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The Universe of Antigens

◼ The number of potential pathogens is essentially 
infinite.

◼ Contact with most of them is not predictable.

◼ The immune system uses a clever mechanism that 

has evolved to solve these problems. The cells of 

◼ the adaptive immune system (B and T cells) have 

randomized antigen receptors (via VDJ and 

hypermutation). 

Autoimmunity
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◼ The strategy is that a few (among billions) of 

naive B and T cells will recognize antigen and 

will expand in response to it. This is called clonal 

selection theory.

◼ The strategy carries with it a potential danger. 

Since antigen receptors on B and T cells are 

randomized, they have the potential to recognize 

self as well as non-self (pathogens).

◼ Reaction against self is called autoimmunity.
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Mechanisms of Tolerance Induction

◼ Organisms that employ the randomization 

strategy and do nothing to reduce the number 

of autoreactive cells in the  immune repertoire 

would be reckless and would be unlikely to 

survive in the Darwinian sense.

◼ Two classes of tolerance induction mechanisms 

are used by both B and T cells.
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◼ Central tolerance operates on immature T 

and B cells

◆Thymus for T cells

◆Bone marrow for B cells

◼ Peripheral tolerance provides a backup to central 

tolerance and operates on mature lymphocytes.

◼ Existence of autoimmune reactions shows that 

tolerance induction is not perfect
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Susceptibility to Autoimmune Diseases: 
Contribution of MHC and Gender

Disease HLA allele Relative  Risk Sex Ratio

(F/M)

Ankyloi ng spondyliti s B27 87.4 0.3

Acute anterior uvei tis B27 10.04 <0.5

Goodpasture抯 Syndrome DR2 15.9 ?

Multi ple Sclerosis DR2 4.8 10

Grave s?Dise ase DR3 3.7 4-5

Myasthenia g ravis DR3 2.5 ~1

Lupus (SLE) DR3 5.8 10-20

IDDM DR3 and DR4 3.2 ~1

Rhumatoid arthritis DR4 4.2 3

Pemphi gus vulgaris DR4 14.4 ?

Hashimoto抯  thyroditis DR5 3.2 ~1
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Mechanisms for inducing autoimmune responses.
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Release of Sequestered Antigen 
from Immunoprivileged Site

◼ Sympathetic 
opthalmia

◼ The eye is not 
normally “sampled” 
by T cells

◼ Trauma to the eye 
can release antigens 
unique to the eye 
(not presented in 
the thymus)

◼ These antigens can 
be brought to 
lymph nodes where 
they activate T cells.

◼ Primed T cells can 
traffic through 
privileged sites and 
cause tissue damage 
if they recognize 
antigen
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Type II Autoimmune Diseases: Antibodies 
to cell surface or matrix proteins

Syndrome Autoantigen Consequence

Hemolytic Anemia Rh blood group, I

antigen

Dest ruction of

RBC by

complement a nd

phagocyt es;

anemia

Thrombocytopenia

purpura

Plate let integ rin

gpIIb:IIIa

Abno rmal bleeding

Goodpasture抯

Syndrome

Non-collagenous

domain of basemen t

membr ane

collagen ty pe IV

Vascu litis, rena l

failure

Pemphi gus vulgaris Epidermal cadherin Blistering of sk in

Acute rheumatic

fever

Streptococc al cell wall

antigens,  ant ibodies

cross-react wi th

cardiac muscle

Arthritis,

myocarditis,

scarring of heart

va lves
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Type III - Immune Complex Disease

Syndrome Autoantigen Consequence

Post-streptococcal

glomerulonephritis

Streptococc al ant igen Trans ient ne phrotic syndr ome

Poly arteritis  nodosa Hepatitis B surface an tigen System ic vasculitis

Systemi c lupus

erythematosus (SLE)

DNA, histon es, ribosomes , etc. Glomerulonep hritis, vasc ulitis,

arthr itis
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Type IV - T cell mediated disease

Syndrome Autoantigen Consequence

Insuli n-dependent dia betes

mellit us

Unknown panc reatic  cell

antigen (GAD?)

-cell dest ruction

Rheumatoid a rthritis Unknown synovial j oint

antigen

Joint inflam mation and

destruction

Experimental autoimmune

encephalomyelit is (EAE ),

mult iple  scle rosis

Mylein  basic p rotein

(MBP), proteoli pid protein

(PLP)

Brain invasion by CD4 T cells,

paralysi s
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Graves’ Disease:A type II hypersensitivity 
reaction involving receptor binding

◼ Antibodies to 
thyroid 
stimulating 
hormone receptor 
stimulate thyroid 
hormone 
production. Block 
of TSH feedback 
inhibition

◼ Result is excessive 
thyroid hormone 
production
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Myasthenia Gravis:A type II hypersensitivity 
reaction involving receptor binding

◼ Autoantibodies to  chain of acetylcholine receptor found at 
neuromuscular junction block neuromuscular transmission. 
Antibodies also drive degradation of AChR.  Patients develop 
progressive weakness and eventually die.
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Systemic Lupus Erythematosus (SLE)

◼ Multiple B cells with different specificities can 

receive help from a single autoreactive T cell when 

the B cells recognize constituents of large complexes.
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Insulin Dependent Diabetes Mellitus

◼ T cell mediated 
destruction of  
cells in Islets of 
Langerhans in 
pancreas

◼ Staining for 
insulin and 
glucagon

◼ T cell infiltrates 
CD4 and CD8 
cells involved 
antigens not 
known
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Susceptibility to IDDM is Associated with 
Single Amino Acid in HLA-DQ1
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Treatment of Autoimmune Disease

◼ Nonspecific suppression of Immune system

◆Corticosteroids, etc.  

