
IMMUNOLOGY

Flash Cards ∙ USMLE Step 1 ∙ Kaplan & First Aid



Innate Immunity

 Receptors that recognize pathogens are germline 

encoded. Response to pathogens is fast and 

nonspecific.

 Present intrinsically

 No memory

 Limited Diversity

 Involves all Myeloid cells & NK cells (of Lymphoid 

stem cells)



Adaptive Immunity

 Receptors that recognize pathogens undergo V(D)J 

recombination during lymphocyte development. 

Response is slow on first exposure, but memory 

response is faster and more robust.

 Extensive Diversity

 Self versus Non-self distinction

 Self-Limiting

 Involved all Lymphoid cells (except NK cells)



B lymphocytes

 Generated and mature in the Bone Marrow

 Naïve B cell antigen receptors are IgM and IgD

 B cells recognize unprocessed Ags

 B cell signal transduction complex is Ig-α, Ig-β, 

CD19, and CD21



T lymphocytes

 Undergo maturation in the thymus

 T cells recognize cell-bound peptides

 T cell antigen receptors is made of α and ß chains

 TCR binds peptides presented by Ag-presenting 

cells (APCs)

 TCR molecule is rigid (no hinge region)

 TCR is always cell-bound

 T cell signal transduction complex is CD3



Immunoglobulins (Igs)

 Membrane bound Ig has two heavy and two light 

chains

 A “hinge” region joins the heavy chains (S-S bond)

 The idiotype of the molecule resides in the N-

terminal pockets of heavy chains and light chains

 The isotype of the molecule is determined by 

domains toward the C-terminus



Antibody structure and function



Generation of lymphocyte receptor diversity

 Millions of distinct idiotypes are generated by rearranging gene 

segments, which code for the variable domains of the B- or T-cell 

receptors.

 Three gene segments (V, D and J) are combined to create the 

variable domain of the B cell heavy chain or the TCR-β chain.

 Two gene segments (V and J) are combined to create the B cell 

light chain or the TCR-α chain.

 The enzyme terminal deoxyribonucleotidyl transferase (Tdt) 

inserts bases randomly at the junctions of V, D and J and creates 

more variability.



Generation of lymphocyte receptor diversity

 Once a functional product has been made, the 

homologous chromosome is inactivated (allelic exclusion).

 Tdt is used as a marker for early stage T- and B-cell 

development in ALL

 The products of variable domain rearragements are 

alternatively spliced at the RNA level to IgM or IgD

constant domains to form the B-cell antigen receptor.

 IgM and IgD molecules with identical idiotypes are 

expressed on mature B cells.



Lymphocyte selection

 1˚ lymphoid organs  BM and Thymus

 2 ˚ lymphoid organs  Spleen, Lymph nodes, Mucosal-associated lymphoid 
tissues (MALT)

 Clonal anergy and clonal deletion produce self-tolerance.

 T cell precursors leave the BM to undergo selection and maturation in thymus

 Thymocytes are exposed to MHC I and II

 MHC I:

 α chain plus β2 microglobulin

 Codominantly expressed by All nucleated cells of body

 MHC II:

 α and β chains

 Codominantly expressed by APCs



Lymphocyte selection

 Cells with „good‟ receptors receive positive selection

 Cells with „useless‟ receptors receive no positive 

selection

 Cells with „bad‟ receptors receive negative selection

 CD4 stabilizes MHC II/TCR interaction

 CD4+ cells recognize MHC II (4 x 2 = 8)  TH cells

 CD8 stabilizes MHC I/TCR interaction 

 CD8+ cells recognize MHC I (8 x 1 = 8)  CTLs



MHC I and MHC II

 MHC = major histocompatibility complex:

 Encoded by Human Leukocyte Anligen (HLA) genes

 Present antigen fragments to T cells and bind TCR.

 MHC I = HLA-A, HLA-B, HLA-C:

 Expressed on almost all nucleated cells

 Antigen is loaded in RER of mostly intracellular 
peptides

 Mediates viral immunity

 Pairs wilh β2-microglobulin (aids in transport to cell 
surface)

 MHC II = HLA-DR, HLA-DP, HLA-DQ:

 Expressed only on APCs

 Antigen is loaded following release of invariant chain 
in an acidified endosome



Lymphocyte recirculation and Homing

 Lymph nodes:

 Naïve lymphocytes enter via high endothelial venules
(HEVs) mediated by L-selectins (on lymphocytes) which 
bind addressins on HEVs.

