Introductory Lecture:
· Millions of different antibodies can be made, and would require 4-5 billion nucleotides if recombination did not occur.  

· Disorders of the immune system affect 10-20% of the US population and are the third leading cause of morbidity/mortality here.  80% of childhood cancers arise in immune cells.  

Lecture 1:  Innate Immunity

· Innate immunity:  Pre-existing mechanisms always ready for a rapid, stereotyped first line of defense.  It uses germline encoded receptors to recognize general pathogen patterns.  All innate cells of the same type have the same receptors.  It kills pathogens and also activates the adaptive immune response.  It suppresses infection of pathogens (often rapidly dividing) with moderate efficacy for a few days until adaptive immunity is activated.  

· Adaptive immunity:  Requires several days to a week to be activated.  It is a specific, learned response to a precise molecular structure.   It uses gene rearrangement to generate its receptors, and specific cells proliferate through clonal expansion.  Adaptive immunity is responsible for immune memory.  
· The innate immune system appeared early in evolution (sponges) than did the adaptive immune system (sharks).  

· Part of innate immunity are the body’s barriers.  They include epithelial layers, mucus to prevent adhesion time, and antimicrobial peptides.  These peptides include α-defensins produced by neutrophils, β-defensins produced by epithelial cells and histatins (in saliva).
· The effector mechanisms of the innate immune system include recruitment (inflammation and acute phase response), opsonization, phagocytosis, intracellular killing and cytokine secretion.  Bacteria attempt to evade these, and they have limited effectiveness against viruses.
· Neutrophils make up 50-70% of WBCs, lymphocytes 20-35%, monocytes 3-7%, eosinophils 1-3%, and basophils 1%.  

· Neutrophils and macrophages are the most important phagocytic cells.  Both are derived from pluripotent hematopoietic stem cells and a further differentiated myeloid progenitor cell (granulocyte-monocyte colony forming cell).  They generally use the same mechanisms, but neutrophils live about a day, are activated in acute inflammation, and destroy only bacteria using reactive oxygen species.  Macrophages, in contrast, live weeks, act in chronic inflammation, attack many microorganisms, present antigen, secrete lots of cytokines, and use NO as well as reactive oxygen. 

· Neutrophils’ job is to phagocytose foreign stuff.  They are abundant in the circulation and tissues, and they’re very mobile.  Because of this, they’re usually the first to respond.  The granules in neutrophils are azurophilic, and contain hydrolytic enzymes, defensins, and myeloperoxidase for killing stuff.  Other granules carry receptors for complement, adhesion, and cytokines and are ready to be exocytosed with the appropriate signal.  Immature neutrophils don’t yet have the characteristic nuclei of polymorphonuclear cells (mature neutrophils), rather they are “banded.”  They primarily use Fc receptors and complement receptors to bind and recognize targets. 
· Macrophages phagocytose stuff and also present antigen.  They may phagocytose something and release anti-immune (tolerogenic) signals, release no signal, or release pro-immune (immunogenic) signals.  They circulate as monocytes, then enter the tissues where they differentiate into macrophages (more cytoplasm, granules, and a ruffled membrane).  They use complement, Fc, and pattern recognition receptors.  They are critical regulators of both adaptive and innate immune responses.  
· Natural Killer Cells are derived from lymphocyte lineages, and they kill cells infected with intracellular pathogens.  They achieve this by releasing their cytotoxic granules.  They often recognize targets due to an absence of inhibitory ligands (like MHC I).  

· Innate-like Lymphocytes include intraepithelial γδ T cells (release cytokines with inflammation), B-1 cells (make nonspecific “natural” antibodies), and NK T cells (recognize lipid antigens). 
· Innate immunity is activated by pattern recognition receptors (PRRs) that detect pathogen associated molecular patterns (PAMPs) like LPS, CpG DNA, fMet, dsRNA, etc.  
· PAMPs should be expressed in the pathogen, but not the host.  They tend to be structurally invariant in a group of pathogens, essential for survival/pathogenicity, polysaccharides/nucleotides rather than proteins, and repeating.  

· PRRs are germline encoded and not rearranged.  
· Signaling PRRs trigger signal cascades and usually end up signaling to the nucleus.  Signaling PRRs may be present on the surface or intracellularly.  The best known ones are TLRs, first discovered as part of dorsoventral patterning in Drosophila.  They are usually extracellular, and are very conserved with a leucine rich region.  There are 10 human TLRs.  TLR 1, and the 2/6 dimer recognize LPS, peptidoglycan and a bunch of stuff.  TLR 3 recognizes dsRNA.  TLR 4 LPS.  TLR 5 flagellin.  TLR-9 unmethylated CpG DNA.  
· There can also be intracellular signaling PRRs.  TLR4 is in endosomal compartments.  Nod family proteins are also cytoplasmic.  Nod proteins have a ligand recognition domain (LRD) to recognize peptidoglycans like muramyl dipeptide (MDP), an effector binding domain (EBD) and a nucleotide-binding oligomerization domain (NOD).  They oligomerize when they bind and signal NFκB through a different cascade and often induce apoptosis. 
· MDP is a good adjuvant, suggesting a link to adaptive immunity.

· TLR Signaling Cascade:  LPS binds LPS Binding Protein and is carried to CD14, which helps it bind TLR4.  It binds to the adapter MyD88, which activates IRAK and leads to a phosphorylation cascade.  This initiates the phosphorylation of IκB (inhibiting NFκB) and activating NFκB.  NFκB then activates transcription of cytokine genes and others.  MyD88 -/- mice are susceptible to infection. 
· Extracellular PRRs are free outside of the cell and may act in opsonization (increasing phagocytosis) of targets or activation of complement.  Mindin is present in the ECM, common in the brain and lymph and seems to be important for opsonizing bacteria and clearing lung infections in knockout mice.  Mannan Binding Lectin is soluble and recognizes carbohydrate chains specific to pathogens, and may even recognize sugars that are common to host and pathogen, but spaced differently in the pathogen.  It recognizes sugars and recruits complement proteins that eventually open a pore in the pathogen.  C-Reactive Protein binds phosphocholine and induces the acute phase response, in which the liver makes immune activating proteins.  
· Endocytic PRRs are surface proteins that bind and help internalize particles (phagocytosis).  Dectin does this, and helps control fungal (yeast) infections.  Macrophage Mannose Receptor recognizes poly-mannose containing polysaccharides that we don’t have.  Macrophage Scavenger Receptors are trimers that bind RNA, LPS, etc.  
Lecture 2:  Antibody Structure and Function

· To recognize antigens, B cells use antibodies, which may be membrane bound or soluble.  Soluble antibodies are secreted from plasma cells and act by: neutralizing toxins by binding and preventing their action, opsonization (antibodies promote phagocytosis by coating pathogen and having an effector region bind receptors on the phagocytic cell), or activating complement (especially IgM) to promote pathogen elimination or open pores in a pathogenic cell.  Membrane bound antibodies help activate the lymphocyte when activated and mediates antigen uptake to present to T cells.  These membrane bound antibodies may also have tyrosine kinase signaling capabilities.  
· T cells use a T cell Receptor (TCR) that is always on the cell surface.  This can only detect antigen expressed inside cells via MHC presentation.  Helper T lymphocytes release cytokines that activate B cells, macrophages and inflammation.  Cytolytic T lymphocytes lyse target cells.  
· Adaptive immune responses are based on a clonal selection mechanism.  Each lymphocyte only has one type of specific receptor that is randomly generated.  When it binds antigen, it proliferates and differentiates (clonal expansion) into more cells with the same specificity.  The products of differentiation may be effector or memory cells. 
· All vertebrates have antibodies, which are most abundant in the serum but also present in other body fluids.  A molecule that elicits an antibody response is called an immunogen.  First exposure to an immunogen results in a primary response, whereas a second exposure results in a faster and more robust secondary response.  The lag time it takes the first time around is due to the period of clonal expansion and differentiation.  

· The five classes (isotypes) of antibodies are IgM, IgD, IgG, IgA, and IgE.  They all have two heavy and two light chains linked by disulfide bonds, with the distinct heavy chains (μ, δ, γ, α, or ε) defining each class of antibody.  Light chain isotypes may be κ or λ (30% κ, 70% λ in us).  The variable regions recognize foreign molecules and constant regions take care of effector functions.  Only the variable regions undergo recombination to generate receptor diversity.
· IgG is cleaved by papain into 2 Fab and an Fc fragment.  Cleavage with pepsin results in one F(ab’)2 fragment with peptide fragments from the Fc region.  
· B cell tumors like multiple myeloma provide a source of homogeneous antibodies (myeloma protein).  Now we can artificially fuse mutated myeloma cells with antibody producing cells from a mouse immunized with an antigen of interest.  These hybridomas are then selected so that myeloma cells can’t survive on a minimal medium, antibody producing cells can only proliferate for so long, but hybridomas can survive fine (HAT selection).  These will give you monoclonal antibodies, and you test for specificity to your antigen of interest.  Very useful as a specific, inexhaustible supply of a reagent.

· All light chains have one N-terminal variable (VL) domain and one C-terminal constant (CL) domain.  For IgG, heavy chains have an N-terminal variable (VH) domain and three homologous C-terminal constant (CH1 – closest to variable region, CH2, CH3) domains.  The variable regions of light and heavy chains fold intimately with one another to make up the antigen binding sites.  Each one of the Ig domains has an intrachain disulfide bond forming a loop.  
· IgG has two flexible regions, the hinge at the end of the light chain, and the elbow between the C and V regions.  These allow flexibility and binding to repetitive antigens with different spacings.  

· There are 5 heavy chain and 2 light chain isotypes.  IgM and IgE have an extra CH domain.  The difference between membrane bound and soluble types is in an alternative polyadenylation and splicing of their transcripts.  
· IgG is the major one in the serum, and comes in 4 different subclasses that differ in their biological activities.  It is transferred from mother to fetus through the placenta.  It is the highest affinity isotype of antibody.  Its CH2 domain is glycosylated and activates complement.  Some antibody responses tend to be dominated by one of the 4 subclasses.

· IgM is the first to appear in any immune response.  It has an extra CH domain, and when secreted exists as a pentamer (membrane bound it’s still a monomer).  It has a J chain that helps hold the pentamer together.  It binds with low affinity, but is good at triggering complement. 
· Ig A is predominantly in extravascular secretions, though also in the serum.  In the serum, it’s a monomer, but in secretions it’s a dimer.  It has a J chain to help hold the dimer together and it also has a secretory component that is left over from the receptor that helped it get across the epithelium via transcytosis.  It’s a first line of defense, and is stimulated by the oral Sabin polio vaccine, but not the injected Salk one.  IgA is transferred to a baby via mother’s milk.

· IgD is the major antibody found on mature B cells that haven’t encountered antigen yet.  
· IgE is present in low quantities in the serum, but it appears to be responsible for allergic responses like immediate hypersensitivity.  It is bound by mast cells and basophils and can mediate inflammation.  

· Isotypic determinants are ones that are encoded by different genes, like the 5 different classes of heavy chains and 2 classes of light chains.  Allotypic determinants are different due to different alleles of the same gene for an antibody (you’re the same class of antibody and same isotype, but just slightly different).  Idiotypic differences are due to the somatic rearrangements that occur only in the variable regions.  

· Antigens must elicit an immune response (immunogenic) and react specifically with the produced antibodies.  Immunogenicity is affected by foreignness, size, chemical complexity, genetic factors (like MHC genes), and mode of administration of an antigen.  An adjuvant is a vehicle that augments the response to an antigen.  They may convert soluble things into particulate material that is more easily phagocytosed and presented.  Other adjuvants induce inflammatory responses.  

· Antigenic determinants may be linear, conformational or neoantigenic (created by proteolysis).  
· Haptens are small substances that aren’t immunogenic by themselves, but when coupled to a larger molecule can elicit antibody responses.  Once you couple it to a bigger molecule, the hapten alone will elicit a response, though the antibody recognizes much more than just the hapten.  This allowed determination of affinity constants and valences of antibodies.  
· In S + L → SL, Kd = [S][L]/[SL] = 1/Ka.  Also, [SL] = [S][L]/(Kd + [L]).  

· ∆Go = -RTlnKa
· By looking at the difference between how a hapten diffuses in an equilibrium dialysis in the presence and absence of antibody for it, you can determine the affinity of the binding.  You can plot the data on a Scatchard plot and find that the x intercept (r) is the valence (# of binding sites) and the slope is -Ka.  The x intercept may also be in the form of a B for bound ligand, in which case the valence is B intercept/[antibody].

· Non-linear plots result from heterogeneous populations of antibodies.  If this is the case, determine the slope and intercept for the line tangent to the curve at ½ maximal binding.  
· Affinity maturation is the process by which the affinity of a population of antibodies increases over time.  This is a result of somatic hypermutation and selection for more specific antibodies.  

· Direct assays for antigen binding include ELISA and radioimmunoassays (RIA).  In RIA, what you add in is radioactively tagged, whereas ELISA often uses an enzyme that generates a colored product.  Competitive binding assays look at how much of a labeled antigen binds when you add in different concentrations of unlabeled antigen.  By making standard curves, you can determine how much antigen you have.  

Lecture 3:  Innate Immunity II

· Macrophages are released from the marrow, circulate for less than a day then go into the tissues.  Resting tissue macrophages may be activated depending on local stimuli such as a PAMP binding a PRR, which kicks off signal transduction.  Activated macrophages are bigger with more membrane and express more MHC, Fc receptors, etc.  They are more active in phagocytosis, release of reactive oxygen, chemotaxis, remodel tissues, present antigen, make cytokines, and can be cytotoxic as a result of superoxide and nitric oxide pathways.  
· Adaptive and innate immune cells both secrete cytokines to affect each other.  Ex: CD4 cells secrete IFN to activate macrophages to do effector functions.  This includes making IFN, which recruits more CD4 cells and CD8 cells.  If macrophages are activated by T cells, they can become cytotoxic and kill stuff that normal phagocytosis cannot eliminate.  This often occurs when the macrophage present antigen to the T cell that will activate it. 

