUKDID).

3. Cellular Dysfunctlon (Non;ﬂCyfotoxuc)
oty < Pochyl Dolin  vereghes
Myasthenia Gravis: Ant| AChR Ab gugv Neuromuscular junction; Graves Disease: Anti-TSHR Ab ns:Quinsoed; Pemphigus Vulgaris:

Anti-Desmoglein-3 — Acantholysis.

1.4 Type lll Hypersensitivity (Immune Complex-Mediated) CIRCULATING/AGZAB

Pathogenesis: Circulating Antigen-Antibody complexes ana:naumunivkasaldaa — ns:qu Complement (C3a, C5a) — GoqQa
Neutrophils ©av Lysosomal enzymes — 1Aa Fibrinoid Necrosis & Vasculitis.

o Local Reaction (Arthus Reaction): Localized cutaneous necrotizing vasculitis H5050uauﬁlDulﬁmﬁﬁDhﬁo?uﬁﬁﬁllauﬁuaéadlléa.
e Systemic Reaction (Acute Serum Sickness): TdsUBSUchvodurgDe — T4, AuAu, Uoado, Glgn"l_e‘_rylonephntls C3/C4 widoadh.

o Clinical Prototypes: SLE Glomerulonephritis (Granular immunofiuorescence), Post-Streptococcal Glomerulonephritis (PSGN), Reactive
Arthritis, Polyarteritis Nodosa (PAN).

© 1.5 Type IV Hypersensitivity (Cell-Mediated / Delayed-Type) T-CELLS & GRANULOMA

Pathogenesis: T-cell mediated (1Ul3 Antibodies). uyviu 1) CD4+ T-cell Cytokine-mediated DTH, ua: 2) CD8+ CTL Direct
Cytotoxicity.

e CD4+ DTH (Delayed-Type Hypersensitivity): Th1 ©dv IFN-y — ns:lu Macrophages na1etu Epithelioid cells ua: Langhans giant cells
1o Granulomatous Inflammation. Th17 Kav IL-17 GvqQa Neutrophils. (Tuberculin PPD test 8iuwa 48-72 uu., Tuberculosis, Sarcoidosis,
Crohn's Disease).

e CD8+ CTL Cytotoxicity: CD8+ T cells marasaallnualagasvriu Perforin/Granzyme ua: Fas/FasL. (Type 1 Diabetes Mellitus, Contact
Dermatitis 18U Poison ivy/Urushiol, Nickel, Graft rejection).



B8 1.6 Hypersensitivity Reactions Types -1V Master Summary Matrix MASTER COMPARISON

Immune Mechanism Pathologic Features Classic Clinical Prototypes
Type | IgE Ab, Mast cell degranulation Vascular dilation, edema, smooth muscle Anaphylaxis, Asthma, Allergic rhinitis,
(Immediate) (Histamine, Leukotrienes) contraction, eosinophils Urticaria
Type ll IgG/IgM Ab against cell surface Ag; Phagocytosis, cell lysis, neutrophil AIHA, Goodpasture, Myasthenia Gravis,
(Cytotoxic) Complement & FcR inflammation, cell dysfunction Graves, Rheumatic Fever
Type lll Circulating Ag-Ab complexes Complement activation (C3a/C5a), neutrophil SLE Nephritis, Serum Sickness, Arthus
(Complex) deposited in tissues/vessels recruitment, Fibrinoid necrosis reaction, PSGN
Type IV CD4+ T cells (DTH / IFN-7y) & CD8+ Macrophage activation, epithelioid granulomas, PPD test, TB, Type 1 DM, Contact
(Cellular) CTL cytotoxicity tissue destruction dermatitis, Graft rejection

IsaniAuiumMalwaudv (Autoimmune Diseases & Systemic
Autoimmunity)

MODULE 02

(5 2.1Immunological Tolerance & Breakdown Mechanisms TOLERANCE MECHANISMS

e Central Tolerance: 1o Thymus (T cells) ua: Bone marrow (B cells). T cells Asu Self-antigen suusvo:gnridados Negative Selection
(Apoptosis). §u AIRE (Autoimmune Regulator) nouAUMSasY tissue-restricted antigens tuciouinda (msWitmardu AIRE riatfia
APECED / APS-1). B cells i1 Receptor Editing &u light chain Tc.

e Peripheral Tolerance: nouAu T/B cells Akaasoaon Central tolerance:
o Anergy: v1a Co-stimulatory signals (CD28-B7) n3agndaudivlag CTLA-4 / PD-1.
o Regulatory T cells (Tregs): CD4" CD25 " FOXP3" kav IL-10 ua: TGF-3 sudondAuniu (IPEX syndrome (fiaoin FOXP3 mutation).
o Deletion (Apoptosis): Wiunaln Fas-FasL (CD95/CD95L) (ALPS syndrome tiaoIn Fas mutation).