Outer cortex region contains follicles (B-cell rich)

 Paracortex is T-cell rich area

 Inner medulla contains macrophages

 Spleen:

 Periarteriolar lymphoid sheaths (PALS) are T-cell areas

 Follicles are B-cell areas



Differentiation of T cells:



The processing and presentation of Ag

 MHC II are loaded with peptides by the endosomal
(exogenous) pathway:

 The invariant chain prevents any normal cellular peptides 
from being bound until the endocytic vesicle (containing the 
pathogen) combines with MHC II vesicle.

 MHC I are loaded with peptides via the endogenous 
pathway:

 CD8+ T cells recognize MHC I/peptide

 APCs with MHC class II/peptide molecules travel to the 
secondary lymphoid organs



The processing and presentation of Ag

 Absence of spleen of functional asplenia (sickle cell anemia) makes patients 
exceptionally susceptible to encapsulated bacteria or blood-borne pathogens.

 T cell activation – first signal:

 Binding TCR to MHC II/peptide complex

 Second signal (Costimulatory molecules):

 CD4 binds MHC II

 CD8 binds MHC I

 LFA-1 (on T cells) binds ICAM-1

 CD2 (on T cells) binds LFA-3

 CD28 binds B7

 Third signal:

 IL-2 (most important co-factor for T cells)

 IL-1

 IL-6

 TNF-α



HLA subtypes associated with diseases

 A3  Hemochromatosis

 B27  Psoriasis, Ankylosing spondylilis, Inflammatory bowel disease, 

Reiter's syndrome (PAIR)

 B8  Graves' disease.

 DR2  Multiple sclerosis, hay fever, SLE, Goodpasture's.

 DR3  Diabetes mellitus type 1.

 DR4  Rheumatoid arthritis, diabetes mellitus type l.

 DR5  Pernicious anemia (Vit B12 deficiency) & Hashimoto‟s thyroiditis

 DR7  Steroid responsive nephrotic syndrome



Important cytokines

IL-1 Secreted by macrophages. Causes acute inflammation. 

Induces chemokine production to recruit leukocytes; 

activates endothelium to

express adhesion molecules. An endogenous pyrogen.

IL-2 Secreted by Th cells. Stimulates growth of helper and 

cytotoxic T cells.

IL-3 Secreted by activated T cells. Supports the growth and 

differentiation of bone marrow stem cells. Has a 

function similar to GM-CSF.

IL-4 Secreted by Th2 cells. Promotes growth of B cells. 

Enhances class switching to IgE and IgG.

IL-5 Secreted by Th2 cells. Promotes differentiation of B 

cells. Enhances class switching to IgA. Stimulates 

production and activation of eosinophils.

IL-6 Secreted by Th cells and macrophages. Stimulates 

production of acute-phase reactants and 

Immunoglobulins.

“Hot T Bone

StEAk” 

IL-1 = fever (Hot)

IL-2 = stimulates T 

cells

IL-3 = stimulates B 

cells

IL-4 = stimulates IgE

production

IL-5 = stimulates IgA

production



Important cytokines

IL-8 Secreted by macrophages. Major chemotactic factor for neutrophils.

IL-10 Secreted by regulatory T cells. Inhibits actions of activated T cells. 

Activates Th2, inhibits Th1.

IL-12 Secreted by B cells and macrophages. Activates NK and Th1 cells.

γ-interferon Secreted by Th1 cells. Stimulates macrophages. Activates Th1, inhibits 

Th2.

TNF Secreted by macrophages. Mediates septic shock. Causes leukocyte

recruitment, vascular leak. 

“Clean up on aisle 8” 

Neutrophils are recruited by IL-8 to clear infections.



Cell surface proteins

Cell Surface protein

Helper T cells (TH cells) CD4, TCR, CD3,CD28, CD4OL

Cytotoxic T cells (CTLs) CD8, TCR, CD3

B cells IgM, CD19, CD20, CD21 (receptor for EBV), 

CD40, MHC I, B7

Macrophages MHC II, B7, CD40, CD14. Receptors for Fc and 

C3b

NK cells Receptors for MHC I, CD16 (binds Fc of IgG), 

CD56

All cell (except mature 

red cells)

MHC I



Immunodeficiency diseases

- defects of phagocytic cells.

Disease Molecular Defect(s) Symptoms

Chronic 

Granulomatous

Disease (CGD)

Deficiency of NADPH oxidase; 

failure to generate superoxide 

anion, other O2 radicals.

