Pathophysiology 3

Intro to Rheumatic Disease:

· We don’t know the causes of a lot of these diseases, only how their effects are mediated.  

· Immune damage can occur by immune-complex deposition, anti-host antibodies, or cell mediated immunity.  A normal immune response can be bad in cases like allergy to innocuous antigens, graft/transplant rejection, or autoimmunity.  

· Rheumatology is basically the study of autoimmunity, very often focusing on arthritis.

· For each disease we should consider if it’s acute/chronic, its clinical and pathological phenotypes, and its inflammatory effector pathways.  

· Acute diseases generally have an identifiable exogenous source, rapid onset, self-limited propagation with no amplifying loop, flares only on re-exposure, and no memory.

· Chronic diseases generally involve an unclear, endogenous source, a slow onset, self-propagation with an amplifying loop that makes you sicker each time, and have frequent flares and induce immunologic memory.  

· A disease’s phenotype includes what patients it tends to affect, what tissues, and the nature of the pathology (autoantibody, complement, cytokines, cells mediated).  
· Inflammatory cells can be recruited to specific places with certain signals.  Epithelium may upregulate ligands causing cells to go toward some tissue.  So normally leukocytes roll along the vascular endothelium, and with increased vascular permeability and adhesion molecule expression they may leak out.  

· Antibody effector functions include neutralization, opsonization, and complement activation.  In the complement cascade, C5a is one of the most important mediators to know.  Complement is an example of signal amplification.

· Cytokine systems are extraordinarily complex.  You may have the same cytokines present in a lot of different conditions, but their varying amounts and context can provide different signals.  

· Pleiotropism – 1 cytokine can have multiple effects.

· Redundancy – multiple cytokines can have the same effect.

· Cytokines may also be synergistic or antagonistic.  

· Myelomonocytic cells include neutrophils, basophils and eosinophils.  Their functions include phagocytosis, phagosome/lysosome fusion, respiratory burst, secretion of granule products like proteases, secretion of pro/anti-inflammatory mediators.

· T-cells may mediate a delayed-type hypersensitivity by releasing cytokines that cause inflammation and tissue injury.  CD8 T-cells may also exocytose granules, allow granzymes to enter the target cells and initiate caspases for apoptosis.  NK cells may mediate antibody-dependent cellular cytotoxicity.  

· The innate and cell-mediated arms of the immune system communicate with one another.

· In acute disease, the organism is returned to its original equilibrium of anti and pro inflammatory forces.  In chronic rhematic disease, it’s never re-established.  

Phenotypic Presentation of Systemic Inflammation:

· There are no direct exam questions from this lecture

· Rheumatic diseases usually have generic features of systemic inflammation, along with unique features of each particular disorder.  The inflammatory response itself can be a major source of acute and chronic morbidity.  The extent of the reaction is variable among individuals and among the disorders.

· Systemic inflammation is good defense against infection, good for cancer surveillance, good for restoring homeostasis after acute tissue damage, and good for wound healing.  It’s bad in that it can have pathogenic effects from excessive response, chronic expression or if the response mediators affect other things (pleiotorpic).

· In septic arthritis, systemic inflammation is needed to clear bacteria from the blood, which is important for mortality.  But, the inflammation causes a lot of joint damage.

· Systemic inflammation is largely mediated by macrophages/neutrophils/T-cells and their release of cytokines.  

· Acute phase reactants (produced in the acute phase reaction) are good measures of systemic inflammation, because they are in much higher concentrations than the cytokines that induce their production.  TNF, IL-1 and IL-6 cause a lot of their release.  The most important ones measured in lab tests are C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR).  ESR increases with the acute phase reaction, because more acute phase proteins in the blood cause RBCs to clump together and settle faster.  

· Fever is beneficial because it inhibits bacterial growth (directly and via iron sequestration) and it facilitates immune activation and phagocytic action.  Leukocytes produce the endogenous pyrogens (IL-1, TNF, lymphotoxin, interferon, IL-6) that mediate it.  Prostaglandin E2 production is a necessary step, particularly when it reaches the CSF, for raising the temperature set-point.  

· Anemia of inflammation or anemia of chronic disease can occur.  IL-6 causes a release of hepcidin, which inactivates iron pores for iron absorption from the intestine and iron release from the tissues.  An IL-6 inhibitor can treat this anemia in humans.

· Cachexia is the loss of lean (non-fat) mass occurring in the context of systemic inflammation.  TNF somehow via NFkB leads to protein degradation in muscle and can produce sarcopenia.  This can occur through myocyte apoptosis, resistance to growth factors, and lots of mechanisms.  Cytokine inhibition may treat it.

· Acute inflammation releases glucose and free fatty acids, which is good.  But chronic inflammation via cytokines is associated with diabetes and atherogenesis.  Inflammation causes HDL to lose its cholesterol-reversing process (via accumulation of oxidants) and leads to LDL formation, so you get pro-inflammatory HDL.  
· Chronic inflammation also leads to atherogenesis and thrombosis.  Macrophage and T-cell infiltration of plaques can destabilize them and cause cardiac events.  Inhibiting (or in test animals eliminating) TNF greatly reduces the incidence of cardiac events.  

Gout:
· Gout affects 1% of men in the western world.  It’s increasing due to longevity and factors like hypertension, more renal disease, obesity, diuretic use and aspirin use.

· Acute gout attacks are characterized by intensely painful (stimulated by the smallest thing), highly inflammatory arthritis (red, warm, swollen, painful).  The first attack is generally at one joint in the lower extremity (podagra – 1st m-p joint of big toe – is common).  Its onset is sudden, episodes are intermittent, and symptoms resolve without treatment over a few days.  Fever and chills may occur.  Joint fluid shows neutrophils, monosodium urate crystals (yellow when parallel to polarized light, blue when perpendicular), often inside PMNs. 
· Chronic ‘tophaceous’ gout occurs later, with episodes becoming more frequent and longer lasting over time.  Eventually it becomes a chronic, destructive arthritis with a continuous low level of inflammation.  This destroys bone/cartilage.  Tophi are collections of uric acid surrounding the joint and can occur anywhere in the body.  It may lead to irreversible erosion of bone.  
· The incidence of gout correlates with elevated levels of serum uric acid.  Hyperuricemia precedes gout, but the higher the levels the greater the chance of getting arthritis and the more frequently attacks occur.  Uric acid is a product of purine metabolism.  20-50% of excreted uric acid comes from dietary purines, the rest is endogenous.  7 mg/dl represents saturation of uric acid, so above that you get a big increase in gout incidence.  

· Hyperuricemia can result from decreased clearance of uric acid (90% of gout cases):
· This may be a primary disorder in cases of polygenic, inherited changes in urate transporters (URAT1 and UAT).  UAT1 mediates urate reabsorption, and it can be blocked with probenecid (treats gout).  Males reabsorb more, and estrogen can increase uric acid excretion.  So males get gout more often.  

· Decreased renal clearance may also be secondary to age, hypertension, metabolic syndrome, and other factors that decrease GFR (which causes increased absorption of uric acid).  Diuretics and aspirin also contribute to increased reabsorption.  

· Hyperuricemia can also result from overproduction of uric acid.  

· Primary cases are mostly from undefined molecular defects and are usually polygenic.  An exception is an X-linked mutation in HGPRT, which catalyzes an alternate metabolic path for purines.  This forces more metabolites down the uric acid path and induces production of more purines.  Complete HGPRT deficiency leads to Lesch Nyan Syndrome.  

· Secondary causes of overproduction include increased cell turnover (and resulting nucleic acid turnover) such as hemoglobinopathies, carcinomas, or proliferative disorders.  Increased ATP turnover can also cause this and may be caused by excessive alcohol consumption or metabolic defects.  Ingestion of foods rich in purines (organ meats, seafood) can contribute.  Dairy protein may have the opposite effect.  Allopurinol inhibits xanthine oxidase, the enzyme that catalyzes the production of uric acid, so if useful in treating gout.

· Most animals express uricase to convert uric acid to the more easily excreted allantoin.  We may have lost that function because more uric acid increases sensitivity to salt, which may have been good for BP as bipeds if salt was ever lacking in the diet.

· Gout is one of the few inflammatory rheumatic diseases where the cause (uric acid crystals) is known. 

· Free uric acid crystals activate the classical complement pathway by cleaving C1 on the surface of the crystals.  Ig on the surface of crystals potentiates this reaction.  A stable C5 convertase forms on the surface and generates C5a and C5b which attract neutrophils (causes endothelial cells to translocate Weibel-Palade bodies and bring P-selectin and IL-8 to the surface).  

· Uric acid crystals are negatively charged, so they bind and activate Hageman factor.  This activates proenzymes that produce bradykinin.  The bradykinin increases vascular permability, vasodilation and potentiates the release of prostaglandins (esp PGE2, which causes edema, erythema, and pain).
· Uric acid crystals induce synovial macrophages to release IL-1β, which activates endothelial expression of adhesion molecules to promote neutrophil movement.  IL-1β also causes synovial fibroblasts and macrophages to produce IL-8, a neutrophil chemoattractant.  IL-8 production is also directly stimulated by uric acid signaling via TLR2 and TLR4.  TLR2 stimulation causes articular chondrocytes to release NO.  Uric acid crystals also activate proteins in macrophages and neutrophils to cleave/activate and secrete IL-1.  

· Neutrophils are not usually in the joint, so must be recruited.  They are stimulated by uric acid crystals to produce IL-8 and leukotriene B4 (a neutrophil chemoattractant) which creates a self amplification cycle.  Uric acid crystals also cause neutrophils to release lysosomal enzymes, superoxides and free radicals.  This damages the joint by depolymerizing hyaluronic acid (producing water there) and inactivating α-1 antitrypsin which activates collagenase and stromelysin.  

· Uric acid crystals are clearly associated with gout, but most patients with elevated uric acid in the serum, even above the saturation point, don’t have gout attacks or tophi.  And, uric acid deposits can be present in joints before attacks occur.  Patients with massive tophi only occasionally have the degree of inflammation associated with an acute attack. 
· It is hypothesized that joint trauma may disrupt micro tohpi and release free crystals that bind humoral factors and stimulate inflammatory cells.

· Sepsis and stress may increase ATP turnover and rapidly increase uric acid levels

· Bedrest may cause extracellular fluid to be reabsorbed from joint spaces when recumbent, increasing the concentration of uric acid in joints.

· Alcohol and dietary indiscretions may increase uric acid load.  

· Acute gout attacks are self-limited and usually only last 24-72 hours in early gout.  But, the crystals are still there.  

· Carboxypeptidases are found there and may inactivate the kinins and C5a
· Neutrophil life span is limited by resistance to repeated stimulation or destruction when ingested crystals disrupt lysosomes.  Continued PMN activity requires continual recruitment.

· Aging neutrophils undergo apoptosis, and when ingested by macrophages, the macrophages produce anti-inflammatory factors like TGF-beta.  

· Inflammatory inhibitors like IL-Ra (receptor antagonist) are increased later in an acute attack.

· Increased fluid and heat with gout may solubilize uric acid crystals. 

· Inflammatory mediators may simply diffuse away from the joint space.  

· Treatment of acute gout includes aspiration to document crystals and rule out infection.  NSAIDS and/or corticosteroids may be given, and colchicine can be administered (though high doses should be avoided due to toxicity).  Colchicine inhibits uric acid crystal deposition, among other things.  
· Chronic gout is treated with low dose colchicine prophylaxis, uric acid lowering therapy, allopurinol (inhibits xanthine oxidase, involved in producing uric acid).  Allopurinol toxicity includes rash and liver function test elevation.  Probenecid (blocks renal reabsorption of uric acid) may also be used if good renal function is present. 

· Future therapeutic approaches may include febuxastat (lower uric acid), uricase (break down uric acid in tophi), and/or IL-1beta inhibition (treat gout).  

Autoantibodies:

· Auto-antigens (self molecules that are recognized by the immune system) may be tissue specific or ubiquitously expressed.  Paradoxically, specific antibodies, even if they are ubiquitously expressed, tend to produce specific effects with distinct phenotypes.  This can be diagnostically or prognostically valuable.  It may reveal information about disease mechanisms.
· Autoantibodies may participate directly in tissue damage or dysfunction, or they may be markers of what other immune components are recognizing.  So not all autoantibodies are pathogenic. 

· These antibodies are normally quite rare in the serum.  

· Autoantibodies may be assayed by immunofluoresence (nonspecific – run serum over plated cells and see where they bind), ELISA (you have to already know what antigen they bind), immunoprecipitation (radiolabel cell proteins and add them to antibodies on beads, centrifuge the ab/ag complexes and use electrophoresis to see what protein was bound) or western (electrophorese proteins, add antibody and see where it binds).  

· Where you look affects the conclusions you may draw.  Myasthenia gravis has auto-antibodies to the ACh receptor which downregulate AChR.  This makes you weak, particularly with repetitive stimulus.  They lucked out by looking at the motor end plate, since weakness was a primary manifestation.  They could’ve looked in other cells and found autoantibodies against titin (broadly expressed large molecule), you might draw an erroneous conclusion about the mechanism of myasthenia gravis.  So, in lupus, they found anti-nuclear antibodies, but they don’t know if they’re relevant to the mechanism by which the disease is caused. 
· Different autoimmune sydromes have their own distinct autoantibody profiles (these may or may not play causative roles, but they’re very specific for each disease):

· Rheumatoid arthritis:  Anti-CCP, RF (and vimentin, BiP, fibrin)

· Lupus:  Nucleosomes, U1-RNP, Sm, Ro/La, PARP, NuMA, aPL
· Scleroderma:  Nuclear and subnuclear antigens - Topoisomerase I, fibrillarin, RNA polymerases, CENP A/B/C, B23
· Myositis:  Cytoplasmic and nuclear antigens - Mi-2, SRP-72kDa, PM-SCI, tRNA synthetases, U1-RNP
· Sjogren’s:  Ro/La, α,β-Fodrin, Ku/DNA-PK, Golgins, PARP, M3-R, NuMA, ICA69
· Apoptotic cells may cause some of the usually intracellular antigens to which lupus patients have antibodies to cluster together at the surface of the apoptotic bodies.  This may play some role in pathogenesis.

· Rheumatoid arthritis includes an anti-CCP (citrullinated molecules) antibody.  It’s an important diagnostic, but doesn’t necessarily tell us about the mechanism.  
· There are two phases of autoimmunity:  The initiation phase is when you have autoimmunity to some targets, but no disease or tissue dysfunction.  Some autoantibodies may predate the onset of disease by years.  The propagation phase is when autoantibodies occur around the time of disease symptoms.  

· Why is there so much specificity in the autoantigens for certain diseases?  The autoantigens are part of a feedforward process (autoantigens have feedforward properties).  A normal antigen alone ligates a receptor and can be innocuous, but if it co-ligates with something else to get both a signal 1 and a signal 2, you can get activity.  Autoantigens have the capacity to bind specific antigen receptors, but can also bind and activate TLRs or other innate immune molecules to intensely activate the effector cell.  This is a unique property of autoantigens.  

· DNA or RNA antigens can produce this intense immune response, and examples include Sm, RNP, anti-DNA, many of the myositis autoantigens, fibrillarin, and ribosomal proteins.  

· Dominance:  Only a small fraction of potential antigenic determinant are efficiently presented on MHC II during processing of protein angitens (self or foreign).  These epitopes that are well presented are called ‘immunodominant.’  This dominance is influenced by protein structure/folding and protein degradation.  

· Cypticity:  Tolerance of self-antigens only occurs with dominant epitopes, and there remain many cryptic epitopes which aren’t well presented to which we don’t develop tolerance.  T-cells specific for cryptic epitopes may persist, and if the protein’s processing and presentation are altered, the cryptic epitopes may be exposed and the T-cells specific for them can induce autoimmunity.  Ways to generate cryptic epitopes:
· If a molecule or antibody binds to the antigen at the dominant epitope, when processed, the dominant epitope is hidden and other epitopes are presented

· The molecule may be processed and presented differently due to changes in proteolytic machinery. 
· Novel cleavage mechanisms not in the normal APC pathway, such as apoptotic or inflammatory cleavage 

· Changes in the autoantigen’s structure, maybe via post-translational modification

· Novel forms of autoantigens from mutation, truncation or splicing.  
Allergy Overview and Hypersensitivity:

· Acute and chronic conditions attributed to allergy are among the most common seen in medicine.  Allergy (aka type I hypersensitivity) is a state of increased immunologic reactivity involving IgE against innocuous foreign substances.  The term atopy is often used interchangeably, but refers to the genetic predisposition to develop IgE mediated hypersensitivity.  Twin and familial studies have shown good evidence of some genetic basis.

· Genes and environment impact the likelihood of developing allergic disease.  Western lifestyle increases the risk of allergy, and it is hypothesized that decreased exposure to microbes early in life promotes Th2 development over the usual Th1.  Th2 cells produce IL-4 that induces IgE, whereas Th1 cells produce more IFN-gamma that suppresses IgE.

· To get an allergic reaction, you first need allergic sensitization in which you are exposed to the antigen and develop IgE.  APCs present antigen to Th2 cells, and these Th2 cells make IL-4 and IL-13, which causes B-cells to proliferate and class switch, producing IgE.  The presence of allergen-specific IgE is the basis of the development of immediate hypersensitivity reactions.  
· IgE then binds IgE receptors (FcεRI) on basophils and mast cells.  The alpha chain of the receptor binds IgE, while beta and gamma chains mediate signaling.  The number of these receptors on basophil and mast cell surfaces correlates with the level of IgE in the serum.  

· Future exposure to allergen can then have an allergic response.  This can be tested by a skin test or a blood test (radioallergosorbent test).  Free IgE has a short half life, but when bound to mast cells or basophils, it’s much longer.  Mast cells are resident in the respiratory tract, skin, etc.  When the allergen is present, it’ll bind to multiple receptors causing them to cross-link and leading to signaling and the release of inflammatory mediators.  All of this happens in minutes, and you see release of histamine and leukotrienes that is dose-dependent on the amount of allergen present. 
· Most allergens are water soluble proteins (easily absorbed).  They may come from ragweed, cats, dogs, roaches, dust mites, etc.  Most of the animal-derived ones are in the lipocalin family and function as proteases.  Low molecular weight substances like penicillin can be allergenic by acting as haptens (binding to host proteins to form a complex that can interact with IgE).  You may get multiple low molecular weight particles bound to a single host protein, allowing it to cross-link IgE receptors.  Pollen is another such small molecule, and it can spread for miles in the air due to its small size.  

· Patients with reactions like this undergo an early response, but about 50% of patients will also show a late phase several hours later in which their symptoms return.  So patients often need to be monitored for a while if they’ve had anaphylaxis or something like that, just to be sure they don’t have a late reaction and deteriorate rapidly.  

· Mediators released from mast cells:

· Preformed granule-associated products:  The most prominent is histamine.  The H1 receptor is involved with allergic reactions and is the site of action of most classic antihistamines.  The H2 receptor is involved in gastric acid production, and the H3 receptor has unclear function though it appears to be in the brain and play some role in drowsiness.  Histamine can cause neural (induce sneezing), glandular (rhinorrhea), vascular (extravasation, swelling) and muscular changes (bronchoconstriction).  Such signs/symptoms appear in minutes and represent the early or immediate phase of allergic reaction.  Other products released during mast cell degranulation include tryptase, chymase, chondroitin sulfate and carboxypeptidase, but their contributions are unclear.
· Newly synthesized products or arachidonic acid metabolism:  Leukotrienes are generated by mast cells, basophils and eosinophils.  They are a slow-reacting substance of inflammation (SRS-A).  Phospholipase A2 is converted by 5-lipoxygenase (5-LO) and 5-LO activating protein (FLAP) to leukotriene A4.  hydrolase, synthase, and peptidases convert them to other leukotrienes (LTB4, LTC4, LTD4, LTE4).  LTC4/D4/E4 are cysteinyl LTs, and are much more potent than histamine in causing bronchoconstriction.  These leukotrienes also induce mucus secretion, vascular permeability, and tissue swelling.  LTB4 is chemotactic for neutrophils and the cysteinyls are chemotactic for eosinophils.  The receptors that mediate LT effects are CysLT1 and CysLT2.  They are expressed on bronchial smooth muscle cells as well as elsewhere.  Prostaglandins are generated from arachidonic acid by COX1 (constitutively active in many cell types) or COX2 (inducible in mast cells, macrophages and neutrophils).  During the immediate phase of allergic reactions, mast cells prostaglandin D2 causes bronchoconstriction and vasodilatation (and nasal congestion).  
· Cytokines and chemokines:  Mast cells and basopohils can also make IL-4, IL-13 and other factors.  These can promote the development of allergic inflammation by upregulating the production of IgE by inducing local influx of proinflammatory cells like eosinophils.  Cellular infiltration occurs several hours after allergen exposure as part of the late phase response.  During this period, manifestations like nasal congestion and bronchoconstriction may recur.  
· Allergic rhinitis and asthma:  Allergic rhinitis is the most common atopic disease, affecting 20% of individuals in the US and adding up to a lot of cost.  Prevalence has recently been increasing.  Symptoms include paroxysmal sneezing, nasal pruritus (itching), congestion, rhinorrhea, post-nasal drip and sinus pressure.  It may be year round (17%), seasonal (41%) or mixed (42%) with seasonal exacerbations. Trees – spring.  Grass – summer.  Weeds – fall.  Mites, roaches, etc – perennial/indoor.  Simple irritants like tobacco smoke or cold air can trigger these things.  
Asthma includes breathlessness, wheezing, chest tightness, and/or cough.  Seasonal exacerbation is common in people who have outdoor aeroallergens too, and 90% of asthmatics may have rhinitis too.

· Both asthma and allergic rhinitis show inflammation and hyperresponsiveness.  Inflamation is shown by more infiltrating cells and inflammatory mediators with nasal lavage and bronchioalveolar lavage.  It may occur naturally or with nasal/bronchial challenge in a lab.  Within 10 minutes of challenge, histamine and leukotrienes significantly increase in a dose-dependent manner.  Albumin (marks vascular permeability) and lactoferrin (marks glandular secretion) are increased too.  Eosinophils infiltrate during the late phase responses to allergens and may persist for a while.  Nasal congestion/secretion or bronchial constriction (and FEV1 changes) occur in both early and late stages of allergic response.  The hyperresponsiveness of these diseases is reflected by a decreased threshold and increased magnitude of sneezing reflex due to exogenous histamine for rhinitis, or decreased FEV1 with inspiration of a spasmogen in asthma.  
· Anaphylaxis is a rapid, systemic allergic reaction that can be life threatening.  It happens to 1/3000 inpatients, with a 1% risk of fatality.  It involves IgE mediated release of mast cell and basophil mediators to a foreign substance to which a person has been sensitized.  This can affect cutaneous, respiratory (airway obstruction, bronchoconstriction), CV (vascular collapse due to more permeability and dilatation), or GI function.  These things can occur in minutes to an hour, and the faster they happen the more severe they are.  2-23% of patients with anaphylaxis exhibit a late phase response after initial resolution of symptoms.  There reactions can be triggered by minute amounts of allergen (drugs, nuts, insects, latex).  6-20% are idiopathic.  

