Immunology

Innate Immunity I

Innate Immunity 
· Rapid

· More general

· Neutrophils and macrophages

· Doesn’t get smarter or more efficient with exposure

· Developed earlier in evolution

· Germ-line evolution

· 1st line of defense

· Stereotypic response

Adaptive Immunity
· Slower in mounting adaptive response

· More specific – can differentiate between molecules that differ by single –OH group

· Gene rearrangement is involved
· Somatic evolution

Innate Immunity Functions

· Barrier

· Tight junctions

· Secretion of defensins (small bactericidal peptides)

· Recognition

· PAMP – pathogen-associated molecular patterns

· General properties:

· Structurally invariant

· Required for survival of pathogen (otherwise it would be eliminated via evolution)

· Repeating structural motif

· Mostly saccharides and nucleotides (not proteins)

· Examples: LPS, bacterial DNA, dsRNA (viral)

· PRR – pattern recognition receptors
· Extracellular 

· Involved with opsonization

· CRP (C-reactive protein) – binds bacterial cell wall

· MBL (Mannan binding lectin) – binds mannose on yeast cell wall

· Endocytic – example: Macrophage mannose receptor (MMR): induces internalization of pathogen

· Signaling PRR

· Toll-like receptors (TLR) – cell-surface signaling

· TLRF and Nod proteins are intracellular signaling

· Effector mechanisms

· Recruitment 

· Opsonization

· Phagocytosis

· Intracellular killing

· Sound alarm ( cytokine secretion

Cell Involved in Innate Immunity

· Neutrophils

· Usually 1st to arrive at site of infection

· Professional at phagocytosis

· Mature neutrophil = PMN
· Macrophage

· Professional at phagocytosis

· Also involved in adaptive immunity ( presents antigens (MHC II)

· Natural Killer Cells

· Destroy infected host cells

· Activating v. inhibiting receptors

· Cells the display activating AND inhibiting ligands are not destroyed by NK

· If cell loses inhibiting ligand, it is destroyed by NK

Important Principles

· Innate immune system uses small number of PRRs to recognize and protect against large array of potential pathogens displaying common structural motifs (PAMPs)

· PRRs can be found on surface, outside cell, or inside cell.  Major functions include phagocytosis, opsonization, and signaling 

Innate Immunity II

Effector Mechanisms

· Macrophage activation

· Macrophages activate (and fully differentiate in response to stimuli (sometimes near site of infection)

· Activated macrophage is much larger, has more membrane, more MHC, and Fc-receptors

· Phagocytosis is more efficient with activated macrophages

· Recruitment – accumulation at the site of infection (neutrophils and macrophages)

· Rolling – rapid attachment and detachment along interior wall of blood vessel (selectins)

· Tight binding – integrin

· Diapedesis

· Migration – cells follow chemotactic factors (i.e. C5a, chemokines, N-formyl met peptides) to site of infection (chemotaxis)

· FcγR stimulate phagocytosis 

· Phagocytosis

· Steps: attachment and internalization

· Phagocytosis stimulates release of ROS

· ROS/NO Production by neutrophils/macrophages

· NADPH Oxidase utilizes another ETC to produce ROS and NO (macrophage only)

· Highly regulated

· Molecular oxygen is needed (cannot happen in anaerobic conditions)

· Products include: superoxide (O2- and hydrogen peroxide)

· Arginine + O2 ( citrulline + NO (enzyme: NO synthase)

· Macrophages secrete cytokines: IL-1, IL-6, TNF-α

· Induces acute phase response (general body response to infection)

· CRP increases (C-reactive protein)

· Pyrogens induce increased body temperature in hypothalamus

Response to Infection
· Inflammation

· Delivers activated immune cells

· Sequesters pathogens

· Limits tissue damage

· Induces tissue repair

· Leukocyte recruitment – neutrophils are first to arrive

· Acute phase response

· Pyrogens

· CRP, MBL

· TNF-mediated containment

· Clotting factors clot blood, preventing pathogen to spread to other parts of body

