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Module 1: Models of Health and Disease Process and Innate Immunity (partial)

 

Models of Health and Disease Process

Paradigms of Health and Disease

· Models and Theories
· What are some characteristics of a model?
· It is a simplified description of a complex process
· It is internally consistent: different parts of the model do not contradict each other
· It is comprehensive: it explains everything (at least everything that is relevant)
· It is reliable: it works repeatedly, so you can apply it over and over again and get the same result
· What are some characteristics of a theory?
· It is explanatory: it explains some phenomenon 
· It is predictive: it can predict the outcome of situations
· It is parsimonius: it is simple and sparing - it does not give complicated reasons for whatever it proves
· Models of Health and Disease
· Individual Orientation
· What are the two kinds of models in this category?
· Biomedical model and biopsychosocial model
· What kind of things does the biomedical model look at?  
· It looks at physiological/biochemical alterations, disease mechanics (how a disease works), etc.
· What does the biomedical model emphasize?  Explain these things.
· So there is an emphasis on logical positivism and reductionism
· Logical positivism:
· It is based on empirical observations -> physical evidence that can be tested (i.e. blood pressure)
· It is verifiable, so we can confirm or disconfirm a hypothesis
· i.e. Seeing a chocolate bar with X amount of glucose will increase our insulin levels…so we can test this hypothesis…    
· It is systematic
· It stresses the importance of the scientific method
· Reductionism:
· This is when we reducing complex phenomenon to its simplest components (think parsimonious)
· So we want to simplify concepts, theories, and hypotheses into testable constituent parts
· We look at broad questions and think about simplified ways to answer them
· What is a limitation of this model?
· It doesn’t take into account social/environmental causes: because these things affect our health as well!
· Also, psychological factors are ignored
· Explain how the biopsychosocial model relates to the biomedical model.
· This model addresses the limitation we saw in the first model (i.e. Psyche and social environment as disease determinants), thus it is more holistic
· However we STILL look @ individual lifestyle choices…we haven’t applied these social determinants to the WHOLE population yet
· Population Orientation
· What are the two kinds of models in this category?
· Population health model and public health model
· What is the essence of the population health model?  What are its limitations?
· It is that it focuses on population-wide factors that affect the overall health of a population: so we are not talking individual things like "MY blood pressure" anymore
· These are called "meta-factors" (see figure1.jpg, figure2.jpg)
· Its limitations are that it is very complex - it is hard to define, much less measure the level and impact of, some of these determinants
· What is the essence of public health?  Explain how its history demonstrates this.
· So public health is all about identifying and reducing health risks and identifying and strengthening protecting ecological conditions conducive to health
· This is demonstrated by the goals of the first public health policies:
· Clean water: i.e. no more dumping sewage into a river
· Sanitation
· Infectious disease prevention and control
· Surveillance, monitoring and intervention
· Discuss the current focuses of public health.
· We have become more comprehensive: we look at things like violence prevention, mental health, health disparities, maternal and child health, international/global health, and human rights
· What are some key features of public health strategies?  What is its most definitive characteristic?
· They have a basis in social justice philosophy
· They are inherently political in nature (i.e. the fall-out from Walkerton was aimed at the government, not the guy who designed a bad test)
· Links with government
· Dynamic, ever expanding agenda
· Grounded in sciences (i.e. microbiology supports our reasons for taking certain precautions against infectious disease)
· MOST IMPORTANTLY: they use prevention as prime strategy
· Prevention
· What are the 3 levels of prevention?
· Primary, secondary, and tertiary
· Comment on the goal of primary prevention, and some problems we experience with it.
· The goal of primary prevention is to protect already-healthy people from developing a disease which they do not have
· For example, vaccinations!
· The problem is that we have to define what "healthy" and "don't have the disease yet" are: for example, with colon cancer it is difficult to define when it has actually started
· Comment on the nature of secondary prevention.
· Now this is intervention aimed at high risk subgroups: we see a potential problem and try to prevent it
· i.e. Increasing mammograms for women with a familial history of breast cancer, and also have a mutation in the BRCA1 gene
· Obviously, the difference between this and primary is that for some reason or another, our target group is more likely to get the disease than with primary
· And lastly, what's up with tertiary prevention?
· It is the prevention of further illness or complications or morbidity in people with disease condition 
· For example, we give statins to people with high blood pressure and/or prior heart attacks
· Definitions of Health
· What is the definition of health?  What are some issues we run into when defining it this way?
· The WHO defines it as "the state of complete physical, mental, and social well-being"
· But then we have to think about how broadly we want this to extend, because there are grave impacts for the health professions
· Disease Classification
· What are the different ways we can classify diseases?
· Anatomical location
· Physiologic/biochemical alterations
· Specific etiologic agent (causes)
· Histopathology of involved organs (tissue -> usually tissues are affected by diseases…)
· Processes of Disease
· What is pathophysiology?
· This is the study of how disease affects bodily function
· What is pathogenesis?
· It is tracking the natural history of disease - how it develops
· So we think about signs and symptoms...
 

Public Health Approach

· Introduction
· What are some characteristics of the public health approach?
· It is a combination of science, skills and beliefs directed to maintenance and improvement of health of all people through collective or social actions
· It emphasizes disease prevention and health needs of population
· Public health activities change with technological advancements
· For example: genetic screening, electronic health records, better vaccines, etc.
· So what strategy is employed by the public health approach?
· First, we define the problem
· Then we identify the risk factors (i.e. lots of saturated fats increase risk for CHD)
· Identify protective factors (i.e. decrease risk of colon cancer by eating more fiber)
· Develop and test preventative strategies (think about how we can increase protective factors and decrease risk factors)
· Assurance of diffusion and adoption of strategies (so we implement these strategies and monitor to see how they are working)
· Demographics
· Talk about some demographical trends that are relevant to public health.
· Human life expectancy increased 40% since 1900 (of course there are tons of public health reasons for this)
· Decline in mortality vs. increase in life span
· Role of Improved Sanitation
· Talk about how bad our sanitation practices were, and what effect this had.
· At the turn of century, sanitary conditions were poor to non-existent, so the leading cause of death was from infectious diseases
· Most rural regions and cities: no running water or sewage disposal systems
· Fecal waste and garbage in streets
· Close contact between animals and families common
· What are Koch's postulates for bacteria?
· Suspected causal organism must be constantly associated with specific disease
· Remember that the organism MUST be bacterial (i.e. viruses do not apply to this set of rules)
· Suspected causal organism must be isolated from an infected individual and grown in culture (in vitro)
· When healthy susceptible individual is inoculated with pathogen from culture, symptoms of original disease must develop
· Same pathogen must be re-isolated from individuals infected under experimental conditions
· Reasons for Emergence and Maintenance of Infectious Diseases
· What are some reasons why infectious diseases may emerge?
· Zoonosis MAY cross into human population (zoonotic infections are those which can be spread from vertebrate animals to humans)
· For example: rabies, salmonella, leishmaniasis
· New opportunistic infections in immunocompromised host
· It is when an infection takes advantage of a suddenly vulnerable system (for example staphylococcus in our skin that attacks when we have a cut or our immune system is compromised)
· Known organism “increases” virulence by mutation [gene transfer]
· This means that…a known organism mutates and becomes more deadly -> or an increased capacity to cause disease
· For example: influenza, Avian flue, etc.
· Biotechnology in creation of new organisms
· Change in resistance to chemotherapy or antibiotics
· Reduction in efforts to maintain vaccine campaigns
· i.e. We do not vaccinate for smallpox anymore
· Breakdown of public health measures?
· i.e. Walkerton, if our water supply is contamined
· Geographical juxtaposition (travel) between host and pathogen?
· i.e. SARS, Dengue fever
· Climate change and global warming? (“An Inconvenient Truth”)
· i.e. If we don’t have a cold, harsh winter…certain bacteria/viruses can survive!
· What is herd immunity?
· It is the level of immunity in a population which prevents epidemics (even if transmissions occur)
· What is an epidemic?
· It is the occurrence in a community/population of illness or disease with frequency clearly in excess of normal expectancy
 

Innate Immunity

Overview of the Immune System

· Introduction/History
· What is immunity?  What is immunophysiology?
· Immunity is the ability of an organism to resist infection (i.e. by activation of host defense mechanisms)
· Immunophysiology is the study of physiological mechanisms that organisms use to defend their bodies from invasion by other organisms (micro and macro-organisms)
· How was immunity "discovered"?  And from there, how did it progress?
· Euphididees (a Greek historian) observed that those who recovered from the plague were the only ones able to treat those with the plague, i.e. they would not get the plague again -- so they were "immune"
· And then in the 15th century, we had the first recorded attempt at a vaccine, by the Chinese and Turks
· They were trying to stop the spread of smallpox so they took a pustule and injected it into cuts of skin of people infected with smallpox
· How about in the world of clinical medicine?
· Edward Jenner did something similar to the Chinese/Turk idea after seeing how milkmaids who got cowpox were immune to small pox
· Pasteur protected chicken from cholera by infecting them with weakened strains
· He also protected a boy from rabies in a similar fashion
· Characteristics
· What are 5 characteristics of the immune system?
· Dynamic: it can adapt and adjust to the problem that it faces
· Interactive: the parts work together to remove the infectious or injurious agent
· Redundant: there are multiple layers that provide “protection”…
· Amplification: initial responses cause larger responses which cause even larger ones, etc.
· The responses increase in scope and impact
· Note that negative feedback can happen as well..
· Specificity: not only does it know what kind of antigen is coming in, but also the way that it responds to the antigen is very specific…
· One important application of this is that it is able to recognize the antigen and distinguish it from itself…
· Natural vs. Adaptive Function
· Describe our natural defense (in particular, the ways in which it is different from the adaptive defense).
· It is our instinctive, primitive defense against invaders
· It is always present - it doesn't wait until the invaders have been detected to form itself - thus, it is fast
· It is not specific for particular kinds of invaders: it recognizes all of them the same way (and thus although it usually catches invaders, it cannot tell what KIND of invader it is)
· Contrary to prior-held thought, the natural defense takes action against invaders (instead merely recognizing that they are there)
· Describe our adapted defense.
· One of its main characteristics is memory: it can remember organisms which have previously attacked, and take action against them
· It needs to (and usually does) distinguish between self and non-self…
· Distinguish between natural and adapted using the below table.
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Innate Immunity