· Neutrophils (aka polymorphonuclear cells) are usually the first immune cells to arrive at a site of infection and have a short half life.  Neutrophils don’t present antigen, but are still important, as many neutrophil dysfunctions are fatal.  
· Neutrophils and macrophages accumulate through four steps:  rolling adhesion, tight binding, diapedesis and migration.  In the high endothelial venules, neutrophils and monocytes adhere and roll to the endothelial lining by an interacting between endothelial selectins and neutrophil/monocyte carbohydrates (glycoproteins).  This interaction allows for rapid attachment and detachment that cause rolling.  Selectins have domains homologous to EGF and complement receptors.  L-selectin is on most leukocytes, E/P-selectins on endothelial cells and upregulated in inflammation to slow down the rolling.  E is upregulated, P is stored in vesicles and endocytosed.  Each interaction is low affinity, but there are many of them. 
· Rolling is followed by activation and high affinity adhesion mediated by neutrophil/monocyte integrins and endothelial ICAMs.  Inflammatory cytokines activate and upregulate these adhesion molecules (TNFα, IFN, C5a - complement), as well as increase their binding affinity (IL-8 increases the affinity of the LFA on neutrophils).  The WBCs then migrate between adjacent endothelial cells in diapedesis (mediated by CD11a/18/44), migrate into tissues and rapidly respond to chemotactic factors via chemotaxis.  These chemotactic factors include C5a (complement protein), PAMPs like f-Met, and various proteins/lipids (leukotrienes, etc.).  These factors bind receptors on neutrophils/monocytes to affect them.  Since neutrophils arrive fast and die quickly, they usually indicate an acute infection.
· Macrophages and neutrophils recognize foreign stuff by the antibodies bound to them.  The phagocytic cells have Fcγ receptors, which may be multi/single chain and membrane bound or soluble.  It has Ig subunits as wells a T cell Receptor-like subunit.  Cytoplasmic tails have an ITAM signaling sequence that will phosphorylate itself.  Fc receptors interact and are activated or deactivated (for B cell inactivation) by the Fc part of IgG.  Phagocytic cells have three classes of FcγR (FcγRI, II and III) with different affinities for different subclasses of IgG, different functions, cell distributions, etc.  All three classes of FcγR share structural similarities with the Fcε receptor on mast cells and basophils.  FcγRI has moderately high affinity for IgG1, whereas FcγRII and III have lower affinities for free IgGs.  They all have high affinity for antibody/antigen complexes.  

· FcγRI: activates macrophage ROS, phagocytosis and cytokins.  FcγRIIA: activates neutrophil ROS.  FcγRIIIA:  triggers NK cell degranulation.  FcεRI:  triggers basophil and mast cell degranulation.

· The antibodies cross link the antigen to the FcγR, and clustering of the receptors leads to signals for internalization.  Free antibodies may bind the FcγR, but clustering won’t happen unless the antibodies also bind antigen.  Subsequent signal transduction leads to the various effector functions that depend on the cell type.  
· The FcγRIII on macrophages is also found on NK cells.  NK cells are from the lymphocyte lineage, but are cytolytic.  They act by releasing granules with the protein perforin and destroying the antibody-coated target.  In mice, alternative splicing of FcγRII gives rise to different cytoplasmic domains for clathrin mediated endocytosis and phagocytosis in the macrophages that express them, but for regulation of the antibody response in B cells that express them.
· Neutrophils and macrophages also have receptors for products of the complement cascade.  Complement receptors (CR1 and CR3) recognize products of complement and facilitate attachment of the cells with these particles to macrophages.  It’s a way for macrophages to take up antigens that the body has recognized (and tried to eliminate).  Binding complement receptors isn’t enough to activate a macrophage, but if it’s already active it’ll enhance phagocytosis (though not killing via reactive oxygen or nitrogen).  

· Fc and complement receptors basically just enhance the ability of macrophages and neutrophils to take up antigen, though they are quite adept at it in the absence of these signals. 

· Most cells can do some endocytosis, but phagocytosis of macrophages and neutrophils takes in large particles and involves an actin-mediated mechanism.  This is probably the most important thing binding of FcγRs to IgG induces.  It happens in two steps, attachment and internalization.  Attachment can be opsonin-dependent and require Fc or complement products for the macrophage/neutrophil’s receptors to recognize, or it can be opsonin-independent and just due to the particle’s characteristics like hydrophobicity.  This attachment requires no metabolic energy.  
· Receptors like FcR, mannose receptor and C3 complement protein receptor promote phagocytosis.  The Fc receptor cross links receptors, get phosphorylated by src, alters downstream effectors to activate motor proteins.  C3 mostly mediates pathogen bindings, and requires TNF to actually phagocytose.  Involves no motor proteins.  
· Internalization does require energy.  In opsonin-independent phagocytosis, the macrophage/neutrophil membrane interacts more and more with the particle and moves circumferentially around the particle in a zipper mechanism.  Often lots of hydrophobic interactions.  After internalization, the phagosome fuses with a lysosome to digest the pathogen.  In Fc mediated phagocytosis, activation of anti-microbial defenses involving reacting oxygen species is triggered. 

· Some bacteria secrete capsules to prevent phagocytosis.  

· To destroy foreign particles, neutrophils and macrophages both use an NADPH oxidase enzyme system to generate reactive oxygen species.  The NADPH oxidase has 5 subunits that are activated by rac and recruited to phagolysosomes.  It’s like an ETC that associates and allows the conversion of O2 to O2- (superoxide).  This is obviously highly regulated, and is only active during phagocytosis (stimulated by the Fc receptors).  So, phagocytosis stimulates oxygen consumption, which explains the phenomenon of respiratory burst.  In addition to superoxide, this can also generate peroxides.  These can react via myeloperoxidase to give oxidized halogens that are very bacteriocidal.  Neutrophils have lots of other antimicrobial particles.  Macrophages can also use reactive nitrogen intermediates like a nitric oxide, often made in response to LPS or inflammation.  Nitric oxide synthase converts:  arginine + O2 → citrulline + NO
· The arginine analog L-NMMA inhibits this reaction, and it has been used to show how important these nitrogen intermediates are in fighting fungi, helminthes, etc.  

· Activated macrophages release cytokines like IL-1, IL-6 and TNF-α.  They are all important inflammatory mediators.  They can also induce an acute phase response, which is a general response to foreign agents, including fever via pyrogens and increased synthesis of PRRs.  Inflammatory mediators can cause shock if released systemically.  Macrophages also make IL-8 (chemotactic factor) and IL-12 (activates NK cells and influences CD4 T cell differentiation).  
· The response to infection includes:  Inflammation (pain, redness, heat and swelling) to deliver immune cells, sequester pathogens, limit damage and initiate repair.  Leukocyte recruitment.  Actue phase response (increase in body temp, production of acute phase proteins which are PRRs) caused by macrophage secreted cytokines.  TNF-α causing clotting to limit spread of stuff and enhance lymph production (can result in sepsis).  Complement cascade and adaptive immune stuff.

· Diseases of innate immunity:  
Chronic Granulomatous Disease – abnormal neutrophil function, often due to an inability to generate superoxide.  
Crohn’s Disease – one cause is a mutation in the NOD2 gene and an inability to activate NFκB (this paradoxically leads to hyperactive immune response and inflammation).  

Imiquimod – a drug that leads to more cytokines by stimulating TLR7 and MyD88.  

Type 2 diabetes – Chronic inflammation plays a role in pathogenesis; high presence of C-reactive protein and cytokines.  

Sepsis – A dramatic release of inflammatory mediators (TNF-α) leads to very low blood pressure (vasodilation, volume loss due to edema), respiratory failure, and clotting leading to ischemic organ injury and death.
Lecture 4:  The Genetic Basis of Antibody Diversity
· The variability of the VH and VL chains is really clustered into 3 distinct hypervariable regions on each of the domains.  Interspersed between these regions are relatively conserved framework regions.  Some researchers measured variability as:                         (# of different AAs at one position)/(frequency of the most common AA at that position).  The hypervariable regions are also called CDR1, 2 and 3.  
· All Ig domains share a common structural motif called the immunoglobulin fold.  It consists of a bunch of beta sheets with loops at the ends where the variation occurs.  They are stabilized by disulfide bonds.  

· Hypervariable regions are almost exclusively involved in antigen binding.  Small ligands like haptens only bind a small subset of the six CDRs at each antigen binding site.  Bigger antigens use all six and have much more extensive interactions.  

· Most antibody-antigen contacts are made at the CDRs; the surface of the protein that contacts the antibody is the epitope, which is usually nonlinear; interacting surfaces are large and shapes are very complimentary; hydrophobic interactions are most important, with some H-bonds and Van der Waals, but few electrostatics; there is little conformational change upon binding.

· The observation that you could have 1 constant region bind to multiple variable regions (and that the constant ones were Mendelian) suggested that the C and V regions are encoded on different genes.  They must then be brought together by somatic, site specific recombination during lymphocyte development.  
· Light chains:  The κ variable region is encoded by Vκ (40) and Jκ (5) gene segments.  You do a DNA rearrangement to join a Vκ to a Jκ.  Then, this is transcribed and an intron (RNA) is spliced out to join this V-J to the 1 Cκ segment, giving you a full light chain.  λ light chains are organized a little differently, with multiple J λ-C λ clusters.  Regardless, you have about 30 V λ and 4 J λ segments to rearrange.  If a light chain rearranges unproductively, it can try recombining Vs and Js that are still there to try again.
· Heavy chains:  There are about 50 VH, 30 D, and 6 JH gene segments to rearrange.  You start with a D to JH recombination, followed by a VH to DJH. Multiple CH genes are also arranged in tandem, but as with light chains they will be spliced to the VDJ segment after transcription (RNA splicing).  To switch classes (isotypes) of CH you need to rearrange the DNA.  The order of heavy chain isotypes on the chromosome is M, D, G, E, A.  Heavy chains cannot recombine again if they are unproductive.
· All of these rearrangements can be detected by PCR with the appropriate primers and westerns. 

· Assembly of these genes is mediated by Recombination Signal Sequences (RSS).  On the ends of an RSS are conserved 7 and 9 bp sequences, with either a 12 or 23 bp spacer between them.  The 12-23 rule says that the two of the same type of RSS cannot recombine with one another.  
· Lymphoid specific recombinase proteins RAG-1 and RAG-2 mediate the recombination.  They check for the 12-23 rule and then make blunt ended cuts of the DNA with a signal end (RSS) and coding end (V, D or J).  This is achieved by nicking one strand, which leads to a transesterification where the OH on one strand attacks the PO4 on the opposite strand to make a double stranded, blunt ended break terminating in a hairpin.  This is the same mechanism used in bacterial transposition.  The coding ends are joined, as are the RSSs (which form a loop), by normal DNA ds break repair machinery.  Some components are mutated in SCID mice.  The steps here are binding, synapsis, cleavage and joining.

· At the joining of two coding sequences, you can get further diversity.  The two sequences often simply lose base pairs.  Also, the enzyme TdT may randomly add nucleotides to elongate them, creating N regions.  Additionally, the enzyme Artemis may open the hairpins at the ends of coding sequences and fill them in to form palindromes, or P regions.  

· People identified x-ray sensitive mutant cells with defects in DNA repair.  The genes responsible were involved with the non-homologous blunt end joining, as in RSSs.  Ku protein binds the end of dsDNA, and recruits DNA-PK and stimulates its kinase activity.  SCID mice had messed up DNA-PK, which is involved with joining coding ends with hairpins.  People with mutated artemis had the same type of SCID.  Found that DNA-PK activates artemis to open the hairpins on the coding ends.  
· You can get combinatorial diversity from combining different Vs, Ds, and Js.  And you can also get junctional diversity through deletion, N regions, and P regions.  This leaves over a billion possible antibodies that you could make.  

· CDR1 and CDR2 are on the V segment, whereas CDR3 is quite large and takes up much of the J (and D for heavy chains) segments.  V(D)J recombination affects CDR3 most.  
· Everything so far occurred in the bone marrow.  Class switching and somatic hypermutation, however, occur in the periphery.

· IgM is always the first antibody made in B cell development, but IgD is also expressed during differentiation, and later other isotypes will be produced.  For a cell to have both IgM and IgD, the μ and δ genes must be close together.  The two products are achieved with alternate polyadenylation and splicing of mRNA.  
· All of the different heavy chain isotypes will still have the same variable domains.  Class switching can be induced by signaling among lymphocytes, cytokines, or PAMP exposure, and is carried out with switch sequences.  Each gene for a different heavy chain has a switch sequence ~1 kb upstream.  In class switch recombination, the VDJ joins to a different C gene fragment (DNA).  There’s a different locus for each heavy chain isotype.  The switch sequence has tandem repeats, but how it happens is still poorly understood.  A protein called AID appears to be essential.  
· DNA rearrangements affect CDR3 quite a bit, but not so much CDRs 1 and 2.  These are altered most by somatic hypermutation.  This process involves point directed mutagenesis at the Ig loci in an active B cell after primary immunization.  This mutation and selection lead to an increase in average affinity of the antibody population over time, which is called affinity maturation. Only a few H-bonds can give 1000x increase in affinity.  
· The mutations in somatic hypermutation are clustered in the CDR regions, due to random mutations in the Ig locus and selection for those that increase binding affinity.  Somatic hypermutation occurs about 1000 more often than the background mutation rate, and appears to be dependent on nearby enhancers.  It may also be influenced by how many times a B cell has divided.  Like class switch, it also uses the protein AID.  It replaces C with U, which is then cut out and mutations introduced. 
· Defective AID can result in hyper IgM syntdrome, where you only get one isotype of antibody.  No switch recombination or somatic hypermutation.