· In systemic infections ( septic shock is possible b/c of TNF-induced clotting

Disorders of Innate Immunity

· CGD – chronic granulomatous deficiency: neutrophils cannot produce superoxide

· Symptoms: chronic infection, infection by rare pathogens, granulomas (clumps of macrophages attempting to fight infection)

· LPS can cause septic shock via TNF-mechanism

· Type II diabetes is correlated with higher levels of circulating CRP, serum amyloid A, IL-6, TNF

Humoral Immunity
Basic Differences between Innate and Adaptive Immunity
· Innate Immunity

· Mediated by neutrophils and macrophages

· Adaptive

· Mediated by B and T cells

· Involved immunoglobulins (Ig); 3 ways they help

· Neutralization of bacteria/virus

· Opsonization

· Activate complement system (classical pathway)

· Membrane-bound Ig triggers lymphocyte activation

· Clonal selection is basic operating principle of adaptive immune response

· Newly generated B cells have single type of receptor with unique binding specificity generated pretty much at random

· Antigen binding triggers proliferation (clonal expansion) and further differentiation

· Cells produced by clonal expansion have same antigen specificity (except for somatic hypermutation, which generally increases affinity)

· Any self-reactive antibodies are eliminated

Antibody (immunoglobulin) structure and function

· Two heavy chains

· Class of heavy chain constant region determine Ig type

· A ( α, D ( δ, E ( ε, G ( γ, M ( μ

· Type of class determined effector function

· V, D, and J segments form variable region
· Constant portions can be divided up into imperfect tandem repeats: CH1, CH2, CH3

· Two light chains

· Two forms of light chain: κ and λ, which are found in all classes
B Cell Development
Overview

· Hematopoietic Stem Cells (HSC) have self-renewal capacity

· HSCs can differentiate into multi-potential progenitor cells, which can differentiate into common lymphoid precursors (CLP)

· CLPs mostly differentiate into B cells (but can also form T cells)

· Cytokines aid in the development of B cells

· Expression of Ig is hallmark of B cells

H Chain Recombination
· Happens before light chain development

· 2 recominbational events: D(J, V(DJ

· Epigenetics involved

· Rearranging of chromatin conformation for these recombination events

· Process is error-prone: must select for functional recombinations (i.e. viable reading frame)

· E2A and EBF are transcription factors necessary for early stages of B cell development

· “Judgment” is made by pre-B cell receptor (pre-BCR)

· Surrogate light chain binding will allow further differentiation by rescue from apoptotic signal

· Binding signals proliferation, termination of H-chain recombination (so that functional recombination is not lost)

· Signals involved: Igα/β ( SLP-65-Btk-dependent/-independent pathways yield proliferation/termination of proliferation signals, respectively

· Allelic exclusion
· Only one of the two possible Ig alleles is expressed in a given B cell
· This is an active process that changes conformation of chromatin to prevent further recombination and loss of functional VDJ recombination
Light Chain Recombination
· Only one net recombinational event
· However, multiple rearrangments are possible: 

· If you don’t get a good ORF on the first try, an upstream V can bind to a downstream J and try again

· This allows for greater likelihood of functional recombination

· Checkpoint: binding with existent heavy-chain rescues cell from apoptosis

· Allelic exclusion is present in light chains as well as heavy chains

· Strategies to avoid self-recognizing antibodies:

· Deletion – apoptosis of cells that recognize self, BCR cross-link

· Receptor editing – “recombine” upstream V’s to downstream J’s

· Export

· BAFF signal and “BCR” signal are essential for survival

Effector Functions of Antibodies
General

· Effector function is basically what kind of effect/response (i.e. phagocytosis) does a bound antibody elicit

· Effector function is determined by heavy chain constant region (which varies with class: IgG, IgM, IgA, etc.)

· Each class of Ig has special and unique function and location in the body

· IgM 

· (valence of 10) 

· Held together by J chain

· Low affinity, high avidity

· IgG

· Most abundant in serum

· Only Ig that can cross placenta

· IgA

· Most abundant in secreted fluid (mucus, intestinal, etc.)

