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Adaptive Immunity

· Overview of immune response 

· Hematopoietic stem cells begin in bone marrow and then either: 

· T-cells from thymus 

· B-cells bone marrow 

· T-cells and B-cells should not be self-reactive 

· Mature naïve (immunocompetent) T and B cells: haven’t found antigen yet 

· Go to secondary lymphoid organs (e.g. lymph nodes) 

· Lymph drains all of your body and brings antigens to lymph nodes 

· Naïve T/B cells visit each lymph node (600) once a day 

· Finds antigen: goes through clonal selection and clonal proliferation – clonal expansion
· T/B cells that find their antigen are now activated T/B cells

· Naïve T/B cells that don’t find their antigen eventually die
· activated B cells undergo somatic hypermutation as they replicate
· Daughter B cells that bind better continue to expand, daughters that bind worse are discarded.  This eventually results in extremely specific B cells.

· T-cells don’t undergo somatic hypermutation 
· B-cells: many become plasma cells that produce free floating antibodies that float around looking for things to bind to

· T/B cells also make memory cells – these wait for the exact same pathogen to attack us again.
· Lymphoid tissues

· Primary: Thyroid, bone marrow 

· Secondary: 
· Lymph nodes – drain interstitial fluid from all tissue
· brain does not have lymph nodes – lymph drains to cervical lymph nodes

· kidney & bone do not have lymph nodes or produce lymph (other than their capsules)
· Spleen: lymph node for blood 

· If have any bacteria, pathogens in blood the spleen has naive B and T cells that can find their antigen 

· MALT (mucosal associated lymphoid tissue) & GALT (gut associated lymphoid tissue)
· Peyer’s patches: in ileum of small intestine 
· GI tract is largest immune organ

· Tonsils and adenoids 
· Also lymphoid tissue in lungs, BALT (bronchial associated lymphoid tissue)
· Antigenic determinants (epitopes) 

· Epitope: part of antigen that T cell or B cell will actually bind to

· If bacterial body has about a dozen different epitopes this increases chance that one of our B-cells will react to someplace on the cell 
· antigens are large complex molecules

· almost always protein, but can be DNA or very large polysaccharides
· B cells and antibody

· Molecule structure of antibody
· Adaptive immune system adapts to whatever pathogens your body has seen 

· Very specific but much slower (takes about a week to kick in) 

· Heavy (long) and light (short) chains of antibodies 

· Y shaped protein
· Purple: variable region; vary from antibody to antibody

· antigen binding domain

· Where they bind to bad things: viruses (before it has infected a cell), bacteria etc. 

· Green: constant region – determines antibody class
· 5 different classes: IgG, IgM, IgD, IgA, IgE 

· all IgMs have same constant regions, all IgEs have same constant region, etc. 
· there are actually 2 types of IgA, and 4 types of IgG

· the different classes have different functions within our immune system
· Structure of different immunoglobulins 

· Cells always start with IgM & IgD

· We don’t know what IgD does – so let’s ignore it
· IgG: most common in blood 

· Only one that crosses placenta 
· 4 sub-classes of IgG
· IgE: allergies, found in tissues bound to mast cells 

· Allergic rhinitis 

· IgA: secreted in GI tract, gential-urinary tract, respiratory tract 

· 2 sub-classes of IgA 

· Genetics of B cell receptor 

· Class switch (IgM ( IgG, IgA, or IgE) 

· Cell always starts with IgM, gets to change once to IgG, IgE, or IgA

· Based on where antibody is needed
· Very approximately: IgG – blood, IgA – secreted, IgE – mucosa  

· how antibodies bind to antigens 
· variable region binds to specific antigen – usually a protein
· binding regions have receptors for very specific portions of a protein that is not on “your” cells 

· prevent toxins/viruses/bacteria/worm/etc from ever causing harm 

· macrophage has receptor for constant region (opsonization) [candy coating]

· macrophages look for bacteria/viruses etc covered in antibody constant regions 
· opsonization greatly increases efficiency of phagocytosis
· eosinophil and worms 

· worm is too big to ingest so eosinophil degranulates (spills out enzymes) to degrade it
· degranulates in order to kill the parasite 

· B Cell Fundamentals 

· take DNA and area that codes for variable region of antibody, take it and chop out parts randomly – gene recombination (aka rearrangement)
· produced a B cell that has unique DNA (no other cell like it)

· a given B cell makes only 1 specific antibody  

· if it becomes an activated B cell, it will produce some sort of antibody

· maybe it’s good, maybe it’s not 

· want to make sure it’s not self-reactive (would cause autoimmune disease) 

· throw our proteins (self-antigens) at them (nurse cells do this) 

· if B cell responds to any of them it will be killed because it is self-reactive 