· Anaphylactoid reactions present with the same clinical picture, but are not IgE mediated.  These pseudoallergic reactions may involve the same mediators from mast cells and basophils.  These cells may be directly activated by opiates or hyperosmolar radiocontrast dyes, or allergens may activate complement and produce anaphylatoxins that can lead to degranulation of basophils/mast cells.  These do not require previous exposure to the offending agent.  
· To diagnose as anaphylaxis, elevated serum histamine and tryptase would ideally be measured.  
Therapy for Immediate Hypersensitivity:  
· Skin testing is done as a measure of immediate hypersensitivity mediated by a type I IgE allergic reaction.  Nasal or bronchial allergen challenge is done to measure early (minutes) or late (hours) phase IgE mediated reaction.  

· When you are first exposed to an allergen, dendritic cells in the periphery take it up and go the lymph node, where it is presented to Th2 lymphocytes.  They stimulate the production of mast cells and basophils, stimulate eosinophils, and induce B-cells (via IL-4 and IL-13) to undergo class switching and secrete IgE.  Then, when you’re exposed to an allergen the second time, it binds to IgE on mast cell or basophil and causes release of granule contents and production of lipid derived mediators.  

· Mast cells and basophils produce a couple types of important inflammatory mediators:  

· Granule contents (immediate release):  histamine is produced in both mast cells and basophils, and TNF-alpha (pro-inflammatory), proteases and heparin are only produced in mast cells.  

· Membrane derived lipid mediators (early release – minutes):  leukotrienes produced in both types of cells, and prostaglandin D2 produced only in mast cells.

· The rhinorrhea and nasal congestion of allergic rhinitis are directly stimulated when mast cells release their granules.  Degranulation also stimulates the nasal epithelium to send sensory signals to the CNS, which produces the same effects, and also causes pruritus (itch) and sneezing.  

· The mucus production and bronchoconstriction of asthma are also directly stimulated by degranulation.  Mediator release onto the epithelium of the bronchi stimulates sensory nerves and produces the same effects, as well as coughing.  

· Because histamine release mediates so much of this, antihistamines (H1 antagonists) are very commonly prescribed drugs that ameliorate the symptoms of allergic rhinitis (may help a little with asthma, but not FDA approved).  First generation ones like Benadryl (diphenhydramine) are lipophilic, so they can cross the BBB and cause drowsiness.  Second generation ones like claratin/loratadine and allegra/fexofenadine and less likely to do so, and also have fewer anti-cholinergic side effects like dry-mouth.  
· Antihistamines suppress the cutaneous wheal and flare responses of immediate type hypersensivity (seen on a skin test).  Second generation antihistamines (loratadine) controls sneezing in the early response, but has no effect on the late phase response.  

· Antihistamines may not do a great job alleviating congestion, so they are often combined with decongestants (vasoconstrictors) like pseudoephedrine.  

· Membrane phospholipids are converted by phospholipase A2 into arachidonic acids:

· Cyclooxygenase I and II (inhibited by aspirin) may produce prostaglandins (pain) and thromboxanes (clot formation). 

· 5-lipoxygenase produces leukotriene A4, which may then be converted into Leukotriene B4 (chemotaxis of inflammatory cells) or Leukotrienes C4/D4/E4 (cysteinyl LTs, involved in airway contriction).  

· Leukotriene antagonsts (receptor antagonists like montelukast or 5-lipoxygenase inhibitors) do not inhibit the immediate wheal/flare response on an allergen skin test.  But, they do block the early and late phase responses to allergen challenges, particularly the early phase.  They reduce eosinophilic inflammation, which may contribute.  
· Leukotriene antagonists improve symptoms for both allergic rhinitis and asthma (particularly asthma sensitive asthmatics).  Aspirin can block the production of prostaglandins/thromboxanes from arachidonic acid and cause more LTs to be produced instead.  

· Glucocorticoids target T-lymphocytes, eosinophils, and basophils (esp the membrane derived lipid mediators).  These drugs may be administered topically (fluticasone, mometasone) or orally (prednisone).  

· Oral glucocorticoids don’t inhibit the allergen skin test wheal/flare response.  Furthermore, oral glucocorticoids may inhibit the late phase, but not the early phase of respiratory symptoms.  Oral glucocorticoids are first line agents in treatment of acute, severe exacerbations of asthma.  Side effects of systemic oral corticosteroids include osteoporosis, hypertension, obesity, thin skin, ulcers, buffalo hump, moon face, etc.  
· But, prolonged use of topical glucocorticoids may reduce the wheal/flare response, due to a decreased number of mast cells in the skin.  Inhaled glucocorticoids (mometasone) attenuate the early and late phase responses.  
· Reduction in early phase response is due to a decreased number of mast cells at the epithelium, not an alteration of mediator release.  

· Fluticasone (intranasal/inhaled) reduces the number of eosinophils present and has a big effect on allergic rhinitis and mild asthma.  

· Cromolyns (cromolyn sodium, nedocromil sodium) are mast-cell stabilizers.  They’re not often used, because they need to be taken 4x/day.  Inhaled nedocromil attenuates both the early and late responses to bronchial challenge.  

· Anti-IgE (omalizumab) prevents IgE from binding to receptors on basophils and mast cells.  It is given as a shot every 2-4 weeks.  It reduces levels of free IgE by 99% in a week, and reduces IgE-bound basophil IgE-receptor levels to 0 by day seventy, with the same happening in mast cells a little later.  This results in less of a response to a skin test.  Omalizumab treatment for nine weeks improves early and late phase respiratory responses to allergen challenge, but it hasn’t been shown to consistently improve airway hyperresponsiveness.  It also reduces acute symptoms during nasal allergen challenge and in seasonal rhinitis.  Shown useful for improving moderate to severe allergic asthma.  
· Anti IgE also decreases sensitivity in peanut allergic patients.  
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· So, this indicates that the allergen skin test is mediated by mast cells, IgE, and histamine.  The early phase response is mediated by mast cells, IgE, histamine and also leukotrienes.  The late phase response is mediated by mast cells, basophils, lymphocytes, eosinophils, and leukotrienes.
· Meds under development: 

· Antagonists of IL-4/9/13 as either soluble receptor or anti-IL antibodies.  Their benefit is unclear.  There was a reduced marker of inflammation and less required rescue use of other drugs, but most measures showed little difference.

· IL-5 is critical for eosinophil maturation, activation and survival.  Anti-IL-5 antibodies, downregulation of its receptor by targeting mRNA, or targeting IL-5 receptor for ADCC via antibodies are potential therapies.  These didn’t work, probably either because eosinophils are present in asthma but don’t cause it, or because there was an inadequate anti-eosinophil effect.  

· Treatment guidelines for allergic rhinitis:  2nd generation antihistamines or LT receptor antagonists can be used for mild-to-moderate symptoms.  Intranasal corticosteroids are most effective for controlling allergic rhinitis symptoms.  
· Treatment guidelines for asthma:  For mild symptoms (<2x/week), short acting bronchodilators are used.  For persistent asthma, low dose corticosteroids or LT antagonists.  For increasing severity, you can add a long acting bronchodilator.  In most severe cases, you omalizumab or oral steroids.  

Food Allergy:  

· Most food reactions aren’t allergy.  Allergy must be immunologic responses to food protein (intolerances usually carbohydrates), and very small amounts may cause reactions that can be severe or life threatening.  The prevalence of these conditions appears to be rising, and is around 7% in young children or 3% in adolescents/adults.   

· Kids are most commonly allergic to milk, egg and peanut.  Adults and adolescents to peanuts, tree nuts, fish and shellfish.  

· Common signs/symptoms range from chronic and low grade symptoms to acute, life threatening ones.  They may include hives/eczema/angioedema, vomiting/diarrhea/poor growth, cough/congestion, wheezing/breathing difficulty, hypotension/shock, or anaphylaxis.  

Osteoarthritis:  
· Osteoarthritis (OA) is the most prevalent for of arthritis in the US.  It is the end result of a process that is both degradative and reparative in the bones and cartilage, causing structural damage and functional compromise.  OA is the main indication for knee and hip replacement surgery, which can reduce symptoms and improve function, but not reverse the process.  
· OA is NOT an autoimmune disorder, so it’s different from most things in this section.  

· Prevalence of OA is higher in females, increases with age, and affects the distal interphalangeal joint (DIP) more than the knees, and affects the knees more than the hips.

· The clinical features of OA include use-related joint pain (not the extensive morning-stiffness of rheumatoid arthritis), brief/self-limited stiffness, audible grating, reduced range of motion, and minimal swelling and warmth.  

· The radiographic hallmarks of OA include irregular joint space narrowing (degradation) and osteophyte (bone spurs, due to reparative processes).  There is focal loss of articular cartilage, as opposed to uniform loss seen in RA.  At the joint margin, you tend to see hypertrophic reactions in the subchondral bone.  Joint space narrowing may be accompanied by a thickening of the bone, or sclerosis.  

· There is normally a uniform radiolucency in the joint space produced by cartilage.  When it’s gone, you get pain and compromised function.  Because this process isn’t inflammatory, you also usually don’t see much of an inflammatory infiltrate histologically.  

· All of this is an age related reaction of the joint to gradual insult/injury.  All tissues of the joint are involved, and remember that it results from both degradation and regenerative processes (thickening of sub-chondral bone, invaginations into the cortical margin – just the bone underneath the articular surface). 

· Articular cartilage is made by chondrocytes.  Its ECM is mostly water and great for load support and bounce/buoyancy.  The macromolecular components include collagen and proteoglycans, which give it tensile strength.  Collagen is key for this, and polysaccharides like aggrecan can also contribute to the tensile strength. 

· Damage to cartilage is the key pathologic feature, and the chondrocyte plays a key central role.  Cytokines affect chondrocyte acivity.  Metalloproteases mediate the tissue degradation my cleaving matrix macromolecules like collagen; collagenase is a key degradative enzyme.  Degradation alters the articular cartilage, which compromises the function, particularly of weight bearing joints.  

· It is not know what initiates this, or why some people get it and others don’t.  There is a genetic component, suggested by familial patterns and identification of a procollagen gene associated with an early-onset form of OA.  

· Risk factors include increased age, female gender, increased weight, injury, physical activity, and racial associations.  Some of these associations were found in the Hopkins Precursors Study.  Cumulative exposure to more weight is an important factor.  Public health efforts targeting injury prevention may help decrease the incidence of OA, and the ideal window in which to intervene with primary prevention is during adolescence.  

· Treatment of OA seeks to control pain, improve function, minimize disability, improve health-related quality of life, educate patients and families, and avoid therapeutic toxicity.  

· NSAIDs were used for treatment, but had risks of GI, renal and CNS toxicity.  It may also have a deleterious effect on the articular cartilage itself.  There was a big question about the safety of COX-2 inhibitor use.  COX-2 inhibitors were initially thought to be great, since COX-1 mediated a lot of the GI side effects and kept many of the analgesic and anti-inflammatory properties.  But, COX-2 inhibitors don’t have the platelet inhibition of COX-1, and the COX-2 selective drugs decrease vascular prostacyclin production and may tip the balance of clotting factors in favor or pro-thrombotic eicosanoids (ex: thromboxane A2).  COX-2 inhibitors were found to have much higher CV adverse events, so were pulled form the market
· The aggrecan sugars of cartilage include sugars like glucosamine and chondroitin.  It is hypothesized that ingesting these compounds could help regenerate cartilage.  A couple studies have been done, but there’s no clear benefit in terms of joint space changes or other response to the compounds.  
· Arthroscopic surgery is commonly recommended, and is fairly expensive.  A RTC to see if it helped with pain or function showed no difference.  

· New drugs are being developed that hope to limit destruction by targeting cytokines and proteases, as well as stimulating growth factors in hopes or repairing tissues.  

Systemic Lupus Erythematosus: 

· SLE is the prototype of systemic autoimmune diseases.  It can affect pretty much any tissue via multiple mechanisms.  An aberrant immunologic response to self-antigens drives the disease.  It’s fairly rare (.1% of people), and affects women 9x more than men.  It’s most commonly diagnosed around the age of 30, with another peak a little later in life.  

· Lupus is characterized by a subacute onset (weeks to months of flue-like symptoms) with periods of activity (flares), followed by quiescent periods.  It is a chronic disease.  The phenotype can be highly variable depending on which organs are involved, but recurrent flares usually involve previously affected organs sometimes with new organ involvement.  Intensity tends to increase over time.  
· Manifestations include rash (photosensitivity, butterfly rash, discoid lesions), arthritis, serositis, lymphadenopathy, CNS manifestations, Raynaud’s, glomerulonephritis (due to immune deposits, produces proteinuria), etc

· SLE patients typically produce lots of IgG to auto-antigens.  Some are known, but many are unknown.  One patient may have autoantibodies to several targets.  Since the antigen is prevalent, this typically leads to hypergammaglobulinemia, associated with expansion of B cells in germinal centers of secondary lymphoid tissue.  This results in lymphadenopathy and splenomegaly. 
· An LE cell was observed in bone marrow biopsies and serum of SLE patients.  LE cells are neutrophils that have phagocytosed nuclear material from aging/damaged peripheral blood cells.  It was later shown that IgG from SLE patients binds nuclear material, and these antibodies were termed anti-nuclear antibodies (ANA).  For lupus patients, these were found to be anti-DNA and anti-deoxyribonucleoprotein.  Today, we recognize anti-dsDNA and anti-Sm (a ribonucleoprotein) as classification criteria for SLE.  Other autoantigens in lupus include nuclear (anti-histone, anti-U1-snRNP), cytoplasmic (anti-Ro, anti-La), and membrane targets (anti-phospholipids).  Anti-Ro, anti-La and U1-RNP are seen in other autoimmune disorders too.  Anti-dsDNA antibodies are the most specific ANA in lupus, and they target nucleosomes.  

· Certain clinical phenotypes are associated with specific serum autoantibodies.  So, the auto-antibodies may play a direct role in pathogenesis, or they may be an outcome of certain pathologic processes (an epiphenomenon).  These associations aren’t absolute.  Glomerulonephritis is associated with anti-dsDNA or anti-Sm.  Anti-ribosomalP with CNS symptoms.  Anti-Ro with neonatal heart block or neonatal dermatitis, or cutaneous manifestations.  Anti-La with protection from renal disease.  Anti-phopholipid with thrombosis/thrombycytopenia/livedo reticularis.  
· Autoantibodies may mediate damage by directly binding to autoantigens.  Maternal anti-Ro can bind to fetal AV conduction cells in the heart causing heart block.  Anti-phospholipid antibodies may bind and activate complement.  

· Most of the tissue damage of lupus is caused by immune complex deposition.  With lots of IgG complexed with autoantigen, the clearance mechanisms mediated by complement become overwhelmed.  Early components of the complement cascade (C1q and C4) clear apoptotic cells or solubilize and clear immune complexes.  This is supported by the fact that people with C1q or C4 deficiencies have an increased susceptibility to lupus.  Prolonged presence of complement cleavage products can activate innate and adaptive immune cells that mediate damage.  This can cause lupus skin diseases and vasculitis.  
· Immune complexes also cause damage by having their Fc regions binding Fc-Receptors on innate immune cells.  This leads to cytokine release, and also antigen internalization and engagement of internal DNA/RNA receptors for further pro-inflammatory response (particularly type I interferon).  The continued presence of the autoantigen makes this response continuous.  

· Flares in lupus patients are associated with changes in complement or the immunologic response.  These include increased amounts of autoantibody, isotype switching of antibodies to IgG, circulating immune complexes, or continued activation of complement leading to hypocomplementemia.  
· Genetic susceptibility plays a role in disease initiation.  Deficient clearance of immunogenic stuff like immune complexes and/or apoptotic cells increases the risk of getting lupus.  We will consider immune complexes (and apoptotic cells) the central stimuli that drive the immune response of lupus.  

· Inititaion:  Over 90% of people with C1q deficiency develop lupus.  With the exception of this case, environmental factors are usually necessary for lupus to develop.  These include UV exposure, viral infection, toxins, or trauma.  These occur in the asymptomatic phase of disease progression.  Autoantibodies are also present years before the onset of symptoms, particularly anti-Ro/La/dsDNA/phospholipid antibodies.  In contrast, anti-Sm/RNP emerge closer to disease onset.  So, autoantibodies to ribonucleoproteins may represent more potent events in disease induction.  Apoptotic cells are the most likely source of autoantigens, but molecular mimicry (foreign antigens resemble self structures, and over time the antibodies become more promiscuous via epitope spreading and recognize self) may also be an initial event in the immune response.  EBV may be a source of such antigens.  
· As part of apoptosis, cellular components are packed in the membrane at the surface of dying cells.  It occurs normally throughout life, but particularly with toxins, drugs, radiation, infection, and other things that may cause lupus.  So, apoptotic cells seem to represent an ideal source of stimulation for autoreactive lymphocytes.  Normally this is limited by the rapid engulfment of apoptotic cells by macrophages, which will secrete IL-10 and TGF-beta for a tolerogenic effect.  Also, dendritic cells take up apoptotic material and induce T-cell tolerance.  

· So normally the body is tolerized to apoptotic cells.  But autoimmunity can develop with a deficiency in apoptotic cell clearance (ex: C1q normally helps opsonize, so C1q deficiency is highly correlated with SLE).  Apoptosis may also generate neoantigens by unique fragmentation, as may occur during CD8 killing during a viral infection (via granzyme B).  This could generate novel epitopes that weren’t presented for tolerization during lymphocyte development.  The more likely a protein is to be cleaved by granzyme B, the more likely it is to be an autoimmune target.  
· Transition and propagation:  At some point, the transition stage leads to the clinical phenotype.  Activating innate immune cells like DCs may play a role.  Immune complexes of autoantibody/antigen may at some point undergo a change that allows them to stimulate DCs through TLRs (since many ribonucleoprotein autoantigens are complexes of protein and DNA/RNA).  This leads to production of type I interferon, which can induce B-cell maturation and isotype switching, prime T-cells, and help amplify an autoimmune response and cell killing.  There is a feedforward loop of DC activation, type I interferon production, and activation of autoreactive B/T cells.  This contributes to induction of more apoptosis and autoantigen load, feeding a cycle of autoamplification (propagation).  Subsequent flares may be due to events in which apoptotic cell death is increased and exposure to these intracellular antigens increases.  This can cause tissue damage where activated, which is mediated via immune complexes or activation of complement that induces inflammatory cell recruitment and tissue damage. 
· Therapeutic approaches to lupus include:  broad spectrum immunosuppressive agents, blocking interactions to prevent B-cell maturation, blocking TLR signaling, or partial blocking of type I interferon.  

Autoimmune Myopathies:  Myositis
· The idiopathic inflammatory myopathies (IMM) are autoimmune disorders whose hallmark is inflammation of skeletal muscle.  The three most common types are polymyositis (PM), dermatomyositis (DM), and inclusion body myositis (IBM).  IBM is most common in people over 50, and is characterized by inclusions in muscles that are refractory to treatment.  Keep in mind that muscle inflammation can occur in other autoimmune diseases too.  
· DM and PM:  The clinical hallmark of these diseases is muscle weakness.  In these cases, symmetrical proximal muscle weakness is most common, with an inability to raise arms over the head or rise from sitting.  Facial weakness is rare.  They usually aren’t painful.  In PM, disease is most commonly limited to muscles.  But, in DM and myositis-overlap sydromes, many other signs like rashes, constitutional signs, arthritis, and interstitial lung disease may be present.  The IIMs usually present insidiously over weeks to months.  Weakness usually develops first, but may develop after other symptoms.  

· These can present in children and dults, but are most common in the 30s-50s.  They affect women more than men.  The cause is unknown, but PM and DM are associated with viral infections.  Genetic risk factors have been identified, particularly MHC haplotypes.  Certain MHC haplotypes are even associated with specific autoantibody profiles, but the exact protein epitopes haven’t been demonstrated.  

· PM and DM are associated with malignancy.  DM is most strongly associated, particularly with adenocarcinomas (ovarian, colorectal, pancreatic, lung).  It’s most common within the first year of diagnosis of myopathy, though risk persists for up to 5 years.  

· IBM:  Inclusion body myositis is the most common acquired myopathy affecting adults over 50.  Inflammation and red-rimmed vacuoles within myofibers are the hallmark features of IBM muscle biopsies.  There are intracellular inclusions of beta-amyloid, tau, and other proteins.  It presents in a clinically distinct manner from DM and PM.  In IBM you see an asymmetric weakness that usually involves wrist/finger flexors and the quadriceps, with less severe effects on proximal muscles.  Pharyngeal muscles weaken and can cause dysphagia (difficulty swallowing).  Unusually, IBM also affects men more than women.  IBM has a much more insidious onset, as opposed to the weeks/months of DM/PM.  And, IBM lacks autoantibodies or overlapping connective tissue diseases.  IBM responds poorly to immunosuppressive therapy.  As a result of all of these differences, many view it not as a primary autoimmune disease, rather as an acquired degenerative disease of muscle with secondary inflammation.  There is no increased cancer risk with IBM.  

· All IIMs show patchy involvement with inflammatory infiltrates and areas of muscle damage and regeneration.  

· PM pathology:  In PM, inflammation is located around individual muscle fibers, and the infiltrate is T cells and macrophage predominant.  It seems to be antigen-drive, because there is upregulation of MHC I on affected muscle cells but not adjacent ones.  The increased MHC I can lead to damage via antigen-specific interactions via CD8 cells or by directly inducing an unfolded protein response.  Also, the infiltrating T-cells degranulate at specific sites.  The T-cell repertoire is restricted in these patients.  
· DM pathology:  In DM, you see atrophy of muscle bundles near the periphery (perifascicular atrophy).  Here, the infiltrate is B and CD4 T-cells, and is mostly in the perifascicular space and around capillaries.  In DM, complement is also activated.  Capillary involvement suggests that DM may be a primary vasculitis that causes ischemia/repair that produces myositis.  You also see skin and nailfold capillary changes that support this.  

· Autoantibodies are present in 50% of IIM patients.  Different autoantibodies are associated with unique clinical phenotypes.  Antibodies are ‘myositis-specific’ (MSA) when they occur only in patients with myositis, or myositis-associated if they are seen in other diseases too.  MSAs may be nuclear or cytoplasmic:

· Anti-Jo1 antibodies:  target histadyl tRNA synthetase.  It is seen in 20% of mysositis patients and 70% of patients with myositis/interstitial lung disease overlap syndrome.  The classic phenotype is nonerosive arthritis, mechanic’s hands, intersitital lung disease, and raynaud’s.  

· Anti-Mi-2 antibodies:  target a DNA binding protein, only occurs in DM.  Strongly associated with cutaneous manifestations (dermatomyositis).  Responds well to steroid therapy.  Reduced risk of malignancy compared to other DM types.
· Anti-SRP antibodies:  target signal recognition particle, and they’re associated with a rapidly progressive necrotizing myopathy and minimal muscle inflammation.  Dysphagia is common, and this is difficult to treat.  
· Protein expression of myositis specific autoantigens (Mi-2, histidyl tRNA synthetase) is increased in myositis muscle tissue.  And, the areas with highest expression showed the most damage and infiltration.  It was found that regenerating muscle cells had the highest levels of antigen expression.  In vitro, expression levels decreased as myotube development progressed.  Overall, this suggests that damaged, regenerating muscle provides the source of antigen drive.  
· So, injured muscle may need to regenerate, and in the process the regenerating cells express self-antigens and MHC I which lead to immune responses against these antigens.  This causes more damage, which leads to more antigens, etc in a cycle.  