· Secreted as dimmer

· IgE

· Interacts with basophils/mast cells 

· Involved in allergy response

Antibody Effector Activity

· Transport

· Musocal surface

· Mostly IgA

· Serves as barrier by preventing bacterial/viral attachment to mucus

· Prevents potentially antigenic mat’ls (i.e. food) from reaching circulation and eliciting a response (prevents food allergy)

· IgA is trancytosed across epithelia cells into mucosal surfaces

· Upon exocytosis, secretory component (SC) of receptor remains bound to IgA, making it resistant to acid and enzymatic degradation

· Placenta

· Non-inflammatory response

· Neutralization of bacteria/virus

· Inhibition of binding to target cells by physically blocking attachment

· There is another (yet unknown) component to this

· Inhibit fusion w/ endocytic vesicles necessary for uncoating/translocation

· For bacterial/viral invaders AND toxins

· Inflammatory response

· Opsonization – enhances phagocytosis

· Complement activation

· Cascade of plasma proteins triggered by Ag-bound IgM that results in binding of C3b to surface of target particle which further enhances phagocytosis

· Mast-cell activation (allergy)

· Protective of helminthic parasites but can produce undesirable allergies (food, asthma, etc.)

· Antibody-dependent cell-mediated cytotoxicity (ADCC)

Complement System

General Overview

· System of 30+ proteins
· 3 major pathways that overlap
· Amplification 
Classical Pathway ( via antibody binding (Adaptive Immunity)

· Cq1 recognizes Fc regions of IgM bound to Ag or 2 IgG’s bound to Ag

· This activates C1s and C1r protease activity, which cleave C4 into two components: C4a and C4b

· C4b undergoes a structural change, revealing a thioester group which reacts with the first nucleophile it encounters (usually water but sometimes) 

· Amplification occurs b/c C1 is an enzyme which can activate many C4 proteins

· C1s cleaves C2 (forming C2a and C2b)

· C2a binds with C4b, forming C4b2a, or the classical C3 convertase
Mannose Binding Lectin Pathway – Innate Immunity

· MBL substitutes for Cq1 and cleaves C2 and C4

· C2 and C4 bind to form C3 convertase

Alternative Pathway – Innate Immunity

C3 Convertase Action (all pathways)
· C3 convertases cleaves C3 into C3a and C3b

· C3a diffuses away and is a mild anaphylatoxin, causing release of histamine from nearby mast cells and basophils

· C3b binds to closest carbohydrate or protein (near C3 convertase) 

· Once deposited, C3b can amplify by binding factor B, which results in high amounts of C3b deposited focally around the area of initial activation

· Antigens coated with C3b fragments are opsonized, enhancing phagocytosis by several orders of magnitude

C5 Convertase activity (all pathways)

· When C3b binds to C4b2a3b or C3BbC3b it forms a C5 convertase

· C5 ( C5a + C5b

· C5a is a potent anaphylatoxin and chemoattractant

· C5b recruits C6 and C7, which together, embeds in the membrane of nearby cell

· This complex recruits C8 and several C9s, which form the membrane attack complex (MAC)

· MAC allows entry/exit of massive amounts of water, resulting in lysis of target cell

Regulation – prevents attack of self-tissue

· C1-inhibitor curbs C1 activity (classical pathway only)
· C1-inhibitor is serine protease inhibitor that stabilizes inactive form of C1

· Destruction of C3 and C5 convertases

· Several proteins can bind and inactivate convertases:

· Delay accelerating factor causes dissociation (DAF, membrane-bound)

· Complement receptor causes dissociation (CR1, membrane-bound)
· Factor I (soluble protein) cleaves C3 convertase

· Factor H (competes with Factor B in alternative pathway)

