Immunology notes
Innate immunity: principles, patterns, and receptor signaling

Innate immunity refers to those mechanisms that are always prepared to mount a rapid, stereotyped defense against attack.  Adaptive immunity involves a specific, learned response to a specific attack.

Inflammation: delivers activated immune cells to the site of injury, sequesters pathogens, limits tissue damage, and initiates tissue repair.  Inflammation has 4 components: pain, redness, heat and swelling.  All of these are attributable to the effect of inflammatory mediators on microvasculature at the site of infection or injury.  

The fundamental difference between innate and adaptive immunity is that innate immune responses are based on pre-existing ability to recognize certain broad structural patterns as foreign, while adaptive immune responses are based on learned ability, after initial exposure, to recognize precise molecular structures as foreign.  

Innate immunity is a rapid and general response to injury.  Cells of the innate immune response, like macrophages and neutrophils and NK cells, use receptors encoded in the germline to recognize general pathogen patterns.  Activated innate immune cells then respond with various weapons to kill general classes of pathogens and they release mediators that induce the adaptive immune system as well.  

Adaptive immunity is a slower but more specific response to injury.  Cells of the adaptive immune system, like B and T lymphocytes, use receptors rearranged in development to recognize specific antigens associated with specific pathogens.  Activated adaptive immune cells then respond to kill specific pathogens.  

The sacrifice for in the increased speed of the innate immune system is a loss of specificity and flexibility.  The adaptive immune system, by contrast, has the potential for a vast array of specificities and the immunologic memory of the adaptive immune system allows for even more robust responses during subsequent exposure.   However that expansion/differentiation is required allows the pathogen time to proliferate.  Two additional disadvantages of the adaptive immune system include that diversity is generated somatically, so useful receptors are not heritable and random specificity, in which some are anti-self, requires that there is another context to identify self vs. nonself.  

The innate immune system appeared earlier in evolution than the adaptive immune system.  

The innate immune system can be considered to be made up of: 

1) barrier functions : all body surfaces exposed to the outside environement are potential sites of entry for pathogenic organisms.  These surfaces include the skin, airway, GI tract, and genitourinary tract.  The primary defensive barrier for all these sites is the epithelial cell layer.  Epithelial cells are joined by tight junctions, which forma a strong barrier against penetration into the tissue below.  In addition, these cells secrete small positively charged antimicrobial peptides called defensins, which bind to acidic molecules in bacterial cell walls and disrupt the bacterial membrane.  The mucus layer of the mucosal surfaces inhibits infection by decreasing pathogen adhesion and providing a constant flow that limits pathogen exposure time.  
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2) recognition of pathogenic structures: cells of the innate immune system express receptors that recognize a limited set of structural motifs associated with pathogens
3) effector mechanisms: a) inflammation b) acute phase response c) opsonization d) phagocytosis e) sounding the alarm – cytokine signals.
How do pathogens activated the innate immune system? Pathogen associated molecular patterns (PAMPs) such as bacterial wall lipopolysaccharide (LPS), bacterial DNA (esp. the sequence CpG), double stranded RNA of viruses, or yeast cell wall structural units.
Cells of the innate immune system recognize pathogen patterns through any of a series of pattern recognition receptors (PRRs).  These receptors are encoded in the germline and are not reaaranged during the inflammatory response.   The PAMP of a pathogen binds to and activated the PRR of a macrophage, and activates the innate immune response.  
The primary requirement of a PAMP is that the pattern be expressed by pathogens but not be the host.  Other common PAMP features include: they are structurally invariant, they are required for the survival or pathogenicity of the organism, they are more often polysaccharides or polynucleotides than proteins, they often contain a repeating structural motif.

Extracellular PRRs can have functions such as opsonization of the target cells and activation of the complement cascade.  Opsonization is defined as the alteration of the surface of a foreign target cell, so that it will be more easily taken up by a phagocytic cell.

a)  C-reactive protein (CRP) and mannan binding lectin (MBL): production of the CRP is part of the acute phase response, a pathway that involves production and secretion, from the liver into the circulation, of proteins involved in immune activation and wound healing.  CRP binds to phosphocholine on bacterial cell walls.  CRP is also a serum marker of inflammation.  

MBL is also an acute phase response protein made in the liver.  MBL binds mannose residues on the cell walls of yeast and bacteria, through several clusters of carbo recognition domains.  These same sugars are present on the mammalian surface, but the spacing of the binding domains strongly favors binding of pathogen rather than host polysaccharides.

b)  Mindin: is also extracellular, but is not soluble – after secretion it is associated with the extracellular matrix.  It appears to bind to and opsonize bacteria.  Mindin KO mice have impaired macrophage uptake of bacteria and impaired ability to clear bacterial lung infections.

Endocytic PRRs function primarily in the phagocytosis of pathogens.  They are expressed on professional phagocytes such as macrophages and neutrophils.  They are generally believed to not transduce signals inside the cell, but in some cases signals are transmitted.  

a)  macrophage mannose receptor (MMR) is expressed on macrophages and dendritic cells.  Like MBL, it binds bacterial and fungal mannose-containing polysaccharides.  Unlike MBL, after binding, MMR is responsible for the internalization of the pathogen, after which it will be destroyed in the lysosome.  

Signaling PRRs sense the presence of PAMPs and act as switches for downstream function in both the innate and adaptive immune pathways.  

a) Cell surface signaling PRRs – toll-like receptors (TLRs).  TLR1 and the TLR2/6 dimer recognize several different glycolipid-like molecules expressed on the surface of gram positive and gram negative bacteria and other pathogens.  TLR# allows it to detect virally infected cells.  TLR4 recognizes LPS from gram negative bacteria, while TLR5 recognizes flagellin, a bacterial motor protein and virulence factor.  TLR9 recognizes the CpG dinucleotide in bacterial DNA.  In all, most pathogenic bacteria and many viruses, fungi, and parasites can be detected by one or more TLR.


Ex: TLR4 – the downstream target of TLR4 activation is the transcription factor NFκB, a potent inducer of immune related genes.  NFκB is norally expressed in the cytoplasm, and bound to its inhibitor IκB.  In order to activate its target genes, it must be freed from IκB and then migrate to the nucleus.  The TLR4 ligand LPS is first bound by a carrier protein called LPS binding protein (LBP).  This complex carries LPS to its initial receptor on a macrophage, CD14.  The LPS/CD14 pair binds to and activates TLR4.  Upon activation, the cytoplasmis domain of the TLR4 binds MyD88.  MyD88 launches a phos cascade , leading to phos of IκB, the inhibitor of of NFκB.  Once IκB is phos, it releases its hold on NFκB and is degraded.  The now free NFκB tren travels to the nucleus, where it activates a large number of genes involved in both innate and adaptive immune responses.  

b) Intracellular signaling PRRs – TRLs and NODs.  TLR4 has been shown to exist inside the cell, probably within the endosomal compartment.  Presumably, this provides an opportunity to detect pathogens that enter the cell through the endosomal system, such as pathogenic bacteria.  The Nod proteins Nod1 and Nod2 represent a separate class of intracellular PRRs expressed in the cytoplasmic compartment.  Nod1 and Nod2 recognize a class of bacterial antigens known as peptidoglycans, which expressed in the cell walls of all bacteria, but are much more abundant in gram+ bacteria.  They ultimately lead to activation of NFκB, but through a mechanism apparently independent of the pathway used by TLR4.

Innate immunity and Human disease:

NOD2 and Crohn’s disease: mutations leading to truncated forms in NOD2 results in NOD2 proteins incapable of activating NFκB in response to stimulation by NOD2 ligands.  Patients who lose functional NOD2 expression are not immune deficient, but rather have a hyperactive immune mediated/inflammatory phenotype in the gut

Imiquimod (aldera) and TLR7 : is a immune response modifier used clinically as an antiviral and antitumor agent.  The drug leads to increases levels of cytokines such as interferon alpha by stimulating macrophages though TLR7 and MyD88. 

Type 2 diabetes and the acute phase response: type 2 diabetic patients had levels of circulating acute phase reactants, including C-reactive protein and a protein called serum amyloid A, higher than those of type I diabetes.  Other cytokine markers of chronic inflammation, such as IL-6 and TNFa are also positively correlated with type II.  
LPS and sepsis: sepsis is caused by LPS and similar bacterial breakdown products triggering a dramatic release of inflammatory mediators, leading to decreased blood pressure and respiratory failure.  Animals deficient in TLR4 are resistant to shock, suggesting that modulation of TLR4 activity may be a viable option for treating or preventing septic shock.

Phagocytic cells, innate immunity, and host defense

An important set of immune receptors is the family of Toll-like receptors (TLRs).  TLRs act as PRR which recognize PAMPs.  The TRL transduces a signal into the macrophage or other effector cell, and then triggers an intracellular signal transduction cascade.  The cascade activates transcription factors like NFκB.  These transcription factors then transactivate the transcription of inflammatory genes, the protein products of these genes then act inside and outside of the macrophage to fight the pathogen.  
The macrophage must activate one set of responses to kill intracellular bacteria, another set of responses kill extracellular bacteria, another set of responses to fight fungi.  How does the innate immune system achieve this specificity?  How does the innate immune system recognize different pathogens using a limited set of TLR?  There are at least 9 different TLR, each recognizing different aspects of pathogens.  TLR2 recognizes wall components of yeast and gram+ coci, and TLR4 recognizes the LPS wall component of gram- bacilli.  Perhaps pathogens can activate sets of TLR, to produce unique innate immune responses.

The cells of the innate immune system include macrophages, neutrophils, and NK cells.  Responses to infection include production of cytokines, release of radicals, and phagocytosis.  Neutrophils and macrophages are the principal phag cells in the body.  Phag is the ingestion or engulfment of insoluble particulate matter by cells.  The ability of host cells to ingest and subsequently destroy particulate foreign material such as bacterial cells is an important element of host defense.  

Phagocytic cells appear much earlier than lymphocytes in evolution.

Composition of lymphocytes in peripheral blood: 55-70% - neutrophils, 20-35% - B and T cells, 3-7% - monocytes (precursors to macrophages), 1-3% - eosinophils, 1% - basophils.
Neutrophils and macrophages use similar mechanism to leave the circulation, to migrate to sites of infection, and to recognize, ingest, and destroy foreign microorganisms.  However, there are important differences:

	Characteristic
	Neutrophils
	Macrophages

	Tissue Lifespan
	1 day
	Weeks to months

	Type of inflammation
	Acute
	Chronic

	Function
	Destruction of bacteria
	Many

	Antigen presentation
	No
	Yes

	Cytokines
	Minimal
	Yes

	Radical production
	O2-
	O2- and NO


Neutrophils and macrophages are derived from stem cell ins the hematopoietic organs (fetal liver, bone marrow).  They are derived from the same pluripotential hema stem cells (PHSC) that give rise to all of the cellular components of the blood including the erythrocytes, granulocytes, lymphocytes, and platelets.

Granulocytes (neutrophils, eosinophils and basophils) and monocytes (the circulating precursors of tissue macrophages) are derived from a common progenitor, the granulocyte-monocyte colony-forming cell (GM-CFC).  

1) neutrophils development: myeloblast ( promyelocyte which develops the characteristic primary or azurophil granules, which are lysosomes that contain many hydrolytic enzymes capable of break down of all living tissues.  They also containmyeloperozidase (MPO) which participates in the killing of ingested microorganisms, and antimicrobial peptides known as defensins. ( myelocyte ( metamyelocyte.  At this stage the specific or secondary granule appears, which contains complement receptors, receptors for chemoattractants, and adhesion molecules.  These granules serve as an intracellular store of receptors that can be rapidsly mobilized to the cell surface during inflammatory response.

The differentiation process takes about two weeks, and then is released from the bone marrow into the circulation, where mature neutrophils do not yet divide.  The circulate briefly and then enter tissue.  Specific signals including IL-1, TNF-α, G-CSF and GM-CSF can modify the rate of neutrophil production and release from marrow.  The presence of immature neutrophils in the circulation is an important clinical indicator of increased neutrophil mobilization from marrow.  After leaving the circulation, neutrophils survive in the tissues only ~1 day.  Neutrophils are the first cells to arrive at an inflammation site.  They are particularly important in natural immunity, that is the defense mechanism that operate in the first few hours to days of infection, before a lymphocyte driven immune response develops.

2) Macrophages development:  bone marrow phase of development last 2-5 days and ends when promonocytes leave the marrow and enter the circulation as a monocyte.  After ~1 day of circulation, monocytes leave circulation and undergo further differentiation into macrophages.  This differentiation step takes place without further cell division and is tissue specific in the sense that it results in the generation of phag cell with slightly different morphologies depending on tissue.  Tissue macrophages differ from circulating monocytes in that they are larger with more cytoplasm and lysosomal granules and a characteristic ruffled plasma membrane.  IL-3, M-CSF, and GM-CSF regulate monocyte(macrophage differentiation.

A final phase of macrophage differentiation involves the transformation of resting tissue macrophages into an activated macrophage.  This is dependant upon local stimuli.  Activated macrophages have ~8 times more membrane available for attachment to substrates, more efficient phag., increased glucose metabolism, increased release of O-derived (toxic) products.  In addition, they express higher levels of cell surface proteins including MHC molecules and receptors for the Fc regions of the IgG antibodies.  Pathogen PAMPs trigger monocyte PRR, which activate an intracellular signal transduction cascade leading to transcription of many genes, chemotaxis, phag, radical production, and inflamm.  
The adaptice and innate immune system interact: the innate immune system releases cytokines that modulate the adaptive immune system, and vice versa.  Ex: antigen specific T lymphocytes can activate macrophages.  Activated CD4+ T helper cells can release interferons.  Interferon-γ can interact with the IFNgR1 and IFNgR2 on the surface of the macrophages.  The receptors form oligomers and activate JAK kinases, which phos the IFN receptors.  The phos IFN recptors then phos and activate STATs which enter the nucleus, interact with other transcription factors and activate the transcription of a variety of anti-pathogen genes.

Neutrophils and monocytes in the circulation must first adhere to endothelial cells lining venules near the site of infection in order to accumulate in tissue.  In the venules, neutrophils roll along the endothelium rather than flow in the center of the vessel.  Rolling in mediated by selectins.  L-selectin is expressed on most leukocytes, whereas E-selectin and P-selectin are expressed by vascular endo cells.  The syn of E-selectin is induced by inflamm.  P-selectin is stored in granule like structures in the endo cell and can be rapidly mobilized to the cell surface by inflamm.  The N-term lectin domain of both E and P selectin bind to unqieu carbo structures expressed on neutrophil  proteins.  

At the site of inflamm, the rolling adhesion is increased and neutron have a chance to adhere tightly to endo cells.  This firm attachment is mediated by integrins, a class of proteins including LFA-1 and the complement receptor CR3 which are expressed on monocytes and neutrophils.  LFA-1 interacts with ICAMs on endo cells.    The levels of ICAM1 can be increased 30 fold by inflamm signals.  

They then migrate between adjacent endo cells in a process known as diapedesis.  Finally, the migrate through the tissues toward site of infection by chemotaxis.  

Once at the site of infection, phag cells must be able to recognize the infectious microorganism.  Unlike B and T cells, which syn antigen specific receptors, neutrophil and macro express receptors for the Fc portion of antibodies of the IgG class.  These Fc receptors are termed FcγR.  FcγR facilitate the phag uptake of particulate antigens by macrophages.  Possible mechanisms by which antibody might promote the Fc-dependant uptake of an antigen are: 1) binding of antigen to cells bearing specific antibodies attached to Fc receptors.  2) bidngin of antibody-coated particles to Fc receptors, with the displacement of bound antibodies. 

Structural differences in the transmembrane and cytoplasmic domains of various members of the FcγR gene family permit these receptors to mediate different functions in the different cell types.  The form of RcγRIII expressed on macrophages is also expressed on NK cells.  Triggereing of this receptor on NK cells by antibody coated target cells leads to the release of Nk cells granules that contain the lytic protein perforin.  This results in the rapid destruction of the antibody coated target cell.  
In addition to FcGR, neutrophils and macrophages also express receptors for products of the complement cascade.  These receptors, CR1 and CR3, recognize produces of complement activation, particularly C3b and its degradation products covalently deposited on the initiating foreign substance.  Macrophage receptors for C3b greatly facilitate the attachment of c3b-coated particles to the macrophage.  Since the depositation of C3b can result from the activation of the complement cascade by specific antibody, complement receptors provide another means by which macrophage uptake of previously recognized antigens is facilitated.  An important difference between Fc and complement receptors is that whereas binding of particulate antigens to the phagocyte surface via FcR stimulates phag and activates a unique killing mechanism involving activated O species, uptake via the complement receptors does not trigger phag unless the phagocyte is in an activated state and does not activate the oxidative killing mechanisms.

Phagocytosis proceeds with two steps: 1) attachment: attachment can be opsonin-dependant, that is mediated by the interaction of Fc and complement receptors on the phag with IgG and C3b molecules bound to the particle.  Attachment can also proceed by opsonin-independent mechanisms that depend upon the surface properties of the particle, esp. hydrophobicity.  2) internalization: requires metabolic energy.  In the case of opsonin-dependant phag, this internalization has been shown to involve receptors outside the initial area of contact between the phag and the antigen.  These receptors participate in the interactions with ligands on the particle in a process that brings the phag membrane circumferentially around the particle (zipper mechanism).  Following phag, fusion of the phagosome with lysosomal granules results in exposureof the ingested microorg or particle to powerful digestive enzymes.  

Phag stim via FcR triggers the activation of a unique antimicrobial defense mech involving the generation of reactive O species.  This enzyme system is called NADPH oxidase and is an electron transport chain.  Phag stim neutrophil O2 consumption by a factor of 30 and is assoc with the generation of reduce forms of O in what is called a respiratory burst.  

Chronic granulomatous disease (CGD) involves neutrophils that are unable to generate superoxide.  The classic phenotype is called by an X-lined recessive mutation in the gene coding gp91-phox.

Macrophages can also kill via mech involving reactive nitrogen intermediates.  Macrophages actived by IFN-γ or LPS syn NO2- and NO3- from the terminal guandino nitrogen atoms of arginine in a complex reaction that involves NO- as an intermediate.  Macrophages produce NO from the enzyme NO synthase.  NOS converts O and arg into NO and citrulline.  This reaction is inhibited by arginine analog (L-NMMA) which has been useful in showing that the production of NO- is critical for the antimicrobial activity of macrophages.

Macrophages, upon activation, release several important cytokines including IL-1,6 and TNF-α which are important mediators of inflammatory rxns.  These induce an acute phase response, which is a general body response to foreign agents such as microbial endotoxins.  It includes fever and changes in serum levels of certain proteins syn by the liver such as C-reactive protein and serum amyloid A.  Substances that induce fever are called pyrogens (ex: IL-1, which works by acting on anterior hypothalamus).  TNF-α and IL-1 activate vascular endothelial cells allowing neutrophils and monocytes to adhere to and migrate out of vessels near sites of inflammation.  Macrophages also produce IL-8, which is a potent chemotactic factor, and IL-12 which activates NK cells and influences the differentiation of CD4+ T cells.
The molecular basis of humoral immunity: antibody structure and function

Adaptive immunity is mediated by B and T lymphocytes.  The recognition element of B cells is antibody (Ig) which exists in a soluble and membrane bound form.  

Soluble Ig mediates host defense by 1) neutralization of viruses and bacterial toxins 2)facilitation of bacterial uptake by phagocytic cells (opsonization) and 3) activation of complement (a system of host defense that augments Phag, B cell responsiveness to foreign molecules and microbial killing by antibody).

Membrane-bound Ig tiggers lymphocyte activation, usually together with a second signal provided by a T cell, and mediates uptake of antigen for presentation to reactive T cells.  

The recognition element of T cells is the TCR which only exists as a surface bound molecule.  Tcr can detect antigen expressed inside of cells (e.g. viruses) while Ig can recognize free antigen outside of cells.  

Clonal selection: each newly generated lymphocyte expresses on its surface a signle type of receptor of unique binding specificity, generated at random.  When an antigen encounters cells bearing complementary lymphocyte receptors, it binds and triggers proliferation (clonal expansion) and differentiation.  The cells produced by clonal expansion have antigenic specificities identical to that of the parental cell.  Newly generated cells carrying self-reactive specificities are deleted.

A molecule that elicts antibody response is called and immunogen.  The first injection of innumogen is followed after 2-4 weeks by the appearance of specific antibodies (primary response).  A subsequent injection to the same immunogen is followed by a more rapid, specific response of higher titer than before (secondary response).  The lag time represents a period of clonal expansion and differentiation of B cells to antibody secreting cells, called plasma cells.  The rapidity, intensity and specificity of the secondary response (immunologic memory) are a direct result of the proliferation and differentiation of antigen specific B cell clones.  