· By looking at tumors, where immature cells are most prevalent, myositis-specific antigens were found to be increased in several cancer types.  This led to the idea that a tumor expressing self-antigens could induce an immune response.  Then, if muscle is damaged and expresses the same self antigens, it could activate the immune response and get into the cycle of damage and antigen expression.  
Scleroderma:

· There are about 20 million scleroderma cases per year, with females being affected more than men and the most common age of onset between 40 and 50 years.  It is a chronic process and really the only treatment is supportive.  
· Scleroderma may be localized (common in peds), limited (C.R.E.S.T. syndrome), diffuse cutaneous, overlap syndromes, or systemic sclerosis sine scleroderma (without skin manifestations).  Localized scleroderma can take many forms, but we’ll mostly talk about systemic disease.

· Scleroderma is basically just a hardening of the skin, and its skin involvement may be limited or diffuse.  In addition to the skin effects, it affects vessels, lungs, GI, heart, kidneys, etc.  It can be classified by a skin score that evaluates skin thickness in different locations.  Limited scleroderma most often affects the head and fingers/toes (CREST syndrome), then as it becomes more diffuse, spreads proximally.  The skin can become taut and discolored.  

· Scleroderma begins with aches and general symptoms.  Raynaud’s is a common early manifestation, associated with ischemia that produces digital ulceration.  Skin may become swollen and puffy in the inflammatory phase, with non-pitting edema.  This can last a while before progressing to the fibrotic phase in which the skin thickens.  This first affects outer extremities and moves toward the trunk, but the back is often spared.  Vessels begin to accumulate damage and may disappear.  The remaining edematous infiltrate remains, and eventually collagen begins to be deposited.  Fibroblasts are activated to overproduce collagen and ECM.  This leads to skin damage, and the skin will break down, impairing motion (can’t open mouth, move face, open/close hands, etc) and leading to ulcers.  This pattern of fibrosis can affect pulmonary, GI, renal and other organ systems.  All of this can occur pretty suddenly over a few months, which is disabling, frightening and life threatening.  
· Mild to severe contractures may develop that impair the use of facial features, and a typical appearance of a scleroderma patient may include thin lips, taut skin, possibly spots due to dilated capillaries, etc.  The scleroderma neck sign is thick skin over the neck.  Pigment changes may occur in a salt and pepper pattern of depigmentation, which may be along the hairline (devitelligo) or on the chest/fingers.  This may be the only manifestation.

· Skin and kidney function are most severe after around 2 years, but heart and lung effects take a bit longer to increase in severity.  

· The heart may fibrose and enlarge, initiating a cardiomyopathy.  Fibrotic lungs may have severely impaired function.  Chest X-ray may show fibrosis and also the ground-glass appearance of the inflammation (which can precede fibrosis).  

· Young black women are more likely to have bad lung disease, and with them it manifests some as more severe disease.  You can do a lavage and see inflammatory cells (neutrophils, eosinophils) before anything shows up on radiograph.  

· Raynaud’s is seen very commonly.  This is cold or stress induced changes in the color of the skin, most often of the extremities.  In the pallor phase there is no flow, and this is followed by the cyanotic phase in where flow is restored.  It it’s painful, it may indicate ischemia and possible scleroderma.  Finally, you have a hyperemia phase.  

· Most often, it’s not associated with underlying disease.  This is probably the case if cold or stress precipitates it, if there’s symmetry, if there’s no necrosis, if there’s no history of significant findings, no nailfold capillaries showing up if you put oil at the nail-bed, no autoimmunity evidence, normal ESR, etc.  

· Many patients with Raynaud’s, capillary changes, and autoantibodies still don’t ever progress to scleroderma.  Some progress to limited scleroderma, some go on to intermediate, and sometime they progress all the way to diffuse scleroderma.  

· Ischemic events in fingers show vascular involvement of the disease.  If larger arteries infarct, you can lose whole digits.  Similar stuff can occur in lungs (pulmonary hypertension), kidneys (sclerodermal renal crisis), heart (cardiomyopathy and heart failure), penis (ED), etc.  This vascular disease is associated with immune dysfunction.  The vessels don’t show an influx of inflammatory cells, rather you see fibrosis of the intima with sparing of the outer layers.  The lumen gets narrower and it may occlude or form a clot.  This seems to affect smaller vessels preferentially, unlike atherosclerosis.  So, scleroderma is partially a vascular disease.

· Limited forms of scleroderma may manifest as the CREST syndrome.  This includes calcinosis of soft tissue, Raynaud’s, esophageal dysfunction, sclerodactyly, and telangiectasia (capillary changes in the face or nail bed).  These patients have normal survival and mild disease.  Patients with diffuse skin involvement have poorer prognosis.  

· Specific scleroderma autoantibodies are associated with certain clinical courses.  95% of scleroderma patients have anti-nuclear antibodies (ANAs).  CREST/limited scleroderma is associated with anti-centromere antibodies.  Lung fibrosis is associated with anti-topoisomerase antibodies.  Heart, kidney, bad skin disease, and less lung involvement are associated with anti-RNA polymerase antibodies.
· Model:  Initiation can occur when blood vessel injury (somehow it contributes to Raynaud’s).  With injury, inflammation follows, leading to further tissue injury that amplifies the immune response.  T-cells make cytokines which may be pro-fibrotic (TGF-beta, PDGF) and activate fibroblasts to produce collagen in vessel walls.  So injury leads to inflammation, which leads to fibrosis.  

· With this fibrosis, you can get occlusion of vessels.  Cytokines lead out of vessels through the endothelial cells and into tissues, and can mediate damage there too (including collagen production).  
· Endothelial injury causes activation of platelets to produce PDGF and thromboxane.  This results in production of vasoconstrictors (endothelin) and less production of vasodilators (NO).  So there is smooth muscle activation too.  

· Some of the cytokines present (TGF-beta, IL4/13, PDGF) activate fibroblasts and can form a feedback loop in which fibroblasts drive themselves, making it very hard to stop.  Immunosuppression alone fails to completely control it.  

· All of this leads to very thickened skin, destruction of vessels, and the clinical picture of scleroderma.  

· Potential therapeutic approaches include anti-cytokines, competition for receptors, inhibitors of signal transduction (TGF-beta activating kinases like C-Abl).  
· Autoimmunity seems to play a role because T and B cells are present and active.  Autoantibodes are present, and synthetically produced autoantibodies can induce systemic scleroderma.  

· CMV may lead to scleroderma by attacking the endothelium.  When the immune system reacts to the virus, cytokines are released that lead to vessel injury.  This may be repaired by stem cells normally.  The vessel injury, abnormal repair, or stem cell activation can lead to the creation of new antigens and can lead to autoantibodies that contribute to scleroderma related tissue and vascular damage.  

· There’s an immune response involved, so why don’t steroids work?  It’s because tissue injury leads to expression of autoantigens, T/B-cells cause immune-mediated inflammation that causes more tissue injury.  And also, tissue injury leads to cytokine release that activates fibroblasts, causes fibrosis, leads to dysfunction, tissue injury and a vicious cycle.  

· Treatment may address organ failure by trying to target the biological process.  You can also try to treat the primary cause with treatment of vascular disease (vasodilators), immune/inflammation, or the fibrosis.  

· Bascially, scleroderma is a non-inflammatory vasculopathy.  It’s often preceded by inflammation, but longer shows a lot of inflammatory infiltrates in the affected vessels.

Rheumatoid Arthritis:

· RA is a highly inflammatory, destructive disease.  The primary effect is on joints, but other organs can be involved.  

· RA occurs in 1% of patients, with peak incidence between 35 and 60 years of age.  It’s 2-4x as common in women.  

· A diagnosis of RA is mostly made clinically.  Morning stiffness of greater than 1 hour is typical of inflammatory disease.  Simultaneous arthritis of multiple joints, particularly the hand joints and if it is symmetrical is suggestive of RA.  Distal interphalangeal (DIPs) joints are usually spared.  Rheumatoid nodules, serum rheumatoid factor and radiographic changes are also features.  

· Rheumatoid arthritis is a disease of the synovium, the lining of the joint cavity.  It makes lubricants for the joint and provides nutrients to cartilage.  Normally it’s 1-3 cells thick, but in RA it is hypertrophied to 8-10 layers, mostly consisting of fibroblasts and macrophages.  Beneath this lining is a normally acellular area with vessels, etc.  In RA, this subintimal layer has lots of inflammatory cells and new vessel growth.  This hypertrophied synovium (called the pannus) can invade and erode the surrounding bone and cartilage (producing joint space narrowing).  This may also result in a fuzzy margin at the articular surfaces.
·  Basically the joint destruction occurs via bone erosion (synovial invasion and release of matrix metalloproteases) and cartilage loss (diffuse, due to PMNs releasing radicals/proteases and chondrocytes being activated and releasing proteases).  
· RA is a systemic disease, and it can cause constitutional signs (fever, cachexia), muscle atrphy, osteopenia (low bone density), etc.  With RA you see a general weight loss, muscle wasting, increase in fat mass and bone loss.  You also see serum indicators of inflammation such as high ESR and CRP and low albumin (acute phase reponse), as well as polyclonal gammopathy and anemia of inflammation.  

· Other systemic manifestations can include rheumatoid scleritis (eye), vasculitis (can lead to ischemic ulcers and gangrene), or nodules.  

· Patients with RA die 5-15 years earlier than other individuals, and a major cause of death is CV diseases as an extra-articular manifestation of their RA.  

· A good pathophysiologic explanation must explain how it targets the joints, how it involves so many other organ systems, and how it accelerates mortality.  

· Patients aren’t born with the disease, but first progress to a preclinical stage where autoantibodies are present but symptoms are not.  Only later do they develop the actually syndrome.  
· A genetic predisposition has been shown with family clustering and twin studies.  But most importantly, there is a relationship between MHC II haplotypes Ag and DR4 and RA.  Analysis showed that it was a certain sequence, the ‘shared epitope,’ in the DR4 haplotype that conferred the increased risk.  Some DR4s didn’t have it and didn’t show risk, other haplotypes did have it and did show increased risk.  The shared epitope doesn’t appear to be involved with binding a peptide, rather it seems to be involved with the T-cell interaction.

· CD4 T-cells are a major component of the rheumatoid synovium.  

· Environmental factors also play a role.  Smoking increases risk, and hormonal and viral triggers may also be involved.  

· Autoimmunity is a key feature of RA.  The important antibodies are Rheumatoid Factor (IgM that is anti-IgG) and anti-CCP (cyclic citrullinated proteins).  These antibodies may be present well before the onset of symptoms.  RF is not specific for RA and also occurs in endocarditis, infection, etc.  Anti-CCP is highly specific for RA, has a high positive-predictive value for RA, is detected earlier, and is a more severe prognostic factor.  Arginines in proteins may be converted to citrullines, which may cause changes in folding to reveal cryptic epitopes (neo-epitopes) that may trigger autoimmunity.  

· Even though T cells are so prevalent in the synovium, they aren’t producing a lot of cytokines and seem not to be playing the essential role in the disease.  Macrophages and fibroblasts, however, are very actively secreting cytokines.  Basically, macrophages (via TNF-alpha and IL-1) and fibroblasts (via CM-CSF) stimulate one another directly.  Fibroblasts also induce inflammation (via PGE2), degrade collagen and erode bone (via proteases), attract neutrophils (via IL-8), cause B cells to mature (via IL-6) and produce more antibodies, which bind antigens and further indirectly activate macrophages.  

· TNF-alpha is the main cytokine driving everything, and IL-1 is the second most important.  IL-6 leads to systemic manifestations like acute phase response, anemia, and hypergammaglobulinemia.  TNF-alpha alone is enough to induce RA in mice, and anti-TNF-alpha is effective in reducing arthritis.  Basically in RA, the pro-inflammatory effects of TNF-alpha and IL-1 outweight anti-inflammatory molecules.  

· Other genes may act at different stages of the disease to break tolerance regulate inflammation/destruction, or affect the response to therapy.  

· Other factors that affect RA outcomes include treatment (early is better), SES, depression , health behavior, and other comorbid illnesses.  

· Treatments for RA include anti-inflammatory drugs like steroids or NSAIDs, immunosuppressives like methotrexate, and newer therapies targetd to cytokines (TNF, IL-6, IL-1), T-cells and B-cells.  

· Questions about the cause, who gets it, cures, and prevention remain unanswered.

Spondyloarthropathies:  
· This is another group of inflammatory arthropathies, like RA.  This group includes ankylosing spondylitis, psoriatic arthritis, reactive arthritis, enteropathic arthritis, juvenile spondyloarthropathy, and other syndromes.  All together, these are almost as common as RA.  

· These diseases contrast with RA in several important ways.  The spondyloarthropathies can and often do, particularly at the sacro-iliac joint.  They are seronegative with no auto-antibodies for RF or CCP.  They are typically asymmetric.  They are usually oligoarticular (<5 joints).  Spondyloarthropathies commonly show enthesitis/enthesopathy, in which there is inflammation at the tendon or ligament insertion into bone.  Finally, there is new bone formation and periostitis.  Sclerosis often results from this.

· Normally, lots of finger-like projections attach ligaments and tendons to bone.  But in enthesitis, the insertion becomes inflamed, bone is destroyed and new bone can form (sclerosis).  

· HLA-B27 is an MHC I present in over 90% of patients with ankylosing spondylitis.  But only 2% of people with the gene develop disease.  There’s a strong genetic component in this, and several MHC I alleles are associated with ankylosing spondylitis (AS).  Gorillas have an MHC I with a similar antigen binding pocket, and lots of them get AS.  HLA-B27 is most common in whites with ankylosing spondylitis.  
· An HLA-B27 transgenic rat, if exposed to bacteria, will develop arthritic symptoms like AS.  This suggests a genetic susceptibility and infectious trigger.  The process requires CD4 T-cells, which is strange because the HLA-B27 is MHC I.  

· Proteins to be presented on MHC I are degraded, processed/loaded onto MHC I with the help of Tap and Tapasin, and ultimately presented on MHC I.  

Ankylosing spondylitis (AS):  the prototype
· Like most inflammatory arthritises, it presents with inflammatory back complains associated with morning stiffness that improves with activity and eventual limitation of spinal mobility.  But, AS tends to affect men more commonly than women and occurs in the 20s-30s.  About 500,000 people in the US are affected.  Sacroiliitis is the hallmark (though not specific for AS), and it is usually bilateral.  It typically affects girdle joints, but may have associated peripheral arthritis.  Extra-articular manifestations are also seen.  Genetics are known to play a role, because the MHC I HLA-B27 variant produces AS in 90% of people who have it.  
· The radiographic features include sacroiliac erosion and sclerosis, with syndesmophytes bridging the vertebrae and creating a ‘bamboo spine.’  The inflammation that triggers syndesmophytes begins where tendons insert into the vertebrae.  MRI can show inflammation at these joints.  

· To evaluate spinal motion, you can do occiput to wall, finger to floor, or Schober tests (measure distance on the spine while vertical and while bent over, and measure the expansion).  

· Systemic manifestations of AS can include acute anterior uveitis, asymptomatic inflammatory bowel disease (detectable on colonscopy but without symptoms), lung involvement (diminished chest expansion from costovertebral joint fusion, pulmonary fibrosis), or CV involvement (valvular insufficiency, AV block).  

· Pathogenesis:  With bacterial exposure, you get antigen presentation in the context of HLA-B27.  Bacterial antigen or arthritogenic peptide that mimics the foreign antigen activate T-cells.  T-cells secrete cytokines that lead to inflammation and damage.  Oddly, HLA-B27 restricted CD8 cells are rare, animal models are independent of Tap (part of MHC I loading) and CD4 cells predominate.  So even though an MHC I is strongly associated with the disease, it doesn’t seem to be a pure CD8 response.  
· One explanation is that HLA-B27 is directly antigenic or when misfolded looks foreign, so could directly activate CD4 and CD8 cells.  This takes bacteria out of the equation.

· Or, HLA-B27 could dimerize and activate T-cell independent of antigen or gain the ability to bind new antigens due to dimerization.  Really, though, none of this explains all aspects of the disease.  

· Patients with HIV still get spondyloarthropathies, so CD4 cells seem not as important.  But some animal models are CD4 driven.  CD8 cells are seen in the skin and joints of patients with psoriatic arthritis.  And, patients with HLA-DR4 may have worse disease.  

· The gut seems to play a role in pathogenesis of spondyloarthritis in general, based on associations with bowel and intestinal diseases.  

· Arthrogenic bacteria (Yersinia, Salmonella, Shigella) are all intracellular and presented on MHC I.  

· In these diseases, TNF is present in joints and may play a role.  TNF agonists are very effective therapies for these diseases. 

· Treatment:  TNF antagonists, NSAIDs, Methotrexate.  In general, targeted immunotherapy can now be used for these diseases now that we understand more about them.  

Psoriatic arthritis:

· In psoriatic arthritis, you don’t necessarily need to have skin involvement.  Arthritis may appear first.  But for the most part, it’s inflammatory arthritis associated with skin psoriasis and nail changes like onycholysis and nail pits.  Incidence is comparable in males and females, and arthritis can be found up to 30% of patients with psoriasis.  
· Unlike RA, you see frequent involvement of DIP joints.  And joint involvement often shows a radial pattern (all joints of a single digit) that produces sausage digits.  Arthritis may be rapidly destructive, and spondylitis can sometimes be seen. 

· Psoriasis looks like scaling or erythema, and it may be hidden in places like the gluteal natal cleft.  So you may really have to look for it.  Enthesopathy can occur, with subchondral bone inflammation and absorption, and new periosteal bone formation.  Histologically you see massive inflammatory infiltration at the junction of ligaments and bones.  T-cells are found at enthesis too.  A good example of enthesopathy is Achilles tendonitis.  Commonly, this may lead to the production of heel spurs, which are areas of new bone formation on the plantar fascia at the site of tendon insertion.  

· In psoriatic arthritis, you see joint space narrowing, some new bone formation, and also some destruction that can produce ‘cup and pencil’ deformities.  Fusion of joints may also occur.  
· Treatment:  TNF antagonists, Methotrexate
Reactive arthritis (Reiter’s syndrome):

· This is a sterile joint inflammation that develops 1-2 weeks following an infection.  Infection sites involve a mucosal component, so they may urogenital or GI.  Infectious agents include Chlamydia, Salmonella, Yersinia enterocolitica, Campylobacter, and Shigella.  

· Reactive arthritis may have associated ocular inflammation (conjunctivitis, uveitis), skin lesions (keratoderma blenorrhagicum – palms and soles with heaped up lesions, circinate balanitis – psoriatic lesion of penis, psoriasis) and/or cardiac involvement.  The classic syndrome is arthritis, urethritis, and conjunctivitis.  

· Reactive arthritis typically affects young adults with no gender preference.  50% of cases are associated with HLA-B27.  This arthritis often involves weight-bearing joints and is usually oligo-articular.  Enthesopathy, dactylitis and tenosynovitis are common.  
· Treatment:  antibiotics, NSAIDs

Inflammatory Bowel Disease and Enteropathic arthritis:

· Enteropathic arthritis is seen with IBD, celiac disease, intestinal bypass surgery, infectious enteritis, or whipple’s disease.  It is associated with HLA-B27.  Monoarthritis is common, often in the weight bearing joints of the lower extremities.  So sacroilitis and spondylitis can be seen.  Enthesitis is also seen.  

· This arthritis is often accompanied by a flare of gut symptoms, and it may persist even when GI disease is quiescent.  

· Treatment:  TNF antagonists, methotrexate, treatment of underlying bowel disease. 

Vasculitis:

· Vasculitis isn’t itself a disease, but it’s seen in a lot of diseases.  It is a sign, and finding it doesn’t really tell you about the underlying process.  Vasculitis is fairly rare, with only about 1-2 cases per million.  Because TNF-alpha inhibitors have treated RA well, the incidence has really decreased.  

· It is a big challenge for physicians, in terms of diagnosis, management and understanding.  It is inflammation of the blood vessels, and patients can present with a wide variety of symptoms.  Disease can progress rapidly and there aren’t any good diagnostic tests.  But, discrete syndromes can be recognized and treatments tailored to them.  

· Vasculitis is a clinicopathologic process defined by inflammation of blood vessels that results in occlusion and/or destruction of the vessel and ischemia/infarction of the tissues supplied by that vessel.  This ischemia/infarction can occur in essential organs and be extremely important.  The sequence of events includes inflammation, occlusion, potential for aneurysm, and infarction.  Each phase produces discrete clinical signs.

· If you’re looking for vasculitis, look for areas of inadequate blood supply.  These patients should be quite sick, in pain, and complaining of signs of systemic inflammation (fever, weight loss, chills, night sweats, and acute phase response with high ESR and CRP).  Other systemic infections, malignancies, thromboembolic disease and rheumatic conditions may mimic this, and are generally more common, so should be ruled out first.

· Vasculitis can be classified based on the size of blood vessels that are affected.  

· Small vessels <50 microns can’t be seen and include capillaries, arterioles and venules.  This can result in purpura, a non-blanchable punctuate skin rash.  On biopsy, leukocytoclasis (activated and dying neutrophils in the vessel wall) is often seen, as is extravasated blood in the underlying dermis.  

· Medium vessels of 50-150 microns may be visualized and involve vessels with muscular walls.  Vasculitis in these vessels may result in mononeuritis multiplex, where you get a sensorimotor neuropathy of one named nerve (due to infarct).  If the vasculitis is systemic, you may get multiple mononeuritis multiplexes.  When mononeuritis multiplex is present in the absence of diabetes or trauma, it is highly specific for vasculitis.  If you have only medium vessel vasculitis and no other signs/symptoms, you have polyarteritis nodosa.  Biopsies looking for this must be pretty deep to be able to see these vessels.

· Large vessles >150 microns can show vasculitis (thickening) on imaging.  Patients present with pain and fatigue with use, as with claudication, that tends to go away with rest.  

· The pathology of vasculitis is characterized by inflammatory infiltrate, necrosis of the vessel wall, endothelial proliferation, thrombosis, and occlusion.  Aneurysm formation and rupture/hemorrhage may also be apparent.  Disruption of elastic laminae may be seen in larger vessels.  

· You can’t diagnose vasculitis without seeing it (usually via biopsy).  

· Blood vessels can become inflamed through immune complex deposition, antibody mediated toxicity, or antigen-driven T-cell activation.  But, it’s not know what process underlies vasculitis.

· Immune complexes can cause extreme inflammatory reactions by complement activation and deposition.  Normally, they are cleared rapidly.  But, if the system is overloaded (in serum sickness or Arthus – aka type III hypersensitivity reactions) then they may persist and deposit in the vessels (and kidneys, joints, etc too).  Remember that it takes 7-14 days to develop antibodies once you’re exposed to an antigen.  Vasculitidies can be associated with antibiotic reactions (penicillin) or viral infections (Hep C) due to immune complex deposition.  Treatment then seeks to decrease inflammation (steroids), clear immune complexes (plasmapheresis), and treat the underlying cause (remove abx or give antivirals).  Huge complexes are cleared easily, so to be pathogenic, complexes usually need to have about a 3:2 ratio of antigen:antibody.  