· Inhibition of MAC

· Protectin (CD59) stops insertion of C8 into membrane and blocks addition of C9

· Vitronectin prevents completion of MAC formation

Microbes have evolved specific methods of interfering with (and sometimes exploiting) complement system

· Cowpox virus

· Epstein-Barr (mononucleosis)

Antigen Recognition by T Cells I & II
General
· B and T cells are morphologically indistinct in microscope

· Thymus is the site of T cell development

· Two major kinds of T cells: “helper” (Th) and cytolytic T lymphocytes (CTL or Tc)

T Cell Ag Receptor (TCR) – analogous to Ig of B cells

· Composed of 1 α and 1 β unit

· Valence of 1

· Diversity is created by V(D)J recombination mechanism (like B cells)

· ~70 Vα and 52Vβ segments

· 61 Jα and 13 Jβ segments

· No Dα and 1 Dβ segment
· RAG1 and RAG2 help mediate this process

· Gene rearrangement occurs in thymus

· Obeys clonal selection theory 

· Can create ~1018 different binding specificities

· CD3

· Complex of small proteins that cluster around membrane-bound TCR and interact with TCR

· Gamma, delta, epsilon, zeta, and eta subunits

· Invariant from T cell to T cell: do not play a role in determining specificity

· Surface expression of CD3 units is used as a marker for T cells

· TCR recognizes short, linear peptide regions (not folded protein domains)

· Ag must be “presented” to T cell for recognition to occur (within context of MHC)
· There is no secreted form of TCR; only membrane-bound

MHC 

· High degree of balanced polymorphism: no “wild-type” allele for MHC genes

· Also called Human Leukocyte Ag (HLA) Complex or H-2 complex in mice

· There are three classes of MHC complexes: I, II, and III

· Class I

· Two chains: 1 heavy (HLA A, B, or C ( different loci) and non-covalently associated polypeptide (β2m) 

· A, B, C heavy chains are co-dominantly expressed on every cell except RBC and neurons

· Class II

· Subunits α and β

· Three types of molecules: DP, DQ, and DR

· Constitutively expressed in macrophages, B cells, and Dendritic cells (APC)

· Other cell types can be induced to express them by cytokines (endothelial cells, fibroblasts)

· MHC Restriction

· T cells (TCR) will only recognize an antigen when it is combined with a correct “self” MHC molecule on the surface of an antigen presenting cell (APC)

Mechanism of Ag Recognition

· MHC molecules on APC’s bind antigens (9-10 string of amino acids)
· Some MHC alleles have different affinities for Ag motifs, but most protein Ags have some stretch of amino acids that MHC molecules on APCs can recognize and bind

· MHC molecules that bind Ags have 1 binding site 

· Groove with key “anchor” positions that have affinity for certain amino acids

· Can fit a total of about 9 amino acids 

· APC’s also take up Ag’s, process them, and “present” certain portions of them to T cells, thereby “teaching” T cells what the foreign invader “looks like”
CD4 v. CD8

· The expression of these proteins on the surface of T cells is mutually exclusive: no cell has both

· There is no variability in CD4 and CD8 proteins (as there is in MHC)

· CD4

· “Helper” T cells

· D1 – D4 domains

· Recognizes MHC II

· Designed to recognize extracellular Ag

· CD8

· “Killer” T cells

· α and β domains

· Recognizes MHC I

· Designed to recognize intracellular Ag

Superantigens – provoke very strong immune responses (i.e. toxic shock syndrome, food poison) by bypassing the uptake step and binding directly to MHC-TCR

Antigen Presenting Cells (APC)
General Overview

· APCs help solve the problems of how to prime initial response when

· [Ag] is very low

· T cells w/ specific receptors to Ag are very low concentrations

· Naïve T cells are localized to lymph nodes

· Dendritic cells (DC) are professional APCs

Dendritic Cell Characteristics

· Ideal “observer”

· Upon stimulation moves to lymph nodes/spleen

· Infrequent: 10/mm3
· Important to note that DC ≠ FDC

· Dendrites reach out into environment and constantly sample the environment for relevant signals