Natural (Innate) Immunity

· Surface barrier
· Introduction
· What kind of "surface barriers" do we have on our body?
· We have skin and mucous membranes (such as in our nose, in the gut, etc.)
· Skin
· Introduction
· What are some characteristics of skin?
· It is a continuous sheet: the epithelial cells are tightly packed together and there isn't even space between cells because we have "tight junctions" there
· Not even water can enter: the skin contains keratin (a protein that makes it waterproof)
· Bacteria also very rarely penetrates
· However, if the surface of the skin is broken, all this is for naught and infections can occur because organisms can enter the skin
· For example, the bacterium "Staphylococcus aureus" lives on the skin and will readily enter it if given the opportunity to do so
· Our skin can be broken by things like: cuts, burns, punctures, insect bits, etc.
· There is 2 m2 worth of skin on the body, so there is a lot of opportunity for stuff to go wrong (mucous membranes are even worse, as we will see)
· What opportunistic infection did we discuss in class with respect to skin?
· We talked about folliculitis, which is when hair follicles get inflamed: we get a hair follicle abscess, which is an enlarged boil filled with puss
· We get a rash, pustules, itchy skin, etc.
· It happens because the follicle is damaged, and S. aureus is allowed to enter
· S. aureus is a gram-positive bacteria, anaerobic, and penicillin resistant
· Glands of the skin
· What are the two major things secreted onto the skin by glands?
· Sebum and sweat
· Discuss sebum.
· Sebum is a mixture of unsaturated fatty acids, keratin, and cellular material (lactic acid)
· Sebum inhibits bacterial growth on skin
· Sebum lowers pH on skin surface (normally 3-5)
· Discuss sweat.
· We eliminate waste (i.e. urea!) through our sweat
· Also because of conduction, there is a cooling effect going on
· Lastly, our sweat (along with our saliva!) contains lysozyme, which attacks the walls of Gram-positive bacteria
· Mucous membranes
· So where do we find these bad boys?  How much of them are there?  Why do invaders like them?
· They line the entire gastrointestinal tract, urogenital, and respiratory tracts
· In total, there is 400 m2 worth of it on our body
· Mucosa is softer and damper than skin, and so it is more appealing to cellular invaders
· Explain what "defensive mechanisms" exist on mucous membranes.
· Well, mucus!  It is a viscous fluid secreted by the mucosal cells - so microorganisms get stuck in it
· For example, we have the “ciliated epithelium” on the lower respiratory tract, which catches bacteria which is then propelled to the surface by the sweeping action of cilia
· What are some examples of organisms that attack the mucosa?
· See Table in notes (pg. 7)
· Functions of skin and mucosal barriers
· So let's go back to the general case.  What are the 3 major categories of barriers which exist, and what are some examples from each.
· Mechanical: such as those horny keratin compounds we have on our skin, as well as the tight junctions that make it waterproof
· Chemical: enzymes in our sweat and tears, as well as proteins like lactoferrin in the mucus that kill bacteria
· Microbiological organisms: such as defensins, which attack bacteria
· Penetration of mucous membranes
· What are some examples of organisms that can penetrate mucous membranes?
· Treponema pallidum
· Mycobacterium tuberculosis
· Streptococcus pneumoniae
· How is this penetration assisted?
· Toxic substances produced by microbe
· Prior injury
· Mucosal irritation
· Supplementary note:
· What do bacteria need to grow? They need resources…i.e. iron…
· And siderefor is released by bacteria to get iron to grow…
· Failure of skin and mucosal barriers
· What are more conditions that we talked about which result from the failure of skin and mucosal barriers?
· Erythema multiforme, Stevens-Johnsons Syndrome, and toxic epidermal necrolysis
· Discuss erythema multiforme.
· So this is when we have an adverse drug reaction, and we get damage to the blood vessels of the skin
· It is characterized by:
· Red macules, papules, or subdermal vesicles on skin, mucous membranes
· Characteristic lesion -> papule surrounded by concentric ring
· This is "idiopathic", meaning that we don't know the precise cause of this.  However, the possible triggers include viruses, bacteria, fungal infections, drugs...
· Discuss Stevens-Johnsons Syndrome.
· It is pretty rare: incidence: ~1-5 cases/5million/year…BUT the mortality rate is 30-40%
· The etiology of this one is better known:
· Again it is considered to be an adverse drug reaction, which causes an abnormal inflammatory response (i.e. increases in CD8 T cells)
· CD8 T cells are cytotoxic cells: they attack the skin
· The responsible drugs are: sulfonamide antibiotics, penicillin, Phenobarbital
· And thus we get the sudden onset of skin (target) and mucous membrane (erosion) lesions
· The integrity of these membranes is reduced and we become more susceptible to infection
· Specific examples:
· We get hemorrhagic crusts on our lips: so they get crusty and they bleed
· Thus eating and breathing is painful
· In more severe cases, we get esophageal, ocular and respiratory effects 
· Discuss toxic epidermal necrolysis.
· It is an extremely rare form of E.M. where the epidermis becomes totally necrotic within 48 hours
· Furthermore, we get cutaneous and mucosal lesions (~ 3rd degree burns)
· The following drugs are especially risky: penicillin, sulfonamides, anticonvulsants
· The high mortality rates (20-60%) are mostly due to sepsis (up next)
· What is sepsis?  Discuss it.
· OK firstly, it is caused by having bacteria in large numbers in blood…and these guys release tons of toxins leading to shock…
· There are endotoxins, which are cell wall components of bacteria (i.e. LPS A)
· Also, there are exotoxins, which are released by the bacteria…
· So the body responds to this situation by making its blood vessels leaky so that the T cells can leave the bloodstream and go to the tissues
· But when the vessels leak too much all over the body, the BP drops and you go into septic shock: low blood pressure and low blood flow lead to organ failure
· Internal tissue response
· Acute phase response
· What is the acute phase response?
· It is basically what pathogens will run into if they are able to get past the skin
· See Table in notes, pg. 11
· What are some proteins we encounter in the acute phase response?
· Lactoferrin and lysozyme.
· Discuss lactoferrin.
· We find it in bodily fluids
· It does not attack bacteria, but rather it inhibits it from growing by preventing it from accessing iron
· It does this by competing with siderophores, which are the structures which bacteria use to bind iron so it can use it
· Discuss lysozyme.
· It is also in bodily fluids…
· It DOES attack bacteria: by attacking a specific bond between NAM and NAG
· Notably, lysozyme is not effective against gram-negative that has LPS because LPS blocks it from attaching onto the surface of the bacterial membrane
· Wilson's Disease
· Discuss Wilson's Disease.
· It is a rare autosomal recessive disease: it makes a change in ATP7B gene which codes for ceruloplasmin…
· Ceruloplasmin is an acute phase protein important for copper transport: we need it so that we can excrete copper in our urine
· Thus we get accumulation of copper in tissues: specifically it is localized in the liver, brain, kidneys, and cornea…
· Thus there are 3 levels of injuries we can get because of this:
· Liver injury: due to Cu build-up, hepatocytes get damaged
· Acute injury: hemolytic anemia (not enough RBC's, because they are destroyed)
· Chronic injury: neurodegenerative characteristics: bizarre, rigid postures…extreme stiffness…etc.
· Once we have all this excess copper in the tissues, it promotes free radical formation…and those free radicals can then attack tissues, DNA, etc. – anything it can steal an electron from…
· Cells of natural immunity
· Leukocytes and phagocytes
· Leukocytes
· What are leukocytes?  
· Leukocytes are just white blood cells
· What are phagocytic leukocytes?  What kinds are there?
· There are two types: polymorphonuclear leukocytes (PMN's) and mononuclear
· PMN's are further classified as granulocytes because they have granules in their cytoplasm
· Other granulocytes exist, which we will later discuss
· Mononuclear leukocytes can either be monocytes or macrophages
· To be phagocytic means to perform the following roles:
· Remove foreign material
· Defend against microorganisms
· Be scavengers of dead cells and non-metabolizable inorganic material 
· And they DO the following things:
· They interact bidirectional interaction with lymphocytes (this means that they interact with the adaptive immune system)
· They secrete bioactive substances (cytokines) 
· They have a cytocidal (cell death) role, which helps to prevent neoplasia
· PMN
· Talk more about PMN's.
· Firstly, recall that they are a type of phagocytic leukocyte - in fact, the majority of leukocytes are PMN's (70%)
· They circulate through the blood very quickly (10 hours) and migrate to tissues where they last not a long time…so there is very short turnover (3-5 days)
· Thus they are re-synthesized a lot: 100 billion per DAY
· The short turnover is by design because when they go to the trouble spots to help out, the weapons they bust out are toxic oxygen species which attack everything…INCLUDING our tissues! That’s why it’s good that they are not around for so long…
· They are the first cell type to accumulate at an injury
· They contain many granules which hold their "weapons"
· Talk about the different types of granules in PMN.
· Azurophilic Granule: contains peroxidase, acid hydrolase, lysozyme, myeloperoxidase (MPO), critical role in digestion within vacuoles
· Basically the role of the MPO is to digest whatever the neutrophil eats…
· Sometimes we have to decrease the MPO levels: during pregnancy and in diabetics
· However, this leads to increased bacterial infections
· Specific Granule: contains lysozyme and lactoferrin
· Discuss what happens when we have acquired deficiency of azurophilic granules.
· Well, a granule deficiency means an MPO deficiency…and that is what the real problem is here
· MPO is an iron-containing protein which catalyzes the conversion of H2O2 and chloride ions into hypochlorous acid (HPA)
· HPA is 50x more potent in microbial killing than H2O2 - so losing it is bad!
· That's why when neutrophils kill, we call it a “respiratory burst”…b/c it produces various oxygen derivatives that are toxic to the microbe
· This result in 2 different types of effects:
· Transient effects of acquired MPO deficiency: this can be reversed because new PMN's are always made, which means normal granules
· Permanent effects of primary azurophilic deficiency: this can be caused by pregnancy or lead toxicity
· And we will get recurrent infections and increased susceptibility to infection…
· Other granulocytes
· What are two other kinds of granulocytes?  Discuss each.
· Basophils
· These guys are NOT phagocytic - but their activity is still through the contents of their granules
· Their granules are rich in histamine and heparin, which when released are important in the inflammation response (i.e. allergies)
· Note that they have a receptor for IgE (immunoglobulin E), which triggers the release of granules
· Lastly, note that when activated they go to the tissue then do their activity there
· Eusinophils:
· They are 1-3% of WBC population (so, less)
· They are structurally similar to neutrophils (PMN) and also functionally similar in that they are VERY phagocytic…
· The one difference is that eusinophils are more targeted against parasites (less effective against bacteria), while neutrophils are the opposte
· Similar to other granulocytes, they circulate in the blood and migrate to the tissues
· What are mast cells, and how are they related to all this?
· Mast cells are released in the blood while immature, and they go to the tissues and mature
· Unlike neutrophils, they stay for years in the tissue - just below the surface of the skin/mucous membrane
· Also unlike neutrophils, eusinophils, and basophils: they have their own region to take care of…they DO NOT travel to the point of attack
· When they are there, they do:
· Phagocytosis (like neutrophils)
· Release of cytokines to recruit more cells
· Release histamine to kill parasites (like basophils)
· What kinds of substances are in the granules of neutrophils, and lysosomes of macrophages?
· See table on pg. 17
· Macrophages
· Let's be clear.  What is a macrophage, what is a monocyte, and how are they different?
· OK, a monocyte is just a precursor of a macrophage: they are produced in the bone marrow, and circulate in the bloodstream and then go to the part of the body where they need to get busy (this whole time, they are still monocytes)
· As it circulates in the blood though, it is able to phagocytose!
· But when the monocyte gets to the tissue, it differentiates and becomes a macrophage
· The environment of the tissue influences its differentiation
· Another consequence of this is that the macrophages are tissue-specific (we will see this later)
· What are some features of macrophages?  What do they do?
· Well, the thing is that they have functions in both the innate immune system and the adaptive immune system
· Innate: they perform phagocytosis
· To aid in this they have lysosomes, which are membrane-bound vacuoles with lysozyme and cathepsins – these guys do protein hydrolysis (which means they can hydrolyze cell walls of bacteria…)
· Adaptive: they do antigen-presentation to the lymphocytes and RELEASE CYTOKINES
· They do not have granules (like the mast cells do) - but that's OK, because histamine release is not really their primary purpose
· They are big (at least compared to monocytes) because as they circulate through the blood as monocytes, they grow…and they fully develop once they get to the tissue
· Talk about time-related issues with macrophages.
· They have a less rapid response than PMN's
· Once they get to the tissue, they stay there for a long time (their turnover is long) - they stay for days in the tissues
· What are the 4 other types of macrophages we discussed in class?
· Langerhans' cells, dendritic macrophages, histiocytes, and microglial cells
· Talk about Langerhans' Cells.
· They are found throughout skin and connective tissue: approximately 10% of skin cells contain Langerhans' cells
· Their major role is the uptake of particulates and antigens…which they can then present to lymphocytes (i.e. T cells) to really get them going!
· One problem they cause is when they become abnormal and present too much antigen to T-cells, and get them overactive: this is how we get eczema and psoriasis
· Discuss dendritic macrophages.
· They are found throughout lymph nodes
· They are responsible for antigen (ag) internalization and presentation to T cells
· Because of this, they are essential for adaptive immunity
· Discuss histiocytes.
· They are macrophages in connective tissue (that's all we need to know!)
· Natural killer cells
· Drop some general knowledge on natural killer cells.
· They are < 5% of circulating WBC's
· They are the first line of defense against an infection: they are the first things that actively attack the virally-infected or tumor cells (notable!  They don't kill the virus, they kill the cell that has been infected by it)
· Talk about killing with respect to NK cells.
· Firstly, it does non-MHC dependent killing, which means that it doesn't need something (the major histocompatibility complex) to tell it to kill
· Note that this is unlike T cells, which require MHC
· However, note that NK cells can recognize when MHC indicates a bad cell, but it doesn't NEED it
· Its killing function is enhanced by interferon-gamma (a cytokine), which it also produces
· It kills by making a hole in the wall of a target cell with the enzyme perforin, then another enzyme (granzymes) go in and attack DNA, causing apoptosis
· Also, NK cells produce and release into cell TNF-alpha which induces death of target cell
· How do NK cells recognize targets?
· They have receptors which bind to cells that they will eventually kill
· These receptors include:
· Fc receptors: they bind onto immunoglobulin G (IgG), which is an antibody which will already have had bound to a target cell
· Thus ADCC (antibody-dependent cellular cytotoxicity) happens
· Adhesion/accessory molecules: facilitates interaction with other cells
· Activation/inhibitory receptors (i.e. KIR or KAR)
· KAR receptors are "activators" which cause the NK cell to kill the target by releasing perforin
· KIR receptors are "inhibitors" which recognize the MHC on the other cell, realize that it is normal, and inhibit the NK cell from going buck
· However if the MHC is not normal or has been damaged, then KIR receptors don't go off and KAR receptors dominate, resulting in killing
· That's why we say that NK cells, while not NEEDING MHC for its action, can RESPOND to it
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Innate Immunity

Natural (Innate) Immunity

· Natural immune effector functions
· Neutrophils to the rescue!
· Give a brief overview of what margination and pavementing are.
· Margination is when the neutrophils flowing in the blood are displaced from the central axis of the vessel, and begin to come closer to the endothelial wall
· Pavementing is when the PMN's (a more specific kind of neutrophils) do margination
· How is margination stimulated?  What happens afterwards (let's get detailed)?
· We get margination in response to tissue damage, because when that happens collagen is exposed
· When collagen is exposed, vasoactive and chemoattractant mediators are released, which initiates many processes necessary for margination: including the expression of adhesion molecules on the surface of endothelial cells (i.e. the blood vessel walls) so that neutrophils can come and bind to them
· We then get permeability changes in the endothelial cell membrane, which means that gap junctions are widened and the neutrophils can get through to go to the tissues where the damage has occurred
· This results in loss of fluid and increased blood viscosity
· Give a more detailed explanation of the path of a neutrophil throughout the course of margination.
· Normally the neutrophil would flow in a directly right horizontal direction, but then it catches one of the adhesion molecules on the side and it rolls closer to the edge
· As it rolls and contacts the endothelium, it senses whether there are receptors there which it can bind onto, and if there are then it up-regulates its own adhesion molecules (positive feedback-type mechanism)
· During this process, cytokines such as interleukin-8 are released which increase the expression of the adhesion molecules
· Two examples of these adhesion molecules are: ICAM (I-type cellular adhesion molecule) and LFA-1 (leukocyte function antigen)
· The first phase of adhesion is "loose adhesion" or rolling, and here the selectin ligand on the endothelial cell binds to the E-selectin receptor on the endothelial wall
· Note that this is reversible
· Note that the neutrophil cannot leave the vessel and enter the tissue at this time
· The second phase is "strong adhesion" or "tight binding", and here the other adhesion molecules (and respective receptors) take action:
· ICAM-1 on the endothelium, and LFA-1 (PMN) or MAC-1 (macrophage/monocyte)
· At this stage, the neutrophil/macrophage travels through the enlarged gap junctions into the tissue area
· What is a condition that can result from something going wrong here?  Discuss it.
· The condition we discussed is called "leukocyte adhesion deficiency", and it is a rare inherited disorder (<200 cases world wide) 
· It happens because leukocytes do not express their LFA receptor (aka CD-18)
· Symptoms and consequences:
· Recurrent bacterial infections
· Severe gingivitis
· Failure to heal wounds
· We often see it in neonates (transient)
· What is the term for the next step?  Discuss it.
· The next step is when emigration occurs, which is the active movement of leukocytes (PMN) through gaps in vascular endothelium
· The PMN inserts a pseudopod (a false foot, or an extension) between adjacent endothelial cells and changes shapes in order to flow through the gap
· Then we get penetration of basement membrane, which is a thin supporting layer lying directly below epithelial or endothelial cells
· It consists of glycoproteins and collagen
· It acts as diffusion barrier for microorganism
· What is the role of chemotaxis in all this?
· Recall that chemotaxis is when organisms/molecules are stimulated to move by sensing chemical gradients
· So the idea here is that immune cells are attracted to the site of injury because of those chemoattractant signals which were earlier discussed
· The signals can be both endogenous and exogenous (?)
· Opsonization
· What is opsonization?  Give an example of a molecule that does this.
· Opsonization is the process of enhancing phagocytosis
· It is performed by an opsonin, which is a substance that promotes the phagocytosis of an antigen by binding to it, so as to make it more "easily seen" by the phagocytes who will come and lay the smackdown
· For example, immunoglobulin G (IgG) coats bacteria or a foreign cell in order to make it more easily seen by PMN's, which have "Fc receptors" for detecting the IgG
· Recall how this is related to natural killer cells!
· Frequently, antibodies perform the role of opsonization….
· Killing
· Give an overview of what goes on during killing.  What are the major steps?
· Firstly we have to ingest the target (we do this using a pseudopod, which is a projection from the phagocyte that surrounds the antigen) 
· Then once the target is inside us, we kill it with an oxygen-dependent or oxygen-independent mechanism
· Quickly distinguish between a lysosome, and phagosome, and a phagolysosome.
· Lysosome: a cytoplasmic vesicle that contains hydrolytic enzymes
· Phagosome: an intracellular vacuole with ingested particulate material
· Phagolysosome: an intracellular body formed by the fusion of a lysosome and a phagosome
· Alright, so now the target is inside us.  Explain the O2 dependent mechanism for killing.
· So first we have the phagosome (with the ingested thing inside)
· Within the cell, the phagosome and lysosome move closer together to the point where they combine to form the phagolysosome
· At this point of fusion, stuff happens such that very powerful hydrolytic enzymes are created: myeloperoxidase (MPO), converts H2O2 and Cl into hypochlorite anion (ClO-) and hypochlorous acid (HPA)
· HPA is much more potent at killing than H2O2, and so now the phagolysosome is really ready for action
· Thus the hydrolytic enzymes formerly in the lysosome are free to go to town on the ingested material, and they destroy it
· However, reactive oxygen species (ROS) are produced as a result of this, and some of it escapes outside the cell (creating the innocent bystander effect where some cells are killed)
· What is a respiratory burst, and how is it relevant to what has thus far been discussed?
· A respiratory burst is the series of reactions which happen in order to produce the enzymes we need to demolish the ingested material
· It occurs mostly in macrophages and PMN's (neutrophils)
· It occurs thusly (there is a diagram for this):
· There is activation of membrane-bound oxidase (NADPH)
· This reduces oxygen by adding an electron to it, forming O2- (a "superoxide anion")
· And then two of these guys combine to form H2O2: either spontaneously or with the enzyme "superoxide dismutase"
· And then we can get hydroxyl radicals, hypochlorite, etc.: all of which are dangerous and produce reactions that result in reactive oxygen species (or are they ROS themselves?)
· What is the hexose monophosphate shunt, and why do we care about it?
· It is a side branch of gluconeogenesis that produces NADPH
· More NADPH = more ROS!
· Now explain how the oxygen-independent mechanism works.
· Alright, so this is just another way of killing ingested materials…
· It is secondary to the oxygen-dependent mechanism
· But it is less-effective because it doesn't use the explosive oxygen-based stuff, but rather just enzymes/cell conditions such as:
· It includes:
· Acid pH (bacteriostatic, not bacteriosidal)
· Lysozyme
· Lactoferrin (bacteriostatic, not bacteriosidal)
· Neutral proteinase and hydrolase
· Give a summary of the different ways to kill something once we have ingested it.
· (see table, pg. 39 of notes)
· What is one condition that can happen (which was discussed in class) as a result of the oxygen-dependent mechanism failing?
· We discussed chronic granulomatous disease, which is basically the inability of the phagocyte to undergo a respiratory burst…which ultimately means the failure to produce ROS and a resulting over-dependence on the less-effective oxygen-independent mechanisms
· This is a rare, inherited disorder: 1 in 200 000 cases (U.S.) 
· We get recurrent life-threatening bacterial and fungal infections (because we can't kill them!)
· The most common organs affected normally serve as barriers against microbial entry: skin, lungs, GI tract, urinary tract, lymph nodes, liver, spleen
· Does this make sense? That we would have the most common areas of infection be these guys? YES. Why? Because…they have the most contact with the outside world…and furthermore…where do neutrophils usually work? In those areas!
· Inflammatory response
· Introduction
· Why does inflammation happen, what is it, and what is the point?
· It is initiated by tissue damage due to a wound or invading pathogen
· It involves the vasodilation of blood vessels near the site of injury and an increase in permeability of the capillaries, which results in an increase of blood flow to the area
· This results in: redness, heat, swelling, and pain (when the engorged capillaries pinch nerves)
· The idea is that the increased blood supply allows more immune cells to get there and do their job
· OK, so inflammation has occurred and we have increased blood flow.  What now?
· The increased permeability allows for the influx of phagocytes from capillaries into tissues
· These phagocytes digest bacteria and release lytic enzymes
· Unfortunately, nearby healthy cells are damaged: the innocent bystander effect 
· Overall there is an accumulation of dead cells, digested material and fluid (pus)
· Many of these events in the inflammatory response initiated are by chemical mediators 
· For example, we get chemotaxis agents from bacteria and damaged cells in response to injury: these chemical mediators are very important to attract our immune cells
· Also contributing are plasma enzyme systems and white blood cells participating in inflammatory response
· Histamine and Serotonin
· What is histamine?
· It is something that certain cells (mast cells, basophils, and platelets) keep in their granules and release during tissue injury
· It binds to receptors on nearly capillaries to make them permeability, and causes vasodilation of the blood vessels
· Unfortunately, constriction of airway can also occur
· What is the mechanism of histamine release?
· Histamine is released when there is "mast cell de-granulation", which happens when there is Ca2+ influx into the cell
· Ca2+ influx happens due to:
· Exposure of basophil or mast cell to complement fragments
· Antigen-antibody (IgE) complex which binds to mast cell or basophil
· What is serotonin and how is it released to histamine?
· Serotonin is also released from mast cells, basophils, and platelets
· It is similar to histamine in that they are both PRE-FORMED MEDIATORS that are released from granules when they need to be
· Prostaglandins and Leukotrienes
· Give an overview of prostaglandins and leukotrienes.
· They are vasoactive lipid hormones released at the site of inflammatory response 
· Derived from arachidonic acid (found in the plasma membrane): so there is a lot of it available
· The enzyme responsible for doing this conversion is phospholipase, which is activated by PMN’s (neutrophils) – so the neutrophils are directed to go to the site of inflammation and activate the phospholipase enzymes
· They have a longer-lasting effect than histamine: remember histamine is pre-formed, but PG/LT take longer to start and also last longer
· Talk about how PG, LT, and other things are involved in the pain response.
· The point is that PG, LT, VAA and bradykinin cause pain by inducing swelling that causes pressure on nerve endings or act directly on nerves
· Then the neurotransmitters (tachykinins, GABA, glutamate) transmit pain impulses…
· Also there are specific interactions between bradykinin and pain receptors to induce pain…this warns us not to do it again! Pain is important b/c it protects that damaged area…
· Explain how different combinations of these PG's and LT's can cause different outcomes.
· Well firstly, note that they interact synergistically with VAA to affect vascular permeability
· Also, the effect of LTB4 is strong chemotaxis of PMN’s, monocytes
· PGE2 and PGI2 -> vascular permeability
· LTC4 and LTD4 -> vasoconstriction -> down-regulates inflammation
· So this is for later after all the cells get where they needed to go…we have done our inflammation, blah blah…but now it is time for the excess blood to leave…
· How are NSAID's such as Aspirin relevant here?
· They are relevant because they block cyclooxygenase enzymes, which are responsible for the creation of the prostaglandins etc. that lead to swelling and uncomfortable inflammation
· Blood protein systems
· What are other blood protein systems that are involved in the immune response?
· Kinins, clotting, fibrinolytic system, and complement
· What general comments can we make about these blood protein systems?
· In general, they are composed of a cascade of chemical reactions which generate soluble mediators of inflammation (you know why its soluble right?  Because these are BLOOD proteins!)
· The general purposes of the blood proteins are:
· Generate products that enhance inflammation 
· Generate products that serve as feedback inhibitors 
· Control extent of activation
· The initial triggering event for all systems (except complement) is exposure of collagen, which usually happens when tissue is damaged
· What is the Hageman factor, and why is it important here?
· The Hageman Factor (aka Factor XII) is found in plasma and is activated by the exposure of collagen
· It is responsible for activation of several plasma protein cascades (kinin system, clotting system, fibrinolytic system)
· Talk about the kinin system.
· Kinins are guys that circulate as inactive proteins, and are activated by Factor XII/Hageman's Factor (as discussed earlier)
· When they are activated, they become biologically active peptides causing vasodilation and chemotaxis
· They can be deactivated by kinases
· Talk about some features of bradykinin in particular.
· Firstly, it is (obviously) a member of the kinin group of proteins
· Some traits:
· Potent vasodialator
· Chemotactic for phagocytes
· Action on pain receptors: responsible for localized pain
· Describe the kinin conversion pathway.
· See diagram in notes, pg. 36
· Talk about the clotting system.
· It is basically the formation of fibrin into a stable fiber mesh, which is a major part of clots
· The fiber web traps platelets, blood cells, and microorganisms: thus bleeding is inhibited and microbes who invaded cannot spread
· What is the clotting conversion pathway?
· See diagram in notes, pg. 36
· What is the next pathway to happen after clotting, and how are they connected?
· The fibrinolytic system is the next up, and it is essentially a reaction cascade that results in the activation of plasmin, which breaks down the fibrin mesh into individual peptides.
· See diagram in notes, pg. 37
· Furthermore, plasmin affects the kinin system, acting on the Hageman Factor to speed up breakdown of prekallikrein to kallikrein
· Thus it is important to pain, vasodilation, permeability, etc.
· Give a general overview of the complement system.
· It is another blood protein system: about 20 proteins (tissue and blood enzymes) floating inactive in the blood
· They reach the tissues through the exudate/transudate (loss of fluid)
· It is more complex than other systems because there are multiple ways to activate it, and also multiple products it can create (with corresponding biological effects)
· Pathways for activation: classical pathway (involves antibodies), alternate pathway, mannose-binding lectin pathway
· Resulting products: C3B (phagocytosis), C3A (inflammatory responses), and MAC (membrane attack complex - causes lysis)
· In general we can say that the end result of the complement pathway is the destruction of the cell, either through:
· Lysis (due to the MAC)
· Or opsonization (since phagocytosis is promoted) -- remember what opsonization is!
· For each of the pathways, what specifically is their trigger?
· Alternate pathway: molecules on microbial cell surfaces (LPS on gram-negative bacteria), damaged tissue, etc.
· Note that this happens first because (as will be seen) the classical pathway requires antibodies to get into action first
· Classical pathway: immune complexes - i.e. stuff that the immune system has already recognized once (antibody-antigen, C-reactive protein-antigen, etc.)
· Mannose-binding lectin: mannose on the surface of an organism - mannose is common to microbial cell surfaces but not mammalian ones
· Describe each pathway.
· See diagram on website (apparently better than the one in notes)
· Also read commentary in notes (not transcribed here)
· What are some of the other responses that complement can initiate?
· The idea is that the substances in the middle of the pathways can make things happen as well
· See table in notes, pg. 38 and 39
· How do we protect against being attacked by our own complement system?
· Well firstly, the surface of mammalian cells has sialic acid to prevent C3b accumulation
· Why is C3b accumulation on the SURFACE of cells so important?  Figure it out!
· Also, we have decaying accelerating factor (DAF) and CD59 (protectin) -- removes MAC from our cells
· How does the Membrane Attack Complex work?
· The MAC = Membrane Attack Complex punches holes in the surface…
· Tubular structure forms on surface of target, resulting in pore formation in target membrane
· Large channels allowing ions to diffuse out 
· Results in death of target cell
· Systemic events
· What is the acute phase reaction?
· It is a systemic event which occurs in response to trauma or infection
· The concentration of "acute phase proteins" in blood is rapidly changed, as the liver creates many of these proteins
· Their job is to activate complement and be opsins
· Also, they stimulate leukocyte production (i.e. the bone marrow gets going)
· What are the biological effects observed due to this?
· We get a fever
· Central arousal is decreased (thus our sleeping pattern is affected)
· Appetite also affected
· What are some acute phase proteins?
· See table in notes, pg. 41
· Which cytokines are released into the bloodstream as a result of the acute phase reaction?
· Interleukin-1 (IL-1), interleukien-6, tumor necrosis factor alpha
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Adaptive Immunity

