Autoantibodies: 

· Autoantibodies are directed against tissue specific antigens as well as ubiquitously expressed antigens (molecules that are expressed in every nucleated cell)

· They may participate directly in tissue damage that causes clinical symptoms, or they merely be epiphenomena

· Autoantibody assays usually involve serum (which may contain the antibodies), antigens attached to some solid support, a system for washing in order to get rid of non-specific signals and a detection system (e.g. fluorescent antibodies that target the Fc portion of the autoantibodies

· Immunoflourescence uses non-specific antigens (e.g. whole cells or tissue samples)

· ELISA  uses specific antigens

· In immunoprecipitation antibodies themselves are attached to solid support (beads)

· In Myasthenia gravis there are anti-AChR antibodies that directly participate in causing symptoms. There are also anti-Titin antibodies that can be found using serum from patients and screening using HeLa cells. These autoantibodies don’t seem to play a role in the pathophysiology

· It is often difficult to figure out which particular autoantibodies are mechanistically important in different diseases

· ANA  - antinuclear antibodies. Can be detected in serum using standard assay

· 2 phases of autoimmunity: 
· Initiation: autoimmunity to some targets are established but no clinical disease

· Propagation: particular autoantibodies tend to appear around the time that symptoms / tissue dysfunction begin

· Why do specific molecules become targets of autoantibodies?

· Feedforward properties of certain autoantigens 

· For example, some antigens (e.g. nucleic acids) co-ligate TLRs which amplifies the inflammatory response / production of additional autoantibodies

· “1 + 1 = 4”

· Dominance and Crypticity: 
· normally T cells are only tolerized against immunodominant epitopes
· These are determined by the normal protein folding, the normal pathway for the proteolysis of self-proteins and which peptides are usually recognized by a patient’s MHC IIs

· When something happens to perturb any of these processes, cryptic self-antigens suddenly become exposed to the immune system
· T cells recognizing cryptic antigens have not been eliminated
Gout
· ~1% men in western world

· Risk factors: longevity, hypertension, renal disease, obesity, diuretics, aspirin

· Acute attacks: very painful, inflammatory, sudden onset

· Big Toe (Podagra) very frequent target

· Usually monoarthritis in lower extremity in first attack

· Pathology: Monosodium urate (MSU) crystals inside Neutrophils
· Chronic Tophaceous Gout developes after several years in which acute episodes happen with increasing frequency

· Tophi are uric acid crystals  deposited in joints, soft tissue, elsewhere (e.g. Mitral valve)

· Chronic gout is an extremely destructive arthritis

· Serum uric acid above 7.0 mg/dl is supersaturated

· Annual incidence of gout if serum uric acid is above 9.0 is 5%

· Hyperuricemia caused by overproduction / decreased renal clearance

· Decreased renal clearance is most common cause

· Uric acid also cleared in bile, gastric secretions

· Decreased clearance can be familial (polygenic)

· URAT1, UAT are two genes that have been identified

· Estrogen promotes renal clearance. Explains higher prevalence in men

· Decreased GFR is most common cause

· Secondary to renal disease, hypertension, metabolic syndrome, etc.

· Diuretics, low dose aspirin increase tubular reabsorption of uric acid

· Overproduction responsible in about 10% of cases

· Also polygenic
· Lesch-Nyhan Syndrome (HGPRT deficiency) is a rare X-linked disease that causes gout

· HGPRT is involved in purine metabolism

· Increased Cell turnover ( nucleic acid turnover ( more purine metabolism ( more uric acid ( gout
· Neoplasms associated with gout

· Increased ATP turnover also causes hyperuricemia

· sepsis, status epilepticus, MI, excessive alcohol

· Xanthine oxidase catalyzes step in UA formation

· Inhibited by allopurinol
· Foods high in purines ( gout: game meat, seafood. 

· Dairy ( less gout

· Uricase: enzyme that we lack. Makes gout possible

Pathophysiology:

· Complement activation:
· UA crystals ( C1 cleavage ( classical pathway ( free C5a, C5b (neutrophil chemoattractants)

· C5a also causes Neutrophil respiratory burst
· Kinin System
· UA crystals have – charge ( binding of Hageman factor ( production of Bradykinin ( increased vascular permeability, vasodilation, PGE2 release ( more edema, erythema, pain
· Interactions with Synovial cells

· UA crystals ( synovial macrophages  to release IL-1beta ( more acute inflammation: endothelial activation, ICAM-1 upregulation, neutrophil transmigration

· IL-1beta also stimulates macrophages, fibroblasts to secrete IL-8, another neutrophil chemoattractant

· UA crystals activate macrophages both through Toll-like receptors and through intracellular inflammasome proteins
· Neutrophils: not normally in synovial fluid

· Produce IL-8, leukotriene B4 (both neutrophil recruiters) ( amplification

· Respiratory burst, superoxide generation ( hyaluronic acid depolymerization, collegenase activation

· Phagocytosis of UA crystals

· Releases proteases, lysosomal enzymes

· Gout attacks can be initated by a bumped foot: disrupts tophi, exposes to immune system ( acute inflammatory attack

· Attacks are self-limited (24-72 hours)

Treatment

· Acute: NSAIDs, corticosteroids

· Chronic: 

· Allopurinol (xanthine oxidase inhibitor). Mainstay of treatment 

· lower uric acid levels

· probenecid (increases renal excretion)
Allergy / Immediate Hypersensitivity
· allergy = state of increased immunologic activity involving IgE

· atopy  = a general (often genetic) predisposition toward development of IgE mediated hypersensitivity. I.e. an allergy-prone person is atopic(?)

· There is a genetic basis for chronic allergic disease

· Environmental factors may include excessive hygiene

· Someone prone to allergy will have more Th2 cells than Th1 cells
· Th1 cells produce IFN-gamma: suppresses formation of IgE

· Th2 cells secrete IL-4, IL-13: promote IgE

· IL-4/IL-13 cause B cells to mature into IgE secreting plasma cells

· Fc(epsilon)RI = receptor for IgE.

· on the surface of Mast cells and basophils
· Number of IgE receptors on cell surfaces correlates with serum IgE levels

· When receptor bound IgE antibodies are crosslinked by multivalent allergens ( hypersensitivity reaction

· Allergens tend to be small (10-40 kD) water soluble proteins
· e.g. animal-derived allergens are mostly proteases from lipocalin family

· substances such as penicillin can be allergenic by complexing with host proteins
· Important mediators released by mast cells / basophils:
· Preformed granule-associated products:
· Histamine: very important in early/immediate phase of allergic reaction
· H1: Histamine receptor that mediates allergic reaction. H2: gastric acid production. H3: unclear function.
· Effects: 
· Acts on sensory nerves ( itching, sneezing
· Submucuosal glands ( rhinorrhea
· Vessels ( tissue swelling
· Smooth muscle ( bronchoconstriction
· Tryptase is another granule associated product
· Newly senthesized products: 
· Leukotrienes produced by mast cells, basophils, eosinophils
· derived from arachidonic acid
· act on receptors: CysLT(1 and 2)
· cause bronchoconstriction
· prostoglandins also derived from arachidonic acid
· cyclooxygenase is important enzyme in PGE synthesis
· Cox1: constituitively expressed
· Cox2: specific to mast cells, macrophages, neutrophils
· Causes bronchoconstriction, vasodilation (nasal congestion)
· Cytokines / chemokines
· Mast cells/basophils produce IL-4, IL-13

· Upregulate IgE production
· Induce local influx of inflammatory cells (e.g. eosinophils)
· Cellular infiltration ( late phase response (hours later)
· Allergic rhinitis / asthma = 2 important allergic conditions
· Allergic rhinitis ( hyperresponsive sneezing reflex
· Asthma ( decreased FEV1
· Allergies can be seasonal  or perennial (usually indoor allergens)
· Anaphylaxis: mediators effect multiple organs
· Respiratory distress
· Vasodilation/vasopermeability
· Often biphasic (second phase up to 8 hours later)
· Anaphylactoid reaction looks like anaphylaxis but not IgE mediated
· e.g. hyperosmolar radiocontrast dyes, activation of C’ cascade, anaphylatoxins ( release of mediators
Pathophysiology
· Sensitization: allergen taken up by APCs (e.g. dendritic cells) interact with Th2 cells which secretes IL-4 which encourages nearby B cells to differentiate into IgE producing plasma cells
· Allergic inflammation: allergen crosslinks IgE which bind to Fc(epsilon) Receptors on a mast cells which secrete preformed products (histamine), newly formed products (leukotrienes) and cytokines/chemokines (IL-3, IL-4, IL-5, TNF-alpha)
· Histamine / leukotrienes drive early phase responses: itching, sneezing, congestion, bronchoconstriction
· Leukotrienes, cytokines, chemokines drive late phase responses: cell infiltration, congestion, bronchoconstriction
Asthma / allergy therapeutics
· FEV1 = forced expiratory volume in 1 second
· Methacoline used to assess airway hyperresponsiveness
· skin test  measures IgE mediated immediate hypersensitivity
· nasal / bronchial allergen challenge used to assess early / late phase responses
· Anti-histamines (H1 receptor antagonists):
· Suppress allergen skin test
· Suppress early phase response
· No effect on late phase response
· E.g. loratadine

· 2nd generation anti-histamines don’t cross blood-brain barrier, don’t cause droawsiness, dry mouth, etc. (less anti-cholinergic effects)
· Leukotriene antagonists include both receptor antagonists and 5-LO inhibitors

· 5-LO = 5 lipoxygenase which converts arachidonic acid into leukotriene A
· Note that cyclooxenages converts arachidonic acid into prostaglandins in an alternative metabolic pathway. By inhibiting COX, aspirin can potentiate asthma by causing more arachidonic acid to be converted into leukotrienes by 5-LO
· No effect on allergen skin test
· This suggests that the allergen skin test is mediated entirely by histamine and not by leukotrienes
· Leukotriene antagonists do block both the early and late phase responses, including preventing eosinophilic inflammation
· E.g. montelukast, zileuton

· Glucocorticoids act on multiple targets. 
· They repress the synthesis of membrane derived lipid mediators
· They repress cytokine secretion by TH2 lymphocytes
· They prevent basophil activation and eosinophilic inflammation
· Oral glucocorticoids do  not inhibit the allergen skin test
· Prolonged topical skin preparations will inhibit the response
· Prolonged steroid use reduces early phase response
· Due to decreased numbers of basophils rather than inhibition of mediator release
· Reduces late phase response
· Many unpleasant side effects from systemic glucocorticoids
· Cromolyns: Mast cell stabilizers
· Strongly attenuates both early and late responses to bronchial challenge
· Anti-IgE antibodies (Omalizumab)
· Reduces skin test response, early/late phases