2.2 Systemic Lupus Erythematosus (SLE) SYSTEMIC AUTOIMMUNE

Pathogenesis: Failure of self-tolerance — Autoantibodies against nuclear antigens (ANA, anti-dsDNA, anti-Sm) — Circulating
Immune Complex formation — Type Il Hypersensitivity deposition in kidneys, joints, skin, and vessels.

1. Apoptosis Clearance Defect 2. Autoantibody Production 3. Ilmune Complex Deposition
Defective phagocytic clearance of B-cell hyperactivation — ANA (>95%), Circulating Ag-Ab complexes deposit >
apoptotic cells — Excessive nuclear Anti-dsDNA (nephritis specificity), Anti- in glomeruli (Subendothelial Class IV vs
self-antigen exposure Sm (pathognomonic) Subepithelial Class V)

4. Organ Failure & Pathology
Wire-loop lupus nephritis, Malar rash, Libman-Sacks endocarditis, low C3/C4 complement

e Epidemiology: wuluntgolgostywusgonsiediv 9:1.

e Clinical Features: Butterfly/Malar rash (13u nasolabial folds), Photosensitivity, Discoid lesions, Non-erosive Arthritis, Serositis
(pericarditis, pleuritis), Raynaud phenomenon.

o Libman-Sacks Endocarditis: Sterile, verrucous vegetations Uuauratoluasaua:opsan naldnvaavduyvuWuau (Both sides of valve
leaflets).



Z¢ 2.3 Diagnostic Autoantibodies & Lupus Nephritis (Class 1-VI) SEROLOGY & RENAL PATHOLOGY

Avutoantibody Sensitivity / Specificity Clinical Significance & Board Pearls
ANA (Antinuclear Ab) Sensitivity >95% (High) Best initial screening test for SLE (Non-specific).
Anti-dsDNA Specificity High Correlates with Lupus Nephritis activity & low complement.
Anti-Smith (Anti-Sm) Specificity High Directed against core snRNP proteins (Pathognomonic).
Anti-Histone Specificity >95% (Drug Lupus) Drug-Induced Lupus (Hydralazine, Procainamide, Isoniazid).
a:t)l-SSA (Ro) 7 5sB Sjogren & Neonatal Lupus Subacute cutaneous lupus; Congenital heart block in newborn.
. . Lupus Anticoagulant, Anti- Antiphospholipid Syndrome: Thrombosis, recurrent miscarriages, prolonged PTT in vitro,
Antiphospholipid Ab i jinin false+ VDRL/RPR.

Lupus Nephritis Classifications (Class I1-VI)

e Class | (Minimal Mesangial): Und@metdndovoanssAduav dnnuiatdranaldoaniniantiog.

e Class Il (Mesangial Proliferative): tWusudu Mesangial cells wa: matrix.

e Class lll (Focal Proliferative): Inawosaatdomnie <50%.

e Class IV (Diffuse Proliferative): quaUh:aoua:s‘uusoh:ao (>50% glomeruli). anutu:tdufio “Wire-loop lesions” D1n Subendothelial
immune complex deposits.

e Class V (Membranous): Subepithelial deposits Kuadd notALia Nephrotic Syndrome.

e Class VI (Advanced Sclerotic): Taudviduwonaiiiu 90% (End-stage renal disease).

2 2.4 Sjogren, Systemic Sclerosis (Scleroderma) & Myopathies SYSTEMIC SPECTRUM

@ Sjogren Syndrome

Pathogenesis: Autoimmune destruction of lacrimal and salivary glands. Triad: Keratoconjunctivitis sicca (mMuKkv), Xerostomia (Un
uRv), Parotid enlargement. Serology: Anti-SS-A (Ro) ua: Anti-SS-B (La). Lip biopsy wu lymphocytic infiltrate. Complication: tWun>W
1dgviia Marginal Zone B-cell Lymphoma (MALToma) v 44 !