Recurrent infections with catalase-

positive bacteria and fungi.

Chediak-Higashi 

syndrome

Granule structural defect Recurrect bacterial infections: 

chemotactic and degranulation

defects; absent NK activity, partial 

albinism

Glucose-6-

Phosphate 

dehydrogenase

(G6PD) deficiency

Deficiency of essential enzyme in 

hexose monophosphate shunt

Same as CGD, with associated 

anemia

Myeloperoxidase

deficiency

Granule enzyme deficiency Mild or none

Leukocyte 

adhesion 

deficiency (LAD)

Absence of CD18 – common 

beta-chain of the leukocyte 

integrins

Recurrent & chronic infections, fail to 

form pus and do not reject umbilical

cord stump



Immunodeficiency diseases

- defects of humoral immunity

Disease Molecular Defect Symptoms/signs Treatment

Bruton X-

linked Hypo-γ-

globulinemia

Deficiency of a 

tyrosine kinase blocks 

B-cell maturation

Low immunoglobulin of all classes, 

no circulating B cells, B cell 

maturation in BM stopped at pre-B 

stage, normal CMI

Monthly γ-globulin 

replacement, antibiotics 

for infection

Transient 

Hypo-γ-
globulinemia of

infancy

Delayed onset of 

normal IgG synthesis

Detected in 5th to 6th mo of life, 

resolves by 16-30 mo; susceptibility 

to pyogenic bacteria

Antibiotics and in 

severe cases, γ-globulin 

replacement

Common 

variable Hypo-

γ-globulinemia

unknown Onset in late teens, early 20s; B 

cells present in peripheral blood, Ig

levels ↓with time; ↑auto-immunity

Antibiotics 

Selective IgA

deficiency

Deficiency of IgA

(most common)

Repeated sinopulmonary and 

gastrointestinal infections

Antibiotics (not Igs)

X-linked 

hyper-IgM

syndrome

Deficiency of CD40L 

on activated T cells

High serum titers of IgM without

other isotypes, normal B- and T-cell 

numbers, susceptibility to 

extracellular bacteria and 

opportunistics

Antibiotics and γ-
globulins



Immunodeficiency diseases

- deficiencies of complement or it regulation
Deficiencies in 

Complement 

Components

Deficiency Signs/Diagnosis

Classic pathway C1q, C1r, C1s, C4, C2 Marked ↑ in immune complex

diseases, ↑ infections with pyogenic

bacteria

Alternative pathway Factor B, properdin ↑ Neisseria infections 

Both pathways C3 Recurrent bacterial infections, 

immune complex disease

C5, C6, C7 or C8 Recurrent meningococcal and 

gonococcal infections

Deficiencies in 

complement regulatory 

proteins

C1-INH (hereditary 

angioedema)

Overuse of C1, C4 or C2. Edema at 

mucosal surfaces

Decay-activating factor or 

homologous restriction 

factor

Paroxysmal nocturnal 

hemoglobinuria (PNH)



Immunodeficiency diseases - B and T cell deficiencies

Category Disease Defect Clinical Manifestations

Selective T 

cell 

deficiency

DiGeorge

syndrome

Failure of formation of 

3rd and 4th pharyngeal 

punches, thymic aplasia

Facial abnormalities, hypoPTH, 

cardiac malformations, ↓ T cell 

# & absence T cell response

MHC I

deficiency

Failrure TAP1 

molecules to transport 

peptides to 

endoplasmic reticulum

CD8+ deficient, CD4+ 

normal; recurring viral 

infections, normal DTH, normal

Ab production

Combined 

partial B-

and T- cell

deficiency

Wiscott-

Aldrich 

syndrome

Defect in cytoskeletal

glycoprotein, X-linked

Defective response to 

bacterial polysaccharides and 

↓ IgM, gradual loss of humoral

and cellular responses, 

thrombocytopenia, & eczema

Ataxia

telangiectasia

Defect in kinase

involved in cell cycle

Ataxia, telagiectasia,

deficienct IgA and IgE

production



Immunodeficiency diseases - B and T cell deficiencies

Category Disease Defect Clinical Manifestations

Complete 

functional B-

and T- cell

deficiency

Severe Combined 

Immunodeficiency 

(SCID)

Defects in common γ-

chain of IL-2 receptor

Chronic diarrhea; skin, mouth and 

throat lesions; opportunistic 

(fungal) infections; low levels 

circulating lymphocytes; cells 

unresponsive to mitogens
Adenosine deaminase

deficiency (results in 

toxic metabolic 

products in cells)