· Note: only reduces skin test response after very long term therapy (e.g. 70 days)

· Theoertical treatments:

· IL-4 / IL-13 inhibition: decrease late phase response by reducing effects of T cells on potentiating other cells

· IL-5 inhibition: prevent eosinophil maturation, activation, survival

Autoimmune Myopathies

· Skeletal muscle breakdown ( elevated serum CPK
· Dermatomyositis / polymyositis commonalities:

· Subacute course (weeks, months)

· Proximal muscle weakness
· Difficulty lifting arms above head, difficulty standing

· Pain is uncommon 
· Incidence for each disease about 1/100,000

· Peak incidence: 4th-6th decade

· HLA haplotype association 
· F:M = 2:1
· Connective tissue involvement ( F:M = 10:1
· Major Link with Malignancies

· In malignancy associated disease, F:M = 1:1
· Muscle weakness usually develops first but not always

· In DM, myositis-overlap syndromes are more common than in PM:

· Constitutional symptoms

· Arthritis

· Interstitial lung disease

· Rashes:

· Heliotrope rash, eyelid edema, “gottron’s paules”, v-sign (chest), shawl sign (back)

· Calcinosis: deposits in soft tissue

· Polymyositis Pathology
· Inflammation is centered around individual muscle fibers (perimysial)

· T cells prominent in infiltrate

· More CD8 than CD4

· Infiltrating T cells do damage by degranulating and releasing perforin and granzymes
· Because T cells degranulate toward the muscle, this is described as polarization of T cell granules
· Many macrophages as well

· Upregulation of MHC class 1 on affected myocytes

· Probably induced by proinflammatory cytokines

· Dermatomyositis pathology
· Atrophy at periphery of muscle bundles: perifascicular atrophy
· B cell / CD4+ T cells predominate

· Inflammation centered around capillaries ( activation of complement
· Many have suggested that DM is primarily a vasculitis

· Fewer capillaries on the outside of fasciles make the outside more vulnerable to ischemic injury

· Autoantibodies:

· Include both myositis-specific and myositis associated antibodies

· Many target tRNA synthetases
· E.g. Jo-1 antibodies
· Strong association with interstial lung disease co-occurance

· MI-2 antibodies
· Targets CHD4: DNA binding protein

· Severe skin manifestations

· Easier to treat

· Malignancy less frequent

· Anti-SRP antibodies (signal recognition particle – targets proteins to ER)

· Rare but very bad

· Rapid progression to severe weakness

· “Necrotizing myopathy”

· Hard to treat

· Theory linking malignancy with myositis

· Myositis-specific autoantigens sych as Mi-2 and histidyl tRNA synthetase are especially high in areas of damaged muscle fibers, especially in immature myoblasts

· Several adenocarcinomas associated with myositis also upregulate these myositis-specific autoantigens

· Perhaps the expression of these antigens in nascent tumors leads to the proliferation and activation of specific T and B cells against those antigens

· Coinicidental muscle damage (e.g. from a viral infection, trauma, or toxin) in a few patients would lead to myoblasts which express these same antigens which would lead to immune infiltration

· This immune response would promote further damage which would lead to disease progression

· Inclusion Body Myositis
· Most common acquired myopathy over age 50

· “Red Rimmed vacuoles”

· Unique pattern of muscle weakness:

· Wrist/finger Flexors, quadriceps

· Pharyngeal muscles ( dysphagia

· Proximal muscles less severe

· More common in men

· Onset: days – weeks

· No autoantibodies, poor response to immunosuppression

· Intracellular inclusions: Beta amyloid, phophorylated tau

· May be a primary myodegenerative process rather than a primary inflammatory process

Osteoarthritis

· By far the most prevelant form of arthritis in U.S. ( knee/hip replacements

· 1/3 to ½ of elderly americans

· Unlike goat, SLE, cannot reverse disease process

· Common sites include Distal interpharangeal, knee, hip

· Use-related joint pain

· audible grating sound

· minimal swelling, warmth
· bony change rather than inflammation

· Radiographic hallmarks:

· Joint space narrowing (often more severe on one side of joint)
· Osteophyte (spur) formation

· Histology: heterogenous loss of cartilage

· Disease Process: loss of articular cartilage, change in adjacent bone

· Disease is a result of both destructive and reparative processes

· Articular Cartilage:

· Synthesized by chondrocytes
· 70% water: load support
· Macromolecules (collagens, proteoglycans): tensile strength
· Aggrecan: complex polysaccharide that interconnects with collagen

· Pathophysiology:

· Cytokines ( chondrocytes destroy ECM with metalloproteases
· Loss of macromolecule networks, hydration ( loss of strength/function ( pain, radiographic findings

· Genetics: familial associations

· COL2A1: type II procollagen gene. Mutation ( very precocious OA (20s, 30s)

· Epidemiology:

· Knee injury ( Odds ratio of about 16 for developing OA

· Increased weight (even when young) ( increased risk

· Treatment:

· NSAIDs (toxicities include GI, renal, CNS; especially in elderly)

· Cox-2 inhibitors (e.g. Vioxx): do not inhibit platelets. Therefore, tip balance toward pro-thrombotic eicosanoids ( cardiovascular disease

· Glucosamine: largest studies suggest no effect

· Arthroscopic surgery no better than placebo

· Novel potential targets:

· Cytokine inhibition

· Protease inhibition

· Promote tissue repair with growth factors

SLE

· F:M = 9:1

· 0.1% prevelance

· Disease course: Flares, quiescence

· Subacute onset (usually)

· often begins with constitutional symptoms

· highly variable phenotype but new flares tend to involve previously affected organs with occasional additions. Intensity may increase with time

· common symptoms (in order of frequency)

· Arthritis (non-erosive)

· Skin manifestations: photosensitivity, butterfly rash

· Constitutional symptoms: fever, weight loss

· Cytopenias: anemia, luekopenia, thrombocytopenia

· glomerulonephritis

· CNS disease

· Lymphadenopathy

· Raynaud’s

· Serositis (pleuritis, pericarditis)

· Mucosal ulcers

· Lupus can also cause Neonatal heart block and neonatal dermatitis

· Clinical diagnosis of SLE: 4 or more of the following: Malar rash, discoid rash, photosensitivity, oral ulcers, arthritis, serositis, renal disorder, neurological disorder, hematologic disorder, immunologic disorder (anti-dsDNA or anti-SM antibodies), antinuclear antibodies (ANA)

· ANA very sensitive. Not specific

· Anti-dsDNA antibodies: not sensitive. Highly specific.

· Hypergammaglobulinemia (high IgG levels) is very common

· Results from many proliferating B cells in germinal centers throughout secondary lymphoid tissue

· LE cell: neutrophil with phagocytozed nuclear material. Original test for lupus

· Contain antinuclear antibodies (ANAs)
· E.g. anti dsDNA, anti-Sm

· Autoantibody targets

· Anti-dsDNA: nucleosome  structures (histone + dsDNA)

· Anti-Sm: small nuclear ribonucleoproteins (mRNA splicing)

· Some autoantibodies also target cytoplasmic (anti-ro, anti-la) and membrane-bound (anti-phospholipid) structures

· Antibody associations with clinical phenotype

· Anti-dsDNA / anti-Sm both associated with glomeruolonephritis

· Anti-ribosomal P ( CNS disease

· Anti-Ro ( neonatal manifestations

· Ant-La ( no renal disease

· Anti-phopholipid ( thrombosis, thrombocytopenia

· Mechanisms of Tissue damage:

· Direct binding of autoantibodies

· E.g. maternal anti-Rho binds apoptotic cells in fetal AV conduction system ( fetal heart block

· E.g. binding of anti-ribosomal P antibodies to neuronal surface antigens ( psychiatric complications

· Immune complex deposition: complement clearance mechanisms are overwhelmed

· note that complement deficiencies are associated with SLE

· e.g. glomerulonephritis, vasculitis, skin disease

· initiation of pro-inflammatory response by binding of antibody Fc portion

· serologic correlations with Flares:

· rising autoantibody titers

· isotype switching to IgG

· immune complexes

· consumption hypocomplementemia

· some genetic susceptibility in lupus

· Initiation may be caused by molecular mimicry ( epitope spreading
· Many autoantibodies can be found in serum well before symptoms first develop

· Role of Apoptosis
· Normally immune system becomes tolerized to antigens displayed by apoptotic cells

· Anti-inflammatory cytokines secreted by macrophages (e.g. IL-10, TGF-beta) contribute to tolerance development

· In lupus, disregulation may lead to a failure of the immune system to recognize these antigens as self. Possible mechanisms:

· Clearance defects (e.g. complement deficiency)

· Generation of neoantigens
· Granzyme B cleavage of proteins may generate novel epitopes that were not present during initial lymphocyte development

· Toll-like Receptors 7,9 play a role in feedforward loop

· when nucleic acids get caught in immune complexes they can engage these TLRs on dendritic cells ( type I interferon ( B cell maturation, T cell priming, isotype switching to IgG

· Pathogenesis theory: apoptotic cells accumulate in form that doesn’t induce tolerance ( autoimmunity (initiation) ( eventually a situation arises in which autoantibodies against nuclear epitopes exposed on apoptotic cells cause TLR engagement (transition) ( feedforward inflammatory process / recruitment of new autoantibodies (autoamplification / propogation)

· Flares occur when apoptosis is increased (e.g. sunligh, virus, drug exposure) ( autoantibody production, inflammation, immune complex formation, complement activation ( tissue damage

· Therapies: broad spectrum immunosuppression targeting T cells, more targeted therapies looking at B cells, block T-B interactions, prevent B cell maturation, block TLRs, block Type 1 interferon
Rheumatoid Arthritis
· Prevelance 1%

· F:M = 2-4:1

· Criteria (4 of 7):

· Morning stiffness > 1 hr

· Arthritis of more than 3 joints

· Symmetrical arthritis

· Rheumatoid nodules

· Serum Rheumatoid factor

· Radiographic findings in hands and wrists

· Disease of the synovium
· Synovium makes lubricant, provides nutrients to avascular cartilage

· Inflammatory infiltrate into sublining of synovium includes lymphocytes, monocytes
· Neutrophils invade synovial fluid