· Several vasculitis conditions produce Anti-Neutrophil Cytoplasmic Antibodies (ANCA) against constituents of neutrophil cytoplasmic granules.  The two major targets are proteinase 3 (cytosolic) and myeloperoxidase (perinuclear).  Anti-PR3 antibodies are highly specific for a disease called Wegener’s granulomatosis, which is characterized by necrotizing granulomatous inflammation of the upper respiratory tract, lungs and kidneys.  The auto-antibodies may be responsible for some of the tissue destruction seen in this disease, possibly by binding neutrophils and hastening degranulation.  The antibodies are thought to also amplify the disease, but that doesn’t explain why immune complexes are rarely seen, why granulomatous inflammation predominates, or why titers of ANCAs don’t correlate with disease activity.  But they’re though to play a role because transfer of ANCAs in mouse models shows vasculitis-like disease.  For now, ANCA testing is just used diagnostically and doesn’t really explain everything.

· Large vessel vasculitis conditions like Giant cell arteritis (GCA) or Takayasu’s arteritis present fairly differently.  Patients with GCA are often over 50, often present with systemic inflammation and signs of cranial ischemia (headache, jaw claudication, scalp tenderness, etc).  A major sign is temporal arteritis, where you can see the temporal artery on the side of the head.  Patients with Takayasu’s arteritis are younger (under 40) and also present with systemic inflammatory symptoms and evidence of more distal ischemia (no peripheral pulses, arm claudication, neurologic symptoms).  The aorta often can’t be biopsied, but other large vessels can. 

· The major finding on temporal biopsy are intimal hypertrophy and adventitial inflammation (lots around the vessel).  Giant cells may form in the vessel wall.  The inflammatory reaction occurs in an ‘outside-in’ mechanism, where initial immune stimulation is in the adventitia, T-cells enter via the vaso vasora and interact with resident DCs.  This causes DCs to activate, release cytokines, and recruit macrophages.  These macrophages go to the medial layer where they support myofibroblast differentiation.  The intima expands and microvessels may form (due to IFN-gamma), leading ultimately to occlusion.

History of Allergy Immunotherapy:

· Immunologic treatment for allergy was first successfully accomplished 97 years ago, and it’s much the same today.  Allergic reactions occur in genetically susceptible people after an initial sensitization phase in which antigens are taken up by dendritic cells, presented to T-cells, and cause Th2 differentiation that leads to cytokine release and B-cell production of IgE.  These bind to IgE receptors on mast cells, and on subsequent exposure you get release of histamine and other mediators.  The antigen also restimulates Th2 cells to attract basophils and eosinophils.  Normal people get long term tolerance to innocuous allergens.  

· In 1819, Bostock reported that the condition he called Catarrhus aestivus wasn’t due to hay as popularly thought.  Morrill Wyman was a physician at Harvard who published Autumnal Catarrh in 1872 on hay fever.  Wyman described many prominent patients with this syndrome.  All of them had nose, eye, and throat symptoms, while only some had cough or asthma.  He went to the mountains where there weren’t allergens (as did many who sought treatment) and felt better, but released ragweed and pollen and got allergies.  Wyman determined geographic bounds of the occurrence of fall symptoms.  Wyman recognized that many other irritants contributed.  

· Blackley knew of Bostock’s work, and Blackley introduced experiments to the field of study.  He quantified pollen in the air, and looked to see if it correlated with symptoms.  It did.  He also inoculated pollen in the first skin test.  
· Richet and Portier in 1902 noted that you have increased sensitivity to a poison upon re-exposure, and that there’s an incubation period necessary for this state to develop.  These were two essential components of the phenomenon they called anaphylaxis.  They attempted to confer long lasting protection by giving small doses, and noted that non-fatal doses diminished the immune response to toxins.  Many experiments were done on Prince Albert’s yacht in Monaco with jellyfish toxins.  Richet showed the anaphylactic response to be immunologic.
· Meltzer noted the association between hay fever and asthma with pollen exposure.  In 1910 he also proposed that you have to be sensitized to a substance, and then you’ll react when you’re exposed to it in the future.  He thought it had to be exposure in the circulation though.  
· Dunbar carried out the first treatment of hay fever by immunologic means.  He rejected the idea of sensitization and thought pollen had toxins.  He tried using animal antisera to pollen, toxin-antitoxin mixtures, and pollen alone.  He injected himself with pollen extract and got a violent reaction.  Koch advised him to start small and build up the dose.  Dunbar found that he could induce a response with two or three pollen grains.  

· Noon did the first trial of immunization around 1911.  He also thought pollens had a toxin.  He used standardized extracts and quantitated the response.  By giving gradually increasing doses, he lowered the response by 100x.  Freeman carried out some of the later work and worked to get commercial production of their treatment.  

· Prausnitz and Kustner, in 1921, clearly established the immunologic nature of allergic reactions.  Kustner was allergic to fish.  So, Prausnitz infused Kustner’s blood into himself and documented a wheal/flare response to fish extract.  
· It was many years before the placebo-control studies of pollen protein injections in hay fever were carried out.  

· The Ishizakas discovered the nature of the antibodies that Prausnitz and Kustner had exchanged, and named them IgE.  It was found that IgE is present in the serum in nanogram amounts, it’s synthesized in the lymphoid tissue lining respiratory and GI tracts, it fixes to receptors on mast cells and basophils, and it is found in respiratory allergies and anaphylaxis.

· Skin tests are the primary diagnostic tool in allergies.  Wheal/erythema are the result of the cross-linking of IgE antibodies on the surface of skin mast cells with antigen, which induces release of histamine and other mediators.  

· Radioallergosorbent tests (RAST) look for antibodies using radioactivity/fluorescence and allergen that is bound to a solid adsorbant.  

· It was realized in the 1990s that T cells play a direct role in the inflammation of asthma and hay fever.  

· With injection of allergens as part of immunotherapy (small, increasing dose), the production of Th1 cells is increased, leading to the production of IFN-gamma which suppresses IgE production and stimulates IgG production.  As a result, there is less IgE to mediate allergic responses on mast cells/basophils, and the reactivation of Th1 cells upon re-exposure secrete IFN-gamma that suppresses the cytokines mediating the late phase of the allergic response.  

· Treatment of children with hay fever may lower the incidence of sensitization to other allergens and may lower the in cadence of asthma.  

· Immunotherapy uses mixtures of FDA regulated allergens tailored to an individual’s prescription.  Doses are increased 1-2x per week.  The largest dose is repeated every two to four weeks for at least three years.  Anaphylaxis is a risk of this treatment, so IV fluids, pressors, and intubation equipment should be available during administration of immunotherapy.  

Assessing Immune Function:
· Immunodeficiency can present as increased susceptibility to infection (chronic/recurrent is most common, but also by low virulence organisms or with unusual severity).  

· Immunodeficiency can also lead to autoimmune or inflammatory disease that may target certain cell types (hemolytic anemia, thrombocytopenia, thyroiditis) or tissue types (vasculitis, SLE, rheumatoid arthritis).  
· Immunodeficiency may additionally present as syndrome complexes:

· DiGeorge Sydrome:  congenital heart disease, hypoparathyroidism, abnormal facies.  Due to thymic hypoplasia.

· Wiskott-Aldrich Syndrome:  thrombocytopenia, eczema.  Due to variable B/T cell dysfunction.

· Ataxia-Telangiectasia:  ataxia, telangiectasia.  Due to variable B/T cell dysfunction.  

· Ivemark Syndrome:  congenital heart disease, bilateral 3 lobed lungs.  Due to asplenia

· Polyendocrinopathy Syndrome:  endocrine dysfunction.  Due to chronic mucocutaneous candidiasis.

· Antibody disorders result in sinopulmonary (pyogenic bacteria) and GI (eneterovirus, giardia) infections.  They are associated with autoimmune disease with autoantibodies and inflammatory bowel disease.  Tests for this include serum Ig titers and tests of antibody response to immunizations.
· Cell-mediated immunity (T-cell) disorders result in pneumonia, GI, and skin/mucous membrane infections with normal and opportunistic pathogens.  Think HIV.  Tests for this include lymphocytes counts, delayed type hypersensitivity tests, and HIV serology. 

· Complement deficiencies result in sepsis and other blood borne infections.  They are also associated with autoimmune disorders (SLE, glomerulonephritis).  Tests for this include total hemolytic complement (CH50).  In this test, you attach antibodies to sheep RBCs and add serum.  If complement is present and active, it’ll lyse the cells and make the solution look red.  
· Phagocytic deficiencies are rare, and they are associated with skin and reticuloendothelial system infections.  These for this include neutrophil counts and NBT dye tests.  

· Generally, you don’t have effects in just one of these systems, since they all affect each other.  

· Antibody specificity is determined by the Fab region, whereas effector function is determined by the Fc portion.  Immunoglobulin levels tell you how much of all types of Ig are present (could be mostly clonal due to a lymphoma or something), but antibody tests are for specific antibodies.  

· IgM is the first detectable antibody with infection and a major activator of complement.  IgG makes up most of the secondary antibody response, and it plays a role in complement activation, it is very opsonic, and it is the only antibody transported across the placenta.  

· The secondary antibody response has comparable levels and kinetics of IgM, but IgG rises much higher much faster due to the presence of IgG memory cells.  

· Nephelometry tests total serum Ig.  You mix the serum sample with an anti-IgG or anti-IgM etc antibody, and immune complexes form.  These scatter light, and a detector measures the extent of the scatter, which indicates how much Ig of that type is present.

· ELISA is used to test for specific antibodies.  Run serum over antigen fixed to a plate.  
· Fluorescence microscopy, flow cytometry and immunoperoxidase staining can be used to detect cell surface antigens for purposes like identifying lymphocyte subpopulations to type hematologic malignancies.  

· T-cell function can be assessed with delayed type hypersensitivity responses (skin tests), where intradermal injection can mobilize monocytes and T-cells to the area making it red and hard (erythematous and indurated).  

· T-cell proliferation assays basically add mitogens (growth stimulants) to T-cells in the presence of labeled thymidine.  The more the cells proliferate, the more thymidine they’ll take up.  

· Under the age of 3:  2/3 of WBC should be lymphocytes, 1/3 should be neutrophils.

· Over the age of 3:  1/3 of WBC should be lymphocytes, 2/3 should be neutrophils

· At all ages, 1/3 of lymphocytes are B cells and 2/3 of lymphocytes are T-cells.  Of the T-cells, 2/3 are CD4 and 1/3 are CD8.  

· Passive immunity occurs with the passage of IgG from mother to child via the placenta.  These last for 6-12 months.  Babies can mount otherwise normal immune responses.  

· Briefly after infection, there may be a period in which you are asymptomatic and don’t have antibodies, but may still be infected with a virus or something. 

· 90% of complement deficiencies are in the classical pathway.  C3 is the crossroads of the Classical (IgM-antigen), alternative (repeating polysaccharide patterns) and mannin binding lectin (bacterial polysaccharides) pathways.  
Primary Immunodeficiencies:

· Primary immunodeficiency diseases are heterogeneous and can affect almost any major component of the immune system.  The classification as primary means that the defect in the disease is intrinsic to the immune system.  Most of these diseases are genetically determined and inherited as single gene defects, but some appear to be sporadic.  Patients’ presentations vary in severity, and they may first present as either children or adults.  

· There are over 125 primary immunodeficiencies, but we’ll talk learn two to see how the pathophysiology predictably leads to the clinical expression.

Chronic Granulomatous Disease (CGD):

· CGD is a disorder in which phagocytic cells (polys and monocytes) fail to kill certain bacteria and fungi once they are ingested.  These patients are susceptible to infection from a limited number of bacteria/fungi, and if not treated this disease is usually fatal early in life.  

· CGD patients maintain normal numbers of Igs, lymphocytes, phagocytes, etc.  

· CGD can be due to a number of defects.  Some are inherited as X-linked recessive, others as autosomal recessive.  The most common defect is in Cyt. b-558 (aka gp91), which is X-linked, and it has the worst prognosis.  It transfers electrons in the reduction of oxygen to superoxide (respiratory burst).  3 other mutations affect this oxygen reduction and produce CGD, but they are autosomally encoded.  Genetic diagnosis is very helpful.  It allows for appropriate counseling, prenatal diagnosis, etc. 
· Patients generally present early in life with increased susceptibility to infection.  These infections are most commonly found in the lymph nodes, spleen, liver, or lung (places rich with phagocytes).  Blood infections are less common.  

· The bacteria and fungi to which these children are susceptible are all catalase positive, so they can eliminate any hydrogen peroxide that may be produced.  Catalase negative organisms that produce peroxide do not cause disease in CGD kids, and the bacterial/fungal production of hydrogen peroxide will actually kill the pathogens.  

· Signs/symptoms include adenopathy, pneumonitis, suppurative lymph nodes, hepatomegaly, dermatitis, splenomegaly, osteomyelitis, etc.  Basically, liver/spleen/lymph nodes/bone so it’s stuff in the reticuloendothelial system.  

· Pathogens seen in CGD include Staph aureus, Klebsiella, E. coli, Staph epidermidis, Serratia, Candida, Pseudomonas, Aspergillus, and Salmonella.  A lot of bacteria and fungi.

· Initially, this was thought to be uniformly fatal, but milder forms have been diagnosed and treatment has improved.  Today, survival is good.  

· Phagocytic cells can move, attach, and ingest fine, they just can’t kill some of the microorganisms they ingest (the ones that tend to present clinical problems in CGD).  One of the important intracellular killing mechanisms is the myeloperoxidase/hydrogen peroxidase/halide system.  Under normal conditions lysosomal granules discharge their contents with this group of enzymes into the phagocytic vacuoles.  Myeloperoxidase fixes iodide to the surface of the microorganism in the presence of peroxide, superoxide, etc, and this leads to bacterial cell killing.  
· Phagocytic cells in CGD lack the metabolic machinery to produce peroxide in response to infections.  So they can’t kill some bacteria/fungi (ones that don’t produce peroxide themselves).  They can kill ones that do produce peroxide, because those bacteria provide what the phagocytes are missing.  
· An NBT test looks for respiratory burst.  If the process is functional, you’ll see blue-black crystals on the stain.  An absence of these crystals in addition to clinical evidence suggests CGD.  

· Treatment includes prophylactic antibiotics to prevent infection, possible WBC transfusions or bone marrow transplant, and IFN-gamma.  T-cells produce IFN-gamma to increase the killing capacity of mononuclear cells and phagocytes, so administering this can help strengthen the immune response.

Severe Combined Immunodeficiency (SCID):

· SCID is a severe deficiency of both T and B cell functions.  This is most common in males, and symptoms appear at about 2.7 months.  The mean age of death is 6.8 months.  Illnesses associated with this include pneumonia, diarrhea, thrush, rash and rarely sepsis.  You are put at risk for all microbial (including opportunistic) pathogen infections.  It’s usually fatal within 1 year if untreated. 
· In this disease, you see no antibody production, but this also decreases the amount of opsonization and classical complement you see.  So, really all aspects of the immune system are affected.  The patients present in infancy with severe hypogammoglobulinemia and severe lymphopenia.
· There are multiple genetic forms of the disease.  One is a deficiency in adenosine deaminase (ADA), part of the purine salvage pathway.  This causes an autosomal recessive form of the disease.  Another is a deficiency of IL-2-Receptor on T-cells, which is X-linked recessive.  There are also defects in ZAP70 T-cell signal transduction, JAK signaling, and VDJ recombination genes.  

· These kids usually present with severe, recurrent infections.  In ADA deficiency, both T and V cells are affected.  In IL2R and JAK, it affects T-cells, but because T-cell help is absent, B-cells are also affected.  

· ADA (part of the purine salvage pathway) deficiency allows for the accumulation of deoxyATP, which interferes with lymphocyte function and appears toxic to them.  SCID in ADA deficiency is autosomal recessive.  Knowing this, carriers can be detected, prenatal or early diagnosis made, and specific therapy can be given.  Treatment with exogenous ADA works, and bone marrow transplant can cure many types of SCID.  Gene therapy would work, except currently the risk of developing cancer is too great with the methods of administration.  
Secondary Immunodeficiency:  
· Secondary immunodeficiencies are very common, and drugs cause a significant portion of them.  These may occur with premature birth (mom hasn’t transferred many IgGs yet and immune system is immature), in newborns (have little exposure to most antigens), AIDS, metabolic diseases (diabetes, malnutrition possibly due to inflammatory bowel disease, sickle cell anemia leading to a splenic infarct), immunosuppressive agents (drugs that injure immune cells directly or indirectly, or modulate immune function, like steroids!), infectious diseases (bacteria may produce proteases to inactivate IgA as in HIV or they may modulate immune function as in EBV), infiltrative and hematologic diseases (leukemia and lymphoma displace normal cells, and cancers can secrete immunosuppressive factors) and surgery/trauma (burns, splenectomy).  
Secondary immunodeficiency caused by EBV:

· EBV is a common dsDNA virus in the herpes family.  It infects epithelial cells of the pharynx or resting B lymphocytes by binding CD21, which is also a receptor for complement.  EBV can transform lymphocytes into immortal cells.  Normally, these are controlled by T cells which appear atypical and take on unusual shapes.  

· Acute EBV infection can cause infectious mononucleosis.  This may manifest as malaise, fever, lymphadenopathy, pharyngitis, tonsillitis, headache, splenomegaly, and/or hepatomegaly.

· In infectious mono, the number of peripheral blood lymphocytes increases, but they have depressed cell-mediated immune responses.  Patients don’t mount delayed type hypersensitivity reactions (ex: negative TB skin tests, in which previous exposure leads to lots of cytokines and cellular infiltrate).  They saw lots of TB (+) patients who would test negative for TB during acute mono due to T-cell depression, and once they were better they tested positive again.  Patients with EBV also showed reduced in vitro T-cell proliferation.  

· The EBV genome codes for a protein called B-cell replication factor 1 (BCRF1), which is very homologous to IL-10.  They think EBV captured the IL-10 gene into its own genome at some point in the past.  BCRF1 and IL-10 both inhibit growth and cytokine production in Th1 cells.  These factors also inhibit macrophage activation and cytokine release.  Normally IL-10 is produced by Th2 cells to inhibit Th1 differentiation and promote Th2 antibody responses over Th1 cell mediated immunity.  

Secondary immunodeficiency cause by a neoplasm:

· If a tumor infiltrates bone marrow and replaces the normal cells there, the patient will become immunocompromised.  
· Tumors outside the bone marrow can also cause immunodeficiency by releasing immunosuppressants.  Cancer patients have impaired capacity to mobilize macrophages into the tumor itself or an abraded area of skin.  The more advanced the cancer, the greater this effect.  These cancer cells secrete a lot of a polypeptide cell transforming growth factor beta-1 (TGF-β1).  Normal blood cells make very little TGF-β1.  

· TGF-β1 controls cell survivial, proliferation and differentiation in addition to other functions.  It can induce transformation and anchor-independent growth of some non-neoplastic cells.  It has lots of immunomodulatory effects, mostly resulting in immunosuppresion.  

· TGF-β1 induces IgA class switching, among other things.  TGF-β1 decreases IgG/IgM synthesis and increases IgA.  

· TGF-β1 also decreases IL-1 production, hydrogen peroxide release, and decreases intracellular killing in phagocytes.  This leads to less acute inflammatory responses and a greater propensity toward infection.  

· Tumor cells also secrete VEGF, which inhibits the functional maturation of dendritic cells.  
· Leukemias may lead to excess production of 1 type of Ig and very few Igs specific to other antigens.  In these cases, you can have lots of Ig present, but a very narrow range of specificities.  

Secondary immunodeficiency caused by a drug (phenytoin):

· Drugs are a very common source of secondary immunodeficiency.  Glucocorticoids, cyclosporin A, and cytotoxic drugs are the most common.  Each of these suppresses immune function, prevents growth, or causes cell death.  Targeting dividing cells is often a strategy that impairs immunity, because T and B cells need to proliferate to function properly.  

· Phenytoid is an anti-convulsant that isn’t meant to be immunosuppressive, but in genetically susceptible individuals it can be.   Mild to severe immune abnormalities occur in up to 70% of patients.  These include lymphoma-like lesions, hypersensitivity syndromes, lymphopenia.  The most common abnormality is IgA deficiency (and IgG, and IgM).  Some patients won’t even recover IgA levels after the drug is discontinued. 

· The mechanism for IgA (and IgG/IgM) deficiency is unclear, but two mechanisms are proposed.  
· It may occur by an immunologic reaction in which phenytoin or its metabolites act as haptens, bind to host cells and sensitize a lymphocytic attack on self targets.  Lymphocytotoxic antibodies and/or anti-nuclear antibodies have been detected in as many as 30% of patients taking phenytoin.  
· Direct toxicity may also cause this deficiency.  Phenytoin metaboliets are directly toxic to lymphocytes and hepatocytes (the drug causes hepatotoxicity too).  The ability to detoxify these metabolites is genetically determined and seems to predict some susceptibility.  

· Many immunosuppressive drugs are used to control graft rejection, including steroids, cyclosporin/FK506, rapamycin, methotrexate, azathioprine, and cyclophosphamide.  These drugs affect T-cell function on many levels. 

· Some problems of immunosuppressive therapy include neoplastic complications, which may often affect younger patients.  Also the common malignancies aren’t increased in frequency, rather it’s things like skin cancers, lymphomas, etc.  

· Logically, infections are also a complication of immunsuppression, particularly infections with opportunistic pathogens.  You may see things like PCP, Nocardia, CMV, listeria, cyptococcus, Toxoplasma, VZV reactivation, etc in these patients.  

Hematopoiesis:

· Hematopoiesis is the formation of blood cells.  Stem cells have the abilities of self-renewal and differentiation.  They may be totipotent (can regenerate entire organism), pluripotent (can regenerate all germ layers), or multipotent (can regenerate cell types within 1 germ layer).  

· As stem cells mature, they lose multilineage potential and become committed to certain lineages.  Because they can self renew, stem cells don’t run out when there’s high demand.  Cell surface and intracellular markers can identify cells at different stages of development.  