There are five general classes of antibodies (IgM,D,G,A and E) ranging in size from 1,000,000 MW to 150,000 MW.  All antibodies are constructed from a general, four polypeptide unit consisting of two heavy chains and two light chains.  Each class of antibody has a distinctive heavy chain but there are only two types of light chains, κ and λ.  Igs are comprised of variable regions and constant regions.  The variable regions carry out recognition of foreign molecules.  The constant regions engage various effector functions that eventually dispose of the bound material.  A central tenet of the clonal selection theory is the existence of a generator of antigen receptor diversity.
IgG is the most abundant ab in serum and is a prototypical Ig.  It is a Y-shaped molecule containing two heavy chains and two light chains linked by interchain disulfide bonds.  IgG is split into two fragments by the proteolytic enzyme papain.  The ag-binding activity is associated with one fragment, called Fab.  The other fragment crystallizes readily and is called Fc.  A second proteolytic enzyme, pepsin, also cleaves the IgG molecule into a fragment containing two ag binding sites known as F(ab’)2.  The Fc fragment is not recovered after pepsin because it is degraded to smaller fragments.  The aa sequence of light chains exhibit a remarkable pattern.  While the amino terminal portions (res 1-107) show considerable variability, the carboxy-term portions (108-214) are identical for a given type of light chain.  Accordingly, these regions are designated VL or CL.  A similar pattern is found in the heavy chain.  The VH and VL regions make up the ag binding sites of the ab molecule and are entirely contained with in the Fab fragment of IgG, which also contains the CL and the N-terminal portion of the CH.  The Fc fragment of IgG consists of the C-term portion of the CH, which can be divided into three homologous, imperfect tandem repeats called Ch1, 2, and 3, each of which contain a single intrachain disulfide bond which forms a loop containing about 60 aa.  

IgG contains two flexible regions that allow the ab to conform to the arrangement of the binding sites in multivalent ligands.  These are termed the hinge region and the elbow.  In IgG the hinge region is located between Ch1 and 2.  This region contains the cysteine residues involved in inter-heavy chain S-S bonds.  The elbow is between Ch1 and Vh.  The hinge permits 180 dgrees of axial rotation and flexation.  The elbow does not permit axial rotation but allows 50 degrees of flexation.  

Distinguishing features of the Ig classes:

	IgG
	γ
	Consists of Vh, elbow, Ch1, hinge, Ch2, Ch3
	
	Major class of ab intracellularly
	

	IgM
	μ
	Vh, elbow, Ch1, Ch2, Ch3, Ch4
	Serum form exists as pentamer with valency of 10
	First to appear in immune response
	Contains J chain 

	IgD
	δ
	Vh, elbow, Ch1, hinge, Ch2, Ch3
	
	Major form of surface bound Ig on mature B cells that have not yet encountered ag.
	

	IgA
	α
	Vh, elbow, Ch1, hinge, Ch2, Ch3
	In serum – monomer, in mucous - dimeric
	Predominant Ig in extravascular secretions.  Major product of plasma cells.
	Contains J chain and secretory component picked up from epithelial cell when transported 

	IgE
	ε
	Vh, elbow, Ch1, Ch2, Ch3, Ch4
	
	Major Ig responsible for immediate hypersensitivity in allergic response.  Crosslinking of IgE triggers release of  inflamm mediators such as histamine.
	Bound by mast cells and basophils.  


   Free and surface bound forms differ with respect to aa sequence at the C-term of the heavy chain; this difference is the result of alternative polyAA and splicing of primary transcripts.
Ig molecules are themselves antigenic.  Isotypic antigenic determinants are shared by all molecules of a given heavy chain class or type of light chain.  Allotypic determinants are encoded by a particular allele of a given Ig gene.  Idiotypic determinants are localized to the variable portion of the antibody molecule, and are unique to a given antibody.

Antigens are defined as molecules that elicit an immune response and react specifically with the abs produced in this response.  The specific part of the antigen to which ab binds is the antigenic determinant.  Proteins generally carry multiple antigenic determinants (linear, conformational, neoantigenic (created by proteolysis)).

Several factors contribute to immunigenicity (foreigness, size, chemical complexity, genetic factors, mode of administration of antigen.
Haptens are low MW substance that are not immunologic by themselves, but can elicit specific antibodies after coupling to a larger molecule.
Equilibrium dialysis provides way to measure the affinity and valence of an antibody.  A solution containing antibody specific for a simple haptenic group is placed in a compartment which is separated by a dialysis membrane from a second compartment that contains a solution of the hapten.  The dialysis membrane is permeable to the hapten but not the antibody.  After equil. is attained, the conc of hapten is measured in the two compartments.  If the hapten is bound by the antibody the hapten conc will be greater in the compartment containing ab.  The difference in hapten conc between the two compartments represents the conc of hapten bound to the ab.  The affinity can be computed using scatchard plot (x-intercept = [ab], y-intercept = [binding site], y/x = valence)

During an immune response, the average affinity of an ab population increases over time, a phen called affinity maturation, which results from the combined action of somatic hypermutation and selection.

Assays for antigen binding: direct assays (ELISA) and competition assays.  Direct assay do not allow measurement of the [ab] or [ag] in a sample of unknown conc, because the labeled component needs to be pure.  A competition assay allows you to be measuring the unknowns ability to compete with a known amount of radiolabeled antigen for binding to ab.  the amount of unknown antigen can then be calculated by reference to a standard competition curve.
The genetic basis of antibody diversity

The variability of the Vl or Vh chains is not evenly distributed over the length but it clustered in three distinct regions called the hypervariable regions, which are interspersed by framework regions in which variability is relatively low but still greater than in the C regions.  The hypervariable regions represent the parts of the ab involved in ag binding and are therefore termed the complementarity determining regions (CDRs).  Define variability as the number of different aas reported at a given position divided by the freq of the most common aa at that position.  

Each homology region of Ig heavy and light chains fold independently into a globular domain which interact to form higher order globular structures.  All Ig domains share a characteristic structural motif called the immunoglobulin fold.  The three hypervariable regions, which are separated in the primary sequence, are brought together as three loops that extend from the ends of the Vh and Vl domains.

Hydrophobic interactions play a larger role in stabilizing the antigen-ab complexes, but electrostatic interactions are also observed.  The conformations of the ag and ab are altered very little upon binding.

The V and C regions of Ig chains are encoded by separate gene segments.  V regions are encoded by multiple gene segments.  These segments are brought together by site-specific DNA recombination during lymphocyte development.  

The Ig κ variable region is encoded by two gene segments, Vκ and Jκ, which are separated by many kbs in the germline and are joined during lymphocyte differentiation.  The segments, once joined, form part of a single transcription unit.  The Jκ cluster is separated from the Cκ exon by an exon.  After transcription, the RNA is spliced to form a contiguous coding sequence.  Ig λ variable regions are also constructed from V and J segments, but the organization of the Igλ locus is somewhat different in that there are multiple Jλ-Cλ clusters.  

The variable regions of heavy chains are encoded by three separate gene segments: Vh, D and Jh.  The Jh cluster is separated from the Cμ exon by an intron.  The exons encoding Ch regions are arranged in tandem.

Mechanisms of antibody gene assembly: 1) Ig gene rearrangement is mediated by conserved DNA sequences, recombination signal sequences (RSS) that flank all unrearranged ab gene segments.  Each RSS consists of highly conserved 7 and 9 bp sequences, separated by less highly conserved spacer sequenced of 12 or 23 bp.  Gene segments that have an RSS with a 12 bp spacer only recombine with segments carrying 23 bp spacer elements (the 12-23 rule).  This Vh segments (23) only recombine with D segments (12) and not with Jh segments or other Vhs.  The RSS elements are the recognition sites for the recombinase proteins, which first check to see if whether the spacer sequences are of different types and if so, then cleave the DNA at the junction between the RSS and the gene segment.

2) the recombinase proteins RAG-1 and RAG-2: antibody genes are only assembled in developing B cells.  T cell antigen receptor genes are assembled by the same mech in developing T cells.  The site specific rearrangement mechanism that assembles ab and TCR genes is terms V(D)J recombination.  The only lymphoid specific components of the recombinase machinery are the products of a pair of genes called RAG-1 and RAG-2, which comprise an enzyme complex that tests whether two gene segments carrying 12- and 23- bp spacers are present and then cuts DNA at the junction between coding and signal sequences to crete a blunt signal end and a coding end with a closed hairpin structure.  After RAG cuts the DNA, the coding and signal ends are joined by proteins that also function outside of the immune system in the general repair of the double repair of double-stranded DNA breaks.  One of these general repair proteins is mutated  in SCID mice, and they have few or no B and T cells and are prone to tumors.

The junctions between coding sequences are not precise, but often show loss of variable number of bps from either end.  This imprecision is an additional source of ab diversity.  In addition to loss of nucleotides, coding joints often contains extra nucleotides which are of two types: 1) one type is not encoded in the germline, these are called “N regions”.  N regions are highly variable in length (1-10 bp) and sequence.  N regions are created by the enzyme TDT which is found in B cell precursors.  This enzyme adds nts to the 3’ end of a DNA strand in the absence of a template.  N regions are most often found in heavy chains.  2) P nucleotides are another class of nt insertion found at V(D)J recombination junctions.  These nts are palindromic with the ends of coding sequences and are found in heavy and light chain genes.  The coding ends terminate in DNA hairpins; in contrast the signal sequence ends are blunt.  Before coding ends can be joined, they are cut open by nuclease.  This generates DNA flaps that are filled in by DNA polymerase.  In the final product, the two joined sequences are separated by extra nucleotides – P nts – that are generated by the opening and filling in of the hairpin flap

N and P nts comprise part of DNA sequence that encodes the third hypervariable region of heavy chains.

Class switching: the first ab class to be expressed during B cell development is IgM.  These cells later give rise to mature, virgin B cells that express both IgM and IgD on their surfaces; on any given cell, these molecules have identical V region sequences and therefore identical binding specificities.  Later, after exposure to antigen, IgM+, IgD+ cells usually undergo further differentiation and begin to produce other classes of Ig; these new Ig classes nevertheless contain the same variable domain expressed by the parental cell.  Binding specificity is maintained despite changes in the class of the Ig expressed by a given B cell lineage.  This is essential for the operation of clonal selection.  The B cell accomplished this in 2 distinct ways, one for IgD the other for IgG, IgA and IgE.  In the genome, there is separate locus for each heavy chain isotype.  

There is a coexpression of surface IgM and IgD is accomplished by differential polyA and splicing of mRNA precursor leading to either μ or δ chain.

Expression of H chains other than μ or δ is accomplished by switch recombination which translocated a VhDJh unit from a site upstream of the Cμ or Cδ exoms to a new site just upstream from a downstram Ch gene via looping out of intermediate DNA followed by excision of that DNA leaving VDJ region adjacent to H chain of the isotype wanted.  Switch recombination is therefore a destructive process.  AID, a cytidine deaminase and shares homology with RNA editing enzymes, is essential for class switch recombination.  Switch recombination is activated when a protein of a T helper cell, CD40L, binds to its receptor on the surface of the B cell.  Switching to a particular class of Ig can be induced by specific stimuli (i.e. LPS induces switch to IgG or IgA in mice).   Peptide hormones produces by T cells can regulate this process.  One of these peptides, IL-4, stimulates production of γ1 and ε transcripts and induces class switching to these loci.  Thus, class switching can be directed by factors external to the B-cell.  
Somatic hypermution:  Events at the level of DNA rearrangement account for much ab diversity at the third CDR, but cannot account for the structural variability observed at CDRs1 and 2.  There are two sources of variability at these sites: 1) the variability encoded in the germline.  This is a consequence of gene duplication and natural selection. 2) there exists a specialized mechanism for site directed point mutagenesis, active in the B cell lineage after primary immunization, that introduces mutations at Ig loci.  Variabilty at this level is introduces during the lifespan of an individual B cell lineage.  During the course of an immune response, the average affinity of the ab population increases as a function of time (affinity maturation) which results from the combined actions of somatic hypermutation and selection.  Replacement mutations are clustered in the CDR regions, while silent mutations are scattered more broadly.  At the nt level, somatic mutation is not confined to coding regions, although mutations are centered on the rearranged VDJ or VJ segment.  The rate of somatic hypermutation is about 1000 times greater than the background rate.
How can a B cell syn membrane-bound and secreted forms of the same antibody? Exposure to ag triggers the differentiation of B-cells to plasma cells.  During this transition, the cell switches from synthesis of membrane bound antibody to syn of secreted Ig carrying the same binding specificity.  

The generation of membrane bound and secreted forms of μ is accomplished by differentiate processing of mRNA.  The Cμ gene carries two exons tha specify the carbozyl terminus of the membrane bound form.  If the Cμ transcript is polyAed upstream from these exons, the mRNA encodes the secreted form.  If the transcript if polyAed downstream of these exons, the mRNA can be processed to encode the membrane bound form.

B cell development

Step 1: generating the repertoire – current models of lymphopoiesis involve the early lymphoid progenitor (ELP) that can differentiate into B, T lymphocytes as well as cells of the innate immune systems such as DC and NK cells.  The common lymphoid progenitor (CLP) was identified based on the cell surface expression of IL-7Rα.  The earliest B lineage committed cells are pre-pro B cells.  Two transcription factors, E2A and EBF, have critical roles in establishing the gene expression profile that characterizes these cells and the first steps of Ig rearrangements are also inherited here.

         E2A
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Proteins that comprise the antigen receptors of B and T cells are expressed from genes that are assembled by rearrangement of gene segments that are widely separated in the genome.  In the B lineage, Ig heavy chain genes are assembles by juxtaposition of Vh, Dh, and Jh gene segments, while the light chains are assembled by rearrangement of Vl to Jl gene segments, mediated by RAG1/2 which initiate recombination by recognizing and cleaving RSS associated with all rearranging gene segments.  

Genes encoding T and B cell receptors do not rearrange simultaneously in the same cell.  During B cell differentiation, IgH genes rearrange first, followed by the light chain genes κ and λ.    

Accessibility hypothesis: the crux of this model is that all rearrangeable genes cannot be acted upon by the recombinase machinery due to constraints imposed y chromatic structure.  Once these constraints are removed from a set of gene segments, these can be recognized and cleaved by RAG proteinsl in the same cell other gene segments, thought they contain functional RSSs, cannot be cleaved b/c the constraints have not been removed.  Ex: B cell differentiation IgHeavy gene segments are made accessible first followed by increased accessibility of the light chain gene segments; thus, IgH recombination occurs first and light chain recombination occurs subsequently.

Differences in chromatin structure of proximal and distal Vh genes accounts for much of the regulation of recombination.  First, the chromatin structure of distal Vh genes is under control of IL-7.  That is, IL-7 treatment of pro-B cells that contain un-rearranged IgHeavy loci is sufficient to alter the structure of distal genes as measured by histone acetylation and increased accessibility to enzymes.  The proximal Vh genes are activated by these criteria in fetalliver derived pro-B cells but not in adult bone marrow B cells.  Activation of proximal Vh genes in adult is still debates but one model is that Dh to Jh recombination itself is the signal to turn on these genes.  It is possible that DJh joining brings proximal Vh genes under the positive regulatory influence of the Jh-Cμ part of the locus.  This model implies that proximal Vh gene activation is allele-specific.

Two recombination steps outlines above generate VDJ recombined IgH alleles.  Because VDJ recombination is not precise, a significant proportion of VDJ recombined alleles and therefore pro-B cells will be unable to produce IgH heavy chain protein.  Because making Ig (H + L) is the hallmark of B cells, only those cells that are able to express IgH must be selected out of the pool of pro-B cells for further differentiation.  This is done in context of the pre-B cell receptor (Pre-BCR).  If VDJ rearrangement produces IgH protein in a pro-B cell, the expressed protein associated with two proteins λ5 and V-pro-B that are produces from non-rearranging genes.  V-pre-B has features of the variable regions of light chains and λ5 has features of the constant regions of light chains.  Thus, together, they mimic L chains.  Fucntionality of the randomly produced igH proteins is then judged by its assoc with these surrogate light chains and the signal transducing progeins Igα and Igβ.  The pre-BCR transmits several signals: 1)rescue from pre-programmed death and proliferation 2) cessation of IgH rearrangement 3) activation of light chain rearrangement.
Mature B cells express only one of two possible IgH alleles and this is known as allelic exclusion, which is imposed on developing B cells by signals from the pre-BCR.  Allelic exclusion prevents further Vh to DJh recombination.  The immediate cessation of all IgH rearrangements is the likely consequence of pre-BCR initiated proliferative signals which lead to degredation of RAG proteins in the S phase.  However, after 5-6 rounds of division these cells emerge as small resting preB cells in which RAS are reexpressed in order to recombine L chain genes.  At this stage IgH genes must be refractory to further Vh rearrangments.  The pre-B cells that emerge do not express IL-7R and are refractory to IL-7 signals.  Because a significant proportion of Vh genes require IL-7 for activation, loss of IL-7 signals may render them inactive in pre-B cells and thus attenuate further Vh recombination.

Light chain recombination: Ig light chains come in two varieties, κ and λ, determined by the sequence of the constant region (isotype).  The variable regions of the light chains is generated by a single recombination even that juxtaposes a Vκ gene segment to a Jl segment.  Each isotype is present in the genome with its own Jκ or λ gene segments and Vκ or λ gene segments.  The number of Accessibility hypothesisVl genes correlates closely with the proportion of Vκ and Vλ expressing B cells in the periphery (κ:λ in mice, 95:5%, and in humans, 65:35%).

The one step recombination even that generates Vl genes is of special significant because it allows sequential recombination of upstream Vls to downstream Jls.  Thus, each allele has several opportunities to produce a functional light chain gene, ensuring that pre-B cells are not wasted because they could not produce a functional light chain gene.  As pre-B cells emerge, one of the light chain alleles and isotypes is activated for recombination. If multiple recombinations fail to produce a functional L chain, recombination switches to the other isotype.  Functional κ or λ gene rearrangement results in the production of κ (or λ) protein, which associates with pre-existing IgH chain and is expressed on the cell surface as sIgM.
The recombination generated repertoire is now ready to be further refined.  One cohort of cells that needs to be removed are those that react to self-antigens (autoreactive clones).  The functional elimination of such clones is initiated in the bone marrow and continues in the spleen. 3 modes of elimination have been characterized:

1) deletion: immature B cells in the bone marrow or spleen undergo apop upon extensive crosslinking of BCR.  
2) Editing: refers to the process whereby a functionally rearranged light chain allele undergoes secondary recombination (upstream Vl to downstream Jl) with the objective of substituting the bad light chain with another that may not be autoreactive.  Editing occurs mostly at light chain loci because secondary rearrangements are possible there.  RAG expression is essential in this process and editing occurs b/c RAG expression is not abruptly terminated when the pre-B cell first makes light chain.  

3) Anergy: if the BCR encounters an antigen that does not cause extensive cross linking, such as a soluble protein antigen, signals lead to anergy.  This means that the cell becomes refractory to BCR signals (in the presence or absence of T cell help).  The lifetime of anergic cells are greatly reduced in the periphery so that they are eliminated readily and do not clutter up the periphery with non functional cells.

B cells differentiation in the periphery.  Immature B cells that leave the bone marrow move to peripheral lymphoid organs, in particular the spleen where most of peripheral B cell development takes place.  T1 cells differentiate to T2 cells in the PALS of the spleen in 2 days.  T2 cells respond to BCR stimulation by activating survival and proliferative signals.  Survival signals are mediated by a btk/PKC-dependant pathway to the transcription factor NF-κB.  These cells mayb also be receptive to co-stimulatory signals via BAFF/BAFFr signaling pathway.  Further differentiation of T2 cells to mature B cells requires progressively higher thresholds of BCR signaling.  
T2 cells may be the target of B cell positive selection.  There are three major subsets of mature B cells: 1) follicular cells are the conventional naïve B cells.  They reside in the follicles (splenic white pulp), participate in germinal center rxns, present antigen to T cells, proliferate in response to BCR signals and poorly to innate signals (via the TLRs). 2)marginal zone B cells located at the border of spleen white and red pulp.  They do not participate in the GC reaction (being T-independent) and proliferate efficiently to TLR signals but not BCR.  Overall, their response has been likened to an innate like response (no affinity maturation). 3) B1-cells are enriched in the peritoneal cavities (not spleen), but their development requires spleen.

Effector functions of Antibody

Although ag specificity of ab is determined by the variable regions, effector function is largely determined by the heavy chain constant regions.

IgM: the first Ig class produced in response to ag is secreted as a pentamer of antibody, held together by J chain.  The affinity of each IgM combining site may be low, but the pentameric structure leads to high overall avidity for ag.

IgG: the Ig class present in highest amount in serum.  Because of class switching, it is the predominate ab class produced during secondary responses to ag.  It is the only Ig to cross the placenta.

IgA: predominant Ig class in secretions but a minor component in serum Ig.  Secreted as a monomer into serum, but as a dimer onto mucosal surfaces.

IgE: a very minor component of serum Ig that is produced in people with parasitic infections or allery.  Binds to specific receptors on basophils and mast cells.