· negative selection: keep the ones that don’t bind 

· don’t know whether useful or not

· put them in circulation – mature naïve B cells at this point
· Naïve B cell; have antibodies on the surface but have not found antigen yet

· once it binds to antigen; we know it is useful

· have antibody that attacks foreign antigen 

· clonal expansion: make many copies of this B cell 

· somatic hypermutation: whenever these cells replicate: there is sloppy replication of variable region; daughter cells will have slightly different/mutated variable regions 

· some will bind better, some will bind worse – keep better ones, remove worse ones
· with every generation we get antibodies that bind more and more specifically 

· B cell development in bone marrow 

· Nurse cell presenting self antigen, any B cell that binds to these will be killed 
· Negative selection – keep the ones that don’t bind
· Immunocompetent naïve B cell 

· Direct and indirect functions of antibody 

· Increase effectiveness of neutralizing and killing pathogens 

· IgE- (parasitic worms) mediated destruction of a parasite 

· Pieces of dead worm, binds to naïve B-cell 

· B-cell undergoes clonal expansion, selection and proliferation

· Class switch and start making IgE 

· IgE (constant region) can bind to mast cell 
· upon next exposure, mast cell degranulates and releases eosinophil chemotactic factor (ECF) that attracts eosinophils 

· IgE (variable region) also binds to worm 

· Another worm has same antigen, IgE binds to worm, eosinophils attracted to area and begin degrading the worm 

· Eosiophil numbers high is indicative of parasitic infection 

· Primary and Secondary Immune responses 

· Initial (primary) exposure to antigen 

· Delayed (days to week, or so) response while naïve B-cells look for antigen

· Always start with IgM

· Next time exposed to identical pathogen, response much quicker with memory cells 
· Bigger response, mostly from IgG (or possibly IgA or IgE)
· This is how vaccine works: inject antigens, train B-cells against them, create memory cells that spring into action if antigen is ever encountered again 

· Secretory immune system 

· IgA

· GI tract, we ingest pathogens & toxins on what we eat, constantly crank out IgAs in small intestine 

· Eat foreign food once, get sick, eat again after IgAs are available don’t get sick again 

· Peyer’s patches 

· Gut associated lymphoid tissue 
· Antigen is imported from lumen and presented to B-cells and Th-cells

· Plasma cells produce antibody that is secreted into the lumen – neutralized pathogens

· Transport of IgG across placenta

· Maternal IgG can cross placenta and enter fetal circulation

· protects fetus from pathogens & toxins

· fetus does not have a fully functioning adaptive immune system – relies on maternal IgG

· before birth, fetus relies on maternal IgG to provide immune protection

· no adaptive immunity before birth

· innate immunity is working

· after birth child no longer receives maternal IgG and baby IgG levels begin declining and baby begins producing their own 

· baby develops its own adaptive immune system with exposure to foreign antigens

· if breastfeeding IgG and IgA will be given to baby in milk

· provides protection against pathogens in GI tract
· bottle fed baby more likely to get GI infections 

· T cells, T cell receptors and MHC
· MHC – TCR binding (Major Histocompatibility Complex – T cell Receptor)

· T cells are similar to, but very different from B cells

· TCR is similar to antibody

· Variable binding domain of TCR (one binding domain unlike antibody) 

· T cell receptor made in random way similar to B cell 

· Antigen always presented by another cell on an MHC 

· Needs right MHC and right T cell receptor and right antigen to work
· TCR is always on surface of T cell, never released
· MHCs and antigen presentation 

· MHC-I: present self-antigen to cytotoxic T cells (Tc) – useful for virally infected cell 

· In a cell, a piece of one of your proteins in presented on MHC-I 

· If T cell binds to this, then cell is virally infected (it is producing foreign protein) 
· could also be mutated DNA
· T cell kills this cell 

· Exception: herpes I, II, etc. which infects neurons (we don’t get new neurons so we don’t want to kill them) 

· MHC-II: present foreign antigen to helper T cells (Th)
· Presentation at the cell surface of exogenous derived antigens via MHC-II 

· Macrophage ingested something that is foreign to us 

· Macrophage could have eaten one of our cells after necrosis but hopefully when presented, T cell won’t react 

· Don’t want T cell to kill macrophage 

· T cell will sound alarm and set things into motion – don’t need details at this point
· Antigen presenting molecule 

· MHC is same as HLA (human leukocyte antigen)

· Transplant: why do we have some compatibility with tissue and some times we do not 

· Answer MHC

· Different MHCs on transplanted organs 

· 3 types of MHC I  (HLA-A, HLA-B, HLA-C)
· 3 types of MHC II (HLA-DP, HLA-DQ, HLA-DR)
· 6 different MHC I’s and 6 MHCII’s; 3 of each from each of two parents (so total of 12 MHCs) 