· Generation of membrane bound vs. secreted IgM is mediated by differential polyadenylation and mRNA splicing.  Extra C-terminal exons cause it to be membrane bound.

· Agammaglobulinemia is a lack of circulating antibodies, which makes you susceptible to bacterial infection.  SCID mice can’t join together segments in VDJ recombination, nor can they repair double stranded DNA breaks.  RAG mutants also cause immunologic disorders.  
· Recombination with an Ig gene and a protooncogene can cause tumors and use the same mechanisms as VDJ recombination and/or class switch.  Cause Burkitt lymphoma.  

Lecture 5:  B Cell Development

· Hemopoietic stem cells in the bone marrow are the source of all blood cell lineages.  They can reconstitute blood cells long term when transferred to people due to an ability to self renew.  They differentiate into multi-potential progenitor cells (MPPs), which begin to lose this ability.  

· Antigen independent B-cell differentiation basically tries to build a big pool of antibodies so that you can specifically recognize more antigens and respond via clonal expansion.  This occurs in the bone marrow.  You also need to prevent self reactivity, and this occurs both in the marrow and periphery.

· The common lymphoid progenitor (CLP) can differentiate into B or T cells, but in vivo it’s mostly B cells.  CLP associates with the bone marrow stroma as it gives and receives signals affecting differentiation.  
· CLP has IL-7 receptor, and this signaling is important for its progression to an A1/A2 pre-pro B cell.  Also acting here are transcription factors E2A and EBF.  As it progresses through various stages, each is characterized by the presence of different surface markers.  The transitions also coincide with different events in gene rearrangement.  [image: image1.png]RAG-1/2%  Iga/p -
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· In B cell differentiation, heavy chains rearrange first.  It is thought to be regulated simply by accessibility of regions (TCR, B heavy, and B light chain regions) to the recombination machinery.  In B cell differentiation, chromosome migration to the middle of the nucleus and epigenetic changes like histone modification mediate recombination.  
· D and J are available to the splicing machinery first, and the D to J recombination occurs first.  This coincides with the change from a pre-pro A1/A2 B cell to a “B” or early pro B cell.  The recombination could occur by deletion or inversion, and usually proceeds via deletion.  At this stage, it still isn’t committed to B-cell lineage and could differentiate into a myeloid T cell.  Pax5 is required for further B cell differentiation, and inhibits T specific genes.
· Pax5 functions to loop around the DNA and bring V close to the DJ, allowing the V to DJ recombination.  This precedes the conversion of a “C” late pro B cell into a C’ early pre B cell.  These will be transcribed and their RNA will be spliced next to a Cμ exon.  

· You get junctional diversity here (N/P additions, Tdt additions), so you need to make sure the heavy chain you generated has everything in the right reading frame.  To do that, it checks for ability to joining with a light chain by pairing the heavy chain with a surrogate light chain (made of λ5 and VpreB subunits) to form a preBCR.  A functional preBCR signals for the cell to avoid apoptosis, proliferate, inhibit further heavy chain rearrangement and activate light chain rearrangements.  You want the cell to proliferate so you can make lots of light chains to go with this functional heavy chain.
· The preBCR signaling occurs by the preBCR joining with an IgαIgβ dimer, binding syk and causing proliferation.  Syk also binds btk (kinase) and SLP65, leading to antiproliferation signals and light chain activation.  Btk mutations cause X-linked agammaglobulinemia, blocking the pro-pre B cell transition.  SLP65 mutations predispose you to leukemias by preventing the anti-proliferation signal. 
· Mature B cells only express one of the two alleles they carry for heavy chains.  This is called allelic exclusion.  Both copies try to rearrange, and whichever finishes first and forms a functional preBCR inhibits the other from proceeding, likely due to epigenetic changes and degradation of RAGs (which is restored after a few divisions so light chains can rearrange).  

· Light chains only need one V to J recombination.  It may occur in the κ or λ light chain genes (though κ is much more common in mice and somewhat more common in humans).  If your recombination isn’t functional, you can repeat the rearrangement in that allele with any remaining V and J segments.  If you still can’t get it right, you can switch to the other allele or even to the other isotype.  Once it has a functional light chain and hence a functional BCR, it is now an immature B cell.  
· Self reactive cells need to be eliminated, and this can be done by deletion, editing or anergy.  This starts in the bone marrow and continues in the spleen.  If immature B cells extensively cross link with things in the bone marrow or spleen, they will undergo apoptosis (deletion).  Self reactive cells may also undergo editing in which they do another rearrangement, which is aided by upregulation of RAG.  If they don’t extensively cross link with something but still bind it, signaling can lead to anergy.  This is a state in which BCR signals are ignored, and the cell’s lifetime is much smaller.  Overall, only about 10% of generated B cells exit the bone marrow. 
· Immature B cells leave the bone marrow as T1 cells.  They die in response to BCR crosslinking for the self-reactivity protection.  Within a couple days they differentiate into T2 cells.  These will now proliferate and survive if they are BCR crosslinked.  In response to BAFF, they show enhanced survival.  BAFFR is a TNF receptor superfamily protein, as are TACI and BCMA.  They bind to the ligands BAFF or APRIL, which induce signals for survival of T2 cells.  In the absence of BAFF signals, you can’t differentiate from a T1 to a T2 cell.  So BAFF provides the necessary survival signal for differentiation for T2.  But, high levels of survival signals give you a propensity for lymphomas and autoimmunity (by allowing self-reactive cells to survive).  BAFF and the BCR feedback on each other to help maintain the mature B cell pool.  Getting rid of either one causes mature B cells to die.  
· Eventually, you will get B cells in the spleen.  These may be follicular or marginal zone cells, and are the products of peripheral T-independent differentiation.  80% of them are follicular B cells, which mount T dependent responses.  These are the cells that undergo class switch recombination and the most effective affinity maturation (antigen dependent diversity).  These represent T-dependent differentiation.  

· This happens in the germinal centers, where T and B cells communicate in the spleen.  B and T cells come together, and B cells proliferate and provide substrate for the arbitrary somatic hypermutation in variable regions and selection for increased specificity.  You get a cycle of proliferation, mutation and selection.  The enzyme AID is required for this.
· The TNF superfamily receptor TACI is necessary for class switch recombination.  

· CD40 on B cells and CD40L on T cells are important for communication between the two and maintenance of the germinal centers.  

Lecture 6:  Effector Functions of Antibodies
· Each Ig isotype has specialized functions and a unique distribution in the body.  These effector functions are largely determined by the heavy chain domains.  
· Recall that IgM is the first produced, usually as a pentamer with low affinity (due to lack of somatic hypermutation) but high avidity.  

· IgG is abundant in the serum and can cross the placenta.  IgG comes in four varieties, of which IgG2 is responsible for response to bacterial polysaccharides.  

· IgA is the main Ig in secretions, and on mucosal surfaces it’s present as a dimer though it’s secreted into the serum as a monomer.  

· IgE is a very minor component of serum, but binds to receptors on basophils and mast cells and mediates allergic responses.  

· Patients with X-linked agammaglobulinemia can’t make any B cells.  These individuals are much more susceptible to infections.  

·  IgA and a little IgM are transported across mucosal surfaces, which are in constant contact with environmental pathogens.  Antibodies at mucosal surfaces are synthesized locally in lymphoid follicles in the lamina propria, not transported via blood.  This is sometimes referred to as the mucosal immune system as it stays rather isolated from the other immune stuff.  IgA secreting B cells are directed to the appropriate tissues where they form groups of immune tissue in the gut (GALT) or bronchioles (BALT).  IgA can neutralize or block adherence of pathogens as well as keeping out some antigens that could cause allergic responses.  
· M cells right above the lymphoid follicle phagocytose stuff and present it to the lymph cells to induce antibody production.  IgA is produced as a dimer held together by a glycoprotein called J chain.  A polyimmunoglobulin receptor with 5 SC domains and a cytoplasmic domain binds IgA.  Cα3 and J chain of the IgA non-covalently binds its SC1 region, and Cα2 covalently binds its SC5 domain.  This complex is endocytosed and exocytosed at the apical surface, cutting off the cytoplasmic domain in the process.  The extracellular “secretory component” remains attached.  So secreted IgA is really the IgA form the B cell and a peptide from the epithelial cell.  This helps protect IgA from pathogens with Ig proteases.  
· IgG is actively transported across the placenta, giving the baby more IgG than the mother.  It uses an analogous system with the Brambell receptor, which is also expressed throughout the vascular endothelium.  This removal of IgG from the serum and transport into the tissues gives IgG a much longer half life, as it is not subject to serum Ig proteases. 
· In addition to transport, antibody effector functions include non-inflammatory activities like neutralization and blocking adherence (both by IgG, M and A).  

· Neutralization can decrease viral infectivity by inhibit binding by blocking attachment and coating the surface of the virus.  Or it can occur by binding at lower concentrations, as in polio where it prevents changes in the cell that permit infectivity.  Preventing fusion with endocytic vesicles or translocation to the nucleus can inactivate viruses/bacteria.  Or, viruses can prevent the actions of toxins instead of bacteria/viruses themselves.  

· Antibodies are important for influenza immunity.  Influenza is a segmented virus, so can alter its composition of HA and NA.  Having the appropriate subtype specificity is essential for antibodies to work.  HA attaches to neuraminic acid containing receptors, and NA cleaves the receptor-HA bond.  The flu can impair cilia and damage the respiratory tract.  After the virus enters, it uncoats and the RNPs go into the nucleus.  
· Finally, antibody effector mechanisms include inflammatory activities.  These include opsonization, complement activation, basophil/mast cell activation, and NK cell targeting for antibody dependent cellular cytotoxicity (ADCC).  
· Opsonization is the enhancement of phagocytosis.  Many pathogenic bacteria have a slippery polysaccharide capsule that resists phagocytosis.  Binding of igG to these allows phagocytic cells with low affinity Fc receptors to bind tightly due to high avidity and phagocytose with much greater efficiency.  More and more Fc receptors interact as the macrophage/neutrophil uses a zipper mechanism to engulf the particle.  By indirectly binding using IgG, phagocytic cells gain some specificity for what they eat. Some particles are too big to phagocytose, so phagocytic cells release vacuoles with toxic enzymes onto the particle’s surface.  

· The classical complement pathway is activated by antibody-antigen complexes.  The first component of this pathway (C1q) can be activated by 1 IgM or 2 IgG.  This allows more complement mediators to bind, like C3b, which also enhances phagocytosis.  Complement itself also creates a pore in the target and lyses it.  

· IgE synthesis is stimulated by IL-4.  It carries out its effector functions when bound to mast cells or basophils.  These cells have lots of granules with pro-inflammatory molecules (histamine, heparin, chemotactic stuff).  Mast cells are at mucosal surfaces and CT where they interface with the environment, whereas basophils can enter sites of inflammation.  IgE is bound here by a high affinity FcεR.  Other cells like B cells that make IgE and esoinophils have low affinity receptors.  Mast cells can have lots of different IgEs specific for different allergens.  When antigen binds, the cell degranulates and also activates phoshpolipase A2 to make arachadonic acid metabolites.  Acute mediators cause vascular permeability, edema, mucus production and muscle contraction, whereas delayed response mediators may attract other WBCs.  
· IgE may play a protective role against helminthes.  If they bind, they may attract eosinophils with a low affinity receptor for IgE.  The eosinophils may then release a bunch of toxins on the worm.  
· In ADCC, NK cells (non B or T lymphocytes) have FcγR that recognize IgG on the surface of host cells infected with virus or transformed into a tumor.  Multivalent binding leads to high avidity and causes release of granules containing perforin that is cytotoxic.  They can utilize this for therapies by making IgG specific to tumor cell surface markers, for example Rituximab.  
Lecture 7:  The Complement System

· The system can be activated directly by foreign stuff of indirectly through antibody interactions.  Complement proteins attract/activate granulocytes and macrophages, opsonize stuff, rupture cells and augment activation of lymphocytes.  
· Complement consists of a series or proteins that cleave each other into 2 active proteins, allowing for amplification and triggering of cell migration, activation and/or adhesion.  It also involves a terminal set of proteins that form pores and lyse targets.

· The three different pathways for activating complement (classical, lectin, and alternative) all converge on the activation of C3.  

· Activation of the classical pathway involves C1 interacting with at least 2 Fc portions of an IgM or two IgG (subclasses 1, 2 or 3).  The 6 globular heads of C1q bind the Fc regions, which activates the protease abilities of C1r/C1s.  These cleave C4 into C4a (small) and C4b (big).  This exposes a thioester group on C4b, allowing it to react with the first nucleophile it sees.  This is often water, the IgG, or the bacteria.  C1 causes many C4bs to be attached to the IgG and to the bacteria.  The C4b binds C2, which is cleaved by C1r/C1s.  C2b leaves and C2a stays attached to C4b.  The C4b2a complex is the classical pathway C3 convertase, which cleaves C3, the central mediator of complement.  
· Activation of the lectin pathway and alternative pathway are antibody independent, so can happen as part of innate immunity much more quickly.  

· The lectin pathway uses Mannose Binding Lectin (MBL) as a substitute for C1q.  MBL and C1q are structurally very similar.  MBL binds to terminal mannoses on pathogen oligosaccharides, and then cleaves C2 and C4 via a protease called MASP.  