· Hypertrophy of synovium

· Damaged synovium secretes toxins that destroy cartilage

· Pannus: synovium invasion of bone

· Bone erosion caused by

· Pannus

· Release of matrix metalloproteases (MMPs)
· Cartilage loss caused by

· Fluid phase neutrophils (in synovial fluid): release free radicals, proteases

· Chondrocyte activation release of MMPs

· Systemic manifestations

· Constitutional symtpoms: fever, weight loss

· Cachexia: muscle atrophy, osteopenia (low bone density)

· Increased fat mass as well

· Extra-articular inolvement

· Scleritis

· Vasculitis

· nodules

· Serologic:

· Elevated ESR, CRP

· Decreased albumin

· Hypergammaglobulemia

· Anemia

· DR4: MHC class 2 associated with RA

· The relevant shared epitope is on several DR4 alleles that are associated with RA

· It is also on several non-DR4 MHC alleles

· Shared epitope is located on the peptide binding cleft of the MHC II
· CD4+ T cells are major cellular component in synovium

· Smoking is major environmental risk factor

· Autoantibodies:

· Rheumatoid factor: IgM vs self-IgG

· 85% of patients positive with established disease

· Not-specific for RA

· Seen in disorders such as other autoimmune, chronic infection

· Anti-Cyclic citrullinated Peptide (CCP)
· HIGHLY SPECIFIC FOR RA

· Predictive of erosive disease, joint damage

· Citrullination: replacement of arginine imine with oxygen

· ( loss of tertiary structure ( exposure of cryptic epitopes

· Pro-inflammatory cytokines in RA mostly produced by macrophages
· E.G. Il-1, Il-6, TNF-alpha
· TNF-alpha = “boss” cytokine. Induces macrophages to make many other proinflammatory cytokines. 

· Mouse model with upregulated TNF-alpha develop arthritis spontaneously

· Soluble TNF-alpha receptor prevents mice from developing arthritis

· IL-6 ( acute phase response:
· Anemia

· Hypoalbumenia

· Hypergammaglobulinemia

· Low socioeconomic status ( worse outcome

· Treatments

· Antiinflammatory drugs: steroids, NSAIDs

· Immunosuppressives: e.g. MTX (mechanism unknown)

· “Biologic” therapies: receptors, monoclonal antibodies.

· Target cytokines such as TNF, IL-6, IL-1

· Target T cells (e.g. through CTLA4)

· Target B cells (e.g. through CD20)

Sceroderma (systematic sclerosis)
· Very rare

· F:M = 3:1

· Scleroderma  = “hard skin”

· Can be localized but usually systemic

· Systemic scleroderma can be:

· Limited: face, neck, distal extremities

· Diffuse: everywhere

· Phenotype:

· 1st symptoms: myalgia, severe Raynoud’s (may involve ischemic injury)

· In this phase, fingers are cold, white and quite uncomfortable
· Early phase characterized by nailfold capillary changes, auto-antibodies 


· They will progress to an inflammatory stage

· Followed by a fibrotic phase with connective tissue involvement

· Ultimately, an area of skin will have damaged blood vessels which have largely disappeared along with way too much collagen layed down by hyperactive fibroblasts
· ( terrible skin damage: depigmentation, very reduced mobility

· E.g. lips pulled tight, difficulty flexing neck, hands

· Angioproliferation ( dilated capillaries

· Diffuse disease: There may also be fibrosis in the lungs, GI tract and kidneys causing severe functional damage

· Raynoud’s: palor ( cyanotic phase ( hyperemic phase (swelling, recovery)
· Primary raynoud’s: precipitated by cold
· Symmetrical attacks
· Absence of tissue necrosis, gangrene
· Normal nailfold capillaries
· Normal ESR
· In Scleroderma, digital ischemic ulcers: can lose finger (or internal organ)
· Caused by sclerotic blood vessels (not inflammation)
· CREST syndrome: subset of scleroderma. More limited, milder disease
· Calcinosis: calcium in soft tissue because of lack of blood flow
· Raynoud’s

· Esophageal disease: dismotility, heart burn
· Sclerodactyly: scleredoma of digits
· Telangiectasia: capillary dilation ( discoloration
· Autoantibodies: 95% of patients have ANAs. Different antibodies associated with diferent outcomes
· Anti-topoisomerase: bad outcome
· Anti-centromere: CREST
· Anti-RNA polymerase: heart, kidney disease (less lung)
· Pathogenesis: epithelial/endothelial injury ( inflammatory response ( new collagen layed down
· Somehow, neoantigens become exposed which increases inflammation and causes more injury leading to a positive feedback loop
· Injury is probably T cell mediated: cytokines bring fibroblasts into tissue
· Endothelial injury is important because it causes platelet activation and may contribute to disregulation of the vasculature ( raynoud’s / injury
· Endothelial cells also release signals that activate fibroblasts
· Sclerodoma involves two simultaneous feedback loops:
· Inflammatory: tissue injury ( inflammation ( expression of auto-antigens / development of auto-antibodies ( tissue injury (
· Fibrotic: tissue injury ( cytokine / growth factor release ( fibroblast activation ( fibrosis ( tissue injury (
· Therapy: mostly organ specific
· Immunosuppression: only effective early in disease before fibrotic loop picks up steam
Spondyloarhopathies
· 0.5% prevelance

· General contrasts with R.A.:

· Involvement of spine (especially sacroiliac joint)

· R.A. can sometimes involve cervical spine

· Seronegative (RF, CCP)

· Assymetric

· Usually less than 5 joints involved

· Enthesitis/enthesopathy: inflammation at tendon/ligament inerstion into bone

· new bone formation important

· ankylosing spondylitis (AS)
· morning accentuation of low back pain / stiffness ( limitation of mobility

· Bilateral sacroilitis ( disease travels up the spine

· M:F = 5:1

· HLA-B27 is common

· Enthesitis: inflammation occurs where spinal ligaments attach into vertebrae

· New bone formation: bridging between vertebrae ( “bamboo spine”, lost mobility

· Clinical tests:

· Schober test: spine does not lengthen when patient bends over

· Occiput to wall: can’t put back of head against wall

· Finger to floor: can’t get down

· Systemic features: 
· Acute anterior uveitis
· Inflammatory bowel disease (usually asymptomatic)

· Costovertebral joint involvement ( restrictive lung disease
· Aortic valve insuficiency in small numbers of advanced patients

· Psoriatic arthritis
· Inflammatory arthritis, psoriasis, often nail disease
· M:F = 1:1

· Distal interphalangeal joints are often involved

· Usually spared in RA

· Joint involvement usually radial: e.g. all joints on a single digit

· Contrast with RA

· Sausage digits
· Often rapidly destructive arthritis

· Spondylitis sometimes seen

· Ethesopathy: e.g. Achilles tendonitis

· Often leads to plantar fasciitis, heel spurs
· Reactive Arthritis: typically 1-2 weeks after infection.

· Most common infectious causes are all intracellular bacteria
· Sterile joint inflammation

· Oligoarticular (less than 5)

· Weight bearing joints often involved

· Usually follows urogenital / GI infection

· Classic Reiter’s Syndrome:
· Arthritis
· Urethritis
· Conjunctivitis
· Sometimes cutaneous lesions involved also:

· Keratoderma blennorrhagica: palms, soles

· Circinate balanitis: glans penis
· HLA-B27
· Inflammatory Bowel Disease and Enteropathic Arthritis:

· Monoarthritis commonly associated with IBD

· Weight bearing, lower extremity, sacroilitis, spondylitis

· Enthesitis also seen

· Arthritis flares / GI flares often associated

· HLA-B27
· Common in caucasians, gorillas

· Very strongly associated with Ankylosing spondylitis, Reiter’s syndrome
· Also associated with IBD, Psoriatic arthritis (especially with spondylitis)

· Class 1 MHC (activates CD8+ T cells)

· But paradoxically, CD4+ cells seem more important in disease (animal models)

· Hypothesis: HLA-27 misfolding  ( dimerization ( seen as foreign ( activates both CD4+ and CD8+ T cells

· Treatment of spondyloarthropathies

· TNF antagonsits
Vasculitis
· Clinical progression: inflammation ( occlusion ( aneurysm ( infarction
· Characterized by severe pain, systemic inflammation, organ-specific symptoms

· Vasculitis is not a disease. Rather it is a sign associated with many diferent diseases

· Pathology:

· Leukocytoclasis: neutrophils in blood vessel wall. Pathological finding in vasculitis

· Vessel wall necrosis

· Endothelial proliferation

· Thrombosis / occlusion

· Disruption of elastic laminae (in large vessels)
· Small vessel vasculitis: capillaries, venules, arterioles

· Purpura: non-blanchable punctate skin rash

· Medium Vessel vasculitis: in vessels with muscular walls. E.g. pulse vessels
· Mononeuritis multiplex: a sign of vasculitis in medium sized arteries feeding single peripheral nerve.

· e.g. radial neuropathy
· highly specific sign of vasculitis

· Large vessel vasculitis: not in skin

· Giant Cell Arteritis
· Patients older than 50
· Systemic inflammation

· Cranial ischemia: headaches, difficulty chewing, scalp tenderness

· Diagnosed with Temporal artery biopsy
· Intimal hypertrophy, medial hyperplasia, adventitial inflammation

· Outside-in inflammation
· Disease starts with T-cell mediated inflammation in adventitia
· Takayasu’s arteritis
· Patients younger than 40
· Distal ischemia: lack of peripheral pulses, neurologic symptoms
· MRI used to reveal aortic inflammation
· Immune Complex deposition
· Especially important in small vessel vasculitis

· Disregulation of complement activation / deposition

· Occurs when system overloaded with antigen

· E.g. serum sickness (Arthus Reaction)
· Delayed reaction to drug
· Immune complexes take time to form

· Inside-out process

· Can also be response to viral infection
· Can also be caused by a complement deficiency
· Complexes with high antigen:antibody ratio are especially hard to clear

· Small complexes harder to clear

· Treatment:

· Steroids: shut down acute inflammation

· Plasmaphoresis: clear complement

· ANCA Model
· Anti-Neutrophil Cytoplasmic Antibodies

· Targets:

· Proteinase 3: generates a cytoplasmic staining pattern

· Antibodies specific for Wegener’s Granulomatosis: 

· necrotizing granulomatous inflammation of lungs, upper respiratory tract and kidneys

· saddle nose deformity, sinus destruction

· although anti-PR3 antibodies are 90% specific for Wegener’s granulomatosis, any mechanistic link is unknwon