W Systemic Sclerosis (Scleroderma)
Pathogenesis: Triad of Autoimmunity, Microvascular injury, & Fibrosis (TGF-3 stimulation).
¢ 1 Limited Cutaneous (CREST Syndrome): Calcinosis, Raynaud, Esophageal dysmotility, Sclerodactyly, Telangiectasia. Serology:
Anti-Centromere Ab (Benign course).

e 2 Diffuse Cutaneous: AoKUIOKUIADAD + Interstitial lung fibrosis, Scleroderma renal crisis. Serology: Anti-Scl-70 (Anti-DNA
Topoisomerase I) & Anti-RNA Polymerase |Il.

1-} Inflammatory Myopathies & IgG4-RD

Dermatomyositis: Perifascicular atrophy, Heliotrope rash ({utsviudanm), Gottron papules ({udaln). Anti-Mi-2, Anti-Jo-1. 139
visceral malignancy (Paraneoplastic). Polymyositis: Endomysial CD8+ T-cell infiltrate. Inclusion Body Myositis: ijgvoig (>50 U),
Rimmed vacuoles i Amyloid-/3. IgG4-RD: Storiform fibrosis, Obliterative phlebitis (Autoimmune pancreatitis, Riedel thyroiditis).



woouLe 03 MIDENDANAUUNWSDY (Primary Immunodeficiencies & HIV/AIDS)

o . . e _ o 0
#¢ 3.1Primary B-Cell, T-Cell & Combined Immunodeficiencies CONGENITAL DEFECTS
Stem Cell Maturation Pre-B Cell Maturation b
IL2RG / ADA Mutation BTK Tyrosine Kinase Ig Class Switching
e yrosime B m CDA40L / CD40 Defect
—_—
SCID S Bruton XLA S Hyper-IgM S
ici i No CD19+/20+ B cells, pan-
Severe T & B cell d-eﬁC|t — Thymic ,' p‘ High IgM, low IgG/IgA/IgE — PJP risk
aplasia hypogammaglobulinemia

Thymus Development
22q11.2 Microdeletion
22472 Verodelerion,

DiGeorge

Pharyngeal pouch 3/4 defect — T-cell aplasia

e X-Linked Agammaglobulinemia (Bruton / XLA): Mutation in BTK gene (Bruton Tyrosine Kinase) — B cells liaunsawcuunwu pre-B
stage. W CD19+/CD20+ B cells, Tuiiciounaudaua: germinal centers. (SudoIMskavoIg 6 1hdu (maternal IgG Kua) daBouuafiSal
uAUgasa.

e Common Variable Ilmunodeficiency (CVID): B cell Differentiation (&oTU. T B cell iIniauucikdvy Immunoglobulins aaavnnsta. Undu
adudysU/piney 1deY Autoimmune ua: Lymphoma.

e Isolated IgA Deficiency: wuUpsiaa (~1:600). asutrndlidoims Kiadaidos:uumoldumetn/motdusKiséin. Warning: Kinldsuldoani
IgA o:1fia Anaphylactic Transfusion Reaction sutisvnios.

¢ Hyper-IgM Syndrome: CD40L mutation uu CD4+ T cells (X-linked) Tuawisans:Alu Class switching uu B cells 10l IgM go/Unad udi IgG,
IgA, IgE chun AaBd Pneumocystis jirovecii.

e Severe Combined Immunodeficiency (SCID): X-linked SCID (60%, IL2RG common y-chain mutation, T7B+NK7) Ko Autosomal
Recessive SCID (40%, Adenosine Deaminase ADA deficiency, T”"B™NK™). Thymic Aplasia suuso dovsnuddg HSCT.

¢ DiGeorge Syndrome (22qM1.2 Microdeletion): A>WwAaUnGuov Pharyngeal Pouches f 3 ua: 4. CATCH-22: Cardiac defects (Tetralogy
of Fallot), Abnormal facies, Thymic hypoplasia, Cleft palate, Hypocalcemia (Parathyroid hypoplasia — Tetany).

o Leukocyte Adhesion Deficiency Type 1 (LAD-1): CD18 (35 integrin) defect — Neutrophils liahuisngaim:kanaldoald. aneda:donaad
n3WUna (>30 3u), uwalddynkuov (No pus formaton), ua:zd Neutrophilia gotutdoa.