· Activation of the alternative pathway begins with C3 occasionally undergoing a spontaneous structural change that exposes a thioester bond.  This is called tickover, and allows the generated C3b to bind to cell surfaces nearby.  The environment where it binds will determine if the complement pathway continues; surfaces like bacterial LPS or yeast zymosan cause it to continue.  Bound C3b binds to Factor B.  This is then cleaved by Factor D, which is always active in the serum.  The Ba fragment leaves and the C3Bb complex is bound by properdin to stabilize it.  This complex is the alternative pathway C3 convertase, and will cleave other C3s.  
· Either of these C3 convertases can cleave lots of C3 in to C3a and C3b.  C3a is an anaphylatoxin, and diffuses away to cause mast cells and basophils to release histamine and inflammatory mediators.  C3b can covalently bind to the nearest thing and initiate an amplification loop by binding factor B and leading to further C3b cleavage and the deposit of lots of C3b focally.  

· Bound C3b acts as a ligand.  Phagocytic cells have a complement receptor (CR1) that recognizes bound C3b and facilitates phagocytosis of antigens.  C3b and antibodies synergistically activate phagocytosis.  

· When C3b binds either of the C3 convertases (C4b2a or C3Bb) it forms the classical and alternative C5 convertases (C4b2a3b or C3BbC3b).  These C5 convertases cleave C5 into C5a (a very potent anaphylatoxin) and C5b.  C5b remains associated with C3b and binds to C6, which binds to C7.  This C5b,6,7 complex is lipophilic and inserts in the lipid bilayer.  Then C8 and many C9s assemble and form the membrane attack complex (MAC).  This forms a large pore in the cell and osmotic lysis.  C9 is homogous to perforin (from cytotoxic T cells and NK cells).  
· C3b from the alternative pathways seems like it could attach to self surfaces.  Inappropriate complement activation is blocked by a C1 inhibitor, destruction of the C3 and C5 convertases, and inhibition of MAC.  

· To block the classical pathway, there is a huge amount of the C1 serine protease inhibitor in the serum.  It irreversibly inhibits C1r/C1s.  Proteins like DAF (decay accelerating factor) or CR1 bind to C4b and inactivate the classical C3 convertase (C4b2a).  Factor I proteolyses C4b to inhibit it.  

· To block the alternative pathway, the C3 convertase (C3bBbP) is inhibited by Factor H, DAF and CR1.  Factor H competes with factor B for binding to cell associated C3.  High sialic acid (characteristic of the host) favors factor H binding over factor B and the prevention of complement.  Here, factor I also cleaves and inactivates C3b with the help of a cofactor (MCP, CR1, or factor H).  
· When Factor I cleaves, it first cleaves C4b/C3b to iC4b/iC3b.  Then it cleaves again to fully deactivated C4d/C3dg.  

· Though cleaved for inactivation, fragments of complement proteins can still act as ligands for other cells.  C3b is a ligand for CR1 on macrophages/neutrophils (phagocytosis) and on B and T cells (proliferation).  After inactivating cleavage to iC3b, it becomes a ligand for CR3, which induces phagocytosis is macrophages neutrophils and ADCC on NK cells.  After further cleavage to C3dg, it is a ligand for CR2 and activates B cell to make antibodies.

· You need lots of C3s to get much of the Membrane Attack Complex, so C3 is probably the most important regulatory step.  But, regulatory proteins on host cells also prevent against the assembly of MAC too.  CD59 prevents C8 and C9 from inserting in the membrane, and vitronectin binds to soluble C5b-C8 complex to prevent complete formation of the MAC.  
· Regulation downstream of the C3 split products will not prevent opsonization.

· The proteins in the different branches of complement are often related.  For example, C2 and Factor B have similar functions in the classical and alternative pathways, and are homologous serine proteases.  Many of the genes map to one region on chromosome 1, and lots of those share a Short Consensus Repeat (SCR).  

· Complement proteins also regulate innate immunity.  Bound components (Fc, C3b) can promote phagocytosis, and released split products can act as chemoattractants and signals.  

· Complement also regulate humoral immunity.  The signaling activity of the B Cell Receptor is modified by CD19, a molecule associated with CR2 (which recognizes C3dg).  If the B cell’s membrane bound antibody binds the antigen, and the antigen has C3dg on it to bind with CR2 and CD19, they have a synergistic effect on B cell activation.  
· This system is slow to evolve, so microbes have ways of interfering with the pathways.  
· Flow cytometry:  A lens focusing on a light detector straight ahead of the laser beam detects the forward scatter, which indicates cell size.  Another detector at ninety degrees to the beam detects side scatter, which shows granularity and complexity.  Different types of cells show different patterns.  

· You can tag antibodies with fluorescent markers and modify the setup to detect emitted fluorescent light.  Add labeled antibodies to different cell markers and you can detect them.  Marker subsets define cell populations.  

Lecture 8:  Antigen Recognition by T Cells I
· TCR diversity is generated by V(D)J recombination and junctional diversity, just like BCRs.  Likewise, they also obey the clonal selection theory (they have 1 type of receptor and get activated upon antigen binding).  TCRs, however, are not secreted, since the T cells need to directly interact with the cells that bind their receptors.  

· Optimal antibody responses require both B cells to produce the antibodies and T cells to help by providing signals.  

· T cells are derived from hematopoietic stem cells, which differentiate into common lymphoid progenitors (common to B and T), then into T precursors.  These T precursors then migrate to the thymus, where they mature.  This is really the thymus’ only function, and is more active in pre-pubescent adolescents.  
· Whereas antibodies recognize conformational epitopes, TCRs recognize linear or denatured epitopes of proteins.  TCRs also don’t bind free antigen, only antigen presented by other cells.  Experiments showed that macrophages needed to be incubated with antigen (to ingest and present it) for the T cell to proliferate.  
· MHC restriction is the observation that one mouse’s TCR will not recognize antigen presented on another’s MHC if their MHC genes are different.  Because the MHC locus is so polymorphic, MHC restriction almost always occurs.  MHC was discovered in relation to graft rejection in mice, but MHC restriction showed that they are involved in antigen recognition by T cells.  MHC is the most important, but not the only determinant of graft/transplant success.  The human equivalent is HLA.  
· The MHC locus encodes several genes (Classes I, II, and III).  The Class I have a heavy chain and are non-covalently associated with a β2 microglobulin chain encoded on another chromosome.  We carry three different Class I heavy chain loci (A, B, and C in humans, or 2K, 2D and 2L in mice).  These are expressed on all cells except neurons and RBCs.  There are also Class Ib molecules encoded here, which will be discussed later.  
· Class II molecules are surface heterodimers of α and β chains.  We carry three Class II loci (DP, DQ and DR) and mice carry two (IA, IE).  They are constitutively expressed on B cells, macrophages and dendritic cells.  

· Class III molecules encode some complement proteins and cytokines, nothing really to do with typical MHC stuff.

· MHC loci are extremely heterogeneous, and the many alleles are all codominant.  This is a balanced polymorphism, and is good because if we all had the same MHC then pathogens could quickly evolve to evade them.  The variation is localized to regions that bind TCR.  
· With three class I loci and three class II loci with two alleles at each, you can generate 6 different MHC molecules at class I and 6 at class II for a total of 12 types of MHC.  TCRs have a specificity for a particular one of these “self” MHC gene products, as well as for some antigen they may be carrying.  
· To figure out which MHC it recognizes, see if that T cell clone can be activated by APCs expressing known MHC gene products.  Then, see which MHC is unique to all activated T cells.  Alternatively,  you could just add monoclonal antibodies that bind to the different MHCs and see which one inhibits T cell proliferation.  
· So people knew that T cells recognized antigen and MHC.  They made hybrids to two T cell lines that recognized distinct antigens via distinct MHCs.  By making a hybrid and finding no recombining of the antigen/MHC specificity in progeny cells, they determined that it was 1 receptor that mediated all of this.  

· To identify the TCR, they took a T cell clone and immunized a mouse with it.  They took the antibodies the mouse made, and looked for ones that only bound the specific T cell clone that was added to the mouse and no others.  This antibody must then recognize the unique TCR.  Thus, they were able to purify and characterize it.
· TCRs are structurally related to antibodies, and TCRs are members of the immunoglobulin superfamily.  It’s composed of one α and one β chain, each with a variable and constant region.  Unlike antibodies, TCRs are monovalent.  The α chain is like the light chain and has variable V and J segments, as well as the constant region.  The β chain is like the heavy chain and has V, D and J segments (variable) in addition to the constant region.  Rearrangement and junctional diversity happen the same way, but somatic hypermutation and class-switch recombination do not occur in TCRs.  

· The TCR also associates with CD3 for signaling after the antigen binds.  CD3 is invariant.  You can use an anti-CD3 antibody to deplete T cell activity.  Instead of the usual αβ TCR, CD3 can sometimes associate with a less common γδ TCR.  
· APCs must internalize the antigen, proteolyze it into linear epitopes, and express them on MHC molecules.  Experiments with Hen Egg Lysozyme showed that a specific synthetic peptide will bind to a specific MHC, suggesting that peptides bind directly to MHC to form the complex recognized by TCR.  This explains the observation that MHC genotype influences how well you respond to certain antigens.  If no epitope from an antigen binds to your MHC, you won’t respond to it.  Usually you respond to most antigens since they have some epitope you’ll respond to.  Simple antigens may escape this.  This may also explain why people with some genotypes are at greater risk for autoimmune diseases.  

· The binding of an antigenic peptide to an MHC is only somewhat specific.  The MHC has a single binding groove defined by a beta sheet floor and two alpha helix walls.  It binds a peptide about 9-10 AAs long.  For a given MHC there are a couple “anchor” positions at which a certain AA must be present, and other positions have greater flexibility.  This is determined by deep binding pockets that accommodate the AAs.  The peptide binding site for class I, the ends of the peptide are bound so it must be of a specific 9-10 AA length.  For class II, the peptide binding site is open at each end and can accommodate longer polypeptides.  
· Overall so far, the APC takes up antigen, proteolyzes it, puts peptide fragments on MHC and expresses them on the surface for recognition by T cells.  TCRs show MHC restriction (response to a particular type of MHC) because a different MHC will not only bind different peptide fragments, but will also have different regions of its own that bind the TCR.  Once triggered, the T cell can proliferate.  

· MHC will also bind self proteins.  If it’s not bound to a peptide fragment, it won’t go to the surface.  TCRs only recognize MHCs with foreign antigens.  

Lecture 9:  Antigen Recognition by T Cells II

· T cells recognize antigen only on the surface of other cells, likely because their functions involved direct interactions with other cells.  Helper T cells express CD4 and release cytokines/interleukins when activated.  These are required for lots of things, including B cell activation.  Cytotoxic T cells express CD8 and primarily destroy virally infected cells to stop viral replication.  There’s a pretty good correlation here between CD4/CD8 phenotypic expression and cell function.  In mature T lymphocytes, CD4 and CD8 expression are mutually exclusive.  These proteins are Ig superfamily proteins and do not show variability like the TCR.

· Correlation between CD4/CD8 expression and MHC restriction specificity is absolute.  CD4 cells only associate with class II MHC, and CD8 T cells only recognize antigen on MHC class I molecules.  CD4 and CD8 actually interact directly with the MHC molecules on APC.  Antigen recognition requires that CD4 co-cluster with TCR on the T cell.  Then, when the TCR recognizes antigen and MHC, the CD4 interacts with MHC II or CD8 interacts with MHC I.  The CD4/CD8 are intracellularly associated with a tyrosine kinase called lck, and during T cell activation lck is recruited to the CD4/CD8-TCR complex and phosphorylates them to initiate a signaling cascade. 
· This dichotomy is important because there are two pathways for processing foreign antigens.  Exogenous antigens are taken up by cells like macrophages  and are degraded in endosomal compartments.  MHC class II is trafficked here from the ER, where it was associated with an invariant chain to direct it to the endosome and prevent peptide binding until it gets there.  Once the MHC class II gets to the acidic endocytic vesicle, the invariant chain is degraded with the help of HLA DM, which allows exogenous peptides to bind.  This then goes to the cell surface.
· Endogenous foreign proteins (often intracellular viruses) are degraded by an immunoproteasome, then trafficked into the ER by a TAP1/TAP2 transporter.  This transporter is an ABC superfamily transporter and is encoded at the MHC locus, as are parts of the immunoproteasome.  Once in the ER, these peptides are free to associate with MHC class I molecules in the ER.  TAP1/TAP2 facilitates this because it is linked to nascent MHC class I by the protein tapasin.  They are then trafficked to the cell surface.  MHC class I also binds self peptides this way, but these aren’t recognized by the TCRs.  
· It makes sense that cells like neurons don’t express MHC class I, because they are basically irreplaceable, and you wouldn’t want a cytotoxic T cell to kill them.  Also, viruses may try to block this endogenous pathway or the TAP proteins.  But, our NK cells detect low levels of MHC class I on cells, and other mechanisms try to protect us.  
· B cells and T cells specific for the same antigen collaborate during an antibody response.  Antigen is taken up by an APC and presented on MHC class II.  A CD4 T cell then recognizes this and is activated.  This CD4 T cell then needs to encounter a B cell specific for the antigen.  This B cell needs to have already encountered the antigen, endocytosed it and expressed in on its MHC class II.  If it has done this the B cell will express MHC class II, which can bind to the T cell.  This B-T cell linking results in cytokine release that facilitates antibody production in the B cell, and the direct contacts also provide signaling.  A particularly important direct contact occurs between CD40 and CD40L.