· Wegeners Granulomatosis is on the exam
· Myeloperoxidase (MPO): generates a perinuclear staining pattern

· ANCAs hasten neutrophil degranulation

· ANCAs are good for diagnosis of vasculitis but pathogenesis is unclear

· Following ANCAs does not provide a reliable way of tracking disease course

Assessing Immune Function

· Immunodeficiency ( chronic/recurrent infections, infections by organisms of low virulence, unusually severe infections

· Often co-occurs with autoimmunity / inflammatory disorder

· Often part of a congenital syndrome complex

· Disorders of Antibodies:

· Susceptibility to infection with encapsulated bacteria as well as viruses

· Frequent autoimmunity

· Testing:

· Test Immunoglobulin levels: Nephelometry
· Mix patient serum with anti-IgG antibodies. Look for light scatter caused by complexes

· Test specific antibody response 

· Look for immunity to particular pathogens

· Look for response to new immunization

· Often use ELISA assay

· Immunoperoxidase stain of fixed GI tissue often used to find IgA

· Note that it is possible to have high Ig levels but low functional antibody activity

· Specific antibodies:

· IgM:
· First detectable antibody response

· Major activator of complement cascade

· IgG:
· Major part of secondary response

· Activates complement

· Most important antibody for opsonization (phagocytosis)

· Crosses the placenta

· IgA:
· Major secretory antibody

· Disorders of Cell-mediated immunity (T cells)
· Present like AIDS patients: pneumocystis, unusual viruses, fungal infections of mucous membranes

· Test: 

· use immunofluorescence  to look for particular T cell markers

· flow cytometry can give quantitative analysis of different classes of T cells

· these techniques important in diagnosis of lymphomas, leukemias

· lymphocyte proliferation assay: measure lymphocyte competence

· add different mitogens to stimulate B and/or T cell division

· alternatively, can selectively stimulate proliferation using specific antigens

· uptake of radioactive thymidine used to measure proliferation

· Disorders of Complement:

· Very prone to sepsis, bacteremia

· Prone to Lupus, autoimmune glomerulonephritis

· CH50: test of complement activity.

· Involves mixing patients serum with standard amount of RBCs. Adding substance that should activate Complement cascade. Look for evidence of RBC lysis

· Disorders of Phagocytosis
· Frequent infections of the skin, portals to outside, reticuloendothelial system

· Tests to confirm Neonatal HIV infection
· IgM or IgA antibody in baby

· Rising IgG titers

· Direct detection of pathogen (antigen detection)

· Antibody Tests for EBV:

· Acute infection ( presence of IgM

· Past infection ( presence of IgG

· Rule of thirds:
· Under age 3: 2/3 of wbcs lymphocytes. 1/3 neutrophils

· Over age 3: Reverse

· At all ages: 2/3 of lymphocytes should be T cells

· 2/3 of T cells should be CD4+

Primary immunodeficiencies

· Chronic granulomatous Disease (CGD): impairment of phagocyte killing

· Male predominance (often X-linked)

· Also autosomal recessive forms

· Untreated: often fatal in first decade of life

· However, sometimes not discovered until adulthood

· Susceptibility to catalase positive organisms

· Not particularly susceptible to strep, neissiria

· Defect is in production of hydrogen peroxide derived reactive oxygen species

· Defective respiratory burst
· Catalase negative organisms make hteir own H2O2

· Pathalogy: Many granulomas
· Nitroblue Tetrazolium (NBT) test: tests for functional respiratory burst (causes dye to change from yellow to blue)

· Standard treatment: IFN-gamma: increases intracellular cell killing

· But causes flu-like symtpoms, is very expensive

· Severe Combined Immunodeficiency (SCID): severe dysfunction of all lymphocytes (B and T cells)
· No cell mediated immunity; no antibody production

· Male predominance

· Early onset of symptoms, death

· Vulnerable to almost all pathogens

· Pathogenesis:

· Lymphoid precursor is not the target

· Usually only T cells are directly targeted

· However, lack of T cell help ( few functional B cells

· Many distinct enzymatic / receptor / signalling defects can cause SCID

· ADA deficiency causes one form of SCID

· Defect of purine salvage pathway

· ( buildup of adenosine, 2’-deoxyadenosine which are toxic to lymphocytes

· Treatment: Bone Marrow Transplantation
· Future target of gene therapy

Secondary Immunodeficiency

· Can be caused by infection:
· E.g. some bacteria secrete IgA proteases: which dedimerize IgA making it less effective

· Epstein Barr Virus
· Induces B cell proliferation

· Atypical lymphocytes are actually T cells activated by acute infection

· Effects on immune system demonstrated by delayed type hypersensitivity skin test (2) where antigen is recognized by lymphocytes ( lymphokine release ( macrophage recruitment (e.g. tuberculin skin test)

· People with EBV will have negative PPD tests because the virus has induced T cell anergy
· Effects on T cells mediated by EBV protein: BCRF1
· Mimic of IL-10
· IL-10 is secreted by TH2 cells (pro-antibody) and repress TH1 cells (pro cell-mediated immunity)

· Analogously, TH1 cells secrete IFN-gamma which represses TH2 proliferation

· Infiltrative / Hematologic disorders (including neoplasms) can also cause immunodeficiency

· Proliferating cells will crowed out normal cells in the bone marrow

· Tumors also secrete immunosuppressive agents

· E.g. TGF-Beta
· Induces IgA class switching

· Many immunosuppressive effects

· Suppresses IL-1 release

· Suppresses intracellular killing (opposite effect of IFN-gamma)
· Suppresses H2O2 production

· VEGF inhibits maturation of dendritic cells 

· Lymphoma may present as with very high WBC / elevated lymphocytes / poor Ig production (except very high production of one class e.g. IgM) / no antibody response to a new vaccine

· Many Drugs also cause Immunodeficiency

· E.g. Phenytoin (anticonvulsant)

· Effects Genetically susceptible individuals

· Dramatic reduction in IgA levels
· Mechanism is unclear but B cell suppression can be transferred with T cells from someone treated with phenytoin

· Phenytoin metabolites may also be directly cytotoxic to lymphocytes

· Immunosuppression used to control Graft Rejection

· Often leads to development of exotic tumors

· Also vulnerable to variety of unusual infections
Hematopoeisis

· Stem Cell: can self-renew and differentiate
· Totipotent: can regenerate entire organism
· Pluripotent: can regenerate cells for all germ layers but no extraembryonic tissues
· Multipotent: can regenerate all cell types within a germ layer
· e.g. adult stem cells
· CD34: marker of hematopoetic stem cells
· In fact, most CD34+ cells are not true stem cells but progenitors:
· Differentiate but limited self-renewal
· High Quality Homatopoietic Stem Cells (Primitive stem cells)
· Generates all lineages (RBCs, platelets, WBCs)
· Basically immortal – generates sustained grafts in serial transplantations
· Phenotype (used to isolate these cells)
· May be CD34 positive or negative
· Size of small lymphocyte
· LIN(neg): does not have markers of any particular cell lineage
· ALDH(+++)
· Low levels of HLA-DR
· Does not stain with Hoechst SP
· Myeloid (low quality) hematopoietic stem cells
· Also generates all different kinds of blood cells
· Only limited capacity for self-renewal
· Target of most diseases
· In transplantation, generates quick but short-lasting engraftment
· Phenotype:
· CD34(++)
· much larger than HQHSC: about the size of a blast
· LIN positive or negative
· Low levels of ALDH
· HLA-DR positive
· Stains with Hoechst SP
· Colony-forming unit (CFU)
· Cell which gives rise to colony (in vitro and in viva)
· E.g. CFU-S (spleen): low quality HSC
· Makes all different blood lineages
· CFU-GM (granulocyte macrophage)
· no self-renewal
· differentiated myeloid progenitors: makes all different white cells
· CFU-GEMM: similar to CFU-S
· makes RBCs, WBCs
· progenitor to CFU-GM, BFU-E
· BFU-E: “burst-forming unit erythroid”
· RBC precursor
· Hematopoietic stem cell frequencies
· Marrow cells: 10^12
· CD34+: 10^10
· Colony forming cells: 10^9
· High quality HSCs: 10^4
· Actively proliferating HSCs at any one time: 10^3
· Only about 1000 ( explains the delay seen in engraftment post transplantation
· Growth factors
· Note that the bone marrow stroma plays an important supporting role
· Erythropoietin: stimulate RBC production
· Made in Kidneys
· Thrombopoietin: stimulates platelet production, homatopoeitic stem cells
· Made in liver
· Fit-3: stimulates dendritic cells, HSCs
· Stem cell factor: stimulates mast cells and HSCs
· G-CSF: stimulates neutrophils
· Used therapeutically for neutropenic patients
· Malignancy: unregulated clonal growth
· Caused either by Increased proliferation or decreased apoptosis
· Cancer stem cells may be tiny percentage of tumor cells but only ones that really count
· Phenotype of most leukemic cells:
· CD34+
· ALDH+
· Lin(-)
· HLA-DR+
· Bone marrow failure: many possible causes (e.g. invasive neoplasms, parvo B19, chemotherapy, etc)
· Aplastic Anemia: autoimmune attack on low quality HSCs
· Hypocellular bone marrow
· Severe pancytopenia
· High quality HSCs unaffected
· Treated with Cyclophosphamide: spares high quality HSCs because of ALDH
· Chronic Myeloid leukemia
· BCR-ABL gene disrupted through Philidelphia Chromosome
· Apoptosis blocked
· More of a “myelo-accumulative disorder” than myeloproliferative disorder
· HSCs can be induced to trandiferentiate into lung, GI tract, liver, skin, heart
· Involves using a vector to add several activated genes (new discovery)
Intro to Anemia
· Definition: deficiency of red blood cells and / or Hb
· Blood unable to carry enough oxygen to tissues
· Physical exam: appears languid / pallid
· Look for palor in nailbeds, mucous membranes (lips, gums, conjunctiva)
· Don’t be fooled by skin pigmentation
· VO2 = 1.39 x Q x Hb x ( Sa(O2) – Sv(O2) )
· 1.39 represents amount of O2 that 1 gram of Hb can hold
· Q = flow
· Sa(O2) – Sv(O2) represents amount of Oxygen unloaded into tissues
· The body can change flow, Hb and unloading
· To Increase flow:
· Increase cardiac output (this kicks in when Hb is less than 7 gm/dl)
· ( increased heart rate, pulse pressure
· ( murmurs, bruits, hyperdynamic precordium (can see heart beat on chest), tinnitis/roaring (can hear blood flow)
· Shunt blood way from skin / kidneys toward heart/brain/muscles (reperfusion)
· ( palor
· To Increase Red cell mass / Hb
· Kidneys sense hypoxia ( erythropoeitin production ( stimulates bone marrow to produce reticulocytes (reticulocytosis)
· Reticulocytes are larger than mature RBCs. Also, still have some RNA ( stain purple
· ( bony pain (expansion of marrow)
· E.g. “hair on end” appearance of skull on x-ray
· Too many RBCs ( hyperviscosity
· E.g. athletes who use EPO than get dehydrated can have strokes
· Pregnant women have increased plasma volume ( can hold more RBCs with less viscosity ( more efficient O2 delivery
· Increase Oxygen unloading in Tissues:
· 2,3 DPG displaces O2 by fitting into pocket of the hemoglobin Beta chains
· Enhances unloading in tissues
· Better to have too much 2,3 DPG than too little
· Oxy-hemoglobin dissociation curve
· P50: partial pressure of free oxygen in blood where hemoglobin is 50% saturated
· Right shift: more unloading (Hemoglobin holds less blood)
· increased 2,3 DPG
· acidosis
· low PO2
· high temperature
· Fetus P50 is shifted to the left: enables better extraction from mom
· Cooperativity: 
· binding of 1 molecule of oxygen stabalizes hemoglobin in Relaxed state which facilitates binding 3 more molecules
· unbound hemoglobin in tense state which has lower affinity for Oxygen
· Nitric Oxide: promotes vasodilation
· In hemolytic anemias when RBCs breakup, free Hb  is released which sequesters NO ( vasoconstriction
Anemia Classification