· 2 people are extremely unlikely to have same 12 MHCs 
· you are guaranteed to have 6 MHCs in common with each of your parents

· you will have on average 6 MHCs in common with your siblings
· Antigen processing 
· Endogenous protein is cut up and presented on MHC I

· Effective against virally infected cells or mutated cells (think cancer)

· Exogenous protein is cut up and presented on MHC II

· Presented by professional APCs (antigen presenting cells)

· B-cells, macrophages, dendritic cells
· Results of antigen presentation to T cells

· CD8+ T cells (Tc): peptide + MHC-I 

· End result is apoptosis – infected/mutated cell is instructed to die
· CD4+ T cells (Th): peptide + MHC II 

· Macrophage chewed up foreign bacteria, T helper cell reacts and tells macrophage to keep chewing these up 
· macrophage becomes activated (much more aggressive and phagocytotic)
· Antibody is all on surface of B cell, then when find and bind to antigen: 

· Receptor mediated endocytosis, chewed up and presented to helper T cell 

· If antigen is foreign, T cell activates B cell
· B cell undergoes clonal selection/proliferation/expansion, etc. 

· If we had self-reacted B cell and found antigen: no T cell would recognize it and B cell wouldn’t go any further 

· Second checkpoint to avoid autoimmune problems
· Professional Antigen Presenting Cells (APCs) 

· Cells that will phagocytize bacteria and present them to Th cells
· Macrophages, B cells and dendritic cells will do this

· T cell development in Thymus 

· analogy: Want to date someone who is interested in us, but not a stalker 

· All T cells have to be able to interact with one of our 12 MHCs or will never bind 
· positive selection – T cell must interact with an MHC
· If interacts with one of MHC-I’s, then make it a CD8+ cytotoxic cell

· If interacts with one of MHC-II’s make it CD4+ helper cell 
· Do not distinguish between Th1 and Th2 at this time
· Cell presenting self-antigen: if it binds too tightly we get rid of it 
· negative selection – remove self reactive T cells
· If everything is good, T cell leaves thymus as mature naïve T-cell 

· Immune privileged sites: where T cells don’t go 

· Placenta/fetus: have half foreign DNA 

· Testes, ovaries: lots of proteins that are never expressed until puberty could get autoimmune induced infertility 

· Lots of proteins that won’t be expressed until puberty – might have memory cells
· Eyes: can do random cornea transplants because there are no T cells in there 

· Brain: we don’t get replacement neurons
· but do see CNS autoimmune diseases, e.g. MS
· Thymus: don’t want mature T cells back in here because we are constantly presenting antigens in here for checking 

· Lymph node 

· (cortex: outside) (medulla: middle)
· Germinal center in cortex 
· B-cells undergoing clonal expansion
· Enlarged when have infection 

· Germinal centers filled with B-cells that have just found their antigens and are undergoing clonal expansion when there is infection (lumpy lymph node) 

· Paracortical area – between cortex & medulla
· Where T-cells are undergoing clonal expansion 

· Lymph node nearest infection site will be first to response & probably most swollen 

· Dendritic cells and capturing antigens 
· immature dendritic cell will pick up antigen in tissue, e.g. skin and migrate to lymph node

· dendritic cell become mature after picking up antigen
· Naïve helper T-cell in lymph node interacts with mature dendritic, will find its antigen and signal reactions 

· Development of Th1 and Th2 cells 

· Become T1 or T2 when they bind to antigen 

· Macrophage presenting makes them Th1 

· B-cell presenting to them makes naive T cell a Th2 

· Don’t need to know cytokines or other receptors 

· Activation of a B-cell by a T-cell independent antigen 

· We usually need T-helper cell to activate B-cell but with presentation of a repetitive antigen can activate B cell without it 

· Innate cell mediated immunity 

· Natural Killer cells 

· Checks surfaces of cells, finds abnormal surface change and kills it

· Can also find cells that have antigen bound to it and kill it (ADCC) 

· Escape detection: turn off MHC-I so that proteins are never presented 

· We are one step ahead: Natural killer cell (illiterate Gestapo policeman)

· Checks MHC-I and accompanying surface proteins and makes sure they look fine 

· If MHCs are not there, are too few, mutated or accompanying proteins aren’t there 

· Something is wrong: killer cell kills that cell 

· Prevents virus from avoiding cytotoxic T cells 

· MHC are on all nucleated cells including leukocytes 

· Everyone except RBCs have to show these (but we are reluctant to kill neurons)
· Superantigens 

· Irreversibly binds random Th-cell to random MHC II
· Causes massive up-regulation of immune response 

· What happens in toxic shock syndrome 

· T helper cells tell other cells B-cells, macrophages etc. to become active 

· causes anaphylaxis – excessive inflammatory response system wide