· There are lots, lots more interactions between T cells and APCs that attach them and signal in both directions.  
· Superantigens are proteins that can activate large numbers of T cells.  They are involved with some things like toxic shock and food poisoning.  These antigens don’t require processing and work by cross linking the TCR to an MHC class II.  It cross links them by binding at sites separate from the normal peptide binding cleft.  It doesn’t bind at the hypervariable portions, so binds to lots of TCRs and activate lots of T cells to produce lots of cytokines.  

· Some viruses that infect B cells encode superantigens to activate T cells and get cytokines that stimulate B cell (host) proliferation.

· To detect in vivo T cell responses, make a fluorescently labeled, multivalent (for better binding) peptide/MHC complex.  This can be used to quantitate the number of T cells in vivo.  It confirmed a lot of our ideas and showed to what extent some things, like clonal expansion, happen in the T cell response.  

· Natural killer T cells (NKT cells) can recognize bacterial lipids and share properties of NK cells and T cells.  They have relatively invariant TCRs and many surfaces markers of NK cells.  The lipids bind CD1 on this cell and induce cytokine secretion.
Lecture 10:  Antigen Presenting Cells
· Most cells express MHC I, but APCs also express MHC II.  APCs include B cells, macrophages and dendritic cells.  DCs are highly specialized for their central function of antigen presentation, and they are the most efficient APCs in starting a primary immune response.  They also contribute to tolerance to self antigens.  
· Pathogens often enter through epithelial layers, so this interface is a special focus of the immune system.  

· Since naïve lymphocytes with a certain specificity are present at very low frequencies, the immune system doesn’t circulate a lot of them around.  Rather, antigen capture and processing happens in peripheral tissues, then initiates immune responses in the secondary lymphoid organs (lymph nodes and spleen).  Activated T cells can then leave the lymph node, for example, and go to target tissues.  

· Dendritic cells initiate innate and adaptive responses.  They detect antigen in the periphery and move to T cell regions of lymph nodes to present antigen to them.  DCs are present in nonlympoid organs (interstitial/Langerhans DCs), circulation (blood DCs), and lymphoid organs (interdigitating DCs).  

· DCs are very efficient at starting a primary immune response, much more so than macrophages.  In epithelial layers, they have processes that penetrate throughout the dermis.  They are widely distributed in lymphoid and non-lymphoid organs.  Compared to macrophages, they have surface veils, fewer lysosomes (no phagocytosis), and multivesicular vacuoles.  
· There are two major pathways for DC differentiation.  An early precursor lymphoid DC will ultimately produce a plasmacytoid DC, which secretes interferons and affects T cell differentiation.  An early precursor myeloid DC can become Langerhans DCs (epithelium) or interstitial DCs (other tissues).  We will be discussing the myeloid DC products!!
· Overall, DCs capture antigen, lose adhesion in the periphery, migrate, mature, and activate naïve T cell in lymph nodes.  DC progenitors originate from the bone marrow and are resident in peripheral sites as immature (aka processing) DCs.  These are optimal for antigen uptake and MHC production, and have unique structures like rod shaped Birbeck granules which are like endosomes.  Inflammatory mediators cause them to mature and migrate as “veiled” cells through the lymph or blood to secondary lymphoid tissues.  These mature DCs effectively stimulate T cells in T cell areas of lymph nodes.  
· DCs in non-inflamed places take up peripheral endogenous antigens and bring them to lymphocytes.  This gives them signal 1 in the absence of signal 2 and induces tolerance to these peripheral antigens.  

· DCs act as sentinels of non-lymphoid tissues by capturing and processing antigens.  The capacity to do this varies with the DC’s state of maturation.  Maturation also influences migratory ability and tissue distribution.  Immature DCs (like Langerhans cells) in the tissues efficiently present protein antigens.  This ability decreases and they upregulate expression of molecules for T cell adhesion, stimulation and chemotaxis.  The chemokine for attracting naïve T cells is DC-CK, which is only expressed in non-lymphoid tissue.  This description fits well with the model of DCs first taking up antigen, then presenting it to T cells.  This maturation is mediated by lots of cytokines (TNF-alpha, IL-4, CD40L, etc.)
· In immature DCs, MHC II is actively synthesized and stored in endosomes for antigen presentation.  They also macropinocytose huge volumes of solute to sample the environment and get enough antigens (since it’s pretty low affinity) to present on MHC II.  Their membrane veils are highly dynamic in this process.  Macropinocytosis is regulated by cytokines.  This process is important for detecting pathogens that evade phagocytic receptors.  Once inside the DC, they can be recognized by PRRs like TLRs which are abundantly expressed.  Also, immature DCs have a high affinity lectin like molecule to do adsorptive endocytosis and capture antigen, much like a mannose receptor on macrophages.
· Matured DCs downregulate macropinocytosis and MHC expression, while moving the endosomal MHC to the surface.  They aren’t very good at processing and presenting antigen any more, but are adept at presenting it.  

· DCs must migrate through the afferent lymph to the T cell areas of the lymph node.  These DCs are very dynamic, extending and retracting to sample passing T cells.  They will form short lived antigen independent clusters/adhesions, but will quickly dissociate unless stable, antigen-specific adhesions and clusters of receptors form.  These continue to secrete DC-CK to attract naïve T cells, and they also still have upregulated co-stimulatory molecules.  
· Mature DCs can prime/activate CD4 T cells and activate lots of immune responses via helper T cells.  The CD4 T cells enhance survival of DCs and their ability to activate CD8 T cells.  This can allow CD8 T cells to proliferate without the continual need for CD4 T cells.  DCs then produce IL-12 to encourage helper T cells to differentiate into IFNγ producing Th1 cells.  Or, in the presence of IL-4 DCs cause helper T cells to differentiate into IL-4 and IL-5 secreting Th2 cells.  Activated CD4 T cells can also help B cells make antibodies.  

· In addition to all of this activation of the immune response, DCs also play a role in inducing peripheral tolerance to self antigens.  DCs can capture and present self-antigens from tissues where they reside (by taking up apoptotic bodies from cells or macropinocytosis).  When they constitutively migrate and present this to a T cell (signal 1) in the absence of co-stimulatory molecules (signal 2), they induce tolerance to that antigen.  
· When DCs are infected with a virus, they just present it on MHC I like we learned about.  But most viruses don’t want to infect APCs, since it makes it easy for T cells to see them on MHC I.  So, how would a virus infecting an epithelial cell stimulate CD8 T cells to respond?  Cross priming.  This is where fragments from dead cells are taken up by the DC and instead of going to MHC II as usual, get trafficked to MHC I.  So the cytoplasmic stuff in 1 cell is loaded on the MHC I of another.  
· Macrophage are also APCs, but also function for phagocytosis and scavenging (endocytosis to get rid of damaged cells and immune complexes).  Scavenging completely breaks stuff down, unlike DCs.  Both DCs and macrophages scavenge, but Fc receptors and other receptors make macrophages much better at it.  Unlike DCs, macrophages have lots of lysosomes to compeletely degrade internalized stuff.  Basically, when the ingest stuff, macrophages tend to completely degrade it more often, whereas DCs tend to present it more often.  

· B cells are the final type of APC.  They also don’t have too may lysosomes, and they depend on surface Ig mediated endocytosis to get stuff onto MHC II.  Their presentation is antigen specific, since it must first be recognized by Igs.  

Lecture 11:  T Cell Development and Central Tolerance

· Many mechanisms of tolerance are quite similar between B and T cells, but we’ll focus here on T cells.  
· Tolerance is when the immune system is unresponsive to an antigen.  This is most important for self antigens, and distinguishing self from non-self is a unique and essential function of the immune system.  

· Freemartin cows are dizygotic twins that share a placenta, which makes them a natural parabiosis experiment.  This resulted in chimerism of the hemopaoietic cells, and they could be transfused with each others’ blood safely.  Burnet said that the immune system must “learn” self-tolerance during its development, and he guessed that you make receptors for self and foreign antigens, but delete those that recognize self antigens as immature lymphocytes.  This is the clonal deletion model.  
· According to this model, any antigen present during development should be tolerated by the immune system, since the lymphocytes specific for it would be eliminated.  People tested this idea by injecting antigens during various time in development and testing for tolerance.  Though they didn’t prove clonal deletion as the mechanism, they showed that tolerance induction requires antigen presence during fetal or early neonatal development.  

· Tolerance can be divided into central (generated during lymphocyte development) and peripheral tolerance (occurs in mature lymphocytes after development).  Peripheral tolerance is important for tissue specific self antigens not found in the thymus during T cell development.  Recall that B cell tolerance was mediated by anergy, deletion or editing.  T cells use deletion (central tolerance) and anergy (peripheral tolerance), as well as other mechanisms.  

· Pretty much the only role of the thymus is to house the development of T cells.  Most T cells recognize MHC through the αβ TCR.  A couple percent of  T cells express the γδ TCR.  In both cases, the diversity is generated by gene rearrangement.  T cells develop by doing genetic rearrangemtents, undergoing negative and positive selection, and acquiring mature effector functions.  
· The α and δ chains are encoded in the same locus.  β and γ are each encoded separately.  Of note is the fact that the δ locus is inside (between the V and J) of the α locus.  This assures that the T cell doesn’t express both types of TCR, since expression of α requires that δ be spliced out.  Also, there are many more Vs and Js in the α and β genes, so there’s more potential for diversity in these receptors.  As with B cells, this is all mediated by RAG and includes junctional diversity via N and P regions.  
· When the cell enters the thymus, gene rearrangement begins.  γδ genes usually rearrange first, and would be the first to appear on 1-5 % of thymocytes (they are CD4-8-).  But, if this is non-functional or if the α gene rearranges before the δ and deletes it, you get the αβ TCR (95% of thymocytes).  
· Thmyocytes enter the thymus as CD4-8-.  In αβ TCR expressing cells, the β locus rearranges first (analogous to heavy chain with VDJ).  If it rearranges correctly, it’ll join with a preTCRα to form a transiently expressed β-preTCRα that complexes with CD3 just like a real TCR would.  It sets off a signaling cascade that seems to involve lck, and it indicates the presence of a functioning β chain and triggers α rearrangement and expression of CD4 and CD8.  This cell is now CD4+8+and expresses the functioning αβTCR, but it’s not mature yet.  
· A messed up rearrangement, negative selection, or non-selection will lead to the thymocyte’s death.  To leave the lymph node successfully, it has to get positive selection from an MHC I or MHC II, which will cause it to express only CD8 or CD4.

· Once it’s at the CD4+8+ stage, selection occurs.  Most thymocytes don’t make it through the whole process.  Some become single positive cells and acquire effector functions characteristic of mature T cells.

· Negative selection is the major mechanism of central tolerance.  If clonal deletion were the mechanism, as hypothesized, then it would have to occur after the TCR is expressed, but before the T cell achieves its mature functionality.  Experimental evidence for clonal deletion was found in mice that express a superantigen that links MHC II type I-E with Vβ17 of the TCR.  This was found because almost all TCRs with Vβ17 were found to be linked to MHC II type I-E (but not type I-A).  I-E- strains express some Vβ17, but I-E+ strains of mice show no mature T cells with Vβ17 (since it would bind the TCR well and be negatively selected against).  They looked in the thymus of I-E+ cells that lack Vβ17 on mature cells and saw that immature CD4+8+ cells did express Vβ17.  Thus, these immature ones had to be clonally deleted at the CD4+8+ stage before maturation.  
· Positive selection is a process that doesn’t occur in B cells.  T cells must have some specificity for MHC molecules.  If they’d always bind regardless of antigen, they’d be dangerously overactive (these are taken out by negative selection).  If they’d never bind it the TCR is useless, so there is positive selection in which there is selection for TCRs with enough MHC reactivity to bind well when a high affinity antigen binds.  
· The experiment that demonstrated positive selection was done by con Beohmer.  He immunized female mice with male proteins, and they made antibody to gene products of the y chromosome (H-Y).  The female’s MHC were known to be class I type Db.  

· If the T cells she produced in response to the H-Y were expressed in male mice with MHC Db, negative selection occurred since the TCR recognized the male’s self H-Y.  

· If the T cells she produced were transgenically added to female mice with MHC Db, CD8 T cells were observed.  Since the antigen wasn’t “self” it didn’t get negative selection, and because it has affinity for that MHC it got positive selection too.

· If the T cells were expressed in a female mouse with a different MHC, you would still not have negative selection since the antigen it recognizes isn’t self, but now you wouldn’t get any positive selection since it wouldn’t bind the different MHC.  So, you’d see double negative and double positive T cells, but no single positive ones.  
· Basically, if the T cell’s TCR doesn’t bind one of your MHCs, you won’t get positive selection and it’ll die.  If it does bind your MHC, high affinity to self antigens will cause negative selection and kill it.  If it binds your MHC, low affinity to self antigens will prevent negative selection and allow positive selection; these will survive.  TCRs with very high or very low avidity for the MHC-self peptide complex well be selected against.  Those with intermediate avidity will survive.  

· It was hypothesized that for peripheral tolerance, peripheral antigens were all somehow expressed in the thymus to induce tolerance to them.  It seemed a little far fetched, but RT-PCR showed that the medullary thymus epithelial cells express pancreas specific genes for which autoreactivity is implicated in diabetes.  The putative transcription factor, when knocked out, leads to multiple autoimmune disorders, so it may actually act in this manner to express ectopic tissue-specific genes.  

Lecture 12:  T Cell Tolerance

· Immune systems must be able to distinguish between harmful and innocuous particles; this is tolerance.  It used to be thought of as simply differentiating between self and non-self stuff.  The consequences of tolerance gone awry was called “horror autotoxicux” by Ehrlich, what we know as autoimmunity.  
· Tolerance was thought to largely be induced in utero and through the early perinatal period.  Negative selection occurs in the thymus at these times as T cells recognize self antigens, but not all self antigens are expressed in the thymus, so you also need a mechanism for peripheral tolerance.