· Increased loss vs. decreased production
· Size of RBCs: Microcytic, macrocytic, normocytic
· Red cell size is biggest in fetus
· Smallest at age 1
· Slow increase until age 20
· Chromicity: hypochromic vs. normochromic
· How densely packed with Hb is each RBC?
· Morphology: Normal/abnormal
Evaluation

· Is patient anemic?
· Complete blood count: number of RBCs
· Hb (gm / dL)
· Hematocrit: volume of packed red cells / volume of blood (%)
· Is there increased or decreased RBC production?
· Reticulocyte count
· Normal about 1%
· However, if patient is anemic you would expect a compensatory increase. So patient may still be hypoproliferative even with a reticulocyte count of more than 1%
· RBC indices:
· Is the anemia micro/macro/normocytic (size of RBCs)
· Mean corpuscular volume (MCV) calculated as Hct / RBC count
· Is the anemia micro/normochromic (how much Hb inside cells)
· MCH (mean cell hemoglobin) = Hb / RBC count
· MCHC (mean cell hemoglobin concentration) = Hb / Hct
· Peripheral blood smear:
· RBC morphology
Types of Anemia

· Hypochromic, microcytic: iron deficiency, functional iron deficiency (sideroblastic anemia, transferrin deficiency), thalassemia
· Macrocytic: Megaloblastic Anemias (Folic acid, B12 deficiency), Liver disease, reticulocytosis, normal newborn, bone marrow failure syndromes, drugs that interfere with DNA syntehsis (AZT, trimethoprim sulfate)
· Normocytic, normal morphology: hemmorrhage, unstable hemoglobins, infections, chronic disease

· Normocytic, abnormal morphology: hemoglobinopathies (SS, SC, CC), hereditary spherocytosis, autoimmune hemolytic anemia, enzyme deficiencies

· Spherocytes: caused by decrease in membrane ( less flexible RBCs, prone to hemolysis 

Iron Metabolism

· Iron stores in body:

· 60% in Hg. (some also in myoglobin, random enzymes)

· Ferritin: main storage form. Multisubunit protein

· Mostly intracellular, some in plasma

· Most cellular iron stores are in the liver (also spleen, other tissues)

· Hemosiderin: insoluble precipitated form of ferritin.

· Can’t be readily mobilized; long term storage

· Transferin: iron in transport from storage to RBC precursors, other cells

· Iron Absorption:

· 10-25 mg/day

· Non-heme form: poor absorpance

· Heme-form: excellent absorbance. Only in meat.

· But most vegans still have plenty of dietary iron

· In intenstinal mucosal cells, iron binds transferin

· Apotransferin = non iron-bound transferin

· Iron-transferin ( blood ( cells with transferin receptor: receptor mediated endocytosis

· In acidic lysosomes, iron detaches from transferin

· Apotransferin released back into blood

· RBCs typically survive 120 days: Macrophages take up dead cells: recycle iron into plasma pool

· Pathophysiology of Iron Deficiency:

· Iron stores depleted

· Iron becomes limiting factor in heme synthesis ( Hg synthesis is limited

· RBC production limited ( microcytic (low mcv) hypochromic (low MCH) anemia

· Responses to iron deficiency:  Increased absorption, decreased storage, increased transport (transferring upregulated)

· Iron Response Protein = Aconitase (in non-iron bound form)

· Iron Bound Aconitase functions as an enzyme in the TCA cycle

· Iron sufficient state:

· Aconitase active as an enzyme

· Transferring mRNA = unstable

· Ferritin mRNA = stable

· ALA synthetase mRNA = stable

· Increases Heme biosynthesis

· Iron deficient state:

· Aconitase functions as iron response protein: binds Iron Response Element:

· IRE is an RNA sequence found in key mRNAs

· E.g. at the 3’ end of transferring: when IRP binds, it covers up the target of an RNA degredation enzyme ( stabilizes transferin mRNA

· Destabilizes ferritin mRNA

· Destabilizes ALA synthetase mRNA

· Iron Loss: No physiologic means of iron excretion (0.05% lost per day)

· Pregnancy / menstruation / lactation

· Occult / overt GI bleed

· Trauma / surgery

· Infants / newly menstruating adolescents are especially at risk

· Excess cow’s milk in infancy ( low grade inflammation ( iron malabsorption

· Signs of Iron deficient anemia:

· Palor, fatigue, dizziness, etc.

· Pica (craving dirt, clay, etc) or pagophagia (craving ice)

· Glositis: smooth tongue

· Angular stomatitis: brittle skin at corners of mouth

· Koilonychia: brittle fingernails

· Blue sclerae

· Peripheral blood smear:

· Microcytosis: smaller than lymphocyte nucleus

· Hypochromic: central palor more than 1/3

· Anisocytosis: variable size

· Poikilocytosis: variable shape (eliptocytes are common)

· CBC

· WBCs, platelets usually normal

· Hg < 12

· Hct < 36%

· Reticulocytes low (especially absolute number)

· Therapy: oral or injectable iron. RBC transfusion in very severe cases (but won’t replenish stores)

· Most important is to find ultimate cause of deficiency (GI bleed?)

· Response to therapy: Hb/Hct recovers 2 months, normal iron stores (4-5 months)

· Diferential diagnosis of microcytic hypochromic anemia:

· Thalassemia

· Anemia of inflammation: response to chronic infection, autoimmune disorder, cancer, etc.

· Mediated by IL-6 ( hepcidin: peptide hormone that preserves iron stores
· Decreased iron utilization ( hypoferremia (low blood iron; fights infections)

· Decreased serum transferin receptors

· Decreased intestinal absorption / iron release from macrophages

· Note that ferritin will be increased and bone marrow iron will be normal

· Iron overload: liver damage, endocrine dysfunction, heart disease

· transfusional hemochromatosis: treated with chelation

· hereditary hemochromatosis: treated with periodic phlebotomy

B12 / Folate Deficiency
· Pernicious Anemia (B12 deficiency) characteristics:

· Peripheral blood smear:

· Megaloblastic anemia:

· Many macro-ovalocytes

· Nuclear:cytoplasm asynchrony (immature chromatin)

· Hypersegmented neutrophils

· Pancytopenia

· Increased hemolysis: hyperbilirubinemia, increased serum iron, increased serum LDH (lactate dehydrogenase)

· Gastric atrophy (autoimmune destruction of parietal cells)

· Increased gastric PH

· Neurological degeneration:

· Posteriolateral demyelination

· “megablastic madness”

· B12 = extrinsic factor = cobalamine
· Cobalt in middle

· Synthesized by micro-organisms in ruminant animals

· Dietary sources: eggs, muscle, liver, seafood

· Daily need: 2-5 micrograms (0.1% of body stores)
· B12 Absorption:

· B12 released from food by salivary enzymes

· Gastric parietal cells produce Intrinsic factor: binds B12 in stomach (necessary for absorption)

· Intrinsic factor Receptors in terminal ileum: only place where B12 is absorbed

· In serum, transported by transcobalimin 2
· B12 mediated reactions

· Methyl transfer:e.g. methylation of homocysteine ( methionine

· Hydrogen transfer: e.g. methylmalony CoA ( succinyl CoA (FA synthesis)

· B12 deficiency ( methylmalonic acidemia

· Causes of B12 Deficiency:

· Salivary gland dysfunction

· Parietal cell dysfunction ( loss of IF (most common)

· Usually autoimmune

· Gastroectomy

· Pancreatic disease: bicarb important for binding of B12/IF

· Terminal ileum disease

· Breast fed infants of vegan mothers

· Rare congenital deficiencies (e.g. transcobalamin 2, IF receptors)

· Schilling Test: use labeled B12. measure excess absorbance using urine

· Part 2: labeled B12 + IF

· Transcobalimin 1: binds B12 but makes it non-bioavailable

· Therefore, too much Transcobalamin 1 will make physiologic B12 less than measured serum B12

· Can be caused by bacterial overgrowth, liver disease, Bone Marrow disorder

· Too little TC1 makes physiologic B12 more than measured B12

· Therefore, serum methylmalonic acid is more sensitive for B12 deficiency than direct measurement of B12

· Therapy for B12 defciency:

· Injections

· Treat bacterial overgrowth in small bowel

· P.o. supplementation to increase passive absorption is very expensive

· Folic Acid: synthesized by plants, microorganisms

· Daily requirement: 50 micrograms (1% of stores): leafy greens, liver, kidney

· Absorption throughout small bowel

· Methyl-THF: dietary form

· Methyl synthase: converts Methyl-THF ( THF (FH4) (useful form)

· This enzyme simultaneously converts homocysteine to methionine
· Alternate pathway: homocysteine ( cysteine

· B12 is enzyme cofactor

· FH4 is critical for purine / pyrimadine synthesis
· MTHFR: enzyme important in cycling THF back to methyl-THF

· Folic Acid Deficiency: usually in context of general malnutrition (starvation, alcoholism, IBD, etc.)