¢ Chronic Granulomatous Disease (CGD): NADPH Oxidase defect — lJawisor Respiratory Burst a$1o ROS Ta. ﬁolﬁauunﬁl's‘ana"u
Catalase-Positive ¥ (S. aureus, P. aeruginosa, Aspergillus, Serratia). 1s2030pJ8(0¢ Nitroblue Tetrazolium (NBT) test
(Negative/Uncolored) 3o DHR flow cytometry.

£ 3.2 Acquired Immunodeficiency Syndrome (HIV / AIDS) VIROLOGY & CLINICAL STAGES

HIV Entry Mechanism: Envelope glycoprotein gp120 duriu CD4 molecule + Chemokine co-receptor (CCR5 tus:g:usn / CXCR4 tu
S:9:5dv) — gp41 1ia Fusion hwiskawusnssutnglsad.

CD4 <500 / uL CD4 < 200 / L (AIDS) CD4 <100 / uL
Oral Candidiasis (Thrush), Kaposi > Pneumocystis jirovecii Pneumonia (PJP > Cryptococcus Meningitis, Toxoplasma >
Sarcoma (HHV-8) ground-glass infiltrates) Ring-enhancing brain lesions
CD4 <50/ uL

CMV Retinitis (Pizza-pie retinopathy), Disseminated MAC infection

e CCR5-A32 Mutation: §iid Homozygous deletion yovgu CCR5 p:numuciomsaada HIV-1!

¢ Pathogenesis of CD4 Depletion: msrhats CD4+ Helper T cells donalis:dunTAuiudusad. Wa CD4+ T cell count <200 cells/pL d:1tn
gs:o: AIDS.

o AIDS Malignancies: Kaposi Sarcoma (HHV-8 / KSHV): iWovonkasaldoasiia Spindle cell npudovuav; Primary CNS Lymphoma
(EBV): Diffuse Large B-cell Lymphoma tuauov; Cervical & Anal Carcinoma (HPV 16, 18).



woouie 04 d:MIsSdzanUDvlUsGud:=Tuansd (Amyloidosis)

4.1 Nature, Staining & Classification of Amyloid Fibrils DIAGNOSTIC PATHOLOGY

=
Diagnostic Gold Standard: Congo Red Stain maiduav Polarized Light o:iiumisinikuavidu “"Apple-green birefringence” $awou
(Ws@uwubuiRaunduuu B-pleated sheet structure).

Precursor Synthesis Protein Misfolding Congo Red Staining
Ig Light Chain (AL), SAA (AA), - Insoluble Cross-/3-Pleated Sheet Fibril - Histological dye binding to 3-sheet -
Transthyretin (ATTR), S2m, APP Assembly grooves

Polarized Microscopy
Pathognomonic
Apple-Green Birefringence

e AL Amyloid (Primary): 1iao1n Immunoglobulin Light Chains (A > k) waalaslululnausawalauisad duwusrnu Multiple Myeloma r3o
Plasma Cell Dyscrasias.

e AA Amyloid (Secondary / Reactive): 1iap1n Serum Amyloid A (SAA) Boidu Acute phase reactant KavoINAU JFUWUSAU Chronic
Inflammation (Rheumatoid Arthritis, IBD, Osteomyelitis) ua: Familial Mediterranean Fever.

e ATTR Amyloid (Transthyretin): Wild-type TTR a:auﬁ'ﬁ:)'fovgejoaw — Senile Systemic Amyloidosis; Mutant TTR — Familial Amyloid
Polyneuropathy.

e ABym (By-Microglobulin): wua:aumudaua:iduds:andoiio (Carpal Tunnel Syndrome) tuiUseildsums Chronic Hemodialysis 1010
wWuaiuu.

o A Amyloid: a:auluauovoiUoe Alzheimer Disease »1n Amyloid Precursor Protein (APP).