· DC Function changes in different tissues and at different times of immune response:

· In periphery, it is immature and is constantly scanning surroundings for Ag’s and other signals

· Upon recognition of pertinent signals, it begins to mature and migrate to lymph nodes/spleen

· In lymphoid organs its function is to “present” MHC-Ag complex to T cells and “teach” them whether an Ag is foreign or self

· Molecular characteristics

· Well-developed vesicular compartment w/ lots of MHC II intracellularly

· In immature form, highly specialized function of sampling vast volume of surrounding fluid

· Macropinocytoses one cell volume per hour ( high capacity, low affinity

· Ag’s discovered are sent to surface and presented w/ MHC II (unless it’s an important or unique Ag, this complex is usually degraded quickly)
· Macropinocytosis is regulated

· ↑ by GM-CSF

· ↓ by LPS, TNF-α, IL-1 (“danger” signals”)

· It also has a high affinity endocytotic function

Dendritic Cell Dynamic Functioning: Maturation and Migration

· Immature form

· Active synthesis of MHC II
· High intracellular concentration of MHC II

· Active macropinocytosis

· Static: observing environment

· Mature

· More MHC II outside and stable expression 

· MHC II synthesis is inhibited

· Macropinocytosis is inhibited

· Migrates to lymphoid organs to “teach” T cell what it has observed: senses gradient 

· Interdigitating

· In lymphoid tissue is becomes interdigitating

· Produce DC-CK which is a chemokine that attracts T cells

· Engages in “dialogue” with T cells

DC Signaling to T Cells
· DC signals T cells to recognize foreign Ag 

· 1st signal: MHC-peptide complex recognized by TCR

· 2nd signal (“danger”): DC can express B7 if it is “activated”

· DC’s tolerize T cells:

· 1st signal is present but 2nd signal is absent

· DC cells frequently pick up blebs from apoptotic self cells, doesn’t want immune system to recognize these Ag’s as foreign

· In response to “active” and “danger” signals, CD4 sends signal back to APC, “licensing” it to activate CD8 cells

Cross Priming – how to recognize viral Ag’s when APC’s aren’t infected
· Classical priming

· Endogenous antigen is degraded by the proteasome, presented on MHC class I

· Exogenous antigen taken up, degraded in lysosomes, presented on MHC class II

· Cross-priming

· Endogenous material from dying cells is taken up by DCs and presented on class I MHC

· Non-structural proteins (not present in virions) are often targeted by CD8+ T cell response

· For viruses that do not infect DC or other professional APC, this presents a problem for classical Ag presentation

· Dead/dying cells (containing non-structural proteins) are taken up by APC, the cytoplasmic contents are transferred to the cytoplasm of the APC, and processed
Development and Tolerance in T Cells

General

· Early experiments investigating T cell tolerance indicated that tolerance could be “learned” (Freemartin condition in naturally parabiosed cattle)

· Induction of antigen tolerance requires injection (or other exposure) of cells during fetal development or in early neonatal period

· This confirmed the Burnet hypothesis

· Central tolerance

· Happens during T cell development (in the thymus)
· Primary mechanism: deletion of T cells that recognize self as foreign

· Peripheral tolerance

· Occurs post-development of T cell

· Primary mechanism: anergy

· T Cell Development

· Rearrangement of TCR gene segments to yield productive α, β subunits (2-5% do not produce these subunits but instead produce γ, δ subunits)

· Rearrangement of β must occur first, this prompts co-expression of CD4+CD8+

· Then α gene rearrangement occurs

· Selection

· Negative selection – eliminated thymocytes that express self-reactive TCR

· Positive selection – thymocytes with TCR that doesn’t bind foreign antigen is useless and is discarded

· Good fit with self-MHC, good fir with self-peptide ( negatively selected against

· Bad fit with self-MHC ( positively selected against

· Good fit with self-MHC, bad fit with self-peptide ( positively selected FOR

Peripheral T Cell Tolerance

General

· Signal 1 = sensing of antigen

· Signal 2 (“Danger” Signals) refers to co-stimulatory engagement, include:

· PAMPs (i.e. LPS, dsRNA, etc.)