· Serum folate: only measures intake over previous days

· RBC folate levels: measures intake over previous months

· Defect causes uricil misincorporation into DNA

· Effects all rapidly dividing cells

· Anemia most serious consequence

· Macrocytosis: cells can grow but can’t divide

· Folate deficient mothers ( neural tube defects in fetuses

· Hyperhomocysteinemia: caused by either Folate deficiency or B12 deficiency

· Methylmalonic acid is more sensitive test for B12 deficiency.  Is not abnormally high in folate deficiency

· High homocystein levels may contribute to cardiovascular disease

Hemolytic Anemia

· Causes:

· Primary: membranopathy, enzymopathy, hemoglobinopathy

· Acquired: immunologic, chemical, physical injury

· Signs

· Reticulocytosis: if no anemia, compensated hemolysis
· If RBC survival is less than 15-20 days ( anemia

· Jaundice: Scleral icterus (yellow eyes).

· Carbon monoxide production (from heme breakdown)

· Parachute cells: Hg crowded up into one side of cell. Sign of active hemolysis.

· Measurement:

· Chromium labeling (direct method): absorbed into Hg. Measure residual radioactivity over time

· Problems: some hemoglobin loses chromium preferentially; can’t distinguish between hemolysis and occult bleeding

· Reticulocyte count: either percentage or absolute number

· Can stain for RNA to visualize

· Peripheral Blood Smear:

· Macrocytosis
· Polychromatophilia: even more RNA than normal reticulocytes. Very early release from bone marrow

· Nucleated RBCs

· Bone Marrow aspirate:

· Decrease in myeloid:erythroid ratio

· Increase in medullary space of bone: “Hair on end” appearance of skull

· Bilirubin Metabolism:

· RBCs die in liver/spleen ( release of Hg

· Heme oxygenase: heme (cyclic) ( Biliverdin (linear)

· Biliverdin reductase: biliverdin (soluble) ( Bilirubin (insoluble)

· Bilirubin is conjugated to albumin in the blood

· ( liver ( intestines: ( stercobiligin (excreted in feces; some also excreted in urine)

· Indirect bilirubin: nonconjugated, water insoluble. Not in urine.

· Direct bilirubin: conjugated in liver. Water soluble. Seen in urine but mostly excreted by liver.

· Hemolysis ( increased bilirubin production ( increased indirect bilirubin
· Liver disease ( increase in direct bilirubin in blood (less is excreted).

· Extravascular hemolysis: Destruction takes place in reticuloendothelial system (bone marrow, liver, spleen): Hg ( bilirubin

· Intravascular hemolysis: free Hg is dumped directly into bloodstream (serum)

· ( hemaglobinurea / urinary hemosiderin
· Hemaglobin in blood bound by haptoglobin: carried to reticuloendothelial system

· Haptoglobin is decreased whenever RBC life is less than 90 days

· Hemopexin is another hemoglobin transport protein. It is more specific for Intravascular hemolysis.

· Summary: Markers of Intravascular or Extravascular Hemolysis:

· Indirect hyperbilirubinemia

· Increased urinary/fecal urobilinogen/stercobilinogen

· Decreased haptoglobin

· Increased carboxyhemoglobin (CO)

· Markers of intravascular hemolysis only:

· Hemoglobinemia

· Methemalbuniemia

· Hemoglobinuria

· Hemosidinuria

· Intracopuscular hemolytic anemias:

· Hereditary elliptocytosis / spherocytosis: membrane defects

· Defect om spectrin ( defect in horizontal cytoskeletal connections ( elliptocytosis

· Defect in anchorin ( defect in vertical cytoskeletal connections ( spherocytosis

· Sickle cell disease
· Extracopuscular: Burn injury, mechanical injury from artificial heart valve, autoimmune

· Direct Coomb’s Test: detects antibody on RBC surface

· Indirect Coomb’s Test: detects anti-RBC antibody in serum

· Positive if reacting to foreign RBCs

· Negative if autoimmune response to body’s own RBCs

· Combined: G6PD Deficiency
· Patients ok until oxidative stress. G6PD converts NADP+ to NADPH

· Oxidation of Hg ( precipitation

Hemoglobinopathies
· Hemoglobin A: Adult hemoglobin

· Tetramer (2 alpha chains, 2 beta chains)

· Beta gene cluster: Chromosome 11

· Locus control region: must be activated to have any globin production
· Silencers before each individual gene. Play very important roles in globin switches

· Manipulation allows for therapies to treat hemoglobinopathies
· Promoter before each individual gene

· Enhancer regions: abnormalities either lead to expression of no globins or all globins

· Fetal gamma genes
· Minor delta gene
· Followed by beta gene (normal adult)

· Alpha gene cluster: Chromosome 16

· Also contains LCR, silencers, promoters

· Two zeta genes (embryonic alpha genes)

· Followed by two alpha genes (normal adult)

· Adults: 95% Hb A (alpha2-beta2)

· Small amounts of  Hb A2 (alpha2-delta2) / Hb F (alpha2 – gamma2)

· Hemaglobinopathies:

· Variant globin molecules

· Sickle syndromes: hemolytic anemia, vaso-occlusive events)

· Unstable hemoglobins: e.g. conginetal Heniz body anemia: Hb precipitation

· Abnormal Oxygen affinities:

· Familial erythrocytosis: abnormally high oxygen affinity

· Familial cyanosis: abnormally low oxygen affinity (M hemoglobins)
· Decreased globin production (e.g. mutation in promoter)

· Thalassemia: imbalance in alpha / beta chain production ( microcytic anemia

· Hemoglobin Switching

· Embryonic hemoglobin: made in Fetal Yolk Sac

· Embryonic Zeta Chains, fetal gamma chains
· Fetal hemoglobin: begins around 4-6 weeks gestation

· Zeta chains ( Alpha chains
· By birth, more Beta chains than gamma chains

· Sickle Cell Anemia: caused by a single GLU ( VAL on Beta gene (HB S)
· RBC survival: 15-20 days

· Normocytic, Normochromic, hyperproliferative anemia
· Sickle forms exist whether symptomatic or not

· Most with defect do not have major symptoms

· Compound heterozygous (SC) has less severe phenotype than SS but is still symptomatic unlike sickle trait (AS)

· HB C = variant (Beta6: GLU ( LYS)

· The Sickledex test, in which RBCs are lysed and one looks for formation of a Hg precipitate cannot distinguish between SS, SC and AS

· Hemoglobin electrophoresis can distinguish between various genotypes

· Hemoglobin polymers occur when valine in the beta-6 position (mutant) fits into the hydrophobic binding pocket of an adjacent deoxygenated hg tetramer

· Therefore, patients are most at risk of crisis when a high concentration of deoxygenated hemoglobin accumulates

· Polymer formation ( RIGIDITY / membrane distortion

· Crises are more complicated than classical theory: polymerization ( rigidity ( vaso-occlusion ( pain/organ damage

· In fact, WBCs, coagulation system, endothelium are all involved

· Crises are unpredictable and MULTIFOCAL

· Most with trait have very few crises: would not be diagnosed except through genetic testing at birth

· A variety of other genetic factors determine disease severity

· E.g. patients with more fetal Hg have less severe disease

· Why newborns have no symptoms

· Hydroxyurea: increases % of fetal Hg

· “gene therapy”

· Thalassemia: Microcytic hemolytic anemia caused by Globin chain imbalance

· Increased RBC number (bone marrow tries to compensate)

· Mutations are not in coding regions

· Beta thalassemia: more alpha chains than beta chains

· “Cooley’s Anemia”
· Thalassemia Minor: heterozygous. Small rbcs, minimal anemia

· Thalassemia Major: homozygous. Requires regular transfusion. Enlarged liver / spleen. Bone hypertrophy.

· Thalassemia intermedia: compound heterzygotes (severe/mild variants): less excess alpha

· Note that RBC count is actually elevated because the bm tries to compensate. But, RBCs are very small
· Excess alpha globins precipitate in bone marrow ( ineffective erythropoesis ( nucleated RBCs in periphery

· ( preferential survival of fetal hemoglobin (alpha2-gamma2) / Hemoglobin A2 (alpha2-delta2)

· Alpha thalassemia: more beta chains than alpha chains

· Since there is no real alternative to the alpha globins this phenotype is more severe

· There are a total of 4 alpha genes (2 from each parent). The more genes that are effected, the more severe the disease

· Normal = 4 genes

· “silent carrier” = 3 genes

· “trait” = 2 genes

· Similar in severity to beta thalassemia

· “HB H” = 1 gene

· Zero genes ( hydrops fetalis

· HB H = Beta4 tetramers. Physiologically useless. Precipitate out ( hemolytic anemia

· Treatments:

· Repeated transfusions + iron chelation

· Bone Marrow Transplants

· Induction to fetal Hemoglobin

· Methemoglobins: mutations causing iron to be stabilized in Fe3+ (ferric) state

· No anemia but more O2 transport

Hemostasis
· Serine proteases: factors XII, XI, X, IX, VII, II, prekallikrein

· Cofactors: 

· Factor VII (for factor IX), 

· Factor V (for Factor X), 

· high molecular weight kininogen (for the activation of factor XI and prekallikrein), 

· tissue factor (for factor VII)

· Vitamin K: necessary for synthesis of several factors. Adds side chain that enables factors to bind the platelet membrane in presence of calcium.