Important Definitions

· What is an antigen (Ag)?
· It is a molecule that evokes and reacts with antibody (Ab) or T cells
· What is antigenicity?
· It is the ability to combine with final products of immune response (which is, of course, an antibody or cell surface receptors on T cell)
· "Final products" because that is what is ultimately created by the immune system in response to a pathogen: antibodies and T-cells
· What is an epitope?
· It is also known as an antigenic determinant
· This is the part on the antigen that the antibody (or the T-cell receptor) will bind to
· Thus it is the immunologically active region of the antigen (ag) 
· It binds to ag-specific receptors on lymphocyte or ab
· What is a peritope?
· Obviously, it is the part of the antibody/T-cell receptor that binds to the epitope
· What is immunogenicity?
· It is the ability to induce (key word!) humoral and/or cell mediated immune response
· Note: humoral is “B-cells”: so immunogens can do B cells (Ab) + Ag (or Immunogen) -> effector B cells + memory B cells
· Note: Cell-mediated is “T-cells”: so immunogens can do T cells (cellular) + Ag -> effector T cells + memory T cells
· What is the difference between a molecule being antigenic and being immunogenic?  Why does this usually not matter?
· To be antigenic is to only be able to combine with the final products of the immune response (you cannot induce the production of these end products)
· However, to be immunogenic is to not only bind to the final products, but also INDUCE their production
· This is usually irrelevant because most molecules are both antigenic and immunogenic
· What is a hapten, and how is it relevant to the antigenic/immunogenic difference?
· It is NOT a specific thing: but rather used to describe very small molecules which combine with the products of immune system
· However, the molecule cannot induce specific immune response and so it is only antigenic
· Haptens get linked with carriers (i.e. RBC's or proteins) and then react with Ab or T cell
· This linking is IMPERATIVE: haptens are too small to induce any response on its own!
· For example: penicillin does its action as a hapten: it binds to a RBC and then reacts with an Ab or T cell
· This is why drug-induced hemolytic anemia is a complication of penicillin: because the T cells will see the penicillin as foreign, and kill the whole blood cell
· What is another example of a hapten?
· Nickel is another example of a hapten: it is a major cause of dermatitis (specifically, atopic contact dermatitis)
· The mechanism: nickel interacts with proteins in the skin and forms non-covalent complexes with skin proteins (and MHC proteins)
· This causes a keratinocyte to synthesize IL1, IL6, and IL8
· What are some factors affecting immunogenicity?  Discuss each.
· Foreignness: the greater the phylogenetic distance, the greater the structural or Ag difference
· And thus the greater the immune response
· Molecular size: larger molecules have an increased likelihood of being immunogens
· Strong immunogen: > 100,000 daltons
· Weak immunogen: 5,000 – 10,000 daltons 
· Chemical composition: greater chemical complexity means increased immunogenicity
· Thus a synthetic homopolymer (such as CCCCCC) is a weak immunogen
· Genotype of recipient: somehow the MHC is relevant here...
· Immunogen dose and route of administration: the lower the dose, the less effective the immunogen will be
· As well, the route of administration makes a difference: intravenous, intradermal, subcutaneous, intramuscular, intraperitoneal
 

Adaptive (Acquired) Immunity

· What are some characteristics of adaptive immunity?  Discuss each.
· Specificity: means it can target specific sequences of amino acids on an antigen - it does this through antigen-specific receptors on lymphocytes (B and T cells)
· Thus there is also a specific response for each antigen
· Diversity: means that there is a wide variety of effector molecules capable of recognizing many unique structures
· Also, there is a diverse array of ANTIGENS which it can detect
· Memory: so the idea is that once the system has responded, it "remembers" how to do so and thus future response will be faster
· Self/non-self recognition: we recognize which cells are our own so that we avoid killing them
· Lymphocytes vs. phagocytes: this is just saying that lymphocytes are the effector cells of the adaptive immune system, while phagocytes are the effector cells of the innate immune system
· Remember when infection happens, the phagocytes migrate into the tissue and stay…(where they mature into macrophages)
· Whereas lymphocytes re-circulate: they can go around from the lymph node, to the tissue, etc.
 

Cells of Acquired Immune System

· B cells
· Lymphatic system
· What is the lymphatic system?
· It is a network of organs, vessels, nodes that produce and transport lymph
· Our immune cells are in that lymph…and that’s why it is so important to the immune system
· The system transports fluids to and from the circulatory system and the tissues (remember, immune cells need to get to the tissues!)
· See figure in notes, pg. 5
· How do we classify lymphocytes?
· The differentiation b/t B and T cells is based on where they MATURE:
· B cells mature in the bone marrow (B)
· T cells mature in the thymus gland (T)
· However, don't forget that the stem cells for both B and T cells are in the bone marrow
· B lymphocytes in general
· What is the major function of B cells?  And how do they do this?
· Their major function is the secretion of immunoglobulin (antibody)
· They do this by binding specifically to foreign target (antigen), and then getting jiggy with it
· Where did we first locate B-cells?
· We found them in the "bursa" (a body part) of birds: and that is why we call them B cells
· As for humans…we found them in places such as the liver and bone marrow (fetus), bone marrow, GALT, BALT (adult), etc.
· What are the stages of development in B-cells?  Discuss them.
· See Figure in notes…see ALL the figures!
· Stem cells: recall this is in the bone marrow
· Pre-B cell: this is also in the bone marrow
· At this point, there are NO antibodies/immunoglobulins on the surface of the B cell (although of course, there eventually will be)
· B-Cell: now this is the Ag-dependent phase - they are now ready to interact with antigens
· Thus they express Ig isotypes on surface: these are also known as B-cell receptors
· Plasma cell: the B-cell turns into a plasma cell when the B-cell receptor interacts with an antigen…
· The plasma cells then synthesize and secrete antibody
· Also, we have “clonal proliferation”: tons more of B cells are made
· Some become plasma cells that synthesize and secrete more antibody
· Some become memory cells that just wait for the infection to come again
· Antibody and Immunoglobulins
· What is the "immunoglobulin supergene family"?
· It is a group of structurally similar glycoproteins, which mediate antigen recognition and cellular interactions
· They are derived from a family of genes with evolution from a common primordial gene
· The products of these genes (i.e. the members of this family) include: immunoglobulins, MHC, TcR, secretory component, adherence proteins (such as ICAM), and TNR
· What are immunoglobulins, and how do we classify them in humans?
· Immunoglobulins are one member of the "immunoglobulin supergene family", and they are also known as antibodies
· They are found in blood and tissue fluids (such as mucus)
· There are 5 classes of Ig's in the body, and we call them "isotypes":
· IgG, IgM, IgA, IgD, and IgE
· Describe the structure of an antibody.
· It is a Y-shape, with heavy chains forming a "Y" and light chains attached to the arms of the "Y"
· Much of the "trunk" of the Y-shape as well as part of the arms are the "constant" region, and the rest of the arms are the "variable" regions
· The very tip of the arms is the "hypervariable" region, which is also the peritope (you remember this, right?)
· Disulfide bonds connect:
· The light chains to the heavy chains
· The heavy chains together (near the fork in the "Y"; this is called the "hinge" region)
· What is the significance of the proteolytic enzyme papain?
· The enzyme papain cuts at very specific points in the antibody, and "divides" it for us into 3 domains, 2 of which are identical:
· The "Fab" or "fragment antigen binding" domain, which is basically the "arms" of the Y where the light and heavy chain overlap
· This is where the antigen is recognized
· The "Fc" or "fraction crystallizable" domain, which is the "trunk" of the Y where it is only the heavy chain
· This performs the actual function of the antibody: whether it be opsonization, complement activation, etc.
· This is the part of the antibody that is recognized by Fc receptors on cells which subsequently kill the cells that the antibodies have latched onto
· What is the significance of the proteolytic enzyme pepsin?
· It also cuts up the antibody, but into different domains:
· The first one is called F(ab)'2, and it is similar to the original Fab except that it includes part of the "trunk" of the Y-shape
· And then the other part is just called a "degraded Fc region"
· What are the 3 levels at which we can classify antibodies?  Explain each.
· ISOTYPE: so we are talking about IgG, IgM, IgA, etc.
· The difference here is in the constant region of the antibody (the "stalk" of the Y), and there are (as stated earlier) about 5 different kinds in humans
· Also as mentioned before, since this part determines what the antibody actually does, the different isotypes of antibodies vary widely in what they do
· ALLOTYPE: within an isotype, there can be different kinds of antibodies - different types of mice can make different types of IgG’s, for example
· These guys are genetically controlled: so the difference is individually-based and comes from their genes
· Thus, obviously the same ones will not be present in all individuals
· And there will be person to person variability
· The variations can come both in the CH (constant heavy, i.e. constant part in heavy chain) and the CL (constant 
· IDIOTYPE: this comes down to individual Ig molecules, and how they can be unique from each other
· A lot of times we find these differences in the hypervariable regions where the antibody binds to an antigen
· What are some of the ways in which different isotypes can be functionally different?
· They can differ in terms of what they do to the antigen
· They can respond to antigens in different parts of the body (i.e. IgE and IgM spend more time in the circulation)
· Drop some knowledge on the IgM isotype.
· It is one of the first antibodies located on the surface of the B cell (i.e. as it develops, this is one of the first ones that gets expressed)
· It has a pentamer structure, which means that it is good for bringing things together
· For example, It "fixes complement", which means it binds to complement and initiates the classical pathway (bringing the two C1 molecules together)
· Also, it can perform "agglutination": binding a number of bacteria all at once and transporting them to where they can be secreted
· High concentration in blood: 5-10% of the antibodies in the blood are IgM
· It is not found in the tissue as much because the molecule is so big (can't leave the circulation perhaps?)
· Lay down some verses on the IgG isotype.
· It is 80% of our serum immunoglobulin portion…so it is a lot!
· It fixes complement just like IgM, but since it is NOT a pentamer shape, it does not do it as effectively
· It is smaller than IgM, so it can participate in placental transfer: crossing the placenta from the mother to the fetus to give the infant some protection
· It is very good at opsonizing
· Understandably then, it binds to PMN and macrophages
· What IgG-related condition did we discuss?  Talk about it.
· We discussed "Transient hypogammaglobulemia of infancy", which is when there is low IgG in infants
· This is because the mother's IgG causes catabolism in the infant's IgG: i.e. it destroys it
· And so for the first 3-6 years (until the infant can get its stuff back), we have an increased risk of infection:
· Otitis media: inner ear infection
· Sinusitis: inflammation of the sinuses
· Incidence: 1/10 000 live births – equal incidence males and females
· Yo, what's up with IgA?
· It is highly concentrated in external secretions: tears, saliva, GI secretions, seminal fluid
· This guy is the most abundant isotype in the body!
· Why?  Because we have a large mucus membrane surface area!  And it is very important in protecting the mucosa…
· So when the IgA gets produced in the plasma cell, it is in dimeric form
· On the basal surface of the membrane, it attaches to an Ig receptor
· Then it goes into a transport vesicle which takes it out to the lumen
· During its journey a "secretory component" is added to it, which increases its viscosity and helps it to bind to cells
· It also has a role in agglutination (in part because its dimeric form allows it to bind 4 things at once)
· It does NOT FIX COMPLEMENT
· Let's quickly talk about breast milk.  What components of it help with the baby's immune system?
· IgA: this binds to the walls of the baby's gut and prevents microbial attachment
· Fibronectin: it is an opsonin for macrophages
· Lactoferrin: as we have discussed, it is an Fe chelator and thus bacteriostatic
· Bifidus factor: this promotes the growth of lactobacillus bifidus, which is desirable because it will crowd out dangerous bacteria such as E. Coli
· Lysozyme: lytic action
· Now discuss IgE...
· It binds to mast cells and basophils (they contain a lot of granules…i.e. with histamine inside) and mediates the "degranulation" of their granules (i.e. the release of their contents)
· It defends against tissue parasites (the granules help them here)
· It initiates immediate hypersensitivity ("immediate" is a type of hypersensitivity)
· The idea is that IgE can set off a huge release of histamine, etc. from these aforementioned granules and create an allergic response (not cool)
· Last but not least, how about IgD?
· The exact role of this guy is a mystery
· However, we know that it seems to be important during Ag exposure (i.e. when the B cell is just waiting to recognize an antigen so it can mature into plasma and memory cells)
· After that, other isotypes begin to take over as the phenomenon of isotype switching occurs (when B cells start to express other isotypes on their surfaces and their secretions)
· Extremely low [ ] in blood
· As the B cells mature, how do they know which antibodies to secrete?  Talk about this whole process.
· Firstly, remember that they initially have IgD and IgM initially on the surface...
· After that, lymphokines (same idea as cytokines) come and interact with the B cell: this is called the "second signal"
· This signal can come from T cells…or cytokines secreted from NK cells…it tells the B cell (after it has started to clonally proliferate) which antibody it is supposed to secrete
· And so the B cell switches to secrete the appropriate antibodies (isotype switching is a part of this)
· So all in all, what roles do the antibody perform in the body's defense?
· Direct neutralization: it can bind to and remove antigen from circulation…prevent the bacteria from penetrating the membrane
· For example, IgA in mucosal secretions does this…
· Immune complex formation: opsonization and phagocytosis (remember IgG is the best opsonizer)
· Complement activation and lysis (the pentamer guy is good at this)
· Antibody dependent cell mediated cytotoxicity (ADCC)
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Adaptive Immunity