· Infection

· Inflammation

· Tolerance is developed centrally (in thymus) and in the periphery

· Reason for this is that not every self-antigen is expressed in the thymus and even if it were, it’s not likely that every self-antigen could induce tolerance in every single developing T cell (diversity ~1018)

· The development of tolerance in the periphery is highly dependent upon the context in which the antigen is presented to the T cell (i.e. a “danger” signal presented by an activated APC, or a benign signal from a resting APC)

· Sensing of signals 1 & 2 during T cell development will train that T cell to react to that antigen

· Sensing of signal 1 only during T cell development will train that T cell to be tolerant, even in future exposure to BOTH signals

Mechanisms of Tolerance

· Ignorance

· Self-antigens are present in low concentrations so they do not induce autoimmunity OR

· Self-antigens “hide” from T cells (i.e. via blood-brain barrier)

· Clonal Deletion

· T cells that receive signal 1 (MHC-peptide) but not signal 2 (“danger”) initially proliferate but are subsequently deleted and cannot be recovered after ~4 weeks

· T Cell Anergy

· Another fate of T cells that receive only signal 1 (no signal 2) is that they do not proliferate or respond to subsequent immune challenges – they become anergic

· Regulatory T Cells

· CD4+CD25+ cells (Treg cells) are thought to help develop self-tolerance in the periphery

· CD4+CD25+ (-/-) mice have been shown to develop organ-specific autoimmunity

· Immuno-regulation

· Some molecules seem to promote self-tolerance or down-regulate immune response: IL-10 or cytokine synthesis inhibitory factor (CSIF)

· Oral tolerance: feeding small doses of the antigen (exposure in gut) can lead to systemic tolerance 

· Mucosal tolerance: same concept as oral tolerance but exposure is in lungs

Lymphocyte Activation

General Overview

· ACP’s bind with T cells presenting MHC-peptide complex to TCR

· Co-stimulation by active APC’s triggers autocrine stimulation (by IL-2) which leads to proliferation; T cell subsequently “recognizes” peptide as foreign

· Phase 1: Ag activation

· Phase 2: Autocrine stimulation

· T cells encounters APCs in lymph nodes, spleen, and Peyer’s patches in gut

T Cell Activation

· TCR-mediated signaling is initiated by activation of tyrosine kinases

· Active signaling component is of invariant chains is ITAM

· ITAMs couple TCR complex to intracellular tyrosine kinase ZAP-70

· LAT is ZAP-70 substrate 

· CD4 and CD8 accessory chains have affinities for MHC II and I, respectively

· Co-stimulation

· CD28 motifs on T cells recognize B7 motifs on APCs

· Signaling cascade involves release of Calcium from intracellular storage, activation of PIP3 and DAG pathways, concluding in transcription factors NF-AT
· IL-2 autocrine stimulation ensues, triggering T cell proliferation

· CTLA-4

· This binds B7 from APCs 

· It is not expressed on naïve T cells but is expressed on their progeny

· The result of B7/CTLA-4 binding is cessation of T cell proliferation

· This prevents hyperactive T cell proliferation and autoimmunity

· Immuno-suppressive drugs subvert T cell proliferation by acting on Calcineurin, which is involved in the release of intracellular Calcium

· CsA and FK506

· Important in organ transplantation

B cells have analogous principles in their activation:

	 
	T Cell
	B Cell

	 
	
	 

	Ag Receptor
	TCR
	BCR

	Accessory Chains
	CD3
	Igα/β

	Initiating kinases
	Lck, Fyn
	Blk, Lyn, Fyn

	Relay Kinases
	ZAP-70
	Syk

	Adaptors
	LAT
	BLNK

	Co-stimulator receptor
	CD28
	CD19

	Shutoff
	CTLA-4
	FcγRIIB


T Cell Effector Mechanisms

General

· Ag-MHC can help stimulate proliferation of CD4 
CD4+ T Cell Subclasses

· Different CD4 cells secrete different cytokines which have different effector functions (i.e. division of labor)