· Now, we don’t distinguish between self and non-self so much as between antigens presented in different contexts.  The circumstance under which an antigen is presented seems to distinguish between self and infectious non-self.  The immune system is activated by PAMPs that activate PRRs (like TLR).  If this type of “adjuvant” signaling occurs when an antigen is presented, it will induce activation of T cells and the immune system.  But, in its absence, tolerance is induced even if the antigen is from a pathogen.  Circumstances that induce activation include presence of PAMPs or indicators of necrosis like heat shock proteins.  These molecules activate APCs so that they not only present an antigen to T cells on their MHC (signal 1), but they also upregulate and now express costimulatory molecules (signal 2) that help activate the T cell.  The best characterized signal 2 molecules are CD28 on the T cell and B7 on the APC.  If antigen is presented by a resting DC that is constitutively macropinocytosing stuff, going to the thymus and presenting it, signal 1 will occur in the absence of signal 2 and induce tolerance.  
· The thymus is the main site of T cell development, where you get positive and negative selection.  But it’s most likely that not all T cells find the right peptides (some may not even be in the thymus) and not all self reactive T cells are deleted, so you need ways to induce peripheral tolerance.  Strategies include ignorance, clonal deletion, anergy, T regulatory cells, and immunoregulation.

· Ignorance is basically where antigens are so rare or sequestered from the immune cells that autoreactive T cells exist, but never encounter them to respond.  Artificially adding the antigen where it’s accessible to T cells will cause a response.  T cells gaining access to them naturally could also cause autoimmunity.

· Clonal deletion is when abundant peripheral self antigen is recognized by autoreactive T cells, but the lack of signal 2 causes the cell to die (don’t worry about how).  They initially proliferate, but quickly die off.  It’s important that the antigen is present at high levels.  At low levels, you get ignorance.  
· Anergy is when signal 1 alone can cause a T cell to become anergic, meaning it won’t respond later even if both signals are present.  These are kind of the same conditions for clonal deletion.  Activated T cells usually produce IL-2 and proliferate, but these anergic cells fail to do so.  Anergic cells can be rescued and recover their activity with high levels of exogenous IL-2 from other sources.  
· T-regulatory cells:  These may be natural Treg cells from the thymus (CD4+25+, Foxp3+) or induced Treg cells from normal T cells (these may be foxp3 + or -).  The thymus derived ones are most prominent.  These cells promote tolerance and prevent autoimmunity and a wide variety of immune responses.  They do so by suppressing T cell activation.  

· Natural Treg cells are CD4+CD25+, but not all CD4+CD25+ cells are Tregs.  The ones also expressing Foxp3 are, so it’s a specific marker for thymic Tregs.  Foxp3 is a transcription factor upregulated in Treg cells from the thymus.  Mutations in Foxp3 cause autoimmune disease.  
· Induced Treg cells (TR1 and TH3) also promote tolerance and are CD4+Foxp3-.  They come from normal T cell precursors and under certain conditions are induced to become regulatory cells.  TR1 secretes IL-10 and is generated in the lungs to fight inhaled antigens, whereas TH3 secretes TGF-β and is generated in the gut to fight fed antigens.  
· Immunoregulation:  cells and cytokines that promote an active immune response under some circumstance and tolerance under other circumstances.  IL-10 can inhibit cytokines under some circumstance and promote tolerance under others.  TGF-β can promote IgA synthesis, but sometimes promote tolerance.  
· Tregs seem to help treat diabetes in mice.  

· Oral tolerance:  CD4+ T cells that secrete TGF-β promote IgA synthesis, and CD4+ cells produce IL-10 that promotes plasma cells.  So they mediate adaptive immunity, but also play a role in autoimmune suppression.  But if you study autoimmunity, you see that you can feed mice MBP to induce tolerance to MBP in the brain and prevent the autoimmunity to it that causes multiple sclerosis.  Fed (oral) antigen seems to somehow induce tolerance…this also works with inhaled antigen in mice.  Doesn’t really work in people though.  By understanding how this works, maybe we can use this as a technique.  
· Deficiencies in tolerance lead to autoimmunity.  

· Tried to induce anergy to a transplant donor’s marrow, and allow transplant with less than optimal matches.  

· T cells can recognize and kill tumors.  Tumors can escape immune destruction by inducing T cell tolerance and anergy.  Knowing how to reverse or prevent anergy could  be helpful in treating tumors.  Few Treg cells help cancer patients survive longer by having a stronger immune response.  

· Natural transplantation occurs in angler fish, so studying this could be useful in learning about how to allow tolerance and turn off transplant rejection.  

Lecture 13:  Lymphocyte Activation

· Naïve T cells play a critical role in initiating immune responses.  They can differentiate into killer of helper T cells.  Recall that T cells do not recognize soluble ligands, rather peptides bound to MHC and presented on APCs.  Very few T cells will respond to any antigen.  Also, an APC will carry many combinations of peptides and MHCs, so a T cell has to sample lots of them on the cell surface.  
· CD8 cells respond to cytosolic peptides bound to MHC I, and they target infected host cells for cytotoxicity.  CD4 T cells respond to foreign proteins or intracellular pathogens’ antigens in endocytic vesicles presented on MHC II.  These will differentiate into different types of Th cells.  The MHCs are presented by APCs, which include DCs (most important ones), macrophages, and B cells (take up and present only a specific antigen).  

· Differentiated, effector T cells can be activated by just signal 1 after they have received both signals to activate them.  Naïve T cells require both signals 1 and 2.  
· T cell activation has 2 stages.  One is recognition of the MHC-peptide complex on an APC.  This causes intracellular signaling, which is altered gene expression.  In particular, IL-2 and its high affinity IL-2 receptor are upregulated.  IL-2 is a potent inducer of T cell proliferation.  The resulting proliferation and additional acquisition of effector functions is stage 2.  

· Naïve T cells see presented mostly in the lymph nodes, spleen and Peyer’s patches.  As T cells circulate through these, they adhere to the endothelium.  L-selectins on the T cells interact with CD34 and GlyCAM-1 on the endothelium.  Diapedesis is then promoted by chemokines activating LFA-1 on the T cell so that this can interact with ICAMs on the endothelium.  CD2/LFA-1 on T cells and LFA-3/ICAM on APCs then mediate the T-APC interaction.  This binding initiates intracellular signaling that leads to proliferation.  
· Intracellular signal cascades resulting from TCR binding require that CD4 or CD8 also bind the MHC.  At least two signal cascades are initiated, the PLCγ cascade and the Ras pathway, both of which alter gene expression including IL-2 and IL-2Rα.  The gene expression is altered by Erk activating the transcription factor AP1 and/or Calcineurin (calcium activated) dephosphorylating NF-AT so it can enter the nucleus and act as a transcription factor for the IL-2 gene (both AP1 and NF-AT).  
· The drugs cyclosporine A and FK506 inhibit calcineurin to block clonal expansion of T cells.

· The TRC induces tyrosine kinase activity, but isn’t a kinase itself.  The αβ TCR is associated with invariant chains by transmembrane region interactions.  These invariant chains include CD3 (2 ITAMs) and TCRζ (3 ITAMs) and couple the TCR to signal transduction molecules via their ITAMs.  These domains have tyrosines that can be phosphorylated and make a binding site for SH2 domains.  
· The CD4 or CD8 receptors that also bind MHC are linked to the kinase Lck.  This may phosphorylate the ITAMs.  Phosphorylated ITAMs now recruit the kinase ZAP-70, which has SH2 domains.  Lck may also phosphorylate and activate ZAP-70.  ZAP-70 mutants show selective T cell defects (STD), and don’t get the proper signaling.  ZAP-70 phosphorylates LAT, which seems to activate Grb2 and PLCγ for the two signaling pathways.  

· Costimulation between CD28 on the T cell and B7 on the APC also help control clonal expansion (signal 2).  Binding of these two promotes the cell cycle and increases IL-2 production and stabilizes the IL-2 mRNA in the T cell.  The need for signal 2 can be bypassed by just adding IL-2.  

· Usually the proliferation of the T cells in clonal expansion is limited to 6-10 divisions.  The naïve T cell only expresses CD28 as a ligand for the APCs B7.  When the T cell is activated, it also begins to express CTLA-4, which also binds to B7, but now shuts down the T cell proliferation response.  
· With activation, naïve T cells will clonally expand and also differentiate.  Differentiated effector T cells lose their dependence on costimulation, so CD8 T cells can, for example, kill cells just presenting MHC-peptide.  

· B cell receptor signaling is very similar, with Ras/Raf, PLC, ITAMs, etc.  

Lecture 14:  T Cell Effector Function; CD4+ T Cells and Cytokines
· Cytokines is an umbrella term for lymphokines, monokines (from monocytes), ILs (from 1 leukocyte and act on another), etc.  T cells colonally expand and generate effector functions after activation in the secondary lymphoid tissues (spleen, lymph nodes), then migrate to the periphery where they carry out effector functions.  
· The first time a T cell sees the MHC-peptide on the APC, it’s activated by gene transcription among other things.  The second time it sees the MHC-peptide it transcribes different genes and releases effector molecules to affect the target cell.  

· Clonal expansion, as described above, relies on upregulation of IL-2 and the α chain of the IL-2R upon activation by an APC.  The β and γ subunits of the IL-2R are always expressed and provide low affinity binding, but the α chain makes it high affinity.  This results in an autocrine signaling loop.  Notably, resting naïve T cells don’t have the high affinity IL-2 receptor, and won’t respond to IL-2 even if it’s present.  Other cytokines function like IL-2 to function growth (ex: IL-4, 15), so IL-2 -/- mice are still ok because of this redundancy.  But, those other ILs (and IL-7 for T precursor growth) all require the IL-2R γ chain, so mutating that really messes up the immune system and gives you SCID.  It is encoded on the X-chromosome, so the SCID is X-linked.
· The IL-2R signals through the JAK-STAT pathway.  The IL-2 receptor chains interact with Jak kinases 1 and 3, which phosphorylate the receptor and also STAT proteins that go the nucleus to activate gene expression (for proliferation, etc).  

· The CD4+ cells that result from all of this can be very heterogeneous.  They include Th1, Th2, and Th17 cells.  Th1 cells make IL-2, TNF- α, γ-IFN and produce cytokines for macrophage activation.  Th2 cells make IL-4/5/6 associated with B cell activation/growth/differentiation and antigen specific B cell help.  Th17 cells make IL-6/17 and play a role in inflammation.  
· When CD4 T cells recognize peptide-MHC II on macrophages, they are activated and produce cytokines that activate the macrophage and help it kill intracellular pathogens that may otherwise resist destruction after phagocytosis.  Th1 cells produce γ-IFN and CD40L to activate macrophages.  These increase the efficiency of lysosome fusion with phagosomes and the production of ROS and NO for toxicity.  This is effective because many intracellular pathogens reside in endosomal compartments, and are presented on MHC II.  Activation of macrophages against one intracellular pathogen will increase the defensive strategies that function against all intracellular pathogens.  So the macrophage function is non-specific, though the T cells that recognize the intracellular pathogen must be specific for it.  
· Th1 induced macrophage activation is important in delayed-type hypersensitivity (DTH).  DTH is inflammation resulting from an antigen activating T cells that have previously been sensitized to it.  This T cell activation causes local accumulation and activation of macrophages where the antigen was present.  They take about 1-2 days to develop, much longer than allergic reactions, and are used to evaluate the immune status of patients.  The Th1 releases γ-IFN that increases vascular permeability to let leukocytes in.  Macrophages are drawn by chemotaxis via chemokines, and fibrin is deposited to make it a little hard.  This is used in a PPD, which determines if you have T cells specific for TB.  

· Th2 cytokines are involved with B cell growth and differentiation into plasma cells that make antibodies.  They only efficiently present the antigen for which their antibodies are specific.  When a T cell recognizes this, it is activated and secretes cytokines.  IL-4/5/6 from Th2 cells are near the T-B cell junction and affect B cell development, activation, growth and differentiation.  Different cytokines can cause class switching of immunoglobulins to different isotypes (IL-4→IgG1 or IgE; IL-5→IgA).  Messing up one signal, like CD40L on the T cell, can prevent class switching and lead to hyper IgM syndrome.  CD40L is upregulated on T cells after activation by peptide-MHC.  
· Th17 cells produce IL-17/6 and TNF, which induce neutrophil activation and promote inflammation, important against extracellular bacterial infections.  They have also been implicated in some autoimmune and infectious disease processes. 
· Th1, Th2 and Th17 all derive from a Th0 precursor.  Different environmental circumstances (like cytokines, costimulatory molecules, or levels of foreign peptide) at the time of activation favor differentiation into different cell types.  

· In leprosy, a Th1 response gives you the well controlled tuberculoid form of the disease, whereas a predominantly Th2 response develops a humoral response that is ineffective against the intracellular pathogen and produces the life threatening lepromatous form of the disease.  The same is true for intracellular Leishmania in mice.  

· Experimentally, you can add or block different cytokines to push the balance of Th cells in one direction or another.  Once differentiated into a certain type, the T cell will make cytokines that prevent differentiation into other types.  IL-12 is produced by APCs and NK cells (NK cells also make γ-IFN), and these two cytokines promote Th1 development.  NKT cells may produce the IL-4 that promotes Th2 development.  TGF-β, IL23/6 promote Th17 development.  

· Th1 cells make γ-IFN that inhibits differentiation into other helper T types and stimulates further Th1 development.  Th2 cells make IL-10 that inhibits other Th types, and also IL-4 that stimulates more Th2 cells.  