Cells of Acquired Immune System

· T Cells
· Introduction
· OK, give an overall definition of what the major functions of T cells are.
· It is the regulation of the immune response through the secretion of non-immunoglobulin (i.e. NOT antibodies) bioactive substances
· This means that they release cytokines and lymphokines (cytokines from lymphocytes), which are CHEMICAL MESSENGERS (remember?) that tell other cells what to do
· They are also involved in cytotoxicity - meaning that they kill cells (yup!)
· Give an overview of how T cells develop and differentiate.
· Well of course, the stem cells are in the bone marrow
· However, they migrate to the thymus to differentiate into T cells
· What is a T cell receptor?  Explain how T cells can be categorized based on their receptors, and explain the differences between these categories.
· A T cell receptor is a molecule found ON THE T CELL that recognizes antigen
· It is NOT something that recognizes the T cell
· OK, so the T-cell receptors (or TCR's) are made up of two subunits - and the subunits are either named alpha and beta, OR gamma and delta
· And different T cells bind to different kinds of receptors - so we have either alpha/beta T cell or gamma/delta T cell
· Alpha/beta T cells are the "main" kind of T cell - so they do all the traditional T-cell stuff (which we will of course learn about)
· 95% of T cells are alpha/beta
· Whereas gamma/delta T cells are different because:
· They mature in the gut/intestine (instead of the thymus)
· And they are for protecting against food-borne pathogens and GI tumors
· OK, what is the other way we can categorize T cells?  Explain the differences between the categories.
· We categorize based on a certain molecule on the surface of the cell - either it is a "CD4" molecule or a "CD8" molecule - these are each called "SUB-POPULATIONS"
· The "CD" stands for "cluster differentiation"
· CD4 T cells are "helper" T cells - they augment the cell-mediated immune response and antibody production (THEY DO THIS THROUGH CYTOKINE PRODUCTION)
· Realize that the cell-mediated immune response is DIFFERENT from antibody production (which is part of what's known as the humoral response)
· The cell-mediated response is when we fight the invader using CELLS, such as macrophages, natural killer cells, CD8 (cytotoxic) T cells, etc.
· Whereas the humoral response is done with antibodies, which are found in the humor (cell-free bodily fluid)
· CD8 T cells are the ones that do the killing
· MHC aka HLA (they are the SAME THING!)
· What does the MHC do for T cells?  How does this make T cells unique from other immune system cells?
· The MHC takes some antigen fragment and displays it to the T cell so it can recognize it - the T cell (or more specifically, the T cell receptor) CANNOT recognize an antigen unless it is on this MHC!
· So if some bacteria entered the body, but there was no MHC in the whole body, T cells couldn't recognize the virus because it wasn't attached to MHC
· T cells are unique in this requirement because other cells such as B cells and natural killer cells do not require MHC to recognize antigen
· What are the two kinds of MHC molecules?  Explain the differences.
· Firstly, note that the name MHC (major histocompatibility complex) arose because the molecule was discovered when studying tissue grafts (tissue = histo)
· Alright, so there is MHC Class I and MHC Class II
· Class I is expressed on all nucleated cells
· However, the level of expression depends on which tissue:
· Low levels in the liver (so liver transplants are often successful)
· No MHC Class I on neurons and sperm cells (why would we ever want to kill neurons?)
· CD8 T cells only recognize this class (Class I)
· Class II is expressed on antigen-presenting cells
· CD4 T cells only recognize this class (Class II)
· Explain the diversity of MHC on a genetic level.  What is the significance of this diversity?
· Recall the diagram (look at it if you want) of the chromosome
· For MHC Class I, there are 3 genes (A, B, C), each with many alleles
· For MHC Class II, there are 3 genes (DR, DQ, DP), each with many alleles
· There is also MHC Class III, where the genes code for TNF (a cytokine), heat shock proteins, and complement
· Briefly explain the 2-signal system for activating T cells, then expound on Signal 1.
· Alright, so the idea is that when T cells get activated, two things have to happen, and we call these things "signals"
· Signal 1: the T cell receptor (obviously) has to first recognize the antigen
· Signal 2: another protein interaction must occur (more later)
· Signal 1 is just that - the T cell receptor recognizes the antigen, which (recall) is bound to MHC…that's all…
· How can CD4 and CD8 T cells interact with respect to MHC?
· Well for a given cell, we can have CD8 T cells binding to the Class I MHC, and then CD4 T cells binding to Class II MHC
· The helper (CD4) T cells often have a STABILIZING role
· Also often we have extra receptors recruited to help bind, once a TCR recognizes an antigen 
· Antigen Presenting Cells
· Talk about APC's with respect to MHC.
· Remember that they have both MHC Class I and MHC Class II!
· What kinds of APC's are there?
· B cells: these guys are APC's
· Don't confuse this with their antibodies - often in fact the B cells present antigen to the very antibodies which they themselves produce
· Macrophages: you know what these are…right?
· These guys gobble up some bad guy (phagocytosis) then display it
· Dendritic cells: this is just a special kind of macrophage that is shaped like a starfish (which is similar to the dendrites of a neuron!)
· How do the APC's usually do their thang?
· Well they will ingest the bad guy, and then activate HELPER T CELLS aka CD4 (meaning that they present using Class II MHC)
· And then eventually we get the CD8 cells going too…
· When do APC's use Class I, and when do they use Class II?
· It's very simple: Class I MHC presents cytosolic proteins, and Class II MHC presents extracellular proteins
· So think about the differences: 
· A protein is cytosolic if it was originally in the cytosol of the APC.  How could this be possible?  Doesn't the APC usually phagocytose stuff and then present it?  Yes, but if it was a VIRUS…then the virus would use the cell machinery to create proteins within the cell, and they would thus be (originally) cytosolic!  Thus Class I MHC will be used for viruses
· An extracellular protein is one which came into the APC from outside - so, regular phagocytosis
· Co-stimulation
· What is co-stimulation?
· It is just saying that the T cell is stimulated not only by the recognition of the antigen…
· …but also after the antigen is recognized, the interaction between the TCR and the antigen is STRENGTHENED by the expression of additional adhesion molecules
· There are different adhesion molecules, but the one highlighted in class was B7 (on the APC) + CD28 (on the T cell) 
· The T cell is co-stimulated to do WHAT?
· The T cell is stimulated to do clonal expansion (multiple T cells specific for that antigen)
· Remember (find if necessary) that APC's provide the secondary signal as well (see Playfair figure I think)
· Th1 and Th2 Cells
· What are the two types of CD4 T cells?  Explain how they become one of these types.  Give the most significant distinction between the two.
· OK, first off we have undifferentiated CD4 T cells, which are also known as Th0 cells
· Then, they become either Th1 or Th2 cells based on signals (cytokines) they receive
· Notably, the CD4 T cells also RELEASE cytokines (so they are all about the cytokines)
· Th1 cells do stuff to promote cell-mediated immunity, whereas Th2 cells do stuff to promote the humoral response
· Give an overview of Th1 CD4 T cells.  What are the defining characteristics, etc.
· OK, well as discussed before, the cytokines they release promote cell-mediated immunity as well as INFLAMMATION
· They assist in the removal of viruses and extra-cellular pathogens (you should understand this from before)
· Interleukin-2 (IL-2) and interferon-gamma (IFN-gamma) are big cytokines for the Th1 cells - they RELEASE them, and I also think that they are stimulated to differentiate into Th1 by them
· Th1 cells also release the following pro-inflammatory cytokines: TNF-alpha (tumor necrosis factor alpha), INF-gamma, IL-2, IL-3, IL-6
· In particular, IFNγ activates macrophages, increases " activity, increases adhesion molecules, increases MHC Class II
· In particular, IL-2 primes Th0 into Th1…thus increasing cell-mediated immunity (remember what Th1 does?)
· Explain how a Th1 cell might mature, right from the start.
· Alright, so the most basic undifferentiated thing would be a T cell fresh out of the thymus.  So it has "differentiated" in the sense that it is a T cell (as opposed to a stem cell in the bone marrow), but it still has a long way to go seeing as it has not decided to be Th1 or Th2, and it has not encountered its antigen
· Alright, then it meets the antigen and becomes a Th0 CD4 T cell
· Then macrophages secrete IL-12, which causes the Th0 to differentiate into Th1
· Then the Th1 cell produces a host of cytokines which do the following:
· Enhance inflammatory response (you knew this)
· Enhance cell-mediated immunity (you knew this)
· Activate the bacteriosidal activity of macrophages
· Activate CD8 (cytotoxic) T cells
· Give an overview of Th2 CD4 T cells.
· So these are everything that the Th1 cells are not:
· The cytokines secreted are IL-4, IL-5, and IL-10
· Of course, these cytokines can also simulate the PRODUCTION of Th2 cells (so it goes both ways)
· These cytokines activate the humoral response (i.e. not cell-mediated immunity), and they do this by stimulating B cells to produce antibodies
· Part of this includes telling the B cell how to do isotype switching
· It also involves the activation of MAST CELLS
· And these guys handle the removal of EXTRACELLULAR PATHOGENS (note that also the distinction was made that CD8 handle extracellular pathogens because those are the ones displayed by MHC Class I)
· Talk about the "fight" between Th1 and Th2 cells.
· The idea is that the two cells are MUTUALLY EXCLUSIVE - the Th0 cell stage is like the fork in the road - where we either make a Th1 cell (for cell-mediated immune response) or make a Th2 cell (for humoral immune response)
· We make this decision based on what the invader is (big-picture time):
· When the invader is intracellular (i.e. it hides in cells, like a virus), we can't recognize it directly because it is INSIDE THE CELL - thus antibodies WILL NOT WORK because they recognize stuff that is straight up foreign…therefore we will want something that can attack and destroy cells that have been invaded
· This is the cell-mediated immune response == Th1 == macrophages, NK cells, etc.
· When the invader is EXTRACELLULAR (such as a worm or a parasite), we can IMMEDIATELY recognize it as foreign, and that's what antibodies are really good at
· So we have the humoral response == Th2 == B cells, antibodies, etc.
· Explain how a Th2 cell might mature, right from the start.
· It's the same as a Th1 cell until we get right up to that fork in the road - we have a CD4 T cell which has encountered an antigen, but it is Th0
· At this point we will experience the influence of a cytokine such as IL-4 (released from a mast cell) which will stimulate the differentiation into Th2
· T cell killing
· OK, let's go wire to wire.  How does a T cell end up killing a cell?
· T cell receptors on CD8 interact with MHC Class I + antigen (this occurs on APC’s)
· The APC is important because it has the secondary signal B7 (thus it can co-stimulate the T cell)
· Also note that our helper T cells have already interacted with the APC
· And then when TCR recognizes the antigen, there is clonal proliferation
· Note that the TCR is specific for the antigen
· So now for any other cell in the body that can express MHC Class I that is processed the antigen…the cytotoxic T cells (products of clonal proliferation) can target them: they can target ANY MHC I + AG combination
· So now we have a cytotoxic T cell (aka CTL) and it finds an antigen, and it connects to the MHC Class I (remember I, not II?)
· Then adhesion molecules strengthen interaction between T cell and target cell even further
· T cells will then release its granules that have perforin and granzyme (similar to NK cells!)
· Perforin makes a pore
· Granzyme goes in to target the DNA (it is a serine protease) and cause apoptosis
· CD8 cells -> cytotoxic activity increases
· The way in which the CD8 cells are activated is less clear…but we DO know that it involves CD8 interacting with MHC Class I from the APC…this is why it is important that the APC can express BOTH Class I and Class II
· Because…why is the APC so important for activation of cells?
· APC also is important because of co-stimulatory molecules: 2nd signal is method of control
· Superantigen and toxic shock syndrome
· What is a superantigen?
· It is something that is presented by the MHC that the T cell reacts with NON-SPECIFICALLY, meaning that any T cell will recognize this as the enemy and then get its game going
· Furthermore, it doesn't have to be processed by the APC in order for the APC to display it using its MHC
· Even more so, the T cell does not have to be previously exposed to it and made specific for it before it can react to it
· This is BAD because we can get 5-20% of ALL our T cells going this way, instead of the normal 0.01%
· Discuss toxic shock syndrome.
· It has a similar mechanism as septic shock
· Firstly, it happens due to the superantigen (duh, that's why it's in this section) - the enterotoxins of S. aureus do this
· S. aureus is famously responsible for food poisoning and tampon-related toxic shock
· Polyclonal activation of many T cells, and we get:
· Massive increase in cytokines
· Anaphylactic shock
· Fever, body temperature rises, etc.
· Cytokines
· Give a few quick characteristics of cytokines.  What are some of the roles of cytokines?
· They are low molecular weight molecules (NOT cells - just molecules)
· They are critical to cell signaling, cell growth, differentiation, activation 
· What are some of the different types of cytokines?  What fact do these different types reflect?
· The idea is that cytokines are produced by many different kinds of cells, so we can differentiate based on what kind of cell produces them:
· Monokines: produced by monocytes and macrophages
· Lymphokines: secreted by lymphocytes
· Chemokines: heparin-binding cytokines which direct cell migration
· Notably there are two cysteines beside each other
· Interferons: produced in response to viral infection
· Notably, some cytokines can fit into more than one of these categories, so the differentiation really isn't all that significant
· More tables here which I should understand/memorize (in fact, make sure to do that for ALL tables)
· Review the handout given for this class and understand all diagrams - there are notes to accompany them in the DOC file
 