· These factors include: Factors II, VII, IX, X as well as C and S

· Thrombin = Factor IIa: converts soluble fibrinogen ( insoluble fibrin polymers
· Factor XIII: transglutaminase. Forms covalent cross links between fibrin strands
· Makes clots resistent to dissolution

· Extrinsic Pathway: vascular damage ( exposed tissue factor (on subendothelium) ( activation of Factor VII (in presence of calcium) ( activation of factor X
· Intrinsic pathway: 

· negative charges ( activation of factor XII ( conversion of prekallikrein into kallikrien (high molecular weight kininogen = cofactor)

· kallikrein activates additional factor XII (positive feedback)

· Factor XIIa activates factor XI (high molecular weight kinnogen = cofactor) ( activation of factor IX (calcium dependent)

· Thrombin (factor IIa) activates factor VIIIa
· Tenase complex = factor IXa + factor VIIIa ( activates factor X (also calcium dependent)

· Common Pathway: 
· Factor Xa complexes with Factor Va (cofactor) ( prothrombinase complex
· ( activates prothrombin (factor II) into thrombin (factor IIa)

· Thrombin cleaves fibrinogen into fibrin monomers which then polymerize into a fibrin clot (held together by hydrostatic bonds before crosslinking by factor XIII)

· Assays of clotting

· Prothrombin Time (PT): measures the adequacy of extrinsic pathway + common pathway
· Activated partial thromboplastin time (APTT): measures intrinsic system + common pathway
· Mixing study: mix patient plasma with known normal plasma

· Deficiency will be corrected

· Antibody mediated active destructive process will not be corrected because the patient plasma will destroy clotting factors in normal plasma

· Deficiencies

· Deep tissue bloeeding, joint bleeds

· Hemophilia A: congenital deficiency of Factor VIII

· X-linked

· 1/10,000 males

· Hemophilia B: congenital deficiency of Factor IX

· Also X-linked

· 1/50,000 males

· Von Willebrand disease:

· Leads to factor VIII deficiency because vWF protects F8 from degredation by protein C

· Most important role is adhesion of platelets through glycoproteinIb/IX

· Tested using vWF antigen test (ELISA) or by adding ristocetin to patient’s serum, which should cause vWF dependent platelet clumping

· Vitamin K deficiency
· Caused by broad spectrum antibiotic use, poor nutrition

· ( inactive Factors II, VII, IX, protein C, protein S

· Of these factor VII has shortest half life

· Therefore PT is increased disproportionately

· Liver disease: liver makes all coagulation proteins

· ( increased PT and APTT

· Very bad prognosis

Thrombosis
· Antithrombotic forces:

· Circulation of blood: prevents accumulation of activated coagulation factors

· Endothelial cells

· express thrombomodulin which binds thrombin and activates Protein C

· produces prostacyclin (PGI2) which inhibits platelet function, promotes fibrinolysis

· Antithrombin 3: serine protease inhibitor. Inactivates Factor IIa, Xa, IXa and Xia

· Heparin magnifies activity

· Protein C: activated by thrombin bound to thrombomodulin on endothelial cells.

· Vitamin K dependent

· In combination with free Protein S, it inactivates Factors VIIIa and Va (cofactors to factors IXa and Xa)

· Protein S: bound to C4b binding protein in plasma. So its free concentration is inversely proportional to concentration of C4bbp

· Fibrinolytic System: lyses fibrin clots

· Plasminogen: circulating proenzyme activated into plasmin
· Activated by: Tissue plasminogen activator (TPA): released from endothelial cells; and Urokinase.
· TPA and urokinase are both used as drugs

· Plasmin: cleaves fibrin into fragments – fibrin degradation products (FDP)
· Plasmin is opposed by alpha-2 antiplasmin
· Risk factors for thrombosis: 

· Immobility: decreases clearance of activated coagulation factors

· Estrogens: increase synthesis of clotting factors, as well as C4b binding protein

· Surgery / trauma: activation of coagulation cascade

· Old age: increase in coagulation factor levels

· Pregnancy: similar to estrogen

· Cancer: expression of tissue factor by tumor, other mechanisms

· Hypercoaguable states (increase risk of venous thrombosis):

· Factor V Leiden: autosomal dominant mutation that makes factor V resistent to activated protein C

· Prothrombin 20210 gene mutation: mutation in untranslated region of prothrombin gene that leads to increased production
· Antithrombin III deficiency: only heterozygotes are viable.

· Protein C or Protein S deficiency: more common. 5-10X increased risk of venous thrombosis.

· Antiphospholipid antibody syndrome: antibodies against proteins that bind phospholipids ( much more exposure of endothelial / other phospholipids ( phospholipids to interact with coagulation factors

· ( pulmonary embolism

· ( placental thrombosis ( miscarriage

· Consumptive thrombocytopenia

· Note that in vitro, antiphospholipid antibodies paradoxically cause a prolonged clotting time (APTT)
· Dilute Russell viper venom time (dRVVT): normally viper venom should activate clotting. If its much slower than normal (in vitro) it could be caused by antiphsopholipid antibodies. If this is the case, adding new phospholipids to test tubes should correct the apparent deficiency
· Elevated homocysteine levels also causes thrombosis
· Caused by B12, folate deficiencies or renal failure
· Disseminated Intravascular Coagulation: widespread systemic activation of clotting cascade
· Caused by trauma, sepsis, snakebites, tumors, etc.
· Causes microvascular thrombosis, consumption of clotting factors, platelets and antithrombotic proteins
· D dimers (made by plasmin) are useful in diagnosis
Dermatologic Vocabulary
· Macule: non palpable small color change

· Papule: palpable small circumscribed, non-fluid filled lesion

· Plaque: large papule (more than 1 cm)

· Yellow plaque ( fatty

· Nodule: palpable circumscribed lesion. 1 to 2 cm.

· Tumor: more than 2 cm

· Vesicle: blister. Filled with clear fluid. Less than 5 mm

· Umbilicated vesicle ( virus

· Bulla: big vesicle

· Pustule: filled with turbid fluid (pus)

· Cyst: nodule filled with liquid

· Wheal: hives. Transient palpable lesion.

· Comedone: plugged pilosebaceous opening. White cap.

· Burrow: short linear thread-like lesion caused by scabies mite

· Scale: accumulation of adherent stratum corneum

· Caused by a problem of epithelial differentiation / shedding

· Crust: accumulation of dried serous, cellular, squamous / bacterial debris over damaged epidermis (scab).

· Often the aftermath of a vesicular or pustular disease

· Purpura: caused by blood leaking out of vessels. Non-blanchable

· Senile purpura = flat

· Palpable purpura ( vasculitis
· Lichenification: thickening of epidermis

· Erosion: loss of epidermal tissue

· Excoriation: erosion caused by external factors

· Ulcer: tissue loss extending into dermis

· Fissure: crack in epidermis extending into dermis

· Scar: fibrous tissue replacing normal dermal tissue

· Atrophy: loss of substance of epidermis and/or dermis

· Often appears Shiny
· Hyperkeratotic: lesion with many heaped up scales

· Verruccous: wart-like.

· Annular: circular. Clearing in middle

· Zosteriform: follows dermatomal pattern

· Bull’s Eye: darker in middle

Histopathology of the skin

· Epidermis: contains Keratinocytes, Melanocytes, Langerhans cells and Merkel Cells

· Stratum corneum: anucleate. Thickness varies with site

· Stratum granulosum: contains granular cells. Thickness also varies

· Stratum spinosum: cells  connected by desmosomes

· Blisters caused by desmosomal destruction

· Basal Layer: single layer of cells above basement membrane.

· Contains Pigment (variable amounts)

· Melanocytes: Located at base of dermis. Transfers pigment to keratinocytes in basal layer

· 1 out of every 10 basal layer keratoncytes is a melanocyte

· Skin color not determined by # of melanocytes

· Langerhans cells: dendritic antigen presenting cells

· Contain Birbeck granules

· Basement Membrane zone: binds epidermis to dermis

· Keratin filaments]

· Hemidesmosomes

· Dermis: connective tissue (collagen, elastic fibers, GAGs), vessels, nerves, mast cells

· Papillary dermis: immediately beneath dermis

· Reticular dermis: thickness varies depending on site

· Subcutaneous fat: adipocytes organized into lobules separated by fibrous septae, vessels

· Hair follicles with associated sebaceous gland, arrector pili muscle
· Originates in dermis

· Scalp contains many thick terminal anagen ahirs
· Vellus hair follicles: smaller hairs in other parts of body

· Ecrine gland: dermal ducts that go through epidermis to secrete on skin surface (sweat).

· Ubiquitous. Absent in: nail bads, labia minora, glans penis, edge of lip, clitoral hood

· Apocrine glands: only in groin / axilla

· Acral skin: palms, soles, under nails

· no hair

· hyperkeratotic stratum corneum

· Pacine corpuscles, Meissner’s corpuscles
· Glomus cells: specialized vascular structure
· Mucosal skin: no granular cell layer or stratum corneum
· Scalp: increased anagen hair follicles

· Nipple / Scrotum: increased smooth muscle bundles (similar to erector pillae)

· Periorbital / perioral / parinasal / neck: contains skeletal muscle

Moles and Melanoma
· Melanocytes: neuroectodermal origin. Produce melanin that is transferred to adjacent keratinocytes

· Benign pigmented lesions:

· Ephelis: freckles. Increased pigmentation. No increased cellularity.

· Solar Lentigo: age spots. Increased pigmentation and increased number of melanocytes

· Nevus: any congenital lesion of skin including birthmarks, moles

· Nevocellular nevus: any congenital or acquired melanocytic neoplasm (bening or malignant)

· Loss dendritic processes

· Round cells, uniform nuclei

· Melanin synthesis arrested with increased depth

· Benign characteristics: symmetrical, regular borders, uniform color smaller than 5 mm

· Maximum number in 3rd decade of life

· Junctional Nevus: proliferation at epidermal/dermal junction. 