There are three general groups of antibody function, each of which is largely dependant upon the isotype:

	Effector function
	IgM
	IgG
	IgA
	IgE

	1) Transport:
	

	    a) across mucosal surfaces
	+
	-
	+++
	-

	    b) across placenta
	-
	+
	-
	-

	2) Non-inflammatory
	

	    a) neutralization
	+
	+
	+++
	-

	    b) blocking adherence
	+
	+
	+++
	-

	3) Inflammatory
	

	    a) opsonization
	-
	+++
	-
	-

	    b) complement activation
	+++
	+
	-
	-

	    c) mast cell activation
	-
	-
	-
	+

	   d) Ab dependant cytotoxicity
	-
	+++
	-
	-


1) Transport functions: 
a) Mucosal immunity: antibodies that bathe the mucosal surface are synthesized locally and are not simply transported from the blood stream.  Specific adhesion molecules on the mucosal cells direct the traffic of polymeric IgA secreting B cells and the appropriate regulatory T cells to those tissues.  Together they form groups of immune tissues in the GI tract (GALT) and in the respiratory tract (BALT).  SIgA has several unique roles in host defense: 1) it serves an immunological barrier that excludes foreign microorganisms and toxins from the body which it accomplished by preventing binding of bacteria, viruses and toxins to mucosa.  For the most part, IgA is an anti-inflammatory Ig.  2) it serves as an immunological barrier to environment antigens.  IgA on the mucosal surface and within the lamina propria is able to complex with food.  The resulting immune complexes may be destroyed locally or excreted through the overlying epithelium, thus preventing potentially antigenic materials from reaching the circulation where they may be able to induce IgE antibodies with subsequent development of food allergy.  

Abs for secretion onto mucosal surfaces are almost exclusively IgA and are synthesized by plasma cells found within the lamina propria and then actively transported across the mucosal surface.  IgA in external secretions is produced by B cells as a dimeric molecule held together with a single J chain.  A poly-IgR (pIgR) is synthesized by and expressed on the basolateral surface of the mucosal epithelial cells.  This receptor binds polymeric Ig in general, but it has the greatest affinity for dimeric IgA.  After it has bound IgA, the receptor ligand complex undergoes endocytosis, the complex is transported across the cell in vesicles and exocytosed at the apical (mucosal) cell surface.  During transcytosis, the cytoplasmic tail of the pIgR is cleaved from the rest of the receptor molecule, and represents the secretory component (SC), which remains covalently bound to the sIgA.  This hybrid molecule is resistance to acid and enzymatic digestion.  
b) Placental transport: IgG antibodies are actively transported across the placenta.  This transport of IgG is mediated by the Brambell receptor (FcRB or FcRn) which is also capable of recyling endocytosed IgG from cellular endosomes back to the extracellular fluid after dissociation of Ag from IgG.  The net effect of this is to greatly prolong the serum half-life of IgG relative to all other Igs. 

2) Non-inflammatory activities:


a) virus neutralization: HA (rod shaped) and NA (mushroom shaped) are distinct glycoproteins that extend from the surface of viral envelope of influenza and aid in viral attachment to host cell.  After a virus bind to the cell, it is uncoated.  The viral envelope fuses with the cell membrane and the viral core is released into the cytoplasm.  Antibodies to HA and NA are the most important determinant of immunity to influenza.  Antibodies can neutralize viruses by: 1) inhibition of binding to target cells: Polymeric IgM can physically coat the surface of the virus and thereby block attachment to target cells. 2) blocking of attachment does not entirely explain the anti-viral effect of ab b/c IgA can prvent infection at conc of ab that are too low to inhibit binding.  3) antibody can inhibit fusion with endocytic vesicle that is necc. For viral uncoating and translocation of viral nucleic acid into the nucleus of the infected cell.  Inhibition of fusion occurs with polymeric, not monomeric, IgA.  Presumably, cross linking of surface HA is critical to this process.


b) toxin neutralization: by analogous mechanism, high affinity IgA and IgG bind bacterial toxins and animal venoms, thereby preventing them from binding or entering host cell where they would otherwise interfere with cellular metabolism.

3) Inflammatory activities:


a) Opsonization: the rate of binding of phagocytes and subsequent ingestion is increased by an order of magnitude or more if IgG is bound to the polysaccharide capsule.  Phag cells bear low affinity receptors for the Fc portion of IgG (FcγR).  Antigen bound IgG binds tightly to phag cells because interactions between multiple Fc receptors and multiple IgG mol on a single particle results in a high avidity bond.  Bacteria or other antigens coated with IgG interact with Fc receptors on a small area of the phag’s surface.  Add’t FcR then interact with other bound ab molecules in a zippering process that results in membrane fusion on the opposite of the particle.  Binding of particle-bound IgG molecules to FcR provides a degree of recognition function or specificity to the effector cell (phagocyte).  In other cases, the effector cell may be a mast cell or NK cell.  Some particle are too large to ingest by phag.  In such cases, binding via the FcR allows a tight interaction b/t the phag and the outside of the particle. Phag cell vacuoles fuse with the attached surface membranes and release toxic enzymes (lysozymes) and other mediators onto the particle’s surface.


b) Complement activation: The complement system is composed of a group of plasma proteins that interact in a cascade.  There are two pathways for initiation of this cascade: the classical pathway is activated by ab-ag complexes.  The first component of complement (C1q) can be activated by either 1) a single molecule of ag-bound IgM or 2) two closely spaced bound molecules of IgG.  In either case, the activation of the complement cascade results in the covalent binding of 1+ molecules of C3b to the surface of the particle.  Phag cells have cell surface receptors for C3b and bound C3b is opsonic in a manner analogous to bound IgG.  Thus ab is directly opsonic (IgG via FcR) and indirectly opsonic (complement activation).  The combined effects enhance phag 1000-10000 fold.

c) Activation of mast cells (allergy): the conc of IgE in serum is very low and its syn is stim by IL-4.  Its effector function depends on ability to bind to mast cells and basophils.   These are highly specialized leukocytes whose cytoplasm contains large numbers of granules, making up as much as 50% of total cell volume.  Within the granules are pro-inflammatory molecules, including histamines, heparin, proteases, and chemotactic factors.  Mast cells are positioned in connective tissues and mucosal surfaces at the interface of the internal and external envir( e.g. skin, GI and resp tracts).  Basophils normally reside in the circ but can enter sites of inflamm.  IgE is bound to mast cells and basophils via high affinity FcεRI.  (FcεRII is a low affinity receptor to IgE located on lymphocytes, macrophages, and eosinophils and functions in regulation of IgE syn and protection from parasites.)  FcεRI binds IgE via its Fc portion, leaving the Fab portion available for interaction with antigen.  IgE thus provides mast cells and basophils with specificity for antigen.  Crosslinking of bound IgE molecules by ag triggers FcεRI to transmit an activation signal to the cytoplasm of mast cell or basophil.  This has two effects: 1) degranulation resulting in extrusion of granulae contents to the outside of the cell 2) activation of phospholipase A2 with new syn of arachidonic acid metabolites.  The acute response to these mediators results in increased vascular permeability and tissue edema, mucus production and smooth muscle contraction.  A delayed response also occurs b/c come mediators have chemotactic activity causing an influx of basophils, neutrophils, and eosinophils (late-phase response).


d) Antibody-dependant cell-mediated cytoxicity (ADCC) – NK cells are large granular non-B, non-T lymphocytes that have Fcγ receptors.  NK cells are thus able to bind IgG fixed on the surface of a host cell infected by a vurys or the surface of a tumor cell.  Multi-valent binding leads to a high affinity interaction between NK cell and the target cell.  Multi-valent binding (crosslinking) of FcR also signals NK cells to release cytoplasmic granules containing perforins and proteolytic enzymes that are toxic to the target cell.  



ADCC  is becoming increasingly important as a result of therapeutic interventions.  A new approach to treatment of B cell lymphoma utilizes a humanized ab, Rituximab, directed against the cell surface protein CD20.  Rit. is genetically engineered by inserting the complementarity determining regions from a mouse anti-human CD20 ab into a human IgG1 gene.  The resulting ab binds to CD20 on the tumor cells and the crosslinks FcγR on the patient’s own NK cells with subsequent lysis of tumor cells.  B.c more of the Rituximab structure is of human origin, it is not a strong antigen and only rarely elicits a host ab response.

The complement system

The initial set of plasma proteins in complement activation are activated by a series of enzymatic rxns, which split successive complement proteins into biologically active split products.  These split products mediate cell migration, activation or adhesion by interacting with complement receptors (CR) that are expressed on leukocytes, platelets, endothelial cells, smooth muscle and epithelial cells.  The terminal set of proteins (C4b-C9 in the complement chain rxn assembles into a pore-forming structure that can activate or lyse cells.  The complement system can be activated by three different pathways: classical, lectin, alternative pathways.  All three pathways of complement activation converge in the activation of C3.

Activation via the classical pathway:  1) Interaction between C1 with Fc portion of ab-ag complexes.  It can only associated with IgM or IgG.  C1 is a multi-protein complex consisting of C1q, C1r, and C1s.  C1q is composed of 6 subunits with collagen like tails attached to globular heads.  The globular heads of a single C1q must interact simultaneously with 2+ Fc regions to promote activation.  Therefore, a single bound IgM is sufficient whereas 2+ IgG are required.  Free abs do not bind Cq1 – IgM pentamers must bind ag in order to undergo a steric change which allows C1q, while IgG monomers must first be aggregated by binding to an antigenic surface to juxtapose two Fc regions. 2) Once C1q binds 2+ Fc regions, the protease activity of C1r/C1s is activated.  C1s is a highly specific serine protease.  It first cleaves C4.  the small C4 fragment is a soluble mediator, but the larger C4 undergoes a structural change, which exposes a thioester group.  This is an exceptionally active electrophile and reacts with the first nucleophile it encounters (usually water, but sometimes OH or HN group of closest protein or CHO).  Since C1s is an enzyme it can cleave and activate many C4 molecules resulting in the covalent attachment of a large number of C4 molecules to the activating ab itself or to its ag target. 3) the large C4 frag is now able to bind to C2, which is then cleaved by C1s generating a small diffusible fragment and a large fragment that remains associated with C4 on the cell surface.  The complex of C4 and C2 is referred to as the classical pathway C3 convertase.  This complex is a protease, which acts on C3.
The primary ab response takes several days to develop.  Defense mechanisms must exist to hold pathogens in check until specific immunity is fully activated.  The complement system plays a critical role in this immediate, non-ag-specific immune defense mechanism (natural immunity).  The lectin and alternative pathway of complement activation provide an immediate defense against microorganisms.  The do not demonstrate memory, but they effectively distinguish between foreign and self.  

Activation via lectin pathway:  The lectin pathway bypasses ab by using mannose binding lectin (MBL) to sub for C1q.  MBL has lectin domains that bind directly to terminal mannos, fruc, glucosamine in oligos of pathogens.  After binding, MBL can cleave C2 and C4 through associated serine proteases that are similar to C1r and C1s.

Activation via the alternative pathway: relies on a property of C3 known as tickover.  Like C4, C3 contains an internal thioester bond.  In the absence of cleavage by the C4C2 protease, C3 will occasionally undergo a spontaneous structural change, which allows C3 to bind covalently with nearby cell surfaces.  Any nucleophile, self or non-self, will do.  The microenvironment in which C3 binds determines whether this pathway continues through activation of factor B, or whether factor H inactivates C3.  Surfaces that favor activation include polysacc like LPS or Fab portions of IgA.  After C3 associates with a surface, it can bind factor B, and then acts as a substrate for D, a constitutively active serum protein which has protease activity for B.  After cleavage, frag B diffuses away and larger fragment remains bound by properdin.  This stabilizes the activity of the C3B complex which is the alternative C3 convertase.
At this point the classical and alternative pathways converge.  Either cleaves C3 into C3a and C3b.  C3a is anaphylatoxin which diffuses away and causes local mast cells and basophils to release histamine and other mediators of inflammation.  This results in increased local vascular permeability and extravasation of granulocytes.  C3b can covalently bind to the closest protein or CHO.  Once deposited, C3b can initiate an amplification loop by binding factor B resulting in large amounts of C3b deposited focally.  

Bound C3b acts a ligand.  Phag cells express a complement receptor (CR1) specific for C3b.  Antigens coated with multiple C3b fragments are opsonized for phag.  Targets which are coated with both C3b and ab synergistically activate the phagocytic and killing mechanisms of macro and granulocytes by simultaneously activating CR1 and FcR.  
In addition, when C3b bins either C4C2 or C3B, it dorms C5 convertases, which cleaves C5 generating a fragment that acts as another anaphylatoxin and as a chemoattractant.  Granulocytes migrate into tissue by chemotaxis, following the conc gradient of C5.   Another fragment of C5 remains associated with C3b and binds successively, to C6 and C7.  This forms a highly lipophilic complex that inserts into the adjoining lipid bilayer.  One C8 and then multiple C9 assemble with this complex, forming MAC.  The MAC forms a large pore in the cell membrane, allowing water to enter and the osmotic lysis of the target cell.  The structure of MAC is similar to perforin, a protein secreted by cytotoxic T cells to kill their targets.

Regulation of classical pathway: 1) there is an excess of C1-inhibitor, which is a serine protease inhibitor that binds to and stabilizes its inactive conformation preventing the activation of C1r and C1s.  In the event that C1r,s protease does become activated, it reacts with C1-inhibitor as a suicide substrate. 2)different proteins can bind to C4 and inactive it (C4bp, CAF, CR1).  Factor I can also proteolyze C4b inactivating it.

Regulation of alternative pathway: the C3B-protein complex is inhibited by Factor H, as well as by CR1 and DAF.  High sialic acid content markedly favors the binding of H rather than B, thereby minimizing the formation of the convertase.  Host cell membranes are rich in sialic acid, where as most microbes are not.  Factor I also cleaves and inactives C3 or C3b with assistance of MCP, CR1 or H.
Regulation of MAC: CD59 binds C8 and C9 stopping insertion of C8 and the addition of C9 to the C5-8 complex.  In addition, vitronectin (factor S), binds to soluble C5-8 preventing completion of MAC formation.

Complementation and regulation of innate immunity:  split products are biologically active ( chemoattract and activate neutrophils and macrophages; promote attachment and opsonization of bacteria

Complementation and the regulation of humoral immunity: complement is also a critical regulator of B cell activation.  sIgM is the B cell ag receptor.  Its signaling activity can be modulated by several transmembrane proteins including CD19, which is associated in the B cell membrane with CR2, a receptor for C3dg.  Crosslinking of sIgM and CD19 decreases the number of sIgMs which must be engaged by antigen to activate an ag specific B cell. When C3d is deposited on an ag, then ag-specific B cells are activated efficiently.

Ag recognition by T cells:

An antibody response is generated only when both the thymus, which contains mature T cells, and bone marrow, which contains some mature B cells, are present.  Neither population alone generates a response.  It has become clear that the abs are produced by B cells, while the T cells provide help.  T cells that participate in the activation of the B cells to produce abs are called helper T cells (Th).  Other T cells have the capacity to kill other cells such as virally infected or some tumor cells.  These are called cytolytic T lymphocytes (CTL or Tc).

Each individual B or T cell expressed receptors with a single Ag combining site structure.  For both B and T cells, encounter with Ag is a critical initial event that leads to activation and clonal expansion of lymphocytes capable of recognizing that Ag.  For B cells, Ag-induced activation of particular B cells ultimately leads to the secretion of ab.  T cells do not secrete their Ag receptors.   TCR recognize Ag.

T cells precursors (prothymocytes) migrate from the marrow, via the blood stream, to the outer cortex of the thymus where they begin the thymic phase of T cell differentiation.  The major function of the thymus is to serve as the site of the development of T cells.  Mature T cells emerge from the thymus and seed the peripheral lymphoid organs such as spleen, lymph nodes and Peyer’s patches.  

The antigenic determinants recognized by T cells consist of short stretches of linear sequence, ~10 aa in length.  A T cell can only recognize Ag when it is presented on the surface of another cell.  An ag must first be taken up by an APC such as a macrophage or dendritic cell and then presented to the T cell.  

T cells from one individual specific for a given ag recognize the ag on APC from that individual but not on APC from other individuals from the same species.  Therefore, the genetic origin of the APC plays a role in the ability of the APC to stimulate T cells in the presence of the proper ag.  This effect is due to the expression of different alleles at the MHC by different individuals.  This is termed MHC restriction.  In mice the MHC is termed H-2 complex, and in humans it is called HLA complex.
The proteins encoded by the NHC have been divided into 3 classes based on both the immunologic functions they perform and their structure.  Class III genes encode soluble serum proteins (C2, C4, factor B, etc.) many of which function in the complement cascade.  Class I and class II genes encode cell surface proteins important in T- cell function.

Class I: each class I molecule consists of two chains: a heavy chain (encoded at HLA loci A, B, and C) non-covalently associated with β2 microglobulin (β2m) which is encoded on a separate chromosome.  
Class II: are cell surface heterodimers.  Both α and β chains contain two extracellular domains, a transmembrane domain and a cytoplasmic tail.  In humans there are three types of class II molecules: DP, DQ, and DR each with its own α and β chain encoded on closely linked genes.  
There are two types of class II molecules in the mouse: I-A and I-E.
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Proteins encoded by MHC (Now wild type = “balance polymorphism”

-complex of over 3000 kb of DNA with rich array of genes 
	CLASS
	HUMAN LOCI
	MOUSE LOCI
	Composition 
	Expression
	Example

	I
	ABC
	KDL
	α2β2m

(α2 is heavy chain)
(β2m on diff. chrom.)
	All cells but RBC, neurons
	A27

	II

(heterodimers)
	DP, DQ, DR
	I-E, I-A
	Αβ
	B cells

Mac, DC
	Kd


       Class III = complement proteins and cytokines (soluble serum proteins, C2, C4, factor B)
Class II molecules are expressed in a tissue specific fashion.  They are constituitively expressed on B cells, macrophages and DCs.  Some cells that are normally class II negative (endothelial cells, fibroblasts) can be induced to express class II by the cytokine interferon-γ.

While the overall structure of the allelic variants at any of the highly polymorphic MHC gene loci is similar, polypeptides from the same locus can vary in 10-15% of the aa residues.  This variation is clustered to the α1 and 2 domains in the class I and α1 and β1 domains in class II.

T cells become activated when they come in contact with APCs presenting the relevant Ag, but only if the APC expressed the correct self MCH molecules.  The MHC restriction of the T cell activation led to the idea that the T cell Ag receptor must have the unique property of being dual specific, recognizing both Ag and a self component expressed by the APC.
The discovery of MHC restriction led to two theories about how T cells recognize Ags.  Evidence indicated that the single receptor model, that recognizes a complex of Ag and MHC on the surface of the APC, is correct. 

The TCR is composed of 2 polypeptide chains termed α and β linked by a disulfide bond.  As is the case with the H and L chains of ab molecules, the α and β chains of TCR have an N terminal domain that is variable.  The α and β chains of the TCR each have a single constant region domain.  This constant region domain is folded as a globular domain of 115 aa and is arranged in a β pleated sheet structure that is stabilized by a characteristic intrachain S-S bond between cysteines about 60 residues apart with the domain.  Further toward the C term of each chain there is a membrane spanning hydrophobic region and then a short cytoplasmic domain.
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The α/β TCR is assembled from gene segments by rearrangement processes similar to Ig genes (involving RAG 1/2 , 12-23 rule).  The genetic coding region encoding the βchain contains a cluster of 52Vβ gene segements, which lie upstream of two nearly identical clusters each containing a single D segment, multiple J segments and a single constant Cβ gene segment.  The α chain is constructed in a similar chain, but lacks a D segment.  TCRs, unlike B cell receptors, are univalent and exist only in a membrane bound form.  

TCR are firmly but noncovalently associated with CD3, made up of γ, δ, ε, ζ and/or η subunits.  CD3s are invariant from T cell to T cell and thus are not involved in determining specificity.  Rather, they are essential from expression of the α/β TCR heterodimer on the plasma membrane and play a role in signal transduction once ligand has bound to the TCR.

	Comparision of B and T cell Ag receptors

	
	B cell
	T cell

	Composition
	2H, 2L
	1α, 1β

	Gene superfamily
	Immunoglobulin
	Immunoglobulin

	Valence
	2
	1

	Ag combining site
	Formed by hypervariable residues of adjacent N terminal V domains of H and L or α and β

	Potential diversity
	~10^13
	~10^18

	Mechanisms for generating diversity:
	

	a) Multiple V,D and J gene segments
	Yes
	Yes

	b) Combinatorial association
	Yes
	Yes

	c) N-region diversity
	Yes
	Yes

	d) Somatic mutation
	Yes
	No(?)

	Distribution of diversity
	Clonal 
	Clonal

	Associated polypeptides
	Igα, Igβ
	CD3 complex

	Secreted form
	Yes (antibody)
	No

	Ligand
	Native Ag
	Processed Ag+MHC


There is a experimentally defined lag period between the time when an Ag is taken up by the APC and the time when the APC is able to present that Ag to the T cell.  During this time, the Ag is internalized by the APC and undergoes denaturation and/or partial proteolysis in endocytic compartments within the APC.  This processing of the Ag exposes the appropriate linear epitopes that are subsequently expressed on the surface of the macrophage in a form that can be recognized by the T cell, that is bound to the self MHC molecules.  