· The most primitive hematopoietic stem cells (HSCs) are termed ‘high quality.’  They can generate all lympho-hematopoietic lineages.  Engraftment is delayed, but once established it lasts for life.  Defects here are rarely involved in human disease.  These cells tend to be small, CD34 low or negative, Lin (marker of different lineages) negative, ALDH (aldehyde dehydrogenase) very positive, DR low, and stain Hoechst dye negative.  1 single HSC like this can reconstitute the blood of a lethally irradiated mouse.  HSC may also be plastic and transdifferentiate into non-hematopoietic tissues (lung, liver, GI, etc).  These high quality cells can be assayed with via long term production that produces all blood lineages.  
· More differentiated HSCs are myeloid or ‘low quality’ stem cells.  These are the progenitors of granulocytes, RBCs, and platelets (not lymphocytes).  With committed progenitors, engraftment is rapid but limited.  These stem cells are the target of most stem cell disorders.  These cells tend to be small, CD34 positive, Lin negative, ALDH low, DR positive, and Hoechst dye positive.  These can be assayed by a repopulating assay in SCID mice or as initiator cells of long term culture (LTC-IC).  
· Commitment to a specific lineage requires that progenitor cells interact with hematopoietic growth factors such as GM-CSF, G-CSF, EPO, thrombopoietin, stem cell factor, Flt-3, etc.  These factors reach the marrow through the circulation.  These growth factors are both permissive (prevent apoptosis and promote proliferation) and instructive (facilitate differentiation through a specific pathway and activate effector functions).   Some growth factors affect both early and late cells (stem cell factor, thrombopoietin, Flt-3), while others only act on certain lineages (EPO).  Some cytokines can negatively regulate hematopoiesis.  
· EPO:  stimulates red cell production, is made in the kidneys

· Thrombopoietin:  stimulates platelets and HSCs, made in the liver

· Flt-3:  stimulates DCs and HSCs

· Stem cell factor:  stimulates mast cells and HSCs

· G-CSF:  stimulates neutrophils

· A colony forming unit (CFU) is assayable by colony growth in vivo or in vitro.  It represents a cell that gives rise to a colony.  Colonies, for example may be seen in vivo in the spleen (CFU-S) after BMT.

· A colony forming assay isolates marrow mononuclear cells and plates them on methylcellulose plates with growth factors (then you can look to see how many colonies form).  
· Lineage committed progenitors (ALDH low, DR negative) are more committed than low quality HSCs.  They have no self-renewal capacity, so these are not stem cells.  They may be implicated in pediatric ALL.  They can be assayed by growth on methylcellulose gel.  They include:

· CFU-GEMM:  mixed colony.  This is the most primitive myeloid progenitor, and has a very small amount of self-renewal capacity.  It is a progenitor of CFU-GM and BFU-E.  

· CFU-GM:  colony forming units for granulocyte macrophages.  These are the most differentiated myeloid precursors.  

· BFU-E:  burst forming unit (colonies look like bursts of red cells) for erythroid cells

· CFU-E:  colony forming unit for erythroid cells.  This is further differentiated than BFU-E.

· There are 1012 marrow cells in a person, 1010 CD34+ cells (all cells beyond the high quality stem cell stage), 109 colony forming cells, and 104 high quality stem cells.  
· Low quality HSCs are the targets of most leukemias, MDS, and aplastic anemia (AA).  Committed progenitors may be targets of toxins or autoimmunity, but aren’t leukemia targets because they lack self renewal properties.  Mature blood cells are often targets of autoimmunity (hemolytic anemias, immune thrombocytopenia).  B and T cell lymphomas may arise at various levels of differentiation, likely because they retain some self-renewal capacity.

· Hematopoietic failure may occur through:  oncogenesis (leukemia, myelodysplastic syndromes), autoimmunity (aplastic anemia, pure red cell aplasia), direct DNA damage (radiation, chemo), or viruses (HIV, parvovirus, CMV).

· Hematopoietic malignancies result from unregulated clonal growth.  There are two classes of signals that can lead to malignancy:  signals that increase proliferation (tend to be poorly differentiated, rapid growing and sensitive to chemo; ex: c-MYC in Burkitt lymphoma), or signals that block cell death/apoptosis (more common - slow growing, preserved differentiation, resistant to chemo; ex: BCR-ABL fusion protein of CML).  

· You can start with a hit that blocks cell death, and then these malignancies may undergo an accelerated phase where they get a second hit that gives them a proliferative advantage too.  

· Cancer stem cells:  The tumor initiating cells aren’t that differentiated and they have limitless self-renewal.  These make up a small portion of the tumor.  The rest are non-clonogenic leukemia cells that wouldn’t cause cancer on their own.  To treat effectively you need to kill the tumor initiating cells.  Many therapies reduce the tumor size by killing the non-clonogenic cells, and while this may help, it’s not curing the main cause. 

· Human embryonic stem cells are pluripotent, and their use has been controversial.  Now, they’ev been able to make induced pluripotent stem cells.  They take adult skin cells (fully differentiated) and add genes to make them act just like pluripotent stem cells.  They converted fibroblasts back to stem cells, and with the proper manipulation made them differentiate into RBCs that they could use to treat sickle cell anemia in mice.    

· Acquired aplastic anemia:  presents with severe pancytopenia leading to infection and bleeding. Bone marrow is very hypocellular.  It results from autoimmune suppression of hematopoiesis.  T-lymphocytes suppress growth and differentiation of low quality HSCs.  The T-cells damage the low quality HSCs, and you end up with a small CD34(+) pool that represents all of the cells beyond the high quality phase.  The high quality HSCs are spared, but as soon as they differentiate, they’re attacked.  

· Treatment is with cyclophosphamide, which causes apoptosis particularly in lymphocytes.  HSCs have aldehyde dehydrogenase that converts the drug to an inert form, so it preferentially gets rid of the attacking T-cells while the HSCs survive to replenish the blood cell pool.  With cyclophosphamide, fatality is minimal whereas it used to be 80%.

· Pure red cell aplasia:  presents as severe anemia in which the bone marrow is cellular but has few or no red cell precursors.  There is immune mediated destruction of erythroid precursors or lytic viral infection of erythroid precursors by parvovirus B19 (erythroid precursors have globoside receptors for the virus). 

· Acute myloid leukemia:  presents as infection, bleeding, thrombocytopenia and elevated WBC with maturation arrest at the level of myeloid blasts.  The disease is due to mutation or translocation.  

· CML presents as an elevated white cell count with preserved differentiation, often with splenomegaly.  There is a 9;22 translocation in myeloid stem cells.  CML cells cycle more slowly than normal cells, but a block in apoptosis allows them to accumulate.

· Myelodysplastic syndrome (MDS) presents as anemia or thrombocytopenia or neutropenia.  This also is due to myeloid stem cell defects.  Mutations may involve chromosomes 5, 7, or 8 and lead to ineffective hematopoiesis and bone marrow failure.  

Consequences of and Approach to Anemia:

· Anemia is decreased red cell mass or decreased hemoglobin.  

· A good place to look to assess anemia is nailbeds or mucosal surfaces (look for pallor).

· Pica is the ingestion of non-food items typically seen in iron deficiency anemia.  All anemias can produce some symptoms like tissue hypoxia.

· VO2 = 1.39 * Q * [Hb] * (SaO2 – SvO2)
Oxygen delivery = (1.39 ml O2 can bind 1 gm Hb)(flow)(conc Hb)(difference in oxygen saturation between venous and arterial circulation)

· Basically, to avoid damage due to tissue hypoxia oxygen delivery can be increased by increasing flow, increasing red cell mass or Hb, or increasing oxygen unloading.  

· Increased flow can be achieved with increased cardiac output.  It’s characterized by tachycardia, increased pulse pressure, cardiac murmurs, bruits over the eyes and jugular veins, hyperdynamic precordium (movement of the chest wall over the heart).  Tinnitus or roaring in the ears may occur.  If insufficient, angina, congestive heart failure, ascites and edema can occur.  Shifting flow toward oxygen sensitive organs (brain, heart, muscle) will increase flow to regions where it’s needed.  This reduces flow to places like the skin, producing pallor.

· Increasing RBC production is the most important physiologic response to anemia.  This is driven mostly by EPO from the kidneys.  Patients develop reticulocytosis (lots of large, immature red cells) in the peripheral blood.  This can result in bony tenderness or deformity, and in the skull can produce a ‘hair on end’ appearance.  But you can’t increase the red cell or hb too much or blood becomes hyperviscous and can actually inhibit oxygen transport.  Expanding volume can allow you to accommodate a bit more hb and red cells and enhance oxygen delivery a little.  Red cells usually survive around 120 days.
· Increasing oxygen unloading by decreasing oxygen affinity for hemoglobin is accomplished by 2,3-DPG, a glycolytic intermediate.  It binds to Hb and displaces oxygen, facilitating oxygen delivery.  In some conditions associated with anemia like spherocytosis and hexokinase deficiency, there’s no compensatory help from 2,3-DPG.  Others, like pyruvate kinase deficiency do use 2,3-DPG to help.  So, at the same Hb levels, patients with pyruvate kinase deficiency will have fewer symptoms.  

· The oxyhemoglobin dissociation curve shows oxygen affinity (right shift and an increase in P50 means decreased affinity and more oxygen unloading).  Indicators of a hypermetabolic state (low pH, low oxygen, high temperature) cause a right shift.  Fetal hemoglobin is shifted left and has more affinity than maternal Hb so it can extract oxygen from the mother.
· Oxygen-Hb binding also shows cooperativity, giving the oxyhemoglobin curve its sigmoidal shape.  The more oxygen is bound, the more Hb is in the relaxed form (rather than the tense form) and the more easily the next oxygen molecules bind. 

· Red cells in the center of a vessel travel fastest.  Along the edges of the vessel there is a cell free zone.  When an RBC dies, it releases Hb, and this free Hb binds NO and acts as an NO sink.  With hemolytic anemia, you can bind a significant amount of NO, which would lead to vasoconstriction.  

Classification of anemias:
· First you need to decide if a patient is anemic (via CBC, Hb and/or Hct).  You must get a reticulocyte count and consider whether the anemia is due to decreased RBC production, increased RBC destruction, or RBC loss from hemorrhage.  Then you must consider whether the RBC size is small (microcytic), normal (normocytic) or large (macrocytic).  You must consider if there is a normal amount of Hb per red cell (normochromic) or decreased Hb per red cell (hypochromic).  Finally, you must look at a peripheral blood smear to decide if the RBC morphology is normal or abnormal.  

· CBC parameters:

· Hematocrit (hct) or packed cell volume (PCV):  % volume of packed red blood cells in a unit of blood.  Think of this as a volume.  

· Hemoglobin: grams hb / dl blood.  Think of this as a weight or mass.

· Reticulocyte (young red cells, bigger and look blueish):  reticulocytosis is present with anemia due to hemolysis or bleeding.  This is used to assess if the bone marrow response is appropriate.  A normal reticulocyte count is 1%.  

· Mean Cell/Corpuscular Volume (MCV):  average size of an RBC.  MCV = Hct / #RBCs = volume of packed red cells / red cell count.  

· Mean Cell Hemoglobin (MCH):  average weight of Hb per RBC.  MCH = Hb / #RBCs

· Mean Cell Hemoglobin Concentration (MCHC):  average concentration of Hb in an RBC, indicating if RBCs are hypo or normochromic.  MCHC = Hb / Hct

· Normal cell morphology is to be donut shaped with the center 1/3 being pale.
· Hypochromatic, microcytic RBCs may be due to an inability to make Hb due to iron deficiency, thalassemia (decreased Hb production), sideroblastic anemia, or transferring deficiency.

· Macrocytic anemia may be due to folic acid/B12 deficiency (needed for nucleic acid synthesis), liver disease, reticulocytosis (young RBCs are larger), normal newborns, bone marrow failure syndromes, or drugs like AZT or trimethoprim.  

· Normocytic, normal morphology cells may be involved with anemia due to hemorrhage or blood loss, unstable hemoglobins, infections or chronic disease (can suppress bone marrow function).  

· Normocytic, abnormal morphology cells may be due to hemoglobinopathies (ex: sickle cell), hereditary spherocytosis (predisposes cells to lysis), autoimmune hemolytic anemia, or enzymatic deficiencies

Iron Deficiency Anemia:

· 60% of iron is for active use in hemoglobin, 13% in myglobin and enzymes.  27% is stored as ferritin and hemosiderin.  0.1% is being transported on transferrin.  

· We get 10-25 mg Fe/day from our food sources, and it’s absorbed in the upper small intestine.  Most dietary iron is the non heme form (veggies) which has 5% bioavailability, and <10% of dietary iron is in the heme form (meat/muscle) which has 25% bioavailability.  

· Iron enters mucosal cells via an HFE transporter.  It is toxic and oxidative, so it’s rarely unbound by some cellular protein.  An ApoTransferrin (unbound) binds the iron, at which point it is just called transferrin.  Some of the iron may be bound to ferritin for storage, but most goes to the blood where it is transported via sTf (serum transferrin).  The intracellular apotransferrin is then free to pick up more iron.

· Serum transferrin goes to cells expressing transferrin receptors.  Transferrin receptor is mostly on cell surfaces, but some is found in the serum.  Transferrin binds and endocytoses.  In acidic lysosomes, the transferrin dissociates and iron can be used while the apotransferrin is released.  

· Iron is stored in complex with ferritin (it forms a shell around iron).  Ferritin is mostly intracellular, but there is some in the serum (which is proportional to the intracellular amount) which is useful for testing.  Hemosiderin is an insoluble for of ferritin that can be seen via microscope.  Most storage occurs in macrophages of the reticuloendothelial system (spleen, liver, marrow).

· Absorbed iron enters the circulation.  From there it gets into erythroid marrow cells and incorporated into Hb.  When the RBCs eventually age and are destroyed, the iron is recycled into macrophages of the reticuloendothelial system.  There, it is stored until it’s needed.  Some iron is used in muscle myoglobin or various enzymes.  

· With iron deficiency, stores are depleted, iron limits heme biosynthesis and hemoglobin assembly, this limits the RBC population and produces RBCs that are microcytic (low MCV) and hypochromic (low MCH).  To compensate for iron deficiency, you can increase absorption, increase transport, increase uptake, decrease storage, and decrease utilization of iron.  

· Mechanism of compensation (throughout body, but mostly in reticuloendothelial system):  When there’s plenty of iron, it binds to aconitase (part of Kreb’s cycle) and facilitates its enzymatic function.  Transferrin mRNA is unstable so is pretty low, but ferritin and ala synthase (heme-biosynthesis enzyme) mRNAs are stable and prevalent.  When iron is deficient, the inactive aconitase enzyme changes conformation to form an iron response protein (IRP).  IRP binds to mRNAs and stabilizes the transferrin mRNA to increase iron transport, and it blocks ferritin and ala synthase mRNA translation to decrease iron storage and utilization.  

· Iron is highly conserved in humans.  Very small amounts are lost in urine, bile, and sweat.  When cells are sloughed from skin, intestines, or urinary tracts, some iron stored there may be lost.  In women, iron is lost with menstrual flow.  During pregnancy and lactation, a significant amount of iron may be lost.  

· Humans have no physiologic means to excrete excess iron.

· Iron deficiency is commonly due to blood loss from GI ulcers (occult), tumors (occult), trauma (overt), or surgery (overt).  Increased physiologic requirements of rapid growth, pregnancy, lactation, or menstruation can cause this.  It may also be due simply to dietary deficiency or malabsorption (low heme iron diets, GI disease, surgery, or in infants when they drink cow’s milk in excess).  

· The clinical features of iron deficiency anemia include the pallor, fatigue, weakness, dizziness and irrability of all anemias.  Additional occasional features of IDA include pagophagia (craving ice), pica (craving non-food items), glossitis (smooth tongue), angular stomatitis (cracking corners of mouth), koilonychias (spoon shaped, brittle finger nails), and blue sclerae.  

· Tests for iron deficiency include:  

· Peripheral blood smears, in which ovalocytes (oval RBCs) may be common.  Variable RBC size (anisocytosis) and variable shape (poikilocytosis) can also occur.

· Low MCV and MCH 

· Low Serum ferritin, which is the best indicator.  

· Iron saturation transferrin:  low iron and high transferrin are expected, so the saturation should be low.

· Red cell protoporphyrin can be a screening test.

· Bone marrow iron stain (Prussian blue) is the gold standard
· Total iron binding capacity (TIBC) is basically a measure of transferin
· The CBC of iron deficiency is characterized by normal WBC counts, low Hb, low Hct, low MCV (should normally be about the size or a normal lymphocyte nucleus), low MCH, normal or high platelets, low or normal reticulocyte %, absolute reticulocyte count low.
· As you go from normal to depleting your iron stores, low ferritin can be detected.  Once you progress to iron deficiency, transferrin saturation will be low due to the presence of less iron and more transferrin.  With iron deficiency anemia (more severe), you get microcytic and hypochromic manifestations. 
· Therapy includes transfusion for severe cases, but more commonly iron salts.  Acids like ascorbic acid can help increase absorption, while bases like antacids can inhibit it.  Cereal grains and tannins in tea also inhibit oral iron absorption.
· The earliest response to therapy is in the reticulocyte counts (peak in 7-10 days).  Then Hb and Hct increase in 2-3 weeks, and by 2 months, they are normal.  It takes 4-5 months for iron stores to be replenished.  
· Even if you can treat the anemia, it’s important to identify and treat the underlying cause (GI blood loss from tumor/ulcer/parasite, excessive menstrual loss, or rare conditions).  
· The differential for iron deficiency is:  thalassemia (imbalance of globin production that results in hypochromic, microcytic anemia with normal iron tests) or anemia of inflammation/chronic disease (decreased iron utilization and serum iron despite adequate stores, with normal ferritin and transferrin levels)
· Anemia of inflammation/chronic disease:  It can be caused by chronic infection, autoimmune disease, malignancy, or other chronic disease like congestive heart failure.  Inflammation causes IL-6 release from endothelial cells and Kupffer cels, which induces hepatocytes to release hepcidin.  Hepcidininhibits iron absorption and inhibits iron release from macrophages (so it’s stuck in stored forms).  This is presumably good because many infectious organisms need iron to flourish.  
· In iron deficiency anemia:  ferritin is low, serum iron is low, transferrin/TIBC is high, transferrin-receptor expression is high, and marrow iron is low.
· In anemia of inflammation: ferritin is high, serum iron is low, transferrin/TIBC is low transferrin-receptor expression is unchanged, and marrow iron is unchanged.  
· Iron overload syndromes can occur because there is no physiologic route of iron excretion.  Heart (cardiomyopathy and arrhythmias), liver (cirrhosis) and endocrine glands (failure of multiple glands, diabetes, etc) are the primary targets of toxic iron levels.  
· Transfusional hemochromatosis occurs in patients who need chronic transfusions and constantly receive these large loads of iron.  They can be treated with iron chelation drugs to increase urinary clearance.
· Hereditary hemochromatosis is a genetic disorder that leads to increased absorption of iron.  This is treated with phlebotomy.  
Folate and B12 Deficiencies:

· Megaloblastic anemias are a morphologically similar group of disorders that are primarily due to a reduction in the rate of DNA synthesis.  RNA and protein are made normally, but altered DNA synthesis leads to unbalanced cell growth.  The results in bone marrow is nuclear-cytoplasmic asynchrony (big nucleus for cell size).  This results in cell death (intramedullary hemolysis or ineffective hematopoiesis) or it doesn’t terminally differentiate and persists as an oversized macrocyte.  So these are macrocytic anemias.

· Megaloblastic anemias are a subset of macrocytic anemias (MCV > 100).  Folic acid and vitamin B12 deficiencies produce megaloblastic anemia.  

· Historically, pernicious anemia (a lack of intrinsic factor) was characterized by macrocytosis and the presence of red cell precursors (megablasts).  Its presentation also includes diminished gastric secretions (elevated gastric pH) and gastric atrophy, megalobastic, and neurologic degeneration.  Pernicious anemia is more common in older people and has an insidious onset.  Lab evaluation of these people showed macroovalocytes and hypersegmentation of granulocytes, as well as thrombocytopenia and leukopenia.  Bone marrow is hypercellular with lots of erythroid precursors, and hemolysis occurs there.   

· Liver (source of iron and B12) treated this, and was found to be due to an extrinsic factor (vitamin B12) from the liver which required an intrinsic factor (lacking with decreased gastric secretion) for absorption.  These patients see reduced gastric secretion and maybe gastritis or atrophic gastritis, which causes too little intrinsic factor, high gastric pH, and loss of digestive capacity.  

· Vitamin B12 (aka cobalamin) is synthesized by microorganisms.  The source is flesh or milk of ruminant animals where microorganisms produce it.  It’s in liver, glandular tissue, muscle, eggs, dairy and seafood.  When absorption stops, it take 3-10 years for the anemia to appear.  

· You consume B12 and it binds protein in the stomach.  In the jejunum, this dissociates and the B12 binds intrinsic factor (IF) from the stomach.  IF is necessary for absorption, because the mechanism relies of IF-receptors in the terminal ileum.  It is transported to the blood where it binds transcolbalamin II and is carried through the body.  

· Vitamin B12 mediates two chemical reactions:  

· Methyl transfer:  converts homocysteine + methyl-THF to methionine + THF.  In this case, B12 is necessary for certain functions of folic acid.  

· Hydrogen transfer:  converts methylmalonyl-CoA to succinyl-CoA.

· Findings specific to B12 deficiency include:  low serum B12, peripheral and central nervous system disease (combined system degeneration, including loss of position and vibratory sense, peripheral neuropathy, and cortical abnormalities – megaloblastic madness), and methylmalonic academia (MMA).  The presence of these signs/symptoms is variable, and 30% may not have nervous symptoms.  

· Causes of B12 deficiency include:

· Acquired deficiency states due to decreased absorption from loss of intrinsic factor (this is most common and may be due to gastric atrophy, gastrectomy, anti-IF antibody), terminal ileum disease (ileal resection, enteritis, cancer, bacterial overgrowth), or cobalamin malabsorption (chronic achlorhydria, loss of salivary or pancreatic function).

· Acquired deficiency due to inadequate ingestion:  vegans or infants of vegan mothers (severe CNS developmental problems.  

· Congenital deficiency states due to inborn errors of absorption or transport.  

· B12 deficiency is diagnosed by the Schilling test.  In the first phase, you give an oral dose or radioactive B12, along with an IM injection so that all of the ingested B12 isn’t bound right away.  Then you see if it appears in the urine; if it does, it means you are able to absorb B12 and the anemia is due to a dietary insufficiency.  If it doesn’t appear in the urine, then you have a problem absorbing it.

· Phase II involves another ingestion of labeled B12, but this time along with IF.  If you absorb now, it means the problem was due to a lack of IF (pernicious anemia).  If you still can’t absorb, it means the problem is with absorption in the terminal ileum. 

· You can also measure serum B12, but this isn’t a great test.  In addition to the physiologically relevant transcobalamin II (TC-II), there is also TC-I, and both contribute to the serum level.  With bacterial overgrowth, you may get lots of TC-I and normal serum B12 despite having insufficient B12 activity.  Or, with pregnancy or aging, you may have very little TC-I and show low serum B12 despite normal B12 function.  

· Rather than serum B12 you can test methylmalonic acid (MMA) levels.  Because methylmalonyl-CoA is converted to succinyl-CoA by B12, low B12 activity will cause increased levels of MMA.  This is a better way to get an idea of B12 function.

· B12 deficiency can be treated with IV B12.  If it’s due to microbial overgrowth, treat with antibiotics.  If it’s secondary to terminal ileum disease, treating that can restore normal B12 absorption and activity.

· Historically, an anemia of pregnancy was observed that didn’t respond to liver extracts.  It was found to be a deficiency of folic acid, which was inactivated by the boiling of liver preparations.  Folic acid deficiency does not produce the neurologic or gastric symptoms of B12 deficiency.