Immune Responses to Infectious Agents

Prevalent Mechanisms of Evasion from the Immune System

· Sequestration
· Introduction
· What is the idea behind sequestration?
· The idea is that if a virus can hide in a cell that does not express MHC, then there is NO WAY that a T cell could find it, identify it, and kill it - because remember, the TCR needs that MHC to recognize the antigen!
· What are 3 examples of sequestration?  (We will talk about each in more detail)
· Hydatid cyst, herpes simplex virus, and schistosomiasis
· Hydatid cysts
· Let's talk about hydatid cysts.  Explain what they are, and how they might get one.
· OK, so the cysts are capsule-like structures with an outer wall that the immune system cannot penetrate and doesn't recognize as foreign
· The thing housed inside is a tapeworm, or more formally something from the genus "echinococcus"
· We get these because dogs get them from sheep, then the eggs hatch in their stomachs, and it all comes out in their feces
· The feces can get onto vegetables, and then we eat those dirty vegetables and we have the tapeworms inside us
· The tapeworms can get to our liver (for example) where they grow, and a cyst is around them to protect them so the T cell cannot detect anything
· Give more details regarding the "mechanics" through which the cyst is formed.
· Well, the tapeworm attracts mast cells, lymphocytes, fibroblasts
· The fibroblasts in particular synthesize collagen, which forms a granuloma around the tapeworm
· This granuloma is the cyst that protects the tapeworm from immune system
· Explain why hydatid cysts can cause anaphylactic shock.  What other bad news can cysts bring?
· Alright, but the thing is that B cells (and their antibodies) do not require MHC, and so we have an IgE antibody which can detect the tapeworm
· But still, the tapeworm is INSIDE the cyst so we're still safe
· However, if the cyst ruptures, then all this tapeworm is released and the IgE binds to them
· The IgE then binds to MAST CELLS, which MASSIVELY DEGRANULATE, screwing us over big time because then there is crazy inflammation, etc. - all in all, anaphylactic shock
· The other bad thing about cysts is that they can block circulation since they get so big
· Herpes Simplex Virus
· Discuss the different kinds of herpes simplex virus, and how we can be infected by them.
· There are 60 kinds of simplex virus…only 8 are known to infect humans, and they are classified by where their symptoms are manifested
· Type I: invades oral mucosa through direct contact or saliva (cold sores)
· Type II: invades genital mucosa through sexual contact
· How does HSV evade our immune system?
· Firstly, it's NOT because we don't recognize it or whatever: 50-90% of all adults have circulating Ab against Herpes simplex Type I virus
· But once it enters, it hides in the trigeminal nerve
· T cells won't touch it because the neurons don't express MHC
· Antibodies can't touch it because they are for extracellular pathogens (remember?)
· Sometimes it will come out and attack (that's why we get cold sores recurrently through life)
· When this happens though, THEN the antibodies can go kick its ass (that's why cold sores don't last forever)
· It often is thus "reactivated" by stress, fatigue, and UV exposure
· Schistosomiasis
· Give some of the epidemiological-type stats for schistosomiasis.
· ~200 million people globally affected 
· ~600-800 million at risk
· Very prevalent in tropical locations…
· Talk about the causative organism.  
· It is the trematode (aka fluke or flat worm): a specific class of worm/parasite
· It is characterized by a thick outer cuticle…and it has one or more hooks so that it can grasp on…
· It lives in the veins of the host (right on the endothelium)…
· It tends to cluster around gut and bladder
· These worms are 15-20 mm big
· How might we get this organism?
· Firstly, the worm lives because of the nice conditions provided to it by snails (who are its "reservoir host")
· Then we get forked-tailed cercariae in the water
· So when we are swimming in the water, we can contact this thing (and then we get “swimmer’s itch”)
· They attach to our skin and penetrate it…which can happen either by us having damage to the skin, or by itself when the cercariae secretes enzymes that can allow it to enter
· Then it goes to one or both of two locations:
· Near the skin surface (thus giving us a reaction in the skin area)
· Into the blood veins of the host
· What consequences does schistosomiasis have for the immune system?
· Well there are a few things it does…
· Firstly, when the male and female pair together in our body, they secrete lots of antigen which IS RECOGNIZED by our body's antibodies and eliminated - but the thing is, the body is so busy fighting those guys (who do nothing, by the way) that it misses the source of them
· The other thing is that the eggs secreted by the male and female pair elicit the formation of granulomas around them, which can OBSTRUCT the kidneys, bladder, etc.
· Remember: granulomas are formed when fibroblasts secrete collagen
· Lastly, sometimes the thing sheds its outer layer and when its forming the new layer, it incorporates proteins from the HOST BODY so now it is rocking the host antigens and the immune system won't touch it!
· What are some consequences of schistosomiasis?
· Kidney and bladder obstruction 
· Chronic renal failure
· Bladder cancer
· Portal hypertension
· Calcification
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Prevalent Mechanisms of Evasion from the Immune System

· Antigenic Variation
· What diseases will we be studying to demonstrate how antigenic variation is one of the mechanisms of evasion from the immune system?
· We will be studying the (group of) diseases called trypanosomiasis
· Give some epidemiological information for trypanosomiasis.  How do we get it?  What specific kinds are there?
· The organism in question is a PROTOZOAN: either trypanosoma brucei or trypanosoma cruzi
· It is transmitted through the tsetse fly (T. brucei) or the cone nose bug (T. cruzi)
· There are 2 conditions which result, and they differ geographically:
· North American trypanosomiasis results in Chagas' Disease
· African trypanosomiasis results in sleeping sickness
· What happens once the protozoa gets into our body?
· Well, remember that it is extracellular, so we will be handling this one with ANTI-BODIES
· And it goes pretty well - we usually kill 99.9% of the protozoa
· HOWEVER…we don't get all of it - and the small amount which remains produces a new surface coat and thus there is a new antigen, and thus our antibodies are no longer effective! (remember they are specific for certain antigens!)
· Note that the change in antigen is due to ALTERED GENE EXPRESSION (not something else, like mutation -- we will see mutation later)
· How does the "coat" on the pathogen change over time?
· Well at first when it enters, the coat (on almost all the pathogens) consists of an antigen that IS RECOGNIZED by the antibodies
· But then after a week or so, most of the pathogens will have a new coat that for the time being is not recognized by the antibodies
· And then after another week, the antigen changes again so that it runs away once more, etc.
· Discuss the 3 phases of infection with trypanosomiasis.
· Acute phase
· It is either unnoticed or there is mild swelling, inflammation, chagoma at site of entry
· Mortality from acute phase trypanosomiasis is under 5%
· When it does happen, it is due to acute heart failure
· 90% of the people who get the acute phase trypanosomiasis resolve it at this phase, and it's over with
· Intermediate phase
· Here it becomes clinically asymptomatic - so all the symptoms we saw in the acute phase are GONE!
· We can detect it with our antibodies and so there are no parasites in blood smears - it's almost like the active form of this disease has been eliminated and it is in remission
· Chronic phase
· Now we are talking way down the road...10-20 years down the road…and we get recurrent infection
· Internal organs are affected: heart, colon, PNS
· The lesions of Chagas Disease are incurable - they can lead to heart failure (the cardiac and smooth muscle are paralyzed)
· What kinds of disease conditions do we get as a result of Chagas Disease?
· Chagoma; chancres (nodule on the skin)
· Acute encephalitis myocarditis + congestive heart failure (heart failure due to repeat action of this parasite)
· Generalized lymphadenopathy (enlarged lymph nodes)
· Encephalitis (inflammation of the brain)
· One week after for T. brucei rhodesiense
· Months for other T. brucei variants
· Note that similar strategies of Ag variation exist in malaria (Plasmodium falciparium)
· Antigenic drift/antigenic shift
· Explain the difference between antigenic drift and antigenic shift.
· OK, well the first thing to realize is that they both involve changing of the antigen
· Drift is a small and gradual change due to mutation
· Shift is a BIG and RAPID change due to the recombination of the viral genome with another
· Also, they both allow the pathogen to escape detection by antibodies
· Talk more about antigenic drift - mechanisms, trends, examples, etc.
· So basically the way we get it is the gradual accumulation of minor gene mutations, like maybe a single nucleotide substitution here and there
· It occurs at different rates for different viruses, although RNA viruses tend to mutate more quickly than DNA viruses
· Influenza is an RNA virus that has a high mutation rate - that's why we have to change the vaccine every year
· Talk more about antigenic shift - mechanisms, trends, examples, etc.
· OK, so if two strains of some virus (say influenza) infect the same cell simultaneously, they can combine with each other and do the same damage but look TOTALLY different - thus evading recognition
· This happens a lot in pigs - they are good reservoir hosts for flu genes from both humans and chickens
· Yes that's right - influenza viruses do both drift and shift
· Case study of antigenic drift/shift: Influenza and the Avian Flu
· Explain how and why influenza viruses are named as they are.
· The viruses are always called H1N2, H2N6, etc. - basically H#N#
· The reason is that the "H" and "N" are proteins, and the numbers represent different variants of the protein
· "H" is hemaglutinin, and its job is to recognize and attach to host cells
· "N" is neuraminidase, and its job is to facilitate the entry of the viral particles into the infected cells
· The virulence of a given strain of the flu depends on how "strong" these proteins are - some variants "do their job" better than others
· Give some of this history of the flu.
· Human influenza epidemics (1930 to present) -> originated in China
· In the 1918 pandemic, influenza killed more Americans than all the wars of the 20th century
· 1957, Asian flu-> 3 genes by reassortment from Eurasian avian viruses, kept 5 gene segments from human strains
· Gene segments just refers to parts of the viral gene that ultimately make the destructive protein (H and N are part of this of course)
· So sometimes when there is recombination (antigenic shift), humans and the other animal (chicken/bird) contribute different amounts of gene
· 1968, Hong Kong flu -> 2 genes by reassortment from Eurasian avian viruses, kept 6 gene segments from human strains
· What are the symptoms of avian flu in humans?  (Note that we are switching from influenza to the avian flu now)
· They are variable, but...
· One possible pathway: common flu -> severe respiratory distress -> death
· The respiratory tract is affected b/c that is how we ingest the virus (through the air)
· How is avian flu transmitted?
· Infected birds carry the virus in many places: saliva, nasal secretions, feces 
· Thus humans pick it up through contact with infected poultry or contaminated surfaces 
· No anthroponotic transmission - means that you DO NOT get it from another human
· Think about the lifetime of an influenza virus.  How might it undergo antigenic drift and shift?
· Well, we get the influenza virus in us and it mutates at a high rate (antigenic drift)
· The ones that don't mutate are recognized by antibodies and pwned
· The ones that DO mutate are thus SELECTED FOR because they are not killed
· So now we slowly build up lots of virus and for some reason we come into contact with a pig, and transmit the virus to them
· Later on, the pig also gets another kind of influenza virus from a bird
· The two viruses combine (antigenic shift) and this represents a rapid antigenic change, and so now the flu is REALLY deadly because no one comes close to recognizing it
· Note that this is known as the PANDEMIC MODEL
· Talk more about the different types of influenza viruses.
· There are two subtypes of influenza viruses: Type A and Type B
· Type A causes avian flu, bird flu, etc.
· Type A has 16 different "H" proteins and 9 different "N" proteins, so there are many possible combinations
· We are quite familiar with some of the combinations:
· H3N2: commonly infects humans
· H5N1: commonly infects birds and can also infect humans
· Discuss H5N1 further.
· It is not readily anthroponotic (unlike H3N2)
· It is virulent because H5 is efficient at attaching to human host cells
· So the N1…if we have a change so that it becomes supervirulent…you are SCREWED
· So we have drift in H5N1, and that’s not too bad…but if we have a shift and becomes able to go from human to human, we are screwed!
· Resistance to complement
· What is a pathogen that resists complement?  How does it do so?  How do we instead handle the situation?
· Haemophilus influenzae causes meningitis
· It has a large capsule and can thus resist MAC insertion and cell lysis (you remember that these are part of the complement's attack, right?)
· We handle this pathogen with antibodies since the complement doesn't work
· Cleavage/destruction of IgA
· OK, how does this mechanism of evasion work?
· Well firstly, remember that IgA is in mucosal secretions, and it prevents attachment of bacteria, parasites, etc.
· Talk about the pathogen for gonorrhea.  Epidemiological-type data for now.
· OK first of all, it is a gram-negative bacteria (diplococci)
· It is sexually transmitted: the chance of contraction after first exposure is 25% male, 40% female
· Site of infection is the uretha (male) or the cervix (female)
· Note that these are areas with mucosal membranes (right?), because this is where IgA is!
· The incubation period is 2-8 days (male) or 7-21 days (female)
· Talk about the mechanics of the infection here.  How can we get rid of it?
· Well firstly, the bacteria attach to the host cell using fimbriae (or pili) - without these there is no deal
· Then it keeps itself alive: secretes specific proteases that can destroy IgA
· Then it damages its host: it secretes cytotoxic substances that damage the endothelium and mucosal membranes
· So if we are infected with the bacteria and it attaches on, we can have removal of the bacteria by IgA…also, strong urination can cause removal…so this means that it isn’t for sure that bacterial infection won’t ALWAYS cause whatever…
· What are the clinical symptoms/consequences of gonorrhea?
· The symptoms are pain in that area…a yellow pus-sy discharge…bleeding…and in severe cases, especially for females, sterility results due to all the scarring that occurs
· Also tenderness, lesions, papules, pustules, etc.
· We can have "vertical transmission" where an infected female's baby also has it and gets a condition called conjunctivitis, which can lead to blindness
· Inactivation of complement
· Which organism evades the immune system through this?  How does it do so?
· Leishmania braziliensis protozoan, causing leishmaniasis, evades the immune system by inactivating complement
· It does so by secreting enzymes that degrade C3
· Inhibition of phagocytosis
· OK, what is really going on here?
· It’s not so much that it resists phagocytosis as it is of phagocytic killing
· Meaning that once they DO get ingested, they have a mechanism for inhibiting the formation of the phagolysosome
· What is the pathogen that uses this mechanism of evasion?  Discuss its different types.
· It is mycobacterium, and there are different types:
· Common:
· M. tuberculosis: most common mycobacterium-caused disease; 1 in 3 affected individuals die (3 million deaths per year)
· M. leprae: more than 10 million active cases; it causes tuberculoid leprosy and lepromatous leprosy (two different types, will explain later)
· Rare:
· M. bovis: TB in cattle; transmissible to humans
· M. avium: found in birds; transmissible to humans
· M. marinum: causes cutaenous granulomas (granulomas on the skin); affects fish toads and humans
· Explain how tuberculosis works.
· Alright, so we know that the pathogen is M. tuberculosis…and that the first place it will hit is the lungs, because we get it through the air
· So the first thing we'll do is try to attack it with alveolar macrophages
· Alright good for us, we have them in our alveolar macrophages - but the thing is, they INHIBIT THE FORMATION OF PHAGOLYSOSOME so they don't die - instead, they replicate within our macrophages
· So our body responds to this by trying to surround the infected macrophages with a bunch of stuff from the immune system: other macrophages, T cells, B cells, and fibroblasts -- and thus a granuloma is formed (also known as a tubercle)
· We even get cytokines (i.e. IFN-gamma from CD4 T cells) sent out to try and activate the macrophages to kill their contents (did you understand why it would be IFN-gamma, and why it would be CD4?)
· From here, two bad things can happen:
· The tubercle can calcify (harden) and cause local tissue damage
· The M. tuberculosis can get out and spread all around the bloodstream (i.e. the granuloma/tubercle was insufficient to contain its spread) and make little tubercles all over the place
· Explain how leprosy works.
· OK, well there are two major types, and they are differentiated based on the way in which the CD4 T cells respond to the M. leprae
· Recall that Th1 is best for intracellular pathogens, because they activated things like NK cells and CD8 T cells which will destroy the infected cells (and thus the pathogen as well)
· And Th2 is best when the pathogen is extracellular
· Well, the M. leprae is an intracellular thing and so we will see that the Th1 response is better
· We end up getting either tuberculoid leprosy or lepromatous leprosy:
· Tuberculoid leprosy is when we have the Th1 response (understandably effective)
· We get a granuloma and there is nerve damage
· However, the bacilli is eventually killed
· Lepromatous leprosy is when we have the Th2 response (understandably ineffective)
· We get major tissue damage: facial damage, loss of figners/toes, etc.
· And this is because the bacteria is NOT killed and is allowed to spread
· Give some epidemiological-type data on leprosy.
· It is prominent in underdeveloped countries
· For this bacteria to spread, it requires long term exposure…and it will affect those who are immune compromised…
· So it is prominent in children…
· The incubation period (time it takes to develop the symptoms) can be from 6 months to 40 years
· The mean is 4 years
· What is the other common mechanism of inhibiting phagocytosis?  
· It is when we secrete toxins that straight up destroy the antigen presenting cells - like it's not even "inhibit formation of phagolysosome" anymore, it's just DESTROY
· Of course the toxins also damage the surrounding tissues - and this is where the damage comes from
· Discuss the organism that uses this.
· The bacillus anthracis (more commonly known as anthrax) does this, and there are three forms:
· Inhalation anthrax – most serious
· Cutaneous anthrax – not usually fatal
· G.I. anthrax – rarest and intermediate severity
· It usually spread via zoonosis (from sheep and cattle)
· Inhibition of interferon response
· Forget the clinical examples for now.  Let's think about what might happen if we somehow inhibited the release of interferon (more specifically interferon gamma).
· So first let's recall - it is part of the Th1 response - it is secreted by Th1 CD4 T cells, CD8 T cells, and NK cells
· It has many Th1-like functions:
· Activates macrophages
· Increase MHC I and II expression
· Increase antigen presentation
· Explain how hepatitis B inhibits the interferon response.  How then do we treat it?
· OK, so the IFN's which it reduces in particular are alpha IFN and gamma IFN
· It produces a protein that competitively binds to double stranded RNA, and so when it is bound to the RNA, it cannot be transcribed -- and the RNA is what codes for the IFN-gamma cytokine!
· So we treat this by injecting IFN-gamma into our body
· Give epidemiological information on hepatitis B.
· We can get it through water (that's why we are careful with ice cubes in Mexico)
· It is characterized by fever, loss of appetite, jaundice
· Most people recover from it naturally and develop an immunity against it
· We can also get chronic infection and then cancer of the liver (“hep” in hepatitis means “liver”!)
· Explain how the Epstein-Barr virus inhibits the interferon response.
· It produces an IL-10-like molecule…and why does this matter?
· Let's think about it - remember that the Th1 and Th2 responses are mutually exclusive - so if we have one, it will suppress the other
· IL-10 is part of the Th2 response, and thus when we have a lot of it, we will get the suppression of the Th1 response…of which IFN-gamma is a part!
· Thus when we reduce IFN-gamma and the Th1 response, we don't get NK cells and CD8 cells going, and so they can't kill the pathogen
· Give epidemiological information on E-B virus.
· It leads to mononucleosis!
· Lymphocyte suppression
· Explain how lymphocyte suppression works.
· CD4 lymphocytes are infected so that they cannot function
· This results in:
· Reduced cell-mediated immunity
· Reduced function of macrophages
· Reduce antigen presentation (remember this is CMI, not humoral - there is no antigen presentation for antibodies…right?  Because antigen presentation is when we INGEST the thing and then present it…)
· What famous virus evades the immune system by this mechanism?
· HIV
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Module 7: Transplantation Reactions
 