The first specific rxn in Ag recognition by T cells occurs at the level of the APC and does not involve the TCR at all.  Rather it involves binding of a peptide fragment of a protein Ag to a particular MHC gene product expressed by the APC.  Ags typically have somewhere within their linear aa sequence an epitope that can bind to at least one of the several class I or II MHC molecules expressed in the APC.  Each MHC molecule has a single peptide binding site.  Therefore the question becomes how does such a site bind so many different peptides?  The 3D struc of human class I MHC molecule shows a prominent groove that is large enough to hold a peptide of about nine aas.  It appears that a variety of peptides can fit into the groove of a given MHC molecule.  For a given MHC, only certain aa can be tolerated at one or two key anchor positions.  This makes it possible for class I MHCs to bind many different proteins, all of which share the anchor residues at particular anchor positions.  Longer peptides (>9) are tolerated only by buckling in the middle.  Class I = interactions with polar main chain atoms of peptide termini provide binding energy. 3D structure= 2 walls of binding site (helix), +floor of binding site (beta sheet) for 9aa.

The peptide site of class II molecules is open at either end, allowing class II molecules to bind longer peptides.

Model for Ag recognition:  protein Ags are initiailly taken up by APC such as macrophages through efficient but poorly understood mechanisms.  The ag undergoes partial proteolysis within the endocytic compartments of the APC.  Certain peptide fragments of the Ag are then reexpressed on the surface of the APC bound to the groove of the particular MHC molecules.  T cells recognize the complex b/c of MHC molecule and processed Ag.  Ag recognition is MHC-restricted b/c the TCR makes contact with aas from both the processed peptide and the α helixes that form the walls of the peptide binding site of the MHC molecule.  Peptides derived from the self proteins can bind to MHC molecules and therefore discrimination between self and nonself does not occur at the level of the peptide-MHC binding.  Rather, the discrimination occurs at the level of the T cell.

Once triggered, the T cell can proliferate and carry out effector functions.  Two general types of T cell functions include: 1) the release by Ag-stim T cells of hormone-like mediators, known as cytokines or interleukins, that act on cells of the immune system. 2) T cells that secrete mediators known as CTL or Tc and their primary role is in the destruction of virally infected cells.  

T cells can be divided into subsets based on the expression of certain T cell surface glycoproteins such as CD4 and CD8.  Mature T cells express either CD4 or CD8, not both.  

CD4+ T cells function to release cytokines which activate other cells.  Thus the T cells that participate in ab formation by releasing cytokines that promote B cell proliferation and differentiation are CD4+.  These cells are Th. 

1. Cytokines/Interleukins (hormone like mediators that act on IS cells)

IL-2 (binds to receptors on activated T cells and induces T cell proliferation

IL-4, IL-5, IL-6( act on B cell differentiation and activation needed for Ab production

CD8+ T cells mediate the destruction of virally infected cells.  

This correlation between surface protein and function is not absolute. 

One fundamental and consistent difference between the CD4+ and CD8+ subsets is in their MHC restriction specificity.  CD4+ cells recognize Ags in association with class II molecules (HLA DR, DQ, DP).  CD8+ T cells recognize Ags in association with class I MHC molecules (HLA A, B, C).

Ag recognition by both CD4+ and CD8+ cells involved the coclustering of the TCR with the CD4/8.   Coclustering is induced by the simultaneous binding of both to the same class I/II molecule.  CD4/8 serve more than an adhesive function.  They also are involved in triggering of T cells.  The cytoplasmic domains of these proteins associated with a lymphocyte specific tyrosine kinase known as p56lck.  During T cell activation, this kinase is brought into the proximity of the cytoplasmic domains of the TCR-CD3 subunts, and likely is important in activation.

There are two pathways for processing of foreign Ags: 
1) used by soluble and particulate Ags taken up from the extracellular fluid by specialized APC such as macrophages.  These Ags enter the APC by endocytosis or phagocytosis and are then subject degredation in a low pH endosomal compartment within the APC.  Peptide fragments of the ag then associate with class II MHC gene products in an endosomal/lysosomal like compartment.  The processed Ag is then reexpressed on the surface of the APC in associated with class II for subsequent recognition by CD4+ T cells.  Recognition leads to T cell proliferation and to secretion by the T cell of cytokines than can activate the APC.  An invariant chain (Ii) associates with the class II MHC in the ER and appears to redirect the trafficking of the class II mol, causing it to diverge from the default export pathway to fusion with endosomes, where class II mols interact with processed fragments of exogenous Ag.  In the endosome, the invariant chain is removed by proteolytic enzymes, allowing peptides derived by proteolysis of the exogenous Ags to beind.   Removal of the invariant chain is dependant upon the presence of a class II like molecule called HLA DM. Another function of the invariant chain is to block the peptide binding site of the class II MHC until the MHC molecules reach this compartment.  This prevents the class II mol from becoming saturated with endogenous peptides.
2) used for recognition of virally infected cells.  In this case, the foreign proteins are made within the infected host cell.  CD8+ cytolyic T cells (CTL) can detect the presense of viral protein within an infected cell.  The function of the class I MHC mol is to pick up fragments of the viral Ags and to display them on the cell surface for recognition by CD8+ T cell.s  Some fraction of the pool of newly syn viral proteins is broken down within the cell allowing peptide fragments of the viral Ag to associate with class I MHC gene products.  Processed viral Ags bound to class I mol are then displayed on the cell surface where they are recognized in a MHC restricted fashion by CD8+ T cells.  How do peptides derived from these cytoplasmic viral proteins associate with class I MHC molecules given that class I mols are cotranslationally inserted into the ER during syn?  The extracellular domains of class I molecules fold into their native 3D conformation in the lumen of the ER and never have access to cytoplasmic peptides.  This paradox is explained by the discovery that besides the class I and class II molecule, the MHC also encodes other classes of proteins, including peptide transporters TAP1/2.  Therefore, the source of viral proteins is a proteasome that provides peptides that can be transported by TAP1/2 heterodimer into the ER.  The TAP1/2 complex actually associates with nascent class I molecules in the ER membrane via linking protein tapasin.
SUMMARY

	T cell subset
	Primary Fxn
	APC
	Origin of Ag
	MHC class

	CD4+
	Cytokine release
	Macrophage, B, DC
	Exogenous
	II

	CD8+
	Lysis
	Any nucleated cell
	Endogenous (viral)
	I


MHC I associates with exogenous peptide early (needed for stability of class I)


-can display processed intracellular proteins so detection and lysis even if no viral protein on cell surface

MHC II associates with endogenous peptide late

Mech. Of  Tcell / Bcell Collaboration

1. Ag taken up by macrophages or DC

2. Processed for presentation with MHC II

3. CD4 T cells recognize and activate

4. Encounter B cells with same Ag specificity

5. B cells bind native Ag with high affinity

6. B cells internalize, process, display Ag on MHCII

7. T cells recognize Ag-MHC on B cells

8. T cells release cytokines near B cells

B cells present specific antigens well to T cells


(Raymond removed in image showing B cell displaying processed antigen in an MHC complex presented to the TCR of a T cell.)
Other Accessory Molecules

-interactions btw cell surface proteins on T cells and APC form imunnunologic synapse

1. LFA-1 interacts with ICAM-1 and ICAM-2


LFA is an integrin (like CR3)

2. CD2 interacts with LFA-3

3. CD28 and homologue CTL4 interacts with B71-B72

These Interactions provide costimulatory signals for T cell activation. Ab to any of these proteins block Ag recog.

Only T cell receptor shows clonally distributed structural diversity (responsible for Ag specificity)

SUPER ANTIGENS
-bacterial and viral protein can activate large number of T cells through special mechanism 

-important in toxic shock syndrome (b/c of increased vascular permeability) and food poisoning

-bind in an intact form to MHC II at a site distinct from peptide binding cleft

-have affinity for regions of TCR specified by particular β chain variable region gene segments


Note limited number of β chain variable regions vs. very specific hypervariable region

-ACTIVATE LARGER FRACTION OF TOTAL T CELL POPULATION

-some retroviruses encode superantigens (MMTV)

-infected B cells activate vigorous T cell response of cytokine release ( promote B cell growth that harbor virus

Detecting Ag-Specific T Cells  In Vivo

-soluble multivalent MHC molecules loaded with antigen could bind T cells specific for Ag-MHC complex

-MHC w/o TM domain expressed in bacteria, folded with peptides and β2 microglobin

-MHC/peptide complex assembled into tetramers engineered w/C terminal site for enzymatic biotinylation

-Incubate with tetravalent biotin-binding protein avidin

-Assembly of tetramers of peptide MHC complexes

MHC dimers produced by expressing class I heavy chain fused with N terminus of Ig heavy chain

-chains assemble with light chain and β2 microglobin

-load dimmers by incubating with high concentration of relevant peptide

-use structures to stain T cells specific for particular peptide MHC complex

-shows specific T cell expansion in response to Ag stimulation
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Staining of Ag specific T cells with soluble MHC dimers.

1.Divalent MHC: Add Antigen(Increase affinity

2. stain T cells that recognize complex and count

3. Infection(Increase in T cells because of clonal expansion

Flow cytometry as a tool for physicans and scientists:

Flow cytometry is a technology that simultaneously measures multiple characterictics of single cells at a rapid rate. 

Forward scattering of defracted light gives information related to cell surface area and is detected along the asix of incident light in the forward direction.

Side scatter of reflected and refracted light gives information related to cell granularity and complextity and is detected at 90 degrees to the laser beam.

Monoclonal antibodies are beneficial because it is ok to use them with impure samples of antigen, you can select antibodies with fine specifity, and they provide an immortal supply of antibodies.

Fluorescent light comes from fluorescein molecule which emits light at λ = 530 and many other wave lengths.  The fluorochrome releases the absorbed energy by 1)vibration and heat dissipation 2) emission of photons of longer wavelength.  A simple flow cytometer detects emitted fluorescent light, resulting from excitation by laser.

Using multiparameter flow cytometry you can look at multiple colors, each representing a separate piece of info, at one time.

Uses of flow cytometry include: 1) can test to see what Abs are promoted by potential immunizations of test efficacy. 2) can use to purify cell populations 3) can use diagnostically to see if one population of cells is overexpressed or absent 4) multiplexing bead assay

ANTIGEN PRESENTING CELLS

-APC express MHC II and costimulatory molecules to present exogenous antigens to lymphocytes

-Dendritic Cells = most efficient APC at initiating primary immune response and inducing self tolerance

Challenges to initiation of a primary T cell response: Low [antigen], rare specific T cell precursor, spatial consideration, TCR with low affinity

Since the frequency of naïve lymphocytes with a particular unique specificity is very low, the immune system does not attempt to move naïve lymphocytes though tissues in appreciable numbers.  Rather, the immune system has segregated the functions of antigen capture and processing from that of initiating immune responses.  Antigen capture and processing with thus preformed within peripheral tissues, while initiation of primary immune responses has been spatially localizes within secondary lymphoid organs (lymph nodes and spleen).  Once appropriate T cells have been activated, they egress the lymph nodes, recirculate through tissues and direct the effector arm of the immune response 

DENDRITIC CELLS

Problems with DCs: Infrequent, Different varieties, Difficult to purify and obtain in large numbers



          Distinct phenotypes at different stages in life cycle 



          State of differentiation altered in culture

-Dendritic Cells- APC that initiate innate and adaptive (T mediated) immune response



-occupy discrete regions in lymphoid and nonlymphoid tissue

-phenotypic changes facilitate antigen capture in the periphery and move to T cell regions of lymph nodes to present on MHC II

DC Structure and Life-Cycle

-numerous surface veils, paucity of lysosomes, distinct multivesicular vacuoles

-100 x more efficient at initiation 1° immune response then macrophages

-Differentiation pathway widely distributed in lymphoid and non-lymphoid organs.


2 major DC pathways
1. Myeloid Pathway- includes Langerhans Cells (LCs) and Interstitial DCs (int DCs)



       -LC has Birbeck granule (like endosomes generated by expression of Lectin molecule)



     - LC found in epithelial
 intDCs found in all other tissues



      -both secrete IL-12

 intDCs make IL-10 (induce naïve B cell Differentiation)

2. Lymphoid Pathway- includes plasmacytoid DCs (pDCs)



          - secrete large amounts of type I interferons (modulate T cell differentiation)

MYELOID DC LINEAGE

1.DC progenitors originate from the bone marrow and enter blood to go to peripheral non-lymphoid sites.

2. These immature (processing) DCs are differentiated for optimal antigen uptake and processing.




           -MHC production, formation of foreign peptide-MHC complexes

In some cases, these functional specialization have morphological equivalents.  Ex: Immature Lang cells contain a specific organelle (birbeck granule) which has features of endosomes and which is accessible to tracers introduced into the extraceulluar medium.

3. Inflammatory mediators then promote maturation of these tissue DCs, which migrate as “veiled” cells in afferent lymph to 2°lymph tissues

4. these mature (presenting) DCs are located predominately in T cell areas of lymph nodes/spleen, and express optimal co-stimulatory activity,  both in terms of surface molecule expression and cytokine secretion, for T cells.
(Raymond removed an image showing antigen capture by dendritic cell, followed by their migration to lymph nodes and presentation to T cells.)
-DCs from non-inflamed environment play a major role in generating tolerace to peripheral antigen. This constitutive migration to lymph nodes after capturing endogenous material from peripheral tissues, will provide lymphocytes with signal 1 only(tolerance to these peripheral antigens.

The DENDRITIC CELL SYSTEM-DISTRIBUTION AND PHENOTYPES

Just know that multiple phenotypes at different parts of life

	Nonlymphoid organs
	Langerhans cells, interstitial dendritic cells

	Circulation
	Afferent lymph veiled cells, blood dendritic cells

	Lymphoid organs
	Lymphoid dendritic cells, interdigitating cells


There is lots of confusion about names because there are multiple phenotypes throughout life.

Mechanisms of INTERNALIZATION
1. Phagocytosis

2. Pinocytosis

3. Macropinocytosis
4. Receptor Mediated Endocytosis







  -high capacity


-high affinity

COMPONENTS OF DC FUNCTIONS:

1. Sentinal function of non-lymphoid tissue (immature) DCs: Capturing and Processing Antigens

-capacity to internalize and process whole protein antigens varies with the state of maturation of DCs.  Furthermore, the unique biology of different maturation states appears to correlate with their migration and tissue distribution.  It is therefore useful to examine the different features of antigen processing and presentiation in DCS as a function of their tissue distribution and state of maturation.

 DCs isolated freshly from tissues (e.g. Langerhan Cells ) have several unique features which distinguish them from more mature cells.  They efficiently present protein antigens (activity lost within 12 hours of isolation).  As cells lose presentation capacity of whole protein Ag, they develop strong binding and stimulatory activity for T cells, upregulating several adhesion molecules (ICAM-1/ICAM-2/LFA-1/DC-SIGN/B7.1/B7.2).  They also secrete DC-CK, a chemokine that is expressed only in DCs in lymphoid tissues and attracts naïve T cells. 

These distinct features of the 2 populations of DCs reflect the marked termporal segregation of two broad functions of these accessory cells:

(1) Antigen capture at early point in life history

(2) Antigen presentation (adhesion, costimulatory molecules) later in life history relocation to lymph nodes 

This maturation process is highly regulated, and is influenced by several cytokines and cell surface molecules including GM-CSF, IL-4, TNFα, IL-1, CD40L.  In general, maturation has two major features

1. Alteration of antigen-capture and processing phenotype of DCs

2. Expression of co-stimulatory activities

There are several unique features of antigen capture and processing by immature DCs:

1. Synthesis of intracellular MHCII expressd in unique endosomal compartment (MIIV)

2. Freshly isolated DCs rapidly internalize vast volumes of solute by the process of macropinocytosis, enabling these cells to sample their extracellular environment for fluid phase or non-binding antigens.  Molecules acquired by this mechanism accumulate in these macrophinosomes, and are delivered to MHC class II rich vesicles, where they are converted to peptides and recycled back to the cell surface as MHC-peptide complexes.  Unlike macrophages, DCs lack well developed scavenging pathway for complete digestion of internalized molecules to aas in lysosomes.  This pathway is particularly important for pathogens that have evolved to escape recognition by phag recptors.  Once inside the DC, there are a variety of pattern recognition molecules belonging to the TLR family that recognize PAMPS and active DCs.

3. Macropinocytosis is turned ON by GM-CSF, IL-4 and OFF by LPS, TNF, IL-1.  TNF is a proinflammatory signal that stops DC from picking up more Ags, but whatever it took up last will be freeze framed and remain on the surface of the DC when it moves off.  This is a good mechanism for capturing and presenting rare antigen stimulus.

4. Macropino is a low affinity process, which is therefore intrinsically inefficient.  Providing protein antigens in suprathreshold amounts for ag presentation therefore requires cycling of enormous volumes of extracellular solute.  Freshly isolated DCs also utilize a high affinity pathway called “adsorptive endocytosis” which is similar to that used by B cells to capture entigen.  While B cells capture antigen by their membrance Ig molecule (which has high affinity for ag), DCs capture antigen on a lectin-like molecule that resembles the mannose receptor on macrophages. 

After isolated from tissues or stimulated by Cytokines (TNF, IL-1), the phenotype of the DC changes markedly.

-down regulate macropin (resulting in fewer endosomal vacuoles), MHCII intracellular expression changes to surface expression

-present processed peptides (Active adsorptive endocytosis using high affinity pattern-recognition receptors).

Consistent with this downregulated processing machinery, mature cells are very poor at processing and presentation of intact protein ags; there are hoever extremely efficient at presenting ready-processed peptides on class II MHC.  Immature cells are therefore perfectly suited to sample the antigen load in a tissue, and present these ags at their surface.  In contrast, mature cells represent a snapshot of the antigens that were present in the tissue prior to DC migration.

2. MIGRATORY FUNCTIONS OF DCs
In oreder for DC to do anything with its ag, it must migrate to lymphocyte site in order to initiate primary immune response.  DCs migrate via afferent lymphatics to T areas of the lymph nodes, placing the ag-charged DC in the path of recirculating T cells, thus enhancing the chance of encounter with its appropriate T cell.  The thin membrane sheets of DC are highly dynamic and extend and retract to survey passing T cells, and allow for selection of antigen-specific T cells.


The formation of Stable DC-T cell Clusters occurs in two phases:

1. Initial Antigen-Independent Clustering (short lived)

2. Stable Clustering with antigen specific T cells

(MIP3B as chemokine  -CCR7 as chemokine receptor   -become IDC when reach destination)

3. ADJUVANT FUNCTIONS OF DCs (mature DCs)

Recall: If DC don’t express costimulation(T cell turned off   


If DC express costimulation(T cell turned on (clonal expansion) DCs are promiscuous

-Mature DCs can prime CD4+ T cells which can then further orchestrate the immune response by

1. DC, themselves, using CD40L to ligate CD40 on DC, leading to increased DC survival, and further upregulation of B7.1 and B7.2.  These superactivated DCs are able to directly prime naïve CD8+ CTL, which proliferate vigorously, without the continued need for CD4+ T cells.  Sometimes viral infection of DCs stimulates superactivation of DC, upregulating its capactity to prime anti-viral CTLs.  This may explain the apparently paradoxical observation that responses to some viruses are helper-independent.

Figure 9.  The ‘dynamic’ model in which the dendritic cell offers co-stimulatory signals to both cells.  It initially stimulates the T helper (left), which, in turn, stimulates and ‘conditions’ the dendritic cell to differentiate to a state (right) where it can now directly co-stimulate the killer.  (Raymond removed the figure described by this caption.)
2. DCs produce IL-12, encouraging differentiation to helper T cells into interferon γ producing Th1 cells

    In presence of IL-4, however, DCs induce T cells to differentiate into Th2 cells which secrete IL-4, and IL-5

3. B cells providing help for Ab formation

DENDRITIC CELLS AND T CELL TOLERANCE

-DCs can capture and present self-antigens that are exclusive to specialized tissues (fragments of apoptosis)

-This (signal 1) w/o costimulation (signal 2) ( T cell tolerance (perhaps due to constitutive, non-inflammatory migration from tissues of DCS that have failed to upregulate co-stimulatory molecules).

CROSS-PRIMING

-When DCs are directly infected by virus, viral proteins are degraded by proteosome and loaded onto MHC I.  This is infrequent, however, raising an important question about how viral antigens from an infected epithelial cell might gain access to DCs to effectively stimulate CD8 T cell responses.  In a pathway known as cross-priming, when infected cells die, their fragments are taken up by DCs, and directed through a vesicular compartment to the MHC class I antigen presentation pathway.  Thus, exogenous material is loaded onlto MHC class I of the DC = cross priming ( stimulates CD8 + Activity
Note: Memory T Cells have less requirement for costimulaiton, respond to lower (antigen)

          Secondary response mainly from Macrophage(FcR) s and B cells (high affinity Ab as receptor)
OTHER APC POPULATIONS (less efficient, important in secondary response)

Macrophages are phagocytic cells highly differentiate to kill and scavenge (high capacity endocytosis(complete digestion)
Macrophages v. DC

-both cells capable of adsorptive endocytosis.  In macrophages, this is accomplished through several receptors (Fc), and increases clearance and scavenging activity 1000 fold.