· Th1 – activate macrophages 

· Some pathogens are resistant to degradation once they have been ingested by macrophages

· Th1 cells activate macrophages and help them clear these digestion-resistant pathogens

· Antibody is not effective for this

· Machaness experiment showed that macrophage activation is Ag-specific but intracellular microbe killing is non-specific 

· Delayed-type hypersensitivity 

· Th2 – help B cells make antibody

· CD40-CD40L is critical to effector mechanism

· X-linked HIM is caused by defect in CD40L

· Binding of T-B cells drives proliferation (clonal expansion) and differentiation to:

· Ig-secreting plasma cells

· B memory cells

· Th17 – involved in inflammatory response (recruitment of neutrophils via IL-17 secretion)

· Recently discovered
· Function is still unclear

· Differentiation of Th0 cells into Th1, 2, and 17 cells is influenced by microenvironment

· Mouse experiment of leishmania: some mice are resistant and some mice die 

· This can be reversed by injecting different cocktails of cytokines to reverse Th1/Th2 ratio

CD8 T Cell Effector Function – Cytolytic T Cells (CTL)
· Helps in fighting intracellular viral/bacterial replication (which cannot be detected by antibodies)

· Major functions:

· Eliminate virus- and bacterial-infected cells

· Eliminate tumor cells

· Graft rejection

· Activation of CD8

· Initial activation of CD8 CTL’s is independent of CD4; however, response is short and ineffective without CD4 cells

· CD4 T cells “license” dendritic cells for stimulation of CD8 cells

· Activation can occur through APC’s with co-stimulatory activity

· Usually requires more co-stimulatory activity than CD4

Mechanism of Cytolysis

· Intimate contact between CTL and target cell required

· Reversible contact is initiated independently of antigen (LFA-1 and ICAM)

· If CTL recognizes MHC-peptide complex, additional interactions occur

· Result: unidirectional cytolytic process (no bystander cells killed) – perforin path
· Perforin – forms a calcium-dependent pore-like structure in target cell membrane

· Granzymes – serine proteases capable of initiating apoptosis

· Granulysin – serine proteases that associate with lipids and degrade them, induce apoptosis
· Perforin deficient mice produce enough CD8 cells but they cannot kill 

· Fas/Fas-L pathway – induces apoptosis

· CD8 cells have Fas-Ligand, which can activate apoptosis on cells that express Fas (cell surface protein)

· Fas has death domain

· Fas/Fas-L might also play a role in regulating T cell self-reactivity

· Defects in Fas/Fas-L have large lymph nodes

Cross Priming (misnomer?)
· Virus infects non-APC, causes apoptosis

· APC picks up blebs, process Ag’s and presents them

· APC goes to lymph/spleen, stimulates naïve CD8 ( CTL

· CTL goes to tissue and kills

Viral Subversion of CTL Killing

· Virus hides in non-APC cells (neurons, muscles)

· Virus blocks class I pathway

· Virus plugs TAP transporter

· Virus holds MHC molecule in ER lumen; never exocytosed and not “presented”

· Results in inefficient presentation of Ag, compromised CTL activity
Natural Killer Cells 

· Distinct bone marrow derived lineage

· Capable of killing without prior exposure ( innate

· Anti-tumor activity

· Role in limiting initial viral infection

· Present at low frequency

· Do not express surface Ig or TCR

· Recognition

· NK Activating Receptors 
· Contain immuno-receptor tyrosine activation motif (ITAM)

· NKG2D – triggers NK lysis of tumor cells

· MICA and MICB are upregulated following cellular stress and are expressed on most tumors of epithelial origin

· NK Inhibitory Receptors
· Dominates activating signal, thus cell must have presence of activating receptor and absence of inhibiting receptor for NK-mediated cell death