HLA (MHC) 
· What is HLA and what is MHC?  Talk about differences and similarities.
· HLA is Human Leukocyte Antigen, and MHC is the Major Histocompatibility Complex - they both do the same thing, which is to regulate immune reactions by presenting antigen
· HLA is in humans on chromosome 6, whereas MHC is in mice on chromosome 17
· MHC is on humans too…right?
· They both have 3 coding regions: Class I, Class II, and Class III
· i.e. There are 3 classes of MHC/HLA, and they each have their own regions of the chromosome where they are coded for
· Discuss each of the classes.
· Class I
· There are 3 genetic loci for this class (i.e. 3 different genes make up the protein for this class): A, B, C
· Within these loci there are many alleles, so there is a HIGH degree of polymorphism (i.e. many different types of Class I can be created)
· This is expressed on all nucleated cells (you knew that, right?)
· It is recognized by CD8 T cells
· Class II
· Again there are 3 genetic loci for this: HLA-DR, HLA-DQ, HLA-DP (you knew this too, right?)
· Again there is a high degree of polymorphism
· This is expressed on antigen-presenting cells: B lymphocytes, dendritic cells, and macrophages
· It is recognized by CD4 T cells
· Class III
· The proteins that come out of this are "associated" with the immune system: complement and TNF-alpha
· Remember what complement does?  (ADCC, kill cells, etc.)
· Remember what TNF-alpha does?  (Pro-inflammatory)
 
Types of grafts 
· What are the 3 main types of grafts?  Explain what each of them are.
· Autograft: when you have a graft that comes from yourself (skin grafts are the most common)
· These grafts are syngenic: when cells come from the same individual
· Allograft (between individuals of the same species)
· These grafts are allogenic: when cells come from another individual of the same species
· Xenograft (from an animal)
 
Rejection Reactions
· Give a quick overview of the different types of rejection reactions.  How do we differentiate between them?
· The 3 types are: hyperacute rejection, acute rejection, and chronic rejection
· They are differentiated by: rate of reaction (how fast we see it after the graft has been "installed"), which immune cells are involved, and the degree of immunosuppression involved
· Discuss hyperacute rejection.  How fast does it happen?  Under what conditions does it happen?  What actually happens?  What is the result?  Can it be avoided?
· It happens FAST - like within minutes sort of deal
· OK firstly: hyperacute rejection is when we have antibodies in our body that recognize the thing as foreign RIGHT AWAY when it is put in - and this is because they have been previously sensitized to this foreign thing:
· Through blood transfusions
· Or through a previous allograft
· Or through an incompatible pregnancy
· What happens is that we have antibody deposition (particularly IgG and IgM)
· These particular antibody types are important because they lead to the next step, which is complement activation
· The result is that the graft dies immediately because blood flow to it is decreased - it does NOT get revascularized, which is what would happen if everything went right (the body's blood vessels would grow onto it and start delivering blood to it)
· We end up with tissue ischemia (insufficient blood flow) and eventually tissue death (necrosis)
· This really CANNOT be avoided because everything happens so fast
· Discuss acute rejection.  How fast does it happen?  What causes it to happen (two ways)?  What is the result?  Can we avoid it?
· OK, well this also happens pretty soon - weeks to months after the implant gets in there
· So obviously if we get to this stage, we hadn't seen this foreign thing before or else the antibodies would have taken care of it
· Alright, so the main idea with this one is that it is the T cell response, and it's all about MHC Class I and II.  And it can happen in 2 ways - direct or indirect (btw, the figure for this is GREAT - notice how they even show positive feedback mechanisms)
· Direct: this is when we don't even need to gobble up the "foreign" cell with an APC , then present it using MHC Class I and II…because the foreign cell ALREADY has Class I and II!  And so it is like an APC already gobbled it up for us, and we already know it is foreign so we start reacting
· Because the allograft has Class I, then our CD8 T cells can directly recognize it and start killing it!
· Also we have CD4 T cells recognizing the MHC Class II and doing their thing, activating the Th1 response - releasing IL-2, IFN-gamma, etc. and so it recruits the B cells and NK cells to its assistance
· Indirect: this is when we DO gobble up the foreign cells with our APC's, and go the traditional route (we have talked about this before) - we gobble, then present using MHC Class I and II, etc…so it's basically just one step behind the direct response, but the same things are happening
· The result is that we get tons of CD8 T lymphocytes (yes I know there are others too) at the transplant site, PARTICULARLY in the endothelium of the blood vessels supplying blood to the graft because that is where we get the MHC molecules
· This can be avoided if we take immunosuppressive drugs
· Discuss chronic rejection.  How can it happen?  How long does it take?
· OK, there are different ways this can happen:
· Firstly, we can basically get the acute phase happening repeatedly so that there is gradual deterioration of the organ because it is getting killed over and over again, so many times
· Also, there are other immunological mechanisms:
· Vascular disease: transforming growth factor beta (TGF-beta) as well as platelet-derived growth factor can be activated to cause lots of cell growth (esp. smooth muscle cell proliferation) and ultimately FIBROSIS of the blood vessel, which means that we are thickening the walls so much that blood cannot get through
· And so we get ischemia - the graft does not receive sufficient blood flow
· Another point here was that Ag-Ab complexes can activated complement, which is definitely another immunological mechanism for transplant rejection 
· So we get inflammation, which decreases the ability of the tissue to fight chronic rejection
· In general however, chronic rejection is a more long term thing…
 
Pregnancy
· Why would we think that there would be immune system issues with pregnancy?
· Well, we have the mother's immune system…and they recognize certain things as foreign…and then we have the baby (well for now, the fetus and the trophoblast, which is the thing which contains the fetus and allows it to grow on the wall of the uterus)
· So if the antibodies or other immune cells of the mother were to come into contact with the baby's cells, we would not have a good times situation...
· Why are there NOT any immune system issues?
· A few reasons…
· Firstly, the placenta (the point of contact between the fetus and the mother) acts as a barrier so that there is no mixing of blood
· However, there are other things we have to do because it is not only the blood we have to worry about
· Thus we an estrogen increase in pregnancy, which does a few things for us:
· Inhibits T cell activity
· Increases IgG and IgA synthesis - which is then given to the baby by diffusion across the placenta and also after birth, through breast milk
· We also do stuff to avoid the Th1 cell response, because that is nasty - it is the one where we are going to get cells dying, man
· So the placenta produces cytokines favoring the Th2 response (you know what they are)
· And the trophoblast has VERY low levels of HLA Class I - the point being that Class I induces CD8 T cells (cytotoxic), and we don't want this
 
Strategies to Avoid Tissue Rejection
· What are the 2 strategies we have to reduce tissue rejection or to overcome the body's natural tendency to reject?
· Tissue matching and immunosuppression
· Discuss tissue matching.
· This is when we try to ensure that the MHC on the graft which we are inserting into the host is the SAME as the MHC on the host
· Because remember how hyperacute rejection works?  (especially the direct mechanism)  It is that we see that the MHC on the foreign graft is foreign, and so we attack it right away
· So if we can get the MHC to be the SAME as the host, then the host won't recognize it as foreign
· We do this with genetic methods or using serum
· Discuss immunosuppression.
· OK, so there are 2 major types: cyclosporine A/FK506 and corticosteroids
· Cyclosporine A/FK506: they inhibit DNA metabolism in lymphocytes
· The way they do this is by going into a cell and binding with cyclophilin (giving us a cyclosporin + cyclophilin complex)
· This complex binds with a phosphatase called calcinurin, PREVENTING it from allowing a specific transcription factor to go to the nucleus (i.e. it screws up the nuclear localization signal)
· Ultimately the DNA cannot be transcribed, thus the proteins are not made, thus CYTOKINES are not made
· This is fungal derived
· And we do high doses, early in treatment
· Corticosteroids: they also alter the transcription of genes (see below for details)
· The ones they block are:
· T cell and APC derived proinflammatory cytokines
· T cell and APC receptor expression 
· Vascular adhesion molecule expression
· They are more used for maintenance therapy (as opposed to early in the treatment, like cyclosporin)
 
Graft vs. Host disease
· What is graft vs. host disease?  Under what conditions would it occur?  What actually ends up happening?
· The idea is that the GRAFT (the "new" thing) attacks the HOST - so this is the opposite of what usually happens
· The conditions which allow this to occur is (obviously) if we are somehow introducing new immune cells into a person's body, because those immune cells would recognize the body as foreign and then attack it
· This can happen with bone marrow transplants - because remember the bone marrow makes those immune cells (especially B and T lymphocytes)
· So what ends up happening is we get all these B and T cells being produced that do not recognize their environment, so they just go around killing everything they see - specifically they target the foreign MHC antigens of their host
· This happens 7-14 days after the transplant
· More than 70% of those who have this disease will die
· How do we (try to) protect against graft vs. host disease?
· First we protect against the usual kinds of rejection:
· We do total-body irradiation before the transplant
· We use a LOT of immunosuppressants
· Then we want to protect against GVH specifically, so:
· Drugs such as cyclosporin to suppress the immune response
· T-cell antibodies - i.e. target the foreign T cells with antibodies, which will lead to their lysis via complement (you know how this works, right?)
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Module 8: Hypersensitive Reactions (Types I, II, III, IV) (partial)
 
Introduction
· What are hypersensitive reactions?
· They are exaggerated, excessive or inappropriate reactions (to an antigen) leading to tissue damage
· Discuss the 4 types, and how they are related.
· There are 4 types of hypersensitive reactions:
· Type I = allergic involving Ab
· Type II = cytotoxic type involving Ab
· Type III = immune complex involving Ab
· Type IV = delayed type involving T cells
· These types are related because often a single "case" can involve characteristics of more than one type - for example, an asthma attack is definitely Type I (allergies) but could manifest itself with Type II characteristics, and so on
 
Type I Hypersensitivity - Mechanisms
· What are some examples of Type I hypersensitivity reactions?
· Anaphylaxis, atopic asthma, atopic eczema, drug-induced allergy, hay fever
· Talk about how a Type I hypersensitive reaction works with some allergen X.  What are the big immune cell players, etc.
· Alright, well firstly recall that the following mechanism should not be shocking and new, because hypersensitivity is basically the immune system doing its normal thing - but just to an excessive degree
· So here we go: the immune system is exposed to the allergen (which has an antigen on it that is recognized as foreign), and IgE is synthesized in response (IgE is one of the first guys, right?  Review old notes!)
· THIS IS CALLED THE SENSITIZING DOSE
· In reality, this much IgE should not be made since the allergen is not going to harm us - but our B cells make tons of it anyway
· Then the IgE binds to Fc receptors on the mast cell/basophil - recall that the Fc (fraction crystallizable) is a domain on the antibody, and so when an antibody has bound to an antigen and it wants to get the other cells excited, it will go and bind to an Fc receptor on, say, a mast cell - which then causes it to degranulate etc.
· And that's what happens here…
· So time passes, and then we get another exposure to the antigen - and this time the IgE's are all there and they pounce on the antigen
· THIS IS THE SHOCKING DOSE
· In fact there is a cross-link formed such that the antigen binds to TWO IgE antibodies, and they both bind to Fc receptors
· Then there is degranulation and the following mediators are released: HISTAMINE and SEROTONIN
· This is how it happens: biochemical activation stimulates fusion of granules with plasma membrane (release of granule content)
· Degranulation depends on intracellular cAMP and cGMP
· Sympathetic and parasympathetic nervous system are also involved
· What are some other characteristics of Type I hypersensitivity reactions?
· They are immediate - antibody grabs antigen, causes degranulation, boom boom boom
· They frequently happen at mucosal surfaces like the eyes or the nose, because this is where IgE hangs out (…right?)
· Let's review for a quick moment.  What are the similarities/differences between mast cells, basophils, and histamine?
· These guys are both granules with many chemical mediators
· The most important mediator in question is histamine, which elicits different responses based on which receptor it binds to (Type I histamine receptor and Type II histamine receptor
· But there are differences:
· Mast cells = type of leukocyte…it does things such as degranulation, etc. but it does not circulate
· Basophil = circulating form of mast cell
· Discuss the histamine receptors and explain how they affect the symptoms of an allergy.
· Well the idea is that (as we know) the receptor defines the effect of a substrate, and so let's think about the effects of the different receptors
· Type I receptor:
· Prostaglandin release, which has the following effects:
· Smooth muscle constriction in the airways (i.e. choking)
· Increased vascular permeability (inflammation?)
· Leukocyte chemotaxis
· Type II receptor:
· Vascular smooth muscle relaxation 
· Increased mucous secretion
· Besides the two main guys, what are some of the things that are released by the mast cell as it degranulates?
· See the tables in the notes
· Alright, now we're still on the topic of mediators of hypersensitivity.  Explain how the different mediators contribute during different phases of the Type I hypersensitive reaction.
· Early Phase -> characterized by Ig-E (Type I of something)
· Mast cells/ basophils
· Degranulation spews out of the cell preformed mediators i.e. preformed histamine
· Rapid PG and LT synthesis
· Effects of early mediators 
· Vasodilation
· Increased vascular permeability
· Increase mucus secretion
· Smooth muscle contraction (bronchial)
· INFLAMMATION
· Late Phase
· Eosinophils do some stuff:
· First they stop the early phase by releasing histaminase, which degrades histamine
· They are also release peroxidase (not sure why)
· Major Basic Protein also released, which causes direct bronchial damage
 
Allergy Overview
· And specifically allergies now.  What are the most common ones?
· Most common: asthma, hay fever (urticaria), eczema, food allergies
· OK, first let's talk about atopic allergies.  What are they, and how do they work?
· Atopic allergies is when we have a genetic predisposition to some allergy (i.e. you don't acquire an allergy to peanut butter - you just have it)
· It's all about increased expression at 2 places on our chromosome:
· Chr 5q -> encodes cytokines (IL-4, IL-5, IL-9)
· You may recall that these cytokines drive the Th2 response, which is all about antibodies
· Chr 11 q -> encodes beta chain of IgE receptor (high affinity to mast cells)
· You may recall that the IgE receptor on mast cells is what the IgE binds to in order to start degranulation
· Thus, atopic individuals have increased circulating IgE and eosinophils - to the tune of 10x more IgE circulating in their plasma…
· And that, ladies and gentlemen, is the root of why we get Type I hypersensitivity - it's not that allergic Alice recognizes peanuts as foreign, and non-allergic Nevin does not.  It's that when allergic Alice responds to these foreigners, she does it to a MUCH LARGER DEGREE than non-allergic Nevin
· Which factors affect what type of allergic reaction we get (and perhaps whether we get it at all)?
· Route of exposure: the kind of organism determines the route of exposure, which in turn determines whether the reaction occurs
· For example: we know that Type I is all about mast cells, which ARE LOCATED IN THE TISSUES
· Thus the type of reaction we will have depends on which tissues' mast cells start degranulating: hay fever is degranulation in the upper respiratory tract, and asthma is degranulation in the lower respiratory tract
· Allergen dose: the higher the dose, the higher the response
· Note that as we might expect, certain areas are more susceptible b/c of how close they are to the outside world…like the respiratory tract b/c many allergens are inhaled
· Susceptible organ
· Familial susceptibility: this is the atopic stuff which we just discussed
· Give some examples of allergic diseases, and describe them.
· Asthma: reversible obstruction of airways – bronchoconstriction, mucosal secretion…all leads to you gasping for air
· Rhinitis: watery eyes, sneezing, nasal obstruction – somewhat similar in the sense that you inhale it, and it affects the upper respiratory tract…your nasal passages…and also obstruction of your nose…
· Allergic conjunctivitis: redness of conjunctiva, itchy eyelids
· Urticaria: itchy edema of cutaneous tissues (hives) i.e. itchy swelling of skin, itchy red welts on the skin, etc.
· Angioedema: swelling under the skin (subcutaneous)
· Atopic eczema: another inflammatory reaction on the skin…characterized by itchiness…
· Anaphylaxis: we have talked about this…it is more of a systemic response….it is what tends to happen when the allergy gets into high concentrations in the blood
· What is the hygiene hypothesis?  Explain it.
· It is the hypothesis that being in a hygienic society makes us MORE susceptible to allergies
· Think about it - in western nations we see more allergies than in the "dirtier" countries
· Children with asthma tend to live in CLEANER homes
· The idea behind this hypothesis is that when we are born, our CD4 T cells have a bias towards the Th2 response, which (you better know this) is all about antibodies (as opposed to cell mediated immunity) - or in other words, they are all about attacking extracellular pathogens
· Thus our Th2 (antibody) response is very strong, and our Th1 (cell-mediated) response is very weak - so when we have an allergy, the antibodies respond to it WITH A VENGEANCE and we get hypersensitivity (overreaction)
· However, if we grow up in a dirty society, we will occasionally be exposed to intracellular parasites, viruses, etc. which will force us to activate our Th1 response
· Because of this the two response will be more balanced out (remember that they are mutually exclusive so they work against each other), and when an extracellular pathogen arrives we will not respond nearly as strongly
 