-Unlike DCs, macrophages have numerous lysosomes, and internalization of particles and solutes often results in their complete degradation in these structures.  Thus, while while macrophages endocytose extracellular antigens efficiently, the final routing of the majority of these antigens is different in macrophages and DCs.  In macrophages, degradation is favored.  In DC, MHCII loading and presentation is favored.

B Cells

-like DCs have a paucity of lysosomes and are dependent on surface Ig mediated adsorptive endocytosis to deliver extracellular antigen to specialized endosomal compartment containing MHC II (associated with invariant chain). Processed antigen then binds to MHCII and the complex is presented at cell surface to T cells.  B cells serve an important niche as APCs, since their presentation is antigen specific.

	
	DCs
	M(
	B Cell

	MHC Expression
	+++
	Inducible
	+/(; Inducible

	B7 Expression
	+++
	Inducible
	Inducible

	Phagocytosis
	+/(
	+++
	(

	Macropinocytosis
	+++
	+++
	+

	Adsorptive Endocytosis
	DEC-205
	Fc-receptor

CR3, MMR
	slg


(Raymond removed the section on SUMMARY OF DIFFERENCES IN DEVELOPING DC)
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T CELL SELECTION AND CENTRAL TOLERANCE

Tolerance-state of the immune system characterized by unresponsiveness to a particular antigen


    - ability to distinguish self from non self  

FREEMARTIN condition in twin cattle:  BURNET hypothesis 

-dizygotic twins sharing a placenta will therefore share RBC’s (hematopoitic chimera [share stem cells]

-developing/immature lymphocytes are subject to CLONAL DELETION in presence if self-antigens are recognized

CLONAL DELETION MODEL

-self tolerance learned by developing immune system –occurs during fetal and neonatal development








-tolerance decreases rapidly with time

-if exposed to antigen in embryo(tolerance

in adult(rejection

-If receptor of immature lymphocyte engages a self-antigen(deletion of that clone

T-CELLS – more important than B-cells for tolerance

Central Tolerance – generated during lymphocyte development, involves clonal deletion

Peripheral Tolerance – generated AFTER lymphocytes have matured involves ANERGY (inactivation)

T CELL DEVELOPMENT (occurs in thymus in 3 stages)

1) TCR gene rearrangements resulting in productive (/( dimers on cell surface


(/( have many more V/J segments than (/(


( locus resides within the ( locus (between J and V) ( this prevents (/( and (/( co-expression since rearrangement of Vα to Jα to form a productive α chain completely deletes the δ locus.

The complete rearrangement of (/( actually occurs first on a small proportion of thymocytes prior to expression of the αβ TCR.  Expression of a complete surface γδ TCR appears to inhibit further recomingation of the TCR αβ genes.  Consequently, T cells which express the γδ receptor are committed to a distinct T cell lineage and are exported to the peripheral lymphoid organs where they constitute 1-5% of total T cells (used for innate immunity since they are double negative).

The majority of thymocytes continue to rearrange α and β genes.  This can occur if there is an out-of-frame rearrangement of the γ and δ genes precluding the syn of viable γ or δ protein products or if a V to J rearrangement of the αlocus occurs prior to rearrangement of the δ locus, thereby deleting it.

1.  V/J rearrangements in (/( and (/( ( usually (/( wins

2.  ( gene rearrangement completes first (double negative state) and is required to progress to double positive! (can induce SCID mouse with TCRβ transgene)

-β pre TCR α complex associated with CD3 signals successful completion of TCRβ gene rearrangement


-Without good TCRB cant place BpreTCRa or progress to the next phase


-similar to μ-λ5-vpreB complex in developing B cells (λ5 is surrogate like pre TCRα)

3.  CD4 and CD8 coexpression (but not in (/()

4.  if ( gene rearrangement is successful ( (/( TCR expressed on surface




if unsuccessful ( cell dies
2) CELLULAR SELECTION: 

Negative Selection – for self-reactive “thymocytes”



Positive Selection – recognize foreign antigens in presence of SELF MHC

3) Acquisition of mature effector function


either CD4 or CD8 is inactivated.

(Raymond removed the image describing T cell selection in the thymus.)

LOCALE:  


SUBCAPSULAR VESSELS (double negative)    CORTEX (double positive)   Medulla (single positive)

Negative Selection

-major mechanism of central tolerance

-occurs after TCR receptor expression BEFORE mature T-cell effector function



-Proof: recall that mice express two MHC class II molecules (I-A and I-E)

Most mice express an endogenous retrovirally-encoded super Ag - binds Vβ17 on TCR and I-E on MHCII .

I-E mice did not have single postive T cells to express the Vβ17+ TCRs, but did have double positives that did.

Physical deletion of thymocytes expressing self reactive TCRs at the immature double positive state


findings have shown that CD4+, CD8+ cells express self-reactive TCR’s ( clonal deletion





CD4+, CD8- (or vice-versa) do not 

Positive Selection

POSITIVE SELECTION – 


-chooses TCR’s that react to a self-MHC in presence of foreign antigen

-TCR cannot recognize MHC ( no development after CD4+, CD8+ stage non selection


-TCR can recognize MHC and self-antigen ( thymocytes deleted at CD4+, CD8+








negative selection

-TCR recognizes MHC and FOREIGN antigen ( thymocytes progress to CD8+   










positive selection

PROOF OF POSITIVE SELECTION(p.186)
(Raymond removed the figure describing the results of this experiment.)

Shows 1. Fate of T cell depends on match btw TCR and MHC and self antigens expressed

            2. T cells specific for MHC I( CD 8+, while T cells specific for MHC II(CD4+

Good fit w/self MHC :  Good fit with self peptide (  Deleted (negative selection)

Bad fit w/self MHC:     Antigen Irrelevant             (  Non selection (wont develop in thymus)

Good fit w/self MHC:  Bad fit with self peptide    (    Successful Positive selection (5%)

Balance btw Negative and Positive Selection

Developing thymocytes can detect quantitative differences in TCR occupancy by MHC/peptide complexes expressed on thymic stromal cells.  A poor fit with self-MHC/self-peptide on thymic stromal cells will not signal the thymocyte to further develop beyond CD4+8+ stage and it will eventually die (nonselection).  Too strong a fit with self-MHC/self-peptide on thymic stromal cells will generate a very strong signal which intiates a rapid programmed cell death (negative selection).  What is left are thymocytes that receive intermediate levels of signaling resulting from “low to moderate” affinity binding to self-MHC in the absence of a peptide that would generate high affinity interactions.  This intermediate level of signaling is quantitatively large enough to induce differentiation to single positive mature T cells yet below the range that induces clonal deletion.

At least part of the decision by a thymocyte to undergo nonselction vs. neg slection vs positive selection depends on the affinity of its TCR for peptide/MHC compexes on stromal cells that are sampled during thymocyte development.

Higher threshold of affiniy (avidity) needed as T cells develop!

T CELL TOLERANCE

-Generation of diversity is a stochastic post germ line encoded event.

-The ability to discriminate btw harmful and innocuous antigens is learned in the neonatal period


-Auto reactive lymphocytes recognize self antigens and are deleted.


-Foreign antigens introduced during that period would also induce tolerance

-“Horror autotoxicus” would result from a break down of tolerance to self (ex: Diabetes I attacks Islet cells in pancreas)

OLD VIEW:  Self-nonself / antigen driven / developmentally determined

NEW VIEW:  context model/ circumstance driven / determined by milieu

Context Model for Self-Non Self Distinction

-Immune system activated by PAMPS (invariant, nonhost molecules necc for pathogen survival; ex: LPS) triggering PRRs (ex: toll receptor)


-Adjuvant induced activation is the signal to the immune system to respond in a productive fasion; in its absence immune recognition leads to the induction of tolerance.  

Danger Theory

-Ag presented in presence of danger(productive immune response


Ex of Danger Signals: Molecules released during injury and necrotic cell death (heat shock proteins)

-Ag presented in absence of danger (tolerance

-Decision of Tolerance or Productive Response by State of APC

When APC is activated b/c of infection, inflammation, PAMPS or danger, it upregulates:

Signal One: Presentation of antigen to T cells.   Alone( anergy/deletion


Note: APC doesn’t need costimulation once it is activated!




AND

Signal Two: Costimulatory molecules.               Both signals ( T cell activation


Ex: CD28 on T cell binds B71 or B72 on APC

Thus, the origin of antigen is irrelevant, what matters is the environment it is recognized in (circumstance driven) and therefore, peripheral tolerance plays a critical role in preventing horror autoxicus.

Mechanism of T Cell Tolerance (Thymus: Central Tolerance)

-Thymus is where T cells develop and are educated.

-Positive Selection = only T cells that can interact with self MHC molecules mature to CD4 + OR CD8+

-Negative Selection= T cell that binds to tight to peptide-MHC complex is eliminated (prevents self attack)

However, the process by which a particular T cell finds and is deleted by its cognate peptide in the thymus is not efficient.  It would be hard to imagine that all self-peptides can be represented in the thymus in a way that all self-reactive T cells are deleted.  Therefore the immune system employs a variety of mechanism to induce tolerance in the periphery:

Mechanisms of Peripheral Tolerance 

1. Ignorance
2. Clonal Deletion
3. Anergy
4. T-regulatory cells
5.Immunoregulation

IGNORANCE
-auto reactive T cells found in the periphery but to do not respond and cause autoimmunity because

(1)low levels of antigen

(2)antigen sequestered

-If access to abundant self Ag is attained(Autoimmunity (ex: Multiple Sclerosis)

CLONAL DELETION

-auto-antigen present at high levels and T cells are eliminated (after initial proliferation)

T CELL ANERGY

When T cells recognize antigen presented by resting APCs, tolerance occurs.  Since, the APC is resting, TCR recognition (signal 1) occurs in the absence of costimulatory molecules (signal 2).  On the other hand, in the presense of infection, inflammation, PAMPs or danger, the APC is activated and now presents antigen (signal 1) along with costimulation (signal 2) leading to T cell activation.  T cells that receive signal 1 in the absence of signal 2 not only fail to produce IL-2 (which reverses anergy) and proliferate, but do not respond to subsequent full rechallenge; they are said to anergic.  On the other hand, IL-2 induced activation can reverse anergy.  Thus perhaps if these cells are also specific for a pathogen that may be awoken by IL-2 in the future and prove useful during the course of heated infection.

T REGULATORY CELLS (promote tolerance and prevent autoimmunity)

CD24+/CD25+ T Cells are the most prominent regulatory T cells found in periphery.  A subset of CD4+CD25+ T cells have the ability to inhibit T cell activation.  The presence of CD4+CD25+ T cells suppresses antigen specific IL-2 production and proliferation in activated T cells.  Since peripheral autoimmunity develops in the absence of CD4+Cd25+, it is felt they play an important role in peripheral tolerance.  In addition to CD4+CD25+ regulator cells, TR1 cells which secrete IL-10 and TH3 cells with secrete TGF-β have also been shown to promote tolerance.    

-Needs cell-to-cell contact

-Independent of IL-4, IL-10, TGF-β

-Overcome by IL-2 or anti CD28

-elimination leads to autoimmunity

IMMUNOREGULATION

-TR1 cells generated in the guts suppress active immune responses (and thus promotes tolerance) using IL-10 which is a cytokinesynthesis inhibitory factor (CSIF).








-TH3 cells generated in lungs, suppress using TGF-β

-Molecules or cells that play an effector role in one circumstance might induce tolerance in other circumstances


GALT is uniquely designed for continued immune surveillance and response.  A key componednt of guy immunity is the local production of antigen specific IgA.  As a result, Peyer’s patches are occupied with a large population of IL-10 and TGF-β (located outside the gut, but promotes tolerance) producing T cells that provide T cell help to B cells and plasma cells in terms of promoting IgA production.  In this context, these T cells are clearly gut effector cells.  However, when antigens are fed in low doses to animals and then administered systematically, the gut effector cells become mediators of oral tolerance.  Termed TH3 cells, these antigen specific CD4+T cells secrete primarily TGF-β and when they encounter their cognate antigen at the target organ, they mediate bystander suppression (i.e. following antigen specific activation they suppress the activation of naïve cells to other antigens.)  


Inhaled Antigens can Induce Tolerance


-mediated by Tr1 (CD4+, IL-10 secreting suppressor cells)

Tolerance in the Eye(by α-MSH from neurons and TGF-β and IL-10 from NK T cells

AUTOIMMUNITY (break down in tolerance)
 -ex: Systemic Lupus Erythematosus: defects in Ag clearance, T cell signaling, antigen induced death

-Combined with environmental factors (infections) ( HORROR AUTOTOXICUS

TUMOR IMMUNOLOGY

1. T cells can recognize tumor antigens to kill tumors

2. Tumors escape immune system by inducing anergy in host T cells

3. Strategies to prevent/reverse anergy

4. Induce regulatory T cells which inhibit anti-tumor immunity!

TRANSPLANT IMMUNOLOGY

: Introducing tolerance to a donor graft, may allow patients to stop immunosuppression and still keep their grafts

SUMMARY POINTS

· Thymus alone is insufficient to promote tolerance and prevent Horror Autotoxicus

· Self antigens can induce tolerance and activation

· Foreign antigens can induce tolerance and activation because….

· The outcome of immune recognition is dictated by the context in which the antigen is encountered

· Ignorance, deletion, anergy, T regulatory cells, and to some extent immunoregulation all can promote T cell tolerance

Lymphocyte Activation
all immune system responses begin with NAÏVE T CELL ACTIVATION

Antigen activation by T cells differs in important ways from receptor mediated recognition of soluble ligands:

1) T cells recognize peptide ligands bound to MHC products on cell surfaces

2) A relatively small proportion of T cells are able to respond to any given antigen

3) A particular antigen presenting cell carries a large variety of MHC-peptide combinations, thereby requiring a reactive T cell to sample a large variety of MHC-peptide complexes on the presenting cell surface

4) The near random generation of T cell receptor specificities raises the possibility of self reactivity and therefore needs to obviate inappropriate stimulation of T cells.

Activation of naive T-cells induces them to proliferate and to differentiate into distinct effector subsets with different functions: 


CD8+ cells respond to pathogens multiplying within the cell (cytosolic protein) by recognizing  antigenic peptides bound to MHC class I.  Activation causes diffentiation into CYTOTOXIC T CELLS (kill infected host cell)


CD4+ cells respond to ingested proteins or pathogens, replicating in intracellular vesicles by recognizing antigenic peptides bound to MHC class II.  Activation of naïve CD4+ T cells induces differentiation into TH1 or TH2 cells



TH1 induce inflammatory response by activating macrophages



TH2 assist B cells in their responses to specific antigens.

T CELL COSTIMULATION – a distinctive feature of T cell activation is the requirement for two types of signals


signal 1 = antigen-MHC


signal 2 = antigen independent costimulatory signal (CD28 on T cell binding to B7.1/.2 on APC)


**ensures that only APC’s can cause T-cell differentiation**

**signal 1 without costimulation(ANERGY**


APC’s:

1) DC’s – most important activator of T-cells; presents viral antigens (good for innate immunity)

2) Macrophages – present bacterial antigens (scavengers) (B7 inducible by microbial products)

3) B cells (B7 inducible by microbial products (LPS) (good for low level circulating Ag) bind through Ab
(Raymond removed a table summarizing antigen uptake, MHC expression, costimulation, antigen presentation, and location of B cells, macrophages, and dendritic cells.)
Differentiated, effector T cells and some T cell lines can be stimulated by signal 1 alone (e.g. by engagement of TCR and CD4 or CD8 by MHC-peptide) in contrast to naïve T cells, whose activation requires costimulatory signal in addition to signal 1

STAGES OF T-CELL ACTIVATION

1st Stage: T cell encounters antigen/MHC complex on APC(upregulate IL-2 and high affinity IL2R.  IL-2 is a potent inhibitor of T cell proliferation.  The secretion of IL-2 by the T-cell and the expression of the high affinity IL-2 receptor play a central role in the second state of T cell activation.

2nd Stage: T cells proliferate as a result of autocrine growth stimulation by IL-2 and acquire effector functions

Generation of signal 1 by peptide-MHC complexes:

INITIAL ENCOUNTER WITH APC’s (major sites in which naïve T cells encounter antigens are secondary lymphoid tissues, especially lymph nodes, Peyer’s Patches, spleen) .  As T cells circulate through these tissues, they adhere to the endothelial surfaces of small blood vessels.


1) Adhesion mediated by L-selectin on T cells and addressins (CD34 or GlyCAM1) on endothelium.

2) T-cells diapedesis (migration) through the endothelial walls mediated by LFA-1 (an αlβ2 integrin molecules) on the T cell and the intracellular adhesion molecules (ICAM1,2,3) on the vascular endothelium.

3) Once a migrating T cell encounters an APC, binding is first antigen INDEPENDENT, and is instead adhesion mediated: CD2 and LFA-1 on T cell and LFA-3 and ICAM on APC

4) Antigen-dependent binding involves CD4/CD8 AND TCR to MHC on APC (signal one)

The binding site for CH4 lies in the β2 domain of MHC class I; CD8 binds to a site in the α3 domain of MHC class I.

The invariant chains of the TCR-CD3 complex couple the TCR to intracellular tyrosine kinases (ZAP-70) and other signal transduction molecules.  The active signaling component of invariant chains is a conserved structural motif, ITAM.  The physical coupling of invariant TCR chains to tyrosine kinases occurs through an ITAM.  ITAMS are found in the cytoplasmic tails of all T cell receptor invariant chains (3x in ζ, 2x in η, once in each CD3 chain)  ITAMs are also found in proteins associated with membrane bound immunoglobulin on B cells.   Each ITAM has a duplicated consensus sequence to bind SH2 domain (assembles signaling machinery)

ITAM, in invariant TCR zeta or CD3 ε chains, is phosphorylated on tyrosine residues.  Pros. converts the ITAMs into high affinity binding sites (tandem SH-2 domains spaced so they can engage both phosphotyrosines of an ITAM motif simulataneously - simultaneous double binding and conformational change) for ZAP-70. Mutate ZAP 70(STD (selective T cell defect from lack of CD8+ T cells, CD4+ cells don’t proliferate)



ZAP is expressed preferentially in T cells and NK cells.  



LAT is a ZAP-70 substrate that couples TCR to cellular activation.  LAT associated with GRB2 (an SOS binding protein whose recruitment to the cell membrane activates Ras) and PLS-γ1.  Two specific tyrosine residues are required for binding of Grb2 and PLC-γ1 to LAT.  Overepression of LAT carrying mutations at these tyrosine residues blocks activation of AP-1 and NF-AT transcription factors in response to TCR crosslinking.  Remember that AP-1 and NF-AT are critical for activation of the IL-2 gene in response to TCR engagement. 

 (by LCK dragged to surface by CD4 or CD8)



Why is colligation of CD4 or CD8 with the TCR necessary for generation of signal 1?  The cytoplasmic portions of CD4 and CD8 are bound stably but not covalently to an intracellular protein Lck.  Lck is a member of the Src family of tyrosine kinases and is distinct from ZAP-70.  Association with Lck is necessary for T cell activation in a CD4/8-dependant model system.  



How do CD4 and CD8 collaborate with the TCR complex?  There are two possibilities: 1)recall that recruitment of ZAP-70 into the TCR complex requires the phos of ITAM motifs in TCR invariant cahins.  When CD4 or * are ligated togetherwith the TCR, Lck would be brought near the ITAM.  In this position, Lck may phos. The ITAMs to create a binding site for ZAP-70.  2) another possibility is that Lck plays a direct role in the activation of ZAP-70 by phos. it.  This is suggested by the observation that coclustering of Lck and ZAP-70 catalytic domains is sufficient to generate a T cell activation signal.

5) TCR crosslinking initiates two intracellular signaling cascades


PROTEIN KINASE PHOSPHOLYLATES PLC and PROTEINS THAT RECRUIT RAS PATHWAY

cascade 1:  phospholipase C (PLC) hydrolyzes PIP2 to IP3 and DAG (SEE PAGE 210)





-IP3 causes intracellular increase in Ca++





-Ca++ activates CALCINEURIN (phosphatase)





-CN dephos. NFAT, exposing an NLS





-NFAT can enter nucleus and stim. IL2 and IL-2Rα transcription

**CN is a target of immunosuppressive drugs (CsA/FK506)**


-DAG activates Protein Kinase C

cascade 2:  Ras activated

**both cascades upregulate IL2 and IL2Rα transcription(autocrine stimulatory loop(cell proliferation**

LAT (LINKER FOR ACTIVATION OF T-CELLS) zap 70 substrate couples TCR to activation

-HphB MP has multiple phosporylation sites, expressed in thymus, circulating and splenic T cells

-associates with Grb2 (activates Ras) and PLC-γ1 (needs two tyrosine residues)

-needed to actiave AP-1 and NF-AT transcription factors 

-restore MAP kinase activity and CA fux by transfecting with JCAM 2

-LAT KO(block in T cell development at double negative stage

(Raymond removed a diagram showing signal transduction downstream of the activated TCR.)