◆ cyclosporin etc.  

◆Removal of thymus, 

◆Plasma pheresis

◼ Experimental approaches

◆T cell vaccination

◆Peptide blockade of MHC

◆Monoclonal antibody treatment (e.g. anti-
CD4, Anti-TCR)

◆Tolerance induction by oral tolerance

◆Cytokines e.g. IFN-beta for MS
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Concepts:
1. Graves disease and Myasthenia Gravis

◼ 2. Goodpasture’s syndrome

3. System lupus erythematosus (SLE)

4. Rheumatoid arthritis (RA)

◼ 5. Multiple sclerosis (MS)

◼ 6. Insuline-dependent diabetes mellitus (IDDM)

◼ Questions:
◼ 1. Define autoimmunity. Discuss the postulation that  

◼ could explain autoimmune responses, please !

◼ 2. What is autoimmune disease? Discuss the orgain-

◼ specific autoimmune disease, please !
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Immunoglobulin Deficiencies: B cell defects

◼ X-linked agammaglobulinemia (XLA)

Mutation in btk; progression through pre-B 

development (Bruton’s Agammaglobulinemia)

◼ IgA deficiency

◆Frequency 1:800

◆ Increase frequency in patients with chronic 
lung disease; 
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Consistent with role of IgA at surfaces

No know specific susceptibilities

◼ Common variable immunodeficiency

◆Deficiency in IgA, IgG

◆Susceptible to extracellular bacterial 

infections

Treatment with antibiotics, passive Ig 

transfer
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Immunoglobulin Deficiencies: T cell defects

◼ X-linked hyper IgM syndrome

◆Normal B cell development

◆High serum levels of IgM

◆Limited IgM responses against T-dependent 
antigens

◼ Extremely limited production of classes other 

◼ than IgM, IgD; susceptible to extracellular 
bacteria such as Pneumocystis carinii.

◼ Defect in CD40L on activated T cells

◆CD40L essential for class switch
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◼ Phagocytic cell defects
◼ Adhesion molecule defects

◆ Integrins common 2 subunit (CD18)

CD11a/CD18 (LFA-1)

CD11b/CD18 (Mac-1/CR3)

CD11c/CD18 (CR4)

◆ Impaired migraiton across blood vessel walls

Cannot get to sites of infection

◼ Effector mechanism defects

◆CGD. chronic granulomatours disease

◆Defective superoxide production

◆Other enzyme deficiencies

◼ Susceptibility to intra-and extracellular bacterial 
infections
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Complement Deficiencies

◼ Defects in 
several 
components 
of 
complement 
pathway lead 
to 
susceptibility 
to bacterial 
infections, 
especially 
Neisseria, the 
cause of 
meningitis 
and 
gonorrhea.
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SCID: Severe Combined Immunodeficiencies

◼ Generally T cell defects

◆Highlights role of T cells in 
regulating/coordinating immune responses

◼ X-linked

◆Mutation in IL2R chain

◼ Nucleotide degradation

◆ADA - adenosine deaminase

◆PNP - purine nucleotide phosphorylase

◆Both give rise to accumulation of nucleotide 
metabolites that are particularly toxic to T cells



2020/5/14 41

◼ Bare lymphocyte syndrome

◆Defect in class II expression

Mutations in one of at least 4 genes 

regulating class II expression

Impaired CD4+ T cell development

Normal CD8+ T cell development

◆ Illustrates central role of CD4+ T cells

◼ Defects of thymic epithelium

◆DiGeorge syndrome

◆Nude mice
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Clinical focus: Primary T-cell Deficiency

DiGeorge syndrome (Angelo DiGeorge, 1965)

*  arises from a defect  in thymus embryogenesis 

* affecting 1-5 per 100, 000 of the population
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Acquired Immunodeficiency

◼ Nutrition 

◼ Behavior

◼ Toxins

◼ Drugs

◼ Medical practice

◼ Cancer

◼ Infectious disease

◼ Other
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Immunodeficiency and Infectious Disease

◼ Infectious disease is (by definition) suppression or 
subversion of immune response.

◼ Many pathogens have ways to down regulate 
immune defense reactions.

◼ Virulence factors expressed by microbes can 
suppress immune responses.
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◼ Just a few Examples:

◆HIV kills CD4+ cells that participate in 
immune response.

◆EBV expresses a cytokine-like molecule that 
disregulates.

◆Measle virus depresses IL-12 production.

◆Adenovirus and others inhibit MHC 
expression.

◆Toxins produced by bacteria such as Listeria
inhibit antigen processing. 

◆Herpes virus hides in DNA.

◆Streptococcus inhibits phagocytosis.
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Human immunodeficiency virus (HIV)
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HAART: highly 

active anti-

retroviral 

therapy.

Two nucleoside 

analogs and one 

protease 

inhibitor. 
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Summary

◼ 1. The immune system makes mistakes.  

◼ 2. Anything that can go wrong will go wrong.  

◼ 3. AIDS is a challenge.  
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Concepts:
1. Immunodeficiency disease (IDD)

2. Congenital immunodeficiency disease (CIDD)

3. X-linked Agammaglobulinemia ( Bruton’s 

Agammaglobulinemia)

4. DiGeorge syndrome

◼ 5. Severe Combined Immunodeficiencies(SCID)

6. Human immunodeficiency virus (HIV)

◼ Questions:
◼ 1. Discuss the pathogenesis and immune response 

◼ of HIV infection (AIDS), please !

◼ 2. Discuss the mechanism of CD4+T cell depletion 

◼ and dysfunction HIV infection , please !