Lecture 15:  T Cell Effector Function; Cytolytic T Lymphocytes and NK Cells

· Peptides on MHC I are very often self or modified self (as in tumors) peptides, in addition to viral proteins.  Intracellular environments protect some pathogens from antibody immune responses, so CTLs are also very important.  A major function of CTLs is to eliminate virus/bacteria infected cells, eliminate tumor cells, and reject grafts.  Most CTLs are CD8+ T cells.  NK cells, however, also can by cytotoxic.  Clinically, they slow down HIV and Cytomegaloviruses.  

· CD8 T cells are very specific for a particular antigen.  They can respond to multiple flu strains by recognizing other conserved viral proteins (like NP).    

· Activation of CTLs occurs by recognizing peptide-MHC I along with costimulatory molecules (signal 1 and signal 2).  It much stronger and longer lasting in the presence of CD4+ T cells (probably mediated by cytokines and CD40L).  Activated CD8+ T cells will undergo clonal expansion and differentiation to express cytokine genes as well as perforin and granzyme.  They’re full of granules.  After this activation, it goes to the periphery where it recognizes only signal 1 on infected cells, and this is enough to target these cells for killing (no signal 2 necessary for effector function).  

· Cross priming is necessary for viruses that don’t infect APCs.  APCs express some phagocytosed stuff (that should only be on class II) on class I MHC.  This allows them to take up apoptotic bodies or extracellular stuff with the pathogen in it and because this usually happens with inflammation or tissue damage signals, present it on MHC I too.  Then the effector CD8 T cells can go and kill the infected cells in the periphery.  

· To induce cytolysis, CTLs first initiate contact with target cells via adhesion molecules.  T cell LFA-1 interacts with target cell ICAMs.  If during this transient interaction, TCRs recognize and MHC-peptide, they will bind more tightly and initiate signal transduction.  This triggers unidirectional cytolysis, in that only the target cell dies.  The CTL releases granules with perforin, granzymes and granulysin.  Perforin is like the complement protein C9 and forms pores, and this allows granzymes (proteases) to enter and initiate apoptosis.  Granulysin also associates with lipids and is cytolytic.  
· Perforin KOs don’t affect T cell development or distribution, only cytotoxicity.  

· Additionally, CD8 T cells kill by the Fas/FasL pathway.  Fas has a death domain that can activate caspases and lead to apoptosis.  FasL is expressed on CD8 cells, as is Fas.  This is important for downregulating the number of T cells after infection is cleared.  

· Viruses have lots of ways to evade this killing.  These include viral latency, replication in privileged sites inaccessible to T cells, infection of cells lacking class I MHC, inhibition of class I MHC expression, inhibition of TAP, mutation in CTL epitopes, etc.  
· NK cells are also cytotoxic, and are sort of our response to viruses that try to evade CTLs.  They are non-T/B lymphocytes.  They are present in most places and are like part of the innate immune system, since they act without prior exposure.  As such, they are activated early in the immune response, before adaptive immunity.  They play an anti-tumor role and also act against intracellular pathogens (esp. viruses).  
· NK cells don’t use TCRs or BCRs.  They have NK Activating Receptors that trigger cytotoxic reactions.  These are linked to adapter proteins with ITAMs to drive signaling that leads to killing by perforin.  One such NK activating receptor is NKG2D.  It associates with the adapter DAP10, and its ligands are related to MHC I and tend to be upregulated on abnormal cells (ex: MICA and MICB upregulated with cell stress and tumors).  
· Many cells normally express some such NK activating receptors, so NKs also have inhibitory receptors that prevent NK cell activation when binding to normal cells.  MHC I is one such receptor.  If MHC I is downregulated, say by a virus or very often a tumor, then it will permit activation.  These inhibitory receptors recruit phosphatases to undo the phosphorylations by ITAMs.  They tend to be more active than the kinases.  Inhibitory receptors have ITIMs, which recruit the phosphatases.  
· NK receptors fall into two superfamilies, the Ig superfamiliy (Killer cell immunoglobulin-like receptors, KIR) and C-type lectin superfamily.  

· Tumors tend to downregulate MHC I to escape CD8 killing.  

· The ideal infectious virus would downregulate MHC I and activation signaling molecules.  

Lecture 16:  Lymphoid Organs

· A potential problem in the adaptive immune response is how to get all possible (and rare) lymphocyte specificities to be present at all sites of potential antigenic challenge.  Primary lymphoid organs produce the lymphocytes.  Secondary organs allow them to co-localize with antigen for activation.  Tertiary tissues regulate the influx of effector cells so they get targeted to the site of pathologic insult.  
· Primary lymphoid tissues must rearrange antigen receptors, select for appropriate receptors, be capable of signaling upon recognizing a signal and go to the proper location.  Primary lymphoid tissues include the bone marrow and thymus.  

· Bone marrow produces blood cells.  In the marrow, arteries to into sinusoids which feed back into veins, allowing cells in/out.  The stroma and its supporting cells include fibroblasts and adipocytes, which produce collagen for mechanical support and cytokines like “stem cell factor” that binds to c-kit to activate progenitors.  More developed blood cells are closer to the deeper parts of the bone, and the earliest cells are associated with the endostium.  

· All of B cell development occurs in the marrow, and most of it is antigen independent.  Factors like IL-7 from stromal cells help developing B cells proliferate and be maintained.  Stem cell factor also binds B cells’ c-kit to promote development.  Mature, virgin B cells (they are ready to be activated, but haven’t seen any antigen) cluster around macrophages near the sinusoids (good for secreting antibodies).  Between bad rearrangements and deletion/anergy of self-reactive B cells, ~75% of B cell precursors die before maturation.  Macrophages efficiently clean it up.
· T cells also begin to differentiate in the bone marrow.  They proceed from a pluripotent stem cell through the common lymphoid progenitor stage to a T cell progenitor that expresses cytoplasmic, but not surface, CD3.  This then migrates to the thymus, the major site of T cell development.
· The thymus is lobulated and has a dark, T-cell dense cortex as well as a light less T-cell dense medulla.  Its stroma is derived from epithelial cells.  DeGeorge’s syndrome is an absence of the thymus.  The subcapsular/subcortical zone has the most immature T cells (CD3-4-8-).  In the cortex, stellate cortical epithelial cells are surrounded by immature thymocytes.  Both cortical and medullary epithelial cells here express MHC I and II, as well as costimulatory molecules.  This in addition to their production of cytokines makes them very important for directing T cell development.  

· T cells enter the thymus and go to the cortex where they expand and rearrange their receptors in the cortex, becoming CD4+8+ in the process.  Then macrophages in the cortex and DCs (interdigitating cells) at the cortico-medullary junction present antigen and allow them to undergo positive selection for MHC binding here.  This selection also determines if they’ll be CD4 or CD8 single positive, and then they are moved from the cortex to the medulla.  Medullary epithelial cells are not as closely associated with thymocytes.  APCs in the medulla force the cell to undergo negative selection for self reactivity, and some epithelial cells there aberrantly express peripheral genes to contribute to peripheral tolerance.  
· Secondary lymphoid tissues include the spleen (filter blood), lymph nodes (filters lymph) and gut associated lymphatic tissue (GALT).  These are places where naïve lymphocytes and antigen are first brought together.  To do this they need to let antigen or APCs in, recruit naïve lymphocytes from the blood, and have T and B cell zones juxtaposed.  
· Secondary lymphoid organs are compartmentalized into T and B cell zones (B cell follicles and paracortical T zones in lymph nodes; T cell periarteriolar lymphoid sheaths with surrounding B cells in the marginal zone or follicles/germinal centers in the PALS in the spleen).  When a B cell in a follicle gets activated, it proliferates and forms a light colored germinal center, making it a secondary follicle.  T and B cells are constantly going back and forth between the blood and lymph.  High endothelial venules run through the lymph node.  HEVs secrete chemokines and express adhesion molecules to draw in lymphocytes.  HEVs and stromal cells in T cell zones secrete SLC and ELC that bind to T cell CCR7.  Follicular stromal cells and follicular dendritic cells (not really APC DCs) secrete BLC and attract B cells to their appropriate zones.  
· DCs and antigen come into the lymph node via the afferent lymphatic vessels.  Antigen may be taken up by B cells.  DCs have CCR7, so are drawn to the T cell zones.  Most T cells and DCs sample each other until the right specificity is found, if not DCs will return to circulation.  If they recognize the same antigen, the T cell will be activated, proliferate, and acquire its effector functions. These leave via the afferent lymph and migrate to their target tissues due to receptor expression and inflammatory mediators increasing migration via adhesion molecules and cytokines.  In addition to effector T cells, the T zones produce memory T cells.  Both effector and memory T cells have lower thresholds for activation in subsequent exposures, different effector responses than the naïve cell, and different homing capabilities.  The memory (secondary) immune response is due to the presence of more lymphocytes and this lowered threshold.  
· For B cells (not T cells though) the naïve → effector/memory cell transition does the same but also includes genetic alterations like class switching and affinity maturation.  This really alters the B cells’ receptors, which does not happen in T cells.  

· B cell activation can be T independent, especially for some carbohydrate antigens, and will rapidly produce unmodified (mostly IgM) responses.  This will be done by B cells that recognize soluble antigen and go immediately to the medullary cords by the medullary sinuses to secrete antibodies into the lymph/blood.  

· For T dependent activation, you generate longer lasting effector cells and non-IgM antibodies.  This occurs when B cells of many specificities migrate to the follicles.  Some will have picked up antigen, and they go to the edge of the follicle to interact with T cells.  At the border of the follicle, CD4 T cells attracted by SLC can activate B cells too.  T cells’ CD40L binds B cells’ CD40 and in addition to cytokines promotes proliferation, survival and allows class switching.  This is essential in the vaccination response.  The proliferation produces germinal centers (and thus secondary follicles).  The dark zone of the germinal center (GC) continues to proliferate (proliferating cells are centroblasts) and have somatic hypermutation, and the light zone has lots of apoptosis (selection) but surviving cells (centrocytes) become effectors.  Selection occurs by competition of BCRs for immune complexes of follicular dendritic cells.  The GCs increase affinity via affinity maturation, driven by affinity for antigens bound via immune complexes to follicular dendritic cells that will protect a B cell if it binds well.  
· Above, the T dependent B cell development is known as the germinal center reaction.  It includes B cell proliferation, hypermutation, selection, and differentiation.  This process can produce malignant transformations to give B cell lymphomas if messed up.

· The marginal zone of a follicle is the population of initial B cells in the follicle that get pushed aside by the proliferation in the germinal center. 

· Tertiary tissues can secrete cytokines and express adhesion molecules to recruit lymphocytes when they need them.  

Lecture 17:  Alloresponses and Transplantation Immunology
· Isograft (syngeneic):  transplant between genetically identical individuals.  Autograft:  transplant from one individual to themselves.  Allograft:  transplant between two genetically different individuals of the same species.  Xenograft:  transplant between species.  

· Transplant rejection is due to an immune response.  Transplants within inbred strains succeed, but between strains will fail (7-10 days – 1st set rejection).  If you try the same inter-strain transplant in an individual, it’ll be rejected faster (immunological memory – 2nd set rejection).  If the second graft is from a different individual, it’s rejeceted with 1st set characteristics (immunologic specificity).  The ability to reject can be transferred by transferring lymphocytes.  

· All of this is due to T cell responses to alloantigens (immune response targets in allotransplant).  

· The genetics of transplants genetics are due to multiple histocompatibility loci with codominant expression.  P → F1 transplant is ok, but F1 → P transplants will be rejected.  

· Transplants from P → F2 will usually fail, but not always.   (P - AAxBB ; F1 – AB ; F2 – AA, AB, BB).  If only one gene, ¾ of F2 will accept a graft from the P.  The                     % graft survival (P → F2) = (3/4)n   where n = # histocompatibility genes  (~30-50). 

· The genes responsible for rejection were divided into two classes:  Major Histocompatibility genes (H-2 genes in mice and HLA in us, rapid rejection) and Minor Histocompatibility genes (they mediate slower rejection processes).  An example of a minor hc gene are the H-Y genes.  When you transplant tissue from a male to a female, females mount an immune response against the male tissue because the Y chromosome has the H-Y minor histocompatibility genes.  Many minor genes, if different enough, can add up to get rejection rates of a difference in MHCs.  
· We start by studying these reactions in vitro by taking WBC from two different people and mixing them in tissue culture.  This is called a mixed lymphocyte reaction (MLR), and gives you an idea of how compatible two people are.  Co-culture the cells, but irradiate the cells from one person so they don’t replicate (and only act as stimulators), then look and see if the non-irradiated cells proliferate.  Stimulator cells display MHC molecules, likely different allelic forms.  If class I loci are different, you stimulate CD8 T cells.  If different in class II, you stimulate CD4 T cells, and these mediate the rejection.  But, remember that this requires signal 2 in addition to the TCR recognition.  

· Measure cell proliferation by looking at rate of incorporation of radiolabeled thymidine.  If you culture responder and stimulator cells from different strains of mice, you get huge amount of T cell proliferation, much more than if you stimulate with the same strain injected with an antigen like ovalbumin.  
· The paradox:  You get a large magnitude response even though the T cells have never encountered the other strain’s proteins before.  It responds as though it has a memory response for it.  As much as 1-10% of T cells present respond (that’s a LOT).  T cells usually don’t recognize things on non-self MHC (MHC restriction), so how does a T cell recognize an alloantigen?  Alloreactivity is due to crossreactivity of T cells with the foreign MHC of another strain.

· The same MHC molecules mediate alloresponses and normal immune responses.  A CD8 T cell response is only generated if the class I MHCs are different in the stimulator and responder.  Then, the CTLs will only lyse targets with the stimulator’s MHC I.  