Role of CD4 and CD 8 Accessory Chains (required for signal one)

-extracellular regions bind specific sites on MHC:    CD4 binds β2 domain of MHC II







      CD8 binds α3 domain of MHC I

-cytoplasmic portions bound noncovalently to intracellular protein LCK (needed for activation)

-CD4 or CD8 ligated with TCR brings Lck near ITAM motifs of invariant chains


-Lck phosphorylates the ITAM motif to make a binding site for ZAP 70   OR


-Lck directly phosporylates ZAP-70 

-coclustering of Lck and ZAP-70 catalytic domains are sufficient to activate T Cell Signal one.
COSTIMULATION  (AG independent)– SIGNAL 2

-Involves CD28 (homodimer on surface of most CD4+ and CH8+ cells) binding to B7.1/.2 (membrane glycoprotein on APC’s)(  enhanced IL-2 mRNA STABILITY

(post-txn regulation)

EVIDENCE for the function of CD28 as a costimulator:

1. crosslinking of CD 28 (homodimer) with Ab(crosslinking(T cell activation


         
2. Anti B7 Ab inhibit T cell activation

3. Bypass costimulation by adding IL-2 : Engagement of CD28 by B7 promotes cell cycle progression and increases IL-2 production.  In exp. Conditions, the requirement for a costimulatory signal can be bypassed by addition of IL-2, suggesting that the principle function of CD28 ligation by B7 is the endhanced production of Il-2.

When  signals 1 and 2 are provided (typically by engagement of TCR complex and CD28), naïve T cells are induced to enlarge and enter the G1 phase of the cell cycle.  Full induction of Il-2 syn requires signals from TCR and CH28.  TCR engagement is couple to IL-2 transcription by:


TCR engagement leads to PIP2 hydrolysis, generative IP3 and release of Ca++ from intracellular stores.  Ca++ activates the phosphatase calcineurin, leading to dephos of a transcriptional activator called NFAT, which in its phos form is retained in the cytoplasm.  Upon dephos, NFAT translocaed to the nucleus and binds the IL-2 promoter, activating transcription.




CsA and FK506 bind distinct, endogenous proteins, termed cyclophilins.  Complexes between CsA and FK506 and their corresponding cyclophilins are potent inhibitors of calcineurin.  In cytoplasmic NFAT, the NLSs are masked by phosphorlyated Ser-Pro repeats.  These repeats are unmasked by dephos by calcineurin.  In the presence of CsA or FK506, the NLS can’t be dephos and the subsequent activation of IL-2 transcription is prevented.


CD28 also increases IL-2 production, but its effects are exerted at the posttranslational level.  The mRNA for IL-2 has a short half-life, but crosslinking of CD28 results in the stabilization of IL-2 mRNA, which consequently accumulated to higher levels.   

IL2 – IL2R binding results in clonal expansion (autocrine feedback loop)

Inhibition of T cell activation by interaction of B7 with CTLA-4 to prevent host damage:




-on naïve T cells, the only receptor for B7 is CD28




-on active T cells, CD28 and CTLA-4 can bind B7.  CTLA-4 is expressed transiently for about two days after T cell activation, and its actions limits production of IL-2 and proliferation of activation T-cells.




**preventing T-cell overresponse is absolutely essential**

DIFFERENTIATION of naïve T cells to effector cells in response to activation: 


- causes expression of specialized apparatuses that enable effector function


- loss of costimulation dependence (important because effector cells may not express B7 for costimulation)


-Cytoxic CD8+ T cells recognize cytosol peptides on MHCI


-CD4+T cells (Immature Effector Cells (Th0)



Th1 = “inflammatory” subset that activates macrophages



Th2 = “helper” subset that activates B lymphocytes

B CELL ACTIVATION – signaling through the B cell antigen receptor.

Humoral immune responses are mediated by soluble Ab which carry out three effector functions, depending on their heavy chain isotype.

(1) neutralization of viruses and obligate intracellular bacteria



(2) opsonization




(3) complement activation

For efficient activation, B cells require antigenic signal and maybe other signals that are provided by TH2 cells

-antigenic signal transmitted through B cell antigen receptor complex, which consists of sIg and associated invariant chain.


if TH2 is required ( antigen is thymus dependent (TD)


TH2 not required ( antigen is thymus independent (TI)


1) ag uptake by sIg on B cell


2) ag presentation on MHCII


3) TH2 recognition of ag:MHCII


4) B cell proliferation/differentiation, including regulation of class switching, and initiation of somatic hypermutation

B CELL SIGNALING after Ig binds ag

-involves same tyrosine kinase pathways as for T cell responses: 1) activation of PLC-γ and its consequences (hydrolysis of PIP2, increased free Ca++, activation of PKC) and 2)activation of Ras pathway 

-mediated by Ig associated transmembrane glycoprotein heterodimer carry ITAM motifs





(Igα/Igβ)  similar to CD3 for T-cells


BCR = b-cell receptor complex = Ig + Igα/Igβ


Igα/Igβ have ITAM domains that, when Ig-α and Ig-β are phos, can bind SYK (analogous to Zap70) via SH2 domains on SYK.  Upon BCR crosslinking, the cytoplasmic tails of Ig-α and β become phos. and Syk is recruited to the BCR complex, whereupon Syk becomes activated.



also involves recruitment of BLK, LYN, FYN tyrosine kinases to BCR, which, in an analogous fashion to Lck, are capable of phos. Ig-α and β cytoplasmic domains and may play roles in the recruitment of Syk to the receptor complex, or in Syk activation.


BLNK is substrate for Syk ( leads to phos. cascade activation



-creates docking sites for PLCγ and Grb2 (IP3/Dag pathway and RAS pathway)


BLINK deficiency(normal number of pro-B cells but absent pre-B or mature-B cells

A coreceptor complex augments BCR-mediated signaling.  Follwing their initial activation by antigen and Th2 cells, circulating B cells encounter antigen bound to specialized cells in the lymphoid follicles (follicular dendritic cells).  The cell bound antigen is capable of stimulating circulating B cells by BCR crosslinking, but this process is inefficient in the absence of an additional stimulus.  This extra stim can be provided by colligation of the BCR with the complement receptor CR2, whose ligand is the C3d component of complement.  How might this work?  Follicular dendritic cells are able to display ab-ag complexes on their surfaces; such complexes contain, in addition to ag and ab, C3d covalently fixed to the ag.  Coengagement of the BCR by ag and CD2 by C3d signals much more efficiently than engagement alone.

Cr2 exists in a complex with TAPA1 and CD19.  Upon ligation of CD2, the cytoplasmic tail of CD19 becomes phosphorylated and may recruit other molecules that modify signaling through BCR.


An inhibitory Fc receptor on B cells downregulates B cell responsed by ab feedback.  B cells express a specialized Fc receptor, FcγRIIb1, that suppresses antigenic stimulation which it is co-ligated with the BCR complex.  This receptor provides a means for the products of B cell activation, namely the abs themselves, to feedback on the B cell response and limit it.  One action of FcγRIIb1 is to suppress the increase in free intracellular Ca++ normally observed upon BCR engagement.  Suppression of Ca++ flux, and inhibition of B cell activation overall, are dependant on a short stretch of aa sequence in the cytoplasmic tail of FcγRIIb1, termed the immunoreceptor motif (ITIM).  The cytoplasmic tail couples this transmembrane protein to two different phosphates, SHP-1 and SHIP, one or both of which may mediate the inhibitory effects.


=. FcγRIIB1 deficient mice (increased Ig levels in response to immunization





     (B cell proliferation uninhibitid by Fc portion of IgG

COMPARISON BETWEEN T AND B CELL ACTIVATION

	
	T CELL
	B CELL

	Ag Receptor
	TCR
	BCR

	Accesory Chains
	CD3γ
	Igα/β

	Initiating Kinases
	Lck, Fyn
	Blk, Lyn, Fyn

	Relay Kinases
	ZAP 70
	Syk

	Adaptors
	LAT
	BLNK

	Co-Stimulatory
	CD28
	CD19

	Shut OFF
	CTLA4
	FcγRIIB1


T Cell Effector I: CD4+ T cells and cytokines

Il-2 production is initiated following T cell recognition of antigen.  

The IL-2R is a heterodimer consisting of an α, β and γ chain that are non-covalently associated on the cell surface and together form the high affinity binding site for soluble Il-2.  
	Chain
	Kd
	On/Off
	Signalling

	α
	10^-8 M
	4s/6s
	No

	β + γ
	10^ -9 M
	45m/290m
	Only at high IL2

	α + β + γ
	10^-11 M
	37s/285m
	Yes


The recognition of antigen + MHC by a resting T cell signals the complete assembly of the IL-2 receptor complex on T cells.  Activation through the T cell antigen receptor renders the cell competent to receive a proliferation signal provided by contact with IL-2 Resting T cells express a low affinity IL-2 receptor and IL-2 will not initiate growth of these cell. 

 In addition to initation the syn of IL-2R, signaling through the T cell ag receptor initiates the production of Il-2.  Not all T cells have the qability to syn IL-2.  so in some case, the source of the IL-2 to promote growth will be endogenous (autocrine) while in some cases IL-2 will need to be provided by another cell (paracrine).  Other cytokines (IL4,15) can drive T cell growth as well.

IL-7’s major effects appears to be in on immune T/B cell precursors.  With regard to T cells, IL-7 has been shown to directly stimulate the growth of CD4-/CD8- thymocytes, the most immature (least differentiated) cell in the thymus.  Thymus stromal cells produce IL-7.  

The gene for XSCID and the gene for the γ chain of the IL-2 receptor may to the same location of chromosome Xq13.  Sequence analysis of the IL-2Rγ chain in XSCID patients (characterized by absent or greatly reduced T cells and severely diminished cell mediated and humoral immunity) revealed that a mutation in the IL2-Rγ gene is the primary defect. 

How is it that a defect in the cytokine receptor is deleterious, yet a defect in the cytokine itself is not?  1) there are other cytokines that functionally overlap with IL-2  2) The receptors for IL-2, IL-4, and IL-15 (and IL-7) are multichain receptors and all chare use of the IL-2R γ chain.

All ILs mediate their action by binding cell bound receptors that initiate a signaling cascade.  The extracellular domains of these receptors consists of a conserved cysteine-tryptophan motif at the NH2 end with a Trp-Ser-X-Trp-Ser toward the COOh which fold barrel like structures.  It is thought that these barrel structures contribute to the ligand binding site.  One ligand has bound the receptor, this initiates receptor clustering and the activation of intracellular cytoplasmic tyrosine kinases which results in the tyrosine phosphorylation of the receptor cytoplasmic domains and toerh substrates.  IL-2r β chain associates with the tyr kinase jak1 and shc and the IL2Rγ chain with jak3.  jak kinases phos STAT proteins that are translocated to the nucleus and activate gene transcription.  Since jak3 is critical for IL-2,4,7,15 signaling and functions by interacting with common IL-2Rγ chain, humans with mutations in jak3 have SCID disease.

CD4+ cells can be divided based on lymphokine production:  Class II restricted CD4+ T cells can be divided into two groups based on the function that they carry.

	Lymphokines released
	Th1
	Th2

	Il-2
	+
	-

	IL-3
	+
	-

	IL-4
	-
	+

	IL-5
	-
	+

	Il-6
	-
	+

	IL-10
	-
	+

	γ-interferon
	+ 
	-

	TNF-α
	+
	-/+


 Th1 cells can be thought of as largely associated with the production of cytokines that are involved in the activation of macrophages and phagocytes.  Th2 cells release lymphokines associated with B cell activation, growth and differentiation.  Th2 cells are the major cell type involved in antigen specific B cell help.
Macrophage activation by CD4+ Th1 cells:  Macrophages are cells specialized to ingest and destroy particulate antigens (microbes).  This property facilitates not only the destruction of the microbes but also the generation of effective T cell immunity against these microbes.  CD4+ Th1 cell-induced macrophage activation is of particular important because it bestows upon the activated macrophage the ability to kill a variety of bacteria, fungi, and protozoa that are not normally killed by macrophages.


Protections against these intracellular parasites initially involved the presentation of microbial peptide fragments on class II molecules expressed on the surface of the infected macrophage.  Antigen specific CD4+ T cell recognize these peptide/class II complexes and following signaling through their T cell receptors, release cytokines and activate the macrophage.


Macrophage activation requires two signals from the CD4+ Th1 cell.  The first is provided by release of the mediator γ-interferon.  There is mounting evidence that CD4+ T cells deliver the second signal via interaction of CD40L with CD40 expressed on the macrophage.  These two signals induce macrophage activation and facilitate the destruction of the intraceullular parasites by increasing the efficiency of fusion between lysosome and phagosomes and by the production of toxic oxygen radical and NO.  there is also evidence that a membrane bound form of TNF-α, also found on CD4+ Th1 cells can interact with the TNF receptor on the macrophage and also deliver this second signal.  Since abs against TNF can block macrophage activation it is likely that TNF-TNF-R and CD40/CD40-L interactions synergize to optimally activate macrophages.  Once activated, the macrophage effector arm of this response is not antigen-specific.  While the release of cytokines that mediate macrophage activation is antigen specific, the activated macrophage destroys intracellular parasites in an antigen-nonspecific way.

T cell induced macrophage activation also plays an important role in the delayed-type hypersensitivity (DTH) rxn.  DTH is an inflammatory process resulting from the activation, by antigen, of previously sensitized T cells with subsequent local accumulation and activation of macrophages.  DHT reactions are frequently used to evaluate immune status in patients.  CD4+ Th1 appear to be particularly important in initiating DTH reaction and recent studies suggest that γ-interferon plays a critical role in the DTH response.  The release of lymphokines also results in increased vascular permeability at the site and a perivascular cellular infiltrate of macrophages, lymphocytes, basophils, eosin, and neutrophils.  There is an accumulation of macrophages at the site by direct chemotactic attraction of macrophages and by inhibition of macrophage migration.  The latter effect is largely a reflection of the macrophage activation.  There is also fibrin deposition at the site that is responsible for the hardness of the DTH lesion.

CD4+ Th2 cells can release cytokines involves in B cell growth and differentiation:  B cells can process and present antigen.  While B cells can non specifically take up antigen by phag or pino for processing and presention on class II molecule, this is a relatively inefficient process.  However, antigen captured via the specific Ig-receptor is a very efficient process and results in a cells with a high level of relevant pop/MHC complexes.


Mechanism: CD4+ Th2 cells recognize peptide +MHC class II on the surface of the B cells.  These T cells are activated and synthesize and directionally release a battery of soluble substances which usher the B cell through the pathway to become a ab producing plasma cell.  At least three CD4_ Th2 derived factors (Il4, 5, 6) have been shown to have various effects on B cell development, activation, growth and differentiation.  

The CD40/CD40L pair plays a key role in effective T-B interactions.  CD40L is not constituticely expressed by CD4+ T cells but is rapidly induced following engagement of the T cell receptor.  Once induced, the CD40L on Cd4+ T cells engages CD40 on B cells and this requirement is essential for the effective stimulation of B cells.  Patients with x-linked hyper IgM syndrome (HIM) fail to express a functional CD40L and therefore produce small amounts of IgM and fail to switch to IgG when responding to T-dependant antigens.

IL-4, 5 and TGF-β also have the capacity to influence the Ig isotype that is produced following activation.  T cell derived lymphokines that promote the switching event have been referred to as switching factors.

Activation of Th1 vs Th2 CD4+ cells

The Th1/Th2 balance is influenced by the local production of cytoines when Th0 (undifferentiated CD4+ T cells) encounter antigen.  The immune system has evolved so the pathogens predominately stimulate an adaptive immune response where one of these subsets dominate.  Th1/Th2 polarization is controlled by specific transcription regulators such as T-bet and GATA-3.  Activation of Th0 cells in the presence of IL-12 induces T-bet which promotes Th1 lineage commitment while signaling in the presence of IL-4 induced GATA-3 which promotes Th2 differentiation.  


IL12 is produced by most professional APCs.  NK cells can secrete γ-interferon and IL12 in the early phase of the host response to viral and bacterial infection.  Thus  encounter antigen.  The immune system has evolved so the pathogens predominately stimulate an adaptive immune response where one of these subsets dominate.  Th1/Th2 polarization is controlled by specific transcription regulators such as T-bet and GATA-3.  Activation of Th0 cells in the presence of IL-12 induces T-bet which promotes Th1 lineage commitment while signaling in the presence of IL-4 induced GATA-3 which promotes Th2 differentiation.  


IL12 is produced by most professional APCs.  NK cells can secrete γ-interferon and IL12 in the early phase of the host reponse to viral and bacterial infection.  Thus γ-INF and IL12 produced by APCs and NKs may produce a rich environment for the generation of a Th1 response.  IL12 binding to the IL12R appears to be an essential element in the control of Th1 development.

A subpopulation of T cells that express NK surface markers (NK T cells) produce IL4.  These NK T cells are novel in that they recognize antigen (lipid) presented by the non-classical class I molecule CD1.  It is hypothesized that NK T cells activated early in infection will produce IL4 and thus promote the generation of Th2 repsonse.  


The induction of a Th1/Th2 response is also influenced by the cytokines produces by the cells themselves since induced.  IL10 is cytokine produced by Th2 cells and has the property of inhibiting cytokine syn by Th1 cells.  IL4, also produced by Th2 cells, can feedback to facilitate the differentiation of Th2 cells.  Conversely, IFN-γ produced by Th1 cells binds to IFN-γR on Th2 cells, inhibiting the proliferation of Th2 cells and facilitates the generation of Th1 cells.

Examples of how the diffential activation of Th1 vs. Th2 cells can dictate the outcome of infection:

I. Leprosy 

-caused by M. leprae (intracellular pathogen needs macrophage activation not humoral response)

Tubercolid form-mediated by mac activation induced by Th1 CD4+ T cells(good outcome

Lepromatous form-Th2 leads to generation of humoral response(bad prognosis

II. Leishmania

-replicates intracellulary and spread to macrophages leading to death

Susceptible mice- produce CD4+ Th2 cells that produce lymphokine (IL-4, 5, 6) (useless Abs


-can be saved using anti-IL4 or IL-10 Ab to allow Th1 cells to emerge


-also saved using IL-12


-exasperated disease from anti-gamma interferon or anti-I-12

Resistant mice-produce CD4+ Th1 cells that produce gamma interferon(Activates Macrophages

T cell effector Function II: cytolytic T lymphocytes

A subset of T lymphocytes, cytolycitc T lymphocytes (CTLs), have the capacity to lyse target cells that display processed foreign antigens bound to self-MHC molecules.  The triggering of CTLs requires an MHC-resistricted antigen recognition rxn that involved the recognition by the ag receptor on the CTL of processed antigen bound to self MHC expressed on the surface of the target cell.  Therefore, free virus or bacteria cannot trigger CTLs.  However, viruses and some bacteria replicate inside cells.  This intracellular environment served to protect these pathogens from the humoral immune system.  CTLs are capable of dealing with these types of intracellular parasites.  During intracellular replication, antigenic peptides derived from the protein products of pathogens appear on the cell surface in association with class I MHC and can be recognized by CD8+ T cells.  In this manner, infected host cells can be discriminated from uninfected cells and a reservoir of infection eliminated.  

A major function of CTLs is the elimination of virus infected cells, destruction of bacterial infected cells, tumor cells and are important effector cells in graft rejection.
Some CD4+ T cells and NK cells also have cytolytic activity.

PROTECTION AGAINST VIRAL INFECTION
-intravenous transfer of CD8 T cells specific for fle can protect against viral pneumonia!