< 4.2 Organ Pathology & Clinical Features of Amyloidosis SYSTEMIC EFFECTS

e Renal Amyloidosis (la): wuUpRgaua:suLsofga. o:luaseda:autu Glomeruli, Interstitium wa:kasaidaq. anutu:ukwensamw: lala §8a
AoEBuUUIEAAETRY (Waxy/Saporaceous kidney). 21ms: Proteinuria sulisv rio Nephrotic Syndrome ua:laoei3oso.

e Cardiac Amyloidosis (Ka10): o:luapsda:auludu Myocardium rtkndwtdokotoruiudv 1ia Restrictive Cardiomyopathy, Kololduna
9vKd: (Arrhythmia), ua=Koloone.

¢ Gastrointestinal & Oral (mviGuMs): Macroglossia (AulaudoRaunad - Suwa:cio AL amyloidosis), auuou, msqQadumisiaunad
(Malabsorption), duua:ula.

e Vascular & Neurologic: Periorbital purpura (migondaerkbuwudi “Raccoon eyes"), Carpal tunnel syndrome, Autonomic neuropathy.

Amyloid Type Precursor Protein Associated Clinical Condition Major Organ Involvement

Kidney (Nephrotic), Heart, Tongue

AL (Primary) Ig Light Chain (X or k) Multiple Myeloma / Plasma Cell Dyscrasias (Macroglossia)

AA (Secondary) Serum Amyloid A (SAA) Chronic Inflammation (RA, Osteomyelitis, FMF) ESQS:) Liver, Spleen (Sago/Lardaceous
:/T::; (Wild- Transthyretin (Normal) Senile Systemic Amyloidosis (Elderly) Heart (Restrictive Cardiomyopathy)

ATTR (Mutant) Transthyretin (Mutated) Familial Amyloid Polyneuropathy Peripheral nerves, Heart

ABam B2-Microglobulin Long-term Chronic Hemodialysis Joints, Synovium, Carpal Tunnel Syndrome
A8 Amyloid Precursor Protein Alzheimer Disease, Cerebral Amyloid Brain (Senile plaques, cerebral vessels)

(APP) Angiopathy



MODULE 05

& HIGH-YIELD CLINICAL BOARD PEARLS MASTER MATRIX

@ Transplant Graft Rejection Types

asuus:ziaulduaauamuwng & USMLE Step 1High-Yield Pearls

BOARD EXAM ESSENTIALS

Hyperacute Rejection: (natukanunii; tiaon Preformed antibodies chu donor ABO/HLA fio Thrombosis ua: Fibrinoid necrosis

(Type Il hypersensitivity).

Acute Rejection: [ialundanduartiotdiou; udotdu Cellular (CD8+ CTLs ynsn tubules/vessels) K89 Humoral (Donor-specific

antibodies + C4d deposition).

Chronic Rejection: iiaula; iiamskundoupvnivnanatdaauav (Vascular intimal thickening / arteriosclerosis) wa:woialada

01os.

Graft-versus-Host Disease (GVHD): Donor T cells Toud Host tissues (Skin rash, Jaundice/liver, Diarrhea/Gl) wuuagndavnmsugn

meluns:qQn (HSCT).

1 Autoantibody Diagnostic Quick Recall

Anti-dsDNA / Anti-Sm: Specific for SLE (dsDNA correlates with nephritis activity).
Anti-Histone: Specific for Drug-Induced Lupus (Hydralazine, Procainamide).
Anti-SSA / Anti-SSB: Sjogren Syndrome.

Anti-Centromere: Limited Scleroderma (CREST syndrome).

Anti-Scl-70 (Topoisomerase I): Diffuse Scleroderma.

Anti-Jo-1 / Anti-Mi-2: Dermatomyositis / Polymyositis.

A Primary Immunodeficiencies & Amyloid Keys

Bruton XLA: BTK mutation, No B cells, No immunoglobulins, Boys >6 months.
DiGeorge: 22q11.2 deletion, Thymic aplasia, Hypocalcemia, Tetralogy of Fallot.
IgA Deficiency: Anaphylaxis on blood transfusion!

CGD: NADPH oxidase defect, Negative NBT test, Catalase+ infections.

LAD-1: CD18 defect, Delayed umbilical cord separation, No pus formation.

Amyloid Diagnosis: Congo Red stain showing Apple-Green Birefringence under polarized light. AL = Plasma cell dyscrasias,

AA = Chronic inflammation.
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