· A TCR is specific for it’s own MHC and some peptide, but they have some crossreactivity with alloantigenic MHCs in the absence of exogenous particles.  This was shown by generating T cell clones to a normal antigen, and testing these clones against all of the different mouse MHCs.  Several clones cross-reacted with each variant of MHCs.  Even though the clones were “antigen specific,” every once in a while they recognize the wrong MHC regardless of peptide content.  So, TCRs can cross-recognized unrelated MHCs.  

· The molecular basis for this cross-reactivity that a TCR recognizes a few key places in the MHC-peptide complex.  But a different MHC variant (alone or in combination with some self peptide it’s presenting) may mimic the normal MHC-peptide complex the TCR recognizes.  

· Peptides are involved in these responses, which we know because if you take a alloantigenic donor cell and remove the peptides from the MHC, you can purify them and put them back one at a time.  Each peptide only stimulates one recipient T cell clone.  So each clone is peptide dependent.  

· Class I MHCs present normal cell proteins.  Because the foreign MHC recognizes different anchor resides in the peptide than the reciptient’s MHC, the recipient T cells were never tolerized to this peptide.  Class II MHCs present peptides, again, from the graft of the host.  But because the recipient’s MHCs never got tolerized to this peptide, since the donor’s MHCs recognize different anchor residues than the host’s MHCs, they can be reactive.

· So, alloreactivity represents a cross-reaction of TCRs in which they recognize a foreign MHC bound to a peptide.  This leads to rejecting foreign tissues.

· Why are so many T cells cross-reactive?  Even if recipient cells recognize 1/1,000,000 donor MHC-peptides, because there are about 10,000 different peptides that can be presented and you didn’t have any negative selection against them, you can get around 1% frequency and a lot of cross-reactivity.  
· Responses to minor histocompatibility antigens are slower.  Likely responsible for a significant fraction of graft/transplant rejections.  The basis for this is that there are fewer peptide differences between a donor and recipient when they only differ here.  The recipient is tolerant to their own peptides, and the more differences it has with the donor, the more likely it will present a protein that is immunogenic to the recipient.  
· Recipient APCs can process and present proteins from the donor and present them as foreign, which can generate an antibody response.  Donor APCs can leave the transplanted tissue, go into lymph nodes and generate immune responses to donor proteins and cause a strong T cell response that rejects the transplant.  

· HLA matching in transplants increases chances of survival.  Even if you match most of those, minor histocompatibility complex differences can also stimulate immune responses. 

· Hyperactue rejection (minutes-hours) occurs because there are pre-formed antibodies in the recipient that recognize donor structures (ex: blood group antigens).  

· Acute rejections (days-weeks) occur because T cells attack the donor tissue, causing damage, inflammation, etc. 

· Chronic rejection (months-years) is a long-term problem involving adaptive immune responses (slow responses) with chronic DTH in the vessel walls, smooth muscle proliferation, and vessel occlusion.  Antibodies can also cause chronic rejection.  Innate signaling and adaptive immunity too.

· Graft rejection can be prevented and treated to a certain extent.  Steroids blunt the immune response and can help.  Cylcosporin and FK506 target T cell signaling and shut down T cell activation (bind calcineurin and block its NFAT activation of IL-2 transcription).  But, all of these things have side effects.  Other tools include blocking signal 2 (CD40/CD40L and CD28/B7) to prevent T cell activation.  
Lecture 18:  Tumor Immunology

· The immune system has long been thought to play a role in defense against cancer.  Coley injected people with bacteria and documented at least partial regression in a lot of patients.  People guessed that responses to allografts reflected mechanisms to counteract malignant transformations.  The cancer immunosurveillance hypothesis is that mutations generate novel antigens that are recognized by host immune systems.

· This was temporarily discredited when athymic nude mice didn’t show a higher cancer rate.  But, they still had some T and B cells.  KOs that completely eliminated lymphocytes (like Rag -/-) or really inhibited signaling (γ-IFN receptor or STAT KOs) showed more induced and spontaneous cancers.  

· The immunosurveillance hypothesis predicts that transformation should generate new antigens.  Tumors that arise in immunodeficient mice have antigens that cause rejection when transplanted into WT mice.  But, WT tumors don’t have these antigens (they have been selected against) so can be transplanted in either WT or immunodeficient mice.  So immunity can edit antigenic profiles of cancers by selecting against immunogenic features

· The immune system is definitely important for combating cancers caused by viruses like Epstein-Barr, HPV, human herpes virus 8, etc.  These infections and the cancers they cause are found more in immunodeficient patients.  Data on other types of cancers are unclear, though a correlation with immunosuppressed patients is documented in some studies.
· Increased lymphocyte infiltration of a tumor is associated with patient survival.  Tumors with abundant T cells had lots of MIG (a macrophage derived chemokine) and SLC that attracts T cells, whereas tumors with few T cells expressed VEGF.  So, the tumor microenvironment influences the local immune response by infiltrating lymphocytes. 

· To find what these infiltrating T cells recognize, they made MHC tetramers that can be loaded with peptide and labeled to stain a T cell with a desired specificity.  They found that melanin is overexpressed in melanoma, and the immune system recognizes this even though they are self antigens.  The infiltrating T cells recognized melanin and its precursors.  So infiltrating T cells do recognize tumor antigens.  It is not known how T cells and adaptive immunity are induced to react this way.
· As a cancer evolves and mutates, it may be recognized by the immune system and eliminated until it reaches an equilibrium.  Further mutation may lead to escape, and further immune response.  This cycle may proceed, and you get immune selection in which the cancer cells expressing antigen are eliminated.  It may get rid of the tumor, but some cells may escape immunity by losing the antigens, MHCs that present them, or adapt other defense mechanisms.  
· The recognition of tumor antigens:  NK cells or NKT cells can be cytotoxic by producing cytokines or perforin.  Killed tumor cells release antigen that can be taken up by APCs, brought to secondary lymphoid organs and presented to T or B cells to activate them.  

· NK cells can recognize some transformed cells as part of the innate immune system.  Genes encoded by the NK complex are on NK cells and T cells, and they seem to play a role in recognizing transformed cells.  NKG2 is a family of lectin-like receptors encoded in the NK complex.  NKG2D delivers an activating signal to enhance killing by NK cells (w/ adapter DAP12) and can co-stimulate CD8 T cells (w/ adapter DAP10).  NKG2D’s ligands are MICA and MICB, which are poorly expressed in normal cells and upregulated upon transformation, stress, infection, etc.  

· Another NKG2 family member is NKG2A.  It has an ITIM (inhibitory motif) that turns NK cells off and keeps them from killing targets.  Its ligand is MHC class I.  This is like a failsafe, so that if a cell’s MHC I is downregulated by a virus or something, it’ll be killed by an NK cell.  

· Some cancers release a soluble MICA, so it binds the NK cells’ receptors and doesn’t kill the cancer cells.  This causes the receptor NKG2D to be downregulated as well, protecting the cancer cells.  
· Immune tolerance is a barrier to cancer immunotherapy.  The idea of cancer immunotherapy is to redirect the immune system against cancer cells.  But, many tumor associated antigens are self antigens.  Transformation usually happens well before it’s detected, which usually means that therapeutic immunization has to draw from a T cell repertoire that has co-existed with the tumor and failed to eliminate it.  
· They induced tumors that expressed a foreign antigen.  Tumor specific T cells expanded, but they had impaired effector function and didn’t alter the tumor at all.  Furthermore, they injected mice with extra CD4 T cells specific for that antigen, but this failed to stop or even slow down the tumor compared to controls.   
· Additional experiments using fluorescence that gets diluted with cell divisions showed that T cells activated by antigens presented on tumors don’t proliferate as much as when the same antigen is presented on a virus.  The T cells that proliferate also won’t respond well to virus/vaccination after being stimulated by the tumor.  So even though T cells are produced, they are tolerized to the tumor as it progresses.  

· But other T cells are there that, when isolated, proliferate and make cytokines (IL-2, IFN) and have normal effector functions, they just didn’t proliferate much in vivo.  So you have a mixed population of responsive and unresponsive cells, even though the population as a whole is anergic.  The cells that proliferate and have normal effector functions are subject to dominant suppression by the non-functional cells (tumor induced Tregs which are the ones that saw antigen in the context of the tumor).  Both functional effector and Treg cells go to the tumor.  Getting rid of these CD4+CD25+ Treg cells is only effective if done before exposure to the tumor.
· TGF beta is a cytokine that suppresses the immune system in would healing and tissue remodeling.  Some tumors may express it, and expressing a dominant negative form of it increased mice’s abilities to reject tumors.  
· Malignant transformation and tumor progression are immunologically recognizable events, with adaptive and innate immunity able to participate.  But, signaling is bi-directional, as T cells are modified by having antigens presented by tumors.  Tumors can use endogenous immunosuppressant cytokines like TGF beta.  Many of these things provide targets for potential therapies.  

· Barriers to immune responses against cancer include:  tolerance, cytokines of the tumor microenvironment, global immunosuppression by some cancers, genetic instability of cancers that lead them to mutate and escape immune responses.  

· Functional tumor-specific immunity is shaped by encounter with persistent tumor antigen.  And, tumors use normal mechanisms to downregulate immunity.  

Lecture 19:  Allergy and Hypersensitivity

· Mediated primarily by IgE secreting B cells, MAST CELLS, esoinophils, dendritic cells and Th2 cells.  

· IgE reactions occur in the skin (urticaria), airways (asthma, rhinitis), GI tract (vomiting, diarrhea), or systemically (anaphylaxis, very dangerous).  Very little IgE is present in the serum, most of it is bound to high affinity receptors on mast cells.  Antigens that are mucosal, at low concentrations, stable, water soluble, and usually enzymes tend to promote the formation of IgE.  

· Many allergens are enzymes.  Dust mite derp1 cleaves tight junctions and gets through the epithelium where it binds to pre-sensitized mast cells and IgE and triggers degranulation.
· NKT cells recognize antigens in CD1, a non-classical MHC.  They express CD4.  They produce a big burst of cytokines, especially IL-4 which leads to a Th2 response that is part of acute asthma.  DCs present antigens to Th2 cells (Th2 because of the presence of IL-4), and the Th2 cells make IL-4,5, 10, 13 etc.  The IL-4 causes B cells to make IgE.  

· IgE is then loaded onto mast cells, which have a high affinity FcεRI receptor.  Binding of antigen to these IgEs will lead to degranulation and histamine release.  This results in allergy and possibly anaphylaxis.  If you don’t have any mast cells, you won’t get any IgE mediated inflammatory responses.  
· Mast cells are stimulated by IgE among other things, and they produce histamine (major inflammatory product, vasodilation, fluid leak, itching), leukotrienes (proinflammatory), prostaglandins, and TNF (recruits other cells). 

· What happens next depends on the location of the mast cells:  Intravenous antigen would encounter mast cells near capillaries, which could release histamine generally.  If you get lots of intravenous allergens, you can get anaphylaxis.  

· If the allergen is under the skin, you get a local release of histamine to produce a wheel and flare reaction.  

· If the allergen is in the lungs/nose, histamine causes bronchial constriction and an increase in mucus secretion (asthma, runny nose).  

· If the allergen is in the gut, histamine release can lead to vomiting or diarrhea.  If a blood vessel lining the gut gets leaky enough, it can allow it to spread and globally and cause anaphylaxis.  

· Th2 cells also secrete IL-5 in addition to IL-4.  IL-5 causes the bone marrow to make more eosinophils and makes the existing ones release leukotrienes, platelet activating factor, etc.  
· Eosinophils have two waves of secretion.  The first is release of stuff like major basic protein from preformed granules, which triggers histamine release from mast cells.  Also in the first wave, eosinophil cationic protein is toxic to parasites (helminthes) and us, and a neurotoxin gets made.  The second wave comes from the synthesis of leukotrienes and prostaglandins.  

· People with eleveated eosinophils often have cancer, asthma, allergy, parasites, etc.  

· Acute hypersensitivity is a two step process, first is sensitization in the form of coating of mast cells with IgE (NKT cell → IL-4 → Th2 → IL-4 → B cells → IgE → mast cell).  The second step is re-exposure to the antigen, where you get the allergic response.  

· To treat allergic rhinitis you treat with nasal corticosteroids, antihistamines, and stabilizers of the mast cell membrane.  To treat asthma, undo the brochoconstriction with albuterol or long-term treatment with corticosteroids.  To treat anaphylaxis (systemic histamine, vasodilation, low bp/volume and vasodilation) use epi.  
· All of that is just blocking symptoms, so immunological approaches include adding IL-12 or CpG to induce a Th1 response instead of Th2.  Or you could block the FcεR, or inhibit CD40 or IL-4 (to stop B cell activation).  

· A monoclonal antibody to IgE can be used to treat allergy/asthma.  It reduces the IgE on mast cells, but increases the risk of cancer.  The IgE reactions are so robust because they are thought to protect us from helminthes.  

· The hygiene hypothesis states that because young kids tend to favor Th1 over Th2 production, exposure to antigens in youth may prevent allergies/asthma.  This is the environmental component.  The genetic component has yet to be completely resolved, but it looks like IL-4/5 genes affect risk of asthma, as does ORMDL3.  
· You can test for allergies by injecting some under a patient’s skin (with histamine as a + control), or by passing patient’s serum over an antigen then assay for IgE.  

· Delayed Hypersensitivity comes in several forms.  Type IV is T cell mediated, and results from T cells releasing cytokines that attract macrophages (Ex: Th1 - TB skin test, contact dermatitis; Th2 - asthma).  Type II is IgG/IgM mediated, and results from having antibodies against a membrane protein (Ex: autoimmune hemolytic anemia – blood groups).  Type III is mediated by immune complexes that may precipitate (Ex: lupus, ab against DNA).  
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