-CTLs can recognize conserved NP abundantly synthesized on the cytoplasm (thus catches HA/NA antigenic shift)

-Class I (B-2microglobluin) and CD8 knockouts(reduced CTL levels and don’t clear virus

-Perforin knockouts(normal CD8+ numbers but don’t lyse virally infected cells


Perforin plays central role in lysis of target cells by CTL

-CTLs important in bone marrow transplant recipients and resoloving high vermia with HIV (delay AIDS)

-Antigenic viral proteins can be cytosolic or nuclear-localized 

-generate vaccines through CTLs(broader immunity
MECHANISM FOR VIRAL EXCAPE FROM HOST CTL

Mechanism



Demonstrated for
1. Viral latency



HIV, EBV, Herpes simplex virus

2. Replication in “privileged sites”
Neurotrophic viruses

3. Infection of class I –ve cells

Polio, rabies

4. Inhibition of class I expression
Adenovirus, Cytomegalovirus

-E3-gp19K  TM protein of Adenovirusthat associates in ER with MHCI and prevents export

-US11 of CMV dislocates newly made MHCI from the ER into the cytosol

5. Inhibition of TAP function

Herpes simplex virus

-prevents transport of peptides into the ER

6. Mutation in CTL epitopes

HIV, Epstein Barr virus, LCM (ESCAPE MUTANTS)

-mutations affecting processing, recognition by TCR, antagonism

While it is clear that CTLs play a central role in viral clearance, it has recently come to light that CTLs can also play a role in the protective immune response to bacteria.  Bacteria, whether inside vesicles or in the cytoplasm, can replicate and serve as a foci of disease.  Many pathogens are engulfed/internalized by professional APCs expressing class II MHC and CD4+ Th1 effectors play a key role in their clearance.  However, many bacterial pathogens can infect cell types that either do not express MHC class II or would fail to become activated in the same manner as macrophages.  These pathogens escape CD4+ T cells.  These cells do express, however, MHC class I molecules and therefore have the potential to present bacterial peptide.
Activation of CTL: the initial activation of CTL function requires recognition of processed antigen on the surface of a stimulating cell.  Resting CD8+ T cells lack cytolytic activity and do not express cytokines.  Following initial activation event, CD8+ CTL undergoes clonal expansion and a process of differentiation in which genes encoding important lytic mediators (perforin, granzymes) as well as some cytokines are expressed.  

The initial activation can occur in the absence of CD4+ cells, however, this response is of short duration and is ineffective in clearing virus.

In the presence of CD4+ cells (priming), CD8+ T cell continues to proliferate and mediate strong effector function and memory cell generation leading to viral clearance.  

The precise mechanism by which CD4 influence CD8 generation and memory is not clear.  Some studies have indicated a role for CD40-CD40L interaction between CD4+ and CD8+ T cells, a CD4 T cell mediated change in APC function or a role for CD4+ T cell derived cytokines.  

Another model for how CD*+ CTLS become activated 8* cells generally require more co-stim than CD4 to be activated.  CD4 cells, once activate, deliver a signal to the APCs which upregulates co-stimulatory activity above a threshold that then leads to CD8+ T cell activation.

“Cross Priming” – if APC’s are not directly infected (neurons, muscel, epithelial cells)

1.  In host cell, proteins processed into fragments

2.  Fragments escape through normal cytophathic effect or apoptosis

-Complexes may be membrane bound bodies (apoptosis) or chaperone bound proteins

3. Complexes taken up by APC (DC) 


-in context of tissue damage and inflammation with drives migration and maturation of DC to lymph nodes

4. Ag complex presented on MHCI of APC and presented to CD8

5. Ag specific CD8 cells are activated and home to site of infection to kill infected cell types!

MECHANISM OF CYTOLYSIS

Differentiation of resting CD8 cell to effector cell takes a few days, then they can specifically lyse target cells

Intimate contact between the CTL and target cell is required.  Contact is initiated in an ag-independent way through cell adhesion molecules expressed in interacting cells.  The interaction of LFA-1 on the T cell and ICAM on the target cell is of particular importance.  If during the initiation interaction, the antigen receptors on the CTL encounters a peptide-MHC complexes that bind with appropriate affinity, then additional interactions take place.  The surface CD8 binds MHC class I and facilitates CTL-target cell binding.  A signal transduction cascade is initiated.  One of the consequences if that the affinity of LFA-1 for ICAM-1 is transiently increased.  Triggering through the T cell antigen receptor induces a cytolytic process that is unidirectional in the sense that only the target cell (not the CTL) dies.  The cytolytic process is also highly specific in that surrounding cells are spared.
Peroxide and superoxide are not involved in the killing process.  Instead a unique mechanism is utilized by CTLs and NK cells.  These cells contain cytoplsmic granules that have potent cytotoxic activity.  From the purified granules of CTL and NK cells, several proteins can be isolated including perforin, granzymes and granulysin.  Perforin is related to the C9 component in complement and in the presence of Ca++ can self polymerize and form a pore structure.  Granzymes are a set of serine proteases that can initiation apop by activating cellular caspaces.  Granulysin is a saposin-like protein that can associate with lipids and exhibit potent cytolytic activity. 

Following formation of conjugates between the T cell and the target cell, a reorganization of the cytoskeleton occurs with in the T cell.  This orients the golgi and cytoxic granules toward the target cell.  Cytotoxic granules then fuse with the CTL membrane and empty their contents into the intraceullular space between the T cell and target cell.  Perforin, initially secreted as a monomer, polyermizes in a Ca++ dependant manner into a supramolecular pore-like structure and inserts into the target membrane.  The polyperforin forms a functional membrane channel that allows granzymes as well as other substance to enter the target cell.

The specificity of cytolytic reactions can be attributed to: 1) the directional release of mediators into the space between the T cell and the target cell and 2) the fact that perforin, once activated, must inset into a membrane quickly or lose activity.  Perforin, thus can’t diffuse through the extracellular fluid to lyse other cells present nearby.

no perforin ( no cytolytic immune response can be generated (all other aspects of T-cell activation are normal)

\OTHER MECHANISMS OF CYTOLYSIS

-signaling via Fas/FASL pathway induces apoptosis

-Fas contains death domain in cytoplasmic tail that activates cellular caspases to cleave CPP-32

-expression of FAS-L on some activated CD8+ cells (and CD4+)(activates apoptotic pathway

(accounts for some cytolysis in perforin-deficient mice)

-FAS mutations(lymphoproliferative disease and autoimmunity

-Fas/FASL mediated cell death controls T cell self reactivity and down regulates immune response

Example of Mycobacteria

1) Patients whose CTLS kill via Perforin Mediated Pathway(direct cytotoxic effect on bacteria

2) FAS/FASL pathway(lyse cells but viable bacteria spreads to other cells!

A Macroscopic view of the systemic immune system: how does it all work together??

Microenvironments must support three critical functions: 

1) enable the production of clonally diverse lymphocytes with a broad repertoire of antigen recognition (so-called “Primary” lymphoid organs) 

2) provide a mechanism for the co-localization of antigen and those rare mature lymphocytes of the appropriate specificity that supports their activation and clonal expansion (secondary lymphoid organs) 

3) sites of microbial invasion must have a mechanism to survey for presense of pathologic insult and have the capacity to regulate the influc of activated effector cells (tertiary lymphoid tissues)

1) Primary lymphoid tissues: these are sites of lymphogenesis that support the production of mature (but naïve) T cells and B cells from non-functinoal progenitors.  Four key tasks must be accomplished at these sites: 1) the development of antigen recognition capability (rearranged antigen receptor genes) 2) the selection of cells with appropriate receptor specificities 3) the development of a signaling apparatus to respond positively to antigenic stimulation 4) the capacity to home to the proper microenvironment.

a) Bone marrow: critical to the production of all formed blood elements.  Responsive to rapidly changing needs to production of differentiated hematolympoid cells.  Stromal cells produce stem cell factor which serves as a ligand for c-kit, a surface receptor having tyrosine kinase activity that is present on early hematopoietic progenitos.

I) Cells ready for export are delivered to the venous sinuses to access the periphery (there are not lymphocytes in bone marrow)

II) B-lymphopoiesis in bone marrow: (hematopoietic stem cell ( mature sIg+ B cells).  Factors produced by stromal cells are critical to the maintenance and proliferation of pro and pre B cell stages, especially IL7 and insulin growth factor.  C-kit is alos present on early B cell precursors and interaction with its ligand, stem cell factor influenced B cell lymphopoiesis.  Stromal cells contact with B-cell precursors in also required for this process to proceed, and a role for fibronecti, CD44/hyaluronate, and integrins (VLA-4) and their ligans on stroma (V-CAM-1) has been shown.
i) There is extensive deletion of B cell precursors during development in the marrow.  Macrophages serve to clear defective B-cells (and those having inappropriate antigen specificities).  Must of this is due to Ig gene rearrangement that fails to generate a functional B cell receptor (sIg).  Signaling though this receptor (or its precursor surrogate Ig) is thought to be required for pre-B cell survival in the marrow, although the nature of its putative ligand is unkown.  A second mechanism resulting in the deletion of B cells in the marrow is the induction of apop upon high affinity interactions of the B cell receptor with antigen.  This form of negative selection of potential autoreactive B-cells has been shown to occur both centrally (in marrow) and in the secondary lymphoid tissue.
III) T-cell lympphopoiesis in the bone marrow: although the thymus plays an essential role in T cell development, from the earliest precursor, thymopoiesis operates on a marrow derived stem cell.  

b) Thymus: major site of T cell development served three key functions: 1)received T cell progenitors 2) supports the maturation, clonal expansion, and deletion of developing T cells to shape the T-cell repertoire 3)co-ordinates the release of competent T cells to the periphery

I) embryologically, the thymuc is distinct from other lympoid organs in that its stroma derives from endothelial cells.

II) The mature thymus contains distinct types of epithelia that serve different functions.  Thymic epithelial cells produce a number of cytokines that have been shown to influence T cell development, including IL1,3,6,7,
i) The subcapsular perivascular epithelium lines the inner surface of the capsule and all vascular spaces.  These cells are in intimate contact with the most primitive pro-thymocyte cells that come from the marrow.  

ii) The cortical epithelium, which plays a role in positive selection, are heavily surrounded by cortical thymocytes which are entwined in the epithelial cell’s cytoplasmic processes.  This dense association in the most cellular region of the thymuc can sometimes be seen as the lympho-epithelial complexes.  

iii) The medullary epithelial cells (also found at the cortico-medullary junction or CMJ) associate with thymocytes at much lower densities than is seen in the cortex.  
III) bone marrow derived elements play role in thymopoiesis as well.  Monocytes and dentritic cell pcursors enter the thymus along with the T cell precursors and form conventional macrophaes (at cortex and CMJ) and interdigitating cells (in medulla), respectively.  These have been shown to function as APC and are the dominant cell type driving clonal deletion.

IV) T-cell development in the thymus: Prothymocytes enter through the large venules at the CMJ, but localize to the subcapsular zone.  These cells have germline TCR gene configuration and may express cytoplasmic CD3, but are negative for membrane bound CD3,4,8.  TCR gene rearrangement begins at DN (double negative) stage and ( ( ( SP transition is accompanied by the translocation from cortex to medulla.  The CMJ has very high density of dentritic cells and macrophages that form a negative selection barrier that must be survived for terminal differentiation.  Cells that do, upregulate anti-apop molecules such as BCL-2 and become more resistant to cell death.  Final maturation in medulla is a slow process (12-16 days, compared to only 3 days in DC stage in cortex).  During this time, cells acquire full TCR signaling capabilities as well as expression of the necc homing receptors to find their niche upon leaving the thymus.

2)Secondary Lymphoid Tissue: sites where naïve lymphocytes and exogenous antigen are first brought together, resulting in differentiation of naïve T and B cells into expanded effector and memory populations.  Common structural elements include: 1) specialized mechanism bywhich antigen and/or antigen bearing APCs access the appropriate microenvironment from their origin at the site of pathogenic challenge. 2) specialized vascular adaptations designed to recruit lymphocytes (esp. naïve ones) from the blood.  3) distinct juctapositions of regional microenvironments – T cell and B cells zones.

There are three unique forms of secondary lymphoid elements that serve slightly different functions: 

a) Lymph nodes – termination points of afferent lymphatics that drain lymph

b) Spleen – filters blood, collecting antigens that have entered the vascular system

c) Mucosa associated lymphoid tissues (e.g. Peyer’s patches) – specialized lymphoid tissue for the collection of antigens across mucosal epithelia

I) compartmentalization of secondary lymphoid tissues: upon entry into 2°, B and T cells segregate into separate compartments known as B cell follicles and T cell zones.  

II) Entry into lymph nodes via high endothelial venules (HEVs) which in addition to expressing homing receptors that facilitate the capture of lymphocytes from circulation, they secrete specific chemoattractants (chemokines) that attract both T and B cells.  After crossing HEV, B cells migrate to follicles in response to BLC produced by follicular dentritic cells and resident stromal cells in the B cell area.  T cells express a receptor CCR7 specific for the SLC and ECL which are produced by HEVs and stromal cells in T cell zones.  

III) T-cell activation in secondary lymphoid tissues: DCs capture and process antigen in peripheral tissues.  They then migrate to T zone and present peptide/MHC complex to T cells.   This migration is in part mediated by upregulation of DC CCR7 which responds to SLC produced in T cell zones.  This facilitate the optimal localization for contact with circulating T cells, ensuring DCs interact rapidly with multiple T cells, allows efficient scanning for cells that recognize antigen. ( T cells become activated and clonally expand ( newly produced memory-effector T cells leave 2° tissues via efferent lymph, enter the blood and then migrate to tissues for which they express homing receptors.
Thos transition results in changes in 1)signaling threshold required to achieve activation (decreases) 2) the nature of the effector response such as the ability to produce cytokines and to mediate cellular lysis 3) the homing capacity.

IV) B cell differentiation in secondary lymphoid tissues:  For B cells the naïve to memory/effector transition not only involves differentiation into distinct memory and effector (plasma cell) populations, but also involved genetic modifications of the antigen receptor/effector molecules (Igs) to increase affinity (affinity maturation) and effector capability (through class switching).  B cell activation can be thought of as a two-tiered process:

i. De novo primed antibody response (3-4 days) involving the rapid conversion of naïve B cells into plasma cells making genetically unmodified Igs (mostly IgM) following encountering antigen (either free or associated with interdigitating cells, but not as immune complexes).  In the absence of T cell help, some B cells will enter primary follicles where they will proliferate in response to antigen/antibody complexes held by follicular dendritic cells (FDCs).  These blasts push apart the follicle, forming a secondary follicle where the progeny of the primary B cell blast forms the germinal center and the original primary follicle becomes the mantle zone.  Upon the initial activation of the germinal center, the B cell blasts double every 6-7 hours and fill the region surrounding the FDC.  Soon the GC becomes polarized with cell at one pole continuing to divide and retaining the black morphology (centroblast, dark zone).  The other pole consists of non-dividing progeny of the centroblast called centrocytes and these form the light zone.  Centrocytes arise continuously from GC.  The light zone is a region of rapid apop, and abundant macrophages are juxtaposed to clear dead cells.  The surviving centrocytes give rise to plasma cells and memory B cells.
The function of the GC is to greatly increase antibody affinity through somatic hypermutation of Ig genes and selection of those clones in GC B-cells at a rate of about 1 per cell division.  

Antigen in the form of immune complexes helf by FDC drives the selection process.  These cells have receptors for both the FC portion of Igs as well as the third component, so they can efficiently trap immune complexes which they display on their cell surface for prolonged periods of time.  Free antigen does not promote the GC reaction.  In essence, there is a competition between low affinity IgM made in the primary resonse with the mutated Ig on centrocytes that drives affinity maturation.  Centrocytes are destined for cell death unless they receive positive signals through their surface Ig.  So their survival depends of having a receptor that can outcompete the antibody in the original response.  

ii. For T cell dependant responses, initial contact gives rise to a second phase after the initial response generating long lived plasma cells producing high titers of high affinity, predominately non-IgM antibody.  Effector-memory helper T cell that originally encountered ag on DC in T cell zone stimulate the B cell directly in an interaction that takes place on the border between the B cell follicle and T cell zone.  Movement of CD4+ T helper cells away from DC areas of the T cell zone towards the edge of the B cell follicle is mediated by down regulation of CCR7.  
A critical component of T cell help for humor response is provided by CD40 engagement on the B cell by CD40L, which is upregulated on the activated T cell.  CD40 engagement promotes B cell survival and proliferation, as well as allowing Ig class switching to occur.  Cytokines produced by T cells (IL 4,5,6,10) also promote B cell survival, differentiation, and Ig class switching.

3) Tertiary lymphoid tissue (the rest of the body): Most tissues of the body have a vascularized connective tissue with fibroblast, macrophages, mast cells, and blood and lymphatic vascular channels coursing though the extracellular matrix.  This space is usually adjacent to the parencymal cells that make up the organ or tissue, and is frequently the major battleground in the response to infection.  The vast majority of lymphocytes found at these cites (with or w/o inflammation) are memory effector cells.  Many components of 3° tissues actively recruit immune effectors by secreting cytokines which can effect the adhesion molecules on the vascular endothelium to promote lymphocyte recruitment.  Other can act directly on cell of the immune system to alter function.
NATURAL KILLER CELLS

NK cells destroy cells infected with intracellular pathogens without prior immunization or exposure and thus are considered as important players on innate immunity.  NK cells contribute to host defense against certain viral infections, play a role in anti-tumor immunity, in transplant rejection, and in materno-fetal interactions.
NK cell killing of infected cells reduces the viral burden for T cells, thus protecting us during the time necc for priming of T cells and their responses.  

Although NK cells can function without prior sensitization, they become highly activated in response to cytokines such as TFN-α, IL-12, etc..

NK cells deriver from CD34+ cell precursors and undergo maturation primarily in the bone marrow.  The development of NK cells requires various cytokines, among which IL-15 released by BM stromal cells, appears to play a critical role in the differentiation towards the NK cell lineage.

NK cells recognize self MHC:

NK cells get activated by recognition of at least three types of targets: 1) by recognition of antibody coated cells that lead to the process of antibody dependant cell cytotoxicity (ADCC) and target cell lysis. 2) by binding to adhesion molecules on the target cells 3) by target cells that do not express MHC I.

NK cells have some similarities to T cells:  NK cells share with T lymphocytes to a common precursor, distinct from those giving rise to B cells or to granulocyte/macrophages.  This precursor undergoes differentiation towards either T or NK lineage depending on microenvironment.  
NK cells are present at low freq in the circulation.  Although they have lymphocyte morphology, they do not express either sIgs or T cell receptos.  They function normally in mice even when RAG is disrupted.

NK cell antigen receptors are different from CD8 T cell receptors, yet both recognize complexed of MHC/peptide. However, recognition of MHC class I sends inhibitory signals to NK cells in contrast to T cells that become activated upon recognition of MHC/peptide.  Virus-infected cells and tumor cells often express low levels of MHC class I expression as a means to evade T cell responses.  However, they then become targets for NK mediated lysis.  

NK cells lyse target cells using perforin.
NK receptors: NK cell function is regulated by a dynamic balance b/t positive signaling receptors (resulting in lysis of target cells) and negative signaling receptors (preventing lysis).  Inhibitory KIRs contain 1 or 2 ITIM sequences in their cytoplasmic domains that when tyrosine phos. recruit and activate SHP-1 phos leading to inhibition of signal.  Activating receptors do not directly signal but instead must associate noncovalently (via a salt bridg linking the transmembrane domains) with other molecules containing ITAMs that serve as signal transduction units.  Inhibitory and activating receptors are often co-expressed on individual NK cells, and in such situations the inhibitory signals dominate the activating one.

Activating receptors: NKR-P1 mediated NK activation because of crosslinking of NKR-P1 induces activation signals such as Ca++ flux, PI turnover, cytotoxicity, and lymphokine production.  CD2 and CD69 are other surface molecules that can activate NK and crosslinking of these receptors seems to be sufficient for initiation of lysis.  NKG2D is another NK cell activating receptor.  NKG2D is associated with the DAP10 adapter molecule, though which it triggers NK cell mediated lysis of certain tumor cells.  NKG2D recognizes MICA and MICB, MHC1 homologs that lack β2m and do not bind peptides, that are upregulated in stressed tissue.  NKG2D homodiners have activating function on many other immune cells including γδTcells, CD8+ αβ-T cells and macrophages.
Inhibitory receptors: 2 superfamilies: 1) the Ig superfamily (e.g. KIRs) and 2) C-type-lectin-like super family.  KIRs are involved in specific recognition of HLA A,B,C allotypes on target cells.  In contrast to the termination of immune responses that occurs after weeks or days or to downmodulation of activation signals that takes place in minues, NK cells receive inhibitor signals in second.  This inhibitor preceded activation of cytolysis.  Unlike B or T cells that express only one antigen specific receptor, NK cell clones express multiple antigen specific receptors, which may be because of the important function of these inhibitory receptors in distinguishing and preservation of self.



Human NK cells also express a different type of inhibitory recptor, CD94/NKG2 which consists of CD94 covalently associated with members of the NKG2 receptor family.  Single NK cell often coexpresses these and KIR inhibitory receptors.  The two-receptor systems may operate in distinct ways.  Therefore, Nk cells that rely on KIR for inhibition can detect the loss of specific MHC class I gene produce as occurs in some tumors.  



Ligands for CD94/NKG2 are HLA-E, a nonclassical MHC.  Surface expression of HLA-E is regulated by the binding of peptides derived from the signal sequence of some other MHC class I molecules.  HLA-E binds the cleaved signal sequence of other class I molecules.