Specific Allergies
· What is anaphylactic shock?  Why does it happen?  How do we treat it?
· Anaphylactic shock occurs when we have such a strong response to allergy that we get:
· Massive histamine release -> massive dilation of blood vessels 
· Massive dilation of blood vessels -> massive fluid loss
· Massive fluid loss -> massive drop in blood pressure 
· We deal with this by using:
· Epinephrine (i.e. Epipen) 
· Constriction of blood vessels, increases BP
· Cortisol
· Reduces inflammation by acting on activated mast cells
· Now talk about asthma.  How does this work?
· We can understand it by thinking about what normally happens with Type I hypersensitivity reactions
· We do the Th2 response, which means an increase in IL4 that promotes Th2 and thus IgE secretion
· These IgE's cause histamine release, which means that the Type I and Type II histamine receptors get going…and this causes us to have difficulty breathing because:
· Smooth muscle constriction (via type I)
· Mucus secretions in lungs (via type II); Link to HLA in family
· Talk about asthma.  Why could it be genetically determined?  How else can we trigger it?
· We note that our chromosomes have IL-4 polymorphism, so it could be a genetic thing
· Also consider the stats:
· No parent with asthma: ~15% offspring affected
· 1 parent with asthma: ~30% affected
· 2 parents with asthma: ~50% affected
· Also there is intrinsic asthma, where we get triggered by things such as exercise, cold air, emotional stress, drugs, dust, etc.
· Explain how hay fever works.
· Firstly, it is caused by airborne plant pollens 
· These guys cause our mast cells to degranulate in very specific areas
· And so we get swelling and inflammation in: nasal passages, eyes, submucosa
· Explain how food allergies work.
· Well, there is a wide variety of potential allergens in foods
· Some of it is unsuspected additives
· Some of it we know, such as gluten - which leads to reactions in our gut
· This gives us diarrhea, vomiting, stomach distention, etc.
 
Prophylaxis for Allergies (i.e. how do we prevent against them?)
· What are some ways that we can avoid allergies?
· Avoidance (i.e. not eating certain things)
· Over the counter antihistamines (bind to histamine receptors so that histamine can’t bind)
· Specific immunotherapy - i.e. allergy shots
· Mast cell stabilizers
· Topical anti-inflammatory 
· i.e. For eczema, we rub on a glucocorticoid that reduces response on the surface
· Play with Th1 vs. Th2 response
· Explain how we could "play" with the Th1 and Th2 responses.
· Well as described earlier, we have a Th2 bias when we are born
· However, if things happen such that we have to stimulate our Th1 response, then the responses will balance out and the bias will be removed:
· For example, M. tuberculosis and M. vaccae stimulate our Th1 response - they make us release cytokines like IFN-gamma that will inhibit the TH2 guys
· Discuss the 2 kinds of allergy shots we can get.
· Hypo-sensitization: we introduce a small amount of the allergen and attempt to induce the synthesis of  IgG and IgA, which will reduce IgE
· Induction of blocking Ab (IgG, IgA) - the idea is that if we can make the body create more IgG, then all the IgG's will bind the antigen and thus the IgE's can't - this is good for us because the IgE's are the ones which subsequently bind to mast cells and cause the degranulation
· Basically the idea is that we play with the cytokines which tell the B cells which antibody to produce
· Or they try de-sensitization: they inject small doses of the allergen so as to reduce the amount of IgE that is free
· Free IgE in blood reacts with allergen
· Limited IgE “available” to bind to mast cells
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Module 9: Hypersensitive Reactions (Types I, II, III, IV) (partial)
 
Type II Hypersensitivity - Overview
· Alright, so we know how Type I Hypersensitivity works.  How about Type II?
· The idea behind Type II Hypersensitivity is that instead of IgE antibodies that cause degranulation, it's all about the overreaction of IgG and IgM antibodies, which bind to antigens or haptens on host cells
· The complement cascade is initiated (think about the antibodies, you should be able to figure out why)
· Also there is phagocytosis (figure out why)
· What are some examples of Type II hypersensitivity reactions which we will discuss (or not)?
· Autoimmune and drug-induced hemolytic anemia
· Goodpasture’s syndrome
· It is not terminal…but it is idiopathic (unknown cause)
· Spontaneously after two years, it goes away…
· Symptoms – people cough up blood…
· Haemolytic disease of the newborn (talk about later)
· Myasthenia gravis – characteristics of type II and type III reactions (talk about later)
· Graves’ disease (talk about later)
 
Type II Hypersensitivity - Red Blood Cells
· What is the difference between alloantigens and xenoantigens?  Give examples.
· The difference is that an alloantigen is something that comes from someone of the same species, whereas xenoantigen is from another species
· For example, the ABO and Rh blood antigens are alloantigens because when I get a blood transfusion from another human and look at those antigens, I am looking at antigens from another human
· Whereas when I get a pig blood transplant and look at some weird antigens on their RBC surfaces, those are xenoantigens (from another species)
· Let's apply the previously described generic mechanism to a blood transfusion.  Explain how a Type II Hypersensitivity reaction could result from a blood transfusion?
· Alright, so first off we get all this foreign blood entering our veins - and those RBC's have antigens on their surfaces that our antibodies look at
· These antigens include the ABO proteins, Rh (Rhesus) proteins, and the Kell group
· Realize that we have isohemaglutinin, which is a NATURALLY-OCCURRING antibody against foreign ABO proteins - what this means is that we don't have to have prior exposure in order to recognize B blood as bad if we have A blood, for example
· So our antibodies jump on all these foreign RBC's and activate complement on them
· How does drug-induced haemolytic anemia work?
· You may recall that we discussed this earlier in the course with respect to how penicillin could act as a hapten and cause this
· The idea remains the same - penicillin is broken down (metabolized) and carried throughout the body by binding to RBC's
· However, sometimes our antibodies can see penicillin on the antibodies and conclude that it is a foreign antigen and thus the entire complex is foreign (penicillin + RBC), and thus kill the whole complex
· Thus our red blood cells are lysed (haemoLYTIC) and we don't have enough of them (anemia)
· Explain how haemolytic disease of the newborn can happen.
· First let's understand another protein group on the surface of RBC's, called the Rhesus (or "Rh") factor
· Like most surface antigens, this can exist in multiple forms, and like most antigens, if a body finds Rhesus factors on a RBC that it does not recognize, it will know that something is wrong
· For simplicity's sake, let's consider 2 major kinds of Rh factors: Rh-positive (or Rh-"D") and Rh-negative (or Rh-"null D")
· In reality there are 3 loci on the chromosome: C, D, E (it comes down to whether we have the "D")
· Now let's say we have an Rh-negative mother.  The antibodies for the Rh group ARE NOT NATURALLY OCCURRING, so unless she has ever had Rh-positive blood in her body, she won't have any antibodies against it
· Now imagine that she becomes pregnant, and her fetus is Rh-positive - if any of that baby's blood gets into the mother's system, she will develop antibodies AGAINST Rh-positive blood but they will not attack the fetus because they take a while to get started up, etc.
· But then she becomes pregnant with another child - and this child is also Rh-positive
· This time the mother DOES have antibodies against the child's blood - and what's more, the antibodies are IgG, meaning that they can cross the placenta into the baby's bloodstream and kill its RBC's
· And that's how we get haemolytic disease of the newborn!
· How do we protect against haemolytic disease of the newborn?
· We have to introduce passive immunity, which is when we confer immunity on a person by introducing antibodies into their system (as opposed to letting them develop antibodies on their own, which is a more "active" process, apparently)
· So what we do is we will inject the mother with anti-D antibodies (or in other words, antibodies against Rh-positive RBC's)
· What this will accomplish for us is that when those fetal RBC's enter the mother's bloodstream, the anti-D antibodies will jump on them right away and bind, so that there is no time (or reason) for the mother to develop her own anti-D antibodies
 
Type II Hypersensitivity - Other Diseases
· Myasthenia gravis - what is it, and what are the symptoms?
· It is the impairment of the transmission of neurotransmitters, preventing skeletal muscle contraction from happening
· It causes weakness and fatigue of skeletal muscle, which leads to:
· Droopiness of eyelids (big one), inability to contract the mouth, muscle atrophy, muscle wasting
· What is the mechanism for myasthenia gravis?  What are the implications of this for how we treat it?
· First let's think of how things work normally:
· So we have the nerve connecting to the muscle - the motor end plate is the contact between them
· Under normal conditions, Ach is released from the neuron and acts on the nicotinic/ach receptors on the surface of the muscle
· This "passes on the signal" to the muscle, which contracts in response (great!)
· But we have auto antibodies which are specific for acetylcholine receptors (nicotinic receptors is the proper term)
· Note that "auto" means antibodies against our own stuff
· And so they stop the signal from propagating either by destroying the receptor (complement-mediated lysis) or blocking the activity of acetylcholine
· There is possible involvement of HLA-B8 and HLA-DR3, which means that we have genetic susceptibility
· Thus we treat this by suppressing auto-Ab
· Give the epidemiological data on Graves' Disease.
· Prevalence: ~ 3 cases per 1 000 people
· 7:1 women to men ratio
· In fact this gender ratio is present for most auto-immune diseases
· Why might this be the case? There are just theories…
· Perhaps women have 2 X chromosomes…
· Different expressions of genes due to differing hormone levels
· Peak incidence 30-40 years old
· Increased frequency of haplotypes HLA-B8, DRw3 (Caucasian), HLA-Bw36 (Japanese), HLA¬Bw46 (Chinese)
· Symptoms:
· A “fixed stare” with enlarged eyes
· Enlarged thyroid (bump in the neck)
· Explain the mechanism for Graves' Disease.
· Alright, so this is an autoimmune disease, which means that once again auto-antibodies are involved
· This time we have auto-abs to the TSH receptor on thyroid cells but they DON'T destroy it - instead, they just mimic the substrate, causing the thyroid to THINK that it is receiving TSH
· Thus the normal negative feedback loop which would tell the thyroid to stop is useless
· And so the thyroid gets busy making all these thyroid hormones (T3, T4, etc.) and it gets really big because of this
 
Type III Hypersensitivity - Overview
· Alright, give an overview of a generic case of Type III hypersensitivity.  What happens, etc.?
· The idea is that we get immune complexes - antibodies bound to antigen (note that Ab's are usually IgG and IgM) - and they get deposited in different places
· They can go into tissues (the Arthus reaction), which gives us characteristic skin lesions with tissue damage, swelling, etc.
· Or they can go into blood (serum sickness), which gives us fever, sickness, lymphanopathy (swelling of the lymph nodes), etc.
· There are a numbers of ways through which this result is mediated:
· Complement activation 
· The recruitment of neutrophils (PMN infiltration)
· Cytokines released
· Interaction with platelets leading to thrombus formation (in the blood)
· What are some diseases associated with type III hypersensitivity?
· We will talk about:
· Post-streptococcal glomerulonephritis 
· Rheumatoid arthritis
· Systemic lupus erythematosus (will talk the most about this one)
· We won't talk about:
· Polyarthritis nodosa
· Chronic viral hepatitis (Hepatitis C) 
· Skin lesions of syphilis
· What are some factors that influence deposition of immune complexes?  Why do we care?
· Size of circulating immune complexes: the smaller they are, the milder their effect
· Clearance of immune complexes from circulation: this depends on the efficiency of our mononuclear phagocyte system
· Biochemical properties of Ag and Ab: isotype, molecular charge, avidity between Ab and Ag
· Avidity means “how attracted is the Ab to the Ag”
· Anatomic and hemodynamic factors: certain areas of the body are more affected than others due to what they do
· i.e. Filtration systems like the kidney handle blood a lot so when we filter stuff out, complexes can get trapped and mediate hypersensitivity
· Alright, let's walk through the full course of a Type III hypersensitivity reaction.  Wire to wire!
· We start with some antigen that enters the body.  Of course there are many possible sources:
· Infection (i.e. Hep-B), environment (i.e. fungal spores), or autoantigen (i.e. my own DNA)
· Then an antibody comes and binds to it, creating our immune complex
· If everything goes right, complement and macrophage will come and kill the parasite - because that's what NORMALLY happens when we have an antibody-antigen complex
· However, if clearing is unsuccessful then we get some type of immune complex (Type III) disease
· It could be localized (i.e. farmer's lung)
· Or it could be systemic (i.e. systemic lupis erythematosus)
 
Type III Hypersensitivity - Diseases
· How do we get glomerulonephritis as a result of hypertension?
· We just have to remember that the blood pressure in the kidney is much higher than (4x) but correlated to systemic blood pressure
· So when the systemic blood pressure is high (hypertension), the blood pressure in the kidney is also high and so we get increased immune complex deposition in the blood vessel walls
· And this causes the Type III hypersensitivity reaction to happen right in the glomerulus - we get complement coming, etc.
· This means that we cannot absorb stuff back into the blood from the urine, so we are going to see a lot of protein in our urine (proteinuria)
· Give some epidemiological information about systemic lupus erythematosus (SLE).
· SLE is a chronic disease
· It is more common in women of childbearing age
· Risk for MI (myocardial infarction) of women 35-44 with SLE -> 50x greater than population without SLE
· Other forms (rarer because they are drug induced) are penicillamine (for example)
· Non-specific symptoms: fatigue, weight loss or gain, fever, swollen lymph nodes
· Specific symptoms: butterfly rash, extreme photosensitivity, discoid lupus, mucosal ulcers, arthritis, seizures, pericarditis, glomerulonephritis
· What is the mechanism for SLE?
· It is ALWAYS characterized by the presence of anti-nuclear antibodies (i.e. antibodies against the stuff in our nucleus): anti-DNA, anti-RNA, anti-histone
· They don’t know where the antibodies come from (environmental trigger vs. genetic trigger)
· But in any case, we get immune complexes of DNA and autoAbs in our skin, joints, muscle, glomeruli…so we get increased neutrophil recruitment here, etc.
· Sometimes when we test for this, we can get a false positive test for syphilis (~20%) because they use a certain phospholipid that makes it so sometimes they tell you incorrectly that you have syphilis
· What is the mechanism for rheumatoid arthritis?
· So this is very common…1-2% of the population…
· We have an auto-antibody known as Rhematoid factor (IgM) which is weird because it can bind to normal, circulating IgG - so it’s like an autoAb-Ab complex (instead of our normal Ag-Ab complex)
· Complex deposits in joints (gets into the synovial fluid) -> and this results in the recruitment/infiltration of macrophages and neutrophils and activates complement
· We eventually get all different kinds of immune cells…and over time this results in the break down of cartilage and bone
 
Type IV Hypersensitivity - Overview
· What are some general defining characteristics of Type IV (also known as delayed-type) hypersensitivity?
· Firstly, we notice that it is MEDIATED BY T CELLS (more specifically CD4 Th1 cells, as we will see later)
· These T cells release pro-inflammatory cytokines, which means:
· Macrophage activation (notice how here it is macrophages, whereas with Type III it was neutrophils)
· Inflammation
· Also, in keeping with the NAME, this response takes hour or (more often) DAYS after the exposure to be seen, because that is how long the Th1 response takes
· Discuss Type IV hypersensitivity mechanistically.  What processes does it go through?
· As with other responses, there is a sensitization phase and then the elaboration phase
· (Remember how with Type I there is sensitizing dose and shocking dose, and in an analogous way there is primary and secondary signal for T cell activation…)
· In the first phase, the T cells (again, we are talking specifically about CD4 Th1 cells) are shown the antigen and they recognize it
· After that, we get the effector cells and so the next time we see this pathogen, we have the normal Th1 response with CMI, inflammation…but NEW TO THIS ONE: we get a granuloma (due to the recruitment of the macrophages)
 