· We don’t synthesize folic acid, so we are dependent on dietary intake.  Body stores can be depleted in 4 months, much faster than B12.  Most folic acid absorption occurs in the proximal jejunum, but malabsorption isn’t severe enough to cause problems until the intestine is diffusely involved.  

· Dietary sources of folic acid include green, leafy vegetables, liver, kidney, fruits and mushrooms.  Before dietary folate can be absorbed, it must be deconjugated from multiple glutamic acid residues.  Once absorbed, it must be reduced by dihydrofolate reductase (DHFR) to tetrahydrofolate (FH4) to be active.  

· Folate catalyzes a methyl transfer reaction, which is necessary for thymidylate synthesis and thus for DNA synthesis.  It causes DNA damage, which preferentially affects dividing cells.  The macrocytosis/megaloblastosis of folic acid deficiency is due to impaired DNA synthesis, asynchronous nuclear/cytoplasmic maturation, and possibly due to failure of a cell division.

· Dietary deficiency is the most common cause of folate deficiency.  The increased requirements of pregnancy or lactation can result in deficiency in a mother, because she can use up her relatively small stores pretty quickly.  Folate insufficiency can also be due to malabsorption of folic acid from impaired deconjugation or intestinal disease, or rarely blocked utilization (due to chemo or inborn errors).  

· Diagnosis of folic acid deficiency can be made through:  decreased serum folic acid levels (only measure very recent folate consumption), decreased RBC folate levels (measures folate consumption over several months), or the response to physiologic doses of folate.  

· Treatment with oral folic acid is usually successful.  

· Folic acid → methyl-THF 

Methyl THF + homocysteine (methionine synthetase +B12) → THF + methionine 

· The THF is necessary for DNA synthesis.

· Deficiencies of both B12 and folic acid will produce hyperhomocysteinemia by blocking the above reaction.  B12 deficiency will also prevent the activation of methyl-THF to THF and impair DNA synthesis.  So both B12 and folate deficiencies cause accumulation of homocysteine, and both prevent folate from contributing to DNA synthesis.  So, B12 deficiency may be treated with THF in folate tablets.  But, this doesn’t correct the neurologic deficits of B12 deficiency.

· Hyperhomocytseinemia is associated with atherosclerosis and arterial/venous thromboembolic disease.  Kids with congenital defects that cause severe hyperhomocysteinemia have the greatest CV risk.  Folic acid supplementation that reduces homocytseine levels hasn’t been shown to help.

· Folate deficiency in pregnant women can cause fetal neural tube malformations, so women of reproductive age are recommended to take folate supplements.  

· The FDA has mandated cereal grain fortification with folic acid, but the effects on neural tube defects and/or atherosclerosis are still undertermined.  

· B12 deficiency:  Megaloblastic anemia, neuro combined system degeneration, rarely from dietary deficiency, from milk/muscle/liver/eggs, hyperhomocysteine, increased MMA, absorbed in terminal ileum, requires intrinsic factor for absorption

· Folate deficiency: Megaloblastic anemia, no neuro combined system degeneration, common from dietary deficiency, from liver/greens, hyperhomocysteine, no increased MMA, absorbed in small bowel, doesn’t require intrinsic factor.

Hemolytic Disorders:

· A hemolytic disorder is a condition in which erythrocyte survival time is reduced below 120 days.  It may be primary (usually congenital, may be membranopathies, enzymopathies, or hemoglobinopathies) or secondary (usually acquired, may be immunologic, chemical or physical).  

· Bone marrow responds to the anemia by increasing new RBC production.  If it can make up for the hemolysis, it is a compensated hemolytic disorder.  If it can’t, it results in a hemolytic anemia.  Marrow can usually increase production 6-8x, so anemia doesn’t result until the red cell life span is less than 15-20 days.

· To detect a hemolytic disorder directly:

· Ashby test – transfuse mismatched RBCs and see how many survive, but this may not reflect endogenous RBC survival.  

· Radioactive chromium is most commonly used.  It binds Hb and you can look to see how it decays.  But, it can’t distinguish blood loss from hemolysis, elutes faster from some Hbs, and has higher affinity for reticulocytes.

· Diisopropyl fluorophosphate can be labeled, it binds irreversibly to RBC receptors and decay can be monitored.  

· To detect a hemolytic disorder indirectly, you look for increased red cell production:

· Reticulocyte (youngest RBC cells normally released from marrow, which has just lost its nucleus) counts are increased as more RBC precursors are made.  These are detected with supravital stains like methylene blue.  

· Wright stained peripheral blood smear shows macrocytics RBCs (younger ones are bigger), polychromatophilia (prematurely released reticulocytes show diffuse basophilia), and nucleated red cells (prematurely released from marrow).  

· Bone marrow shows increased numbers of erythroid precursors.  This examination usually isn’t necessary.  This can expand the medulla of the bone and produce maxillary prominence and expansion of skull/ribs/hand bones.  Hepatosplenomegaly due to extramedullary hematopoiesis and sequestration of RBCs also occurs.  

· To detect a hemolytic disorder by biochemical activity:

· Look for elevated indirect bilirubin.  As RBCs are lysed, Hb is broken down to biliverdin, then bilirubin (unconjugated, indirect, insoluble).  This goes to the liver in complex with albumin.  There, it is conjugated to the direct, soluble form.  Some of this leaks into the urine, a little undergoes enterohepatic circulation, the rest goes out as urobilinogen or stercobilin.  With hemolysis, you produce more bilirubin and saturate the liver’s ability to conjugate it.  So you have more indirect bilirubin in the blood, while conjugated bilirubin is excreted fine from the liver.  If liver disease impairs the ability to excrete the conjugated bilirubin, you may see increased conjugated bilirubin.

· Extravascular hemolysis occurs mostly in the reticuloendothelial system (liver, spleen, marrow).  RBCs are broken down and heme is produced, converted to biliverdin and excreted as above.  Haptoglobin is reduced.

· Intravascular hemolysis occurs within the systemic circulation.  Hemolysis produces plasma Hb (binds haptoglobin or albumin) which can be excreted in urine (hemoglobinuria or hemosiderinuria) or broken down to produce plasma heme (binds hemopexin) and eliminated the usual way.  Haptoglobin is an acute phase reactive protein, so is increased with infection and can confound results.  Haptoglobin and hemopexin are cleared in the urine and their levels are reduced with intravascular hemolysis.  Hemopexin is very specific of rintarvascular hemolysis.  Markers of intravascular hemolysis include hemoglobinemia, methemealbuminemia, hemoglobinuria, hemosiderinuria and decreased hemopexin.

· Haptoglobin is reduced in both intra- and extra-vascular hemolysis.  Hemopexin is reduced in just intravascular.  

· CO is liberated with heme degradation, and CO levels are closely related to heme degradation and red cell survival.  This is fairly difficult to measure, and is not useful in smokers or firefighters with CO exposure.  CO can bind hemoglobin and produce carboxyhemoglobin.  

· Markers seen in both kinds of hemolysis include hyperbilirubinemia, increased urinary and fecal urobilinogen, decreased haptoglobin, and increased carboxyhemoglobin.  

· Hemolytic disorders may be classified as: 

· intrinsic (intracorpuscular defects – mostly genetic):  membranopathy (elliptocytes, spherocytes), hemoglobinopathy (HbSS or HbSC), or enzymopathy (pyruvate kinase deficiency)

· extrinsic (extracorpuscular defects – mostly environmental):  thermal injury (burns), mechanical injury (heart valves cleave RBCs in Waring Blender syndrome), toxic injury (Clostridium welchii toxin), or auto-antibodies.

· combination of the two:  naphthalene + primaquine sensitive RBCs or pyridium + Hb Zurich containing RBCs.

· Ex:  Hereditary spherocytosis (intracorpuscular defect):  Results from disturbance of cytoskeletal protein (spectrin) interactions with other cytoskeletal proteins or membrane proteins.  Defects in horizontal interactions between cytoskeletal proteins produce elliptocytes, whereas defects in vertical interactions between cytoskeletal proteins and membrane proteins produce spherocytes (lipids are lost from the membrane, and decreased SA causes sphere shaping).  Decreased spectrin corresponds with ease of cell lysis, more reticulocytes, low Hct and low haptoglobin.  So biochemical defects predict disease severity.  

· Ex:  Autoimmune hemolytic anemia (extracorpuscular defect):  Antibodies coat RBCs.  They are removed by the reticuloendothelial system, which takes pieces of membrane along with them.  The reduced SA causes sphering of RBCs.  These antibodies can be detected with a direct Coomb’s test (use agluttinating antibodies or anti-humanIg antibodies to look for anti-RBC antibodies) or an indirect Coomb’s test (expose patient’s serum to control RBCs and see if antibodies bind).  

· Ex:  G6PD deficiency (combined):  The most common form is one in which the enzyme functions, but has a very short half-life.  So younger cells have higher levels of G6PD.  When a kid is treated with primaquine that produces anemia, the increased reticulocyte production brings in a lot of younger, more active cells that correct the deficiency.  G6PD catalyzes the reduction of NADP to NADPH, and subsequently the reduction of glutathione that protects the cell from oxidative stress.  G6PD is necessary to regenerate NADPH to continue to allow this protection, so G6PD deficient patients don’t deal with oxidative stress well.  Oxidative mediators react with hemoglobin and cause it to precipitate and form Heinz bodies.  Peroxides also react with membrane lipids and destroy RBCs.

Hemoglobinopathies:  αβγδεζ
· Adult hemoglobin (Hb A) is a tetramer of α2β2.  Adults may also express small amounts of α2δ2 (Hb A2) and α2γ2 (Hb F).  

· Chromosome 16 contains 2 α genes and 2 ζ genes.  Chromosome 11 contains the ‘beta globin gene cluster’ with β (normal adult), γ (fetal), δ (less common adult), and ε (embryonic) genes

· Mutations of either α or β globin genes can lead to hemoglobinopathies due to variant globins, decreased globin production or absence of globin production.  Types of heoglobinopathies include:

· Sickle syndromes result in hemolytic anemia and vaso-occlusive events

· Unstable hemoglobins may be drug induced and can leave Hb susceptible to oxidation and precipitation, ex: congenital Heinz body anemia.

· Hemoglobins with abnormal oxygen affinity (too high = familial erythrocytosis, too low = familial cyanosis).  

· M hemoglobins

· Thalassemias (imbalance of α and β production) can result in microcytic anemia and iron overload due to transfusion dependence.  

· All types of mutations (point, deletions, fusions, frame shifts, etc) occur and many were discovered in globin genes.  

· Sites of erythropoiesis and types of hemoglobin produced change together through prenatal periods and early infancy.  When RBCs are made in the yolk sac, Hb ζε or αε (embryonic forms) is produced.  When RBCs are next made in the liver/spleen, Hb αγ is produced (fetal Hb F).  When RBCs are finally made in the marrow (and in the spleen transiently), Hb αβ (adult Hb A) is produced.  The switch to αβ is incomplete and reversible, which makes it a potential therapy for sickle cell (SS) and thalassemia (1st FDA approved gene therapy).   

· To regulate Hb switching, there is an upstream locus control region (LCR) to which proteins bind and cause conformational changes that bring this region to a promoter.  The ε gene is closest, and is expressed first.  Then a silencer binds this, and it goes to the γ gene, and produces fetal Hb.  Enhancers also play a role in regulating gene expression.  

· Sickle cell and thalassemia lead to hemolytic anemia.  Met hemoglobin produces cyanosis due to impaired oxygen-binding capacity or pseudo-cyanosis due to change in blood appearance.
Sickle Cell Anemia:

· Sickle cell is a normocytic, normochromic hemotlytic anemia.  

· This is caused by a β6 Glu to Val point mutation, creating the Hb S allele.  The severity if highly variable and can be treated with ‘gene switching’ therapy.  

· Sickle cell is diagnosed by peripheral smear.  

· You can screen for sickle cell with a sickle prep (Sickledex/sickle solubility) test.  A drop of blood is placed in solution, and when the RBCs lyse Hb A will dissolved whereas Hb S will precipitate and form a cloudy suspension.  Hb AS, Hb SS, and Hb SC will all produce a positive test, so it just screens for sickle shaped hemoglobin due to 1 Hb S allele.  
· You may also screen for abnormal hemoglobin by hemoglobin electrophoresis.  This test can distinguish sickle trait (AS) from sickle cell disease (SS) from a compound heterozygous state (SC).  Hb C is a Glu to Lys mutation at position 6, whereas Hb S is Glu to Val.  But, some variants look similar on electrophoresis.  
· Sickle cell occurs because the mutated beta hemoglobin has a valine that aligns to fit into a hydrophobic pocket of another hemoglobin.  When you have lots of deoxygenated Hb S, polymerization occurs.  Polymerization begins slowly and reversibly, but when you reach a critical polymer size, it becomes irreversible and rapid.  Polymerization results in rigidity, changes in cell shape, and membrane distortion.

· Sickle cell is characterized by pain crises.  The classic theory is that intravascular obstruction of small vessels (particularly at bifurcations) by rigid cells produces vasoocculsive pain cries.  Adhesion to endothelial surfaces may slow RBCs and contribute.  If rigid RBCs obstruct flow, you can get decreased flow and hypoxia there, which can lead to tissue damage and local pain/swelling.  If this occurs chronically, you can get organ damage.  

· But we know that crises are due to more than Hb S deoxygenation and polymerization.  Infection/inflammation can activate WBCs, resulting in endothelial modulation, RBC adhesion to endothelium, some coagulation, and vascular obstruction.  The crises are unpredictable, sudden in onset and multifocal.  There is a lot of variability in frequency of pain crises, and sickled hemoglobin alone can’t account for this. 
· Genetics determine Hb F levels, WBC count, cytokine production, endothelial surface protein expression, and effects of pain meds.  So sickle cell is a single gene disorder in which many genes modify its manifestations.  

· Hb F doesn’t polymerize, so the more Hb F the fewer crises you’ll get.  Hb A and Hb C don’t polymerize as well, so they reduce the severity of expression in SA or SC individuals.  AS patients have no sickling at all, but SC can look the same as an SF person with lots of F expression.  
· At birth you mostly express Hb F.  This inhibits Hb S polymerization, so newborns with sickle cell so no symptoms.  Eventually, you switch from Hb F (α2γ2) to Hb A (α2β2) and get symptoms.  Reversing this ‘hemoglobin switch’ could decrease the severity of the disease.  Drugs like hydroxyurea have been shown to do this and produce more Hb F by unknown mechanisms, reducing pain crises by 50%.  People have varied strength of response to these drugs. 
· Therapies include:  early diagnosis and aggressive management, hydroxyurea (turns on Hb F and reduces WBC), transfusions, bone marrow transplant (cures by replacing stem cells, but has high mortality), and RBC modifiers (hydration agents or acting on RBC/endothelium interactions).  

Thalassemia:  

· Thalassemia is a microcytic hemolytic anemia.  It is due to an imbalance of α and β globins and is commonly found in Mediterranean and Southeast Asian populations.  
· Beta thalassemia:  Alpha > Beta.  So you get an excess of alpha chains, which leads to the formation of unstable α4 tetramers that precipitate and damage red cells leading to hemolysis.  The presence of enough α permits normal production of Hb F (α2γ2) and Hb A2 (α2δ2)
· Alpha thalassemia:  Beta > Alpha.  Excess beta chains form Hb H (β4) which also precipitates and leads to hemolysis.  The lack of α prevents you from forming Hb F (α2γ2) well, so you form Hb Bart’s (γ4).
· Precipitation of these tetramers requires methylene blue supravital staining to be seen.  

· α and β globin production is normally balanced.  Decreased beta globin produces beta thalassemia, and decreased alpha globin produces alpha thalassemia.  The mutations that cause this don’t affect the protein itself, rather they decrease the production of it.  So, normal Hb A is produced, just less of it in each red cell.
· The degree of anemia is related to the degree of alpha/beta imbalance.  

· Beta thalassemia is also known as Cooley’s Anemia.  Heterozygotes (1 messed up beta globin gene) are called thalassemia minor or thalassemia trait, and they have small RBCs and minimal anemia.  Homozygotes are called thalassemia major, and these patients have severe anemia and are transfusion dependent.  Thalassemia intermedia is when you have a compound heterozygote of severe and mild variants.  So it can be thal major with less than 4 alpha genes making the alpha>beta imbalance less severe.  Or it can be thal minor with 5 or more alpha genes making alpha>beta more severe.  

· Beta thalassemia is a microcytic, hypochromic anemia (low MCV and MCH) with decreased adult hemoglobin production.  Increased RBC number is due to marrow trying to compensate for the anemia.  Elevated relative and absolute fractions of minor hemoglobins Hb F (αγ) and Hb A2 (αδ).  A peripheral smear of beta thalassemia shows small RBCs with little Hb content.  Nucleated RBCs also appear due to ineffective erythropoiesis.  

· It presents as a microcytic hemolytic anemia with enlarged liver and spleen.  Brittle bones and widened marrow spaces, hypertrophy of skull/bones and transfusion dependence are also characteristics.  You may get extramedullary (outside the bone marrow) RBC production.

· Therapy for beta thalassemia includes prenatal diagnosis (reduced incidence via terminated pregnancies), hyper-transfusion plus iron chelation to avoid iron overdose, bone marrow transplant, and/or induction of Hb F with hydroxyurea, 5-azacytidine, or butyrate analogs.  
· Alpha thalassemia may be due to a reduction in one (silent carrier), two (trait, similar in severity to beta thal and mild iron deficiency), three (Hb H – severe hemolytic anemia), or four (hydrops fetalis and usually death) of the 4 present alpha genes.  It is the most common cause of microcytic anemia in the world, with particularly high prevalence in black, Italian, greek, arab, asian and Indonesian populations.  

· Alpha thalassemia is characterized by microcytic RBCs with or without anemia, and this may be easily confused with iron deficiency.  Hb A2 and Hb F levels are normal, and MCHC is normal, so this can be very hard to diagnose.  History and reliable assay of iron stores is useful in differentiating it from iron deficiency.  

· Methemoglobin is a hemoglobin variant due to the inability of heme to stay in the Fe2+ state, and it converts to the ferric Fe3+ state.  It produces a cyanosis or pseudocyanosis that can be confused with pulmonary or CV disease.  

Hemostasis:

· The activity of procoagulant systems is balanced by anti-thrombotic components of the fibrinolytic system.  Congenital or acquired problems on either side can lead to hemorrhage or thrombosis.  

· With a defect in a vessel, you see vasoconstriction to limit flow and blood loss, a platelet plug forms due to sub-endothelial tissue factor and von Willebrand factor, and fibrin also helps limit bleeding.  Fibrin production is the result of the coagulation cascade.  

· Coagulation proteins:  

· Serine proteases:  factors XII, XI, X, IX, VII, II, and prekallikrein.  These circulate in inactive forms.  

· Cofactors:  factors VIII (cofactor for IX), V (cofactor for X), high molecular weight kininogen (cofactor for activating factor XI and prekallikrein) and tissue factor (cofactor for factor VII).  These accelerate the action of serine proteases.  

· Fibrinogen: an adhesive glycoprotein, when cleaved by thrombin (factor IIa), it polymerizes.

· Factor XIII:  a transglutaminase that covalently links fibrin strands, increasing their resistance to dissolution.  It also links α2-antiplasmin, which prevents the clot-busting (fibrinolytic) action of plasmin.  So it makes the clot stronger. 

· Vitamin K dependent factors:  factors II, VII, IX, X, protein C and protein S.  Vit K is needed for the synthesis of these.  This is the basis of the mechanism of coumadin.  Vit K catalyzes the addition of a glutamic acid side chain that allows protein to bind phospholipid rich membranes (ex: platelets) in the presence of calcium, which is necessary for activation of coagulation.

· The coagulation cascade is broken down into extrinsic, intrinsic and common pathways.  

· Extrinsic pathway:  Factor VII circulates mostly in the inactive form, but a small amount may be active (VIIa).  With vascular damage, tissue factor in the sub-endothelium is exposed.  In the presence of calcium, tissue factor binds factor VIIa, and activates factor X, which initiates the common pathway.  

· Intrinsic pathway:  Doesn’t require any factors extrinsic to the blood (like tissue factor).  Factors XII, prekallikrein, high molecular weight kininogen, XI, IX, VIII.  Factor XII isn’t important for in vivo clotting.  

· Factor XII is activated by negative charges, like on the subendothelium.  Activated factor XII activates prekallikrein to kallikrein, using high molecular weight kininogen as a cofactor (concentrates prekallikrein at membrane).  This causes a positive feedback loop.

· Activated factor XII activates factor XI with the help of high molecular weight kininogen.  Activated factor XI activates factor IX on platelet membranes, in the presence of Ca.  Factor VIII is in the serum and has been activated by thrombin (factor IIa) from the extrinsic pathway.  Factor VIIIa and factor IXa combine to form ‘tenase,’ which cleaves factor X on the surface of platelets (factor VIIIa is a cofactor for factor IXa).  
· Factor VIII is a potent cofactor and speeds up factor IX cleavage of factor X by 10,000x.  A deficiency of factor VIII is known as hemophilia A.  Factor VIII is less severely deficient in von Willebrand disease.  Factor IX deficiency is hemophilia B.  

· The common pathway begins with the activation of factor X.  Its cofactor (factor V) is activated by thrombin (factor II).  With the help of factor V, factor X cleaves prothrombin into thrombin (factor II).  This occurs on the surface of platelets, and it allows thrombin to cleave fibrinogen into fibrin. This loose fibrin is held together through hydrostatic interactions.  Factor XIII is activated by thrombin and covalently bonds the fibrin strands together (and binds alpha2-antiplasmin to protect against the fibrolytic enzyme plasmin).  
· So the sequence of events when you form a clot is:  The extrinsic pathway is activated and leads to a little factor X activation.  This forms a little factor IIa, even in the absence of factor Va.  The IIa allows production of cofactors VIIIa and Va that really speed up the intrinsic pathway.  A protein called tissue factor pathway inhibitor (TFPI) turns off the extrinsic pathway, but if the intrinsic pathway is already running, that’s enough.  So the extrinsic pathway is more for initiation, and the intrinsic for propagation.  
· Screening coagulations tests commonly used include the prothrombin time (PT) and the activated partial thromboplastin time (APTT).  PT measures the extrinsic pathway (factor VII) and the common pathway (factors X, V, II, fibrinogen).  It’s done by adding patient’s plasma to phospholipids, Ca and tissue factor.  APTT measure the intrinsic system (XII, XI, IX, VIII, high molecular weight kininogen, prekallikrein) and the common pathway.  It’s done with a charged reagent to activate factor XII; here you also chelate calcium to keep blood from clotting on its own, and add only phospholipid, calcium and the negative factor XII activator.  Neither test measures XIII.  

· If a patient has a prolonged clotting time on either of the tests, you want to know if it’s due to a deficiency or an antibody against a coagulation factor.  To differentiate, add patient plasma to normal plasma and see if the deficiency is fixed.  If the clotting delay is due to a deficiency, the normal blood will make up for it and the clotting will be normal.  If it’s due to an antibody, this antibody will attack the stuff in the normal blood too, and it’ll still produce a delay.  

· If there’s a problem, you can see which factor is causing it by measure factor activity levels.  You do this by creating a standard curve for known levels of the factor you’re looking for.  Then, add patients plasma to plasma deficient in 1 factor and see how much activity you get, then compare this to the standard curve to see how much of that factor is present.  Repeat for as many factors as necessary.  