· Inhibitory signal triggers faster

Lymphoid Tissues

Overview

· Problem – how do the Ag and specific antibody/TCR meet when there are millions of different antibody/TCR each with different specificity

· Steps:

· Production of diverse lymphocytes

· Ag and specific lymphocyte meet in lymphoid tissues

· Directed to site of infection

· Marrow is primary site of B cell maturation

Thymus – site of T cell maturation

· T cells come in and are shunted to the outer sub-capsular region

· As they mature, they move toward the middle (medulla) region

· Double Negative ( Double Positive ( Single Positive

· Positive selection: massive apoptosis of cells that are “useless”, i.e. don’t form a tight enough bind

· Negative selection: too tight a fit slates a cell for destruction

Secondary lymphoid tissues: lymph nodes/spleen

· T cell entrance to lymph node
· Crosses the HEV (doorway to lymph node)

· Scans APC’s

· If there is no fit, it leaves

· If there is a fit, proliferation and activation

Naïve-Effector Transition Mechanisms

· T cells

· Decrease activation threshold 

· Acquire effector functions

· Altered homing capacity

· B cells

· Distinct memory and effector cells

· Affinity maturation

· Ig class switching

· Germincal Center Reaction

· Follicular Dendritic Cells (FDCs) secrete BLC, which attracts B cells

· Starting B-cell population is oligoclonal

· Clonal expansion

· Ig hypermutation

· Clonal selection

· Differentiation to plasma or memory cells

Allergy and Hypersensitivity

General/Overview

· Anaphylaxis is a life-threatening medical emergency

· Allergy/hypersensitivity is generally mediated by IgE

· IgE is present in minute amounts in serum, but binds with very high affinity to mast cells

· Common features of antigens that promote IgE?
· Mucosal

· Low concentration (ragweed = 1 microgram/year)

· Stable

· Water soluble

· Enzyme (breaks down occluding?)

· Common TH2 cytokines (he said to know these)

· IL-4

· IL-5

· IL-10

· IL-13

· 4 Types of Hypersensitivity

· Type 1: IgE-mediated, mast cell activation

· Type 4: involves Th1 or Th2, eosinophils, tuberculin, chronic asthma, allergies

· In Chronic Asthma, it’s a Th2 response that involves many tissues 

Mast Cell: Key Cell in IgE-mediated Allergic Reactions

· Tightly bind IgE antibodies

· Upon detection of allergen, they degranulate and the soluble mediators in the granules are responsible for many aspects of allergic reaction

· Histamine is released by mast cells

· Leukotrienes and proteases are also released

· Local v. systemic response: location

· Allergen is administered via IV or gains rapid access to systemic circulation results in anaphylaxis

· Allergen that is administered in low doses and is subcutaneous will only result in a mild wheal and flare

TH2 Cells

· Release IL-5, which activates eosinophils

· Eosinophils are bad news…

· Granules have Major Basic Protein, neurotoxin granules

· Elevated Eos = NAACP

· Neoplasm

· Asthma

· Allergy

· Collagen-vascular disease

· Parasites

Treatments for Allergy

· Anti-histamine

· Steroids – immuno-suppressive agents

· Acute asthma

· Treat with albuterol (β-2 agonist)

· There is copious mucus production

· Anaphylaxis: epinephrine

· Some “cutting-edge” drugs (i.e. omalizumab) targeted IgE antibodies altogether, hypothesizing that the molecules weren’t too necessary in industrialized nations (no parasites)

· These drugs have shown increased risks of cancer

Hygiene Hypothesis

· People who are exposed to more antigens earlier in life have lower risk of developing allergies, asthma, etc.

· Why?  Early recognition promotes more TH1 and less TH2

Allergy Tests

· Skin test: inject small amounts of allergen under the skin and monitor response (looks like it might be painful, see slide 28)

· RAST (radio allegro sorbent test): an indirect ELISA in which serum can be tested for specific IgE 

· This should be used instead of skin test if anaphylaxis might be potential problem

· False negatives can be common