· Flat macules, uniform dark color, symmetric and sharply circumscribed
· Compound Nevus: raised, dome shaped, palpable papule
· Intrademral nevus: raised, flat topped papule

· Congenital nevocellular nevi: wide variation in size / appearance

· Mongolian spot: poorly defined patches, blue discoloration

· Often in sacral region

· Caused by melanocytes stuck in deep region

· Disappear by age 5

· Blue Nevus: well circumscribed, dome shaped papule

· Also deep in dermis

· Dysplastic Nevi: share some but not all features of melanoma

· Usually more than 5 mm

· Often multicolored with fuzzy borders

· Clinically stable

· FAMM: Familial Atypical Mole/Melanoma Syndrome
· Large number of moles, often atypical

· Occurance of melanoma

· Autosomal dominant

· Hallmarks of Melanoma:
· A: asymmetry
· B: irregular Border
· C: uneven color
· D: diameter more than 5 mm

· E: evolution over time

· Breslow’s Tumor Thickness: best method of staging melanomas

· T4: more than 4.00 mm thick ( very bad

· T1: less than 1.0 mm ( good outcome

· Molecular defects in Melanoma:

· P16: inherited mutation of tumor suppressor

· Function of gene is to block CD4 in order to block RB phosphorylation and halt the cell cycle

· Mutation allows for unregulated cell cycle
· BRAF: Kinase that is frequent target of acquired (somatic) mutation

· Mutation ( constituively active kinase ( unregulated cell cycle

· Mutation associated with sun exposure

· Chemotherapy doesn’t work because apoptotic pathways are shut down in melanoma

Non-melanoma Skin Cancer
· 1 in 5 americans develop skin cancer

· Much more common than any other form of cancer

· A significant cause of death but much less than melanoma

· Basal Cell Carcinoma: 80% of new skin cancers

· Usually on sun-exposed areas

· Ca n destroy tissue locally (e.g. nerves)

· Very high cure rate

· Clinical features: telangiectasia (waxy, transluscent)

· “pink pearly plaque on face”

· May be nodular or depression

· Erosive but painless
· Squamous Cell Carcinoma
· Arises from outer layer of skin, usually in sun-exposed areas

· 90% cure rate when caught early

· Untreated can spread to vital organs

· Usually in white people

· Clinical features: more crusty (upper layers of epidermis)

· Chronic scaling bleeding lesion

· Scaly pink plaque with keratotic central ulceration

· Central keratotic crater in large nodule

· Actinic keratosis: pre-malignant lesion that may turn into squamous cell carcinoma

· Etiologic agents:

· Ultraviolet light: leads to DNA damage (cyclobutane pyrimidine dimmers)

· Poor Immune Status
· Transplant patients have a much higher rate of squamous cell carcinoma and are much more likely to die from it

· HPV
· Genetic mutations: P53 / sonic hedgehog pathwy
Psoriasis
· 2.0% of western population

· Most get disease before age 20 or in 6th decade of life

· HLA assocations (e.g. HLA B27 – psoriatic arthritis)

· Associated with metabolic syndrome

· Clinical exam:

· Erythematous well demarcated plaques with silvery scales
· Symmetrical distribution

· Common on scalp, sacral area, knees, elbows, skin folds (intertriginous areas)

· In skin folds: macerated red plaques (soft, wet)

· Clinical subtypes include:

· Plaque psoriasis: most typical

· Guttate psoriasis: like raindrops (anular, thin papules)

· Inverse psoriasis: on skin folds. No silvery scale

· Pustular psoriasis
· Erythrodermic psoriasis: red everywhere. Systemic

· Nail psoriasis
· Psoriatic arthritis: sausage digits

· Pathophysiology:

· Genetic

· T-cell mediated: Predominantly CD8
· TH1 CD4 cells secrete IL-2

· IL-8 attracts neutrophils

· Triggers include trauma, infections, HIV, stress, drugs

· Association with cardiovascular disease

· Very negative effect on quality of life

Exanthems and Bugs:

· Morbilliform: resembling measles. “1st Disease”

· Discrete symmetric exanthematous (red all over) papules

· Measles, other exanthamous viruses are spread by respoiratory droplets

· Can also be caused by drug reactions

· Rash is blancheable

· Urticaria may appear morbilliform but it tends to move around and be very itchy

· Scarlatiniform: resembling scarlet fever. “2nd disease”

· Skin feels like sandpaper

· Strawberry tongue

· Staphylococcal scalded skin: toxin mediated

· Leads to blistering

· Mucous membranes are spared

·  Stevens-Johnson syndrome: Life threatening drug reaction
· Widespread cleavage of basement membrane ( sloughing of skin

· Mucous membranes also involved which make it especially dangerous
· Herpes Simplex: localized, clustered papules

· Herpes Zoster: dermatomal pattern to rash

· Varicella: scattered bilateral symmetric papules (chicken pox)

Atopic Dermatitis
· Atopic dermatitis is one of several possible causes of eczema
· Erythematous patches and plaques with epidermal changes including scales or crusts

· Always itchy
· In infancy: extensor surfaces, skin folds. Erythematous and exudative (serous drainage).

· In Childhood: becomes flexural (e.g. back of knees), hyperpigmented

· In adulthood: high prevalence of hand dermatitis

· Risk of superinfection: staph Aureus is most common cause of superinfection

· Atopic dermatitis: dramatically rising prevelance

· Most develop in children under age 2

· 50% of children outgrow disease

· Acute Atopic Dermatitis is Th2 mediated
· Increased IL-4, IL-5, IL-13
· Chronic Atopic Dermatitis: TH2 and Th1 mediated
· Increased IFN-gamma, IL-12
· Atopic March includes: allergic rhinitis, asthma and food allergy. All strongly associated with atopic dermatitis / eczema

· Contact Dermatitis: may be allergic or irritant

· Very sudden onset compared with atopic dermatitis

· Therapy: role of moisturizers very important. Can limit need for steroids.
Autoimmune Bullous Diseases
· Pemphigus vulgaris: 

· Peaks age 30-50 but can occur younger

· 100% mortality 5 years (natural history): death from sepsis

· MHC vulnerabilities: DR4 (Ashkenazi Jews), DQ1
· Begins in mouth ( widespread very painful cutaneous lesions

· Histology: basal cells stay attached. Other levels slough off. Much IgG deposition

· Non-inflammatory sloughing

· Disease caused entirely by antibodies against desmogleins (glue mediating homophilic binding of desmosomes)

· Dsg 3 antibodies ( oral lesions

· ( epitope spreading
· ( Dsg1 antibodies ( lesions everywhere

· Other events occur secondary to antibody deposition (complement activation, protease activation, some neutrophil infiltration, etc)

· However, autoantibodies bythemselves are sufficient for disease
· Treatments: must reduce antibody production. Anti-inflammatory effects are not sufficient

· Remissions achieved 12-24 months

· Bullous Pemphigoid:

· Disease of elderly (60-80)

· Large dramatic pruritic (non-painful) blisters

· Mucosal lesions uncommon

· Antibodies against BP 180 (component of hemidesmosomes)

· Entire epithelium sloughs

· Very inflammatory

· Complement deposition / PMN invasion / protease release are necessary for disease

· Anti-inflammatory drugs used. Also, spontaneous remission.

Acne / Rosacea
· Acne centered around the pilosebaceous unit
· Androgens ( increased sebum production
· Local conversion of DHEAS ( Testosterone / DHT means that acne can begin with adrenarchy (maturity of the adrenal gland which secretes DHEAS)

· Comedogenesis
· Begins with alterations of Keratin formation within the hair follicle

· The misformed keratin ( whorls
· Propionibacterium acnes within the pilosebaceous unit is strongly associated with acne

· Proliferates within follicle

· Enzymatic breakdown of sebum ( chemotactic factors ( lymphocyte / neutrophils enter follicle

· Acne fulminans: rare very serious condition in teen boys

· Severe lesions on back/chest with systemic symptoms and possible osteolytic lesions

· Endocrine Acne: associated with other signs of hyperandrogenism 

· Polycystic ovary syndrome: hirsutism, irregular cycle, infertility, obesity

· Syndrome is largely driven by Insulin Resistance
· Insulin synergizes with LH to increase androgen production in ovarian theca cells

· Decreased FSH ( decreased aromatase ( decreased conversion of testosterone to estrogen

· GH ( upregulation of IGF-1, IGF-BP, ovarian IGF-R
· ( further stimulation of theca cells (Testosterone production)

· Downregulates sex hormone binding globulin
· Possible that a diet with a high glycemic index increases acne by increasing transient insulin levels

· Rosacea: 4th to 6th decade, northern Europeans / Asians. May result from vascular dysfunction (vessel dilation, edema)

· Vascular rosacea: recurrent blush, edema, burning / stinging

· Inflammatory rosacea: papules / pustules

· Differentiated from acne by absence of comedones, inflammation not centered around follicles

· Phymatous rosacea: most severe rosatia. Caused by sevaceous hyperplasia, skin thickening / lumpiness

· Ocular rosacea: affects over 50% of patients

· Steroid-induced rosacea: lesions on upper lip / around nose

· Steroid withdrawal ( transient angry face
Common Infections of the Skins
· Skin as a defense organ

· Stratum corneum = physical barrier to infection

· Exception: food for fungal infections

· Low pH = deterent

· Skin Associated Lymphoid Tissue: langerhans cells (APCs) / lymphocytes

· Normal skin flora:

· Bacteria: coryneforms (including Propionibacterium), Staph (s. epidermidis), others (e.g. pseudomonas)

· Non bacteria

· Pityrosporum ovale
· Demodex folliculorum
· Bacterial Infections:

· Streptococcal Infections: invasion facilitated by proteolytic enzymes (hyaluronidase, streptolysin)

· Causes impetigo, cellulitis

· Staph aureus: coagulase ( abscess formation

· Causes folliculitis, furuncles, carbuncles

· Viral infections:

· Generally spread by direct inoculation

· Exception: varicella (respiratory route)

· May cause hyperplasia:

· HPV (warts): #1 std

· HPV 16, others: cause cancer

· Warts are curable
· Molluscum: common in children

· Umbilicated papule
· May cause cell lysis:

· Herpes: #2 std

· “clusters of vesicles” or punched out ulcers
· Varicella zoster: reactivation of latent infection

· Dermatomal or disseminated (immunocompromise)

· Fungal Infections: superficial fungal infections eat dead keratinocytes (feed on stratum corneum) ( scales

· Visualize with KOH prep
· Tinea corporis (ring worm): ring caused b cell mediated immune response that begins from center of lesion ( central clearing, race toward edge

· Fungi dislike scrotum (temperature)

· Candidiasis: spores, pseudo-hyphae. Oral thrush

Contact Dermatitis
· Contrast with atopic dermatitis: Outside Job

· Irritant: something that in high enough doses would irritate anyone (more common)

· Caused by direct cell damage followed by nonspecific host inflammatory reaction

· Acute reaction: pink or dark red erythematous macule or patch

· Chronic: brawny lichenified plaque (washboard-like)

· Allergic: only some are sensitive + poisen ivy

· Generally type IV delayed hypersensitivity reaction
· Hapten penetrates skin, encounters Langerhans cells

· LC processes antigen, migrates to regional lymph nodes

· ( T cell proliferation

· Re-exposure (or resin still stuck in skin 7-10 days after primary exposure) ( T cell mediated response
· ( inflammatory cascade ( symptoms

· Patch Testing: used to determine specific antigen

· Read 48-96 hours after placement

· Most common causes of allergic contact dermatitis:

· Poison ivy
· Nickel
· Neomycin
· Balsam of Peru (flavoring)
· Acute reaction: erythematous, edematous papules / plaque

· May contain blisters crusting

· Chronic presentation is indistinguishable from irritant contact dermatitis

· Urticaria: caused by type 1 IgE mediated reaction
· Rash will move around rapidly. Not edematous.

· Risk of progression to anaphylaxis

· E.g. Latex contact urticaria