· Hemophilia A is a factor VIII deficiency and it’s X-linked.  It tends to cause deep tissue bleeding like hemarthrosis.  Bleeding severity is related to factor VIII levels (mild is >5%, severe<1%).  This can be treated with factor VIII.  DDAVP (vasopressin analog) can be given for mild hemophilia, which causes the release of factor VIII and von Willebrand factor from the liver and endothelium.  
· Hemophilia B is a congenital factor IX deficiency, which is also X-linked, but more rare.  It is treated with factor IX.  

· The most common inherited bleeding disorder is von Willebrand disease (vWD), which is inherited autosomally.  It affects 1/1000.  It protects factor VIII from degradation by protein C (anti-thrombotic), but more importantly mediates platelet adhesion to the subendothelium via glycoprotein Ib-IX.  So, vWD patients bleed from mucosal surfaces rather than deep tissue sites.  Diagnosis depends on the ability to measure vWF protein (ELISA) and how well the protein functions (ristocetin cofactor assay…the antibiotic ristocetin causes platelet aggregation dependent on vWF activity).  Mild vWD can be treated with DDAVP, causing endothelial cells to release vWF.  More severe forms must be treated with vWF and factor VIII concentrates.  
· The most common acquired bleeding disorder is vitamin K deficiency, which is associated with broad-spectrum antibiotic use, surgery, poor nutritional intake, and external biliary drainage.  In the absence of enough vitamin K, the liver produces inactive forms of factors II, VII, IX and X, as well as anti-thrombotic protein C and protein S.  Since factor VII has the shortest half life, factor VII dysfunction (prolonged PT) is seen first.  Eventually both PT and APTT become prolonged.  This can be treated with vitamin K.  

· Liver disease also causes acquired bleeding since coagulation factors are produced there (except factor VIII, which is produced outside of heptocytes).   These patients are given plasma with all of the factors present.  

Thrombosis:  
· Procoagulant forces (platelets and coagulation factors) and anti-thrombotic forces are balanced.  Imbalance produces hemorrhage or thrombosis.  Antithrombotic forces include:

· Circulation that prevents local coagulation factors from accumulating 

· Endothelial cells act anti-thrombotic by expressing thrombomodulin (binds thrombin and activates protein C), not expressing tissue factor, producing prostacyclin/PGI2 and NO, and promoting fibrinolysis via tissue plasminogen activator.

· Endogenous anticoagulant proteins inhibit/degrade serine proteases (clotting factors).  One such protein is anti-thrombin III, which is made in the liver and covalently inactivates factors IIa, Xa, IXa and XIa.  Heparin increases its activity 1000x, which is used therapeutically.  

· Protein C and protein S are also anti-thrombic proteins.  They bind phospholipid rich surfaces like platelets with calcium.  Protein C is inactive in the serum.  It is activated by thrombin bound to thrombomodulin (which is on the epithelium).  Protein S is in the serum in both unbound, active forms and inactive forms bound to C4bBP (binding protein).  Activated protein C + free protein S inactivate factor Va and factor VIIIa, the cofactors of factors Xa and IXa.  This downregulates coagulation.  
· The fibrinolytic system is another anticoagulant mechanism.  Plasminogen circulates in an inactive form.  It’s activated by tissue plasminogen activator (TPA) and urokinase (UK).  TPA is released from endothelial cells and activates plasminogen on clot surfaces.  The resulting plasmin cleaves fibrin into fibrin degradation products (FDP).  Plasmin is opposed by alpha2-antiplasmin (brought into the clot by factor XIII).  TPA and UK are opposed by plasminogen activator inhibitor I.  TPA and UK can be used to treat MI, by breaking apart clots.  
· Pathological venous thrombosis develops when you get more thrombosis than anti-thrombosis.  Risk factors affecting this include immobility (diminishes clearance of activated coagulation factors), estrogens (increase clotting factor synthesis and reducing protein S due to more C4bBP), surgery/trauma (vascular damage and clotting), older age (increased coagulation factor levels), pregnancy (same as estrogens), cancers.  

· Factor V Leiden resists degradation by protein C, due to a mutation at position 506.  So it remains active and is pro-thrombotic.  5% of US Caucasians are heterozygotes, conferring a 5x greater risk (taking oral contraceptives makes it 30x).  Homozygotes have a 50x risk.  This increases the risk of venous thrombosis, but not arterial thrombotic events.  Diagnosis is made by functional tests (activated protein C resistance assay, in which activated protein C is placed in patient plasma mixed with factor V deficient plasma and you look at the APTT…factor V Leiden shows reduced clotting time) or PCR based tests.   Usually only symptomatic people get treated with anticoagulants.  
· The prothrombin 20210 mutation (mutated 3’ UTR) increases prothrombin transcription and increases the risk of thrombosis.  2% of Caucasians are heterozygotes.  It increases the risk of venous 2-8x, but not arterial thrombotic events.  Diagnosis is based on molecular biology, and it’s only done in people with thrombotic events. Increased VIII, IX and XI are associated with thrombosis. 

· Deficiencies in anti-thrombin III (inactivates factors II, IX, X, and XI) causes hypercoagulation.  Heterozygotes are 1/5000, and homozygotes don’t survive.  It confers a 20x increase in thrombosis.  Acquired forms of this may result from liver or kidney disease (liver can’t make it or you lose it through kidneys).  Diagnosis is by anti-thrombin III activity assays.

· Heterozygous protein C and protein S deficiencies result in a 5-10x increased risk.  Protein C heterozygous may be 1/250.  Homozygotes are rare, but present in neonates as purpura fulminans.  Acquired protein C deficiency is due to vitamin K deficiency and liver disease.  Protein S heterozygotes may be 1/1000, and may occur with vitamin K deficiency, liver disease, pregnancy, or estrogen therapy (due to hormone associated increase in C4bBP).  This is also diagnosed by enzyme activity assays. 

· No defects in the fibrinolytic system have been identified as causing venous thrombosis.  

· Antiphospholipid antibody syndrome (Abs against phospholipids on activated platelets) can cause both arterial and venous thrombosis.  These platelet phospholipids serves as binding sites for many factors, and help to concentrate them.  In most cases, the antibodies are really against proteins that bind to these phospholipids (and may block coagulation factor activity).  The antibodies can bind these proteins and cause them to dissociate, allowing clotting factors to bind and promote thrombosis.  So you get coagulation and thrombosis, possibly fetal loss due to placental thrombosis, and thrombocytopenia (low platelets) due to consumption of platelets.  These antibodies are common in patients with autoimmune disorders like RA or SLE, and may also be seen in HIV or cancer.  

· Diagnosis of this is done via ELISA (with plates coated with phopholipid antigens) or in an APTT with low phospholipid levels (anti-phospholipid abs would cause a prolonged clotting time, with mixing studies to verify that it’s an inhibitor).  A dilute Russell viper venom time (dRVVT) can also detect anti-phospholipid antibodies.  The viper venom activates factor X, which is highly phospholipid dependent.  So the anti-phospholipid antibodies would slow it down.  In these tests, you want to dilute the phospholipids to get more sensitivity.  With dRVVT, you see if it’s a deficiency of inhibitor by mixing, then also add excess phospholipids to see if this shortens the clotting time. Identifying these patients is important because they are at higher risk for recurrent thrombotic events. 
· Elevated homocytseine can cause arterial and venous thrombosis.  Homocysteine requires vitamin B12 and Methyl-Tetrahydrofolate to be converted to methionine.  An alternate pathway is conversion to cysteine via cystathionine beta synthase that uses vitamin B6 as a cofactor.  Folate, B12, or B6 (pyridoxine) deficiencies can lead to hyperhomocysteinemia.  High homocysteine can cause venous thrombosis, MI, etc., but milder increases in homocysteine have smaller effects.  
· High homocysteine levels induce tissue factor expression and cause endothelial damage, both of which contribute to thrombosis.  It’s most often treated with B12, B6, or folate.  

· DIC is an acquired coagulation disorder due to excessive activation of clotting.  You get widespread microvascular thrombosis, consumption of coagulation factors, and subsequent bleeding.  It’s associated with trauma, sepsis, snakebites, tumors, etc.  These things all release coagulation factors.  Plasmin (fibrinolytic enzyme) digests clots into D-dimers which can be detected.  ELISA for D-dimers (very sensitive) and assays for fibrinogen or platelets are useful for diagnosing DIC.  
Dermatologic Vocabulary:

· Macule – flat change in color, usually well circumscribed.  

· Patch – macule > 1cm

· Papule – circumscribed lesions raised above the skin.  

· Plaque – papule > 1cm

· Nodule – raised, circumscribed, between 1 and 2 cm. 

· Tumor – nodular lesion > 2cm

· Vescile – clear, fluid-filled lesion < .5cm

· Bulla – vesicle > .5cm

· Pustule – turbid, fluid filled lesion

· Cyst – nodule filled with a semisolid or liquid substance

· Wheal – transient palpable lesion (hive) caused by interstitial fluid accumulating in the dermis.

· Comedone – plugged pilosebaceous opening 

· Burrow – short, linear, thread-like lesion caused by scabies mites in the stratum corneum

Secondary changes:

· Scale – white/brown flakes on the skin, accumulation of stratum corneum

· Crust – yellow/brown accumulation of serum/inflammatory cells, often the remnant of a vesicle or pustule.  Think of a scab

· Purpura – blood leaking out of vessels that won’t blanch.  If flat, it’s senile purpura.  If palpable, it’s vasculitis.  

· Lichenification – accentuated skin markings due to thickening of epidermis.

· Erosion – loss of epidermis

· Ulcer – loss extending into dermis

· Fissure – crack in epidermis extending into dermis.

· Scar – fibrous tissue replacing usual dermal tissue space.

· Atrophy – loss of substance of skin, often resulting in transparency and ability to see vessels.  

· Hyperkeratosis – lesion with excessive, heaped-up scales

· Verruccous – vegetating, wart-like surface.

· Linear patterns generally indicate that something has an exogenous cause.  Lesions may be umbilicated (depressed in the middle).  Patterns of distribution may be annular, zosteriform (following dermatome distributions), linear, or target shaped 

· Honest caring is a big part of what makes a good physician and what makes medicine a privilege more than a job.

Histopathology of Skin:

· The epidermis of normal skin is mostly keratinocytes.  At the surface is the stratum corneum (anucleate, thickness varies with site), a granular cell layer (basophilic, thickness correlates with corneum layer), a stratum spinosum (cells connected by desmosomes, dermal papillae extend up into this), and the basal layer (single layer of cells, hemidesmosomes).  At the basal layer are melanocytes, which make melanin and transfer it to keratinocytes.  These are oval cells with small nuclei, a halo, and dendrites.  Skin color is NOT determined by number of melanocytes, but the number does vary with sun exposure and by site in the body.  Langerhans cells are also in the epidermis and have Birbeck granules that look like tennis racquets.  

· The dermis is normal skin has a papillary region immediately adjacent to the epidermis and a reticular dermis.  It is full of collagen and elastin, and also contains nerves, vessels, and adnexal structures (hair, sweat glands).  Hair follicles are associated with sebaceous glands and arrector pili (smooth muscle).  The scalp has thick hair (terminal anagen hairs) and other parts of the body have thin hair (vellus hair).  Eccrine sweat glands have acrosyringeum (intraepidermal parts), and intradermal ducts/glands.  Eccrine glands are everywhere except the vermillion border, nail beds, labia minora, glans penis, and inner prepuce.  Aprocrine glands are present in the groin, axilla, breasts, eyelids, and external ear.  

· Beneath the dermis is the subcutaneous fat, which has adipocytes, fibrous septae and vessels.  It may also have skeletal muscle.  

· Anatomic variations in the skin:  Acral sites (soles of feet, palms of hands) have a hyperkeratotic stratum corneum, pacinian (onion-like, sense pressure) and meissner’s (in papillae/rete, sense touch) corpuscles, no hair follicles, and glomus cells.  Mucosal sites have on granular cell layer or stratum corneum, and they may have skeletal muscle.  Scalps have increased anagen hair follicles.  The nipple and scrotum have more smooth muscle.  The periorbital/oral/nasal and neck skin have skeletal muscle.  Nail units are also present. 

· Dermatopathology looks at pathologic conditions of the skin and mucosal tissue.  Biopsies are rarely diagnostic without a corresponding history.  You assess for epidermal alteration, cellular atypia, and infiltrate.  Things you may see include:  spongiosis (fluid filled epidermis, often due to eczema), psoriasis (intracorneal neutrophils, suprapapillary thinning, telangiectases), lichenoid reaction (epithelial thickening), interface reactions (basal membrane zone thickening), blister (fluid separation), urticaria (neutrophils and esoinophils present), bites or hypersensitivity (wedge shape lymphocyte infiltrate), vasculitis (palpable purpura, neutrophil rich vessels).  You may get a lot of inflammation of different components, amyloid deposition (detect with congo red or crystal violet), calcinosis, gout, hyaluronic acid deposits of graves, cysts, or cancer.

Moles and Melanoma:
· Melanocytes are cells of neurectodermal origin that migrate during development.  They are in the basal layer of the epidermis, and these basal melanocytes have dendritic processes, clear cytoplasma, and small/dark nuclei.  They produce melanin in melanosomes, which get transferred out the processes and phagocytosed by keratinocytes.  This helps form a UV absorbing cap in the skin.  
· Ephelis (freckles) are pigmented lesions of childhood.  They are clusters of small macules, they are well circumscribed, and they are related to sun exposure.  You see more pigment, but not more melanocytes.  They often fade in the winter.

· Solar lentigo (age spots) are irregular, pigmented macules found in middle aged and elderly people.  They tend to coalesce and are developed on sun-damaged skin.  The incidence increases with age, and here, the hyperpigmentation is due to an increased number (proliferation) of melanocytes.  

· Benign melanocyte neoplasms include nevi (congenital lesions of the skin) and nevocellular nevi (congenital or acquired melanocytic neoplasms, aka melanocytic nevi or moles).  Nevocellular nevi (benign) are proliferations and aggregates of melanocytes which have transformed and lost their processes, look round/oval, show uniform nuclei with inconspicuous nucleoli, and deeper melanocytes produce less melanin.  Types of nevocellular nevi:

· Common acquired nevi:  more sun exposure leads to more moles.  These mostly appear in adolescence and early adulthood.  They peak in your 20s, and regress by 70s/80s.  They tend to be symmetrical, have regular borders, uniform in color and small.  So, they are benign.
· Junctional nevus:  At the junction of the dermis and epidermis.   They are flat, symmetric, sharply circumscribed and uniform in color.  
· Compound nevus:  These are raised and may be dome shaped.  They show proliferation in both the dermis and epidermis.  They may be hairy or verrucoid.  Their color is uniform.
· Intradermal nevus:  These are raised lesions that may be flat-topped on the back, polypoid on the abdomen or lateral trunk, or dome-shaped on the face.  These have no epidermal component.  Surfaces may be hairy or verrucoid.
· Other acquired nevi:  
· Congenital nevi:  These are present at birth and can vary greatly in size, some really bathing the trunk.  They may appear symmetrical/uniform or assymetrical/variegated.  These may or may not have hair.  
· Dermal nevi:  

· Mongolian spot:  poorly defined patches of blue discoloration, often in the sacral region.  Common in asian infants, present at birth, and often fade by early childhood

· Blue nevus:  well circumscribed, dome shaped papules.  Gray-blue or blue-black, frequently on the dorsal hands and feet, or the face.  May be present at birth or any age.

· Dysplastic (borderline) nevi:  these are acquired lesions that start to appear near puberty.  They remain dynamic throughout adulthood.  There may or may not be a papule.  They tend to be symmetrical, but the borders may be fuzzy.  There is pigment variation within a single lesion, and erythema may be noted.  These ‘atypical’ nevi may have some irregular features (ABCDE), but are clinically stable.  There may be irregular histological architecture (elongation/bridging of rete, lentiginous hyperplasia).  Cytologic atypia (large nuclei, variable nuclear size, variable chromatin, large nucleoli) is present.  These may be precursor lesions or markers of risk.  

· Familial atypical mole/melanoma syndrome (FAMM):  occurrence of melanoma in one or more first or second degree relatives.  In this syndrome, you see large numbers of moles (>50), some often atypical and variable in size.  This is autosomal dominant.  The lifetime risk of melanoma is almost 100%.  

· Melanoma is a malignant growth of melanocytes, mostly occurring in sun-exposed areas.  They can occur on mucosal surfaces, the eyes, leptomeninges, etc.  But the skin is the most common place.  These may occur de nove, or they may develop from pre-existing nevi.  

· Melanoma is the 6th most common malignancy in the US.  It makes up only 4% of skin cancers, but 80% of skin cancer deaths.  The incidence and mortality are both increasing, and in the US the lifetime risk is 1/58.  

· Risk factors include genetics (personal of family hx), immunosuppression, increased nevi, and UV radiation (particularly during childhood)

· The diagnostic criteria of melanoma are the ABCDEs:

· Asymmetry, Borders (ragged, notched, blurred, irregular), Color (uneven, many colors possible), Diameter (large, usually >5cm), and Evolution (changes over time…evaluated via photographic imaging, but can be difficult in FAMM patients).  
· Subtypes of melanoma:  In situ melanoma is curable by excision.  Superficial spreading melanoma is the most common subtype, and shows variable radial (horizontal) growth before the the deep/invasive growth.  Lentigo Maligna Melanoma 5% of melanomas, long radial growth phase before the vertical/invasive growth.  Acral Lentiginous Melanoma is more common in darker pigmented people and occurs at acrla sites (soles, palms, and nail beds).  Nodular melanoma has no appreciable radial growth phase and is aggressive and vertical at onset.  

· Histologically, melanoma produces atypical melanocytes and mitotic figures.  

· A couple different ways to evaluate melanoma were developed.  Clark levels based it on how deep it penetrated (levels I-V ranging from in situ to invasion into the subcutaneous fat).  These levels aren’t of particularly great prognostic value...but they are useful.  Breslow’s tumor thickness measures from the top of the granular cell layer to the base of the ulcer (at deepest point) at a right angle of the epidermis.  Breslow’s is now the primary predictor of outcomes now used.  

· Tumors can also be grouped based on TNM classification.  The T component uses the Breslow depth as the primary predictor of outcome.  T ranges from ‘in situ’ to T1-T4.  They may be again classified by the presence or absence of ulceration.  The overall stages:

· 0= melanoma in situ.  Stage III- lymph node involvement.  Stage IV- any metastasis.

· These ‘AJCC’ stages are very strong predictors of prognosis.  
· Molecular defects in melanoma:  Dysregulation of proliferation occurs at multiple levels.  Signaling pathways are altered, including apoptosis (but not p53).  Angiogenesis plays some role, but key factors in this remain unknown. 

· p16/INK4a is a tumor suppressor mutated in melanoma, associated with familial inheritance.  It inhibits CDK-4/6, which normally activates E2F (by removing RB from binding it) and promotes the G1 to S transition in the cell cycle (via p14ARF)
· BRAF kinase (RTK) acquired mutations are also associated with melanoma.  It’s common in both melanomas and benign nevi.  It is not sufficient for malignant transformation.  
· If detected early, the primary treatment is surgery.  No therapy has been proven to extend life expectancy.   Interferon a2b may have some effect.  Observations suggest the immune system provides the best defense against melanoma.  Most therapies require an intact apoptotic pathway, but melanomas have circumvented these pathways.  Reactivating them may be a good therapeutic strategy.  Targeting angiogenesis instead of apoptosis may also be a good strategy.  There appears to be some tumor-endothelial cross talk involved in melanoma progression.  
· There’s an epidemiologic association between UV light and melanoma, but thymidine dimers aren’t present, so it may not be causal.  

· Immunotherapies (cytokines, vaccines, abs, gene therapy) hasn’t been too successful.  IFN-alpha and IL-2 are FDA approved, but have no proven survival benefit.  Vaccines are being tried.  

Non-Melanoma Skin Cancer:

· For our purposes, we’ll consider skin cancer to consist of melanoma, basal cell carcinoma, squamous cell carcinoma, and ‘many others.’  The incidence of the skin cancers is increasing (1 in 5 people presently) over time, and the non-melanoma skin cancers are extremely prevalent, much more so than melanoma.  NMSCs vastly outnumber breast, lung and prostate cancers combined.  They have dramatically lower case fatality, but because there are so many, they still occur frequently and cost a lot.  More die of squamous cell carcinoma than basal.  

· Basal cell carcinoma makes up 80% of skin cancer cases.  Most are on sun-exposed areas.  They don’t usually spread, although they do infiltrate and destroy adjacent tissues (possibly muscles and nerves).  They have a high cure rate, but a 20-40% chance of developing another case.  

· Squamous cell carcinoma arises from only the outer layers of the skin.  They are mostly found on sun-exposed areas or chronically irritated or scarred area, and mostly curable when found early.  They can develop from sand-papery growths called solar or actinic keratoses.  They occur mostly in fair-skinned people.  If untreated, they can spread to vital organs and damage surrounding areas

· The etiology of the cancer is due to ultraviolet light, immunosuppression, HPV, and/or genetic mutation.  UV light is a key early step as genetic mutations accumulate over time.  UV damage produces signature cyclobutane pyrimidine dimers.  Immunosuppression, particularly in organ transplant or HIV shows a dramatically increased incidence of skin cancer and increased case mortality (much bigger increase in SCC).  HPV is associated with non-melanoma skin cancers.  SCC is associated with p53 mutations, BCC is associated with sonic hedgehog pathway signaling.  
· Sun spots (sun lentigos) are often seen with DNA damage.  

· Basal Cell Carcinoma (BCC):  The appearance is pearly, waxy with telangiectasia (can see small vessels).  They are often pink/red or skin colored.  They may be depressed scar-like plaques in sclerosing BCC.  They may be pigmented.  They may also be progresseive, erosive, painless lesions.  They may bleed easily.  BCCs can commonly be infiltrative.  
· Squamous Cell Carcinoma (SCC):  These are usually more crusty, and can easily be misdiagnosed as eczema or psoriasis.  They tend to be keratotic plaques with heaped up, irregular borders.  Often scaly, and may show central ulceration.  

· Actinic Keratosis:  This is a precursor to SCC, and it appears as sand-papery, crusty skin.  Early intervention may help prevent SCC, though not all actinic keratoses turn into SCC.  

· There is good treatment for these skin cancers, with surgery/excision and chemical destruction being the most common strategies.  High risk cases warrant more aggressive, definitive treatment.  These high risk areas include the head and neck, areas where tissue conservation is critical, and areas where appearance is an important goal.  Over 90% cure can be expected for primary NMSC.  Tumors in immunosuppressed patients have poor prognoses.  

· The best thing is prevention with sunscreen, even during the winter.  But, sunscreen use has actually been falling if anything.  Skin cancer rates are increasing, which makes sense.  Mortality from the cancers is also increasing.  