NK cells in viral infection: some viruses have developed mechanisms to evade NK cells: 

1)NK cells can be inhibited by a viral MHC class I homolog with structural similarity to endogenous host class I that binds to inhibitory class I receptors on NK cells 

2)viruses can inhibit expression of HLA-A and HLA-B resulting in a relative increase in HLA-E and HLA-C on the surfaces of the target cell; these inhibit NK cells though the class I inhibitor receptors CD94/NKG2S and KIR, respectively.  Alternative, viral gene expression can result in selectively increased expression of HLA-E, which inhibits NK cells through CD94-NKG2A.
3)Virus encoded proteins can function as cytokine binding proteins that block the action of NK cell activating cytokines that inhibit NK cells 

4) NK cell activities can also be avoided by decreasing expression of NK cell activating ligands in virus infected target cell, which prevent signal transduction via NK cell activating receptors.  To achieve the same end, viruses can encode antagonists of the activating receptor-ligand interaction 

5) viruses can also directly inhibit NK cells by infecting them or using envelope proteins to ligate NK inhibitory receptors.

Role in materno-fetal interactions: The outermost layer of human placent is devoid of class I and II MHC which prevents recognition by maternal T cells, but leaved these cells vulnerable to NK attack.  To get around this problem trophoblast cells directly in contact with the maternal tissues express the class I molecule HLA-G, which has the same general structure of MHC class I and may be involved in protection from NK cells.

Role in transplant rejection: whereas susceptibility of bone marrow cell grafts to T cell mediated rejection is always dominately inherited the susceptibility to BMCs to NK cell mediated rejection is ofter recessively inherited.  In mice, F1 hybrid between the H-2 disparate parents rejects the BMC graft from either parent and second, BMC from such F1 hybrids are accepted by both parents.  The gene derived from either parent that confers the susceptibility of the parental BMC graft to rejection is not expressed in the F1 hybrid.  In humans, susceptibility to lysis of T cell lymphocytes by cloned NK cells is recessively inherited.  

NK T cells: T cells bearing the commong NK cell marker, NK1.1.  Like NK cells, they express IL-2Rβ and like activated T cells they express the very early activation antigen CD69 and low levels of L-selectin.  The TCRβ repertoire of NKT cells is very limited.  ~60% of all NKT cells express the CD4 marker, and the remaining are double negative.  NKT cells are abundant in the thymus, liver, BM, spleen, blood but NOT lymph nodes.

NKT ells are able to produce large amounts of IL4 and IFNγ rapidly upon activation.  These cytokines may represent a major source of IL4 produced early in certain immune responses.  Recent results also suggest major roles for mice NKT cells in the rejection of malignant tumors and in regulating autoimmunity.  NKT cells exert regulatory functions most likely though their capacity to promptly release large amounts of IL4 to orient responses towards a Th2 direction.

Tumor Immunology

Cancer immunosurveillance hypothesis:  it was argued that exposure to carcinogens and other DNA damaging agents might result in frequent mutations in the genome.  Some of those would likely give rise to novel antigens capable of being recognized by host immunity.  The hypothesis proposed that this ongoing response protected us from developing cancer and only when this first line of defense fail, did clinically detectable malignancy occur.


Evidence comes from RAG knockout mice that have a complete absence of T and B cells since T cell receptor and Ig gene rearrangement cannot proceed normally.  When methycholanthrene is painted on mice, the incidence and rate of tumor formation was ↑.  Similar results were found in IFN-γ KO (a pathway critical for both adaptive and innate immunity) mice and STAT-1 KO (impairs signaling downstream of IFN-γ receptor) mice.  Spontaneous tumors were also ↑.  Moreover, the tumors that arose in RAG KO mice were freq rejected when transplanted into wild type mice, whereas tumors that arose in wild type could grow in RAG KO mice when transplanted.  These results suggested that host immunity can edit the antigenic profile of cancers such that tumors arising in immunocompetent hosts have already undergone a selection process, losing those cells having the most immunogenic features.

In humans there are a subset of cancers that are overexpressed (and sometimes exclusively found) in patients with immunodeficiencies.  

In a study of ovarian cancer, the presence of an abundant infiltration of T cells within the primary tumor was associated with a significant progression-free survival and overall survival advantage over those women whose tumors contained few intratumor T cells.  Tumors with abundant T cell infiltrate had higher levels of monokine induced by interferonγ (MIG), macrophage derived chemokine, and secondary lymphoid tissue chemokine (SLC).  These chemokines were largely absent from the tumors with a paucity of T cells.  Those tumors with few T cells had a relative abundance of vascular endothelial growth factor (VEGF).  VEGF impairs the differentiation, maturation and migration of dentritic cells that might otherwise be able to capture tumor antigen and carry it to 2° lymphoid tissue in a form that could initiate productive immunity.  VGEF plays a major role during wound healing, a time when the host is a risk of immune mediated damage to normal host tissues.  Negative influence of VEGF on immune function therefore makes sense, but it a two-edged sword as it imparts a significant barrier to cancer immunotherapy.
NK cells are turned off upon engagement of NKG2A with self MHC class I through signaling transmitted via ITIM.  The absence of this recognition promotes NK cell activation as might occur when a cell is infected with cytomegalovirus or when a genetically unstable cancer cell population is being edited by MHC class I restricted CTL.  If a target cell expressed NKG2D ligands as a result of transformation or stress, their recognition by NK cell results in activation, lysis and cytokine production.  

MHC class I B molecules (MICA and MICB) are regulated by stress and are directly recognized by activating receptors present on NK cells and some CD8+ T cells.  A clear correlation was observed between the presence of MICA in the serum and the down regulation of the level of NKG2D expressed on CD8+ T cells.  CD8+ T cells that had undergone NKG2D down regulation in the presence of soluble MICA were impaired in their activation.  It is therefore possible that one mechanism by which successful immunosurveillance may be impeded is through the release of soluble NKD2D ligands such as MICa from tumor cells that essentially overwhelm effector cells that might otherwise be capably of being activated and destroying tumor.

The immune system faces a different set of challenges in responding to cancer than when confronted with infectious pathogens.  Since cancer cell is more similar to normal tissue than it is foreign, the normal mechanisms of immunologic tolerance may blunt the capacity to respond to some tumor antigens.  Many of the tumor-associated antigens are actually self-antigens that are either aberrantly present or present in increased density by cancel cells.  The T cell repertoire that is available to respond to such antigens may already have been selected for tolerances.  Furthermore, even antigens that are uniquely expressed by cancer cells, the initiating events of malignant transformation frequently occur months to years before clinical detection, making it likely the very T cells that might be most useful in recognizing the tumor have already seen it and failed to reject it. This has particular ramifications for so-called therapeutic vaccination strategies that seek to recruit effector cells from T cell repertoire that has co-existed with the tumor for some time, but has failed to eliminate it.
Even when the tumor expresses a completely foreign viral antigen, its growth in fully immunocompetent mice is unimpeded as comparer to a parental tumor.  Providing mice with a super-physiologic freq of T cells specific for this antigen failed to result in even a delay in the growth of this tumor. 

Othen results demonstrate that even T cells that are specific for an antigen uniquely present on the cancer cell risk becoming tolerized over time during tumor progression.

The tumor microenvironement utilizes a number of host mechanism that are normally operative during tissue remodeling and wound healing to downregulated immunity.  TGFβ is a cytokine that plays a pivotal role in dampening immune responses during processes such as wound healing and tissue remodeling.  There is speculation that production of this cytokine either directly by tumor cells or the host responses to them may influence the capacity of the immune system to effectively eliminate cancer.  

VGEF plays a major role during wound healing, a time when the host is a risk of immune mediated damage to normal host tissues.  Negative influence of VEGF on immune function therefore makes sense, but it a two-edged sword as it imparts a significant barrier to cancer immunotherapy.

Alloresponses and Transplantation immunology:

Transplant rejection is due to an immune response: 
1) transplants within inbred strains will succeed

2) transplants between inbred strains will fail (7-10 days) – first set rejection

3) A subsequent skin graft from the same donor to the same recipient will be rejected mor rapidly (2-3 days) – second set rejection (immunologic memory)

4) If a subsequent skin graft is derived from an unrelated third party donor, the new graft only elicits a first set rejections (immunologic specificity)

5) The ability to mount a second set rejection to strain A can be adoptively transferred to a naïve mouse by immunocompetent lymphocytes taken from the previously sensitizes mouse, strain B, that had already rejected strain A graft (memory resides in the lymphocyte compartment)
Nomenclature:

Autologous graft- refers to a graft from one individual to the same individual (often done with skin transplants)

Syngeneic graft – refers to a graft between genetically identical individuals

Allogenic graft – refers to a graft between two genetically different individuals within the same species

Xenogenic graft – refers to a graft between individuals of different species.

Rules of Transplant rejection

1) transplants within inbred strains will succeed

2) transplants between inbred strains will fail

3) transplantation from an inbred parental strain to an F1 will succeed, but the reverse will not

4) Transplants from F2 and all subsequent generations to F1 will succeed

5) Transplant from inbred parental strains to F2 generation will generall fail but not always.  This law can be used to estimate the number of histocompatabilty genes.  The general formula is that % graft survival (P(F2) = (3/4)^n, where n=# of histocompatability genes.  N = ~ 30-50.

An mixed lymphocyte reaction (MLR) is induced by culturing lymphocytes from two individuals together.  Cells are obtained from peripheral blood.  These cells include both T and B cells as well as NK cells, phagocytes, and DCs.  An MLR measures the ability of T cells from one individual to respond to antigens presented on the phagocyte and B cells from a second individual.  In an MLR, T cells initially increase in size.  This is followed by T cell proliferation over 4-7 day period.  


MLRs come in two varieties: The first is when cells from both donors respond to each other in a two-way MLR.  One can also look at a one-way MLR where only T cells from one individual are proliferating.  The one-way MLR is set up by destroying the abilty of one of the cell populations to proliferate, which can be accomplished by irradiation.  One way MLR exp gave the first insights into the unique nature of the allogenic response.  These exps showed that proliferative responses to alloantigens are orders of magnitudes more vigorous than routine normal antigen.  After priming with specific antigens, the proliferative responses to normal antigens increased significantly, and the difference between proliferation to alloantigens and nominal antigens are not a prominent.

The cells responding during an MLR consist of both CD4+ and CD8+ T cells.  The CD4 cells are cytokine producing helper T cells.  These cells recognize the allogenic class II MHC.  They are responsible for cytokine secretion and impact on the magnitude and tempo of the alloresponse (first reaction, 7-10 days, and second reaction, 2-4 days).  Important lymphokines produced by these cells include both IL2 and γIFN.  IL2 is important for activation of the CD8+ cells.  γIFN induces MHC expression on cells, increases APC activity, and activated NK cells and macrophages.  Other lymphokines produced, IL4,5,6 are required for B cell activation in vivo and lead to production of alloantibodies.  These antibodies which fix complement can cause vascular endothelium damage and augment the rejection process in presensitized individuals.  


CD8+ T cells are also stimulated in alloresponse. These cells function as cytolytic cells.  CTL generated during allogenic MLR lyse target cells derived from the same individual or strain as the original stimulator cell population.  The molecules recognized by these cells are the class I MHCs that are also involved in the development of antigen specific CTL responses.

In vivo, the most important cell in transplant rejection is the CD4+ T cell.

The role of the MHC: the molecular basis of allorecognition

In large part, the magnitude of the response is due to a high freq of unprimed cells that respond to alloantigen (1-10% of all immune cells respond).  How do we explain the high freq of responding cells seen in alloreactive MLR?  ALSO, How does a T cell recognize an alloantigen if they will not recognize a virus presented on a non-self MHC background?  The alloreactive response is due to crossreactivity.  T cells that are normally specific for self-MHC plus foreign peptide crossreact with foreign alloantigenic MHC molecules.  Alloreactive T cells are driven by a high affinity crossover response on alloantigenic MHC molecule plus some unknown self-peptide resident in the allo-MHC molecule.  The reason for the high freq of crossreactive T cells is that there are a tremendous array of endogenous peptide resident in the allo-MHC.  These peptides are derived from processed endogenous proteins in the stimulator cells.  Remember these self peptides can contribute to T cell recognition when bound to a foreign MHC b/c T cells reactive with these determinants are not eliminated during negative selection in the thymus.  The wide variety of peptide/allo MHC complexes on the antigen presenting cells can interact with many different T cells.  The high freq of alloreactive T cells results from crossreactivity to the large number of different peptide/allogenic MHC combinations on the surface of stimulator cells.  An alternative hypothesis is that alloreactivity is driven by a high density and weak affinity interaction b/t the T cell receptor and alloantigenic MHC molecules.  The high freq of responding cells is then driven by the larger number of allogenic MHC molecules expressed on stimulator cells.
Minor Histocompatability antigens: The 30-50 other genes in addition to MHC molecules.  These antigens appear to be exclusively derived from endogenous self-antigens presented in the context of class I MHC molecules and are recognized by CD8 + T cells.

The impact of HLA matching on graft rejection: not all rejection is the same.  The rate of rejection is dependant on both the underlying effector mechanisms involved in rejection and HLA mismatches.  Clinically, the tempo of rejection has been used to define three types of rejection:

1) hyperacute – occurs rapids (minutes to hours) and is due to the presence of preformed abs reactive with the transplanted organ.  In allotransplants, hyperacute rejections is due to either anti-HLA abs or ant-ABO blood group abs.  In xenotransplants, hyperacute rejection if largely due to naturally occurring abs that recognize species differences in phycosylation patterns.  

2) acute – usually takes several days to weeks to manifest.  This is due to primary activation of T cells with subsequent triggering of various effector mechanisms.  Effector mechanism involved include CTL-mediated lysis, activated macrophages (DTH) and NK cells.  Probably the most important effector mechanism is via CD8+ CTL.
3) chronic – often seem months to years after the transplant and can be due to slow deposition of ab complexes, a low grade cellular rejection, or potentially, a side effect of immunosuppression.
Treatment for Graft rejection: non-specific immunosuppression uses drugs that are globally immunosuppressive.  There are two general approaches: 1) suppress the recipients immune system 2) make the graft less immunogenic.


Cylcosporin A and FK506 act to immunosuppress by blocking synthesis of IL2 and γIFN production after T cell receptor engagement.  They work by inhibiting Ca++ mediated events, which would normally activate calcineurin which would expose NLS of NF-AT which would induce transcription of IL2.


Chronic global immunosuppression use has side effects of susceptibility to infection and virally associated tumors.  Therefore there has been a thrust toward induction of donor specific tolerance in transplant recipients which could lead to long term graft acceptance in the absence of global immunosuppression.



If T cells are exposed to an antigen peptide MHC compex in the absence of signal 2, the resulting T cells become anergized and tolerant of that specific antigenic peptideMHC complex.  Since exposure to foreign antigens in the allografts occurs at a specific time, the time of transplantation, one can block exposure to costimulatory molecules around the time of transplantation in attempts to induce long term donor specific tolerance.  

Immediate hypersensitivity (Allergy)

Allergen: a protein, typically a common innocuous antigen, that elicits IgE antibody production

Allergy: clinical manifestation of IgE-dependant immunological reactions

Atopy: the genetic tendancy to generate IgE responses.

Injection of allergen into skin of an allergic individual causes a wheal (blanched swelling) and flare reactions (surrounding redness) associated with prurius (itching) which typically subsides within 30-60 mins.  Systemic administration of allergen (injected drug) may cause a generalized allergic reaction (anaphylaxis).  These allergic responses are also referred to as Type I immediate hypersensitivity due to the rapidity of the response.  Characteristics of allergens that trigger these responses are 1)protein 2)small molecular weight 3) water soluble 4) and highly stable

Reactivity to allergens is attributable to the presence of allergen specific IgE ab.  The presence of specific IgE abs represents the single most important determinant of allergic sensitivity.  In order to activate an immune response, IgE must attach to the surface of specific cells via specialized recptors.  The high affinity receptor on mast cells and basophils consists of a comples of 4 subunits, α, β, and two γs.  The α chain binds IgE while the β chain facilitate signal transduction and surface receptor expression.  The γ gain is required for surface expression of the entire complex and also participates in signal transduction.  Both β and γ chains have ITAMs in their cytoplasmic tails for signaling interactions.  


IgE positively regulates expression of its own receptor, so that the high the level of IgE the higer the number of FcεRI (high affinity IgER) per basophil or mast cell.


A low affinity receptor (FcεRII) is found on B cells and macrophages and its function is unclea.

Host cytokines, released by T-lymphocytes and other cells are pivotal in mediated inflammatory responses in allergic disease.  Activated CD4+ T cells (Th2) release proinflammatory cytokines important in allergic inflammation (IL4 and 5).  The generation of Th2 involves signals from APCs such as DCs and IL4 is critical as well.  Th2 cytokines are needed for B cell class switching and production to IgE by plasma cells (IL4) and for terminal differentiation and survival of eosinophils (IL5).    Several cytokines cause selective activation of endothelium to promote patterns of cell adhesion molecule expression that facilitate the preferential accumulation of eosin at site of chronic allergic inflammation.  Production of IgE is also facilitated by binding of CD40L on the Th2 cell to CD40 on the B cell.  Another cytokine, IL13, shares many properties with IL4, due to shared receptor subunits and signaling pathways, such as a shared signaling via STAT6.  


All of these responses are different from Th1 responses, in which production of IFN-γ and IL12 predominate and even inhibit Th2.

Mast cells and basophils: mast cells are distributed in essentially all body tissues, and are most often found adjacent to microvasculature.  Their growth and differentiation appear to be influence by cytokines, esp. stem cell factor (a.k.a c-kit ligand).  Basophils originate from a distinct precursor under the influence of cytokines such as IL3.  they share a common precursor with eosinophils.  Both mast and baso have granulaes that contain histamine.

Eosinophils: a granulocyte that differentiates under the influence of IL5.  Typically, eosin represent 2-5% of circulating WBCs, but in allergic patients 5-10% if usually seen.
IgE receptor crosslinking by antigen binds FcεRI and triggers cell response which terminates in the secretion of lipid mediators (leukotrienes), secretion of cytokines (IL4, 13 and TNFβ) and exocytosis of granules (releasing histamines and prostoglandins).  This process can also be initiated by exposure of complement receptors to anaphylatoxins (complement fragment C3a or C5a).  

Histamines result in nerve activation, gland secretion, vasodilation and extravasation, and smooth muscle contraction

Leukotrienes result in gland secretion, vasodilation and extravasation, and smooth muscle contraction.

Eosinophils are felt to play an important role in allergic diseases based on their selective recruitment and accumulation within sites of ongoing allergic inflammation.  They are felt to contribute to allergic disease by releasing their granules which contain inflammatory substances such as major basic protein (MBP).  In addition, eosins generate newly syn mediators such as leukotriene C3 (LTC4).  The eosin is felt, by virtue of its release of toxic granule substances and pro-inflammatory mediators, to be of major importance in the pathogenesis of the tissue damage seen in chronic allergic diseases.

Allergic late phase response: following allergen exposure of sensitive individuals, acute allergic reactions (Early response) subside within minutes, but can be followed hours later by a second inflammatory response.


There are many similarities between late phase rxns and chronic allergic diseases: 1)dependence upon IgE 2)pattern of cellular infiltration (Eosin, baso, and Th2 lymphocytes) 3) association with the reversible airways obstruction and increased airways hyperactivity, typical of asthma 4) the generation of edema and mucus hypersecretion 5) the quantities and types of imflammatory meiators released (histamine, leukotrienes, cytokines, chemokines).


Particularly important in allergic diseases is the local tissue accumulation of eosin.  This is likely due to a combination of factors including those that mediate preferential eosinophil 1) adhesion (IL4, IL13 via induction of the VCAM-1 recognized by the integrin VLA-4 on the eosin surface.) 2) Preferential migration in response to chemokines (chemotactic cytokines) of the C-C chemokine family such as eotaxin and MCP-4 that are recognized by the chemokine receptor CCR3 and 3) hematopoiesis activation and survival (IL5R on eosi) may also contribute. 
Mechanism for cellular recruitment 
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Systematic anaphylaxis:  all ana rxns require allergen induced cross linking of specific IgE molecules on the surface of mast cells or basophils to initiate the rrn, and muct of the acute pathophysiology is attributable to effects of histamine release. Rxns mimicking ana can also occur in persons who were not previously sensitized to an allergen and therefore have no allergen specific IgE abs.  These are called anaphylactoid reactions.  They involve the release of the same mediators, but by different pathways, which are independent of IgE abs since they are without previous exposure to the inciting event.
Approached to treat allergic disease include: 1) desensitizing injections or immunotherapy (allergy shots) 2) block IgE production (anti STAT6) 3) block IgE binding to its receptor (anti IgE antibodies) 4) block mast cell activation 5) block effects of mediators (histamine etc) 6) block ceullarl recruitment, such as eosinophils.

Summary: Allergen exposure ( sensitization (antigen presentation ( generation of IgE ( binding of IgE to receptor) ( Allergen reexposure ( Early response (skin symptoms, airway responses; mediated by histamine, leukotrienes and protoglandins) ( Late response (recurrent airway and skin symptoms; mediated by cytokines and chemokines) ( Allergen diease (cellular recruitment of eosin, basophils and lymphocytes).
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