Type IV Hypersensitivity in a Clinical Setting
· What are some diseases/conditions caused by Type IV hypersensitivity?
· Crohn’s disease 
· Leprosy - you know this - think back to what leprosy is, and how it is caused by a GRANULOMA
· Tuberculosis - you know this - think back to what tuberculosis is, and how it is caused by a GRANULOMA
· Sarcoidosis
· Schistosomiasis - you know this - think back to what schistosomiasis is, and how it is caused by a GRANULOMA
· What are the different TYPES (not conditions, but TYPES) of Type IV hypersensitivity?
· Contact dermatitis, tuberculin-type hypersensitivity, and granulomatous hypersensitivity
· What is contact dermatitis?
· This is when we get inflammation on our skin (DERMA-titis) as a result of a Type IV hypersensitivity reaction
· The defining characteristic of this baby is that it initially involves a mast cell/Langerhan's cell, which presents the antigen to the Th cells that sets off the Th1 response
· And then the normal stuff happens - T cell activates, macrophages are recruited, granuloma forms
· But then we release lytic enzymes to try and kill the granuloma, and this can affect our skin - we get big, red, raised bumps on our skin
· What is tuberculin-type hypersensitivity?  Explain how this fits into the history of tuberculosis vaccines and tests.
· Man's first assault on tuberculosis was Bacillus of Calmette and Guérin (BCG), in 1921:
· It is a vaccine against tuberculosis that is prepared from a strain of the attenuated (weakened) live bovine tuberculosis bacillus, Mycobacterium bovis, that has lost its virulence in humans by being specially cultured in an artificial medium for years
· After that we developed the Mantoux Test, which can TEST whether we have tuberculosis or not:
· Alright, the idea here is that we have a particular type of hypersensitive response (known as tuberculin-type hypersensitivity) to a particular pathogen, called TUBERCULIN
· Tuberculin is essentially a PURIFIED PROTEIN DERIVATIVE (PPD) of Mycobacterium tuberculosis
· Why do we care?  Because tuberculin won't hurt us, HOWEVER the hypersensitive response which it elicits is ONLY POSSIBLE if we have been previously infected by tuberculosis - which means that we can use tuberculin as a test - and indeed we have the "Mantoux Test", which is just that
· The hypersensitive response we get is (again) a granuloma, which appears under our skin as a bump
· Think about Type IV hypersensitivity and why this would make sense: if our T cells and macrophages are SENSITIZED to the bacterium (i.e. they have seen it already b/c we have been previously infected with tuberculosis), then they will respond immediately (i.e. within 3 days)
· Lastly, we have to think about the interaction between a tuberculosis vaccine and the Mantoux test - if we had been immunized, the Mantoux test would return POSITIVE - so we would have to do a chest X-ray (remember that tuberculosis hits the alveolar macrophages?) do figure out what is really going on
· Explain the difference between the presentations of tuberculin-type hypersensitivity and contact hypersensitivity.
· Alright, so the issue here is really the BUMP on the skin that we see - it is different for each condition, and the reasons for this are related (unsurprisingly) to their mechanisms
· Contact dermatitis:
· We see an "oedematous" swelling RIGHT UNDERNEATH the SURFACE of the skin, which means that we have edema i.e. lymph fluid is accumulated
· Thus this one is relatively soft
· Tuberculin-type hypersensitivity:
· We again have swelling/raised bump sort of deal, but it is HARD because the granuloma is deeper under the skin
· This is because the Langerhans cells which present that antigen are not as close to the surface of the skin
· Tell me all about granulomatous hypersensitivity.
· Granulomatous hypersensitivity occurs when certain microorganisms and inert particles which are resistant to phagocytic destruction (i.e. M. tuberculosis, M. leprae - which you KNOW) cause trouble
· As we would expect, when a phagocyte has phagocytosed either M. tuberculosis or M. leprae but cannot destroy it, we get the following things happening:
· Chronic inflammatory response develops
· Macrophage involvement give us giant granulomas which are basically the pathogen surrounded by macrophages surrounded by activated lymphocytes such as CD8 T cells
· We often get caseous necrosis as a result, which is a particular kind of biological tissue death that looks "cheese-like": soft and white proteinaceous dead cell mass
· Alright, so let's talk about a well-known disease that is basically Type IV hypersensitive reaction: multiple sclerosis.  Explain what it is and give its etiology.
· Multiple sclerosis is a chronic, inflammatory disease that attacks the central nervous system, and thus its effects are neurological: loss of function, numbness in the fingers, paralysis, vision loss, etc.
· It can be considered in 2 stages:
· The initial stage is recurrent inflammation of the CNS
· The later stage is a complete destruction the myelin sheath and oligodendrosites which surround the neurons and allow them to conduct their impulses well
· The dendritic cells and macrophages are the APC's…which causes the activation of the 2 main players in this destruction, which are macrophages and T cells:
· Macrophage involvement includes the release of: TNF-alpha, proteases, and reactive oxygen intermediates
· T cell involvement includes: cytokine release, and increased chemotaxis of inflammatory cells
· Give me epidemiological-type information: what is the disease course?  How do we treat it?  What causes it?
· Firstly, it is an AUTOIMMUNE disease because it is our own T cells attacking our own body's cells (i.e. the myelin and the oligodendrosites)
· In terms of why we get it:
· Infections: we note that, for example, people are more likely to show symptoms of MS after having a case of the measles
· Heredity: statistics suggest this - they show that there is a 30% chance that you have it if your monozygotic (same DNA) twin has it too
· Lastly, the disease course: there are many different "patterns" of MS symptoms in the sense that some people show it all the time, some people show it sometimes, etc.
· The most common pattern (70%) is the "remitting and relapsing" type, which is when there are asymptomatic periods, but then after we get a "trigger" we relapse again
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Module 10: HIV
 
Global Burden of AIDS: Selected Statistics
· What are some alarming statistics on AIDS?
· In America:
· One quarter of the approximately 1 million with HIV do not know that they are HIV positive
· The percentage of African-Americans with HIV is approximately 11 times greater than white Americans
· AIDS is the LEADING CAUSE OF DEATH for AFRICAN-AMERICAN WOMEN 25-44 Years
· In Canada:
· There is a major increase in AIDS cases amongst Aboriginal people
 
AIDS and HIV
· Give a brief overview of AIDS.  Explain how it is related to HIV.
· AIDS (acquired immunodeficiency syndrome) is a disease of the body that CAN RESULT from being infected with a certain virus (called "HIV", the human immunodeficiency virus)
· AIDS has two main targets:
· The immune system - which is why we can die from opportunistic infections such as pneumonia, if we have AIDS
· The central nervous system - which is why AIDS sufferers often have dementia
· Discuss HIV.
· HIV is a virus like any other virus - it does not necessarily manifest itself in the form of the AIDS disease
· Everybody reacts differently to the virus, and factors such as age, nutrition, and genetics contribute to this variability
· In other words, whether we get AIDS from HIV is dependent on the natural history of the disease - it might turn into AIDS, and it might not
· As we will see later, with HIV there is a "silent period" where the infection is asymptomatic (it does not cause any symptoms) - this stage can last for a LONG time in some people, and again that is an example of how varied things can be
 
Natural History of HIV Infection
· Give an OVERVIEW of the course of an HIV infection.
· Alright, so there are 3 main phases which the infection will go through: acute HIV syndrome, silent phase, and AIDS
· Acute HIV syndrome: 
· This lasts for about 12 weeks
· It consists of the virus getting into our body and then replicating - thus our viral load quickly increases
· Silent phase: 
· This can last for 8-15 years
· It is when our immune system has (for now) successfully stopped the virus, and so it is keeping it down there in low numbers
· AIDS phase:
· This is when the virions have progressively built up to the point where they outnumber and "outsmart" our immune system
· Here they infect our CD4 lymphocytes (helper T cells) and prevent them from performing their various functions
· Note that HIV-infected individuals can transmit the virus at ANY stage of this disease
· Discuss the acute phase further.
· Firstly, the strict definition of this phase is: from acquisition of the virus to the point where antibodies are present (notice how this implies that during this time there are NO ANTIBODIES PRESENT - instead, we are building up the antibodies during this time)
· OK, so the thing that is going on here is that the virus is getting into our body and replicating rapidly, and we don't have any antibodies to stop it
· Therefore, for the first 6 weeks-3 months after being infected, we will have big-time viral proliferation and NO antibodies
· Thus during this time we will demonstrate the symptoms of a normal viral infection: fever, fatigue, etc.
· By the time this phase is over, we will have developed enough antibodies to the virus that if we test for the presence of HIV antibodies, it will be POSITIVE
· Thus we say that now we have undergone "seroconversion", meaning that we have developed specific antibodies for the disease (as opposed to having them already)
· Discuss the silent phase further.
· Alright, so during this phase the amount of HIV virus in our bloodstream is maintained at a low level because the antibodies - while not totally destroying the virus - are "keeping it at bay", so to speak
· Note however that the virus is still mutating and killing CD4 T cells, but it's just that we are making enough new ones to keep up
· At some point though, the body's immune system is no longer able to keep up with the virus, and the viral load in the bloodstream shoots up rapidly while the CD4 cell count decreases
· The time it takes this to happen depends on which specific HIV strain you have - because they are different in how fast they mutate, etc.
· That is why the duration of this asymptomatic phase is 8-15 years (a large range)
· Lastly, we say that it is asymptomatic at this point because, as mentioned earlier, the antibodies are "winning"
· As we transition from the silent phase into full-blow AIDS, what clinical symptoms will we see?
· This is also known as the "early symptomatic HIV disease" phase, where we see early symptoms such as...
· We see the AIDS-related complex, which is a bunch of different signs and symptoms typical of MILD HIV infection
· However, these signs and symptoms are generic, so it doesn't really help us
· One mainstay of the AIDS-related complex is progressive generalized lymphadenopathy, which is enlargement and swelling of the lymph nodes - this is because guess where the virus is going to reproduce and kick some CD4 ass?  The lymph nodes, where so many of our T cells are!
· And then when we are at advanced symptomatic AIDS, what do we see?
· Cachexia: severe and profound muscle wasting caused by disease
· Aging appearance: premature graying; wrinkling of skin
· Opportunistic infections/tumors: for example we see Pneumocystis carini, which is a type of pneumonia for AIDS that they wouldn’t get if they had a good immune system
· Alright, let's combine all this crap on the natural history of HIV infection into two basic concepts which are often used on a graph to demonstrate the course of disease.  What are these concepts?  Expound on each.
· Firstly, viral load: this is the amount of HIV virus that is in the bloodstream
· It is HIGHEST at the beginning (when there are no antibodies to stop its replication) and at the end (when all the CD4 lymphocytes are dead and cannot stop it)
· We test the viral load to see how fast it is increasing - this gives us an idea of how fast the disease is going, and whether our treatments are working
· Secondly, T-cell count (more specifically CD4 cell count): this is the amount of CD4 T cells we have
· Obviously, it will vary with the virus: at the beginning it is at its normal high level, but it is brought down with the introduction of the virus
· It recovers for a while, but then steadily declines and eventually the virus overpowers it and that is when we see the advanced symptoms of HIV infection
 
HIV/AIDS and Disease Mechanisms
· Alright, so describe the virus itself.  Morphologically?  Genetically?
· Alright, so to start, we put it in the broad category of "retrovirus", meaning that its genome is RNA, and it carries with it a reverse transcriptase enzyme which will code DNA out of the RNA and fit it into the host cell's genome
· Now for structure, let's think about it from the outside-in:
· First we have the viral envelope, which surrounds everything
· It has two very important proteins embedded in it: gp120 and gp41
· These guys are important because they recognize and attach to the host cell
· Then we have the HIV capsid, which is a structure within the envelope
· It is cone-shaped
· We identify the virus using this guy
· Inside the capsid, we have the virus' actual genome.  There are 3 crucial proteins which this genome encodes:
· Inner core proteins: these proteins go INSIDE the virion (recall that the virion is just the whole package, i.e. the virus, envelope, capsid, etc.)
· For example: the gag gene encodes an antigen for all retroviruses that the RNA binds to
· Envelope proteins: these are the proteins that go on the envelope of the virion, and are thus important for fusion with the host cell
· For example: gp120 and gp41, which we have already discussed
· Enzymes: the various enzymes which are necessary to get the RNA genome into the host cell's DNA genome
· For example: 
· pol gene (polymerase or reverse transcriptase) gene
· ribonuclease (cleaves RNA)
· integrase (integration of nucleic acid into host DNA)
· protease (splits protein into fragments): this is important for processing the HIV proteins after they are translated by the host cell so that they can be included in additional HIV viruses
· Now let's think about why this virus is a sneaky bastard.  Firstly, talk about the variables that can make it more sneaky or less sneaky.  What makes this virus hard to protect against?  What are some WEAKNESSES of it?
· One consequence of this variability is that there are different characteristics for different strains of the HIV virus that will make it more or less sneaky
· We can have variance in: virulence, growth rate, infectivity, antigenicity, and the ability to evade the host immune response
· By far, the thing about HIV which mostly makes it hard to cure is its variability: which means that the genetic copying mechanism is very inaccurate and so every copy of the virus is different
· There are 10-20 mistakes per replication cycle
· However, we do note that HIV has a fragile envelope: it can be degraded by alcohol, detergents, and solvents
· Explain what happens when the virus actually enters a cell.
· Alright, so this is all about receptors and co-receptors
· The first thing is that the gp120 (etc.) will bind to the primary receptor on the surface of some cell
· On a CD4 cell, it will (obviously) be the CD4 protein which is on the surface
· And then we have an HIV envelope-CD4 complex, but it needs to bind further with the CHEMOKINE CO-RECEPTOR in order to enter the cell (NOTE THAT IT SEEMS TO USE BOTH RECEPTORS)
· On a CD4 cell, the coreceptor is CXCR4
· On a macrophage, the coreceptor is CCR5
· And then the virus membrane and the cell membrane fuses, and the virus enters the cell
· OK, let's go wire to wire.  When an HIV virus invades a cell and then multiplies, how does that all work?
· Firstly, the HIV binds to the CD4 T cell and the gp120 interacts with the CD4 protein, as well as the chemokine co-receptors CCR5 and/or CXCR4 (we know this already)
· After that happens, the gp41 (another HIV envelope protein) locks into the host cell membrane and allows the two membranes to fuse: thus the core of the virus (i.e. without the envelope) is injected into the host cell: we have liftoff - the RNA genome, reverse transcriptase, everything is free in the cell
· Then the reverse transcriptase makes ssDNA copy of viral RNA
· Provirus migrates to nucleus; integration into DNA
· Provirus remains latent or transcribes genes into RNA
· If the viral proteins are made, then the protease cleaves structural core protein and viral enzymes (since they are made as precursors)
· Proteins and RNA assembled into new virions
· Virus buds from cell surface - and we have another virus
· Alright, so that's cool that HIV can replicate.  But how does it KILL a cell?  How does it NOT kill a cell?
· It does NOT occur by rupturing cells or increasing osmotic pressure
· However, there are some hypothesized ways for how it DOES kill:
· The HIV protease can cleave procaspase-8, which is an INACTIVATED enzyme in the host cell - and thus caspase 8 will be activated
· The caspase 8 can then cause mitochondria to release its cytochrome c (no more respiration for you!)
· Specific cytotoxic T cell killing: i.e. the CD8 T cell comes and sees that the CD4 cell is infected, and so it kills it
· Ab-dependent complement-mediated killing
· Syncytia formation: recall that a syncytia is a cell with tons of nuclei, i.e. a cytoplasm with lots of nuclei in there
· So let's think: if HIV infects a CD4 cell then expresses the gp41 glycoprotein on the CD4's surface, that cell can now bind to other CD4 cells
· Eventually we get a whole clump of CD4 cells together and they form a syncytium that is a) useless and b) can be killed all at once by the HIV virus
 

Prevention

· First of all, why do we need prevention?  Why can't the immune system kick HIV's ass?
· The virus has a very high replication rate: it does antigenic drift very fast
· Thus it is hard to make antibodies that can reliably detect and remove it
· Also, there are sugar residues covering the gp120 surface proteins so that we cannot detect it using those things
· Lastly, in the later stages of the disease, we are just too weak to mount an effective immune response
· If we did produce an HIV vaccine (note: VACCINE, not treatment) - what characteristics would it need to have?
· Effectiveness
· Safety
· Stability
· Affordability (current treatments – not vaccines – are very expensive i.e. $15,000/year)
· What are some ways that we can PREVENT HIV?
· Condoms
· Education
· Screening for blood transfusions
· Also new work on microbiocidal gels—from recent HIV/AIDS conference
· Be clean: don’t use infected needles, etc.