Psoriasis:

· Psoriasis is primarily a Th1 disease, and blocking TNF-alpha is used as a therapy.  
· Psoriasis has two peak periods of incidence, one before the age of 20 and one in a person’s 50s.  It affects the genders equally, and affects 2% of people.  10-30% develop psoriatic arthritis.  It has a genetic component, and it’s associated with certain MHC genes.  It’s also associated with metabolic syndrome. 

· Psoriasis presents as variable sized erythematous, well demarcated plaques with silvery scale.  It tends to have a symmetric distribution, and it most often affects the scalp, sacral area, extensor surfaces, and knees/elbows.  The skin folds (intertriginous areas) have macerated red plaques without scales.  

· Plaque psoriasis shows large plaques.  Guttate psoriasis shows a raindrop pattern, which may be exacerbated by trauma.  Inverse psoriasis occurs in skin folds and lacks silvery scales.  Pustular and palmoplantar psoriasis show pustures that may coalesce, and they tend to appear on the palms/soles (and be quite debilitating).  Erythrodermic psoriasis is when 100% of the skin is red, often accompanied by fever, chills and malaise (commonly caused by decreasing doses of prednisone).  Nail psoriasis occurs with onycholysis (separation of the nail from the nailbed), oil spots (yellow areas), nail pits, and thickening of nails.  Psoriatic arthritis (10-30% of psoriasis cases) produces sausage digits and often shows nail involvement.  

· Psoriasis is a Th1 mediated immune reaction, in which CD8 cells predominate.  The T0cells produce TNF-alpha and IL-2.  This induces keratinocytes to make pro-inflammatory cytokines (TNF-alpha, IL-1, IL-8).  IL-8 recruits neutrophils and promotes keratinocyte proliferation.  This eventually causes epithelial hyperproliferatoin, loss of differentiation, and neutrophil recruitment.  You also see vascular proliferation.  

· The idea that it’s Th1 mediated is supported by observing that psoriasis responds to cyclosporine, IL-2, antiCD3, and antiCD4 treatments.  Also BMT recipients acquire the psoriasis status (+ or -) of the donor.  

· Psoriasis may be triggered by trauma (Koebner phenomenon), infections (esp Strep), HIV, stress, or drugs (withdrawal of corticosteroids, beta-blockers, antimalarials).  

· Treatment depends on the distribution and if it interferes with everyday life.  It may include topical treatments, phototherapy, or systemic immunosuppressives.  Biologics like TNF-alpha antagonists (etanercept/enbrel, infliximab/remicade, and adalimumab/humira) are used commonly.  Other T-cell blockers like LFA3-CD2 blocker alefacept/amevive and Anti-LFA1 efalizumab/raptiva are also used.

· Psoriasis has vascular implications.  

Exanthems:
· You should take as much info as you can from the clinical situation, including the clinical setting (ICU vs outpatient), the past medical history (disorders, drugs, time of yea, geography…ex: lyme disease), age of the patients (rash morphologies, course, exposures/susceptibilities, and incidence change with age), and immunologic parameters (hereditary, acquired, drug-induced immunosuppression).  Ex:  everything looks red in newborns, and yellow at around 8 months.  Newborns tend to blister, etc.  

· Is it an inside or outside etiology?  Localized stuff is most likely outside, whereas disseminated stuff is most likely inside.  Exanthems are mostly inside jobs. 

· Measles (1st disease) is the model for morbilliform eruptions.  Morbilliform looks like measles, with discrete papules spread all over the body in a diffuse, symmetric pattern.  Lesions may become confluent.  Although morbilliform means the exact same thing as exanthem and ‘maculopapular’ we shouldn’t use the term maculopapular.  But, macular and papular is ok.  This describes measles well.  Measles is spread by respiratory droplets.  It has a 7-10 day incubation period, and you get prodrome for 2-4 days and skin eruptions around day 10.  Complications like otitis, pneumonia, superinfection and encephalitis can occur.  Death occurs in 3/1000 cases, with a higher rate in the malnourished.  Other diseases that produce morbilliform patterns are enteroviral exanthem, urticaria, graft-versus-host disease.  

· Scarlet fever (2nd disease) is the model for scarletiniform lesions.  Scarlitiniform looks like scarlet fever, with widespread, symmetric lesions that feel like sandpaper.  It’s often toxin mediated.  This can produce enanthem, lesions on mucous membranes like the tongue (strawberry tongue).  This may be due to Strep, Staph, virus, or drugs.  Desquamation of the skin can also occur with scarlitiniform patterns.  

· Staphylococcal scalded skin syndrome produces widespread erythema with crusting of the eyes/mouth and blistering.  But, with scalded skin syndrome, the mucous membranes are spared.  In Stevens-Johnson syndrome (drug induced injury) shows widespread sloughing of skin that looks similar, except it does occur in most mucous membrane sites when it’s present.  

· Rubella (3rd disease) is red and papular like measles.  Patients don’t get that sick from it, but if infection occurs during pregnancy (particularly the 1st trimester), it can result in eye, cardiac, or sensorineural defects in the fetus.  Rubella is spread by respiratory routes, and it’s most common in 5-9 year olds.  It may produce enanthem-forscheimer spots (petechiae on the hard palate).  
· Duke’s disease (4th disease) isn’t really important
· Erythema infectiosum (5th disease) is also morbilliform.  It presents as slapped cheeks appearance, caused by parvovirus B19.  It can cause chronic anemia in the immunosuppressed and hemolytic disease/hydrops fetalis.  

· Herpes simplex is localized, clustered, unilateral and uniform.  

· Herpes zoster is localized, clustered and dermatomal.  

· Varicella is disseminated, scattered, bilateral, and variable.

· Vasculitis presents as palpable purpura (destruction of small vessels).  It may be life threatening.

Atopic Dermatitis:

· Things to know: 

· The atopic march:  atopic dermatitis is associated with allergic rhinitis, asthma, and food allergy.

· Atopid dermatitis patients must have pruritus (itching) and eczema (erythematous patches and plaques with epidermal changes like scale and/or crust.

· AD patients may also show Dennie-Morgan folds beneath the eyes, keratosis pilaris, hyperlinear palms, and ichthyosis.

· Cutaneous infection is the most common cause of superinfection in eczema.  

· Acute AD is Th2 mediated with increased IL-4/5/13.  

· Chronic AD is Th1 and Th2 mediated with increased IFN-gamma and IL-12.

· Other information:  

· The cardinal features of AD are pruritis (itchy), eczema, increased total IgE, allergen specific IgE and T-cells, T-cell/eosinophil/monocyte activation, defective skin barriers (decreased ceramides), and susceptibility to cutaneous infection.  

· Eczema is a key finding or reaction pattern, not a disease in itself.  It is patches/plaques with epidermal changes like scale or crust, and it can be seen in atopic dermatitis, irritant dermatitis, allergic contact dermatitis, etc.  

· Atopic dermatitis is increasing in incidence.  60-80% of cases develop before age 2, and most people have a personal or family history of allergy, asthma or atopic dermatitis.  50 % of children will outgrow the condition.  Most patients with AD show an early onset and atopy (family history, IgE reactivity).  

· The clinical appearance of AD varies with age.  Generally it’s characterized by xerosis (dryness), lichenification (accentuated skin lines).  In infants, you may see some exudative eczema (wet looking) mostly on face, scalp, skin folds and extensor surfaces.  In children, it tends to be dry and affect flexor surfaces, and you may see some post-inflammatory hypopigmentation (pityriasis alba).  In adults, you see ill defined lesions, lichenification, and high prevalence of hand dermatitis (Staph, Herpes, after vaccination).  As a result, people with AD often don’t get vaccinated.  
· Contact dermatitis is different, and may be broken down into allergic (type IV delayed hypersensitivity) or irritant (will induce a reaction in anyone at high enough concentrations) contact dermatitis.  Contact dermatitis tends to be sudden in onset, linear/geographic suggesting an outside job.  It may be very pruritic, with common vesicles and bullae.  

· Lichen simplex chronicus (elephant skin) is an accentuation of the normal skin markings that may be seen in AD.  It’s difficult to treat and very pruritic (itchy).  

· Eczema can be nummular (coin-like).  This is typically very responsive to treatment, and it’s more common in the fall and winter.  Seborrheic dermatitis (cradle cap) is hyperkeratotsis on the scalp with shiny smooth plaques in infants, or greasy white/yellow plaques in adults.  This can coexist with AD.  

· You can also see tinea corporis.  

· Allergic disease results from polygenic inheritance patterns, but some AD may appear autosomal dominant.  There is a stronger association among siblings than parents, so environment plays a big role.  

· Therapy includes avoiding triggers (irritants, allergens, heat, stress), moisturization, topical therapies (steroids, calcineurin inhibitors), antihistamines, antibiotics, and phototherapies.

Bullous Diseases:
· These are auto-antibody related diseases, and here, both the antigenic targets and the pathophysiology are known.  Here, the auto-antibodies are pathogenic.  

· Pemphigus Vulgaris:  This is characterized by painful blisters of mucous membranes most common at ages 30-50.  If untreated, mortality is 100% at five years.  It begins with oral lesions and spread to other skin locations.  Pemphigus vulgaris is associated with MHC class II variants (DR4 is Ashkenazi Jews, DQ1 in other populations).  There’s a strong association.  

· The lesions of pemphigus vulgaris are painful and debilitating, and they can easily lead to sepsis and infection if untreated.  The primary lesions show non-inflammatory cell detachment of the epidermis.  The epidermis separates, leaving only a tombstone row of basal cells intact.  There remain free cells in the blister (acantholysis).  IgG autoantibodies are present at the lesions.  

· These antibodies are anti-desmoglein antibodies.  Desmoglein is a component of desmosomes that attach keratinocytes to each other.  Inside the keratinocytes, intermediate filaments are tethered to the membrane by plaque proteins, and desmogleins are transmembrane proteins that link the plaque proteins of adjacent cells at a hemi-desmosome.   These antibodies show epitope expansion, where they start out with antibodies against only desmoglein 3, and later show antibodies that have expanded their ability to bind and can bind both desmogleins 3 and 1.  Anti-plaque protein antibodies may occur later.  
· These autoantibodies are shown to be causal by transfer of autoantibodies leading to disease in the recipient animal.  Dsg3 KO mice show oral lesions, and adding Dsg1 autoantibodies cause a pemphigus-like disease.  

· The anti-desmoglein antibodies seem to be able to cause the blisters regardless of the presence or absence of ‘downstream’ complement and protease activity that was thought to mediate intraepithelial detachment.  So normally, complement and proteases are present, but not necessary.  

· Since inflammatory mediators like proteases and complement can’t be blocked for treatment,  you need something that reduces antibody synthesis, so your therapeutic options are fairly limited.  Turning it off produces remission slowly, over 12-24 months.  Treatment includes corticosteroids, cyclophosphamide, plasmapheresis and mycophenolate. More recently, IVIG and biologic agents like rituximab (anti-CD20) have been used.  

· Bullous pemphigoid occurs in older people (60-80) and shows large, dramatic blisters that are pruritic (itchy) but not painful.  Mucosal lesions are uncommon, and this condition has a much better prognosis.  

· Here, the auto-antibodies are against hemidesmosomes that bind keratinocytes to the basement membrane.  Specifically, the auto-antibodies are against BP180.  

· In bullous pemphigoid, the blisters that stand out aren’t really the primary lesion.  The primary lesion is an inflammatory plaque of erythema, on top of which the blisters may form.  You see lots of inflammation on histological sections.  There is also a lot of complement deposited at the sites of blister.  

· Autoantibodies bind to BP180, lead to complement activation, eosinophil and neutrophil recruitment, protease release from leukocytes, and blister formation.  Neutrophils, complement and proteases are all necessary, so there are a lot more therapeutic targets in bullous pemphigoid.  You can just suppress inflammation and wait for spontaneous remission to occur.  Treatment includes: topical steroids, tetracycline, methotrexate, dapsone, prednisone, mycophenolate, azathioprine, and rarely cyclophosphamide, plasmapheresis or biologics.  
Acne and Rosacea:

· Acne is centered on pilosebaceous units (hair follicles) and associated with sebaceous glands (oil).  Sebum production varies with age, and the lipids (squalene and wax esters) in sebum are distinct from other lipids in the body.  

· Androgens are required for sebum production, and DHEAS (a weak adrenal androgen) is converted to testosterone and DHT in the glands.  Sebum production correlates most closely with adrenal DHEAS, not T and DHT in the body.  
· Comedogenesis of the formation of acne, and it begins with keratinization in the hair follicles.  You see increased keratin density (higher keratinocyte turnover and less apoptosis).  This may be related to increased sebum production and linoleic acid deficiency.  Kertainization may be related to IL-1alpha, which keratinocytes produce in the presence of P. acnes.  Keratinization seems to be influenced by the presence of androgens too.  This keratin basically plugs the follicle.  

· P. acnes resides in hair follicles.  It is gram (+), non-motile, and anaerobic.  Its proliferation may be enhanced by the increased keratin and sebum.  It may be protective by colonizing hair follicles and keeping other organisms out, but it may break down sebum and secrete proteases/hyaluornidases that lead to inflammation.  It induces keratinocytes to produce TNF-alpha, IL-1alpha and IL-8 that attract T-cells and neutrophils.  Inflammation dilates the follicle as the sebaceous gland atrophies, and it can eventually lead to scarring.  
· The initial lesion is a comedone (papule centered over a hair follicle) with keratin underneath.  A closed comedone is a whitehead.  When it communicates with the surface, melanin deposits and you see blackheads.  Later, a papulo-pustule can form that is clearly inflammatory and may have a pustule overlying the hair follicle.  Nodulocystic acne is when you get deep inflammation and keratin can’t shed…this produces scarring.  

· Acne fulminans is severe nodulocystic acne with systemic signs/symptoms.  It’s very severe, known as acute febrile ulcerative acne.  Hospitalization is common, and bone lesions may occur.

· Neonatal acne can occur with Malassezia furfur infection.  

· Infantile acne usually improves by age 1. 

· Occupational acne is usually due to exposure to chlorinated aromatic hydrocarbons.  

· You can get drug-induced acne from steroids.

· Endocrine acne is largely caused by androgen excess.  You often see women with hirsuitism (hair), irregular menses, fertility problems, obesity, etc.  The most common hyperandrogenic state is polycystic ovary syndrome (PCOS).  PCOS is defined as oligomenorrhea and evidence of hyperandrogenism (basically it’s a diagnosis of exclusion).  The cause is ovarian overproduction of androgens, which accumulate in pilosebaceous units.  
· It’s linked to insulin resistance, which is thought to be the central abnormality.  Hyperinsulinemia can lead to synergy with LH to overproduce androgens in ovarian theca cells.  It also leads to decreased FSH, causing granulosa cells to underproduce aromatase (converts androgen to estrogen), further shifting the imbalance toward androgen excess.  
· Hyperinsulinemia also increases the effects of insulin-like growth factor (IGF).  It increases hepatic production of IGF and decreases hepatic production of IGF-binding protein, leading to more free IGF.  Insulin also upregulates ovarian receptors for IGF, and ultimately causes ovarian cells to produce excess testosterone.  Growth hormone normally induces IGF and IGF-BP production in the liver and ovaries.  GH also modulates expression of IGF receptors, and finely balances estrogen and androgen production in the ovaries.  

· Insulin finally downregulates sex-hormone binding globulin (SHBG) and causes more free and active sex steroids to be circulating.  

· Treating insulin insensitivity (to stop high insulin levels) is an important therapeutic strategy.  Diet may alter plasma insulin levels and influence acne, but this link is unclear.  Acne is more common in western societies though. 

· Rosacea is a cutaneous reactions that produces transient redness of the skin.  It’s common in 30-50 year olds, more often in females.  It preferentially affects Northern Europeans and Asians.  It appears to be due to a vascular defect, with increased blood flow (flush, telangiectasia) and possibly lead of plasma and inflammatory substances.  
· D. folliculorum and H. pylori may be involved, though their roles are very unclear.

· Clinical progression:  Stage 1 shows pre-rosacea, with episodic flushing triggered by light and certain foods.  Stage 2 (vascular rosacea) can have erythema lasting hours to days and patients report sensitive skin.  Stage 3 (inflammatory rosacea) shows inflamed follicular-based papules and pustules, but comadones (keratinization) is absent reflecting the different pathologenesis.  Inflammation can persist and cause lesions to become confluent.  Stage 4 (end stage) shows fibrosis and sebaceous gland overgrowth.  This is characterized by inflamed, edematous skin with large pores that look like orange peels.  These changes are called phymas.  Not all patients progress through all phases.  

· Ocular rosacea occurs in 50% of people with rosacea, and it’s often underappreciated.  

· Rosacea can be steroid induced, often due to topical treatment of dermatitis.  The dermatitis improves, then steroid side effects appear.  You see redness and inflamed papules (eyelids, perinasal and on upper lip).  Withdrawal of steroids leads to an immediate worsening which improves.  

Common Skin Infections:

Stuff to know for the exam:
· The skin is an important defense organ.  It is a physical barrier (mostly the stratum corneum), a chemical barrier (low pH), an immunologic barrier (SALT – langerhans cells and lymphocytes), and a microbiologic barrier (normal skin flora).  

· In addition to bacteria, the normal skin flora includes Pityrosproum ovale (may cause dandruff) and Demodex folliculorum (may cause folliculitis)

· Viral infections may result in hyperplasia (HPV warts and mollucscum) or cell lysis (herpes, varicella, zoster).  There are more than 100 types of HPV, with more than 30 in the anogenital mucosa.  Over 12 of these are oncogenic.  Warts may be cured, but herpes simiplex cannot.  

· Tinea corporis (ringworm) is characterized by well demarcated erythematous plaques with central clearance.  You get the initial lesion, and your immune system tries to clear it from the middle with T-cells.  So you clear it from the middle, and the fungus grows outward.  It’s like T-cells aer chasing the fungus outward.

To know for other purposes:

· Common bacterial infections of the skin include Strep pyogenes and Staph aureus.  

· Strep isn’t normally part of the skin, and it produces proteolytic enzymes (hyaluronidase and streptolysin) that allow it to rapidly spread through tissue planes and invade locally.  Strep can cause impetigo (honey colored crust), cellulitis (looks like orange skin).

· Staph produces coagulase, which leads to production of well circumscribed, walled-off abscesses.  It produces folliculitis (erythematous papules centered on hair follicles), furuncles (pussy, red, hard papules) or carbuncles (collection of furuncles).  
· Common viral infections include HPV (mostly asymptomatic, but causes warts; is the most common STD and is cancer associated), molluscum (umbilicated papules, affects kids, sexually active adults, immunosuppressed, and people with atopic dermatitis), and herpes viruses (2nd most common STD, most are asymptomatic; produces ulcers that are commonly orolabial or gential).  Herpes zoster is a reactivation of latent virus in the sensory dorsal root ganglia, and it has a dermatomal distribution.  May cause post-herpeutic neuralgia.  

· Fungal infections may be superficial (dermatophytes/tina or candida) or deep.  For fungi, the stratum corneum isn’t a barrier, it’s food.  They are visualized with KOH.  

· Dermatophyte infection:  Tinea corporis (ringworm), tinea cruris (spares scrotum), tinea capitis (alopecia common), tinea pedis/manus, onychomycosis (fungus under nails causes lifting and thickening), tinea versicolor (fungal infected areas don’t tan).  

· Candidiasis:  part of normal flora that may become pathogenic with moisture, pH changes, or immunosuppression.  It affects skin folds and mucosae, and shows spores and pseudo-hyphae on KOH stain.  Oral candidiasis (thrush) is common.  

Contact Dermatitis:
· Contact dermatitis is an outside job, unlike atopic dermatitis.  It may be caused by an irritant (everyone will react with enough exposure) or allergen (muse be sensitized and able to develop a reaction). 

· Contact dermatitis has a known cause and definable cure.  Irritant contact dermatitis is 5x more common.  They are quite common and costly.  

· Hypersensitivity reactions:  type I (anaphylactic IgE, urticaria).  Type II (cytotoxic, lupus, lichen planus).  Type III (immune complex, vasculitis).  Type IV (delayed type, allergic contact dermatitis).

· Allergic contact dermatitis can be due to many potential allergens, though only 20 cause half of cases.  It’s often tough to pinpoint the cause without testing.  Accuracy in diagnosis via testing solves problems and saves money, and avoids unnecessary mental/physical/financial difficulty.  It’s caused by a type IV response, in which you get sensitized.  Sensitization is when the hapten allergen penetrates the skin, encounters langerhans cells, and is presented on or directly binds to class II MHC for presentation fo T-cells.  Then, on re-exposure, antigen is presented to antigen specific memory T-cells that lead to inflammation and disease (largely via cytokines).  
· Clinical appearance:  in the acute phase, it’s erythematous, with edematous papules/plaques that may have blistering and crusing.  Only the acute phase differs from irritant contact dermatitis.  Subacutely, you get erythematous scaly papules/plaques with or without crusting.  Chornically you get erythematous to brawny lichenified plaque (washboard-like plaque).  

· Irritant contact dermatitis can have primary effects (directly damage cells) or secondary effects (nonspecific host inflammatory response).  It’s developed based on the characteristics of the contactant (pH, concentration, etc), the means of contact (single exposure, vs. continuous application, whether it’s an open or closed exposure), and host susceptibility (stratum corneum thickness).  

· Clinical appearance:  in the acute phase, it’s mild to deeply erythematous macule or patch.  This may be inapparent with a weak irritant.  Only the acute phase differs from allergic contact dermatitis.  Subacutely, you get erythematous scaly papules/plaques with or without crusting.  Chornically you get erythematous to brawny lichenified plaque (washboard-like plaque).

· Patch testing is done to reproduce the allergic reaction of allergic contact dermatitis in a controlled way.  Allergens are tested as established concentrations that are above the allergen elicitation threshold but below the irritancy threshold.  Patch tests can be interpreted as negative, showing ACD, ICD or indeterminate.  If positive, you still need to consider if the reactive antigen is a probable cause of the present dermatitis, or past dermatitis events.  

· Patch testing is appropriate for patients with suspected allergic contact dermatitis, patients with dermatitis of unclear etiology, or patients with dermatitis of presumed known etiology that isn’t responsive to treatment.  

· The most common cause of allergic contact dermatitis is poison ivy.  If exposed, flush with warm water to get rid of toxin before washing and scrubbing.  Once it’s washed, spreading won’t occur.  People may interpret delayed responses from smaller inoculums as their scratching causing spread, or it may be indirectly spread due to clothes, pets, etc and provide re-exposure.  Poison ivy is cross-reactive with mango peels.  

· Nitrile gloves are used in the hostpital to avoid allergic or irritant contact dermatitis to latex.  Latex allergic contact dermatitis is virtually non-existent.  But, contact urticaria is very common.  Contact urticaria is IgE mediated (as opposed to T-cells’ delayed type hypersensitivity), and it’s quite common.  

· ACD is a type IV reaction, mediated by langernahs cell and T-cell interactions.  Many allergens do this and the reaction is induced by cytokine release.

· ACU is a type I reaction via mast-cell IgE interactions.  Few allergens do this, and histamine release induces this reaction.  This has a much higher risk of anaphylaxis, which is extremely important in cases like hospital latex allergy.  
· The three most common causes of ACD (other than poison oak and poison ivy which are extremely common) are nickel, neomycin, and balsam of Peru.  
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