Defect in signal 

transduction from T 

cell IL-2 receptors

Bare lymphocyte

syndrome/MHC II 

deficiency

T cells present and responsive to 

nonspecific mitogens, no GVHD, 

deficient CD4+ T cells, hypo-γ-
globulinemia



AIDS
Virus Characteristics Immunologic Result

Multiplication in activated lymphocytes 

and macrophages

Repro induces virus and increases viral load

Direct cytopathic effect on lymphocytes 

and macrophages

Eliminates cell and antibody mediated immunity

Nef gene product downregulates class I

MHC expression

Makes infected cells less susceptible to CTL killing

Tat gene product Inhibits cytokine synthesis in both infected and 

uninfected cells

Destruction of TH cells Eliminates immune enhancement

Immune deviation toward TH2 response Inhibits potentially protective CMI responses and 

produces antibodies that can mediate ADCC, 

resulting in further elimination of TH cells

Antigenic drift of the gp120 Evades Ab-mediated effector mechanisms and 

exhausts individual‟s immune capacity

Heavy glycosylation of gp120 Hidea potentially protective epitopes from immune 

recognition



Hypersensitivity Disorders

Reaction Disorder Presentation

Type I Anaphylaxis, allergic and atopic disorders Immediate anaphylactic, 

atopic (IgE increased)

Type II Hemolytic anemia, Pernicious anemia, Idiopathic 

thrombocytopenic purpura, Erythroblastosis fetalis, 

Acute hemolytic transfusion reactions, Rheumatic 

fever, Goodpasture‟s syndrome, Bullous

pemphigous, Pemphigus vulgaris, Graves' disease, 

Myasthenia gravis

Disease tends to be 

specific to tissues or 

where antigen in found 

(IgM and IgG Abs 

against cell or tissue 

Ags)

Type III SLE, Rheumatoid arthritis, Polyarteritis nodosa, 

PSGN, Serum sickness, Arthus reaction (e.g., 

swelling and inflammation following tetanus 

vaccine), Hypersensitivity pneumonitis (e.g., farmers 

lung)

Can be associated with 

vasculitis and systemic 

manifestations

Type IV Type I DM, Multiple sclerosis, Guillain-Barre

syndrome, Hashimoto‟s thyroiditis (HLA-DR5 

related), GVHD, PPD (test for M. tuberculosis)

Contact dermatitis (e.g., poison ivy, nickel allergy)

Response is delayed 

and does not involve 

antibodies (vs. types I-

III)



Transplantation Immunology

 Transplantation:

 Tissues taken from donor given to host

 Transfusion most common

 Types of Grafts:

 Autografts (person A  person A)

 Syngeneic grafts (twin A  twin B)

 Allogeneic grafts (person A  person B)

 Xenogeneic grafts (animal  human)

 Graft rejection effectors:

 CTLs; Macrophages; Antibody (ADCC)

 Graft rejection:

 Hyperacute; accelerated; acute; chronic



Transplantation Immunology

 Graft-vs-Host-Disease (GVHD):

 BM transplant

 Grafted T cells attack host

 Rash, jaundice, diarrhea, gastrointestinal hemorrhage

 Tissue compatibility testing: 

 ABO blood typing

 Mixed lymphocyte reaction (Class II)

 Microcytotoxicity test (Class I)

 Immunosuppression:

 Necessary for all except autografts

 Inhibits T cell mitosis

 Inhibits T cell function

 Kills T cells

 Blocks cytokines or costimulatory molecules



Cancer Immunology

 Tumors are weakly immunogenic

 Antitumor effector mechanisms:

 CTLs

 Antibody (with complement or ADCC)

 Macrophages

 NK cells

 Tumor immune evasion:

 Decreased MHC expression

 Antigen-loss variants

 TGF-β inhibits effector funtions

 FasL induces apoptosis

 Recognition of Ag by TCR without costimulatory signal induces tolerance

 Antigens masked by mucopolysaccharides



Cancer Immunology

 Tumor immunotherapy:

 Vaccination

 Increase costimulatory molecules

 Stimulate T cells (cytokines)

 Antitumor Abs

 Immunotoxins (attached to Abs)

 Expand cytotoxic cells in culture

 The HepB vaccine was technically the 1st antitumor vaccine in 

the market

 Production of IFN and most immunologic  cytokines is under 

the control of the transcription factor NFκB


